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FOREW Ro-------=-~ 

"HCMI many a man has dated a new era in his life from the reading 
of a book:' 

Henry David Thoreau (1817-1862) 

This 19th edition of Sabiston Te:~.--tbook of Surgery, the fonrth 
edited by Dr. Townsend and his co-editors Drs. M addox, Beau
champ, and Evers, extends the tradition of textbook excellence 
and leadership in itiated 18 editions ago. 1l1e empha~is on clini
cal relevance and outcomes cl1aracteristic of earlier editions has 
been enhanced by the addition of three new chapters on organ 
transplantation, two new chapters in the vascular section: "1lle 
Aorta" and ~Peripheral Arterial Occlusive Disease," and new 
chapters on the cutting edge topics of rumor inm1unology and 
immunotherapy and the "difficult abdominal wall.'' Other chap
ters have been embellished by inclusion of the latest information 
on biomaterials, organ procurement issues, specific gene therapy, 
biJiary tumors, urinary system rumors, and sin1ulation in snrgery. 
Still other content has been revised to increase the focus on 
evidence-based practice by coverage of comparative effectiveness 
and patient-specific therapeutics. 

1he recruitment of more than 50 new authors and co
authors has guaranteed timeliness of the rex~ ensured full display 
of s tate of the art technology, and refreshed the trove of 

illustrations which by tradition have amplified and corroborated 
the text. 1l1e authors have also provided over 400 self-assessment 
questions which will assist the reader in preparing for and suc
cessfully achieving recertification. 

As wa~ true with the previous edition, ownership of the 
print text of this edition gives free access to cl1e online product 
"Expert Consult," which includes full text and art, updates 
(journal articles selected by the editors and authors and keyed 
to chapter topics), board review questions, and videos on topics 
ranging from pleural effusion to hand transplantation and total 
aortic replacement. Expert Consult makes access to the text and 
all related material as convenient as the nearest computer. 

This 19th edition of Sabiston successfully integrates print 
and electronic media to provide complete coverage of surgical 
practice. Full use of aU features of this text wiJJ increase the 
reader's practice of evidence-based surgery, facilita te the reader's 
recertification activities, and promote the reader's acquisition 
and maintenance of the professional competencies. L1 short tlus 
is truly a text that as foretold by Thoreau will launch each reader 
on a new era in his or her surgical life. 

BASIL A. PRUITI, JR., MD, FACS, FCCM 
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PREFA E_--------=-~ 

SURGERY CONTINUES TO EVOLVE as new technology, tech
niques, and knowledge are incorporated imo the care nf 

surgical patients. The 19th edition of the Sabiston Te:•:tbook of 
Surgery reflects these exciting changes and new information. We 
have incorporated eight new chapters and more than 77 new 
authors to ensure that the most current information is presented. 
For example, safety is paramollJlt in the care of our surgical 
patients; our chapter on safety describes the surgeon's roles and 
responsibilities to ensure safety. We have iJ1cluded a new chapter 
on management of the difficult abdominal wall, which can be a 
vexing problem for even the most experienced surgeon. Distant 
surgery, using robotic and telemenroring technology, has become 
a reality, and minimally invasive tedmiques are being used in 
almost all invasive procedures. This new edition has revised and 
enhanced the current chapters to reflect these changes. Finally, 
we have extcnsively updated chapters dealing with basic science 

aspects that are important to surgeons and, in many cases, 
reprc.<:em sciemific advances in whld1 surgeons are leading the 
charge. This is most evident in the chapters on tumor biology 
and tumor immllJlology, transplantation immllJlology. and the 
rapidly emerging field of regenerative medicine. 

T11e primary goal of this new edition is to remain the most 
thorough, useful, readable, and understandable textbook pre
senting the principles and techniques of surgery. It is designed 
to be equally useful to students, trainees, and experts in the field. 
We are commined to maintaining thls tradition of excellcnce, 
begllJl iJ1 1936. Surgery, after all, remains a discipline m which 
the knowledge and skill of a sw-geon combine for the welfare of 
all patient~. 

COURTNEY M. TOWNSEND, JR., MD 
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CHAPTER 1 

HISTORY OF SURGERY 
IRA RuTKow 

IMPORTANCE OF UNDERSTANDING SURGICAL HISTORY 

EARLY 20TH CENTURY 

MODERN ERA 

20TH CENTURY SURGICAL HIGHLIGHTS 

FUTURE TRENDS 

IMPORTANCE OF UNDERSTANDING 
SURGICAL HISTORY 
It remains a rhetorical question whether an understandhtg of 
surgical history is imponant to the maturation and continued 
education and training of a surgeon. Conversely, it is hardly 
necessary to dwell on the heuristic value that an appreciation of 
history provides in developing adjunctive humanistic, literary, 
and philosophic tastes. Clearly, the study of mediciJ1e is a life
long learning process that should be an enjoyable and rewarding 
experience. For a surgeon, the study of surgical history can 
contribute toward malting this educational effort more pleasur
able and can provide constant invigoration. Tracing the evolu
tion of what one does on a daily basis and understanding it from 
a historical perspective become enviable goals. In reality, there 
is no way to separate present-day surgery and one's own clinical 
practice from tlhe experience of all surgeons and all the years that 
have gone before. For budding surgeons, it is a magnificent 
adventure to appreciate what they are currently learning within 
the context of past and present cultural, economic, political, 
and social institutions. Active physicians will fiJ1d that the 
study of the profession--dealing, as it rightly must, with all 
aspects of the human condition-affords an excellent oppor
runity to approach current clinical concepts iJ1 ways not previ
ously appreciated. 

lJ1 studying our profession's past, it is certaiJuy easier to 
relate to the hlstory of so-called modern surgery over the past 
100 or so yean than to the seemingly primitive practices of 
previous periods because the closer to the present, the more 
likely it is that :surgical practices will resen1ble current practices. 
Nonetheless, writillg the history of modern surgery is in many 
respects more difficult than describing the development of 
surgery before 1the late 19th century. One significant reason for 
this difficulty is the ever-iJKreasing pace of scientific devel
opment in conjunction with unrelenting fragmentation (i.e., 
specialization and subspecialization) within d1e profession. The 
craft of surgery is in constant flux and, the more rapid the 
change, the more difficult it is to obtain a satisfactory historical 
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perspective. Only the lengthy passage of time permits a truly 
valid h istorical analysis. 

Historical Relationship Between Surgery 
and Medidne 
Despite outward appearances, it was actually not until the latter 
decades of the 19th century that the surgeon truly emerged as 
a specialist withill the whole arena of medicine to become a 
recognized and respected clinical physician. Similarly, it was not 
until the first decades of the 20th century that surgery could be 
considered to have achieved the status of a bona fide profession. 
Before this time, the scope of surgery remained limited. Sur
geons, or at least those medical men who used the sobriquet 
surgeon, whether university-educated or trained in private 
apprenticeships, at best treated only simple fractures, disloca
tions, and abscesses and occasionally performed amputations 
with dexterity, but also wiili high mortality rates. They managed 
to ligate major arteries for common and accessible aneurysms 
and made heroic atrempts to excise external tun10rs. Some 
individuals focused on the treatment of anal fisruJas, hernias, 
cataracts, ru1d bladder stones. Inept attempts at reduction of 
incar-cerated and strangulated hernias were made and, hesitat
iJlgly, rather rudimentary colostomies or ileostomies were created 
by simply incising the sl<.in over an expru1ding intra-abdominal 
mass, wbicb represented ilie end stage of a long-stru1d.ing 
intestinal obstruction. Compound fractures of the Hmbs, wi th 
attendrun sepsis, remained mostly unmanageable, with stagger
ing morbidity being a likely surgical outcome. Althougb a few 
bold surgeons endeavored to incise the abdomen in the hope of 
dividing obstructing bands and adhesions, abdominal and other 
types of iJ1trabody surgery were almost unknown. 

Despite it all, including an ignorance of anesthesia and 
aJ1tisepsis tempered witl1 the not uncommon result of the patient 
suffering from or succumbing to the effecrs of a surgical opera
tion (or both), surgery was long considered an iJnportant and 
medically valid therapy. l11is seeming paradox, in view of the 
rerrifyiJ1g nature of surgical illtervention. its lin1ited technical 
scope, and its damning consequences before the development of 
modern conditions, is explained by tl1e simple fact that surgical 
procedures were usuaUy performed o•uy for external difficulties 
that .. equired an objective anaromjc djagnosis. Surgeons or fol
lowers of the surgical cause saw wbar needed ro be fixed (e.g., 
abscesses, broken bones, bulgu1g tumors, cataracts, hemias) and 
would treat the problem in as rational a manner as the times 
permitted. Conversely, the physician was forced to render 
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subjective care for disease processes that were neither visible nor 
understood. After all, it is a difficult task to treat the symptoms 
of illnesses such as arthritis, asthma, heart failure, and diabetes, 
to name but a few, if there is no scientific understanding or 
internal knowledge of what constitutes their ba~ic pathologic 
and physiologic underpinnings. 

With the breathtaking advances made in pathologic 
anatomy and experimental physiology during the 18th and first 
part of the 19th centuries, physicians would soon adopt a ther
apeutic viewpoi111t that had long been prevalent among surgeons. 
It was no longer a question of just treating symptoms; the actual 
pathologic problem could ultimately be Lmderstood. Internal 
disease processes that marUfested themselves through difficult to 
treat extemal signs and symptoms were finally described via 
physiology-ba~cd experimentation or viewed pathologically 
through the lens of a microscope. Because this reorientation of 
internal medicine occurred within a relatively short time and 
brought about such dramatic results in the classification, diag
nosis, a11d treatment of disease, the rapid ascent of mid-19th 
century internal medicine might seem more impressive thaJl the 
agonizingly slow, but steady, advance of surgery. In a seeming 
contradiction of mid-19th century scientific and social reali ty, 
medicine appeared as the more progressive branch, with surgery 
lagging bellind. 'The art a11d craft of surgery, for all its practical 
possibilities, would be severely restricted until the discovery of 
anesthesia in 1846 and an understanding and acceptance of the 
need for surgical antisepsis and asepsis during the 1870s and 
1880s. Still, surgeons never needed a diagnostic and pathologic 
revolution in the manner of the physician. Despite the imperfec
tion of their scientific knowledge, the pre-modern era surgeon 
did cure with some technical confidence. 

That the gradual evolution of surgery was superseded .in the 
1880s and 1890s by the rapid introduction of startling new 
technical advances was based on a simple culminating axiom
the four fundamental clinical prerequisites that were required 
before a surgical operation could ever be considered a truly 
viable therapeutic procedure had finaUy been identified and 
Lmderstood: 
1. Knowledge of human anatomy 
2. Method of controlling hemorrhage and maintaining intra

operative hemostasis 
3. Anesthesia to permit the performance of pai11-free procedures 
4. Expla11ation of the nature of infection, along with the 

elaboration of methods necessary to achieve an antiseptic 
and aseptic operating room environment 
The first two prerequisites were essentiaUy solved in the 

16th century, but the latter t\vo would not be fully resolved until 
the ending decades of the 19th century. In turn, the ascent of 
20th century scientific surgery would unify the profession and 
allow what had always been an art and craft to become a learned 
vocation. Standardized postgraduate surgical education and 
training programs could be established to help produce a cadre 
of scientifically knowledgeable physicia11s. Moreover, in a final 
snub to an unscientific past, newly established basic surgical 
research laboratories offered the means of proving or disproving 
the latest theories willie providing a testiJlg ground for bold and 
exciting clinical breakthroughs. 

Knowledge of Human Anatomy 
Few iJ1dividuals have had an influence on the history of surgery 
as overwhelmingly as that of the Brussels-born Andreas Vesalius 
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FIGURE 1- 1 Andreas Vesalius (1514-1564). 

(1514- 1564; Fig. 1- 1). As professor of anatomy and surgery in 
Padua, Italy, Vesalius taught that human aJlatomy could be 
learned only through the study of structures revealed by human 
dissection. In particular, his great anatomk treatise, De Humttni 
Corporis Fabrica Libri Septem (1543), provided fuller and more 
detailed descriptions of hun1an anatomy tha11 aJl}' of his illustri
ous predecessors. Most importantly, Vesalius corrected errors .in 
traditional anatomic teachings propagated 13 centuries earlier 
by Greek a11d Roman authorities, whose findings were based on 
a11inlalt rather thaJl human dissection. Even more radical was 
Vesalius' blunt asserti011 that anatomic dissection must be com
pleted by physician-surgeons themselves-a direct remmciation 
of the long-standing doctrine that dissection was a grisly and 
loathsome ta~k to be performed by a diener-like individual while 
the perched physician-surgeon lectured by reading from an 
orthod ox anatomic text from on high. This principle ofha11ds-on 
education would remain Vesalius' most in1portant and long
lasting contribution to the teaching of aJlatomy. Vesalius' Latin 
literae scriptae ensured its accessibility to the most well-known 
physicians and scientists of the day. Latin was the language of 
the irlcelligentsia a11d the Fabric.a beCaJlle instantly popular, so 
it was only natural that over the next 2 centuries, the work would 
go tluough numerous adaptations, editions, and revisions, 
although always remaining an aucl10ritative anatomic text. 

Method of Controlling Hemorrhage 
1l1e position of .Ambroise Pare (!51 0-1590) in the evolution of 
surgery remains of supreme importance (Fig. 1-2}. He played 
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FIGURE 1-2 Ambroise Pare (151Q-1590). 

the major role in reinvigorating and updating Renaissance 
surgery and represents severing of the final link be[Ween surgical 
thought and techniques of tht: ancients and the push coward 
more modern eras. From 1536 until just before his death, Pare 
was engaged as an army surgeon, during whid1 time he accom
panied different French armies on their military expeditions, or 
was performing surgery in civilian practice in Paris. Although 
other surgeons made similar observations about the difficulties 
and nonsensical aspects of using boiling oil as a means of cauter
izing fresh gunshot wounds, Pare's use of a less irritating emol
Lient of egg yolk, rose oil, and turpentine brought bim lasting 
fame and glory. His ability to articulate such a finding in a 
number of textbooks, all written iJl the vernacular, allowed his 
writings to reach more than just the educated elite. Among Pare's 
important corollary observations was that when performing an 
amputation, it was more efficacious to ligate individual blood 
vessels thru1 co anen1pt to control hemorrhage by meru1S of mass 
Ligation of tissue or with hot oleum. Describt:d in his Di>:: Livres 
de In Chirurgie avec le Magasin des Instruments Necessaires It lceUe 
(1564), tl1e free or cut end of a blood vessel was doubly ligated 
and the ligature was allowed to remain undisturbed in situ until, 
as a result of local suppuration, it was cast off. Pare humbly 
attributed his .success with patients to God, as noted in his 
fan1ous motto, 'Je le pttTIStlJ( Dieu le gubit, '~at is, "I treated 
hinl. God cured him." 

Pathophysiologic Basis of Surgical Diseases 
Although it would be aJlother 3 centuries before the tlilid desid
eratum, that of anesthesia, was discovered, much of the scientific 
understanding concerning efforts to relieve discomfort second
ary to surgical operations was ba~ed on tl1e 18th century work 
ofEnglru1d's premier surgical scienrisr, John Hunter ( 1728-1793; 
Fig. l -3). Considered one of the most influential surgeons of all 
time, his endeavors stand out because of tbe prolificacy of his 
written word aJld the quality of his research, especially in using 

FIGURE 1-3 John Hunter (1728-1793). 

experimental animal sllfgery as a way to understand the patho
physiologic basis of surgical diseases. Most impressively, Hw1ter 
rel ied little on the theories of past authorities but ratl1er on 
personal observations, with his fundan1emal pathologic studies 
first described in the renowned textbook A Treatise on the Blood. 
lnfotnmllltion, and Gun-Shot Wounds (1794). Ultimately, his 
voluminous research and diJ1ical work resulted in a collection 
of more than 13,000 specimens, which becan1e one of his most 
inlporta.nt legacies to the world of surgery. It represented a 
unique warehousing of separate organ systems, with compari
sons of these systems- from the simplest ru1imal or plant to 
humaJ1S~enlonstrating the interaction of structure and ftulc
tion. For decades, Hunter's coiJection, housed in England's 
Royal College of Surgeons, ren1ained ilie outstanding museum 
of comparative anatomy ru1d pathology in the world, until a 
World War II Nazi bombiJig attack of London created a confla
gration that destroyed most of Hunter's assemblage. 

Anesthesia 
Since time inm1emorial, the inability of surgt:ons to complete 
pain-free operations had been among the most terrifYing of 
medical problems. ln the preanesthetic era, surgeons were forced 
w be more concerned about tbe speed with which an operation 
was completed than with the clinical efficacy of their dissection. 
In a similar vein, patients refused or delayed surgical procedures 
for as long as possible to avoid the personal horror of experienc
ing the surgeon's knife. Analgesic, narcotic, and soporific agents 
such as hashish, mandrake, and opium had been used for thou
sands of years. However, the systematic operative iJwasion of 
body cavities and the inevitable progression of surgical history 
could not occttr until an effective means of rendering a patient 
insensitive to pain was developed. 

As anatomic kJ10wledge ru1d surgical techniques improved, 
the search for safe methods to prevent pain became more press
ing. By the early 1830s, chloroform, ether, and nitrous oxide 
had been discovered and so-called laugh_ing gas parties and ether 
frolics were iJ1 vogue, especially in America. Young people were 
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amusing themsellves with the pleasant side effects of these com
pounds a~ itinerant so-called professors of chemistry traveled to 
hamlets, tovvns, and cities to lecture on and demonstrate the 
exhilarating effects of these new gases. It soon became evident 
to various physicians and dentists that the pai.n-reJjeving quali
ties of ether and nitrous oxide could be applicable ro surgical 
operations and tooth extraction. On October 16,1846, William 
T.G. Morton (1819-1868), a Boston demise. persuaded John 
Collins Warren (1778-1856), professor of surgery at the Mas
sachusetts Gel1eral Hospital, to let him administer sulfuric ether 
to a surgical patient froJn whom Warren went em to remove a 
small, congenital vascular tumor of the neck painlessly. After the 
operation, Warren, greatly impressed with the new discovery, 
uttered his famous words, "Gentlen1en, this is no humbug." 

Few medical discoveries have been so readily accepted as 
inhalational anesthesia. News of the momentous evenr spread 
rapidly throughout the United States and Europe, and a new era 
in the history of surgery had begun. Within a few months after 
the first public demonstration in Boston, ether was used in 
hospitals throughout rhe world. Yet, no matter how mucb it 
contributed ro the relief of pain during surgical operations and 
decreased the surgeon's angst, the discovery did not immediately 
further the scope of elective surgery. Sud1 technical triumphs 
awaited me recognition and acceptance of antisepsis and asepsis. 
Anesthesi,a helped make the illusion of surgical cures more 
seductive, but it could not bring forth the final prerequisite
all-important hygienic reforms. 

StUI, by the mid-19th century, O(lth physicians and parienrs 
were coming to bold surgery in relatively high regard f(lr its 
pragmatic appeal, tedln(llogic virtuosity, and w1ambiguously 
measurable results. Mrer all, surgery appeared a mystic<tl craft to 
some. To be allowed w consensuaUy cut into another human's 
booy, to gaze at C:he depth of that person's suffering, and to excise 
the demon of disease seemed an awesome responsibility. It was 
this very mysticism, however, long associated with religious over
t(ltles, that so fascinated d1e public and their own feared but 
inevitable date with a surgeon's knife. Surgeons had finally begun 
t(l view thenJsetves as combining art and nature, essentiaUy 
a~sisting nature in its continual process of destruction and 
rebuilding. TI1is regard for the natural would spring from the 
eventual, although preternatLLrally slow, tmderstanding and use 
of joseph Lister's (1827-1912) techniques (Fig. l -4). 

Antisepsis, Asepsis, and Understanding 
the Nature of Infection 
In many respects, the recognition of antisepsis and asepsis was 
a n1Qre imporran.t event in the ev(llution of surgical history than 
the advent ofinhalarional anesthesia. There was n(l arguing d1at 
d1e deadening of pain permitted a surgical operation to be con
ducted in a ffi(lJ:C efficacious manner. Haste was no longer of 
prime concern. However, if anesthesia bad never neen con
ceived, a surgical procedure could srill be performed, albeit with 
much difficulty. Such was not the case with listerism. Wi.thout 
antisepsis and asepsis, major surgical operations more tban likely 
ended in death rather than just pain. Clearly, surgery needed 
both anesthesia and antisepsis, but in terms of (lverall impor
tance, antisepsis proved to be of greater singular impact. 

In the long evolution (lf world surgery, the contributions 
of several individuals stand out as being preeminent. Lister, an 
English surgeon,. can be placed (ln sud1 a select list because of 
his nlQnumema] efforts to imroduce systematic, scientifically 
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FIGURE 1-4 Josepn Lister (1827-191 2). 

based antisepsts m the treatment of wounds and the perfor
mance of smgical operations. He pragmatically applied (lthers' 
research into fermentation and mkroorganisms to the world of 
surgery by devising a meaJlS of preventing surgical infection and 
securing its ad(lption by a skeptical professi(lll. 

It was eviden.r to Lister that a methoo of destroying bacte
ria by excessive heat could not be applied to a surgical patient. 
He turned, instead, to chemical amisepsis and, after experiment
ing with 7inc chloride and the sul6tes, decided on carbolic acid. 
By 1865, Lister was instilling pure carbolic acid into wounds 
and onto dressings. He would eventually make numerous mod
ifications in the technique of dressings, mrumer of applying and 
retaining them, ru1d choice of antiseptic SQlutions of varying 
concentrations. Although the carb(llic add spray remains the 
best remembered of his mru1y contributions, it was eventually 
abandoned in favor of other germicidal substances. Lister not 
(ln]y used carbolic add in the wound and on dressings bur also 
went so far as to spray it into the atmosphere arow1d the (lper
ative field and table. He did not emphasize band scrubbing but 
merely dipped his fingers into a solution of pheJl(ll and corrosive 
sublimate. Lister was incorrectly convinced that scrubbing 
created crevices in the palms of the hands where bacteria would 
proliferate. A sewnd importaJlt advance by Lister was tl1e devel
opment of sterile absorbable sutures. He believed that much of 
the deep suppuration found in wounds was created by previously 
contaminated silk ligatures. Lister evolved a carbolized catgut 
surure that was better than any previously produced. He was 
able to cut the eJ1ds of the Ligature short, thereby dosing the 
wound tightly and eliminating the necessity of bringing the ends 
of rhe suture om through the incision, a surgical practice tbac 
had persisted since the days of Pare. 

1l1e acceptance of listerism was an w1even and distinctly 
slow process, f(lr many reasons. First, the various procedural 
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changes that Lister made during the evolution of his methodol
ogy created confusion. Second, listerism, as a technical exercise, 
was complicated by the use of carbolic acid, an unpleasant and 
time-consuming nuisance. Third, various early attempts to use 
antisepsis in surgery had proved abject failures, with many 
leading surgeons unable ro repHcare Lister's generally good 
results. HnaUy, and most importantly, acceptance of listerism 
depended entirely on an understanding and wtimatc recogni
tion of the veracity of the germ theory, a hypothesis that many 
practical-minded surgeons were loath to accept. 

As a professional group, German-speaking surgeons would 
be the first to grasp the importance of bacteriology and the germ 
theory. Consequently, they were among the earHest to expand 
on Lister's message of antisepsis, with his spray being discarded 
in favor of boiling and use of the autoclave. 1l1e availability of 
heat sterilization led to the development of sterile aprons, drapes, 
instruments, and sutures. Sinlllarly, the use efface masks, gloves, 
hats, and operating gowns also naturally evolved. By the mid-
1890s, less clumsy aseptic techniques had found their way into 
most European surgical an1phitheaters and were approaching 
total acceptance by American surgeons. Any lingering doubts 
about the valid_jty and significance of the momentous concepts 
that Lister had put forth were eLiminated on me battlefields of 
World War I. 1l1ere, the importance of just plain antisepsis 
became an invaluable lesson for scalpel bearers, whereas the 
exigencies of tb.e battlefield helped bring about the final matura
tion and equitable standing of surgery and surgeons within the 
worldwide medical community. 

X-Rays 
Especially prominent among other late 19th century discoveries 
that had an enormous impact on the evolution of surgery was 
research conducted by Wilhelm Roemgen (1845-1923), which 
led to his 1.895 elucidation of x-rays. Having grown interested 
in the phosphorescence from metallic salts that were exposed to 
light, Roemgen made a chance observation when he passed a 
current through a vacuun1 tube and noticed a greenish glow 
coming from a screen on a shelf 9 feet away. lhis strange effect 
continued aftell' the current was turned off. He found that the 
screen had beem painted with a phosphorescent substance. Pro
ceeding with full experimental vigor, Roentgen soon realized 
that there were iJwisible rays capable of passing through soHd 
object.~ made of wood, metal, and other materials. Most signifi
cantly, these rays also penetrated the soft parts of the body in 
such a manner that the more dense bones of his hand were able 
to be revealed on a specially treated photographic plate. In a 
shorr rime, numerous appHcations were developed as surgeons 
rapidly appHed the new discovery to the diagnosis and location 
of fractures and dislocations and the removal of foreign bodies. 

EARLY 20TH CENTURY 
By the late 1890s, the interactions of political, scientific, socio
economic, and technical factors set the stage for what would 
become a spectacular showcasing of surgery's newfound prestige 
and accomplishments. Surgeons were finally wearing antiseptic
lookiJ1g whhe coats. Patients and tables were draped in white, 
and basins fo:r bath.ing instrun1ents iJ1 bichloride solution 
abounded. Suddenly, all was clean and tidy, with conduct of the 
surgical operation no longer a haphazard affair. 1bis reformation 
would be successful not because surgeons had fundamencally 
changed bur because medicine and its relationship to scientific 

FIGURE 1-5 Theodor Billroth (1829-1894). 

i11quiry had been irrevocably altered. Sectarianism and quackery, 
the consequences of earlier medical dogmatism, would no longer 
be tenable within the confines of scientific truth. 

With aU four fundamental clinjcal prerequisites in place by 
the turn of the century, highlighted by the emerging clinical 
triumphs of various English surgeons, including Robert Tait 
(1845-1 899), William Macewen (1R48- 1924), and Frederick 
Treves (1 853-1923): German-speaking surgeons, i11duding 
Theodor Billroth {1829-1894; Fig. 1-5), 1l1eodor Kocher 
(U!41-1917; Fig. 1-6), Friedrid1 Trendelenburg (1844-1 924), 
and j oharu1 von Mlkulicz-Radecki (1850-1905); Frend1 sur
geons, including Jules Pcin {1830..1898), Just Lucas-Champi
oniere (1843-1913), and Marin-1l1eodore Tuffier (1857-1929); 
Italian surgeons, most notably Eduardo Bassini (1844-1924) 
and Antonio Ceci (1852-1920}; and several American surge()ns, 
exemplified by William WilLiams Keen (1837-1932), Nid10las 
Senn (1844-1908), and John Benjamin Murphy (1 857-1916), 
scalpel wielders had essentially explored all cavities of the human 
body. Nonetheless, surgeons retained a lingering sense of profes
sional and social discomfort and continued to be pejoratively 
described by nouveau scientific physicians as nonthinkers who 
worked in Little more than an inferior and crude manual crafr. 

It was becoming increasingly evident that research models, 
tl1eorctical concepts. and valid clinical applications would be 
necessary to demonstrate the scientific basis of surgery to a wary 
public. 1l1e effort to devise new operative methods called for an 
even greater reliance on experimental surgery and its absolute 
encouragement by all concerned parties. Most importantly, a 
sciemific basis for therapeutic surgical recommendations
consisting of empirical data, collected and analyzed according 
to nationally and internationally accepted rules and set apart 
from individual authoritative assun1ptions-would have to be 
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FIGURE 1-6 Theodor Kocher (1841- 1917). 

developed. ln contrast to previously unexplainable doctrines, 
scientific research would triumph as the final arbiter between 
valid and invalidl surgical therapies. 

ln tum, surgeons had no choice but to allay society's fear 
of the surgical lllnknown by presenting surgery as an accepted 
part of a newly established medical armamentarium. This would 
not be an easy task. 1l1e immediate consequences of surgical 
operations, such as discomfort and associated complications, 
were often of more concern co patients than the positive knowl
edge that an operation could eliminate potentially devastating 
disease processes. Accordingly, the most consequential achieve
ment by surgeons during the early 20th century was ensuring 
the social acceptability of surgery as a legitimate scientific 
endeavor and the surgical operation as a therapeutic necessity. 

Ascent of Scientific Surgery 
William Stewart Halsted (1852-1922), more than any other 
surgeon, set the scientific tone for this most imporcant period 
in surgical history (Fig. l-7). He moved surgery from the melo
dramatics of the 19th-century operating theater tO the starkness 
and sterility of the modern operating room, commingled with 
the privacy and soberness of the research laboratory. As professor 
of surgery at the newly opened Johns Hopkins Hospital and 
School of Medicine, Halsted proved to be a complex persnnal.ity, 
but the impact of this aloof and reticent man would become 
widespread. He introduced a new surgery and showed that 
research based on anatomic, pathologic, and physiologic prin
ciples and the use of animal experimentation made it possible 
to develop sophisticated operative procedures and perform them 
clinicalJy with outstanding results. Halsted proved, to an often 
leery profession and public, chat an unambiguous sequence 
could be constructed from the laboratory of basic surgical 
researcl1 to the clinical operating room. Most importantly, for 
surgery's own sellf-respect, he demonstrated during this turn of 
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FIGURE 1-7 William Halsted (1852-1922). 

the century renaissance in medical education that deparcmems 
of surgery could command a faculty whose stature was equal in 
importance and prestige to that of other more academic or 
research-oriented fields, such as anatomy, bacteriology, biochem
istry, internal medicine, pathology, and physiology. 

As a single individual, Halsted developed and disseminated 
a different system of surgery so characteristic that it was termed 
a school of surgery. More to the point, Halsted's methods revolu
tionized tl1e world of surgery and earned hi~ work the epithet 
"halstedian principles," which remains a widely acknowledged 
and accepted scientific imprimatur. Halsted subordinated tecll
nical brilliance and speed of dissection to a meticulous and safe, 
albeit sometimes slow performance. As a direct result, Halsted's 
effort did much to bring about surgeris self-sustaining transfor
mation from therapeutic subservience to clinical necessity. 

Despite his demeanor as a professional recluse, Halsted's 
clinical and research achieven1ents were overwhelming in 
number and scope. His residency system of training surgeons 
was not merely the first such progran1 of its type--it was w1ique 
in its prin1ary purpose. Above all other concerns, Halsted desired 
to establish a school of surgery that would eventually dissemi
nate throughout the surgical world the principles and attributes 
that he considered sound and proper. His aim was to train able 
surgical teachers, not merely competent operating surgeons. 
There is linle doubt that Halsted achieved his stated goal uf 
producing "not only surgeons but surgeons of the highest type. 
men who will stimulate the first youth of our country to study 
surgery and to devote their energies and their lives to raising 
the standards of surgical science." So fundamental were his con
tributions that without them, surgery might never have fully 
developed and could have remained mired in a quasiprofessional 
state. 

1l1e heroic and dangerous nature of surgery seemed appeal
ing in less scientifically sophisticated times, but now surgeons 
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were courted for personal anributes beyond their unmitigated 
technical boldness. A trend toward hospi tal-based surgery was 
iJKreasingly evident, in equal pares resulting from new, techni
cally demanding operations and modern hospital physical struc
tures within which surgeons could work more effectively. The 
increasing complexity and effectiveness of asepric surgery, diag
nostic necessity of the x-ray ru1d dinicallaboratoty, convenience 
of24-hour nursing, ru1d availability of capable surgical residents 
Living within a hospital were making the hospital operating 
room the mostt plausible and convenient place for a surgical 
operation to be performed. 

It was obvious to both hospital superintendents and the 
whole of medicine that acute care institutions were becoming a 
necessi ty, more for the surgeon than for the physician. As a 
consequence. increasing numbers of hospitals went to great 
lengths to supply their surgical staffs with the finest facilities in 
which to complete operations. For centuries, surgical operations 
had been performed under the illumination of sunHght, candles, 
or both. Now,. however, electric lights installed in operating 
rooms offered a far more reliable ru1d unwavering source of 
illumination. Surgery became a more proficient craft because 
surgical operations could be completed on stormy summer 
mornings. as well as on wet winter afternoons. 

Internationalization, Surgical Societies, 
and Joumals 
As the sophistication of surgery grew, internationalization 
became one of its underlying themes, with surgeons crossing the 
great oceans to visit and learn from one aJlother. Halsted ru1d 
HermaJl.ll Kuttner (1870-1932), director of the surgical clinic 
in Breslau, Germany (now known as Wrodaw and located in 
southwestern Polru1d), instituted the first known official excha11ge 
of surgical residents in 19 14. This experiment in surgical educa
tion was merult to underscore the true international spirit that 
had engulfed surgery. Halsted firmly believed that young sur
geons achieved greater clinical maturity hy observing the prac
tice of surgery in other countries, as well a~ in their own. 

An inevitable formation of national ru1d international sur
gical societies and the emergence and development of periodicals 
devoted to surgical subjects proved to be important adjuncts to 
the professionalization process of surgery. For the most part, 
professional societies began a~ a means of providing mutual 
improvement via personal interaction with surgical peers and 
the publication of presented papers. Unlike surgeons of earlier 
centuries, who were known to guard so-called trade secrets 
closely, members of these new organizations were emphatic 
about publishing rransactions of their meetings. In this way, not 
only would their surgical peers read of their clinical accomplish
ments, but a written record was also established for circulation 
throughout the world of medicine. 

The first of these surgical societies was the Academic Royale 
de Chirurgie in Paris, with its Memoires appearing sporadically 
from 1743 through 1838. Of 19th century associations, the 
most prominent published proceedings were the Memoires and 
Bulletins of the Societe de Chirurgie of Paris {1847), the Verhrm
dltmgen of the Deutsche Gesellschafr fiir Chirurgie (1872), and 
the TrallSactiom of the American Surgical Association {1883). 
No surgical association that published professional repom 
existed in 19th century Great Britain, and the Royal CoUeges of 
Surgeons of Englru1d, lrelaJld, ru1d Scotland never w1dertook 
such projects. Although textbooks, monographs, ru1d treatises 

had always been the mainstay of medical writing, the introduc
tion of monthly journals, including August Richter's {1742-1812) 
Chirurgische Bibliothek {1771), Joseph Malgaigne's {1806-1865) 
journal de Chirurgie ( 1843), Bernard Langen beck's ( 181 0-1887) 
Archiv for Klinische Chirurgie {1860), ru1d Lewis Pilcher's 
{1 844-1917) Annals of Surgery {1885), had a rremendous impact 
on updating ru1d continuing the education of surgeons. 

World War I 
Austr.ia-Hungary ru1d Germru1y continued as the dominru1t 
forces in world surgery until World War I. However, results of 
the conflict proved disastrous to the central powers (Austria
Hungary, Bulgaria, Germany, and the Onoman Empire), espe
cially to Germru1-speaking surgeons. Europe took on a new 
social and political look, with the demjse of Germany's status as 
the world leader in surgery a sad but foregone conclusion. As 
with most armed conB.icts, because of the massive humaJl toll, 
especially battlefield injuries, tremendous strides were made in 
muJtiple areas of surgery. Undoubtedly, the greatest surgical 
achievement was in the treatment of wound infection. Trench 
warfare in soil contaminated by decades of cultivation and 
ru1i mal mru1ure made every wounded soldier a potential carrier 
of any number of pathogenic bacilli. On the battlefront, sepsis 
was inevitable. Most attempts to maintain aseptic tedmique 
proved inadequate, but the· treatment of infected woLmds by 
ru1tisepsis was becoming a pragmatic reality. 

Surgeons experimented with nun1erous antiseptic solutions 
ru1d various types of surgical dressing. A principle of wound 
rream1eJ1t entailing debridement ru1d irrigation eveJ1tually 
evolved. He11ry Dak.U1 (1880-1952), an English d1emist, and 
Alexis Carrel {1873-1944; Fig. 1-8), the Nobel prize-winning 
French Americru1 surgeon, were the principal protagonists in the 
development of this extensive system of wound mru1agcment. [n 
addition to successes in wound sterility, surgical advru1ces 
were made in the use of x-rays in the diagnosis of battlefield 
injuries, and remarkahle operative ingenuity was evident in 

FIGURE 1-8 Alexis Carrel (1873- 1944). 
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reconstructive facial surge!}' and the treatment of fracntres 
resulting from g1lmshot wounds. 

American College of Surgeons 
For American surgeons, the years just before World War 1 were 
a time of active coalescence inro various social and educational 
organi:.r-ations. The most important and influential of these soci
eties was the American College of Surgeons, founded in 1913 
by Franklin Martin (1857 -1935), a Chicago-based gynecologist. 
Patterned after the Royal Colleges of Surgeons of England, 
Ireland, and Scotland, the American College of Surgeons estab
lished professional, ethical., and moral standards for every grad
uate in medicine who practiced in surgery and conferred the 
designation Fellow of the American College of Surgeons (FACS) 
on its members. From the outset, its primary aim was the 
continuing education of surgical physicians. Accordingly, the 
requirements for fellowship were always related to the educa
tional opportunities of the period. In L914, an applicant had to 
be a licensed graduate of medicine, receive the backing of three 
fellows, and be endorsed by the local credentials committee. 

In view of the stipulated peer recommendations, many 
physicians, realistically or not, viewed the American College of 
Surgeons as an elitist organization. With an obvious so-called 
blackball system built into the membership requirements, there 
was a difficult to deny belief that many mrgeons who were 
immigrants, females, or members of particular religious and 
racial minorities were granted fellowships sparingly. Such inher
ent bias, in addition w questionable accusations of fee splitting 
along with w1bridled contempt of certain smgeons' business 
practices, resulte<l in some very prominent American surgeons 
never being permitted the privilege of membership. 

The I 920s and beyond proved to be a prosperous time for 
American society and its surgeons. After all, the history of world 
surgery in the 20th century is more a tale of American triumphs 
than it ever was in the 18th or 19th centuries. Physicians' 
incomes dramatically increased and surgeons' prestige, aided by 
the ever-mounting successes of medical science, becan1e securely 
established in American culture. Still, a noticeable lack of stan
dards and regulations in surgical specialty practice became a 
serious concern Ito leaders in the profession. The difficulties of 
World War l had greatly accentuated this realistic need for spe
cialty standards, when many of me physicians who were self
proclaimed surgical speciallsts were found to be unqualified by 
military examining boards. In opbmalmology, for exan1ple, 
more chan 50o/o of tested individuals were deemed unfit to treat 
diseases of the eye. 

It was an unmistakable reality thar there were no estab
lished criteria wiith which to distinguish a well-qualified oph
thalmologist from an upstart optometrist or to clarify the 
differences in clinlcal expertise berween a well-trained, full-time 
ophthalmologic speciallst and an inadequately trained, part-time 
general physician-ophthalmologist. In recognition of the gravity 
of the situation, the sclf-patroWng concept of a professional 
examining board, sponsored by leading voluntary ophthalmo
logic organizations, was proposed as a mecban.ism for certifyi11g 
competency. In 1916, uniform standards and regulations were 
set forth in the form of minjmal educational requirements and 
written and oral exan1.inarions, and the American Board for 
Ophthalmic Examinations, the country's first, was formally 
incorporated. By 1940, six additional surgical specialty boards 
were esrabUshed-Qrthopedic (1934), colon and rectal (1934), 
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urologic (1935), plastic (1937), surgical (1937), and neurologic 
(1940). 

As order was introduced into surgical specialty training and 
the process of certification matured, it was apparent that the 
continued growth of residency programs carried important 
implications for the furure srrucwre of medical practice and the 
social relationship of medicine to overall society. Professional 
power had been consolidated, and specialization, which had 
been evolving since the tin1e of the Civil War, was now recog
nized as an essential, if not integral, part of modern medicine. 
Although the creation of surgical specialty boards was justified 
under the broad imprimarur of raising the educational status 
and evaluati11g the clinical competency of speciallsts, board cer
tification undeniably began to restrict entry into the specialties. 

As the specialties evolved, the political influence and cul
tural authority enjoyed by the profession of surgery were 
growing. This socioeconomic strength was most prominently 
expressed in reform efforts directed toward the moderni:t-ation 
and standardization of America's hospital system. Any vestiges 
of so-called kitchen surgery had essentially disappeared, and 
other than numerous small private hospitals predominantly con
structed by surgeons for thdr personal use, the only facilities in 
which major surge!}' could be adequately conducted and post
operative patients appropriately cared for were the well-equipped 
and physically impressive modern hospitals. Thus, the American 
College of Surgeons and its expanding list of fellows had a strong 
motive to ensure that America's hospital system was as up to date 
and efficienr as possible. 

On an international level, surgeons were confronted with 
the lack of any formal organizational body. Not w1til the Inter
national College of Surgeons was founded in 1935 in Geneva 
would such a society exist. At its inception, tlus organization 
was in tended to serve as a liaison to the existing colleges and 
surgical societies in the various countries. However, its goals of 
elevating tbc art and science of surgery, creating greater under
standing among the surgeons of the world, and affording a 
means of international postgraduate study never came to full 
fruition, in part because the American College of Surgeons 
adamantly opposed the establishment-and conti.nues to do 
so--of a viable American d1apter of the International College 
of Surgeons. 

Women Surgeons 
One of the many overlooked areas of surgi.cal history concerns 
the involvement of women. Unci! recent times, women's options 
for obtaining advanced surgical training were severely restricted. 
1l1e major reason was that through tbe mid-20th century, only 
a handful of women had performed enough surgery to become 
skilled mentors. Witl1out role models and with limited access to 
hospital positions, the ability of the few practicing female physi
cians co specialize in surgery seemed an impossihilicy. Conse
quently, women surgeons were forced to use different career 
strategies than men and to have more divergent goals of personal 
success to achieve professional satisfaction. Despite these diffi
culties, and through the detern1ination and aid of several 
enlightened male surgeons, most notably WiiJian1 Byford 
(1817-1890) of Chicago and William Keen of Pluladelplua, a 
small cadre of female surgeons did exist in lace 19th cemury 
America. Mary Dixon Jones (1828-1 908), Emmeline Horton 
Cleveland (1829-1878), Mary Harris Thompson (1 829-1895), 
Alma Elizabeth Broomall (1847-1931), and Marie Mergler 
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FIGURE 1-9 Olga Jonasson (1934-2006). (Courtesy University of Illi
nois, Chicago.) 

(1851-1901) would act as a nidus toward greater gender equal
ity in 20th century surgery. Olga Jonassen (1934-2006; Fig. 
l-9), a pioneer in the field of c~nical transplantation, played a 
leading role in encouraging women to enter the modern, male
dominated world of surgery. ln 1987, when she was named chair 
of the department of surgery at Ohio State University College 
of Medicine, Jonassen became the first womru1 in che United 
States to head an academic surgery department at a coeduca
tional medical :school. 

African American Surgeons 
1l1ere is little disputing the fact that boili gender and racial bias 
have influenced the evolution of surgery. Every aspect of society 
is affected by such discrimi11ation, and African Americans, like 
women, were im10cem victims of injustices chat forced iliem 
into never-ending struggles to attain competency in surgery. As 
early as 1868, a department of surgery was established at Howard 
University. However, the fi rst three chairmen were all white 
Anglo-Saxon Protestants. Not until Austin Curtis was appointed 
professor of smgery in 1928 did the deparonem have its first 
African American head. Like all black physicians of his era, be 
was forced to train at so-called Net,>ro hospitals, in Curtis' case 
Provident Hospital in Chicago, where he came under the tute
lage of Daniel Hale Willia111s (1858-1931), the most influential 
and highly regarded of early African American surgeons. In 
1897, Williams received considerable notoriety when he reported 
successful sutu.ring of tbe pericardium for a stab wound of 
the heart. 

With littFe likeUhood of obtaining membership iJl the 
American Medical Associarion or its related societies, Africru1 
American physicians joined togetht!r in 1895 to form the 
National Medical Association. Black surgeons identified an 
even more specific need when the Surgical Section of tl1e 

FIGURE 1- 10 Charles Drew (1904-1950). 

National Medical Association was opened in 1906. The.~ 
National Medical Association surgical diJ1ics, whid1 preceded 
the Clinical Congress of Surgeons of North America, the fore
runner to the aJUlual congress of the American College of Sur
geons by almost half a decade, represented the earliest examples 
of organized, so-called "show me" surgical education in the 
United States. 

Adm.ircance to surgical societies ru1d attainment of specialty 
certification were in1portant social and psychological accom
plishments for early Africru1 American surgeons. When Daniel 
Williams was named a Fellow of the Ame.ricru1 College of Sur
geons in 1913, the news spread rapidly throughout the Africru1 
American surgical community. Still, African American surgeons• 
fellowship applications were often acted on rad1er slowly, whid1 
suggests char denials based on race were clandestinely conducted 
d1roughout much of the country. As late as tbe m.id-1940s, 
Charles Drew (1904-1950; Fig. l-10), chairman of the depart
ment of surgery at Howard University School of Medicine, 
acknowledged that he refused to accept membership in the 
American College of Surgeons because this so-called nationally 
representative surgical society had, in his opinion, not yet begun 
to accept capable and well-qualified African American surgeons 
freely. Claude H. Orgru1, Jr. (1926-2005; Fig. 1-J l), was a dis
tinguished editor. educator, and historian. Among his books, the 
two-volume A Century of Blttck Surgeons: The U.S.A. B<perience 
ru1d the authoritative Notewortky Publications kY African
American Surgeo11s lmderscored the numerous contributions 
made by African American surgeons to the nation's health care 
system. In addition, as the long-standing editor-iJ1-cl1ief of 
Archives of Surgery, as well as serving as president of the Ameri
can College of Surgeons and chairman of tht! American Board 
of Surgery, Organ wielded enormous influence over the direc
tion of Americru1 surgery. 
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FIGURE 1-11 daude H. Organ, Jr. (1926-2005). (Courtesy the Amer
ican College ot Surgeons, Chicago, and Dr. James C. Thompson.) 

MODERN ERA 
Despite the global economic depression in the aftermath of 
World War I, the 1920s and 1930s signaled the ascent of 
American surgery to its current position of international leader
ship. Highlighted by educational reforms in its medical schools, 
Halsted's redefilllition of surgical residency programs, and the 
growth of surgical specialties, the stage was set for the blossom
.iJ1g of scientific surgery. Basic surgical researd1 becan1e an 
established reality as George Crile (1864-1943), Alfred Blalock 
(1899-1964; Fig. 1-12), Dallas Phemister (1882-1951), and 
Charles Huggins (1901-1997) becanJe world-renowned 
surgeon-sciencists. 

Much as the ascendancy of the surgeon-scieJ1tist brought 
about changes in the way in which the public and profession 
viewed surgical research, the introduction of increasingly sophis
ticated technologies had an enormous impact on the practice of 
surgery. Throughout the evolution of surgery, the practice of 
surgery-the art, the craft and, finally, the science of working 
with one's hands- had largely been defined by its tools. From 
the crude Hint instruments of ru1cient peoples, through the 
simple tonsUlotomes ru1d llthotrites of the 19th century, up to 
the increasingly complex surgical instruments developed in the 
20th century, new and improved instrwnents usually led to a 
better surgical result. Progress ir1 surgical instrumemation and 
surgical techniques went band in hand. 

Surgical techniques would, of course, become more sophis
ticated with the passage of time but, by the condusion ofWorld 
War U, essentially aiJ organs and areas of the body had been fully 
explored. In fact, within a short half-century, the domain of 
surgery had become so well established that the profession's 
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FIGURE 1-12 Alfred Blalock (1899-1964). 

foundation of basic operative procedures was already completed. 
As a consequence, there were few technical surgical mysteries 
left. What surgery now needed co sustain its continued grov.rth 
was the ability to diagnose surgical diseases at an earlier stage, 
locate malignarlt growths willie they remained small, and have 
more effective postoperative treatment so cl1at patients could 
survive ever more technically complex operations. Such thinking 
was exemplified by the introduction of d1olecystography in 
1924 by Evarts Grahan1 (1883-1957) and Warren Cole 
(1898-1990). In this case, an emerging scientific technology 
introduced new possibilities into surgical practice that were not 
necessarily related solely tO improvements in technique. To the 
surgeon, the discovery ru1d application of cholecystography 
proved most important, not only because it brought about more 
accurate diagnoses of cholecystitis but also because it created an 
influx of surgical patients where few had previously existed. Lf 
surgery was to grow, large numbers of individuals with surgical 
diseases were 11eeded. 

It was ru1 exciting era for surgeons, with importru1t clinical 
advances being made in the operating room and basic science 
laboratory. Among cl1e most notable highlights were the intro
duction in 1935 of pancreaticoduodeneccomy for cru1cer of the 
pru1ereas by Allen Oldfather Whipple (1881-1963) and a report 
tn 1943 on vagotomy for the operative treatment of peptic ulcer 
disease by Lester Dragstedt (1893-1976). Other significrult 
advru1ces included the following: 
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• Frank Lahey (1880-1953) stressed the importance of 
identifying the recurrent laryngeal nerve during the 
course of -chyroid surgery. 

• Owen Wangensreen (1898-1981) successfully decom
pressed mechanical bowel obstructions by using a 
newly devised suction apparatus in 1932. 

• George Vaughan (1859-1948) successfully ligated the 
abdominal aorta for aneurysmal disease .iJ1 1921. 

• Max Peet (1885-1949) presented splanchnic resection 
for hypertension in 1935. 

• Walter Dandy (1886-1946) performed intracranial 
section of various cranial nerves in the 1920s. 

• Walter Freeman (1895-1972) described prefrontal 
lobotomy as a means of treating various mental ill
ne.~ses in 1936. 

• Harvey Cushing (1869-1939) introduced electroco
agulation in neurosurgery in 1928. 

• Marius Smith-Petersen (1886-1953) described a 
AaJ1ged naiJ for pinning a fracrure of the neck of the 
femur in 11931 and introduced Vitallium cup arthro
plasty in 1939. 

• Vilray Blair (1871-1955) aJ1d jaJTies Brown (1899-
1971) popularized the use of spilt-skin grafts to cover 
large areas of granulating wounds. 

• Earl Padgett (1893-1946) devised an operative der
matome that allowed calibration of tbe thickness of 
skin grafts in 1939. 

• Elliott Cutler (1888-1947) performed a successful 
section of the mitral valve for relief of mitral stenosis 
in 1923. 

• Evarts GrabaJu completed the first successfu.l removal 
of an entire lu11g for CaJ1cer in 1933. 

• Claude Beck (1894-1971) implaJlted pectoral muscle 
into the pericardium and attached a pedicled omental 
graft w the surface of the heart, rhus providing col
lateral circulation ro that organ, iJ1 1935. 

• Robert Gross (1905-1988) reported the first success
ful llgation of a patent arterial duct in 1939 and 
resection for coarctation of the aorta with direct ana~
tomosis of the remaining ends in 1945. 

• John AlexaJ1der (1891-1954) resected a saccular aJ1eu
rysm of the thoracic aorta in 1944. 
With such a wide variety of technically complex surgical 

operations now possible, it bad clearly become in1possible for 
any single surgeon to master all the manual skills and patho
physiologic knowledge necessary to perform such cases. 1l1ere
fore, by the middle of the cenrury, a consolldation of professional 
power inherent in the movement toward specialization, with 
numerous individuals restricting their surgical practice to one 
highly structured £eld, had become aJTiong the most significant 
and dominating events in 20th century surgery. Ironically, the 
United States, whid1 had been mud1 slower than European 
countries to recognize surgeons as a distinct group of clinicians 
separate from physicians, would now spearhead tllis move 
toward surgica1 specialization with great alacrity. C learly, the 
course of surgical fragmentation in to specialties and subspecial
ties was gathering tremendous speed as the dark douds of World 
War II serded over the world. 1l1e socioeconomic ru1d political 
ramifications of this war would bring about a fundamental 
change in the way that surgeons viewed themselves and their 
interactions with the society in which they llved and worked. 

Last Half of the 20th Century 
The decades of economic expaJ1sion after World War II had a 
dramatic impact on surgery's scale, particularly in the United 
States. It was as though being victorious in battle permitted 
medicine to become big business overnight, with the single
minded pursuir of health care rapidly rransformed inro sociery's 
largest growth industry. Spacious hospital complexes were built 
that not only represented tl1e scientific advru1cement of the 
healing arts, but also vividly demonstrated the strength of 
American's postwar socioeconomic boom. Society was witting to 
give surgical science unprecedented recognition as a prized 
national asset. 

The overwhelming impact of World War II on surgery was 
the sudden expansion of the profession and tbe beginnings of 
an extensive distribution of surgeons throughout the country.. 
Many of these individuals, newly baptized to the rigors of tech
nically complex trauma operations, becan1e leaders in the con
struction and improvement of hospitals, multispecialry cliJ1ics, 
ru1d surgical facilities in their home towns. Large urbru1 and 
community hospitals established surgical education and traiJling 
progran1s and found it relatively easy to attract interns and 
residents. For the first time, residency programs in general 
surgery were rivaled in growth and educational sophistication 
by those in all the special fields of surgery. These changes served 
a~ fodder for further increases in the number of snadents enter
ing surgery. Not only would surgeons command the highest 
salaries, but society was also enan10red of the dran1a of the 
operating room. Television series, movies, novels, and the more 
than occasionalllve performance of a heart operation broadcast 
on a network beckoned cl1e lay individual. 

Despite lay approval, success and acceptabili ty in the bio
medical sciences are sometinles difficult to determine, but Qne 
measure of both in recent times has been awarding of the Nobel 
Prize in medicine and physiology. Society's continued approba
tion of surgery's accompllshments can be seeJl in the namiJ1g of 
niJ1e surgeons as Nobel laureates (Table 1-1). 

Cardiac Surgery and Organ Transplantation 
Two clinical developments truly epitomized the magnificence of 
post-World War II surgery and concurrently fascinated the 
public-the maturation of cardiac surgery as a new surgical. 
specialty aJld the en1ergence of organ transplantation. Togetl1er, 
they would stand as signposts along the new surgical highway. 
Fascination with tbe heart goes far beyond that of clinical med
icine. From the historical perspective of art, customs. llterature, 
philosophy, religion, and science, the heart has represented the 
seat o f the soul and the wellspring of life itsel( Such reverence 
also meant that this noble organ was long considered a surgical 
untouchable. 'TI1e late 19th and 20tl1 centuries witnessed a 
steady march of surgical triumphs in opening successive cavities 
of the body, but the final achievement awaited the perfection of 
methods for surgical operations in the thoracic space. 

Such a scientific and technologic accompJishment can be 
traced back to the repair of cardiac stab wounds by direct suture 
aJld tbe earliest attempts at fixing faulty heart valves. As trium
phant as Luther Hill's (1862-1946) first kJ1own successful suture 
of a wound that penetrated a cardiac chamber wa~ in 1902, it 
would nor be until the 1940s rhat the developmem of safe 
intrapleural surgery could be counted on as something other 
than an occasional event. During World War II. Dwight Harken 
(1910-1993) gained extensive battlefield experience in removing 
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Table 1-1 Nobel Laureate Surgeons in Medicine and Physiology 
SURGEON COUNTRY AELD (YEAR OF AWARD) 

Theodor Kocher (1841-1917} Switzerland Thyroid disease ( 1909} 

Allvar Gullstrand (1862- 1930) Sweden Ocular dioptrics ( 1911) 

Alexis carrel ( 1873-1944} France and United States Vascular surgery (19 12) 

Robert Mrciny ( 1876-1936) Austria 

Frederick Banting (1891-1941) canada 

Walter Hess (1881- 1973} Switzerland 

Werner Forssmann (1904-1979} Gennany 

Charles Huggins (1901-1997) United States 

Joseph Murray (19 19-) United States 

bullets and sJ1rapnel in or in relation to the heart and great 
vessels without a single fatal ity. Building on his wartime 
experience, Harken and other pioneering surgeons, including 
Charles Bailey (1910-1993) of Philadelphia and Russell Brock 
(1903-1980) of London, proceeded to expand intracardiac 
surgery by developing operations for the relief of mitral valve 
stenosis. The procedure was progressively re£ned and evolved 
into the open commissmotomy repair used today. 

Despite mounting clinical successes, surgeons who oper
ated on the heart had to contend not only with the quagmire 
of blood fiowing through an area in which difficult dissecdon 
was taking place,. but also with the unrelenting to and fro move
ment of a beating heart. Tedmically complex cardiac repair 
procedures could not be developed further until these problems 
were solved. John Gibbon (I 903-1973; Fig. 1-13) addressed this 
enigma by devising a machine that would take on the work of 
the heart and lungs while the patient was under anesthesia, in 
essence pumping oxygen-rich blood through the circulatory 
system while bypassing the heart so that the organ could be 
operated on at leisure. 1l1e first successful open heart operation 
in 1953, conducted with the use of a heart-lung machine, was 
a momentous surgical contribution. ll1rough single-minded ness 
of purpose, Gibbon's research paved the way for all future cardiac 
surgery, including procedures for correction of congenital heart 
defects, repair of heart valves, revascularization operations, and 
heart transplantadon. David Sabiston (1924-2009; Fig. 1-14) 
was an inspirational surgical leader who served 30 years as chair
man of the department of surgery at Duke University. Trained 
u11der Alfred Blalock at Johns Hopkins, Sabiston performed 
early and im10vative coronary artery bypass operations that 
paved the way for more effective cardiac surgery procedures. 
Sabiston assumed numerous leadership roles throughout his 
career, including President of the American CoUege of Surgeons, 
the American Swgical Association, and the American Associa
tion for Thoracic Surgery. As an eminent editor-in-cl1ief, he 
guided the Annals of Surgery for 25 years and oversaw six previ
ous editions of this text, the legendary Sabiston Textbook of 
Surgery: The Biologicnl Bnsis of Modern Surgical Practice. Michael 
DeBakey (1908-2008; Fig. 1-15) was a renowned cardiac and 
vascular smgeon. clinical researcl1er, medical educator, and inter
national medical statesman, who was the long-rime Chancellor 
of Baylor College of Medicine and senior attending surgeon of 
the Methodist Hospital in Houston. He pioneered the use of 
Dacron grafts to replace or repair blood vessels, invented the 

Vestibular disease (1914) 

Insulin (1922) 

Midbrain physiology ( 1949} 

cardiac catheterization ( 1956) 

Oncology (1966) 

Organ transplantation ( 1990) 

FIGURE 1-1 3 John Gibbon ( 1903-1973). 

roller pump, developed ventricular assist devices, was among the 
first to perform a coronary artery bypass and carotid endarter
ectomy, demonstrated the link between cigarette smoking and 
lung cancer, and created an early version of what becan1e the 
mobile army surgical hospital or MASH unit. DeBakey was an 
influential advisor to the federal government about health care 
policy and served as chairman of the President's Conmussion on 
Hearr Disease, Cancer, and Stroke during the JoJmson admin
istration. Among DeBakels numerous honors were the Presi
dential Medal of Freedom, Congressional Gold Medal . and 
Lasker Clinical Medical Research Award. 
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FIGURE 1- 14 David Sabiston (1924-2009). (From Anderson R: David 
C. Sabiston, Jr, MD. J Thorac Cardiovasc Surg 137:1307- 1308, 2009.) 

FIGURE 1- 15 Michael DeBakey ( 1908-2008). (Courtesy Baylor 
College of Medicine, Houston.) 

Since time immemorial, the focus of surgery was mostly 
on excision and repair. However, beginning in the 20th century, 
the opposite ertd of the surgical spectrum-reconstruction and 
transplantation-became realities. Experience in the 19th 
century had shown that skin and bone tissues could be auto
transplanted from one site to another in the same patient. It 
would take the horrendous and mutilating injuries of World War 
I to advance skin transplantation decisively and legitimize the 
concept of surgery a~ a method of reconstruction. Wicl1 Harold 
Gillies (1882-1960) of England and Vilray Blair of rhe United 
States establishing military-based plastic surgery units to deal 
with complex maxiUofacial injuries, a turning point in the way 
in which society viewed surgery's raison d'ctre occurred. Now, 

not only would surgeons enl1ance nature's healing powers, but 
they could also dramatically alter what had previously been little 
more than one's physical foregone conclusion. For example, 
Hippolyte Morestin (1869- L919) described a method of mam
maplasty in 1902. John Staige Davis (1872-1946) of Baltimore 
populariz.ed a manner of splintiJlg skin grafts and later wrore the 
first comprehensive textbook on this new specialt)', Pf11stic 
Surgery: Its Principles and Pmctice ( 1919). 1m mediately after the 
war, Blair would go on to establish the first separate plastic 
surgery service in a civilian institution at Barnes Hospital in St. 
Louis. Vladimir Filatov (1875-1956) of Odessa, Russia, used a 
tubed pedicle flap in 1916 and, in the following year, Gillies 
introduced a similar reclmique. 

What about the replacement of damaged or dist:aSt:d 
organs? After all, even in the mid-20th century, the very thought 
of successfully transplanting worn-out or unhealthy body parts 
verged on scientific fantasy. At the beginning of the 20th century, 
Alexis Carrel had developed revolutionary new suturing tech
niques to ru1astomose the smallest of blood vessels. Using his 
surgical Clru1 on experimental animals, Carrel begru1 to trans
plant kidneys, hearts, and spleens. Technically, his research was 
a success, but some unknown biologic process always led to 
rejection of the trru1splru1ted organ and death of the animal. By 
clte middle of the century, medical researchers had begun to 
clarify the presence of tmderlying defensive immune reactions 
ru1d the necessity of creating inlmtmosuppression as a method 
to allow the host to accept the foreign transplant. Using high
powered inlmunosuppressanr drugs and oilier modern modali
ties, kidney transplantation soon blazed the way, and it was not 
long before many orgruts and even hands and faces were being 
replaced. 

Politial and Socioeconomic Influences 
Despite the 1950s and 1960s witnessing some of the most mag
nificent advances .in the history of surgery, political and socio
economic influences were starting to overshadow many of the 
clinical triun1phs by the 1970s. It was the beginning of a scbizo
phrenic existence for surgeons in that complex and dran1atic 
lifesaving operations were completed to innumerable accolades 
whereas concurrently public criticism of the economics of med
icine. in particular, high-priced surgical practice, portrayed the 
scalpel holder as a greedy, finru1cially driven, selfish individual_ 
This wa~ in stark conrrast ro the relatively selftess rutd srutctified 
image of the surgeon before the growth of specialty wor.k and 
the introduction of goverl1J1lent involvement in health care 
delivery. 

Although they are philosophically inconsistent, the dra
matic and tlteatrical features of surgery that make surgeons 
heroes from one perspective and symbols of corruption, men
dacity, and greed from ilie opposite point of view are the ver>' 
reasons why society demands so much of its tl1en1. There is the 
precise and definitive nature of surgical intervention, expecta
tion of success that surrounds an operation , short tinte frame in 
which outcomes are realized, high income levels of most sur
geons, and almost insatiable inquisitiveness of lay individuals 
about all aspects of cltc act of consensually cutting into another 
human's flesh. 1l1ese phenomena, ever more se.nsitiz.ed iJl this 
age of mass media ru1d instantaneous relecommunicarion, make 
surgeons seem more accountable than their medical colleagues 
ru1d, simultaneously, symbolic of the best and worst in medicine. 
ln ways mat were previously wtimaginable, this vast social 
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transformation of surgery controls the fate of the individual 
physician in the present era to a much greater extent than sur
geons as a colJective force can control it by thdr attempts to 
dlrecr thelr own profession. 

20nt CENTURY SURGICAL HIGHLIGHTS 
Among tbe difficulties in studying 20th century surgery is 
the abundance of famous names and important written 
contributions-so much so that it becomes a difliCLdt and invid
ious ta~k to attempt any rational selection of representative 
pcrsonallties along with their significant writings. Although 
many justly famous names might be missing, the following 
description of surgical advances is inrended ro highlight some 
of the Stlmning clinical achievements of d1e past century 
chronologically. 

In 1900, the German surgeon HermaJm Pfarmensriel 
{1862-1909) described his teclmique for a suprapubic surgical 
iJ1cision. That same year, William Mayo {1861-1939) presented 
his reswts on partial gastrectomy before the American Surgical 
Association. The treatment of breast cancer was radlealJy altered 
when George Beatson (1848-1933), professor of surgery in 
Glasgow, proposed oophorectomy and the administration of 
thyroid extract as a possible cure (1901). John Finney 
(1863-1942) of the JohJ1S Hopkins Hospital authored a paper 
on a new method of gastroduodenostomy, or widened pyloro
plasty (1903). In Germany, Fedor Krause (1856-1937) was 
writing about total cystectomy and bilateral ureterosigmoidos
tomy. In 1905, Hugh Hampton Young (1870-1945) of Balti
more was presenting early studies of his radical prostatectomy 
for carcinoma. William Handley (1872-1962) was surgeon of 
the Middlesex Hospital in London when he authored Cancer of 
the Breast and Its Tre11tmmt (1906). In that work, he advanced 
the theory that in breast cancer, metastasis is caused by extension 
along lymphatic vessels and not by dissemination via the blood
stream. That same year, Jose Goyanes (1876-1964) of Madrid 
used vein graft.~ to restore arterial fiow. William Miles 
(1869-1947) of Englru1d first wrote about his technique of 
abdominoperineal resection in 1908, the Sanle year mat Fried
rich Trenddenburg (1844-1924) attempted pulmonary embo
lectomy. Martin Kirschner (1879-1942) of Germany described 
a wire for skeletal traction and for stabilization of bone frag
ments or joint immobilization 3 years later. Donald Balfour 
(1882-1963) of the Mayo Clinic provided the initial account of 
his important operation for resection of d1e sigmoid colon, as 
did William Mayo for his radical operation for carcinoma of the 
rectum in 1910. 

In 1911, Fred Albee (1876-1945) of New York began ro 
use living bone grafts as internal splints. Wllhelm Ramstedt 
(1867-1963), a German surgeon, described a pyloromyotomy 
(1912) at the same time that Pierre Fredet (1870-1946) was 
reporting a similar operation. In 1913, Henry Janeway 
(1873-1921) of New York developed a technique for gastros
tomy in which he wrapped the anterior wall of me stomach 
around a catheter and sutured it in place, thereby establlshiJ1g a 
permanent fistula. Hans Finsterer (1877-1955). professor of 
surgery in Vienna, improved on Frru1z von Hofmeister's 
{1867-1926) des,cription of a partial gastrectomy with closure of 
a portion of the lesser curvature and retrocolic anasromosis of 
the remainder of the stomach to the jejumm1 (1918). Thomas 
Dw1bi11 (1876-1957) of London was a pioneer in thyroid 
surgery, especially in his operation for exophthalmic goiter 
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(1919}. William Gallle (1882-1959) of Canada used sunues 
fashioned from the fascia lata in herniorrhaphy (1923). Barney 
Brooks (1884-1952), professor of surgery at Vanderbilt Univer
sity in Nashville, Tennessee, initially introduced clinical aJlgiog
rapby and femoral arteriography in 1924. Reynaldo dos Sru1tos 
( 1880-1970), a Porruguese urologist, reporred rhe firsr uanslum
bar aortogram 5 years later. Cecil Joll {1885-1945), professor of 
surgery iJl London, described the treatment of thyrotoxicosis by 
means of subtotal thyroidectomy in the 1930s. 

In 1931, George Cheatle (1865-1 Y51), professor of surgery 
in London, and Max Cutler (1899-1984), a surgeon from New 
York, published their important treatise, Tumours of the Brettst. 
In chat same year, Cu der detailed his systemic use of ovariru1 
hormone for the treatment of chronic mastitis. Around the same 
time, Ernst Sauerbruch (1875-1951) of Germany completed the 
first successfw surgical intervention for cardiac aneurysm and 
his countryman, Rudolph Nissen (1896-1981), removed an 
entire broncl1iectatic lung. Geoffrey Keynes (1887 -1.982) of St. 
Bartholomew's Hospital in England articulated tl1e basis for the 
opposition to radical mastectomy and his favoring of radium 
creatment for hreast cancer (1932). The Irish stugeon Arnold 
Henry (I 886- 1962) devised aJl operative approach for femoral 
hernia in 1936. Earl ShouJdice (1891-1965) ofToronto first 
began tto experinlent wim a groin hernia repair based on overlap
ping layers brought together by a continuous wire suture during 
the 1930s. Rene Leriche (1879-1955) proposed an arteriectomy 
for arterial thrombosis in 1937 ru1d, later, periarterial sympa
thecromy to improve arterial Bow. Leriche also described a syn
drome of aortoiliac occlusive disease in 1940. In 1939, Edward 
Churchitl (1895-1972) of the Massacllllsetts General Hospital 
performed a segmental pneumonectomy for bronchiectasis. 
Charles Huggins (1901-1997; f ig. l -16), a pioneer iJl endocrine 
therapy for cancer, found that aJ1tiru1drogenic treatment consist
ing of orchiectomy or the adminjsrration of estrogens could 
produce long-term regression in patients with advanced pros
tatic cancer. These observations formed the basis for the current 
treatment of prostate and breast cancer by hom1onal manipwa
tion; Dr. Huggins was awarded the Nobel Prize in 1966 for these 

FIGURE 1-16 Charles Huggins (1901-1997). (Used with permission 
from the University of Chicago Hospitals. Chicago.) 
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FIGURE 1-17 Francis D. Moore {1913-2001). 

momm1ental discoveries. Clarence Crafoord (1899-1984) pio
neered his surgical treatmem of coarctation of the aorta in 1945. 
l11e following year, WiWs Potts (1895-1968) completed an anas
tomosis of the aorta to a pulmonary vein for certain types of 
congenital heart disease. Chester McVay (191 1-1987) popular
ized a repair of groin hernias based on the pectineal ligament in 
194R. 

Working at Georgetown University Medical Center in 
Washington, DC, Charles Hufnagel (1916-1989) designed and 
inserted the fiist workable prosthetic heart valve in a man 
(1951). That same year, Charles Dubose (1914-1991) of Paris 
perforn1ed the first successfuJ resection of an abdominal aortic 
aneurysm and insertion of a homologous graft. Robert Zollinger 
(1903-1994) and Edwin Ellison (1918-1970) first described 
their eponymic polyendocrine adenomatosis .in 1955. l11e fol
lowing year, D onald Murray (1894-1976) completed the first 
successfuJ aortic valve homograft. At the same time, John Merrill 
(1917-1986) was performing the world's first successful homo
transplantation of the human kidney between identical twin 
brothers. Francis D. Moore (1913-2001; Fig. 1-17) defined 
objectives of metabolism in surgical patients and in 1959 pub
lished his widely quoted hook, Metabolic Care of the Su,.gical 
Patient. Moore was also a driving force in the field of transplan
tation and pioneered the tecbJlique of using radioactive isotopes 
to locate abscesses and twnors. In the 1960s, Jonathan E. Rhoads 
(1907-2002; Fig. 1-18), in collaboration with colleagues Harry 
Vars and Stan Dudrick, described the tcci1Jlique of total paren
teral nutrition, whjch has become an important and Lifesaving 
treatment for rhe management of a critically iU patient who 
cannot tolerate standard enteral feedings. James D. Hardy 
(1918-2003), at the University of Mississippi, performed the 
firstlung (1963) and heart (1964) transplants in a human. Judab 

FIGURE 1- 18 Jonathan Rhoads {1907-2002). (Courtesy Dr. James C 
Thompson.) 

FIGURE 1-19 Judah Folkman (1933-2008). (Courtesy Children's 
Hospital, Boston.) 
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Folkman (1933-2008; Fig. l -19) was surgeon-in-chief at Chil
dren's Hospital in Boston, where be devoted much of his time 
to ba~ic science rresearch. He was best known for his studies on 
angiogenesis, the process whereby a wmor forms blood vessels 
to nourish itself and grow. Folkman's work led to antiangiogen
esis therapy- the concept that cancers can be contained by using 
chemotherapeutnc agents to inhibit their blood supply. 

FUTURE TRENDS 
Throughout most of its evolution, the practice of surgery has 
been largely defu1ed by its tools and the manual aspects of the 
craft. The last decades of the 20th century saw unprecedented 
progress in the developmem of new instrlLmentation and 
imaging techniques. These refinements have not come without 
noticeable social and economic cost. Advancement will assuredly 
continue because if the study of surgical history offers any lesson, 
it is that progress can always be expected, at least relative to 
technology. l11e17e will be more sophisticated surgical operations 
with better results. Eventually, automation may even robotize 
the surgeon's hand for certain procedures. Still, the surgical sci
ences will always. retain their historical roots as fLmdamentally a 
manually bared art and craft. 

[n many respects, the surgeon's most difficult future chal
lenges are not in the clinical realm but instead in better under
standing the socioeconomic forces that affect the practice of 
surgery and in learning bow to manage them effectively. Many 
splendid schools of surgery now exist in almost every major 
industrialized city, but none can lay claim to dominance in all 
the disciplines that comprise surgery. Similarly, the presence of 
authoritative indlividual personalities who help guide surgery is 
more unusual today than in previous times. National aims and 
socioeconomic status have become overwhelmi11g factors in 
securing and shepherding the future growth of surgery world
wide. [n light of an understanding of the intricacies of surgical 
history, it scen1s an unenviable and obviously in1possibk task to 
predict what will happen in the future. [n 1874, John Erichsen 
{1818-1896) of London wrote that "the abdomen, chest, and 
brain will forever be closed to operations by a wise and humane 
surgeon." A few years later, l11eodor Billrotb remarked that "A 
surgeon who tries to suture a heart wound deserves to lose the 
esteem of his colleagues." Obviously, the surgical crystal ball is 
a cloudy one at best. 

To study the fascinating hiscory of our profession, with its 
many magnificemt personalities and outstanding scientific and 
social achievements, may not necessarily help us predict the 
future of surgery. However, it does shed much light on current 
clinical practices. To a certain extent, if surgeons in the h1ture 
wish to be regarded as more than mere technicians, the profes
sion needs to appreciate the value of its past experiences better. 
Surgery bas a. distinguished heritage that is in danger of beiJJg 
forgotten. Although the futme of the art, craft, and science nf 
surgery remains ·unknown, it assuredly rests on a glorious past. 
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THE IMPORTANCE OF ETHICS IN SURGERY 
Although the ethical precepts of respect for persons, beneficence, 
nonmaleficence, and justice have been fundamemal co the prac
tice of medicine since ancient rimes, ethics has assumed an 
iJ1creasingly visible and codified position in health care over the 
past 50 years. TI1e JoiJ1t Commission, the courts, presidential 
commissions, medical school and residency curriculum plan
ners, professional organizations, the media, and the public have 
all grappled with determining the right course of action in health 
care matters. lhc explosion of medical technology and knowl
edge, changes in the organizational arrangement and financing 
of the health care system, and challenges to traditional precepts 
posed by the corporatization of medicine have all created new 
ethical questions. 

The practice of medicine or surgery is, at its center, a 
moral enterprise. Although clinical proficiency and surgical 
skill are crucial, so are the moral dimensions of a surgeon's 
practice. According co sociologist Charles Bosk, the surgeon's 
actions and patient outcome are more closely Linked in surgery 
than in medicine, and that linkage dramatically d1anges the 
relationship between surgeon and patient.1 Surgeon and 
humanist Miles Little bas suggested that there is a distinct 
moral domain within the surgeon-patient relationship. 
According to Little, "testing and negotiating the reality of the 
category of rescue, negotiating the inherent proxinlity of the 
relationship, revealing the nature of the ordeal, offering and 
providing support through its course, aJld being there for the 
other in the aftermath of the surgical encounter, are ideals on 
which to build a distinctively surgical ethics."2 Because surgery 
is an extreme experience for tbe patient, surgeons have a 
unique opportunity to understand their patients' stories and 
provide support for them. The virtue aJld duty of engaged 
presence as described by Little extends beyond a warm, 
friendly personality and can be taught by both precept and 
exan1ple. Although Little does not speci6.cally identify trust a~ 
a component of presence, it seems inherent to the moral 

depili of the surgeon-patient relationship. During surgery the 
patient is in a totally vulnerable position and a high level of 
trust is demanded for the patient to place his or her li fe 
directly in the surgeon's ha11ds. Such trust, in turn, requires 
that tl1e surgeon strive to act always in a trustworthy maJmer. 

From the Hippocratic Oath to the 1847 American Medical 
Association statement of medical principl.cs through the present, 
the traditional ethical precepts of the medical profession have 
induded the primacy of patient welfare. 1l1e Ameri.can College 
of Surgeons was founded in 1913 on the principles of high
quality care for the surgical patient and tl1e ethical and compe
tenc practice of surgery. 1l1e preamble to its Statemem on 
Principles stares the following': 

The Amencan College of Surgeons has had a deep and effectrve 
concem for the improvement of patient care and for the ethical prac
tice of medicine. The ethical practice of medidne establishes and 
ensures an environment in which all individuals are treated with 
respect and tolerance; discrimination or harassment on the basis of 
age, sexual preference, gender. race, disease, disability, or religion, are 
proscribed as being inconsistent with the ideals and principles of the 
American College of Surgeons. 

The Code of Professional Conduct continues4
: 

/ls Fellows of the American College of Surgeons, we treasure the trust 
that our patients have placed in us, because trust is integral to the 
practice of surgery. During the continuum of pre-, intra-, and post
operative care, we accept responsibilities to: 

• Serve as effective advocates of our patients' needs. 

• Disdose therapeutic options, induding their risks and 
benefits. 

• Disdose and resolve any conflict of interest that might 
influence dedsions regarding care. 

• Be sensitive and respectful of patients, understanding their 
vulnerability during the perioperative period. 

• Fully disclose adverse events and medical errors. 

• Acknowledge patients' psychological, social, cultural, and 
spiritual needs. 

• Encompass within our surgical care the special needs of 
terminally ill patients. 

• Acknowledge and support the needs of patients' families. 

• Respect the knowledge, dignity, and perspective of other 
health care professionals. 

19 
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These same expectations are echoed in the Accreditation 
Council for Graduate Medical Education core competencies 
that medical-surgical training programs are expected to achieve: 
compassion, integrity, respect, and responsiveness d1at super
sedes self-interest, accountability, and responsiveness to a diverse 
patiem populatrion.5 

Historical'ly, the surgeon's decisions were often unilateral 
ones. Surgeons made decisions about medical benefit with Little 
if any acknowledgment that patient benefit might be a different 
matter. Current surgical practice recognizes the patient's increas
ing involvement in health care decision malting and grants that 
the right to choose is shared between surgeon and patient. A 
focus on informed consem, confidential.ity, and advance direc
tives acknowledges this changed relationship of the sllTgeon and 
patient. However, the moral dimensions of a surgeon's practice 
extend beyond those issues to ask how the conscientious, com
petent, ethical surgeon should reveal damaging mlstakes to a 
family when they bave occurred, balance the role of patient 
advocate witb tl1at of being a gatekeeper, handle a co.lleague who 
is roo old or too impaired to operate safely, or think about sur
gical innovation. Jones and colleagues,6 in a helpful casebook of 
surgical ethics, have noted that even a matter as mundane as the 
order of patients in a surgica.l schedule may conceal important 
ethical decisions. 

END-OF- LIFE CARE 
Care of patients at the end of life bas gamered increasing atten
tion in recent years. The decade of the 1990s was characterized 
by the expansion of efforts to educate physicians and inculcate 
palliative care practices into medical. institutions. Surgeons who 
often are best known for their ability to be decisive--to do 
something-began to recognize their role in appropriate end-of
life care and to develop standards for palliative surgical care. In 
February 1998, The American College of Surgeons approved 
"The Statement of Principles of Care at the End oflife," whid1 
includes a responsibility to provide appropriate palliative and 
hospice care and respect a patient's right to refuse treatment and 
the pbysician's responsibility to forgo futile interventions.7 A 
Surgeons Paltiative Care Workgroup met iJl 2000 to foster 
awareness, education, and research in palliative care. In the first 
of a series of articles conceming palliative care by the sllTgeon 
in the joumal of the Ameriedn College of Surgeons, DurlJl and 
Milcl1~: have explained that palliative care provides the surgeon 
with a "new opportunity to rebalance decisiveness wirl1 intro
spection, detachment witb empathy." They also suggested that 
although surgeons might appreciate cognitively the need for 
palliative care, it also presents surgeons with d.ifficult emotional 
challenges and ambiguities. In recognition of his leadership in 
the areas of hospice and palliative care, Robert A. Milcl1 received 
the inaugural Hastings Center Cunnilf-Dixon Physician Award 
in 2010 for leadership i.JJ care near the end of life. Dr. Milcb 
said, in accepting the award, that "to the extent that we are able 
to play a part in that wonder, helping to heal even when we 
cannot cure, tending tl1e wounds of body and spirit, we are 
ourselves elevated and transformed . .., 

Resuscitation in the Operating Room 
One of the most difficult issues in end-of-life care for cl1e surgi
cal patient concerns resuscitation. Informed decisions about 
cardiopulmonary resuscitation (CPR) requ.ire that patients have 
an accurate UJ1dersranding of their diagnosis, prognosis, 

likelihood of CPR's success in their situation, and risks involved. 
Surgeons sometimes are reluctant to honor a patient's request 
not to be resuscitated when the patient is considering an opera
tive procedure. Patients with terminal illness may desire surgery 
for palliation, pain relief, or vascular access yet not desire resus
citation if they experience cardiac arrest. Both the American 
College of Surgeons and American Society of Anesthesiologists 
have rejected the unilateral suspens.ion of orders not to resusci
tate in surgery wicl1out a discussion with the patient, but some 
physicians believe that patients cannot have surgery without 
being resuscitated and view a DNR order as "as an unreasonable 
demand to lower tl1e standard of care."10 Providers may worry 
that an order ro forgo CPR may be extended inappropriately to 
withholding other critical interventions, such as measures 
requi.red to control bleeding and maintain blood pressure. They 
may also fear being prevented from resuscitating patients for 
whom the arrest is the result of a medical error. 

Discussions with the patient or surrogate about his or her 
goal for care and desires in various scenarios can help guide 
decisjon making. Such conversations allow a mutual decision 
d1at respects the patient's autonomy and physician's professional 
obHgations. A patient who refuses resuscitation because the 
current health status is burdensome can dearly be harmed by 
intervening to resuscitate while in the operating room (OR). On 
the other hand, a patient who refuses because of the {presumed) 
low likelihood of success may change this decision once she or 
he understands the more favorable outcomes of intraoperative 
resusdtadon. 11 A physician can certainly choose to transfer the 
care of the patient to another physician if he or she is uncom
fortable witl1 the patient's decision about interventions but 
should not impose this decision on the patient. CPR is not 
appropriate for every patient who has a cardiac or pulmonary 
arrest, even if rl1at patiem is i.JJ the operating room. Physicians 
need to develop skills i.n communicating accurate information 
about the risks and benefits of resuscitation witb patients and 
families in light of the patient's condition and prognosis, make 
this discussion a routine part of the plan of care, and develop 
an appropriate team relationship between rhe SllTgeon and anes
thesiologist to implement the decision. 

CULTURAL SENSITIVITY 
Much has been said about the culture of surgery and the per
sonality type of surgeons. The slogan "when in doubt, cut it out,. 
is representative of the sllTgeon's imperative to act. Harsh gen
eralizations of surgeons as egotistical. having a "God complex,"' 
and acting as playground buiJies are frequent. As an often
stereotyped specialty, surgeons should have an astute apprecia
tion for d1e impact of culture i.J1 the clinical encounter. The 
interaction between the surgeon who recommends operative 
treatment, and the patient who believes that the pain is from a 
spiritual source and cannot be treated by surgery, is unlikely to 
go well unless the surgeon has the tools to understand and 
respect the patient's cultural beliefs, values, and ways of doi.J1g 
things. 

Training for cultural competence in health care is an essen
tial c.tinical skiJI in the increasingly diverse U.S. population and 
has been recognized and integrated iJlto the current education 
of medical professionals. Strong evidence of racial and ethnic 
disparities in health care supports lhe critical need for suc.h 
training. Patient-centered care must recogni7,.e culture as a 
majo.r force in shaping an individual's expectations of a 
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physician, perceptions of good and bad health, understanding 
of a disease's cause, methods of preventive care, interpretation 
of symptoms, and recognition of appropriate treatment. Being 
a culturally competent surgeon is more than having knowledge 
about specific cultmes; in fact, culturaJ knowledge must be 
carefully handled ro avoid srereotyping or oversimplification. 
Instead, cuJturaJ comperence involves cl1e "exploration, empathy, 
and responsiveness to patients' needs, values, and preferences."12 

Self-assessment is often the first step to developing the attitude 
and skill of cuJturaJ competence. Honest and insightful inquiry 
into one's own feelings, beliefs , and vaJues, including assump
tions, biases, and stereotypes, is essentiaJ to awareness of cl1e 
in1pacr nf culture on care. 

The Association of American MedicaJ Colleges' statement 
on education for cultural competence lists the following clinicaJ 
skills as essentiaJ for medicaJ students to acquire13: 

l. Knowledge, respect, and validation of differing 
vaJues, cuJrures, and beliefs, including scxuaJ orienta
tion, gender, age, race, ethnicity, and class 

2. DeaJing witb hostility and discomfort as a result of 
culturaJ discord 

3. Eliciting a culturaJiy valid sociaJ and medical history 
4. Communication, interaction, and interviewing skills 
5. Understanding language barriers and working with 

interpreters 
6. Negotiating and problem-solving skills 
7. Diagnosis, managemem, and patient-adherent skills 

leading ro parient compliance 
Various models for effective cross-culrmaJ commwucation 

and negotiation exist14
•
21 to assist the physician in discovering 

and understanding the patient's culturaJ frame of reference. 1l1e 
BELIEF instrument by Dobbie and collcaguei 2 is one such 
model: 

Beliefs about heaJth: What caused your illness/problem? 
Explanation: Why did it happen at this time? 
Learn: Help me to understand your belief/opinion. 
Impact: How is dus illness/problem inlpacting your 
life? 

Empathy: This must be very ciiflicult for you. 
Feelings: How are you feeling about it? 

These models demand the skills of good listening, astute 
observation, and skillfuJ communication used within the frame
work of respect and flexibility on the parr of the physician. 
Bridging the cuh:uraJ divide uses the same skills and traits iliat 
engender parientr trust and satisfaction and improve quality of 
care. As Kleinman and associates16 have explained in a classic 
paper, BELIEF types of questions are excellent to ask during 
every patient encounter, and nor only cl1ose with patients 
from markedly different cultures. They stress the usefulness of 
regarding every patient interaction as a type of cross-culturaJ 
experience. 

SHARED DECISION MAKING 
EthicaUy and legaJiy, informed consent is at the heart of the 
relationship between the surgeon and patiem. The term informed 
consent originated in the legaJ sphere and still conveys a sense of 
legalism and bureaucr~cy to many physicians. The term shared 
decision making has become more popuJar recently. Ir is, for all 
purposes, essentially synonymous with the idea of informed 

consent, but suggests a cli.nicaJ and educationaJ context that 
most physicians find more congenial. 

Shared decision making is the process of educating the 
patient and assessing that he or she has understood and given 
pernussion for diagnostic or therapeutic interventions. 1l1e 
underlying ethical principle is respect for persons, or auronomy. 
Informed consent reflects the legal and ethical rights people have 
to make choices about what happens to their body in accordance 
with meir values and goaJs and the etlucaJ duty of me physician 
to enhance the patient's well-being. 

There is no absolute formula for obtaining informed 
consen t for a procedure, treatment plan, or therapy. A common 
error is to confuse me signing of a consent form with the process 
of infom1ed consent. At best, tl1e form is documentation that 
rhe process of shared decision making ha.~ occurred, not a sub
sti tute for that process. 1l1e process should include explanations 
from the physician in language ilie patient can understand and 
provide the opportunity for cl1e patient to ask questions and 
consuJt with others, if necessary. C larification of the patient's 
understanding is an important part of the decision making 
process. Asking patients tn explain in their own words what they 
expect ro happen and possible outcomes is much more indicative 
of their understanding than the ability merely to repeat what the 
physician has stared (What do you understand about the surgery 
that has been recommended to you?). Ideally, the process aJiows 
the physician and patient to work rogeilier to choose a course 
of treatment using the physician's expertise and the patient's 
values and goals. 

DerermiJling a patient's capacity ro participate in decision 
making is an important role of the physician and inJ1erent in 
the process of informed consent. Altl10ugb capacity is gener
ally assumed in adult patients, there are numerous occasions 
when cl1e capacity for decision making is questionable or 
absent. IlLness, medication, and aJrered mental status may 
result in an inability to participate independently in mcdicaJ 
decision making. Capaci ty for decision making occurs aJong a 
continuum, and rhe more serious the consequences of the 
decisio n, the lugher the level of capacity that it is prudent ro 
require. DecisionaJ capacity may also change over time; an 
individuaJ may be capable of medicaJ decisions one day or 
even at a particular tin1e of day, bur nor at another. Probably 
the most common reason for questioning a patient's capacity 
is patient refusal of a treatment, procedure, or plan that the 
physician thinks is indicated. A patient's refusaJ certainly raise.s 
a red flag and may be an appropriate indicator for an evalua
tion of capacity, but it shouJd not be rne only one. Determi
nation of capacity should be an essential part of the informed 
consent process for any decision. 

How does a physician best evaJuare a patient's capacity? 
1l1ere is no one definitive assessment tool for capacit}~ Although 
there are many guides and standards for evaluating capacity, it 
is most generaJiy a common sense judgment that arises ffom a 
clinician's interaction with the patient. MentaJ status tests that 
assess orientation to person, place, and rime are less usefuJ than 
direct assessment of patient's ability to make a particular medicaJ 
decisio n. Simple questions sucb as these assess the evaluation of 
capacity in the dinicaJ setting more direcclyli-'4: 

• Whar do you understand abour what is going on with 
your health right now? 

• What treatment, diagnostic test, and/or procedure has 
been proposed ro you? 
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• What are the benefits and risks? 
• Why have you decided ... ? 

PROFESSIONALISM 
Within medical ethics, the ropic of professionalism has received 
increasing attention i11 the last decade or so. Although the more 
usual approaches to ethics focus on what decisions one ought to 
make in a particular situation, professionalism instead addresses 
questions of enduring moral character-what sort of physician 
one is, rather tban only what one does or does not do. 

A common way to address professionalism is to list a series 
of desirable character traits.25 Almost all discussions of profes
sionalism, however, ultimately rely heavily on two simple points. 
First, physicians are presumed. by virtue of entering into prac
tice, to have made a moral commitment to place the interests of 
their patients above their own self-interests, at least to a consid
erable degree. Second, approaching medici11e as a profession is 
commonly contrasted wi th viewing medical practice as merely 
a business. 

Common challenges to surgeons' professionalism arise 
during interactions with the pharmaceutical and medical device 
industries, in w bid1 one may earn a substal1tial monetary reward 
for activities that promote the marketing interests of companies, 
even if those activities fail to promote better health fo r patients. 
If care is to remain affordable for most patients, the need to 
control U.S. health care costs represents another major challenge 
to professionalism. WiU physicians ru1d their professional societ
ies act like special interest lobbies, mainly interested in maintain
ing generous reimbursements for their favored procedures, 
regardless of evidence about the procedures' efficacy? Or, wW 
physicians rise to the challenge of supporting evidence-based 
medicine ru1d take leadership in identifying low-efficacy proce
dures whose restricted use could conserve scarce health care 
resources?26 

CONCLUSION 
1l1e d1aUenges of contemporary surgical practice necessitate 
attention not OJU}' to the lessons of the past but also contempla
tion of the future. Traditional codes and oad1s provide guidance 
but reflection, self-assessment, and deJjberation about what it 
means to be a good surgeon and how a good surgeon ought co 
act are essential. Educational efforts must inculcate the profes
sional attitudes, values, and behaviors that recognize and support 
a culmre of integrity a11d ethical accountabiJjty. 
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CHAPTER 3 

MOLECULAR AND 
CELL BIOLOGY 
TIEN C. Ko 
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CELL SIGNALING 

CELL DIVISION CYCLE 

CELL DEATH 

HUMAN GENOME PROJECT 

NOVEL TREATMENT STRATEGIES 

ETHICAL, PSYCHOLOGICAL, AND LEGAL IMPLICATIONS 

Since the 1980s, there ha~ been an explosion in knowledge 
regarding molecular and cellular biology. These advances will 
transfom1 the practice of surgery to one that is based on molec
ular techniques for the prevention, diagnosis, and treatment of 
many surgical diseases. This has been made possible by the 
achievements of the Human Genome Project, which is intended 
to reveal the complete genetic instruc.tion of humans. The core 
knowledge of molecular and cellular biology bas been presented 
in detail in several textbooks. 1~ An overview of the field is pre
sented here, with emphasis on basic concepts and techniques. 

HUMAN GENOME 
Mendel first defined genes as information-containing elements 
that are distribute.d from parents to offspring. Genes contain the 
design that is essential for the development of each human. 1l1e 
field of molecular biology began in I944, when Avery demon
strated that DNA was the hereditary matedal that made up 
genes. Translation of this genetic information into RNA and 
then protein leads to the expression of specific biologic charac
teristics or phenotypes. Major advances made in the field 
of molecular biology are Listed in Table 3-l. ln this section, 
the structures of genes and DNA are reviewed, as are the pro
cesses whereby genetic information is translated into biologic 
characteristics. 

Structure of Genes and DNA 
DNA is composed of two antiparallcl strands of unbranched 
polymer wrapped around each other to form a right-handed 
double helix (Fig. 3-I).3 Ead1 strand is composed offour types 
of deoxyribonucleotides containing the ba~ adenine (A), cyto
sine (C), guanine (G), and thymine (T). 1l1e nucleotides are 
joined together by phosphodiester bonds that join the 5' carbon 
of one deoxyribose group to the 3' carbon of the next. Wherea~ 
the sugar-phosiPhate backbone remains constant, the attached 
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bases can vary to encode different ge11etic information. 1l1e 
nucleotide sequences of the opposing strands of DNA are 
complementary to each other, thus allowing the formation of 
hydrogen bonds that stabil.ize the double-helix structure. Com
plementary base pairs require that A always pairs with T and C 
always pairs with G. 

1l1e entire human genetic information, or human gc11omc, 
contains 3 X I 09 nucleotide pairs. However, less than I Oo/o of 
the DNA sequences are copied into messenger RNA (mRNA) 
molecules, whid1 encode proteins, or structural RNA, such as 
transfer RNA {tRNA) or ribosomal RNA (rRNA) molecules. 
Each nucleotide sequeJlce in a DNA molecule that directs the 
synthesis of a functional RNA molecule is called a gene (Fig. 
3-2). DNA sequences that do not encode genetic information 
may bave structural or other unknown functions. Humar1 genes 
commonly contain more than IOO,OOO nucleotide pairs, yet 
most mRNA molecule-encoding proteins consist of only 1000 
nucleotide pairs. Most of the extra nucleotides consist of long 
stretches of noncoding sequences, called introns, that interrupt 
the relatively short ~egments of coding sequences called exons. 
For exan1ple, the thyroglobuliJl gene has 300,000 nucleotide 
bases and 36 introns, whereas its mRNA has only 8700 nucleo
tide bases. 1l1e processes whereby genetic information encoded 
in DNA is transferred to RNA and protein molecules are dis
cussed later. 

The human genome contains 24 different DNA molecules; 
eacl1 DNA has lOR bases and is packaged in a separate cluomo
some. Thus, the human genome is organized into 22 different 
autosomes and two different sex chromosomes. Because humans 
are diploid organisms, each somatic cell contains two copies of 
each different aurosome and rwo sex cluomosomes, for a total 
of 46 chromosomes. One copy of chromosomes is inherited 
from the mother and one is inherited from the father. Germ 
cells contain only 22 autosomes and one sex chromosome. Each 
chromosome contains three types of specialized DNA sequences 
that are important in the replication or segregation of chromo
somes during cell division (f ig. 3-3). To replicate, ca.ch duomo
some contains many short, specific DNA sequences that act as 
replication origins. A second sequence element, called a centro
mere, attaches DNA to the mitotic spindle during ceiJ division. 
1l1e third sequence element is a telomere, which contains G-rich 
repeats located at each end of the chromosome. During DNA 
replication, one strand of DNA becomes a few bases shorter at 
its 3' end because of Limitation in the replication mad1inery. If 
this is not remedied, DNA molecules will become progressively 
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shorter in their telomere segments with each cell division. 'This 
problem is solved by an enzyme called telomerase, which peri
odically extends the telomerase sequence by several bases. 

Each chromosome, when stretched out, would span the cell 
nucleus thousands of times. To facilitate DNA replication and 
segregation, each chromosome is packaged into a compacr struc
ture with the aid of special proteins, iJ1cluding histones. DNA 
and histones form a repeated array of particles ca1Jed nucleo
somes; ead1 consists of an octomeric core of histone proteins 
around which the DNA is wrapped twice. 1l1e condensed 
complex of DNA and proteins is known as chromatin. Not only 
does cl1romosome packagiJ~ fadlirate DNA replication and seg
regation, but it also influences the activity of genes (see later). 

DNA Replication and Repair 
Before cell division, DNA must be duplicated precisely so that 
a complete set of chromosomes can be passed to each progeny. 
DNA replication must occur rapidly, yet with extremely high 

_!able 3-t Major Events in Molecular Biology ____ _ 
YEAR EVENT 
1941 Genes are found to encode proteins. 

1944 DNA is determined to carry the genetic information. 

1953 DNA structure is detem1ined. 

1962 

1966 

1973 

1976 

1977 

1978 

1981 

1985 

1990 

1998 

Restriction endonudeases are discovered. 

Genetic code is deciphered. 

DNA cloning technique is established. 

First oncogene is discovered. 

Human growth hom1one is produced in bacteria. 

Human insulin gene is cloned. 

First transgenic animal is produced. 

Polymerase chain reaction is invented. 

First tumor suppressor gene is discovered. 

Human Genome Project is created. 

First mammal is cloned. 
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accuracy. In humans, DNA is replicated at the rate of approxi
mately 50 nudeotides/second, wi th an error rate of one in every 
109 base pair replications. 1l1is effi cient repljcation of genetic 
material requires an elaborate replication machiJ1ery consistiJ1g 
of several enzymes. Because ead1 strand of DNA double helix 
encodes nucleoride sequences complementary ro its partner 
strand, both strands contain identical genetic information and 
serve as templates for tbe formation of an entirely new strand. 

Eventually, two complete DNA double helices are formed 
that contain identical genetic information. The fidel ity of DNA 
replication is of critical importance because any mistake, called 
a mutation, will result in wrong DNA sequences being copied 
to daughter cells. Mistake iJ1 a single base pair is called a point 
mutation, which resuJts .in a missense mutation or nonsense 
mutation (Fig. 3-4). In a missense mutation, a single amino acid 
is changed, which can cause changes iJ1 the structure of the 
protem, leadiJ1g to altered biologic activity. In a nonsense muta
tion, p oint mutation results in the replacement of ru1 amino ac.id 
codon with a stop codon, leading to premature termination of 
transla tion and truncation of the encoded proteiJ1. (f there is aJl 
addition or deletion of a few base pairs, it is called a frameshift 
mutation, which leads to the introduction of unrelated amino 
acids or a stop codon. Some mutations are silent ru1d will not 
affect the function of the organism. Several proofreadmg mech
anisms are used to eliminate mistakes during DNA replication. 

RNA and Protein Synthesis 
In the early 1940s, geneticists demonstrated that genes specify 
the Stru cture of mdividual proteills. The transfer of information 
from DNA to protein proceeds through the synthe.sis of an 
intermediate molecule known as RNA. RNA, llke DNA, is 
made up of a linear sequence of nudeotidcs composed of four 
complementary bases. RNA differs from DNA iJ1 two respects: 
I. Its sugar-phosphate backbone contains ribose instead of 

deoxyribose sugar 
2. Thymine (T) is replaced by uracil (U), a closely related base 

that pairs with adenine (A) 
RNA molecules are syntbesi7.ed from DNA by a process 

known as DNA trru1scription, which uses one strand of DNA 
as a template. DNA trru1scription differs from DNA replication 
in that RNA is synthesized as a single-stranded molecule ru1d is 

DNA STRUCTURE 

Sugar;:>hosphate backbone 

1 

-.-Adenine base 

- Thymine base 

FIGURE 3-1 DNA double-helix structure. The sequence of four bases (guanine, .adenine, thymine, and cytosine) determines the specificity of 
genetic information. The bases face inward from the sugar-phosphate backbone and form pairs (dashed lines) with complementary bases on 
the opposing stramd. (Adapted from Rosenthal N: DNA and the genetic code. N Engl J Med 331:39-41, 1994.) 
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relatively shon in comparison to DNA. Several classes of RNA 
transcripts are made, including mRNA, tRNA, and rRNA. Even 
d1ough all these RNA molecules are involved in the translation 
of informatio11 from RNA to protein, only mRNA serves as 
the template. RNA synthesis is a highly selective process, with 
only approximately I o/o of the emire human DNA nucleotide 
sequence transcribed into functional RNA sequences. Although 
each cell contains tbe same genetic material, only specific genes 
are transcribed. RNA transcription is controlled by regulatory 
proteins that bind to specific sites on DNA, close to the coding 
sequence of a gene. The complex regulation of gene transcription 
occurs during development and tissue differe11tiation and allows 
differential patterns of gene expression. 

After transcription, mRNA is processed for transport out 
of the nucleus ( Fig. 3-5). One imponant step is RNA splicing, 
which removes noncoding sequences or i.ntrons. Once i11 the 
cytoplasm, RNA directs the synthesis of a particular protein 
through a process called RNA tramlation. 1l1e sequence of 
nucleotides in mRNA is translated into the amino acid sequence 
of a protein. Ead1 triplet of nucleotides forms a codon that 
specifies one amino acid. Because RNA is composed of four 
types of nucleotides, there are 64 possible codon triplets {4 X 4 
X 4). Howevcr, only 20 amino acids arc conunonly found in 
proteins, so most amino acids are specified by several codons. 

lhe rule whereby different codons are translated into amino 
acids is called the genetic code {Table 3-2). 

Protein translation requires a r ibosome, whicl1 is composed 
of more d1an 50 different proteins and several rRNA molecules. 
Ribosomes bind an mRNA molecule at the initiation codon 
{AUG) and begin translation in the 5' to 3' direction. Protein 
synthesis ceases once one of the three termination codons is 
encountered. The rate of protein synthesis is controlled by ini
tiation factors that respond to the external environment, such 
as growth factor and nutrients. 1l1ese regulatory factors help 
coordinate cell growth and proliferation. 

Control of Gene Expression 
The human body is made up of millions of specialized cells, each 
performing predetermined functions. 1l1is is characteristic of all 
multicellular organisms. In general, different human cell types 
contain the same genetic material {i.e., DNA), yet tl1ey synthe
size and accumulate different sets of RNA and protei11 mole
cules. 1l1is difference in gene expression determi11es whether a 
cell is a hepatocyte or a cholangiocyte. Gene expression can be 
com rolled at six major steps in the synthetic patll\vay from DNA 
to RNA to protein.4 The first control is at the level of gene 
transcription. which determines when and how often a given 
gene is transcribed into RNA molecules. The next step is RNA 

Exon 1 Exon3 
Regulatory Elements 

FIGURE 3-1 Gene structure. The DNA sequences that are transoibed as RNA are collectively called the gene and include exons (expressed 
sequences) and ijntrons Qntervening sequences). lntrons invariably begin with the nucleotide sequence GT and end with AG, An AT-rich sequence 
in the last exon forms a signal for processing the end of the RNA transcript Regulatory sequences that make up the promoter and include the 
l ATA box occur dose to the site where transcription starts. Additional regulatory elements are located at variable distances from the gene. 
(Adapted from Rosenthal N: Regulation of gene expression. N Engl J Med 331:931-933, 1994.) 

Telomere 
sequence 

Replication 
origin 
sequence _ 

Centromer~ 
sequence ~ 

Replication 
bubble 

s M 

T 
Daughter chromosomes 

)' 
Kinetochore 

in separate cells 

FIGURE 3- 3 Chromosome structure. Each chromosome has three types of specific sequences that fadlitate its replication during the cell c.yde. 
Origins of replication are located throughout each chromosome to facilitate DNA synthesis. The centromere holds the duplicated chromosome 
together and is attached to the mitotic spindle through a protein complex called a kinetochore. Telomere sequences are located at each end 
of the chromosome and are replicated in a special way to preserve chromosome integrity. 
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Wild-type sequences 

Amino acid 

mANA 
DNA 

Missense 

Nonsense 

N-Phe Arg Trp lie Ala Asn-C 

5'-uuu CGA UGG AUA GCC AAU-3' 
3'-AAA GCT ACC TAT CGG TTA-5' 
5'-'l'TT CGA TGG ATA GCC AAT-3' 

3'- iit] GCT ACC TAT CGG TTA-5' 
5'-TT CGA TGG ATA GCC AAT-3' 
N Leu Arg Trp lie Ala Asn-C 

3'-AAA GCT a TAT CGG TTA-5' 
5'-TTT CGA ATA GCC AAT-3' 
N-Phe Arg Stop 

Frameshift by addition 

3'-AAA GCT ACC ; TCG GTT A-5' 
5'-TTT CGA TGG AGC CAA T-3' 
N-Phe Arg Trp @ii) l§fuj 

Frameshift by deletion 

~ 3'-AAA CCT ATC GGT TA-5' 
5'-TTT GGA TAG CCA AT-3' 

N-Phe (§!l] I Stop! 

FIGURE 3-4 Different types of mutations. Point mutations involve 
alteration in a single base pair. Small additions or deletions of several 
base pairs directly affect the sequence of only one gene. A wild-type 
peptide sequence and the mRNA and DNA encoding it are shown atthe 
top. Altered nudeotides and amino acid residues are enclosed in a box. 
Missense mutations lead to a change in a single amino acid in the 
encoding protein. In a nonsense mutation, a nudeotide base change 
leads to the formation of a stop codon that results in premature termi
nation of translation, thereby generating a truncated protein. Frame
shift mutations involve the addition or deletion of any number of 
nucleotides that is not a multiple of three, thus causing a change in the 
reading frame. (Ffom Lodish HF, Baltimore D, BerkA, et al [eds]: Molec
ular cell biology, eel 3, New York. 1998, Scientific American, p 267.) 

processing control, which regulates how many mature mRNA 
molecules are produced in the nucleus. 1he third step is RNA 
transport control, which determines whicl1 mature mRNA mol
ecules arc cxpon:ed imo the cytoplasm where protein synthesis 
occurs. 1l1e fourth step involves mRNA stability control, whicll 
determines the rate of mRNA degradation. The 6fd1 step 
involves translational control, which determines how ofren 
mRNA is translated by ribosomes into proteins. The final step 
is post-translational control, which regulates the function and 
fate of protein molecules. 

Control of gene transcription is the best studied step of 
regulation for most genes. RNA syntl1e.~is begins with assembly 
and binding of the general transcription machinery to the pro
moter region of a gene (see Fig. 3-5). The promoter is located 
upstrean1 of tl1e transcription initiation site at the 5' end of the 
gene and consists of a stretch of DNA sequence prin1arily com
posed ofT and A nucleotides (i.e., the TATA box). The general 
transcription machinery is composed of several proteins, includ
i"ng RNA polymerase II and general transcription proteins. These 
general transcripttion factors are abundantly expressed in all cells 
and are required for the transcription of most man1malian genes. 
The rare of assembly of me general transcription machinery to 
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the promoter determines the rate of transcription, which is 
regulated by gene regulatory proteins. In contrast to the small 
number of general transcription proteins, there are d1ousands of 
different gene regulatory proteins. Most bind to specific DNA 
sequences, called regulatory elements, to activate or repress 
transcri prion. 

Gene regulatory proteins are expressed in small amounts in 
a cell, and different selections of proteins arc expressed in differ
ent cell types. Sinillarly, different combinations of regulator)' 
elen1ents are present in each gene to allow differential control of 
gene transcription. Many human genes have more than 20 reg
ulatory elements; some bind transcriptional activators, whereas 
others bind transcriptional repressors. Ultimately, the balance 
between transcriptional activators and repressors detem1ines tbe 
rate of transcription, which can vary by a factor of more than 
106 between genes that arc expressed and those that are repressed. 
Most regulatory elements are located at a distance (i.e., thou
sands of nucleotide base.~) away from me promoter. These distam 
regulatory elements are brought into the pro:Kimity of the 
promoter tlLrougb DNA bending, thus cnabling control of 
promoter activity. ln summary, the combination of regulatory 
elen1ents and the types of gene regulatory proteins expressed 
determines where and when a gene is transcribed. 

Post-translational control is another in1portant step in the 
regulation of gene expression because most proteins are modified 
in one form or another.5 Modifications sucl1 as proteolytic cleav
age, disulfide formation, glycosylation, lipidation, and biotinyl
ation allow the protein to achieve the proper structural 
confonnarion essential for its biologic activity. The complexity 
ofregulation is greatly increased by additional amino add mod
i"fications mat can occur at multiple sites of a protein. Examples 
of amino acid modification include phosphorylation, acetyla
tion, methylation, ubiquitination, and sumoylation. 

RECOMBINANT DNA TECHNOLOGY 
Advances in recombinant DNA teclmology, beginning in the 
1970s, have greatly facilitated study of the human genome. It is 
now routine practice in molecular laboratories to excise a specific 
region of DNA, produce unlimited copies of it, and determine 
its nucleotide sequences. Furthermore, isolated genes can be 
altered (engineered) and transferred back into cells in culture or 
into tl1e germline of an animal or plant so that tl1e altered gene 
is inherited as part of tl1e organism's genome. The most impor
tant recombinant DNA technology includes the ability to cut 
DNA at specific sites by restriction nucleases, rapidly amplify 
DNA sequences, quickly determine the nucleotide sequences, 
clone a DNA fragment, and create a DNA sequcnce.6 

Restriction Nudeases 
Restriction nucleascs arc bacterial enzymes that cut the DNA 
double helix at specific sequences of four to eight nucleotides. 
More than 400 restriction nucleases have been isolated from 
different species of bacteria and tl1ey recognize over 100 different 
specific sequences. Commonly used restriction enzymes ofren 
recognize a six-base pair palindromic sequence, sucll as 
GAATTC. Each restriction nuclease will cut a DNA molecule 
into a series of specific fragments, which can be joined to other 
DNA fragments with compatible ends (Fig. 3-6A). By using a 
combination of djffcrent restriction enzymes, a restriction map 
of each DNA can be created, thus facilitating the isolation of 
individual genes. 
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GENE EXPRESSION 

.. 
r-G~I D 

S'cap .. 

RNA-clipping enzyme 

IAAUAAAQJ 

G~... __ ...JI D ~...I __ ...JI~~:~.' Q 
..-. Adenosine-adding 

lntron lanai~,.,... enzyme 

FIGURE 3-5 Process of gene transcnptlon. Gene expression 
begins with the binding of multiple protein factors to enhancer 
sequences and promoter sequences. These factors help form the 
transcription-initiation complex, which includes the enzyme RNA 
polymerase and multiple polymerase-associated proteins. The 
pr imary transcript (pre-mRNA) includes exon and intron sequences .. 
Post-transcriptional processing begins with changes at both ends 
of the RNA transcript. At the 5' end, enzymes add a special 
nucleotide cap; at the 3' end, an enzyme d ips the pre-mRNA 
approximately 30 base pairs after the AAUAAA sequence in the 
last exon. Another enzyme adds a polyadeny!ate (polyA) tail, 
which consists of as many as 200 adenine nucleotides. Next. 
spliceosomes remove d1e introns by cutting the RNA at the bound
aries between exons and introns. The process of excision forms 
lariats of the intron sequences. The spliced mRNA is then mature 
and can leave the nucleus for protein translation in the cytoplasm. 
(Adapted from Rosenthal N: Regulation of gene expression. N Engl 
J Med 331:931-933, 1994.) 
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Table 3-2 The Genetic Code -------------
Second Position 

FIRST POSITION 
(5' END) U C A 

U (uracil) Phe Ser Tyr 

C (cytosine) 

A (adenine) 

G (guanine) 

Phe Ser Tyr 

leu Ser Stop 

leu Ser Stop 

leu Pro His 

leu Pro His 

Leu Pro Gin 

Leu Pro Gin 

lie Thr Asn 

lie Thr Asn 

lie Thr Lys 

Met Thr lys 

Val 

val 

val 

Val 

Ala Asp 

Ala Asp 

Ala 

Ala 

Glu 

Glu 

THIRD POSITION 
G (3' END) 

Cys U 

Cys C 

Stop A 

Trp G 

Arg u 
Arg c 
Arg A 

Arg G 

Ser U 

Ser C 

Arg A 

Arg G 

Gly u 

Gly C 

Gly A 

Gly G 

Polymerase Chain Reaction 
An ingenious technique to amplify a segment of a DNA sequence 
in vitro rapidly was developed in 1985 by Saiki and coworkers.'7 
This method, called the polymerase chain reaction (PCR), can 
e11Zymatically amplify a segment of DNA a biWon-fold. 1he 
principle of the PCR technique is illustrated in Figure 3-6B. 

To amplify a segment of DNA, two single-stranded oligo
nucleotides, or primers, must be synthesized, each designed to 
complement one strand of the DNA double helix and lying on 
opposite sides of the regioJl to be amplified. TI1e PCR reaction 
mixture consists of the double-stranded DNA sequence (the 
template), two DNA oligonucleotide primers (heat stable), 
DNA polymerase, and four types of deoxynucleotide triphos
phate . Each round of amplification involves separation of the 
DNA template jmo two single strands, hybridization of the rwo 
DNA primers to complementary sequences on each strand of 
the DNA template, and DNA synthesis downstream of each 
primer. Each round of PCR requjres only approximately 5 
minutes and results in a doubling of the double-stranded DNA 
molecules, which serve as templates for subsequcnt reactions. 
After only 32 cycles, more than I bill ion copies of the desired 
DNA segment are produced. Not only is the PCR technique 
extremely powerful, but it is also the most sensitive technique 
to detect a single copy of a DNA or RNA molecule in a san1ple. 
To detect RNA molecules, they must first be transcribed into 
complementary DNA sequences with the enzyme reverse tran
scriptase. The number of research and clinical applications for 
PCR continues to grow. ln molecular laboratories, PCR has 
been used for d oni11g of DNA, engineeri11g of DNA. analysis 
of allelic sequence variations, and sequencing of DNA PCR 
techniques have many clinical applications, including the 
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FIGURE 3-6 Amplification of recombinant DNA and amplifica
tion by PCR. A. The DNA segment to be amplified is separated 
fro m surrounding genomic DNA by d eavage with a restriction 
enzyme. The enzymatic cuts often produce staggered, or sticky, 
ends. In the example shown, the restriction enzyme EcoRI rec
ognizes the sequence GAATIC and cuts each strand between G 
and A; the two strands of genomic DNA are shown as black. The 
same restriction enzyme cuts the circular plasmid DNA (gray) at 
a s ingle site, thereby generating sticky ends that are complemen
tary to the sticky ends of the genomic DNA fragment. The cut 
genomic DNA and the remainder of the plasmid, when mixed 
together in the presence of a ligase enzyme, form smooth joints 
on each side of the plasmid- genomic DNA junction. This new 
molecule, recombinant DNA, is carried into bacteria, which rep
licate the plasmid as they grow in culture. B, The DNA sequence 
to be amplified is selected by primers, which are short synthetic 
o ligonudeotides that correspond to sequences flanking the DNA 
to be amplified. After an excess of primers is added to the DNA, 
together with a heat-stable DNA polymerase, the strands of both 
the genomic DNA and primers are separated by heating and 
a llowed to cool. A heat-stable polymerase elongates the primers 
on either strand, thus generating two new, identical, double
stranded DNA molecules and doubl ing the number of DNA 
fragments. Each c:yde takes just a few minutes and doubles the 
number of copies of the original DNA fragment (From Rosenthal 
N: Tools of the trade-recombinant DNA N Engl J Med 331:315-

3 17, 1994.) 
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diagnosis of genetic diseases, assay of infectious agents, and 
genetic fingerprinting for forensic samples. 

DNA Sequendng 
DNA encodes in formation for proteins and, ultimately, the phe
notype of a hW1flan being. Each gene may contain over 3000 
nucleotide bases. Identificat ion of the nucleotide sequences of a 
fragment of DNA has been made possible through the develop
ment of rapid techniques that take advantage of the ability to 
separate DNA molecules of different lengths, even those differ
ing by only a single nucleotide. Currently, the standard method 
for sequencing DNA is based on an enzymatic method requiring 
in vitro DNA synthesis. 1his method is rapid and can be auto
mated to allow sequencing of large segments of DNA. With 
these techniques, it is possible to determine the boundaries of a 
gene and the amino acid sequence of the protein that it codes. 
Sequencing techniques have enabled the identification and in 
vitro synthesis of important proteiJ1S such as insulin, interferon, 
hemoglobin, and growth hormones. 

DNA Cloning 
DNA cloni ng techniques allow identification of a gene of inter
est from the human genome. First, the entire DNA content of 
a cell is cut with a restriction nuclease to generate DNA frag
ments, which are joined to a self-replicating genetic element (a 
virus o.r plasmid) . Viruses or plasmids are small circular DNA 
molecules that occur naturaUy and can repllcate rapidly when 
introduced into bacterial cells. 'l11ey are extremely useful tools 
for amplifying a segment of unknown DNA. With this method, 

a collection of bacteria plasmlds containing the entire human 
genome can be created. This human DNA library can then be 
used to identify genes of interest. 

DNA Engineering 
One of the most important outcomes of recombinant DNA tech
nologies is the abil i.ty to generate new DNA molecules of any 
sequence through DNA engineering. New DNA molecules can 
be synthesized by the PCR method or by using automated oligo
nudeotidcsynthesi7.ers. The PCR method can be used to amplify 
any known segmem of the human genome and co redesign its two 
ends. Automated oligonucleotide synthesizers enable the rapid 
production of DNA molecules, up to approximately 100 nucleo
tides in length. 1l1e sequence of such synthetic DNA molecules is 
emircly dercrm.ined by the experimenter. Larger DNA molecules 
are formed by combining two or more DNA molecules that have 
complementary cohesive ends created by restriction enzyme 
d.igestion. One powerful appllcation of DNA engineering is the 
symhesis oflarge quantities of cellular proteins for medical appli
cations. Most cellular proteins are produced in small amounts in 
human cells, making it difficult to purify and study these proteins. 
However, with DNA engineering, it is possible to place a human 
gene into an expression vector that is introduced into bacterial, 
yeast, insect, or mammalian cells to produce a large quantity of 
protein. The protein can easily be purified and used for scientific 
studies or dinical applications. Medically useful proteins, such as 
human insulin, growth hormone, interferon, and viral antigens 
for vaccines, have been produced by engineering expression 
vectors containing these genes of interest. 
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DNA engineering techniques are also important for solving 
problems in cell biology. One of the fundamental d1al.lenges of 
cell biology is to identifY the biologic functions of the protein 
product of a gene. With the use of DNA engineering techniques, 
it is now possible to alter the coding sequence of a gene to alter 
the functional properties of its protein product or rhe regulawry 
region of a gene and thus produce an altered pattern of its 
expression i11 the cell. 1he coding sequence of a gene can be 
changed in such subtle ways that the protein encoded by the 
gene has only o:ne or a few alterations in irs amino acid sequence. 
The modified gene is then iJ1serted into an expression vector ru1d 
transfected into the appropriate cell type to examine the func
tion of the redesigned prorein. With cllis straregy, one cru1 
ru1aly.!e wllicb parts of the protein are importru1t for flmdan1en
tal processes, such as protein folding, enzyme activity, and 
protein-ligand interactions. 

Transgenic Animals 
'TI1e ultimate test of the function of a gene is to overexpress the 
gene in ru1 orgru1ism and observe its effect or delete it from tbe 
genome and evaluate the consequences. It is much easier to 
overexpress a gene of interest than to delete it from the genome 
of an orgru1ism. To overexpress a gene, the DNA fragment 
encoding the gene ofimerest, the transgene, must be constructed 
with recombinant DNA techniques. ~.s The DNA fragn1ent must 
contaiJ1 ali the components necessary for efficient expression of 
the gene, i11clud.ing a promoter and regulatory region that drives 
transcription. 

The type of promoter used can determine whether me 
trru1sgene is expressed in mru1y tissues of the trru1sgenic ru1imal 
or in a specific tissue. For example, selective expression in the 
acinar pancreas cru1 be achieved by linking the amylase promoter 
to the coding sequence of tbe trru1sgene. The transgene DNA 
fragn1ents are introduced into the male pronucleus of a fertilized 
egg via microinjcction techniques. Animals are then screened for 
the presence of me transgene. Analysis of these animals has 
provided important insight into the functions of many hlm1an 
genes, as well as aniJnal models of human diseases. For example, 
trru1sgenic animals engjneered to overexpress a mutant form of 
the gene for the ~-amyloid protein precursor {the APP gene) 
have neuropathologic d1anges similar to those in patients with 
Alzheimer's disease. This transgenic model not only supports the 
role of cl1e APP gene in the development of Alzheimers disease, 
but is also a model for testing metl1ods of prevention or treat
ment of Alzheimer's disease. 

A major disadvantage of using transgenic animals is that 
they will reveaE only dominant effects of the transgene because 
these animals Si(ili retaiJl two normal copies of the gene in their 
genome. Therefore, it is extren1cly useful to produce aJlimals that 
do not express both copies of the gene ofinrerest.9 Tbese knock
out aninlals are much more difficult to develop thaJ1 transgenic 
animals and require gene-targeting techniques. To knock out a 
gene, it is iJnportant to modifY the gene of interest by DNA 
engineering to create a nonfunctioning gene. 1his altered ge11e 
is inserted into a vector and then inserted into germ cell l.ines. 
Although most mutated gCJ1es are inserted randomly into one 
of the chromosomes, a mutated gene will, rarely, replace one of 
the two copies of rhe normal gene by homologous recombina
tion. Germ cells with one copy of the normal gt'ne and one copy 
of the mutated gene will give rise to heterozygous ru1.imals. 
Heterozygous males and females are generated and can then be 

bred to produce aJlimals that are homozygous for the mutated 
gene. These knockout anin1als can be sntdied to determine 
whid1 cellular fwKtions are altered in comparison to normal 
animals, thereby identifying the biologic ftmction of the gene of 
interest. The ability to produce knockout rulimals that lack a 
known normal gene has gready facilitated studies of rhe func
tions of specific mammalian genes. 

RNA Interference 
Because most of the approxm1ately 21,000 human genes encod
ing potential proteins have unknown function, uncoveriJ1g theiJr 
biologic activities has been aJl area of intense iJlvestigation. The 
most effective way ro assess the function of a gene is by usiJ1g 
reverse genetics {i.e.., target deletion of the expression of a spe
cific gene) and exami11ing the biologic consequences. Until 
rather recently, only a few reverse genetic approaches have been 
available, such as homologous recombination and antisense oli
gonucleotide strategies. Ead1 of these technologies ha~ signifi
cant limitations that make reverse genetic studies slow and 
costly. However, a newer, more powerful tool was developed iJ1 
1998 by Andrew Fire and Craig Mello that is based on tl1e 
silencing of specific genes by double-stranded RNA {dsRNA).10 

This teclmology, termed RNA interference (RNAl), requires the 
synthesis of a dsRNA that is homologous to tl1e target gene.11 

Once taken up by the cells, the dsRNA is cleaved into 21- to 
23-nudeotide-long RNA molecules termed short i11terjerir1g 
RNAs {also called smalJ interferi11g RNAs, siRNAs) by ru1 enzyme 
complex {Dicer-RDE-1; Fig. 3-7). The antisense strand of the 
siRN A binds to the target mRNA, whid1 leads to its degradation 
by an RNAi silencing complex. Advancements have allowed the 
direct design aJld syniliesis of siRNAs, as well as placement of 
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"VVVVVVV\1 Poly (A) 

Degraded mANA 

FIGURE 3-7 RNA interference. Long double-stranded RNA (dsRNA) 
is processed by the Dicer-RDE-1 complex to form siRNA. The anti
sense strand of siRNA is used by an RNA interference (RNAi) silencing 
complex to guide specific mRNA deavage, thus promoting mRNA 
degradation. RDE-1, RNAi deficient-1. 
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these siRNAs inlto viral vectors. Not only will tll.is technology 
transform future studies in the analysis of gene function, but 
siRNAs might also be used as gene tl1erapy to silence the func
tion of specific genes. 

CELL SIGNALING 
1he human body .is composed of billions of cells tl1at must be 
coordinated to form specific tissues. Both neighboring and 
distant cells inBuence the behavior of cells through intercellular 
signaling mechanisms. Wbereas normal cell signaling ensures 
the health of the human, abnormal cell signaling can lead to 
diseases such as cancer. 1hrough powerful molecular techniques, 
the sophisticated signaling mechanisms used by man1malian 
cells have become bt:tter understood. This sectio11 reviews the 
general principles of intercellular signaling and exan1ines the 
signaling mechanisms of the two main families of cell surface 
receptor proteins.12 

Ligands and Receptors 
Cells communicate witb one another by means of multiple 
signaling molecules, including proteins, small peptides, amino 
acids, nucleotide.s, steroids, fatty acid derivatives, and even dis
solved gases, such as nitric oxide and carbon monoxide. Once 
these signaling molecules are synthesized and released by a cciJ, 
they may act on the signaling cell (autocrine signaling), affect 
adjacent cells (paracri.ne signaling), or enter the systemic circula
tion to act on distant target cells (endocrine signaling). 1l1ese 
signaling molecules, also called ligands, bind to specific proteins, 
called receptors, expressed in me plasma membrane or the cyto
plasm of the target cells. On ligand biJld.ing, the receptor 
becomes activated and generates a cascade ofimracellular signals 
that alter the behavior of the cel l. Ead1 human cell is expClsed 
to htmdrcds of different signals &om its environment, but it is 
genetically progran1med to respond only to specific sets of 
signals. Cells may respond to one set of signals by pro.liferating, 
to another set hy differentiating, and to another hy achieving 
cell death. FurthemlOre, different cells may respond to the san1e 
set of signals with clifferent biologic activities. 

Most extracellular signals are mediated by hydrophilic mol
ecules that bind to receptors on the cell surface of the target 
cells. These cell surface receptors are divided into three classes 
based on the transduction mecl1aJ1ism used to propagate signals 
incracellularly. Ion channel-<ouplcd receptors arc involved in 
rapid synaptic signaling between electrically excitable cells. 
1l1cse receptors form gated ion el1aru1els that open or c!ClSc 
rapidly in response to neurotransmitters. G protein-<oupled 
receptors regulate the activity Clf other membrane proteins 
thwugh a guaJlosine triphosphate-bincliJlg regulatory protein, 
called G protein.'3 Enzyme-coupled receptors act directly as 
enzymes or are associated with cnzymcs. 14 Most of these recep
tors are protein kinases or arc associated with protein kinases 
that phosphorylate specific proteins in the cell. 

Some extracellular signals arc small hydrophobic mole
cules, such as steroid hormones, thyroid hormones, retinoids, 
and vitamin D. 1hey communicate with target cells by diffusing 
across the plasma membrane and binding to intracellular recep
tor proteins. Thest· cywplasmlc receptors are structurally related 
and constitute the intracellular receptor superfamily. On ligand 
activation, the i:ntracdlular receptors enter the nucleus, bind 
specific DNA sequences, and regulate transcription of the adja
cent gene. 

MOLECULAR AND CELL BIOLOGY CHAPTER 3 3 1 

Some dissolved gases, such as nitric oxide and carbon mon
oxide, act as local signals by diffusing across the plasma mem
brane and activating intracellular enzymes in the target cells. 
1n tl1c case of nitric oxide, it binds and activates the enzyme 
guanylyl cyclase, whid1 leads to the production of the i.ntra
cellular mediamr cyclic guanosine monophosphare {cGMP). 

G Protein-Coupled Receptors 
G protein-<oupled receptors are the largest farnilr of cell 
surface receptors and mediate cellular responses to a broad 
range of signaling molecules, includiJ1g hormones, neurotrans
mitters, and local mediators.15 These receptors include 
P-adrcncrgic receptors, a.~-adrencrgic receprors, and glucagon 
receptors. They share a similar structure with an extracelltJar 
domain that binds ligand and an intracellular domain that 
binds to a specific trinlcric G protein. There arc at least six 
distinct trimeric G proteins based on their intracellular signal
ing mechaJlisms; eael1 is composed of three different polypep
tide chains, called ex, ~. and y.13 On ligand binding, the G 
protcin-<ouplcd receptor activates its trimcric G protein (Fig. 
3-8). Activated crimcric G protein alters tl1e concentration of 
one or more small intracellular signaling molecules, referred to 
as second messengers. 

Two major second messengers regulated by G protein
coupled receptors are cyclic adenosine monophosphate 

G protein
coupled receptors 

1 
cAMP 

1 
@) 

Cytoplasm 

FIGURE 3-8 G protein-coupled receptor signaling pathway. G 
protein-coupled receptors are seven- transmembrane domain pro
teins activated by the binding of ligands. Activated receptors initiate 
a cascade of events leading to amplification of the original signal. 
First, the receptor activates a trimer G protein consisting of ex, p, and 
y subunits. G proteins can activate adenylyl cydase (AC) to generate 
cAMP or phospholipase C (PLC) to release intracellular calcium. cAMP 
can activate protein kinase A (PKA), whereas PLC or intracellular 
calcium can activate PKC. 
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(cAMP) and calcium. cAMP is synthesized by the enzyme 
adenylyl cyclase and can be rapidly degraded by cAMP phos
phodiesterase.•<> lntraceiJular calcium is stored in the endoplas
mic reticulum and released into the cytoplasm on proper 
signaling. Some trimeric G proteins can activate adenylyl 
cyclase, whereas others inhibit its activity. Trimeric G protein 
can also activate the enzyme phospholipa~ C. which produces 
the necessary s ignal molecules to activate release of calcium 
from the endoplasmic reticulum. Activation of phospholipase 
C can also lead to the activation of protein kinase C (PKC), 
which initiates a cascade of kinases. Changes in cAMP or 
calciwn concentrations in the cell directly affect the activities 
of specific kinases that phosphorylate target proteins. 1he end 
result is altered biologic activity of these target proteins, which 
leads to a specific biologic response to the initial signal mole
cule. Despite the differences in signaling details, alJ G 
protein-coupled receptors use a complex cascade of intraceiJu
lar mediators to an1plify the biologic ~sponse to clJe iJlitial 
extracellular signals greatly. 

Enzyme-Coupled Receptors 
Enzyme-coupled receptors are a diverse family of transmem
brane proteins with similar structures. Eacb receptor has an 
extraceiJular Ligand-binding domain and a cytosolic domain that 
has intrinsic enzyme activity or is associated directly with an 
enzyme. Enzyme-coupled receptors are classified according to 
cl1e type of enzymatic activity used for their intracellular signal 
transduction. Some receptors have guanylyl cyclase activity and 
generate cGMP as aJl inrracellular mediator. Others have tyro
sine kinase activity or are associated with tyrosine kinase proteins 
that phosphorylate specific tyrosine residues on intracellular pro
teins co propagate intracellular signals. Finally, some enzyme
coupled receptors have serine-threonine kinase activity and CaJl 
phosphorylate specific serine or threonine residues to transduce 
intraceiJular signals. 

The receptors for most known growth factors belong co the 
tyrosine kinase receptor faJ11ily. 14 1l1ese include receptors for 
epidermal growth factor (EGF), platelet-derived growth faccor 
{PDGF), fibroblast growth factor (FGF), hepatocyte growth 
factor (HGF), insulin, insulin-like growth factor [ (IGF-1), vas
cular endothelial growcl1 factor (VEGF), and macrophage 
colony-stinmlating factor {M-CSF). 1l1ese growth factor recep
tors play crucial roles during normal devclopmem ru1d tissue 
homeostasis. Furcl1ermore, many of tl1e genes iliat encode pro
reins in tl1e intracellular signaling cascades that arc activated by 
receptor tyrosine kinases were first identified as oncogenes in 
cancer cells. ln:appropriare activation of these proteins causes a 
eel.! to proliferative excessively. 

Similar to G protein-coupled ~ceptors, tyrosine kinase 
receptors usc a complex cascade of intracellular mediators to 
propagate and aJllplify the initial signals (Fig. 3-9). On Ligand 
binding, the t)'IOsine kinase receptor dimerizes, which activates 
cl1e kinase. Activated receptor kinase initiates an intracellular 
relay system, firs t by cross-phosphorylation of tyrosine resid ues 
of the cytoplasmic domain of the receptor. Next, small intracel
lular signaling proteins bind to phosphocyrosine residues on the 
receptor and form a mulriprorein signaling complex from 
which ilie signal propagates to ilie nucleus. The Ras proteins 
serve as crucial Links in the signaling cascade. • ~ On activation, 
Ras proteins initiate a cascade of seriJ1c-rhreon.ine phosphoryla
tion that converges on mitogen-activated protein (MAP) kinases. 

Tyrosine kinase 
receptors 

FIGURE 3-9 Tyrosine kinase receptor signaling pathway. Tyrosine 
kinase receptors are single transmembrane proteins that fonn a dimer 
on ligand binding. The activated receptors bind to several proteins 
(Src, She, SOS, GRB2) to form a multiprotein signal complex. This 
protein complex can activate Ras, which can initiate several kinase 
cascades. One kinase cascade indudes the Raf. MEK. and 
ERK members, whereas another indudes the MEKK. SEK. and JNK 
proteins. 

Activated MAP kinases relay signals do\>vnstreaJTI by phosphof}'
lating trru1scriprion factors, thereby leading co the regulation of 
gene expression. 

As noted, human cells iJ1tegrare many different extracel
lular signals ru1d respond witl1 biologic behaviors such as prolif
eration, differentiation, and cell death. [n the followiJlg sections, 
we review the mecbruusms governing these in1portruu biologic 
processes. 

CELL DIVISION CYCLE 
'The ceiJ division cycle is the fundan1ental means whereby organ
isms propagate and normal tissue homeostasis is maintained. 
The cell division cycle is an orgru1ized sequence of complex 
biologic processes cl1at is traditionally divided into four distinct 
phases (Fig. 3-1 0). Replication of DNA occurs in the S phase 
(S = synthesis), whereas nuclear division ru1d ceU fission occur 
in the nutotic (M) phase. 1l1e intervals between these two phases 
are called the G 1 and G2 phases (G = gap). After division, cells 
enter the G , phase, where they can receive extracellular signals 
ru1d a determination is made whether to proceed wicl1 DNA 
replication or to exit the cell cycle. Jn this section, we review the 
proteins that regulate progression thiOugh each phase of cl1e cell 
cycle and how they control key checkpoints of the cell cycle, 
followed by a discussion of how mru1y cell cycle proteins are 
mutated or deleted in human cru1cers. 
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FIGURE 3-10 Mechanisms regulating mammalian cell cycle progres
sion. The cell cyd e consists of tour phases: Gl (first gap) phase, S 
(DNA synthetic) phase, G2 (second gap) phase, and M (mitotic) 
phase. Progression through the cell cycle is regulated by a highly 
conserved family of serine-threonine protein kinases composed of a 
regulatory subunit (the cyclins) and a catalytic subunit (the Cdks). 
Cell cycle progression can be inhibited by a class of regulators called 
the cyclin kinase inhibitors and by phosphorylation of the retinoblas
toma (pRb) protein. 

Regulation of the Cell Division Cyde by 
Cydin. Cydin-Dependent Kinase, and Cdk 
Inhibitory Proteins 
Progression of the mammallan cell cycle through these specific 
phase1i is governed by the sequential activation and inactivation 
of a highJy conserved family of regulatory proteins, cydln
dependent kinases (Cdks).18 Cdk activation requires the binding 
of a regulatory protein (cyclin) and is controlled by positive and 
negative phosphorylation. Cdk activities are inhibited by Cdk 
iJ1hibitory proteiJlS (CKls). 'TI1e active cyclin-Cdk complex is 
involved in the phosphorylation of other cell cycle regulatory 
proteins. Cyclin proteins are classified according to their struc
tural similarities. Each cydin exhibits a cell cycle-phase-specific 
pattern of expression. In contrast, Cdk proteins are expressed 
throughout the cell cycle. The cyclins, Cdks, and CKis form the 
ftmdamental regulatory units of the cell cycle machinery. 

Cell Cycle Checkpoints 
In proliferating cells, cell cycle progression is regulated at two 
key checkpoints, the Gl-S and the G2-M transitions. Progres
sion through early to m.id-G1 is dependent on Cdk4 and Cdk6, 
which are activated by association with one of the D-type 
cyclins, D 1, D2, or D3. 18 Progression through the late G 1 phase 
and into the S phase requites the activation of Cdk2, whicl1 is 
sequentially regtdated by cydins E and A, respectively. The sub
sequent activation ofCdkl (cdc2) by cyclin B is essential for the 
transition from the G2 phase into the M phase. There arc two 
families of CKJs, the ClP-KTP family and the lNK family. 'TI1e 
fourknownlNK proreins(pl5INK4B, pl61NK4A, pl8INK4C, 
and pl9INK4D) selectively bind and inhibit Cdk4 and Cdk6 
and are expressed in a tissue-specinc pattern. The three members 
of the CIP-KIP family (p21CIPl, p27KIPI, and p57KIP2) 
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share a conserved amino-terminal domain thar is Sltfficienr for 
binding to cyclin-Cdk complexes and inhibition of Cdk
associated kinase activity. Earn CIP-KIP protein can inhi.bir all 
known Cdks. One of the key targets of the G 1 Cdks is the reti
noblastoma tumor suppressor protein (pRb), which belongs to 
the Rb family of pocket proteins (pRb, pl07, pl30). 19 fn their 
hypophosphorylated form, pocket proteins can sequester cell 
cycle regulatory traJlScription factors, including hererodirners of 
the E2F and DP fanlllies of proreins.20 Phosphorylation of pRb, 
first by cyclin D-dependent kina~s and then by cyclin E-Cdk2 
dttring late G 1, leads to the release of E2F-DP and subsequent 
activation of genes that participate in the entry into cl1e S phase. 

Oncogenes and Tumor Suppressor Genes 
'TI1e genes encoding cell cycle regulatory proteins are often 
targets of mutation during neoplastic transformation. If the 
mutated gene is cancer-causing, it is referred to as an oncogene 
and irs normal coumerpart is called a proto-oncogene. Many 
proto-oncogenes have been identified and are typically involved 
in the relay of stimulatory signals from growth factor receptors 
to the nucleus. They include the imracellular signaling protein 
Ras and the cell cycle regulatory protein cyclin Dl. Mutation of 
a single copy of a proto-oncogene is sufficient to bring about 
increased cellular proliferation, one of the hallmarks of cancer. 
Several antiproliferarive gene-encoding proteins such as pRb, 
pl5, and pl6 also negatively control the cell division cycle. 
These genes are often referred to a~ tun1or suppressor genes 
because they prevenr excess and uncontrolled cellular prolifera
tion. These genes are inactivated in some forms of cancer to 

bring about the loss of control of proliferation. However. un.like 
proto-OJ1cogenes, both copies of a tumor suppressor gene must 
be deleted or inactivated duri11g malignant transformation. 

CELL DEATH 
Cell proliferation must be balanced by an appropriate process 
of cell death to maintain tissue homeostasis. 'TI1ere are three type 
of cell death based on the morphologic appearance of the dying 
cell? ' Type 1 cell death, or apoptosis, has been best studied and 
is characterized by chromatin condensation, nuclear fragmenta
tion, shrunken cytoplasm with intact cytoplasmic organelles, 
ru1d eventual formation of plasma membrane-bound vesicles 
termed apoptotic bodies, which are then eliminated by neighbor
ing phagocytic cells. Type 2 cell death, or autophagic cell death, 
is characterized by massive vacuolization of the cytoplasm 
without chromatin condensation. Type 3 ceU death, or necrosis, 
is characteri7..ed by increased cell volun1e, swelling of cytoplasmic 
organelles, and rupture of plasma membrane. 

Cell death has important physiologic functions, including 
the remodeling of tissues during development, removal of senes
cent cells and cells wirh generic damage beyond repair, and 
maimenance of tissue homeostasis. In this section, we review 
the molecular machinery that controls apoptosis ru1d autophagic 
cell death. 

Apoptosis 
Two main pathways of apoptosis have b<.-en characterized, the 
extrinsic or death receptor pathway ru1d intrinsic or stress 
pathway.~ In the extrinsic pathway, cell surface death receptors 
bind to pwapoptotic ligands, such as rwuor necrosis factor 
(TNF), leading to the recruitment of a multiprotein complex 
called the death-inducing signaling complex (DISC) and aJ1 
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adapter protein called Fas-associated death domain (FADD). By 
contrast, the intriJlSic pathway is activated when intracellular 
sensors detect proapoptotic stimuli, such as genocoxic damage 
or growth factor and nutrient deprivation, leading to the activa
tion of Bax and Bak, which are proapopcotic members of the 
Bcl-2 fan1i ly of proteiJ1S {see Fig. 3- 1 1).23 Bax and Bak are 
inserted in and destabilize the mitochondrial membrane, result
ing in cytocbiOme c leakage. Prosmvival members of the Bd-2 
fan1ily sucl1 as Bcl-2, Bcl-xt and Bcl-w associate with the mito
chondrial membrane to maimain irs integrity. An example of 
intracellular sensors is the p53 tumor suppressor gene, which 
recognizes DNA dan1age. Activation of p53 results in G1 phase 
cell cycle arrest to allow DNA repair; however, irreparable 
damage commits the cell ro death by apoptosis.14 Regardless of 
the many different signals and signal sensors involved in the 
activation of apoptosis, both the extrinsic and intrinsic pathways 
activate downstream caspascs, the executioner of apoptosis. 

Caspases, or cysteine apartate protenses, are highly con
served proteins first recognized as the ced-3 gene product from 
the nematode Cnenorhnbditis elegani5 and are intimately 
involved in the conserved biochemical pathway that mediates 
apoptosis. These proteolytic enzymes are symhesized as inactive 
proenzymes tbat require cleavage for activation. The protein 
substrates cleaved by activated caspases play a functional role in 
the morphologic and biochemkal features seen in apoptotic 
cells. As iJldicated in Figure 3- ll , activated caspases result in the 
destruction of cytoskeletal and structural proteins ( a.-fodrin and 
actin), nuclear structural components {NuMA and lan1ins), and 

FIGURE 3- 11 The apoptotic pathways of cell death. The 
molecular mechanisms involved in apoptosis are divided 
into three parts. First, stimuli of the apoptotic pathway 
include DNA damage by ioni zing radiation or chemo
therapeutic agents (p53 activation), activation of death 
receptors, free radical formation, and loss of growth factor 
signaling. Second, progression ot these stimuli to the 
central execution pathway is positively or negatively regu
lated by expression ot the Bcl-2 family of proteins. Third, 
the execution phase of apoptosis involves the activation 
of a family of evolutionarily conserved proteases called 
caspases. Caspase activation targets various nuclear and 
cytoplasmic proteins for activation or destruction, thereby 
leading to the morphologic and biochemical characteris
tics of apoptosis. (fforn Papaconstantinou HT, Ko TC: Cell 
cycle and apoptosis regulation in Gl cancers. In Evers BM 
[ed): Molecular mechanisms in gastrointestinal cancer. 
Austin, Tex, 1999, RG Landes, p 59.) 

cell adhesion factors (FAK). They induce cel l C)'de arrest througb 
Rb cleavage, cytoplasmic release of p53 by cleavage of the regu
latory double minute 2 (MDM2) protein, and subsequent 
nuclear translocation and activation of PKC.o. DNA repair 
enzymes, such as poly{adenosine diphosphate [ADP]-ribose) 
polymerase and the 140-kDa component of DNA repBeation 
complex C, arc i11activated by caspase proteolysis. Finally, DNA 
fragmentation is induced by the activation and nuclear translo
cation of a 45-kDa cytoplasmic protein called DNA fragmenta
tion facror (DFF). Overall, the net effect of caspase activation is 
to halt cell cycle progression, disable homeostatic and repair 
mecl1anisms, initiate detachment of the cell from irs surround
ing tissue structures, disassen1ble structural components, and 
mark the dying cell for engulfment by surrounding phagocytic 
cells. 

1l1e complex molecular machinery of apoptosis, involving 
signaling, regulation of activation, promotion (or inl1ibition), 
and then execution, is a carcfLdly choreographed process. Per
turbations i.n this process at any of these three phases can result 
in loss of the apoptotic cell dinlination pathway. Because apop
tosis is a key regulator of cclJ number and therefore tissue 
homeostasis, it is easy to see how dysregulation of apoptosis can 
result in diseases such as cancer or autoimmunity. 

Autophagy 
Although apuptosis is a welJ-charactcrizcd pruces.~. less is known 
abou't the autophagic cell death process. Autophagic cell death 
is a degradative process characterized by the sequestering of 
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FIGURE 3- 12 The autophagy pathway. Autophagy proceeds through a series of regulated steps, including the formation of phagophores, leading 
to autophagosome. Autophagosomes fuse with lysosomes to form autolysosomes, in which cellular materials and organelles are degraded and 
building blocks are recycled. 

organelles and p·ortions of the cytoflasm in double-membrane 
vesicles known as autophagosomes:' Autophagosomes fuse with 
cytoplasmic lysosomes to form autolysosomes, enabling the lyso
somal hydrolases to degrade engulfed cytoplasmic material and 
organelles (Fig. 3-12). Tlus degradative process is genetically 
regulated and evolutionarily conserved, and is called autophagy. 
Autophagy plays an important role in protecting against infec
tion, neurodegeneration, and tumor development. Autophagy is 
associated with cell death, but it is also associated with cell 
survival by sequestering and recycling damaged proteins and 
organelle during stress, or by regenerating building blocks for 
macromolecular synthesis during starvation. Autophagy is con
trolled by a group of genes (ATG genes) with at least 11 man1-
malian members. ATC genes control ead1 step of autophagy, 
including the induction and formation of autophagic vesicles, 
fusion with lysosomes, and degradation of engulfed material. 
It is increasingly dear that dysregulation of autophagy con
tributes to the development of cancer, liver disease, aging, and 
inRam mation.16 

HUMAN GENOME PROJECT 
One of the mostr significant scientific undertakings of all times 
involved the identification and sequencing of the entire human 
genome, whlch was completed in the spring of 2003. 1he 
HLLman Genome Project bas bad a significant impact on the 
field of medicine by providing clinicians with an unprecedenced 
arsenal of genetic information chat will, it is hoped, lead co a 
better understanding and treatment of a variety of genetic dis
eases. For example, the Human Genome Project has been pro
viding new information on the genetic variations in the human 
population by identifying DNA variants such as single nucleo
tide polymorphisms (SNPs), which occur approximately once 
every 300 to 500 bases along the 3 billion-base human genome.' 7 

SNPs arc though! to serve as genetic markers for identifying 
disease genes by Linkage studies in families or by cl1c discovery 
of genes involved in human diseases. These findings may lead to 
better screening and help implement preventive medical therapy 
in the bope of reducing cl1e development of certain diseases in 
patients found to have predisposing conditions. It is anticipated 
that knowing tbe sequence of human DNA will allow scientists 
to understand a host of diseases better. \'<1ith new information 
and techniques to unravel cl1e mysteries of human biology, this 
iJ1formation will dramatically accelerate tbe development of new 
strategies for the diagnosis, prevention, and treatment of disease, 
not just for single-gene disorders, but for more common complex 

diseases, such as diabetes, heart disea.~, and cancer, for wbicb 
genetic differences may contribute to cl1e risk of contracting the 
disease and response to particular therapies. 

TI1e transition from genetics to genomics marks the evolu
tion from an understanding of single genes and their individual 
functions to a more global understanding of the actions of mul
tiple genes and their control of biologic systems. Technology 
emanating from the Human Genome Project is available to 
assess an array of genes that may change (increase or decrease) 
over tin1e or with treatment. Such technology, using so-called 
DNA chips, provides one of the most promising approaches to 
large-scale studies of genetic variations, detection of heteroge
neous gene mutations, and gene expression. DNA cllips, which 
are also called microarrays, generally consist of a thiJ1 slice of 
glass or siJkone approximately the size of a postage stamp on 
which threads of syncl1etic nucleic acids are arrayed . .!S Literally 
thousands of genes can be assessed on a single DNA chip. A 
clinical example of the use of microarrays includes the detection 
of human immunodeficiency virus (HIV) sequence variations, 
p53 gene mutations in hrea.~t tissue, and expression of cyto
chrome P-450 genes. ln addition, microarray technology bas 
been applied to genonlic comparisons across species, genetic 
recombiJ1ation, and large-scale analyses of gene copy number 
and expression, as well as protein expression in cancers. 

As genome technology moves from the laboratory to the 
clinical setting, new methods will make it possible to read the 
instructions contained in an individual person's DNA Such 
knowledge may predict future disease and alert patients and 
their health care providers to initiate preventive stratC!,>ies. Indi
vidual DNA profiles, as well a.~ the DNA profiles of tumors, may 
provide better stratification of patients for cancer therapies. 'TI1e 
Human Genome Project is certain to have an important impact 
on all area.~ of clinical medicine. All surgical disciplines will be 
directly affected by tills iJlformation. We focus on some specific 
examp les here for which we foresee major developments that will 
greatly influence our cl.iJlical management. 

Transplantation 
Despite the remarkable advances made iJ1 transplantation, 
organ procurement, and immunosuppression, a significant 
impediment remains the availability of suitable organs. The 
level of organ and tissue demand cannot he met by organ dona
tion alone. Xcnotransplantation has been proposed as a possible 
solution to the problem of organ availabiUty and suitability for 
transplantation. A munber of investigators have examined the 
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possibility of using xenotransplanced organs. However, although 
short-term successes have been reported, there have been no 
long-term survivors with the use of these techniques. Data 
obtained from the Human Genome Project may enable trans
plant investigators to engineer animals genetically to potentially 
have more specific combinations of human antigens. Ir is antic
ipated that in the future, animals can be developed whose 
immune systems have been engineered to more closely resemble 
those of humans, thus eliminating dependence on organ 
donors. 

Another possibility to address the organ donation problem 
is the potential for organ cloning. With the cloning of sheep and 
catde, this topic has received a considerable amoum of arremion. 
Although the issue of whole-animal cloning .is fascinating, the 
area that offers. the greatest hope for transplant patients is the 
growing field of stem cell biology. By identi.f}ring stem cells of 
interest, the information gathered from the Human Genome 
Project could enable scientists to develop organ-cloning tech
niques that wiH revolutioni7..e the field of transplantation. These 
pluripotent stem cells have the ability to divide without limit 
and give rise co many types of differentiated and specialized 
tissues with a specinc purpose. It is anticipated that the identi
ficatio.n of stem cdJs and the potential modification of these cells 
by gene therapy may allow investigators to engineer tissues of 
interest genetic.ally. 

Oncology 
1l1e resuJts of the Human Genome Project will have far
reaching effects 011 diagnostic studies, treatment, and counsel
ing of cancer p·atienrs and family members.28 Genetic testing is 
currently available for many disorders, including Tay-Sachs 
disease and cystic fibrosis. New tests have been developed co 
detect predispositions to Alzheimer's disease, colon cancer, 
breast cancer, and other conditions. ldentincation of the entire 
human genome will provide an unprecedented and powerful 
modality to increase uLLr ability to screen high-risk groups and 
the general popuJation. 

With the identification of certain high-risk groups for d1e 
development of cancer, surgeons are playing an ever-increasing 
role in genetic assessment and ultimate therapy. Prophylactic 
surgery may soon become more prevalent as a first-line treat
ment in the fight against cancer. For example, discovery of the 
association betweeJl mutations of me ret proto-oncogene and 
hereditary medullary thyroid carcinoma has allowed surgeons to 
identify patients in whom medullary thyroid cancer will eventu
ally develop. Genetic screening for mutations of the ret proto
oncogene in patients with multiple endocrine neoplasia type II 
allows prophylactic d1yroidecromy to be performed at an earlier 
stage of the disease process d1an traditional biochenucal screen
ing. Other areas of active interest include testing of patients with 
fan1ilial adenomatous polyposis, in whid1 the timing and extent 
of therapy may be based on the exact location of adenomatous 
polyposis coli (APC) mutations. Furthermore, additional testing 
will allow investigators to determine other genes that may con
tribute to d1.is syndrome. Another area of controversy concerns 
the treatment of patients with mutations of the breast cancer 
susceptibility genes BRCAJ and BRCA2. As more information 
becomes known regarding mutations of mese genes and the 
clinical implications of d1ese mutations, cancer treatment pro
tocols will be altered accordi11gly. 

Pediatric and Fetal Surgery 
Identification of the human genome will further aid in prenatal 
diagnostic testing and screening. With the identification of 
fetuses at risk for a number of identifiable genetic diseases, the 
Human Genome Project will increase research and activity in 
the field of fetal surgery by expanding rhe current knowledge of 
genetic diseases and rate of fetal surgical interventions involving 
current tecl1niques and the combination or use of somatic gene 
therapy. In utero manipulatio11 of identifiable genetic defects 
may, in the future, become a common intervention. 

Proteomics 
An important offshoot of the Human Genome Project has been 
tl1e realization for the need to exallline the expression and fwK
tion of the end product of the gene (i.e., the protein). 1l1is ha~ 
led to the development of the field of proteomics, wluch is the 
study of the proteome. The term proteome was first coined by 
Marc Wilkins in l995 to describe the entire collection of pro
teins of an orga.nism.29 The importance of proteomics is w1der
scored by cl1e fact that almost all cellular pheJJotypes and 
activi ties are directed by proteins. 

Protein expression and modifications are regulated under 
normal physiologic conditions (e.g., differentiation, apoptosis, 
aging and are altered dl!Iing pathophysiologic stresses, leading 
to the development and progression of disease). However, the 
human proteome is complex and dynamic, and .its examination 
requi res the development of new tools and technologies. 'Il1e 
basic steps in proteonlic studies consist of sample preparation, 
protein separation, protein imaging, and protein identification. 
Protein separation usually involves two-dimensional gel electro
phoresis and protein identification by mass spectrometry (Fig. 
3-13).30 With the use of proteomic tedmologies, investigators 
have begun to elucidate patterns of protein changes between 
health and disease states by profi ling complex biologic san1ples 
such as serum, urine, and tissuesY·31 1l1e field of proteomics has 
been advancing rapidly with the development of new and more 
powerful technologies to exan1ine complex protein interactions 
and protein modifications. These advancemenrs will lead to 
bette:r detection and risk asses.~ment, d1erapeutic targeting, and 
patiem-tailored therapy for human diseases. 

NOVEL TREATMENT STRATEGIES 

Gene Therapy 
The ability to alter specific genes of interest represents an excit
ing and powerful tool in tl1e potential treatment of a wide array 
of diseases.33

-
35 lnsread of giving a patient a drug to treat or 

control the symptoms of a genetic disorder, physicians may be 
capable of treating the basic problem by altering the genetic 
makeup of d1e patient's cells. Several medwds are available to 
introduce new genetic material into mammalian cells. Typically, 
two strategies have been considered, germline and somatic cell 
gene therapy. In d1e germline strategy, foreign DNA is intro
duced into the zygote or early embryo with the expectation that 
tl1e newly introduced material will contribute to the germline 
of the recipient and therefore be passed to the next generation. 
In contrast, somatic cell gene therapy models represent the intro
ducd.on of generic material into somatic cells, which is then not 
transmjtted to the germ cells. 

A wide array of somatic cell gene therapy p rotocols designed 
to treat single-gene diseases, a variety of cancers, or HIV are 
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under development, with some gene therapy protocols in clini
cal trials. The goals of human somatic gene therapy are generalJy 
one of the following: repair or compensate for a defective gene, 
enhance the immune response directed at a tumor or pathogen, 
protect vulnerable cell poptJations against treaonents such as 
chemotherapy, or kill tumor cells directly.36.J:• 

Several single-gene disorders are candidates for gene therapy 
and a number of protocols have been developed. In addition, 
current dun.ki.ng has expanded from the treatment of si.ngle-gene 
disorders ro include the treatment of acquired immlUlOdefi
dency syndrome (AlDS) and atherosclerosis with gene therapy 
techniques. Moreover, many protocols for the treatment of 
cancer are under evaluation, particularly for otherwise umreat
able conditions. Strategies i.ndude the alteration of cancer cells 
or other host cells to pmduce cytokine.s or other molecules to 
alter the host response to the malignancy, exprcss.ion of antigens 
on cancer cells to induce a host lmmune response, insertion of 
tumor suppressor genes or their sequences to slow cell growth, 
and introduction of drug-resistant genes into normal cells ro 
facilitate more aggressive chemotherapy. 

Although a number of in vitro experiments have shown 
great promise, in vivo trials have failed to match the in vitro 
results, partly as a result of the vehicles used for transfecting the 
DNA imo cells. A repertoire of viral-based vectors have been 
analy7..ed, with each generation showing more promise than the 
previous mod.i£cation.38 Initially, retroviruses were used as 
vectors and are still used in certain case.~. However, other poten
tial vectors include adenovirus, herpesvirus, vaccinia, and other 
viruses. Nonvirall systems, such as liposomes, DNA-protein con
jugates, and DNA-protein-defective virus conjugates, also 
appear promising.39 Safety issues, improvement of i.n vivo gene 
delivery, efficiency, and gene regulation after cellular transduc
tion are the difficult issues that must be resolved in vector design. 
However, exciting and appeali.ng the prospects of gene therapy 
may appear, this tedmique is sti ll i.n the experimental stages. 

Short Interfering RNA 
The discovery of siRNA as a method of gene silencing has pro
vided another novel treatment strategy by targeting disease
causing genes. lh.is powerful tool has already been tested in 
experin1enral conditions of viral infectious diseases and cancers. 
In infectious diseases, siRNAs against hepatitis B virus, HTV-1, 

FIGURE 3-13 Basic approach of proteomics-based research. 
2-DE, Two-dimensional gel electrophoresis; MS, mass spec
trometry. (From lam l, Lind J, Semsarian C: Application ot 
proteomics in cardiovascular medicine. lnt J Cardiel 108:12-
19, 2006.) 

and respiratory syncytial virus have been shown to inhibit viral 
repllcarion.40 Silencing of oncogenes such as K-ms and HER-
2/neu has been shown to inhibit cancer cell growth. Although 
siRNA-based therapy holds great promise because of irs poten
tial for high selectivity and less toxicity, its din.ical applications 
require overcoming the problem of the short half-life of siRNA 
and effective delivery to target tissues. Scientists are developing 
modi.fications of siRNA that will extend its half-life and improve 
cellular uptake. 

Drug Design 
Based on .informatioJl &om the fields of genomlcs and structural 
biology, rational drug design can be devised to treat a host of 
diseases.41 This technique has been used to generate potent 
drugs, many of which are currently in use or under study. For 
exampJe, a rational design based on crystallographic data has led 
to the development of new classes of anti-HIV agents targeted 
against HIV protease. Once the critical proteins accOlmting for 
a disease are identified and their abnom1al ftmction understood, 
drugs can be designed to stimulate, inhibit, or substitute 
function. 

Identification of hLmlan genetic variations will eventualJy 
allow clinicians to subclassify diseases and adapt therapies that 
are appropriate co the individual paticm.~' There may be differ
ences in the effectiveness of medicines from one patieJlt to the 
next. Furthermore, toxic reactions can occur that may be a 
consequence of genetically encoded host factors. 1l1ese observa
tions have spawned the field of pharmacogenomics, which 
attempts to use information on genetic variations in patienrs to 
predict responses to drug therapies. In addition to genetic tests 
that will predict responsiveness to therapies currently available, 
these genetic approaches to disease pre;:vention and treatment 
should provide an expanding array of gene products that will be 
used in developing future drug therapies. 

Genetic Engineering of Antibodies 
Monoclonal antibodies directed against specific antigens have 
be~n generated by using hybridoma techniques and are widely 
used in a number of fields of medicine, including oncology and 
transpJantation. However, a m.ajor drawback is the fact that 
repeated treatment with murine antibodies results in an inm1une 
response directed against the antibody. Genetic engineering 
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techniques have allowed d1e modification of mouse monoclonal 
antibod.ies to reduce the immune response directed again st them 
by human recipients and to provide nonhuman resources for 
human antibodies.43 1his modification involves cloning the vari
able or hypervariable regions of the antibody from the mRNA 
of a hybridoma and fusing them with a h uman constant regio n, 
thus resulting in clones that can be expressed in human cdllines 
to produce larg:e amounts of modified antibody. lt is anticipated 
that such techniques will become more common in the future 
and provide a rceady source of antibodies directed against a wide 
array of antigens. 

ETHICAL. PSYCHOLOGICAL, AND 
LEGAL IMPLICAnONS 
The possibilities of generic-based medicine are endless, and one 
can predict that in the next decade our lives will be greatly 
altered because of tl1ese rapid advances.44 A number of ethical, 
psychological, and legal implicatio ns can be envisioned and witl 
nc:ed to be addlressed.45•46 Such issues include ownership of the 
genetic information and who should have access to this informa
tio n Y Anothem- issue is how to counsel the patient and o ther 
fanUly members correctly based on iJ1formation obtained from 
genetic resting. 

1l1e surgeon of the future will need to participate actively 
and be knowle dgeable in tllese emerging techno logies because 
our management of specific problems will be greatly altered by 
the new knowledge gained from analysis of the human 
genome.14

•
48.49 Most assuredly, these rapid advances will continue 

to alter current treatment st rategies and challenge existing 
dogmas. Surgeons have the oppo rnmity to be active participants 
and leaders m the rescard1 and complex decision making process 
that will affect the treatment of patients who require surgery. 
Surgeons, and :all physicians, must rise to the oc.casion or oth
erwise be relegated to bystand er status, wi th the possibility 
of these complex clinical and ethical decisions heing made by 
nonclinicians. 
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CHAPTER 4 

THE INFLAMMATORY 
RESPONSE 
MITCHELL P. fiNK 

THE DANGER HYPOTHESIS: DANGER-ASSOCIATED MOLECULAR 

PATIERNS, PATHOGEN-ASSOCIATED MOLECULAR PATTERNS, 

AND ALARMINS 

CYTOKINES AND CHEMOKINES 

NEUROENDOC!RINE CONTROL OF THE INFLAMMATORY RESPONSE 

Celsus is credited with describing the cardinal clinical signs of 
inflammation-calor (warmth), dolor (pain), tumor (swelling), 
and rubor (redness). Classically, the term injl11mmation was used 
to denote the pathologic reaction whereby fluid and circulating 
leukocytes accumulate in extravasmlar tissue in response to 
injury or infection. Today, inflan1mati.on conJlotes not only 
localized effects, such as edema, hyperemia, and leukocytic infil
tration, but also systemic phenomena- for example, fever and 
increased synthesis of certain acute-phase proteins and mediators 
of inflammation. The inflammatory response is closely inter
related with the processes of healing ru1d repair. In fact, wound 
healing is impossible in the absence of inflallliDation. Accord
ingly, inllammation is involved in almost every aspect of surgery 
because proper healing of traumatic wow1ds, surgical incisions, 
and various types of anastomoses is entirely dependent on the 
expression of a tightly orchestrated and weU-controUed inflam
matory process. 

L1flammation is fw1dan1entaiJy a protective response that 
has evolved to permit higher forms of life to rid themselves of 
injurious agents, remove necrotic cells and cellular debris, and 
repair damage to tissues and organs. However, the mechanisms 
used to kill invading microorganisms or to ingest ru1d destroy 
devitalized cells as pan of the inflammatory response can also 
be injur ious to normal tissue. Thus, in6an1111ation is a major 
pathoge11lc med1ru1ism underlyiJ1g numerous diseases and syn
dromes. Mru1y of these pathologic conditions, such as inflam
matory bowel disease (IBD), sepsis, and adult respiratory distress 
syndrome (ARDS), are of importance in the practice of surgery. 

Initiation,. maintenru1ce, ru1d termination of the i11flan1ma
tory response are extremely complex processes involving numer
ous different cell types, as well as hundreds of different humoral 
mediators. A truly comprehensive account of the inflammatory 
response is beyond the scope of a single chapter in a text cover
ing many other topics. Necessarily, therefore, this chapter will 
focus on the main mitiators of inflammation and the must 
important cellular ru1d humoral mediators of the inflammatory 
response. 

40 

For the purpose of describmg the inflammatory process, 
cl1is overview will make frequent mention of a common, but 
complicated, clmical entity-severe sepsis-as a paradigm of the 
inflammatory response. Severe sepsis is a syndrome caused by a 
systemic in6an1matory response nm amok. Sepsis is the most: 
common cause of mortality in patients requiring care in an 
intensive care unit. Severe sepsis, whid1 occurs iJ1 approximately 
750,000 people iJ1 the United States every year, carries a mortal
ity rate close to 30%. lt is generally believed that the incidence 
of sepsis and septic shock is increasing, probably as a result of 
advances in mru1y fields of medicine that have extended the use 
of complex invasive procedures ru1d potent immunosuppressive 
agents. Given the importance of sepsis as a public health 
problem, efforts have been made to trru1slate improvements in 
our understanding of infianlffiation and irlflallliDatory media
tors into the development of useful therapeutic agems. Some of 
cl1ese therapeutic agents are noted in the context of the overall 
discussion of inflammation. 

THE DANGER HYPOTHESIS: DANGER-ASSOCIATED 
MOLECULAR PATTERNS. PATHOGEN-ASSOCIATED 
MOLECULAR PATTERNS. AND ALARMINS 
'TI1e immune system protects cl1e host against disease caused by 
a wide range of exogenous pathogenic agents, such as viruses, 
bacteria, fungi, protozoa, and parasitic worms. The immtme 
system, however, also plays a role in detecting and dealing with 
other threats ro health, such as trauma, tissue necrosis, and 
malignant trru1sformation, which typicaiJy are not caused by 
exogenous pathogens. To accomplish these goals, the immune 
system uses a layered strategy. The first layer consists of the 
i1u1ate responses, which occur early and are not antigen-specific. 
The innate responses depend largely on the proper functioning 
of natural killer (NK) cells and phagocytic cells, such as mono
cytes, macrophages, and neutrophils. The second layer is com
posed of adaptive responses, which develop later after the 
processing of antigen(s) by dendritic cells and the clonal expan
sion ofT and B cell subsets. Adaptive responses are antigen
specific. 

From an evolutionary standpoint, clJe innate immune 
system is truly ru1dent, whereas the adaptive immune system is 
a more recent bio.logic innovation. Aspects of the innate immune 
system can be found in prm:titive multicellular organisms, plants, 
insects, and other mvertebrates. ln contr~st, ru1 adaptive mmmne 
system is present only in vertebrate species. Key components of 
cl1e irmate immune system include the folJowiJ1g: cells, such as 
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macropbages, neutrophUs, mast cells, and dendritic cells; the 
complement system; various secreted proteins, called cytokines 
and chemokines; and myriad small molecule mediators, such as 
prostaglandins, bradykinin, reactive oxygen species (ROS), and 
nitric oxide (NO·). The adaptive immune re.sponse is character
ized by anrigen specificiry and memory (i.e., the ability ro mounr 
a more vigorous response to an antigen that has been encoun
tered previously). T and B lymphocytes are the main cellular 
mediators of adaptive immune responses. B cells and their 
progeny, plasma cells, are responsible for the production of 
antibodies, which arc the humoral mediators of the adaptive 
immune system. 

T cells, which can be classilied imo vari.ous subtypes, play 
important roles in innate and adaptive immune:: responses. For 
example, natural killer T cells bridge the gap between the innate 
and adaptive immune systems because they are activated by 
glycolipid antigens presented by the glycoprotein, CDld, on 
antigen-presenting cells. 

T helper cells (111), which express the surface protein, 
CD4, also play key roles iJl the orchestration ofinnatc and adap
tive irnmw1e responses. Naive CD4+ T cells (ThO cells) can 
differentiate into at least four different 111 subsets, called Th I, 
1112, Th 17, and T regulatory cells (Treg cells; Fig. 4-l ). Th 1 cells 
are responsible for directing the cell-mediated immune responses 
necessary for the eradication of intracellular pathogens, and 
favor macrophage activation. Th2 cells have been implicated in 
the pathogenesis of atopy and allergic inflammation and favor 
B cdl growth and differentiation. 1111 cells prnduce the potent 
proinflan1matory cyrokiJ1es, interferon-'¥ (IFN-y) ru1d rumor 
necrosis factor-[) (TNF-~: also called lymphotoxiJ1). 1112 cells 
produce tbe cytokines interleukin-4 (lL-4), IL-5, IL-6, IL-10, 
and rlr l3. 111e actions of IL-4, lL-10, and lL-13 are largely 
anti-inflan1Jl1atory in nature. The actions of IL-6 can be both 
pro- and anti- inflammatory. Thl7 cells produce several cyto
kincs, notably lL-17 A ru1d IL-l7F. Both IL-17 A and lL-l7F 
tend to be proin.flan1Jl1atory. The signature cytokines produced 
by Treg cells-namely traJJSforming growth factor-~ (TGF-~) 
and IL-10-are borh ru1ti-inArunmarory. Thus, 1111 and Th17 
lymphocytes arc often viewed as being proinAan1m.atory, whereas 
Th2 lymphocytes and Tregs are thought of as being aJ1ti
inflammatory. The cytokiJle, IL- 12, drives 1111 differentiation, 
IL-4 induces 1112 differentiation, ru1.d TGF-~ in combination 
with IL-6 promotes Thl7 differentiation, but TGF-~ in the 
absence of IL-6 promotes precursor cells to differentiate into 
Treg cells. 1 

Historically, activation of the immune system was thought 
to be triggered by the presence of antigens, which were recog
nized as being non-self in nature. However, rhe self-nonself 
model of immune surveillance and discrimination was burdened 
by rhc inabihry to account for numerous observations satisfac
torily, such as the necessity for the presence of a tissue-damaging 
adjuvruu to obtain a vigorous immune response to the nonself 
proteins present in vaccines. To address these concerns, the inno
vative immunologist, Polly Mattinger, formulated the danger 
model to explaiJn immune system activation and discrimina
tion? According to this hypothesis, which is now widely 
accepted, activation of rhe innate immune system is triggered by 
a diverse set of molecules that indicate the presence of danger 
to the host (i.e., :something that could threaten health and well
being). Dru1ger might come in the form of an invasion of host 
tissues by a pathogenic microorganism, but danger also might 
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FIGURE 4-1 Simplified representation of the differentiation of na'ive 
helper T cells (Tho) into the four known CD4• helper T cell subtypes, 
which are called Th 1, Th2, Th 17, and Treg. A specific cytokine, secreted 
by the various helper T cell subtypes, constitutes a signature tor that 
particular dass of cells. Differentiation of ThO cells into the various 
subtypes is driven by specific cytokines or, in some cases, a specific 
combination of two cytokines. For example, differentiation of ThO cells 
along the Th1 pathway is driven by ll-12 in combination with ll-18, 
whereas differentiation of Tho cells along the Th2 pathway is driven 
by ll-4. 

come in the form of trauma or malignant transformation. l11e 
molecules char signal the presence of something dangerous share 
a number of recognizable biochemical features, and collectively 
are referred co as danger (or drunage)-assodared molecular pat
terns (DAMPs). Some DAMPs are host-derived; compounds in 
this class arc called alarmins:1 Other DA.l'viPs are derived from 
pathogenic micronrganisms and are called pathogen-associated 
molecular patterns (PAMPs). 

Cells of rhe inJ1ate immune system recognize PAMPs ru1d 
alarm ins via a Limited number of germlinc-encodcd pattern rec
ognition receptors (PRRs). l11e interaction between a DAMP 
ru1d a PRR initiates intracellular signaling cascades that ulti
mately culminate in the expression of a broad range of mole
cules, iJ1cludiJ1g cytokines and chemoki.nes, cell surface adhesion 
molecules, and enzymes, such as inducible nitric oxide synthase 
(iNOS) ru1d cyclooxygenase-2 (COX-2). which tLJ1derlie the 
development of the inflan1marory response. 

Lipopolysaccharide 
Much of our understanding of the innate immune system and 
tbe pathophysiology ofinAan1mation has come from experimen
tal studies with a compound called lipopolysaccharide:: (LPS) or 
endotoxin, which is a proinflammatory component of the cell 
wall of gran1-negative bacteria. When experin1ental animals are 
injected with purified LPS, they manifest clinical and biochem
ical findings reminiscent of those observed in patieJ1ts with 
severe :Sepsis or septic shock. DependiJ1g on myriad factors (e.g., 
the animal species being smdied, the dose of LPS, its route of 
administration), the features of acute endotoxemia can include 
fever (or hypothermia), systemic arterial hypotension, leukocy
tosis o.r leukopenia. renal dysftmction. pulmonary dysfunction. 
hepatocellular dan1age, and metabolic acidosis. 
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LPS is a complex glycolipid composed of a polysaccharide 
tail attached to a lipophilic domain called Lipi.d A. The polysac
charide portion of the molecule tends to be structurally different 
in different species and strains of gram-negative bacteria, whereas 
the structure of lipid A (as well as a few neighboring sugar resi
dues) is highly conserved across differem species and srrains of 
gram-negative microorganisms. A complex of LPS and a serum 
protein, LPS-binding proteiJ1 (LBP), ini tiates the activation of 
monocytes and macrophages by bindn1g to a surface protein, 
CD14. Because it is a glycophosphatidylinositol-anchored mem
brane protein, CD14lacks a cytosoUc domain and is unable to 
iJutiate UltraceUular signallng directly. Accordn~ly, iJwestigators 
sought w identify another protem char presumably participates 
with CD 14 to initiate the cellular response to LPS. The putative 
LPS coreceptor was ultimately identified as a Toll-like receptor 
(TLR).4 

Toll-Like Receptors 
TLR4, as well as other members of the T LR family of PRRs, is 
a homologue of a protciJ1, Toll, wruch plays roles in embryogen
esis as well as antifungal immunity Ul &uit Hies. TLR4 was 
originally identified by studying an inbred strain of mice, C3H/ 
HeJ , that is congenitally hyporesponsive to endotoxin. Subse
quently, TLR4 knockout mice were generated and showJJ to be 
as hyporesponsive to LPS as C3H/HeJ mice, thus confirming 
the concept that expression of functional TLR4 is necessary for 
the activation of macrophages and monocytes by endotoxin. 
TLR4 mutations are also associated with endoroxill hypo
responsiveness in htm1ru1s. MD-2, ru1other protem associated 
with the extracellular domam of TLR4, is required for LPS 
responsiveness. 

In addition to LPS, other PAMPs and alarnuns are recog
nized by various TLRs (Table 4-I). For exrunple, TLR2 recog
nit.es various bacterial lipoproteins, as well as peptidoglycan 
derived from gram-positive bacteria. TLR5 recognizes flagelliJ1, 
a 55-kDa protem found in the flagella of certam bacteria. TLR9 
recognl:t..es certain oligonucleotide.~ containing unmethylated 
CpG motifs that are more common in bacterial DNA man m 
man1lllalian DNA. 

Among the TLRs, TLR4 seems to be particularly impor
tant, because this receptor recognizes not only the PAMP, LPS, 
but several endogenous dru1ger signals as well. These endogenous 
ligru1ds for TLR4 mclude the followiJ1g: hear shock proreiJ1 
(HSP) 70, an inducible cytosolic protein, which is important 
for the proper folding of nascent protems; high-mobility group 
box-1 (HMGB 1 ), an abtmdant DNA-binding protein, which is 
important for transcription and repair of DNA; extra domain A 
of £bronectin, aJl abun dant protein m the extracellular matrix; 
and fragments ofbyaluronaJl, a glycosanlinoglycrul, wruch is one 
of the cruef components of the extracellular matrix. Some of 
these alarmms, such as HMGBl, are actively secreted hy ffilmu
nostimulated macrophages or enterocytes, whereas others, sud1 
as hyaluronru1 fragments, arc probably generated as a conse
quence of trauma to tissues. Accumulating evidence obtaiJ1ed by 
the Bill.iar group at the University of Pittsburgh has suggested 
that many of the deleterious host responses to severe trauma 
ru1d/or hemorrhagic shock are mediated by the interaction of 
endogenous alarmins with TLR4.4 

TLRs are glycoproteins. 1l1eir stmcture includes a ligand
binding domain, contammg leucine-ricl1 repeat (LRR) motifs, 
ru1d a signaling domaiJ1, which is homologous to the signaUng 

domain for the receptor for the cytokine IL-l (see later). To date, 
10 TLRs have been identified m humans, and these receptors 
can be divided into subfan1ilies based on the ligands they recog
nize. The receptors TLR3, TLR7, TLR8, and TLR9, are located 
intracellularly on membrane-bound endosomes, whereas the 
remai11ing members of the TLR fami ly of receptors are situated 
so that they spru1 the cytosolic membrane on the surface of cells. 

Other Families of Pattern Recognition Receptors 
In addition to members of the TLR fanlily, there are two other 
fanlilies ofPRRs that are .inlportrult for recogtuzing DA.i'v!Ps ru1d 
illitiating irmate mm1une responses. These two fanillies are the 
retinoid add-in ducible gene I (RlG-D-like receptors (RLRs) 
ru1d the nucleotide-bmdn1g oligomerization domain (NOD)
like receptors (NLRs).5 The two RIG-1- like receptors, RIG-I 
and melru1oma differentiation-associated gene (MDA) 5, play a 
pivotal role iJ1 sensmg the presence of viral double-stranded (ds) 
RNA in the cytoplasm. The interaction of ds-RNA with the 
C-terminal domains of RLRs initiates a signaling cascade, 
leading ultimately to the exp.ression of cytokines inlportaJlt m 
aJltiviral immunity. 

The two most extensively studied members of the NLR 
fanllly of receptors are NODl and NOD2.5 These PRRs sense 
PAMPs derived from the S}rnthesis ru1d degradation of bacterial 
peptidoglycan. NODI is activated by diaminopimelic acid pro
duced by gran1-negative bacteria, whereas NOD2 is activated by 
muramyl dipeptide (MDP), produced by gram-negative and 
gram-positive bacteria. As will be discussed m greater derail, 
NLRs are not only m1porrant for sensiJ1g certam intraceUulrur 
pathogens, but these receptors also play a key role il1 cl1e process
ing for secretion of two inlportrult proin flanmJatory cytokines, 
IL-113 and lL-18. 

The receptor for advanced glycation end products (RAGE) 
is a receptor that has multiple potential ligands, including 
HMGBl, an1yloid-l3 peptide, and certaffi members of the SlOO
calgranulill family of proteiJ1s.6 Because RAGE-dependent 
signaling may be important for trru1sducing some of the proin
flanll11atory effects the alarmin, HMGBI, RAGE can be consid
ered :a PRR involved in mnate immunity. 

High-Mobility Group Box 1 
When mice are injected with a lethal bolus dose ofLPS, circulat
illg levels ofTNF peak approximately 60 co 90 mll1ures later ru1d 
are almost undetectable within 4 hours. Although mice show 
diJUcal signs of endotoxemia (e.g., decreased activity and ruffled 
fur) within a few hours after the injection of LPS, mortality 
typically docs not occur until more than 24 hours later, long after 
circulating levels of the so-called alarm phase cytokines, TNF and 
IL-113, have returned to normal. 1hese observations suggested the 
possibili ty to Wru~ and colleagues that LPS-mduced lethalit}' 
might he mediated by a previously unidentified facror that is 
released much later thru1 TNF or IL- lp.& Prompted by dlls idea, 
these investigators carried out a prolonged search for the putative 
late-actmg mediator. This research progran1 ultimately resulted 
in the identification of HMGBl (formerly called HMG- 1) as a 
novel mediator of LPS-induced lethality. 

HMGB I was originally identified in 1973 as a nonhistone 
nuclear protem with high electrophoretic mobility. A dlaracrer
istic feature of the protein is the presence of two folded DNA
binding motifs termed the A domain and the B domrtin. Both 
these domains contaffi a characteristic grouping of aromatic and 
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_Table 4-1 Rec:ognition of Pathogen-Associated Molec:ular Patterns and Alarmins by Pattern Recognition Rec:eptors 
PRR1 PAMP2 OR ALARMIN COMPOUND ORICIN 

TlR3 

TLR1/TLR2 

TLR2/TLR6 

TLR2/TLR6 

TLR2 

TLR2 

TLR2 

TLR2 

TLR2 

TLR2 

TLR2 

TLR2 

TLR2 

TLR2 

TLR2 

TLR2 

TLR3 

TLR4 

TLR4 

TLR4 

TLR4 

TLR4 

TLR4 

TLR4 

TLR4 

TLR4 

TLRS 

TLR7/8 

TLR9 

TLR10 

TLR11 

Nf.R9 
NODI '" 

NOD2 

NALP1 11 

NALP3 

NALP3 

RlR'2 

RIG-113 

MDA514 

Misa!laneous 
RAGE15 

RAGE 

PAMP 

PAMP 

PAMP 

PAMP 

PAMP 

PAMP 

PAMP 

PAMP 

PAMP 

PAMP 

PAMP 

PAMP 

PAMP 

Alarm in 

Alarm in 

PAMP 

PAMP 

PAMP 

PAMP 

Alarm in 

Alarm in 

Alarmin 

Alarm in 

Alarmin 

Alarm in 

PAMP 

PAMP 

PAMP 

Unknown 

PAMP 

PAMP 

PAMP 

PAMP 

Alarm in 

Alarm in 

PAMP 

PAMP 

Alarm in 

Alarmin 

PKR'6 PAMP 

EDN, Eosinophil-<lerived neurotoxin; PMN, polymorphonuclear cell. 

Triacyllipopeptides 

Diacyllipopeptides 

Lipoteichoic acid 

Lipoproteins 

Peptidoglycan 

Lipoarabinornannan 

Porins 

Envelope glycoproteins 

Glycoinositol-phospholi pids 

Glycolipids 

Phospholipoprotein 

Zymosan 

!}-Glycan 

HMGBl 

EON 

ds-DNA4 

LPSS 

Envelope glycoproteins 

Mannan 

HSP706 

HMGBI 

13-Defensin 2 

Hyaluronan oligomers 

Heparan sulfate fragments 

Extradornain A fragment of fibronectin 

Flagellin 

ss-RNA7 

CpG DNAS 

Unknown 

Profilin-like protein 

Diaminopimelic acid 

Muramyl dipeptide 

Muramyl dipeptide 

ATP 

Uric acid crystals 

ds-RNA. short 

ds-RNA. long 

HMGBl 

S100A12 

ds·RNA 

Bacteria 

Bacteria 

Gram-positive bacteria 

Bacteria 

Bacteria 

Mycobacteria 

Neisseria spp. 

Viruses 

Trypanosoma cruzi 

Treponema moltophilum 

Candido spp. 

Fungi 

Fungi 

Host cells 

Host hepatocytes, PMNs. 
maaophages 

Viruses 

Gram-negative bacteria 

Viruses 

Candido spp. 

Host cells 

Host cells 

Host PMNs and epithelial cells 

Host extracellular matrix 

Host extracellular matrix 

Host extracellular matrix 

Gram-negative bacteria with flagella 

RNA viruses 

Viruses, bacteria, protozoa 

Unknown 

Toxoplasma gondii 

Gram-negative bacteria 

Bacteria 

Bacteria 

Host cells 

Host cells 

Viruses 

Viruses 

Host cells 

Host phagocytic cells 

Viruses 
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basic amino acids within a blockof75 residues termed the HMC 
box. HMGB 1 has several functions within the nucleus, includ
iJlg facilitation of DNA repair and support of the transcriptional 
regulation of genes. When released by cells into the extracellular 
milieu, HMGBJ can interact with several different receptors, 
includingTLR2, TLR4, and RAGE, on macrophages, endothe
lial cells, and emerocytes.7 Activation of these receptors leads to 
the release of other proinflammatory mediators, such as TNF 
and NO·. 

Although HMGB 1 is normally not secreted by cells and 
levels of this protein are usually undetectable in plasma or serum, 
high circulating concentrations of HMGB1 can be detected in 
mice 16 w 32 hours after the onset of endotoxemia. lmmuno
stimulated macrophages and enterocytes actively secrete 
HMGB 1. Moreover, necrotic but not apoptotic cells release 
nuclear HMGBl. In this way, unexpected cell death, such as 
that secondary to trauma or infection, can act as a danger signal 
and lead to the induction of an inflamn1atory response. 

Delayed passive immwuzation of mice with antibodies 
against HMGBl confers significant protection against LPS
i.nduced mortalicy. Furthermore, the administration of highly 
puri1ied recombinant HMGBI to mice is lethal. Thus, HMGBI 
fulfills a modi6ed version cl Koch's criteria for being a mediator 
ofLPS-induced lethality in mice. Direct application ofHMGB1 
into the ai rways of mice initiates an acute inflammatory response 
and lung injury that is reminiscent of ARDS in humans. In 
addition, HMGBl (or a truncated form of the protein, includ
ing only the B box domain) increases the permeabilicy of huroru1 
enterocyte-like monolayers in culture and promotes intestinal 
barrier dysfunction when iJljected into mice.8 Thus, it seems 
plausible that HMGB1 contributes to the development of orgru1 
dysfunction in human sepsis, a notion that is supported by the 
observation that circulating HMGBl concentrations are sig
nificantly higher in patients with ultimately fatal sepsis than in 
patients witb a less severe form of the syndrome. q Circulating 
levels of HMGBl are also increased in victims of trauma10 or 
burn injury." Administration of a neutralizing anti-HMGBI 
antibody improves survival in mice subjected to lethal hemor
rhagic shock.12 Ethyl pyruvate, a compow1d that blocks the 
release of HMGB1 from LPS-stimulated murine macrophage
like cells and inhibits release of the mediator in vivo, in1proves 
survival in mice with bacterial peritonitis, even when treatment 
with the compound is delayed for 24 hours after the onset of 
infection.13 

Heat Shod< Proteins 
111e heat shock proteins were first identified as a family of mol
ecules that are induced when cells or experimental anin1als are 
subjected to sublethal thermal stress. 111ese proteins are also 
induced by many other stimuli, such as inflammation, oxidative 
stress, and infection. The prin1ary role of HSPs is to serve as 
molecular chaperones to faci litate the proper folding of nascent 
proteins. 

Like HMGB1, heat shock proteins are normally found 
inside cells but, under certain conditions, these proteins can be 
detected in the extracellular milieu. For example, elevated circu
lating levels of HSP70 have been fotuld in trauma patients and 
padems in the immediate period after coronary artery bypass 
graft surgery. In addition, i.rnmunostimulated monocytes appear 
to be capable of actively secreting HSP70. Extracellular HSP70 
(and the related protein, HSP60) can activate innate immune 

cells via a TLR4-dependent mechrulism. 111us, like HMGB1, 
these proteins may serve as endogenous danger signals and 
trigger activation of the inflrunmatory response after dan1age to 
tissues. 

CYTOKINES AND CHEMOKINES 
Cytokines are small proteins or glycoproteins secreted for the 
purpose of altering the function of target cells in an endocrine 
(w1common), paracrine, or autocrine fashion. L1 contrast to 
classic hormones, such as insulin or thyroxine, cytokines are not 
secreted by specialized glru1ds but, instead, arc produced by cells 
individually (e.g., lymphocytes or macrophages) or as compo
nents of a tissue (e.g., the imeslinal epithelium). Many cytoki.nes 
are pleiotropic; these cytokines are capable of inducing many 
different biologic effects, depending on the target cell types 
involved and the presence or absence of other modulating 
factors. Redundancy is another characteristic feature of 
cytok.iJles- tbat is, several different cyrokines can exert very 
similar biologic effects. 

Chemokines are a special family of cytok.ines that are small 
proteins with molecular weights in the range of 8 to 11 kDa. 
111e chemokines have as their primary biologic activicy the 
ability to act as chemoattractrults for leukocytes or fibroblasts. 
Anod1er cytokine subclass is a group of proteins that act primar
ily to stimulate the growth or differentiation (or both) of hema
topoietic proge1utor cells; these mediators are collectively referred 
to as colony-stimulating factors. Other growcl1 ru1d differentia
tion factors, including the various platelet-derived growth 
factors, epidermal growth factor, and keratinocyte growth facror, 
also fit into cl1e broad category of cytokines. 

Overall, hw1dreds of soluble proteins involved in cell to 
cell signaling, variously called cytokines, cl1emoki.nes, intedeu
kins, colony-stimulating factors, and growth factors, have been 
identified ru1d characterized. Some pertinent facts about some 
of the most in1portru1t cytokines are provided in Table 4-2 and 
some of these mediators are discussed in greater detail in the 
sections that follow. 

lntetferon-y and Granulocyte-Macrophage 
Colony-Stimulating Factor 
The interferons, nan1ed for their abilicy to interfere wicl1 viral 
infection, were initially discovered in the 1950s as soluble factors 
secrcred by leukocytes. The cype 1 interferons, IFN-a and lFN
~. are primarily involved as mediators of innate (and acquired) 
immune responses to viral infection. IFN-'Y, although also 
important in the immw1e response to viral infection, ha~ much 
broader activity as a proinBammatory mediator. 

For the most part, IFN-'Y is produced by three cypes of 
cells-CD4+ 1111 cells, CDS+ 1111 cells, ru1d natural killer (NK) 
cells. IFN-'Y, along with IL-12, plays a critical role in promoting 
the differentiation of CD4+ T cells into the Thl phenocype. 
Because Thl cells also produce IFN-'Y, the potential exists for a 
positive feedback loop. IL-12, produced by monocytes and mac
rophages, stimulates the production of IFN-'Y by 1111 ru1d NK 
cells. In turn, IFN-'Y further activates monocytes ru1d macro
phages, thereby creating another positive feedback loop. 

In addition to promoting the differentiation of uncommit
ted CD4+ T cells inro Th1 cells, IFN-'Y inhibits the differentia
tion oflymphocytes into cells with the 'Till phenotype. Because 
1112 cells secrete the counterregulatory cytokines IL-4 and IL-l 0, 
the effect of lFN-y ro downregulate the production of these 
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_Table 4-2 Cellu'lar Sources and Important Biologic Effects of Selected Cytokines 
CYTOKINE 
Tumor necrosis factor 

Lymphotoxin-a 

Interferon-a 

Interferon-~ 

Interferon-')' 

lnterleukin-1 a 

lnterleukin-1 p 

lnterleukin-2 

lnterleukin-3 

lnterleukin-4 

lnterleukin-5 

lnterleukin-6 

lnterleukin-8 

lnterleukin-9 

lnterleukin-10 

lnterleukin- 11 

lnterleukin-12 

lnterleukin-13 

lnterleukin- 17 A 

lnterleukin-18 

lnterleukin-21 

lnterleukin-23 

lnterleukin-27 

Monocyte chemotactic 
protein-1 

Granulocyte-
macrophage 
colony-stimulating 
factor 

Granulocyte colony
stimulating factor 

Erythropoietin 

Transforming growth 
factor-p 

ABBREVIATION MAIN SOURCES 
TNF 

LT-a 

IFN-a 

IFN-j3 

IFN-')' 

IL-1a 

IL-1P 

IL-2 

IL-3 

IL-4 

IL-5 

IL-6 

IL-8 

IL-9 

IL-10 

IL- 11 

IL-12 

IL-13 

IL-17A 

IL-18 

IL-21 

IL-23 

IL-27 

MCP-1 

GM-CSF 

G-c5F 

EPO 

TGF-p 

Mq>, others 

Th1, NK 

Leukocytes 

Fibroblasts 

Th1 

Keratinocytes, others 

Mq>, NK, DC 

Th1 

T cells, NK 

Th2 

T cells, mast cells, Mp 

Mq>, Th2, EC. 
enterocytes 

Mq>, EC. enterocytes 

Th2 

Th2, Mp 

DC. bone marrow 

Mq>,DC 

Th2, others 

Th17 

Mq>, others 

Th2, Th17 

Mq>,DC 

Mq>, DC 

EC. others 

T cells, Mq>, EC. others 

Mq>, fibroblasts 

Kidney cells 

T cells, Mq>, platelets, 
others 

IMPORTANT BIOLOGIC EFFECTS 
See Table 4-3 

Same as TNF 

Increases expression of cell surface dass I MHC molecules; inhibits viral 
replication 

Same as IFN-a 

Activates Mp; promotes differentiation of C04' T cells+ cells into cells into 
Thl cells; inhibits differentiation of CD4• T cells into Th2 cells 

See Table 4-3 

See Table 4-3 

In combination with other stimuli, promotes proliferation of T cells; 
promotes proliferation of activated B cells; stimulates secretion of cytokines 
by T cells; increases cytotoxicity of NK cells 

Stimulates pluripotent bone marrow stem cells to increase production of 
leukocytes. erythrocytes. and platelets 

Promotes growth and differentiation of B cells; promotes differentiation of 
CD4• T cells into Th2 cells; inhibits secretion of proinflammatory cytokines 
byMq> 

Induces production of eosinophils from myeloid precursor cel ls 

Induces fever; promotes B cell maturation and differentiation; stimulates 
hypothalam~c- pituitary-adrenal axis; induces hepatic synthesis of acute
phase prote1ns 

Stimulates chemotaxis by PMN; stimulates oxidative burst by PMN 

Promotes proliferation of activated T cells; promotes immunoglobulin 
secretion by B cells 

Inhibits secretion of proinflammatory cytokines by Mq> 

Increases production of platelets; inhibits proliferation of fibroblasts 

Promotes diHerentiation of CD4' T cells into Th1 cells; enhances IFN-')' 
secretion by T" 1 cells 

Inhibits secretion of proinflammatory cytokines by Mq> 

Stimulates production of proinflammatory cytokines by Mq> and many other 
cell types 

Costimulation with IL-12 of IFN-')' secretion by Thl cells and NK cells 

Modulation of B cell survival; inhibition of lgE synthesis; inhibition of 
proinflammatory cytokine production by Mq> 

In conjunction with TGF-j3, promotes differentiation of naYve T cells into 
Th17 cells 

Suppresses effector functions of lymphocytes and Mq> 

Stimulates chemotaxis by monocytes; stimulates oxidative burst by Mq> 

Enhances production of granulocytes and monocytes by bone marrow; 
primes Mq> to produce proinflammatory mediators after activation by another 
stimulus 

Enhances production of granulocytes by bone marrow 

Enhances production of erythrocytes by bone marrow 

Stimulates chemotaxis by monocytes and induces synthesis of extracellular 
proteins by fibroblasts; promotes differentiation of na·cve T cells into Treg 
cells; with IL-6 or IL-23, promotes differentiation of naTve T cells into T"17 
cells; inhibits immunoglobulin secretion by B cells; downregulates activation 
of NK cells 

DC, Dendritic cells; EC, endothelial cells; M!p, cells of the monocyte-macrophage lineage; MHC. major histocompatibility complex; NK, natural killer cells; PMN, poly
morphonuclear neutrophils; Th 1, Th2, Th 17, subsets of differentiated CD4• T helper cells. 
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cytokines by 1h2 cells further promotes the development of an 
inflammatory response to an invading pathogen. In target cells, 
such as macrophages or enterocytes, IFN--y induces the expres
sion or activation of a number of key proteins involved in the 
innate immw1e response to microbes. Among these proteins are 
other cywki nes, such as TN F and IL- I, and enzymes, such as 
iN OS and the reduced form of nicotinamide adenine dinucleo
tide phosphate (NADPH) oxidase complex. Thus, IFN--ystimu
lates the release of a number of other proinflammatory mediators, 
including cytokines, such as TNF, and small molecules, sucl1 as 
superoxide radical anion (02 ·), an oxidant produced by 
NADPH oxidase, and NO·, produced by iNOS. Secretion of 
these illflammatory mediators by acdvared macrophages and 
other cell types is inhibited by ITA and IL-10. Accordingly, 
IFN--y- mediated downrcgulation of the lh2 phenotyp~nd 
thereby production of IL-4 and IL-10-further promotes the 
development of an inflammatory response. 

The crucial role of IFN--y in the host's innate immune 
response to microbial invasion, particularly by intraceUular 
pathogens, has been emphasized by experiments using trans
genic mice with targeted disruption of the genes coding for 
IFN-'Y or the ligand-binding subunit of the IFN-'Y receptor 
(JFN--yR). These knockout mice manifest increased susceptibil
ity to infections caused by Listeria monocytogenes, Mycobacterium 
tuberculosis, or bacille Calmette-Guerin. 

When responsive target cells are exposed to lFN--y, a 
number of genes are activated within minutes and without the 
synthesis of new copies of imermediate signaling proteins. IFN
-y-induced signal transduction occurs through the activation of 
a protein tyrosine phosphorylation cascade known as the JAK
STAT pathway (Fig. 4-2). ]AK i11itially stood for "just another 
kinase" because the biologic role of these proteins was not 
established when they were initially discovered. Because these 
receptor-associated kinases look both outside and inside the 
cell, JAK has now come to stand for Janus ki11ases, after the 
two-faced Roman god. The moniker STAT, an acronym for 
signal transducers and a ctivators of transcription, was appropri
ately chosen because, in medical parlance, an action to be 
carried out immediately is a stat order and sig11al ing involvi11g 
these protdns similarly occurs without delay. L1 addition co 
IFN--y, a large number of other cytokines, including IL-6 and 
IL-l 1 (see later), also use versions of the JAK-STAT signaling 
mechanism. L11 mammals, there are seven mammalian STAT 
proteins (STAT!, STAT2, STAT3, STAT4, STAT5A, STAT5B, 
and STAT6) and four JAK proteins OAKl. JAK2. JAK3. and 
TYK2). 

I FN--yR is a heterodimer that consists of a 90-kDa glyco
protein, the a chain, which is required for binding of the ligand, 
and a transmembrane protein, the P chain, which is required for 
signaling. Associated with the receptor are two members of the 
JAK fan1ily of kinases, JAK1 and JAK2. Tnceraction of lFN-'Y 
with its receptor results in the dirnerizadon of IFN--yR, which 
brings JAKl and JAK2 into dose association and leads to mutual 
phosphorylatiOJ1 and activation (see Fig. 4-2). 1l1e activated JAK 
kinases then catalyze tbe phosphorylation of tyrosine residues 
on the a chains of IFN--yR, whkh results in docking to the 
receptor complex by the transcription factor STATl. Afcer tyro
sine phosphorylation, two copies of STAT! form a homodimer 
(IFN-'Y activation factor [GAF]) that subsequently dissociates 
from the receptor complex and rranslocates to the nucleus, 
where binding to the regulatory regions of target genes 

IFN"')' Receptor 

IFN"')' 

8 

IFN-"t 

c 

IFN"')' Receptor 

Plasma membrane 

Cytosol 

= P04 

= STAT1et 

Translocation to 
nucleus; induction 
of IFN..,..responsive 
genes 

FIGURE 4-2 Simplified representation of intracellular signaling medi
ated by binding of IFN"')' to its receptor (IFN"')'R). A. IFN"')'R is a dimer 
that consists of a ligand-binding a chain and a transmembrane signal
ing 13 chain. 8, Binding of IFN-"t leads to dimerization of IFN"')'R and 
brings two signaling proteins, JAKl and JAK2, into association with 
the receptor complex. C. The association of JAKl and JAK2 with the 
receptor leads to mutual tyrosine phosphorylation of these proteins. 
as well as phosphorylation of tyrosine residues on the ligand-binding 
chains of IFN"')'R and docking of two copies of the preformed tran
scription factor STATl a to the receptor complex. After tyrosine phos
phorylation, STATl a forms a homodimer. The homodimer dissociates 
from the receptor complex and translocates to the nudeus, where 
binding to the promoter regions of va rious IFN"')'-responsive genes 
leads to transcriptional activation. 
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containing the LFN-y activation site (GAS) nucleotide sequence 
leads to transcriptional activation. 

JAK-STAT -dependent s.ignaliJ1g is regulated in cells by a 
variery of mechanisms. Because STATs ate activated by tyrosine 
phosphorylation, phosphotyrosine phosphatases ate implicated 
in the negative regulation of )AK-STAT signaling pathways. In 
this regatd, the first to be described were Src homology 2 domain 
(SH2)-containing tyrosine phosphatases such as SHP1 and 
SHP2. The presence of a chatacteristic amino add sequence, the 
SH2 domain, in these cytoplasmic enzymes promotes the asso
ciation of these phosphatases with phosphoryrosines present on 
activated receptors or on signaling molecules, as well as on acti
vated JAKs.'4 1he transmembrane tyrosine phosphatase CD45, 
which is expressed on T and B cells, also downregulates JAK
STAT signaling. Two other important classes of proteins that 
regulate JAK-STAT signaling ate the protein inhibitors of acti
vated STAT (PIAS) and the inducible suppressors of cytokine 
signaling (SOCS). 

TI1e pivotal! role played by IFN-'}' in the regulation and 
expression ofilmatc inmlllniry to microbial pathogens led inves
tigators to use this cytokine as a therapeutic agent w increase 
host resistance to infection, pattlcularly for patients with con
genital or acquir.ed inmwnosuppression. For example, prophy
lactic treatment with recombinant IFN-'}' has been shown to 
reduce the frequency of infections markedly in patients with 
chronic granulomatous disease, a life-threatening condition 
caused by an inberited defect in NADPH oxidase, the enzyme 
complex responsible for generatir1g ROS in pbagocyres. IFN-'}' 
has been approved for this indication by the U.S. Food and 
Drug Administration (FDA). Severe trauma and burns ate asso
ciated with defects in host antibacterial and antifungal defense 
and, in animal models of these conditions, treatment with IFN-'}' 
has been found to increase resistance to infection. Three major 
clinical trials of prophylactic IFN-'}' treatment were conducted 
iJ1 patients with multiple trauma or major thermal injury. Unfor
tunately, in all ·three studies, the incidence of irlfectlon and 
mortality was similar in cytokine- and placebo-treated patients. 

It is unclear why treatment with IFN-'}' failed to improve 
outcomes in these trials. However, treatment with LFN-'}' was 
not individualized according to immunologic phenotype, and 
thus some of tht' deleterious effects of inflanm1ation might have 
been fostered in certain subjects by administration of this potent 
proilillatnmatory cyrokine. This concept is supported by results 
from an uncontrolled trial in which patients with sepsis and 
laboratory findings indicative of excessive immunosuppression 
(downregulation of humru1leukocyreaJ1tigen [HLAj-DRexpres
s.ion on circulating monocytcs) were treated with IFN-'}'. I11 this 
small study, administration of IFN-'}' resulted in the resolution 
of sepsis in eight of nine patients. A smaU pilot study evaluated 
the use of prophylactic perioperative IFN-y therapy to decrease 
the risk for infection in anergic high-risk patients undergoing 
major operations. Results from this study were inconclusive. 

Another approach may be to substitute granulocyte
macrophage colony-stinwlating factor (GM-CSF) for IFN-'}'. 
GM-CSF is a hematopoietic growth factor and proinAammatory 
cytokinc produced by multiple ceU types, indudir1g broncl1ial 
epithdial cells, monocyte.~, and endothelial cells. As a growth 
factor, GM-CSF promotes an increase in the number of circulat
ing polymorphonuclear nuclear cells (PMNs). However, in addi
tion, GM-CSF has a nun1ber of IFN-'}'-Iike features, including 
the use of JAK-STAT signalir1g pathways. In both in vitro and 
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in vivo studies, treatment with GM-CSF primes monocytes to 
produce more proinAammatory cytokines, such as TNF, in 
response to LPS. 

A randomized trial of adjuvant treatment with recombi
nant GM-CSF i11 neonates with sepsis and neutropenia bas 
shown that survival is significantly improved in the group treated 
with the cytokine-growth factor. 15 Similatly, in a single-center 
randomized controlled trial (RCT), adjuvam treatment with 
recombinant GM-CSF significantly shortened hospital stay and 
decreased the number of infectious complications in patients 
with intra-abdominal sepsis. 1

G A more recent multicentric RCT 
bas suggested char adjuvam treatment with GM-CSF can 
improve outcome for selected patients with sepsis. 1 ~ This study 
rru1domized 38 patients with severe sepsis and evidence of sepsis
induced immunosuppression to treatment with GM-CSF or 
placebo for 8 days. Although survival was similar i11 both groups, 
the GM-CSF-rreated patients required mechanical ventilation 
and care in an ICU for a significantly shorter period of time 

C robn's disease is a chronic inAammatory disorder of the 
gastroiJltestinal (GI) tract. Treatment with corticosteroids often 
ameliorates symptoms of the disease, but cluonic administration 
of corticosteroids is associated with many adverse side effects. 
Accordingly, clilli.ciru1s and scientists ate actively seekir1g better 
approaches to treat Crohn's disease. Because there is considerable 
evidence that Crohn's disease may result, at least in part, from 
impair·ed innate immunity (e.g., caused by a mutation in the 
NOD2 gene), 18 recombinant GM-CSF might be a therapeutic 
option for this condition. This bypotl1esis has been supported 
by the results from rwo RCTs, which showed that therapy with 
GM-CSF can induce remission in rl1e absence of treatment with 
corticosteroids. t?..:o 

lnterleukin-1 and Tumor Neaosis Fador 
IL-l and TNF are structuraiJy dissimilar pluripotent cytokine.s. 
Although these compounds bind to different cellular receptors, 
their multiple biologic activities overlap considerably. For 
example, in vitro, both cytokines ate capable of activating endu
tl1elial cells, leading ro increased expression of cell surface 
adhesion molecules, such as intercellulat adhesion molecule-! 
(ICAM-1) and vasculat ceU adhesio11 molecule-! (YCAM-1), 
which play importaJ1t roles u1 the process whereby neutrophils 
extravasate from circulation into tissues at the site of infection 
and/or ulllan1111atlon. Sirnilatly, incubating cultured monocytes, 
neutrophils, endothelial cells, hepatocytes, mesangial cells, attic
ulat chondrocytes, or synovial fibroblasts with IL-l or TNF 
leads to secretion of a chen10kine, IL-8 (see later), which is 
important for recruiting neutrophils into inflammatory foci. 
Recombinant forms of IL-l f3 and TNF have been available for 
many years. Table 4-3 summarizes some of the biologic effects, 
which ate observed when bwnan subjects ate il1jected with 
recombinant IL-l f3 or TNF. The ulformation u1 this table should 
convince the reader that many of the features associated with 
the systemic inf!an1matory response syndrome (SIRS), such as 
u1crea.'Cd circulating leukocyte count and fever, can be repro
duced by injecting subjects with the alarm phase cytokines, 
IL-lf3 c rTNF. 1hrough their ability to potentiate the activation 
of helper T cells, Il-l ru1d TNF cru1 promote almost all types 
of humoral ru1d cellulat immune responses. Furthermore, both 
these cytokines are capable of activating neutrophils and macro
phages ru1d inducing the expression of many other cytokines 
and inflammatory mediators. Many of the biologic effects of 
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Table 4-3 Partial List of Physiologic Effects Induced by 
Infusing lnterl~eukin-1 or Tumor Necrosis Factor Into Human 
Subjects 
EFFECT IL-1 TNF 
Fever + + 

Headache + + 

Anorexia + + 

Increased plasma adrenocorticotropic hormone level + + 

Hypercortisolemia + + 

Increased plasma nitrite-nitrate levels + + 

Systemic arterial hypotension + + 

Neutrophilia + + 

Transient neutropenia + + 

Increased plasma acute-phase protein levels + + 

Hypoferremia + + 

Hypozincemia + 

Increased plasma level of Il -l RA + + 

Increased plasma level of TNF-Rland TNF-R2 + + 

Increased plasma level of l l -6 + + 

Increased plasma level of l l -8 + + 

Activation of coagulation cascades + 

Increased platelet count + 

Pulmonary edema + 

Hepatocellular injury + 

IL- l or TNF are greatly potentiated by the presence of the other 
cytokine. 

lnterleukin-1 and the lnterleukin-1 Rec:eptor 
IL- l was first described as a lymphocyte-activating factor pro
duced by stinlli.Uated macrophages. IL- l is not a single com
pound, but rather a family of three distinct proteins, IL- la, 
IL-l~, and IL-l receptor antagonist (IL-1RA), whicl1 are prod
ucts of different genes located close to one another on the long 
arm of human chromosome 2. The genes for the t\vo receptors 
for IL-l , [L-1 RI and IL-l Rll, are also located on cl1romosome 
2. IL- la. and IL-l~ are peptides composed of 159 and 153 
amino acids, respectively. Although IL-1a. and IL-l~ are struc
turally distinct-only 26o/o of their ami110 acid sequences are 
homologous-me t\VO compounds are almost identical from a 
functional standpoint. rL- lRA, the third member of the IL-l 
fanlily of proteins, is biologically inactive but competes with 
IL-l a. and IL-l~ for binding to IL- l receptors on cells and 
thereby functions a~ a competitive inhlhitor to linlit IL-l
mediated effects. 

IL- l is synthesized by a wide variety of cell types, including 
monocytes, macrophages, B lymphocytes, T lymphocytes, NK 
cells, keratinocytes, dendritic cells, 6broblasts, neutrophils, 
endothelial celfs, and enterocytes. Compounds that can trigger 
the productioiJJ of lL- 1 by monocytes, macrophages, or other 
cell types include PAMPs such as LPS (from gran1-negative 
bacteria), lipoteichoic acid (from gram-positive bacteria), and 
zymosru1 (from yeast). Production of I L-1 can also be stimulated 
by otl1er cyrokines, including TNF, GM-CSF, and IL-l itsel£ 

Altl10ugh many cell types express genes for both IL-l a. and 
IL- 1[3, most cells produce predominantly one form of the eyre
kine. For exan1ple, human monocytes produce mostly IL- l~. 
whereas keratinocytes produce predominantly IL-la.. The t\VO 

forms ofiL-1 are both initially synthesized as 31-kDa precursors 
(pro-IL- Ia. and pro-l L- 1~) , which are then modified posr
trans]ationally to create the carboxyl tem1inal 17-kDa peptide 
forms of the mature cytokines. IL-l a. is stored in the cytoplasm 
as pro-IL-l a. or, after being phosphorylated or myristoylated, 
in a membrane-bow1d form. Wherea~ both pro-IL- Ia. and 
membrane-bound IL-l a. arc biologically actlvc, pro-IL- l~ is 
devoid of biologic activi ty. Pro-IL-l a. is converted to the mature 
peptide by calpain and otl1er nonspecific extracellular proteases. 
Pro-IL- l~ is cleaved to its mature active form by a speci6c 
intracellular cysteine protease called fL-1~ converting enzyme 
(ICE) or caspase-1. Like IL-l ~, ICE-caspase-1 is stored in cells 
in an inactive form and must be proteolytically cleaved to 
become enzymatically active. 

Trru1sgenic mice deficient in ICE-caspase-1 are resistant to 
cndotoxlc shock and manifest aJl impaired ability to mount a 
local in8anliDatory response to intraperitoneal zymosan, a 
known inducer of sterile peritonitis. ln contra~t. ICE-caspase-1 
knockout mice manifest i11creased susceptibility to i11fections 
caused by various patl1ogens, including E coli, Shigeflil jlexneri, 
SalmoneUa typhimurium, Listeria monocytogmes, and Candida 
albicttns. Taken together, these data suggest tl1at ICE-dependent 
processes, including secretion of the mature forms of Il- l ~ and 
tl1e rdared cyrokine, IL-18 (see later) , are important for host 
defense against microbial infection but also are crucial for the 
pathologic manifestations of poorly controlled i111lrunmation.21 

Various ICE-like enzymes, the caspases, have been i.dentilied as 
being importa11t mediators of the process of programmed cell 
death, or apoptosis. A special form of apoptosis, called pyrop
tosis, can occur within minutes after macrophages are infected 
with certain intracellular pathogens. Pyroptosis is an ICE
dependent process. 

The activation of ICE-caspase-1 can be triggered i.n cells 
by the formation of a molecular complex called the inflanlma
some.~ 1 lnflammasomes are oligomeric complexes, whlcb are 
composed of ICE-caspase-1 as well as various members of the 
NLR fanilly of PRRs called NALPs (NACHT domain leudne
ricll repeat and P YD-containing protein) and an adapter protein 
called ASC (a poptosis-associated specklike protein con taining a 
CARD). Assembly of the inflan1rnasome, which in many cases 
is triggered when an NLR family member senses the presen ce 
ofPAMP molecules and ultimately leads to ICE-caspase-1 acti
vation and secretion ofiL- 1~ (and IL-18). lnflammasomes that 
contain a particular NALP (NALP3), can activate I CE-caspase- l 
in response to a wide variety of unrelated compounds, including 
certain toxins, high concentrations of adenosine triphosphate 
(ATP), and crystals of monosodium urate (the mineral-like 
structures that are associated with gout). Alum, the adjuvaJlt 
used in most vaccines to enhance immune responses to antigens, 
also has been shown to induce activation of the NALP3 infianl
masome. All these compounds can lead to ICE-caspase-1 activa
tion and secretion of IL-l ~ and the related cytokincs, LL-18 and 
Tl-33. 

The marure 17 -kDa form of IL-L~ lacks a secretory signal 
peptide and is not secreted via the classic exocytic pathway used 
for the secretion of most proteins (including most other cyto
kines:) from cells. ICE-dependent processing of pro-IL-l~ and 
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the secretory step appear to occur at the same time. Secretion of 
the leaderless mature peptide apparently occurs through the 
action of a specific transporter called ABC!, which can be inhib
ited by the oral hypoglycemic agent glyburide. 

Similar to the other members of the TL-1 family, IL-lRA 
can be produced by a variety of cell rypes. However, unlike 
IL- Ia and IL-1[3, IL-IRA is synthesized with a leader peptide 
that allows normal secretion of the protein. A specialized form 
ofiL-lRA, intracellular IL-lRA, is synthesized without a leader 
peptide sequence and therefore accumulates intracellularly in 
certain cell types. In some tissues, such as intestinal epithelium, 
the formation of intracellular IL-lRA may serve a cotmterregu
lawry fi.u1cdon to limit inflanm1ation and thereby confer 
mucosal protection. Moreover, an imbalance between the pro
duction of IL- l and I L-1 RA may promote tl1e development of 
chronic inflan1ll1ation in certain pathologic conditions, such as 
Crohn's disease. Cellular production ofiL-1 and IL-lRA is dif
ferentially regulated. Certain cytokines, notably IL-4, IL-10, and 
IL-13, serve as anti-inAan1matory mediators, in part by promot
ing the synthesis of lL-lRA. IL-6, although not usually consid
ered an anri-in.flarnmatory cytokine, is also capahle of triggering 
the production of IL-IRA. 

The importance of fL-1[3 as a proinAammatory cytokine 
and IL-lRA as an anti-inAammatory cytokine is emphasiz.ed by 
experiments using transgenic mouse strains deficient in IL-lRA, 
IL-l<X, IL-1[3, or both lL-l<X and JL-1[3 (double knockout 
mice). In these studies, IL-l <X knockout mice were able to 
mount a normal inflammatory response, whereas the IL-1[3 
knockout animals marlifested an in1paired ability ro mount a 
normal iJlAammatory response. Ln contrast, mice functionally 
deficient in IL-IRA manifested aJ] exaggerated response to a 
systemic proinflammatory stimulus (intraperitoneal injection of 
turpentine). 

There are two distinct IL-l receptors, IL-lRl and IL-l RTI. 
IL-lRl is an 80-kDa transmembrane protein with a long cyto
plasmic tail. In contrast, IL-lRII, a 60-kDa protein, has only a 
very short cytoplasmjc tail and is incapable of initiating intracel
lular signaling. As a consequence, IL.lRII is actually a decoy 
receptor that serves a counterregulatory role by competing with 
IL-l Rl, the fu Uy functional IL-l receptor, for IL-l in the extra
cellular space. IL-l Rl is present on a wide variery of cell types, 
iJlduding T cells, endothelial cells, hepatocytes, ru1d fibroblasts. 
IL-L Rll is the predominru1c IL-l receptor found on B cells, 
monocytes, and neutrophils. 1l1e extracellular domains of 
IL-lRl and IL-lRll are shed by activated neutrophils and 
monocytes. The shed receptors can act as a sink for secreted IL.l 
and, thus, along with fL-1 RA, represent an important counter
regulatory component of the in.flammatory response. 

IL-lRT is a member of the IL-IR-TLR superfan1ily of 
receptors. 1l1e cytoplasmic portions of alJ tbe members of this 
superfamjly of transmembrane proteins are bomologous and are 
called Toll IL-l receptor (TIR) domains. In contrast, the extra
cellular domains fall into two main subdivisions. In one subdivi
sion, the extracellular portion of the molecule contains three 
immunoglobtLiin-Like regions and is homologous to the struc
ture of IL-lRl. In the other subdivision, which includes tbe 
TLRs, the extracellular domain contains leucine-rich repeats. 

Because the cytoplasmic TIR domains of the TLRs are 
homologous to the cytoplasmic region oflL-lRI, it is not sur
prisiJlg that some shared mechanisms are responsible for down
stream signaling (Figs. 4-3 and 4-4). ln the MyD88-dependent 
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FIGURE 4-3 Simplified representation of the intracellular signal trans
duction steps, which are initiated by the binding of ll-1 to its recep
tor. There are two ll-1 receptors. ll -1 Rl and ll-1 Rll. Only ll-1 Rl 
participates in s ignal transduction, and signaling via this receptor 
requires the participation of another transcytoplasrnic protein, 
ll-1 RAcP. The interaction of ll-1 with ll-1 Rl and ll-1 RAcP leads to the 
formation of a trimolecular complex, which in tum results in the 
docking of yet another protein, IRAK-1. As a result of its interaction 
with My088, IRAK-1 is phosphorylated and activates another signal
ing protein, TRAF6. The IRAK-TRAF6 complex activates va rious down
stream kinase cascades, ultimately leading to the activation of key 
transcription factors, such as NF-KB, and transcriptional activation of 
various Il- l-responsive genes. 

pathway, an adapter protein, myeloid differentiation primary 
response factor 88 (MyD88), links the receptor to another 
protein called IL-l receptor-associated kinase 1 (IRAK-1). On 
hinding of the ligand to the TLR (or IL-lRI), IRAK-1 is phos
phorylated ru1d dissociate.~ from the receptor complex, thereby 
allowing it to interact with another signaling protein, TNF 
receptor- activated factor 6 (TRAF6). This process results in the 
activation of nuclear factor KB (NF-KB), a pivotal proiJ1.flamma
tory transcription factor, as well as the phosphorylation signaling 
cascades involving mitogen-activated protein kinases (MAPKs). 

In the case of activation of this signaling pathway by the 
binding oflL-1 ~ to IL-l RI, the ligand-receptor interaction does 
not inltiate signal transduction without the association of 
aJJother transcytoplasmic protein called IL-l receptor accessory 
protein (fL-1RAcP). Interestingly, rbe interaction of IL-18 
(stwcturally related to fL-1) wirh IL-18R (anorher member of 
the IL-l R-TLR superfamily) does not trigger downstream 
signal trru1sduction withour tbe cooperation of a similar acces
sory protein called IL-18RAcP (or AcPL). 

LPS can still activate MAPKs ru1d NF-KB in macrophages 
derived from MyD88 knockout mice, although this activation 
occurs in a temporally delayed fashion.22 This finding indicates 
that the interaction of LPS with TLR4 must be able to initiate 
MyD88-dependent and MyD88-independent signaling path
ways. LPS-TLR4-induce;;d signalli1gvia theMyD88-independent 
pathway requires the adaptor proteins, TIR domain-containing 
adapter-iJlducing interfcron-P (TRIF) and TRl_F-rclatcd adaptor 
molecule (TRAM), and leads to the activatiOJ1 of the transcrip
tion factor, interferon regulatory factor 3 (IRF3). Trru1slocation 
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FIGURE 4-4 Simplified representation of the intracellular signal 
transduction steps, which a re initiated by the binding of the 
microbial product, LPS, to TLR4. The interaction of LPS with TLR4 
requires several extracellular accessory proteins-LBP. C0 14 (a 
glycophosphoinositol-anchored cell surface recepto r), and MD2. After 
assembly of the extracellular LPS-LBP-CD14-TLR4-MD2 complex, sig
naling can follow two different pathways. In the more immediate 
My088-depende nt signaling pathway, an adapter protein, My088, 
links the intracellular portion ofTLR4 to other adaptor proteins called 
IRAK-1 and IRAK-4. Phosphorylation of IRAK-1 allows it to d issociate 
from the receptor complex, thereby permitting it to interact with 
another signaling protein, TRAF6. This process results in the activatio n 
of NF-KB, a pivotal proinflammatory transcription factor, as well as 
signaling cascades involving MAPKs.6 In the more delayed My088-
independent pathway, the adapter proteins, TRIF and TRAM, lead to 
the activation of the serine-threonine kinase, TANK-binding kinase 
(TBK) 1, which leads to the activation of the transcription factor, I RF3. 
After phosphorylation, IRF3 forms a complex with cydic adenosine 
monophosphate (cAMP) response element-binding (CREB) protein
binding protein (CREBBP), and this complex translocates to the 
nudeus, leading to the transcription of the genes for IFN-<X and IFN
f3, as well as oth.er inte rferon-induced genes. The association of TRIF 
with the TIR domain of TLR4 also leads to the activation of NF-KB via 
pathways, which involve TRAF6 as well as another adapter protein 
called RIP1 (not shown). 

of activated IRF3 to d1e nucleus leads to transcription of the 
genes for IFN-a and IFN-~. 11Je association ofTRlF witb tbe 
TIR domain ofTLR4 also leads to the activation ofNF-KB via 
pathways dlat involve TRAF6 and anotber adapter protein 
called RIP I . 

The transcription factor, NF-KB, plays a central role iJl the 
orchestration of the inflammatory response. 1l1.e Nobel Laure
ate, David Baltimore, originally identified NF-KB as a nuclear 
traJ1Scription factor involved in the activation of transcription 
of K ligbt chain immunoglobulin genes in B lymphocytes. Sub
sequendy, NF-KB has been shown co regulate the transcription 
of more man 150 genes, particularly those related to inflamma
tion, such as TNF, IL-6, IL-8, cydoo.ll:ygenase-2 (COX-2), 
inducible nitric oxide syntha~e (iNOS), and LBP. The 
transcriptionally active form of NF-KB is a homo- or hetcrodi
mer comprised of various proteins belonging to the NF-KB 
family. In mammals, mese proteins include RelA-p65, c-Rel, 
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FIGURE 4-5 Simplified representation of the canonical pathway. 
leading to activation of the transcription factor NF-KB. In resting cells. 
the heterodimers, consisting of the NF-KB subunits pSO and p65, exist 
in the cytoplasm in an inactive form because of binding by a third 
inhibitory protein, IKB. On stimulation of the cell by a proinflammatory 
trigger (e.g., TNF, IL-l , or LPS), upstream signaling events lead to the 
phosphorylation of IKB on two key serine residues. Phosphorylation 
of IKB targets the molecule for ubiquitination and subsequent pro
teosornal degradation. Phosphorylation of IKB is mediated by a n 
enzyme complex called IKB kinase (IKK), which contains two catalytic 
subunits, IKKa and IKKJ3, as well as two copies of a regulatory scaffold 
protein called NF-KB essential modulator (NEMO). Phosphorylation 
and subsequent degradation of IKB permit tra nslocation of tra nscrip
tionally active p50-p65 hete rodimers into the nudeus. Binding of the 
transcription factor to cis-acting elements in the promoter regions of 
various NF-KB-responsive genes leads to transcription and ultimately 
translation of various proinflammatory proteins. 

NF-KBl (p50-pl05), NF-KB2 (p52-pl00), and RelB. The most 
abundant form of NF-KB in many cell types is a heterodimcr 
consisting of p65 and p50, ru1d NF-KB is often loosely used to 
merut this particular entity. 

I11 resting cells, the homo- or heterodimeric fom1s of 
NF-KB exist in ilie cytoplasm in an inactive form caused by 
binding by a third inhibitory protein, called IKB. In maJnmaUaJl 
species, five lKB-Like proteins have been identified-IKB<X, 
IKB[3, IKBy, IKBe, and Bd-3. Several pathways exist for the 
activation of NF-KB-depcndenr signaling. Only the so-called 
canonical pathway will be described here (Fig. 4-5). On stimu
lation of tbe cell by a proinAan1matory trigger (e.g., TNF, [L-1, 
or LPS), lKB is phosphorylated o n two key serine residues 
(Ser32 and Ser36), which targets the molecule for ubiquitination 
ru1d subsequent protcosomal degradation. Phosphorylation of 
IKB is mediated by an enzyme complex called IKB kinase (IKK) 
that contains two catalytic subunits, fKK<X and fKK~, as well 
as two copies of a regulatory scaffold protein called NF-KB 
essential modulator (NEMO) or, alternatively, lKKy. Pbospbor
ylation and subsequent degradation ofiKB permit translocation 
of me transcriptionally active form o f NF-KB into the nucleus 
ru1d subsequent bindjng of the trru1scription factor to cis-acting 
clements in the promoter regions of various NF-KB-responsive 
genes. 
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IL-l is an extremely potent mediator. Injecting healthy 
humans with as li ttle as 1 ng/kg of recombinant IL- I P induces 
symptoms. Many IL-l- induced physiologic effects occur as a 
result of enhanced biosynthesis of other inflammatory media
tors, i11duding prostaglandin E2 (PGE2) and NO .. 1l1t1s, IL-l 
increases rhe expression of rhe enzyme COX-2 in many cell 
types, cl1ereby leadi.ng to increased production ofPGE2. IL-l
induced hyperthermia is mediated by enJ1anced biosynthesis of 
PGE2 within tne centraJ nervous system (CNS) and can be 
blocked by the administration of COX inhibitors. IL-l induces 
the enzyme iNOS in vascular smooth muscle cells and in other 
cell types. Induction of iN OS, which leads to ulCreased produc
tion of the potent vasodilator NO- in the vascular wall, probably 
plays a key role in mediating hypotension triggered by the pro
duction oflL-1 and other cytokines released in response to LPS 
or other bacterial products. 

Elevated circulating concentrations of IL- l P have been 
detected in normal humru1 volwlteers injected with tiny doses 
of LPS and iJl patients with septic shock. However, in subjects 
with acute endotoxemia or septic shock, circuJatu1g concentra
tions of IL-l P are relatively low in comparison to levels of od1er 
cytokines such as IL-6, IL-8, and TNF. [n contrast, in normal 
subjects iJ1jected wicl1 LPS and in patients with sepsis or septic 
shock, circulatmg levels ofll.rl RA increase substantially and, in 
some studies, have been shown to correlate wi th the severity of 
disease. Plasma levels of IL-lRII also increase d.ran1atically in 
patients with seri!ous infections. Although circulating concentra
tions of IL-l P tend to be relatively low in patiems wid1 sepsis, 
local concemrations of the cyrokine can be elevated in patients 
wim sepsis or related conditions, such as ARDS. 

Tumor Necrosis Fador 
TNF was initially obtained &om LPS-challenged animals and 
identified as a serum factor that was capable of ki lling tumor 
cells in vitro and causu1g necrosis of transplru1table tumors in 
mice. The gene coding for me protein was ~equenced and cloned 
shortly therea&er. At about the srune time, ru1other protein, 
cachectin, was identified in supernarants from LPS-stimulated 
macrophages on the basis ofits ability to suppress the expression 
of.lipoprotein .lipase and other anabolic hormones iJ1 ad.ipocytes. 
TNF an.d cachectil1 were later demonstrated to be the same 
protein. Administration of a large dose of TNF-cad1ectin to 
mice was shown ro induce a led1al shocklike state remarkably 
sinlilar to that i.J1duced by the injection of LPS, and passive 
immunization with antibodies to TNF-cachectil1 was shown to 
protect mice from endotoxin-induced mortality. Thus, a modern 
version of Kod1's postulates was satisfied, and T NF-cachectin 
was identified as a pivotal mediator of endotoxic shock in 
aninlals. Gradually, the name cachectill was abandoned; me 
nan1e TNF bas survived.. TNF is sometimes called TNF-c:x 
because it is stwcturally related to anod1er cytokine that was 
originally called TNF-P but is now generally referred to as lym
photoxin c:x (LT-a). TNF ru1d LT-c:x arc both members of a large 
family of ligru1ds mat activate a corresponding family of struc
turally similar receptors. Other members of me TNF fan1ily 
include Fas ligand (FasL), receptor activator of NF-KB ligand 
(RANKl), CD40 ligru1d (CD40L) ru1d TNF-related apoptosis
iJ1duciJ1g ligand (TRAIL). Although cells of the monocyte
macrophage lineage are ilic major sources of TNF, omer cell 
types, including mast cells. keratinocytes, T cells, and B cells, 
are also capable of rdeasutg me cyrokine. A wide variety of 
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endogenous and exogenous stm1uli (e.g., alarmins and PAMPs) 
can trigger induction ofTNF expression. LT-c:x is produced by 
lymphocytes and NK cells. 

TNF is iJ:Utially synthesized as a 26-kDa cell surface
associated molecule anchored by an N-terminal hydrophobic 
domain . 1l1is membrane-bound form ofT NF possesses biologic 
activity. The membrane-bound form ofTNF is cleaved to form 
a soluble 17-kDa form by a specific T NF converting enzyme 
that .is a member of the matrix metalloproteiJ1ase family of pro
teins. Like most of me omer members of the TNF fan1ily of 
ligands, me soluble form of TNF exists as a homotrimer, a 
feature that is important for the cross linking and activation of 
TNF receprors. 

TNF and LT-c:x are both capable ofbind.i11g to two different 
receptors, TNFRl (p55) and TNFR2 (p75). Both mese recep
tors, like other receptors in the TNF receptor family, are trans
membrane proteil1s that consist of two identical subunits. The 
extracellular domains of TNFRl and TNFR2 are relatively 
homologous and manifest similar affinity for TNF, but the cyto
plasmic regions of the two receptors arc distinct. Accordingly, 
TNFRI and TNFR2 signal ilirough different padnvays. Both 
receptors are present on most cell types except erythrocytes, but 
TNFRl tends to be quantitatively dominant on cells of non
hematopoietic IIDeage. 

The precise functions of the two TNF receptors remain to 
be elucidated. Nevertheless, considerable information about the 
roles of TNFRl and TNFR2 bas already been gleaned from 
experirnents usiJ1g genetically engineered strailts of mice lacking 
one or me other or born of the TNF receptors. TNFRI knock
out mice are relatively resistant to LPS-iJ1duced lethality 
but manifest increased susceptibility to mortality caused by 
infectiCln with the intracellular pathogens L. monocytogenes and 
S. typhimurium. TNFR2 knockout mice are relatively resistant 
to lethali ty induced by large doses of recombinamTNF but have 
an exaggerated circulatu1g TNF response and manifesr exacer
bated pulmonary ulllanlmation after intravenous (IV) cl1allenge 
with LPS. Double knockout mice deficient in both TNFRI and 
TNFR2 are phenotypically similar ro mice lacking onlyTNFRl . 

Most of cl1e members of the TNF family of Ligru1ds are 
involved primarily in the regulation of cellular proliferation or 
cl1e converse process, programmed cell death (apoptosis). For 
exan1ple, interaction of FasL with cl1e Fas receptor is essemial 
for the normal process of apopcosis in T lymphocytes. TNF itself 
is somewhat diffe.rent from other members of cl1e TNF fanllly 
of ligands in that it is bod1 an initiator of apoptosis and a potent 
proinAammatory mediator. Activation of in Arunmation byTNF 
depends, at least in part, on activation of the rrru1scription factor 
NF-KB. Because activation ofNF-KB tends to suppress apopto
sis, it is generally necessary to suppress d1e synthesis of new 
proteins to observe TNF-med.iated induction of apoptosis. 

TNF-med.iated signaling is initiated by trm1erization of 
recepror subunits. The subsequent downstreru11 events involved 
in TNF-mediated signaling arc different for the two TNF recep
tors because d1e cytoplasmic domains for TNFRl and. TNFR2 
are distinct. After ligru1d-induced trimeri7..ation of TNFRl, the 
first p roteiJ1 recruited to the receptor complex is TNFRl 
associated death domain protein (TRADD). Subsequently, 
rbree more proteins are recruited to rhe recepror complex: 
receptor-interacting protein 1 (RlPI), Fas-associated death 
domain protein (FADD), and TNF receptor-associated factor 2 
(TRAF2). When TNFR2 is trimerized after association of the 
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Ligand with the receptor, TRAF2 is recruhed directly. TRAFl 
then associates with TRAF2. The cytoplasmic domains of Fas, 
TNFRl, FADD, and TRADD all share a highly conserved 
sequence ofappoximatdy 80 amino acids called the death domai11, 
which seems to serve as a mediator of critical protein-protein 
imeractions involved in Fas- a11d TNFRI-mediaced signaling. 

The downstrea111 events leading to the activation of ca.~pases 
(i.e .• apoptosis) or gene tra11scription (i.e., inflaJ1Ul1ation) after 
recruitment of TRADD, TRAF2, or both are exceedingly 
complex. A deliberately oversimplified model is depicted in 
Figure 4-6. In the proapoptotic paclnvay, TRADD interacts with 
FADD, which in rum interacts with a protein called caspase-8 
(also known as Fa~-associated death dornaiJ1-Ilke IL-lP convert
ing enzyme [FLICE]), cl1e proximal element in tbe caspase 
cascade leading to programmed cell death. In the proinAamma
tory pathway induced by activation of TNFRl or TNFR2, 
TRAF2 plays a central role in ilie early events d1at lead to acti
vation ofNF-Kl3 a11d two important MAPK pathways- naJnely, 
rllose involving cl1e proteins p38 MAPK and c-jw1 N-terminal 
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FIGURE 4-6 Simplified view of intracellular signal transduction events 
initiated by TNF binding to its cellular receptors. There are two TNF 
receptors, TNFRl and TNFR2. Both receptors are homodimeric trans
membrane proteins. Although TNFRl and TNFR2 are capable of ini
tiating signal transduction, different pathways are involved. After TNF 
binds to TNFRl , a number of proteins, induding RIP, FADD, and 
TRADD, associate with the receptor. The intracytoplasmic tail ofTN FR 1 

and portions of these other signaling molecules share a highly con
served sequence of approximately 80 amino acids, called the death 
domain. Homotypic interactions among the death domains of these 
various proteins are essential for the formation of the functional 
signaling complex. After docking to the receptor complex, TRADD 
recruits other proteins (e.g~ TRAF2 and MADD), whidl in tum initiate 
protein kinase pathways leading to the activation of the nudear 
transcription factor NF-KB and the protein kinase JNK. TRAF2 can also 
interact with TNFR2. Association of FADD with the TNFRl receptor 
complex leads to the activation of the proteolytic enzyme caspase-8, 
whidl is the proximal element in a signaling cascade leading to 
apoptosis (programmed cell death). 

kinase ONK). Ovcrexprcssion ofTRAF2 in engineered cells is 
sufficient to activate signaling pathways k.-ading to the activation 
of NF-KB, as well as a11other proinAammatory transcription 
factor, activator protein-I (AP-1). By triggering the association 
of FADD with d1e receptor complex, rlle interaction of FasL 
with Fas lead~ directly to the induction of apopcosis, whereas 
recruitment of FADD to the TNF-TNFRJ receptor complex 
rcqui.res a11 adaptor protein, TRADD, and thus initiates apop
totic processes less directly. Furthermore, cl1e FasL-Fas interac
tion does not lead co activation of NF-KB, whereas signaling 
through NF-KB CaJl apparently be initiated by TNF duough 
more chan one pathway (TRAF2 and RIPl). 

The extracellular domaiJlS ofTNFRl and TNFR2 are con
stitutively released by monocytes, and release of these soluble 
receptors is markedly increased when the cells are activated by 
LPS or phorbol ester. Both soluble TNFRl (sTNFRl) and 
sTNFR2 are present at low concentrations in ilie circulation of 
normal subjects. ln patients with sepsis or septic shock, circulat
ing l.evels of sTNF-Rl and sTNF-R2 increase significantly. 
Higher concentrations portCJld a worse prognosis. When present 
in great mol.ar excess, sTNF receptors can inhibit tbe binlogic 
effects ofTNF. However, when present at lower concentrations, 
sTN F receptors CaJl stabilize the cytokine and potentiaU}' 
augment some of its actions. 

The an1ount ofTNF produced in response to a proinflaJn
matory stimulus, such as exposure of cells co LPS, is determined, 
in part, by i11herited differences (polymorphisms) in noncoding 
regions of the TNF gene. For example, if rlle base at position 
-308 in rlle TNF promoter is adeJline (A), in vitro spontaneous 
and stimulated TNF production by monocyces is greater rllan if 
the base at this posicion is guanine (G). The more common 
allelic form of the TNF gene (TNFI) has guanine at position 
-308, whereas the less common allele (TNF2) has adenine at 
this position. Some studies have suggested that presence of the 
TNF2 allele markedly increases the risk for mortaHty in patiems 
with .septic shock, although other data dispute tllis notion. Inter
estingly, a G to A substinttion at posicion +250 in the LT-a gene 
is similarly associated with increased production of TNF by 
stimulated mononuclear cells, and patients carryi11g tlus atlele 
are also at higher risk for mortality from septicshock.ln patients 
with commwlity-acquired pnewnonla (a relatively homoge
neous population of patients with infection), the risk for devel
opment of septic shock is greatest for those who are homozygous 
for me so-called high TNF secretor genotype (i.e., AA) at posi
tion +250 in the LT-a gene.'-3 Data such as these suggest that 
genotyping of patients may prove to be valuable in rlle coming 
years for tailoring anticytokine and other forms of adjuvant 
therapy for critically ill patients. 

lntel'leukin-1 and Tumor Neaosis Fador 
as Targets for Anti-Inflammatory 
Therapeutic Agents 
In view of the central importance of IL-l and TNF as mediators 
of tl1e inflammatory response, investigators have regarded block
ing d1e production or the actions of cl1ese cytokines as a reason
able strategy for treating a variety of conditions associated with 
excessive or poorly controlled inflan1mation. Alrllough clearly 
different in many respects from sepsis in humans, the shocklike 
syndrome induced in rodents by injecting LPS rv or intraperi
toneally has served as a useful paradigm for evaluating various 
aJlti-inAaJnmacory strategies. ln this model system, survival is 
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improved when animals are treated with any one of a variety of 
different pharmacologic, immunologic, or genetic strategies that 
block the release ofTNF or prevent this cytokine from interact
ing with its receptors after it is released. To a lesser extent, the 
same statement also applies to IL-l. 

Glucocorricoids are a broad-specuum and nonselective 
way to block IL- l - or TNF-mediated proinflammatory effects. 
As our understandil1g of the role of cytokines as mediators of 
inflammation has progressed, newer and more specific pharma
cologic anti-inflammatory strategies have been developed and 
evaluated as adjwlctive therapy for the treatment of sepsis in 
placebo-controlled prospective d inlcal trials. Unfortunately, 
results in these trials were disappointing. Positive results were 
obtained in only a single study, an open-label trial of recombi
nant IL- l RA that enrolled a relatively smaU nw11ber of patients. 
With the exception of this study, none of the agents tested sig
ni£cantly improved survival. L1 one trial, treatment of septic 
patients with a so-called fusion protein incorporating tbe extra
cellular domain o fTNFR2 resulted iJ1 increased mortality, par
ticularly in patieJlts with gram-positive infection. 

Despite d1e negative results ohtained in sepsis trials, several 
agents designed to neutralize the effects of secreted TNF or 
IL-lP have significant clinical efficacy iJ1 other important 
inflammatory conditions such as Crohn's disease and rheuma
toid arthritis. lnAiximab, a monoclonal anti-TNF antibody, has 
been FDA-approved for administration to patients to provide 
long-term remission level control of the debilitating symptoms 
of Crohn's disease. ln£iiximab was approved for use, in combi
nation with methotrexate, to reduce the signs and symptoms, 
iJ1hibit the progression of structural dan1age, and improve phys
ical fw1etion in patients with moderately to severely active 
rheumatoid arth ritis who have bad an inadequate response to 
methotrexate. Adalimumab, another monoclonal ami-TNF 
antibody, was FDA-approved for administration with or 
without methotrexate to patients wi tl1 rheumatoid arthritis to 
ameliorate symptoms and disability. Etanercept, the TNFR2 
fusion protein evaluated w1successfully for tbe treatment of 
sepsis, has been FDA-approved for the management of psoriatic 
arthritis. It can reduce d1e signs and symptoms and inhibit the 
progression of structural damage in patients with moderately to 
severely active rheumatoid arthritis, as well as reduce the signs 
and symptoms in patients 4 years of age and older with moder
ately co severely acdve polyarticular-course juvenile rheumatoid 
arthritis. Anakinra (recombinant human !L-IRA) was FDA
approved for administration alone or with other drugs (except 
TNF-modifying agents) to reduce the symptoms and modify 
d1e progression of structural dan1age in patiems with moderate 
or severe rheumatoid arthritis who have failed one or more 
other disease-modifying antirheumatic drugs. TNF expression 
is upregulated in patients with severe asd1ma, ru1d etanercept 
has heen shown to decrease bronchial hyperreactivity in this 
condition.24 1l1Us, cytokine-specific approaches to managing 
inflammatory conditions have moved from the research bench 
to tl1e clinic ru1d occupy an important role in the dinlcal man
agement of connmon clinical conditions, even d1ough this 
approacl1 has not yet proven its efficacy for the treatment of 
sepsis and septic shock. 

The network of cytokiJles associated with the inflan1matory 
response interacls at multiple points with ruwther component 
of the host's defense against iJljury and infection, d1e coagulation 
system. Thrombosis and coagulation help contain the invadiJ1g 
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organisms to a Limited area. TNF, IL-l, and IL-6 (as weU as some 
other proinflammatory cytokines) can activate the extrinsic 
pathway of coagulation, in part by promoting expression of 
tissue factor (TF), a transmembrane 45-kDa protein, on endo
thelial cells and monocytes. In addition, these cytokines also 
downregulate the expression of an important endogenous inhib
itor of coagulation, thrombomodulin, on the surface of endo
thelial ccUs. 1l1us, TNF. fL-1. ru1d IL-6 promote activation of 
the coagulation cascade. Numerous studies have documented 
that the extrinsic coagtdation patl1way is activated in patients 
with sepsis, even in the absence of frrulli, clinically evident dis
seminated intravascular coagulation (DIC). 

Key componenrs of d1e coagulation cascade are a group of 
proteins that ftmction as endogenous anticoagulants and dllls 
help provide counterregulatory balance to the system. It is there
fore noteworthy that the inflammatory response leads not only 
to TF-m ediated activation of coagulation but also to downregu
lation of these natural anticoagulant pathways. l11e result is a 
hypercoagulable state tl1at in its most severe form is character
ized by DIC. 

Three major anticoagulru1t pamways exist and aU cru1 he 
inhibited by tl1e inflammatory cascade--antithrombin, the 
protein C system, and tissue factor padw,ray inhibitor (TFPI). 
Antithrombin is a serine protease inhibitor that antagonizes 
thrombin ru1d factor Xa. During severe inAammatory responses, 
ru1tithrombin levels are markedly decreased as the result of con
sumption, impaired synthesis (negative acute phase response), 
and degradarion by elasmse &om activated neutropiUJs. 

Protein C is activated by thrombin bound to thrombo
modulln. During systemic inflanJmation, protein C levels are 
reduced because of in1paired synthesis and degradation by 
neutrophil d asmse. Furthermore, the protein C system is 
inhibited by TNF- and IL- Lj}-mediated decreases in the 
expression of thrombomodulin. In addition to its role in regu
lating coagulation, the protein C system also modulates d1e 
inflammatory response. Activated protein C binds co the 
endothelial protein C receptor. Activation of this signaling 
pathway inhibits iPS-induced NF-KB nuclear translocation 
ru1d thereby iJ1hibits secretion ofTNF, [L-Ip, IL-6, and IL-8 
by endothelial cells. 

C irculating levels of protein C decrease in patients with 
severe sepsis or septic shock, and a marked deficiency of 
protein C iJ1 these patients is a prognostic indicator for an 
unfavorable outcome. Various strategies to inhibit excessive 
activation of the coagulation system have been extensively 
evaluated in animal models of endotoxemia and sepsis and in 
clinical trials. One of these approaches, the administration of 
recombinant human activated protein C, also caiJed drotreco
gin alfa (activated), was shown iJ1 a large multicentric random
ized clinical trial to improve survival signi£cantly in patients 
wid1 severe sepsisZ\ it was FDA-approved for this indication. 
Because it is a protein, whicl1 inhibits coagulation, administra
tion of drotrecogin alfa (activated) can be associated with 
bleeding comp1ications.26 Furd1ermore, its administration was 
not fo lrnd to be beneficial for septic patients widJ an Acute 
Physiology and Chronic Heald1 Evaluation [l (APACHE 0) 
score less than 25, postoperative patients with single-organ 
system dysfunction,r or pediatric patients witl1 severe sepsis.18 

Prompted by concerns about the safety ru1d efficacy of the 
recombinant protein, the European Medicines Agency (EMEA 
[European equivalent of the FDA]) threatened to withdraw its 
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approval of drotrecogiJJ alfa (activated) unless a second (post
marketing) pivotal trial yielded positive findings. This trial is 
currently in progress. 

lnterleukin-6 and lnterleukin-11 
TL-6 and 1 L-11 warranr consideration rogether because along 
with several other proteins (e.g., oncostatin M), these cytokines 
usc a specific transmembrane protein, gpl30, for receptor func
tion. JL.6 consists of 184 amino acids plus a 28-amino acid 
hydrophobic signal sequence. The protein is variably phosphor
ylated and glyoosylated before secretion. IL-11 is translated as a 
precursor protein containing 199 amino acids, including a 21-
amino acid leader sequence. 

Like IL- l and TNF, IL-6 is a pluripotent cytokine, which 
is intimately associated with tl1e inflammatory response to injury 
or infection. fL-6 can be produced not only by immu11ocytes 
(e.g., monocytes, macrophages, lymphocytes) but also by many 
other cell types, including e11dothelial cells and intestinal epi
tl1elial cells. Factors known to induce the expression of 11.-6 
ilJdude IL-l, TNF, platelet-activating factor, LPS, and reactive 
oxygen metaholites. The promoter region of roe IL-6 gene 
contains functional elements capable of binding NF-KB, as well 
as another important transcription factor, CCAAT (cytidine
cytidine-adenosine-adenosille-roymidine)/enllancer bindillg 
protein (C/EBP) , previously called NF-IL-6. The celluJar and 
physiologic effects of JL.6 are diverse and include induction of 
fever, promotion of B cell maturation and differentiation, stim
ulation ofT cell proliferation and differentiation, promotion of 
differentiation <>f nerve cells, stimulation of ilie hyporoalamic
pituitary-adrenal axis, and induction of the syniliesis of 
acute-phase proteins (e.g., C-reactive protei11) by hepatocytes. 
Plasmacytosis and hypergan1maglobulinemia develop in trans
genic mice that overexpress IL-6. Conversely, IL-6 knockout 
mice have an impaired acute-phase response to inflammatory 
stinmli, abnormal B cell maturation, deficie11t mucosal immu
noglobulin A (IgA) production, and impaired host resistance to 
tl1e intracellular pamogen L. monocytogenes. In otl1er murine 
models of inflammation, the effects of genetic fL-6 deficiency 
have proven to be highly variable. for exan1ple, in a muri11e 
model of acute pancreatitis induced by repetitive injections of 
ceruJein, inflan1111ation was exacerbated in IL-6 knockout mice 
as compared with wild-type controls, a finding that emphasizes 
the ami-inflammatory effects of IL-6.29 L1 contrast, i11 a muri11e 
model of he1norrhagic shock and resuscitation, JL.6 knockout 
mice exhibited less pulmonary in.Ban1mation and lung and gut 
mucosal injury man wild-type controls, fi ndings that emphasize 
the proinflan1matory effects of IL-6.30 Although IL-6 knockout 
mice were not protected from the lethal effects of sepsis, treat
ment of septic wild-type mice with a carefully calibrated dose of 
an anti-JL.6 antibody improved survival. 

IL-11 is expressed in a variety of cell types, including 
neurons, fibroblasts, and epithelial cells. Although constitutive 
expression of IL-11 can be detected i11 a range of normal ad u It 
tissues, expression of IL-ll can also be up regulated by IL-l, 
TGF-~, and other cytoklnes or growth factors. Regtdation of 
IL-l t expression is under transcriptional and translational 
control. From a fw1ctional standpoint, IL- t I is a hematopoietic 
growth facror with particular activity as a stimularor of mega
karyocytopoiesis and thrombopoiesis. JL.ll can also interact 
wi th epithelial cells in the gast rointestinal tract a11d inl1ibit the 
proliferation of enrcrocytic cell lines i11 vitro. 

The mechanisms whereb}' IL-6- or lL-11-induced signals 
are transduced in target cells have been studied extensively: 
Activation of target cells via the IL-6 or IL- 11 receptor com
plexes requires the cooperation of two distinct proteins. L1 the 
case ofJL.6, the ligand-binding subunit is ca!Ied JL.6R, whereas 
in the case ofiL-11, the ligand-binding suhunit is called IL- 11 R. 
For born receptors, a distinct protein called gp 130 is required 
for signal tra11sduction. ImracciJular signal transduction involves 
association of the IL-6-IL-6R complex or roe IL-11-IL-llR 
complex with gpl30. Din1erization of gpl 30 leads to down
stream signali11g via members of the JAK fanllly of protein 
tyrosine kinases. JAK kinase activation in turn leads to phos
phorylation and activation of STAT3, a member of roe STAT 
fami.ly of signaling proteins. Phosphorylation of STAT proteins 
leads to dimeri;;r.ation, translocation to the nucleus, binding to 
DNA, a11d transcriptional activation. 

Ci.rcuJaring concentrations of IL-6 increase dran1atically 
after tissue injury- for cxan1ple, as a consequence of elective 
surgical procedures, accidental trauma, or bums. Elevated 
plasma levels of IL-6 are consistently observed ill patients with 
sepsis or septic shock. The degree to which circulating IL-6 levels 
are elevated after tissue trauma or during sepsis has been shown 
to correlate with me risk for postinjury complications or death. 
Almough it remains to be established wheroer high ci.rculatillg 
rL-6 levels are directly or indirectly injurious to patients with 
sepsis or are simply a marker of the severity of illness, roe obser
vation that immunoneutralization oflL-6 improves outcome in 
experimental bacterial peritonitis suggests that elevated concen
trations of this cytokine are deleterious. 

CircuJating levels of IL-11 increase in patients with DIC 
and sepsis. IV or oral administration of recombinant IL-11 
improves survival in neutropenic rodents with sepsis, possibly 
by preserving roe integrity of the intestinal mucosal barrier.31 In 
a small phase 2 clinical study, treatment with recombinant TL-11 
increased expression of von Willcbrand factor in patients with 
mild von Willehrand disease. 

lnterleukin-8 and other Chemokines 
Chernotttxis is tl1e term used to denote the directed migration of 
cells toward illcreasing concentrations of an activating substance 
{chemotaxin). The abili ty to recruit leukocytes to a11 inflamma
tory focus by promoting chemotaxis is the primary biologic 
activi ty of a special group of cyrokines called chen1okines. More 
d1an 40 of roese small proteins have been identified. Each con
tains approximately 70 ro 80 an1ino acids, including three or 
four conserved cysteine residues. Four chemokine subgroups 
have been described. The subgroups are defined by tl1e degree 
of separation of tl1e fuse two NH2-termillal cystei11e residues. In 
rhe CXC or CX-chernokines, the first two cysteine moieties are 
separated by a single non conserved amino add residue, whereas 
ill the CC or ~-chemokines, roe NH2-rerminal cysteines are 
directly adjacent to each otl1er. The C chen10kine subgroup is 
cl1aracterized by the presence of only a single NH2-terminal 
cysteine moiety. 111e cx3c subgroup has only one member 
{fracttalkine); in iliis chemokine, the NHrterminal cysteine 
residues are separated by three intervening amino acids. A sub
cia~ of the CXC chemoki11es, exemplified by IL-8, contains a 
cbaracreristic amino acid sequence (glutanlate-leucine-arginine) 
near ilie NHrterrninal end of the protein; these chemokille.~ acr 
primarily on PMNs. Other cbemokines, including tl1e CC che
mokines and mrmbers of me cxc subgroup not containing the 
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glutamate-leucine-arginine sequence, act, for the most part, on 
monocytes, macrophages, lymphocytes, or eosinophils. Many 
different ceU types are capable of secreting chemokines; cdls of 
the monocyte-macrophage lineage and endothelial cells are par
ticularly important in tllis regard. Numerous proinflammatory 
stimuli, including cyrokines, such asTNF and IL-l , and PAMPs, 
such as LPS. can stimulate cl1e production of chemokines. 

IL-8. the prototypical CXC chemokine. was first identified 
as a chemotactic protein by Yoshimura and assodates in 1987.3 .. 

TL-8 is translated as a YY-anuno acid precursor and is secreted 
after cleavage of a 20-arnlno acid leader sequence. In addition 
to attracting neutrophils along a chemotactic gradient, IL-8 also 
activates these cells by rriggering degranulation, increased expres
sion of surface adhesion molecules, and production of reactive 
oxygen metabolites. 1l1ere are at least two distinct IL-8 recep
tors, CXCRl (IL-8R1) and CXCR2 (IL-8R2). CXCRl is pre
dominantly expressed on neutrophils. Like oilier chemokine 
receptors, CXCRI and CXCR2 are coupled to G proteins, and 
binding of ligand to these receptors leads to intraceUular signal 
transduction via the generation of inositol triphosphate, activa
tion of protein kinase C, and perturhations in inrracellular 
ionized calcium concentrations. 

[ncreased circulating concentrations of IL-8 were detected 
in experimental animal models of infection or endotoxemia and 
in patients wiili sepsis. Treatment of experimental animals with 
antibodies against IL-8 improves survival or prevents pulmonary 
i11jury i11 models of sepsis or ischemia-reperfusion injury. These 
observations supjport the concept that IL-8-mediated activation 
of neutrophils plays an important role in ilie pathogenesis of 
organ system damage in these syndromes. 

Monocyte chen1otactic protein-! (MCP-1), the prototyp
ical CC chen10kine, was identified in the same year by two 
groups of investigators. MCP-1 is a chemotaxin for rnonocytes 
{but not neutrophils) and also activates monocytes by trigger
ing the production of reactive oxygen metabolltes and the 
expression of j32 integrins (cell surface adhesion molecules). 
Elevated circulating concentrations of MCP-1 have been 
detected in endotoxenlic nlice and patients wiili sepsis. Pre
treatmem of mi:ce with a polyclonal anti- MCP-1 antiserum 
ameliorates LPS-induced lung injury, mus suggesting an 
important role for this chemokine in the pathogenesis of 
sepsis-induced ARDS. 

lnterleukin-12 
IL-12. a cytokine produced prin1arily by antigen-presenting 
cells, is a heterodimeric protein composed of two disulfide
linked peptides (p35 and p40) encoded by distinct genes. Born 
subunits are required for biologic. activity. The [L-12 receptor is 
expressed on T ceUs and NK cells. 1he most in1portaJ1t biologic 
activity associated wim IL-12 is to promote Thl responses by 
helper T cells. In this regard, IL-12 promotes me differentiation 
of naive T cells i:nro Th l cells capable ofproducing IFN-')' after 
activation and serves to augment IFN-')' secretion by 1l1l cells 
responding to an antigeJlic stinllllus. Stimulation of IFN-')' pro
duction by IL-12 caJ1 be synergistically enhanced by the pres
ence of other proin6ammatory cytokines, notably TNF, IL- l, 
or IL-2. Conversely, counterregulatory cytoki11es, such as lL-4 
and IL-10, are capable of inhibiting IL-12-induced IFN-')' 
secretion. 

1l1e immunologic responses governed by Thl cells are 
central to the development of cell-mediated inm1wlity necessary 
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for appropriate host resistance to imracelhdar pathogens. It is 
not surprising, therefore, that transgenic mice deficient in IL-12 
mruJifest increased susceptibility to infections caused by a 
number of intracellular pamogens, including Mycobacterium 
avium and Cryptococcus neofomums. 

IL-12 may be a key facror in some of rhe deleterious 
inflammatory responses to LPS and gran1-negative bacteria. 
Elevated circulating levels of IL-12 were measured in endotox
enlic mice and baboons infused witl1 viable E coli. Elevated 
plasma levels of IL-12 were also detected in children with 
meJlingococcal septic shock and were correlated with outcome. 
However, in patients wi m postoperative sepsis, circulating IL-12 
levels were lower than mose in control subjects wiiliout sepsis 
ru1d did not correlate with outcome.32 Defective production 
offL-12 by peripheral blood mononuclear cells after stimulation 
wim IFN-y ru1d LPS is associated wicl1 an increased risk for 
me development of postoperative sepsis in preoperative 
patienrs.33 

IL- 12 has also been impBcated i.n the pathogenesis ofiBD. 
T ccUs duted from me lrunina propria of intestinal resection 
specimens from patients with Crohn's disease secrete cytokines 
consistent wim a Th 1-li.ke profile. In addition, IL-12-secreting 
macrophages are present iJ1 large numbers in tissue specimens 
from patients wicl1 Crohn's disease but are rare in histologic 
sections from appropriate control subjects. Treatment with anti
IL-12 ru1tibodies an1eliorates tl1e severity of disease in certain 
murine models of lBD. Treatment of patients with refractory 
IBD wicl1 thalldomide, a pmem anti-inflalllll1atory agem, 
decreases ilie production of TNF and !L-12 by mononuclear 
cells isolated from the lamiJ1a propria of gut mucosal biopsy 
samples and decreases disease activity. 

Although excessive production of ll-12 has been impli
cated in me pamogenesis of acute inflammatory conditions such 
as septic shock and chronic inflammatory states, such as Crohn's 
disease, adequate production oflL- 12 appears to be essential for 
orchesnation of the normal host response to infection. When 
ru1tibodies to IL-12 are administered to mice with fecal perito
nitis induced by cec.11 ligation and perforation, mortallty is 
increased ru1d clearance of tl1e bacterial load is impaired. Con
versely; pretreatment or even post-treatment with recombiJ1ant 
IL-12 has been shown to improve survival in a murine model 
of bacterial peritonitis. 

IL- 12 is not the only member of the IL-12 fanllly of cyro
kines. Two omer cytokines, TL-23 and IL-27, are structuraUy 
related to lL-12. All three IL-12 fanllly members are heterodi
meric proteins, containing me !L-12p40 subllllit or a homo
logue of LL-12p40 called Ebstein-Barr virus (EBV)-induced 
molecule 3 (EBI3). As noted, IL-12 is an IL-12p40-IL-12p35 
heterodimer, lL-23 is aJ1 lL-12p40-IL-23p19 heterodimer, and 
IL-27 is a beterodimeric protein, consisting of EB13 and 
IL-27p28. As will be discussed, IL-23 is dearly a proinflall1Jlla
tory cytokine, whereas IL-27 seems to be capable uf exerting 
both proinflammatory and anti-iJ1f1anlll1atory (or in1J11unosup
pressive) effects, depending on me experimental conditions 
being studied:14 

lnterleukin-17 and Related Cytokines 
IL-17, now sometimes calJed IL-17A, was discovered in 1995 
by Yao and coworkers and shown to induce IL-6 and IL-8 pro
duction from human fibroblasts:14

" Although it was not recog
nized at cl1e time, IL-17 and oilier related cytokines were 
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subsequently shown co play important and distinctive roles 
in host immunity and the development of various pathologic 
conditions. 

In 1987, Mossman and Coffman proposed a model for 
adaptive immttnity based on the concept that muve precursor 
helper T cells c~n differemiare imo one or the orher of different 
classes of hd per T cells (i.e., 1111 or 1112) characterized by dif
ferent functions and different patterns of secreted cytokines . .lo!b 

The Thl-1h2 paradigm proved to be robust and was accepted 
with little or no modification until approximately 2005, when 
a series of discoveries led to the recognition that a third, com
pletely distinct subset of helper T cells, now called Thl7, was 
important in the parhogenesls of inflanl!l1ation associated with 
autoimmune conditions. 

The discovery that !L-17 and related cytokines define a 
subset of helper T cells originally stemmed from studies of 
experimental autoimmw1e encephalomyelitis (EAE), a murine 
model of multiple sclerosis in humans.35 A.ccordi11g to the 
'TI1l-Th2 paradigm, autoimmunity was thought to be mediated 
by Thl ceUs wit\1 specificity of self antigens. Unexpectedly, 
however, it was observed tl1at IFN-yand IFN-yR knockout mice, 
a~ well as mice deficient for otl1er molecules (e.g., IL-12p35 or 
IL-18) involved in 'TI1l differentiation. were not protected &om 
EAE but, on me contrary, developed a more severe form of the 
disea<;e. These observations raised the possibility that a subset of 
T helper cells otther tl1an Thl might be responsible for the induc
tion of EAE or other organ-specific auto_immune conditions. 

Meanwhile, in 2000, a novel cyrokine chain, pl9, was 
discovered in the process of screening for IL-6 homologues.35 

Whereas IL-12 is beterodimer. consisting of p35 and p40 chains, 
a newly discovered cytokine, IL-23, was shown to be a heterodi
mer made up of p40 ~md p19 chains. IL-23pl9 knockout mice 
were shown to be protected from tl1e development of EAE. 
Moreover, it was shown that TL-23 expands a population <>fT 
cells mat produce IL-17 and, when adoptively transferred into 
naive wild-type mice, induces EAE. These and oilier studies have 
established rL-17 as a key mediator of EAE and have also sug
gested tl1at IL-23 is essential for the differentiation of the celJs 
tl1at produce IL-17. However, results from other studies called 
into questiOJl whether lL-23 is responsible for me differentiation 
of Th 17 cells, and it is now established tl1at a combination of 
TGF-13 plus another cytokine (usually 1L-6 but, under some 
conditions, also IL-23 or IL-21) is required to induce IL-17 
production in a population of naive T cells. It is notewortl1y, 
therefore, that IL-6 knockout mice are resistant to me develop
ment of EAE, except under certain conditions. 

Differentiation of na"ive helper T cells into Th 17 cells under 
the influence ofTGF-13 and IL-6 (or TGF-13 plus IL-21) requires 
intracellular signaJing mediated by a steroid receptor type of 
transcription factor, called RAR-related orphan receptor (ROR) 
yr. Cooperation wit\1 otl1er transcription factors, such as inter
feron regulatory factor (IRF) 4, is probably also required. 

There are six members of the IL-17 gene fanilly named, in 
order of meir discovery, lL-17 A through IL-17F.36 11lese mole
cules have a sLmiJar molecular weight (20 to 30 kDa), share 
sequence homology, and demonstrate overlapping, but not com
pletely identical, biologic activities. 1l1e receptor for !L-17 is 
called IL-17R, ru1d its structure is unlike that for any other 
cytukine receptor. In susceptible cells types, IL-17 activates sig
naling via multiple routes, including tl1e MAPK patl1ways, 
various JAK-STAT pathways, ru1d NF-KB. IL-17 or IL-17R 

knockout mice manifest increased susceptibility to selected 
pathogens, most notably Klebsie/bt pneumonitte and C albicam, 
but are also partially protected from the development of EAE. 
Interestingly, in a murine model of lBO, IL-17A ameliorates the 
disease, whereas lL-17F exacerbates me disease.35 Treatment 
with neurralizing anti-IL-l? A antibodies improves survival in 
mke with sepsis induced by cecal ligation and puncture, even 
when therapy is instituted 12 hours after tl1e onset ofinfcction.37 

lnterleukin-18 
lL-18 is constitutively expressed by bururu1 peripheral blood 
mononuclear cells and murine intestinal epimelial cells, bur 
lL-18 production can also be srimulated by a variety of proin
Aammatory microbial products. The main biologic activity of 
IL-18 is to induce production ofiFN-y by T cells and NK cells. 
In this regard, IL-18 acts most potently as a costimulru1t in 
combination wim IL-12. lL-12-induced IFN-y expression 
appears to depend on the presence ofiL-18 inasmucl1 as trruls
genic mice (or cells from mice) deficient in lL-18 or ICE produce 
little lFN-y in response to appropriate stimulation, even in me 
presence of ample IL-12. In addition to stimulating !FN-y pro
duction, IL-18 induces tl1e production ofCC and CXC chemo
kines from human mononuclear cells ru1d activates neutrophils. 
an effect mat may contribute to organ injury and dysfLmction 
in conditions such as sepsis and ARDS. Circulating concentra
tions of IL-18 are higher in patients with sepsis than in tl1ose 
only with injuries, and high levels of this cytokine are associated 
with a faraJ outcome in patients wim posroperadve sepsis. 

lnterleukin-4. lnterleukin-1 o. and lnterleukin-13 
!L-4, IL-10, and IL-13 can be regarded as inhibitory, anti
inflammatory, or counterrcgulatory cytokincs. All three of these 
cytokines are produced by 1h2 cells and, among other roles, 
serve to modulate the production and effects of proinAanlma
tory cytokines such as TN F ru1d IL-1. 

IL--4, originally described as a B celJ growm factor, is a 
15- to 20-kDa glycoprotein synrhesi7_.ed by Th2 cells, mast ceiJs, 
basophils, ru1d eosinophils. lL-4 has many biologic actions that 
promote the expression of the 1112 phenotype, characrerl7_.ed by 
downregulation of proinflalllfllatory and cell-mediated inm1une 
responses and upregulation of humoral (B cell-mediated) 
immune responses. !L-4 induces differentiation of CD4~ T ceUs 
into 1h2 cells and, conversely, downregulates differentiation of 
CD4+ T cells into 1hl cells. IL-4 inhibits ilie production of 
TNE IL-l. IL-8. and PGE2 by stinllllated monocytes or mac
rophages ru1d downregulates endotl1elial cell activation i11duced 
by TNE IL-4 acts as a comitogcn for B cells and promotes 
expression of the class II major histocompatibility complex 
(MHC) on B cells. 

IL-l 0, originally called cytokine synthesis inhibitory factor, 
was fust isolated from supernatant~ of cultures of activated T 
cells. 111is cytokine is an 18-kDa protein produced primarily by 
'TI12 ceUs but is also released by activated monocytes and other 
ceU types. IL-l 0 acts to dowruegulate the in.flalllll1atory response 
through nwnerous mechru'lisms. For exrullple, IL-10 inhibits the 
production of numerous proi11flan1matory cytoki11es, including 
fL-1, TNF, [L-6, TL-8, IL-12, and GM-CSF, by monocytes and 
macropbages; on the other hand, it increases synthesis of tl1e 
counterregulatory cytokine IL-l RA by activated monocytes. In 
addition, IL-10 downregulates the proliferation and secretion of 
IFN-y and IL-2 by activated Thl cells, primarily by inhibiting 
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the production of IL-12 by macro phages or other accessory cells. 
Conversely, IFN -'Y downregu1ates IL-l 0 production by mono
cytes. At least some of the inhibitory effects of IL-10 are medi
ated by blocking IFN-y-induced tyrosine phosphorylation of 
STATla, a key tprotein in the signal transduction pathway for 
fFN-y. 

1l1e importance ofiL-10 as a regulatory cytokine has been 
illustrated in experiments using transgenic mice deficient in 
IL-l 0. Such animals manifest increased resistance to the intracel
lular bacterial pathogen L. monocytogmes, clllls suggesting that 
IL- l 0-mediated suppression of the Th1- type phenotype can 
impair rue host's ability to eradicate certain types of infection. 
In conuast to these results, IL-l 0 knockout mice succumbed to 

the lecllai effects of excessive inflammation when infected with 
another intracellular pathogen, cl1e protozoan parasite Toxo
plasma gondii. Results have been variable in mice with severe 
sepsis, but a genetic deficiency of IL-10 production alters the 
kinetics of cl1e inflammatory process without affecting long-term 
survival. IL-10-deficient mice spontaneously develop a form of 
enterocolitis that is reminiscent ofiBD in humans. Because the 
IBD-li.ke syndrome in d1ese animals can be suppressed by treat
ing the arilmals with exogenous IL-10 or a neutralizing anti
lFN-yantibody, the enterocolitis associated wicl1 [L- I 0 deficiency 
is thought to be caused by excessive expression of the Thl-type 
phenotype. 

Production oflL-10 by peripheral blood mononuclear cells 
and CD4+ T ceUs is increased in trauma patients, ar1d elevated 
circulating concemrations of th.is cytokine have been measured 
in patients with l!fauma or sepsis. Moreover, in trauma and burn 
patients, increased production ofiL-1 0 has been associated with 
a greater risk for serious infection and, in patients with sepsis, a 
greater risk for mortaUty or shock. 1l1ese fu1dings support the 
view mat aldlough excessive production of proinBammatory 
mediators may be deleterious in trauma and sepsis, development 
of the 1h2 phenotype, characterized by increased production of 
IL-10 and lL-4 and decreased expression of rue MHC type IT 
antigen HLA-DR on monocyres, may lead to excessive immu
nosuppression and dele teriously affect the outcome on this basis. 
Evidence has been presented supporting the view cl1at HLA-DR 
expression on monocytes is post-translationally dowruegulared 
by lL-10 in patients wi t11 sepsis. 

Administering exogenous lL-1 0 in an effort to blunt exces
sive inflammation has led to mixed results in experimental 
models of sepsis or septic shock. In models in which experimen
tal animals are challenged wiili IV LPS, treatment with recom
binant IL-10 ameliorates fever and improves survival. ln models 
such as cecal ligation and perforation, wherein the sepsis syn
drome is induced by infection wim viable bacteria, administra
tion of exogenous IL-10 is beneficial or without effect. However, 
in mice wim pneumonia caused by Pseudomonas aeruginosa, 
survival is i.mpmved when d1e animals are treated wid1 an anti
IL- l 0 antibody to neutralize endogenous [l-1 0. 111lls, almough 
cl1e use of recombinant IL-10 as an adjuvant treatment of sepsis 
is appealing, Catlltion will need tO be exercised in rue design and 
conduct of clinical trials because excessive immunosuppression 
could adversely affect antibacterial defense mechanisms. 

lL-13 is a 12-kDa proteiJl closely related to IL-4. The two 
proteins have approximately 25°A> homology and share many 
structural characteristics. IL-13 is produced by Th2 cells and also 
undifferent iated CD4+ T cells and CD8+ T cells. l11e IL-13 
receptor consists of two chains, one of which binds IL-4 but not 
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IL-13, and another that binds IL-13 with high affinity. Binding 
of lL-4 or IL- 13 to their respective receptors induces signaUng 
by activating the san1e JAK kiJ1ases, ]AK1 and Tyk2. IL-4, bur 
not IL-13, also activates JAK3. The biologic activities of IL-13 
are very similar to those of IL-4 wicl1 respect to B cell flll1ction 
although, unlike [L-4, IL-13 does nor have any direct affects on 
T cells. IL-13 downregulates cl1e production of proinflan1marory 
cytokines (e.g .• IL-1, TNF. IL-6. IL-8. lL-12, G-CSF. GM-CSF. 
MIP-1 a) and PGE2 by activated monocytes and macrophages 
and, by the san1e token, increases cl1e production of anti
inflammatory proteins, i11cluding IL- lRA and IL- lRll, from 
these cells. Additional anti-iJUlaJ11111arory properties of IL-13 
i11clude inhibition ofinduccion of cl1e enzyme COX-2, required 
for the production of prostaglandins, and induction of an 
enzyme, 15-lipoxygenase, that catalyzes cl1e formation of a lipid 
mediator (lipoxin A4) with anti-inflaJ11111atory properties. Treat
ment of mice with recombinant IL-13 has been shown to 
prevent LPS-induced lethality and to decrease circulating levels 
ofTNF and other proinAammatory cytokines. Conversely, treat
ment of septic mice wim an Mti- IL-13 antibody has been 
shown to increase mortality. 

Transforming Growth Fador-~ 
lhe TGF-P family of mediators exerts a number of effects on 
most cell types, including modulation of cell growth, inflamma
tion, matrix synthesis, and apoprosis. Although more than 45 
pep tides in cl1e TGF-P fan1ily have been isolated, TGF-P I was 
the first identified and is the isoform most associated with mod
ulation of immune function. The bioactive forms of d1e TG F-P 
proteins are produced from 50-kDa monomers tbar dimerize to 
form the 100-kDa TGF-P precursor. The TGF-P precursor 
undergoes intracellular cleavage by furin proteases to yield cl1e 
active 25-kDa TGF-P homodimer. 1h.is active form ofTGF-P 
remains associated with the remaining portion of its pro form, 
latency-associated peptide (LAP). 1l1js complex has been called 
latent TGF-P and is secreted il1 dus inactive form into rue 
extracellular matrix. This unusual mode of secretion allows the 
latent TGF-P complex to be considered to be ru1 extracellular 
sensor. Latent TGF-P can be activated by the dissociation and 
degradation of LAP via proteolysis (catalyzed by plasmin or 
matrix merallopeptidases) or me nonenzymatic activity of inte
grins, thrombospondin-1, oxygen and nitrogen free radicals, or 
low pH. These activating factors arc often perturbations of me 
extracellular matrix mat are associated with phenomena such as 
ru1giogenesis, wotmd repair. inf!aJ1111lation, or cell growili. Thus, 
post-trru1slational extracellular activation ofTGF-P is the most 
important regulatory mechanism for this cytokine, a mode of 
activation mar is unique among rue cytokines. 

Once activated, TGF-P-med.iared signaUng involves a cell 
surface beteromericcomplex of rransmembrru1eserine-dueonine 
kinase receptors. Each receptor complex contains a pair of both 
TGF-13 type I (TpRI) ru1d type TI (TPRU) receptors, which are 
activated by TGF-P binding and regulated by a number of 
intracellular proteins mat interact directly with me receptor 
complex in a constitutive or ligand-induced manner. The 
intracellular signal transduction pathway responsible for gene 
induction or repression involves a fru11iJy of structurally related 
proteins known as Smads. TGF-P receptor-activated Smads are 
phosphorylated by TPRI. form a beterotrimeric complex with 
the common partner Smad4, ru1d rrru1slocate to tbe nucleus, 
where they can repress or activate transcription. 
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From a n1UJTiber of studies using transgenic and knockout 
mice, TGF-~1 was found to play an important role i.n leuko
cyte development and function, wound healing, inflanm1ation, 
suppression of tumorigenesis, and organogenesis and homeo
stasis in tissues such as Liver, kidney, pancreas, and lung. 
Furthermore, TGF-~ 1 adminisrrarion reduces LPS-induced 
hypotension and mortality in a murine model of sepsis and. in 
trauma patients, lower circulating TGF-~1 levels are associated 
with the development of liver and kidney dysfunction, whereas 
higher TGF-~ 1 circulating levels 6 bours after admission to the 
intensive care unit are associated wid1 an increased risk for 
sepsis. 

TGF-~ plays a dual role iJl the differentiation of naive T 
helper ceUs. Wlhen present by itself, TGF-~ promotes expression 
of the transcription factor, Foxp3, a differentiation of naive 
helper T ceUs iJlto Treg cells. However, when presented with 
IL-6 or IL-21, TGF-~ abrogates Treg cell development and, 
instead, promotes differentiation of naive helper T ceUs into 
'TI117ceUs.35 ln the inactivated state, production of TGF-~ 
fosters production ofTreg cells, which tends to dampen immu
nologic or inflarnmarory responses. However, when IL-6 is pro
duced in massive an10unts as part of the acute-phase response 
to injury or infection, the balance is shifted to TGF-13-mediated 
induction of proinflammatory Tb17 cdls.35 

Macrophage Migration Inhibitory Fador 
Macrophage migration inJ1ibitory factor (MIF) was the first 
functional cytokine described. MIF is produced by monocytes 
and macrophages and acts in an autocrine and paracrine fashion 
to activate various cell types during inflan1mation. lmrnllllos
timulated macrophages secrete MIF. MIF appears to function 
proximally in tl1e inflammatory cascade because MIF knockout 
mice exhibit a global reduction in the production of other 
inflammatory mediators such as TNF, IL-l p, and PGE2. 

MIF is encoded by a unique gene that displays very high 
sequence conservation across species. MIF is constitutively 
expressed and, after translation. preformed MIF remains in cyto
plasmic pools and is readily released from macrophages after 
iJUianmJatory stimulation. The rapid release of preformed MJF 
is unlike most other cytokines, whid1 are typically released after 
transcriptional activation and translation of new protein. The 
receptor for MIF, CD74, is also distinct from d1e other cytokiJ1e 
receptor superfamilies. 

Apoptosis is an important mechanism for the resolution of 
the inflammatory response via the removal of activated mono
cytes and macrophages, and the proinllammatory action of MIF 
is caused, in part, by suppression of apoptosis. MIF also upreg
ulates the expression ofTLR4 on macrophages, thereby amplify
ing the response of d1e innate immune systenl to LPS (and 
possibly other proinflammatory substances such as HMGB1). 
Circulating MIF levels are increased in patients wid1 sepsis and 
septic shock, but not in noninfected trauma patients. In mice 
with peritonitis, treatment with a neutralizing anti-MIF anti
body improves survival. 

Complement 
Complement was first identified as a heat-labile component in 
serum that complemented the function of humoral immunity 
in the killing of microorganisms. Rather than a single factor, 
complement is a complex systen1 of more than 30 pla~ma and 
membrane-bound proteins. 'TI1e nomenclature used to describe 

the multiple elements in the complement cascade follows their 
order of discovery rather than their sequential activation. Com
plemem functions in consort with proteins of the coagulation, 
fibrinolysis, and kinin systems to augment the response to 
pathogenic stimuli via a series of catalytic reactions. 1l1e comple
menr sysrem is evolutionarily well preserved, rhus suggesting 
that it represents a common ancestral host defense system. 
AJd1ough the complement system plays a key role in the host's 
defense against pathogenic microbes, dysrcgulated activation of 
the complement cascade can be deleterious and excessive com
plement activation bas been implicated .in the pathogenesis of a 
wide variety of immune and inflammatory conditions, ranging 
from ARDS and sepsis to asthma.38 

Activation of complement occurs via three distinct path
ways: the classical pathway is activated by antigen-antibody (lgG 
or fgM) complexes, the alternative pathway is initiated by rec
ognition of certain bacterial cell mrface markers, such as LPS, 
and the lectin-binding pathway is activated by detection of 
bacterial surface sugars, such as mannose (Fig. 4-7). Most of the 
complement proteins circulate in inactive form un til they are 
cleaved by an upstream protease, whicl1 in turn activates their 
proteolytic activity. Thus, sequential activation of catalyticall)l 
active proteins produces ru1 escalating cascade of activity (similar 
to the coagulation system). Regardless of the activation pathway; 
the most importru1t active products are the anaphylatoxins C3a 
ru1d C5a and the membrane attack complex C5b-C9, which 
causes lysis of gram-negative bacteria. C3a induces the release of 
histamine from mast cells ru1d causes smooth muscle cell con
traction. C5a binds to its receptor (C5aR) on neutrophils and 
macrophages and triggers intracellular signaling, chemotaxis, 
enzyme release, ru1d the generation of ROS, which participate 
in tl1e killing of microorganisms. 

Activation of tl1e classical pathway is triggered by the inter
action of antigen-antibody complexes with Cl, which is a 
790-kDa complex composed of a recognition proteiJ1 Clq and 
a Ca2q-dependenr tetramer consistu1g of nvo copies each of two 
proteases, Cl rand Cls. Binding of CJ to a cellular or molecu
lar target is mediated by C1q and results in the self-activation 
of Clr, whid1 subsequently activates Cls. CJ s then cleaves C4 
ru1d C2, thereby resulting iJ1 their activation. At this point, all 
pathways converge at C3 and lead to the activation of C3a and 
C5a and the terminal membrane attack complex C5b-C9, 
which create.~ pores iJ1 prokaryotic cell membrru1es that lead to 
bacterial ceU lysis. Genetic defects iJ1 the classical pathway result 
in increased susceptibility to bacterial infections caused b)l 
organisms such a~ Neisseria meningitidis, Hnemophilus influmZ/le, 
and Streptococcus pneumonine. 

The alternative pathway, triggered by bacterial products 
such as LPS, results in the sequential activation of C3a, C5a, 
ru1d the membrru1e attack complex. The lectin-bu1ding patl1way; 
triggered by binding of bacterial sugars ~uch as mannose to 
mannose-binding lectin protein, activates C4a and C5a and 
then joiJ1s tl1e common pathway for activation of the membrane 
attack complex. 

Activated complement products exert a number of biologic 
functions. C3b opsonizcs pathogenic bacteria, which results iJ1 
tl1eir enhanced phagocytosis by macrophages ru1d neutrophils. 
ImmuJ1e complexes bind ro C3a and are then removed b)' 
binding with complement receptor I (CRl, discussed later). 
Clearru1ce of necrotic ru1d apoptotic ceUs may be faciHtated by 
interaction with Clq. Complement factor deficiencies, which 
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result in inadequate clearance of immune complexes and dead 
cells, may gjve rise to the development of autoimmunity. 

Many of the effects of complement activation are mediated 
by the binding of activated complement products to specinc 
receptors. Some receptors bind several djffcrent complement 
factors with varying affulity, thereby resulting in a variety of 
effects on different ceUs. Binding of C3b, C4b, and Clq by 
CRl, also known as CD35, remits in the cleavage of C3 and 
C5 convertases, clearance of C3b-bound immune complexes, 
and activation ofT Lymphocytes. CR2, also known as CD21, is 
present on B and T lymphocytes and some endothelial cells. 
CR2 binds iC3b and C3d {C3b cleavage products) and causes 
stimulation of B lymphocytes and antibody production. EBV 
also binds to CR2. CR3 and CR4 are members of the integrin 
family and are expressed on myeloid cells. CR3 and CR4 bind 
iC3b, C3b, fibrinogen, ICAM-1, and other ljgands. Binding of 
ligands to these receptors enhances antibody-mediated pbago
cyrosis by neutrophiJs and macrophages. AJthough a number of 
different ligands bind to complement receptors 1 through 4, 
C3a and C5a bind to specific receptors (C3aR and C5aR, 
respectively). Both these receptors are present on a wide variety 
of ccU types. Binding ofC3a or C5a to their rc.~pcctivc receptors 
activates intracellular signaling cascades involving MAPK 
pathways. 

FIGURE 4-7 Activation of the complement cascade 
via the dassical, lectin, or alternative pathways leads 
to formation of the membrane attack complex (C5b
C9). Various complement inhibitors antagonize 
several steps in the cascade: Cl inhibitor (Cl int). 
factor I, factor H, C4-binding protein, factor S, and 
CD59, among others not shown here. MBI., Mannose
binding lectin. 

Detrimental actions of the complen1enr system on rhe host 
are mediated by the overproduction of C3a and C5a during 
complement activation and the excessive formation of mem
brane :attack complexes. In rodent models of sepsis, treatment 
with a neutralizing anti-C5a antibody improves survival and also 
decreases circulating levels of TNF and IL-6, thus suggesting 
that the activation of C5 receptors is associated with the release 
of these other med.iators.38 

Several inl1ibitors are present in plasma or are membrane
bound ro prevent uncontrolled activation of the complement 
system. Cl inllibitor is present in plasma and prevents the acti
vation of Cls and Clr, thereby antagonizing the classical 
pathway. In addition, Cl inbjbitor also inhibits the lectin 
pathway. Heterozygous deficiency of CJ inhibitor results in life
threatening angioedema. Factor H and C4 binding protein arc 
plasma proteins that inhlbit C3 and C4 activation, thereby 
inhibiting aU complement activation pathways. Factor I is a 
serine protease that inactivates C3b and C4b and therefore C3 
and C5 convertases. C3a and C5a are also antagonized by 
carboxypeptidase N. S protein, fibronectin, and dusterin are 
plasma proteins that prevent insertion of C5b-C9 into ceJiular 
membranes. 1hc membrane-bound complemcm inhibitors act 
at several points in the complement pathways. CD59 is a gly
coprotein that prevents polymeri'l.ation of C9 and blocks 
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insertion of C9 into the membrane-bound C5b-C9 complex. 
Membrane cofactor protein and decay-accelerating factor act 
directly and with factor I to inhibit C3 and C5 convertases 
and cleave C3b and C4b, thereby inhibiting aU complement 
pathways. 

Eicosanoids: Tbromboxane. Prostaglandins. 
and Leukotrienes 
The prostaglandins, including PG£2 and PGI2 (prostacyclin), 
and tl1romboxane A2 (TXA2) are lipid mediators derived from 
tl1e unstable intermediate compound PGG2. Formation of 
PGG2 depends on the activity of two families of enzymes. First, 
isoforms of the enzyme phospholipase A2 Liberate tl1e polyun
saturated fatty acid arachidonate from membrane phospholip
ids. Second, the two cyclooxygenase isoforms COX- I and 
COX-2 catalyze tl1e stereospecific oxidation of arachidonate to 
form the cyclic endoperoxide PGG2. Both these reactions are 
major regulatory steps in me formation of prostaglandins 
and TXA2. 

COX- L is expressed constitutively in a variety of tissues and 
mediators produced by tlus isoform are thought to be important 
in various homeostatic processes, such as regulating renal perfu
sion and salt and water handling, maintaining hemostasis by 
modulating platelet aggregation, and preserving gastrointestinal 
mucosal iJltegrity. COX-2, however, is an inducible enzyme. 
Expression of COX-2 is induced by a number of stimuli, includ
ing various growtl1 factors and proinAammatory cytokines. In 
cells subjected w inflan1matory stimuli, activation of COX-2 is 
mought to be mediated by the powerfuJ oxidant ONoo-, 
thereby providing a tight functional linkage between the NO· 
and prostaglandin mediator systems. 

Once expressed and activated, COX-2 promotes the for
matiOJ1 of PGG2 and PGH2 and, ultimately, various prosta
glandins and TXA2. These mediators, in turn, interact with cell 
surface receptors belonging to the G protein-coupled receptor 
superfanllly. Im:eraction of tl1ese receptors with cytosolic signal
ing patll\vays leads to rapid alterations in ceU physiology mani
fested as physiologic or pathophysiologic phenomena sucl1 as 
vasodilation and increao;ed m icrovascular permeability. Pharma
cologic inhibition of cyclooxygenase activity is the basis for the 
anti-inflan1matory actions of the class of compounds ca!Jed 
nonsteroidal anti- inAan1matory drugs (NSAlDs). Whereas the 
anti-inBan101arory effects of NSAIDs are mought to be medi
ated by blocking the enzymatic activity of COX-2, some 
adverse side effects of these agents (e.g., gastric mucosal ulcer
ation) are mought to be mediated by inhibition of COX-I. 
Accordingly, identification of COX-2 as the so-<:aiJed inflam
matory isoform of cyclooxygenase led to intense efforts to 
develop drugs selective for the inducible enzyme. Selective 
COX-2 inhibitors were in.itiaUy widely prescribed by clilucians. 
However, data from large multicenter trials of rofecoxib, one of 
tl1e compounds in this class, showed tl1at treatment with this 
agent was associated wim an increased risk for deam from car
diovascular complications.3?.4° As a result of these findings, 
rofecoxib was witl1drawn from the market. The increased risk 
for cardiova~cular complications associated with rofecoxib, 
however, does not seem to be peculiar only to this specific agent 
but rather is thought to be a class effect associated with therapy 
with aU isoform-sdective COX-2 inhibitors, possibly as a result 
of greater inhibition of the synmesis ofPGI2 (a vasodilator and 
inhibitor of platelet aggregation) relative to inhibition of the 

syntltesis of TXA2 (a potent vasoconstrictor and promoter of 
platelet aggregation}. 

Nitric Oxide 
Many of tl1e downstream actions of the proinBa.mmatory cyto
kines occur as a result ofincreao;ed expression of two key enzymes, 
iN OS (NOS-2) and COX-2. These enzymes share some common 
features and are both centrally involved in many aspects of the 
inflammatory response. iNOS is one of three isoforms of an 
enzyme, nitric oxide syntl1ase (NOS), that catalyzes conversion 
of the anlino acid L-argiJlliJe to me free radical gas NO·. One 
of the simplest stable molecules in nature, NO· is produced by 
many different types of cells and serves as a signaling and an 
effector molecule in mammalian biology. Wherea~ NOS- J (also 
catled neuronal NOS or nNOS) ru1d NOS-3 (also caiJed endo
thelial or eNOS) tend to be expressed constitutively in various 
ceU types, iNOS is expressed for me most part only after stimu
lation of cells by proinAammatory cytokines (particularly IFN-y, 
TNF, and fL- 1) or LPS. NOS-I and NOS-2 produce small puffs 
of NO- in response to transient chru1ges in the intracellular 
ionized calcium concentration. In contrast, iN OS, once induced, 
produces large quantities of NO. for a prolonged period. 

AU mree NOS isoforms require L-argiJ1ine as a substrate 
and, in a complex five-electron redox reaction, convert one of 
the guanidi no nitrogens of the an1ino acid into NO-. Jn addition 
to L-arginine, the redox reaction catalyzed by the various NOS 
isoforms requires the presence of molecular oxygen and a number 
of cofaccors, including flavin mononucleotide, flavin adenine 
dinucleotide, iron-protoporphyrin IX, and tetrahydrobiopterin 
(BH.,). The rate-linutiJ1g step in. tbe biosynthesis of BH4 is tl1e 
reaction catalyzed by guanosine triphosphate (GTP) cydohydro
lase I, an enzyme d1at Jlke iN OS, is induced iJl certain cell types 
by cytokines, LPS, or both. 

Many of the biologic actions of NO·, including vasodila
tion, induction of vascular hyperpermeability, and inhibition of 
platelet aggregation, are mediated through the activation of tl1e 
enzyme soluble guanylyl cyclase (sGC). Binding of NO. to tl1e 
heme moiety of sGC activates me enz)'llle, mereby enabling it 
to catalyze the conversion of GTP to cyclic guru1osine mono
phosphate (cGMP). NO- is not tl1e only Ligru1d tl1at is capable 
of activating sGC; carbon monoxide (CO), ru1other small 
gaseous molecule produced by mammalian cells, ha~ also been 
shown w activate tills enzyme. Signal trru1sduction via the NO·
sGC (or the CO-sGC) patl1way entails the activation of various 
cGMP-dependent protein kinase (PKG) isoforms. [n vascular 
smoom muscle cells, NO--induced vasodilation OCCLLrS as a 
result of PKG-mediated opening of )ugh-conductance calcium 
and voltage-activated potassium chrumels. Excessive production 
of NO- as a result of iN OS induction in vascular smooth muscle 
cells is tllought to be a major factor contributing to me loss of 
vasomotor tone ru1d loss of responsivene.~s to vasopressor agents 
(vasoplegia) in patients wim septic shock. Treatment with a drug 
that blocks production of NO·, such as NG-monomethyl-L
arginine (L-NMMA), ameliorates hypotension in patients wid1 
septic shock. Unfortunately, treatment of septic patients with 
L~NMMA actuaiJy worsens survival, possibly because the drug 
does not selectively inhibit iNOS but also iJ1hibi ts NOS-3 as 
welJ ru1d therefore imerferes witl1 the normal regulation of 
microcirculatory perfusion. Some studies have suggested that 
iNOS knockout mice are partially resistant to the lethal effects 
of acute endotoxemia. [n contrast, one study has shown tbat 
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iNOS knockout mice are more susceptible than wUd-rype con
trols to lethali.ry induced by bacterial peritonitis, possibly because 
enhanced NO· production is important for the host's defense 
against infection. In contrast, iNOS knockout mice are pro
tected from sepsis-induced acute lung injury.11 

Signali11g via the sGC-PKG parhway is nor rhe only way 
that NO- fw1ctlons as an inflammatory mediator. ln addition, 
NO· reacts rapidly with ru1other free radical, supcroxidc ru1ion 
(02 - -). to form peroxynitrite anion (ONOO-), the co1~ugate 
base of the weak add peroxynitrous acid (ONOOH). Being a 
potent oxidizing ru1d nitrosating agent, ONOO -ONOOH is 
thought to be responsible for many of the toxic effects of NO-. 
For example, ONoo--ONOOH is capable of oxidizing sulfhy
dryl groups on various proteins at a rapid rate, peroxidizll1g 
membrane lipids, and inactivating mitochondrial aconitase. 
ONOO -ONOOH is also capable of damaging nuclear 
DNA, thus setting up a chain of events that ultimately leads 
to the activation of the enzyme poly(adenosine ribose 
diphosphate[ADPl) polymerase-! (PARP-1). On activation, 
PARP-1 catalyzes the poly(ADP) ribosylation of proteins, a reac
tion that consume.~ oxidized nicotine adenine dinucleotide 
(NAD+) and leads to energetic failure in cells.12 Treatment with 
pharmacologic agents that do the following has been shown to 
improve organ system ftmctlon, survival, or both in certain 
experimental models of inflammation, such as acute endotox
emia, mesenteric ischemia and reperfusion, hemorrhagic shock 
and resuscitation, and stroke: 

1. Scave11ge ONOO--ONOOH. 
2. Selectively block iNOS (without blocking NOS-I or 

NOS-3). 
3. Block the activiry ofPARP-1. 

Carbon Monoxide 
Although CO was identified as a poison in the mid-19th century, 
its role as an endogenous signaling molecule has been recognized 
only in the past few years. The toxicity of CO relates to its abiliry 
to impair the oxygen-carrying capaciry of hemoglobin. Two 
mechanisms are involved. First, CO binds to hemoglobin with 
250-fold greater affiniry thru1 0 2, thereby inhibiting 0 2 binding 
an.d trru1sport. Second, CO causes a conformational change in 
the hCJTioglobin molecule that impairs its abiliry to release 
bound 0 2, rhus shifting d1e oxyhemoglobin dissociation curve 
to the left. In addition, CO binds to and inactivates cytodrrome 
a3, thereby in1pairing mitochondrial respiration. 

The concentrations of e11dogenously generated CO are far 
below the toxic level. Endogenously generated CO is a product 
of heme catabolism. 1he CO-generating reaction is catalyzed by 
a family of e11zymes called heme oxygenases. 11Jerc arc three 
isofom1s of heme oxygenase called H0-1, H0-2, and H0-3, 
although only H0-1 and H0-2 have been widely sn1died. 
H0-2 is constitutively expressed, whereas H0-1 is an inducible 
enzyme. H0-1 expression is induced by a wide variery of agents, 
including heme itself. heat shock stress, ROS, LPS, heavy metals, 
and ultraviolet radiation. H0-1 plays an important role in the 
defense of cells against oxidative stress, and both products of the 
degradation of heme by H0-1, bilirubin and CO, are importru1t 
iJ1 dus regard. 

CO exerts a variety of physiologic effects. It causes relax
ation of smooth muscle cells, which results in vasodilation and 
broncbodilation. CO inhibits the activation ru1d aggregation of 
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platele'ts. like NO·, CO functions as a neurotransmitter. Finally, 
CO exerts a number of cytoprotec.tive effects. Pretreatment of 
rodents with 250 ppm of inhaled CO an1eliorates the develop
ment of acute lung injury after subsequent exposure to LPS or 
hyperoxia. CO also has antiproliferative effects on tumor cells 
and vascular endothelial and smooth muscle cells. Finally, CO 
ha~ ru1 anti-inflan1matory role mediated via the MAPK pathway 
that results in suppression ofTNF release and upregulation of 
IL-l 0 :secretion. 

Similar to NO., CO mediates its effects by binding to 
the ferrous heme moieties of hemoproteiJ1s. Although the 
affinity of heme for NO- is higher than that for CO, the off 
rate for dissociation of CO from heme is much slower, so CO 
displaces NO- from heme over time. Thus, CO cru1 modulate 
the effects of NO. in this manner. Binding of CO to the 
heme moiery of sGC results in the activation of sGC and is 
the primary mechanism responsible for many of the biologic 
effects of CO. 

Hydrogen Sulfide 
In the past few years, it bas become increasingly apparent that 
NO. and CO are not the only ga~ous molecules used by man1-
malian species as signaling molecules. A third gas, hydrogen 
sulfide (H2S), also seems to be important.43 Long recognized as 
an environment pollutru1t, H2S, a colorless gas with a character
istic odor of rotten eggs, is produced in mammalian cells from 
the amino acid, l-cysteine, via either of two enzymes, cysta
duonine '¥-lyase or cysratb.ionc ~-lyase. H2S is a potent vasodila
tor and produces this effect through a mechanism that is not 
depe11.dent on th.e activation of sGC. ln rodents with LPS
induced shock or septic shock, H2S levels are inversely correlated 
with arterial blood pressure, suggesti11g that it bas a pathogenic 
role in the development of hypotension. uearment of septic rats 
with propylargylglycine, a compound that blocks enzymatic H2S 
production, improves survival and decreases biocbemical evi
dence of i.nftammation. The.~e findings support the view d1at 
H2S is a proinflammatory mediator, although other findings 
have suggested that some of the effects of H 2S are anti
in A.anunatory. 

Reactive Oxygen Species 
ROS are reactive, partially reduced derivatives of molecular 
oxygen (02). lmportanr ROS in biologic systems include super
oxide radical ruuon (02- -). hydrogen peroxide (H20z), and 
hydroxyl radical (OH-). Closely related species include the 
hypohalous acids, particularly hypochlorous acid (HOCI), chlo
ramine (NH2CI) and substituted chJoramines (RNHCJ or 
R'R''NCl), and singlet oxygen ('0 2). Free radicals are atomic or 
molecular species with unpaired electrons. As a conseque11ce of 
these unpaired electrons, free radicals are usually highly reactive 
and capable nf modifying a wide rru1ge of cellular constituents, 
including lipids, proteins, and nucleic acids. ROS that are also 
free radicals include 0 2-·, OH·, peroxyl radical (ROr ). and 
hydroxyperoxyl radical (H02·). 

A variety of enzymatic and nonenzymatic processes can 
generate ROS in mammalian ceUs. Nevertheless, a few key reac
tions or processe.~ constitute the main sources of these reactive 
species: 
• NADPH oxidase catal}"'lt'S a one-electron reduction of 0 2 

to form o 2-. according to tile following equation: 202 + 
NADPH -7 202- . + NADP + 2H+. NADPH oxidase is ru1 
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enzyme complex that is assembled and activated after the 
activation of pbagocytes by microbes or microbial products 
(e.g., LPS) or various proiJUl.ammatory mediators such as leu
kotriene B4, platelet activating factor, TNF, or IL-8. In resting 
cells, the components of NADPH oxidase are present in the 
cytosol and membranes of various intracellular organelles. 
When the cdl is activated, the components are assembled on 
a membrane-bound vesicle. which then fuses with the plasma 
membrane, and o2-. is released outward into the extracellular 
mi[jeu and inward into the phagocytic vesicle. l11e reaction 
catalyzed by NADPH oxidase is critical for the formation of 
ROS in phagocytic ceUs, such as macrophages and PMNs. 
NADPH oxidase, however, is also prcsem in other celJ types, 
including vascular smooth muscle ceiJs and endothelial cells. 

• Superoxide djsmutase (SOD) catalyzes the conversion (dismu
tation) of two moles of 0 2- to form one mole each of 0 2 and 
H20 2• Two forms of SOD are present in cells. Copper-zinc 
SOD (CuZn-SOD) is a constitutive enzyme localized to the 
cytoplasm, whereas manganese SOD (Mn-SOD) is an ind uc
ible enzyme present in mitochondria. L1creased expression of 
Mn-SOD is induced by oxidant stress or various proinfiam
matory cytokines. 

• In the presence of free ic>nized iron or copper in a low oxida
tion state (i.e., Felrt- or Cu\ respectively), H20 2 reacts nonen
zymaticaUy to form OH· and hydroxyl anion according to the 
following equation: H20 2 + Fe2 .. ~ OH. + OH + Fe-1 

... The 
lower oxidation state of the t ransition metal cation can then 
be regenerated by the acrion of any number of reducing agents 
within the cellular milieu (e.g., ascorbic acid) and the cycle 
then repeated. This cycle constitutes the so-·caUed Fenton 
reaction. 

• Myeloperoxidase (MPO) is an enzyme present in phagocyte.~ 
that catalyzes oxidation of the halide ions duoride (CJ-), 
bromide (BO, and iodide (r) by H70 2 to form the corre
sponding hypohalous acids (HOC!, HOBr, and HOI, respec
tively). MPO , a colored heme-containing enzyme, is 
responsible for the greenish tint that is sometimes noticeable 
in purulent exudates. 

• Xanthine oxidase (XO) catalyzes tbe oxidation of xanthine (or 
hypoxanthine) by molecular oxygen to form uric acid arld o2-. 
according to the following equation: xanthine+ H20 
+ 202 ~ uruc acid + 202- + 2H ... An enzyme related to XO, 
xanthine dehydrogenase (XDH), uses reduced nkotinan1ide 
adenine dinucleotide (NADH) as a cofactor and converts 
xanthine {or hypoxanthine) to uric acid without forming par
tially reduced forms of molecular oxygen. During episodes of 
tissue ischem ia, XDH is proteolytically converted to XO, and 
adenosine tritPhosphate is degraded to xanthine and hypoxan
d1ine. DuriJ1g reperfusion, 0 2 is available and XO acts on the 
accumulated substrates (xanth.ine and hypoxanthine), which 
leads to a hmst in d1e production of ROS. 

• Although the various NOS isoforms ordinarily catalyze the 
formation of NO· and L-citrulline from L-arginine, 
these enzymes can generate 0 2- . if L-arginine availability is 
Limiting. 

• ROS are also produced as a byproduct of the normal metabo
lism of oxygen in mitochondria and have important roles in 
cell signaBng. Leakage of electrons from the mitochondrial 
electron transport chain with resultant formation of o2-. is 
quantitatively the most important mecl1anism, leading to 
ROS production within cells. Somewhat paradoxically, tissue 

hypoxia, such as that occurring duriJ1g hemorrhagic shock, 
can enhance mitochondrial ROS production. It is note
worthy, therefore, that administration of a synthetic ROS 
scavenger, which has been designed to be concentrated in 
mitochondria, can prolong survival of rats with lethal hemor
rhagic shock.44 

To cow1ter the activity of ROS, cells are equipped with a 
number of antioxidant systems, includiJlg SOD, catalase, gluta
thione, glutathione peroxidase, ascorbic acid {vitamin C), 
a-tocopherol (vitamin E), and thioredoxin. Under normal cir
cumstances, the reducing milieu .in cells prevents ROS-induced 
cellular damage. However, during tin1es of stress, ROS produc
tion can iJ1crease dran1aticalJy and overwhelm normal andoxi
dant defenses, thereby leading to so-called oxidative stress and 
dan1age to cells and tissues on this basis. 

Sepsis is associated with oxidative stress. Low plasma ascor
bate levels are predictive of d1e development of multiorgan dys
function in septic patients, and some data have shown a 
reduction in the incidence of organ failure when antioxidants 
arc administered to criticalJy ill surgical patients. 

NEUROENDOCRINE CONTROL OF 
THE INFLAMMATORY RESPONSE 
The neuroendocrine system plays an importaJ1t role in regulating 
immune and inflammatory responses. From a teleologic stand
point, regulation ofinnate immune response.~ by the CNS makes 
good sense. lunate immune responses to danger signals, whether 
caused by infection or trawna, need to occur quickly, and the 
CNS is capable of responding to external stimuli within milli
seconds to minutes. Additionally, the CNS recognizes and 
responds to painful stimuB, which are often associated with 
trauma of various sorts. The three maiJ1 components of regula
tory influence of the CNS are mediated by hormones secreted 
by the adrenal cortex, hormones secreted by the adrenal medulla, 
and a neurotransmitter, acetylcholine, released by rerminals of 
the vagus nerve. 

Corticosteroids 
The adrenal cortex synthesizes the mineralocorticoid, aldoste
rone, various weak androgens (e.g., dehydroepiandrosterone), 
and the glucocorticoid, cortisol (hydrocortisone). Because it is 
[jpopbilic, cortisol diffuses across the cytosoUc membrane of 
cells and binds to a cytosolic receptor. The cortisol-receptor 
complex translocates into the nucleus, where it interacts with 
glucocorticoid responsive elements in the regularory regions of 
hundreds of genes. The production of cortisol is regulated by 
the CNS via the bypothalanlic-pituitary axis. In response to 
physiologic or psychological stress, secretion of adrenocortico
trophic hormone (ACTH) from the anterior pituitary gland 
increases, which leads to increased secretion of cortisol from the 
adrenal cortex. 

Clinicians and scientists have long recogni7..ed that the 
natural and synthetic glucocorticoids, such as hydrocortisone 
and dexamethasone, are potent anti- inAammatory agents. Glu
cocorticoids modulate the secretion of cytokines and chemo
kines: by lymphocytes, macrophages, and other ceiJ types. 11Je 
effects of glucocorticoids on the pattern of cytokine and chenlo
kine secretion are myriad, but some of the most important, as 
summarized by Prigent and colleagues,45 are as follows: 
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inhibition ofiL-2 and LFN-y secretion by T cells; inhibition of 
IL-l[}, TNF, IL-6 , IL-8 and IL-12 secretion by monocytes and 
macrophages; increased secretion of anti-inilan1matory cyto
kines {IL-l 0, IL-lRA and TGF-P) secretion by various cell 
types; downregwation of COX-2 and iNOS expression; and 
inhibition of adhesion molecule expression on various cell types. 

'These anti-inflammatory actions of hydrocortisone and 
related compounds are mediated by more than one med1aJtism. 
One important action of glucocorticoids is to downregulate 
signaling mediated by a key transcription factor, NF-KB, known 
to activate many genes associated with the iJlilammatory 
response. Glucocorticoid-induced downregulation of NF-KB 
activation is a result of augmented expression of a protein, IKB, 
that is an inhibitory component of the NF-KB complex. An 
additional anti-~nflammatory action of glucocorticoids is to 
inhibit the activation of another signaling pathway, the JNK
SAPK cascade, which leads to decreased traJlslation of TNF 
mRNA and thus decreased production of TNE Still another 
mechanism whereby glucocorticoids inhibit inflaJnmation is 
through decreased expression of the enzyme ICE, required for 
post-translational processing of pro-IL-lP and rhus decreased 
secretion of mature IL-l p. 

[n some experimental models of sepsis, early treatment 
with high doses of a potent synthetic glucocorticoid, such as 
methylprednisolone or dexamethasone, improves survival. 
Unfortunately, several large clinical trials have failed to confirm 
the benefit of nigh-dose glucocorticoid therapy for the adjuvant 
treatment of patiems witl1 septic shock or the related condition, 
ARDS. As a result, the notion of using glucocorticoids for these 
iJ1dications seemed to be a dead issue. However, the concept of 
using glucocorticoids as anti-inflammatory agents in the man
agement of ARDS or septic shock has been resurrected, at least 
transiently. Several small studies have shown that prolonged 
therapy wi th relatively low doses of hydrocortisone or methyl
prednisolone im prove systenlic hcmodynanlics, pulmonary 
ftmction, or both in patients with ARDS or septic shock. These 
findings were confirmed by the results obtained in a 300-patient, 
multicenter RCT carried out in one country (Ftance) .46 Altl1ough 
somewhat controversial, the results of thjs study supported the 
view that administration of a relatively low dose of hydrocorti
sone could im prove survival in patients with volume-unresponsive 
pressor-dependent septic shock and an inadequate circulating 
cortisol response ro aJ1 injection of ACTH. Prompted by the 
results from this study, 499 patients with volume-unresponsive 
pressor-dependent septic shock were enrolled in a multicenter 
trial of N hydrocortisone.47 At 28 days, there was no difference 
in mortality between patients in the two study groups, although 
the corticosteroid-treated patients had more episodes of super
infection. Similarly disappointing results were obtained iJ1 a 
study of rue administration of corticosteroids during the late 
(so-called £hroproliferative) phase of ARDS.4~ Although some 
experts still advocate treating selecred patients with sepsis or 
septic shock witl1 corticosteroids, the results of these most recent 
studies suggest that this practice should be abandoned. 

Catecholamines 
1l1e catecholan1iJ1es, norepinephrine a11d epinephrine, are the 
priJ1cipal neuroendocrine mediacors of the sympathoadrenal 
axis. Norepinephrine is a neurotransmitter released by the 
termi11als of posrtga~1glionic sympathetic neurons, whereas epi
nephrine is a hormone secreted by chromaffin cells in the 
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adrenal medulla in response ro stimulation via preganglionic 
sympathetic nerve fibers. To a lesser extent, the adrenal medulla 
also releases two other catecholamines, norepinephriJle and 
dopamine. Epinephrine and norepinephrine released from 
nerve ternlinals or rue adrenal gla~1d can bind to and activate 
~-adrenergic receprors on macrophages and monocyres, upreg
ulating secretion of IL-10 and downregulating secretion of 
TNF. Although «~-adrenergic stimulation Call have tl1e 
opposite effect and increase TNF secretion, activation of the 
sympathoadrenal axis ha~ anti-inflaJTimatory effects almost 
exclusivcly.49 

Cholinergic Anti-Inflammatory Pathway 
In addition to the fight-or-flight responses of tl1e sympailioad
renal axis, there is another neural pathway that clearly plays a 
role iJ1 modulating innate immune responses. 1his pathway, 
which has botl1 afferent and efferent arms and uses the vagus 
nerve as a conduit, was identified in a series of ground-breaking 
studies carried out by the neurosurgeon and immunologist, 
Kevin Tracey. 50 It is now clear that macrophages express a recep
tor for the neurotransnliner, acetylcl10line. This receptor, called 
the a7 acetylcholine receptor, belongs to the nicotinic subclass 
of cholinergic receptors. Occupation of this receptor by 
acetylcholine or a pharmacological nicotinic cholinergic agonist 
suppresses the secretion of proinflammatory cytokine.~ by 
inlmunostimulated macrophages. In experimental animals, 
stimulating the vagus nerve with an electrode suppresses innate 
immune responses, whereas sectioning the vagus nerve leads to 
exacerbation of pathologic inila~nmatory responses. In extensive 
preclinical studies, using animal models of human diseases. 
activation of the cholinergic anti-inflammatory pathway via 
various means has been shown to ameliorate tl1e manifestations 
of acute pancreatitis, visceral iscbemia-reperfusion injury, hem
orrhagic shock, arthritis, and severe sepsis. At present, it is not 
known whether manipulation of vagal tone or the d10linergic 
aJlti-inilamrnatory pathway can ameliorate human diseases 
associated with dysregulated inflanm1ation, but is likely that 
studies to address tlus topic will be carried out within the next 
few years. 
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associated with acute myocardial infarction. 

Bernard GR, Vincent JL, Laterre PF, et al: Efficacy and safety of 
recombinant bumaJJ activated protein C for severe sepsis. N Eng! J 
Mcd 344:699-709, 200 1. 

Large, multicentric randomized trial demonstrating that treatment with 
recombinant human activated protein C (rhAPC) reduces mortality in 
patients with severe seps~s. The incidence of serious bleeding events 
vvas higher in the group that received rhAPC, but this did not reach 
statistical significance. 
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Bettelli E, Carrier Y, Gao W, et a!: Reciprocal developmental path
ways for the generation of pathogenic effector Th 17 and regulatory 
T cells. Nature 441: 235-238, 2006. 

A landmark paper that identified the key role of IL-6 in the determination 
of whether na·1ile T cell exposed to TGF-!3 will differentiate into Th 17 or 
Treg cells. 

Matzinger P: The danger model: A renewed sense of self. Science 
296:301-305, 2002. 

The dassic \/lew of the immune system proposed that an immunologic 
distinction is made between self and nonself. This artide proposes a 
paradigm shift in this concept In fact, the immune system may be more 
concerned with entities that do damage than with those that are foreign, 
and the release of so-called danger signals from dead or dying cells may 
alert the immune system to such substances. 

Sprung CL, Annane D, Keh D, et al: Hydrocortisone therapy for 
patients with septic shock. N Engl J Med. 2008; 358:111-124. 

Important contribution to the evidence-based critical care literature dem
onstrating that treatment with ICM' doses of gfucocorticosteroids signifi
cantly fails to reduce mortality in patients with septic shock 
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CHAPTER 5 

SHOCK, ELECTROLYTES, 
AND FLUID 
PETER RHEE 

HISTORY 

PHYSIOLOGY OF SHOCK 

RESUSCITATION 

PERIOPERATIVE FLUID MANAGEMENT 

ELECTROLYTES 

Surgeons are the masters of Au ids because they need to be. 1l1ey 
care for patients who cannot eat or drink for various reasons
for example, they have hemorrhaged, undergone surgery, or lost 
fluids from rubes, drains, or wotmds. Surgeons are obligated co 
know how to care for these patients, as they have put their lives 
in our hands. Thjs topic might appear simple only for those wbo 
do not understand the complexities of the hwnan body and its 
ability to regulate and compensate fluids. ln reality, the task of 
managing patients' blood volume is one of the most challenging 
burdens surgeons face, often requiring complete contro.l of the 
intake and output of fluids and electrolytes, often in the presence 
of blood loss. Surgeons do not yet completely lmderstand the 
physiology of shuck and resuscitation , and our knowledge is 
superficial. Glv:en the nature of om profession, we have studied 
Aulds and electtrolytes as we dealt with patients who have bled 
and even exsa:nguinate. Historically, wartime experience has 
always helped us move ahead in our knowledge of the manage
ment of Auids and resuscitation are no exceptions as we have 
learned much &om them as well. The current wars in Iraq and 
Afghanistan. 

Constant attention to. and titration of. fluid loss therapy 
is required , because tbe human body is dynamic. 1l1e key to 
treatment is to realize the patient's initial condi tion and under
stand that the fluid status is constantly changing. Bleeding, 
sepsis, neuroendocri11e disturbances, and dysfunctional regula
tory systems can aU affect patients who are Lrndergoing the 
dynamic d1anges of illness and healing. 1he correct management 
of blood volume is highly time-dependent. If managed well, 
surgeons arc afforded the chance to deal with other aspects of 
surgery, such as nutrition, administration of antibiotics, drainage 
of abscesses, relief of obstruction and incarceration, treatment 
of ischemia, and resection of tumors. Knowing the difference 
among dehydration, anemia, hemorrhage, and overresuscitation 
is viral. 

The human body is predominantly water, whid1 resides in 
the intravascular, intracellular, and intersti tial (or third} spaces. 
Water moves among tl1ese spaces and depends on mru1y 
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variables. Because surgeons cru1 only control the intravascular 
space, this chapter will concentrate on the correct managen1ent 
of the intravasclLlar space, because this is the only meru1s to 
control the other two fluid compartments. 

1l1is chapter will also examine historical aspects of shock, 
Auids, and electrolytes-not just to note interesting facts or pay 
rribu te to deserving physiciru1s, but also to try to understand 
how dlis knowledge was gained. D oing so is vital to understand
ing past changes in management and to accept future changes. 
Surgeons are often awed at the discoveries made, yet also 
astOlmded by how often they were wrong, and wby. Future 
surgeons will look back at the current body of knowledge and 
be amazed at how little was known. Recenr changes in the man
agement of shock, Aulds, and elecrrolytes have been major ones. 
Knowledge of the history helps explain why the.se changes were 
required. As a consequence of not studying the past, we have 
often repeated history in many ways. 

After the historical higlilights, this chapter will discuss 
Auids that are now used, along with fluids under development. 
Finally, caring for perioperative patients will be explored from a 
daily needs perspective. 

HISTORY 
History may be disliked by those who are in a burry to learn 
only the basics. Learning from the past, however, is essential, to 
know treatments that have ru1d have not worked. D ogma must 
always be challenged and questioned. Were the treatments based 
on science? To understruld what to do, surgeons must know how 
the pr actice evolved to d1e current management methods. Study
ing the history of shock is important for at least three reasons: 
I. Physicians and physiologists have been fascinated with 

blood loss out of necessity. 
2. Experiments that have been carried out need to be 

reassessed. 
3. It is necessary to know more, because tl1e current under

standing of shock is elementary. 

Resuscitation 
One of the earliest authenticated resuscitations in the medical 
l.iterature is the miraculous deliverance of Alu1e Green, who was 
executed by hru1ging on December 14, 1650. Green was exe
cuted in d1e customary way by being forced off a ladder to hru1g 
by the neck. She hung for 30 minutes, during which time some 
ofhe:r friends pulled "with aU their weight upon her legs, some
times lifting her up, and then pulling her down again with a 
sudden jerk, thereby the sooner to dispatch her out of her pain"' 

http://www.myuptodate.com


FIGURE 5-1 Miraculous deliverance of Anne Green, who was exe
cuted in 1650. (Ffom Hughes If: Miraculous deliverance of Anne 
Green: an Oxford case of resuscitation in the seventeenth century. Br 
Med J [din Res Ed] 285:1792- 1793, 1982; by kind permission of the 
Bodleian Library, Oxford.) 

(Fig. 5-1). When everyone thought she was dead, the body was 
taken down, put in a coffin, and carried to the private house of 
Dr. William Petty-who, by the king's orders, was allowed to 
perform autopsies on the bodies of everyone wbo had been 
executed. 

When the coffin was opened, Green was observed to take a 
breath and a rattle was heard in her throat. Petty and his colleague, 
'Thomas Willis, abandoned aU thoughts of a dissection and pro
ceeded to revive their patient. 1l1ey held her up in the coffin and 
then, by wrenching her teeth apart, poured hot cordial into her 
mouth, which caused her to cough. They rubbed and chafed her 
fingers, hands, arms, and feet; after 15 minutes of these efforts, 
they put more cordial inro her mouth. Then, after tickling her 
throat with a feather, she opened her eyes momentarily. 

At that stage, they opened a vein and bled 5 ounces of 
blood. 'They continued administering the cordial and rubbing 
her arms and legs. Next, d1ey applied compression bandages to 
her arms and legs. Heating plasters were put to her chest, and 
another plaster was iJlserted as an enema "to give heat and 
wannth to her bowels." TI1ey then put her in a warm bed, with 
another woman to lie with her to keep her warm. After 12 homs, 
Green began to stpeak; 24 hours after her revival, she was answer
ing questions freely. After 2 days, her memory was normal, apart 
from her recollection of her execution and the resuscitation. 

Shock 
Hemorrhagic shock bas been extensively swdlcd and written 
about for many years. lnjuries, whether intentional or not, have 
occmn::d so frequently tl1at much of the w1derstanding of shock 
has been learned by smgeons taking care of the injured. 

What is shock? The current widely accepted definition is 
inadequate perfLISion of tissue. H owever, many subtleties lie 
behind this statement. Nutrients for cells are required, but which 
nutrients are not well defined at ellis point. The most cri tical 
nutrient is oxygen, but concentrating on oxygenation alone 
probably represents elemental thinking. Blood is highJy complex 
and carries countless nutrients, buffers, cells. antibodies, hor
mones, chemicals, electrolytes, aJld antitoxins. Even if we think 
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in an demencal fashion and try to optimize the perfusion of 
tissue, the delivery side of the equation is affected by blood 
volume, aJlenlia, and cardiac output. Moreover, cl1e use of nutri
ents is affected by infection and drugs. The vascular tone plays 
a role as well; for exan1ple, in neurogenic shock, the sympathetic 
rone is lost and, in sepsis, systemic vascular resistaJlce decrea<;es, 
because of a broken homeostatic process or possibly because of 
evolutionary factors. 

Many advances in medicine have been achieved by battle
field observations. Unfortwlately, in military and civilian trauma, 
hemorrhagic shock is the leading cause of preventable death. 
Repeatedly, wounded patients have survived their initial injuries, 
witl1 adequate comrol of the hen1orrhage, only to undergo 
malaise aJld deterioration, resulting in death. Such cases led to 

maJlY explanations; most observers cl1eorized a circulating toxic 
agent, thought to be secondary to the initial insult. The first 
record available that shows an understaJ1dlng of the need for 
Auid in injured patients was apparently from .Ambroise Pare 
(1510- 1590), who urged the use of clysters (enemas to admin
ister fluid iJlto the rectum) to prevent "noxious vapors from 
mounting to the brain." Yet, he also wrote that phlebotomy is 
"required in great wounds when there is fear of deAexion, pain. 
de(jriu.m, raving, and unquietness"; he and others practiced 
bloodletting during that era, because shock accompaJ1yi.ng 
injury was thought to be from toxins. 

'TI1e term shock appears to have been first used in 17 43 in 
a traJlslation of the French treatise of Henri Francois Le Dran 
regarding battlefield wounds. He used the term to designate the 
act of impact or collision, rather than the resulting functional 
aJld physiologic dan1age. However, the term CaJl be found in cl1e 
book Gunshot Wounds of the E-tremities, published in 1815 by 
Gutl1rie, who used it to describe the physiologic instability. 

Humoral theories persisted until the late 19th cennlfy but, 
in 1830, Herman provided one of the first dear descriptions of 
intravenous (IV) Auid therapy. In response to a cholera epi
demic. he attempted ro rehydrate patients by injecting 6 ounces 
of water into the vein. Ln 1831, O'Shaughnessy also treated 
cholera patients by administering large volumes of salt soiU£ions 
intravenously and published his resul.ts in Lmuet.2 1l10se were 
the first documented attempts to replace and maintain the extra
cellular internal environment or the intravascular volume. Note, 
however, cl1at the treatment of d1olera and dehydration is not 
the ideal trearmem of hemorrhagic shock. 

ln 1872, Gross defimxl shock as "a maJufestation of the 
rude unhinging of the machinery of life." His defulition, given 
its accuracy and descriptiveness, ha.~ been repeatedly quoted in 
cl1e literature. 'TI1eories on the cause of shock persisted through 
the late 19th century; alcl1ough it was unexplainable, it was often 
observed. George Washington Cr.ile investigated it and con
cluded., at the beginning of his career, cl1at the loweriJ1g of tl1e 
central venous pre .. ~sure in the shock state in animal experiments 
was caused by a failure of the autonomic nervous system.3 Sur
geons witnessed a marked chaJ1ge in ideas about shock between 
1888 and 1918. 1n the late 1880s, there were no all-encompassing 
theories, but most surgeons accepted cl1e generalization that 
shock resulted from a malfunctioning of some part of the 
nervous system. Such a malfunctioning has now been shown not 
to he the main reason-hut surgeons are stiiJ perplexed by the 
mechanisms of hemorrhagic shock, especially regarding tl1e 
complete breakdown of the circulatory system that OCCli!S in 
tl1e later stages of shock. 
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In 1899, using contemporary advances with sphygmoma
nometers, Crile proposed that a profOlmd decli11e in blood pres
sure {BP) could account for all symptoms of shock. He also 
helped alter how physicians diagnosed shock and followed its 
course. Before Crile, most surgeons relied on respiration, pulse, 
or declining memal srarus when evaluating the condition of 
patients. After Crile's first books were published, many surgeons 
began measuring BP. In adrution to changing how surgeons 
thought about shock, Crile was part of the ther·apeutlc revolu
tion. His theo·ries remained general ly accepted for almost 2 
decades, predommandy in surgical circles. Crile's work per
suaded Harvey Cushing to measure BP during ali operations, 
which in part led to the general acceptance of BP measuremem 
i.n clinical medicine. Crile also concluded that shock was not a 
process of dying, but rather a marshaling of the body's defenses 
in patients struggling to live. He later deduced that the reduced 
volume of circulating blood, ramer than the rurnmished BP, was 
the most critical factor in shock. 

C rile was instrumental in forming numerous theories of 
shock bur was also known for the "anoci-association" theory of 
shock, which accounted for pain and its physiologic response 
during surgery. He realized that the constant administration of 
nitrous oxide duri11g surgery was required. which necessitated 
having an additional professional at the operating table-the 
skiJJed nurse anesthetist. In 1908, he trained Agatha Hodgins, 
one of his nurses at Western Reserve, who later fow1ded the 
American Association of Nurse Anesthetists. 

Crile's theories evolved as he continued his experimenta
tions; in 1913. he proposed me kinetic system meory. He was 
interested in thyroid hormone and its response to wounds, but 
realized that adrenalln was a key component of the response to 
shock. He rdied on experiments by Walter B. Carmon, who 
fotmd that adrenalin was released in response to pain or emotion, 
shifting blood from the intestines to the brain and extremities. 
Adrenalin release also stimulated the liver to convert glycogen 
to sugar for release into the circulation. Carmon argued that ali 
clle actions of adrenalin aided me arlirnal in its effort to defend 
itself.4 

CriJe incorporated Ca1mon's study into .his theory. He pro
posed iliat impulses from the brain after injury stimulated glands 
to secrete cl1eir hormones, which in turn resulted in sweeping 
changes cl1roughout cl1e body. Crile's kinetic system included a 
complex imerrdationship an1ong the brain, heart, lungs, blood 
vessels, muscles, thyroid gland, and liver. He also noted that if 
the body underwent too much stress, the adrenal glands would 
run out of adrenalin, the liver of glycogen, me iliyroid of its 
hormone, and the brain itself of energy, accounting for auto
nomic changes. Once the kinetic system ran out of energy, BP 
would fall, ar1d the animal would go into shock. 

At me end of cl1e 19th century, surgeons for the most part 
used a wide variety of ronks, stimulants, and drugs. Through 
careful testing, Crile demonstrated mat most of mose agents 
were ineffective, stressing cl1at only saline solutions, adrenalin, 
blood trru1sfusions, ar1d safer forms of anesthesia were bene6daJ 
for treating shock. In addition, he vigorously campaigned against 
the customa.ry approach of polypharmacy, instead promoting 
only drugs of proven value. He stated cl1at stimular1ts, long a 
mainstay of treatment in shock, rud not raise BP and should be 
discarded: "a Slllrgeon should not stimulate ar1 exhausted vaso
motor center with strydmine. That would be as futiJe as flogging 
a dead horse." 

BOX 5·1 Causes of Shock (According to Blalock) 

• Hematogenic (oligemia) 
• Neurogenic (caused primarily by nervous influences) 
• Vasogenic (initially decreased vascular resistance and 

increased vascular capacity, as in sepsis) 
• Cardiogenic (failure of the heart as a pump, as in cardiac 

tamponade or myocardial infarction) 
• la rge volume loss (extracellular fluid, as in patients with diar

rhea, vomiting, and fistula drainage) 

Data from Blalock k. Principles of surgical care: Shock and other problems. 
Stlouis, 1940, CV Mosby. 

Henderson recognized the importar1ce of decreased venous 
return ar1d its effect on cardiac output ar1d arterial pressure. His 
work was aided by advances in technjques that allowed careful 
recording of the volume curves of the ventricles. Fat embolism 
also led to a shockli.ke state, but its possible contribution was 
questioned because study results were difficult to reproduce. 1he 
vasomotor center and its contributions in shock were heavily 
studied in the early 1900s. In 1914. Marm noted cl1at uJulater
aliy innervated vessels of the tongues of dogs, ears of rabbits, 
and paws of kittens appeared constricted during shock, as com
pared with contralareraliy denervated vessels. 

Battlefield experiences continued to intensifY research on 
shock. During the World War I era, Carmon used clinical data 
from me war and data from animal experin1ents ro examine me 
shock state carefully. He meorized mat toxins and acidosis con
tributed to the previously described lowering of vascular tone. 
He and others cl1en focused on acidosis ar1d cl1e role of alkali in 
preventing and prolonging shock. The adrenal gland and effec£ 
of cortical extracts on adrenalectomit.ed animals were studied 
with fascination during this period. 

Then, in the 1930s, a unique set of experiments by Blalock5 

determi11ed that almost all acute injuries were associated with 
changes in fluid and electrolyte metabolism. Sucl1 changes were 
primarily cl1e result of reductions in the effective circuJating 
blood volume. Blalock showed that those reductions after injury 
couJd be d1e result of several med1anisms (Box 5-1). He clearly 
showed cl1at flw.d loss in injured tissues involved the .loss of 
extracellular fluid (ECF) that was unavailable to the intravascu
lar space for maintaining circulation. 1l1e original concept of a 
"third space," in which fluid is sequestered and therefore 
unavailable to cl1e intravascular space, evolved from Blalock's 
studies. 

Carl Jolm Wiggers first described the concept of irreversible 
shock6 His 1950 textbook, Physiology of Shock, represented the 
attitudes toward shock at mat time. In an exceptionally brilliar1t 
summation, Wiggers as..~mbled the various signs ar1d symptoms 
of shock from various aucl1ors in that textbook {Fig. 5-2), along 
wid1 his own findings. His experiments used what is now known 
as the Wiggers prep. In his usual experiments, he used previously 
splenectomized dogs and cannulated meir arterial systems. He 
took advantage of an evolving techJ1ology d1at allowed bim to 
measure cl1e pressure in the arterial system, and he studied the 
effects oflowering BP through blood wicl1drawal. After remov
ing the dogs' blood to an arbitrary set point (typically, 
40 mm Hg), he noted cl1ar thcir BP soon spontaneously rose as 
fluid was spontru1eously recruited into the intravascular space. 
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SYMPTOM COMPLEX OF SHOCK 

General appearance 
and reactions 

Mental state 
Apathy 
Delayed responses 
Depressed cerebration 
Weak voice 
Listless or 

restlessness 

Countenance 
Drawn-anxious 
Luster1ess eyes 
Sunken eyeballs 
Ptosis of upper lids 

(slight) 
Upward rotation of 
eyeballs (slight) 

Neuromuscular state 
Hypotonia 
Muscular weakness 
Tremors and 

twitchings 
Involuntary muscular 

movements 
Difficulty in 

swallowing 

Neuromuscular tests 
Depressed tendon 

reflexes 
Depressed sensibilities 
Depressed visual 
and auditory 
reflexes 

General but variable 
symptoms 

Thirst 
Vomiting 
Diarrhea 
Oliguria 
Visible or occult 

blood in vomitus, 
and stools 

Skin and mucous 
membranes 

Skin 
Pale, livid, ashen 

gray 
Slightly cyanotic 
Moist, clammy 
Mottling of 

dependent parts 
Loose, dry, 

inelastic, cold 

Mucous membranes 
Pale, livid, 

slightly cyanotic 

Conjunctiva 
Glazed, luster1ess 

Tongue 
Dry, pale, parched, 

shriveled 

Respiration and 
metabolism 

Respiration 
Variable but not 
dyspneic 

Usually increased 
rate 

Variable depth 
Occasional deep 

sighs 
Sometimes irregular 
or phasic 

Temperature 
Subnormal, normal, 

supernormal 

Basal metabolic rate 
reduced(?) 

Circulation 
and blood 

Superficial veins 
Collapsed and 

invisible 
Failure to fill 
on compression 
or massage 

Inconspicuous 
jugular 
pulsations 

Heart 
Apex sounds feeble 
Rate, usually rapid 

Radial pulse 
Usually rapid 
Small volume 

"feeble," 
"thready" 

Brachial blood 
pressures 

Lowered 
Pulse pressure 
small 

Retinal vessels 
Narrowed 

Blood volume 
Reduced 

Blood chemistry 
Hemoconcentration 
or hemodilution 

Venous0.! 
decreased 

A-V 0 2 difference 
increased 

Arterial C02 
reduced 

Alkali reserve 
reduced 

FIGURE 5-2 Wiggers' description of symptom complex of 
shock. (From Wiggers 0: Present status of shock problem. 

Physiol Rev 22:74, 1942.) 

To keep the dogs' BP at 40 mm Hg, Wiggers had to con
tinually withdraw additional blood during this compensated 
stage of shock. During compensated shock, the dogs could usc 
their reserves to s urvive- Water was recruited from the intracel
lular compartment as well as the extracellular space. 1l1e body 
tried to maintain the vascular A ow necessary to survive. However, 
after a certain period , he found that to keep the dogs' BP at the 
arbitrary set point of 40 mm Hg, he had to reinfusc shed blood; 
be termed this phase lmCompensttted or irreversible shock Eventu
ally, after a period of irreversible shock, the dogs died. 

adrnirustered. Uncompensated shock is surely what Gross meam 
by '\ m lcinging of the machinery of life." Currently, hemorrhagic 
shock models are classi£cd as involving controlled or uncon
trolled hemorrhage. The Wiggers prep is controlled hemorrhage 
and is referred to as pressure-controlled hemorrhage. 

Another animal model that uses controlled hemorrhage is 
the volume-controlled model. Arguments against this model 
include the inconsistency of the blood volume from one animal 
to anotl1er and the variability in response. Calculating blood 
volume is usually ba~ed on a percentage of body weight (typi· 
cally, 7% of body weight), but such percentages arc not exact 
and result in variabili ty from one animal to another. However, 
proponents of the volume model and critics of the pressure 
model argue that a certain pressure during hypotension elici ts a 
different response from one animal to another. Even in tbc 
pressure-controlled hemorrhage model, animals vary highly in 
regard ro when they go from compensated to uncompensated 

If the dogs had not yet gone into the uncompensated 
phase, any type o f Auid used for resuscitation would have made 
survival likely. In fact, most dogs at that stage, even without 
resuscitation, would self- resuscitate by going to a water source. 
Once they entered the uncompensated phase of shock, however, 
their reserves were exhausted; even if blood were given back, 
survival rates were bener if additional Auid of some sort was 
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shock. The pressure typically used in d1e pressure-controlled 
model is 40 mm Hg; the volume used in the volume-controiJed 
model is 40%. 1he variance in the volume-controlled model can 
be rn.inimizcd by specifYing a narrow weight range for the 
animals (e.g., rats within 10 g, large animals within 5 pounds). 
It is also important w have the san1e experimenters doing the 
exact same procedure at the san1e time of tl1e day in animals that 
were prepared and hydrated in exactly d1e same way. 

The ideal model is uncontrolled hemorrhage, but its main 
problem i.s thaJt tile volume of hemorrhage is uncontrolled by 
the nature of the experiment. Variability is the highest in this 
model, even though it is the most realistic. Computer-assisted 
pressure modcls can be used d1at .mimic the pressures during 
uncontrolled sbock to reduce d1e artificiality of the pressure
controlled model. 

Fluids 
How did the commonly used lV fluids, such as normal saline, 
enter medkal practice? lt is often taken for granted, given the 
vast body of knowledge in medicine, that they were adopted 
through a rigorous sciemi£c process hut that was not actually 
tl1e case. 

Normal saline has been used for many yeats and is extremely 
beneficial, but we now know that it also can be harmfuL Hartog 
Jakob Han1burger, in his in vitro studies of red cell lysis in 1882, 
incorrectly suggested that 0.9% saline was the concentration of 
salt in hun1an blood. This fluid is often referred to as physi.ologic 
or normal saline, but it is neither physiologic nor normal. Sup
posedly, 0.9% normal saline originated during tl1e cl1olera pan
demk that afflicted Europe in 1831, but an examinati.on of tl1e 
composition of the fl uids used by physicians of that era found 
no resemblance to normal saline. The origin of me concept of 
normal saline remains unclear. 7 

In 183 1, O'Shaughnessy described his experience in the 
treatment of d1olcra8: 

Universal stagnation of the venous system, and rapid cessation of the 
arterialization of the blood, are the earliest, as well as the most char
acteristic effects. Hence the skin becomes blue-hence animal heat is 
no longer generated-hence the secretions are suspended; the arter
ies contain black blood, no carbonic acid is evolved from the lungs, 
and the retume<l air of expiration is cold as when it enters these 
organs. 

O'Shaughnessy wrote iliose words at the age of 22, having 
just graduated from Edinburgh Medical School. He tested his 
new method of infusing intravenous saline on a dog and observed 
no ill effects. Eventually, be reported that the aim of his metl10d 
was to restore blood to its natural specific gravity and to restore 
its deficienc saline matters. His experience wicb human cholera 
patients taught b.in1 that the practice of bloodletting, then 
highly common, was good for "diminishing the venous conges
tion" and that nitrous oxide (laughing gas) was not useful for 
oxygenation. 

In 1832, Robert Lew ins reported that he witnessed Thomas 
Latta injecting extraordinary quantities of saline into veins, with 
the immediate effects of "restoring the natural current in the 
veins and artedes, of improving the color of the blood, and [of] 
recovering the functions of the lungs." Lewins described Latta's 
saline solution as consisting of "two drachms of mlliiate, and 
two scruples of carbonate, of soda, to sixty ounces of water." 
Later, however. Latta's solution was found co equate to having 

FIGURE 5-3 Sydney Ringer, credited for the development of lactated 
Ringer's solution. (From Baskett TF: Sydney Ringer and lactated Ring
ers's solution. Resuscitation 58:5-7, 2003.) 

134 mmol/liter of Na ... , 118 mmol/Uter of Cl-, and 16 nlllloll 
ljter of HC03- . 

Over the next 50 years, many reports cited various recipes 
to treat cholera, but none resembled 0.9o/o saline. In 1883, 
Sydney Ringer reported on the influence exerted by the con
stituents of the blood on the contractions of the vcnt.ricle (Fig. 
5-3). Studying hearts cut out of frogs, he used 0.75% saline and 
a blood mixture made from dried bullocks' blood.9 In his 
attempts to identify whkh aspect of blood caused better results, 
be found that a "small quantity of white of egg completely obvi
ates the changes occurring with saline solution." He concluded 
that the benefit of white of egg was because of the albumin or 
pota..~iuro chloride. To show what worked and what did not, he 
described endless experiments, witl1 alterations of multiple 
variables. 

However, Ringer later published anotl1er article stating that 
his previously reported findings could nor be repeated; througb 
careful study, he realized that the water used in his fust article 
was actually not distilled water, as reported, but rather tap water 
from tl1e New River \Vater Company. It turned out that his 
laboratory technician, who was paid m distill the water, took 
shortcuts and use,d tap water instead. Ringer analy1.ed me water 
and found that it contained many trace minerals (Fig. 5-4). 
Through careful and diligent experimentation, he found that 
calcium bicarbonate or calciurn chloride-in doses even smaller 
than tl1ose in blood- restored good contractions of the frog 
ventrides. 'TI1e third component iliat he found essential to good 
comractions was sodium bicarbonate. He knew the importance 
of the trace elements. He also stated d1at fisb could Uve for weeks 
unfed in tap water, but would die in distilled water in a few 
hours; minnows, for example, died in an average of 4.5 hours. 
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They consist of: 

Calcium 38.3 per million. 

Magnesium 4.5 

Sodium 23.3 

Potassium 7.1 

Combined carbonic acid 78.2 

Sulphuric acid 55.8 

Chlorine 15 

Silicates 7.1 

Free carbonic acid 54.2 

FIGURE 5-4 Sidney Ringer's report of contents in water from the New 
River Water company. (From Baskett TF: Sydney Ringer and lactated 
Ringers's solution .. Resuscitation 58:5- 7, 2003.) 

1hus, the three ingredients that he found essential were potas
shml, calcium, a:nd hicarbonate. Ringer's solution sonn hecame 
ubiquitous in physiologic laboratory experiments. 

In the early 20th century, fluid therapy by injection under 
the skin (hypodermoclysis) and infusion into the rectum (proc
toclysis) became routine. Hartwell and Hoguer reported its use 
in intestinal obstruction in dogs, laying the fOLmdation for saline 
therapy in human patients with intestinal obstruction. 

As IV crystalloid solutions were developed, Ringer's solu
tion was modified, most notably by pediatrician Alexis Hart
mann. ln 1932, attempting to develop an alkalinizing solution 
to administer to his acidotic patients, Hartmann modified Ring
er's solution by adding sodium lactate. 1he result was lactated 
Ringer's (LR), OJr Hartmann's solution. He used sodium lactate 
{in~tead of sodiLun bicarbonate)-the conversion of lactate into 
sodium bicarbonate was slow enough to lessen the danger posed 
by sodium bicarbonate, which could rapidly shift patients from 
compensated acidosis to Lmcom pensated alkalosis. 

In 1924, Rudolph Matas, regarded as the originator of 
modern fluid treatment, introduced the concept of the contin
ued IV drip but also warned of d1e potential dangers of saline 
infusions. He stated that "Normal saline has continued to gain 
popularity but the problems with metabolic derangements have 
been repeatedly shown but seem co have fallen on deaf ears." In 
healthy volunteers, normal saline has been shown to cause 
abdominal discomfort and pain. nausea, drowsiness. and 
decreased mental capacity to perform complex tasks. 

1he poinr is that normal saline and LR solutions have been 
formulated for conditions other than the replacement of blood, 
and the reasons for the formulation are archaic. Such solutions 
have been useful for dehydration; when used in relatively small 
volumes {1 to 3 liters/day), they are well tolerated and relatively 
harmless, they provide water, and the human body can tolerate 
the amOLmts of electrolytes they contain. Over the years, LR bas 
attained widespread use for the treatment of hemorrhagic shock. 
However, normal saline and LR are mostly permeable through 
the vasCLJar membrar1e, but are poorly retained in the vascular 
space. After a few hours, only about 175 to 200 mL of a 1-litcr 
i"nfusion remains in the intravascLJar space. In countries od1er 
than the Unlted States, LR is often referred ro as Hartmann's 
solution. ar1d normal saline is referred to as physiologic {some
times even spelled "fisiologic") solution. With the advar1ces in 

SHOCK, ELECfROLYTES, AND FLUID CHAPTERS 71 

science in the last 50 years, it is hard to understand why more 
advances in resuscitation fluids have not been made. 

Blood Transfusions 
Concerned about the blood that injured patients lost, Crile 
begar1 w experimem with blood transfusions. As he stared, 
"After many accidents, profuse hemorrhage often led to shock 
before the patient reached the hospital. Saline solutions, ad rena
lin, and precise surgical technique could substitute onl)' up to a 
point for the lost blood." At the turn of the 19th century, trar1S
fusions were seldom used. 1heir usc waxed ar1d war1ed in popu
larity because of transfusion reactions and difficulties iJl 
preventing cloning in donated blood. 1hrough l1ls experimems 
in dogs, Cri.le showed that blood was interchangeable: be trans
fused blood without blood group matching. Alexis Carrel was 
able to sew blood vessels together with his triangulation tech
nique, using it to connect blood vessels from one person to 
another for the purpose of transfusions. However, C rile foLmd 
Carrel~s technique too slow ar1d cumbersome in humar1s, so he 
developed a shon caru1 ula to facWtate trar1sfusions. 

By World Wa:r II, shock was recognized as the single most 
common cause of treatable morbidity and mortality. At the time 
of the japanese attack on Pearl Harbor on December 7. 1941. 
no blood bar:tks or effectual blood trar1sfusion facilities were 
available. Most military locations had no stocks of dried pooled 
plasma. Although the wounded of that era were evacuated 
quickly to a hospital, the mortality rate was still high. N fluids 
of aJl}' type were cssemially unavailable, except for a few liters 
of saline marlllfactured by means of a still in the operating room. 
N fluid was usually administered using an old Salvesen flask 
ar1d reused rubber tubing. Often, a severe febrile reaction 
resulted from the usc of that tubing. 

The first written documentation of resuscitation in \Xforld 
War II patients was 1 year after Pearl Harbor, in December 
1942, in notes from the 77th Evacuation Hospital in North 
Africa. Churchill stated that "The wounded in action had fnr 
the most part either succumbed or recovered from any existing 
shock before we saw them. However, later cases can1e to us in 
shock, and some of the early cases were found to be in need of 
whole blood transfusion. There was plenty of reconstituted 
blood plasma available. However, some cases were in dire need 
of whole blood. We had no transfusion sets, although such are 
available in the United States: no sodium citrate; no sterile dis
tiUed water: and no blood donors." 

The initial decision to rely on plasma rather marl blood 
appear:s to have been based in part on the view held by the Office 
of the Surgeon General of the Army, and in part on the opinion 
of the civilian investigators of the National Research CoLmcil. 
Those civilian investigators thought that in shock, the blood was 
thick ar1d the hematocrit level bjgh. On April 8, 1943, the 
Surgeon General stated that no blood would be sent to the 
combat zone. Seven months later, he again refused to send blood 
overseas because of the following: (l) his observations of overseas 
theaters had convinced him that plasma was adequate for the 
resuscitation of wounded men; (2) from a logistics standpoint, 
it was impractical to make locally collected blood more available 
than that from general hospitals in the combat zone; and (3) 
shipping space was wo small. Vasoconstricting drugs such as 
adrenalin were condemned because they were thought to 
decrease blood Bow ar1d tissue perfusion as they dal11ll1ed the 
blood in the arterial portion of the circulatory system. 
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Table 5-1 Four Classes of Hemorrhagic Shock* 
Class 

PARAMETER I 

Blood loss (Ofo) 0.15 

II 

15-30 

Ill 
3()..40 

IV 

>40 

Central nervous system Slightly anxious 

Pulse (beats/min) <100 

Mildly anxious 

>100 

Anxious or confused 

>120 

Confused or lethargic 

>140 

Blood pressure 

Pulse pressure 

Respiratory rate 

Urine (ml/hr) 

Auid 

*Jiccording to the AT1.S course. 

Normal 

Normal 

14-20/min 

>30 

Crystalloid 

Nonnal 

Decreased 

20..30/min 

20..30 

Crystalloid 

Dllring World War ll, out of necessity, efforts to make 
blood transfusions available heightened and led to the institu
tion of blood banking for transfusions. Better understanding of 
hypovolemia and inadequate circulation favored the usc of 
plasma as a resuscitative solution, in addition to whole blood 
replacement. 1l1us, the treatment of traumatic shock greatly 
improved. 'The- administration of whole blood was thought to 

be extremely effective, so it was widely used. Mixed with sodium 
citrate in a 6: 1 ratio to bind the calcium in the blood, which 
prevented dotting, worked well. 

However, no matter whid1 solution was used- blood, col
loids, or crystalloids-the blood volume seemed to increase by 
only a fraction of what was lost. In the Korean \'V'ar era, it was 
recognized that more blood had to be infused to regain tl1e blood 
volume that was lost adequately. The reason for the need for 
more blood was unclear, but was thought to be because of 
hemolysis, pooling of blood in certain capillary beds, and loss 
of Auid into tissues. Considerable attention was given to elevat
ing the feet of patients in shock. 

PHYSIOLOGY OF SHOCK 

Bleeding 
Research and experience have both taught us much about the 
physiologic responses to bleeding. The Advanced Trauma Life 
Support (ATLS) course defines four classes of shock (Table 5-1). 
ln general, that categorization has helped point out the physi
ologic responses to hemorrhagic shock, emphasizing the identi
fication of blood loss and guiding treatment. Shock can be 
thought of anatomically at three levels (Fig. 5-5). It can be 
cardiogenic, with extrinsic abnormalities (e.g., talllponade) or 
inrrinsic abnormalities (e.g., pump failllfe caused by infarct, 
overall cardiac failure, or contusion). Large vessels can cause 
shock if they are injured and bleeding results. If the anatomic 
problem is at tl1e small vessel level, neurogenic dysfunction or 
sepsis can be tlhe culprit. 

1l1e four da'>SCs of shock as taught in the ATLS course are 
problematic be.causc they were not rigorously tested and proven. 
1l1e developers of the ATLS course have agreed that d1ese classes 
were fairly arbitrary and not necessarily based on rigorous sci
entific data. Patients in shock do not always follow the 

Decreased Decreased 

Decreased Decreased 

3Q-40/min >35/min 

5-15 Negligible 

Crystalloid + blood Crystalloid + blood 

physiology as taught in the ATLS course, and a high degree of 
variance exists among patients, particularly in clilldren and older 
patients. Children, in general, seem to be able to compensate, 
even after large volumes of blood loss, because of the higher 
water composition of their bodies. However, when they decom
pensate, the process can be rapid. Older patients do not com
pensate well; when they start to collapse physiologically, ilie 
process can be devastating because their ability to recruit Auid 
is not as good and their cardiac reserves are less. 

The problen1 wiili the signs and symptoms classically 
shown in the ATLS classes is that in real i.ty, the manifestations 
of shock can be confusing and difficult to assess. For example, 
consider whether an iJ1dividual patient's change in mental status 
is caused by factors such as blood loss, traumatic brain injury 
(TBI), pain, or il licit drugs. 1l1e same dilemma applies for respi
ratory rate and skin changes. Are alterations in a patient's respira
tory rate or skin caused by factors sucll as pneumothorax, rih 
fractures, or inhalation injury? 

To dare, despite the many potential methods of monitoring 
shock, none has been found clinically reliable for replacing BP. 
Clinicians all know that there is a wide range of normal BPs. 
1l1e question often is tllis: What is the baseline BP of the patient 
being treated? When a seemingly normal BP is treated, is that 
hypotension or hypertension compared with the patient's normal 
BP? How do we know how much blood has been lost? Even if 
blood volume is measLLCed directly (rapid methods are now avail
able), what was the patient's baseline blood volume? To what 
blood volume should the patient be resuscitated? The end point 
of resuscitation has been elusive. The variance in all the variables 
makes assessment and treatment a d1allenge. 

One important factor to recognize is mat clinical symp
toms are relatively few in patients who are in class I shock. The 
only change in class I shock is anxiety, whid1 is practicall}' 
impossible to assess- is it the result of factors such as blood loss, 
pain, trauma, or drugs? A heart rate higher than l OO beats/min 
has been used as a physical sign of bleeding, but evidence of its 
significance is minimal. Brasel and colleagues10 have shown that 
heart rate is neither sensi.tive nor specific in determining the 
need for emergent intervention, need for packed red blood ceU 
(PRBC) transfusions in the first 2 hours after an injury, or sever
ity of an injury. Heart rate was not al tered by the presence of 
hypotension (systolic BP <90 mm Hg). 
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Cardiogenic shock 

Extrinsic (tamponade) 

Intrinsic (failure, ischemia) 

Hemorrhagic 

Distributive 

In patients who are in class II shock, we are taught that 
their heart rate is increased but, again, this is a highly urueliable 
marker; pain and mere nervousness can also increase heart rate. 
The change in pulse pressure-the difference between systolic 
and diastoUc pressure-is also difficult to identify, because tbe 
baseline BP of patients is not always known. The change in pulse 
pressure is thought to be caused by an adrenal in response, which 
constricts vessels and results in higher diastolic pressures. It is 
important to recognize that the body compensates well. 

Not until patients are in class ill shock does BP suppos
edly decrease. At this stage, patients have lost 30% to 40% of 
their blood volume; for an average man weighing 75 kg/168 lbs, 
that can mean up ro 2 liters of blood loss (Fig. 5-6) . lt is 
helpful to remember that a can of soda or beer is 355 mL; a six 
pack is 2130 mL. Theoretically, if a patient is hypotensive from 
blood loss, we are looking for a six pack of blood. Small 
an1ounts of blood should not result in hypotension. AJthough 
intracranial bleeding can cause hypotension in the last stages of 
herniation, it is almost in1possible that it is the result of large 
volumes of blood loss intracranially because there is not enough 
room for that volume of blood. It is critical to recognize uncon
trolled bleeding, and even more critical to stop bleeding before 
patients go into class ill shock. It is more in1portant to recog
nize hlood loss than it is to replace blood loss. A common 
mistake is to think that trauma patients arc often hypotensive; 
hypotension is rare in trauma patients (occurring less than 6o/o 
of the time). 

Sepsis 

Neuro 

FIGURE 5-5 Types of shock. 

FIGURE 5-6 Liters of blood lost for dass Ill shock, or 40% of 5 liters, 
according to the ATLS. 

In addition, the ATLS course, which was designed for 
physicians who are not surgeons, does not recognize many subtle 
but important aspects of bleeding. The concepts of the course 
are relatively hasic. However, surgeons know that there are 
nuances of the varied responses to injuries i11 animals and 
humans. ln the case of arterial hemorrhage, for exan1ple. we 
know that animals do not necessarily manifest tachycardia as 
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their fust response when bleeding, but actually become brady
cardic. It is speculated that this is a teleologically developed 
mechanism because a bradycardic response reduces cardiac 
output and minimizes free uncontrolled exsanguination; 
however, a bradycardic response to bleeding is not consistencly 
shown in al l animals, including humans. Some evidence has 
shown that this response, tem1ed relative bradycardia, does occur 
in humans. Relative bradycardia is defined as a heart rate lower 
than LOO beatslmin when the systolic BP is less than 90 mm Hg. 
When bleeding patients have relative bradycardia, their mortal
ity rate is lower.Jnterestingly, up to 44% of hypotensive patients 
have relative bradycardia. However, patients with a heart rate 
lower than 60 bears/mjn are usually moribund. Bleeding patients 
with a heart rate of 60 to 90 beats/min have the higher survival 
rate as compared with patients who are tachycardic (heart rate 
>90 beats/ min) . 11 

The physiologic response to bleeding also differs subcly 
according to whether the source of bleeding is arterial or venous. 
Arterial bleeding is obviously problematic, but often stops tem
porarily on i ts own; the human body has evolved to trap the 
blood loss in adventitial tissues, and the transected artery will 
spasm and thrombose. A lacerated artery can actually ble.ed more 
than a transected artery because the spasm of the lacerated artery 
can actually enlarge the hole in the vessel. Thrombosis of the 
artery sometimes does not occur in transected or lacerated 
vessels. Arterial bleeding, when constancly monitored, results in 
rapid hypotension: there is a leak in the arterial system and, 
because the arterial system is valveless, the recorded BP drops 
early, even before large-volume loss occurs. In these patients, 
hypotension ensues quickly but because ischemia has not yet 
had a chance to occur, measurements of lactate or base deficit 
often yield normal results. 

Venous bleeding, however, is slower; the human body com
pensates, and sometimes large volumes of blood are lost before 
hypotension ensues. In venous bleeding, there is time for lactate 
and base deficit results ro be abnormal. Blood loss is often 
slower, bur can still be massive before it is reflected in hypoten
sion. 1he slower nature of venous bleeding also allows for com
pensatory mechanisms to i11teract because water is recruited 
intravascularly from cells and the interstitial spaces. 

It is generally taught that the hematocrit or hemoglobin level 
is not reliable for predicting blood loss. This is true for patients 
with a high hematocrit or hemoglobin level but in patiems resus
citated with fluids, a rapid drop in the hematocrit and hemoglo
bin levels can occur immediately. Bruns and associates12 have 
shown that the hemoglobin level can be low within the first 30 
minutes after the patient arrives at a trauma center. 'Therefore, 
although patients with a high or normal hemoglobin level may 
have significant bleeding, a Low hemoglobin Level, because i t 
occurs rapidly, usually reflects the actual hemoglobin level and 
extent of blood loss. Infusion of acellular fluids often will dilute 
the blood and decrease the hemoglobin levels even further. 

The lack of good indicators to distinguish which patients 
are bleeding has led many investigators to examine heart rate 
variability or complexity as a potential new vital sign. Many 
clinical studies have sbow11 that heart rate variability or complex
ity is associated with poor outcome, but this has yet to catch on, 
perhaps because of the difficuh:y of calculating it. Heart rate 
variability or complexity would have to be calculated using 
software, with a resulting i11dex on which clinicians would have 
to rely; this information would not be available merely by 

examining patients. Another issue with heart rate variability or 
complexity is that d1e exact physiologic mec.hal1.ism for its asso
ciation with poor outcome has yet to be elucidated.13 1his new 
vital sign may be programmable into currencly used monitors, 
but its usefulness bas yet to be confi.rmed. 

Hypotension has been traditionally set, arbitrarily, ar 
90 mm Hg and below. However, Eastridge and coworkers11 have 
suggested that hypotension be redefined as I. LO mm Hg and 
below, because that BP is more predictive of death and hypo
perfusion. 1hey concluded that 110 mm Hg would be a more 
clinically relevallt cutoff point for hypotension and hypoperfu
sion. In 2008, Bnms and colleagues15 confirmed that concept, 
showing chat a prebospital BP lower than J LO mm Hg was 
associated with a sharp increase in mortality, and L5o/o of patients 
with that BP would eventually die in the hospital. As a resul t, 
they recommended redefining prehospital triage systems. Of 
note, especially in older patients, normal vital signs may miss 
occult hypoperfusion as indicated by increased lactate levels and 
base deficit.16 

Lactate and Base Deficit 
Lactate has been a marker of injury, and possibly iscbemia, and 
has stood the test of time. 16 However, new data question the 
cause and role of lactate. Emerging information is confusing; it 
suggests that we may not understand lactate for what it truly 
implies. Lactate has long been thought to be a byproduct of 
allaerobic metabolism alld is routinely perceived to be an end 
waste product that is completely unfavorable. Physiologists are 
now questioning this paradigm and have found that lactate 
behaves more advantageously than not. An analogy would 
be that firefighters are associated with fires, but that does not 
mean that firefigh ters are bad, nor does it mean that they caused 
rl1e fires. 

Research has shown that lactate accumulates in muscle and 
blood duril1g exercise; it is at its bigl1est level at, or just after, 
exhaustion. Accordingly, it was assumed that lactate was a waste 
product. We also know that lactic acid appears in response to 
muscle conrracrion and continues in the absence of oxygen. [n 

addition, accumulated lactate disappears when oxygen i.s present 
in tissues. 

Recent evidence has indicated rl1at Lactate is all active 
metabolite, capable of moving among cells, tissues, and orgallS, 
where it may be oxidized as fuel or reconverted to fom1 pyruvate 
or glucose. It now appears that increased lactate production and 
concentration, as a result of anoxia or dysoxia, are often the 
exception rather than the rule. Lactate seems to be a shuttle for 
energy; the lactate shuttle is now the subject of much debate. 
The end product of glycolysis is pyruvic acid. Lack of oxygen is 
cl1ought to convert pyruvate into lactate. However, Lactate for
mation may allow carbohydrate metabolism to continue through 
glycolysis. It is po.~tulated that lactate is transferred from its site 
of production in the cytosol to neighboring cells and to various 
organs (e.g., heart, liver, kidney), where its oxidation and con
tinued metabolism Call occur. 

Lactate is also being studied as a pseudohormone because 
it seems to regulate the cellular redox state through exchange 
and conversion into pyruvate and through its effects on cl1e ratio 
of nicotinanlide adenine dinucleotide to nicotinamide adenine 
dinucleotide (reduced)-the NAD+lNADH ratio. It is released 
into t he systemic circulation and taken up by distal tissues and 
organs, where it also affects the redox state il1 those cells. Further 
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evidence has shown that it affects wound regeneration, with the 
promotion of increased collagen deposition and neovasculariza
tion. Lactate may also induce vasodilation and catecholamine 
release and stimulate fat and carbohydrate oxidation. 

Lactate levels in blood are highly dependent on the equi
librium berween production and elimiJ1ation from the blood
strean1. 1l1e liver is predominandy responsible for dearing 
lactate; acute or chronic Liver disease affects lactate levels. Lactate 
was always thought to be produced from anaerobic tissues, but 
it now seems that various tissue beds that are not undergoing 
anaerobic metalbollsm produce lactate when signaled of 
distress. 

In canine muscle, lactate is produced by moderate-intensity 
exercise when the oxygen supply is ample. A high adrenergic 
stimulus also causes a rise in lactate level as the body prepares 
or responds to stress. A study of climbers of Mount Everest has 
shown that the restmg Po2 on me summit was approximately 
28 mm Hg and decreased even more during exercise.17 1l1e 
blood laaate level in those climbers was essentially the same as 
at sea level. 1hese studies have allowed us to question lactate and 
its true role. 

In humans, lactate may be me preferred fuel in the brain 
and heart; i11fused lactate is used before glucose at rest and 
during exercise. Because it is glucose sparing, lactate allows 
glucose and glycogen levels to be maintained. However, some 
data pomt to lactate's protective role in TBis.18 Lactate fuels the 
humru1 brain durmg exercise. 1l1e level of Lactate, whedler it is 
a waste product or source of energy, seems co signify tissue dis
tress, from ru1aerobic conditions or oilier factors. 19 Release of 
epinephrine and other catecholamiJ1es will resu.lt in higher 
lactate levels. 

Base deficit, a measure of the number of miUimoles of base 
required to correct d1e pH of 1 Liter of whole blood to 7.4, seems 
to correlate well wi th lactate level, at least in the fi rst 24 hours 
after an injury. Rutherford, in 1992, showed that a base deficit 
of 8 is associated wiili a 25<>A, mortality rate in patients older 
than 55 years without a bead injury or in patients yow1ger than 
55 wim a head injury. When base deficit remains elevated, most 
clinicians believe that it is an indication of ongoi11g shock. 

One of the problems with base deficit is that it is com
monly influenced by the chloride from various resuscitation 
fluids, resulting in a hyperchJoremic non gap acidosis. ln patients 
with renal failure, base deficit can also be a poor predictor of 
outcome. In the acute stage of renal faiJure, a base deficit lower 
than 6 mmollliter is associated wim a poor outcome.2° Wiili the 
use of hypertonic saline (HTS), which has three to eight times 
the sodium chloride concentration as normal saline, depending 
on the concentration used, in trauma patients, the hyperchlore
n:uc acidosis has been shown to be relatively harmless. However, 
when HTS is used, the base deficit should be interpreted with 
caution. 

Compensatory Mechanisms 
When needed, blood Bow to less critical tissues is diverted to 

more critical tissues. The earLiest compensatory mechanism in 
response to a decrease in intravascular volume is an iJ1crease in 
sympathetic activity. Such an iJ1crease is mediated by pressure 
receptors or baroreceptors in the aortic arch, atria, and carotid 
bodies. A decrease in pressure inhibits parasympathetic discharge 
willie norepineph rine and epinephrine are liberated and causes 
adrenergic recep'tors in the myocardium and vascular smooth 
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muscle to be activated. Heart rate and conrraaillty are increased; 
peripheral vascular resistance is also increased, resulting in an 
increased BP. However, the various tissue beds are not affected 
equally; blood is shunted from less critical orgru1s (e.g., skin, 
skeletal muscle, splandmic circulation) to more critical organs 
(e.g., brain, liver, kidneys). 

1l1en. the juxtaglomerular apparatus in the kidney-in 
response to the vasoconstriction and decrease in blood flow
produces the enzyme renin, which generates angiotensin I. The 
angiotensi.n-converting enzyme located on d1e endothelial cells 
of the pulmonary arteries converts ru1giotcnsin I to ru1giotensin 
II. In turn, angiotensin IT stimulates an .increased sympathetic 
drive, ar the level of me nerve terminal, by releasmg hormones 
from ilie adrenal medulla. In response, the adrenal medulla 
affects intravascular volume during shock by secreting catechol 
hormones-epinephrine, norepinephrme, and dopanline
which are all produced from phenylalaniJ1e and tyrosine. They 
are called catecho!Amines because they contai n a catecl10l group 
derived from the runino acid tyrosine. 1he release of catechol
amines is thought to be responsible for the elevated glucose level 
in hemorrhagic shock. Although the role of gLucose elevation in 
hemorrhagic shock is not fully understood, it does not seem to 
affect outcome.21 

Cortisol, also released from the adrenal cortex, plays a 
major role in that it controls fluid equilibrium. In the adrenal 
cortex, the zona glomcrulosa produces aldosterone in response 
to stimulation by angiotensin U. Aldosterone is a mineralocor
dcoid that modulates renal fw1ctlon by mcreasing the recovery 
of sodium and excretion of potassium. Angiotensin £I also has 
a direct action on the renal tubules, reabsorbing sodiwn. 1l1e 
control of sodium is a prin1ary mechanism whereby the human 
body controls water absorption or secretion in the kidneys. One 
of the probiCills in shock is that ilie release of hormones is not 
infinite; the supply can be exhausted. 

1l1is regulation of intravascular Auid status is furd1er 
affected by the carotid baroreceptors and atrial naturetic pep
tides. Signals are sent to the supraoptic and paraventricular 
nuclei in the brain. Antidiuretic hormone (ADH) is released 
from tl1e pituitary, causing retention of free water at the levd of 
the kidney. Simultaneously, volume is recruited from the extra
vascular and cellular spaces. A shift of water occurs as hydrostatic 
pressu.res fall in the intrava~cular compartment. At me capillary 
level, hydrostatic pressures are also reduced, because the precap
iJlary sphincters are vasoconstricted more than the postcapillary 
sphincters. 

Lethal Triad 
The triad of acidosis, hypothermia, and coagulopathy is common 
in resuscitated patients who are bleeding or in shock from 
various factors. Our basic understanding is that inadequate 
tissue perfusion results in acidosis caused by lactate production. 
In the shock state, the delivery of nutrients to the cells is thought 
to be inadequate, so adenosine triphosphate (ATP) production 
decreases. 1l1e human body relies on ATP production to main
tain homeostatic temperatures; ATP is me source of heat .i n all 
homeothermic (warm-blooded) anm1als. Thus, if ATP produc
tion is i11adequate to maintain body temperature, the body will 
trend toward rhe ambient temperature. For most patients, this 
is 22o C (72° F), the temperature inside typical hospitals. 1l1e 
resulting hypothermia then affects the efficiency of enzymes, 
which work best at 37" C. For surgeons, the critical problen1 
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with hypotherrrua is that the coagulation cascade depends on 
enzymes affected by hypothermia; if enzymes are not function
iJlg optimaiJy !because of hypothermia, coagulopathy worsens, 
which in surgical patients cru1 contribute to uncontrolled bleed
ing from injuries or the surgery itself. Further bleeding continues 
to fuel the triad. 1l1e optimal method ro srop the vicious cycle 
of death is to sltop the bleeding and the causes of hypothermia. 
In most typical scenarios, hypothermia is not spontaneous from 
ischemia but is induced because of using room temperature fluid 
or cold blood products. 

Acidosis 
Bleeding causes a host of responses. During d1e resuscitative 
phase, the lethal triad {acidosis, hypothermia, and coagulopathy) 
is frequent, most likely because of two major factors. First, tissue 
ischemia from the lack of blood flow results in lactic acidosis. 
Some believe that the acidotic state is not 11ecessarily tmdesir
able, because the body tolerates acidosis better than alkalosis. 
Oxygen is more easily offioaded from the hemoglobin molecules 
in the acidotic environment; mru1y who try to preserve tissue 
have fOLmd that cells live longer in ru1 acidotic environment. 
Correcting acidosis with sodium bicarbonate ha.~ classically been 
avoided because it is treating a number or symptom when the 
cause needs to be addressed. Treating the pH alone has shown 
no benefit, but it can lead to complacency; patients appear 
to be better resuscitated, but the underlying cause of their 
acidosis has not been adequately addressed. [t is also argued 
that rapidly injecting sodium bicarbonate can worsen i.ntracel
lular addosis because of the diffusion of the converted C02 

into the cells. 
The best fiundrunental approach to metabolic addosis from 

shock is to treat the underlying cause of shock. However, some 
clinicians believe that treating the pH has advantages, because 
the enzymes necessary for the coagulation cascade work better 
at ru1 optimal temperature and optin1al pH. Coagulopatby cru1 
contribute to tmcontrolled bleeding, so some have recom
mended treating acidosis for patients in dire scenarios. Treating 
acidosis with sodium bicarbonate may have a benefit in an 
unintended and unrecognized way. Rapid infusion is usually 
accompanied by a rise in BP in hypotensive patients, which is 
usually attributed to correcting the pH. However, sodium bicar
bonate in most urgent situations is given in ampules. ll1.e 50-ml 
runpule of sodium bicarbonate has 1 mEq/mL-in essence, 
similar to giving a hypertonic concentration of sodium, which 
quickly draws fluid into the vascular space. Given its high 
sodium concentration, a 50-mL bolus of sodium bicarbonate 
has physiologic results sin1.ilar to those of 325 mL of normal 
saline or 385 mL of LR. Essentially it is like giving small doses 
of HTS. Sodium bicarbonate quickly increases C02 levels by its 
conversion in the liver, so if the minute ventilation is not 
increased, respiratory acidosis can result. 

THAM { tromethan1ine; tris[hydroxymethyl] runinometh
ane) is a biologically inert amino alcohol of low toxicity that 
buffers C01 and acids. It is sodium-free and limits the genera
tion of CO~ in the process of buffering. At 37" C, the pi<. of 
THAM is 7.8, making it a more effective buffer than sodium 
bicarbonate in the physiologic rru1ge of blood pH. ln vivo, 
THAM supplements the buffering capacity of d1e blood bicar
bonate system by generating sodiLml bicarbonate and decreasing 
the partial pressure of C02• It rapidly distributes to the extracel
lular space and slowly penetrates the intracellular space, except 

in the case of erythrocytes and hepatocyres, and is excreted by 
the kidney. Unlike sodium bicarbonate, which requires an open 
system to eliminate C02 to exert its buffering effect, THA1v1 is 
effective in a closed or semiclosed system ru1d it maintains its 
buffering ability during hypothermia. THAM acetate (0.3 M; 
pH, 8.6) is well mlerared, does nor cause tissue or venous irrita
tion, and is the only formulation available in the United States. 
THAM may induce respiratory depression and hypoglycemia, 
which may require ventilatory assistance and the administration 
of glucose. 

The initial loading dose ofTHAM acetate (0.3 M) for tbe 
treatment of acidemia may be estimated as follows: 

THAM (in mL of 0.3 M solution) = 
lean body weight (in kg)Xthe base deficit {in mmollliter) 

1l1e maximal daily dose is 15 mmoUkg/ day for an adult 
{3.5 liters of a 0.3-M solution in a patient weighing 70 kg). lt 
is indicated in the treatment ofrespiratory failure {acute respira
tory distress syndrome [ARDS 1 ru1d infru1t respiratory distress 
syndrome) and has been associated with the use of hypothermia 
ru1d permissive hypercapnia {controlled hypoventilation). Other 
indications arc diabetic and renal acidosis, salicylate and barbi
turate intoxication, and increased intracrrulial pressure associ
ated with brain trauma. It is used in cardioplegic solutions and 
during liver transplantation. Despite these features, THAM has 
not been documented clinically to be more efficadous than 
soditun bicarbonate. 

Hypothermia 
Hypothermia can be beneficial and detrimental. A fundamental 
knowledge of hypothermia is of vital importance in the care of 
surgical patients. The beneficial aspects of hypothermia are 
mainly because of decreased metabolism. Injury si tes are often 
iced, creating vasoconstriction and decreasing iJ1Aan1mation 
through decreased metabolism. This concept of cooling ro slow 
metabolism is also the rationale behind using hypothermia to 
decrease iscl1emia during cardiac, transplantation, pediatric, and 
n.eurologic surgery. Also, runputated extremjties are iced before 
reimplru1tation. Cold water ncar-drowning victims have higher 
survival rates thrulks to the preservation of the brain and other 
vital organs. The Advanced Life Support Task Force of the Inter
national Liaison Committee of Resuscitad011 now recommends 
cooling {to 32° to 34° C) unconsdous adults, who have sponta
neous circulation after out of hospital cardiac arrest caused by 
ventricular fibrillation, for 12 to 24 hours. Induced hypothem1ia 
is vastly different from spontaneous hypothermia, whjcJl is typi
cally from shock, u1adequate tissue perfusion, or cold fluid 
uuusion. 

Medical or accidental hypothermia is also very different 
&om trauma-a.~sociated hypothermia (Table 5-2). The survival 
rates after accidental hypothermia range from approximately 
12o/o to 39o/o; the average temperature drop is to approximately 
30° C (rru1ge, 13.7° to 35.0° C). The lowest recorded tempcra
mre in a survivor of accidental hypothermia {l3.r C [56.r F]) 
was iJl an extreme skier in Norway; she was trapped tulder the 
ice and eventually fuiJy recovered neurologicaUy. 

The data il1 patients with trauma-associated hypothermia 
differ. Their survival rate falls dramatically with their core tem
perature, reaching I OOo/o mortality when it reaches 32° Cat any 
point-whether in the emergency room, operating room, or 
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Table s-2 Class'ification of Hypothermia by cause 
Cause 

DEGREE 
Mid 

Moderate 

Severe 

TRAUMA 
36"-34° c 
34°-32° c 
<32° c (<90° F) 

ACODENT 
35°-32° c 
32°-28" c 
<28" c (<82° F) 

intensive care unit (ICU). In trauma patients, hypothermia is 
caused by shock and is thought to perpetuate llllCOntrolled 
bleeding because of the associated coagulopathy. Trauma patients 
with a postoperative core temperature lower than 35o C have a 
fourfold increase in mortali ty and lower than 33• C, a sevenfold 
increase in mortality. Hypothermic trauma patients tend to be 
more severely injured and older, with bleeding as indicated by 
blood loss and trransfusions.22 

Surprisingly, in a study using the National Trauma Data 
Bank, Shafi and associates have shown that hypothermia and its 
associated poor outcome are not related to the state of shock. It 
was previously thought that a core temperature lower than 32•c 
was uniformly fatal in trauma patients who have the additional 
insult of tissue injury and bleeding. However, a small number 
of trauma patients have now survived, despite a recorded core 
temperature lower than 32• C. In a multi-institutional trial, 
Beilman and coworkers23 have recently demonstrated that 
hypothermia is associated with more severe injuries, bleeding, 
and a higher rate of muldorgan dysfLmction in the ICU, but 
not with death. 

To Lmderstand hypothermia, we have to remember that 
humans are homeothermic (warm-blooded) animals, in contrast 
to poikilothermic (cold-blooded) animals, such as snakes and 
fish . To maintain a body temperature of 37" C, our hypothala
mus uses various. mechanisms to control core body temperature 
tightly. We use oxygen as the key ingredient, or fuel, to generate 
heat in the mitochondria in tile form of ATP. When ATP pro
duction is below its lowest threshold, one side effect is the lower
iJ1g of body temperature to the an1bient temperature, which 
typically is less than core body temperature. In contrast, during 
exercise, we use more oxygen, because more ATP is required and 
we produce excess heat. ln an attempt to modulate core tem
perature, we start perspiriJ1g co use the cooling properties nf 
evaporadon. 

Hypothermia, although potentially beneficial, is detrimen
tal in trauma patients, mainly because it causes coagulopamy. 
Cold affects coaguloparhy by decreasing enzyme activity, enhanc
mg fibrmolytic activity, and causing platelet dysfu11ction. Plate
lets are affected by the inhibition of tbromboxane B2 production, 
resulting in decreased aggregation. A heparin-like substance is 
released, causiJ1g a diffuse mtravascular coagulation (DIC)-like 
syndrome. Hageman factor (factor X]] ) and thromboplastin are 
some of the enzymes most affected. Even a drop in core tem
perature of only a few degrees results in 40% ineffidency in 
activi ty of some enzymes. 

Heat affects the coagulation cascade so much that when 
blood is drawn from cold patie.nts and sent to the laboratory, 
the sample is heated to 37" C, because even t• or 2• C of cold 
delays clotting and renders test results inaccurate. 1l1us, in a cold 
and coagulopathk patient, if the coagulation profile obtaiJ1ed 
from the Laboratory shows an abnormality, the result represents 
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the same level of coagulopathy as if the patient (and not just the 
sample) bad been warmed to 37" C. Therefore, a cold patient is 
always more coagulopathic thru1 iJ1dicated by the coagulation 
profile. A normal coagulation profile docs not necessarily repre
sent what is occurring in the body. 

Hear is measured in calories. One calorie is the amounr of 
energy required to raise the temperature of l mL of water (which 
has, by definition, a specific heat of 1.0). It takes l kcal to raise 
the temperature of 1 liter of water by l o C. lf an average mru1 
(weight, 75 kg) consisted of pure water, then it would take 
75 kcal to raise his temperature by l • C. However, humru1s arc 
not made of pure water an.d blood has a specific heat coefficient 
of 0.87. Thus, the human body has a specific heat of 0.83. 
1l1erefore, it actually takes 62.25 kcal (75 kg X 0.83) to raise the 
body rem perature by I • C. If a patient were to lose 62.25 kcal. 
the body temperature would decrease by 1 • C. This basic science 
is important when choosing meiliods to retaiJ1 heat or treat 
hypothermia or hyperthermia. lt allows the efficacy of one 
method to be compared with another. 

The normal basal metabolic beat generation is approxi
mately 70 kcallhr; shivering can increase this to 250 kcallhr. 
Heat is transferred to ru1d from the body by contact or conduc
tion (as iJl a frying pru1 or Jacuzzi), air or convection (as in an 
oven or sauna), radiation, and evaporation. Convection is an 
extremely inefficient way to transfer heat because the ai r mole
cules are so far apart as compared with liquids ru1d solids. Con
duction and radiation are the most efficient wavs to transfer 
heat. However, heating the patienr with radiation i~ fraught with 
iJ1consistencics and recruucal challenges and is difficult to apply 
cli•ucally, so we are .left with conduction to trru1sfer energy 
efficiently. 

WarmiJ1g or cooling through manipulation of the tempera
ture of IV fluids is useful because it uses conduction to trru1sfer 
heat. Although fV Auids can be warmed, the U.S. food and 
Drug Admin istration (FDA) only allows fl uid warmers to be set 
at a maximum of 40• C. 1herefore, the differential between a 
cold traLmla patient (34• C) and warmed fluid is only 6• C. 
llms, l li ter of warmed fluids can only transfer 6 kcal ro the 
patient. As previously calculated, approximately 62 kcal is 
needed to raise the core temperature by l • C. 1l1erefore, 10.4 
liters of wam1ed fluids are needed to raise the core temperature 
by 1 • C, to 35• C. Once that has been achieved, the differential 
is now only 5• C between the patienr ru1d the warmed fluid, so 
it actually takes 12.5 liters of warmed fluids to raise the patient's 
temperature from 35• to 36• C. A cold patient at 32° C needs 
to be given 31 1 kcal (75 kg X 0.83) tO warm him or her to 

37" C. Note that I liter of fluid must be given at the highest 
rate possible, because if the infusion rate is slow the fluid cools 
to room ten1peraturc as the IV w1e is exposed to ambient 
room temperature. To avoid IV line cooling, devices that warm 
fluids up co the point of insertion into the body should be used. 

Warming patients by infusing warmed fluids is difficult. 
but fluid warmers are still critically important; the main reason 
to warm fluids is so that patients are not cooled. Cold fluids can 
cool patients quickly. 1l1e fluids that are typically in fused are at 
room temperature (22• C) or at 4• C, which is the temperature 
of a refrigerator i.n which blood products are stored. 1l1erefore, 
it takes 5 Liters of 22• C fluid or 2 liters of cold blood ro cool a 
patient by 1• C. Again, the main reason for using fluid warmers 
is not necessarily to warm patients but to prevent their coolmg 
during resuscitation . 
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Table 5-3 Classification of Warming Techniques 
Active 

PASSIVE EXTERNAL INTERNAL 
Drying the patiemt Bair Hugger Warmed fluids 

Warm fluids Heated warmers Heat ventilator 

Warm blankets. Lamps Cavity lavage. chest tube. 
sheets abdomen, bladder 

Head covers Radiant warmers Continuous arterial or 
venous rewarming 

Warming the room Clinitron bed Full or partial bypass 

Rewarming techniques are classified as passive or active. 
Active warming is further classified as external or internal (Table 
5-3). Passive warming involves preventing heat loss. An example 
of passive warming is to dry the patient to minimize evaporative 
coo!iJ1g, giving warm fluids to prevent cooling, or covering the 
patient so that !(he amhient air temperature immediately around 
the patient can be higher than the room temperature. Covering 
the patient's head helps reduce a tremendous amount of heat 
loss. Using aluminum-lined head covers is preferred; they reflect 
back the infra~red radiation that is normal ly lost through the 
scalp. Warming the room teclmically helps reduce the heat loss 
gradient, but tbe surgical staff usually cannot work in a humidi
fied room at 3r C. Passive warming also includes closing open 
body cavities, such as the rnest or abdomen, to prevent evapora
tive heat loss. The most important way to prevent heat loss is to 
treat hemorrhagic shock by controlling bleeding. Once shock 
has been treated, the body's metabolism wiU heat the patient 
&om l:tis or her core. lhis point eannot be overemphasil.ed. 

Active warming actively transfers calories to the patient, 
externally through the skin or imerna!Jy. Skin and fat are 
designed to be highly efficient in preventing heat transfer, so 
active external warming is inefficient as compared with internal 
warming. Forced-air hearing, such as with Bair Hugger tempera
ture management therapy (Arizant Healrhcare, Eden Prairie, 
Minn), is tedmically classified as active warming, but air is a 
terribly inefficient medium and not many calories are provided 
to patiencs. Forced-air heati11g only increases the patient's 
ambienr temperawre but it can actually cool the patienr initially 
because it increases evaporative heat loss if the patient is wet 
from blood, fluids, clothes, or sweat. Warming the skin may feel 
good to the patient and surgeon, but it actually decreases shiver
ing, which is a highly efficient method of imernal warming that 
tricks the thermoregulatory nerve input on the skin. Because 
forced-air heating uses convection, the actual amount of active 
warming is estimated to be only l 0 kcal/hour. 

Active external warming is better performed by placing 
patients on heating pads, which use conduction to transfer heat. 
Beds are available that can warm patients faster, such as the 
Cllilitron bed (Hill-Rom, Batesville, Ind), which uses heated air 
fluidized beads. Such beds are not practical in the operating 
room, but are applicable in the JCU. Removing wet sheers and 
wet clothes remains an essential aspect of rewarming. 

The best method ro warm patienrs is to deliver the calories 
internally (Table 5-4). Heating the air used for ventilator"S is 
technically internal active warming, but is inefficient because, 
again, the beat transfer method is convecclon. The surface area 

Table 5-4 calories Delivered by Active Warming 
METHOD KCAl/HR 
Alrway from vent 9 

Overhead radiant warmers 17 

Heating blankets 20 

Convective warmers 15-26 

Body cavity lavages 35 

CAVR 92-140 

Cardiopulmonary bypass 710 

CAVR, Continuous arteriovenous rewarming. 

of the lungs is massive, but the energy is mainly transferred 
through humidified water droplets, mostly using convection and 
not conduction. The amount of heat transferred through warmed 
humidified air is also minimal by comparison to methods that 
use conduction. Body cavities can be lavaged by infusing warmed 
Aulds through chest cuhes or merely by irrigating the abdominal 
cavity with hot fluids. Other methods, which have been \'VTitten 
abou't but rarely used in practice, include gastric lavage and 
esophageal lavage with special wbes. If gastric lavage is desired, 
one method is to place two nasogastric tubes and infuse warm 
fluids in one while the other sucks the fluid back out. Bladder 
irrigation with an irrigation Foley catheter is useful. Instruments 
ro warm the hand through conduction show much promise but 
are not yet readily available. 

The best means to deliver heat is through countercurrent 
exchange of fluids, using conduction to transfer calories. Again, 
heating IV fluids is technically active imernal wam1iJ1g but, 
because of the Limitaclons of bow much fluids can be heated, it 
is relatively inefficient. Heating fluids before infusion minimizes 
cooling rather than active warming. Full cardiopulmonary 
hypass is unmatched; it delivers more than 51iters/ min of heated 
blood to every part of the budy that contains capillaries. If full 
cardiopulmonary bypass is not available or not desired, alterna
tives include continuous venous and arterial rewam1ing. Venous
venous rewarming is most easily accomplished using the ro!Jer 
pump of a dialysis machine, which is often more available to the 
average surgeon. A prospective study has shown arterial-venous 
rewarming to be llighly effective. It can warm pacienrs to 3r C 
in approximately 39 nli.nutes, as compared with an average 
wanning time of 3.2 hours using standard tecluliques. Special 
Gentilello arterial warming catbeters are inserted into the 
femoral artery and a second li11e is inserted into the opposite 
femoral vein. The pressure from the artery produces flow, which 
is then directed to a fluid warmer and back into the vein. This 
method highly depends on the patient's BP because Bow is 
directly relared to BP. 

Over the last several decades, with the changes in resuscita
ti.on methods, the incidence of hypothernlia has decreased and 
is now less of a problem. Dilutional coagulopathy also occurs 
less frequently because the use of crystalloids has been 
mi nimil.ed. 

Coagulopathy 
Coagulopathy in surgical patients is multifactorial. In addition 
to acidosis and hypothernlia, the other main cause of coagulopa
thy is usually decreased cloning factors. lhis decrease is caused 
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by consumption (from the iru1ate atcempt to stop bleeding), 
dilution {from infused fluids devoid of factors), and genetic 
{hemophilia) factors. 

The methods to define and treat coagulopathy are still 
varied; no standardization is apparent. Hypothermia has a vital 
role in coagulopathy because the coagulation cascade is depen
dent on enzymatic activities. Thus, coagulopathy is associated 
with shock and increased mortality. Bleeding from coagulopatby 
or any other cause perpetuates shock, which induces more aci
dosis, hypothermia, and consumption and use of fluids. The 
only way to break this vicious cycle is to stop the bleeding. 

In recem years, interest in using drugs to stop bleeding and 
correct coagulopathy has increased. Recombinant factor VIla 
(rFVlla) was developed for use in hemophiliacs and works with 
tissue factor and activated platelet~. Tissue facror is ubiquitous 
but, with tissue injury, is released at high levels at the site of 
injury, as are activated platelets. Theoretically, because rFVlla 
target~ sources of tissue injury, it is ideal in surgery. For example, 
if one were in a car accident and the spleen and femur were 
injured, the bleeding would stop at the spleen and other injured 
tissues with the aid of rFVIIa, hut would not cause thrombotic 
or embolic probfems elsewhere. It wa~ used off-label in patients 
with massive bleeding with coagulopathy, and case reports 
started to appear in the literature. Then case series appeared and, 
eventually, reports with recommendations of how and when to 
use it were published. 

Boffard and colleagues24 have shown, in a randomi1-ed, 
double-blind, placebo-comrolled trial, that blw1t aauma 
patients who receive rFVlla have a significantly lower blood 
transfusion requiirement and a lower incidence of massive trans
fusion. 1he trial also showed sinillar trends in penetrating 
trauma patients, as welJ as improved early outcomes i11 bl.unt 
and penetrating trauma patients. However, the difference was 
not statisticaiJy significant. In addition, the trial sbowed a trend 
toward a lower incidence of multiorgan dysfunction syndrome 
(MODS) and ARDS. In a post hoc analysis, Rizoli and associ
ates exan1ined the efficacy of rFVIIa in coagulopathic patients, 
stating that it significantly reduces tl1e need for blood transfu
sions and incidence of MODS and ARDS. Enthusiasm for its 
use has waned, nowever, because the relative cost of the drug is 
high and prospective trials did not show a survival advantage. 
1l1e average cost for the drug is $1/J.(g/kg; for a 75-kg person, 
that equates to $7500/dose. 

The military, which began using rFVIIa during the war in 
Iraq, reported a decreased 30-day mortality rate without an 
increased risk of severe thrombotic events, but eventually there 
were reports of complications. Caution started to emerge as the 
concerns about thromboembolic events were being reported. It 
seems that injure<! vessels were at risk for thrombosis. The correcr 
dose of the drug is still unclear, as is the optimal timing of 
adminlstration. 

Selecting the correct patient population for rFVIla is also 
a major factor. Some reports did not show a significant in1pacr 
on mortality, bu't tbis could be a result of tl1e drug only being 
used in moribund patients, for whom no rnedical therapy would 
have in1proved outcome. 1l1e reason for not using it early or on 
nonmoribund patient~ was because of the high cost of tl1e drug. 
A large multicemer prospective trial of rFVTia was initiated; it 
was difficult to implement and then was stopped early, given 
how difficult it was to enroll patients- for various reasons, 
including problems with informed consent. The mai11 issue with 
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the aborted trial was that the FDA required the primary outcome 
to be 30-day mortality and the overall mortality rate in this study 
was lower than expected; tl1us, continuing the study would have 
been futile and costly because d1e difference in mortality rate 
would have had less of a chance of reac!Ling statistical signi6-
cance. Although rFVIla does decrease the need for blood trans
fusions, it may or may not save lives: mortality is often affected 
by more than blood transfusions. 

Although the use of rFVIIa has not yet shown to be benefi
cial iJl traumatic shock, it may be particu.larly useful for patients 
with traumatic brain injuries (TBis).25 It may not be the ulti
mate solution to coagulopathy, but it has certainly garnered 
interest about using drugs to combat coagulopamy. Recently, 
there otl1er drugs have started to emerge with a potential role in 
the treatment of coagulopathy. Factor IX, or prothrombin 
complex concentrate (PCC), has become popular for the treat
ment of surgical coagulopathy. For patients on warfarin, PCC 
is the option of choice when treatment with fresh- fro:z.en plasma 
{FFP) is problematic because of time for preparation and the 
concem of worsening cardiac heart failure caused by the volume 
of plasma. PCC actually contai11s many factors (factors ll, VII, 
IX, X), including variable an1ou.nts of factOr Vila, depending on 
the brand of PCC used. Recem experience with factor IX has 
shown that it is efficacious, at !Oo/o of d1e cost of rFVIIa. The 
use of blood-based component therapy is paramount for treating 
coagulopathy (see later, "Evolution of Modern Resuscitation"). 
However, the concept of treating traumatic bleedi11g with a drug 
needs to be thoroughly tested and developed. If there were a 
drug rl1at when admillistered, would stop or reduce bleeding, 
treat coagulopamy at a low cost, and not cause serious complica
tions, it would be a real contribution to meclici11e. Again, the 
problem is tl1at current modes are expensive and the adverse 
events from administeri11g such a drug is stilJ unknown. 

Oxygen Delivery 
111e definition of shock is madequate tissue perfusion, bur some 
believe that the ftmdamental problem is tissue oxygenation. 
Mud1 of what we know about oxygen delivery and consumprion 
has come from a physiologist named Archibald V. Hill. He was 
an avid runner who measured the oxygen consumption of four 
runners rumLing around an 88-m grass crack (Fig. 5-7). In the 
process of his work, HiU defined the terms maximum 0.! intake, 
0 .! requirement, and 0 .! debt. He is mostly known for his work 
with Orro Meyerhof, who unraveled the distinction between 
aerobic and anaerobic metabolism, for wlucb they were awarded 
tbe Nobel Prize in 1922. 

Blood delivers O>..'}'gen by red cells, wbkb contain bemo
globin. The sinlple calculation of oxygen delivery (D~) is the 
cardiac output (CO) multiplied by the content of oxygen carried 
by a volwne of blood (Ca~): 

Do2 = COx Cao1 

The average hemoglobin carries 1.34 rnL of 0 2/ g, depend
ing on the arterial hemoglobin (Hgb) satllration (Sa~) of the 
red cell. In addition, a miJlor an10unt of oxygen is dissolved in 
plasma; this amount is calculated by nmltiplyiJlg the solubWty 
constam by 0.003 times the content of oxygen in rhe arrerial 
blood (PaD:!). The Cao2 of arterial blood is calculated as follows: 

Cao2 = (L34xHgbxSao2 )+(0.003xPao2 ) 
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where is Hgb is in g/dL. Cardiac output is heart rate multiplied 
by the stroke volume. In a normal state, the stroke volume can 
be increased by shunting blood from one tissue bed to the 
central vasculature, but most of the change in cardiac output is 
derem1.ined by heart rate. In states of hemorrhage and resuscita
tion, the stroke volume is affected because it can be conrrolled 

FIGURE 5-7 Bag with side tube, low on the left-hand side, for use 
while running. The tap is carried in the left hand. (From Hill AV, lupton 
H: Muscular exercise, lactic add, and the supply and utilization of 
oxygen. Q J Med 16:135-171, 1923.) 
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by infusion of fluids. As blood volume is decreased, it will ulti
mately affect stroke volume, which is compensated by an increase 
in heart rate. 

Oxygen consumption by cells is calculated by subtracting 
the content of oxygen in the red cells in the venous system just 
before it is reoxygenated (Cvo:J: 

Vo2 = COx(Ca020 2 -Cvo2) 

After simpljfying the terms and converting the units, the 
result is as follows: 

The arterial oxygen content is measured by sampling the 
arterial blood with a blood gas. The venous oxygen content is 
measured by san1pling the blood in the puln1onary artery just 
before it is reoxygenated. The most conventional method of 
san1pling the venous oxygen content is by drawing back blood 
from the most distal port of a pulmonary artery catheter. TI1e 
sample is taken from the pulmonary artery hecause venous blood 
is mjxed there from all parts of the body. Oxygen content in the 
inferior vena cava is typically higher than in the superior vena 
cava, which ellis is higher than the blood in the coronary sinus. 
The average mixed venous sample is 75% saturated, so the 
oxygen consumption is thought to average 25% of the oxygen 
delivered (Fig. 5-8). This means that in general, an ample reserve 
of oxygen is delivered co tissues. 

With advancements in teclmology, catheters are now avail
able that can continuously measure the venous saturation in the 
pulmonary artery. TI1ese. use technology similar co the pulse 
oximeter built into the tip of a pulmonary artery catheter, which 
uses near-infrared light waves to measure the saturation stare of 
hemoglobin. Also because of new technology, cardiac <>utput can 
be shown continuously. In the past, cardiac output was inferred 
hy measuring che race of change in temperarme in rhe heart, at 
the distal aspect of a pulmonary artery cacl1eter, by infusing a 
standard volume of iced or room temperature water imo the 
proximal port and measuring the change in temperature. 

Oxygen debt 

00:1 - delivery 

FIGURE S-8 Oxygen delivery and consumption. During normal states, oxygen delivery is approximately 1000 rnl/rnin of 0 2• The oxygen con
sumption in a normal state is 250/o of delivery and is approximately 250 ml}min. At very low oxygen delivery, it is believed that consumption 
is delivery-dependent and occurs in shock. There is oxygen debt during shock and during recovery, and there is a hyperdynamic stage during 
which the circulatory system is paying back its oxygen debt 
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FIGURE 5-9 Starling curve. As LEVD pressure is increased, the fibers 
of the heart muscles are lengthened, resulting in increased contrac
tion resulting in increased cardiac output This occurs to a certain 
point, at which increases in volume and length do not result in 
increases in cardiac output. 

Cardiac output and oxygen ddivery are also affected by the 
end-diastoUc volume of the left ventricle. As described by Star
ling in 1915, cardlac output increases when the ventricular fibers 
increase in length, t<> a point (Fig. 5-9). Left ventricular end
diastolic (LVED) volume can be estimated by using a pulmonary 
artery catheter and measuring the wedge pressure; this reflects 
tl1e pressure i.n the left ventricle, because the vessel from the 
pulmonary artery to the left ventricle has no valves. Alternative 
approaches can help optimi'l..e the filliJlg volume in the left ven
tricle. Pulmonary artery catheters for calculating the right ven
tricular end-diastolic (RVED) volume are now available. 
Echocardiography usiJlg transthoracic or esophageal probes can 
directly estimate the filling volumes in the heart. However, varia
tions Ul volume and heart size can distort results; heart size is 
also affected by medical conditions that can stress and dilate the 
heart. The interpretation of heart data is also subjective. 

Such variables are considered important because it was 
assumed that lessons learned from physiology applied to patients 
i.n shock. During tl1e late 1980s, surgical critical care evolved 
into a specialt)', focusing hcavi.ly on optimizing oxygen delivery 
to tissues. One of the pioneers of modern surgical critical care, 
William Shoemaker, theorized that during shock, because of a 
lack of oxygen delivery, there was anaerobic metabolism aJld an 
oxygen debt that needed to be repaid. He showed that after 
volume loading. if oxygeJl deUvery increased, consumption 
would also mcrease-until a certain poult, when aJ1 additional 
increase m oxygen delivery did not result m consumption. This 
process was tllought to be paying bad< the oxygen debt that 
occurred during ischemia throughout the body. Patients in 
shock were found to have a hyperdynan:tic stage. iJ1 which 
increased oxygen delivery resulted il1 increased consumption. 
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1he assumption was that iJ1creased consumption was caused by 
the oxygen debt that the body had incurred. 

Optimization (Supemormalization) 
Shoen1aker populari7..ed the concept of optmlization or super
normali7.arion of oxygen delivery, which meru1s that oxygen 
delivery is maximized or increased Wltil its consumption no 
longer increases bur, iJlstead, levels off. The idea was to continue 
to illcrease the delivery of oxygen as long as consumption 
increased. If tl1e body used more oxygen, the thought was that 
it was because it needed it. The optimization process uwolves 
admin:istermg a rapid bolus of fluid ru1d confirming that it raises 
wedge pressure. Because the response to fluid mfusion is 
dynamic, the infusion process much occur over a short period, 
such as 20 minutes. If it takes longer, determining whether 
d1anges in the vascular space, specifically the heart, may be 
caused by other variables Ul addition to the fluids used. Also, if 
not measured immediately after infusion, the effects of tl1e infu
sion degraded quickly as fluids moved out of the vascular space. 

Another rationale for rapidly infusing fluids as boluses and 
checking the results frequently is that any changes in preload 
and cardiac output may be short- lived with the shifts in fluid. 
Wedge pressure and cardiac output must be measured minutes 
before fluid infusion and immediately afterward to determine 
whether it is effective. If cardiac output increased with the wedge 
pressure il1crease, then it is assun1ed tl1at oxygen delivery 
increases. By saJnpling the ce11tral venous oxygen content when 
measurmg cardiac oucput, diniciru1~ CaJl determille whether 
oxygen consumption also mcreases. This process was origiJ1all)' 
repeated. over and over, w1til it was demonstrated tl1at the fluid 
bolus does not increase cardiac output. 1l1e goal was to optimize 
ox'}'gen delivery from the delivery-dependent portion of the 
curve to the portion that was nor dcUvery-dependent (Fig. 5-8). 

1l1e preferred fluid during this optimi7.ation process was 
LR, for cost reasons, but colloid was also acceptable. Once the 
Starling CLLrve was optimized, in that LVED volume could no 
longer be increased with mcreases m wedge pressure, wedge 
pressure WOLdd be kept at that maximal level. Furtller mcreases 
in wedge pressure, without increasing LVED volume, meant that 
patients might suffer from unnecessary pulmonary edema. 

Once fluid infusion maximized cardiac output and oxygen 
delivery, if oxygen consumption continued. to increase, it was 
concluded that patients needed further oxygen delivery to pay 
back the oxygen debt or meet tile oxygen needs of the tissues. 
At that stage, an inotropic agent would be added to push cardiac 
output further to a higher level. The agent recommended at that 
time was dobutamiJ1e. 1l1e dose was increased and irs effect on 
cardiac output was documented. With eacl1 maneuver, oxygen 
consumption was measured and cardiac output optimi7..ed to 
meet the consumption demands. This optimizing process maxi
mized oxygen delivery to ensure that all tissue beds were being 
fed adequately. Shoemaker's earlier diJlical trials had shown that 
patients resuscitated m this maJli1Cf had a lower mcidence of 
MODS and death. During this optimizing era, ARDS and 
MODS were the leading causes oflate dearb i.n trauma patients. 

However, subsequent cllnical studies failed to repeat Shoe
maker's success. Randomized prospective trials showed rhat the 
optimization of oxygen delivery ru1d consumption did not 
improve outcome?6 In general, patients who responded to the 
optimization process did well, but those who could not have 
their oxygen delivery augmented to a higher level did poorly. 
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1hus, although response co opnmuation was prognostic of 
outcome, the process itself did not seem to change outcome. 
One reason why the earlier studies succeeded might have been 
because the control patients were not adequately resuscitated. 
With the later trials, when patients were ade<juately resuscitated, 
the optimi7,.ation process did not improve outcome. ln fact, the 
aggressive use of fluids to achieve supranormal oxygen delivery 
could cause abdominal compartment syndrome.27 

Moreover, oxygen delivery in h)'perdynamic patients could 
not be driven t<> a point at which consumption seemed to level 
off. One theory was that as the heart was being pushed with the 
supernormalization process, its metabolism increased so that the 
hearr was the major organ that seemed to consume all the excess 
oxygen being delivered. The harder the heart worked to ddiver 
the oxygen, the more it had to use. It must be remembered that 
normal cardiac output for an average adult is approximately 5 
liters/min, but patients were often driven to a carcliac output of 
15 liters/min, or more, for days at a time. 

1l1e critics of the optimization process asserted that there 
was a point during oxygen delivery at which it was flow
dependent, but the coupling of consumption and delivery made 
it seem li.ke increased delivery was the factor that increased 
consumption. Furthermore. optimization advocates neglected 
the face that the body was usually already at the flat part of the 
oxygen consumption curve. Rarely was oxygen delivered when 
i t was critical or when the body was consuming all that was 
being delivered. 1l1e result of the optimi.7_ation process usually 
meam that pati.ems were flooded with fluids. The hyperdynamic 
response and MODS may have been caused by the fluids used, 
which may have caused an inflanlmatory response at excessive 
volumes. 

The concept of oxygen debt might have some vital flaws/ 8 

Hill's original work on aerobic and anaerobic metabolism in 
only four patients has now been propagated for a century. 
However, modern exercise physiology studies have shown that 
oxygen debt is repaid over a short period; it does not cake days. 
ln contrast, the optimization process showed oxygen debt for 
long periods. 

During m:assive hemorrhage, some ischemia to some tissues 
is theoretically possible. ln acute hemorrhage, however, when 
the BP falls to 40 mm Hg, cardiac output and thus oxygen 
delivery are typically only reduced by 50%. Before resuscitation 
with acellular fluids, the hemoglobin level does not fall signifi
cantly; .in this state, oxygen delivery is cut by only 50% and the 
body is designed to have plenty of reserves {cells consume only 
25% of tl1e delivered oxygen in the norn1al state). Whether any 
ongoing anaerobic metabolism is actually occurring is question
able because, theoretically, the oxygen delivered has co decre.ase 
to 25% of basew1e to be anaerobic. \Xfhen resuscitation takes 
place without blood to restore the vascular vollUne to the origi
nal volume, the hemoglobin level theoretically may decrease by 
25%, but cardiac output is usually restored to the original state. 
Again, oxygen delivery is onJy halved, with plenty of oxygen still 
being delivered to avoid ongoing anaerobic metabolism. It is 
difficult to calculate cardiac output and hemoglobin level that 
fall to a point at which oxygen delivery is reduced by 75°A>-tbat 
is, to below the anaerobic threshold. 

In hypovolemic shock states, it was thought that even 
though global oxygen delivery might be adequate, regional 
hypoxia is ongoing. Different organs and tissue beds are not 
similar in their oxygen needs or consumption. Hypoxic insult 

may be experienced by the critical organs, whose flow is usually 
preserved, whereas nonessential organs are sacrificed in terms of 
oxygen delivery. However, these patients are not actively moving 
and their oxygen demand is minimal. 1hus, the theory of oxygen 
debt is in question. In exercise states, even if tl1ere is oxygen 
debt, it is paid back <JUickly and does not rake days. 

To optimil.e oxygen delivery, one of tl1e most efficient ways, 
according to past calculations, was to add hemoglobin . If the 
hemoglobin level increased from 8.0 to 10 dUliter, by transfus
ing 2 units of blood, oxygen delivery would increase by 25%. 
Blood transfusions were part of the optimization process, because 
they also increased wedge pressure and LVED volwne and thus 
carcli:ac output, but it was rarely noted that transfusions placed 
patients on the £lat part of the consumption curve. 

Decades ago. it was also thought that an increased hema
tocrit level would reduce flow to the capillaries, so clinicians had 
reservations about transfusing too much blood. Studies in tl1e 
1950s demonstrated better A ow at the capillary level with diluted 
blood. However, the small an1ount of decrea~d flow with the 
higher viscosity was in. the range of a few percentage points and 
clid not compare to the 25% increase in oxygen delivery with 
several units ofPRBCs. Blood transfusions by calculation would 
be the most effident way of increasir1g oxygen delivery. if that 
were the goal. 

C urrent exercise physiology studies have shown that profes
sional athletes perform better when their hemoglobin levels are 
above normal. The atl1letes who blood dope, by undergoing 
blood transfusions or by taking red cell production enhancers, 
such as erythropoietin, are now banned for illegal performance 
enl1ancement. Such athletes have cardiac outputs of more than 
20 to 50 liters/min; they do not seem to have any problem with 
sludging caused by the higher flow and tllicker than normal 
blood. The argument against this analogy of athletes and their 
capability to deliver oxygen despite a high hematocrit level is 
that injured patients bave capillaries that are not vasodilated and 
are often plugged with white and red cells. 

Global Perfusion Versus Regional Perfusion 
Gaining the ability to .me:a~ure BP was revolutionary. However, 
because the main functions of the vascular system are to deliver 
needed nutrients and carry excreted substances from the ceUs, 
clinicians constantly ask whether pressure or Bow is more impor
tant. During sepsis, systemic vascular resistance is low. A mal
function somewhere in the regulatory system is assumed. 

A teleologic explanation is also possible. Lower systemic 
vascular resistance could be a way that our body evolved so that 
carcliac output could be easily increased as afterload is reduced. 
Some shunting is believed to occur at the capillary level, however, 
so should BP be augmented with the exogenous administration 
of pressor agents, normalizing BP at the expense of capillar)l 
flow? High doses of pressor agents most likely worsen flow, 
because lactate levels increase if the pressor dose is too high. That 
rise could be tl1c result of a stress response because cated10l
amines are known to increase lactate levels or decrease flow to 
the capillary beds. 

Purists would prefer to have lower BP pressure, as long as 
Row is ade<juate, but some organs are somewhat sensitive to 
pressure. For example, the brain and kidneys are traclitionally 
thought to be pressme-dependent; however, when early experi
ments were done, it was difficult to isolate Row from pressure, 
because those cwo values are interrelated. Wid1 the concept tbat 
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flow might be more important than just pressure, technology 
bas focused on measuring nutrient Aow rather than pressure. 

During hemorrhage or hypovolemia, blood is rediiected to 
organs such as the brain, Liver, and kidneys-at the expense of 
tissue beds such as the skin, muscle, and gut. Thus, the S(-w-ch 
ensued ro find ![he rea~on for rhis. The gasrroimesrinal (Gl) 
tract became the focus of much research. Two main methods 
were developed, gastric tonometl)' and near-infrared (NIR) 
technology. 

Gastric tonometry measures the adequacy of blood Aow in 
the GI tract through placement of a C02-penneablc balloon, 
£lied with saline, in the stomach of a patient after gastric acid 
suppression. 1he balloon is left imact with the mucosa of the 
stomach for 30 llllinutes, allowing the C02 of the gastric mucosa 
to pa<>s into the balloon and equilibrate. The saline and gas are 
then withdrawn from the balloon; the partial pressure of the 
C02 is mea<>ured. That value, in conjunction with the arterial 
bicarbonate (HC03- ) level, is used in the Henderson-Hasselbalch 
equation to calculate the pH of the ga~tric mucosa and, by infer
ence, to determine the adequacy of blood flow to the splanchnic 
circulation. 

The logistic difficulties of gastric tonometry are concerning. 
Data on its use have suggested that even though it can help 
predict survival, resuscitating patients to a certain value has no 
benefit. Most clinicians have now abandoned gastric tonometry. 
A multicenter trial has shown that in patients with septic shock, 
ga~tric tonometry is predictive of outcome, but implementing it 
is no better than usi11g the cardiac index as a resuscitation goal.1~ 
Regional variables of organ dysfunction are thought co be better 
monitoring variables than global pressure-related hemodyn.an1k 
variables. However, the data seem to indicate consistently that 
initial resuscitation of critically il l patients witb shock does not 
require monitoring of regional variables. After stabilization, 
regional variables are, at best, merely predictors of outcome. 

1he optimal device for monitoring the adequacy of resus· 
citatinn should be noninvasive, simple, cl1eap, and portable. 
NIR spectroscopy uses the NIR region of the electromagnetic 
spectrum from approximately 800 ro 2500 nm. Typical applica
tions are wide ranging and include cl1e areas of physics, asrron· 
omy, chemistry, pharmaceuticals, medical diagnostics, and food 
and agrochemical quality controL The main attraction of NIR 
is tbat light, at those wavelengths, can penetrate skin and bone. 
1his is why youJi hand looks red when placed over a flashlight 
as the other visible light waves are absorbed or reflected, bur red 
and infrared light pass through easily. 

A common device using NIR tecl1nology that has now 
become standard in rhe medical industry is the pulse oximeter. 
Using slighdy different light waves, ic correlates with such vari
ables as cytochrome a~ status by adding a tlJlrd Light wave in 
the 800-nm region. When the oxygen supply is less than ade
quate, the rate of electron transport is reduced ru1d oxidative 
phosphorylation decreases, leading ultimately to anaerobic 
metabolism. Optical devices that use NIR wavelengtlJs can 
determine the redox poteJltial of copper atoms on cytochrome 
aa3 and have been used to study intracellular oxidative processes 
noninvasively. Thus, with NIR ted1nology, the question of oxy
genation or perfusion is bypassed; che metabolic rate of tissue 
cru1 be directly determined to assess whether it is hcing ade
quately oxygenated. Animal models of hemorrhagic shock have 
validated the potential use of NIR technology in that they 
showed chru1ges in regional tissue beds (Fig. 5-1 0). The 
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FIGURE 5·1 0 Cytochrome aa3 measurements in rabbits during hem
orrhagic shock. Shown are regional tissue beds and implied tissue 
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superioriry of NIR results over conventional measmements of 
shock have also been shown in animal and hLLman models. 

!11 search of the ideal monitoring device, a multicenter 
prospective study was recently conducted to determine whether 
NlR technology could detect patients at risk of hemorrhagic 
shock and il$ sequelae.30 Performed in seven level I trauma 
centers, the study enrolled 383 patients who were in severe 
traumatic shock, with hypotension, and who required blood 
transfusions. A probe similar to a pulse oximeter was placed on 
the thenar muscle of patients' hands, continuously determining 
NIR values. The NIR probe was as sensitive as base deficit in 
predicting mortality and MODS in hypotensive trauma patients. 
1l1e receiver opcrari11g cl1aracteristic curves show that it also may 
be somewhat better than BP. More importantly, the negative 
predictive value was 90% (Fig. 5- 11). 1l1e noninvasive and 
continuous NIR probe was able ro demonstrate perfusion status. 
Note, however, that MODS developed in only 50 patients in 
tllat study, probably because the memod of resuscitating trauma 
patients changed during this period, which reduced MODS and 
mortaliry rates. The changes that took place will be discussed 
later in this chapter hut, hridly, was because of damage control 
re$uscitation. 

NJR technology may be able to show when a patient is in 
shock or even when a patient is doing weU. Occult hypo
perfusion can be detected or ruled out reliably with NIR 
technology. In me trauma settiJlg, a noninvasive metlJod that 
can continuously detect trends in paran1etcrs such as regional 
oxygenation sr:arus, base deficit, and BP will surely find a 

role, buc wW this tecru1ology change how patients are created? 
The debate now centers on this issue and raises some 
guestions: 

• Once a patient's bypoperfusion staws has been deter
mined, whether by BP, NIR technology, or some other 
modaliry, what do we do with that information? 

• Is it necessary to .increase oxygen delivery to regional 
tissue beds that arc inadequately oxygenated? 

• Previous studies have shown that optimizing global 
oxygen delivery is not useful ru1d that regional tissue 
monitoriJ1g with gastric tonometry has also failed to 
show benefit, so will NIR tecru10logy be helpful or 
harmful? 
An example of harm is overresuscitatlng a patient to fix an 

abnom1al value rhat might not mean much clinically. 1l1e end 
point of resuscitation is constantly being debated. Because NIR 
results correlate well wiili base deflcit, though, NJR technology 
may :someday be used to monitor a surrogate marker iJldirectly, 
such as base deficit, even tl1ough it does not measure that value 
directly. 

NJR technology ha~ other promising uses in surgery, such 
as directly monitoring Aow and tissue oxygenation in high-risk 
patients (e.g., those undergoing organ transplantation, free Aap 
perfusion, classification of bum injuries, intraoperative assess
ment of bowel ischemia, with compartment syndrome or sub
dural and epidmal hematomas). Perhaps tbe most useful 
application will be in me ICU in septic shock patients at risk 
for MODS. 

ROC CURVES FOR MODS COMPARING MAXIMUM BASE DEFICIT, 
MINIMUM SYSTOLIC, AND MINIMUM St02 (1 MIN) 

IN THE FIRST HOUR UPON ARRIVAL TO ED 

0.9 --- Systolic pressure 
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FIGURE 5-11 NIIR spectroscopy in 383 patients with traumatic hemorrhagic shock with hypotension who required blood transfusion. NIR 
measured tissue oxygenation levels in the thenar musde noninvasively and was found to correlate well with arterial base deficit (From 
Cohn SM, Nathens AB, Moore FA. et al: Tissue oxygen saturation predicts the development of organ dysfunction during traumatic shock resuscitation. 
J Trauma 62(1):44-55, 2007.) 
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Septic Shock 
International experts strongly agree on many recommendations 
for the best care of patients with severe sepsis. The Surviving 
Sepsis Campaign clinical guidelines were published in 2004.31 

These treatment methods were graded by a panel of 55 .in terna
tional experrs, using grades ranging from high (A) to very low 
(D) to assess the quality of evidence. Strong recommendations 
(rated as a 1) i111dicated that an intervention's desirable effects 
clearly outweigh its undesirable effects (e.g., risk, burden, cost) 
or clearly do not. Weak recommendations (rated as a 2) indi
cated that the tradeoff between desirable and undesirable effects 
is less clear. The rating of strong or weak is considered of greater 
clinical importance than a difference in the letter grade for the 
quality of evidence. In areas without complete agreement. a 
formal process o f resolution was developed and applied. Key 
recommendations, listed by category, arc given in Box 5-2. 

Strength of recommendation and quality of evidence have been 
assessed using the GRADE criteria, presented in the paren
theses after each guideline: 

.flndicates a strong recommendation, or "we recommend" 
Indicates a weak recommendation, or "we suggest" 

Fluid Therapy 
.I'Auid-resuscitate using crystalloids or colloids (1 B). 
.fTarget a CVP of <::8 mm Hg (<::12 mm Hg if mechanically 

ventilated) (1 C). 
.fUse of fluid challenge technique while associated with a 

hemodynamic improvement (1 D). 
.I'Give fluid challenges of 1000 ml of crystalloids or 300-

500 ml or colloids over 30 min. More rapid and larger 
volumes may be required in sepsis-induced tissue hypoper
fusion (1 D). 

.I'Rate of fluid administration should be reduced if cardiac 
filling pressures increase without concurrent hemodynamic 
improvement (1 D). 

Vasopressors 
.I' Maintain MAP <:: 65 mm Hg (1 C). 
.(Norepinephrine and dopamine centrally administered are 

the initial vasopressors of choice (1 C). 
·:-Epinephrine, phenylephrine, or vasopressin should not be 

administered as the initial vasopressor in septic shock (2C). 
Vasopressin, '0.03 units/min, may be subsequently added to 
norepinephrine with anticipation of an effect equivalent to 
norepinephrine alone. 

·:tJse epinephrine as the first alternative agent in septic shock 
when blood pressure is poorly responsive to norepinephrine 
or dopamine. (2B). 

.I'Do not use low-dose dopamine for renal protection (1A). 

.fin patients requiring vasopressors, insert an arterial catheter 
as soon as p:ractical (1 D). 
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Other Supportive lberapeutic Options for 
Severe Sepsis 
Symbols are as shown in Box 5-2 (,/ indicates a strong recom
mendation, or "we recommend"; ·:· indicates a weak recommen
dation, or "we suggest"). Strength of recommendation and 
quality of evidence have been a5sessed using rhe GRADE (grades 
of recommendation, assessment, development, and evaluation) 
criteria, presented in the parentheses after each recommendation. 

Blood Produd Administration 
./Give red blood cells wheJJ hemoglobin level decreases to 
<7.0 g/liter (<70 g/liter) to target a hemoglobin level of 7.0 
to 9.0 g/dL in adnlts (lB). A higher hemoglobin level may 
be required in special circumstances (e.g., myocardial isch
emia, severe hypoxemia, acute hemorrhage, cyanotic heart 
disease, lactic acidosis). 

Ill , I 

Inotropic Therapy 
.fUse dobutamine in patients with myocardial dysfunction as 

supported by elevated cardiac filling pressures and low 
cardiac outputs (1 C). 

.fDo not increase cardiac index to predetermined supranor
mal levels (1 B). 

Steroids 
"Consider IV hydrocortisone for adult septic shock when hypo

tension responds poorly to adequate fluid resuscitation and 
vasopressors (1 C). 

<>ACTH stimulation test is not recommended to identify the 
subset of adults with septic shock who should receive hydro
cortisone (2B). 

oHydrocortisone is preferred to dexamethasone (2B). 
~Audrocortisone (50 11g PO, once daily) may be included if an 

alternative to hydrocortisone is being used that lacks signifi
cant mineralocorticoid activity. Audrocortisone is optional if 
hydrocortisone is used (2C). 

~steroid therapy may be weaned once vasopressors are no 
longer required (20) . 

.~'Hydrocortisone does should be ~OOmg/day (1A) . 

.I'Do not use corticosteroids to treat sepsis in the absence of 
shock unless the patient's endocrine or corticosteroid history 
warrants it (1 D). 

Recombinant Human Activated Protein C 
<>Consider rhAPC in adult patients with sepsis-induced organ 

dysfunction with clinical assessment of high risk of death 
(typically APCAHE II score ~5 or multiorgan failure) if there 
are no contraindications (28, 2C postoperative patients). 

.f Adult patients with severe sepsis and low risk of death (typi
cally, APACHE II score <20 or one organ failure) should not 
receive rhAPC (1 A). 

From Dellinger RP, Levy MM. Car1et JM, et al: Surviving Sepsis Campaign: International guidelines for management of severe sepsis and septic shock: 2008. Crit Care Med 
36:296-327, 2008. 
ACTH, Adrenocorticotropic hormone; APACHE, Acute Physiology and Chronic Health Evaluation; CVP, central venous pressure; GRADE, grades of recommendation, 
assessment. development and evaluation; MAP, mean arterial pressure; rllAPC, recombinant human activated protein C. 
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unless there is bleedimg 
.fDo not use an:titllrc,miJin 
cAdministcr nl0,telr-t< 

Counts arc 

an initial up per 
Consider chest wall coJnpliaJICe 

pressure (1 C) . 
.fAllow to increase above to mini-

pressures and tidal volumes 
end-expiratory (PEEP) to avoid exten-

cNoninvasive ventilation should be in the minority 
of ALl or ARDS patients with mild to moderate . 
resp1rat<>ry failure. These patients need to be henl<Jd•vn:unJ

ablc to 

of pressure support with 
prc~ssttre, 5 em or aT 

Be arousable. 
Be hemodynamically stable without vasopressors. 
Have no new serious conditions. 
Have low and pressure 

F102 levels that can be 
face mask or nasal cannula. 

.fDo not use a pulmon::uy 
mcmi1torimg of 

.fUse a conservative fluid strategy for 

delivered with a 

for the routine 

AU who do not have evidence of tissue hvnnnPrt""''m 

.fUse sedation with a sedation for critically ill, 
n1c·ch:uucally ventilated (1 B). 

.fUse intermittent bolus sedation or continuous infusion 
sedation to predetermined end points (scdatlo•n with 
daily interruption or to nnv1'"'" aw·akenin!;· Reti
trate if necessary (1 B). 

.f Avoid neuromuscular blockers where 
of block with train-of-four test when 

intw;ions (l 

Monitor 
continuous 

Glucose Control 
.fUse IV insulin to control hyperglycemia in with 
severe stabilization in the 

.fi\im to level <150 
liter) 

calorie source and monitor blood 
to 2 hours ( 4 hours when in 

insulin (l C). 
with caution low glucose levels obtained with 

because these may overesti-
( 1 

Renal ReJplacernelrlt 
·)Intermittent hemodialvsis and continuous venovenous hemo
filtration (CVVH) ar; considered equivalent (2B). 

•)CVVH offers easier management in hemodynamically unsta
ble 

Bicarbonate Th•era1py 
.fDo not use 

unfractionated heparin or low-
lll<>lccular-wdj:~ht heparin (LMWH), unless contraindicated 

.fUse a mechanical prophylactic device, such as comtJrc·ssion 
when 

pharrna.cologlc and mechanical 
"'iS""o~ for vein thrombosis 

at very risk LM\VH should be used rather 

'·Discuss advance care 
Describe 

blocker or 
Preverttic>n of upper 

po1:ential for develop-

and families. 

Some of the most crucial recommendations are as follows: 
!.Yoal-dlt'ected resuscitation of the the 

hours after of 
before antibiotic 
studies to confirm source 
tration of broad-spectrum antibiotic 

shock and of severe 
reassessment of antibiotic 

and clinical data to narrow co·ver·age, 
a usual 7 to 10 of antibiotic 
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clinical response (1D); source control with attention to the 
balance of risks and benefits of the chosen method (1 C); admin
istration of crystallo.id or colloid Auid resuscitation (lB); fluid 
challenge to restore mean circulating filling pressure (1 C); 
reduction in rate of fluid administration with rising filling pres
sures if rissue perfusion is nor improving (I D); vasopressor pref
erence for norepinephrine or dopamine to maimain an initial 
target of mean arterial pressure (MAP) of at least 65 mm Hg 
(1 C); dobutamine inotropic therapy when cardiac output 
remains low, despite Auid resuscitation and despite combined 
inotropic-vasopressor therapy (1C); stress dose steroid therapy 
onJy for septic shock patients whose BP responds poorly to fluid 
and vasopressor therapy (2C); and recombinant activated protein 
C in patients with severe sepsis who are clinically deemed at high 
risk of death (2B, but rated 2C in postoperative patients). 

In patients without tissue hypoperfusion , coronary artery 
disease, or acute hemorrhage, major recommendations are as 
follows: target hemoglobin level of 7 to 9 g/d.L (I B); low tidal 
volume (1 B) and! limitation of inspiratory plateau pressure strat
egy (1C) in patients with acute lung injury (AU) or ARDS, 
application of at least a minimal amotmt of positive end
expiratory presstllfe in patients with ALI (1 C): head of bed eleva
tion for mechanically ventilated patients unless contraindicated 
(lB); avoidance of routine use of pulmonary artery catheters in 
patients with ALI or ARDS (lA); reduction in the number of 
days of mechanical ventilation and in ICU length of stay, as well 
as a conservative Auid strategy, in patients with established ALI 
and/ or ARDS wlb.o are not in shock ( 1 C); protocols for weaning 
and for sedation or analgesia (1 B); intermittent bolus sedation 
or continuous infusion sedation with daily interruptions or 
lightening (1B); avoidance of neuromuscular blockers, if possi
ble (1 B); institution of glycemic control (I B); target blood 
glucose level lower than 150 mg/dL after ini tial stabilization 
(2C); equivalency ofCVVH or intermittem hemodialysis (2B); 
prophylaxis for deep vein thrombosis (IA); use of stress ulcer 
prophylaxis to prevenc upper GI bleeding by using histamine 
(H2 blockers) (IA) or proton pump inhibitors (1 B); and con
sideration of limitirtg support, when appropriate (1 D). 

Recommendations specific to pediatric patients with severe 
sepsis include greater use of physical exanlinatio11 therapeutic 
end points (2C), use of dopanune as the first drug of choice for 
hypotension (2C), use of steroids only in children with sus
pected or proven adrenal insufficiency (2C), and nonuse nf 
recombinant activated protein C (lB). 

RESUSCITAnON 

Problems With Resuscitation 
Lessons learned from the Korean War showed that resuscitation 
with blood and b lood products was useful Throughout that war, 
the concept prevailed that a limited amount of salt and water 
should be given m patients after injuries. 1l1at derived. in part, 
from the work of Coller and Moyer in experiments done at the 
University of Michigan. By the time of the Vietnam War, volume 
resusci tation in excess of replacement of shed blood became an 
acceptable practice to maintain adequate homeostasis. The prac
tice may have been induced by hemorrhagic shock experiments 
performed by Tom Shires. In his classic study, Slures used the 
Wiggers model and bled 30 dogs to a mean BP of 50 mm Hg 
for 90 mi11utes. He then infused LR (5o/o of body weight) fol
lowed by blood in 10 dogs, plasma (10 mUkg) followed by 
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blood in another 10 dogs, and shed blood alone .in the remaining 
10 dogs. 1l1e dogs that received LR had the best survival rates. 
Shires concluded that although the replacement of lost blood 
with whole blood remains the primary treatment of shock, 
adjunctive replacement of the coexisting functional volume 
deficit with a balanced salt solurion appears to be of value. 

Soon . the surgical community went from being judicious 
with c.rystalloid solutions to being aggressive. Surgeons returning 
from the Vietnam War advocated the use of crystalloids, a seem
ingly cheap and easy method of resuscitating patients. 1l1ey 
touted the lives chat were saved. However, what evolved from 
this method of resuscitation was the so-called Da Nang Lung, 
eventually known asARDS. (The U.S. Navy had its field hospital 
in Da Nang, Vietnam.) The explanation for the evolution of the 
new condition was that battlefield patients were now living long 
enough to develop it, because their lives were saved with aggres
sive resuscitation and better crit ical care, including a greater 
capability to treat renal failure. ln contrast, in previous wars, it 
was thought that patients died early from inadequately treated 
shock. 

However, that explanation had no supporting evidence. 
1l1e killed in action (KIA) rate (the number of wounded patients 
who died before reaching a facility that had a physician present) 
had not changed for over a century (Table 5-5). The died of 
wounds (DOW) rate (the number of wounded patients who 
died after reaching a facility that had a physician present) had 
decreased during World War II because of the use of antibiotics, 
but it was sligbdy higher during the V ietnam War. The perceived 
reason for the slightly higher DOW rate was d1at patients in 
Vietnam were transported to medical facilities more quickly by 
helkopters. Transport times had decreased, from an average of 
4 hours to 40 minutes, but if the sicker patients who would have 
normally died in the field were transported more quickly to die 
in the medical facility, the KIA rate should have fallen-and it 
did not. 

Moreover, the renal failure rate and cause of renal failure 
did not signi1:icantly change between the Korean War and the 
Vietnanl War. Anothe.r false argument was d1at tl1e wounds seen 
during the Vietnan1 War were worse, because of the e11en1y's 
high-velocity AK-47 rifles. Actually, the rounds or bullets used 
by the AK-47 were similar to those used by the e11emy in 
the Russo-Japanese War, World War I, and World War II. 1l1e 
7 .62-rnm row1d used in rbe AK-47 rifle was invented by the 
Japanese in tl1e 1890s. 

In the early 1970s. the prehospital system in the United 
States started to evolve. Previously, ambulances were usually 
hearses driven by morticians, which is why early ambulances 

Table 5-5 
KILLED IN ACTION DIED OF WOUNDS 

WAR (~) (~) 

Civil War 16.0 13.0 

Russo-Japanese War 20.0 9.0 

WWI 19.6 8.1 

WWII 19.8 3.0 

Korean War 19.5 2.4 

Vietnam 20.2 3.5 
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_Table 5-6 Prehospital Fluid Studies in Trauma Patients 
STUDY 

Aprahamian et al: The effect of a paramedic system on mortality of major open inll'a-abdominal 
vascular trauma. J Trauma 23:687~90. 1983. 

STUDY SETTING 

Paramedic system 
Open intra-abdominal vascular trauma 

Kaweski SM et al: The effect of prehospital fluids on survival in trauma patients. J Trauma 
30:1215- 1218, 1990. 

Prehospital fluids 
Trauma patients 

Bickell et al: Immediate versus delayed fluid resuscitation for hypotensive patients with penetrating 
torso injuries. N Engl J Med 331:1105-1109, 1994. 

Presurgery fluids . . . . 
Hypotens1ve penetrating torso lnJunes 

Turner et al: A randomised controlled trial of prehospital intravenous fluid replacement therapy in 
serious trauma. Health Techno! Assess 4:1-57, 2000. 

Prehospital 
1309 serious trauma patients 

Kwan et al: Timing and volume of fluid administration for patients with bleeding following trauma. 
Cochrane Database Syst Rev (1 ):CD002245, 2001. 

Prehospital 
Bleeding trauma patients 

Dula et al: Use of prehospital fluids in hypotensive blunt trauma patients. Prehosp Emerg Care 
6:417-420, 2002. 

Prehospital 
Hypotensive blunt trauma patients 

Greaves et al: Ruid resuscitation in pre-hospital trauma care: A consensus view. J R Coli Surg Edinb 
47:451-457, 2002. 

Prehospital 
Consensus view 

Dutton et al: Hypotensive resuscitation during active hemorrhage: Impact on in-hospital mortality. Presurgery fluids 
JTrauma 52:1141-1146, 2002. Hypotensive active hemorrhage 

Dula et al: Use of prehospital fluids in hypotensive blunt trauma patients. Prehosp Emerg Care 
6:417-420, 2002. 

Prehospital fluids 
Hypotensive patients 

were of the station wagon configuration. As the career paths of 
emergency medical technicians and paran1edics grew, they began 
resuscitative efforts in the field and continued them to the 
trauma cemer. The ATLS course was created in the rnld-1970s 
by an orthopedic surgeon who survived a small plane crash, but 
saw his family perish in a rural area with physicians unfamiliar 
with modern trauma management. 

To prevent shock, the ATLS course recommended that all 
trauma patients have two large-bore IV lines placed and receive 
2 liters of LR. 1l1e actual recommendation in the ATLS text 
specifically states that patients in dass m shock should receive 
2 liters of LR followed by blood products. However, clinicians 
though that crystalloid solutions seemed innocuous and defi
nitely improved BP in hypotensive patients. 

L1 the 1980s and early 1990s, aggressive resuscitation was 
taught and endorsed. The two large-bore IV lines started in the 
field were converted to larger rv lines through a wire-guided 
exd1ange system; central lines were placed for aggressive fluid 
resuscitation. Some trauma centers performed cutdowns on the 
saphenous vein at the ankle to place IV tubing directly into the 
vein and tl1ereby maxinlize flow during re.suscltation. 

Technology soon caught up, and machines were built to 
i11fusc crystalloid solutions rapidly; however, srudies showed that 
outcomes actually worsened. The literature was filled with data 
showing that ischemia to tissues resulted in disrurbances of all 
types. Optimization of oxygen delivery was the goal. As a result, 
massive volumes of crystalloids were poured into patients. Resi
dents were encouraged to "pound" patients with fluids. If trauma 
patients did not develop ARDS, it was taught that they were not 
adequately resuscitated, but many dinical trials showed that 
prehospital fluids did not improve outcome (Table 5-6). 

Bleeding 
One of the most influential studies on hemorrhagic shock was 
performed by Ken Mattox and, in 1994, the restdts were reported 
by Bickell and coworkers.32 The aim of Mattox's study, a prospec
tive clinical trial, was to detem:tine whether withholding 

prehospital fluids affected outcome in hypotensive patients after 
a penetrating torso injury. IV lines were started in patients with 
BP lower than 90 mm Hg. On alternating days, patients received 
standard fluid therapy in the field or bad fluids withheld until 
tl1ey reached the hospital. Withholding prehospital fluids con
ferred a statistically significant survival advamage-a revolution
ary COllllterintuitive finding that shocked surgeons. To reiterate, 
if no fluids were given in the prehospital setting to hypotensive 
patients with penetrating torso injuries, they would survive more 
often than if fluids were given in the field. 

Critics of Mattox's study daimed that reanalysis of the data 
using the methodology of intention to treat made d1e statistical 
significance no longer valid because tbe P value for smvival was 
higher d1an 0.05. TI1e autl1ors of this study exduded patients 
who were dead in the field when paramedics arrived. It made 
sense that fluids would not help those who had already died in 
the field, and thus should not be counted, but purists asserted 
d1at those patients should have been included in the final analy
sis. Even if that assenion were accouJlted for, Matcox's study 
would still show that patients who did not receive fluids had a 
survival advantage, albeit the difference would no longer be 
statistically significant. Everything that smgeons had been taught 
before 1994 stre.~~d that nor treating hypotensive patients with 
fluids would surely lead to death, yet Mattox's study showed the 
opposite. 

That 1994 article popularized the concept of permissive 
hypotension-that is, allowing hypotension during uncon
trolled hemorrhage. The fundan1ental rationale for pem1issive 
hypotension was that restoration of BP with fluids would 
increase bleeding from LUlcontrolled sources. Cannon, in 1918, 
had stated that "inaccessible or uncontrolled sources of blood 
loss should not be treated with rv fluids until the time of surgi
cal control." 

Anin1al studies have validated the idea of permissive hypo
tension. Burris and colleagues have shown that moderate 
resuscitation results in the best outcome compared with no 
resuscitation or aggressive resuscitation. ln a swine model of 
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uncontrolied heroord1age, Sondeen has shown that raising BP 
with Aulds or pressors could lead to increased bleeding. The idea 
was that increasEng BP would burst the clot that had formed. 
1he study also found that the pressure that would cause rehleed
ing was a MAP of 64 ± 2 mm Hg, with a systolic pressure of 
94 ± 3 mm Hg and diasrolic pressure of 45 ± 2 mm Hg. Other 
animal studies have confirmed these hypotheses. 

The next question was whether the continued strategy of 
permissive hypotension in the operating room would result in 
improved survivaL Dutton and associates randomized one group 
of patients to a target systolic BP higher than 100 rum Hg and 
another group to a target systolic BP of 70 mm Hg. Fluid 
therapy was titrated untiJ definitive hemorrhage control was 
achieved. However, despite attempts to maintain BP at 
70 mm Hg, the average BP was 100 mm Hg in the low-pressure 
group and 114 nun Hg in the high-pressure group. Patients' BPs 
rose spontaneously. Titrating their BP to the low target was dif
fi cult, even witl1less use of fluids. The survival rate did not differ 
between the nvo groups. 

TI1e idea of permissive hypotension was slow to catch on. 
The arguments against allowing anything but a&,>ressive resusci
tation was dismissed. Critics continued to emphasize that the 
Mattox trial focused only on penetrating injuries and should not 
be extrapolated to blunt traun1a. Clinicians feared that patients 
with traumatic b lunt head injuries would be harmed without a 
normalized BP. However, Shafi and Gemilello examined the 
National Trauma Data Bank and fow1d that hypotension was 
an independent rlsk factor for death, but did not increase tl)e 
mortality rate in patients with TBis any more than in patients 
without TBis. 'TI1e risk of death quadrupled in patients with 
hypotension in d1e TBJ group (odds ratio [OR], 4.1; 95% con
fidence imerval [Cll , 3.5 to 4.9) and the non-TBI group (OR, 
4.6; 95% CI, 3.4 to 6.0). Furthermore, in 2006, Plurad and 
coworkers13 showed that emergency department hypotension is 
not an independent risk factor for acute renal dysfunction or 
failure. 

Trauma Immunology and Inflammation 
1he 1990s witnessed an explosion of information regarding 
alterations of homeostasis and celiular physiochemistry during 
shock. The scientific investigations of Sllires, Carrico, Baue, and 
cow1dess others :shed light on the basic mechanisms underlying 
the resuscitation of patients in shock. The pathophysiology has 
be.en identified as having an aberrant infian1matory status, 
resulting in the body's own inm1une system damaging the endo
thelial tissues and ultinlately the end organ. This inAan1matory 
state leads to a spectrum of conditions ranging from sequestra
tion of fluid leading to edema, progressing to Acute Lung Injury 
(ALI), Systemic Inflammatory Response Syndrome (SIRS), 
Acute Respiratory Distress Syndrome (ARDS) and the Multiple 
Organ Failure (MOF) which was later termed Multiple Organ 
Dysfunction Syndrome (MODS).33 Such conditions were in 
every surgical lCU; attention focused on biochemical pertu.rba
tions and altered mediators as sites for possible interventions. 
The fundamental cause was thought to be tllat ischemia and 
reperfusion, as shown .in animal models, would create a state of 
damage to the capillary endotheliwn and subsequent changes to 
the end organ. It was generally accepted that the reason for the 
reperfusion injury was mediated by activated neutrophils that 
emitted deleterious cytokines and oxygen-free radicals. which 
was popular then because assays to study tl)em bad 
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bee11 developed. The a11in1al model used to study this patho
physiology was ofren the gut mesentery ischemia and reperfu
sion model which entailed the damping of the mesemeric artery 
for a time period (e.g., me superior mesenteric artery that fed 
the intestines) before the clan1p was removed, thus reperfusing 
the organ. However, ischemia reperfusion injury is differem than 
resuscitation injury as it was later discovered. 

Death after traumatic injury was described as trimodal. 
Some patients died within a short time after injury, some died 
in the hospital within a few hours, and many died late in the 
hospital cou.rse. However, a study in trauma patients has shown 
that deaths occur .in a logarithmic decay fashion and follow the 
rule of biology; no grouping of deaths can be seen, unless the 
data are represented or lumped together as immediate, early, or 
late. 'TI1e only reason for the initial trimodal distribution was 
that patients who died after 24 hours were labeled under late 
deaths.·11 

According to tl1e traditional (although now discredited) 
trimodal pattern, patients who typically died first could be aided 
by a better prehospital system and, more in1portandy, by injury 
prevention. For the second group of patients, better resuscitation 
was thought to be a potentially lifesaving intervention. For the 
thi.rd group (the late deaths). immwwmodulation was consid
ered to be key; given these patients' responses to SIRS, a sterile 
phenomenon, the cause wa~ thought to be the inflammatory 
adaptive aberrancy after successful resuscitation. When there is 
prolonged end arteriole cessation of A ow producing tissue isch
emia for a period of time, followed by reperfusion, it is termed 
repeifusion injury. For exan1ple, with an injury to tl1e femoral 
artery tl1at requires 4 to 6 hours to restore circulation, muscle 
cells may have undergo reperfusion injury and will start to sweU, 
causing a compartment syndrome in me lower leg. This reperfu
sion injury was tlwught to occur following hemorrhagic shock. 
However, the pathophysi.ology is more one of resuscitation 
injury rather than reperfusion injury. 

With improved technology, the inlmunologic response 
after trauma was heavily researched; in the past, we were timited 
to studying physiology. A theory started to evolve that shock 
caused an aberrant inflammatory response, which tl1en needed 
to be modulated and suppressed. Many literature reports showed 
that ilie inAan1matory system was upregulated or activated after 
shock. 1l1e white cells in the blood became activated. Neutro
phiJs were identified as the key mediators in the acuce phase of 
shuck, even though lymphocytes are typically have a major role 
in cl1ronic diseases (e.g .. cancer) and in viral infections. Shock, 
caused by various mechanisms, wa~ thought to induce ischemia 
to tissues and, after reperfusion, to set off an inflammatory 
response, which primariJy affected the microcirculation and 
caused leaks (Fig. 5-12). 

Typically, neutrophils are rapidly transported through cap
illaries- When signaled by chemokines, however, neutrophils will 
start to roll, adhere fim1ly to tl1e endothelium, and migrate out 
of ilie capillaries to find the body's foes and initiate healing. 
Early researchers thought that neutrophils would battle invaders 
(e.g., bacteria) th.rougb phagocytic activity and the release of 
oxygen free radicals; tlus was thought to be the reason for the 
leak in the capillary system (Fig. 5-13). Because neutrophjls can 
be prin)ed co have an enhanced response, a massive search rook 
place to identify causes of neutrophil priming and dowruegL~a
tion. 1l1e many cytokines targeted included interleukin (IL), 
types l through 18, tumor necrosis factor (TNF), and adl)esion 

http://www.myuptodate.com


90 SECTION I SURGICAL BASIC PRINCIPLES 

molecules, sucb as intercellular adhesion molecules (ICAMs), 
vascular cell adhesion molecules (VCAMs), E-selectin, L-selectin, 
P-selectin, and platelet-activating factor (PAF). 

That research bad much overlap with the research being 
performed in the arenas of rein1plantation, va~cular ischemia, 
and reperfusio n. Clinically, it was already known that the 
implantation of severed extremities would have pathophysio
logic results, similar to those from ischemia, reperfusion, and 
swelling caused by leaky capillaries. The immune response was 
described as bimodal; if the body was first primed by trauma or 
shock, it would be set up for an exaggerated response when hit 
with a second insult (e.g., infection). 

In the Late 1990s, other researchers focused on the role of 
tl1e alin1entary tract. They knew that the splanchnic circulation 
wa~ shunted of blood by vasoconstriction during hemorrhagic 
shock, so the ~ut suffers the most ischemia during shock and is 
tl1e most susceptible to reperfusion injury. The animal model 
most often used to study tl1e ~t's role in inflammation was a 
rat model of superior mesenteric artery (SMA) occlusion and 
reperfusion. Because SIRS is a sterile phenomenon, the gut was 
impucated as a potential player iJ1 the development of MODS. 

MECHANISM 

Hemorrhage Shock - Ischemia Reperfusion 
T 

Cytokines ---. Oxygen radicals - Microcirculation 

L lmm""• ~,.,._ •• ..,rophiO. J 
FIGURE 5-12 Hemorrhage causing neutrophil activation. 

Animals were shown to have a translocation of bacteria into the 
portal system; initiation of the inflammatory cascade was inves
tigated as the source of MODS. investigators also knew that the 
release of Escherichitt coli bacteria m the blood released endotox
ins, which further initiated the release of cytokines (e.g., TNF, 
cachectin). However, srudies in humans failed ro demonstrate 
trans:location of bacteria .in intraoperative samples of portal vein 
during resuscitation. Although complete occlusion of the SMA 
for hours, followed by reperfusion, does result in swollen necrotic 
injured bowel, the problem was that these findings were extrapo
lated to humans undergoiJ1g hemorrhagic shock. AgaiJ1, during 
hemorrhagic shock, the SMA is not occluded and, even during 
severe states, there is a trickle flow of blood ro the splanclmic 
organs. 

Because patients in shock bleed and receive blood transfu
sions, transfusion of PRBCs was also implicated as the cause of 
MODS. Patients who required massive amOlUHS ofPRBCs were 
most Ukely to develop MODS. Researchers in tl1i.s elucidating 
area found that the use of older PRBCs was an independent risk 
factor for the development of MODS. PRBCs have a shelf llfe 
of 42 days in the refrigerated state. As hlood ages, changes occur 
in the fluid that have been shown to affect the immune response 
negatively. 

In the past, when technology was Limited, PRBCs were 
main ly tested for the red cells' capability to carry oxygen and 
their viability under the microscope and in the body. Most major 
trauma centers now have learned to use leukoreduced PRBCs
tllat is, the small number of white cells that can release oxygen 
free radicals and cytokines are now routinely filtered, before the 
PRBCs are stored. Leukoreduction removes 99.9% of donor 
white cells and, iJ1 one large Canadian study, reduced the mortal
ity rate from 7.03% to 6.1~%. Other trauma studies have shown 
no reduction in the mortality rate but still showed a decrease in 
rates of infection, infectious complications, and late ARDS. To 
date, ilie largest study of leukoreduction in trauma patients has 
not sl10wn any reduction in the rates of mfecrion, organ failure, 
or mortality.35 

Leukocytes 

Rolling 

L-selectin 

L·selectin 
P-selectin 
E-selectin 

Activation ----~ Firm 
adhesion 

Chemokines 
cytokine 

Chemokines 

Endothelium 

132-integrins 
(C018) 

ICAM-1 
ICAM2 

T ransendothelial 
migration 

PECAM-1 
ICAM-1 

FIGURE 5-13 Intravascular neutrophils that are activated will adhere and roll until another set of medlanisms causes firm adherence, and 
transendothelial migration out of the vascular system occurs. It is believed that this transmigration process injures the endothelium, with the 
release of an oxygen free radical. This could result in fluid leaks out of the vascular system. 
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Numerous trials have examined cl1e blockage of cyrokines 
to treat septic patients. Two prospective, randomized, mLtlti
centered, double-b!iJ1ded trials- the North American Sepsis 
Trial (NORASEPT) and the International Sepsis Trial 
(INTERSEPT)-studied at the 28-day mortality rate of criti
cally ill patiems who received anti-TN F anribody. Neither trial 
showed any benefit. Other trials testing oilier potential cytokines 
were also disappointing. 1l1e cytokines tested included CDll/ 
CD 18;16 anti-IL-l receptor, antiendotoxln antibodies, bradyki
nin antagonists, and PAF receptor antagonists. The search con
tinues for one key mediator that could be manipulated to solve 
the toxemia of shock.37 However, such attempts to simplify the 
events and find one solution w the problem may be cl1e main 
problem because there is no simple answer and no simple solu
tion. The answer may lie in cocktails of substances; the humoral 
and endocrine systems, which are always mediated by blood, is 
exceedingly complex. Shock bas mru1y causes and mechanisms. 
Understanding this is crucial as we look for solutions. 

Evolution of Modern Resuscitation 

Detrimental Impart of Fluids 
As early as the 1996. the U.S. Navy used a swine model to study 
the effecrs of fluids on neutrophil activation after hemorrhagic 
shock resuscitation. It was shown that neutrophils are activated 
after a 40% blood volume hemorrhage when followed by resus
citation with LR. 1l1at finding was not surprising; what was 
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enlightening was that the level of neutrophil activation was 
similar in control animals that did not undergo hemorrhagic 
shock but merely received LR and in animals that were bled and 
resuscitated wiclJ LR (Fig. 5-14). In the ocl1er control rullmals, 
which did not receive LR but instead were resuscitated with shed 
blood or HTS, the neurrophils were activated significantly less 
after hemorrhagic shock. The implication was that cl1e inflam
matory process was not caused by sh<lck ru1d resuscitation, but 
by LR itsel£ 

'TI10se findings were repeated over several years in a series 
of experiments using buroru1 blood in small ru1d large ruumal 
models <lf bem<lrrhagic shock. When the blood was diluted with 
various resusdtad<ln fluids, rbe inflan1marory changes depended 
on tbe fluid used; despite similar pbysiolugic results in vivo, tbe 
immunologic results were different (Fig. 5-15). l11e response was 
ubiqui t<lus throughout rhe entire inllarnmatory resp<lnse system, 
including at rlle levels of DNA and RNA expression. 

U ltimately, the cause of the en har1eed inflammatory response 
to fluids was recognized. All the artificial fluids used to raise BP 
could cause me inflaJllrnatory sequelae of shock; the fluids them
selves were responsible (Table 5-7). What might be obvious today 
was not obvious then, and wa~ unrecognized for decades; it was 
not recognized that blood is extremely complex. It does so more 
thaJJ raise BP and carry red cells. In the past, we studied the 
complexity of the body's immune response, but failed to realil.e 
that fluids such as LR ru1d normal saline that were developed more 
than 100 years ago were not a substitute for blood. 
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FIGURE 5-14 Neutrophil activation in whole blood of swine measured by flow cytometry. The highest neutrophil activation occurred following 
hemorrhagic shock and resuscitation using LR. Similar neutrophil activation occurred when the animal was not resuscitated but was infused 
with LR. No activation occurred when shocked animals were resuscitated with whole blood or 7.5% HTS. (From Rhee P. Burris 0, Kaufmann C. 
et al: lactated Ringer's resuscitation causes neutrophil activation after hemorrhagic shock. J Trauma 44:313-319, 1998.) 
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FIGURE 5- 15 Hillman neutrophil activation using whole blood d iluted 
various resuscitation fluids, as measured byflowcytometry. Phosphate
buffered saline (PBS) was used because it has a pH of 7.4. (From 
Rhee P, Wang 10, Ruff P, et al: Human neutrophil activation and 
increased adhesion by various resuscitation fluids. Crit Care Med 
28:74-78, 2000.) 

Further investigations showed that when the lactate in LR 
was replaced with ocher sources of energy that co ldd be betteJr 
used by the mitochondria, the inflammatory aspects were atten
uated; one sud1 novel fluid was ketone Ringer's solution (Table 
5-8). Lactic acid occurs in two stereoisomeric forms, as well as 
in a racemic mixture of those isomers. In biologic systems, the 
true racemic mixmre, or equal molarity o f the isomers. rarely 
occurs. Usually, one or the other isomer predominates. 1he 
srereoisomers are named L(+) and o(-) lactic acid. L(+)-lactate 
is a no rmal intermediary of mammalian metabo(jsm. 1he unnat
ural isomer, D(- )-lactate, is produced when tissue glyoxalase 
converts methylglyoxal into a lactic acid of the D form. L(+)
Laccare has low toxici ty as a consequence of the rapid metabo
Lism. o(-)-Lacta te, however, bas higher toxic potential. 
Psychoneurotic d isturbances have been described with pure 
o(-)-1actare; increasing evidence has indicated a connection 
between high plasma concentration of racemic lactate and 
anxie ty and panic disorders. Racemic dialysis fluids have repo rt
edly been associated with clinical cases of o-lactate toxicity. 
Experiments with the isomers have shown that D(- )-1actate 
causes signi6cant inflammatory changes in rats and swine as well 
as act ivation o f human neurrophils. 

Table 5-7 Summary of Studies by U.S. Navy Demonstrating Fluids causing Inflammation After Resuscitation _____ _ 
STUDY 
Rhee et al: lactated Ringer's solution resuscitation causes neutrophil activation 

after hemorrhagic shock. J Trauma 44:313-319, 1998. 

Debet al: Resuscitation with lactated Ringer's solution in rats with hemorrhagic 
shock induces immediate apoptosis. J Trauma 46:582- 588, 1999. 

Sun et al: Early up-regulation of intercellular adhesion molecule-1 and vascular 
cell adhesion molecule-1 expression in rats with hemorrhagic shock and 
resuscitation. Shock 11:416-422, 1999. 

Alam et al: E- and P-selectin expression depends on the resuscitation fluid used 
in hemorrhaged rats. J Surg Res 94:145-152, 2000. 

Rhee et al: Human neutrophil activation and increased adhesion by various 
resuscitation fluids. Crit Care Med 28:74-78, 2000. 

Deb et al: lactated Ringer's solution and hetastarch but not plasma resuscitation 
after rat hemorrhagic shock is associated with immediate lung apoptosis by 
the up-regulation of the Bax protein. J Trauma 49:47-53, 2000. 

Alam et al: Resuscitation-induced pulmonary apoptosis and intracellular 
adhesion molecule-! expression in rats are attenuated by the use of ketone 
Ringer's solution. JAm Coli Surg 193:255-263, 2001. 

Koustova et al: Effects of lactated Ringer's solutions on human leukocytes. 
J Trauma 52:872- 878, 2002. 

Alam et al: eDNA array analysis of gene expression following hemorrhagic shock 
and resuscitation in rats. Resuscitation 54:195-206, 2002. 

Koustova et al: Ketone and pyruvate Ringer's solutions decrease pulmonary 
apoptosis in a rat model of severe hemorrhagic shock and resuscitation. 
Surgery 134:267- 274, 2003. 

Stanton et al: Human polymorphonudear cell death after exposure to 
resuscitation fluids in VItro: Apoptosis versus necrosis. J Trauma 54:1065-
1074,2003. 

Gushchin et al: eDNA profiling in leukocytes exposed to hypertonic resuscitation 
fluids. J Am Coli Surg 197:426-432, 2003. 

Alam et al: Effect of different resuscitation strategies on neutrophil activation in 
a swine model of hemorrhagic shock. Resuscitation 60:91-99, 2004. 

Jaskille et al: o-lactate increases pulmonary apoptosis by restricting 
phosphorylation of bad and eNOS in a rat model of hemorrhagic shock. 
J Trauma 57:262-269, 2004. 

MODEL 
Swine 

Rat 

Rat 

Rat 

Human cells 

Rats 

Rats 

Human cells 

Rats 

Rats 

Human cells 

Human cells 

Swine 

Rats 

SUMMARY OF FINDINGS 
lR causes neutrophils activation, blood; 

HTS does not. 

lR cause apoptosis in liver and gut more 
than HTS. 

lR causes cytokine release more than HTS. 

LR causes increa.sed & and P-selectin than 
activation than HTS. 

Artificial fluids cause neutrophil activation 
more than HTS and albumin. 

lR and hetastarch increase lung apoptosis 
compared with plasma whole blood, 
plasma, and albumin. 

Substituting ketones for lactate reduces 
pulmonary apoptosis and intracellular 
adhesion molecule release. 

o-LR causes inflammation more than L-LR. 

Differer1t fluids cause gene expression at 
different levels. 

Ketone and pyruvate Ringer's solution 
protects against apoptosis compared 
with LR. 

Artificial fluids cause apoptosis and 
necrosis. 

LR causes more cytokines release via gene 
expression than HTS. 

Artificial fluids cause neutrophil activation 
despite resuscitation rates. 

o-Lactate in fluids causes more apoptosis 
than L-lactate. 
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Table S-8 Components of Ketone Ringer's Solution* ---------------------------------------------------------NORMAL SALINE 
COMPONENT (mEqfLJTER) 

o-Lactate 

o-LR (mEqfLITER) 

14 

L-LR (mEqfLITER) 
KETONE RINGER'S 
SOLUTION (mEqfLITER) 

L-lactate 

3-o-j3-hydroxybutryate 

Sodium 

Potassium 

calcium 

Chloride 

154 

154 

14 

130 

4 

3 

109 

28 

130 

4 

3 

109 

28 

130 

4 

3 

109 

*Replacing lactate with an alternative fuel source such as ketone affected the immunologic response following resuscitation. 

In 1999, wil rh new evidence implicating LR as the cause of 
ARDS and MODS, the U.S. Navy contracted with the Institute 
of Medicine to review the topic of the optimal resuscitation 
fluid.38 Their report made many recommendations; key recom
mendations were that LR he manufactured with only the L(+) 
isomer of lactate and that researchers continue to search for 
alternative resuscitation fluids that do not contain lactate but 
contain other n utrients, such as ketones. It stated that the 
optimal resuscitation fluid is 7.5% HTS because of the decreased 
inflammation associated with it and its logistic advantage in 
terms of weight and si7..e. Although the lJlstitute of Medicine 
had been asked w make recommendations for the military, the 
repon's authors thought that the evidence was also applicable to 
civilian injuries as well 

HTS bas a long record of research and development. It bas 
been used in humans for decades and has been consistently 
shown to be less inflammatory thru1 LR. This immunologic 
advru1tage had always been attributed to its own properties as 
compared with LR or normal saline. However, more recent 
evidence involving proper controls have shown that HTS is not 
necessarily better than LR, but that LR is worse thru1 HTS. This 
is i.mportru1t because for the first rime investigators starred ro 
recogni7..e that LR and normal saline may be detrimental. Again, 
blood is complex, ru1d the fluids used in the past were a poor 
replacement. 

PRBCs, different fi-om whole blood, were also a poor 
replacemenc-PRBCs are separated, washed, ru1d then filtered. 
with much of the plasma stripped out. Clotting factors, glucose, 
hom1ones, and cytokines crucial for signaling were not in 
PRBCs or in most of the fluids fom1erly used for resuscitation. 
Evidence that the fluid type affects the inflan1marory response 
is now growing and bas been confirmed in a number of studi.es.39 

Ba~ed on these findings, a national consensus panel of 
experts recommended a plasma volume expander, 6% hetastarch 
(Hespru1), as the fluid of choice for the military.~0 The rationale 
was that even though the institute of Medicine recommended 
7.5% HTS, it was not commercially available was not approved 
by the FDA. In addi tion, the panel of experts convened by the 
U.S. miBtary believed that a colloid offered the benefit of less 
weight and cube, meaJli.ng that the average medic could resus
citate patients with one third of the vohune (as compared with 
HTS) and would not have to carry large bags of LR or normal 
saline in the field. 

After this recommendation wa~ presented, another work
shop was convened and changed the recommendation to 6% 

Combat casualty 

• Control bleeding with pressure to 
bleeding site/consider tourniquet 

• Transport to higher level of care 

Vital signs and mental status 

Normal 

t 
• Obtain access but 

withhold fluids 
• Encourage oral fluids 

l 
Abnormal 

f 

• Obtain IV access and 500 cc 
Hextend 

• If more fluids needed: 
consider additional 500 cc 
Hextend followed by crystalloids 
until blood available. 

FIGURE 5-16 New recommendation for fluid resuscitation for the US. 

Military by the Committee on Tactical Combat Casualty Care. (From 
Rhee P. Koustova E, Alam H: Searching for the optimal resuscitation 
method: Recommendations tor the initial fluid resuscitation in combat 
casualties. J Trauma 54:552-562, 2003.) 

betastarch in LR (Hextend). The predominant rationale was that 
a single study bad shown that in patients undergoing cardiac 
surgery, Hextend decreased transfusion requirements posropera
tively (as compared with Hespan), possibly because the calcium 
in LR aided in coagulation, but this was not substantiated. 
Subsequent studies have shown no difference in coagulation 
properties between hetastarches, whether the carrier is saline 
or LR. 

TI1e Committee on Tactical Combat Casualty Care was 
formed in 2000 by the U.S. Navy and now sets policy on the 
prehospital management of combat casualties. Their recommen
dations and algoritbm for resuscitation were revolutionary 
compared with the civilian recommendations (Fig. 5- 16). The 
algorithm wa~ formed with the following points in mind: 

l. Most combat casualties du not require fluld 
resuscitation. 

2. Oral hydration is an underused option. 
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3. Aggressive resuscitation bas not been shown to be 
beneficia1 in civilian victims of penetrating trauma. 

4. Moderate resuscitation iJl animal models of uncon
trolled hemorrhage offers the best outcome. 

5. Large volumes of LR are not safe. 
6. C<llloid or HTS offers a significant advantage in 

terms of less weight and cube for the military medic. 
The comrnittee recommended Hextcnd, which seemed 

similar to Hespan but with the potential for benefit ln tem1s of 
coagulopathy. I t wa~ recognized that the most casualties were 
not undergoing hemorrhagic shock and were not in any jeop
ardy of bleedin_g to death. Only a minority of patients required 
fluid resuscitation in the field. Surgeons and anesthesiologists 
generally would prefer all patients to be NPO to avoid aspiration 
during induction of anesthesia and surgery, but trauma patients 
are never NPO. With the rapid induction of anesthesia, aspira
tion is a minimal risk. Patients need to have normal. mentation 
to take oral fluids,. The committee recommended placing anN 
line, but not administering £V Auid, in casualties witl1 normal 
mentation and normal radial pulse character; iJJStcad, oral 
hydration was advised. [.n mose undergoing hemorrhagic shock 
manifested by altered mental status and decreased pulse, rney 
recommended administering 500 mL of Hcxtend. 'TI1e use of 
Hextend was li.rn.ited to lliter, given its potential for exacerbat
ing coagulopathy. 

Damage Control Resuscitation 
Once crystalloid solu£ions were recognized as possibly being 
the prin1ary cause of me inflammatory process after tratuuatic 
hemorrhagic shock, efforts were made to reduce their use in the 
battlefield. Abdominal compartment syndrome (Fig. 5-17). 
which had been described when aggressive resuscitation was 
routine, wa~ also found to be directly associated with me volume 
of crystalloid infused. Thus, the concept of damage control 
resuscitation or hemostatic resuscitation was developed.41 It 
involved concentrating on rapid control of bleeding as me 
highest priority, using permissive hypotension, because tllis 
would minimize the use of acellular fluids and not burst me clot, 
miJlinUzing the use of crystatloid solutions, usi11g HTS to reduce 
the total volume of crystalloid necessary, using blood products 
early, and considering the use of drugs such as rFVIIa or factor 
IX to stop bleeding and reduce coagulopathy (Box 5-3). 'TI1e 
rationale for the early use of blood products was that large 
volun1es of crystalloids were detrimental; because fresh whole 
blood was nort available, component therapy witl1 pRBCs, 
thawed plasma, and p latelets would approximate whole blood 
and minimize the use of aceLlular fluids. Component therapy 
was not ideal compared with fresh whole blood but because of 
logistic problems, it was not available, and component therapy 
used empirically for some patients with ongoing tu1controtled 
hemorrhage would he hetrer ln tl1e long term. Mental status was 
thought to be a useful to guide to determine who needed care; 
the usc of tl1c radial pulse was preferred over BP cuffs, which 
are not practical when persoru1el are under fue in me combat 
setting. 

With the promotion of damage control resuscitation, clini
cal studks i11dicated that aggressive early use of blood products, 
such as PRBCs and FFP, reduce the rotal volume ofPRBCs used 
by 25%? TI1ese studies also used pemlissive hypotension and 
focused on surgical control of hemorrhage, rather than on resus
citation before surgical control of hemorrhage. Other studies 

FIGURE 5-17 Patient following damage control surgery with abdomi
nal and thoracic compartment syndrome caused by massive Huid 
resuscitation. (Courtesy Dr. Demetri Demetriades, Trauma Recovery 
Surgical Oitical Care Program, USC University Hospital, Los Angeles.) 

• Initiate permissive hypotension until definitive surgical control 
is achieved. 

• Minimize crystalloid use. 
• Initially use 5% HTS. 
• Use blood products early (PRBC, FFP, platelets, 

cryoprecipitates). 
• Consider rFVIIa or factor IX. 
• Avoid hypothermia. 

have shown that wid1 damage control resuscitation, tl1e inci
dence of ARDS decreases, from 25% of ICU admissions to 
9%.43 ARDS now occurs in patients with pulmonary contusion, 
pneumonia, or sepsis, but is no longer a routine complication 
iJl tratu11a patients who u11dergo damage control resuscitatio11. 

Whole Blood Resuscitation 
Damage control resuscitation was developed because surgeons 
in me recem war in Iraq Can1e back and Stated mat fresh whole 
blood was useful for massively bleeding sol.diers. Almough the 
surgeons early in tllls war were hesitant and reluctatlt to try the 
walki11g blood bank (see later) rl1at was used to obtain fresb 
whole blood from noncombat soldiers, eventually it wa~ tried 
and found to be highly successful and easy. Returning surgeons 
repeatedly noted that patients resuscitated with whole blood did 
not seem to have tht' coagulation or pulmonary problems seen 
previously. After operative procedures, even patients who under
went several blood volume replacement procedures were warm 
and not acidotic. Trauma surgeons were starting to recognize 
cl1at crystalloid resuscitation should and could be avoided by 
using damage control resuscitation. Because they had only 
recently started to recognize that currently used fluids had an 
impact on outcome, they had not yet had a chance to develop 
tl1e optimal resusciration fluid ro replace blood. As a result, 
miUtar}' sUJgeons advocated the aggressive use of FFP, nor 
because it wa~ ideal, but because it was probably better than 
crystalloid or colloidal solutions. 
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The military has a logistic advantage that the civilian sector 
does not yet have. When casualties arrive, military surgeons can 
activate the walking blood bank- hundreds of noncombat sol
diers on the base will come to the medical facility to donate their 
blood. Given the relative safety of these donors, because they 
were all prescreened for infecrious agems and had been blood
typed, fresh whole blood was readily available. In the military, 
when surgical units arc available, it is usually at a base where 
many do not go out on patrol and can donate blood. Obviously, 
those in combat roles are not eligible to donate because they 
would no longer be fit to be a combatant. Bleeding patients arc 
transfused with PRBCs and given HTS and crystalloid solution 
until fresh whole blood is ready for infusion, usually within 
about 30 minutes after activation of the walking blood bank. 

When mil itary surgeons receive a warning about incoming 
casualties, they can activate the walking blood bank ahead of 
their arrival and make &esh whole blood available even sooner. 
The blood is withdrawn and mixed with 50 to lUO mL of 
citrate-phosphate-dextrose (CPO), which binds calciLUll and 
prevents clotting iJ.1 the bag. The bag of fresh whole blood is 
then transfused within mmutes after donation. 1lle body usually 
ha~ an1ple stores of calcium, which makes coagulopathy from 
COP rare; calcium can also be injected fV with 10 mL of I 0% 
calcium cllloride. 

When the mili tary started its practice of using whole blood, 
no data supported it. Reports eventually emerged showing its 
safety and efficacy, even when PRBCs were readily available.44 

and now coaHtion forces have also started the practice of whole 
blood transfusions. 1l1e controversy over the use of fresh whole 
blood will continue, because randomized prospective studies are 
not logistically feasible ill the war zone. 

Resuscitation With 1 : 1 : 1 
As news of these successful battlefield practices spread, the civil
ian literature started to echo the benefits of surgical hemorrhage 
control before resuscitation and the aggressive use ofPRBCs and 
FFP, summarized in Table 5-9. Because whole blood was not 
available ill the civilian sector, efforts focused on trying to 
re-create whole blood by t ransfusing components of blood 
together. It had been though that component therapy needed 
to be directed by laboratory results. Surgeons could transfuse 
only patients with documented coaguJopathy and could 
transfuse only the necessary components. Empirical use was 
discouraged. 

Whole blood is separated illto its various components by 
centrifugation. The plasma is drawn off and separated into 
fibrinogen and platelets. PRBCs, with a hematocri t level of 60 
to 70, are washed, anticoagulants and preservatives are added, 
and they are then stored. Component separation has made the 
best use of whole blood, reducing waste. However, component 
therapy is analogous to eatiJ1g coffee beans, sugar, cream, and 
hot water separately to make coffee internally. 

1l1e U.S. Army reported its success with the aggressive use 
of FFP, largely because of the efforts of Holcomb, who had access 
to the Military Trauma Registry. Registry data have consistently 
confirmed the benefits of transfusmg blood components in a 
ratio of 1 LUli t ofPRBC~ to I unit of FFP to I uni t of platelets, 
at ratio now termed 1: I: I. In a civilian settmg, Maegele and 
colleagues have reported that the aggressive use of FFP also 
resulted in m1proved outcome. D uchesne and associates won
dered whether d1ey might have been wrong for 60 years by not 
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being aggressive wid1 FFP, and showed in another study that it 
reduced mortality and coagulopatby. 

Tiexaira and coworkers have sl10wn that although it is 
better to be aggressive, the ratio of 1 unit of PRBCs to 2 units 
of FFP may be equivalent. The previous studies had a tendency 
ro place patiems wi th a I : 2 ratio into the aggressive group, and 
could not dearly distinguish among I : 1 versus 1:2 versus 1:3. 
Other studies also failed to find a survival benefit wid1 FFP but 
showed that it reduces coagulopathy. 

An ongoing multicenter, prospective, cohort study was 
designed to characterize the genomic and proteomic response iJ1 
iJ1jured patients at risk for MODS after traumatic mjury and 
hemorrhagic shock. So far, the dara have shown a decreased 
mortality rate m patients t ransfused with a high ratio of FFP to 

PRBCs (i.e., a ratio > 1 : 5). 
Snyder and colleagues have show a higher survival rate if 

FFP use is more aggressive. However, their retrospective study 
could have had a selection bias toward less moribund patients 
being in the FFP group, because these patients obviously sur
vived long enough to receive FFP transfusions. O ther studies 
have tried to eliminate patient.~ who die early from hoth groups 
(FFP versus no FFP}, only including patients who lived at least 
6 hours; d1e contintling trend seems to be that early and aggres
sive use of FFP is beneficial. 

Aggressive use of platelets45 and fibrinogen46 has also been 
shown to improve outcome. ln a six-center retrospective study, 
Zink and associates4 ~ have shown that the early administration 
of a high ratio of FFP and platelets improve survival and decrease 
overall need for PRBCs m massively transfused patients. 1l1e 
largest difference iJl mortality occurred during the fi rst 6 hours 
after admissio11, suggestmg that the early administration of FFP 
and platelets is critical. Most hospitals use aphercsis platelets, 
which are pooled platelets; 1 unit is equivalent to what was 
previously called a si.\ pack of p!tttelets. 

Massive Transfusion Protocol 
Studies have led to the development of tbe ma~sive transfusion 
protocol (MTP), which calls for the aggressive use of component 
therapy. 1l1e protocol was designed to enable a hospital's blood 
bank to improve logistic systems for the empirical use of blood 
components. A number of studies have shown that implement
ing an MTP improves survival in trauma patients.48 To qualify 
as a trauma center, the American College of Surgeons Verifica
tion Review Committee recommends that all trauma centers 
have their own MTP iJ1 place. 

An exan1ple of an MTP directive is that for severely .mjured 
patients, the blood bank should bring a cooler with 2 units of 
unmarched 0-negative blood that can be illlmediately used for 
resuscitation (Table 5- l 0). Most patients do not require massive 
transfusion, usually defined as a transfusion of more than 10 
units ofPRBCs ill 24 hnurs. If possible, a patient's blood sample 
should be drawn before the uncrossmarched blood is transfused; 
even 1 unit ofPRBCs can sometimes interfere with crossmatch
iJlg. 1f a patient requires more PRBCs before crossmatched 
blood is available, an additional 4 units of 0 -negative blood 
should be made avai.lablc. If crossmatched blood is available, the 
next 4 units transfused should be crossmatched blood. 

Because most patiems do nor require mo.re than 6 units of 
PRBCs, most do not receive FFP. For patients who require more 
PRBCs, 7 to 12 units ofPRBCs should be delivered, along with 
6 units of FFP and 1 unit of apheresis platelets. Preferably, the 
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_Table 5-9 Recent Retrospective Studies on the Use of Fresh-Frozen Plasma 
STUDY 
Borgman et al: The ratio of blood products transfused affects mortality in 

patients receiving massive transfusions at a combat support hospital. 
J Trauma 63:805--813, 2007. 

Gonzalez et al: Fresh-frozen plasma should be given earlier to patients 
requiring massive transfusion. J Trauma 62:112- 119, 2007. 

Kashuk et al: Postinjury life threatening coagulopathy: Is 1 : 1 fresh-frozen 
plasma:packed red blood cells the answer? J Trauma 65:261-270, 
2008. 

Gunter et al: Optimizing outcomes in damage control resuscitation: 
Identifying blood proCluct ratios associated with improved survival. 
J Trauma 65:527-534, 2008. 

Holcomb et al: Increased plasma and platelet to red blood cell ratios 
improves outc<Jille in 466 massively transfused civilian trauma 
patients. Ann Surg 248:447-458, 2008. 

Spinella et al: Efifect of plasma and red blood cell transfusions on survival 
in patients with combat related traumatic injuries. J Trauma 64:S69-
sn, 2008. 

Maegele et al: Red blood cell to plasma ratios transfused durin~ massive 
transfusion are associated with mortality in severe multiple inJury: A 
retrospective analysis from the Trauma Registry of the Deutsche 
Gesellschaft fur Unfallchirurgie. Vox Sang 95:112-119, 2008. 

Duchesne JC, Hunt JP, Wahl G, et al: Review of current blood transfusions 
strategies in a mature level I trauma center: Were we wrong for the 
last 60 years? J Trauma 65:2n-276, 2008. 

Sperry et al: An FFP: PRBC transfusion ratio ~ 1 : 1.5 is associated with a 
lower risk of mortality after massive transfusion. J Trauma 65:986-993. 
2008. 

Moore et al: Is tlhere a role for aggressive use of fresh-frozen plasma in 
massive transfusion of civilian trauma patients? Am J Surg 196:948-
958,2008. 

Teixeira et al: Impact of plasma transfusion in massively transfused 
trauma patients. J Trauma 66:693-697, 2009. 

Duchesne et al: Hemostatic resuscitation during surgery improves survival 
in p<Jtients with traumatic-induced c;oagulopathy. J Trauma 67:33-37, 
2009. 

Snyder et al: The relationship of blood product ratio to mortality: Survival 
benefit or survival bias? J Trauma 66:358-362, 2009. 

Watson et al: Fresh-frozen plasma is independently associated with a 
higher risk of multiple organ failure and acute respiratory distress 
syndrome. J Trauma 67:221- 227, 2009. 

link et al: A high ratio of plasma and platelets to packed red blood cells 
in the first 6 hours of massive transfusion improves outcomes in a 
large multicenter study. Am J Surg 197:565-570, 2009. 

Riskin et al: Massive transfusion protocols: The role of aggressive 
resuscitation versus product ratio in mortality reduction. J Am Coli Surg 
209:198-205, 2009. 

FFP and platelets should be transfused first, before the next 6 
units of PRBCs are transfused. Thus, for a severely injured 
patient who will require massive transfusion, the ratio now starts 
to approach the preferred I : I : 1 ratio. The "trick" that has 
gained popularity is to attach a large visible label on the back of 
all the blood products and to number them sequentially; thus, 
the emergency department, operating room, or ICU pcrsotmel 
can always quickly determine which uni t of PRBCs, FFP, or 
platelets is being transfused (Fig. 5-18). The use of uncross
matched blood .is a predictor of the need for the MPT, but has 
also been associated with complications such as ARDS and 
sepsis.49 

SUMMARY OF FINDINGS 
Retrospective study of 246 patients PRBC-tcrFFP ratio group of 1 : 1.4 

had better survival rates. 

Retrospective study of 97 patients; they recommended early use of 
FFP before ICU admission. 

Retrospective study on 133 patients and logistic regression showed 
improved coagulopathy but no improvement in survival. 

Retrospective study of 259 patients and increased use of FFP and 
platelets improved survival after major trauma. 

Retrospective study of 467 patients undergoing transfusion of 10 
units of PRBCs or more showed increased survival with use of FFP 
and platelets. 

708 patients undergoing transfusion showed that FFP use was 
associated with improved survival. 

Retrospective study of 713 patients showed improved survival with 
increased aggressive use of FFP in patients undergoing massive 
transfusion. 

Retrospective study of 135 patients with massive transfusions who 
had better outcomes with 1 : 1. 

Multicenter prospective cohort study with 415 patients showed that 
higher FFP use was associated With lower mortality. 

Retrospective study of 93 patients and conduded that damage 
control resuscitation with FFP may have a role in civilian trauma. 

Retr·ospective study in 383 patients showing that more FFP use was 
associated with better survival. 

Seven-year retrospective study with 435 patients showed survival 
advantage in patients receiving fFP-tcrRBC ratio of 1 : 1 compared 
with 1 :4. 

Retr·ospective study of 134 patients showed improved survival with 
higher use of FFP, but the advantage was not persistent when 
adjusted for survival bias. 

Prospective multicenter cohort study of blunt trauma patients showed 
that FFP was associated with increased risk of MODS and ARDS. 

Retrospective 16-center study with 466 patients who had lower 
mortality if FFP and platelets were used early and as 1 : 1. 

Retrospective study of 77 patients; they conduded that massive 
transfusion protocol was associated with improved survival. 

Om current approach-namely, allowing permissive hypo
tension, mi.nim.izing crystalloid resuscitation, using HTS, and 
aggressively using blood and blood products-may seem obvious 
now, but it is different than the approach used .15 years ago. It 
is now recognized that whole blood is highly complex and that 
crystal.loids do not resemble blood in any way. Crystalloids are 
acceptable when used for rehydrating patients, providing daily 
water needs, and deliveriJlg medications into the veins but can 
be harmful when used tO replace liters of lose blood in the 
massive quantities former!}' used. Not that long ago, more than 
30 li'ters of Auid might have been administered within a few 
hours after a trauma patient arrived at the trauma center. 
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Current Status of Fluid Types 
In January 2010, the U.S. Army had another consensus meeting 
to exan1ine the different fluid types and make recommendations 
for future research. A summary of the results will soon be 
published. 

Crystalloids 
'TI1e mechanism responsible for acidosis, after large volumes of 
normal saline are infused, is the dilution of serum bicarbonate 
(HC03- ) through the replacement oflost plasma with fluids that 
do not contain bicarbonate. Normally, chloride and bicarbonate 
ions are reciprocated up or down with each other. Often, the 
result of massive normal saline infusion is a hyperchloremic 
anion gap metabolic acidosis. At extreme levels, acidosis can 
impair cardiac performance and decrease responsiveness to 
cardiac inotropic drugs. Many would argue that for cellular 
protection, the l:mman body offioads oxygen from hemoglobin 
iJl the acidotic state and that acidosis, at least to a degree, is 
actually better for a patient. 

Regardless of the advantages and disadvantages of induced 
metabolic acidosis, no clinical evidence exists that it matters. A 
study of injured soldiers with hemorrhagic shock has found no 
significant difference in base deficit benveen a group of 26 men 

Table 5-10 Massive Transfusion Protocol at the University 
of Arizona 

Cooler No. 
I 2 3 4 5 6 

Units of PRBCs 2 4 6 6 6 6 

Units of FFP 6 6 6 6 

Units of platelets 

Units of cryoprecipitate 20 10 

Platelet<; are pooled and are equivalent to a six-pack of platelet<;. The sample is 
immediately sent for type, crossmatrhing. and coagulation profile. Coolers 3 and 
higher have crossmatched PRBCs. Coolers 7, 9, 11, 13, and IS have the same 
contents as cooler 5 and coolers 8, 10, 12, and 14 have the same contents as cooler 
6. Each unit has a large label with a number on it 
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resusd rated peri operatively with blood and LR (mean, 6.4 Liters) 
and a group of27 men resuscitated with blood and normal saline 
{mean, 5.9 liters). Surgeons with experience using HTS encoun
ter induced metabolic acidosis frequencly and have found it to 

be of mi.nimal clinical consequence. Induced metabolic hyper
chlorcmic acidosis is differem from spomru1eous metabolic aci
dosis and from hypovolemic lactic acidosis. No evidence exists 
that induced it causes anythiJ1g more than confusion iJ1 inter
preting blood gas levels. Given the lack of ru1y significant proven 
benefit of one crystalloid over another, many trauma systems use 
normal saline in the prehospital arena; stocking just one form 
of £luid is convenient. Another issue is that when blood is being 
rrru1sfused, LR would have to be switched to normal saline 
anyway. However, this is a regulatory matter because studies 
have shown that the use of LR as a carrier in the sru11e N line 
as blood has no relevant side effects. 

Plasma-Lyte {Baxter, Deer£eld, 111), a balanced crystalloid 
solution, was developed more than 20 years ago and contains 
additional electrolytes, such a~ acetate and gluconate. 'TI1e overall 
chloride levd is also lower. Plasma-Lyte also contains potassium 
ru1d magnesium, so one should be careful when iJrtusing iJ1 
patients with renal fai lure as they will not be able to clear these 
electrolytes. It is sin1ilar to other crystalloids in that it can cause 
lung edema ru1d increase intracranial pressure (ICP) and general
ized edema. 1l1e numerous reports of its use have addressed its 
safety <luring the priming of extracorporeal cirndation pumps 
and its use in cold ischemia, circulatory arrest, organ transplan
tation, and organ presen•ation. 

In a study examining the use ofHTS witl1 dextran (HTSD), 
patients were randomized. to receive 7.5% HTSD or Plasma
Lyre A. The 2-bour sodium, bicarbonate, C02, and pH values 
were comparable. 1l1e HTSD group required less crystalloid. 
However, the volumes infused were also different. In a study by 
McFarlane, 30 patients Wldergoing hepatobiliary or pancreatic 
surgery were randomized to 0.9% normal saline or Plasma
Lyre 148 at 15 mL/kg/hr, which equates to approximately 
I 125 mU75 kg. During surgery, Plasma-Lyte wa~ found to be 
more efficacious; it was balru1ced, with less hyperchloremia ru1d 
less base deficit. However, no significant difference in sodium, 
potassium, or blood lactate level wa~ fow1d iJ1 either group. 

FIGURE 5- 18 Label on back of transfused unit. 
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Table s-11 Composition of Commercially Available Crystalloids 
COMPONENT NORMAL SALINE LACTATED RINGER'S 

Positive Ions 

Sodium 154 130 

Pottasium 4 

calcium 3 

Magnesium 

Nelatlve Ions 

Chloride 154 109 

Lactate 28 

Bicarbonate 

Gluconate 

pH 5.4-7.0 6.5 

Osmolarity 308 273 

Compared with LR and normal saline, Plasma-Lyre may 
be a better balanced solution, but no studies exist that slww its 
effects in large volumes. It may be an ideal solution for daily 
maintenance A uid, but does not offer a significant benefit for 
resuscitation more than other crysta1Joids. In a kidney transplan
tation study, Plasma-Lyre A did not increase lactate levels (like 
.LR) and did not cause acidosis (like nom1al saline); the best 
metabolic profile was maintained in patients receiving Plasma
Lyre A. Plasma-Lyre is also favored iJ1 various cell preparations 
and as a storage medium for platelets. 1l1e components of the 
various crystall<)ids are shown in Table 5-11. 1l1e cost for LR 
and normal saline are typically less thru1 $1.00; the costs of 
Plasma-Lyre a11d other balanced solutions is closer to $2.00. 

Hypertonic Saline 
HTS has been extensively sn1died, with more than 6869 reports, 
and at least 1217 since 2005. In summary, the sntdies have 
shown that sodium is the maiJ1 electrolyte that controls intra
vascular volume. Investigators who have worked with HTS in 
bleeding animals were surprised to learn, after infusing large 
volumes of crystalloids to obtain a physiologic response, that the 
saJDe response can be acb.ieved with a much smaller volum~as 
long as the salt load was the same. For exaJnple, in aJl rulimal 
model of hemorrhagic shock, if 1 liter of normal saline is 
required to achieve a BP of 120 mm Hg, the SaJTie result can be 
obtained with an infusion of 12U m.L of 7.5% normal satine. 
For 5% HTS, only 182 mL would be needed. In a normal 
anjmal undergoing hemorrhage, HTS will pull water in from 
the cclJs and interstitial space, similar to the results of pouring 
in isotonic crysta1Joids. 

Immunologically, HTS has consistently been shown to 
reduce cl1e inBaJ11J11atory response; thus, it is thought to be immu
nomodulatory (Fig. 5-19). Randomized prospective studies have 
been done with HTS alone or with a colloid such as hctastarch 
or dextrru1; results show that HTS is equivalent to crystalloid 
solutions. The concentration that has been studied the most is 
7.5% HTS. Studies have not shown a survival advantage with 
HTS, but it has been conclusively shown to be safe, and hyper
chloremlc acidosis does not seem to be a problem. From 1995 to 
2005, when inflan1mation was being extensively studied, the 

PLASMALYTE-A NORMOSOL-R PLASMA 

140 140 134-145 

5 5 3.4-5 

2.25-2.65 

3 3 0.7- 1.1 

98 98 98-108 

27 27 

22-32 

23 23 

7.4 7.4 7.4 

294 295 280-295 

FIGURE 5-19 Immunologic response from hypertonic resuscitation is 
less than that after LR has been given. (From Pascual JL. Khwaja KA, 

Ferri LE. et al: Hypertonic saline resuscitation attenuates neutrophil 
lung sequestration and transmigration by diminishing leukocyte
endothelial interactions in a two-hit model of hemorrhagic shock and 
infection. J Trauma 54:12 1-132, 2003.) 
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theoretical advantages of HTS----decreasing the inflammatory 
response and potentially reducing ARDS and MODS--made it 
the ideal fluid of choice in shock resuscitation. 

One of the main problems with 7.5% HTS is that no 
manufacturer makes it; no profit can be gained by selling salt 
water. Currently, 7.5% HTS is nor approved by the FDA. 'The 
process of obtaining approval for the indication of resuscitation 
is costly and no company bas an imerest in making that invest
ment. In Europe, 7.5% HTS is manufactured and sold with 
dextran added; there i.s currently a market for that. 

'The Resuscitation Outcomes Consortium (ROC), which is 
comprised of ten trauma centers in the United States and 
Canada, has been funded co participate in trauma and emer
gency medkine trials. The flmdlng comes, ln part, from the 
Nationallnstitu['es of Health. ROC is the first prehospital, feder
ally funded organization to examine potential prebospital 
interventions. 

'TI1e first trauma trial by ROC was the HTS trial, a prospec
tive randomized trial that enrolled hypotensive patients (systolic 
BP <70 rom Hg) with blw1t or penetrating trawna, with and 
without traumatic head injury. Patients were randomized inco 
one of three arms by dose and Auld: (1) 250 mL bolus of normal 
saline; (2) 250 mL bolus of 7.5% HTS; and (3) 250 mL of 
7.5% HTS with 6% dextran 70. The HTS trial enrolled 2221 
patients, with the need for informed consent waived. Two other 
trials by ROC were the hemorrhagic shock trial (894 patients) 
and the TBI trial (1327 pati.ents). 'TI1e TBI trial enrolled patients 
with or without hypotension; the main enrollment criterion was 
a Glasgow Outcome Score (GCS) of 8 or less. 

The HTS shock trial showed that patients' demographk 
and physiologic characteristics were sinlilar, except that patients 
receiving HTS had a mild elevation in their sodium level 
(147 mEq/Lter versus 140 mEq/liter in the normal saline 
group). The admission hemoglobin level was also significantly 
different; the patients who received HTS with or without 
dextran had a hemoglobin level of L0.2 g/dL. However, 1 L.l gl 
dL in the normai saline group. The overall 28-day survival rates 
were almosr identical: HTS patients, 73%; HTS with dextran 
patients, 74.5%; and normal saline patients, 74.4% (P= .91). 

However, clhe HTS trial was stopped before the end of its 
plrumed enrollment by the Drug Safety a11d Monitoring Board 
(DSMB) for two main reasons. First, interim ru1alysis showed 
futility as the mortality outcomes were so sinlilar a11d d1e com
pletion of the study would not have shown significant differ
ences. Second, a .detailed subgroup analysis found a potential for 
harm in patients who received no PRBC transfusion in the first 
24 hours; for unexplained reasons, their mortality rate wa5 sig
nificantly higher if they received HTS or HTS wid1 dextraJl. 
HTS and HTS with dextran patients who received more than 10 
units of PRBCs wid1in the first 24 hours bad a lower mortality 
rate, although the difference was not statistically significant. 

The design of the HTS trial has been criticized. First, it 
allowed for only a small dose in the prehospital phase; HTS 
infusion did not continue in the hospital. Also, the sodium level 
was raised to onDy 147 mEqlliter; studies showing an .immuno
modu.latory effect from HTS have suggested that the sodium 
level should be raised to approximately 155 mEq/liter. 1l1e 
second criticism was that the HTS trial essentially compared 
HTS with permissive hypotension (simiJar to the Bickell study-12

). 

In hypotensive patients, 250 mL of nom1al saline is clinically 
irrelevrult but because 250 mL ofHTS with dextran D or HTS 
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is approxin1ately equivalent to 2 liters of normal saline, the 
group of patients who received HTS were being resuscitated 
whereas the normal saline group was not. 'TI1us, the trial seemed 
to compare 250 mL of normal saline to the equivalent of2 Liters 
of normal saline. Support for this theory is that the hemoglobin 
level wa5 lower in the group of patients who received HTS. 'TI1e 
trial of HTS in patients with TBI wa5 al.so halted; the interim 
aJ1alysis also showed futility, meaning that the primary outcome 
was almost identical between the normal saline and HTS groups. 
Such an outcome can also be interpreted as showing that HTS 
is safe, but technically the trial was not powered to show non
inferiority. HTS was studied in TBI, because preliminary studies 
had shown promise; HTS infusion is highly effective i11 decreas
ing intracranial pressure (ICP) ru1d can do this while increasing 
blood volume, BP, and blood flow to the brain. Compared with 
mannitol, which is customarily used for lowering ICP, HTS 
might do this without dehydrating patients or putting them at 
further risk for secondary brain i11jury caused by hypotension or 
renal failure. Patients on high-dose mannitol drips are also sus
ceptible to pulmonary insufficiency, causing longer ICU stays; 
infusing mannitol requires high daily volumes. Mannitol is safe 
if used carefully in patients with isolated TBis, but in hypoten
sive multi trauma patients it can be detrin1ental and might cause 
hypotension. 

HTS may sti.ll be beneficial, but this ROC study will prob
ably stop furd1er HTS trials for many years. The funding also 
came tn part from the U.S. Army, which invested in the HTS 
trial hoping to detemline nonlnferiority. Most srudies are effi
cacy trials; the federal government currendy endorses the concept 
that all future drug trials shol~d show efficacy for the FDA to 
approve new drugs or treatment. 'Tllis is an attempt to contain 
health care costs; if drug A is merely equivalent to drug B, the 
FDA s110l~d not approve it because it will result in uncontrolled 
health care costs. However, in the military combat casualty care 
setting, a fluid has less volume ru1d weight but can do the same 
thing as standard crystalloids a11d would he logistically benefi
cial. 'TI1us, one of the mandates of the ROC trial was to show 
safety, efficacy, and noninferioriry. A much larger sample is 
needed to show that a drug or fluid is not inferior. 

Finally, most rutimal a11d human studies have used 7.5% 
HTS, a11 arbitrary concentration; 10% HTS was found to be 
highly irritating to peripheral veins, so 7.5% HTS wa5 devd
oped. HTS injected rapidly inw human volunteers causes pain 
at the infusion site. 'The preferred route is through the central 
vein. In animal studies, if7.5o/o HTS is given through the inter
osseous route, ostoomyonecrosis and compartment syndrome 
can ensue. Commercially, HTS comes in 23%, 5o/o, a11d 3% 
concentrations. Curiously, all the human studies used 7.5% 
HTS, wllicb is not commercially available. 'This could be the 
main strategic lllistake of d1e HTS studies. Some nontrauma 
studies have used 3% and 23% concemrations, but almost no 
clinicai experience has been reported with 5%. Also, 23% HTS 
is primarily used for patients with hyponatremia and to reduce 
ICP in TBI patients. 

However, one study has shown that the use of 5% HTS in 
trauma patients, with or without TBJ, is safc.50 'Illis finding is 
logical., because the 7.5% HTS studies have shown it to be safe. 
Using 5% HTS may be the best strategy co recruit intravascular 
volume as compared with crystalloid resuscitation. The method 
used in trauma patients is to give 5% HTS in 250-mL infusions 
and, if more than 500 mL is needed, to check sodium levels. 
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1l1e sodium content of 250 mL of 5% HTS is equivalent to 
1645 mL of LR Thus, a bolus can be given quickly, without 
having to use hypotonic solutions such as LR. If 500 mL of 
5% HTS is used in acute trauma patients, some believe that 
tbis can resuscitate patients witl1out having to give 3 liters of a 
crystalloid solmion. This complies with the concept of damage 
control resuscitation, in which one of the goals is to minimize 
crystalloid use. 

Colloids 
Extensive randomized control trials have examined the safety 
and efficacy of 5% albumin, 6% hetastarch, and 6% dextran. 
However, no evidence has shown that one colloid is superior to 

another, nor mat colloids are better or worse than crystalloids. 
Colloids can have proinflan1matory effects similar to those of 
crystalloids. [n some cases, colloids will do more harm in large 
volumes than crystalloids, but aU colloids should not be consid
ered the san1e. The commonJy used colloids are plasma, 
albumin, dextran, and starcb-based coUoids. It is weU known 
that artificial colloids can perpetuate coagulopathy; dextran is 
used specifically to help prevent clotting after vascular surgery. 
1l1e in£lancmatory system is tightly interwoven with the coagu
lation process; thus, we limit the use of Hextend to l liter iJl 
trauma patients, who are often harmed if they have coagulopa
thy from increased bleeding. [n ru1imal models, albumin seems 
to be better for preventing inBrunmation, whereas hetastarch 
and dextran, in high doses, appear to cause inflammation and 
coagulopathy. 

Albumin has maJl}' rneoretical advantages, especially in 
animal studies. cliJJicaUy, though, it has not been shown to make 
a difference. lts main theoretical advantage is that compared 
with crystalloids, it is less iJJflancmatory, probably because it is 
a natural molecule, and not artificial. Other man its di.lutional 
effect, albumin is associated with minjmal coagulopathy. No 
clinical evidence bas sbown d1at albumiJJ is better tban otl1er 
colloids, hut the SAFE study in Australia has shown 4% albumin 
to be safe, compared with normal saline, in JCU patients. 51 The 
SAFE study, wlhose maiJ1 intent was to show equivaJency, found 
no difference in the prin1ary outcome (28-day mortality rate) or 
in ru1y secondary outcome. The Tactical Combat Casualty Care 
Committee (TCCC) has recommended a low-volume resuscita
tion fluid--currently, for tactical reasons, 500 mL of Hex tend. 
1l1e reason for d1at choice was mat 7.5% HTS is not commer
cially available. The military has adopted tl1e idea of dan1age 
control or hemostatic resuscitation, wbich entails limited use of 
crystalloid fluids, one-time use of HTS, early use of blood and 
blood products, and other adjuncts, such as factor VUa or 0<. 
The result has been an improved outcome, decreased blood use, 
and decreased incidence of ARDS.52 ARDS and MODS still 
occur, but at :a much lower rare than previously seen; rney 
usually occur in patients with a pulmonary contusion or an 
infectious process. 

However, 25% albumiJ1 offers many advantages over arti
ficial colloids. It bas a proven inlmunologic and-in£lan1matory 
effect and five times less volume man cu.rrent artificial colloids; 
unlike artificial colloids, it does not potentially lead to coagulo
pathic side effects. It has been proven safe from infectious and 
clinical standpoints. 1l1e volume of fluid that has to be carried 
is obviously much less (Fig. 5-20). The cost of albumin is 
approximately 30 times more than crystalloids and three times 
more man dextrru1 or Hextend, bur those comparisons were 

FIGURE 5-20 Comparison of container sizes: SO ml of 25% albumin, 
500 ml of 50/o albumin, and 1 liter of LR. 50 ml of 250/o albumin is 
physiologically equivalent to approximately 2000 to 2500 rnl of 
aystalloids. 

made against 5% human albumin. 1l1e cost of 100 mL of 
25% albumin, when compared with 500 mL of Hextend on a 
physiologic basis, is only approximately three times as much. 
During the VietoanJ War, 250/o albumiJ1 was first made available 
ru1d worked well: it was packaged in a green can that could 
be transported wirnout damage, bad a long shelf life, and was 
easy to use. 

Future Resuscitation Research 

Blood Substitutes 
[n contrast to volume expanders, blood substitutes are fluids that 
can carry oxygen. In the United States, 15 million units of 
PRBCs are transfused annually. Methods to decrease the need 
for b lood transfusions include preoperative autologous dona
tion, mtraoperative blood retrieval and reinfusion, and isovole
nuc bemodi.lutions. These allow for wirndrawing a patient's 
blood at the start of surgery, replacing it wirn volume expanders 
and then, at the end of surgery, retrru1sfusi.ng wim the padent's 
own donated blood. Because of blood supply limitations, infec
ti.ous and transfusion complications. and storage linlitations, the 
need for blood substitutes remains. The ideal blood substitute 
would do the following: 
• Deliver oxygen 
• ReCJulre no compatibility testing 
• Have few side effects 
• Have prolonged storage capabilities 
• Persist in the circulation 
• Be cost-effective 
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Currently, blood substitutes are hemoglobin- or 
nonhemoglobin-based. Research on hemoglobin-based fluids 
dates back to the 1920s, when the stroma of cells was lysed to 
obtain hemoglobin. Purification and sterilization were hurdles 
that took decades to overcome, but it wa.~ soon realized that free 
hemoglobin had roxie effects because ofirs breakdown products. 
Problems with free hemoglobin include osmotic diuretic effects, 
renal toxicity, coagulation abnormalities, short half-life, and 
vasoactive effect, which is known to be caused by hemoglobin 
solutions scavenging nitric oxide. 

During the next 3 decades (1930s to 1950s), efforts con
centrated on stabilizing the hemoglobin molecule to increase its 
persistence in the circulation and prevent toxic effects. Such 
strategies included crosslinking the molecule between the tetra
mer subunit. polymerizing it, encapsulating it in an artificial red 
cell or in liposomes, and using microsphere technology to form 
I million stable micromolecules. Development of some hemo
globin substitutes advanced to clinical trials. 

Blood substitutes are referred to as hemoglobin a>.:ygen car
riers (HBOC~). Currem second-generation HBOCs are pasteur
ized and free of communicable pathogens; they also have no 
ABO, Rh, or other blood antigens. They are UJliversally compat
ible and require no blood banking and can be easily admillis
tered without special training or expertise. The problems of a 
short half-life and renal toxici ty have now been overcome, but 
some troublesome side effects remain, including free radical 
generation and exacerbation of reperfusion injury, methemoglo
bin production, and immunologic effects {e.g., immunosuppres
sion, porenriation of endotoxin-related pathogenicity). 

The hemoglobin for blood substitutes comes from various 
sources, such as outdated donated human blood, bovine or 
swine blood, and transgenic E. coli. Each source has its benefits 
(e.g., availability; cost) and side effects (e.g., infections, other 
complications). Human hemoglobin has the advantage ofbeing 
a naturally occurring product that has been extensively studied; 
its obvious disadvantage is lack of availability. About 2 units of 
discarded blood are required to make 1 w1it of the HBOC. Even 
if all the discarded human blood were captured, the numbers of 
units made would only be 50o/o of what was discarded. 

The potential advantages of animals as a source of hemo
globin are tremendous-they are a relatively cheap source, and 
their supply is ample. However, despi te efforts at controlling a 
herd, problems such as bovine spongi.form encephalitis will 
inevitably surface. 

Recombinant hemoglobin has problems as well gigantic 
volumes of bacterial culture are needed and the stringent pro
cessing methods arc costly. It is estimated cl1at only 0.1 g of 
hemoglobin can be generated from 1 liter of E. coli culture (750 
liters would make 1 unit). Production of 3 million units would 
require more than 1.125 billion liters of culture. 

One of the first HBOC products tested was manufactured 
in 1999. Diaspirin cross-linked hen1oglobin (DCLHb), known 
as HemAssist (Baxter), was tested. Tlus chenucally modified 
human hemoglobin solution was used in a highly publicized trial 
in patients with traumatic hemorrhagic shock, one of tl1e 6rst 
trials to use community consent instead of il1dividual patient 
consent. Baxter terminated the trial early because patients who 
received the rest: product had a higher 28-day mortality rate 
(47%) than those who received normal saline (25%; P < .015). 
Tl1e trial brought disappointment to investigators anticipating 
the success of the first red cell substitute. 
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A recent analysis has compared data from the Baxter trial 
with 17 U.S. emergency departments and the parallel 27 Euro
pean Union pre hospital systems now using DCLHb but showed 
no difference in outcome. In this study, neither mean BP nor 
elevated 13P readings correlated with DCLHb treatment of trau
matic hemorrhagic shock patients. As such, no clinically demon
strable OCLHb pressor effect could be directly related to the 
adverse mortality outcome observed in the Baxter trial. 

Two other products currently have potential for clinical 
use. Both are polymerized rather than tetramerized. Polymeriza
tion is thought to be more efficacious because the molecular 
weights are higher (130 kDa) man with tetramerization 
(65 kDa), resulting in a longer intravascular presence. Some 
investigators have proposed that polymerization avoids contact 
with nitric oxide, attenuating the va.~oconstri ction seen with 
previous products. One of those products is HBOC-201 (Heme
pure, Biopure), made from bovine blood. It is unive.rsally com
patible and stable at room temperature for up to 3 years. Animal 
studies showed great promise and human trials with orthopedic 
patients also showed promise, but safety issues were a concern. 
Patients who received Hemopure had an increased numher of 
serious adverse events. The vasoconstrictive properties of Hemo
pure may have caused myocardial infarction il1 susceptible 
patients. Biopure went bankrupt in 2009 and was taken over by 
OPK Biotech {Cambridge, Mass), which manufactures a product 
called Oxyglobin (HBOC-301) for veterinary use. FDA approval 
for Hemopure is still pending. OPK Biotecl1 has continued to 
develop Hemopure for human use; rhe U.S. Navy is supp0rti11g 
research for potential use in the military setting. 

TI1e company shut down its operations after it was informed 
by the FDA that the risks outweighed the benefits. The more 
pronusing hemoglobin-based product was PoJyHeme {North
field Laboratories, Evanston, Ill). The way it is produced removes 
almost all the cross-linked tetrameric hemoglobin (<1%). Poly
Heme is made from outdated human donated blood and has a 
shelf life of approximately 1 year at room temperature. Tlte roost 
recent human trial was a mul ticenter study i11 trauma patients. 
with the need for informed consent waived.53 Patients were 
randomized to receive PolyHeme or crystalloids and PRBCs. A 
total of 29 trauma centers enrolled 7 14 patients. lt was reponed 
that patients can be resuscitated with PolyHeme, without usil1g 
stored blood, up to 6 units withiJl 12 hours after injury. Out
comes between rhe two groups were comparable il1 regard w 
30-day mortality rates, 13.4% in the PolyHen1e group and 9.6o/o 
in the control group. However, the PolyHeme group had more 
serious adverse events-specillcally, an increased number of 
myocardial infarctions. Nonetheless, the risk-benefit ratio of 
PolyHeme is favorable when blood. is needed but unavailable. 

A meta-analysis of 16 HBOC trials, illduding four trauma 
trials involving HernAssist or Poly Heme, has shown that HBO C 
patienrs have a significantly increased risk of myocardial infarc
tion and death as compared with controls. The problem of 
vasoconstriction will have to be addressed further. Vasodilators 
can be added to mitigate vasoconstriction, but whether enthu
siasm for HBOCs pers.ists remains to be seen. However, they 
have a real potential benefit for patients who do not have access 
to PRBCs, such as in rural area~ or the miUtary. 

Third-generation hen1oglobin substitutes have begu11 ro 
address me deficiencies of earlier formulations. Tile encapsula
tion of hemoglobin in liposomes is an innovation, but efforts to 
make it ideal continue. 1he mixing of phospholipids and 
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cholesterol in the presence of free hemoglobiJ1 forms a sphere, 
with hemoglobin in the center. These liposomes have oxygen 
clissociation culiYes similar to those of red blood ceJJs and admin
istration can transien cly achieve high circulating levels of hemo
globin and oxygen-carrying capacity. However, research is still 
in the preclinical resting stage; progress in prolongin g rhe half
life and elucidating the effects on the inmmne system, particu
larly reticuloendothelial sequestration, are crucial before clinical 
testing can begin. 

Perfluorocarbons 
Perfluorocarbons (PFCs) are completely illert biologically and 
are similar to Teflon and Gore-Tex. Altering the molecule by 
fluoridating the ring structure lowers the melting point and 
makes it a liquid at room temperature. in 1966, PFCs captured 
the imagiJ1ation of many people when photographs were released 
of a mouse completely submerged in the liquid form but breath
ing and surviving in it {Fig. 5-21 ). PFCs dissolve larger quanti
ties of oxygen and C02 than plasma. They have yet to find a 
purpose in liquid form, but enthusiasm bas increased for their 
use in partial liquid ventilation (PLV). Trials ill adults with 
ARDS have sbown no benefit, but studies are stiJJ ongoing in 
clilldren with byaline membrane disease. 

PFCs have two challenges to overcome for use as blood 
substitutes. The first is that the liquid form is immiscible in 
water; thus, PFCs must be suspended as microdroplets with 
the use of emulsifying agents. 1l1e second is that unlike 

FIGURE S-21 Mouse surviving while submerged in perfluorocarbons. 
(From Shaffer TH, Wolfson MR: Uquid ventilation. In Polin RA. Fox 
WW, Abman SH [[eds]: Fetal and neonatal physiology, ed 3, WB Saun
ders, 2003, Philadelphia.) 

hemoglobin, the oxygen dissolved in PFCs bas a Lrnear relation
ship to the partial pressure of oxygen, whereas hemoglobin has 
a sigmoidal disassociation curve favoring full loading at normal 
atmospheric oxygen levels. Thus, the F102 that bas to be applied 
is too high. 

Second-generation PFCs have been formulated ro allow 
more oxygen-carrying capacity, with alterations in their emul
sion properties. 'TI1ese new compounds can also be stored at 4o 
C, wl1ereas previous solutions had to be frozen. Oxygene (Alli
ance Pharmaceutical, San Diego) is a 60% perAubron emulsion 
with a median particle diameter less than 0.2 J..lm. The use of 
lecithin as an emulsifier elilllrnated the adverse effects of comple
ment acdvation observed m earlier sruclies of PFCs. Possible 
current uses include cardiopulmonary bypass with normovole
mic hemodilution and balloon angioplasty to provide oxygen
ated blood past the catheter whlle inflated. In a pbase 3 study, 
Oxygent was shown to reduce the need for red blood ce.U (RBC) 
transfusion i11 patients undergoing noncardiac surgery {16o/o, 
Oxygent group; 26o/o, control group; P < .05). Oxygent patients, 
however, had more serious adverse events (32o/o .in the Oxygent 
group versus 21% in the control group; P < .05). In another 
phase 3 study, in patients undergoing cardiac bypass. Oxygent 
possibly increased the incidence of strokes. AJI further studies 
were halted. 

Two other PFC products have been introduced. In early
pha.~ clinical trials, OxyFluor (Hemagen, Columbia, Md) pro
duced mild thrombocytopenia and f3uli.ke symptoms in healthy 
volwueers. Baxter International ha.~ withdrawn support for 
further development. Phase 2 trials ofOxycyte were suspended; 
its manufactu.re was taken over by Oxygen Biotherapuetics 
(Morrisville, NC) and is being sold over the counter as a cos
metic product known as Dermacyte, an oxygen concentrate gel 
for wound healing. Dermacyte is also being rnvestigated for the 
treatment of cancer during chemotherapy or radiation therapy 
because oxygen free raclicals are thought to kill cancer ccUs. P FCs 
are not free of side effects and are nor efficacious for Oll:ygen 
delivery and use. 

Novel Fluids 
The recognition that currently available fluids are not a replace
ment for blood and that they can be harmful if used in large 
amounts to expand blood volume has ir1itiated excitiJ1g research 
for better fluids. Blood is so highly complex that the ultimate 
goal is to develop artificial whole blood; the ideal method would 
be to manufacture whole blood with a bioreactor usmg stem 
cells, but this development would take decades. 

The permutations of future fluid development arc endJess_ 
Novd crystalloids are beillg tested, as are hypertonic solutions 
with and without oxygen carriers, hypertonic coUoids, FDPs, 
and drug therapy. 

In 1999, the Institute of Meclicine recommended research 
to eli.minate lactate in LR and to investigate the use of al ternative 
energy substrates in resuscitation fluids . It recognized that, 
altho ugh reperfusion injury can occur ill shock resusci cation, a 
separate entity, called resuscitation injury, is a resul t of the 
method of resuscitation and the Au ids used. 

Two substances have since been identified that could alter 
the inflammarory response after resuscitation. In small and large 
animal modds, studies have found that simply replacing 
the lactate in LR with ketones or pyruvate reduces me inflam
matory response after hemorrhagic shock resuscitation. Other 
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investigators have concentrated on various forms of pyruvate to 
minimize resuscitation injury; ethyl pyruvate seems promising. 54 

From a cellular level, a combination of anti-inflammatory con
stituents ln fluids seems more efficacious. 

Studies of the mechanisms of these improved results have 
found that monocarboxylare-supplememed resuscitation pro
vides energy substrates, with minimal alteration in the conven
tionally used Auids, such as LR. Replacing the lactate in LR wirl1 
pyruvate or ketones protected rl1e brain and other tissues after 
shock. 55 This finding led to researcb on causes of mi.s protective 
effect and on the potential of using drugs alone to treat hemor
rhagic shock. 

Freeze-Dried Plasma 
Clinical studies showing better outcomes with minimizing crys
talloids and aggressively using blood products led to the develop
ment of FDP, or lyophilized plasma. This approach was used in 
Worl.d War II and the Korean War, but became less popular over 
time (Fig. 5-22), partly because research showing that crystal
loids and colloids might not make a difference, as well as concern 
ahout possible transmission of infection. However, the capability 
of removing potential infectious agents, along witl1 improved 
technology for manufacturing lyophilized plasma, resurrected 
research in this field. The advantages of lyophilized plasma are 
that it avoids the difficult logistics of storing fresh-frozen prod
ucts and ilie preparation time of thawing FFP. 

'TI1rough funding by the U.S. Navy, plasma separated from 
fresh porcine blood was lyophilized co produce FDP and then 
compared with FFP. After a 60% blood volume hemorrhage, 

FIGURE 5-22 Freeze-dried plasma used during World War II. (Cour
tesy Office of Medical History, US. Army Medical Department, Center 
of History and Heritage, Washington, De.) 
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pigs were resuscitated wi th reconstituted FDP, which was just as 
efficacious as thawed plasma and had an identical coagulation 
profile .. A multi-institutional polytrauma animal trial found that 
FDP was better than Hextend, which led to anemia and coagu
lopailiy. 56 Currently, this is a promising area of research and 
developmenr. 

From the military perspective, a method of developing 
artificial whole blood was needed that was practical and not 
harmful. Again, fresh whole blood is so complex that simple 
Auids are not a replacement. 'TI1e reality of artificial whole blood 
is many years away, but FDP is available much sooner in terms 
of being able to treat hemorrhagic shock without causing as 
much harm as currently available colloids and crystalloids do. 
FDP can also undo physiologic derangements by restoring i.ntra
vascular volume and treating coagulopathy. 'TI1e logistic advan
tages of a product that can be easily reconstituted would be a 
tremendous advance. There are many studies being undertaken 
of oxygen carriers and small volwne resuscitation, so me concept 
that FDP can be reconstituted with less water-and initial resus
citation performed with a hypertonic, hypcroncotlc resuscita
tion £luid-is exciting. 

Pharmacologic Agents 
1his area of work is an example of translational research that is 
novel and could be revolutionary. DNA transcription is regu
lated, in part, by the acetylation of nuclear bistones that are 
controlled by two groups of enzymes, histone deacetylases 
(HDACs) and histone aceryltransferases (HATs). Animal experi
ments have shown that hemorrhagic shock and resuscitation are 
associated with HDAC-HAT activity misbalance, and that the 
acetylation status of cardiac bistones is influenced by the choice 
of resuscitation strategy. Shock-induced changes can be reversed 
through the infusion of a pharmacologic HDAC inhibitor, even 
when i.t is administered for only a limited period after the insult. 
Animal experiments have shown promise in elucidating medla
nisms belllnd the success of using an HDA inhibitor to prolong 
life after sbock.55 

Alam and colleagues57 have been investigating me role of 
valproi.c acid (VPA, an anticonvulsant) in improving tolerance 
to shock by cells, in parr because of the preservatio11 of the Akt 
survival pathway. In meir study, large swine subjected to trawna 
(femoral and Jjver injury) and to severe hemorrhage (60% blood 
loss) were randomized inro one of three groups-no treatment 
(control group), treatment with fresh whole blood, o r treatment 
wiili VPA (400 mg/kg) without resuscitation. TI1e early survival 
rate was 1 OOo/o in the fresh whole blood group, 86% in tl1e VPA 
group, and 25% in the control group. 

Given concerns that inflanlffiation after traun1a might be 
a pathologic event, another unique approach is to use estrogen 
and progesterone to treat patients after traumatic hemorrhagic 
shock. Independent laboratory studies have i.ndicated that the 
use of estrogen and progesterone is a promising method to 
reduce secondary injury in hen10rrhagic shock and other similar 
processes. These studies have shown iliat tile early administra
tion of estrogen (a strong antioxidant, anti- inflammatory, and 
mitochondrial stabilizer and antiapoptotic agent) significantly 
decreased the severity of iJljury caused by early, devastating 
cell death. 

'TI1e usc of estrogen has now been tested in 60 clli1ical trials, 
mostly in the fields of prostate cancer, uremic bleeding, liver 
transplantation, spine surgery, cardiology, cardiac surgery, and 
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TBI. Its safety record is good. Currendy, the Resuscitations 
Outcome Consortium, made up of lO trauma centers in Canada 
and rhe United States, has a study planned to investigate 
the efficacy of administering estrogen IV in rhe prehospital 
environment. 

Suspended Animation 
1he military has supported research to develop a technique to 
prevent patients from dying from exsanguination. Reparable 
torso hemorrhage is still a major cause of preventable death in 
the batdefidd, so research is being conducted to identify a 
method of preserving a patient's life long enough to repair the 
sources of hemorrhage later. 1his concept is termed suspended 
animation. RatlJer than resuscitation, the goal is to stop cellular 
dead1 with induced hypothermia or by chemical means. 

Initially, animal studies focused on identifying hibernation 
inducers iliat signal cells chemically to decrease metabolism. 
Serum from hibernating squirrels can be injected into nonhiber
nating squirrels and induce hibernation. Metabolism slows, 
heart rate decreases, and life seems to be suspended. Many 
manJmals are highly tolerant of ischemia, such as diving seals, 
which can rem ain underwater for 45 minutes at a time. Bears 
hibernate in the cold, and turtles can bury themselves in mud 
without dying. The search continues co determine bow human 
Life can persist at the normal metabolic rate without oxygen
ation. 1his fascinating area of research should help us Lmder
stand the meaniJlg of life at the cellular level, but tl1e clinical 
use of hibernating inducers has nor yer been elucidated. 

Hypothermia or cooling reduces tl1e metabolic needs of 
cells. 1l1us, as noted, the use of induced hypothermia has been 
studied to determine whether it can put life on hold. Once 
metabolic demands are decreased, Life can be slowed or sus
pended. This metabolic suspension can be effectively achieved 
with hypothermia and with various chemical infusions. Interest
ingly, life or metabolism does not seem to end with the cessation 
of perfusion; rather, it actually ends during reperfusion, when 
irreversible cell ular damage has occurred. Reperfusion of cells 
that have exhausted their supply of nutrients can dan1age cells 
and thus end Hfe. 1l1e mechru1isms are complex, but calcium 
exchru1ge may be a key component. 

Because exsanguination is a major cause of death, the sus
pension of life with hypocl1ermia o r chemical cellular arrest 
could buy time co crru1spon patients to a hospi tal where their 
vascular injuries could be repaired and life restored. Animal 
studies have been performed to perfect a method of inducing 
suspended animation ru1d then succe;sfully resto ring Life without 
neurologic injury. Clinically, induced hypothermic arrest is 
already being used in cardiothoracic surgery and neurosurgery. 
However, the length of time that £low to the brain can be halted 
is only approximately 45 minutes. ln cardiac surgery, the heart 
is arrested and cooled while rhe rest of rhe hody is perfused witl1 
a pump. The idea is to take d1e methods used to preserve the 
heart and apply rhcm to the whole body. including the 
brain but such metl10ds are complex ru1d require extensive 
preparation ru1<l immense teamwork. !r is unknown whetl1er 
they can be simplified fo r emergencies, such as unexpected 
exsanguination. 

Animal work on this topic has been performed for 60 years. 
Dr. Peter Safar,. often called the "father of CPR" (cardiopulmo
nary resuscitation), studied induced p rofound hypothermic 
arrest in dogs and rats under controlled conditions. Research was 

funded by the U.S. Navy that involved experiments showing 
that profound hypothermia to l oo C can be in duced by infusing 
cold fluids containi11g massive doses of potassiwn. Essentially; 
d1e process is similar to achieving cardioplegia except d1at a 
solution is infused to arrest not only the heart but the enti.re 
body. 1l1e solution used ro induce such massive hyporhermic 
ru1d chemical arrest is an o rgru1 preservation Auid (Hypo'Iller
mosol. Sigma-Aldrich. St Louis,) that contains 70 mEq/Hter of 
potassium. 

Patients who have, in effect, died from exsru1guinating trau
matic hemorrhage typically undergo a resuscitative thoracotomy 
in the emergency department to stop their bleeding and attempts 
are made to resuscitate iliem. However, this is a desperate 
maneuver, with dismal results; only 7.4% of these patients 
survive. 1l1e U.S. Navy developed a new merhod-<>nce the 
chesr is opened, instead of trying to resuscitate patients, they are 
infused witl1 cold HypoThermosol. 

Large animal (swine) models have been used to develop the 
teclmiques that induce suspended animation in the emergent 
setting; studies have repeatedly shown that swine could be put 
into whole body arrest and then rapidly (within 20 to 30 
minutes) made hypothermic to 10° C. During this process, all 
cl1e blood is removed from the swine and they are left in that 
state for about 1 to 3 hours. This, by clinical definition, kills the 
swine: no metabolism occurs during that state, no brain or heart 
activity can be detected, and no blood is in the body. 

1beorericalJy, tlus is the period during which human 
patients could be taken to the operating room for vascular 
repairs; these patients almost always have sLLffered major vascular 
iJ1jury causing exsru1guination. Because rhe vascular repairs 
would be done in an asanguineous state, no blood loss would 
occur duriJ1g the repairs. These repairs are accomplished using 
portable pumps smaller than a can of soda. 58 also, this is when 
human patients could be put on a standard bypass machine by 
a second team of surgeons; that machine would be used to revive 
patients by flushing out the potassium and warming iliem while 
infus:ing blood. In the swine model, this entire process has 
been shown to be feasible, even after extended periods of shock 
ru1.d with associated vascular, solid organ, and hollow viscous 
injuries. 

Research on this concept by the military has advru1ced to 
where a multicenter dirtical trial is now plallJled. The mecl1a
tlisms and methods ro suspend Hfe ru1d then restart it have 
dearly been identified. The traditional teaching was cl1at hypo
dlermia during trauma care is harmful, but tl1e difference 
between spontaneous hypothermia and induced hypothermia is 
huge. Spontaneous hypothermia indicates hemorrhagic shock 
and is often associated with massive resuscitation with cold or 
room temperawre fluids. Such severely injured patients will do 
poorly, given their blood loss ru1d the dilutional coagulopathy, 
which is obviously detrin1ental when patients have uncontrolled 
bleed ing. Appropriately induced hypothermia, however, can be 
beneficial. 

PERIOPERATIVE FLUID MANAGEMENT 

Body Water 
Humru1s are made predominantly of water (50% to 70% of 
body weight). The precise percentage is affected by gender, bod}' 
fat, and age. The body can do without many things for long 
periods, bur water is essentiaL lll d1e body, water resides iJ1 three 
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comparm1ents or spaces-intracellular, intravascular, and inter
stitial. The intraceUular compartment has the largest volume of 
water, constituting about 30% to 40% of body weight (two 
thirds of the body's total water). The intravascular volume is 
usually calculated as 5% to 7% of body weight. Water shifts 
rapidly among the three compartments. Large resources of water 
can be pulled from the intracellular compartment into the intra
vascular compartment, and large volumes of water can be stored 
in the interstitial compartment. Water in the interstitial com
partment is recirculated by the lymphatics and eventuaUy retu.rns 
to the intravascUJlar compartment. 

A fixed amOlmt of water is in. bones and dense connective 
tissue, but tllis water is relatively stable and not considered to 

be in circulation. Water is secreted by various cells in the skin, 
cerebrospinal Auid, and intraocular, synovial, renal, and gastro
intestinal systems; thls water is also not considered to be in 
circulation. 

Clinical tools are available to measure the volume of water 
in the body acCLuately. One metllod is bioimpedance spectros
copy, wllich measures electrical current impedance that is imper
ceptible to a person, to estimate total hody water. The method 
is best used to estimate body fat. 

Methods to measure intravascular volume arc also com
mercially available. They usually involve injecting a known con
centration of tagged molecules (e.g., potassium-40 or albumin) 
that remain intravascular for a known period. PotassiLm1 is pre
dominantly an ·intracellular solute and albumin is predomi
nantly extracellular. Sampling tl1e blood and calculating tl1e 
volume based on the decreased concentration of the injected 
tracer i.s fairly accurate. This method is not widely used clinically 
because the baselline volume is unknown; even if it were known, 
the intravascular volume is contractible and expandable, so the 
desired target vo~ume cannot yet be determined. During injuries 
and illnesse.s, when homeostasis has not been maintained, 
normal values may not be applicable or desirable during resus
citation. 1he practicality of measuring these spaces has not been 
identified: however, research bas shown that a person's extracel
lular volume can be expanded even if he or she is dehydrated 
iJltracellularly. 

The main intracellular electrolytes are potassium and mag
nesium. lntraceUularly, they are the principal cations and phos
phates ru1d proteins are the principal anions. ExtraceUularly, in 
contrast, sodium is the predominruu cation; chloride and bicar
bonate are the predominant anions. In plasma, given its hlgber 
protein content, ·the result of organic anions, me total concentra
tions of cations are higher ru1d the concentrations of inorgru1ic 
anions are lower man in interstitial fluids. 1he Gibbs-Donnan 
equilibrium equation states that tile product of the concentra
tions of any pair of diffusible cations and rulions on one side of 
a semipermeable membrane will equal the product of the same 
pair of ions on the other side. Cell walls are senlipermeahle 
membranes: the Aow of water is determined by tl1e osmotically 
active particles (=::290 to 310 mOsm). 1he effective osmotic 
pressure depends on those substru1ces that fail to pass tluough 
the pores of the .semipermeable membrane. 

'TI1e unit of mEq!liter refers to the number of electrical 
charges; the unit of mOsm/Hter refers to the number of osmoti
cally active particles, or ions. A milliequivalent in a solution 
must be precisely balanced by the same number of milliequiva
lents of a cation and anion. The balance affects the direction of 
water as it equilibrates. The osmotic pressure of a solution 
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refers to tl1e actual number of osmotically active particles 
present in the solution, but does not depend on the chemical 
combining capacities of the substances. For example, sodium 
chloride dissociates to 2 mOsm, whereas sodium sulfate 
(Na2S0 4) dissociates into iliree particles, 2 mOsm of sodium 
and I mOsm of sulfate. However, 1 mOsm of an unionized 
substance such as glucose is equal to 1 mOsm of the 
substance. 

Dissolved proteins in the plasma are responsible for the 
effective osmotic pressure between the plasma and interstitial 
fluid, frequently referred to as the colloid osmotic pressure. 
Soditm1 is ptrmped outside the cell ru1d potassitrm iJlSide the 
cell. Thus, sodium is me major electrolyte responsible for the 
osmotic pressure, but glucose ru1d urea, which do not easily 
penetrate rhe cell membrane, also increase the effective osmotic 
pressure. Water passes across the cell membrane freely, so 
sodium has a llighly important impact on the movement of 
water. However, the concentration of sodium is not necessarily 
related to the volume status of ECF. A severe extracellular 
volume deficit cru1 occur with a low or hlgh sodium concentra
tion over time. 

'TI1e osmotic gradient is also important when controlling 
water. 1he number of osmotic particles is the key, ru1d tbe size 
of the osmotic particle does not marrer. For example, transfusion 
ofPRBCs will actuaUy cause water to pass from the intravascular 
space to tile interstitial space. Immediately after me transfusion 
of PRBCs, hydrostatic pre.<>.~ure increases inside the vascular 
space and water is pushed out. Although the hemarocrit level of 
PRBCs is 60% to 70%, tl1e red ceUs act as one osmotic particle. 
Because the size difference between red cells and proteins in the 
blood is so significant, fewer osmotic particles are in a given 
volume of blood as compared with normal whole blood. 1here
fore, me OSmOtiC prCSSLLre intravascularly is actually reduced after 
trru1sfusion of PRBCs. PRBCs are prepared. by centrifuging the 
red ceUs and removing the plasma. 'TI1us, the number of osmotic 
particles in PRBC~ is markedly reduced. 

ll1e size difference between a red cell and albtlmin is huge 
(like a soccer ball versus a grain of sand), but each will act as 
one osmotic particle. The number of soccer balJs that can fit into 
a stadium is linlited, bur tile number of grains of sru1d that can 
fit .is many orders of magnitude higher. Similarly, with a transfu
sion of PRBC~, water is pushed out of the intravascular space 
into the interstitial or intercellular space, because of the decrease 
in tile number of osmotic particles or volume. 

Maintenance Fluids 
ln surgical patients, asses.~ing the intravascular starus is a pivotal 
task, but one of the most difficult. Surgical patients have blood 
loss from trauma, operations, ru1d diseases. In addition, volume 
deficits occur from losses of gastrointestinal fluids because of 
vonliting, diarrhea, nasogastric suctionlng, fistulas, and drains. 
Fluid also shifts out of tl1e intravascular space because of burns. 
inflammation (as in pancreatitis), intestinal obstruction, infec
tion, and sepsis. 

Nonetheless, the main daily task of perioperative patient 
care is assessing the intravascular starus. [s it where it needs to 
be? It is safer for surgeons to assume that a patient is hypovole
nlic or bypervolenlic than normal; the normovolemic bru1d is 
very small. Normovolemia occurs only as patients pass from 
hypervolemia to hypovolemia. The maimenance Auid should 
constantly be adjusted, depending on tile patient's current status. 
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IV Fluid Calculation 
• 4 ml/kg for first 10 kg 
• 2 ml/kg for next 10 kg 
• 1 ml /kg for every kg over 20 kg 

Sample calculation for 45-kg patient: 
• 10 kgx4 ml/kg = 40 ml 
•10kgx2ml / kg = 20ml 
• 25 kgx1 ml / kg = 25 ml 
Maintenance rate = 85 ml/hr 

Sample ca/ru/ation for 73-kg patient: 
•10kgx4 ml/kg=40 ml 
• 10 kgx2mL/kg = 20 ml 
• 53 kgx1 ml /kg =53 ml 
Maintenance rate= 11 3 ml/hr 

Surgeons must pay attention to each patient's fluid status and 
bodlly needs, rather than il~fusing maintenance fluid at the 
same rate. 

For the routine preoperative care of patients about to 
undergo elective surgery. the customary approach is to start a 
maiJ1tenance drip of crystalloids. However, note that patients 
who undergo same day surgery have little need for preoperative 
fluids. All preoperative patients are asked not to take m any 
fluids by mouth starting the night before surgery, a directive that 
typically does nor result il1 any problems. Remember that every
one is NPO when they sleep; people do not normally wake up 
hypotensive or in renal failure. 1hus. for patients about to 
undergo major surgery requiring inpatient hospitalization after 
surgery, N fluids the night before are not necessary: they typi
cally will receive plenty of fluids from me anesmesiologist durmg 
surgery. 

In patients who have undergone a colectomy, a small, pro
spective randomized study has shown that n:Uniru.izing crystal
loids during surgery leads to a better outcome; these patients 
have less nausea and vomitmg, decreased hospital length of stay, 
and faster return of gastrointestinal function. However, startmg 
these patients on a maintenance fluid is safe, mamly to provide 
water (Dox 5-4). In adult patients weighing more than 40 kg, 
the simple rule for calcu.lating the Auid rate is 40 plus thdr 
weight iJ1 kilograms; that is, a 73-kg patient's maiJ1tenance rate 
would be J l3 kg/hr (73 + 40). 

Maintenance fluids have not been rigorously tested, so tile 
ideal fluid is unknown. The current standard is to use 5o/o dex
trose in water (Ds) half-normal (0.45%) saline with 40 mEq/ 
liter of potassium. The source of the standard's formulation 
remains unclear. For a 70-kg NPO man, it would provide 
sodium and potassiwn, but dus is not what the average person 
requires (Table 5-12). The average 70-kg man's requirements are 
listed in Table 5-13. 

The average daily salt mtake in American me11 has been 
difficult to assess; the median is an estilnated 7.8 to 11.8 g!day. 
Because that range does not include salt added at the table, it is 
probably an underestimate. The U.S. Department of Agriculture 
recommends a salt intake of less than 2.3g/day. Normal saline 
contains 9 g of sodilUU chloride in L liter of water. The amoum 
of fluids and electrolytes infused into patients with me standard 
formuJation is highly inaccurate. 1l1e decision to give 0 5 in 
ruaimenance fluid is d10ught to derive from fasting studies of 

Table 5-12 Contents of Maintenance Solution* 
COMPONENT 24-HR TOTAL 

Water 2760 ml 

Dextrose 132 g 

Sodium 11.8 g (203 mEq) 

Potassium 1.9 g (53 mEq) 

*With D5 half-normal saline with 40 mEq/liter of potassium in a 7o-kg patient over 
24 hours. 

_Table 5-13 Normal Daily Needs for 7D-kg Man/Day 
COMPONENT 

Water 

Urine 

Sodium 

Potassium 

24-HR TOTAL 

2000 ml 

1500 ml 

2-4 g 

100 mEq 

Harvard medical students i11 the 1920s. Those studies found that: 
providing approximately I 00 g of glucose decreased protein 
spillage m the urine. The rationale for the use of half-normal 
sali.ne and 20 mEq/liter of potassium is unknown. A survey of 
critical care inrensiv.ists found that the vast majority did not 
know the daily recommended mrake of sodium or potassiunl. 

Surgeons fear that an insufficient volun1e of fluid will lead 
to renal failure. Oliguria in a 70-kg man is defined as less than 
40U mL of urine produced and excreted iJ1 a 24-bour period. 
This is the millimum volume required to mailltam normal 
serum blood urea nitrogen (BUN) and creatinine levels so that 
the kidney can function maximaUy. 'llus volume equates to 
0.24 mUkg/hr. Historically, surgical residents were mandated to 
give patients enough N maintenance fluid to produce 0.5 rnL/ 
kg/br, probably to build m a safety margin to ensure enough 
volLU11e. Today, .it is not llllcommon for residents to give patients 
a l-liter fluid bolus of crystalloids for uril1e output ofless than 
50 mUkg/hr, a practice that will usually lead to overhydration, 
but cl1e kidneys can compensate for this. ln general, overhydra
rion has not been typically seen as a problem, and anasarca has 
been seen as harmless; however, tills view is accurate only for 
patients who are not on a ventilator. Studies have suggested that 
excess fluids may delay the return of bowel function . 

Postoperatively, in general, patients arc more often i11itially 
bypervoleruic. Because of me bleeding from surgery and the 
need for IV Wusion, anesthesiologists often give patients too 
much blood and fluids durmg surgery. Givmg a few liters of 
blood and fluid is prohably mconsequential, but for patients 
who have lost liters of blood, accurate measurement is impos
sible; tl1eir vollll11e status has to be estimated. Patients who have 
lost a mililinal amouJlt of blood duriJ1g elective surgery who 
have received liters of crystalloids and have adequate u.ri.ne 
output do not necessarily need [V maintenance fluids. For 
typical patients on the surgical ward, normally functioning 
kidneys will generally make up for any errors in ilie amotmt of 
blood and fluid given. However, for ICU patients on a ventilator 
who have severe traumatic mjuries, sepsis, or blood loss, there 
is less room for error. 
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For ICU patients, in general, roo much intravascular 
volume is better than too little. Too much volume equates to 
increased time on the ventilator, according to practicing inten
sivists, but too little equates to renal insufficiency or renal failure. 
Pulmonary failure bas an associated mortality rate of 20% to 
25%, whereas renal faHure has an associated morrality rate of 
48%. Managing volume correctly could equate to a perfect 
number of days on the ventilator and to no days on dialysis. 

Immediately after surgery, volume requiremenrs are vastly 
different than the next day. Again, for ICU patients, it is gener
ally better to err on the conservative side, with increased IV 
volume postoperatively for a predetermined period. Most sur
geons have no problem witl1 giving several 1-liter boluses of 
fluids, but are alTaid of having an IV rate of500 mL for 4 hours, 
even though the total volume of fluid may be the same. When 
fluids are given as a bolus, the body has a tendency to be con
fused; bonnone .release fluctuates wildly as the body tries to 
compensate for such wide swings in pressure and volume in the 
vascular system. 

Surgical patients are often hypovolemic intravascularly, 
despite being overhydrared during tl1e surgery. The body can be 
dramatically overloaded by many li ters (at least according to 
calculations of how much fluid has been infused), but still be 
hypovolemic intravascularly. The total daily water input in these 
patients may be higher, but determining current intravascular 
vollllne is vital to try to predict the vollllne status over time as 
the water shifts from the interstitial to the intravascular space. 

The same maintenance rare over days can be problematic, 
especially for ICU patients. Again, determining Auld status is 
difficult. Surgeons need to obtain as much information as pos
sible to estimate the IV maintenance rate. Knowing the BUN
to-creatinine rati.o is helpful; a ratio higher than 20 is generally 
thought to be on the dry side, and a ratio less than 10, on the 
wet side. Such gene.rali7..ations are only true for patients with 
normal renal function. Uri11e output is an excelJcnt way to 
dere.rmiJ1e kidney function. High output generally will mean 
that the body is trying to rid itself of water; surgeons should 
assist by decreasing the maintenance fluid rate. Anasarca is a 
helpful clue, as are the customary vital signs. 

In older patients wim heart failure or sepsis who are in tra
vascularly hypovolemic, anasarca can be profOtmd. Many of 
these patients wi11 need more rv fluids, despite having anasarca. 
To help estimate vascular volume, central venous pressure and 
data from pulmonary artery catheters, if available, are useful. 
However, caution should be taken when interpreting heart rate. 
Central venous pressure, wedge pressure from pulmonary artery 
catheter, stroke volume, cardiac output, and volume status all 
roughly correlate, but heart rate and intravascular volume are 
difficult to correlate. Heart rate is affected by many variables, 
including pain, anxiety, hormone levels, and temperature. 

For patients with arterial hlood gases, the Pa~-to-Fro2 or 
the P/F ratio is extremely helpful. The P/F ratio is me ratio of 
arterial oxygen concentration to the fraction of inspired oxygen. 
In a healthy young patient without heart disease, the arterial 
oxygen content is approximately 100; because room air is 0.21 % 
oxygen, the P/F ratio is approximately 500 (100/0.21). 1hat 
same patient, if placed on 100% oxygen, would have an arterial 
oxygen conrem of 500 and a P/F ratio of 500. L1 a healthy 
patient who does not have pneumonia, sepsis, or pulmonary 
contusion, the P/F ratio can reflect interstitial or lung water 
status; it will help direct the maintenance rate. If patients have 
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a calculated maimenru1ce IV rate, the surgeon evidently believes 
that their intravascular volume rate is ideal and that me water 
shifts are not expected to be an issue (because the total water 
content is deemed ideal). 

In surgical patients wim low urine output, me most 
common error is ro provide furosemide as an IV bolus. In most 
if not all these patients, low urine output postoperatively means 
that they have deceased renal blood fl ow because of imufficient 
intravascular volume. WheJl blood flow to the kidneys is 
decreased, the kidneys sense inadequate intravascular volume; 
therefore, the renin-angiotensin system, ADH, atrial natriuretic 
peptide, carotid baroreceptors, and other mechanisms will be 
activated in an effort to preserve water. If furosemide is injected 
as a bolus, it poisons the distal Henle loop, rendering it unable 
to hold in water, thus increasing urine output. Lncreased urine 
output in patients with an intravascular volume deficit worsens 
the deficit. An entire set of compensatory med1a11isms will again 
be activated in an effort tO preserve more water. 

Low urine output is a signal that the mai.ntenance rate 
should be higher; high urine output is usually a signal that the 
maintenance rate should he lower. If surgeons are forced to pull 
water out of a patient's body because of life-threatening hypoxia. 
diuretics such as dopamine or furosemide can be used in a drip 
form, wblch does not result in the toxic side effects seen with a 
bolus of furosemide. Still, decreasing intravascular volume status 
will have a number of effects on mru1y organs. 

Fo r resuscitation of patients, our knowledge ofbiocl1emis
try and physiology might suggest that one particular fluid would 
make much more sense man another. For exan1ple, fluids such 
as Plasma-Lyre {Nonnosoi-R, Hospira, Lake Forest, ill) resemble 
the contents of the electrolytes in blood more than solutions 
sucl1 as LR or normal saline. Solutions resembw1g serum may 
be optimal in that they lessen the chance of hyperchloremic 
acidosis caused by the higher concentration of chloride in 
normal saline. In the body, Ct and HC03- seem to be in equi
librium; in tl1e presence of high levels of chloride, a nonanion 
gap acidosis will result. However, advocates of normal saline 
argue mat even though acidosis caused by aJlaerobic metabolism 
is not generally desired, hyperchloremic acidosis is not necessar
ily bad. It may help offioad oxygen at the tissue level from the 
hemoglobin molecule. 

Despite aU these arguments, no evidence shows ru1y cJjnjcal 
benefit of one crysraUoid solution over another. Using the cheap
est ru1d most readily available fluid may make the most sense. 
Hospital costs of LR ru1d normal saline are currently approxi
mately $0.98 per liter; Plasma-Lyre ru1d Normosoi-R cost 
approximately $1.49 pet liter. Because the difference in cost is 
so small, the cost saving argument is probably invalid. 

Fluids that are devoid of some elements ru1d require later 
replacement of other-for exan1ple, potassill!U-raise a more 
pertinent issue. They may not be cost-effective in the long run, 
even if initially cheaper. The costs of monitoring ru1d replacing 
electrolytes cru1 add up to significant amounts. Because surgical 
patients often require blood transfusions, purists will urge the 
use of crystal.loids as carriers without calcium, because it is 
feared that calcium will cause blood to clot in the IV lines. LR 
contaiJlS 3 mEq/Hter of calciun1, which will exceed the 
chelati11g capability of the citrate in the blood bag. However, 
whole blood or PRBCs mixed with an equal volume ofLR have 
not i11crcased clot formation in vitro as compared with saline 
reconstitution. 
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Adrenal Gland 
As noted, the adrenal medulla affects intravascular volume 
during shock by secreting catechol bormones. l11ey are called 
ctttechoktmines because they contain a catechol group derived 
from the amino acid tyrosine. The most abundant catechol
amines are epinephrine, norepinephrine, and dopamine, all of 
whicl1 are prod uced from phenylalanine and tyrosine. Cortisol 
is also released from the adrenal cortex and plays a major role 
in that it controls fluid equilibrium. Aldosterone is produced 
from the ad.renal cortex and zona glomerulosa in response to 
stimulation by angiotensin ll. AJdosterOJJe is a mineralocorti
coid that modulates renal function by increasing the recovery of 
sodium and excretion of porassium. One of the problems in 
shock is that the release of all these hormones is not infinite; 
they can be exhausted. 

Many other organs arc involved in the control of hor
mones, including the hypothalanJic-pituitary interface, which 
leads to the release of adrenocorticotropic bormone {ACTH) 
from the anterior pituitary gland. This system is affected by 
various factors, including intravascular pressure, intravascular 
volume, and electrolytes such as sodium. TI1e juxtaglomerular 
apparatus of the kidneys produces the enzyme renin, which 
generates angiotensiJ1 I. Angiotensin I is then converted to 
angiotensin il by the angiotenSiJl-COllVerting enzyme located on 
the endothelial cells of the pulmonary arteries. 'TI1is regulation 
of intravascular fluid status is further affected by the carotid 
baroreceptors and atrial natriuretic peptides. To infuse or block 
any of these hormones leads w compensawry mechanisms and 
perturbations within this complicated system. 

The system is also affected by many other factors that we 
have recently found, and will be affected by otbers that have yet 
to be discovered. For exan1ple, TBI has shown us that the 
hypothalanJic-pituitary iJJterface can be directly affected by 
mechanical trauma or ICP. For these patients, treatment becomes 
difficult to control because they go through a wide range of 
physiologic responses. Patients undergomg brain herniation go 
from a bradycardic hypertensive state to a profoundly tachy
cardic and hypotensive state. During these widely varying states, 
urine output is also affected and diabetes insipidus (DI) can 
occur. Most likely, the buman body has teleologicaUy evolved to 
try to reduce brain. edema at all costs and high-volume urine 
output often r.esults, requiring vasopressin infusions. Patients 
whose regulating system is malfw1ctionil1g or whose adrenal 
glands have been exhausted also have a need for high-dose pres
sors. However. it bas been shown that the infusion of cortisol 
and thyroid hom1one in drip form can decrease such instability 
and minimize d1e need for fluid infusion and pressors. Patients 
undergoiJ1g brain herniation illustrate the complexity of the 
regulatory system; surgeons must be cognizant of the d1anges 
that can occur every minute. 

Adrenal glucocorticoid insufficiency, but nor complete 
fai lure, occurs in patients with impaired function uf the 
hypotbalamic-pitu.itary-adrenal axis. These patients produce 
limited an1ounts of corticosteroids. Clinical problems develop 
when patients are stressed by hypovolemia caused by hemor
rhage, onset of an iJrtection, fear, or bypotbermia. When evalu
ating patients during a surgical emergency, chronic adrenal 
insufficiency may be illitially diagnosed after intractable hypo
tension is found. Pathologic causes of chronic adrenal insuffi
ciency include amoimmune destruction of the adrenal gland and 
adrenalitis, ill which cytotoxic lymphocytes gradually destroy 

cortisol-syntl1esizing cells in the adrenal cortex. Patients with 
adrenalitis gradually develop symptoms of fatigue, inanition, 
weight loss, and postu.ral dizziJlCSS. Their chief complaint may 
be vague cramping abdominal pain, nausea, and change in bowel 
habits. Laboratory findings suggesting adrenal insufficiency 
include hyperkalemia, acidemia, hyponarremia, and elevated 
serum creatinine levels. ll1e diagnosis of adrenal insufficiency 
secondary to end-organ failure is established by disproportion
ately elevated ACTH levels, as compared with cortisol levels. 

Clinical findiJ1gs in patients with sudden acute adrenal 
il1sufficiency can be nonspecific. Jf plasma corrisollevds precipi
tously declli1e to nil, patients will have abdominal pain syn
drome, vomiting, and render abdomen and then will progress 
to prostration, coma, and hypotension unresponsive to cate
cholamine infusion. Signs and symptoms of a gradual reduction 
ill cortisol function include malaise, fatigue, and hyponatremia 
with hyperkalenua. Patients with a complete loss of circulating 
glucocorticoids can die within hours after irreversible 
hypotension. 

In critically ill patients, quickly establishing the diagnosis 
of adrenal insufficiency is difficult. Lahnratory tests can confirm 
cl1at p lasma levels of the hormones are depressed, but test results 
take hours to obtaiJl. Pending the Laboratory test results, sur
geons treat these patients wim hormone replacement therapy. 
Treatment of glucocorticoid deficiency in adults consists of an 
IV iJJfusion of 100 rug of hydrocortisone, which has an onset 
of action within 1 to 2 hours and a duration of action of8 hours. 
Thus., the commonly recommended replacement dose in an 
adult is 100 mg of IV hydrocortisone, iJrtused every 8 hours and 
cl1en rapidly tapered over subsequent days as the patient's condi
tion stabilizes and laboratory test results become available. 

Other glucocorticoids used for IV replacement therapy 
mclude metl,ylprcdnisolone and dexamethasone. Metbylpred
nisolone has an anti-inflammatory milligram per milligram 
potency of 5 and dexamethasone, 25 {relative to 1.0 for hydro
cortisone). Patients whose adrenal glands are destroyed may also 
require replacement of mineralocorticoids. Patients with prinlary 
adrenal failure should be treated with 50 to 200 Jlg/day of 
Audrocortisone. 

Antidiuretic Hormone and Water 
ADH causes water to be reabsorbed and thus reduces uriJle 
output. l11c piruitary releases ADH or arginine vasopressiJ1 
(AVP). Synthesized in the hypothalamic region, ADH is stored 
ill tbe pituitary. Excess production or release of ADH causes 
overbydration: water is retained and cl1us sodium levels are 
lowered. Because serum osmolality is prcdominandy related 
to sodium, it will be lower than normal (285 rnmol/kg) with 
excess ADH. 

One example of overhydration is a syndrome called SIADH 
(syndrome of inappropriate AD H). Despite heiJ1g over hydrated 
because of too much ADH production, the kidneys are signaled 
to hold onto water. Therefore, urine osmolality will be high 
(>300 mmol/kg), even tboughserurn osmolality is low. However, 
if ADH is not synthesized or released (e.g., patients with TBI), 
cl1e kidneys will start to release high volumes of water and urine 
osmolality will be as low as I 00 mmol/kg. The resulting dehy
dration will lead tO elevated serum sodium levels. [n patients 
with TBI. d1e development of DI is associated with signifi
cant brain injury and poor prognosis. In patiems with DI or 
SIADH, the body's tl1crmostat or regulator is dysfunctional; 
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dose attention needs to be paid to maintain volume control. 
Treatment of patients with Dl should include desmopr(:ssin 
{DDAVP) and treatmenr of patients with SIADH includes 
water restriction. 

ELECTROLYTES 

Sodium 
Sodium is vital for homeostasis and the action potential in the 
body. [t is the predominant molecule that controls water move
ment in and out of the vascular system. Hyponatremia and 
hypernatrernla, heavily controlled by ADH, are common prob
lems in surgical patients. ln general, mlld forms of hyponatremia 
and hypematremia are not problematic, bur hyponatremia is 
more concerning than hypernatremia. Of the many signs and 
symptoms associated with each, d1ey are nonspecific; none of 
the signs or symptoms alone would lead a clinician to cliagnose 
a sodium abnormaLity. A blood test is always required. 

Hyponatremia 
Hyponanemia can be mild {130 to 138 mEq/liter) , moderate 
{120 to 130 mEq!liter), or severe (<120 mEq/Liter). Mild hypo
natremia and moderate hyponatremia arc common but only 
rarely symptomatic. Severe hyponatremia, however, can cause 
headaches and lethargy; patients can become comatose or have 
seizures, although d1ronic severe hyponatremia can often be 
asymptomatic. Hyponatremia is p roblematic when cells swell as 
a result of the body's decreased ability to maimain homeostadc 
osmolality outside the cells. Typically, hyponatremia is caused 
by pathologic pr-ocesses in the brain or lungs. 

Patients with hyponatremia are usually hypotonic; on occa
sion , they may be hypertonic, with bigb serum glucose or man
nitol levels. ln severe hyperglycemia, ECF osmolality rises and 
exceeds that of the intracdlLJar Auid (ICF). The reason is that 
glucose penetrates cell membranes slowly when insulin is absent, 
so hyperglycemia pulls water out of the cells into the ECF. 
Serum sodiwu co ncentration falls in proportion to the di lution 
caused by the hyperglycemia; the measured sodium level is 
lowered by 1.6 mEq/Liter for every additional lOO mg/dL of 
glucose. 1l1ls phenomenon is referred to as transitional kypona
tremin, because no net change in body water occurs. No speci.fic 
therapy is required; artificially lowered sodium concentrations 
will rerum w normal once the plasma glucose level is normal
ized. The most common formulas for sodium for clinical use are 
shown in Box 5-5. 

The patient's fluid volume status is critical when assessing 
hyponatremia. ln general, hyponatremia is considered as renal 
or extrarenal. Excretion of soclium by the kidneys is caused by 
renal failure or problems with ADH or diuretics. Extrarenal 
causes include socliun1 loss caused by wounds, bums, sweating, 
congestive heart failure, cirrhosis, hypothyroiclism, gastrointes
tinal losses, and cerebral salt wasting syndrome. Acute hypona
tremia can also occur if dehydrated patients arc infused with 
fluids containing no sodium. In patients who have bled or who 
are intravascularly depleted of water {e.g., because of vomiting, 
diarrhea, pancreatitis, or burns), IV infusion of D5 can rapidly 
cause hyponatremia 1l1e problem is exacerbated in hypovolemic 
patients because -che hypothalamus is secreting ADH in an effort 
to preserve water. The normal response to hyponatremia is the 
suppression of ADH to secrete water to increase the sodium 
concentration in the serum. 111Us, hyponatremlc patients should 
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Sodium Deficit 
Sodium deficit (mEq) = ([Na) goal - [Na) plasma) x TBW 
TBW = total body water = body weight x 60% 

Free Water Deficit 
Free water deficit = ([Na )/ 140) - 1) x TBW 

Corrected Sodium 
Correded sodium = ((Na] + 0.016) >< (glucose - 100) 

Serum Osmolality (Calculated) 
(2 x [Na)) + (BUN/2.8) + (glucose/18) 

Fractional Excretion of Sodium (Frexc Na) 
Ft-exx: Na = ([Na) urine) + (creatinine plasma/[Na] plasma) + 

(creatinine urine) 
<1% = prerenal (hypovolemia) 
>2% = intrinsic renal disorder 

have tmdetectable levels of ADH. However, ADH release can be 
stimulated hy elevated ECF osmnlality and by reduced ECF 
volume. L1 hypovolemic patients, baroreceptors also stinmlate 
the hypothalamus to retain water through ADH release. 

Dimesis with furosemide or mannitol can also cause hypo
natremia in addition to ca using intravascular fluid loss. ln addi
tion, it increa.~s soclium loss by d1e kidneys and increases ADH 
release as the body tries to cow1teract the rapid Auid loss by 
preserving water. Hyperglycemia, if high enough for glucose to 
be spilled in the urine, will also induce an osmotic eli uresis that 
depletes extracellular water and also leads to hyponatremia. 
Along with diuresis, hyperglycemia can lead to various electro
lyte imbalances involving many regulatory mechanisms and can 
cause wild hormonal swings and imbalances. 

Renal loss of sodium can lead to hyponatremia and exces
sive release of natriuretic peptidcs related to brain injury or 
clisease. One particularly difficult conclirion to treat is cerebral 
salt wasting syndrome. Even when treating these patients with 
salt, the regulatory mechanisms cause a high urine output, up 
to 4 to 6 Liters/day, with consequent urine sodium losses. Those 
losses correlate with elevated brain natriuretic peptide levels .in 
plasma. 1l1e lost sodium must be replaced via an IV line or by 
enteral intake. 

In patients with a brain injury, hyponatremia that is nor
mally well tolerated may be devastating; it is d1ought to cause 
cerebral intracellular swclling as osmolality is reduced. ln these 
patients, infusion of HTS may be needed. HTS is available 
commercially (in a 3%, 5%, or 23% concentration). A pharma
cist can also formulate HTS at any desired concentration. 
Depending on the electrolyte imbalance, salt infusions can take 
various forms; sodium can be provided as sodium chloride, 
soclium acetate, snclitun bicarbonate, or a combination of these. 

If HTS is to be infused at concentrations higher than 5%, 
the preferred route is via central IV catheters; higher concentra
tions can be caustic to peripheral veins and can also cause pain. 
ln general, no more than lU mEq/day of sodium should be 
provided. The volume of Aulds needed should be taken into 
consideration when choosing the concentration. [f a patient 
requires a large volume of fluids in a 4-bour period, 0.9% 
normal saline will elevate the sodium level. However, in hyper
volemic patients. the goal is to minimize the volume infused, so 
a higher concentration can be used, such as 5%. The reason for 
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elevating the sodium level slowly is to avoid central pontine 
myelinolysis, which can occur l to 6 days later. This manifests 
as pseudobulbar palsy, quadriparesis, seizures, movement disor
ders, and decreased level of consciousness. 

If urologic or gynecologic surgery is performed with hypo
osmotic irrigation, acute hyponarremia can occur. During endo
metrial resection and transurethral resection of the prostrate, 
acute water intoxication has been reported as a complication. 

In surgicallCU patients, a frequent cause of hyponatremia 
is SI.ADH. 1l1is syndrome can be acute or chronic. In hypovo
lemic patients, the body's natural response is to release ADH. If 
the body is euvolemlc and still releases ADH inappropriately, 
the patiem has SI.ADH, so this diagnosis should only be made 
in euvolemic patients. Given the aberrant release of ADH, the 
serum osmolality is often lower than 270 mmol/kg, but the 
kidneys stUl excrete concentrated urine. 

A hyponatremlc patient with a urine osmolali ty of 
350 mmollkg is producing ADH and the kidneys are concen
trating it a5 they should; the source of hyponatremia i.s usual ly 
extrarenal. ADH-sccreting tumors (e.g., carcinoid tumors, small 
cell carcinomas of the lung) can cause chronic SI.ADH. Up to 
35% of patients with active acquired immw10deficiency syn
drome (AIDS) who are admitted for hospitalization have 
SI.ADH. Hyponatremia can also be caused by renal dysftmction 
in patients with conditions that impair the capability to retain 
sodium, such as medullary cystic disease, polycystic kidney 
disease, analgesic nephropathy, chronic pyelonephritis, and 
obstructive uropathy after decompression syndrome. 

Hypernatremia 
Moderate bypernatremia ( 146 to 159 mEq/Uter) is fairly weU 
tolerated. Causes include endocrine syndromes, in which ADH 
synthesis or release fails, the failure of renal tubular ceUs to 
respond to ADH, increased salt intake or infusion, and loss of 
water. Hypernatrcmla can be problematic in that it puUs water 
out of the cells; the primary concern is that it is thought to 

contract the cerebral cells. However, my recent experience with 
HTS has shown that acutely elevated sodiwn levels are relatively 
safe. HTS is used to contract cerebral intracellular volume in 
patients with TBI to reduce the total brain volume when intra
cranial swelling or mass effect is a factor. The normal response 
to hypernatremia is for the kidneys to generate hyperosmolar 
urine and retain water. Renal correction of hypernatremla 
depends on the patient having access to water. 

Pathologically, hypematremia, like hyponatremia, is con
sidered a~ renal or extrarenal. Renal fluid losses are caused by 
diuretics, the po lyuric phase of acute tubular necrosis (ATN), or 
postobstructive diuresis of the kidney. After decompression of a 
chronically obstructed ureter, renal tubular ceUs seem to respond 
less to ADH. Nephrogenic OJ is defined as an impaired capacity 
of the renal tubules to respond to ADH and concentrate urine. 
Moderate hypernatremia develops in patients with nephrogenic 
DI when they lose water in dHute urine, despite elevated plasma 
levels of ADH. If an infusion of ADH does not increase urine 
osmolality, OJ is the likely diagnosis. Drugs such as Lithium, 
glyburide, demed ocycline, and amphotericin B can cause 01. 
1l1e treatment in patients with lithium-induced nephrogenic DI 
is amiloride (5 w 10 mg daily). 

Hyperkalemia or severe hypokalemia also impairs the 
capacity of renal tubular cells to absorb sodium. Patients with 
end-stage renal dysfunction and low glomerular filtration races 

may produce a fixed volume of 2 tO 4 liters/ day of iso-osmotic 
urine. In hot and arid environments, these patients are particu
larly susceptible to dehydration and hypernatremia 

The extrarenal causes of hypernatremla include loss of 
water from vomiting, diarrhea, nasogastric tube suctionlng, 
burns, swea£ing, fever, and problems with insufficient ADH 
levels. Infusion of sodium, Like HTS, can also cause hypernatre
m.ia; the duration depends on the amount of crystalloids infused 
for resuscitation over 24 hours. A recent study on the use of 5% 
HTS in trauma patients has sbown that sodium levels rise above 
150 mEq/liter and remain elevated for days. ln contrast, previ
ous studies on the use of 7 .So/o HTS infusions found that the 
duration of the hypcrnatremia was short. 1l1e transient hyper
natremia was probably caused by aggressive use of other crystal
loids for resuscitation after the HTS infusion, which quickly 
diluted the hypernatrenlia. 

When dealing with bypernatremia, it is again in1portant 
first to assess volume status; correcting the hypernatrem.ia 
depends on volume status. In bypovolemic patients, offsetting 
the volume deficit with isotonic fluids is sufficient. However, 
nonhypovolemic patients need free water replacement with 
hypotonic solutions. In hypervolemic patients, diuretics may be 
used, but carefully. In general, in asymptomatic patients, sodium 
levels should not be corrected too rapidly; doing so could cause 
cerebral edema In patients with acute hypernatremia, the rate 
is usuaUy no more than 1 to 2 mEq/hr; with chronic hypona
tremia, no more than 0.5 mEq/hr. Sodium levels should not be 
corrected at a rate higher than 8 mEq/day. Careful and frequent 
sodium monitoring is often required. 

Patients with DI are producing dilute uriJle at a rate of 
hundreds of millili ters per hour. 1l1ey should be treated with 
DDAVP, a synthetic analogue of ADH that has a half-life of 
several hours. DDAVP increases water movement out of the 
collecting duct but does not have the vasoconstrictive properties 
of ADH. Patients with mild 01 can be treated with intranasal 
DDAVP and water. It can be administered oraUy, intranasaUy; 
SC, o r IV. The intranasal dose is 10 J..Lg once or twice daily. In 
ICU patients, IV administration is preferred for control and 
accuracy. 

Potassium 
Potassium is the main intracellular ion and sodium is the main 
extracellular ion. The normal potassium concentration in serum 
is 4.5 mmol!Uter. Small d1anges in serun1 re1lect large intracel
lular changes. The daily average intake of potassium is 50 to 
100 mmollday. The kidneys control the daily excretion, which 
ranges widely, from 20 to 400 mmoll day. The renin-angiotcnsiJl
aldosterone hormone axis is the key regulator of potassium clear
ance. As d1e plasma aldosterone concentration increases, so does 
potassium excretion. 

Hypokalemia 
Patients with hypokalemia have a potassium concentration [K+l 
lower than 3.5 mmol!liter. The result is hyperpolarization of the 
resting potential of the cell, which interferes with neuromuscular 
function. Generalized symptoms commonly a~sociated with 
depressed serun1 levels include fatigue, weakness, and ileus. 
Occasionally, rhabdomyolysis occurs in patients whose [K+] 
drops below 2.5 mmol/liter. Flaccid paralysis with respiratory 
compromise can occur as [K+] decreases to lower than 2 mmol/ 
liter. 
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Hypokalemia is caused by renal losses, extrarenal losses, or 
intracellular shifts from medications or hyperthyroidism. Extra
renal losses can be caused by persi.stent vomiting, gastric tubes, 
diarrhea, or higb-output enteric or pancreatic fistulas. Hypoka
lemia is a common problem in patients with congestive heart 
failure who are on multiple drugs. Ir can also develop in patienrs 
treated with diuretics that force renal function to excrete urine 
with an elevated. potassium concentration. Long-term diuretic 
therapy can produce a sustained negative potassium balance. 
Patients with a chronic potassium deficiency can develop a 
cardiac rhythm disturbance. The electrocardiogram (ECG) of 
patients with hypokalemia will show depressed T waves and U 
waves. Hypokalemia leads co cardiac arrhythmia, particularly 
atrial tachycardia with or wi thout block, atrioven.tricular disso
ciation, ventricular tachycardia, and ventricular fibrillation. 'T11e 
risk for hypokalemia-associated arrhythmia is higher in patients 
treated with digoxin, even when potassium concentrations are 
iJl the low-normal rru1ge. Hypokalemia not caused by diuretics 
may be caused by a rare endocrine disorder, including primary 
hyperaldosteronism and renin-secretiJ1g tumors. 

Treatment of Arute Hypokalemia Hypokalemic patients require 
potassium replacement by the oral or IV route. Oral supplemen
tation is generally 40 to 100 mEq/ day, in two to four doses. 'T11e 
IV rate is lO to 20 mEq/hr; if potassium is infused at rates higher 
than l 0 mEq/hr, cardiac monitoring is required. [n emergency 
situations, the rate cru1 be as high as 40 mEq/hr, but a central 
vein should be used because high concentrations of potassium 
in IV fluids can be irritating to peripheral veins. ln patients with 
renal dysfwKtion, whose potassium excretion is reduced, the IV 
rate of potassium replacement and total dose should be lower. 

After treatment, frequent monitoring of potassium levels is 
necessary. Because hypokalemia represents large intracellular 
deficits, replenishing total body levels may take days. Potassium 
therapy is given as the chloride salt because hypokalemia is com
monly associated with a contraction in the extracellular water, 
in whid1 chloride is the predominant anion. Potassium in foods 
is linked ro phosphate. Potassium phosphate salts may need to 
be given via the IV route, particularly when expru1sion of intra
cellular water is ru1ticipated. To reduce the risk of serious cardiac 
arrhythn:1ia in patients with cardiac disease or after cardiac 
surgery who have a serum level lower than 3.5 mmol/liter, serum 
[K+] should be promptly corrected co a level higher thru1 
4.0 mmoUliter. Patients with substantial and continuing gastro
intestinal Joss of potassium require extraordinary potassium 
replacement to correct the hypokalemia. 

Magnesium levels should be monitored concomitantly; 
hypomagnesemia can produce refractory hypokalemia. Magne
sium is an important cofactor for potassium uptake and for the 
maintenance of intracellular potassium levels. In addition, sup
plemental magnesium reduces the risk of arrhythmia. 

Hypokalemic patients with concurrent acidemia are treated 
with potassium replacement, before their pH is corrected by 
bicarbonate administration. Diabetic patients with ketoacidosis 
may initially have a normal [K+] , but hypokalemia rapidly devel
ops as insulin is admiJ1lstcred and as glucose shifts into cells. For 
these patients, pota.~sium supplements should be added to the 
resuscitation Auld once tbe physician is confident that renal 
function is adequate. If hypokalemia develops while patients 
are w1dergoing diuretic therapy, additional drugs can reduce 
the renal loss of potassium. For exrunple, trirunterene or 
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spironolactone blocks the effect of aldosterone and reduces 
potassium loss in urine. 

Hyperkalemia 
Hyperkalemia is defined as a [K+) higher than 5.0 mmoUliter. 
lf levds exceed 6 mmoUiirer, perturbations in rhe resting cell 
membrane potential occur ru1d normal depolariution and repo
larization are in1paired. 'T11c most common cause of hyperkale
mia is renal &i.lure in hospitalized patients. The transport of 
pota.~Lum is passive, but the transport of sodium requires energy. 
11us difference across the cell is maintained by Na+,J<+-ATPase 
activity, which requires energy. The energy is in the form of cel
lular ATP; its levels are highly variable in different stages of 
shock when nutrients are not available (whether carbohydrates 
or oxygen). When cellular ATP levels fall, the sodium pump is 
impaired. If sodium or potassium levels are severely high or low, 
the membrane potential will be affected. Eventually, without 
energy, cell death occurs, and the Na+-K> gradiem cannot be 
maintained; the sodium gradient is needed to maintain the 
membrane potential. 

The primary clinical problem is cardiac arrhythmia, which 
can be lethal. Hyperkalemia is associated witl1 peaked T waves; 
dangerous hyperkalemia (6 to 7 mmollli ter) is indicated by T 
waves higher than R wave.~ (Fig. 5-23). 

ll1e most common cause of hyperkalemia is acute onset of 
renal dysfunction or failure. Cellular injury (e.g., sepsis or isch
emia r:eperfusion) can also release potassium from its intracel
lular source, whld1 can overwhelm the kidneys' abili ty co dear 
potasstum. At least 20% of normal renal function is required ro 
respond to ADH ru1d maintain normal potassium levels. 1l1e 
reperfusion of ischemic tissues resulting in rhabdomyolysis 
causes high potassiLLffi levels; to prevent cardiac arrest, a bolus 
ofN sodium bicarbonate may be of some benefit. The bicarbon
ate shifts potassium intracellularly. Note that impaired aldoste
rone levels {as with infarction of bilateral adrenal glru1ds) can 
activate other renal med1anisms and stimulate potassium excre
tion, resulting in moderate levels of hyperkalemia. 

Drugs can have a direct effect on the renal tubules and on 
potassium excretion, such as trirunterene, spironolactone, beta 

A B 

FIGURE 5-23 Electrocardiographic changes. A. Indicating hyperkale
mia. Tht' T wave is tall, narrow, and symmetrical. B. Indicating acute 
myocardial infarction. The T wave is tall but broad-based and asym
metrical. {From Somers MP. Brady WJ, Perron AD, et al: The prominent 
T wave: Electrocardiographic differential diagnosis. Am J Ernerg Med 
20:243- 251, 2002.) 
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blockers, cydosporine, and tacrolimus. TI1ey are usually a con
tributing factor but not a primary cause. Succinylcholine, a 
depolarizing paralytic agent, is used in patients with muscle 
atrophy from disuse, prolonged bed rest, neurologic denervation 
syndromes, severe burns, direct muscle trauma, or rbabdomyoly
sis; it can cause severe hyperkalemia, resulting in cardiac arrest. 
When drawing blood samples from patients, clinicians must 
recognize that sample hemolysis can release potassium, so labo
ratory test results could be spurious. If the sample or test results 
are suspect, another sample should be taken before drastic efforts 
are made to treat hyperkalemia. 

Treatment of Hyperkalemia In patients at risk of developing 
cardiac arrhyth~mia from hyperkalemia, several interventions are 
usefuL TV calcium can immediately reduce the risk of arrhyth
mia by antagonizing the depolarization effect of elevated [K+]. 
Sodium bicarbonate infusion buffers extracellular protons and 
allows for the net transfer of cytosolic protons across the cell 
men1brane via carbonic acid. 11Je shift of protons out of the cell 
is associated witth a shift of potassium into the cells. Bicarbonate 
therapy is most effective in hyperkalemic patients with meta
bolic acidemia. Insulin and glucose infusions prompt an increase 
in Na'".K'"-ATPasc activity and decline in extracelJular water 
potassium concentration as the excraceiJular water potassium is 
pumped imo the cell. 

In patients with aldosterone deficiency and hyperkalemia, 
a mineralocorticoid drug such as 9o.-Hudrocortisone will increase 
the renal excretion of pocassium. ln patienrs with acute renal 
failure, hemodialysis is the most reliable method to control 
hyperkalemia. Continuous filtration methods clear K+ at a 
slower rate than hemodialysis. Chronic hyperkalemia a.~sociated 
with renal dysfunction can be managed by oral or rectal admin
istration of sodium polystyrene sulfonate, a cation exchange 
resin that binds potassium in the gut lumen. RectaiJy adminis
tered binding resins are particularly effective because the colonic 
mucosa can excrete mucus with large amounts of potassium. 
Surgeons should dearly establish a process for managing hyper
kalemia, because rapidly escalating potassium levels pose an 
immediate threat and require rapidly delivered effective therapy 
(Box 5-6). Dysfunctional renal handling of potassium from 
mineralocorticoid deficiency or resistance Leads to hyperkalemia. 
Renal failure is commonly associated with tubular defects and 
potassium mal'llagemenr problems, along wid1 hyperaldosteron
ism. However, ln patients with normal renal function, assessing 
levels of aldosterone, renin, and cortisol can help differentiate 
between mineralocorticoid deficiency and resistance. ln patients 
with aldosterone deficiency, fludrocortisone is useful. 

Calcium 
Calcium, a divalent cation, is a critical component of many 
excraceiJular and intracellular reactions. For surgeons, it is of 
particular interest because it is an essential cofactor in the coagu
lation cascade, and intracellular ionized calcium (iCa2'") partici
pates in the regulation of neuronal, hormonal, muscular, and 
renal cellular function. Total serum calcium concentration, nor
mally, 8.5 to 10.5 mg/dl, is present in three molecular forms
protein-bound calcium, diffusible calcium bound to anions 
(e.g., bicarbonate, phosphate, acetate), and freely diffusible 
calci urn as iCa:z.... 

TI1e biochemjcally active species is iCa2 .. , whkh constitutes 
about 45% of total serum calcium. More than 80% of 

First: Stop a ll infusion of potassium. 

Electrocardiographic Evidence of Pending Arrest 
loss of P wave and broad slurring of QRS; immediate effective 

tflerapy indicated 
1. IV infusion of calcium salts: 

10 rnl of 10% calcium chloride over 10...minute period 
or 
10 ml of 100/o calcium gluconate over 3- to 5-minute period 

2. IV infusion of sodium bicarbonate: 50-100 mEq over 10- to 
20-minute period; benefit proportional to extent of pre
therapy acidemia 

Electrocardiographic Evidence of Potassium Effect 
Peaked T waves; prompt therapy needed 
1. Glucose and insulin infusion: IV infusion of 50 ml of D50W 

and 10 units of regular insulin; monitor glucose 
2 Immediate hemodialysis 

Biochemical Evidence of Hyperkalemia and No 
Electrocardiographic Changes 
Effective therapy needed within hours 
1. Potassium-binding resins into the gastrointestinal tract, with 

200/o sorbitol 
2 Promotion of renal kaliuresis by loop diuretic 

D50W, 50% dextrose in water. 

protein-bound calcium is attached to albumin, so d1e total 
calcium concentration in serum wilJ decrease in patients with 
hypoalbtmlinemia. Physiologically, the total plasma calcium 
level must be corrected relative to the albumin level. Normal 
calcium levels may range from 8.5 to 10.5 mg/day, assuming an 
albumin level of 4.5 gldl. The calcitun concentration [Ca] 
usuahly changes by 0.8 mgfdL for every change of 1.0 g/dl in 
plasma albumin concentration. 'This formula estimates the actual 
total plasma calcium level: 

Corrected iCa2 .. = total [Ca]+(0.8x[4.5 - albumin level]) 

Acidosis decreases the an10unr of calcium bound co 
albumin, whereas alkalosis increases the botmd fraction of 
calcium. A small amount of calcium (:::::6%) is bound to anions 
such as citrate and sulfate. The remainder is iCa~\ which is 
biologicaUy active. 

The increase in iCa2' concentration [iCa2->] is controlled by 
cell membrane enzymes that transport calcium out of the ceiJ. 
In muscle cells, iCaz... is stored in the sarcoplasmic reticulum and 
can be quickly released into ICF, where it has a key role in the 
mole-cular events that cause muscle contraction. Tight control 
of [iCa2'") in ECF is esscmial. The serum [Ca] is controlled 
by the interaction of parathyroid hormone (PTH), calcitonin, 
and vitamin D. PTH and calcitOnin are hormones subject to 
regulatory release by endocriJte ccUs, whereas vitamin D is con
sLm1ed in the diet or formed in the skiJ1 as cholecalciferol in 
response to ult:raviolet irradiation. Bone contains an enormous 
reservoir of calcium in the form of a matrix of calcium and other 
mole-cules. Turnover of calcium salts in bone is constant and 
integral to maintaining a stable [iCa2+] in ECE Receptors in the 
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membranes of parathyroid cells release PTH when [iCaz..] in 
ECF declines. PTH activates osteoclasts in bones, which release 
calcium from the structural matrix of bone. PTH stimulates 
tubule cells in the proximal nephron to absorb calcium from the 
filtrate and excrete phosphates. PTH with vitamin D enhances 
calcium absorption from rhe lumen of rhe gur. 

Calcitonin has the opposite effects on calcium metabolism 
compared with PTH. As calcitonin levels in ECF increase 
because of its excretion from type C cells of the thyroid, [iCa2+] 
declines as more calcium is bound to bone matrix. Vitan1in D 
circulating in the blood is converted in the liver to 25-
hydroxycholecalciferol (25-D). Then, 25-D circulating in blood 
encounters kidney cells that further hydroxylate the sterol to 
I ,25-dillydroxycholecalciferol (I ,25-D), which is the most 
potent calcium-modulating hormone. Next, I ,25-D increases 
the transport of calcium and phosphate from the lumen of the 
bowel into the ECF of the intestine. Furthermore, in conjunc
tion with PTH, I ,25-D increases bone resorption, increasing the 
(Ca] in ECF. ln summary, a number of hormonal mechanisms 
produce a balance of influences on the concentration of calcium 
in ECF. 

Hypocalcemia 
Hypocalcemia varies &om an asymptomatic biochemical abnor
malit)' to a life-threatening disorder, depending on its duration, 
severity, and rapidity of development. It is caused by the loss of 
calciun1 from the circulation or by insufficient entry of calcium 
into the circulation. 

Acute hypocalcemia can be life-threatening. It impairs 
transmembrane depolarization; fiCa2+] below 0.8 mEq/liter can 
lead to central nervous system dysfunction. Hypocalcemic 
patients can have paresthesias, muscle spasms (indudiJlg tetany), 
and seizures. As [iCa2• ] declines, patients can notice mmilincss, 
paresthesias of the distal extremities, and painful muscle spasms. 
lf patients hyperventilate, a respiratory alkalosis may exacerbate 
their condition ru1d further reduce [iCa2•]. Cardiac dysfunction 
is also common_ Patients with a low fiCa2+] may require IV 
infusion of calci11.m1 to restore cardiac function. Hypocalcemic 
patients have a prolonged QT interval on ECGs that may prog
ress to complete heart block or ventricular fibrillation. 

Hypoparathyroidism, the most common cause of hypocal
cemia, often develops because of surgery in the central neck, 
such as radical resection of head and neck cancers. It develops 
in L o/o to 2% of patients after a total thyroidectomy. The hypo
calcemia may be transient, permanent, or intermittent. as with 
vitamin D deficiency during the winter. Autoimmune hypopara
thyroidism can be an isolated defect or be part of polyglandular 
autoirnmw1c syndrome type [ in association with adrenal insuf
ficiency and mucocutaneous candidiasis; most of these patients 
have autoantibodies directed against the calcium-sensing recep
tor. Congenital causes of hypocalcemia include activation of 
mutations of the calcium-sensing receptor, which resets the 
calciun1- PTH relationship to a lower serum calciun1 level. 
Mutations affecting intracellular processing of the prc-pro-PTH 
molecule can lead to hypoparathyroidism, hypocalcemia, or 
both. Finally, some cases of hypoparathyroidism are associated 
with hypoplasia or aplasia of the parathyroid glands; cl1e best 
known is DiGcorge syndrome. 

Pseudohypo parathyroidism is a group of disorder-s charac
terir.ed by postreceptor resistance to PTH. One classic variant is 
Albright's hereditary osteodystrophy, associated with low stature, 
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round facies, short digits, and mental retardation. Hypomagne
semia induct'S PTH resistance and also affects PTH production. 
Severe bypem1agnesemia (>6 mg/dL) can lead to hypocalcemia 
by inhibiting PTH secretion. When associated with decreased 
dietary calcitilll intake, vitamin D deficiency leads to hypocal
cemia. The low calcium level stimulates PTH secretion (second
ary hyperparathyroidism), leading to hypophosphatemia. 

Rhabdomyolysis and tumor lysis syndrome cause loss of 
calcitilll from the circulation when large aJUounts ofintracellular 
phosphate are released, thereby increasiJ1g calciun1 levels in bone 
and ex traskeletal tissues. A sinlilar mechanism causes hypocalce
mia with phosphate administration. 

Acll(e pancreatitis results iJ1 calcium sequestration iJ1 the 
abdomen, causing hypocalcemia. After surgery for hyperpara
thyroidism, patients with severe prolonged disease (e.g., those 
with secondary or tertiary hyperparathyroidism who arc in renal 
failure) can develop a form of hypocalcemia known as hungry 
bone syndrome, in which serun1 calcium is rapidly deposited into 
the bone. The syndrome is rarely seen after the correction of 
long-standing metabolic acidosis or after thyroidectomy for 
hypercl1yroidism. 

Several medications (e.g., ethylenediaJUinetetraacetic acid 
[EDTAl, citrate present in transfused blood. lactate. foscarnct) 
chelate calcitffil in the circulation, sometimes producing hypo
calcemia in which [iCa2+] is decreased, even though the total 
calcium level may be normal. Extensive osteoblastic skeletal 
metastases (e.g., from prostate and breast cru1cers) may also cause 
hypocalcemia. Chemotherapy, indudingcisplatin, 5-fluorouracil, 
and leucovorin, causes hypocalcemia mediated through hypo
magnesemia. Hypocalcemia after surgery cru1 be mediated by the 
citrate content of transfused blood or by large-volume fluid 
administratio.n and hypoalbuminemia. ln patients with sepsis, 
hypocalcemia is usually associated with hypoalbuminemia. 

Tumor lysis syndrome is a constellation of electrolyte 
abnormalities that include hypocalcemia, hyperphosphatemia, 
hyperuricemia, and hypcrkalenlia. These occur when antineo
plastic therapy causes a sudden surge in. tun1or ceiJ death and 
release of cytosolic contents. Solid tumors and lymphomas have 
been implicated. Acute renal failure occurs in patients with 
tumor lysis syndrome and prevents spontaneous correction of 
the electrolyte abnormalities; emergency dialysis may be the only 
way to correct the abnormalities comprehensively. 

Acll(e hypocalcenlia is frequent after resuscitation from 
shock. In a study of patients in burn shock, Wray and coUeague.s 
hypothesized that a major factor contributing to the develop
ment o f hypocalcemia was depressed levels of 1,25-D, perhaps 
caused by a sudden lack of vitanli.n D iJ1 tbc diet. ln patients 
with severe pancreatitis, the decrease in calcium level is specu
lated to be the consequence of ionized extracellular calcium 
becoming linked to fats in the peripancreatic in.fla1llll1atory 
phlegmon. Rapid infusion of a citrate load during the transfu
sion of blood products, particularly platelet concentrates and 
FFP, may also lead to acute severe hypocalcen"tia (fiCa2+] 
<0.62 mmol/liter) ru1d to hypotension. Rapid .increases in the 
serum phosphate level can occur after in1proper administration 
or excessive dosing of phospbate-contaiJ1iJ1g cathartics; a~ the 
phosphate concentration increa<>es, severe hypocalcemia ensues. 

Treatment of Hypocalcemia Patients with acute symptomatic 
hypocalcemia (calcium level <7.0 mg/dL; fiCal+] level 
<0.8 mmol/licer) sbould be treated promptly with IV calcium. 
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Calcium glucconate, ni·Ptt•rrp·rl 

tissue necrosis 
central vein route. The first l 00 to 200 mg 
(1 to 2 calcium should be 
minutes. administration may in cardiac dv,;tunc-
tion, even arrest. The first l 00 to 200 mg should then 
lowed by a slow calcium at a rate of 0.5 to 1.5 mg/kg/ 
hr. Calcium infusion should continue until the has 
received effective doses of oral calcium and vitamin Calcium 
for infusion should be diluted in saline or dextrose solution to 
avoid vein irritation. 1hc infusion should not contain bicarbon
ate or phosphate, which can form an insoluble calcium salt. If 
bicarbonate or administration is necessary, a separate 
IV line should 

Lc,extstlng hypcrmaLgnese:mia should be corrected in every 
with renal insuttrci<cnc:y 

cannot excrete excess is 
via initiated with 2 g over 10 

to 15 minutes, followed 1 g/hr. In with severe hyper-
phosphatemia those with tumor syndrome, rhabdo-
myolysis, or chronic renal treatment is focused on 
co1·rcc:tirtg the hypcrphosphatcmia. 

Acute hypcrphosphatcmia resolves in 
intact renal function. Phosphate excretion may 
saline infusion but be cautious, because this can lead to worsen-

of In a carbonic 

tomatic 
renal function is 

by a 
with meals. 

every 3 to 
with 

Chronic hypocalcemia (hypoparathyroidism) is treated 
oral calcium administration and, if that is vitamin 
D supplementation. 1hc serum calcium level should be 
to approximately 8.0 mg/dL. Most will be 
asymptomatic at that level. Further elevation will lead to 
calciuria because of the lack of PTH effect on the renal 
Chronic hypercalciuria carries the risks of nephroc:alc:inosis, 
neJJhtoltlthJ;tsls, and renaltmJJalt·me:nt. 

carbonate is the ch<cap,est 
es~>ecially in older 

Calcium 
absorbed. 

adtlot·hydria. Simi-
various f(,rms of vitamin D are available. If oral calcium 

cannot achieve calcium 
vitaJnin D should be added. 1hc usual initial daily 
50,000 lU of 25-hydroxyvitalllin D 0.25 to 0.5 mg of 
1,25-hydroxyvitanlin D). Calcium and vitamin D doses arc 
established bv titration. When calccmia is 

uri1~ary calcium excretion is measured. lf lwocr·caJcl-
una ts a thiazide diuretic may be added to dit'llinish 
calciuria and further increase the serum calcium 
should be monitored. If the level is 
6.0 when the calcium an unabsorb-
able binder should Once calcium and 
phos]Jh>:lnts levels are should be moni-

excretion. 
Special consideration is necessary for the treatment of 

women with hypoparathyroidism who arc prcgna11t or iH<iJH>s· 

During pregnaJKy, vitan1in D requirements increase, 

up to three times as as the 
Supplementary doses vitan1in 
treqwcnt serum calcium level measurements. After 

to be the dose should be de>:rease:d 
pncpreg1narrcy dose. If the is to be 

to 50% of the dose 
endogcllOIJS calcitriol production is pro-

lactin and by increased production of PTH-rdatcd peptide 
(PTHrP), which is also stimulated 

Several reports have successful control of 
hypocalcemia synthetic PTH tcriparatide) 

with a lower risk of via 
hyper cal ci uri a. 

hypet·calce:mta is when the total serum calcium 
level is in the of I to 12 Patients with a serum 
[Ca] of 12 to mg/dL have moderate Patients 
with transient hypercalcemia arc generally asymptomatic. Those 
with sustained elevations in renal calcium excretion arc suscep-
tible to the of renal lithiasis. Patients have severe 
hypercalcemia scnnn calcium levels exceed 15 
these have symptoms of stupor, and central 
nervous system dysfunction. In a renal 
cono?n1:ratlng defect also occurs, to polyuria and loss of 
sodium and water; many hype:rcakemic 

l11e most common cause of hypercalcemia 90% of all 
"~,,.,.,,,_,, hyperparathyroidism; other causes include 

unrq~ulat<:d secretion and malignancy. Signs and 
symptoms of hypc1rcalccmia arc nonspecific. Usually, a patient's 
clinical as related to hypercalcemia 

blood test results. lt is 
a patient's 

prcJ]OJ'lgt:d hvD>~rt:>ar:lthvr<ndtsrn. Most 
hypertumc·ticming adenoma in one parathyroid 

rernamtng 15%J have excessive PTH release as a result 
PTH induces and 

pl1os]p11ate concentration; this lat:>oratclry 
corroborates the of primary twpcl·pal!ath}rro•idilsnL 

hyperparathyroidism, an endocrine 
by hyperplasia of the par·atllVr>llid 
with chronic renal renal function results in 
im]paiJrcd svncth<:sis of 1,25-D. Although have low serum 

their osteomalacia indicates excessive PTH secre-
tion. To control elevated PTH levels in with sec:ortdau-y 

with HHM constitute about 80% of all patients with hypercal
cemia associated with malignaJlCY. PTHrP and PTH share the 
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same receptor, but the clinical presentation differs. HHM 
patients have a markedJy larger degree of renal calcitml excre
tion; PTH potently stimulates tubular calcium resorption, and 
hypercalcitLria is less pronounced. HHM is usually associated 
with low serum calcitriol levels; PTH stimulates calcitriol pro
ducrion, and its level is usually elevated. PTH rP stimulates only 
bone resorption, with very low osteoblastic activity and therefore 
usually normal alkaline phosphatase levels; PTH stimulates bone 
resorption and formation. 

HHM patients usually have a clinically obvious malignant 
disease and a poor prognosis. The only exceptions to this arc 
patients with small, well-differentiated endocrine tumors (e.g., 
pheochromocytomas, islet cell tumors). However, these tumors 
constitute a minority of cases. HHM is most commonly seen 
with squamous .cell carcinomas (e.g., of the lung, esophagus, 
cervix, or bead and neck) and with renal, bladder, and ovarian 
cancers. Treatment of HHM patients is aimed at reducing the 
tumor burden, reducing osteoclastic resorption of rlle bone, and 
increasil1g calcium excretion through the urine. 

Most cases of hypercalcemia arc associated with Hodgkin's 
disease. The otlher third of cases are associated with non
Hodgkin's lymphoma and arc caused by increased production of 
calcitriol by the malignant cells. Hypercalcemia usually responds 
well to treatment with corticosteroids. Multiple myeloma, lym
phoma, and solid tumors metastatic to bone (particularly breast, 
lung, and prostate cancer) cause hypercalcemia by excessive 
osteocla~tic activity. Drugs can also cause hypercalcemia, illclud
ing meophylliJle. li thium, rlllazide diuretics, and extraordmarily 
high doses of vitamin A and D. In addition, hypercalcemia can 
develop in young, normally acti.ve patiems wirl1 high bone turn
over rates who are suddenly forced into immobility, such as 
during forced bed rest after injury or major illness. Tilis hyper
calcemia of immobilization resolves with return to normal 
activity. 

Another ca1.1se of hypcrcalcen1ia is milk-alkali syndrome, a 
rare condition caused by the ingestion of large amotmts of 
calcium togerller with sodium bicarbonate. It is currently associ
ated with the illgestion of calcium carbonate in over-rlle-cotmter 
antacid preparations and ill drugs used to prevent and treat 
osteoporosis. Features of the syndrome include hypercalcemia, 
renal failure, and metabolic alkalosis. The exact pathophysiologic 
mechanism is unknown. In rare cases, the amount of calcium 
ingested may be as low as 2000 to 3000 mg/day, but in most 
patients, the amount is between 6000 and 15,000 mglday. 
Treatment consists of rehydration, diuresis, and cessation of 
calcium and antacid ingestion. [f diuresis is impossible 
because of renal failure, dialysis using a dialysate with a low 
[Ca] is effective. Renal failure usually resolves ill patients with 
short-term hypercalcemia, but may persist ill tbose with cl1tonic 
hypercalcenlia. 

Treabnent Definitive management of hypercalcemia depends on 
correction of rl1e prmlaf)' problem. Thus, patients wiili hyper
parathyroidism secondary to a parathyroid adenoma or hyper
plasia are cured by excision of the diseased parathyroid tissue. 
Hypercalcemk patients taking thiazide drugs should be con
verted to alternative therapies. Patients wi th a malignancy and 
hypercalcemia may respond to surgical excision, radiation 
therapy. or chemotherapy. Symptomatic patients with 
maljgnancy-related severe hypercalcemia can be quickly and 
effectively treated by saline infusion to expand intravascular 
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volume, followed by the admiJlisrration of a loop diuretic (i.e., 
furosenlide) to induce saline diuresis, with associated urinary 
calcium clearance. Patients with severe hypercalcemia frequently 
have a contracted extracellular volume, so isotonic saline infu
sion is essential. Hypercalcemic patients in renal failure who 
cannot benefit from drug-induced diuresis can be created by 
hemodialysis. 

Severe hypercalcemia related to the release of calcium from 
bone by tumor can be managed by the administration of 
bisphosphonates. 1l1ese drugs have a potent capacity to reduce 
osteoclast-mediated release of calcium from bone. Several for
mulations ofbisphosphonates are availabl~in order of prefer
ence, zoledronic acid, panlidronate disodium, and etidronare 
disodium-all of wbicl1 produce a slow decline in fiCa2+] over 
several days. In patients with metastatic brea~t cancer, bisphos
phonates given as long-term prophylactic agents at a regular 
dosage have been shown to prevent hypercalcemia effectively. 

Administration of exogenous calcitonill is often initially 
effective in patients with hypercalcemia. Calcitonin, the calcium
lowering hormone produced by parafollicular cells of the thyroid 
gland, induces renal excretion <lf calcium and suppresses reab
sorption of bone by osteocla~ts. However, long-term treatment 
frequently leads to tachyphylaxis, possibly related to the develop
ment of antibodies to the exogenous calcitonin. Chelating a~ents 
(e.g., EDTA, phosphate salts) that bind and neutralize iCa +are 
rarely indicated . 1l1ey are associated with the complications of 
metastatic calcification and acute renal failure and the risk of 
depressil1g [iCa2+] to hypocalcemic levels. 

Magnesium 
Magnesium, an essential cation in the cell, is the second most 
prevalent anion. It is a critical cofactor in any reaction powered 
by ATP, so deficiencies can affect metabolism. lr also acts as a 
calcium channel antagonist and plays a key role in the modula
tion of any activity involving calcium, such as muscle contrac
tion and insulin release. 1l1e normal concentration of magnesium 
[Mi+J in plasma ranges between 1.5 and 2.0 mEq/liter. Like 
calcium, it exists in three srates-protein-bow1d (30%, botmd 
mostly to albumin), bound to anions (10%), and ionized (60%). 

Less than 1% of ilie total body magnesium content is 
fOtmd in ECF. Measured plasma magnesium levels often do not 
reflect total body magnesium content. Clinkal sequelae of 
altered magnesium content depend more on tissue magnesium 
levels than on the blood [Mi+J. Consequemly, it is often dif
ficult to consistently correlate symptoms to specific plasma mag
nesium levels. O ne method to estimate the tissue magnesium 
level is a physiologic rest tbar measures the renal response to a 
magnesium load. Patients who retam more than 30% of an 
800-mg load of IV magnesium are thought to be magnesium
depleted, whereas those who retam less than 20% are said to be 
magnesitLm-replete. 

1l1e kidneys are responsible for mamtaining magnesium 
balance by excreting the absorbed magnesium. 1l1e ionized and 
bound forms of magnesium are freely filtered at tl1e glomerulus. 
The distal tubule resorbs 10% of the filtered magnesium and 
plays an iJ11portanr role ill calcium-independent magnesium 
homeostasis. The hormonal regulation of magnesium homeosta
sis has not been completely determined. PTH, glucagon, and 
ADH increase the resorption of magnesiLml in the Henle loop. 
In the distal convoluted tubule, aldosterone, ADH, and gluca
gon are thought to illcrease magnesium resorption. To mamtain 
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ho:meostasis, renal ,.,.,,,.,,tic•n 

Fractional resoq:>tic•n of 
to almost zero in the presence of hypern1~;n•csem:ta 
o-ic)mPnr•l~rfiltration rate. In contrast, in res:pcmse 
deole·tic>n or decreased the tractional ,.,,w·.rntin.n 

can increase to 99.5%> to minimize 

pn:valcrtce of hypomagnesemia from 
asymptomatic. Some have 

sig;nihc:ln<:c of hypomagnesemia; other studies have 
shown an association with mortalitv. association with mor-

~ and may reflect 

svrnp•toms become more common as serum 
specific symptoms with 

hypon1:~r1eserr1iais uuuvun. 

Hypokalemia is commonly associated with hypomagnese-
mia and occurs in 40%> of patients with hypomagne-

convcrsc is also true; 60% of patients with 
hypokalcnrria arc hypomagnesemic. 1hcrc arc a number of causes 

hypc>magncscrni:a, including gastrointestinal, and skin 
well as hungry bone Skin losses can be 
burns or toxic nccrolysis. Renal losses can 

the most common are diuretics. 
disorder of renal 

repleted. the 
whert:bv m:~r1esitll11 deplletion results in potas-

Decreased intracellular magne-
lh:rotlgllOIJt the such slowed 

a effect on Na+,K-
Thc result is loss of intracellular potassium, which flows down 
its concentration into the tubule and is lost in the urine. 

Hypocalcemia, and hypophosphatemia arc 
also common in patients with hypomagnesemia. Intracellular 

with chronic diarrhea 

syn1pt<:Jm:at1c hyJJonn.ag.nes:emla should 
Hi•"S'"'H"i".1he most common formulation 

rn:JgrKsimn sulfate contains 0.1 g of elemental 
have been done to determine the optimal 

rcg;mJtcn for magnesium replacement, but consensus statements 
have su1:;gc·sted 8 to 12 g of magnesium sulfate in the first 24 

tollovvcd by 4 to 6 for 3 or 4 to 

tion 
bolus over 5 minutes tc1r 

that 
rccluc:iq:; rc:pcrfusion injury 
with acute myocardial infarction. Currently, the recom
mends 2 g of MgS04 over 15 minutes, followed by 18 g over 
24 hours in patients with infarction who 
have hypomagnesemia. 

in 
Recommendations call for 

should 
be monitored tendon reflexes. Mag-
nesium levels intervals. Oral sup-

has been shown to correct increased """yj''"''""" 
retention diuretics may be 
helpful in patients with chronic renal magnesium 
Diuretics that block the sodium channel in the distal conv•olLlted 

such as amiloridc and triamtcrcnc, reduce nl:lgrJcsiUJll 

concurrently. 

pm:1crns. Severe hypomagnesemia 
because of the slow eqmJibJratlOn 

cardiac 

in 
to calcium 

H)rpc:rnrral~ncsc:mia is a common abnormality in patients with 
failure but is otherwise uncommon. Theophylline 

now rare, was associated with hypcrmagncsemia . 
Hypcrmagncscmia can be exacerbated by the of 

report, a 
received g 

salts 
m:lgr1esJUlll citrate, which is 

of n1:1gr1esi ur11 seem to 
without sequelae. In one 

ket:oa<:id<Jsis with hYfJon1agnesen1ia 

intended 2 g. a documented magnesium level of24 
dL and significant short-term the patient rcc·ov.crcd 
completely. 

IV magnesium overdoses may be better tolerated than oral 
overdoses. Hypcrmagncscmia caused the oral of 

unusual in the absence renal A 
hype1m1agne;ennia was documented 

usc of magnesium-containing enemas. 

to relieve 
the child 

of a 

can block transmission of nerve 
of tendon reflexes 

and apnea. Neuromuscular 
tox1nty affects muscle, rcs:ul!ting in ileus and urinary 
retention. In cases of oral intoxication, the of ileus 
can slow intestinal transit times, further in<:reasing ~h•;nrntinn 
of magn<csitm1. 

1e1:naLrgy, confusion, and coma. 
blocks the shift of calcium into 

cells can act as a calcium channel blocker. In cardiac tissue, 
it also blocks channels needed for 
Patients with severe 
heart failure. Other 

can show evidence of 
manifestations of hypcrmagncsemia, 

br:ld)rcantta and hypotension. Higher 
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m agnesiu m levels cause a prolonged PR interval, increased QRS 
duration , and a p ro longed QT interval. Extreme cases can result 
in complete heart b lock or cardiac arrest. . 

Metabolic disrurbanct.'S caused by hypermagnesem•a have 
been recogn ized less t han those caused by hypomagnesemia. 
Hypocalcemia can occur, al though it is rypical~y mild a~d 
asymptomatic. Sympto matic hypermagnes~m1a, des_p•te 
normal re nal fllnctio n, has been re po rted With magnes1um 
i11fusions, typically during treatment of patients who are in 
preterm labor or w ho have preeclampsia or eclampsia. Routine 
magnesium measurcmeJJts a rc o ften no t performed , although 
the infusio n protocols (a load of 4 to 6 g. followed by l to 
2 g/hr) result in serum magnesium levels o f 4 to 8 mg/dL. 
O bstetric patients who experience acciden tal owrdost:s of 
magnesium usually have good o utcomes, despi te m agnesium 

levels as high as 19 mg/dL. 

Treabnent Ln patients w ith hypem1agnesem ia and intact renal 
function, stopping the infusion or supply of magnesiu m will 
allow them to recover. Calcium salts can reverse hypotension 
and respiratory depression. Patients are typically given I 00 to 
200 mg ofTV elemental calcium over 5 to 10 minutes. To speed 
the renal clearance of magnesium. loop diuretics and saline 
d iuresis arc in ttLitivc op tions, b ut no li terature explicitly sup-

ports its use. . 
ln critically Ul patients, disorders of magnesmm ho meosta

sis can have dramatic effects o n physiology. However, such dis
orders often go unrecognized . Ln ICU pariems, hypomagnesemia 
is common and associated with poor outcomes, so measurement 
of the serum m agnesium level should be routine. Unlike mag
nesium depletion, hypermagnesemia is a rare but frequently 
iatrogenic and fatal problem. 

In patients with renal insufficiency, dialysis rapidly corrects 
hypermagnesem ma and is the only way to lower magnesiu~1 levels 
acutely. Aggressive usc of dialysis may imp rove surv1val. _l n 
patients witb severe renal dysfunction, dialysis offers a m odaliry 
to clear magnesium rapidly. Both perito neal dialysis ru1d h~mo
dialysis arc effective for lowering magnesium lev~. lntermltte~t 
hemodialysis corrects hypermagnesemia more rap1dly than pen
roneal dialysis or continuous renal replacement therapy. 
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PRINCIPLES GUIDING ROUTES OF NUTRITION 

SPECIAL CONS11DERATIONS 

SUMMARY 

Metabol.ism involves a diverse range of chemical processes 
required to sustain life and enable growth, heaUng, develop
ment, reproduction, homeostasis, and adaptadon and response 
to the environment. Through highly efficient metaboUc path
ways, nutrients are absorbed, trru1sformed, and broken down to 
release energy. The nutritional status of an individual depends 
on an adequate diet, function of the alimentary tract, and physi
ologic condition. In surgical and critically ill patients, metabolic 
and nutritiona,~ processes may be impaired as a consequence of 
eJwironmental, pathologic, or traumatic factors, leading to a 
need for nutritional supplementation to enable healing and 
recovery. Development and implementation of nutritional 
support represents one of the main advances of the last century 
that has led to improved patient care and surgical outcomes. 

Over recent decades, major progress has occurred in our 
understanding of the physiologic response to injury, increasing 
focus on improved nutrition in surgical care. Catabolism of 
skeletal muscle protein has been recognized as a major factor 
contributing to adverse outcomes following major surgery and 
trauma. In 1905. Sneve1 described the catabolic response as 
metabolic exhaustion and emaciation seen in bum patients. 
Cuthbertson2 studied the effects oflong bone fractures in animal 
models, characterizing physiologic and metabolic responses into 
two phases: the early ebb phase and the fiow phase. The former 
occurs the first several hours after injury, typically lasts 2 to 3 
days, and is distinguished by reduced oxygen consumption 
(Vo:z), glucose tolerance, cardiac output, and basal metabolic 
rate. The latter typically starts several days after injury, lasts days 
to weeks, and features catabolic breakdown of skeletal muscle, 
negative nitrogen balance, hyperglycemia, and increased cardiac 
output, Vo2, and respinto,ry rate. 

lJ1 1953 Cope and coiJeagues3 correlated muscle wasti ng 
following thermal injury with a measured rise in metabolic rate. 
Moore's book, in l 959,4 proposed the use of continuous feeding 
to attenuate proteolysis and muscle catabolism observed follow
ing trauma. Establishing the feasibility of long-term parenreral 
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nutritiOn (PN) in the late 1960s, Dudrick; recognized that 
malnourished surgical patients with a preexisting protein deficit 
were at increased risk of complications. 

It was then shown that the hypermetabolic response seen 
in patients with major burns resulted in part from an increase 
in catecholanline serum levels and that the metabolic response 
could be attenuated by ambient temperature and pharmacologic 
meaos. Further studies showed that severe trauma and burns 
lead to a hypercatabolic response, with deleterious effects on 
various organs, ru1d that the inflammatory response contributes 
to hypermetabolism and subsequent catabolism seen following 
severe injury (Fig. 6-1).6 Modulation of this hypermetabolic 
response through pharmacologic ru1d nutritional imervenrions, 
alteration of the environment, and improved surgical mru1age
ment are cornerstones of advanci11g surgical care. 

Although widely quoted, the classic description of the ebb 
and flow response may not be apt for critically ill patients in a 
modem intensive care setting. A refined description bas been 
proposed for these patients, who may suffer further insults from 
multiple operations or repeated bouts of sepsis (Fig. 6-2). 1he 
classic description may also oversimplifY the array of responses 
that occur; these remain incompletely understood, particularly 
in the prolonged flow phase, which includes a short-term acute 
response and prolonged adaptive response. 

The metabolic response to injury aims to restore homeo
stasis. It is characterized by cl1anges in the fiow of substrates 
ruuong orgru1s, increasiJlg glucose ru1d amino acid supply to the 
wound or site of injury to facilitate repair ru1d healing. Neuro
endocrine and inflan1matory mediators of the stress response 
induce changes such as muscle proteolysis, leading to the release 
of amino acids, primarily alru1ine and glutamine. 1l1ese are 
needed for protein synthesis at the site of injury and are also 
converted to glucose by hepatic gluconeogene.sis. Glutanline 
serves as a fuel supply to the gut and is converted to alruline and 
ammo1lia, which are used by the liver or converted to urea. 
Hypermetabolism results in critically ill patients when the meta
bolic response is severe and prolonged, together with a hyper
dynamic circulation, muscle catabolism, increased nitrogen loss, 
ru1d glucose intolerance. 

NUTRinONAL REQUIREMENTS 
1l1e primary goal of nutritional support is to provide an ade
quate energy supply ru1d all the nutrients necessary to support 
life and function. Nutrients in the diet require ingestion, diges
tion, absorption, and regulation before the substrates released 
are used, stored, or expended for energy. 1he major components 
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ebb and flow pattern is altered. Recurrent bouts of sepsis and other proinflammatory stimuli result in a fluctuating metabolic demand, which 
remains chronically elevated. (Adapted from Ball S, Baudouin SV: Endocrine disorders in the critically ill: The endocrine response to critical 
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FIGURE 6-3 Simplified overview of metabolic pathways. 

of the diet are carbohydrates, lipids, and proteins (Fig. 6-3). As 
a source of calories, l g of carbohydrate yields 3.4 kcal (16 kj) 
of protein, and 4 kcal (17 kJ) yields 9 kcal (37 kJ) offat. Fuel 
preferences differ acmss various types of cells; erythrocytes and 
neurons use glucose preferentially, muscle and cardiac myocytes 
can also use fat, and enterocytes and lymphocytes can metabolize 
the an1inu acid glutan1ine. Adaptation to different fuels can 
occur under ciJTcumstances of starvation. 

At the cellular level, adenosine triphosphate (ATP) is the 
main source of energy that drives reactions and metabolic pro
cesses. Hydrolysis of three high-energy phosphate bonds within 
the molecule releases chemical energy that fuels cellular work. A 
continuous supply of ATP is needed; ir is synthesized by reac
tions that use glucose, amino acids, and fatty acids to phos
phorylate and recycle ATP from adenosine diphosphate and 
monopbosphate. 

Glycolysis is the energy-producing metabolic pathway 
within cells that converts glucose (six carbon atoms) into pyru
vate (three carbon atoms), with net production of ATP and 
nicotiJlamide adeniJ1e dinucleotide {reduced form, NADH). ln 
cells with mitochondria and sufficient oxygen, pyruvate is 
metabolized to carbon dioxide through aerobic metabolism, 
whereas if mitochondria or oxygen is lacking, glycolysis takes 
place anaerobically, producing lactate. Anaerobic metabolism 
occurs in cells duriJ1g states of hypoperfusion, in muscle cells 
during bursts of increased activity, and iJ1 cells witbout mito
chondria such as red blood cells, in which anaerobic glycolysis 
is the only energy-producing pathway. 

PhosphorylatiOJl of ATP occurs iJl the cell cytoplasm 
duriJ1g glycolysis (ru1aerobic. substrate level phosphorylation) 
and in mitochondria in the tricarboxylic acid {TCA) cycle. 

Oxidative phosphorylation of NADH and succinate, products 
of the TCA cycle, generates further ATP within mitochondria 
through aerobic respiration, a more efficient pathway than 
anaerobic glycolysis. Two molecul.es of pyruvate are produced 
from each molecule of glucose that enters glycolysis, yielding 
two ATP molecules. ln comparison, a siJ1gle molecule of glucose 
yields approximately 32 molecules of ATP through glycolysis, 
subsequent oxidation of pyruvate to acetyl coenzyme A (acetyl
CoA), and progress i.nto theTCA cycle, which ends with oxida
tive phosphorylation of the products. 

Lipolysis iJwolves tbe hydrolysis of triacylglycerol (TAG) 
stored in adipose tissue to relea..~ fatty acids and glycerol. 
Ald10ugh glycerol can be used by the liver co synthesize glucose, 
fatty acids caJmot be used to synthesize glucose in humans. As 
a result, proteolysis occurs duriJ1g periods of stress or prolonged 
starvation after depletion of glycogen stores, primarily through 
degradation of muscle protein, but also solid organs, ro maintain 
glucose homeostasis. 

!}-Oxidation is the oxidative degradation of saturated fatty 
acids, whereby two carbon units are sequentially removed to 
form acetyl-CoA ru1d electron donor molecules (NADH and 
FADH2 [flaviJ1 adenine dinucleotide, reduced form]) used to 
generate further ATP by oxidative phosphorylation. Fats repre
sent a dense source of calories because this process has an 
extremely high energy yield, with 129 molecules of ATP being 
formed from one moleCLJe of the typical fatty acid palmitate. 

Carbohydrate Metabolism 
Carbohydrates arc a primary source of calories and arc divided 
into four groups: sin1ple carbohydrates, which mdude monosac
cl1arides (one sugar unit) and disaccharides (two sugar ltnits); 
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and complex carbohydrates, which include oligosaccharides 
(three to ten sugar units) and polysaccharides (>ten sugar units). 

Carbohydrate digestion begins in the mouth with the 
action of salivary amylase, which hydrolyzes polysaccharide 
bonds in the amylose and amylopectin molecules that constitute 
starch. Breakdown conrinues in the gur by the action of pancre
atic amylase and of the enzymes sucrase, lactase, maltase, and 
isomaltase from intestinal epithelial cells to yield monosaccha
rides. Bacteria in normal gut flora enable the breakdown of 
certain polysaccharides and starches, which humans lack the 
enzymes to digest, and help prevent the invasion of pathogenic 
strains in the inliestine. 

The produces of inresrinal digestion yield rhe monosac
chari.des glucose, fructose, and galactose. These sugars are rapidly 
absorbed and transported to the liver. Approximately 90% of 
portal venous glucose is removed from the blood by hepatocytes 
through carrier-facilitated diffusion. Carrier molecules on the 
sinusoidal domain of hepatocytes are capable of binding and 
transferring the sugars into the cytoplasm. 

Glycogen is the stored form of carbohydrate in the liver 
and skeletal muscle. The liver plays a key role in processes that 
synthesize and degrade glycogen (glycogenesis and glycogenoly
sis), and in the endogenous synthesis of glucose (gluconeogen
esis). Glycogen can be stored in the liver, in up to 65 g/kg of 
tissue, and is stored in muscle for its exclusive use. Hepatic 
synthesis of glycogen begins with a core composed of a high
density protein (glycogen in) and the action of a rate-determining 
enzyme, glycogen synthase. This enzyme is activated by insulin 
and glucose, both of which are elevated in the postprandial state, 
leading to elongation of the glycogen chaiJ1 by the addition of 
glucose units. Conversely, glycogen synthase is inhibited by glu
cagon and epinephrine. During fasting, glycogenolysis leads to 
the release of glucose, with the rate-limiting enzyme glycogen 
phosphorylase activated by glucagon and epinephrine and inhib
ited by iJlStLI.in. Glycogen stores arc exhausted within 48 hours 
of fasting, and hody protein stores must be mobilized to main
tain adequate glucose supply to the brain. 

In addition to glycogenolysis, glucose levels are maimained 
through the conversion of noncarbohydrate substrates by gluco
neogenesis, which occurs primarily in the liver and, to a lesser 
extent, in the renal cortex. Substrates for this pathway include 
aU amino acids except lysine ru1d leucine, derived from the pro
teolysis of skeleral muscle, glycerol derived from the degradation 
of triglycerides (TGs) in adipose tissue, and lactate produced 
from anaerobic glycolysis (see Fig. 6-1). TI1e enzyme-catalyzed 
reactions of the g luconeogenic pathway include the reversal of 
several steps of glycolysis ru1d four irreversible reactions. 

Lipid Metabolism 
Lipids are hydrophobic molecules that include fatty acids, phos
pholipids, glyccrolipids, sph.ingolipids, eicosanoids, and vita
mins. They play key roles in cell structure and function, including 
energy storage and expenditure, formation of biologic mem
brrules, and cell signaling. If lipids are not immediately used by 
cells, they can be stored in the form ofTGs, the most potent 
caloric stores in the body, because 1 g of fat delivers 9 kcal 
(37.7 kj). 

Dietary TGs are unable to pass through the imestinal epi
thelial celL~ and must first bt~ emulsified and hydrolyzed to 
monoacylglycerols or free fatty acids. l11is process is mediated 
by a mixture of lipases, biliary, pancreatic, ru1d intestinal 
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secretions from glru1ds positioned along the gastroimestinal 
(GI) tract (tongue, stomach, pancreas, glycocalyx of intestinal 
wall). The stomach plays two important roles; it secretes gastric 
lipase, responsible for the digestion and absorption of up to 
20% of total TGs, ru1d it initiates the process of emulsi£cation. 
Fat then enrers the upper duodenum, 80% in the form ofTGs 
and the rest in the form of partially hydrolyLed compounds. 
Emulsified TGs stinllllate the contraction of the gallbladder 
ru1d the release of bile and pru1creatic fluid containing lipase, 
colipase, phospholipase A2, and cholesteryl esterase. Bile acids 
and colipase enable pancreatic lipase to act on TGs to produce 
diacylglycerols (DAGs), monoacylglycerols (MAGs), and frco'C 
fatty acids. 

Lipolysis occurs within the cytosolic Lipid droplets of adi
pocytes. in which a series of lipases initiate the breakdown of 
TAG into free fatty acids and glycerol. Hormone-sensitive lipase 
(HSL) was until recently thought to be the only enzyme to 
hydrolyze TGs in adipose tissue. A second enzyme, adipose 
triglyceride lipa~ (ATGL), is now believed to catalyze the first 
step in the hydrolysis ofTGs (Fig. 6-4). ~ 

In the postahsorptive state, adipose tissue releases free fatty 
acids and glycerol to the circulation for use as energy. Hepati.c 
P-oxidation of fatty acids produces ketone bodies, acetoacetate, 
ru1d 3-hydroxybutyrate, which can be used directly as fuel 
sources by cardiac muscle, skeletal muscle, and the renal cortex 
as well as cerebral tissue after a week of fasting. This switch of 
the central nervous system (CNS) during starvation, away from 
rhe primary use of carbohydrates to the use of ketone bodies as 
a fud, represents a critica!Jy important adaptive step that has a 
secondary sparing effect on body protein. 

Desnutrin-ATGL initiates lipolysis by hydrolyzing TAG to 
diacylglycerol. HSL hydrolyzes DAG to MAG, which is subse
quently hydrolyzed by MAG lipase (MGL) to generate glycerol 
and three fatty adds. Fatty acids generated during lipolysis can 
be released into the circulation for use by otl1er orgru1s or oxi
dized withiJ1 adipocyres. During fasting, carecholamines, by 
binding to Go.s-cuupled [3-adrenergic receptors (P-ARs), acti
vate adenylate cyclase (AC) to increase cyclic adenosine mono
phosphate (cAMP) ru1d activate proteiJ1 kinase A (PKA). PKA 
phosphorylates HSL, resulting in the rrru1slocation ofHSL from 
the cytosol to the lipid droplet. PKA also phosphorylates the 
lipid droplet-a">Sociated protein perilipi11. Also, during fasting, 
glucocorticoids increase the expression of desnutrin-ATGL. 

Protein Metabolism 
Proteins are essential to the structure and function of every cell 
and participate in ceU adl1esion, signaw1g, and immunogenicity. 
The digestion of protein into peptides begins in the stomach 
through acid denaturation ru1d the enzymatic action of pepsin. 
Digestion of peptide.~ into tripeptides, dipeptides, and amiJ1o 
acids rakes place at the level of the duodenum through proreases 
secreted fTom the pancreas and peptidases associated with the 
glycocalyx of the intestu1al wall. Dipeptides, oligopeptides, and 
single amino acids are absorbed in the small intestiJ1e. 

Human protein synthesis reqtLires 20 amino acids; eight are 
termed essential amino acids because they cannot be synthesized 
de novo from other an1ino acids (I 0 if arginine and histid.iJ1e are 
included as essenrial in infants) ru1d musr therefore be obtained 
in the diet. Six amino acids are termed conditionally essentiaL 
amino acids because during childhood, illness, and other 
conditions, they may nor be synthesized ar rates that meet 
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requlrernems and may therefore need ro be supplemented. 1l1e 
remaining six are tem1ed nonessential amino acids because they 
can be syntbesEzed internally (Table 6- l). 

Various tissues, including Liver, muscle, kidney, lung, and 
adipose tissue, share regulatory roles in an1ino acid metabolism, 
although the catabolism of most essential amino acids takes 
place in the liver. However, the three branched-chain amino 
acids (BCAAs)- leucine, isoleucine, and valine-arc an excep
tion, hecause these are poorly metabolized during first-pass 
metabolism in the liver and are degraded by skeletal muscle. 
1l1e breakdown of BCAAs in muscle generates alanine and 
glutamine. 

Alanine is released from skeletal muscle, in addition to 
lactate, during the anaerobic glycolysis of glucose, which releases 
ATP. [n the Co ri cycle, the liver converts lactate produced by 
muscle back ro glucose for muscle fuel in an ATP-dependem 
manner. Sinlilarly, alanine can be used by the liver and is a 
preferred precursor for hepatic gluconeogenesis as parr of the 
glucose-alanine cycle (see Fig. 6-l). Alanine is provided by either 
muscle during protein turnover or amino acids in the diet. 

Metabolism of nitrogen-containing compow1ds in the 
body, including amino acids, produces an1monia, which is con
verted to urea, a less roxie substance, by a series of reactions 
that comprise the urea cycle. 1l1e urea cycle generates urea from 
ammonia produced from amino acid oxldario11, i.J1 which 
certain anlino :acids enter the urea cycle directly as intermedi
ates, including arginine. Increased catabolism of protein and 
the release of amino acids for gluconeogenesis lead to excess 
nitrogen production, negative nitrogen balruKe, and increased 
excretion of urea by the kidneys (see Fig. 6-1). Liver failure cru1 
lead ro hepatic encephalopathy because of tbe buildup of 
nitrogenous compounds, including ammonia: inborn errors of 
metabolism also give rise to disorders from dysfLlllCtion of the 
urea cycle. 

Catecholamines 

ATP 

cAMP 

1 
'PKA 

J 
P-HSL 

FIGURE 6-4 Regulation of lipolysis within adi
pocytes. (Adapted from Ahrnadian M, Wang Y, 
Sui HS: lipolysis in adipocytes. lnt J Biochem 
Cell Bioi 42:555-559, 2010.) 

Regulation of the Amino Acid Pool 
Anabolic or catabolic hormonal signaling, various pathophysi
ologic mechanisms, type and availabillty of nutrients, and their 
routes of administration are all factors that regulate the pool of 
free :ammo acids. During enteral nutrition (EN), the portal 
venous system delivers ingested rullino acids to the liver; 25% 
of the.se reach the general circulation to supply the plasma pool 
of anJino acids, 55% are converted to urea, 6% arc used for the 
synthesis of constitutive plasma protems (e.g., albumin, preal
bumi.n), and 14% become liver protein. In a severe hypermeta
bolic response to surgery or trauma, there is a significant increase 
iJl demru1d for amiJ10 acids and proteins. Similarly, increase in 
demand is noted during growth, physical activity, pregnancy; 
ru1d lactation. 

Glucose-Alanine and Glucose-Lactate Amino Acid Cycles 
After severe injury or major surgery, tbe rates of glucose uptake, 
glycolysis, ru1d oxidation of BCAAs in muscle are i.JJcreased_ 
Stimulated by glucagon, the liver transfers the amino group from 
alanine via the urea cycle to produce pyruvate. 

Pyruvate enters the gluconeogenesis parhway via the mito
chondrial enzyme pyruvate carboxylase. Glucose is then synthe
sized ru1d released back to the circulation. Of the 20 amino acids, 
18 are gluconcogenic, with alanine being the most frequent 
source. This anlino acid pathway is referred to as the glucose
a kmine cycle. 

Lactate is a byproduct of the anaerobic metabolism of 
glucose. In physiologic stares, it is produced by red blood cells 
(anaerobic cells) and skeletal muscle and taken up by the liver, 
where it is i.J1ltially converted ro pyruvate and subsequently to 
glucose via the gluconeogenic pathway. This is commonly known 
as the giucose-!Actllte, or Cori, cycle. 1l1e reactions that convert 
lactate back to glucose require a great deal of energy, which is 
supplied through lipolysis and ~-oxidation of fat (see Fig. 6-1)-
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Table 6-1 Amino Acids 
AMINO ACID GROUP 
(ABBREVIATION) 
Essential Amino Acids 

Valine (Val) 

Leucine (Leu) 

Isoleucine (lie) 

Lysine (Lys) 

Methionine (Met) 

Threonine (Thr) 

Phenylalanine (Phe) 

Tryptophan (Trp) 

Conditionally Essential 

Arginine (Arg) 

Histidine (His) 

Tyrosine (Tyr) 

Cysteine (Cys) 

Glutamine (Gin) 

Proline (Pro) 

Nonessential Amino Acids 

Alanine (Ala) 

Asparagine {Asn) 

Aspartate (Asp) 

Glutamate (Giu) 

Glycine (Giy) 

Serine (Ser) 

FEATURES 
Must be contained in diet because 

these cannot be synthesized 

Branched-chain amino acid 

Branched-chain amino acid 

Branched-dlain amino acid 

Conditionally indispensable because 
low synthesis rates may exceed 
requirements under certain 
conditions, especially in infants 

Essential depending on health status 
of individual and for infants because 
it cannot be synthesized quickly 
enough 

Previously considered essential for 
infants; now also considered 
essential for adults 

Can be synthesized from 
phenylalanine 

Can be synthesized from methionine 

Major energy source for intestinal 
mucosa 

Needs can be fully met by synthesis 

In the critically ill patient, lactate serves as a global marker 
of tissue hypoperfusion and insufficient oxygen delivery. 
However, there arc additional mechanisms to explain lactate 
accumulation in these patients; elevations in plasma lactate levels 
i"n severely injured patients may in part be related to increases 
in glucose Aux and may not totally be a reflection of a deficit in 
oxygen avaUability (Fig. 6-5).8 

Intestinal Health 
After dietary ingest ion , polysaccharides such as fiber and starch 
undergo bacterial fermentation in the colonic lumen. Bacterial 
fermentation is essential for two major reasons: (1) support of 
the normal flora of the gut lumen, which in turn prevenrs colo
ni:r.ation and subsequent infection (e.g., Clostridium dijficile); 
and (2) production of acetoacetate, propionate, and butyrate (a 
short-chain fatty acid). Butyrate appears to be the preferred fuel 
of colonic mucosa cells, followed by acetoacetate, glutamine, 
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'"·' (~ G'"G·~ NAD+ 

~ lactate Oxaloacetate -r- Pyruvate 0,1 
C02 

Acetyl CoA - Fats 

~ CKr~ 

FIGURE 6-5 Oxidative decarboxylation of pyruvate is a pivotal step 
in the overall oxidative metabolism of carbohydrates and fats. Over
whelmingly high levels of glucose may lead to lactate production, 
even in the presence of oxygen. (Adapted from Gore DC, Ferrando A. 
Barnett J, et al: Influence of glucose kinetics on plasma lactate 
concentration and energy expenditure in severely burned patients. 
J Trauma 49:673-677. 2000.) 

and fin ally glucose, and butyrate is therefore essential for mucosal 
imegrity. With the advem and prolonged use of elemental diets 
for the purpose of achieving total absorption within the small 
intesti~ne, adequate delivery of fiber to the colonic mucosa is not 
ensured, bacterial fermentation does not take place, butyrate
producing bacteria arc suppressed, and mucosal integrity may 
be consequently impaired. 

Following critical injury, there is thinning of the gut 
mucosa and a decrease in gut mucosal weight, protein, and 
DNA content, which are indicative of decreased cellular mass 
and absorptive surface of the small bowel, changes that result 
from an increased rate of small bowel mucosal apoptosis, with 
a relative decrease in small bowel cell proliferation.? These 
changes have bee11 associated with decreased absorption, 
deranged transportation, and increased gut permeability. 

Protein Turnover 
Protein turnover is continuously altered by dietary intake, syn
thesis, and protein breakdown. Amino adds are removed from 
the free pool of an1ino acids by protein syntl1esis and conversion 
to urea in a dynamic balance referred to a.~ protein turnover. Net 
synthesis of protein is indicative of an anabolic state, whereas 
degradation of protein is indicative of a catabolic state. During 
critical illness, sepsis, trauma, or severe burn injury, there is an 
increased rate of synthesis and bR-akdown of muscle protein, 
although the magnitude of the latter is more significant and 
leads to a catabolic state.6 Increased proteolysis initiates an 
imbalance of the supply and den1and of free amino acids; if 
protein breakdown persists, net protein catabolism leads to sig
nificant muscle wasting. 

Proteolysis 
1l1e triggers and cellular signaling pathways that induce prote
olysis and muscle catabolism, along with therapeutic targets and 
therapies to prevent muscle wasting, are areas of intense research 
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FIGURE 6-6 The proteins Aktl and Foxo at the decision point of atrophy versus hypertrophy. (From Hoffman EP, Nader GA: Balancing muscle 

hypertrophy and atrophy. Nat Med 10:584-585, 2004.) 

interest but remain incompletely understood. Proteolysis may 
be induced to varying degrees by a range of condjtions that 
include fasting, cancer, neurologic genetic disorders, djsease, 
ruabetes, sepsis, AIDS, burns, hypettbyroirusm, and excess glu
cocorticoids. 1l1e terminal biocl1emical process involves conju
gation of ubiqultin to the amino group of lysine residues in 
proteins through a series of e11zyme: {l) El ubiqwtin-activating 
enzyme; (2) E2 ubiquitin-conjugating enzyme; ru1d (3) E3 
ubiqwtin ligases. The key enzymes in this process are the E3 
ligases. 'Three E3 ubiquitin ligases are expressed in muscle: 
atrogu1-l (also known as MAFbx), muscle RING finger protein 
l (MuRFl), and E3a.-l. Approxjmately 85 specialized proteases 
that act on ubiquitin are encoded in human genes. Nuclear 
factor-KB is a major transcription factor that triggers muscle 
protei11 degradation via ubiqwtination. 

Recent swrues have proposed that Aktl is the balancmg 
force between muscle atrophy and hypertrophy. lnsuJjn-like 
growth factor-n (JGF-1) and other anabolic stimuJi activate the 
PI3K-Akxl pathway, leading ro the activation of downstream 
targets (mTOR and S6Kl) that stm1uJate muscle protem syn
thesis ru1d hypertrophy (Fig. 6-6). Conversely, Aktl is respon
sible for the phosphorylation status of the Foxo fanlily of 
transcription factors. IfFoxo is phosphorylated by Aktl, it leaves 
the nucleus and becomes macdve, thereby preventmg the mduc
tion of atrophy. However, if Aktl activity is suppressed, Foxo 
becomes dephosphorylatcd and trru1scriptionally active and 
directly binds the key atrogin-1 ubiquitination gent, an1ong 
others, inducimg increased protem degradatio11 and muscle 
atrophy. 

VItamins and Miaonubients 
In addition to requiru1g macronutrients, protems, carbohy
drates, ru1d fats. numerous cellular processes and enzymes require 
the provision of trace quru1tities of vitan1ins, nlinerals, and trace 
clements (Table 6-2). 

Decreased! levels of vitruniJ1s and trace clements have 
been implicated in impaired wound healing and immune 

dysfunction. Micronutrients and vitan1in deficiencies are rarely 
seen in patients receiving EN but can occur more often in 
patients receiving parenteral nutrition (PN). Although deficien
cies are avoidable with adequate supplementation, some vi ta
nuns and nlicronutrienrs requjre portal passage for conversion 
or activation, whjch is potentially bypassed with parenteral infu
sion. In patients with shorr bowel syndrome or extensive Ueat 
resection, vitamins ru1d micronutricnts that normally require 
enterohepatic circulation are not adequately absorbed or acti
vated. Patients with adult-onset pernicious anemia or atrophic 
gastritis with hypochlorhydria CaJl have vitamin B1, deficiency. 
Fat malabsorption mduced by pancreatic msufficiency can lead 
to inadequate uptake of fat-soluble micronutrients. Extensive 
inflammatory bowel djsease can resuJt ill iron and vitamiJ1 defi
ciencies. Plasma levels of trace elements are also significantly 
depressed for prolonged periods after injury because ofincreased 
urinary excretion and significant cutaneous losses. 

NUTRinONAL ASSESSMENT AND MONITORING 
Nutritional assessment of surgical patients mdudes evaluation 
of preexisting malnutrition or obesity. medical conrutions and 
metabolic disorders, malabsorption, dental disease, drug depen
dency, and alcoholism. l11 addhion to requiring a comprehensive 
medical history and physical examination, nutritional assess
ment may include relevant laboratory tests, antl1ropometric 
measurements, and other assessments of body composition and 
energy expenditure, combined with the serial evaluation of 
results ru1d response to therapy (Box 6-l). Malllutrition may 
exist primarily because of underlying pathology or madequate 
intake, secondary to disease, trauma, and inflru11matory pro
cesses or as a consequence of surgical interventions and operative 
procedures. 

Stress responses to trauma and critical illness lead to 
derangement of normal metabolic and physiologic processes, 
induction ofi nftru11matory cascades, hepatic acute-phase protein 
responses. capillary leakage of plasma proteins ru1d subsequent 
fluid compartment shifts, elevated basal energy expenditure, and 
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Table 6-2 V'ltamins and Micr_on_ut_ri_ent_s _in_S_u_l'gl=-·_ca_l_ca_r_e _____________ _ _______ __ _ 
MICRONUTRIENT 
Vitamin A 

Vitamin D 

Vitamin E 

Vitamin K 

Vitamin B1 
(Thiamin) 

Vitamin Bs 
{pantothenic 
acid) 

Biotin 

Vitamin C 

Calcium 

Copper 

Iron 

Magnesium 

Selenium 

Zinc 

FUNCTION 
Cofactor in colla~en synthesis and cross 

linking; antioXIdant; immune 
stimulation; macrophage extravasation; 
mucosal integrity; re~ulation of 
glycoprotein synthesis 

Promotes absorption of calcium and 
phosphorus (by intestine and kidney), 
bone growth, and bone remodeling (by 
osteoblasts and osteodasts); regulates 
the synthesis of several structural 
proteins, including type I collagen 

Antioxidant properties promote cell 
membrane integrity 

Essential tor coagulation; prerequisite tor 
wound healing 

Cofactor in collagen cross linking; 
facilitates entry of glucose into the TCA 
cycle 

Component of coenzymes involved in 
energy release from macronutrients and 
synthesis of heme and tat 

Coenzyme in carboxylation reactions 
(gluconeogenesis, tatty acid, propionate 
synthesis) 

Antioxidant, protects against tree radical 
damage; collagen cross linking and 
hydroxylation of lysine and proline 
during collagen formation; immune
mediated and antibacterial functions of 
white blood cells; DNA. RNA replication 
and lymphocyte function 

Remodeling and degradation of collagen 
rely on calcium-dependent collagenases 

Promotes cross linking of collagen and 
elastin synthesis; scavenges free radicals 

Essential in heme-containing molecules 
for oxygen transport (hemoglobin) and 
storage (myoglobin), electron transport. 
and redox reactions (cytochromes) 

Cofactor in protein and collagen synthesis 

Reduces intracellular hvdroperoxides; 
protects membrane ripids from oxidative 
damage; may reduce mortality in 
criticany ill patients 

Essential cofactor in a wide range of 
enzyme systems involved in protein 
synthesis, metalloenzymes, DNA 
replication, immune function, col lagen 
formation, cross linking 

DEFICIENCY 
Dermatitis, night blindness, 

xerophthalmia, respiratory ailments 
(pneumonia, bronchopulmonary 
dysplasia), impaired gut epithehal 
integrity 

Bone demineralization 

Increased platelet aggregation, 
decreased red blood cell survival, 
hemolytic anemia, neurologic 
abnonnalities, decreased serum 
creatinine level, excessive creatinuria 

Bruising, hemorrhage 

Beriberi, lactic acidosis, anorexia, 
fatigue, peripheral neuropathy, 
Wemicke-Korsakoff syndrome, 
cardiomegaly 

Fatigue, s!eer disturbanc~ •. nausea, 
abdom1na cramps, vom1ting. 
diarrhea, muscle cramps, mental 
depression, hypoglycemia 

Glossitis, dermatitis, pallor, hair loss 

Fatigue, anorexia, muscular pain, 
scurvy (anemia, hemorrhagic 
disorders, defective collagen in 
bone, cartilage, teeth, connective 
tissues, muscle degeneration, 
~ingivitis, capillary weakness, 
Impaired wound healing) 

Osteoporosis 

Skeletal demineralization, impaired 
glucose tolerance, anemia, 
neutropenia, leucopenia, changes in 
skin and hair pigmentation; linked 
to fatal arrhythmias and poorer 
outcomes 

Anemia, cheilosis, glossitis, hair loss, 
brittle finger nails, koilonychias, 
pallor, tissue hypoxia, exertional 
dyspnea, heart enlargement 

Nausea, muscle weakness, irritabil ity, 
mental derangement 

Qowth retardation, muscle pain and 
weakness, myopathy, 
cardiomyopathy 

Hair loss, dennatitis, growth 
retardation, delayed sexual 
maturation, testicular atrophy, 
decreased appetite, depressed smell 
and taste acu1ty, depression, 
diarrhea 

RELEVANCE 
Wound healing and epithelial 

regeneration; deficiency can result 
in diminished activity of helper T 
cells, impaired mucous secretion; 
retinol-binding protein sensitive 
to nutritional status of individuals 

Deficiency and impainnent, causing 
bone demineralization and 
osteopenia 

Prolonged steatorrhea and neuronal 
degeneration 

Deficiency reported in long-term 
antibiotic therapy, TPN lacking fat 
emulsions, malabsorption 

Deficiency reported in depleted 
patients who receive sudden load 
of carbohydrates; wound healing; 
treated With 15- 100 mg 
thiamine/day 

Deficiency leadin~ to poor wound 
healing and skm graft take 

long-tenn TPN, alcoholism, 
postgastrectomy 

Crucial in wound healing; facilitates 
tissue regeneration, collagen 
formation in bone, teeth, 
connective tissue 

Important in reducing osteopenia 
and function of collagenases; 
deficiency leading to hypotension, 
cardiovascular collapse, 
unresponsiveness to fluids and 
pressors, PTH end-<~rgan 
resistance, dysrhythm1as 

Significant wound exudate; losses 
of copper and zinc known to 
occur 1n pediatric bum patientsE" 

Deficiency may occur because of 
anemia and blood loss; 
inadequacy leading to reduced 
resistance to infection and cold 
intolerance 

Deficiency can lead to cardiac 
arrhythmia, increased nervous 
system irritability, tetany 

Important in cell-mediated immune 
function; deficiency can lead to 
altered thyroid hormone 
metabolism, increased plasma 
glutathione levels 

Deficiency can cause impaired 
wound healing. may affect bone 
formation; wound exudate losses 

Adapted from Norbury WB, Situ E. Herndon ON: Nutritional support in the critically ill. In Cameron Jl (ed): Current surgical therapy, ed 9, Philadelphia, 1007, Mosby 
Elsevier, pp 1234-1245. 

PTif, Parathyroid hormone. 
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Clinical history 
Body weight 
Anthropomorphic measurements: IBW, BMI, skin fold 

thickness 
Indirect calorimetry 
Oxygen consumption, determination of respiratory quotient 
Body composition analysis: Dual-energy X-ray absorptiometry 
Biochemical measurements: albumin, transfe rrin, prealbumin 
Measurement of nitrogen ba lance 
Measurements of immunologic function 

catabolism of muscle protein, which result in organ dysfunction 
and associated morbidity. 1l1e aim should be to assess and accu
rately meet nutritional demands while avoiding overfeeding. 

Overfeeding is detrimental, leading to hypercapnia and 
metabolic acidosis, hyperglyccmla, hypettriglyccridemia, hepatic 
dysfunction, and azotemia.10 Goal-directed nutritional support 
is essential for improving outcomes following trauma and 
surgery and should be based on repeated assessment of response 
to feeding. Nutritional support should be started as soon as 
possible if circumstances indicate that adequate oral intake will 
be unlikely for a patient withln 5 days or if a preexisting nutri
tional defici t is present. 

Malnutrition and Starvation 
Up to 50% of patients admitted to the hospital may be mal
nourished" and an additional 25% to 30% become malnour
ished during their hospital stay. Malnutrition can occur as a 
result of protein-calorie deficiency, predominant protein defi
ciency, and deficiency of specific micronutrients. Malnutrition 
can also result from a hypcrmetabolic state following trauma, 
critical illness, sepsis, severe burns, or major surgery. It leads to 

impairment of multiple organ systems, including the immune 
systen1, leading to an increased incidence of infection and 
delayed wound healing. Severe maLlllt rition and prolonged star
vation eventually lead to reduced GI barrier fLmction, respira
tory iJ1Sufficiency, skeletal muscle wasting, decreased myocardial 
mao;s, renal atrophy, diastolic cardiac dysfunction, and decreased 
sensitivity to inotropic agems. 

In the metabouc response to starvation, glycogen serves as 
the primary body fuel for the first 12 to 24 hours. Once glycogen 
stores are depleted, gluconeogenesis increases and an1ino acids 
begin to be degraded to fuel. Over t in1e, ketone bodies from fat 
can serve as the primary oxidative fuel source. [n hypercatabolic 
states, increases occur in catabouc hormones-cortisol, gluca
gon, catecholarnines, and a number of inflammatory mediators. 
Hyperglycemia, elevated lactate levels, and increased urinary 
nitrogen excretion are characteristic features. The body uses fat 
and muscle as sources of energy. Muscle protein is used prefer
entially relative to visceral protein. Hence, the rate ofloss oflean 
body mass exceeds that of overall weight loss. 

Malnutrit1on caused by starvation responds to restoration 
of nutrition, whereas malnutrition secondary to the stress 
response and .disease is often less responsive to nutritional 
support. Enteral feeding enhances the immunt' response, and 
increasing the protein content of the enteral diet has been shown 
to reduce immunosuppressio11. 

Physical Body Measurements 

Body Weight 
Body weight reflects both fluid balance and nutritional status. 
Significant weight loss, particularly if rapid or unplanned, is a 
powerful predicror of mon ality.'2 Patiems should be weighed 
daily, and accurate intake and output records should be 
mai11tained: 

Weight loss (o/o) = 
([usual weight - present weight]/ usual weight) X I 00 

In critically ill patients, daily changes in weight can bt: 
misleading when used for monitoring nutri tional requirements 
and should be interpreted with some caution. Fluid retention 
and shifts can mask weight loss from skeletal m uscle. [t should 
be remembered that overprovision of calories and protein does 
not avert persistence of muscle protein breakdown , and weight 
gains may be caused by increases in body fat. Overweight and 
obese patients may be w1able to use fat stores following injury 
and may not be as well nourished as is often assumed, with these 
patieJlts having low muscle mass in relation to their weight. 

Anthropometric Measurements 
Anthropometric measurements comprise a range of physical 
body measurements that are compared with standard values or 
used ro evaluate individual changes in nutritional status over 
time. These also include estimation of ideal body weight (IBW) 
and body mass index (BMI). 

Ideal Body Weight A practical anthropomorphic approach is the 
calculation of IBW, particulady when the usual body weight or 
weight of the patient before the onset of il lness is unknown. 
Values for IBW can be found in standardized tables that relate 
height to expected weight, or IBW can he estimated by the fol
lowing equations13

: 

• Men: 106 lb (48 kg) for the first k (152 em) and 6lb (2.7 kg) 
for each incl1 (2.54 em) over k. 

• Women: lOU lb (45 kg) for the first k (152 em) and 5 lb 
(2.3 kg) for each inch (2.54 em) over 5 ft. 

Body Mass Index BMI is a statistical index chat uses height and 
weight to provide an estimate of body fat in males and females 
of all ages. However. individual variati011 can occur, and it 
should not be used as the sole means of classifying a person as 
obese or malnourished. The U.S. National Health and Nutrition 
Examination Survey of 2007 indicates that 63% of Americans 
are overweight, with 26% in the obese category (a BMI of 30 
or more). In children, BMI percentile allows comparison with 
children of the same sex and age. A BMI that is less than the 
fifth percentile is considered underweight and above the 95th 
percentile is considered obese. 

BMJ =weight (in kg)/height2 (in m2 ) 

Interpretation of Body Moss Index 
Severely underweight: <16.5 
Underweight: 16.5-18.4 
Normal weight: 18.5 -24.9 
Overweight: 25-29.9 

http://www.myuptodate.com


Obesity grade I: 30-34.9 
Obesity grade II: 35-39.9 
Obesity grade III: ~40 

Evaluating Caloric Requirements 
Determining nurritional requirements of critically ill patiems is 
essential because the provision of inadequate or excess calories 
can adversely affect outcome. Measuring the resting energy 
expenditure (REE) or basal metabolic rate can be extremely 
useful in the nutritional management of surgical patients under 
various types of stress who may experience significantly increased 
energy demands, which can be difficult to predict. Estimates of 
caloric requirements can be made using several different equa
tions, calculated usiJ1g blood gas measurements witb tbe Fick 
equation, or measured by indirect calorimetry using bedside 
metabolic carts to determine REE. 

Energy Expenditure Equations 
Several different equations are commonly used to estimate nutri
tional requirements. These formulas provide only an estimate 
because energy demands may vary considerably amo11g patients 
and requirements wiU also depend on a patient's condition and 
activity level. 1hese formulas are based on parameters .including 
age, gender, height, and weight. Examples rnclude the Harris
Benedict,61 American College of Chest Physicians, Ireton-Jones 
(1997), Penn State (2003), and Swil1an1er (1990) equations. ln 
severely burned patients, these and other equations can estimate 
nutritional requirements. Included in these other equations are 
the Curreri and Galveston formulas, which additionally take 
iJ1to consideration body surface area and burn percentage. It is 
important to select the appropriate equation based on age and 
correct estil11ate of degree of injury, because their i11appropriate 
use can lead to significant overestill1ation of caloric needs and 
increased risk of overfeeding. 

Harris-Benedid Equation Most patients can he fed adequately hy 
supplying 100% to 120% of the predicted REE as calmlated by 
the Harris-Benedict equation.14 Tius equation estimates basal 
metabolic rate (BMR), assuming a normal resting physiologic 
state. 

For men: 

BMR = 66.5+(13.75xwdght i11 kg)+ 
(5.003x height i11 cm)-(6.775xage i11 years) 

For women: 

BMR = 655.1 +(9.563x weight in kg)+ 
{1.850xheight in cm)- (4.676xage iJl years) 

Therefore, multiplication by a stress factor is generally 
needed, usually ~ranging from l.2 to 1.5 i11 ventilated patients 
with sepsis. A stress factor of 1.1 and 1.2 has been suggested for 
nlinor and major elective surgery, 1.35 and 1.6 for skeletal 
trauma and head il1jury, and 1.1, l.5, ru1d l.8 for mild, moder
ate, and severe infection, respectively, has also been suggested .1 ~ 
This may rise to 1.2 to 1.95 in burn injuries of 40o/o to 100% 
of total body surface area (TBSA). 
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Indirect calorimetry An evaluation of the metabolic status can be 
performed by i11dlrect calorimetry using bedside metabolic carts, 
which measure REE using expired gas volumes; Vo2 and carbon 
dioxide production (Vco:z) are measured directly. A tight-fittillg 
face mask or connection to a mechanical venti.lator ci.rcu.it is 
needed. The measured REE value may need to be iJ1creased 
approximately 1 Oo/o to 20o/o if used to estimate caloric require
ments in patients to allow for activity and fluccuations il1 their 
overa!J metabolic rate. 

REE {in kcal/ day) = 
1.44 (3.9 Vo2 [iJ1 mL/ nun]+ l.l Vco2 [iJ1 mL/ min]) 

Measurements obtained are generally reliable ru1d repro
ducible over a wide range of catabolic conditions, metabolic 
rates, and values of F102.Indlrect calorimetry may also be used 
to monitor the adequacy offeeding by calculati11g tbe respiratory 
quotient (RQ= Vc~/ Vo2J and evaluating substrate uptake. An 
RQ in the range of 0.7 to 1.0 is seen in the normal uptake of 
mixed substrates. An RQ of 0.7 or less is consistent with pure 
fat uptake and is i11dicative of underfeeding, whereas an RQ 
higher thru1 1.0 may indicate fat synthesis from carbohydrate 
and overfeeding. Overfeeding has been shown co be detrimental 
to critica!Jy ill patients and induces a rise in Ve<>z because of 
increased lipogenesis.16 Such a rise in Vc~ may also contribute 
to difficult weaning &om ventilatory support. 

Poor agreement between measured and predicted REEs has 
been reported in certaiJ1 circumstances, being as high as 635 ± 
526 kcal/day i11 severely burned children.17 Bedside carts are 
therefore recommended to calcuJate optimal nutritional require
ments ill certain patient populations, includiJ1g the followi11g: 
{I) severely burned children; (2) ventilator-dependent patiems; 
(3) patients with clinical signs of overfeeding or underfeeding; 
(4) patients with spinal cord injury or coma; (5) critically ill 
patients who are morbidly obese; and (6) d1osc with failure to 
respond adequately co the use of diets determiJ1ed according to 
equations, with failure determined by lack of improvement in 
clinical or biocl1enlical nutritional measurements. 

Dual-Energy X-Ray Absorptiometry 
Dual-energy x-ray absorptiometry is a useful technique for mon
itoring long-term nutritional progress. It is used to measure 
body composition cllanges, iJ1dudiJ1g lean body mass, fat mass, 
and bone density. It is a noninvasive iJwestigation, witb scans 
obtai11ed with the patient lying supille on a table. It measmes 
tbe attenuation of two x-ray bean1s, one bigh energy and the 
other Low energy, and it delivers a low dose of radiation. TI1ese 
measurements are compared with standard models used. for bone 
and sofr tissue. Results are separated i11to lean body mass, fat 
mass, and bone mineral content. MailltaiJling and enhancing 
skeletal muscle as lean body mass is a principal objective of 
nutritional support; these measurCillents are therefore useful in 
nutritional assessment. Assessment of body composition when 
patients have been treated with surgical staples or are tmdergoiJ1g 
Auid shifts in cellular ru1d whole-body water may confound the 
assessment of lean body mass. 

Monitoring Nutritional Status 
Careful monitoring is necessary to ensure optimal feeding and 
prevent w1derfeeding or overfeeding, regardless of the method 
used to estimate nutritional needs. Tills involves regular clinical 
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assessment of vital signs, respiratory status, functional improve
ment, and wound healing, all of which may present important 
clues about the true nutritional status. ln addition to clinical 
assessment, moJ1itoring trends in a range of parameters will serve 
to guide nutritional support and the need to enhance or adjust 
feedi ng regimens. 

Nitrogen Balance 
Nitrogen balance can be calculated to monitor the adequacy of 
proteil1 intake. A negative nitrogen balance occllis when the 
excretion of nit rogen exceeds the daily intake, an indication of 
muscle breakdown, whereas a positive Jlitrogen balance is associ
ated with muscle gail1. 

Nitrogen balance can be estimated usil1g equations based 
on common measurements, such as urine urea nitrogen (UUN), 
uriJ1e non urea nitrogen (estimated as 20% of UUN), 24-hour 
urine output (UO), and an additional 2 g/day to account for 
nonurinary nitrogen losses (stool and skin). 

24-hour UUN (g/ day)= UUN (mg/ dL)x UO (ml/ day)x 
1/1000 (g/ mg)xl/100 (dl/ mL) 

Total nitrogen loss (g/ day)= 24-hour UUN (g/ day)+ 
(0.20x24-hour UUN [g/ day])+ 2 (g/ day) 

Total nitrogen balance (g/ day) = 
Total nitrogen intake(g/ day)- total nitrogen loss (g/ day) 

Serial monitori11g of total nitrogen balance in patien ts 
permits 011e to evaluate the response to nutritional support and 
identify patients at risk of developing muscle protein loss. Per
sistent loss of nitrogen and proteiJJ catabolism leads to decreased 
muscle strength, altered body composition, increased infectious 
complications, ru1d subsequent delayed rehabilitation. 

Pediatric Assessment 
Nutritional assessment in children, il1 addition to clinical history, 
physical exan1i11ation, and biochemical markers, also includes 
plottmg their growth on perce11tile charts. The Centers for 
Disease Control ru1d Prevention (CDC) has published revised, 
standard, gender-specific percentile charts for growth, including 
stature ru1d weight for age and BMI. These charts are demo
graphically representative of the U.S. population from 2 to 20 
years, with charts also available for yolmger clilldren (fig. 6-7). 
These charts are used to monitor a patient's long-tem1 nutri
tional progress. A patient's position on the growth chart is the 
best simple tool to evaluate overall nutritional status ill the acute 
setting. A value below the fifth percentile or a trend line crossing 
two major percentile lines iJ1dicates a serious failure to thrive. 

Serum Proteirns 
A range of serum proteiJJs arc commonly used as mdicators of 
nutritio11al status, with albumin beiJ1g the most frequently used. 
Albumin accounts for more than 50% of the total protein in 
serum and is the major contributor to colloid osmotic pressure. 
An albumjn level below 3 g/dl suggests suboptimal nutrition 
and has been used as the primary preoperative serum marker of 
malnutrition (Table 6-3). Albumin has a long half-life (t112), 

approximately 20 days, and perioperative albumin levels have 
been found to be a better prognostic indicator than 

Table 6-3 Surgical Risk by Serum Albumin Level 
SERUM ALBUMIN 30-DAY MORTALITY 3o-DAY MORBIDITY 
(&/ell) RATE(~) RATE(~) 

>4.5 ~I ~10 

3.5 5 25 

3.0 9 35 

2.5 IS 45 

<2.1 "'30 65 

Adapted from Gibbs J, Cull W, Henderson W, et al: Preoperative serum albumin 
level as a predictor of operative mortality and morbidity: Results from the National 
VA Surgical Risk Study. Arch Surg 134:36-42, 1999. 

Perioperative levels of serum albumin have beEn shown to be powerful predictors 
of morbidity and mortality. 

anthropomorphic measurements for morbidity and mortality in 
surgical padcnts.'8.'? Scnun protciJ1s with a shorter circulatiJ1g 
duration are also used; these iJ1dude transferrin (t112 = 10 days), 
prealbumin (t1n = 3 days), a11d retinol binding protein (t112 = 12 
ro 24 hours), because these are more sensitive indicators of 
recent chru1ges. 

During the acute stre.~ response to injury, significant 
dowmegulation of 50% to 70% of proteins with a longer half
Life, such as albumin and t ransferrin, occurs in parallel to the 
upreglJarion of hepatic acute-phase proteins. 1he degree of 
dowmegulation of constitutive proteins after trawna is used as 
a predictor of mortality ru1d stress severity. Patients with albumin 
levels below 3 g/ dL show aJ1 independently associated increased 
risk -of developing serious complications withiJl 3U days of 
surgery, includillg sepsis, acute renal failure, coma, failure to 
wean from ventilation, cardiac arrest, pneumonia, and wotmd 
infection. 

Albumin levels are also useful in detecting protem-energy 
malnutrition. which is frequently difficult to recognize m 
patients nor presenting with low body weight and results from 
i11creased demands associated with tl1e stress of i1L1ess, injury, or 
infection. If these requirements are not met from dietary sources, 
body protein stores are depleted, leading to complications (e.g., 
malabsorption, impaired immunologic response, reduced pro
duction of other constitutive proteillS). Coumcrmtuitively, IV 
administration of albumm is usually ineffective because it 
degrades quickly after infusion ru1d does not treat the underlying 
cause of malnutrition. 

The use of serum protcil1 levels as indicators of nutritional 
status may be limited in the acute phase followmg ill jury, inflam
mation, infection, ru1d surgical stress . . Fluid shifts and increased 
capillary permeability lead to protein leakage from the illtravas
cular compartment, whlch results in hemodilution and false 
hypoproteinemia. 

NUTIUnONAL SUPPORT 
Surgical patients with suboptimal nutritional support have 
impaired wow1d heaw1g, altered immune responses, accelerated 
catabolism, increased orgru1 dysfunction, delayed recovery. 
and iJ1creased morbidity and mortality.2° Following surgery. 
patients who are inadequate!}' fed become undernourished 
withi n lO days and djsplay a marked increase in mortality.21 

Feeding sl1ould therefore be initiated as early as possible, 
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Published May 30.2000 (modified 11/21/00). 
SOURCE: Developed by the National Center for Health Statistics in collaboralion with 

the National Center for Chronic Disease Prevention and Health Promotion {2000). 
http://www.edc.gov/growthchruts 
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FIGURE 6-7 Stature- and weight-for-age percentile charts for boys ages 2 to 20 years. (From Centers for Disease Control and Prevention: 
Growth ch~rts, 2000, http:/ /www.cdc.gov/growthcharts.) 
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Severe nutritional risk expected with at least one of the 
following: 
• Past medical history: Severe undernutrition, chronic 

disease. 
• Involuntary loss > 10%-15% of usual body weight 

within 6 mo or >5% within 1 mo 
• Expected blood loss >500 ml during surgery 
• Weight of 20% under IBW or BMI <18.5 kg/m2 

• Failure to thrive on pediatric growth and development 
curves (<5th percentile or a trend line crossing two 
major percentile lines) 

• Serum albumin <3.0 g/dl or transferrin <200 mg/dl 
in the absence of an inflammatory state, hepatic 
dysfunction, or renal dysfunction 

• Anticipate that patient will be unable to meet caloric 
requirements within 7-10 days perioperatively. 

• Catabolic disease (e.g., significant burns or trauma, 
sepsis, and pancreatitis) 

address elevated nutritional demands, and off...et any preexisting 
nutritional impairment. The ultimate goal of perioperative 
nutritional mwagement is to supplement caloric and nutrient
specific requiremems safely to promote wound healing, diminish 
risk of infecrion, and prevenr loss of muscle protein. 

Initiating Nutritional Support 
Nutritional support should be considered for all patients accord
ing to clinical assessment and guidelines over the perloperative 
period (Box 6-2)?3-

25 If a surgical intervention can be delayed, 
10 to 14 days of nutritional support for patients with severe 
nutritional risk has been shown to be beneficial prior to surgery.22 

Obviously critical patients and those with a significant loss in 
body weight or a premorbid state should receive support almost 
immediately { <3 days) after admission, because they often 
exhibit immunologic impalrmenc and are at increased risk of 
infection. Significant weight loss in these patients is often associ
ated with a reduced chance of survival. Malnourished surgical 
patients also have severely impaired wound healing times. In 
addition to requiring nutritional support, severely hypercata
bolic patients may require therapeutic interventions and reha
bilitation exercise progran1s to regain muscle mass. 

PRINCIPLES GUIDING ROUTES OF NUTRinON 
After a decision to initiate support has been reached, a route of 
administration should be carefully selected, with the following 
considerations (Fig. 6-8)5•

26
..!

7
: 

l. Use the o ral route if the GI tract is fully functional and 
there are no other contraindicarions to oral feeding.1.s 

2. Initiate nutrition via the enteral route if the patient is 
nor expecited to be on a full oral diet within 7 days post
surgery and there are no GI tract contraindications 
(Box 6-3).28 

3. If the enteral route is contraindicated or not tolerated, use 
the parenteral route within 24 to 48 hours in patients who 
are not expected to be able to tolerate full enteral nutrit ion 
(EN) within 7 days-~ 1-~7 

Contraindications to Enteral 

Intractable vomiting, diarrhea refractory to medical 
management 

Paralytic ileus 
Distal high-output intestinal fistulas (too distal to bypass w ith 

feeding tube) 
Gl obstruction, ischemia 
Diffuse peritonitis 
Severe shock or hemodynamically instability 
Severe Gl hemorrhage 
Severe short bowel syndrome (less than 100 on of small bowel 

remaining) 
Severe Gl malabsorption (e.g., enteral nutrition failed, as evi

denced by progressive deterioration in nutritional status) 
Inability to gain access to Gl tract 
Need is expected for <7 days 

Adapted from Villet S, Chiolero RL, Bollmann MD, et al: Negative impact of hypo
calork feeding and energy balance on clinkal outcome in ICU patients. Oin Nutr 
14:5(}2-509, 2005. 

4. Admiruster at least 20% of the caloric and protein require
ments enterally while reaching rl1e required goal with addi
tional PN. 

5. Maintain PN until rl1e patient is able to tolerate 75% of 
calories through the enteral route and EN until the patient 
is able to tolerate 75% of calories via the oral route. 

Enteral Nutrition 
Early (24 to 48 hours) institution of EN following major 
surgery minimizes the risk of undernutrition and can abate the 
bypermetaboUc response seen after surgery. Administration of 
EN can be accomplished via various routes, including the use 
of nasogastric (NG), nasoduodenal, and nasojejunal tubes {Fig_ 
6-9), which are preferentially used in patients who are expected 
to require support for short time periods (<4 weeks). Other 
surgical options include open or percutaneous gastrostomy and 
jejunostomy, usually for those patient~ who are expected to 

require long-term EN (>4 weeks). In general, EN offers the 
beneficial effects of trophic feedings, whicb include structural 
maintenance and hmctional support of the intestinal mucosa, 
achieved by providiJ1g nutrients such as glutamine, preserving 
blood supply, and promoting peristalsis. Use of EN to protect 
and maintain the integrity of the intestinal mucosa may there
fore help reduce the risk of sepsis caused by bacterial transloca
tion_ Feeding routes for the delivery of EN are described in 
Table 6-4. 

In the critically ill patient, EN should be initiated within 
48 hours ofinjury or admission; average intake delivered within 
d1e first week should be at least 60% to 70% of the total esti
mated energy requirements, as determined by the assessment. 
Provision of EN in this time fran1e and at this level may be 
associated with decreased length of hospital stay, days on 
mechanical ventilation, and infectious complications. 

Feeding through a NG tube is the most cost-effective 
method for EN support and perhaps the most helpful for pre
venting postoperative complications, such as gastroparesis. 1he 
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Nutrition assessment 

Criteria to initiate support 

Fully or partially 
dysfunctional Gl tract. 
EN is contraindicated. 

No 

No 

l 
Oral route is expected to be 

impossible, inadequate or unsafe 
for >7 days perioperatively 

l 
Yes 

l 
Enteral nutrition 

' Yes 

Parenteral nutrition 

Expected use >1-2 wks or 
high osmolarity (>850 
mOsmll) PN mixture 

l J 
Expected use 

<4 weeks 
Expected use 

>4weeks 
No Yes 

! l J 
Oral nutrition Nasogastric 

Nasoduodenal 
Nasojejunal 

Gastrostomy 
Jejunostomy 

Peripheral PN* Central PN* 

I I 
Initiate EN if 60% 
of required needs 
cannot be met for 

Consider combination with PN if energy 
needs cannot be met (<60% of required) 

via EN. 
>10 days. 

FIGURE 6-8 Algorithm for route of nutritional support in surgical patients. 

use of NG rubes conveniently facil itates the ability to suppJy 
caloric nec::ds and to monitor the volume of gastric residuals. To 
decrease reflux and the risk of aspiration, it is recommended that 
the head of the bed be raised to 35 degrees and the volume of 
residuals not exceed 50 mL/hour. Although the resi.dual volume 
should be rechecked after l hour from a single elevated value, 
feeding does not have to stop automatically. 

GI ileus may reflecr an underlying deterioration; therefore, 
monitoring gastric residual volumes serves as an indicator of 
iJltercurrent conditions, such as sepsis. In burn patients, residu
als that increase above the amount of food delivered routinely 
every hour have been shown to correlate with the development 

of bacterial sepsis, and a full se~is workup is iJldicated when 
gastric residuals exceed 200 mL. 3 1 

The practice of checking the positioning of tubes by X-ray 
prior to their use is a time-consuming process that has been 
motivated, in part, by the unintended placement of small
diameter rubes into lower airways. However, NG tubes may be 
placed witb confidence by auscultation over the stomach while 
delivering 50 mL of air quickly with an irrigation syringe. Naso
jejunal and duodenal tubes may be too small for this procedure. 
Contraindications to EN include prolonged ileus or gastropare
sis, bowel obstruction, acute pseudo-obstruction, ischemic 
enterocolitis, and other causes of malabsorption. 
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r-+------ Jejunal 
tube 

FIGURE 6-9 Nasogastric and nasojejunal tube positions. (From Norbury WB, Herndon DN: Modulation of the hypermetabolic response after 

bum injury. In Herndon DN (ed]: Total bum care, ed 3, Edinburgh, 2007, Saunders Elsevier, p 423.) 

With nasoenteric feeding beyond the sromach, the rube 
should be advanced through the duodenum, idealJy past the 
ligament of Trcitz to rhe prox.imal jejunum, because tbls reduces 
the risk of aspiration. Nasojejunal feeding may be preferable in 
some settings because it does not need to be stopped prior to 
sUigery to prevent aspiration. However, nasojejunal feeding 
requires continuous infusion, and gastric residual volumes 
cannot be checked to confirm progress. Nasojejunal feeding 
should not be commenced until the patient is fuHy volume
resuscitated and hemodynamically stable. Percutaneous feeding 
options shouldl be considered if a patient requires nasal rube 
feeding for a prolonged period beyond 2 or 3 weeks. 

Deus associated with severe injury is not as common as pre
viously thought. Ileus derived from mesenteric hypoperfusion 

prior to adequate resuscitation is reversed once the patient has 
been resuscitated. Conversely, overresusci.tation leads to GI 
edema and should also be avoided. Postinjury ileus docs not 
affect the smaiJ bowel as profoundly as the stomach. Therefore, 
feeding using a nasoduodenal tube passed through the pylorus, 
or a nasojejunal rube advanced past the ligan1ent ofTreitz, can be 
initiated as soon as possible, preferably within 6 hours following 
injury. This approach also allows continuous feeding during sur
geries and physical therapy sessions. The initiation of immediate 
enteral feeding allows the delivery of calculated caloric require
ments by the third day postinjury. Reduction of hypem1etaho
lism by initiating enteral feeding soon after injury is possible, 
with this reduction in metabolic rate associated with less intense 
elevations in glucagon, cortisol, and catecholamine levels.32 
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Table 6-4 Enteral Nutrition Feeding Routes 

ROUTE 
Nasogastric 

Nasoduodenal, 
nasojejunal 

Gastrostomy 

Jejunostomy 

SUITABILITY 
Short term-functional Gl 

tract 

Short term-functional Gl 
tract but poor gastric 
emptying. reflux, 
aspiration risk; commence 
feed only llllhen 
volume-resuscitated and 
hemodynamically stable 

l ong term-good Jastric 
emp!}'ing; avoi if 
significant reflux or 
aspiration problem 

l ong term- functional Gl 
tract but poor gastric 
emptying. reflux, 
aspiration risk, 
~troparesis or gastric 
ysfunction 

INSERTION METHOD, 
CONARMATION 
Blind at bedside; 

fluoroscopy guided 

Blind at bedside; 
fluoroscopy guided, 
endoscopy guided 

Surgical, 
percutaneous, 
endoscopic, 
radiolog1c 

Surgical, 
percutaneous, 
endoscopic, 
radiolog1c 

METABOLISM IN SURGICAL PATIENTS CHAPTER 6 135 

ADVANTAGES DISADVANTAGES 
Easy to insert, replace; Aspiration risk, misplacement 

can monitor gastric pH com~ications, sinusitis, epistaxis. 
and residual volume; nasa necrosis, esophageal strictures, 
bolus feeding erosive esophagitis 

Reduced aspiration risk; Easil~ dogged or displaced, aspiration 
some tubes enable ris , misplacement complications, 
decompression of displacement and reflux into 
stomach llllhile feeding stomach, sinusitis. epistaxis, nasal 
into jejunum necrosis; requires continuous 

infusion; cannot check gastric 
residuals except wi th specialized 
gastric port 

Bolus feedin~ large-bore Procedure risks indude bleeding. 
tube less h ely to block perforation, aspiration risk, 

dislodgment with peritoneal 
contamination, wound site infection, 
granulation 

Reduced aspiration risk Bleeding, infection, perforation, 
mi~ration, aspiration, dislodgement 
an leakage 1nto peritoneal cavi~, 
ocdusion, pneumatosis, intestina 
ischemia or infarction, bowel 
obstruction; difficult to replace; 
cannot check residuals; requires 
continuous infusion 

Adapted from AI-Mowsawi A. Branski LK, Andel Hl, et al: Emahrungstherapie bei BrandvErletzten. In Kamolz LP, Herndon ON, Jeschke MG (eels): Verbrennungen: Diagnose, 
Therapie und Rehabilitation des thermisdlen Traumas, Gennan Edition, New York, 2009, Springer-Verlag. pp 183-194. 

Formulations 
N umerous enteral formulations are available and can be classi
fied according tro their composition. Standard formulas are 
sterile, nutritionally complete, and intended for patients with a 
normal GJ tract who cannot ingest adequate nutrients and calo
ries by regular oral dk ts. Specialty formulations may be more 
efficiendy absorbed in patients suffering from short gut syn
drome, severe trauma, bum i11jury, and chronic malabsorptive 
diarrhea. Whole-protein formulations are appropriate for most 
patient~. Peptide-based or free amino acid formulations may be 
considered for patients with a severely compromised GJ tract or 
severe protein-fat malabsorption. Mod ular formulas consist of a 
singular macronutrient as a source of calories (e.g., fi ber, protein) 
and are generally used by mixing with standard or specialty 
formulas. Immume-enhancing formulas consist of nutritional 
components enriched with arginine, glutamine, nucleotides, and 
omega-3 fatty acids. Although most fom1ulations are hyperos
molar at fuU strength, dilution by 25% ro 50% to make isotonic 
and hypotonic formulas is initially preferred to minimize d1e 
possibility of diarrhea from excess osmotic load and to facilitate 
absorption (Table 6-5). Continuous enteral feeding witb milk 
or a soy-based milk substi tute can maintain total body weight 
throughout the hospital course but may not be able to maintain 
lean body mass. 

In patients undergoing a severe hypermetabolic response, 
peripheral breakdown of fat is increased. Fatty acids are delivered 
to the liver and undergo re-esterification; d1eir accumulation 
leads to fatty liver changes. The use of high-fat diets such as milk, 
which consists of 44% fat, 42% carbohydrate, and 14% protein, 
needs to be carefully considered because additional fat may lead 
to increa~d levels fat in the Liver. The use of high-sugar, high
protein diets consisting of 3% fat, 82% carbohydrate, and 15% 

protein stimulate protein synthesis, increa.~ endogenous insuHn 
production, and improve lean body mass accretion.33 

Muscle protein degradation is markedly decreased with the 
administration of a high-carbohydrate diet compared with fat
contain ing diets. Endogenous insulin concentration is increased, 
improving the net balance of skeletal muscle protein caused by 
decreased protein breakdown. 

Complications 
Complications of nasogastric and enteric feeding include nausea 
and vomiting, epistaxis, sinusitis, nasal necrosis, aspiration 
leading to pneumonia, tube malpositioning, dislodgment, and 
feeding-associated diarrhea Fine-bore tubes are more comfort
able but can become blocked easily. Auscultation exarnb1ation 
of gastric fluid aspirate ru1d pH testing can be used to confirm 
tube position, particularly for large-bore nasal tubes, although 
maJl}' units prefer radiologic confirmation. Tubes can also be 
inserted under endoscopic or fluoroscopic guidance. Moni tori11g 
guidelines and potential metabolic complications of EN are 
given itn Tables 6-6 and 6-7. 

Refeeding syndrome can be precipitated following pro
longed fasting and IV fluid administration in chronically 
malnourished patients. 1l1e transition from metaboli7lng body 
fat to carbohydrate in the feed can cause an abrupt rise in 
insulin and disturbances of intracellular electrolytes. Electrolyte 
abnom1alities can resul t in cardiac failure and dysrhythmias, 
respiratory failure, neurologic disturbances, ru1d renal and 
hepatic dysfw1ction. With all nutritional support, the rate of 
feeding should commence slowly to prevent abrupt metabolic 
changes. 

Aside from mecl1anical issues related to the feed ing tube, 
the most common complications of enteral feedings result 
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Table 6-5 Composition of Various Enteral Nutrition Formulations* 
Composition 

CHO, g/L PRO, g/L FAT, g/L OSMOLALITY 
FORMULA kcaVmL (% CALORIES) (%CALORIES) (% CALORIES) (mOsiiVL) COMMENTS 

stanBd 

Similac 0.61 n (43) 15 (8) 36 (49) Infant nutrition 

Enfamil 0.67 73 (44) 14 (8) 35 (48) Infant nutrition 

lsomil 0.61 68 (41) 18 (10) 37 (49) Infant nutrition, lactose-free, used in cow 
protein allergy 

lsosource HN 1.2 160 (53) 53 (18) 39 (29) 490 High nitrogen 

Ensure Plus 1.5 208 (57) 54 (15) 46 (28) 680 Concentrated calories 

Pediasure 1.0 133 (53) 30 (12) 40 (35) 335 For ages l-13 yr. with fiber, not easily 
Enteral digestible 

Jevity 1 Cal 1.06 155 (54) 44 (17) 35 (29) 300 Isotonic nutrition with fiber 

Boost Kid 
Essential 

1.0 135 (54) 30 (12) 38 (34) 550-600 Oral or tube feeding 

Boost HP 1.0 137 (55) 62 (24) 25 (21) 650 Oral or tube feeding. high protein 

Promote 1.0 130 (52) 62 (25) 26 (23) 340 High protein. oral or tube feeding 

Promote 1.0 138 (50) 62 (25) 28 (25) 380 Very high protein, oral or tube feeding 
w/Fiber 

Nutren 1.0 1.0 127 (51) 40 (16) 38 (33) 370 With fiber, decreases diarrhea 

Immune-Enhancing 

Oucial 1.5 89 (36) 63 (25) 45 (39) 490 With ARG, critical illness, major surgery, 
transitional feedings, hydrolyzed 
protein 

Impact 1.0 130 (53) 56 (22) 28 (25) 375 With ARG, GLN, and fiber 

Impact GLN 1.3 150 (46) 78 (24) 43 (30) 630 lmmunonutrition, GLN, ARG, omega-3 
PU FA. nucleic acids 

Ox epa 1.5 105 (28) 63 (17) 94 (55) 535 ARDS, acute lung injury, sepsis; 
concentrated 

Specialty 

Glucerna 1.0 96 (34) 42 (17) 54 (49) 355 For glucose-intolerant or diabetic 
patients, low CHO 

Nepro 1.8 167 (34) 81 (18) 96 (48) 585 For CKD and patients on dialysis; 
concentrated 

Osmolitel Cal 1.06 144 (54) 44 (17) 35 (29) 300 Isotonic, for use in those intolerant to 
hyperosmolar nutrition 

~vonex RTF 1.0 175 (70) 50 (20) 12 (10) 630 Transitional feeding. low fat. easily 
digestible 

~vonex TEN 1.0 210 (820/o) 38 (15%) 2.8 (3%) 630 100% free amino acids, very low fat. 
used for severe trauma (e.g .• burns) or 
surgery, transitional feeding 

~vonex Plus 1.0 190 (76%) 45 (18%) 6.7 (6%) 650 100% free amino acids, very low fat. 
used for severe trauma (e.g .• burns) or 
surgery, transitional feeding 

Becare 0.67 72 (43%) 20 (15%) 32 (42%) 350 Prepared at 9.4 g/60 ml ; amino 
acid-based nutrition 

Modular 

Resource 0.27 66 (100%) 0% 0% Prepared at 4 g/60 ml; tasteless, 
Benefiber odorless, soluble fiber, used for 

constipation 

Resource 0.83 0% 200 (100%) 0% Prepared at 7 g/30 ml ; whe~ protein, 
Beneprotein mixed in foods. protein~a orie 

malnutrition 

Adapted from AI-Mousawi A. Branski lK, Andel Hl, et al: Emahrungstherapie bei Brandverletzten.ln Kamolz LP. Herndon ON, Jeschke MG (eds): Verbrennungen: Diagnose, 
Therapie und Rehabilitation des thermischen Traumas, German edition, New York, Springer-Verlag, 2009, pp 183-194. 

ARDS, Acute respiratory distress syndrome; ARC, arginine; CHO, carbohydrate; CKD, chronic kidney disease; GLN, glutamine; PRO, protein. 

*Data extrapolated from Nestle dinical Nutrition: Enteral product reference guide, Nestle, 2010, Minneapolis; and Abbott laboratories: Abbott nutrition pocket guide, Abbott 
Park. Ill, 2009, Abbott laboratories. 
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from solute overload. lnappropriately rapid admi.nisrration of 
hyperosmolar solutions may result in diarrhea, dehydration , 
electrolyte imba1ance, hyperglycemia, and loss of p otassium, 
magnesium , and other ion s thro ugh diarrhea. lf aggressive 
administration o f hyperosm olar solute continues, pneumatosis 
intesdnalis with bowel necrosis and perforation can resuk 

Table 6-6 Suggested Monitoring Schedule for Enteral Feeding 
PARAMETER ACUTE PATIENT STABLE PATIENT 
8ectrolytes Daily 1-2></week 

Complete blood Daily 1-2x/week 
count 

Glucose level 3x/day; more often 3></day; less often if 
if poor control good control 

Creatinine and 
urea levels 

Daily Weekly or twice weekly 

Nitrogen balance Daily 2-3></week 

Input and output Daily 2-3x/week 

Body weight Daily 2-3x/week 

Urine output Hourly every 4 hours 

Stool Per motion Daily 

_Table 6-7 Complications of Enteral Feeding 
PROBLEM 
Diarrhea 

Nausea and vomiting 

Constipation, fecal 
impaction 

Aspiration 
pneumonitis 

Hyponatremia, 
overhydration 

Hypematremia 

Dehydration 

Hyperglycemia 

Hypokalemia, 
hypomagnesemia, 
hypophosphatemia 

Hyperkalemia 

COMMON CAUSES 
Medications (e.g .. antibiotics, H, blockers, 

laxatives, hyperosmotic, hypertonic 
solutions), feeding intolerance 
(osmolanty, fat), acquired lactase 
deficiency 

Delayed stomach emptying. constipation, 
abdominal distention, odor and 
appearance of formulations 

Dehydration, lack or excess of fiber 

long-term supine position, delayed 
stomach emptying. altered mental status, 
malpositioned feeding tube, vomiting 

Excess fluid intake, refeeding syndrome, 
organ failure (e.g., liver, heart, kidney) 

Dehydration, inadequate fluid intake 

Diarrhea. inadequate fluid intake 

High content of carbohydrate in feedings, 
111sulin resistance 

Diarrhea, refeeding syndrome 

Excess potassium intake, renal impairment 
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Hyperosm olar n o nkerotlc coma can also occur w ith enteral feed
ings, as with PN. 

Parenteral Nubition 
PN developed during the 1960s and soon became a major 
advancemenr in the nurrition of patiems with a no nfuncrio ning 
GI tract. It invo lves the IV infusio n of nutrients in an elemental 
form. bypassing the usual processes of digestion. When long
tem 1 d elivery of hyperosmolar regimen s is required, total PN 
(TPN) is facilita ted through a dedicated central line (Fig. 6-9). 
A perip heral line can be used to provide for lower osmolar solu
tion s during shorter periods of time. 

Si n ce irs early use, PN h as benefited patien ts who meet the 
criteria for nutritional support because of temporary o r perma
nent li mitation of GI tract function. Because of lower costs and 
improved o utcomes of patients administered EN . the use ofPN 
bas declined from its previo us popularity and is now reserved 
for patients in whom co ntraindications to EN are present (see 
Box 6-2). To prom ote gut integrity and m o tility in patients on 
PN alon e, small volumes of EN arc encouraged, wh en possible. 
Prior t o ini tiating PN, patients should be hemodyn amically 
stable and able to tolerate the Buid vo lume and nutrient content 
of parenteral form ulations; PN sh ould be used with caution in 
patients with congestive heart failure, pulmonary disease, diabe
tes me llitus, and o ther metabolic disorders (Table 6-8). 

MANAGEMENT 
Measure stool output 
Rule out infection (bacterial, viral, parasitic). 
Supply fiber. 
Change medication or formula. 
Check osmolarity and infusion rate. 
Administer antimotility medications (e.g .• loperamide, codeine). 

Administer feedings at room temperature. 
Use isotonic formulations. 
Use a dosed system when possible. 
Reduce doses of narcotics. 
Use gastroprokinetic agents (metoclopramide). 
Mon1tor gastric residuals and stool output 

Monitor fluid balance daily. 
Carry out rectal disimpacbon. 
Consider the use of cathartics, stool softeners, laxatives, or 

enemas. 

Place head of bed at 4S degrees during feedings. 
Stop EN if gastric residual volume exceeds 200 ml. 
Use nasoduodenal or nasojejunal tubes in patients at risk. 

Monitor fluid balance and body weight daily. 
Consider fluid restriction. 
Change formula (avoid low- sodium intake). 
Initiate diuretic therapy. 

Increase free water. 

Determine cause. 
Increase fluid intake. 

Evaluate and adjust feeding formula. 
Consider insulin regimen. 

Correct electrolyte abnormalities. 
Determine cause. 
Reduce rate if refeeding syndrome is present and monitor 

patient 

Change feeding formula. 
Reduce potass1um intake. 
Consider insulin regimen. 
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Table 6-8 Clinical Conditions Requiring cautious Use of Par
enteral Nutrition 
CONDITION 
Hyperglycemia 

Azotemia 

Hyperosmolality 

Hypematremia 

Hypokalemia 

Hyperchloremic metabolic 
acidosis 

Hypophosphatemia 

Hypochloremic metabolic 
alkalosis 

SUGGESTED CRITERIA 

Glucose >300 mg/dl 

BUN > 100 mg/dl 

Serum osmolality >350 mOsm/kg 

Na >150 mEq/l 

K <3 mEq/l 

a >115 mEq/l 

Phosphorus <2 mg/dl 

Cl <85 mEq/l 

From Mirtallo JM,In Gottschlich MM: The AS.P .E.N. nutrition support core curricu
lum: a case-based .approach: the adult patient, Silver Spring. Md, 2007, American 
Society for Parenteral and Enteral Nutrition, p 268. 

BUN, Blood urea nitrogen. 

The use of PN is vital for patients with partial or complete 
GI dysfunction and who therefore are w1able to digest and 
absorb sufficient nutrients, including patients wi th bowel 
obstruction, enteritis, fistulas o r short bowel syndrome, and 
chemotherapy toxicity. Critically iiJ patients who are candidates 
for PN should be hemodynanlically stable and have a dear 
contraindication to enteral feeding (e.g., ileus, acute GI bleed
ing, bowel obstruction), because in most other cases the efficacy 
of PN feeding remains controversial. 1he use of primary PN is 
uncertain in patients with Crohn's disease, ulcerative colitis, 
anorexia nervosa, scheduled cardiac surgery, or prolonged respi
ratory support. [n patients undergoing chemotherapy, radiation, 
or marrow transplantation, the routine use of PN is associated 
with increased infectious complications, increased morbidity, 
and lack of survival improvement.34 

Formulations 
PN includes alll IV formulations, emulsions, or admixtures of 
nutrients that are administered in an elemental form. In the 
Uni ted States, PN formulations are traditionally composed of 
60o/o co 70% dextrose and 10% to 20o/o amino adds, both 
adrrlinistered daily and combi.ned as 2-in- 1 solutions. Formula
tions may also include lOo/o to 30% lipid emulsion, which may 
be combined together into a single formulation (3-in-1 solution) 
or supplemented separately, usually less often (once or nvicc 
weekly). Parenteral formulations can be ordered in solutions 
in a wide range of concentrations, including 10o/o-70o/o 
dextrose, 5.2o/o-20o/o amino acids, and 10o/o-30o/o lipid emul
sions (Table 6-9). 

In addition containing to sterile water, electrolytes, vitamins, 
and minerals, PN formulations can include medications, such as 
insulin and histamine 2 (H2) blockers. Various combinations of 
these components are incorporated into the regin1en for N 
administration based on the patient's individual requirement~. 

Ordering Parentera l Nutrition 
In general, minimal fluid requirements in the absence of Gl or 
other losses are 25 to 35 mUkg/day {Fig. 6 -10). Feeding volume 
is built up slowly over a few days. Using the exan1ple of a 70-kg 

Table ~9 Composition of Parenteral Nutrition Formulatio~ 

Caloric Content 

kcaV mOsmJ 
SAMPLE NUTRITION* g/dl kc.aVg mL L 
1_.,1 Solldions 

Dextrose 

r::NV 10% 10 3.4 (CHO) 0.34 505 

rM/30% 30 3.4 (CHO) 1.02 1510 

rM/70% 70 3.4 (CHO) 2.38 3530 

Amino adds 

Aminosyn RF 5.2% 5.2 4 (PRO) 0.2 427 

Travasol 10% 10 4 (PRO) 0.4 998 

Prosol 20% 20 4 (PRO) 0.8 1835 

Upid emulsion 

lntralipid 10% 10 11 (FAT)i 1.1 300 

lrrtralipid 20% 20 10 (FAT)1 2 350 

lntralipid 300.-b 30 10 (FAT)1 3 310 

CHO, Carbohydrate; PRO, protein. 
*3-in-1 solutions: total nutrient admixture (TNA) 

'Estimated at 9 kcaVg for fat plus additional calories from glycerol. 

person, one first calculates the overall caloric goal and the pro-
portion contributed by pro tein, usually as follows: 

Total kilocalories (25-35 kcal/ kg/ day)= 30 kcal/ kg/ dayx70 kg 
= 2100 kcal 

Protein (1.5 g/ kg/ day)= 1.5 kcal/ kg/ dayx70 kg 
= 105 g protein 

L ForTPN formulated without lipid (2-in-1 solution; in our 
practice, we recommend lipid infusion at least every t to 
2 weeks for most patiems to prevem essential farcy acid 
deficiency): 

Total kilocalories= 2100 kcal 

Calories from amino acids = I 05 g X 4 kcal/ g = 420 kcal 

Remaining calories= 2100-420 = 1680 kcal 

Then, make up d1e difference with dextrose: 

1680 kcal /(3.4 kcal/ g) = 494 g dextrose 

2. ForTPN formulated with lipid (3-in- 1 solution): 

T oral kilocalories= 2100 kcal 

Provide 20o/o of the total calories as li pid: 

Lipid = 2100 kcalx0.2 = 420 kcal 

420 kcal/(9 kcal/ g)= 47 g Lipid 
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Physician Orders 
PARENTERAL NUTRITION (PN)- ADULT 

Primary Diagnosis:------------------- Ht: ______ em Dosing Wt: ____ kg 

PNindication: ___________________ _ Allergies: __________________ _ 

Instructions: This form must be completed for a new o rder or continuation of PN and faxed to the Pharmacy by [Insert Time] to receive same 
day preparation. PN administration begins at[lnsert Time]. Contact the Nutrition Support Service at: (XXX)-XXX-XXXX for 
additional information. 

Administration Route: D eve or PICC Note: Proper tip placement of the eve or Plee must be confirmed prior to PN infusion 

0 Peripheral IV (PIV) (Final PN Osmolarity < mOsm/L) 

Monitoring: Daily weights, strict input & output, bedside glucose monitoring every ___ hours 

0 Na, K, Cl, C02, glucose, BUN, Scr, Mg, P04, every _______ _ 

0 T. Bili, Alk Phos, AST, ALT, Albumin, Triglycerides, Calcium every _______ _ 

Base Solution: Parenteral nutrition MUST be administered through a dedicated infusion port and filtered with a 1.2-micron in-line 
Select one filter at all times. Discard any unused volume after 24 hours. 

0 PERIPHERAL2-in-1 0 CENTRAL2-in-1 0 CENTRAL 3-in-1 

Dextrose __ g Dextrose __ g Dextrose __ g 

Amino Acids (Brand \ __ g Amino Acids (Brand ) __ g Amino Acids (Brand ) __ g 

For patients with PIV and established glucose For patients with eve or Plee and established Fat Emulsion (Brand ) __ g 
tolerance: Provides __ kcal; Maximum glucose tolerance: Provides __ kcal; For patients with eve or Plee and 
Rate not to exceed ___ mUhour Maximum Rate not to exceed ___ mUhour established glucose/fat emulsion tolerance: 

Provides __ kcal; Maximum Rate not to 
exceed ___ mUhour 

RATE & VOLUME: ---mUhourfor --- hours = __ rnLiday Use of additional fat emulsion not required 
Must specify with 3-in-1 base solution 

orCYCUC INFUSION: ___ mL/hour for ___ hours, then ___ mL/hour for ___ hours= ___ mL/day 

Fat Emulsion (Brand \ - via PIV or CVC with 2-in-1 base solutions (Select caloric density & volume) 

D 1o% 0 250ml Infuse at ---mllhour over ---hours Frequency 

D 20% 0 500ml (Note: Infusions <4 or> 12 hours not recommended) Discard any unused volume after 12 hours. 

Additives: (per day) Nonnal Dosages Additives: (per day) 
Sodium Chloride ___ mEq 1-2 mEq Sodium/kg/day Regular Insulin ___ units 
as Acetate ___ mEq pH or C02 dependent Recommend if hyperglycemic, start with 
as Phosphate ___ mrnol of P04 Consider if hyperka/emic 1 unit tor every 10 g of dextrose 

Potassium Chloride ___ mEq 1-2 mEq Potassium/kg/day 
as Acetate ___ mEq pH or C02 dependent Pharmacy Use Only: Ca/P04 
as Phosphate ___ mmol of P04 2D-40 mmoVday {1 mmol Phos = 1.5 mEq K) Limit checked -

Calcium Gluconate __ mEq 5-15 mEqlday (Note: Some brands of amino acids 
Magnesium Sulfate ___ mEq 8-24 mEqlday contain phosphate) 
Adult Multivitamins ___ mUday Contains Vitamin K 150 meg 
Adult Trace Elements ___ mUday Zn _ mg, eu_ mg, Mn _ mg, er_ meg, Se _ meg (with normal hepatic function) 
H

2 
Antagonist ______ mg _ mg/day with normal renal function 

Other: 

Physician's Signature: ______________ PagerNumber: __________ Date/time: _____ _ 

Orders transcribed by: Date/time: Orders verified by: Date/time: _____ _ 

SEND COMPLETED ORDERS TO PHARMACY 

FIGURE 6-10 Adult PN order form. This template can seM as a guide to meet tile criteria for mandatory and strongly recommended compo
nents of a PN order form. These components are not intended to be guidelines for fom1ulas or monitoring. The PN o rder form content should 

be adapted to meet the needs of the individual institution based on patient population, prescribing patterns, and judgment by health care 
professionals. See text. (Adapted from Mirtallo J, Canada T. Johnson D, et al: Safe practices for parenteral nutrition. JPEN J Parenter Enteral Nutr 
28(Suppij:S39-S70, 2004.) 
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Calories from amino acids: 

10 5 g x4 kcal / g = 420 kcal 

EN, TPN has been associated with increased r ates of bacterial 
translocation.35 T PN has also been associated with i.ncreased 
proin.Aammato ry cytok ine levels and increased pulmonary dys
fu nction . The use of TPN, even as a simple supplement of 
maximally tolerated enteral feeding to reach nutritional require
metlts, has been associated wid1 impairm enr ofheparic function 
and immune response.* 

Remaining calories: 

2100-420- 4 20 =1260 kcal 

Then , m ake up the difference with dextrose: 
O verfeedin g pat ients can lead to majo r complications. 1l1e 

overfeeding of carbohydrates results in elevated resp iratory quo
tien ts, increased fat synthesis , and increased co~ eli mi natio n, 
leading to difficulty in weaning from ventilator support. Excess 
carbohydrate or fat can also lead to fat deposition i11 the Liver. 
Excess pro tein replacemet1t leads to elevations in b lood urea 
nitrogen levels (Table 6-10).'0 

1260 kcal /(3.4 kcal I g) = 370 g d extrose 

Final voll.llfl1e (for 3-in-1, maximally concemrated): 

Amino acids (10o/o stock solution)= 10 5 g = 1050 m L 
Carbohydrate Content 

Dextrose (70o/o stock solutio n) = 370 g = 528 mL Desig nated chemi cally as D-glucose, dextrose is the most com
monJy used carbohyd rate substrate a nd provides 3.4 kcal/g 
(1 6 kJ). Dextrose solutions come in a wide range of concentra
tions and can be diluted as required to provide calories and 
adjust b lood glucose levels. PN may com ain dextrose or o ther 
carbo hydrates as part uf the formulation or be administered 
separately. C oncentrated hypertonic dext rose solutions of 20o/o 
to 7 0% are usually administered via central lines, because 
these will cause irritation if administered into peripheral veins 
and can lead to duombophlebitis. C ontraindications to the use 
of concentrated dext rose solutions include alcoho l withdrawat 
and d eliriun1 tremens in a dehydrated patienr and suspected 
innac ranial or intraspinal hemorrhage. Once m etabolized , car
boh ydrates are ultimately oxidized to carbon djoxide and water, 

Lipids (20% stock solution)= 47 g = 235 mL 

T o tal volume:: = 1813 mLI day 

Th e fi11al con centrations (w t/vol) are 5.8o/o amino acids, 
20.4o/o dextrose, and 2.6o/o lipid. 

Complications 
Parenteral feedi11g is associated with complications arising from 
lin e insertion and infection , which in clude pneumothorax, 
hematoma, bacteremia, endocarditis, d amage to vessels and 
other structures, air embolism, and throm bosis. In contrast to 

_Table 6-10 Complications of Parenteral Nutrition 
PROBLEM 

Hypoglycemia 

Hyperglycemia 

Hypertriglyceridemia (acceptable 
concentrations <400 mg/dl) 

Essential fatty acid deficiency (e.g .. 
dermatitis. alo;pecia, hepatomegaly, 
thr0111bocytopenia, anemia) 

8 ectrolyte and mineral abnormalities 

Azotemia 

Metabolic bone disease (osteoporosis 
in 41% of those on long- term home 
PN) 

8evated liver function parameters 
(increased transaminase, bilirubin, 
alkaline phosphatase levels) 

DEXA, Dual-energy x-ray absorptiometry. 

COMMON CAUSES 

Excess insulin administration, sudden 
cessation of PN infusion 

Excess dextrose concentration, stress
associated (e.g., sepsis), chromium 
deficiency 

Dextrose overfeeding, rapid administration of 
intravenous fatty emulsion {>110 mg/kg/ 
hr) 

1- to 3-wk administration of PN lacking 
linoleic and alpha-linolenic fatty acicf 
emulsions 

Inadequate monitoring 

Dehydration, excess protein, inadequate 
carbohydrate calones 

Undear, multifactorial (e.g., postmenopausal, 
long-term PN, Cushing's syndrome, Crohn's 
disease, malabsorption, multiple myeloma, 
osteogenesis imr.erfect, corticosteroids, 
hepann, immobilization) 

Common following initiation; usually 
temporary 

MANAGEMENT 

Stop insulin. 
Start 10% dextrose IV. 
Give a 50% dextrose ampule before resuming central 

line feeding. 

0.1-0.2 U insulin/g dextrose therapy, SQ or IV insulin 
sliding scale, limit dextrose content consider 
discontinuing PN until improved blood glucose 
control 

Infusion of IVFE should be restricted to less than 30% 
of total calories or 1gzkg/day, given slowty, over no 
less than 8 to 10 hr, 1f administered separately 

20/o-4% daily energy requirements should be derived 
from linoleic acid, 0.5% from alpha-linolenic acid43 

(500 ml of 10% IVFE over 8 to 10 hr, twice 
weekly) 

Modification of subsequent infusions 
Parenteral iron uncommonly increases risk of 
anaph~acticreactions 

Free water, 50.-b dextrose via a peripheral vein 

Early screening of risk factors, DEXA. management of 
premorbid conditions 

Special PN considerations: Supplement calcium, P. 
.~g. _Cu I . . . b 1· M1n1m1ze a ummum contammation, treat meta o IC 
acidosis, avoid heparin 

If persistent, usually caused by amino acid load; 
reduce protein delivery. 
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so caution should be used co control infusion rates to avoid 
hyperglycemia and hypercapnia when weaning patients from 
ventilator support. 

In the acUite setting, supplying sufficient carbohydrate 
reduces liver glycogen breakdown; it may also exert a protein
sparing effect by supplying an al ternate fuel ro amino acids. 
Endogenous glucose production has been shown to be signifi
cantly suppressed when glucose is infused at a rate of 1 mg/kg/ 
min and maximally suppressed at 4 mg/kg/min, witl1 or wimout 
exogenous insulin infusion,37 because infusion at a faster rate 
does not suppress gluconeogenesis further. 

Glucose infusion rates require greater monitoring and 
caution in ped~atric patients because of rhe increased risk 
of hyperglycemia and hypoglycemia. A suggested guideline 
maximum concentration is 25% dextrose at an infusion rate of 
up to 7 mg/kg/min. 

When calculating TPN requirements, protein require
ments are usually calculated first and subtracted from total calo
ries, with remaining calorie requirements met with carbohydrate, 
with or without lipids. f ormulations are ofren concentrated 
because patients in a critical care setting may ofren he ar risk of 
volume overload. 

Lipid Content 
TV fat emulsions (TVFEs) provide a dense source of calories 
and are particularly useful when carbohydrate administration 
approaches maximal limits or blood glucose control is an issue. 
They are also useftLI in preveming essemial farcy acid deficiency. 
The optimal use of lipid em ulsions during parenteral feeding 
remains controversial, however, especially with regard to cri ti
cally ill surgical patients and patients under metabolic stress, 
because changes in fatty acid metabolism following severe inju
ries may predispose these particular patients to the adverse 
effects of lipid infusions. Delivery of lipid emulsion has been 
associated with immune suppression, modulation of the inflam
matory response, and adverse clinical ouccomes.38 In polytrauma 
patients, infusion of IVFE in the early postinjury period has 
been associated with increased lengm of imensive care tmit 
(lCU) and .hospi!tal stay, prolonged mechankal ventilation, and 
increased suscepttibilhy to infection compared with p atients not 
given IVFE until after lO days.39 However, it remains uncertain 
whether these differences are attributable to withJwlding Jjpid 
or provision of less total calories. 

Commercially available parenteral regimens in the United 
States are composed of soybean oil rich in the omega-6 fatty acid 
linoleic acid, a precursor of arachidonic acid used in the synthe
sis pathway of prostaglandins, thromboxancs, and leukotriencs. 
Because of this proinflan1ffiatory potential, there is a trend co 
limiting omega-6 content and switching to lipids such as fish oil 
or to those rich in omega-3 fatty acids, such as eicosapentaenoi.c 
acid, which competes to reduce cell membrane availability of 
arachidonic acid and its products. Reduced prostaglandin and 
leukotriene levels lead to diminished cl1ernotaxis and cytokine 
production and decreased platelet aggregation, coagulation, and 
smooth muscle contraction. Other potential effects of excessive 
levels of long-chain omega-6 fatty acids include depletion of 
available antioxidants in plasma Upoproteins. 

Polyunsan1rared omega-3 farcy acids found in fish oil 
have been shown to prevent the development of inflammatory 
conditions by modulating the synthesis of eicosanoids and 
other inflan1matory mechanisms. A recent meta-analysis that 
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examirled the use offish oil emulsions and included six non-U.S. 
randomized controlled trials in elective surgical patients has 
sl1own a significant reduction in infectious complications and 
shorte11ed hospital stay, almough it demonstrated no mortality 
benefit overall.40 However, an earlier meta-analysis of the inlmu
nologic effecrs of lipid emulsions found no clear evidence chat 
long-chain TGs detrimentally affect immune function.41 

Potential deficiency of essential faery acids may occur afrer 
the first week of parenteral feeding, although patients wim large 
adipose stores can go for much longer without supplementation. 
In our practice, a minimum of 500 mL of lipid emulsion every 
2 weeks is recommended to avoid essential fatty acid deficiency 
during parenreral feeding. 

Protein Content 
1he recommended daily amount of protein intake for most 
healthy adults is 0.8 g/kg body weight/day (46-56 g/day). 
Muscle protein degradation following severe injury leads to loss 
of lean mass, which persists for months after visible wotmd 
healing,11 and approximately 20% of total energy requirements 
is needed in the form of protein intake to limit tlus loss, at 
least. This is equivalent to 1.5 to 2.0 g protein/kg IBW/day in 
fasted surgical patients and up to 3.0 g/kg/day in severely 
injured patients. Most standard enteral and parenteral feeding 
mixtures provide this increased quantity of protein if sufficient 
volume of formula is delivered to meet the patients increased 
caloric requirements. Traditionally, the nitrogen- to-calorie ratio 
for most feeding formulas prepared for surgical patients has 
been 1: 150 (i.e., I g of nitrogen for every 150 kcal), and for 
PN a protein-fat-glucose caloric ratio has generally approxi
mated 20:30: 50. Patients with chronic renal failure and 
hepatic failure have conventionally been treated with low
protein diets. 

Fluid and Eledrolytes 
Patients with Gl disorders, particularly those leading co exten
sive bowel resection, may experience den1anding water and dec
tro!yte imbalances. These patients require extra vigilance; 
monitoring is critical for the prevention, early diagnosis, and 
treatment of tl1ese imbalances. In adult patients witl1 PN, at least 
30 co 40 miJkg of fluid, 1 to 2 mEq/kg of sodiun1 and potas
sium, 10 to 15 mEq of calcium, 8 to 20 mEq of magnesiun1, 
and 20 to 40 mmol of phosphate should be administered daily.43 

Patients who are rapidly anabolic, including those previously 
malnourished, may require additional potassitm1, magnesiLml, 
and phospborus, whereas those with renal impaim1eJ1t may 
require restriction. 

SPECIAL CONSIDERAnONS 
11us section considers nutritional support i.n rdation to a 
number CJf surgical conditions and describes current metabolic 
and nutritional strategies. 

Bum Injury and the Metabolic Stress Response 
FollowiJ1g all forms of major trattma, inflammatory and hor
monal responses are activated and greatly influence metaboHc 
pathways and mechanjsms. Nutrient intake, absorption, and 
substrate uptake will be affeC[ed during the different srages of 
the stress response. 

Elevated metabolic rate is a common feature of critical 
illness, arising in such conditions as trauma, major surgery, 
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severe burns, and sepsis. The stress response leads to activation 
of an array of physiologic processes that respond to altered 
metabolic requirements and attempt to restore homeostasis. 
Although these changes may initially be beneficial, in critical 
illness and sepsis, inflammation and associated changes are often 
exaggerated and prolonged, leading to clinkal complicarions, 
delayed recovery, and increased mortality. Nutrient requirements 
wiJJ increase but become more difficult to predict. and enteraJ 
or parenteraJ feeding will often be necessary to meer vastly 
increased nutritionaJ requirements. 

Severe burns affecting approximately 30o/o or more of 
the TBSA arc associated with a major elevation in metabolic rate. 
The inflammatory and hormonaJ mechanisms underlying this 
response are complex but are known to include a prolonged rise 
in circulatiJlg catecholamine, glucocorticoid, and glucagon levels, 
leading to elevated rates of gluconeogenesis, glycogenolysis, and 
protein catabolism. Other features of metabolic dysfunction 
include insulin resistance and increased peripheraJ lipolysis. 

Burns are classified according to their size, mechanism, and 
depth of injury. They range from superficial burns affecting 
the epidermis <lnly to partial-thickness (second-degree) hurns 
that involve the dermis aJld full-thickness (third-degree) burns 
extCJlding throl.lgh aJJ layers of the skin. An estimate of the body 
surface burned can be obtained using the rule of nines (modified 
for pediatric use according to age) or a Lund-Browder chart. 

Patients with severe burns need fluid resuscitation to 
prevent hypovolemic shock, guided by the percentage of body 
surface area burned and body weight. Several different formulas 
are used to caJculate requiren1ents over the first 24 hours (see 
Chapter 21). Urine output ren1ains the best indicator of 
volume status, with min imum target vaJues of 0.5 mUkg/hr in 
adults and 1 mllkg/hr in children. Overresuscitation should 
be avoided to prevent complications of fluid overload, including 
pulmonary edema aJld cardiac dysfunction. 

Early resuscitation of severely burned patients is of prin1ary 
importance. In circumstances in which medical care is not 
immediately available-for exan1ple, in isolated locations or in 
mass casuaJty situations-this may be possible through oraJ 
rehydration and basic electrolyte replacement, because most 
patients will initially be able to drink. 

Nutritional support should be initiated as early as possible 
to supply vastly elevated. caloric and protein demands. Patients 
will usually have a functioning GI tract but may be incapable 
of sufficient oral intake to meet requirements, particularly after 
larger burns, aJl.d. enteral feeding is the route of choice co supple
ment or replace oraJ intake. Altl1ough nutritionaJ support aims to 

offset losses and maintain energy requirements, nutritional sup
plementation alone has not been found to be completely effective 
for arresting loss of muscle mass. Strategies to counteract the 
features of hypermetabolism and catabolism include pharmaco
logic. surgical, and environmental interventions. 

Early volume resuscitation and enteral feeding are impor
tant to preserve the integrity of the GI mucosa; otherwise, 
diminished splaJ1chJuc blood flow will increase the risk of 
mucosaJ atroph)'• bacteriaJ overgrowth, translocation, aJld sepsis. 
Early excision of deep burns and wow1d closure wi th a skin graft 
or skin substitute, maintaining CJlvironmcntal temperature to 
prevent excessive heat loss, and early use of nutritionaJ feeding 
have aU significantly improved outcomes after injury. For 
exan1ple, modulating the bom1onaJ and inflaJnmatory response, 
improving wound healing, aJld reducing muscle cataboHsm have 
led co great reductions in morbidity and mortality. 

CaJori.c requirements in patients wiili severe burns can be 
difficult to predict accurately, because energy expenditure is 
drasticaJiy increased and varies with the condition of the patient, 
operative intetvCJltious, and septic episodes. A variety of formu
las can he used to estimate caJoric requirements in bmn patients 
aJthough, if available, indirect caJorimetry provides a superior 
estin1ate of energy needs and can also be used to determine the 
respiratory quotient to detect overfeeding (Tables 6-1 L and 
6-12) . Indirect calorimetry provides a value for REE, with the 
measurement typically increased by LOo/o to 20o/o to allow for 
variability and activity when used to guide feeding. 

Severe burn injuries of30o/o or more of the TBSA represent 
one of the most severe forms of trauma, wiili extreme and pro
longed muscle wasting seen in these patients. Negative nitrogCJl 
baJance, insulin resistance, Lipolysis, and protein wasting may 
persist for up to 1 year following severe injuries, leading to a 
significant delay in rehabilitation. 

Pharmacologic treatments have been investigated for their 
potential to counteract catabolic effects and attenuate the 
metabolic response in the acute and rehabilitation phases. These 
include anabolic agents such as recombinant human growth 
hormone (in children), oxaJldrolone, insulin, IGF-1, and ~
adrenergic receptor {AR) blockers, such as prop.ranoloL Non
pharmacologicstrategies include early wound closure, prevention 
of infection, environmental thernJoregu1ation, high-carbohydrate, 
!ugh-protein continuoLL~ CJlteraJ feeding, and early institution 
of resistive exercise progran1s. Modulation of the stress 
response also includes pain aJld aJlXiety control tlltougb tbe 
administration of anaJgesia and anxiolytics and psychological 
therapy. 

_Table 6-11 Formulas for Estimating Caloric Requirements in Adult Burn Patients ______________ _ 
FORMULA 
IWris-llened~l 

Men 

Women 

Clrreri 

Age, 16·59 yr 

Age> 60yr 

EQUATION 

BEE (kcal/ day) = 66.5 + (13.75 x W) + (5.00 x H) - (6.76 x A) 

BEE (kcal/day) = 655 + (9.56 X W) + (1.85 x H) - (4.68 x A) 

Calories (kcalfday) = (25 x W) + (40 x% BSAB) 

Calories (kcal/day) "' (20 x W) + (65 x Ofo BSAB) 

COMMENTS 

Multiply BEE by stress factor of 1.2-2.0 (1.2- 1.5 
sufficient for most bums) to estimate caloric 
requirement 

Specific for burns, may significantly overestimate energy 
requirements, maximum 50% BSAB 

A. Age (yr); BEE, basal energy expenditure; % BSAB, percentage of total body surface area burned; H, height (em); W, weight (kg). 
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Table 6-12 Formulas for Estimating caloric Requirements in 
Pediatric Bum Patients 

FORMULA 
WHO 

RDA 

Curreri junior 

Galveston infant 

Galveston revised 

Galveston adolescent 

SEX / AGE 
(YEARS) 
Males o-3 

3-10 
10.18 

Females 0-3 
3-10 
10.18 

o-6 months 
6 months-I year 
1-3 
4-10 
11-14 

<1 
1-3 
4-15 

0.1 

1-1 1 

12+ 

EQUATION (DAILY 
REQUIREMENT IN 
KCAL) 

(60.9 X~ -54 
(22.7 X + 495 
(17.5 X W) + 651 
(61.0 X W)- 51 
(22.5 X W) + 499 
(12.2 X W) + 746 

108 x W 
98 x W 

102 x W 
90 x W 
55 x W 

RDA + fs x OJoBSAB) 
ROA + 25 X %BSAB) 
ROA + {40 x %BSAB) 

2100 kcal/ m2 BSA + 
1000 kcaf/m2 BSAB 

1800 kcal/ m1 BSA+ 
1300 kcal/m2 BSAB 

1500 kcal/ m2 BSA+ 
1500 kcal/m' BSAB 

Adapted from Al-Mousawi A. Branski LK, Andel Hl, et at: Ernahrungstherapie bei 
Brandvertetzten. In Kamolz LP, Herndon ON, Jeschke MG (eels): Verbrennungen: 
Diagnose, Therapie und Rehabilitation des thermischen Traumas, German Edition. 
New York: Springer-Verlag,!Wien, 2009, pp 183-194. 

BSA, Body surface area; RDA, recommended dietary allowan<e. 

Early excision of fu ll-thickness burn wounds and applica
tion of skin grafts or substitutes is known to decrease metabolic 
rates greatly in these patients when compared with those whose 
surgery is delayed to 1 week after injury. By keeping an1bient 
temperatures at 33o C, the metabolic rate in patients with large 
bums is also reduced.44 Providing a strucmred exercise program 
in conjunction with occupational and physical therapy during 
rehabWtation improves passive and active .range of motion, 
muscle strength, and lean body mass.45 Propranolol is a nonse
lective ~-AR antagonist that has been shown to reduce thermo
genesis, tachycardia, and REE in burn patients. Cated10lamines 
trigger increased peripheral lipolysis in injured patients; pro
pranolol may help reduce the impact of excessive circulating 
catecholamines on lipolysis and substantially decrease faery infil
tration of the ljver. 

[n severely burned clilldren, recombinant human growth 
hormone and oxandrolone, a synthetic testosterone analogue 
and anabolic agent, have both shown promising results during 
hypermetabolic states, significantly improving growth and lean 
body mass. In adult patients, however, a European multicenter 
trial has reported significantly greater mortality in cri tical care 
patients admiJustered growth hormone,46 and its use is tl1.ereforc 
only considered for children. 

lmmunonutrition 
Major injury, whether traumatic or induced by surgery, results 
iJ1 signilicam suppression of immune function, whidl may influ
ence a patient's recover}'· Specific nutrients, including arginine, 
omega-3 polyunsaturated fatty acids, glu tamjne, and nucleo
tides, have been shown to modulate the host response in animal 
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Table 6-13 Effect of Omega-3 Polyunsaturated Fatty Acids on 
Eicosanoid Synthesis* 

OMEGA-3 
METABOLITE PHYSIOLOGIC ACTION EFFECT 

AA Eicosanoid 

PGE2 Proinflammatory, vasodilator1 t 
TXA, Potent platelet aggregation and 

vasoconstrictor 
t 

liB. Proinflammatory. neutrophil t 
chemotaxis 

EPA Eisocanoid 

TXA, Mild platelet aggregation i 

PGI3 Mild platelet disaggregation i 

RvE1 Potent anti-inflammatory T 

DHA Doc:osanotd 

RvDl Potent anti-inflammatory i 

NPD1 Potent anti-inflammatory, i 
neuroprotective bioactivity 

AA, Arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; 
a; leu'kotriene; NP, neuroprotectin; PC, prostaglandin; PC/, prostacyclin; 
Rv, resolvin; TX, thromboxane. 
•Biochemical basis of a less inflammatory phenotype. 

'Prostaglandin E2 has been reported to have dual activity as both a pro- and anti
inflammatory. The latter, although weak, has been reported to be the effect of the 
induced production of lipoxins. 

and diJ1ical experiments, with potential improvements i11 
immune function bur inconsistent clinical evidence. The working 
hypothesis is that the clinical use of a solution containing 
increased amounts of arginine stimulates T lymphocytes and 
provides a substrate for the generation of NO, whereas the inclu
sion of omega-3 fatry acids promotes the synthesis of more 
favorable prostaglandins, and inclusion of nucleotides nonspe
ci.fically CJlhances inmlllne competence. Long-cl1ain omega-3 
fatry acids decrease the production of inflammatory eicosanoids, 
cytok.ines, and adhesion molecules. This occurs directly by 
replacing arachidonic acid as an eicosanoid substrate, inhibiting 
arachidonic acid metabolism, and giviJ1grise w anti-iJtfiammawry 
resolvins. lhe indirect effect occurs through the modulatjon of 
transcription factors that regulate the expression of inBanll11a
tory genes. Omega-3 polyunsaturated fatry acids are potentially 
useful anti-inflammatory agents and may be beneficial for 
parienrs at risk of acute and chronic inflammatory conditions 
(Table 6- 1 3) .4 ~ 

A nwnber of clinical trials have evaluated the efficacy of 
immune-enhancing enteral formulas and have shown superior 
outcomes compared with standard forn1ularions in cerrrun 
patient populations. Their use has been recommended from 
7 days prior to 7 days after surgery in the following 
drcumsrances25

'
28

'
48

: 

• Major neck surgery for cancer (e.g., laryngectomy, 
pharyngectomy) 

• Severely malnourished patients (serum albumi11 level 
<2.8 g/dL) or patients undergoing major oncologic 
G ) surgery (e.g., esophagus, stomach, pancreas, duo
denum, bepatobiliary tree) 

Vl c 
;lO 
C) 

n 
)> 
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"" 0'; 
n 
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~ 
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• Patients with severe trauma to two or more body 
systems (e.g., abdomen, chest, head, spinal cord, 
extremities) and an injury severity score ~18 or 
abdominal trauma index ~0, which generally 
includes grade 3 pancreatoduodenal, grade 4 colonic, 
and grade 4 hepatic or gastric injuries 

• Patients with mild sepsis (APACHE IJ score < 15}; 
although possibly harmful and not recommended for 
patients with severe sepsis 

• Patients with acute respiratory distress syndrome 
(ARDS) 
No sufficient data are available to support the use of 

immune-enhancing formulations in burned patients. However, 
reduced mortality, wound healing time, and length of hospital 
stay have been shown in burn patients receivi~ glutamine sup
plementation to standard EN formulations.49• 

Omega-3 and Omega-6 Fatty Acids 
'TI1ese include linoleic acid (an omega-6 polyunsaturated fatty 
acid) and alpha-linolenic acid (an omega-3 polyunsaturated fatty 
acid). The omega number refers to the position of the first 
carbon-carbon double bond (unsaturated) relative to the omega 
end of the fatty acid. Rich sources of both fatty acids may be 
fotmd in plants, whereas fish also contain high levels of omega-3. 
Linoleic and alpha-linolenic acids are essential fatty acids that 
the body carmot produce from alternative sources. These are 
important corn pounds in the production of highly unsaturated 
fatty acids and are critical for the growd1 of skin, blood, and 
neural cells as well as for tl1e configuration of highly speciali7-ed 
lipid membranes, such as mose of neural synapses. retinal 
pigment epithelium cells, and myocardial cells. By means of 
elongation, desaturation, and ~-oxidation steps, these essential 
fatty acids also give rise to eicosanoids. These compounds are 
involved in cell signaling and contribute to the regulation of a 
number of responses, including arterial pressure, hemostasis, 
bronchoconstri.ction, vasoconstriction, platelet aggregation, and 
inflammatory and immune responses. 

Linoleic acid is converted to arachidonic acid in the 
omega-6 pathway of essential fatty acids. Arad1idonlc acid, an 
omega-6 polyunsaturated fatty acid, is a precursor in the bio
synmesis of eicosanoids such as prostaglandins, prostacyclins, 
lipoxins, mromboxanes, and leukotrienes. Alpha-Linolenic acid 
is first converted to cicosapenraenoic acid and subsequently to 

docosahexaenoic acid in the omega-3 pathway. Regulation of 
these pathways involves multiple factors (e.g .• diet. hormones, 
toxim), but tbe key regulating enzymes are .!l-6-desaturase and 
.!l-5-desaturase. Table 6-13 shows precursor fatty acids, their 
metabolites, respective physiologic actions, and theoretical effect 
of omega-3-emicbed diets. 

Optimal Omega-6-to-Omega-l Ratio in the Diet Potential benefits 
of nutritional supplementation wiili fish oil-derived omega-3 
fatty acids, compared wid1 the more common omega-6 fatty 
acids from plant sources include improved immune responses 
and outcomes. These benefits may derive from a reduced .i nci
dence of hyperglycemia and decreased production of proinAam
matory cyroki11es such as prostaglandin E2 and leukotrienes. 
'TI1ese are derived from arachidonic acid metabolism, d1rough 
which omega-6 fatty acids are also metaboli7-ed. 

Various and controversial reports contrasting the effects of 
arachidonic (n-6), eicosapentaenoic (n-3), and docosahexaenoic 

(n-3) acid in particular (as it pertains to inmlunomodulation) 
have raised the issue of whether the n-6-to-n-3 polyunsaturated 
fatty acid (PUFA) ratio may need to be controlled in the admin
istration of nutritional support. It is clear that n-3 fatty acids 
play important roles in prostaglandin metabolism, thrombosis, 
atherosclerosis, immunology and inAammarion, and membrane 
function. 'TI1ere is evidence to support the use of n-3 fatty acids 
in inflammatory disorders sucl1 as Crohn's disease. ulcerative 
colitis, rheumatoid arthritis, and asthma. 

Organ Transplantation 
£n organ transplantation, consideration must be given to the 
assessment of the patient's nutritional srarus and preparation for 
metabolic disturbances in the postoperative period. Almougb 
organ recipients do not necessarily have a propensity to develop 
high metabolic rates unless secondary conditions arc present 
(e.g .• sepsis, other surgical complications), an elevated REE has 
been reported following surgery, by up to 42o/o above predicted 
values 10 days after liver transplantation,51 and to be persistently 
increased up to 1 year post-transplantation. Therefore, 1.3 to 
1.5 times the calculated basal energy expenditure, or 30 co 
35 kcal/ kg, are recommended for these patients to prevent loss 
of weight and lean body mass. A number of immunosuppressive 
medications are used to prevent and treat rejection of newly 
transplanted organs. 'TI1e side effects of these drugs often have 
an impact on nutrient intake and digestion, most conm1only in 
tl1e form of Gl disorders (e.g., constipation, diarrhea, nausea 
and vomiting, dyspepsia, pancreatitis). MalnutritioJJ is therefore 
an important facror influencing outcome after organ transplan
tation, and optimization of overall nutritional status prior to 
and following surgery is critical for the living donor and the 
recipient. 

Inflammatory Bowel Disease 
During the course of cl1ei.r disease, patients with inflanm1atory 
bowel disease often experience a range of complications that 
impair their nutritional status, including significant weight loss 
caused by sitophobia (aversion to food), diarrhea, protein
wasting enteropacl1y, Gl bleeding, development of fistulas, and 
abdominal pain. Acute exacerbations may also cause increased 
energy den1ands and worseniJ1g of these complications. ln 
Crohn's disease, criteria to initiate nutritional support are sinlilar 
to those for other patients (see earlier). When EN is indicated, 
formulas low in fat content show improved efficacy compared 
with elemental or semielemental formulas. PN usually does not 
have a primary role unless EN is contraindicated. Additionally, 
PN may be used temporarily (<2 weeks} in combination wid1 
antibiotics with me intention of allow healing of the Gl 
mucosa that would further facilitate surgery. ln Crohn's patients 
with severe short bowel syndrome, home PN is particularl)l 
suitable. 

Short Bowel Syndrome 
Short bowel syndrome results from resection of functioning 
gut to a length below mat necessary for adequate digestion 
and absorption of nutrients. fn adults, resection is most com
monly performed because of Crohn's disease, me.senteric 
thrombosis, and volvulus, whereas in infants, necrotizing 
enterocolitis is the most common caust'. Within 24 to 48 
hours after resection, the intestinal adaptation process begins 
with epimelial hyperplasia in the intestinal crypts. If a patient 
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is left with 1.5 feet of small bowel anastomosed to the left 
colon, hypertrophy of the remaining small bowel will, in most 
cases, enable survival while reducing the need of daily PN 
support to twice weekly. The goal of nutritional support in 
short bowel syndrome is to max.itni'l..e intestinal adaptation 
through aggressive EN while limiting complications. EN has a 
potent trophic effect on the intestinal mucosa, resulting in 
lengthening of intestinal villi. increasing absorptive surface 
area, and improving digestive and absorptive function. Patients 
receiving home TPN commonly survive for lU to 20 years or 
even longer, whid1 was not possible prior to the development 
ofTPN. Some patients undergo sufficient hypertrophy of the 
remaining small bowel that the need for home TPN is ulti
mately decreased or removed. Efforts to promote more rapid 
hypertrophy of the small bowel by usiJ1g gut-specific hor
mones, fiber, fuels, and isotonic solutions have been reported. 
More randomized prospective trials are needed to determine 
the efficacy of n.utrient and non-nutrient stimuli in maxjmjz
ing intestinal adaptation and optimizing the management of 
short bowel syndrome. 

Malnutrition States 

Marasmus 
Marasmus is caused by a deficiency in dietary calories. It is a 
serious worldwide problem, particularly affecting cluldren in 
developing countries. ln surgical patients, it is commonly associ
ated with infections and Gl tract disturbances. The changes in 
metabolism seen during marasmus are similar to those in starva
tion, discussed earlier. Marasmus can result from decreased 
energy intake, increased loss of iJ1gested calories (diarrhea, 
emesis), or iJ1creased energy expenditure. The response to energy 
deficiency is a decrease iJ1 basal energy metabolism, slowing of 
growth, and loss of muscle mass and subcutaneous fat deposits. 
Management of marasmus involves cautious nutritional reha
bilitation, correction of electrolyte iJnbalance, and aggressive 
treatment of complications such a~ infections. dehydration, 
anemia, and heart failure. DuriJ1g treatment, these patients are 
at significant risk of developing refeeding syndrome and poten
tial death, particularly if weight loss more than J Oo/o has recently 
been recorded. This is also true even in nonrnarasmatic surgical 
patients with starvation periods of at least 7 to I 0 days who are 
hypercatabolic or who have a history of anorexia nervosa, 
chronic alcoholism, or cancer. 

Kwashiorkor 
Kwashiorkor is a condition caused by protein-energy malnutri
tion. In developing countries, kwasluorkor is more commonly 
caused by famine or an insuflicien t food supply. ln the developed 
world, most cases are an indication of severe neglect or abuse. 
Secondary protein-energy malnutrition has been attributed to 
gastric surgery, anorexia nervosa, and diseases involving signifi
cant loss of rngested nutrients (e.g., pancreatic iJ1sufficicncy, 
celiac disease, tLlcerative colitis, cystic fibrosis, renal failure, 
malignancies). Features of kwashiorkor include pedal edema, 
apathy, hepatic enlargement, skin atrophy and depigmentation, 
and dec.rea~d muscle rna~. 1l1e World Health Organization 
(WHO) has devised a three-phase managemem approach; the 
patient is fust resuscitated and stabilized (phase 1), prior to 
starting nutritional rehabilitation (phase 2), and final follow-up 
and recurrence prevention (phase 3).52 
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Sepsis 
Sepsis is a major cause of death among hospitalized patients, 
causing over 200,00U deaths yearly in the United States and 
accounting for more than $10 billion spent on health care.53 

Following the onset of sepsis, proinflammatory cytokines stimu
late the secretion of cortisol, glucagon, and carecholamines. 
1l1ese hormones promote glycogenolysis and gluconeogenesis. 
Once glycogen stores are exhausted, lipid and proteiJ1 become 
the major sources of energy. Infection causes modifications in 
the production and uptake of glucose, resulting in hyperglyce
mia. As sepsis progresses, visceral blood flow is reduced, leading 
to the development of hypoglycemia. Metabolism durrng sepsis 
is associated with an iJ1crease in metabolic rate of up to 50% 
above basal energy expenditure. 

P:roteiJ1 metabolism is also deranged during sepsis. 1l1ere is 
increased synthesis of certaiJl proteins, associated with a repri
oritization of hepatic protein synthesis, and an increase in the 
synthesis of acute-phase proteiJ1s such as Creactive protein, 
whereas synthe.~is of constitutive proteins such as albumin and 
prealbumiJ1 decreases. L1creased synthesis of glutamiJ1e occurs 
during sepsis. Glutamine serves as a primary fuel for the inlmune 
system and gut epithelium, mruntaining the protective barrier 
function of the gut mucosa and rncreasrng blood flow to the 
intestine. The excretion of breakdown products of muscle such 
as urea, creatinine, uric acid, and anl.lllOnia is increa~d . 1l1e net 
protein loss in severe sepsis can exceed 2 g/kg/day. Studies have 
shown that despite receiving adequate nutritional support, septic 
patiems can lose more than LO% of total body proteiJ1 iJ1 3 
weeks .51 If the catabolic stare is not modified, tissue repair and 
immune response are imprured. with severe loss of skeletal and 
visceral proteins also occurring. 

1l1e catabolic hormones induce lipolysis of triacylglycerol 
(TAG) stored in adipose tissue to glycerol and free fatty acids. 
In severe sepsis, hyperlipidemia and hyperlactemla are present, 
with a discrepancy occurriJ1g between lactate production and 
lactate uptake, wluch results in increased plasma lactate concen
trations: increasiJ1g levels are associated with severe sepsis. 

Nutritional support helps combat the negative effects of 
sepsis and maintrun immunity, reduce skeletal muscle break
down, improve wound healing, and preserve gut mucosal barrier 
function. 1l1e beneficial effect of nutrition Lies in providrng 
additional substrate for acute-phase protein synthesis. Outcomes 
in critical care populations have improved with the initiation of 
early enteral feeding; in1proved nutrition supports a functional 
immune system and reduces septic morbidity and mortaljty. 

HepaticlnsuffKiency 
The liver has a remarkable abil ity to recover and compensate, 
with 80o/o to 90o/o impairmem required for features of hepatic 
insufficiency to appear (e.g., decreased albunUn., prolonged pro
thrombin tin1e, mental confusion). Hepatic iJ1sufficiency results 
in a catabolic state similar to sepsis. Cytokines have been impli
cated in this catabolic state. Increased levels of tumor necrosis 
factor (TNF), i.nterleuki.n-1 (IL-l), and IL-6 are seen, wb.ich 
have catabolic effects on muscle, adipose tissue, and liver. Lipids 
and proteins replace carbohydrates as prrn1ary sources of energy, 
resu.lting in depletion of lipid and protem reserves. There is a 
derangemem of carbohydrate, lipid, and proreiJ1 metabolism. 
Glucose intolerance occurs, along with decreased storage of gly
cogen in the liver and muscle. Fatty acid levels, ketone body 
levels, and ketone body production are increased. lnlubition of 
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lipoprotein lipase affects Lipid storage, resulting in an imbalance 
between fat synthesis and catabolism. There is an increase in 
urine nitrogen losses with normal renal function . 1l1e increased 
protein cataboUsm does not return to normal with feeding. The 
net effect of these metabolic abnormalities is protein-calorie 
malnutrition. 

A serum amino acid imbalan.ce is also seen with increased 
levels of phenylalanine, tyrosine, and tryptophan (aromatic 
amino acids) and decreased levels of the BCAAs leucine, valine, 
and isoleucine. This imbalance results in abnormal an1ine neu
rotransmitter products in which norepiJ1ephrine and dopamine 
are replaced by compolmds such as octopamine and phenyletha
nolamine.55 1his imbalance is a possible basis for hepatic 
encephalopathy. Treatment involves monitoring protein intake. 
1l1e quantity of amino acid iJ1 the diet is reduced to 20 to 40 g/ 
day. If encephalopathy worsens or does not improve, formula
tions are administered with increased concentration of BCAAs 
and reduced aromatic amino acid concentration. ln general, 
parenteral formulations are better tolerated than enteral 
formulations. 

Most patients with hepatic failure have increased losses of 
potassium, magnesium, and zinc, so close attention to Auid and 
electrolyte management is necessary. Significant ascites can be 
treated with Auid restriction. 

Gastric Bypass Surgery 
ln a Roux-en-Y gastric bypass, the stomach volume is reduced 
by creatiJ1g a small pouch at the top of the stomach using surgi
cal staples or a plastic band. l11e stomach is then connected 
directly to cl1e middle portion of the small intestiJ1e Qejwmm), 
bypassing the rest of the stomach, duodenum, and proximal 
portion of jejunum. GLP-1, produced by L cells in the distal 
intestinal tract, is a powerful incretiJ1. Patients who have a Roux
en-Y gastric bypass have increased leve.ls ofGLP-1 wi th improve
ment in diabetes, results not seen after restrictive bariatric 
procedures. Followu1g gastric bypass and jejunointestinal bypass, 
a pleiotropic endocrine response may contribute to the improved 
glycemic control, appetite reduction, and long-term cllanges in 
body weight. 56 

Intensive Insulin and Glycemic Control 
In diabetic and nondiabetic surgical patients, hyperglycemia and 
hypoglycemia have been associated wicl1 increased morbidity 
and mortality. Hyperglycemia m.creases inflammation and has 
deleterious effects on the immune, respiratory, renal, and nervous 
systems. Hyperglycemia increases infection rates, length of hos
pital stay, ventilator dependence, and mortality and decreases 
the race of wound healingF Hypoglycemia results in detrimen
tal effects, especially in the central and autonomic nervous 
systems and circulatory systen1. Clinically, it is manifested by 
dizziness, drowsiness, fatigue, tachycardia, seizures, and coma. 
Control of systemic and local glucose levels are critical to local 
wound healing and overall outcomes. 

Using iJ1tensive iJ1suliJl protocols to maintain tight glycemic 
control has emerged as an important therapy in improvin~ out
comes and reducmg complications in critical care patient.~. 

7
11le 

severe stress response of critical illness leads to iJ1suti11 resistance 
and impaired uptake of glucose, and these protocols help reduce 
the incidence of hyperglycemic episodes by maintaining normo
glycemia. Controversy persists regarding cl1e blood glucose levels 
to target and indications for initiating intensive iJ1suw1 therapy. 

Pancreatitis 
The incidence of acute pancreati tis contmues to rise worldwide, 
correlating with increasing alcohol consumption at a current rate 
of35/100,000, with mortality reaching 40% iJ1 severe cases and 
up to 80o/o iJ1 septic patients with multiorgan failure. Severe 
cases of pancreatitis are a.~sociated with the development of 
sepsis and prolonged organ failur~ however, patients have tra
ditionally been kept NPO to minimize pancreatic stimulation 
and decrease its subsequent inflammation. Currently, this prac
tice is known to lead to intestinal ischemia, bacterial transloca
tion, and potential sepsis. A meta-analysis of 291 patients has 
revealed that patients with acute pancreatitis who received EN 
had significantly reduced infectious complications, although no 
significant differences were observed in mortality.ss Presently, no 
evidence suggests a beneficial action of the addition of prokinet
ics iJ1 patients with severe acute pru1creatitis. 

In patients with acute pancreatitis, initial volume resuscita
tion and pain control should be followed by early postpyloric 
enteral feedi ng, commencing witl1in 24 hours of admission; this 
has been shown to reduce complications, length of stay, and 
mortality. 59 Patients with mild acute pru1creacitis may commence 
a low-fat oral diet. 

The pancreas only manifests signs of endocrme or exocrine 
insufficiency after 90o/o of its cell mass has been destroyed. In 
chronic pancreatitis, pain and continued alcoholism are mainly 
associated with the development of early malnutrition before 
organ damage reaches criteria for insufficiency. It is essential, 
cl1erefore, that nutricional managemem in these patients begm 
with abstinence from alcohol and relief from abdominal pain, 
with cl1e addition of pancreatic enzymes as necessary, manage
ment of nutrient-specific deficiencies, and initiation of PN, 
when mdicated. 

Obesity 
l11e prevalence of obesity iJ1 the industrialized world is iJlcreas
ing and has resulted in a growing number of obese patients. 
Extensive research iJ1 hwuru1s and animals provides evidence 
that obesity is caused by dietary and genetic facrors. Gene defects 
iJ1 the coding sequences for lepti.n and tl1e mdanocortiJ1-4 recep
tor have been identified as being contributory to the occurrence 
of cunically severe obesity. These gene defects are very rare, 
however, and there are currently 600 cru1didate genes under 
investigation that are suspected to be involved in a polygenic 
manner in the development of obesity. However, genetic factors 
are only contributory ru1d susceptibility factors iJ1 obesity, with 
dietary behavior identified as the main factor responsible for the 
huge increase. 

Unbalanced caloric intake compared with energy needs is 
one of the leading factors leadiJ1g to weight gain. Altered nutri
tional behaviors iJ1 tl1e iJ1dustrialized world over recent decades, 
with larger portions of processed high-calorie foods, sugar
sweetened d rinks, ru1d increasingly sedentary lifestyles, al l 
have contributed significantly to the pandemic development of 
obesity. Even small, consistent, daily excesses in caloric intake 
have major long-term effects because tlus positive balance accu
mulates over time. 

ln addition to technical challenges iJ1 anesthesia and surgi
cal procedures, obese patients can have additional needs in terms 
of nutrition because of metabolic alterations, requiring enhanced 
perioperative care. Obesity is associated witl1 an increased 
mcidence of preexisting comorbidities, including endocriJ1e 
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Table 6-14 Body Weight Oassification* 
Waist Circumference 

CLASSIFICATION BMI (kg/m1) MEN, 9W I NO! WOMEN,~ INCH MEN. >40 INCH WOMEN. >35 INCH 

Underweight 

Normal 

Overweight 

Obesity I 

Obesity II 

<18.5 

18.5-24.9 

25.0-29.9 

30.0-34.9 

35.0-39.9 

Increased 

High 

Very high 

High 

Very high 

Very high 

Obesity Ill >39.9 Extremely high Extremely high 

Adapted from National Heart. Lung. and Blood Institute: The practical guide: Identification, evaluation, and treatment of overweight and obesity in adults, 2000 ()lttp:// 
www.nhlbi.nih.gov/guide!ines/obesity/prctgd_c.pdf.) 
*According to BMI and relative risk of type 2 diabetes, hypertension, and cardiovascular disease, compared with normal weight individuals, according to waist 
measurement 

disorders, cardiovascular disease and risk factors, G l conditions, 
and immune dysfunction. Consequently, obese patients are pre
disposed to a higher incidence of clinical complications, morbid
ity, and mortality; therefore, additional clinical care reguirements 
need to be considered and addressed during their operative stay. 

Assessment of the BMI was described earlier. The BMI has 
been shown to co mpare relatively accurately with the percentage 
of total body fat and morbidity. The classification of body weight 
with respect to underweight, normal weight, overweight, and 
obesity can be seen in Table 6-14. This classification is commonly 
applied to the whole population, although it does have some limi
tations. 1l1ere are two exceptions; wtal body fat can be overesti
mated iJl trained athletes because they have a higher percentage 
oflean body mass, and total body far may be underestimated in 
older individuals because of muscle loss. For children and adoles
cents, the BMl needs to be adjusted, because males and female.s 
have different growth characteristics, with tbe distribution of fat, 
muscle mass, and bone mineral content varying with growth. The 
body mass indices in this population are compared against growth 
charts considering their age and gender and expressed as a BMI 
for age percentile to make them analogous. U1derweight is das
sified as lower than the 5th percentile, healthy weight from the 
5th to 85th percentile, overweight 85th to tbe 95th percentile, 
and obese equal to the 95th percentile or higher. Evaluation of 
weight status according to a patient's BMl is importam because 
this can provide informatio11 regarding the patient's potential 
comorbidities and risk for complications during hospitalization. 

Comorbidities and Preexisting Conditions 
Patients with a BMI higher than 30 are considered especially at 
high risk and need special consideration during their hospital 
stay because of preexisting comorbiditie.s and increased inci
dence of clinical complications. In most cases, more than one 
comorbidity in the obese patient is present. The most important 
related factors that need to be considered in surgical patients are 
presented here. 

Type 2 Diabetes Mellitus Almost 80o/o of obese patients suffer 
from type 2 diabetes meiJltus. A strong causality between obesity 
and diabetes mellitus type 2 has been shown. Type 2 diabetes 
can lead to obesity, and obesity can also induce diabetes. Type 
2 diabetes is caused by iJlSuliJl resistance in peripheral cells ~d 
a decreased production of insulin iJl the pru1creas. Insulin 

resistance can lead to diminished liver function and impaired 
wound healing and healing, and it is molecularly linked with 
the inflammatory response. 

cardiovascular Disease Obesity is associated with ru1 increased 
incidence of cardiovascular disease, induding coronary heart 
disease, cardiomyopathy, congestive heart failure, sudden death, 
ru1d st roke. These factors need to be considered when planning 
of surgical procedures reguiring anesthesia and during the peri
operative hospital stay. 

Deep Vein Thrombosis and Embolism Hospitali7_ed patients are at 
high risk for thromboses ru1d consequently for embolic events. 
It has been shown that obesity independently iJ1ereases the risk 
of these events. The major comributing factors are abdominal 
fat distribution, venous insufficiency, congestive heart failure, 
and systemic hyperlipidemia. Moreover, it has been suggested 
that obesity contributes to the development of thrombotic com
plications by an increase in prothrombotic factors. These factors 
need to be considered, especially in immobilized patients, along 
with close monitoriJ1g and prophylactic treatment. 

Hepatobiliary Disease 1l1e metabolic state in obese patients has 
been shown to be associated with several conditions in the hepa
tobiliary tract. It is one of the most common causes of nonal
coholic liver disease. This can range from nonsymptomatic 
steatosis hepatis to an inflammatory steatosis, fatty infiltration, 
ru1d liver cirrhosis. This liver damage resul ts in altered metabo
Lism and severe changes in the production of liver proteiJlS. 
There is an association among the development of gallstones, 
cholelithiasis, ru1d obesity. With these adverse chru1ges in liver 
metabolism, there is a need to substitute essential proteins. 
Moreover, the dosages of these drugs need to he adjusted because 
of their altered rate of metabolism. 

Osteoarthritis The incidence of osteoarthritis is increased in 
obesity because of functional effects on weight-bearing joints. 
Pain in weight-bearing joiJlts cru1 range from functional Umita
tions to invalidism. These circumstru1ces have to be considered 
iJ1 the differential diagnosis, especially iJ1 patients susceptible to 

trauma. Moreover, joint pain needs to be considered as a dif
ferential diagnosis in tumor patients, who are susceptible to 
bone metastases. 
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Metabolic Syndrome A special form of obesity is described by the 
metabol.ic syndrome. This is a combination of simultaneous risk 
factors associated with central obesity that lead tO a greatly 
increased risk of coronary artery disease, stroke, and type 2 
diabetes. Underlying causes are similar to those of regular 
obesil)'· Generic facrors, physical inactivity, and age are involved. 
Arow1d 20o/o to 25o/o of the world's population is estimated to 
have me metabolic syndrome. TI1iS high incidence also needs to 
be addressed in the treatment of surgical patients. 

A key feature of the syndrome includes body fat distribu
tioJJ in a central (abdominal) pattern. According to the Interna
tional Diabetes Federation, a waist circumference more man 40 
inches for men and 35 inches for women meets the criteria for 
the metabolic syndrome (see Table 6-14) when at least two of 
the following criteria are also met: 

• Increased TG level: 2::150 mgldL (>1.70 mmoUliter) 
(or receiving specific treatment) 

• Decreasedl high-density lipoprotein cholesterol: 
<40 mg/dlL (<1.03 mmoUiiter) for men and <50 mg/ 
dL (<1.2.9 mmoUliter) for women (or receiving 
specific treatment) 

• Systolic b lood pressure (BP) 2::130 mm Hg o r dia
stolic BP 2:85 111111 Hg (or hypertension p reviously 
diagnosed and treated) 

• Fasting pla~ma glucose levei2:1UU mg/dL (5.6 mmoll 
liter) or djagnosed type 2 diabetes mellitus 
The metabolic syndrome has a high prevalence in middle

aged and older patients (30% ro 40o/o). h is associated wirn 
increased cardiovascular morbidity and mortality, including 
arterial hypertonia, and in most cases is associated with subclini
cal organ damage, such as microalbuminuria, decreased glo
merular filtrati.on rate, left vent ricular bypertrophy, diastolic 
dysfunction, and arterial thickening. 

The Surgical Obese Patient 
The characteristic.~ descrihed need to he considered at admission 
and during the course of the hospital stay. Secondary metabolic 
cl1anges only rarely require a special enteric o r parenteral treat
ment regimen. During catabolic phases especially, hyperinsu
linemia is normalized rapidly. In general, some weight loss 
should be considered before rl1e admission of obese patients. 
Weight reduction by lOo/o of the total body weight should be 
considered prior w pla1med elective admissions, if feasible, as it 
can result in significant improvements in lung function param
eters and a vast normalization of metabolism. Some recent 
studies have indicated that after operative procedures and during 
the hospital stay, a moderate, hypocalor.ic, protein-rich balanced 
diet should be given. This results in the mobilization of endog
enous fat depots; the high protein content contributes to pre
serve lean body mass from catabolic breakdown. 

Unfortwlatcly, only a few studies and investigations about 
the high incidence of these problems have been conducted. 
TI1erefore, current knowledge and specialized treatment regi
mens are limited, alrnough the overweight and obese patient 
needs special attention throughout her or h is entire hospital stay. 

SUMMARY 
Recognition of the importance of nutritional support for optimal 
outcomes in surgical patien ts and the critically ill has prompted 
research and development into a wide variety of regimens and 

strategies. Surgery, traunJa, and sepsis lead to the release of 
inllarnmatory mediato rs and systemic hormonal and metabolic 
adaptations from tl1e stress response. Nutritional support is a 
key component of modern surgical care and collaboration witl1 
nutritio11 specialists will assist in p rovidiJ1g appropriate support 
while avoiding complications. When nurrit ional support is 
requi red and no conrraindications are present, EN is the fi rst 
choice for most patients, with calculations based on individual 
patient requirements. Various methods are available for the 
delivery of nut ritional support; PN should be used, when neces
sary, in patients in wboJn EN is contraiJ1dicated. In addition to 
operative interventions to address underlying pathology, catabo
Lism and hypermetabolism can. be managed by prompt treat
ment of i.nfection and by environmental and pharmacologi.c 
st rategies to diminish these factors, and nutritional support 
begun as early as possible to meet elevated demands. 
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CHAPTER 7 1 

WOUND HEALING 
MIMI LEONG AND LINDA G. PHILLIPS 

TISSUE INJURY AND RESPONSE 

WOUND-HEAUNG PHASES 

ABNORMAL WOUND HEALING 

lliE RELATIONSHIP BETWEEN IMMUNITY AND WOUND HEALING 

OR REGENERATION 

FETAL WOUND H EALING 

WOUND DRESSINGS 

OlliER THERAPIES 

NEW HORIZONS 

1l1e treatment and healing of wounds are some of the oldest 
subjects discussed in the medical literature. Yet despite knowl
edge of the steps involved, the exact mechanisms underlying 
WOLmd healing are not completely understood. 

TISSUE INJURY AND RESPONSE 
Wound repair is the efforr of injured tissues to restore their 
nom1al function and structural integrity after injury. During the 
efforr to restore barriers to fluid loss and infection, reestablish 
normal blood and lymphatic flow patrerns, and restore the 
medlanical integrity of the injured system, flawless repair is 
sacrificed because of the urgency to return to function. Regen
eration, iJl contrast, is perfect restoration of tbe preexisting tissue 
architecture in the absence of scar formation. Although regen
eration is the goal of wound healing, it is found only in embry
onic development, in lower organisms such as the stone crab 
and salamru1dcr, or in certain tissue compartments such as bone 
and liver. In wound healing in adult humans, however, the 
accmacy of regmeration is sacrificed for the speed of repair. 

All wounds. undergo the same basic steps of repair. Acute 
wow1ds proceed in an orderly and timely reparative process to 
adueve sustained resrnration of structure aJJd fLmction. A 
chronic wound, in contrast, does not proceed to restoration of 
functional integrity. It is stalled in d1e inflan1matory phase as a 
result of a variety of causes ru1d does not proceed to closure. 

WOUND-HEAUNG PHASES 
'The three phases of wound healing are inflanm1ation, prolifera
tion, and maturation. In a large wound such as a pressure sore, 
the eschar or 6bJFinous exudate reflects the inflanm1atory phase, 
the granulation tissue is part of the proliferative phase, and the 
contracting or advru1cing edge is part of the maturational phase. 

All three phases may occur sinlllltaneously, and the phases may 
overlap with their individual processes (Fig. 7- I). 

Inflammatory Phase 
During the immediate reaction of the tissue to injury, hemosta
sis and inflanu11ation occur. 1l1is phase represents an attempt to 
limit dan1age by stopping the bleeding, sealing the surface of the 
woLmd, and removing any necrotic tissue, foreign debris, or 
bacteria present. 1l1e inflammatory phase is characterized by 
increased vasCLtlar permeability, migration of cells into the 
wow1d by chemotaxis, secretion of cytokines and growtb factors 
into the wow1d, and activation of the migrating cells (Fig. 7-2). 

Hemostasis and Inflammation 
During aJl acute tissue injury, blood vessel drunage results in 
initial intense local vasoconstriction of arterioles and capillaries 
followed by vasodilation ru1d increased vascular permeability 
(Fig. 7-3). Erythrocytes and platelets adhere to the damaged 
capillary endothelium, resulting in plugging of capillaries and 
leading to cessation of hemorrhage. Activation of these platelets 
by binding to the exposed type rv and v collagen from the 
dan1aged endothelium results in platelet aggregation. 1l1e i1litial 
contact between platelets and collagen requires von Willebrand 
factor (vWF) Vlll, a heterodimeric protein synthesized by mega
karyocytes and endothelial cells. Platelet adhesion to the endo
thellur:n is primarily mediated through the interaction between 
high-affinity glycoprotein receptors and the integrin receptor 
GPlTh-illa (auhf33). Platelets also express other integrin receptors 
that mediate direct binding to collagen (a~f31) and laminin 
(aJ31) or indirect binding by attaching to subendothelial matrix
bound fibronectin (~(31 ) , vitronectin (a,(33), and other ligru1ds. 

Increased Vascular Permeability 
Platelet binding results in conformational cl1anges in platelets 
that trigger intracellular signal traJJsduction pathways d1at lead 
to platelet activation and d1e release of biologically active pro
teins. Platelet alpha granules are storage organelles that contain 
platelet-derived growth factor (PDGF), traJJsforming growth 
facror-(3 (TGF-(3), insulin-like growth factor type 1 (IGF-I), 
fibronectin, fibrinogen, thrombospondin, ru1d vWF. 1l1e dense 
bodies contaiJl vasoactive ami.Jles, such as serotoniJl, that cause 
vasodilation and increased vascular permeabili ty. Ma~t cells 
adherent to the endothelial surface release histanline and sero
tonin, resulting in increased permeability of endod1elial cells and 
causing leakage of plasma from the intravascular space to the 
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Healing Responses 

Hemostasis 

Inflammation 

1. Stop bleeding 3-
--~ 2. Chemotaxis Inflammatory (reactive) 

Connective tissue 
regeneration 

4. Proliferation --- Proliferative (regenerative) E 
3. Epithelial migration 

5. Maturation 

-E 
3. Contraction 

Maturational (remodeling) 

Contracture 4. Scarring -----f 

5. Remodeling of scar 

extracellular compartment. ll1e d otting ca.~cade is initiated 
through the intrinsic and extrinsic pathways. As the platelets 
become activated, the membrane phospholipids bind factor V, 
which allows interaction with factor X. Membrane-bow1d pro
thrombinase activity is generated and potentiates thrombin pro
duction exponentially. The thrombin itself activates platelets and 
catalyzes the conversion of fibrinogen to fibrin. The fibrin 
strands trap red blood cells to form the clot and seal the woW1d. 
The lattice framework that results will be the scaffold for endo
thelial ceUs, inflammatory ceUs, and fibroblasts. 1hromboxane 
A2 and prostaglandin F2a, formed &om the degradation of ceU 
membranes in the arachidonic acid cascade, also assist in plate
let aggregation and vasoconstriction. Although these activities 
serve to Umit tbe amount of injury, d1ey can also cause locaUzed 
ischemia, resulting in further damage to cell membranes and the 
release of more prostaglandin F2a and thromboxane A2. 

FIGURE 7- 1 Schematic diagram of the 
wound-healing continuum. 

FIGURE 7-2 Cutaneous wound 3 days after injury. The 
cells and growth factors necessary to facilitate cell 
migration into the wound are shown. (From Singer AJ, 
Clark RAF: Mechanisms of disease: Cutaneous wound 
healing. N Engl J Med 341:738- 746, 1999.) 

Chemokines 
Chemokincs stimulate the migration of different cell types, 
particularly inflan11natory cells, into the wound and are active 
participants in the regulation of the different phases of wound 
healing. The CXC, CC, and C ligand families bind to G 
protein-coupled surface receptors called CXC receptors and CC 
receptors. 

Macrophage chemoattractant protein {MCP-1, or CCL2) 
is induced in keratinocytes after i11jury. It is a potent chemoat
tractant for monocytes/macrophages, T lymphocytes, and mast 
cells. 1 Expression of this cbemokine is sustained in chronic 
wounds and results in the prolonged presence of polymorpho
nuclear cells (PMNs) and macrophages, leading to the pro
longed inflammatory response.2 CXCLl (GRO-a.) is a potent 
PMN chemotactic regulator and is increased in acute wounds. 
It is also involved in reepithelializarion.3 lnrerleul<in-8 (IL-8, 
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or CXCL8) expression is increased in acute and chronic 
wounds.4 It is imvolved i.n reepithelialization and induces the 
leukocyte expression of matrix metalloproteinases (MMPs), 
which stimulates remodeling. It is also a strong chemoattrac
tam for PMNs and participates in in£lammadon.4 Relatively 
low levels of IL-8 are found in fetal wounds and may be:: why 
fetal wounds have decreased inflanunation and heal without 
scars.> Expression of the keratinocyte-produced chemokine 
interferon inducible protein 10 (IP-10 or CXCLlO) is elevated 
in acute wounds as well as chionic inflammatory conditions.6 

Tt impairs wound healing by increasing inflammation and 
recruiting lymphocytes to the wound. It also inhibits prolifera
tion by decreasing reepithelialization and angiogenesis and 
preventing fibroblast migration.3 Stromal cell-derived factor-! 
(SDF-1, or CXCLI2) is expressed by endod1elial cells, myofi
broblasts, and keratinocytes and is involved in inflammation 
by recruiting lymphocytes to the wound and promoting 
angiogenesis. It is a potent chemoattractant for endod1elial 
cells and bone marrow progenitors from the circulation to 
peripheral tissues. It also enhances kcratinocytc proliferation, 
resulting in reepithdialization.8 

Polymorphonuclear Cells 
1l1c release of hisramiHe and serotonin leads ro vascular perme
ability of the capillary bed. Complement factors such as C5a 
and leukotriene B4 promote neutrophil adherence and cbemoat
traction. IJ1 the presence of thrombin, endothelial cells exposed 
to leukotriene C4 and 04 release platelet-aggregating factor, 
which further enhances neutrophil adhesion. Monocytes and 
endothelial cells produce d1e inflammatory mediators IL- l and 
tumor necrosis factor-a (TNF-a ), and these mediators furd1er 
promote endothellal-neutrophil adherence. The increased capil
lary permeability and d1e various chemotactic factors facilltate 
diapedesis of neutrophils into the inflammatory site. As d1e 
neutrophils begin d1eir migration, they release the contents of 
their lysosomcs and enzymes such as elastase and other proteases 
into d1e extracellular matrix (ECM), which further facilitates 
neutrophil migration. The combination of intense vasodilation 
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FIGURE 7-3 Time course of the appearance of differ
ent cells in the wound during healing. Macrophages 
and neutrophils are predominant during the inflam
matory phase (peak at days 3 and 2, respectively). 
Lymphocytes appear later and peak at day 7. Fibro
blasts are the predominant cells during the prolifera
tive phase. (Adapted from Witte MB, Barbul A: 
General principles of wound healing. Surg din North 
Am 77:509- 528, 1997.) 

and increased vascular permeability leads to cllnical findings of 
inflammation, rubor (redness), rumor (swelling), calor (heat), 
and dolor (pain). Local tissue swelling is furd1er promoted by 
the deposition of fibrin, a protein end product of coagulation, 
and the fibrin become.~ enrrapped in lymphatic vessels. 

Evidence suggesrs mar me migration of PMNs requires 
sequential adhesive and de-adl1es.ive interactions between ~ 1 
and ~2 integrins and ECM componenrs. lntegrin molecules arc 
a fan1iJy of cell surface receptors that are closely coupled wid1 
the cell's cytoskeleton. These molecules serve nvo major func
tions: 

1. L1tcraction with components of the ECM, such as 
fibronectin, to provide adhesion 

2. Signal transduction to the interior of the cell 
Imegrins are crucial for cell motility and are required in 

inflammation and normal wow1d healing, as well as in embry
onic development and tumor metastases. After extravasation, 
PMNs, attracted by chemoraxins, migrate through the ECM by 
means of transient interactions between integrin receptors and 
their ligands. Four phases ofintegrin-mcdiated cell motility have 
been described: adl1esion, spreading, contractility or traction, 
and retraction. Activation of specific integrins though ligand 
binding has been shown to increase cell adhesion and activate 
reorganization of rhe cell's acrin cyroskclcron. Spreading is dlar
acterized by rhe development of lan1ellipodia and filopodia. 
Traction at me leading edge of me cell develops mrough binding 
of integrin, followed by translocation of the cell over the adher
ent segment of the plasma membrane. 1l1e integrin is shifted to 

the rear of the cell and releases its substrate, thereby permitting 
cell advancement (Fig. 7-4). Regulation ofintegrin fw1ction by 
adhesive substrates offers a mechanism for local control of 
migrant cells. Within d1e assembled framework of the ECM, 
binding sites for integrins have been identified 0 11 collagen, 
laminin, and fibronecrin. 

1l1e chemotactic agent mediates the PMN response 
thxough signal transduction as the chemotaxiJl binds to recep
tors on the ceil surface. Bacterial products such as N-formyl
methionyl-leucyl-phenylalanine bind to induce cyclic adenosine 
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Adhesion Spreading Contractility, 
Traction 

Retraction 

FICURE 7-4 Schematic of a cycle of integrin-mediated cell migration. Migration is a cydic process involving integrins at each step. Entry into 
the migration cycle can take place at either of the first two steps. For examp~e. nonadherent cell types such as lymphomas and circulating 
carcinomas begin the migration cycle at the first step of attachment, vvhereas adherent cells such as fibroblasts and solid tumors may begin 
the cycle at the spreading step. Regardless of the cell type, however, cells must maintain attachment to the extracellular matrix once the cycle 
has begun. (Adapted from Holly SP, l arson MK. Parise LV: Multiple roles of integrins in cell motility. Exp Cell Res 261:69-74, 2000.) 

monophosphate (cAMP) but if there is maximal receptor occu
pancy, superoxide is produced at peak rates. Neutropbils also 
possess receptors for lgG and d1e complement proteins C3b and 
C3bi. As the complement cascade is released and bacteria are 
opsonized, binding of d1ese proteins to ceU receptors on neutro
phils allows recognition by the neutrophils and phagocytosis of 
d1e bacteria. When neutrophils are stimulated, they express 
more CRl and CR3 receptors, d1ereby permitting more efficiem 
binding and phagocytosis of d1ese bacteria. 

Functional activation occurs after migration ofPMNs into 
d1e wound site, which may induce new ceU surface antigen 
expression, increased cytotoxicity, or enhanced production and 
release of cytokines. These activated neutrophils scavenge for 
necrotic debris, foreign material, and bacteria and generate free 
oxygen radicals, wid1 electrons donated by the reduced form of 
nicotinamide adenine dinucleotide phosphate (NADPH). The 
electrons are transported across the membrane into lysosomes, 
where superoxi<le anion (On is formed. Superoxide dismutase 
catalyzes the formation of hydrogen peroxide {H200, wbkh is 
then degraded hy myeloperoxidase in the azurophilic granules 
of neutrophiJs. This interaction oxidizes halides, wim d1e forma
tion ofbyproducts such as hypochlorous acid. 'TI1e iron-catalyzed 
reaction between H20 2 and 0 2- forms hydroxyl radicals (OH·). 
'Tilis potent free radical is bactericidal, but is also toxic to neu
trophiJs and mrrounding viable tissues. 

Migration, ofPMNs stops when wow1d contamination has 
been controlled, usually within d1e fust few days after injury. 
PMNs do not survive longer than 24 hours. After 24 to 48 
hours. the predominance of ceUs in me wound deft shifts to 
mononuclear cells. [f wound contanlination persists or second
ary infection occurs, continuous activation of the complement 
system and od1er pamways provides a steady supply of chemo
tactic factors, resulting in a sustained influx of PMNs into the 
wound. ln addition to me delay in healing, this prolonged 
in.flan1n1ation can be deleterious in terms of destruction of 
normal tissue, with progression to tissue necrosis, abscess forma
tion, and possibly systemic infection. PMNs are not essential for 
wound healing: because their role in phagocytosis and antinli
crobial defense may be taken over by macrophages. Sterile inci
sions wilJ bealnormaUy without the presence of PMNs. 

Macrophages 
'TI1e macrophage is the one ceU that is truly crucial to wmmd 
healing in that it serves to orchestrate the release of cytokines and 
stimulate many of the subsequent processes of wound healing 

{Fig. 7-5). Macrophages in me WOtllld appear at me same tinle 
d1at neutrophils disappear. Macrophages induce apoptosis of 
PMNs. Chemotaxis of migrating blood monocytes occurs within 
24 to 48 hours. Chemotactic factors specific for monocytes 
include bacterial products, complement degradation products 
(C5a), thrombin, fibronectin, collagen, TGF-~, and PDGF-BB. 
Monocyte d1emotaxis is also facilitated by d1e interaction of 
integrin receptors on me monocyte surface wid1 ECM proteins 
such as fibrin and fibronectin. The~ integrin receptor also trans
duces the signal for macrophage phagocytic activity. Activated 
integrin expression promotes adJ1esion-mediated gene induction 
in monocytes that transforms then1 imo wound mactophages; 
such transformation results in increased phagocytic activity and 
selective expression of cytokines and signal. transd uction elements 
by messenger RNA (mRNA), including me early growth response 
genes ECR2 and c-fos. Macrophagcs have speci1ic receptors for 
immunoglobulin G (lgG; Fe receptor), C3b (CRl and CR3). 
and flbronectin (imegrin receptors) that permit surface recogni
tion of opsoni1..ed pad10gens and facilitate phagocytosis. 

Bacterial debris such as lipopolysaccharide can activate 
monocytes to release free radicals and cytokines that mediate 
angiogenesis and fibroplasia. 'TI1e presence ofiL-2 increases d1e 
rel.ease of free radicals and d1us enhances bactericidal activi.ty. 
and the activity of the free radicals is potentiated by IL-2. [n 
addition, the free radicals generate bacterial debris, which furmer 
potentiates the activation of monocytes. Activated wound mac
rophages also produce 11itric oxide (NO), a substance that has 
been demonstrated to have many functions other d1an antinli
crobial properties. 

As the monocyte or macrophage is activated, phospholipase 
is induced, cell membrane phospholipids are enzymatically 
degraded, and rhromboxane A2 and prostaglandin F2a are 
released. The macrophage also releases leukotrienes B4 and C4 
and 15- and 5-hydroxyeicosatetraenoic acid. Leukotriene B4 is 
a potellt chemotaxln for neutrophils and increases their adher
ence to endothelial cells. 

Wound macrophages release proteinases, includi11g matrix 
metalloproteinases (MMP-1, MMP-2, MMP-3, and MMP-9; 
Fig. 7 -6), mat degrade the ECM and are crucial for removing 
foreign material, promoting cell movement through tissue 
spaces, and regulating ECM turnover. 'TIUs activity is dependent 
on d1e cAMP pathway and d1us can be blocked by nonsteroidal 
anti-inflammatory drtugs (NSAIDs) or gluc.ocorricoid drugs. 
ColchiciJle and retinoic acid appear to decrea.~e collagenase pro
duction as well. 
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FIGURE 7-5 Interaction of cellular and humoral factors in wound healing. Note the key role of the macrophage. bFGF, Basic fibroblast growth 
factor; H70-n hydrogen peroxide; 0 2 , superoxide; PGE2, prostaglandin E2. (Adapted from Witte MB, Barbul A: General principles of wound 
healing. Surg din North Am 77: 509- 528, 1997.) 

REEPITI-EUAUZATION AND NEOVASCULARIZATION (OAV 5) 

FIGURE 7-6 Cutaneous wound 5 days after injury. Blood vessels are 
seen sprouting into the fibrin dot as epidermal cells resurface the 
wound. Some of the proteinases involved in cell movement at this time 
point are shown. MMP·T, ·2, -3, · 13, Matrix metalloproteinases 1, 2, 3, 
and 13 (collagenase 1, gelatinase A, stromelysin 1, and collagenase 3, 
respectively); t-PA, t issue plasminogen activator; u·PA, urokinase.type 
plasminogen activator. (Adapted from Singer AJ, dark RAF: Mecha
nisms of disease: Cutaneous wound healing. N Engl J Med 341:738-
746, 1999.) 
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Table 7-1 Cytokine Activity in Wound Healing 

CYTOKINE CELL SOURCE 

PrcNIIflanmlatory C:ytokines 

FUNCTION 
Type of Wound 

ACUTE CHRONIC 

PMNs. macrophages Inflammation, reepithelialization, PMN margination and cytotoxicity, 
with or without collagen synthesis; provides metabolic substrate 

Increased levels Increased levels 

Il- l PMNs, monocytes, 
macrophilges. 
keratinocytes 

Inflammation, reepithelialization, fibroblast and keratinocyte 
chemotaxis, collagen synthesis 

Increased levels Increased levels 

ll-2 

ll-6 

T lymphocytes 

PMNs, macrophages, 
fibroblasts 

Increases fibroblast infiltration and metabolism 

Inflammation, reepithelialization, fibroblast proliferation, hepatic 
acute-phase protem synthesis 

Increased levels Increased levels 

ll-8 Macro phages. 
fibrobrasts 

Inflammation, macrophage and PMN chemotaxis; reepithelialization, 
keratinocyte maturabon and proliferation 

Increased levels Increased levels 

IFN- "( T lymphocytes, 
macrophages 

Activates macrophages and PMNs, retards collagen synthesis and 
cross-linking. stimulates collagenase activity 

Anli-lnflammalary (yloldaes 

ll-4 T lymphocytes, 
basophils, mast cells 

Inhibition of TNF-a. Il- l, ll-6 production; fibroblast proliferation, 
collagen synthesis 

ll-10 T lymphocytes, Inhibition of TNF-cx, Il- l, ll-6 production, inhibition of macrophage 
macrophages. and PMN activation 
keratinocytes 

Adapted from Rumalla VK. Borat Gl: Cytokines, growth factors, and plastic surgery. Plast Reconstr Surg 108:719-733, 2001; and Barrientos S, Stojadinovic 0, Golinko MS, 
et al: Growth factors and cytokines in wound healing. Wound Rep Regen 16: 585-601, 2008. 

Macrophages secrete numerous cytokiJ1es and growth 
factors (Tables 7-1 and 7-2). IL-l, a proinflammacory cytokine, 
is an acute-phase response cytokine. 1his endogenous pyrogen 
causes lymphocyte activation and stimulation of the hypothala
mus, thereby inducing the febrile resp<mse. It also directly affects 
hemostasis by iJ1ducing d1e release of vasodilators and stimulat
ing coagulation. Its effect is further ampliEed as endothelial cells 
produce it in the presence of TN F-a and endotoxin. fL-1 bas 
numerous e.ffects, such as enhancement of collagenase produc
tion, stimulation of cartilage degradation ru1d bone reabsorp
tion, activation ofneutrophils, regulation of adhesion molecules, 
ru1d promotion of chemotaxis. It stimulates other cells to secrete 
proinflan1mato:ry cytokines. lts effects also extend imo the pro
liferative phase, during whlch it increases fibroblast and kerati
nocyte growth ru1d collagen synthesis. Studks have demonstrated 
increased levels of IL-l in chronic nonbealing wounds, thus 
suggesting its role in the pathogenesis of poor wound healing. 
1l1e early beneficial responses of IL-l in wound healing appear 
to be maladaptive if elevated levels last beyond the first week 
after injury. 

Microbial byproducts induce macropbages to release TNF. 
TNF-a is crudal in Ulitiating the response to injury or bacteria. 
It upregulates cell surface adhesion molecules that promote the 
interaction ofimmw1e cells and endothelium. TN F-a is detected 
in the wound within 12 hours ru1d peaks after 72 hours. Its 
effects include hemostasis, increased vascular permeability, and 
enhanced endo thelial proliferation. Lil<e IL-1, TNF-a. induces 
fever, increased collagenao;e production, reabsorption of cartilage 
and bone, and .release of PDGF, as well as d1e producrion of 
more JL.l. Excessive production ofTNF-o., however, has been 
associated wicl1 multisystem orgru1 failure and increased morbid
icy ru1d mortality in inflammatory disease states, partly d1rough 

its effects on activating macrophages and neutrophil$. Studies 
have noted elevated levels of TNF-a in nonhealing versus 
healing chronic venous ulcers. Thus, as iJ1 the case of LL- I, 
TNF-a appears to be essential in the early inflammatory response 
required for wound healing, but local and systemic persistence 
of cliis cytokine may lead to impaired wound maturation. 

IL-6, which is produced by monocytes ru1d macrophages, 
is involved in stem ceiJ growth, activation of B and T cells, and 
regulation of the synthesis of hepatic acute-phase proteins. 
Within acute wounds, IL-6 is also secreted by PMNs and fibro
blasts, and its increase paraUels the increase in the PMN count 
locally. IL-6 is detectable within 12 hours of experimental 
wounding and may persist at high concentrations for longer 
thru1 1 week. It also works synergisrically with IL-l , TNF-a, and 
endotoxins. It is a potent stimulator of fibroblast proliferation 
ru1d is decreased in aging fibroblasts and fetal wounds. 

IL-8 (also called CXCL8) is secreted primarily by macro
phages and fibroblasts in cl1e acute wound, with peak expression 
within the first 24 hours. Its major effects have been discussed 
but include increased PMN and monocyte chemotaxis, PMN 
degranulation, and expression of endotheLial cell adhesion 
mole-cules. 

lnterferon-y (IFN-y), another proinflanm1atory cytokine, 
is secreted by T lymphocytes and macrophages. Its major effects 
are macrophage and PMN activation ru1d increased cytotoxicity. 
ft bas also been shown to reduce local wound contraction and 
aid iJ1 tissue remodeling. IFN-y has been used iJ1 the treatment 
of hypertrophic and keloid scars, possibly by its effect iJl slowing 
collagen producrion and cross linking, whereas collagenase 
(MMP-1) production increases. Experin1entally, however, it has 
beeJl shown to impair reepithelialization and wou.nd strengcl1 in 
a dose-dependent manner when applied locally or systenucally: 
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Table 7-2 Growth Factors That Affect Wound Healing 

GROWTH FACTOR CELL SOURCE 
PDGF 

TGF-P (induding 
isoforms p,. Po 
and p,) 

EGF 

FGF-1 and FGF-2 
family 

KGF (also called 
FGF-7) 

VEGF 

Platelets. macrophages, 
endothelial cells, 
keratinoeytes, fibroblasts 

Platelets, T lymphocytes, 
macropha~es. endothelial 
cells. keratinocytes, 
fibroblasts 

Platelets, macrophages, 
fibroblasts 

Macrophages. mast cells, 
T lymphocytes, endothelial 
cells. fibroblasts, 
keratinocytes, smooth 
musde cells, chondrocytes 

Fibroblasts, keratinocytes, 
smooth musde cells, 
chondrocytes. endothelial 
cells. mast cells 

Keratinocytes. platelets, 
PMNs, macrophages, 
endothelial cells, smooth 
muscle cells. fibroblasts 

Macrophages. T 
lymphocytes, 
keratinocytes. platelets, 
fibroblasts, lymphocytes 

FUNCTION 
Inflammation; granulation tissue formation; reepithelialization; matrix 
formation and remodeling; chemotactic for PMNs. macrophages. 
fibroblasts, and smooth musde cells. activates PMNs, macrophages 
and fibroblasts; mitogenic tor fibroblasts, endothelial cells; stimulates 
production of MMPs. fibronectin. and HA; stimulates angiogenesis 
and wound contraction 

Inflammation; granulation tissue formation; reepithelialization; matrix 
formation and remodeling; chemotactic for PMNs. macrophages. 
lymphocytes. fibroblasts; stimulates TIMP synthesis, keratlnocyte 
migration, angiogenesis, and fibroplasia; inhibits production of MMPs 
ancl keratinocyte proliferation; induces TGF-f3 production 

Mitogenic for keratinocytes and fibroblasts; stimulates keratinocyte 
migration 

Granulation tissue formation; reepithelialization; matrix formation and 
remodeling; chemotactic for fibroblasts, mitogenic for fibroblasts and 
keratinocytes; stimulates keratinocyte migration; angiogenesis; 
wound contraction and matrix deposition 

Stimulate proliferation and migration of keratinocytes, increase 
transcription of factors involved in detoxification of ROS, potent 
mitogen for vascular endothelial cells; upregulates VEGF, stimulates 
endothelial cell production of UPA 

Granulation tissue formation; increases vasopermeability; mitogenic 
for endothelial cells 

Reepithelialization; increase kera1inocyte migration and proliferation 

IGF-1 Macrophages, fibroblasts Stimulates elastin production and collagen synthesis, fibroblast 
proliferation 

Type of Wound 
ACUTE CHRONIC 
Increased 
levels 

Increased 
levels 

Increased 
levels 

Increased 
levels 

Increased 
levels 

Increased 
levels 

Decreased 
levels 

Decreased 
levels 

Decreased 
levels 

Decreased 
levels 

Decreased 
levels 

Decreased 
levels 

Adapted from Schwartz Sl (ed): Principles of surgery, ed 7, New York. 1999, McGraw-H~I. p 269.; and Barrientos S, Stojadinovic 0, Golinko MS. et al: Growth factors and 
cytokines in wound fuealing. Wound Rep Regen 16: 585-601, 2008. 

HA, Hyaluronic acid. 

These findings suggest that administration ofiFN-r may improve 
scar hypertrophy by decreasing the strength of the wound. 

Macrophages also rdease growth factors that stimulate 
fibroblast, endothelial ceU, and keratinocyte proliferation and 
are important i11 the proliferative phase (see Table 7-2). 
Macrophage-secreted PDGF stimulates collagen and proteogly
can synthesis. PDGF exists as three isomers-PDGF-AA, 
PDGF-AB, and PDGF-BB. However, the PDGF-BB isomer is 
tl1e only growth factor preparation approved by the U.S. Food 
and Drug Administration and is the most widely studied clini
caUy. Topical application of recombinant PDGF has improved 
wound-breaking strength and healing time in human and 
murine models of acute wounding. Administration ofPDGF-BB 
has improved wound closllte in chronic and diabetic nonhealing 
ulcers in humans a11d rodents but did not have tl1e san1e effect 
in steroid-treated animals. 

TGF-0. and TG F-f3 are both released by activated mono
cytes. TGF-o. stirnulares epidermal growm and angiogenesis. 
TGF-f3 itself stiJlmlates monocytcs to express other peptides 
such as TGF-0., IL- l , and PDG F. TGF-f3, which is also released 
by platelets and fibroblasts within wounds, exists as ar least rhree 
isomers-f)., ~. and f33-and its effects include fibroblast 
migration and maturation and ECM synthesis. TGF-f31 has been 
shown to play an im portant role i.n collagen metabolism and 

healing of gastrointestinal injuries and anastomoses. In experi
mental models, TG F-f3 1 accelerates wound healing in normal, 
steroid -in1paired, and irradiated aJtimals. 

T GF-f3 is me most potent stimulant of fibroplasia, and its 
strong mitogenic effects have been implicated in the fibrogenesis 
seen in disease scares such as scleroderma and imerstitial pulmo
nary fibrosis. Enha11ced expression ofTG F-f31 mRNA is found 
in keloid and hypertrophic scars. In con trast, feral wounds have 
been deJnonstrated to have a paucity ofTGF-f3, thus suggesting 
that the scarless repair seen in utero occurs because of low or 
absent amoums of TGF-f3. Studies of the three isomers have 
suggested tbat although TGF-f31 and TGF-f3z play aJl im portant 
role in tissue fibrosis a11d postinjury scarring, TGF-f33 may limit 
scarring. As the concentration ofTGF-f3 rises in the inflamma
tory sil(e, fibroblasts are directly stimulated to produce collagen 
and fi bronecrin, thus leading to the proliferative phase. 

Lymphocytes 
T lymphocytes appear in significant number in the wound at 
approximately the fifth day, with a peak occurri11g at approxi
mately the sevenrh day. B lymphocytes do not appear ro play a 
significant role in wound healing but seem to be involved in 
downregulating healing as the wow1d closes. Lymphocytes exert 
most of tl1eir effects on fibroblasts by producing stimulatory 
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cytok.ines, such as IL-2 and fibroblast-activating factor, and 
inhibitory cytokines, such as TGF-13, TNF-a, and IFN-y. Ini
tially, lymphocytes were thought to play a minimal role in acute 
wound healing, particularly in the absence of excessive i.nllarn
mation. 'TI1e macrophage processes foreign debris such as bacte
ria or enzymatically degraded host proteins and serves as an 
antigen-presenting cell to lymphocytes. This interaction stin1u
lates lymphocyte proliferation and release of cytokines. T cells 
produce IFN-y, which stimulates the macrophage to release a 
cascade of cytokines, including TNF-a and IL-l. IFN-y also 
causes decreased synthesis of prostaglandins, which enhances the 
effect of inflammatory mediators. In addition, IFN-y suppresses 
collagen synthesis and inhibits macrophages from leaving the 
site of iJ1jury. Thus, IFN-y appears to be an important mediator 
of chronic nonhealing wounds, and its presence suggests that T 
lymphocytes are primarily involved in duonic wound healing. 

Some studies, however, have questioned the belief that 
lymphocytes are not essential for acute wound heali11g. Drugs 
that suppress T-lymphocyte function and proliferation, such as 
steroids and ii.Jumw1osuppressive agents (e.g., cydosporinc, 
tacrolimus), have been found to result in impaired wotmd 
healing in extperimental wound models, possibly through 
decreased NO synthesis. In vivo lymphocyte depletion suggests 
the existence of an incompletely characterized T cell lymphocyte 
population that is neither CD4+ nor CDS+, and it is this subset 
that seems to be responsible for the promotion of wound healing. 

Proliferative Phase 
As the acute responses of hemostasis and inflammation begin to 
resolve, the scaffolding is laid for repair of the wound through 
angiogenesis, fibroplasia, and epithelialization. 111is stage is dlar
acterizcd by the formation of granulation tissue, which consists 
of a capillary bed, fibroblasts, macropbages, and a loose arrange
ment of collagen, fibronectin, and hyaluronic acid. 

A number of studies have used growth factors to modify 
granulation tissue, particularly fibroplasia. Adenoviral transfer, 
topical application. and subcutaneous injection ofPDGF, TGF-
13. keratinocyte growth factor (KGF), vascular endothelial 
growth factor (VEGF), and epidermal growth factor (EGF) have 
been tested to increase the proliferation of granulation tissue. 

Angiogenesis 
Angiogenesis is the process of new blood vessel formation and 
is necessary to support a healing wound environment. After 
injury. activated endothelial cells degrade the basement mem
braJle of postcapillary venules, thereby allowing the migration 
of cells tluough tills gap. Division of these mi. grating endothelial 
cells results in tubule or lumen formation. Eventually, deposition 
of the basement membrane occurs and results in capillary 
maturation. 

After injmy, the endothelium is exposed co numerous 
soluble factors and comes in contact witl1 adhering blood cells. 
1l1esc interactions result in upregulation of tl1e expression of cell 
surface adhesion molecules, such as vascular cell surface adhe
sion molecttle-1 (VCAM-1). Matrix-degrading enzymes, such as 
plasnlin and the mctalloproteinases, arc released and activated, 
aJ1d degrade the endothdi.al basement membraJle. Fragmenta
tiOJ1 of the basemem membrane allows migration of endothelial 
cells into the wound, promoted by fibroblast growth factor 
(FGF), PDGF, and TGF-13. Injured endotl1elial cells express 
adhesion molecules, such as tl1e integrin a_.~3, wllich facilitates 

attachmenr to fibrin, 6bronectin, and fibrinogen and thus facil
itates endothelial cell migration along the provisional matrix 
scaffold. Platelet endothelial cell adhesion molecule-! (PECAM-
1), also fow1d on endothelial cells, modulates their interaction 
with each other as they migrate into the wound. 

Capillary rube formation is a complex process that involves 
cell-cell and cell-matrix interactions, modulated by adhesion 
molecules on CJ1dotl1cHal cell surfaces. PECAM-1 bas been 
observed to mediate cell-cell contact, whereas ~ 1 integrin recep
tors may aid in stabilizing these contacts and forming tight 
junctions between endothelial cells. Some of the new capillaries 
differentiate inw arterioles and vcnules, whereas others undergo 
involution and apoprosis, with subsequem ingestion by 
macrcphages. Regulation of endothelial apoptosis is not well 
understood. 

Angiogenesis appears to be stimulated and manipulated by 
a variety of cytok.i.nes predominaJ1tly produced by macrophages 
aJld platelets. As the macrophage produces TNF-a, it orches
trates angiogene.~is during the inflammatory phase. Heparin, 
whid1 can stimulate the migration of capillary endothelial cells, 
hinds wid1 high affulity to a group of angiogenic factors. 

VEGF, a member of the PDGF family of growth factors, 
has potent angiogenic activity. It is produced in large an1ounts 
by keratinocytes, macrophages, endothelial cells, platelets, and 
fibroblasts during wound healing.9' 12 Cell disruption and 
hypoxia, hallmarks of tissue injtuy, appear to be strong initial 
inducers of potent angiogenic factors at the wow1d site, sud1 as 
VEGF and its receptor. VEGF family members include VEGF-A, 
VEGF-B, VEGF-C, VEGF-D, VEGF-E, and placental growth 
factor (PLGF).13 VEGF-A promotes early events .in aJ1giogenesis 
and subsequently is crucial to wow1d healing.14 It binds to 
tyrosine k.i.11ase surface receptors Flt-1 (VEGF receptor-! , or 
VEGFR-1) and KDR (VEGF receptor-2, or VEGFR-2).'5 Flt-l 
is re(juired for blood vessel organi7.ation, whereas KDR is 
important for endod1elial cell chemotaxis, proliferation, and 
differentiation. '6·' ' Animal sn1dies have shov.rn that VEGF-A 
administration restore.~ in1paired angiogenesi.s found in diabetic 
ischemic limbs18; however, otl1er studies have shown that exog
CJ10US YEGF results in vascular leakage and disorgaJlized blood 
vessel formation .'9..:

0 VEGF-C, which is also elevated during 
wound healing, is primarily released by macrophages and is 
important during th.e inflammatory phase of wound heaHng.21 

Although it works primarily through VEGF receptor-3 (VEGFR-
3), which is expressed in macrophages and lymphatic endothe
lium, it can also activate VEGFR-2. d1ereby increasing vascular 
permeability.21 ln vivo administration ofVEGF-C in aJl animal 
model using aJ1 adenoviral vector to genetically diabetic mke 
resulted in accelerated healing.13 PLGF is another proangiogenic 
factor that is elevated after wounding. It is involved in inflam
mation and expressed by keratinocytes aJld endotl1elial cells. Ir 
is believed ro work synergistically with VEGF, thereby potentiat
ing irs proangiogenic function .22 

Botl1 acidic and basic FGFs (FGF-1 and FGF-2) are 
released from disrupted parenchymal cells and ate early stimu
laJ1ts of angiogenesis. FGF-2 provides the initial angiogenic 
stimulus within the first 3 days of wound repair, followed by a 
subsequCJlt prolonged stimulus mediated by VEGF from days 4 
through 7. 1l1ere is a dose-dependem effect ofVEG F and FGF-2 
on angiogenesis. Both TGF-o. and EGF stinmlate endothelial 
cell p roliferation. TN F-a is chemotactic for endothelial cells: it 
promotes formation of the capillary rube and may mediate 
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angiogenesis through its induction of hypoxia-inducible factor 
1 (HIF-1). It regulates the expression of other hypoxia-responsive 
genes, including inducible NO synthase and VEGF. HlF-10. 
mRNA is prominently present in wound inflammatory cells 
during the initial 24 hours, and H IF-lo. protein is present in 
cells isolated from the wound I and 5 days after injury in viuo. 
Data also suggest that there is a positive interaction between 
endogenous NO and VEGF, witl1 endogenous NO enhancing 
VEGF synthesis. Similarly, VEGF has been shown to promote 
NO synthesis i.n angiogenesis, thus suggesting that NO mediates 
aspects of VEGF signaling required for endothelial cell prolif
eration and organization. 

TGF-~ is a chemoamacraru for fibroblasts and probably 
assists in angiogenesis by signaling the fibroblast to produce 
FGFs. Ocher factors that have been shown to induce angiogen
esis include angiogenin, IL-8, and lactic acid. Several of the 
matrix materials, such as fibronectin and hyaluronic acid from 
the wound site, are angiogenic. Fibronectin and fibrin are pro
duced by macrophages and damaged endothelial cells. Collagen 
appears to interact by causing tl1e tubular formation of endo
thelial cells in vitro. Angiogenesis thus results from the complex 
interaction uf ECM material and cytokines. 

Fibroplasia 
Fibroblasts are speciali1.ed cells that differentiate from resting 
mesencl1ymal cells in connective tissue; they do not arrive in the 
wow1d cleft by diapedesis from circulating cells. After injury, the 
normally quiescem and sparse fibroblasts are chemoamacred ro 
rue inAanm1atory site, where they divide and produce the com
ponents of the ECM. After stimulation by macrophage- and 
platelet-derived cytokines and growth factors, me fibroblast, 
which is norma!Dy arrested in the G0 phase, undergoes replica
tion and proliferation. Platelet-derived TGF-~ stimulates fibro
blast proliferation indirectly by releasing PDGF. The fibroblast 
can also stimulate replication in an autocrine manner by releas
ing FGF-2. To continue proliferating, fibroblasts require further 
stimulation by factors such as EGF or IGF-1. Although fibro
blasts require growth factors for proliferation, they do nor need 
growth factors to survive. Fibroblasts can live quiesce11 tly in 
growth factor- free media in monolayers or mree-dimensional 
cultures. 

1l1e primary function of fibroblasts is to synthesize colla
gen, which mey begin to produce during me cellular phase of 
inflanm1ation. 1l1e tin1e required for Lmdifferentiated mesenchy
mal cells to differentiate into highly specialized fibroblasts 
accounts for the delay between injury and tl1e appearance of 
collagen in a healing wound. 1l1is period, generally 3 ro 5 days, 
depending on tl1e type of tissue injured, is called tlte lag phase 
of wound healing. Fibroblasts begin co migrate in response 
to chemotactic substances such as growth factors (PDGF, TGF
~), C5 fragments, thrombin, TNF-cx, eicosanoids, elastin 
fragments, leukotriene B4, and fragments of collagen and 
fibronecrin. 

The rare of collagen synruesis declines after 4 weeks and 
eventually balances the rate of collagen destruction by collage
nase (MMP- 1). At this poiJ1t, the wound enters a phase of col
lagen maturation. The maturation phase continues for montl1s 
or even years. Glycoprotein and mucopolysaccharide levels 
decrease d uring the maturation phase, and new capillaries regress 
and disappear. These changes al ter tl1e appearance of the wound 
and increase its strengm. 
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Epithelialization 
The epidermis serves as a physical barrier to prevent f3uid loss 
and bacterial invasion. T ight cell junctions within the epithe
lium contribute to its in1permeability and tl1e basement mem
brane zone gives structural support and provides attachment 
berween the epidermis and the dermis. 1l1e basen1enr men1brane 
zone consists of several layers: 
l. 1l1e lamina Iucida (electron clear), consisting of lamini11 

and heparan sulfate 
2. 111e lanl.ina densa (electron dense), containing type rv 

collagen 
3. Anchoring fibrils, consisting of type N collagen, which 

secure tl1e epidermodermal interface and connect the 
lamina densa to the dermis 
1l1e basal layer of the epidermis attaches to the basement 

membrane zone by hemidesmosomes. Reepirhelialization of 
wounds begins within hours after injury. Initially, the wound is 
rapidly sealed by d ot formation and tl1en by epitheHal (epider
mal) cdl migration across the defect. Keratinocytes located at 
the basal Layer of tl1e residual epidermis or in the depms of 
epithelium-lined dermal appendages migrate [0 resurface me 
wound . Epitl1elialization involves a sequence of changes in wound 
keratiJlocytes-detachment, migration, proliferation, differenti
ation, and stratification. If me basement membrane zone is intact, 
epithelialization proceeds more rapidly. The cells are stimulated 
to migrate. Attachments to neighboring and adjoining cells and 
to the dermis are loosened, as demonstrated by intracellular 
ronofilamem reuacrion, dissolu cion of intercellular desmosomes 
and hemidesmosomes linking rue epidermis to me basemenc 
membrane, and formation of cytoplasmic actin filaments. 

Epidermal cells express integrin receptors mat allow them 
to iJ1tcract with ECM proteins sud1 as fibronectiJ1. 1he migrat
ing ceJils dissect me WOlmd by separating tl1e desiccated eschar 
from viable tissue. This path of dissection is determined by the 
Ultegrins that tl1e epidermal cells express on their celJ mem
branes. Degradation of the ECM, required if epidermal cells are 
to migrare between the collagenous dermis and fibrin eschar, is 
driven by epidermal cell production of collagenase (MMP-1) 
and plasminogen activator, whicl1 activates coUagenase and 
plasmin. The migratiJ1g cells are also phagocytic and remove 
debris in their path. Cells behind the leading edge of migrating 
cells begin to proliferate. 1l1e epithelial cells move in a leapfrog 
and tumbling fashion until the edges establish cont:ac[. If me 
basement membrane zone is not intact, it will be repaired first. 
1l1e absence of neighboring cells at tl1e wound margin may be 
a signal for the migration and proliferation of epidermal cells. 
Local rcleaseofEGF, TGF-0., and KGF and increased expression 
of meir receptors may also stimulate these processes. Topical 
application of KGF-2 in young and aged animals accelerates 
reepimelializarion. Basement membrane protei11s, such as 
lanlinin, reappear in a highly ordered sequence from the margin 
of the wound inward. After the wound is completely recpithe
lialized, me ceUs become colunmar and stratified again while 
firmly artadling to the reestablished basement membrane and 
underlying dem1is. 

Extracellular Matrix 
llle ECM exists as a scaffold to stabilize me physical srrucwre 
of tissues, but it also plays an active and complex role by regulat
ing the bd1avior of cells that contact it. Cells within it produce 
tl1e macromolecular constituents, including tl1e following: 
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1. G lycosantinoglycans (GAGs), or polysaccharide chains, 
usually found covalently linked to protein in the form of 
proteoglycans 

2. Fibrous J'roteins such as collagen, elastin, fibronectin, and 
larninin 
In connec~tive dssue, proceoglycan molecules form a gel-like 

ground substance. 11us highly hydrated gel allows the matrix ro 
withstand compressive force while permitting rapid diffusion of 
nutrknts, metabolites, and hormones between blood and tissue 
cells. Collagen fibers within the matrix serve to organize and 
strengthen it, whereas elastin fibers give it resilience and matrix 
proteins have adhesive functions.23 

l11e wound matrix accumulates and changes iJl composi
don as healing progresses, halanced between new deposition and 
degradation (Fig. 7-7). The provisional matrix is a scaffold for 
cellular migration and is composed of fibrin, fibrinogen, fibro
nectin, and vitr·onectin. GAGs and proteoglycans are synthesized 
next and support furcl1er matrix deposition and remodeling. 
Collagens, which are the predominant scar proteins, are the end 
result. Attachment proteins, such as fibrin and fibronectin, 
provide linkage co me ECM ilirough binding co cell surface 
integrin receptors. 

Stimulation of fibroblasts by growth factors induces upreg
ulated expression of integrin receptors, thereby facilitating 
cell-matrix interactions. Ligand binding induces clusreri.ng of 
integrin into focal adhesion sites. Regulation of integrin
mediated cell signaling by the extracellular divalent cations 
Mlf+, Mn2+, and Ca2+ is perhaps caused by induction of confor
mational changes in the iJltegrins. 

A dynamic and reciprocal relationship exists between fibro
blasts and the ECM. Cytokine regulation of fibroblast responses 
is altered by variations in the composition of the ECM. For 
exan1ple, expre.ssion of matrix-degrading enzymes, such as tbe 
MMPs, is up regulated after cyrok.ine stimulation of fibroblasts. 
Collagenolytic MMP- L .is induced by IL-L and downregulated 
by TGF-[3. Activation of plasminogen to plasmin hy plasmino
gen activator and procollagenasc to collagenase by plasmin 
results in matrix degradation and facilitates cell mi!,>ration. 
Modulation of these processes provides additional mechanisms 

14 16 

FIGURE 7-7 Wound matrix deposition over time. 
Fibronectin and type Ill collagen constitute the early 
matrix. Type I collagen accumulates later and corre
sponds to the increase in wound-breaking strength. 
(Adapted from Witte MB, Barbul A: General principles 
of wound healing. Surg Clin North Am 77: 509-528, 

1997.) 

whereby clle cell-matrix interaction can be regulated during 
wound healing. Matrix modulation is also seen in tumor metas
tasis. Neoplastic cells lose their dependence on anchorage, medi
ated mainly by integrim; this is probably caused by decreased 
production of fibronectin and subsequent decreased adhesion 
ru1d, as a result, these cells can break away from me prin1at)' 
tumor and metastasize. 

An exan1ple of the necessary dynamic interactions occur
ring in the provisional matrix during wotmd healing .is the effect 
ofTGF-[3 on incisional wounds scaled with fibrin sealant. Fibrin 
sealant is a derivative of plasma components mat nlinllcs me last 
step in the coagulation cascade. Commercially available fibrin 
sealant has an approximately I 0-fold greater conccJltration of 
6brin thru1 plasma and consequently provides a more airtight, 
waterproof seal. Fibrin sealru1t may serve as a mechanical barrier 
ro the early cell-mediated events occurring in wound healing. 
Supplementation of fibrin sealant wim TGF-[3 bas been dem
onstrated to reverse me iJlhibitory effects of 6brin sealant on 
wound healing and increase tensile strength as compared with 
sutured wounds. l11e increa..ed tensile strength may be a result 
of improved cell migration into the wound sire, more rapid 
clearance of fibrin sealant, suppression of gelarinase (MMP-9), 
and enhancement of ECM synthesis in TGF-[3-supplemenred 
wounds. 

Collagen strudure Collagens are found in all multicellular 
ru1imals ru1d are secreted by a variety of cell types. They are a 
major component of sk.iJ1 and bone and constitute 25% of the 
wtal protein mass in mammals. The proline- and glycine-rich 
collagen molecule is a long, stiff, triple-stranded helical structure 
that consists of three collagen polypeptide a. chains wound 
around one another in a ropelike superhelix. With its ringlike 
structure, proline provides stability to tl1e helical conformation 
in each a. chain, whereas glycine, because of irs small size, allows 
tight packing of tbe iliree a. cbains to form tbe final superhelix. 
There are at least 20 rypes of collagen, the main consti tuents of 
connective tissue being types I, II, Ill, V, and XI. Type I is the 
principal collagen of skin ru1d bone ru1d is cl1e most common.23 

ln adults, the skin is approximately 80o/o type I and 20o/o type 
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III. In newborns, the content of type ill collagen is greater than 
that found in adults. In early wound healing, there is also 
iJ1crca.o;ed expression of type Ill collagen. Type l collagens are 
the fibrillar, or fibril-forming, collagens. 1l1ey arc secreted into 
the extracellular :space, where they assemble into collagen fibrils 
( 1 0 to 300 n m in diameter), which then aggregate into larger, 
cable-like bundles called collagen fibers (several micrometers in 
diameter). 

Other types of collagens include types IX and Xll (fibril
associated collagens) and types IV and VU (network-forming 
collagens). Types IX and XU are found on the surface of collagen 
fibrils and serve to Lu1k the fibrils to one another and to other 
components iJ1 the ECM. Type IV molecules assemble iJ1to a 
mesh like pattern and are a major part of the matme basal lamina. 
DiJners of type VII form anchoring fibrils that help attach the 
basal lamina to the w1.derlying connective tissue and are espe
cially abundant in the skin. 

Type XVH and XVIII collagens are two of a number of 
collagen-like proteins. Type XVll has a transmembrane domain 
and is found in hcmidesmosomes. Type XVITI is located in che 
basal laminae of blood ves.~ds. The peptide endostatin, which 
inhibits angiogenesis and shows promise as an anticancer drug, 
is formed by cleavage of the C. terminal domain of type xvm 
collagen. 

Collagen Synthesis Collagen polypeptide cl1ains are synthesized 
on membrane-bound ribosomes and enter the endoplasmic 
reticulum (ER) Lumen a~ pro-a chains (Fig. 7-8). 1l1ese precur
sors have amiJ1o-termiJ1al signal pep tides to direct d1CJ11. to the 
ER, as well as propeptides at bod1 ilie N- and C-terminal ends. 
Witl1i11 the lumen of tl1e ER, some of the proliJ1es and lysines 
undergo hydroxylation to form bydroxyprollne and hydroxyly
sine. Hydroxylation results in tl1e stable triple-stranded helix 
through ilie formation ofinterehain hydrogen bonds. The pro-a 
chain tl1en mmbines with two otl1ers to forn1 procoUagen, a 
hydrogen-bonded, triple-stranded bdical molecule. ln condi
tions such as vitanlin C (ascorbic acid) deficie11cy (scurvy), 
proline hydroxylation is prevented, thereby resulting in the 
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1 

200nm 
FIGURE 7-8 Intracellular and extracellular 
events in the fom1ation of a collagen fibril. A. 
Collagen fibrils are shown assembling in the 
extracellular space contained within a large 
infolding in the plasma membrane. As one 
example of how collagen fibrils can fom1 
ordered arrays in the extracellular space, they 
are shown further assembling into large col
lagen fibers, which are visible with a light 
microscope. The covalent cross links that sta
bilize the extracellular assemblies are not 
shown. B, Electron micrograph of a negatively 
stained collagen fibril revealing its typical stri
ated appearance. ER, Endoplasmic retirulum. 
(A. From Alberts B, Johnson A. lewis J, et al 
[eds): Molecular biology of the cell, ed 4, New 
York, 2002, Garland, p 1100; B, Courtesy 
Robert Home.) 

formation of unstable triple helices secondary to the synthesis 
of defective pro-a chains. Vitamin C deficiency is characterized 
by tl1.e gradual loss of precxistmg normal collagen, which leads 
to fragi le blood vessels and louse teeth. 

After secretion mro the ECM, speci£c proreases cleave che 
propeptides of d1e procullagen molecules to form collagen 
monomers. 1l1ese monomers assemble to form collageJl fibrils 
in tl1e ECM, driven by collagen's tendency to self-assemble. 
Covalent cross lu1king of the lysine residues provides tensi le 
strength. The extent and type of cross LiJ:tking vary from tissue 
to tissue. In tissues such as tendons, in which tensile strength is 
crucial, collagen cross linking is extremely high. In mammalian 
skiJ1, the fibrils are organized ill a basket weave pattern to resist 
multidirectional tensile stress. ln te11dons, on the otl1er hand, 
fibrils are in parallel bundles aligned along the major axis of 
tension.23 

A n wn ber of factors can affect coHagen syn dlesis. Vitamin 
C (ascorbic acid), TCF-B, !GF-!, ru1d lGF-ll increase collagen 
synthesis. IFN-)' decreao;es type I procollagen mRNA synthesis 
ru1d glucocorclcoids inhibit procollagen gene transcription, 
thereby leading to decreased colla.ge11 synthesis. 

Several genetic disorders are caused by abnormallties in 
collagen fibril formation. ln osteogenesis imperfecta, deletion of 
one procollagen <X1 allele results in weak and easily fractured 
bones. Ehlers-Danlos syndrome is a result of mutations affecting 
type rn collagen and is characterized by fragile skin and blood 
vessels and hypermobile joiJlts. 

Elastic Fibers Tissues such as skin, blood vessels, ru1d lungs 
require strength and elasticity to fLmction. Elastic fibers ill the 
ECM of these tissues provide tl1e resilience to allow recoil after 
transiem stretching. 

Elastic fibers are predominru1cly composed of elastin, a 
highly hydrophobic protein ("'750 anlino acids long). Soluble 
tropoelastin is secreted into the extracellular space, where it 
forms lysine cross links to other tropodastin molecules to gener
ate a large network of elastin fibers ru1d sheets. Elastill is com
posed of hydrophobic and alanine- and lysine-rich o,..helical 

http://www.myuptodate.com


162 SECTION I SURGICAL BASIC PRINCIPLES 

segments that alternate along d1e polypeptide d1ain. 1he hydro
phobic segments are responsible for the molecule's elastic prop
erties. 1l1e alanine- and lysiJle-rich «-helical segments form cross 
Links between adjacent molecules. Although me proposed con
formation of elastin molecules is controversial, me predominant 
theory is that the ela~rin polypeptide chain adopts a random coil 
conformation that allows the network to stretch and recoil like 
a rubber band. Elastic fibers consist of ru1 elastin core covered 
by a sheam of m.icrofibrils, which are composed of several dis
tinct glycoproteins sucb as fibrillin. Elastin-binding fibriiJin is 
essential for integrity of the clastic fibers. 

Microfibrils appear before elastin in developing tissues and 
seem to form a scaffold on which the secreted elastin molecules 
are deposited. Elastin is produced early in life, stabilizes, and 
does not undergo much further synthesis or degradation, wid1 
a turnover that approaches the life span. Age-related modifica
tion is a result of progressive degradation as me elastic fibers 
gradually become tortuous, frayed, ru1d porous. Scanning elec
tron microscopy shows that in humans, the elastic meshwork 
grows largely undistorted during postnatal growth, during which 
fibers seem to enlarge in synchrony wim growth of me tissue. 
In non wounded circumstances. d1ere is Little elastin degradation, 
probably because of elastiJ1's hydrophobic natLLre, which makes 
d1e interior of this highly folded protein inaccessible. As a result 
of th is high degree of three-dimensionality and extensive cross 
linking, cleavage must be considerable before there is mud1 loss 
of elasticity. Bom IGF-1 and TGF-P stimulate tbe production 
of dastiJl. Glucocorticoids and basic FGF reduce adult skin ceU 
production of elastin. 

Mutations causing a deficiency of elastin proteiJ1 result in 
arterial narrowing as a consequence of excessive smoom muscle 
cell proliferation in the arterial wall (intimal hyperplasia). These 
findings sugges't mat the normal elasticity of an artery is needed 
to prevent proliferation of these cells. Gene mutations in fibril
liJl result in Marfan syndrome; severely affected individuals arc 
prone to aortic rupture. 

Clycosaminoglycans and Proteoglycans GAGs are unbrru1ched 
polysaccharide chains composed of repeating disaccharide 
units, a sulfated runino sugar (N-acetylglucosrunine or 
N-acetylgalactosanline) and uronic acid (glucuronic or idu
ronic). GAGs are highly negatively charged because of the 
sulfate or carboxyl groups on most of d1cir sugars. Four types of 
GAGS exisr3: 

1. Hyaluronan 
2. C hondroitin sulfate and dermatan sulfate 
3. Hepa.ran sulfate 
4. Keratan s1Ulfate 

The GAGs in connective tissue usually constitute Less thru1 
1 Oo/o of ilie weight of the fibrous proteins. Their highly negative 
charge attracts osmotically active cations, such as Na+, which 
causes large amounts of water to be incorporated into me 
matrix. This results in porous hydrated gels and is responsible 
for the turgor that enables ilie matrix to withstand compressive 
force?3 

Hyaluronan is the sin1plest of the GAGs.lt is composed of 
repeating nonsulfated disaccharide units and is found in adul t 
tissue.~, but is especially prevalent in fetal tissues. Its abtmdru1ce 
in futal wounds is believed to be a factor in ilie scarless wound 
healing seen in fetal tissues. Unlike d1e other GAGs, hyaluronan 
is not covalently attached to any protein and is synthesized 

directly from the cell surface by an enzyme complex embedded 
in ilie plasma membrane. 

Hyaluronan serves several different roles because of its large 
hydration shell. It is produced in large quru1tities duriJ1g wound 
healing, during which it facilitates cell migration by physically 
expaJ;"Iding the ECM and allowiJ1g cells additional space for 
migration; it also reduces the strength of adhe.~ion of migrating 
cells to matrix fibers. Hyaluronan synilicsizcd from d1e basal side 
of epimelium creates a cell-free space for cell migration, as 
during embryogenesis and formation of the heart aJld omer 
orgru1s. When cell migration finishes, ilie excess hyaluronan is 
degraded by hyaluronidase. 

ProteoglyCaJls are a diverse group of glycoproreiJ1s wiili 
functions mediated by meir core proteins and GAG chams. 11Je 
number and type.~ of GAGs attached to the core protein can 
vary greatly, and the GAGs themselves CaJl be modified by 
sulfonation. Because of ilieir GAGs, proteoglycans provide 
hydrated space around and berween cells. 1l1ey also form gels of 
different pore si.ze and charge densi ty to regulate the movement 
of cells and molecules. Perlecan, a heparru1 sulfate proteoglycan, 
~rves dlls role in me basal lanlina of me kidney glomerulus. 
Decreased levels of perlecan are believed to play a role in diabetic 
albuminuria. 

ProteoglyCaJls function in chemical signaling by binding 
various secreted signal molecules, such as growth factors, and 
modulating their signaling activity. Proteoglycru1s can also bind 
other secreted proteins, such as pro teases and protease inhibitors. 
Such binding allows proreoglycru1s ro regulate protems by the 
following: 

1. Immobilizing d1e proteiJ1 ru1d restricting i.ts rru1ge of 
action 

2. ProvidiJ1g a reservoir of the protciJl for delayed release 
3. AlteriJtg me protein to allow more effective presenta

tion to cell surface receptors 
4. Prolonging the proteiJ1's action by protecting it from 

degradation 
5. Blocking the activity of the protein 

Proteoglycans cru1 be componenrs of plasma membranes 
ru1d have a rransmembrru1e core protein or are attached to d1e 
lipid bilayer by a glycosylphosphatidyliJ1ositol and10r. These 
proteoglycans act as coreceptors d1at work with omer ceJl surface 
receptor proteins in binding cells to the ECM ru1d initiating the 
response of cells to extracellular signa1iJ1g proteiJ1s. For example, 
tlle syndecaJls are traJlsmembrane proteoglycans located on me 
surface of many cells, including fibroblasts ru1d epimelial cells. 
In fibroblasts, syndecans are found in focal adhesions, where 
they interact with fibronectin on the cell surface ru1d with cy'to
skeleral and signaling proteins inside the cell. Mutations leading 
to i11activation of these coreceptor proteoglycans result in severe 
developmental defects.23 

The ECM bas oilier noncollagen proceiJ1s, such a~ the 
fibronectins, that have multiple domains and can bind to ud1er 
matrix macromolecules and cell surface receptors. These interac
tions help orgrulize ilie matrix ru1d facilitate cell attachment. 
Fibronectin is importrult in animal embryogenesis. 

Fibronectin exists as soluble and fibrillar isoforms. Soluble 
plasma fi bronectin circulates in various body fl uids and enhances 
blood clotting, wound healing, and phagocytosis. 1l1e highly 
insoluble fibrillar forms assemble on cell surfaces and are depos
ited in the ECM. 1l1e fibronectin fibrils that form on the surface 
of fibroblasts are usually coupled wiili neighboring intracellular 
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actin stress fibers. The actin filaments promote assembly of the 
fibronectin fibril and influence fibriJ orientation. Integrin trans
membrane adhesion proteins mediate these interactions. The 
contractile actin and myosiJ1 cytoskeleton pulls on the fibronec
tm matrix and generates tension.23 

Basal Lamina Basal laminae are flexible, thin (40- to 120-nm
tbick) mats of specialized ECM that separate cells and epithelia 
from the underlymg or surrounding connective tissue. [n skm, 
the basal lamina is tethered to the underlying connective tissue 
by specialized anchoriJ1g fibrils. Tius composite of basallamma 
and collagen is the basement membrane. 

The basal lamina acts m numerous ways: 
l. As a molecular filter to prevent the passage of 

macromolecules (i.e., in the kidney glomerulus) 
2. As a selective barrier ro certam cells (i.e., the la.nili1a 

beneath d1e epithe(jum prevents fibroblasts from 
contacting epithelial cells, but does not stop macro
phages or lymphocytes) 

3. As a scaffold for regenerating cells to migrate 
4. As an important element m tissue regeneration in 

locations where the basal lamina survives 
Although itrs composition may vary from tissue to tissue, 

most mature basal lanliJlae contam type IV collagen, perleca.Jl, 
and the glycoproteins laminin and nidogen. Type rv collagen 
bas a more flexible structure than the fibrillar collagens; its 
triple-stranded helix is interrupted, thereby allowing multiple 
bends. 

Laminins, in general, consist of three long polypeptide 
chains (a, ~- and "() . Mice lacking the lanlinin y, chain die 
duru1g embryogenesis because they cannot make a basallanlina. 
1l1e lanil1lin in basement membranes consists of several domams 
that bmd to perlecan, nidogen, and laminiJ1 receptor protems 
found on cell surfaces. The type rv collagen and lanlinin net
works are connected by nidogen and perlecan, wnicl1 act as 
stabilizing bridges. Many of the cell surface receptors for type 
TV collagen and lam.in in are members of the integrin fanuly. 
Another m1porranr type of larninin receptor is dystroglycan, a 
transmembrane protein that together with integrins may orga
nize assembly of the basallamiJ1a. 

Degradation of the Extracellular Matrix Regu.lated turnover of the 
ECM is crucial to many biologic processes. ECM degradation 
occurs durmg metastasis when neoplastic cells migrate from 
their site of origiJ1 to distant organs via the bloodstream or 
lymphatics. In injury or infection, localized degradation of the 
ECM occurs so d1at ceiJs can migrate across the basal lamina to 
reach the site of mjury or iJuection. Locally secreted cellular 
proteases, such as MMPs or serme proteases, degrade tl1e ECM 
components. Matrix proteolysis helps d1e cell migrate m the 
followmg ways: 
1. Clearing a path through the matrix 
2. Exposing binding sites, thereby promoting cell binding or 

migration 
3. Facilitating cell detachment so that a cell can move 

fonvard 
4. Releasing signal proteins that promote cell migration 

Proteolysis is tightly regulated. Many proteases are secreted 
as inactive precmsors that are activated when required. In addi
tion, cell surface receptors bind these protease.~ to ensure that 
they act only on sites where they are needed. FiJ1ally, protease 
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iJlllibitors, such as the tissue inhibitors of metalloprotemase 
(TIMPs), can bind these enzymes and block their activity. 

Maturational Phase 
Wound contraction occurs by centripetal movement of rl1e 
whole thickness of rhe surrounding skin and reduces rl1e an1ounr 
of disorganized scar. Wound contracture, in contrast, is a phys
ical coJ1striction or limitation of function and is a result of the 
process of wound contraction. Contractures occur when exces
sive scar exceeds nom1al wound contraction, and it results in a 
functional disability. Scars d1at traverse joints and prevent exten
sion or scars that mvolve the eyelid or mouth and cause an 
ectropion are examples of conuactures. 

Wound contraction appears to take place as a result of a 
complex interaction of the extracellular materials and fibroblasts, 
which is not completely tmderstood. Usmg a fibroblast
populated collagen lattice, Ehrlich demonstrated that aborted 
cell locomotion apg ears to cause bunching and contraction of 
the col!lagen fibers. ' ln this in vitro model, trypsinized collagen 
is populated by fibroblasts that adhere to it in culture. If normal 
dermal fibroblasts are cultured, they attempt to move bur are 
trapped by the collagen fibers. The tractional forces cause the 
lattice to bunch and contract. 

Numerous studies have show11 that fibroblasts iJ1 a con
tracting wound undergo change to stimulated cells, referred 
to as myofibroblasts. TI1ese cells have function and structme 
in common witl1 fibroblasts and smooth muscle cells and 
express alpha smooth muscle actin m blmdles called srress 
fibers. TI1e actin appears at day 6 after wounding, persists at 
high levels for 15 days, and is gone by 4 weeks, when cl1e cell 
undergoes apoptosis. It appears that a stiJuulated fibroblast 
develops contractile ability related to the formation cl cyto
plasmic actin-myosin complexes. When ellis stimulated cell is 
placed in the fibroblast-populated coLlagen lattice, contraction 
occurs even faster. TI1e tension that is exerted by the fibro
blasts' attempt at contraction appears to stmllilate the acrm
myosin structures in their cytoplasm. [f colchicine, which 
iJiliibits microtubules, or cytochalasin D, which inhibits 
microfilaments, is added to the tissue culture, the result is 
minimal contraction of the collagen gels. Fibroblasts develop 
a linear arrangement in the line of tension cl1at when removed, 
causes the cells to round up. 

Stm1ulared fibroblasts, or myofibroblasrs, are found to be 
a constant feature present m abtmdance m diseases mvolviJlg 
excessive fibrosis. Such diseases mclude hepatic cirrhosis, renal 
and pulmonary fibrosis, Dupuytren's contracture, and desmo
plastic reactions mduced by neoplasia. 1l1c actin microfilan1ents 
are arranged linearly along the long axis of the fibroblast. They 
are associated with dense bodies that allow attachment to the 
surrounding ECM. Fibronexus is the attachment entity that 
connects the cytoskeleton to the ECM and spans the cell mem
brane in doing so. 

MMPs also appear to be m1portant for wound contraction. 
It has been demonstrated that stromelysm-1 (MMP-3) strongly 
affects wound contraction. MMPs may be necessary to allow 
cleavage of cl1e attachment between the fibroblast and the col
lagen so that the lattice can be made to contract. Different 
populations of fibroblasts, from differenr organs, respond to the 
contraction stmmlus in a heterogeneous fashion. It is likely that 
the stromelysin-1, with the participation of ~ 1 integriJlS, allows 
modification of attachment sites between fibroblasts and the 
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collagen fibrils .. Similarly, cytokines sud1 as TGF-P1 affect con
traction by increasing the expression of ~1 integrin. 

Remodeling 
The fibroblast population decreases and the dense capillary 
network regres.<;es. Wound suength increases rapid1y within 1 co 
6 weeks and then appears to plateau up to l year after the injury 
(see Fig. 7-8). When compared with nonwow1ded skin, tensile 
strength is only 30o/o in the scar. An increase in breaking strength 
occurs after approximatdy 21 days, mostly as a result of cross 
linking. Although collagen cross linking causes further wotmd 
contraction and an increase in strength, it also results in a scar 
that is more brirde and less elastic d1an normal skin. Unlike 
normal skin, the epidermodermal interface in a healed wound 
is devoid of rette pegs, the undulating projections of epidermis 
that penetrate into the papillary dermis. Loss of this anchorage 
results in increased fragility and predisposes the neoepidernus to 
avulsion after minor trauma. 

ABNORMAL WOUND HEALING 
In such a complex series of imerweaving cvems as wow1d 
healing, a number offactors can inlpede the outcome (Box 7-1). 
The amount of tissue lost or damaged. amount of foreign mate
rial or bacterial inoculation, and length of exposure to toxic 
facwrs affect the tin1e ro recovery. Intrinsic factors such as age, 
chen1otherapeutic agents, atherosclerosis, cardiac or renal failure, 
and location on the body all affect wound healing. 

Ultimately, the type of scar-whether it is adequate, inad
equate, or proliferative-is dictated by d1e amount of collagen 
deposition and balanced by me an10W1t of collagen degradation. 
lf the balance is tipped in either direction, me result is poor. 

Hypertrophic Scars and Keloids 
Keloids and hypertrophic scars arc proliferative scars character
ized by excessiv;e collagen deposition versus collagen degradation 
(Fig. 7-9). Keloids are defined as scars dm grow beyond d1e 
bordt:'rs of the original wounds, and these scars rarely regress 
with time. Kcloids are more prevalent in patients with more 
darkly pigmented skin; they develop in 15o/o to 20o/o of Mrican 

FIGURE 7-9 Keloids caused by ear piercing. 

Americans, Asians, and Hispanics. Kcloids appear to have a 
genetic predisposition. Keloid scars tend to occur above the 
clavicles, on me trunk, on the upper extremities, and on the 
face. They cannot be prevented at this time and are of ten refrac
tory to medical and surgical intervention. Hypertrophic scars, 
in contrast, are raised scars dlat remain within the confines of 
the original wotmd and frequently regress spontaneously. These 
scars also differ histologically from normal scars. Keloids and 
hypertrophic scars have stretched collagen bund1es aligned in the 
Sanle plane as me epidermis, as opposed to normal scar tissue, 
iJ1 wh.id1 dle collagen bundles are randomly arrayed and relaxed. 
In addition, keloid scars have thicker, more abundant collagen 
bund1es that form acdlular nodclike structures iJ1 the deep 
dermal portion of d1c kdoid lesion. 'TI1e center of keloid lesions 
also contains a paucity of cells in comparison to hypertrophic 
scars, which have islands composed of aggregates of fibroblasts, 
small! vessels, and collagen fibers tluoughout the dermis. 

Hypertrophic scars are often preventable. Prolonged 
inflammation and insufficient resurfacing, such as can occur 
with a burn wound, lead to hypertrophic scars. It appears that 
dlc tension dlat signals me formation of activated fibroblasts also 
causes excessive collagen to be deposited. Scars perpendicular to 
the underlying muscle fibers tend to be flatter and narrower, 
with less collagen formation than when mey arc parallel to d1e 
w1derlying musde £hers. 'TI1e position of an elective scar can be 
chosen in such a way to make a narrower and less obvious scar 
in the distant future (Fig. 7-10). As muscle fibers contract, d1e 
wound edges become rcapproximated if they are perpendicula.r 
w the underlying muscle. If, however, d1e scar is parallel to d1e 
underlying musde, contraction of d1at muscle tends to cause 
gaping of the wound edges and leads to more tension and scar 
formation. 

There is some indication ofbiod1emical differences berween 
proliferative scars and normal wound scars. Hypertrophic scars 
represent a hyperproliferative phenotype that develops after 
multiple stimulatory effects. 'TI1.is phenotype can be reversed 
once the stimulation, such as excessive skin tension or growth 
facto:rs, is removed. Kcloids, bowever, represent a unique phe
notype that appears to be genetically predisposed to d1anges in 
ECM production and is switched on irreversibly by factors such 
as TGF-p. Expression of the isoforms TGF-~ 1 and TGF-~2 is 
increased in human keloid cells in comparison to normal human 
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FIGURE 7-10 The preferred orientation for elective skin incisions 
(A) is parallel to lines of facial expression (B). (From Kraissl 0: The 
selection of appropriate lines for elective surgical incisions. Plast 
Reconstr Surg 8:1-28, 1951.) 

dermal fibroblasts. Hypertrophic scar fibroblasts produce more 
TGF-p1• In contrast to the elevated collagen synthesis seen in 
these scars, collagen degradation is low. Both MMP- 1 (collage
nase) and MMP-9 (gelatinase involved in early tissue repair) arc 
decreased in hypemophic scars and keloids. MMP-2 (gelatinase 
in late tissue remodeling) is significantly elevated in hypertro
phic scars and keloids. Studies involving antibodies to TGF-P 
have shown that its activity can be blocked and fibrosis decreased. 
Growth factors !have also been implicated in fibrosis and have 
been studied as targets for the blockade of fibrosis. IFN-r, which 
suppresses collagen synthesis, has been tested clinically in keloid 
scars and has produced an average 30% reduction in scar thick
ness (Fig. 7-11). 

Keloids and hypertrophic scars are challenging to manage 
and, although both respond to the same therapy, hypertrophic 
scars are easier to treat. However, there is no single proven best 
therapy and the large number of treatment options reflects the 
lack of quality research on tl1is topic (Table 7-3).24 

Chronic Nonhealing Wounds 
Chronic wounds, by definition, are wounds that have failed to 
proceed through an orderly and timely reparative process to 
produce anaton:Lic and functional imegrity over a period of 3 
months. 'TI1ese wounds arc a signincam challenge to the health 
care system and its professionals, with a huge economic burden. 

Chronic wounds, like other abnomJal wounds, appear to 

have dcrangememts in the various stages of wound healing and 
have tmusually devated or depressed levels of cytokines, growth 
factors, or protcinases. Chronic wound fluid, unlike acute 
wotmd fluid, has been demonstrated to have greater levels of 
lL-1 , fL-6, and TNF-a; levels of these pro in Aammatory cyto
kines decreased as the wound healed. In addition, an inverse 
relationship between TNF-a and essential growth factors such 
as EGF and PDGF has been demonstrated. 

The amount of normal wound ECM is determined by a 
dynamic balance among overall matrix synthesis, deposition, 
and degradation. Proteolytic degradation of ECM is a.n essential 
feature of repair and remodeling during cutaneous repair. 
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FIGURE 7- 11 Pathways in causing excessive fibroplasia by TG F-13 and 
means for therapeutic intervention. TGF-13 increases the cellular pro
duction of ECM proteins, such as fibronectin and collagen, and also 
increases the cellula r expression of integrins (not shown). Further
more, the synthesis of inhibitors of degrading enzymes of plasmino
gen activator inhibitor (PAl) and TIMPs is also increased by TGF-13, 
whereas expression of collagenase and plasminogen activator (PA) is 
decreased. This upregulation of inhibitor synthesis plus downregula
tion of protease synthesis further augments the accumulation of ECM 
proteins induced by TGF-13 and is the basis for fibrotic tissue formation 
secondary to excessive action of TGF-13. Possible means of therapeu
tic intervention are highl ighted. Antagonists of TGF-P and its receptor 
would shift the ECM equilibrium toward degradation, as would upreg
ulators of PA production and PAl antagonists. Inhibitors of collagen 
and ECM synthesis would prevent excessive ECM deposition. Cell 
cyde inhibitors would prevent the proliferation of fibroblasts. (From 
Tuan TL, Nichter LS: The molecular basis of keloid and hypertrophic 
scar formation. Mol Med Today 41:19-24, 1998.) 

Evidence suggests that proteolytic degradation in the wound 
environment is a major cause of failttre to heal. MMPs are a 
fanlily of structurally related enzymes that have the ahiljty to 

degrade ECM componems and are differentiated by their sub
strate specificity and inhibited by TIMPs. TNF-a. has been 
shown to increase the production ofMMPs while inhibiting the 
production ofTIMPs. Conversely, inhibition of MMPs results 
in decrea'>Cd levels of TNF-a in wound Auid and decreased 
inflammatory cell numbers while increasing wound tensile 
strength and levels ofTGF-p. 

Swdies in chronic wow1ds, such as pressure ulcers in 
burua.n and animal models, have demonstrated elevated levels of 
MMPs, particularly MMP- 1, MMP-2, MMP-8, and MMP-9, 
and decreased levels ofTIMPs. 'Tills finding has led many inves
tigators to conclude that a chronic wound is a result of persis
tently elevated levels of MMPs and depressed levels of their 
ulh.ibitors. These MMPs have been shown to degrade the adhe
sive su bstrares for cell migration and signaling molecules, such 
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Table 7-3 Prevention and Treatment Options for Keloids and Hypertrophic Scars 

MODALITY OR TREATMENT OPnON 

Prevention 

Preventive silicone sheeting (postsurgery) 

Postsurgi cal intralesional corticosteroid 
injection (triamcinolone acetonide [Kenalog], 
10-40 mg/ml at 6-vvk intervals) 

Postsurgical topical imiquimod, 5% cream 
(Aldara) 

Postsurgical fluorouracil, triamcinolone 
acetoniile, and pulsed dye lasers (best 
outcomes) 

Rrst-Une Treatment 

Cryotherapy 

lntralesional cortiicosteroid injection 
(triamcinolone acetonide [Kenalog), 
10-40 mg/ml at 6-vvk intervals) 

Silicone elastomer sheeting 

Pressure dressing (24-30 mm Hg) wom for 
6-12 mo 

Surgical excision 

Coll_lbined ~ry~~er'!PY and intralesional 
corticosterOid lnJ:ecbon 

Triple-keloid therapy (surgery. corticosteroids, 
silicone sheeting) 

Pulsed dye laser 

Verapamil, 2.5 mg/ml, intralesional injection 
combined with perilesional excision and 
silicone sheeting 

Ruorouracil, 50 mg/ml. intralesional 
injection 2-3 tim:es/vvk 

Bleomycin tattooing. 1.5 IU/ml 

Postsurgical interferon-a2b, 1.5 million IU, 
intralesmnal injection bid for 4 days 

Radiation therapy alone 

Postsurgical radiation therapy 

Onion extract topical gels (Mederma) 

RESPONSE 
RATE (o/o) 

0-75 

NA 

NA 

70at 
12wk 

50-76 

50-100 

50-100 

90-100 

NA 

84 

88 at 
13 mo 

NA 

54 at 18 
months 

88 

92,88 

30-50 

56 (mean) 

76 

NA 

RECURRENCE 
RATE (o/o) 

25-36 

0-100 (mean, 
SO} 

28 

NA 

NA 

9-50 

NA 

NA 

50-100 

NA 

12.5 at 
13 mo 

NA 

NA 

0 

NA 

8-19 

NA 

NA 

NA 

COMMENTS 

Multiple preparations available; tolerated by 
children; expensive; avoid on open wounds; 
poor study design 

Patient acceptance and safety; may cause 
hypopigmentation, skin atrophy, telangiectasia 

May cause hyperpigmentation, irritation 

Effective; may cause hyperpigmentation, 
wound ulceration 

Useful on small lesions; easy to perform; may 
cause hypopigmentation, pain 

Inexpensive, requires multiple injections; may 
cause discomfort skin atrophy, telangiectasia 

Multiple preparations available; tolerated by 
children; expensive; poor study design 

Inexpensive; difficult schedule; poor 
adherence 

Z-plasty option for bums; immediate 
postsurgical treatment needed to prevent 
regrowth 

See benefits of individual treatments; may 
cause hypopigmentation 

Tedious; time-intensive; expensive 

Specialist referral needed; expensive; variable 
results depending on trial (controversial) 

Repeated injections; limited experience; may 
cause discomfort 

Effective; may cause hyperpigmentation, 
wound ulceration 

Effective; may ~use pulmonary fibrosis, 
cutaneous reactions 

Expensive; may cause pruritus, altered 
pigmentation, pain 

Local growth inhibition; may cause cancer, 
hyperpigmentation, paresthesias 

Local growth inhibition; may cause cancer 

Umited effect alone. better in combination 
with silicone sheeting 

STUDY DESIGN 

Review of multiple 
case studies 

Review of multiple 
case studies 

Case study 

dinical trial 

Review of multiple 
case studies 

Review of multiple 
case studies 

Review of multiple 
case studies 

Review of multiple 
case studies 

Review of multiple 
case studies 

Case study 

Case study 

Case studies 

dinical trial 

Review of multiple 
case studies 

Review of case 
study 
Control trial 

Review of multiple 
case studies 

Review of multiple 
case studies 

Review of multiple 
case studies 

Prospective case 
study 

Adapted from Juckett G, Hartman-Adams H: Management of keloids and hypertrophic scars. Am Fam Physician: 80:253-260, 2009. 

NA, Not available. 

a~ growth facto-rs and cytoki nes. In addition, excessive proteoly
sis may cause d1e release of high levds of breakdown products 
of connective tissue that will activate inflammatory ceU processes 
inappropriately. With increased inflan1mation of the wow1d, 
there is less likeW10od that the wound will progress to healing. 

'TI1e balance is slanted in favor of collagen degradation rather 
than collagen synthesis. 

Wounds that are chronically inflan1ed and do not proct't'd 
to closure are susceptible to the development of squamous cell 
carcinoma (Fig. 7-12). Originally reported iJ1 chronic burn scars 
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FIGURE 7-12 Squamous cell carcinoma in a chronic pressure sore. 

by Marjolin, other condltions have also been associated with this 
problem, including osteomyelitis, pressure sores, venous stasis 
ulcers, and hidradenitis.24" The wolllld appears irregular, raised 
above the surface, and has a white, pearly discoloration. 1he 
premalignant srate is pseudoepitheliomarous hyperplasia. lf tbls 
report is obtaine-d on a biopsy specimen, the biopsy is repeated 
because squamous ceU carcinoma may be present in otber areas. 

Infection 
Probably the most common cause of healing delays is wound 
infection. lf the bacterial count in the wound exceeds I 05 

organisms/g of tissue or if any beta-hemolytic st reptococci arc 
present, the wound will not heal by any means, including flap 
closure, skin gra.fit placement, or primary suture. Bacteria prolong 
tbe inflarnmatory phase and interfere witb epithelialization, con
traction, and coUagen deposition. 1l1e endotoxiJlS themselves 
stimulate phagocytosis and release of collagenase, which contrib
utes to collagen degradation ru1d destruction of surroundlng, 
previously normal tissue. Treatment to decrease the bacterial 
COlUlt, either medlarlicaUy or with the use of systemic antibiot
ics, therefore limits the an1ount of infl=ation and allows 
closure of the wound. Bacteria may accelerate the expression or 
increase concentrations of MMPs, growth factors, and cytokines 
in chronic-type wounds; their role, as yet, has not been clearly 
defined. 

Other Causes of Abnormal Wound Healing 

Hypoxia 
Molecular oxygen is essential for collagen formarion. !scl1emia 
can be caused by atherosclerosis, cardlac failure, or simple wound 
tension preventing locall'led perfusion. Under hypoxic condi
tions, energy derived from glycolysis may be sufficient to ini tiate 
collagen synthes~s, but d1e presence of molecular oxygen is crit
ical for post-translational hydroxylation of the prolyl ru1d lysyl 
residues required for triple-helix formation and cross linking of 
collagen fibrils. Ald1ough hypoxia will stimulate angiogenesis, 
this essential step i11 collagen fibril assembly proceeds poorly 
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when the P~ falls below 40 rum Hg. Optimal P~ for collagen 
synthesis is present at the periphery of the wound whereas the 
center remains hypoxic. 

The role of anemia iJ1 wolllld healing has long been attrib
uted to be predominantly secondary to hypo perfusion. However, 
srudies evaluating colonic anasromoses in a crystalloid
resusci tared hemorrhagic shock model have demonstrated 
altered histologic parameters--decreased white blood cell infil
uation, angiogenesis, fibroblast production, and collagen pro
duction. Use of tobacco products has a similar impact on wound 
healing because of both tbe vasoconstriction that occurs with 
smoking and elevated carbon monoxide serum levels, wblclJ can 
limit t11c oxygen-carrying capacity of blood. 

Diabetes 
Diabetes mellitus impairs wolllld healing at all stages of d1c 
process. A diabetic patient with associated neuropathy and ath
erosclerosis is prone to tissue iscl1emia, repetitive trallllla, and 
infection. Tissue hypoxia, as indlcated by reduced dorsal foot 
transcutaneous oxygen tension (T cO~, is a consequence of vas
Cldar disease and has been well demonstrated in dlahctic patients. 
In addition to large-vessel disease, mru1y diabetic patients have 
abnormalities at the microvascular level. 1l1e thickened base
ment membrane of the capillaries causes decreased perfusion 
in the microenvironment, and there is increased perivascular 
locall'lation of albumin, which suggests mat these capillaries are 
leaky. 

VEGF uprcgulation in diabetic patients is also 
impaired. 25 H ypoxia is normally a potent up regulator of 
VEGF. However, a recent study bas demonstrated d1at cells 
from diabetic patients do not uprcgulate VEGF expression in 
response to hypoxia and diabetic animals are unable to 
increase VEGF production following soft tissue iscbemla.25 

This failure was attributed to a decrease in transactivation by 
dJe transcription factor HIF-lo. as a result of high glucose 
levels. H IF-1 0. me.dlates hypoxia-stimulated VEGF expression. 
Decreased binding of HIF-1 0. to its coactivator p300 resulted 
in decreased HIF-la functional activity. Covalenr binding of 
d1e d.icarbonyl metabolite methylglyoxal to p300 resulted in 
modification of the p30U and was responsible for tbc 
decreased association of HIF- lo. and p300. Administration of 
deferoxamine, an inl1ibitor of med1ylglyoxal conjugation, to 

diabetic mice resulted iJ1 normalization of HIF-lo.-p300 
interaction and transactivation ofHIF-la, with increased nco
vascularization and enhru1ced WOLmd healing. 

Diabetic patients are prone to repeated trallllla as a result 
of the diabetic neuropathy that affects sensory and motor 
function in the somatic and autonomic pathways. Further
more, dlabetics arc susceptible to infection because of ru1 
attenuated infianm1atory response, impaired chemotaxis, and 
incfficiem bacterial killing. Wccrion also increases local tissue 
metabolism, thus further imposing a burden on an already 
tenuous blood supply and thereby amplifying d1c risk for 
tissue necrosis. Lymphocyte and leukocyte function arc 
impaired, and mere is increased collagen degradation and 
decreased collageJ1 deposition. The co!Jagen that is formed is 
more brittle than normal collagen, probably because of glyco
sylation from tbc increased levels of glucose present iJ1 the 
ECM. Glycation of collagen also affects focal adhesion forma
tion, resulting in alteration of fibroblast and matrix interac
tions and decreased fibroblast migration.:6 
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Ionizing Radiation 
Ionizing radiation causes endothelial cell injury whh endarteritis 
and results in a.trophy, fibrosis, and delayed tissue repair. Unlike 
most hypoxic wound beds, angiogenesis is not initiated. Because 
its greatest effect is on cells in the G2 through M phase, rapidly 
dividing cell populations are most sensitive to radiation. Such 
cells include keratinocytes and fibroblasts during wound healing, 
injury to whidl impairs epithelialization and the formation of 
granulation tissue. 

Aging 
Older patients are more likely to sustain surgical wound rupture 
and delayed healing than younger patients. With aging, collagen 
lllldergoes qualitative and quantitative changes. Dermal collagen 
content decrea.~s wi th aging, and aging collagen fibers show 
distorted architecture and organization. Upregulation ofMMP-2 
and MMP-9 was enhanced in healthy older subjects after exper
imental wounding as compared with younger controls. Studies 
in aged animals have also demonstrated decreased reepithelial
ization, depressed collagen synthesis, and impaired angiogenesis, 
with decreased levels of growth factors, including the proangio
genic factors FGF-2 and VEGF. Other studies have suggested 
that the early inflammatory period of wou11d healing is altered 
in older adults, including impaired macrophage activity with 
reduced phagocytosis and delayed infiltration of macrophages 
and B lymphocytes into wollllds. fn addition, with aging, there 
is a decrease in response to hypoxia, as demonstrated by decreased 
MMP activation and TGF-P1 receptor expression by keratino
cytes isolated from aged donors. 

Malnutrition 
Malnutrition has an in1pact on wound healing. Protein catabo
lism can result in a delay lr1 wotmd healing. A hypoalbuminemk 
patient can experience wound-healing delay or even dehiscence; 
although the albumm levcl must be lower than 2.0 gldL to have 
an effect on wm.md healing. Protein supplements can reverse this 
deficiency. 

Vitanlin d eficiencies affect wound healing prin1arily as a 
result of thei_r effect as cofactors. Delayed healing can occur in 
as few as 3 months of vitamin C deprivation. This deficiency 
can be reversed by the ad.mmistration of as little as 10 mg/day 
and no more than 2000 g/day_l&o Deficiency of vitamin A 
impedes monocyte activation and deposition of fibronecrin, 
thus further affecting cellular adhesion, and impairs TGF-~ 
receptors. Vitamlrl A contributes to lysosomal membrane desta
bilization a11d directly counteracts tl1e effect of glucocorticoids. 
l11e main effect of vitamin K deficiency is ro limit the synthesis 
of prothrombin and factors VII, IX, and X. Vitamin K metabo
lism is impeded by antibiotics. Patients who have ellfonic or 
recurrent infections need to bave their clotting parameters 
checked before surgical procedures. 

A few minerals, if deficient in the diet, adversely affect 
wound healing.. Zinc deficiency is rare, except iJ1 patients with 
conditions sucl1 as large burns, severe multiple trauma, and 
hepatic cirrhosis. Z i.nc is a necessary cofactor for RNA poly
merase and DNA polymerase. Deficiency of zinc results in early 
wolllld heali11g delays. Iron deficiency anemia is a debatable 
cause of wound healb1g delay. Although the ferrous ion is a 
cofactor needed to convert proline to hydroxyproline, reports 
are conflicting regarding the effects that acute a11d chronic 
a11emia have on wound healing. In general, patients benefit most 

by a well-rounded diet consisring of adequate protein intake and 
caloric value, plus vitanlin and mineral supplementation. 

Drugs 
Some exogenous drugs directly inhibi.t wolllld beallrlg. Doxoru
bicin (Adriamycin) is a potent inhibitor, particularly if 
administered preoperatively. Although clinical studies have 
shown little impairment, experimental models have indicated 
that nitrogen mustard, cyclophosphamide, metl1otrexare, bis
clJ.Ioroetllylnitrosourea (BCNU), and doxorubicin are the most 
potent wound. ulhibitors. TI1ese chemotherapeutic agents reduce 
mesenchymal cell proliferation and reduce the number of plate
lets, ilrtlan1roatory ccUs, and growth factors available, especially 
if given preoperatively. Tamoxifen, an antiestrogen, is known to 

decrea.~e cellular proliferation. In addition, there appears to be 
a dose-dependent decrease in wound-breaking strength associ
ated with tan10xifen. This effect may be caused by decreased 
TGF- P production. Glucocorticosteroids impair fibroblast pro
liferation a11d collagen synthesis. The an1ount of granulation 
tissue formed is also decreased. Steroids stabilize the lysosomal 
membraJles. Tilis particular effect can be reversed by the admin
istration of vitamin A. The decrease in breaking strength caused 
by the ad.mi1listration of exogenous steroids appears to be both 
rime- and dose-related. High doses of NSAIDs have been 
reported to delay healing, but doses in the therapeutic range are 
w11ikely to have an effect. 

Relationship Between Immunity and 
Wound Repair or Regeneration 
l11ere exists substantial evidence in different model organisms 
that the immune system is extremely in1portant in shaping the 
quality of the repair, including the amount of scarring a11d res
toration of the structure and. function. Evidence suggests that as 
the immune system becomes more developed, the abili ty to 
regenerate is lost.2' However, other studies have contradicted 
dus and suggest that a ftmctional immtme response does not 
prevent regeneration; in fact, it may play a positive role in the 
capability to regenerate. Modulation of the local in1mw1e 
response, therefore, may prove to be effective therapeutic strat
egy in cases of impaired wow1d healing. 

FETAL WOUND HEALING 
Fetal skin wotmds heal rapidly a11d without the scarriJ1g and 
inflarnmation characteristic of adult skin wotmds. It was thought 
cl1at feral wound healing represemed. ideal tissue repair and that 
understanding fetal wound heallrlg would provide surgeons the 
cools to regulate and control the different steps in adult wound 
healing. In adult cutaneous healing, as opposed to feral healing, 
dermal appendages such as hair follicles, sweat glands, and seba
ceous glands fail to regenerate. Furthermore, there are changes 
in coUagen in adult wounds, with the healed wound demonstrat
ing densely packed collagen bundles oriented perpendicularly to 
the wound surface, unlike that of normal uninjured skin and 
fetal skin, both of whid1 have a reticular pattern. 

Fetal wounds reepithelialize faster, witl1 less neovasculari:r..a
rion and a faster increase in strength. Fetal wound research has 
demo nstrated that fetal wollllds differ from adult wounds in 
inflammarory responses, ECM components, and growth factor 
expression and responses. 

Fetal repair is dependent on gestational age and wound 
size. TI1ere may be a wound size dueshold (d1e diameter of 
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excised skin at which 50o/o of wounds heal without scarring at 
a given gestational age). The wound size threshold for 60- and 
70-day-gestation animal.s is 6 to 10 nm1 and 4 to 6 mm for 
80- and 90-day-gestation animals. It has been suggested that 
larger wow1ds may extend the time of the healing response and 
expose wound rissue ro a different ECM and growth facror 
profile. Larger excisional wounds may also stimulate the forma
tion of myofibroblasts in the wound and d1creby result in scar 
formation. The transition from scarless to scarring repair occurs 
near the end of the second trimester and the beginning of the 
third. Wounds heal faster in a fetus than .in a neonate, and they 
heal slowest in adults. Normal development of skin appendages 
occurs when fibroblasts of the dermis induce the epithelium to 
form hair follicles or glands. Wounds created early in gestation 
heal without scarring and with dermal appendages, thus suggest
ing tissue regeneration versus repair. Late-gestation wounds, in 
contrast, heal with scarring and without dermal appendages. The 
transition from scarless healing to healing without dermal 
appendages suggests that the fetal fibroblast loses its ability to 
induce the epithelium to form dermal appendages with advanc
ing gestational age. 

Investigators have cited intrinsic (oxygen tension of the 
human fetus) and extrimic (anmiotic fluid environment) differ
ences between fetal and adult wound healing, with most noting 
that the intrinsic differences are the key determinants in whether 
wow1ds will heal with scars.28 Intrinsic differences include fetal 
oxygen tension, which is markedly decreased (fetal sheep, mean 
Pa02 of20 mm Hg) when compared with adult animals (adult 
sheep, mean Pa02 of 116 mm Hg). This decrease in fetal oxy
genation is partially compensated by the relative affinity of fetal 
hemoglobin for oxygen. 

The fetal environment, an extrinsic difference between fetal 
and adult wounds, is characterized by a hyaluronic acid-rich 
amniotic fluid. Studies have suggested that the increased number 
ofbyaluronic acid receptors and iJ1creased amount of hyaluronic 
add may create a permissive environment in wbich fibroblast 
movement is facilitated, thereby resulting in the increased rate 
and efficiency of feral healing.28 

Much of fetal wow1d-healing research has focused on the 
role of fibroblasts. Fetal fibroblasts appear to bave characteristics 
quite different from those of adult fibroblasts. Proline hydrox
ylation is a rate-limiting step in collagen synthesis by dermal 
cells; early-gestation feral human fibroblasts have increased 
prolyl hydroxylase activity, which gradually decreases to adult 
levels after 20 weeks of gestation. Collagens I. III. V, and VI 
appear earlier and the ratio of type III to type I is greater in fetal 
wounds, which is consistent with the higher prevalence of type 
Til collagen in normal fetal tissue. Fetal fibroblasts in vitro have 
higher collagen production than their adult counterparts. This 
may be secondary to the Lmique regulatory mechanism for prolyl 
hydroxylase and may explain why there is higher fibroblast activ
ity in fetuses younger than 20 weeks' gestation. 

Collagen synthesis falls to adult levels after 20 weeks' ges
tation. There appears to be an increase in collagen degradation 
as a function of gestational age. Studies have foLmd marked 
increases in the gene expression of MMP-1, MMP-3, and 
MMP-9 that correlate w.icl1 the onset of scar formation in 
nonwoLmded feral skin. These findmgs suggest thar lace
gestation fetal rat skin Lmdergoes an adult type of tissue 
remodew1g after wounding that leads to cl1e scarring seen i.n 
adult skin. 
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There are also differences in cl1e components of tbe ECM 
of fetal and adult wounds. After injury, fibronectin levels are 
simUar in adults and fetuses, but tenascin, an inhibitor of fibro
nectin, increases earlier and returns to normal more rapidly in 
the fetus. Larger amotmts of fibronectin in fetal wounds stimu
late immediate cell attachment, whereas the more rapid deposi
tion of tenascin in the fetus allows cells to migrate and fully 
epithelialize d1e wound more rapidly and thus decrease wound
healing time. 

Levels of hyaluronic acid are persistently elevated in fetal 
wounds. During gestation, decreasing levels of hyaluronic acid 
correlate with increasing scarring potential. The unique ECM 
composition of feral tissues may influence collagen fibril deposi
tion by facilitating cell mobility and migration, thereby leading 
to the loose collagen pattern seen in healed fetal wounds as 
opposed to the dense collagenous pattern seen in adult scars. 
However, few studies have exanlined the effect of modifying the 
ECM components. 

Differences in fetal wound healing also occu.r in cl1e inl3an1-
matory phase. The fetus exhibits a reduced inflammatory 
response with a lack of neutrophil infiltration and decreased 
infiltration of endogenous immunoglobulins. 1l1e paucity of 
macrophages and a difference i11 the temporal appearance of 
macropbages in a fetal wound may explain why there are differ
ences in growth factor profiles between adult and fetal wounds 
and why there is a reduced inflammatory response.u:. These 
studies cite a direct correlation between increa<;ed macrophage 
recruitment in older fetuses and rhe development nf increased 
scarring. 

Fetal wow1ds have been demonstrated to have minimal 
levels ofTGF-~ and FGF-2 by immunohistochemistry. Further
more, PDGF in fetal wounds disappears more rapidly than iJl 
adult wounds. This lack of growth factors may be explained by 
the decreased inflammatory cell recruitment. Normal inflanlma
tory (adult-type) wound healing may have evolved to reduce the 
risk of infection at d1e expense of healing quality. 

TG F-P is the growcl1 factor that has been most extensively 
studied in fetal wound repair. TGF-~1 has been shown to induce 
rapid heating and scar formation when added to adult rat 
wow1ds and to induce inflammation and fibrosis when added 
to fetal rabbit wounds. TGF-~ production may be bluJJted in 
hypoxemic conditions, which has led to the cl1eory that the 
decreased oxygen tension in d1e feral environment inhibits 
TGF-~ production and results in decreased scar formation. 
More recent work has suggested that differential expression of 
the different TGF-13 isoforms, rather than cl1e mere presence of 
TGF-f3, may be important in explaining d1e differences in repair. 

Growth factor manipulation to make wounds more fetal
like with less angiogenesis, less fibrosis, and improved ECM 
migratory ability bas not resulted in completely scarless healing, 
and there is still failure of regeneration of dermal appendages. 
Some inconsistencies in fetal wound healing are nut clearly 
understood. It has been shown that there arc differences in 
species witb regard to scadess fetal WOLUld healing and that not 
aU fetal tissues are capable of scarless healing. For exan1ple, fetal 
lamb diaphragm and gastric wounds scar, whereas concurrent 
skin wounds heal wicl10ut scarring. 

Sl[udies have demonstrated a correlation between the pres
ence of myofibroblasts ru1d scar formation; tlus suggests that a 
transition in fibrobla~t phenotype may contribute to the onset 
of scarring. Excisional wounds in 75-day-gestation fetal lambs 
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have shown an absence of scar formation and alpha smooth 
muscle actin expression. Alpha smooth muscle actin appears 
after L 00 days of gestation along with scar formation, which 
suggests that the med1allisms of scadess fetal wound healing 
have yet to be completely elucidated. 

WOUND DRESSINGS 
Wound dressings have been used since the time of antiquity. 
Treatment of wollllds originall)' consisted of homemade reme
dies and evolved very little for many years but, in 1867, Lister 
introduced antiseptic dressings by soaking lint alld gauze in 
carbolic acid. Although there are currently mmy more sophisti
cated dressings, there are several points to consider. 

Wound healing is most successful in a moist, dea.Jl, and 
warm environment. Subsequently, in treating a wound in a 
nonsurgical conservative manner, certain characteristics are 
important in tlhe wound dressing {Box 7-2). It is in1portmt to 
note that not all dressings Ca.Jl provide all me aforementioned 
characteristics and not all wounds require all these functions. It 
is essential that the choice of dressing match the spcci1ic wow1d 
conditions. 

Two concepts that are critical when selecting appropriate 
dressings for wounds are occlusioJl and absorption. Studies have 
demonstrated tl1at the rate of epithelialization under an occlu
sive dressing is twice that of a wound that is left uncovered and 
allowed to dry. Placement of m occlusive dressing over ilie 
wound provides a mildly aci.dk pH and low oxygen tension on 
me wound surface; this is a good environment for the prolifera
tion of fibroblasts and formation of granulation tissue. A rela
tively occlusive dressing is a good choice for many wounds. 
However, wollllds that have a significant a.Jl10UJ1 t of exudate or 
wounds wiili high bacterial counts wiU require a dressing that is 
absorptive and prevents maceration of the surroLmding skin. 
1l1ese wounds a lso require a dressing that reduces the bacterial 
load within the wound willie removing the exudate produced. 
Placement of a pme occlusive dressing without bactericidal 
properties will allow bacterial overgrowm and worsen the 
infection. 

An in-depth discussion on me types of wound dressings 
exceeds the scope of this text, but it is imfortant to mention tbe 
various classes <>f dressings {Table 7-4)_2 WoLUld dressings can 
be categorized into four clas.<:e.s- nonadllerent fabrics, 

of Ideal Dressing 

Creates a moist environment 
Removes excess exudate 
Prevents dessication 
Allows for gaseous exchange 
Impermeable to microorganisms 
Thermally insulating 
Prevents particulate contamination 
Nontoxic to beneficial host cells 
Provides mechanical protection 
Nontraumatic 
Easy to use 
Cost-effective 

Adapted from Morin RJ, Tomaselli NL: Interactive dressings and topical agents. 
Oin Plast Surg 34:643-658, 2007. 

absorptive dressings, occlusive dressings, and creams, ointments, 
and solutions. A brief discussion of these categories follows. 

Nonadherent fabrics are generally fine-mesh gall'te supple
mented with a substallCe to augment their occlusive properties 
or antibacterial abilities. An example of cl:Us type of dressing is 
Scarier Red, a relatively nonocclusive dressing mar is impreg
nated wirl1 0-tolylazo-0-tolylazo-~-naphtho l, which has some 
alltimicrobial abilities. Another exan1ple of this class is Xero
form, a relatively occlusive, hydrophobic dressing contaiJ:Ung 3% 
bismuth tribromophenate in a petrolatum base, which helps 
mask wow1d odors and has some antimicrobial activi ty agaiJ1st 
Stttph_ylococcus aureus and Escherichi11 coli. 

The absorptive class is used mainJy for wounds that produce 
a significant a.JllOllllt of exudate. Exudate production from leg 
ulcers Call be as mum as 12 gil 0 cm2124 hours.30 Wide-mesh 
gauze is the oldest of this type of dressing and is very absorbent., 
but it loses its effectiveness when saturated. Newer materials, 
such as foan1 dressings, provide the absorbent qualities for 
removing large quantities of exudate and have a nonadl1erent 
quality to prevent disruption of newly formed gralllllation tissue 
on removal. Examples of these foa.Jlls are Lyofoarn (ConvaTec, 
Skillman, NJ), Allevyn (Smith & Nephew, Largo, Fla), Cma
foam (Kendall Company, Mansfield, Mass), Flexzan (Dow 
Hickam, Sugar Lmd, Tex), and VigiFOAM (Bard, Murray Hill, 
NJ). Wound healing beneath absorptive dressings appears to be 
slower tha.J1 llllder occlusive dressings, possibly because of 
wicking of cytokines from the wound bed or decreased kerati
nocyte migration. 

The occlusive dressing class provides moisture retention, 
mechallical protection, al1d a barrier to bacteria. The occlusive 
class Call be divided into biologic and nonbiologic dress.ings. 
Exan1ples of biologic dressings are allograft, xenograft, anmion, 
and skin substitutes. Homograft is a graft tra.Jlsplanted between 
genetically unique humal1S, whereas a xenograft is a graft trans
planted between species. Pigskin is the most commonly used 
xenograft. Homografts and xenografts are temporary dressings 
in that bom are rejected if left on a wow1d for an extended 
period. Amnion is derived from hLLIDall placentas and is another 
effective biologic wound dressing. 'These dressings are often used 
in the treatment of bum wounds; however, they can be used as 
a temporary measure in omer types of wollllds as well. 

The newest type of wound dressings are skin substitutes 
that can be used for structural support and scaffolding for regen
eration.3132 Exan1ples include Integra (Integra LifeSciences, 
Plainsboro, NJ), Apligraf {Novartis, Basel, Swirzerlalld), and 
AlloDerm (LifeCeLI, Branchburg, NJ). Integra is a bilayer mem
brane system for skin replacement. 1he fi.rst layer is made of a 
porous matrix of cross-linked bovine tendon collagen and a 
GAG (chondroitin 6-sulfate). The second layer is made of syn
thetic polysiloxaJ1e polymer (silicone) a.J1d functions to control 
moisture loss from tl1e wound. The fust layer serves as a template 
for the infiltration of fibroblasts, macrophages, lymphocytes, 
and capillaries from the wolllld bed. During rl1e healing process, 
a new collagen matrix is deposited by fibroblasts alld the dermal 
layer of the ten1plate is degraded. Once vascula rization of me 
dermal layer is complete, a thin autograft can be applied after 
removal of the silicone layer. AUoDerm is an acellular dermal 
mauix derived from donated human skin tissue. Ir provides the 
matrix for revasc.ularization and incorporation into host tissue. 
It must be noted that although AJioDerm will incorporate and 
serves well to provide additional strength, it wi.U not provide a 

http://www.myuptodate.com


WOUND HEALING CHAPTER 7 171 

Table 7-4 Types of Dressings 
COMPOSITION AND 

CATEGORY CHARACTERISTICS FUNCTION EXAMPLES COMMENTS 
Nonadherent Fine-mesh gauze with Protection, Scarlet Red, Vaseline gauze, Scarlet Red, Xeroform, Telfa, 
fabrics su~lement to augment moist environment Xeroform, Xerotic, Mepitel. Adaptic. Vaseline gauze-- hydrophobic. more ln c 

oc usive and nonadherent Telfa occlusive; Xeroflo, M%1tel, Adaptic- ;:JO 

f::"oiTerties, healin" less occlusive, aiiOIIV rainage of C) 

n aci itating capabi 1ties, and fluid into overlying dressing layers )> 

antibacterial characteristics r-
CD 

AbsorpUve 0'; 
n 

Gauze Wide mesh gauze Removing exudates, Wide-mesh gauze Not effective when saturated; can "0 
prevents maceration be used for wound debridement if ~ 

in contact with wound z 
0 

Foams Hydrophobic polyurethane Protection, ~ofoam, Allevyn, Curafoam. Advantages-<omfortable, can 
"0 
r-
m sheets absorption of exudate exzan, Vigifoam expand and conform to wound, ln 

easily removed for cleansing 
Disadvanta~es-need to be replaced 
as wounds eal, custom shapes are 
labor intensive to make, limited 
protection from bacteria, cannot be 
used while bathing 

Occlusive 

Nonbiologic Insulation, moisture 
retention, protective 
barrier acts against 
bacteria 

Films Oear polyurethane See above Tegaderm, Mefilm, carrafilm. Waterproof; permeable to oxygen, 
membranes with acrylic Biodusive, Transeal, Opsite carbon dioxide, and water vapor; 
a.dhesive on one side do not interfere with patient 

function; allow visualization of 
wound; nonabsorptive, can leak; 
require intact skin around wound 
area; wound contraction may be 
slowed, removal may disrupt new 
epithelium 

Hydrocolloids Hydrocolloid matrix As above; absorbs Duoderm, NuDerm, Comfeel, Available as adhesive wafers. paste, 
(gelatin, pectin, water from wound Hydrocol, Cutinova, Tegasorb gowders; similar features as films, 
carboxymethyl cellulose) exudates, swells, ut bulkier; more protection but 

liquefies to form may interfere more with function 
moist gel 

Algi nates Cellulose-like As above; calcium Algiderm, Algosteril, Kaltostat, Occlusive environment; various 
polysaccharide fibers alginate conversion Curasorb, Carasorb, Melgisorb, forms-ropes, ribbons, pads 
denved from calcium salt to soluble sodium SeaSorb. Kalginate. Sorbsan 
of alginate (seaweed) salt following contact 

with wound exudates 
results in hydrophilic 
gel 

Hydrogels Polyethylene oxide or As above; rehydrating Vigilon, Nu-gel, Tegagel, AexiGel, Available as gels, sheets, 
carboxymethyl cellulose agents for dry Curagel, Aexderm impregnated gauze; occlusive 
polymer and water (80%) wounds; little water environment 

absorption (high 
water content) 

Biologic Similar to 
nonbiologics 

Homograft Derived from ger1etically cadaver skin Temporary dressing; is r~ected if 
unique humans left on wound for exten ed period 

Xenograft hnterspecies graft (e.g .• pig) Pigskin Same as above 

Amnion Human placenta Good biologic dressing 

Skin Different compositions Integra, Alloderm, Apligraf. lntegra-bil~ered membrane skin 
substitutes Bioorane, Transcyte substitute; loDerm- acellular 

cadaveric dermis; -;r.ligraf-living. 
bilayered, biologic ressing 
com~ed of neonatal dermal 
libra lasts on collagen matrix 

Omtmut!d 
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Table 7-4 Types of Dressings-c:ont'd 
--~-------------------------------------------------------------------COMPOSITION AND 

CATEGORY CHARACTERISTICS 
Creams, Ointments, and Solutions 

Antibacterial 

Antibacterial 
Ointments 

Enzymatic 

Other 

Different compositions 

Different compositions 

Different compositions; 
uses naturally occurring 
enzymes 

Normal saline wet to dry 
gauze dressing 

FUNCllON 

Used to treat infected 
wounds 

Used to treat infected 
wounds; soothing to 
apply; lubricates 
wound surface; 
occlusive; 
antibacterial activity 
lasts 12 hours 

Removal of necrotic 
tissue 

Removal of necrotic 
tissue 

EXAMPLES 

Acetic add (gram-negative, 
Pseudomonas); Dakin's solution 
(broad antibacterial spectrum); 
iodine<ontaining anbbacterials 
{lodosorb, lodoflex, Betadine; broad 
antibacterial and antifung_al 
spectrum); silver nitrate (broad 
antibacterial spectrum); mafenide 
acetate (Sulfamy1on; broad 
antibacterial spectrum) silver 
sulfadiazine (Silvadene; broad 
antibacterial, antifungal, and 
antiviral spectrum); Acticoat (broad 
antibacterial spectrum) 

Bacitracin (gram-positive cocci and 
bacilli); neomycin (gram-negative) 
polymyxin B sulfate (gram
negative); polysporin {polymyxin B. 
bacitracin); neosporin (polymyxin B, 
bacitracin, neomycin); triple 
antibiotic ointment (polymyxin B, 
bacitracin. neomycin) 

Sutilains (derived from Bacillus 
subtilis); collagenase {Santyl; 
derived from Clostridium 
histolyticum); papain (derived from 
vegetable pepsin) 

COMMENTS 

Acetic add- impairs wound 
healing; Dakin's- toxic to 
fibroblasts; iodine<ontaining 
solutions- toxic to fibroblasts, 
if!1pairs wound healing; silver 
mtrate-treats burns, sfows 
epithelialization, hyponatremia, 
stains clothes black; mafenide 
acetate- penetrates eschar, 
painful awlication, inhibits 
reepithehalization, carbonic 
anhydrase inhibitor; silver 
sulfadiazine-transient neutropenia, 
accelerates epithelialization of 
partial-thickness burns, 
neovascularization, commonly 
used for burns; Acticoat-silver
impregnated occlusive dressing. 
antibacterial activity lasts 3 days 

Neosporin-increased 
reepithelialization in experimental 
wounds by 25% compared with 
wounds With no dressing 

Sutilains-digests denatured 
collagen; collagenase-digests 
denatured and native collagen; 
papain- effective against collagen in 
presence of cofactor containing 
sulfhydryl group; addition of urea 
doubles enzymatic action of papain 

Nondiscriminating-both necrotic 
and newly formei:l granulation 
tissue and epithelium removed; can 
be painful 

Adapted from lionelli GT, Lawrence WT: 11\bund dressings. Surg Clin North Am 2003; 83:617-638, 2003. 

dermal matrix co suppon a skin graft as would l.ntegra; therefore, 
AlloD erm is no t frequently used as a skin substitute. Apligraf is 
a living, bilaye;red bio logic dressing that ha~ been designed to 
simulate n ormal skin. lnitially, neonatal-derived dermal fibro
blasts are cultured in a collagen m atrix for 6 days. Html a.Jl 
keratinocytes are then cultured on to p of this n eodermis. The 
dressing contains matrix proteins and expresses cytokines; 
however, it does nor contain md anocytes, Langerhru1s cells, 
macrophages, lymphocytes, or the adnexal structures nom 1ally 
present in buman sk.i11. These are only three exan1ples of the 
types of skin SUlbstitutes that are c urrently available. M any o ther 
substitu tes are in development and will continue co provide 
options fo r the surgeon. 

The fiJ1al class o f wotmd d ressings consists of creams, oint
ments, and solu tion s. Th.is is a broad category that extends from 
traditional materials, such as zinc oxide pas te, to cutting edge 
preparations containiJlg growth factors. 1l1e various categories 
iJ1dude those w ith antibacterial properties such a~ acetic acid, 
D akb1's solution , silver nitrate, m afenide (Sulfamy.lon), silver 
sulfadiazine (Silvadene), iodine-contain ing ointments (Iodo
sorb), and bacitracin. Application o f these products is indicated 
when clinical si gns of infection , such as an increase in exudate 

or celluli tis, are present or if q uantitative culture demonstrates 
more than 1 05 o rganisms/ g o f tissue. 

Many rypes of wound dressings are available to the surgeon 
ru1d the n um ber is in creasing. The surgeo11 m ust h ave in forma
tio n about the availab le that allow effective wound management 
(Box 7-3). 

OTHER THERAPIES 

Hyperbaric Oxygen 
Wotm d ischemia is believed to be the most c.ommon cause of 
woun d healing failure. Hyperbaric oxygen (H BO) therapy uses 
oxygen as a dmg and the hyperbaric chamber as the tool for 
elevating oxygen concentration at the target area. 

H yperbaric oxygen therapy was fuse used for treatmen t of 
bacte rial infections ru1d later for d ecompression sickness. H yper
baric mediciJle has since been used fo r a myriad o f disease 
processe.~, iJlduding improveme nt of split- thickness skin graft 
take, flap survival ru1d salvage, treatment of acute thermal b urns, 
necroti2ing fascii tis, chronic wounds, hypoxic wounds, and 
radiation injuries. 33 1l1e rationale for its use is that ischemia or 
tissue hypoxia (oxygen levels below 30 mm H g) resul ts in 
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lncisional wound 
Three-layer d ressings 
Ointments 
Occlusive dressings 

Partial thickness wounds (e.g., abrasions, donor sites) 
No dressing (scab) 
Impregnated gauze 
Creams, ointments 
Occlusive dressings 

FtJII-thickness wounds (e.g., pressure sores) 
Alginates or hydrogels-rarely applicable 
Creams, gels (e.g., Silvadene) 
Wet to dry dressing changes 
Vacuum-assisted closure device 

significant impairment of normal metabotic activity and wound 
healing by impairing aspects of wound healing, such as fibroblast 
proliferation, collagen synthesis, and epithelialization.·11.35 In 
addition, because HBO therapy involves in11alation of 100% 
oxygen at pressures of 1.9 to 2.5 atm. tissue oxygen levels can 
be l 0 times higher than usual. 35 1he higher arterial partial pres
sure of oxygen is sufficiem to supply the tissue with all its 
metabolic requirements, even in the absence of hemoglobin; d1is 
elevated level las ts for 2 to 4 hours after termination of HBO 
therapy and induces synthesis of endothelial cell nitric oxide 
synthase, as well as angiogenesis.36 

Vascular evaluation and revascularization, if needed, is a 
prerequisite prior to HBO therapy. Patients who will benefit 
from HBO therapy as adjuvant therapy are patients with who 
have hypoxic wotmds that show marked improvement in wound 
hypoxia during oxygen breathing at hyperbaric conditions.33 

Transcutaneous oxygen pressure (TcP~) is used to assess wound 
perfusion and oxygenation. A patient with a wmmd TcP02 

lower than 35 mm Hg in room ai r has tissue hypoxia. A mea
surement of in-chamber T cP02 of 200 mm Hg or higher sug
gests that the patient would benefit from H BO therapy.3~ 

HBO treatments for hypoxic wounds are usually delivered 
at 1.9 to 2.5 atm for sessions of 90 to 120 minutes each, with 
ti1e patient breathing l OOo/o oxygen during the treatment. Treat
ments are given once daily, five co six times/week, and should 
be given as an adjunct to surgical or medical therapies. Clinical 
evidence of wound improvement should be noted after 15 to 20 
treatrnen ts. 

Comptications of HBO d1erapy are caused by atmospheric 
pressure changes or by the rise in oxygen partial pressure. Middle 
ear barotrauma, which ranges from hyperemia of the eardrum 
to ear drum perforation, is the most common complication 
caused by changes in atmospheric pressure. The most serious 
barotrauma side effect, although rare, is pneumothorax or 
tension pneumothorax. Complications associated wi th oxygen 
partial pressure increases are brain oxygen toxicity, manifested 
by convulsions resembling grand mal seizures, oxygen lung tox
icity, resulting from damage from oxygen free radicals to lung 
parenchyma and airways and ranging from tracheobronchitis to 
full-blown respirarory disuess syndrome, and transient myopia. 

Absolute contraindications to HBO therapy are as 
follows: (1) uncontrolled pneumoti1orax: (2) current or recent 
treatment with doxonabicin, bleomycin, or doxoruhicin 
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FIGURE 7-13 Negative pressure-assisted wound closure sponge in 
place on a patient's abdomen. 

(potential aggravation of cardiac and pulmonary toxicity); and 
(3) treatment witi1 disulfiram (increases risk of developing 
oxygen toxicity). 

Randomized, controlled clinical trials have demonstrated 
that HBO therapy is a useful adjunct therapy for diabetic isch
emic foot ulcers and reduces the incidence of leg ampurarions.3~ 
'These studies, however, like all human sn.dies, are difficult to 

interpret because of ti1e lengti1 of time chronk wounds take to 
heal and the variability among wounds that cannot be con
trolled. Interestingly, despite ti1e obvious potential flaws in ti1e 
scientific literature surrounding hyperbaric oxygen therapy, 
medical insurance companies have decided that there is enough 
evidence to support HBO therapy as an adjunct treatment for 
perfused, chmnic, nonheali.ng lower exuemi.ty wounds, pro
vided that ti1e lirnbs have already undergone revaKularit.ation? 

Negative Pressure-Assisted Wound Closure 
In the past 15 years, there have been significant advances .in 
complex acute and chronic wow1d management. One of the 
most significant discoveries was ti1e improvement in wounds 
with negative pressure-assisted wound closure (Fig. 7-13). With 
this technology, the surgeon now has additional options in addi
tion to immediate closure of wounds (i.e., adjunctive therapy 
before or after surgery, or an alternative to surgery in the 
extremely ill). 

The original description of negative pre.ssure-assisted 
WOLUld closure was presented by Argenta and associates i11 
1997.38' By applyu1g subatmospheric pressure to wOtmds, they 
demonstrated removal of chronic edema, an increase in local 
blood flow, and stimulation of granulation tissue. 'This technique 
may be used on acute, subacute, and chronic wow1ds. Addi
tional studies have demonstrated significant improvement 
in wound depth in chronic wounds treated with negative
pressu.re therapy as compared whb wounds treated with sali.J1e 
wet to moist dressings. In addition, treatment with negative 
pressure results i11 faster healing times, with fewer associated 
complications. 

1l1e exact mechanism of the improvement in healing witi1 
negative-pressure d1erapy has yet to be determined. Many 
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initially believed that the reason for increased wound healing is 
the removal of wound exudates while keeping the wound 
moist.3s. As originatly hypothesized by Argenta and a~sociatcs, 
with negative-pressure therapy, there is a fivefold increase in 
blood Bow to cutaneous tissues. Further studies have shown an 
increase in capitlary caliber and stimulated endothelial prolif
eration and angiogenesis. It is well known that increased bacte
rial loads rcsuit in slowed wound healing; however. despite 
increased wotmd healing with negative-pressure therapy, it has 
been shown to !Tesult in increased bacterial counts. Other studies 
have suggested that negative pressure therapy produces three
dimensional stress within the cells (microstrain) as well as across 
the whole area of the wound (macrostrain), resulting in changes 
such as increased cellular proliferation and higher microvessel 
densit:y.39 Evidence also suggests that negative pre.~ure therapy 
alters wotmd fiuid composition by removing potentially delete
rious proteinases and inflammatory cytokines, such as MMP-1, 
MMP-2, MMP-9, and TNF-«. 

Even though tbe mechanisms resposible for the improve
ment achieved with negative-pressure therapy have yet to be 
clearly elucidated, such treatment represents a significant 
improvement i~n cost-effectiveness and bas decreased length of 
stay after acute and chronic wounds. 'TI1ere have been reports of 
a 78% decrease in hospital stay and a 76% decrease in cost with 
negative-pressure therapy. This cost decrease and effectiveness of 
wound treatment with negative-pressure therapy have translated 
to home health care treatment of Medicare patients. 

Clinical benefits of negative pressure therapy have been 
demonstrated in randomized control trials and case-control 
studies. 1hese benefits include decrea~e in wow1d volume or 
size, accelerated wound bed preparation, accelerated wound 
healing, improved rate of graft take, decreased drainage time for 
acute wounds, reduction of complications, enhancement of 
response to first-line tream1ent, increased patient survival, and 
decreased cost. 

NEW HORIZONS 

Tissue Engineering 
In 1987, the National Science Foundation bioengineering panel 
defined that tissue engineering was "the application of the prin
ciples and mecl1ods of engineering and the life sciences toward 
the devclopmem of biologic substitutes to restore, maintain, or 
improve ftmction."39

" 'TI1ese principles and methods have been 
used toward the creation of skin products made of ceUs. ECM 
components, or combinations of the two. This tissue-engineered 
skin has developed and progressed rapidly over the paH 20 years, 
mainly because of the limitations associated with autografts, and 
may function by providing d1e cellular or matrix components 
that could be necessary for wounds to heal. The use of biologic 
dressings (see earlier), as well as scaffolds, stem cell therapy, and 
gene therapy are a few exan1plcs of tissue engineering, in which 
new tissues are created rather than transferred. 

Scaffolds 
When dressings alone fail to achieve healing, the clinician now 
has a variety of advanced therapeutics that can be used. Topical 
applicatio11 of growth factors to chronic wounds has not been 
as beneficial as anticipated, presumably because they are degraded 
by protea~es in the wound fluid. Researchers have been investi
gating whether localized gene therapy may be a better delivery 

system for providing growth factors to rl1e wound bed. [.n addi
tion, dressings that actively alter the wound matrix are being 
developed. One such device, oxidjzed regenerated cellulose
collagen, has been found to promote human dermal fibroblast 
proliferation and cell migration, accelerate wound closure in 
diaberic mice, and possibly sequester or inactivate proreases. 
Biodegradable scaffolds, natural or synthesized, may also alter 
rl1e wound milieu so it is more favorable. Porcine small intesti
nal submucosa has been demonstrated in a number of applica
tions to provide a scaffold for tissue repair and reconstruction. 
Alrl1ough xenogeneic, tllis acellular scaffold is minimally immu
nogenic and has been shown to be completely degraded and 
replaced by host tissue. Hyaluronic acid conjugated with glyc
idyl methacrylate, chondroitin sulfate, or gelatin has been shown 
to have vulnerary effects on wound-healing paran1eters. 

The addition of live cells to scaffolds is a promising therapy 
for chronic wow1ds rl1at are difficult to heal. Whether using 
actual cultured skin with botb fibroblasts and keratinocytes 
or fibroblasts integrated into a dermal matrix, the neonatal 
cells provide growtl1 factors and matrix dements consistent 
with rapid healing. They are currently cost-prohibitive for 
large wounds and are primarily applicable only to shallow 
ukcrations. 

Gene and Stem Cell Therapy 
Gene and sten1 cell therapy are en1erging as promising approaches 
for the treatmCJ1t of acute and chronic wounds. Although tissue
engineered biologic dressings sud1 as Ap.ligraf have had some 
success in the healing of diabetic ulcers, tl1ey are expensive, with 
low engraftment rates. 

Embryonic stenl cells (ESCs) were discovered in 1981 and 
it was quickly recognized that their regenerative properties could 
potentially be harnessed for treating chronic wotmds.40 Because 
of ethical issues, however, their use and research has been limited. 
'Tius has led to the investigation and subsequCJH discovery of 
self-renewing multipotent adult progenitor cells (MAPCs),41 

which do not have rl1e san1e ethical linutations. 
Whole bone marrow was first investigated as a possible 

candjdate for cellular therapy because of the ease of harvest and 
because it is a source of autologous MAPCs. Studies have dem
onstrated that bone marrow can increase vascularity and acceler
ate closure of chronic wow1ds.~ However, because bone marrow 
is composed of differem cell types, including MAPCs, which 
make up a very small portion of the bone marrow, i.t is unclear 
whicl1 cell populations are actually beneficial for wound healing. 
Isolation of mesenchymal stromal cells (MSC) from bone 
marrow. a heterogenous group of MAPCs, aJ1d their usc in 
wound healing studies has demonstrated that MSCs result in 
improved granulation tissue formation and neovascularization 
compared with whole bone marrow.43 

MSCs are self-renewing and can differentiate imo different 
mesenchymal lineages, including adipocytes and chrondro
cytes.44 They have beCJ1 isolated in vivo from many different 
tissues, including bone marrow, skeletal muscle, adipose, and 
blood. They have been shown to improve acute and chronic 
wound healing in human and animal modcls.45 Although it wa<> 
tl1ought that the mechanism of action was totally w1derstood, 
studies have suggested thar MSCs act through a number of 
mechanisms, including cell differentiation, growth factor and 
cytokiJ1e production, immune system modulation, mai11tenance 
of the ECM, and wound contraction.46 
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Several methods of MSC delivery into the wound have 
been proposed , including direct injection of a single cell suspen
sion, gel or matrix delivery systems, and synthetic bioinspircd 
polymers. ln addition, rccruim1em of endogenous MSCs is 
another method to deliver these cells to tbe wound. 

Bone marrow or whole blood-derived endothelial pro
genitor cells (EPCs) arc endothelial precursors and play a role 
in angiogenesis and vasculogenesis. These cells improve tissue 
perfusion by increasing neovascularization.~' Subsequently, these 
cells, which can secrete angiogenic factors such as VEGF, are 
potentially important in the treatment of a number of disease 
p rocesses, including wound hcaliJ1g, myocardial infarction, vas
cular disease, and cancer. 

Skin ha.~ been also bet:n shown to be a large repository of 
MAPCs. 1l1ese MAPCs can arise from the epidermis, dermis, 
hair follicle bulge, dermal sheath, and dermal papillae. ln par
ticular, the hai r follicle bulge area is considered an abundant, 
easily accessible source of actively growing MAPCs.48 Hair fol
licle MAPCs have been shown to differentiate into neurons, glial 
cells, keratinocytes, and smooth muscle ccl1s.48 Because of their 
location, skin-de rived MAPCs arc present in the wound and are 
accessible fo r harvest. 

Gene therapy. o r the insertio n o f a gene into recipient 
cells, has the po tential to affect wotmd healing by recruiting 
MAPCs to the wound in vivo or through ex vivo modification 
of MAPCs; that modified cell can then be used for cellular 
therapy. Gene therapy using vectors has been used expcrimen
taUy ro improve wound healing through ovcrexprcssion of che
mokine genes known to have effects on MAPC homing.<l6 Gene 
therapy allows for the continuous p roduction of the desired 
protein into the wound by the transduced cells. Direct admin
istration o f pro te ins inro the wound, on the o ther band, could 
potentially result in degradation of tbe proteins by wound pro
teases. Gene therapy-mediated overexpression of HJF-lcx. and 
SDF- lcx. have been used to improve wound healing in a dia
betic mouse modcl.49 

Although nnuch is sti ll not known about the use of gene 
therapy in wound healjng, there is a great deal of research cur
ren tly underway. As more is learned about cl1e molecular biology 
of wound heal ing, there wi ll likely be greater use of gene cl1erapy 
to accelerate wound heaJjng. 

ln summary, tl1e tl1erapy of choice needs to be based on 
d1e basics of wound bed preparation and modified according to 
the characterist ics of the wow1d. Despite the availabiliry of many 
dressings and al ternative d1erapies, dlere have been no substan
tial studies showing a difference in hea1ing between therapies of 
cl1e same category. In fact, the cost-benefit ratio o f some o f the 
therapeutic modalities is still unclear. Thus, a systematic approach 
that addresses debridement, exudate management, and bacterial 
burden should be the standard of clinical practice and can be 
accomplished even in situations widl limited resources. 
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CHAPTER 8 

REGENERATIVE MEDICINE 
}ASON P. GLOTZBACH, SAE H EE Ko, GEOFFREY C. GuRTNER, 
AND M ICHAEL T. LoNGAKER 

STEM CELl SOURCES 

BIOENGINEERING FOR REGENERATIVE MEDICINE 

CUNICAL APPLICATIONS OF STEM CELLS 

Regeneration refers to the restoration of normal tissue and organ 
architecture and function after injury or disease. Although 
numerous complex organisms retain impressive capacity to 
regenerate limbs and organs throughout adult life, humans have 
sacrificed regenerative ability for speed and strength of repair. 
1his has allowed us to enjoy remarkable evolutionary success, 
but it also leads to significant scarring that causes significant loss 
of function and aesthetic consequences. It may be possible to 
improve on the normal recovery from injury and illness by 
promoting true tissue regeneration instead of repair through 
fibrosis and scarring. Surgeons have understood these dynamics 
for decades, but comprehensive tissue and organ regeneration 
have remained elusive in clinical practice. The field of regenera
tive medicine is largely focused on stem cells, which are power
ful lllldifferentiated ceUs that have the ability to self-renew and 
give rise to one or more different cell types. As basic scientific 
research has uncovered the biology of stem cells, translational 
opportlllli ties for stem cell-based therapies have become increas
ingly plausible. ln addition to stem cell biology, the field of 
regenerative medicine includes the disciplines of tissue engineer
ing and biomaterials, which aim to create molecular and struc
tural niches to deliver regenerative therapies. This chapter 
provides an overview of the current status of stem cell biology 
and tissue engineering research and outlines the future steps 
requited for regenerative medicine to become clinically usefLJ. 

SI'EM CELL SOURCES 
Stem ceUs are defined by their capacity to self-renew and dif
ferentiate into multiple functional cell types (Table 8-1). Tradi
tionally, they have been divided into two main groups based on 
their potential to differentiate {Fig. 8-1 ). Pluripotent stem cells 
(embryonic) ca:n differentiate into every cell of the body, whereas 
multipotent stem cells (adult) can differentiate into multiple, 
but not aU, celll Lineages. In addition to the traditional stem cell 
classification , a new class of stem cells has recently been 
described-indluced pluripotent stem (iPS) cells-which are 
derived from genetically reprogran1med adult cells. 'TI1ese diverse 
cell populations hold much promise to provide researchers and 
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clin icians with an expanded armamentarium to treat diseased 
and dysfunctional organs. 

Embryonic Stem Cells 
During development, C\vo distinct lineages emerge during the 
transition from morula to bla~tocyst, the trophoectoderm and 
the inner cell mass. Embryonic stem cells (ESCs) are immorta\ 
cell lines derived from the inner cell mass of the blastocyst. l11e 
two hallmark characteristics ofESCs are their unlimited in vitro 
self-renewal capacity and their ability to differentiate into all 
somatic cell types.1 A number of transcription factors, most 
prominently Oct4, Sox2, and Na.nog, are essential regulators 
that ensure the maimenance of pluripotency while suppressing 
differentiation, 2 'TI1e two glyco(jpid antigens SSEA3 and SSEA4 
are operational cell surface markers used to identify human 
ESCs.3 Since the successful isolation of mouse and human 
ESCs, their potential for ceU replacement therapy and regenera
tive medicine has been widely acknowledged.4 Both mouse and 
human ESCs have demonstrated an in vitro capacity to 
form cardiomyocytes, hematopoietic progenitors, neurons, skel
etal myocytes, adipocytes, osteocytes, chondrocytes, and pancre
atic islet cells when CLJtured under specific growth factor 
condi tions.5'6 

However, a number oflimitations ClLCrently exist regarding 
the use of human ESCs in regenerative medicine. Aldwugb 
pluripotentiality and w1limlted ability for self-renewal make 
ESCs attractive for cell replacement therapy, tl1ese san1e charac
teristics simultaneously translate .into unregulated differentiation 
and formation of teratomas and teratocarcinomas. These tll1110rs 
contain differentiated cells that contain all three primary germ 
layers, as well as undifferentiated pluripotent stem cells. 'Tius 
tendency to form tumors has been observed when ESCs are 
transplanted into mice, raising the concern that human ESC
based therapy may also lead to llllwanted tumor formation. 1 

Without the elimination of this possibility, the clinical use of 
ESC-derived tissue wiiJ remain limited. 

In addition, any cell-based tl1erapy must be free of animal 
contaminants that might contain pathogens or elicit an immune 
reaction after transfer to a host. Both mouse ceiJ and human 
ESC liJ1es arc generally grown on a mouse-derived feeder layer 
of fibroblasts that provides additional factors thar promote ESC 
proliferation as well as inhibit their differentiation. One example 
of possible animal product contamination is the demonstration 
tl1at hU111an ESCs grown on mouse feeder cells express a nonhu
man sialic acid that could elicit a host's immune response. 7 
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Table 8-1 Definitions of Stem Cell-Related Terms 
Concerns have also been raised over the possible transfer of 
murine viruses from feeder layers to human ESCs. Many labo
ratorie$ are working to solve this problem, with some studies 
demonstrating the ability to culture buman ESCs under sefllm
free defined medium conditions on lmman cell-derived feeders 
or under feeder-free conditions.8 

TERM 
Totipotent 

Pluripotent 

Multi potent 

Unipotent 

Reprogramming 

Qi 
0 

E 

~ 

c 
2 
8. ·c: 
:::J 
0:: 

Q) 
c: 
0 
z 

DEFINITION 

Ability to form all cell types and lineages of 
organism (e.g., fertilized egg) 

Ability to form all lineages of the body (e.g., 
embryonic stem cells) 

Ability of adult stem cells to form multiple cell 
types of one lineage (e.g., mesenchymal stem 
cells) 

Cells form one cell type (e.g., follicular bulge skin 
stem cells) 

Dedifferentiation into an embryonic state; can be 
induced by nudear transfer, genetic manipulation, 
viral transduction, and related methods 

ESC iPS cells 

HSC 

Furthermore, there are signincant political and ethical 
hurdles that hinder further investigations of buman ESCs. At 
this time, the limited number of ESC lines available a11d dte 
re.~trictions placed on their use have precluded major progress 
in ESC-based applications. Although President Obama in recent 
months bas largely reversed the restrictions put in place by 
President Bush, alternadve solutions are needed to advance cell
based regenerative strategies. 

MSC/ASC 

Tissue-specific stem cells 

Mature lineage cells 

Differentiation 

!Embryonic Adult 

FIGURE 8-1 Schematic of stem cell organization. ESCs, derived from the inner cell mass of the blastocyst, have the highest stem cell capacity 

(pluripotent) and are the least committed to any tissue lineage. Adult stem cells such as HSCs and MSCs are multipotent and are limited to 
certain t issue lineages, although they remain in a relatively undifferentiated state at rest. TISsue-specific stern cells, such as skin follicu lar bulge 

cells, are limited tD produdng a single cell and tissue type (unipotent), although they retain considerable proliferative capacity to regenerate 
their specific tissue. Mature lineage cells, such as mature epithelium, do not have regenerative potential. iPS cells are mature lineage cells or 

adult stern cells that have been reprogrammed to a state of relative pluripotency and have much of the same regenerative potentia l as ESCs. 
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Somatic Cell Nudear Transfer 
Somatic cell nuclear transfer (SCNT), also referred to as repro
ductive cloniJlg, involves the traJJSfer of nuclei from postnatal 
somatic cells in to an enucleated ovum. Mitotic divisions of this 
cell in culture lead to the generation of a blastocyst capable of 
yielding a whole new organism. Major advances in chis field 
can1e in 1997 with the production of a normal sheep (Dolly),9 

and this procedure has been reproduced in otber mammals. 
indudll1g mice, catde, pigs, cats, and dogs.10 

1l1ese experimental studies suggest tbat a similar approach 
using SCNT might work in humans for tberapeutic clonb1g, 
whereby human ESCs produced by this approad1 could be 
subsequently differentiated into therapeutica1ly useful cells and 
tra11Splanted back into patients with degenerative diseases. A 
recent report on primate ESC lines, which were derived from 
rhesus macaque SCNT blastocysts using adult male skin fibro
blasts as nuclear donors, is an inlportant step in this di.rection.11 

However, similar tO hlllllan ESCs, SCNT is embroiled in 
aJl ethically complex debate about the moral status of created 
embryo and concerns about obtai.nb1g humaJJ unfertilized eggs. 
The technical lbnitations of rlus procedure have also dan1pened 
early en thusiasm, because several studies have reported less than 
1 Oo/o efficiency in the derivation of SCNT-generated ESCs. 11 

Despite the controversy, SCNT and therapeutic cloning may 
still be a promising means to generate genetically matched stem 
cell w1es. Long-lasting cell lliles from patients with diseases 
created via SCNT CaJl be used to screen potentially useful drugs 
or otber treatments a11d may provide replacemem cells for 
damaged organs. 

Induced Pluripotent Stem Cells 
Given the complex logistical and ethical considerations sur
rounding donal[ed oocytes for SCNT, alternatives rl1at recapitu
late the reprogramming process in vitro while avoiding the need 
for oocytes altogether are ultimately preferable. A groundbreak
ing study in 2006 by Takahashi aJld YaJUaJlaka13 defined a spe
cific set of transcription factors, Oct4, Sox2, Klf4. a11d cMyc, 
that were sufficient to reprogram adult mouse fibroblasts back 
into a pturipotent state, thus creating ESC-like induced plu
ripotent stem (iPS) cells. Takahasbi and coworkers14 quickly 
demonstrated that the same combination of transcription factors 
is su.fficient for the pluripotent induction of human cells as well. 
1he ease and re producibility of generating iPS cells compared 
with SCNT has raised the hope that iPS cells nlight fulfill mucb 
of cl1e promise of human ESCs in regenerative medicine. 

It is widely accepted that mouse and human iPS cells 
closely resemble molecular and developmental features of 
blastocyst-derived ESCs.13

·' 5 A number of research groups have 
shown that iPS ceUs injected into immunodeficient mice give 
rise to teratomas comprising a1J three embryonic germ layers, 
sinillar to ESCs. In addition, when injected into blastocysts, iPS 
cells generated viable high-contribution chimeras {mice that 
show major tissue contributions of the injected iPS cells ill rl1e 
host mouse) and contributed to the germlli1e.13

·' 5 Furiliermore, 
using reverse transcription polymerase chain reaction (RT-PCR) 
assays and immw10cytochen1istry, studies have shown that iPS 
cells express key markers of ESCs. 

However, recent evidence has den10nsrrared that iPS cells 
are not identical to ESCs. Global gene expression analysis com
paring iPS cells wicl1 hwnan ESCs using microarrays has dem
onstrated rl1at approximately 4% of the over 32,000 analyzed 

ge11es had more rl1a11 a fivefold difference in expression.16 Fur
thermore, chimeras and progeny mi.ce derived from iPS cells had 
higher tha11 normal rates of tumor formation than those derived 
from ESCs, which ill some cases may bave been caused by reac
tivation of the traJlSfected c-Myc oncogene.17 1hese key differ
ences need to be elucidated furrher to define the safety of iPS 
cell use in regenerative medicine. 

Anod1er potential complication witb rl1e generation of iPS 
cells is the use of retroviral a11d lentiviral vectors to activate rl1e 
necessary reprogramming transcription factors. Specifically, the 
viral genome could be inserted near endogenous ge11es, resulting 
in gene activation or silencb1g. lllis risk of insertional mutagen
esis oould lead to unconcroJJcd modification of the genome, with 
potential development of CaJicer. Much progress has been made 
in generating integration-free murine iPS cells, and various 
recent studies using adenoviral, plasmid-based , and recombinant 
protein-based strategies have reported that viral integration is 
not required for the reprogran1ming process.18

'
19 Even without 

viral integration, the safety of iPS cells needs to be rigorously 
tested, because aU essential reprograJuming factors arc oncogenes 
and their overexpression bas been linked wiili CaJ1Cers.2° TI1e 
characterization of iPS cells will be enhanced by ongoing 
improvemCJ1ts iJ1 the high-resolution analysis of genomic integ
ri ty via DNA sequencing technology to identify even minor 
deletions, inversions, or loss of individual alleles readily. 

1l1e gCJ1eration of iPS cells is likely to create a major in1pact 
on regenerative medici11e. 1l1ese iPS ceiJs CaJl be generated from 
human adipose-derived srem cells (ASCs) in a feeder-free condi
tion with a faster speed and lugher efficiency than comparable 
strategies targeting adult humaJl fibroblasts? ' GivCJl the ea~e of 
isolating a large quantity of ASCs from lipoaspirates, ASCs 
could be aJ1 ideal autologous source of ceiJs for ge11erating 
individual-specific iPS cells. 

The therapeutic potential of iPS cells has been demon
strated in several preclmical models. For exan1ple, Wernig and 
colleagues bave demonstrated that neurons derived from repro
granlmed fibroblasts could alleviate the disease phenotype in a 
rat model of Parkinson's disease.~~ Using a humanized sickle cell 
a11en1ia mouse model, Hanna and associates23 have shown that 
rile genetic defect could be corrected using transplantation of 
hematopoietic sten1 cells (HSCs) derived from iPS cells {derived 
from fibrobla~ts of those mice) that had homologous recombina
tion of aJl intact wild-type ~-globb1 gene. Alrl10ugh these early 
preclinical studies are very promising, iPS cell tedmology will 
require furrl1er refinemCJlt before clbllcal applications can be 
feasible. 

Fetal Stem Cells 
Although less prominently discussed, fetal stem cells represent 
another source for a regenerative building block wi th cliJlical 
potential. Fetal stem cells can be derived from fetal blood, 
liver, bone marrow, anlniotic fluid, and placenta, and are rich 
in a population of stem cells d1at proliferate more rapidly 
aJ1d exhibit greater multipotentiality man adult Stenl cells.24

..!5 

Fetal stem cel.ls have been fottnd to expand in culture for at 
least 20 pa~sages, and their capacity for adipogenic, osteo
genic, and chondrogenic differentiation has been demon
strated under appropriate culture condi tions.26 In addition, 
traJ1splantation into a xenogeneic sheep model has shown the 
ability of these cells to e11graft a11d undergo site-specific tissue 
differentiation. 
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Despite these promlSlng findings, bowever, significant 
debate has been raised over the issue of using cells from fetuses 
and the attendant risks associated with intrauterine procedures. 
Nonetheless, fetal stem cells may still provide a novel means 
whereby future autogenous in utero cellular and genetic thera
pies can be devised. 

Adult Stem Cells 
Once embryonic development has completed, humans and 
other complex organisms lose their cache of embryonic stem 
cells. During ad1!llt life, the regenerative capacity of tissues and 
organs is maintained by adult stem cells, which reside in man•re 
tissues and in general repositories throughout bone marrow and 
adipose tissue. Unlike embryonic stem cells and induced plu
ripotent stem cells, adult stem cells are multipotent; they can 
differentiate into some but not all tissue lineages and are typi
cally confined to a certain tissue type and microenvironment, 
usually termed a stem cell nicheY The most studied and best 
characteri7..ed adult stem cell types is the hematopoietic stem cell, 
whid1 has served as the experimental paradigm for basic studies 
into the biology of adult srem cell biology?~ Recencly, much 
insigbt bas been gained into the organi7..ation and function 
of mesenchymal stem cells and adipose stromal cells, whid1 
have shown considerable promise for the field of regenerative 
medicine. 

lissue-Specific Stem Cells 
Given rhe frequent cellular turnover and significant regenerative 
capaciry of epicl1elial organs such as rue cornea, small intestine, 
and skin,29 it is not surprising cl1at cl1ese tissues harbor robust 
resident stem cell populations. However, resident stem cells have 
also been isolated from organ systems that were thought to have 
little or no regenerative capacity, such as cardiac tissuc?0 and 
neural tissue,31 suggesting that most or a.ll mature mammalian 
tissues and organs have corresponding stem cell populations that 
play some role in local tissue homeostasis and organ regenera
tion. These tissue-specific resident multipotent stem cells are 
characterized by profound self-renewal capacity, which allows 
them to maintain lifelong homeostasis of mature tissues in the 
absence of disea...-;e or injury. 

Although a thorough discussion of each tissue-specific stem 
cell type is beyond the scope of this chapter, a limited description 
of a few cell types that are most relevant ro surgeons is war
ranted. In the skin, stem cells reside in two general nimes, along 
the hair follicles in rue bulge region deep to cl1e sebaceous glands 
and .in the deep interfollicular epidermis.3' The follicular bulge 
cells proliferate and form the hair shaft as it grows and may 
contribute to epidermal regeneration after trauma or injury. The 
deep interfollicular epidermal cells migrate upward to replenish 
the layers of the epidermis during normal homeostasis of the 
epidermis, a process that replaces all skin cells every 3 co 4 weeks. 
In the small intestine, a group of proliferative cells resides at the 
base of the crypts and send differentiating cells upward to repop
ulate the mature gut epithelium, with rapid turnover every 4 to 
5 days. It is clear that intestine-specific stem cells exist, but the 
lack of specific antigens for cell isolation has made precise iden
tification of the putative intestinal stem cell elusive, and the 
structure of the intestinal stem cell compartment remains con
troversial.33 Interestingly, not all adult organs with regenerative 
potential depend on stem cell proliferation. 'TI1e liver and pan
creas appear to regenerate through proliferation of adult cells;W.3S 
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In the heart, residem stem cells have limited regenerative poten
tial and have not been shown to engraft when administered 
exogenously after myocardial injury.36 More experin1CJ1tal work 
is needed before these populations of tissue-specific resident 
stem cells can be effectively exploited for regenerative medicine 
applications. 

Adult Multipotent Stem Cells 
Multi potent cells exist in several reservoirs in the adult and retain 
the ability to form many different cellular lineages (Fig. 8-2). 
Although the differentiation potential of these cells is not as 
complete as ESCs or induced pluripotent stem cells, their rela
tive abundance and ease of isolation from adult patiems estab
Lishes adult sten1 cells as a highly relevant cell type for 
regenerative medicine applications. Accordingly, adult multipo
tent stem cells have been a focus of intensive research efforts over 
the past several decades. 

Hematopoietic Stem Cells 
HSCs have been the most studied and best characterized adult 
multipotent stem cell type after being defirudvely isolated in 
mice several decades ago.37 These blood-forming cells reside in 
specialized niches within adult bone marrow and function to 
maintain homeostasis of all lineages of hematopoietic cells. 
HSCs have become the paradigm for the experimental investiga
tion of adult stem cell biology. They form the basis of the most 
successful clinical application of stem cell- based therapy-bone 
marrow tra.nsplanration for hematologic malignancies and other 
disorders, through whim HSCs repopulate all lineages of the 
hematopoietic system after bone marrow ablation.~8 Despite the 
enormous ability of HSCs to regenerate the hematopoietic 
systen1, the preponderance of evidence does not support tl1e 
concept ruat HSCs can transclifferentiate inco other tissue 
lineages, thus limiting their usefuJness in cell-based thera~eutic 
interventions outside of the hematopoietic system. 8 In 
addition, HSCs cannot readily be grown in cell or dssue culture 
conditions in vitro, further Limiting their usefulness for regen
erative medicine applications. Although direct transplantation 
of HSCs is not lil<ely to be used for regenerative medicine 
(outside of hematopoietic deficiencies and malignancies), 
stem cell biologists have beeJ1 investigating a possible role for 
HSCs in the induction of tolerance in preparation for organ 
transplamation.39 

Mesenchymal Stem Cells 
The stromal fraction of adult bone marrow contains of hetero
geneous population of cells that were originally described as 
supportive cells for hematopoietic cells and later termed mesen
chymal stem cells (MSCs). 'lhis group of multipotent cells is 
derived from embryonic mesenchyme and can differentiate into 
mesCJlchymal-derived strucrures, sucl1 as bone, fat, cartilage, and 
muscle.40 MSCs are rare in the bone marrow, because they only 
make up approximatdy 1 of 10,000 total bone marrow cells. 
'111ey have traditionally been isolated in vitro through their 
ability to adhere to polystyrene tissue culture plastic; however, 
it is increasingly recognized that this isolation method produces 
a heterogeneous mix of cells, which ha..s made comparison of 
experimemal protOcols and standardization of results difficult. 
Reports of human MSC surface antigen expression profiles vary 
widely: there is no one agreed on group of surface markers that 
can be used for prospective isolation protocols. A comprehensive 
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FIGURE 8-2 Adult multipotent mesen
chymal stem cells can be isolated from 
adipose tissue (ASCs) or from bone 
marrow (MSCs). These cells have been 
shown to differentiate into multiple tissue 
types in vitro, induding adipose tissue 
(apidogenesis), bone (osteogenesis), 
cartilage (chondrogenesis), skeletal and 
cardiac musde (skeletal and cardiac myo
genesis), and nerve (neurogenesis) tissues .. 
There has been varying success in differen
tiating these cells in these tissue types 
in vivo, which will be necessary before 
adult multipotent stem cells can be d ini
cally useful for regenerative medicine 
applications. 

review of the literature bas documented that MSCs typically 
express the surface antigens CDI3, CD29, CD44, CD73, 
CD90, CD105, CDI46, CD166, CD271, and Stro-1, and 
typically do not express the hematopoietic markers CD ll b, 
CD3l. CD34. CD117. and CD45.•' Development of a stan
dardized isolation protocol for MSCs is an active area of ongoing 
research. 

MSCs have shown significant promise for use in regenera
tive medicine applications, largely because of their ability to 
form multipk mature lineages. MSCs have been widely studied 
for use in the regeneration of cartilage and skeletal defects; 
results from animal models of both metabolic and traumatic 
skeletal injuries have been encouraging.<!.! MSCs have also been 
shown to improve myocardial function after infarction in animal 
models,43 although results in human trials using systemic injec
tion of bone marrow cells after myocardial infarction have been 
mixed.44

•
45 Another significant challenge that must be overcome 

is promoting MSC SLLrvival in infarcted myocardium and other 
damaged tissues, which often present a hostile environment to 
the engrafm1e11t and proliferation of stem cells.46 Because of 
these local factors, it is possible that MSCs play a supportive role 

in tissue regeneration by creating a favorable local environment 
through secretion of growth factors and angiogenic signals. For 
example, MSCs have been shown w increase wow1d healing in 
chronic wounds, although the cells do not persist in the wounds 
over timeY 

Adipose-Derived Stromal Cells 
There is growing excitemCI1t in the field of rege11erative medicine 
concerning the usefulness of the stromal va~cular fraction of 
subcutaneous adipose tissue, wbicb contains a heterogeneous 
group of undifferentiated cells that are collectively referred to as 
ASCs. These cells have also been referred to as processed llpoaspi
rate (PLA) cells, adipose-derived stem cells (ADSCs), and 
adipose-derived mesencl1ymal cells (A.DMCs). AJthough there 
are subtle differences among isolation protocols, a detailed dis
cussion is out of the scope of this chapter. Zuk and coworkers 
have demonstrated that these cells can be coaxed to differentiate 
into bone, adipose tissue, cartilage, and muscle in vitro.48 ln 
addition, there have bee11 several reports oflimited differentia
tion of ASCs into neural tissue49 and cardiac myocytes.50 The 
major advantage of ASCs is their relative abundance and ease of 
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isolation from subcutaneous adipose tissue through standard 
Hpoaspirate techniques; approximately I billion cells/Liter of 
lipoaspirate specimen can be isolated. More studies are ongoing 
to characterize thoroughly the heterogeneous mixture of cells 
that are present in adipose tissue, but unpubHshed data from 
our group has suggesred that multiple subpopularions with dif
ferential abilities to produce specific tissue types may be present 
in ASCs. In addition, by applying different growth factors, such 
as bone morphogenic protein or fibroblast growth factor, ASCs 
can be induced to form a specific tissue. 51 Once characterized, 
appropriately selected ASC cells treated with specific growth 
factors could prove profoundly important for tissue-specific 
regenerative medicine appHcations. 

Endothelial Progenitor Cells 
Circulating cells that concurrently express some hematopoietic 
antigens in addition to endothelial cell markers have been iso
lated from the peripheral blood in animals and hun1ans. These 
cells have been termed mdothelialprogenitorce/J.s {EPCs}, because 
there is substantial evidence that they are recruited from the 
bone marrow and traffic ro sites of vascular injury and ischemia 
to effect vasculogenesis, the growth of new blood vessels from 
circulatiJ1g progenitors, in response to hypoxia and tissue isch
emia.52 Similar to MSCs and ASCs, these cells appear to be 
mesenchymal or stromal in origin, but there is no widely agreed 
on pro6Je of surface antigen expression or isolation protocol for 
these cells. Furthermore, it is not clear whetl1er tl1ese cells dif
feremiate into mature endothelial cells or merely serve as sup
portive perivascular cells during the process of vasculogenesis. 

Stem Cells and cancer 
1l1e tremendous self-renewal and regenerative potencial of stem 
cells comes with a price. If the asymmetrical division and self
renewal process Qf stem cells become dysregulated, the risk of 
malignant transformation increases significantly.53 Mutations 
and dysregulation of stem cell self-renewal underlie most hema
topoietic maHgnancies, and also have been implicated in cancers 
of the breast, gastrointestinal system, and cencral nervous system 
and in mru1y other solid rumors.'~'~ Oncologic surgeons know 
well that even microscopic disease left behind after resection of 
a cruKerous lesion can cause recurrent disease; the corollary with 
stem cell- based therapy is that small numbers of dysregulated 
stem cells cru1, if implanted, become a clinically significant 
tunJOr. As stem cell-based therapy is adapted for clinical use, 
these lessons from cancer biology must be heeded. because the 
neoplastic potential of pluripotent and multipotent stem cells is 
not trivial. 

BIOENGINEERING FOR REGENERATIVE MEDICINE 

Research Applications 
Stem cells are profoundly influenced by their surroundings, as 
evidenced by the importance of the niche for maintenance of 
stem cell populations in vivo. 1l1js aspect of stem cell physiology 
has prompted the field of regenerative medicine to expru1d from 
pure stem cell biology to include engineering ofbiomaterials and 
mechanical systems ro create synthetic niches on which ro grow 
stem cells to facilitate detailed experimental studies ru1d provide 
therapeutic }'latforms on whid1 to deliver stem cells to patients 
(Fig. 8-3).5 Such biomatcrials are referred to as biomimetic 
because they mimic the anatomic ru1d/or physiologic 
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FIGURE 8-3 Biomimetic materials are engineered to create favorable 
stem cell niches for both in vitro experimental stern cell biology 
studies and for clinical use in regenerative medicine applications. 
Because all stem cells are exquisitely sensitive to environmental cues, 
the bioengineering component of regenerative medicine will be 
crucial to modulate and control stem cell behavior to allow effective 
cell-based therapies to be used cl inically. 

environment necessary for cellular engraftment ru1d prolifera
tion. One of the most basic applications of this principle has 
been in designing complex culture systems to provide a more 
physiologic environment than stru1dard two-dimensional rigid 
polystyrene plastic for studying stem cell growtl1 in vitro. For 
example, by coating a culture dish with the ligru1d leukemia 
inhibitory factor bound to a thin polymer, Alberti and coiJeagues 
have demonstrated a significant increase in mouse ESC prolif
eration.56 A group in Switzerlru1d has demonstrated that ASCs 
expanded iJl a three-din1ensional, cerrunic, scaffold-based perfu
sion culture system had improved osteogenic capabilities as com
pared with traditional two-dimensional expansion iJ1 tissue 
culture dishes.5~ An additional offshoot of the incorporation of 
engineering concepts into the fidd of regenerative medicine has 
been an increasing awareness of the influence of mechanical 
forces on stem ceiJ behavior ru1d the importance of understru1d
ing and controlling the mechanical environment of engiJ1eered 
tissue grafts for use in regenerative therapies. 

Biomaterials as Constructs for Cell Delivery 
and Directed Differentiation 
ln addition to experimental tools, bioengineered materials hold 
much promise as platforms for cell deHvery in regenerative med
icine applications. Up to this point, most efforts have centered 
on the use of biomaterials such as collagen polymers, polygly
coHc acid (PGA), poly{lactk-co-glycoHc acid} (PLGA}, and 
polyethylene glycol (PEG) hydrogels, which are porous to allow 
cell ingress and can he easily molded and shaped to a desired 
configuration. Several groups have also used mudi£ed ink jet 
primers to create precisely patterned scaffolds and hydrogels to 
devise finely tuned systems for cellular support ru1d growth 
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factor delivery. 58 A frequently articulated goal of these biomate
rial studies is to develop synthetic systems to mimic physiologic 
extracellular matrix and promote iJl vivo-directed proliferation 
and differentia·tion of stem cells. This approadJ would aUow 
implantation of a relatively small number of stem cells witb.in a 
bioengineered consrrucr rhat would rhen encourage expansion 
and differentiation of the stem cells to regenerate the desired 
tissue. 5' Although much of the rcseard1 in this field is still in the 
early stages of discovery and development, significant advances 
have moved us much closer to the day when bioengineered 
constructs will facilitate stem cell- based therapies for regenera
tive medicine applications. 

Organ-Level T"LSSue Engineering 
In addition to creating mimetic scaffolds for cell-ba.<oed therapies 
and custom culwre systems, the fields of materials science and 
tissue engineering have recently expanded their focus to iJ1dude 
organ-level engineeriJJg- that is, to construct a synthetic or 
partially engineered organ for transplantation into a patient with 
end-stage organ failure. Because of ilie severe limitations on 
donor organ availability, the prospect of engineering replace
ment organs from a patient's own cells is highly appealing to 
overcome the problem of orgru1 scarcity. Urology bas take11 the 
lead in this field, because urologic structures such as ilie bladder 
ru1d urethra lend themselves well to orgru1 engineering. A tala and 
colleagues have den10nstrated tl1e cluucal feasibility of urethral 
ru1d bladder grafts engineered from collagen matrices and seeded 
cells.~ Although organ engu1eering appears to be on the verge 
of cliJUcal viability for hollow organs such as tl1e bladder, ex vivo 
engineering of solid organs wiili complex physiology, such as the 
liver and kidney, represents a much more difficult cbaUenge. 

The kidney presents an enormous challenge because of its 
complex three-dimensional architecture ru1d the diverse func
tional requirements of each cellular component. Nonetheless, 
several groups have reported linllted success with a bioartificial 
kidney conrainlng livmg tubule cells and co1mected through 
standard bemodialysis acce.<;s. Lines.60 Although this is a nonim
planted temporary ex vivo solution, tl1ese early studies suggest 
that an engineered ceU-scaffoJd construct may be able to sup
plant long-term renal replacement therapy. Ongoing studies 
usiJlg collagen matrices ru1d iJ1 vitro expru1sion of renal cells to 

create anatomically and physiologically appropriate glomerulo
tubular wuts have shown some promise iJ1 aninlal studies.61 The 
l.iver also represents a significant cl.inical need for replacement 
organs, but orgru1-level engineeriJ1g is difficult because of the 
inJ1erent complexity of hepatic anatomy and physiology. Isolated 
hepatocyte trru1splantation has shown some short-term effective
ness in treating Crigler-Najjar syndrome and other metabolic 
disorders of tl1c Hver, but whole-organ replacement has not been 
achieved.62 Several groups are workiJ1g to seed expanded or 
immortalized human liver cells on biomimetic scaffolds, but 
these experiments are in the preliminary stages of development. 63 

In total, althou,gh organ-level engineeru1g has significant poten
tial, much more work is required before this field will have 
clinical applicability. 

CLINICAL APPLICAnONS Of STEM CELLS 
Stem cell therapies are setting a new paradigm for regenerarlve 
medicine, with tremendous potential to repair and regenerate 
tissue injury ru1d diseases. Although there is considerable opti
mism for novel cell-based treatments, their use needs to be 

carefully evaluated by early clinical trials. Early clliucal experi
ence with stem cell therapies is summarized in Table 8-2. Many 
of tl1ese studies have attempted to expru1d on the success of bone 
marrow HSC trru1splru1tation in treating blood disorders and 
cance r to evaluate the safety and efficacy of stem cell-based 
therapie.~ to rrear a number of disea.<oes. 

Embryonic Stem Cells 
Clinical studies on me use of pluripotent stem cells have begun 
to take place. In 2009, the U.S. Food ru1d Drug Administration 
(FDA) approved the first clinical trial usiJlg ESCs. The swdy;, 
led by the bioteclmology compru1y Geron, will be evaluatiJlg tl1e 
use of ESC Ul the treatment of complete spinal cord i.njury.M 
The company recently enrolled the first human patient into iliis 
Phase I trial to assess tl1e safety ru1d tolerability of hESC-derived 
oligodendrocyte progenitor cells. Many other applications using 
ESCs are expected to enter cluucal trials. Regulatory approval is 
being sought for the use of ESCs to treat blindness associated 
with retinal loss based on encouraging in vitro and in vivo pre
cliJUcal studies, ru1d efforts arc also underway to develop beta 
islet cells &om ESCs for the correction of type l diahetes.65 

Fetal Stem Cells 
Fetal neural stem cells are also beiJ1g explored to address dlflicult 
genetic diseases. 1l1e biotechnology company, California Stem 
Cell, is evaluatiJlg the trru1splantation of fetal neural stem cells 
to treat children with lysosomal storage disea.~es.65 Concerns 
were raised by the report of multifocal brain wmor development 
in a child with ataxia telangiectasia treated witl1 iJ1tracerebellar 
ru1d intrathecal injections of fetal neural stem cells in Russia.66 

The glioneuronal neoplasm was found ro be derived from 
tl1e transplanted neural stem cells. More research and ongoing 
clinical vigilru1ce are needed to ensure safety in stem cell trruls
plantation. 

Multipotent Adult Stem Cells 
Because of the ethical and political concerns related to tl1e use 
of embryonic and feral ceUs and tissues as the basis of clinical 
treatments, the field of regenerative medicine bas begun to 
emphasize the potential of adult multipotenr stem celJs as the 
foundation for sten1 cell-based tl1erapies. MSCs and ASCs 
readiJy differentiate into the mesenchymal Lineages of bone, 
cartilage, fat, ru1d muscle, wlucl1 make iliem ideal candidates for 
regeneration of those tissues iJ1 adult patients. There have been 
several case reports of ASCs ru1d MSCs used to repair bone 
defects, but there have been no rigorous clinical trials performed 
as of rl1is writing. Based on pronusing results in aniJ11al models, 
tl1ere has been considerable interest ill the in1plantation of bone 
marrow cells i11 the setting of myocardial infarction ru1d ischemic 
cardiomyopailiy.43 Seve.ral trials have been perforn1ed using 
intramyocardial or i11tracoronary mjection of bone marrow
derived cells. 1l1ese studies have generated mixed results, with 
modest increases ill left ventricular ejection fraction but little 
evidence oflong-tem1 survival benefits. More studies are needed 
to determiJle tlle role of stem cell-based treatments in isd1emic 
myocardial pathologies. 

Overall, tl1ere is much promjse for stem cell- ba<oed thera
pies, bur this potential has been largely unrealized m dace. 
Despite this, regenerative medicine seems poised w become 
clinically relevrult .in the near term, which Likely will consider
ably expand the tools available to surgeons ru1d tl1eir patients. 
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Table 8-2 Reported Clinical Applications of Stem Cells 
CLINICAL APPLICATION CELL TYPE 

ASC 
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DELMRY METHOD 
Inflammatory bowel disease (Crohn's)• 

Muscular dystrophy" 

Ischemic cardiomyopathy {MAGNUM Trial)' 

Acute myocardial infarction (BOOST Trial)d 

Acute myocardial infarction (REPAIR-AMI Trial)• 

Acute myocardial infarction (ASTAMI Trial)r 

Ischemic cardiomyopathf 

Tracheobronchomaladah 

Muscle-derived progenitors, CO 133• 

Bone marrow {BM) MSC 

Surgical implantation into perianal fistulae 

local injection 

Surgically implanted thre(Hjimensional collagen matrix 

lntracoronary injection Total bone marrow 

Total bone marrow lntracoronary injection 

BMMNC lntracoronary injection 

Total bone marrow Systemic injection 

BM MSC Differentiated to chondrocytes and surgically implanted 

Traumatic calvarial defect' ASC Surgical implantation in fibrin glue 

Achondroplasia' BM MSC Transplantation concurrently with distraction 
osteogenesis 

'From Garcia-Oimo ID, Herreros 0, Pascual M, et al: Treatment of enterocutaneous fistula in Crohn's disease with adipose-derived stem cells: A comparison of protocols 
with and without cell expansion.lnt J Colorectal Dis 24:27-30, 2009. 
"From Torrente Y, Belicchi M, Marchesi c. et al: Autologous transplantation of muscle-derived C01n· stem cells in Ouchenne muscle patients. Cell Transplant 16:563-5n. 
2007. 

<from Chachques JC, Trainini JC, LagoN. et al: Myocardial assistance by grafting a new bioartificial upgraded myocardium (MAGNUM triaQ: dinical feasibility study. Ann 
Thorac Surg 85:901-908, 2008. 
'hom Wollert KC, Meyer GP. Lotz J, et al: lntracoronary autologous bone-marrow cell transfer after myocardial infarction: the BOOST randomised controlled clinical trial. 
Lancet 364:141-148, 2004. 
'From Schachinger V, Erbs S, Elsasser A. et al; REPAIR-AMI Investigators: lntracoronary bone marrow-derived progenitor cells in acute myocardial infarction. N Engl J Med 
355:121Q-1221, 2006. 
'From Lunde K, Solheim S, Aakhus S, et al: lntracoronary injection of mononuclear bone marrow cells in acute myocardial infarction. N Engl J Med 355:1199-1209, 2006. 
Sfrom Meyer GP, Wollert KC, lotz J, et al: lntracoronary bone marrow cell transfer after myocardial infarction: 5-year follow-up from the randomized-<ontrolled BOOST 
trial. European heart. journal 30:2978-2984, 2009. 
'from Macchiarini P, Jungebluth P, GoT, et al: Clinical transplantation of a tissue-engineered airway. lancet 372:2023-2030, 2008. 

'From lendeckel S, JOdicke A. Christoph is P, et al: Autologous stem ceUs (adipose) and fibrin glue used to treat widespread traumatic calvarial defects: case report J 
Craniomaxillofac Surg 32:37Q-373, 2004. 
iFrom Kitch H, Kitakoji T, Tsuchiya H, et al: Transplantation of marrow-<lerived mesenchymal stem cells and platelet-fich plasma during distraction osteogenesis-a 
preliminary result of three cases. Bone 35:892-898, 2004. 

SELECTED REFERENaS 
Atala A:. Engineering organs. Cmr O pin Biotechnol 20:575-592, 
2009. 

This excellent review from a leader in the field of regenerative medicine 
outlines the progress made and challenges faced by tissue and organ 
engineeri ng as is relates to regenerative medicine. 

Beltramj AP, Barlucchi L, Torella D, et al:Ad ult cardiac stem cells are 
multipotent and support myocardial regeneration. Cell Ll4:763-
776,2003. 

This paper discusses the isolation of resident cardiac stem cells and their 
potential uses in myocardial regeneration. Resident cardiac stem cells 
are a prime example of the limits of tissue-specific stem cell populations 
for use in regenerative medicine. 

Blanpain C, Horsley V, Fuchs E: Epithelial stem cells: Tuming over 
new leaves. Cell 128:445-458. 2007. 

This excellent review describes the current understanding of epithelial 
stem cells and discusses their potential applications for regenerative 
medicine. 

Kiel MJ, He S, Ashkenazi R, et al: Haematopoietic stem cells do not 
asymmetrically segregate ch romosomes or retain Brd U. Nature 
449:238-242. 2007. 

This important paper demonstrates that asymmetrical cell division does 
not occur in HSCs. This establishes the concept that not all adult stem 
cells are donal populations and that heterogeneity of transcription is likely 
the normal state of a stem cell population. 

LutolfM P, Gilbert PM, Blau HM: Designing materials to direct stem 
ceU fate. Nature 462:433-441, 2009. 

This comprehensive review describes the role of bioengineering in stem 
cell biology research and regenerative medicine. 

Pittenger MF. Mackay AM. Beck SC, et al: Mulril ineage potent ial of 
adult h.uman mesenchymal stem cells. Science 284:143-147. 1999. 

This paper was the first description of human mesenchymal stem cells. 
In this report, the authors demonstrated the existence of a nonhemato
poietic cell population in the bone marrcm with multipotent differentia
tion ability. 
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Spangrude GJ, Heimfeld S, Weissman IL: Purification and character
ization of mouse hematopoietic stem cells. Science 241:58-62, 1988. 

This was the oriiginal description of hematopoietic stem cell isolation, 
which establishe<l the paradigm for adult stem cell research. 

Takahashi K, Yamanaka S: Induction of pluripotent stem cells from 
mouse embryonic and adult fibroblast cultures by defined factors. 
Cell 126:663-676, 2006. 

This was the original description of the creation of induce<! pluripotent 
stem cells by viral transfection with four genes. Subsequent studies have 
generated iPS cells from human skin cells and ASCs. Because the origi
nal transfection methods involved genomic integration of viral particles, 
much work is ongoing to allow the safe induction of pluripotency in cells 
by using techniques that would allow these cells to be used clinically. 

Thomson JA, ltskovitz-Eidor J, Shapiro SS, et al: Embryonic stem 
cell lines derived from human blastocysts. Science 282:1145-1147, 
1998. 

These authors were the first group to isolate and describe human embl)'
onic stem cells. This paper created much interest in ESCs as potential 
sources of cell-based therapies for the field of regenerative medicine, 
but also raised several important ethical concerns that are the source of 
ongoing debate in the saentific and broader community. 

Zuk PA, Zhu M, Ashjian P. et al: Human adjpose tissue is a source 
of multipotent stem cells. Mol Bioi Cell 13:4279-4295. 2002. 

In this seminal description of adipose stromal cells, the authors demon
strated that multipotent rnesenchyrnal stem cells could be isolated from 
the stromal vascular fraction of human adipose tissue. This was the first 
a<;CO\,Jnt of an ao;lult !>tern eel! population isolate<;! fr<ll11 a tissue other 
than the bone marrow. 
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CHAPTER 9 

EVIDENCE-BASED SURGERY: 
CRITICALLY ASSESSING 
SURGICAL LITERATURE 
DAVlD R FLUM, FARHOOD FARJAH, AND NADER MASSARWEH 

WHAT IS THE PURPOSE OF THE STUDY? 

WHAT IS BEING COMPARED? 

WHAT IS THE OUTCOME OF INTEREST? 

W HAT IS THE STUDY DESIGN? 

W HAT IS THE SOURCE OF DATA? 

ARE THERE NONANALYTIC ISSUES WORTHY OF CONSIDERATION? 

HOW WERE THE DATA ANALVZED? 

ARE THERE ETHICAL CONSIDERATIONS? 

CONCLUSIONS 

Not long ago, case series published by a single surgeon or group 
of surgeons reporting the results of a novel management strategy 
or new technique were the mainstay of communication in the 
surgical community. 1l1ese reports highlighted surgical advances 
that could be applied to patients, but often reflected the best 
surgeons repontiJlg their best results. Such reports represented 
much of the evidence base that guided surgical practice. However, 
with growing recognition that almost everyone will require 
surgery at some point in their lives, surgical disease is beiJ1g 
increasi11g.ly considered in tbe context of the public's health. 
From this perspective, the published experience of one surgeon 
becomes less relevant than evidence that describes how surgical 
procedures actually work iJl the general community, how thdr 
effectiveness compares with other strategies, and the full spec
trLun of outcomes needed to assess a procedure's impact on 
patients and the health care system. O ver the last decade, surgi
cal health services and outcome.~ research has emerged as an 
essential approach for iJ1forming the modern surgical era with 
evidence. Surgical investigators apply a range of research methods 
to draw truths from the collective surgical experience, with the 
goal of integrating the best available evidence into what SLLrgeons 
do in general IPraaice. Distinct from the past era of surgical 
research, current efforts aim to move beyond reporting what can 
be done to patients ro establishing what should be done for 
patients. 

O utcomes and health services research are broad terms for 
scientific inquiries evaluating health care outcomes, care deliv
ery, and the systems delivering that care. This enterprise does 
not focus on outcomes alone, but also considers the daily actions 
performed by health care teams and surgeons (processes of care) 
a~ well as the environment in which services are delivered (struc
tures of care). With the medical community facing .increasing 
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regulatory oversight and a drive for more accountable care, it is 
essential that surgeons Lmderstand and embrace the approach of 
evidence-based surgery so they can improve the care of their 
patients and maintain a leadership role in health policy and 
quality improvement activities. 1l1e goal of this chapter is to help 
the reader become a more critical evaluator of the surgical lit
erature and advance the use of better evidence in surgical prac
tice. To that end, this chapter is framed through questions that: 
a critical reader should ask when reading a re.~earch study. 

WHAT IS ntE PURPOSE OF ntE STUDY? 
Assessing the value of a study requires an understandiJ1g of the 
investigator's intended purpose. Most studies can be placed into 
one of two general categoric.~. descriptive {or exploratory) and 
analytic (Fig. 9-1). Most descriptive studies should be consid
ered hypod1esis-generatiJ1g rather than causality-focused whereas 
analytic studies test a prespeci.fied hypothesis. A study's pLLrpose 
should drive the selection of study groups, outcomes of interest, 
data sources, study design, and analytic plan. Unfortunately. 
many studies fall short in linking study purpose and methodol
ogy; investigators may sometimes try to establish causality from 
descriptive studies. For example, in a study describing trends in 
the misdiagnosis of appendicitis during a time when there was 
increased use of diagnostic testing, an attempt to establish a 
causal link between these two findings (i.e., the trend in misdi
agnosis was caused by the trend in diagnostic testing) would be 
overreachiJ1g the descriptive nature of the study. 1 The intent of 
descriptive studies should be identifying possible:: associations 
and serving as an impetus for future investigations usiJtg more 
rigorous analytic approadJes. 

WHAT IS BEING COMPARED? 
Many surgical studies evaluate outcomes {e.g., complications, 
cost, efficacy, effectiveness, quality of life, functional status, 
patient satisfaction) of one intervention or strategy compared 
with another. l11e method of classifying subjects into one group 
or another and the fact that some exposures vary with time pose 
important merhodologic challenges to be considered when eval
uating the strength of evidence provided by a study. 

Misdassification 
Misdassi.ficadon is the incorrect categorization of a subject imo 
a sntdy group. 1l1is issue is important because in the context of 
rTtisclassi.fication, even a properly performed analysis with an 
appropriate study design will yield biased results. There are two 
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Types of study 
designs 

~ 
Exploratory/ 
descriptive 

I 
l 

AnalYtic 

I 

Observational* Experimental Observational 

Survey f 
Randomized Cross-sectional 

Case reporV 
series Case-control 

Cohort 

Other 

types of misclassification, nondjfferential and differentiaL Non
differential misclassification indicates an equal and random 
chance that any one subject will be misclassified (or included as 
part of the wrong study group). With differential misclassifica
tion, the cl1a.nce a subject is misclassified is nonrandom. 

Stage migration, also known as the Will Rogers phenom
enon, is a classic example of misclassification.Z Cancer stage has 
a well-defined rellationship with long-term survival. Patients may 
be staged through clinical examination, radiographic assessment, 
invasive procedures, or pathologic tissue examination (the gold 
standard). Staging techniques other than pathology-based 
approaches may be inaccurate. It is not uncommon for higher 
accuracy staging modalhies to be associated with higher observed 
survival rates when compared with lower accuracy methods (e.g., 
a clinical examination). Patiems only assessed clinically might 
be understaged-categorized as early-stage cancer but actually 
with late-stage cancer. Survival rates for early- stage patients 
would then be worse than they really were because misclassified 
late-stage patients lower the group average. Similarly, if over
staged patients were considered with truly late-stage patients, 
survival would be bener than in actuality. 'Tills phenomenon has 
been demonstrated in a study of lung cancer patients in whid1 
those who undenvent pad10logic staging had better 5-year sur
vival rates compared with rllose who underwent clinical staging.3 

If a difference in outcome truly exists between rwo groups, 
nondifferential misclassilication will bias the results toward the 
null hypothesis, a conservative bias. With differential misclas
sification, the bias may be conservative or anticonservativc, 
depending on the manner iJ1 whim patients were misdassified 
and the true relationship berween group assignment and 
outcome. Because nondifferential error leads to a conservative 
bias, preferable n:o nonconservative, which could lead to false
positive findings. differen rial misclassi.ficatiOJ1 is the more serious 
concern. Consider a hypothetical study of a surgical intervention 
for cancer involving two groups of patients, one classified based 
on clinical staging and the ocl1er on pathologic staging. ln this 
case, incorrectly assuming that both groups have been equally 
cla.~ified would be a mistake. [f the study demonstrated a sig
nificant benefit for the surgical intervention in the pathologically 

FIGURE 9-1 Hierarchy of study designs. The asterisk means 
that the same study designs found in the other branch apply. 

staged group, the reader would have to wonder whed1er the 
observed difference in survival was attributable to the interven
tion or to differential misclassification (understaging) of patients 
in the clinically staged group. ny comparison, if staging in both 
study groups were based on a radiographic evaluation, each 
patient would have an equal dlance of being overstaged or 
understaged. Failure to demonstrate a difference in outcome 
bet\veen me t\VO interventions might be a false-negative finding 
attributable to nondifferential misdassification. 

Time-Varying Exposures 
Time-varying (or time-dependent) exposures refer to predictors 
whose value may vary with time (e.g., smoking status, transplan
tation stan.s). Failure to account for time-varying expoSLLres in 
the analysis of ru1 observational study may lead to biased results 
ru1d incorrect conclusions. An exan1ple of potential bias arising 
from time-varying covar.iates is an analysis of heart transplanta
tion survival data.4 1he impact of heart transplru1tation on sur
vival was assessed by comparing patients who received a 
transplant wirll d1ose who did not. Although the initial analysis 
revealed a survival benefit associated with trrulsplantation, the 
mrumer in which patients were grouped (treating transplanta
tion as a fixed variable) led to bias iJ1 favor of transplanted 
patients. 

Trru1splantation wait times are often long and many 
patients die while awaiting a donor orgru1; therefore, patients on 
the transplru1tation wait list, but who died a short time after 
being listed, did not have a chance to undergo transplru1tation. 
When rlle investigators retrospectively assigned patients to these 
rwo study groups (trrulsplanted versus not transplanted), the 
patients who survived long enough to receive a new heart intro
duced selection bias in favor of trru1splru1tation, because d1eir 
survival times were on average longer tbru1 in the n omransplrul
tation group. L1 actualit:y, earn subject's exposure status (trans
planted versus not transplanted) was time-dependent. Willie on 
the wait list and prior to transplantation, a subject could con
tribute survival tLme to the nontransplamation group: subse
quent to trru1splantation, rhe same subject could then contribute 
survival time to the transplantation group. Reanalysis of rlle data 
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evaluating exposure status iJl a time-dependent fashion revealed 
no association between transplantation and survival.5 

WHAT IS THE OUTCOME OF INTEREST? 
Concluding that operation A is better than operation B must be 
supported by evidence of a difference in omcomes. Bm what 
does "better" mea11? What if operation A is better with regard 
to one type of outcome but worse in terms of another? Out
comes assessment cannot determine which procedure is better 
for the patient, but it can inform patients ru1d providers about 
differences between two or more competing therapeutic options. 
Readers judging a study's value should determine which out
comes were assessed, from what perspective, and whether the 
chosen outcomes were consistent with the study's stated aims. 

Safety 
Safety end points capture the inherent risks of ru1 operation {e.g., 
surgical site infection}, natural history of the UJ1derlying disease 
process in the context of therapy (e.g., malignancy-associated 
deep venous duombosis in a postoperative patient), ru1d/or the 
safety of health care delivery (e.g., wrong-site surgery). Operative 
mortality and postoperative complications (morbidity) are the 
most commonly measured markers of safety. Safety end points 
are often used in studies because they are relatively easy to 
measu.re and only require a short follow-up period to determine 
whed1er d1e event occurred. However, these are generally rare 
events, so large numbers of patients are usually necessary to 

characterize the association between a given intervention ru1d the 
cl1osen safety ourcome appropriately. 

Effectiveness and Efficacy 
Efficacy refers to the extent to wbkb a treatment intervention 
achieves its purported benefit aJld the durability of mat result. 
Efficacy is usually determined in a controlled research environ
ment, requires comparison of the selected intervention co a 
control groLLp, may include randomization, and usually neces
sitates longer follow-up. For all these reasons, efficacy studies are 
more challenging to execute and more expensive to fLmd thru1 
simple descriptive studjes. A related outcome often confused 
witb efficacy is effectiveness. Whereas efficacy usually relates to 
outcomes in ilie context of research studies {e.g., randomized 
trials) ru1d ideal patient care conditions, effectiveness relates to 
outcomes in real-world practice. 

The distinction, although subde, is an important one 
because much o f the smgicalliterature is written by experts at 
academic centers and/or centers of excellence that more closely 
approximate ideal patient care conditions. 1l1ey may fail to 
capture variability in me quality of care provided by me average 
physiciaJl at an average medical center in aJl average community. 
It is exactly for this reason mat Studies of comparative effective
ness, comparing the benefits and harms of different incerven
tions in real-world settings, have gained increased attention 
because they aFe believed to provide the health care community 
with ulformation on outcomes that more closely approximates 
actual practice in the general community. 

Patient-Reported Outcomes 
Patient-reported outcomes {PROs} measure subjective omcomes 
(tem1ed concepts in the PRO literatllfe) of care reported by the 
patient directly, witl10ut further interpretation of this response 
by a provider or researcher. Similar to outcomes informing 

safety, efficacy, or effectiveness, PROs are measurable study out
comes. Examples of common PRO concepts are health-related 
guali ty of life {HRQOL), satisfaction with care, fwKtional 
status, well-being, and health status. PROs usually consist of 
several more discrete concepts {or domains). HRQOL, for 
example, at a minimum, should ideally include domains that 
measure physical {e.g., paiJ1), psychological {e.g., depression}, 
aJld social functioning (e.g .• me ability to carry out activities of 
daily Livu1g). Specific examples of items contained within tl1ese 
domains might include pain, sleep problen1s, sexual fLmction, 
vitali·ty and energy, and pain, any or all of whid1 may be relevant 
to the research question and are certainly of interest to patients. 

PRO data are collected duough tl1e use of survey instru
ments. These instruments are composed of individual questions, 
statements, or tasks evaluated by a patient. PRO instruments use 
a clearly defined method for administ.ration, data are collected 
using a StaJldardized format, and me scoring, aJlalysis, aJld inter
pretation of resLL!ts should have been validated in tl1e study 
popLtlation. I11 general, researchers are advised to use existing 
instruments to measure PROs (rather iliru1 creating meir own) 
because the appropriate developmem of an .instrument requires 
significant time, resources, testing, and validation before appli
cation.6 Knowi11g whether the chosen instrument has been 
validated i11 the population of interest is also essential when 
interpreting the results and should be que.~tioned when reading 
a study reporting PROs. 

Although PROs represent a useful, informative, and impor
tant outcome, they are d.ifficLJt to meastLre accurately and can 
be controversial. For example, there is often a disconnect between 
what clinicians and patient believe to be a low HRQOL associ
ated with a chronic condition. When patients actually experi
ence a chronic healtb condition mat seems u1tolerable, mey may 
shift their frame of reference, and there is also a degree of patient 
adaptation that is difficult to quanti~'· For instance, the quality 
of life reported by a newly wheelchair-bound patient compared 
with one who has heen in a wheelchair for a number of years 
couJd be drastically different-the fom1er might be guite low, 
whereas the latter might be higher man anticipated. Part of the 
difficuJty is that PROs are a more subjective, less tangible 
outcome tl1an morta.Uty or readmission. However, iJ1eorporatiJ1g 
tl1ese measmes into outcomes assessment is paramount in coun
seling futu.re patients. 

ResouKe Utilization 
Resource utilization refers to the use of health services related to 
ru1 intervention. ln the context of surgical care, this includes 
utili7..:ation of hospital resources- length of stay, hospital read
mission, use of outpatient, pharmacy, ru1d durable medical 
equipment {e.g., wheelchairs ru1d oxygen} services, and emer
gency room use. Defining criteria for expected utilization is 
challenging and average use is often considered as a benchmark. 
Excess resource utilization, as compared 'vith the average, is 
considered an iJucrior outcome and is often associated with 
some form of complication. It can be challengu1g to determiJ1e 
how much resource utili~tion is related to the intervention or 
procedure under study and how much is attributable to a 
patient's baseline diJlical conditions {e.g., chronic djseao;e, 
adverse events) ru1d nondinical factors (e.g., patient-level social 
support, patient preference for in-hospital versus out of hospital 
care, insurance status precluding use of home nursing). 
For example, an investigator might use Medicare data to study 
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readmission after pancreatic resection for cancer. Although read
mission events a:re readily identified, it is not possible to know 
whether the readmission was planned (for chemotherapy admin
istration) or unplanned {because of a complication). 

The chosen timeline for assessing health care utilization is 
also critical. OnJy measuring immediate health care utilization 
a~ociated with a diagnostic test would miss the potential down
stream impact on future diagnostic and therapeutic care. Limit
ing assessment to brief periods might miss potentially important 
future implications over a patient's life. For example, although 
the quality and usc of high-resolution imaging studies (e.g., 
computed tomography [CT] scan) has risen, the number of 
incidemalomas identified (e.g., adrenal, lung, or liver lesions too 
small to be diagnosed accurately on imaging) has concurrently 
increased. If an investigator hoped to describe the impact of CT 
scanning as a cancer screening modality, only measuring the 
individual screening study would fail to capture the downstream 
effect in the form of multiple, costly follow-up studies and/or 
biopsies to evaluate an incidentaloma further. 

Costs 
Charges are the amount of money reguested for health services 
and supplies. By comparison, costs are the actual amount of 
money required to deliver care. Differentiating the two is critical 
because health economic studies shOLLid aim to characterit.e the 
costs of care. Most data used for health economic analyses 
provide information on healtl1 care charges. If charges are evalu
ated instead of costs, an inrervention or management srraregy 
would appear more expensive than it actually is. When reading 
the methods sectjon of such a study, the critical reader must look 
for several important points. First, the investigators should 
describe if and how they converted charges to costs, generally 
through the use of a charge-to-cost ratio. Second, costs should 
be discounted (typically, 3% to 5%) to account for the fact that 
a dollar today will be worth less than a dollar in the future. 
Finally, studies spanning several years should adjust for illflation. 

The perceived relationship between health care utilization 
and costs depends on the perspective (e.g., patient, provider, 
hospital, payer, or societal) taken by the investigator. A hospital 
may be reimbursed a prespecifled amount for performing a pro
cedure and all patient care associated with that operation for the 
subsequent 90 d ays. If the patient experiences a complication 
and requires multiple clinic visits to deal with that complication, 
this health care utilization may be viewed as a poor outcome 
from the perspective of the patient. surgeon. and hospital or 
d ink. However, in this scenario, from the payer's perspective, 
the cost of all complications-related care within 90 days of the 
operation would be irrelevant because they do not have to pay 
more for it. Alternatively, some types of hospitals (critical access) 
can receive greater reimbursement for greater care delivery; 
therefore, in creased utilization may not he an adverse outcome 
for a given hospital or surgeon, even though it may be for the 
health care system as a whole. The perspective of the study will 
de£ne which costs are necessary to ascertain and include in the 
analysis. For example, whereas a societal perspective would 
include the costs of care as well a~ the direct and indirect mone
tary costs associated with care (e.g., travel and boarding expenses, 
lost productivity ar work, careraker expenses), a hospital's per
spective would be more selective, not considering the patiffit's 
out of pocket expenses, but certrunJy including whether deljv
ered care is covered by a global payment to the hospital. 

There are several different methods for comparative health 
economic analyses. All methods consider the costs of care in 
terms o f dollars, but differ in terms of how they quantify health 
benefit. A cost-benefit analysis quantifies health benefit in terms 
of dollars. Although easy to compare and interpret such restdts, 
the great challenge wirh this approach is assigning a dollar value 
to a Hfe or a speciflc health outcome. A cost-uti lity analysis 
quantifies health benefits .iJ1 terms of quality-adjusted Life-years 
(QALYs). Utilities are a measure of overall quality of life, usually 
scaled between 0 and l, with 1 being perfect health, and are 
ascertained using a visual analogue scale, the tin1e trade-off, or 
standard gamble techniques.' Utilities are multiplied by survival 
time to determine QALYs. When tlus outcome metric is evalu
ated as a cost/QALY, it is readily comparable between interven
tions. An intervention with an associated cost/Qf.LY of$50,000 
or less has typically been considered cost-effective. In the origi
nal Medicare law that included dialysis as a publicly funded 
treatmeJlt, $50,000 was determined to be the cost of dialysis. 
However, there is ongoing debate about the validity of this 
metric and a range of costs/QALY of $20,000 to $100,000 has 
been proposed as more reasonable . .R Cost-effectiveness analyses 
measure health benefit in terms of an outcome metric called the 
incrememal cost-effectivene.~ ratio (ICER), which is the differ
ence in costs between two competing therapeutic options 
divided by the difference in health outcome. If the ICER com
paring a treatment with a standard reveals that it is more expen
sive and less efficacious, it is considered to be dominated by the 
standard and nor favored, whereas a less expensive and more 
efficacious treatment donunates the standard and is favored. 
Circumstances in which an intervention is more expensive and 
efficacious or less expensive and efficacious represent a trade-off. 

Surrogate End Points 
Interest in surrogate end points has emerged because definitive 
clinical outcomes may be difficult to assess secondary to the 
infrequency of a chosen clinical end point, the cost of ascertain
ment, or a long lag time to development. Surrogate end points 
are cornmonJy used in studies of new pharmaceutical interven
tions when efficient data gathering about treatment effect is 
essential to move a product to the marketplace rapidly.9 1l1e true 
cli.1ucaJ benefits of an intervention may take years to recognize, 
and it may be desirable to identify an intermediate outcome that 
could serve as a surrogate for the actual clitucal effect. Unfortu
nately, the problem wid1 using surrogate end points is that an 
intervention may illfluence an outcome through various, and 
potentially w1intended or unanticipated, pathways. 

A classic example illustrating the dangers of using surrogate 
end points was the Cardiac Arrhythmia Suppression Trial. 10 This 
study hypothesized that the incidence of sudden cardiac death 
could be reduced through the admi11lstration of fiecainide or 
encainlde. 1l1ese drugs becan1e popular hecause they had been 
designed to reduce the rate of ventricular ectopy, a common 
rhythm aberrancy d1ought to cause sudden cardiac death. 
Although these drugs had been shown to reduce ventricular 
ectopy, when mortality (a clinical, nonsurrogate end point) was 
measured in this trial, administration of these drugs was found 
to result in a threefold increa-;e in the rate of death. Suppression 
of venrricular ecropy was therefore a poor surrogate for the 
intended clinical impact (improved SllfVival) of these agents. 

When evaluating a study, the reader must not only ask 
whether the selected outcome can answer the researcl1 question, 
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but also whether that outcome is a meaningful clinical end point 
or simply a mo re easily measured surrogate. Criteria for validat
iJlg a surrogate end point have been proposed- the surrogate 
end point should be correlated with the cll.n.ical end point of 
i.nterest and fully capture tl1e net effect of the intervention on 
the end poim of imeresr. <> For example, with stage m colon 
cancer, tl1ere was interest in using adjuvant chemotherapy to 
improve survival. Disease-free survival was proposed as a sur
rogate for overall survival. Clearly, these two end points are 
correlated, satisfying the fi rst criterion. Using meta-analysis, 
adjuvant d1emotherapy was shown to n:sult in sinillar relative 
improvement in both disease-free and overall survival.9 In other 
words, disease-free survival fully caprured me net effect of adju
vam chemotherapy for stage ill colon cancer, suggesting that it 
might be a valid surrogate for assessing overall survival benefit. 
Unless a chosen surrogate outcome has been validated and vetted 
ill other surgical studies, tlle results and conclusions should be 
interpreted with caution. 

WHAT IS THE SllJDY DESIGN? 
Several study designs are commonly used in surgical research. 
Appropriate study design selection depends on the study ques
tion or aim ar1d the availability of resources to conduct the 
research. 1he informed reader should make sme that the illves
tigators have used an acceptable study design to address the 
research question. 

Randomized Controlled Trials 
Randomized controlled trials (RCTs) provide the highest level 
of evidence supporting causality--one intervention leads to 
better outcomes when compared with another--or nonlnferior
ity (see later). If randomization is performed properly, variables 
that might bias results or act as confoundillg agents should be 
distributed equaLly between groups, resulting in the main advan
tages of an RCf. l11at is, outcomes between two or more groups 
can be compared without the influence of mese measured and 
w1measured confounding factors and causality can be more 
definitively established. However, conducting an RCT is chal
lenging because of .issues associated witl1 subject accrual and 
retention, the sometimes complex nature of surgical interven
tions, significant research costs, and problen1s relating to the 
unique environ ments in which RCTs are usually performed. The 
effect of the latter influences how much d1e trial omcomes can 
be generalized to routine clinical practice environments. To 
increase the quality and transparency of RCTs, many journals 
now require onli11e study registration wiili the International 
Standard Randomized Controlled Trial N umber (ISRCTN) reg
istry so mat the research questions, study population, and ana
lytic plan are detailed before the study begins, as well as 
requiring minimLUn reporting standards based on the Consoli
dated Standards of Reporting Trials (CONSORT) guidelines.11

•
13 

l11e CONSORT guidelines require that details about various 
methodologic issues pertinent to the conduct of RCTs (e.g., 
randomization. blindillg, intent to treat) be u1cluded ill the final 
manuscripr. 

In an RCT, subjects are randomly assigned to an interven
tion group, where they receive an experin1ental intervention (a 
given trial may randomize to one or more interventions), or to 

a control group, where they receive a controlled measurable 
alternative (placebo or a standard form of existing therapy). 
Subjects are then followed to measure the occurrence of the 

outcome(s) of interest. Successful rru1domization eliminates sys
tematic differences in potential confoLmding variables between 
me study groups. Subjects (single-blind) and, in some cases the 
investigators (double-blu1d), may be blillded to which study 
intervention individual subjects are assigned. Blinding of study 
subjecrs is intended co mitigate the infl uence of a placebo effect, 
whereas blinding tl1e investigators reduces bias from differential 
delivery of care and outcomes assessment between study groups. 

An important analytic issue wi th RCTs is intent-to-treat 
{ITT) . When ru1 analysis is conducted following the ITT prin
ciple, outcome comparisons between control ru1d treatment 
groups are based on the illitial randomization and disregard any 
crossover-that is, subjects who were randomized to control but 
received the study ultervention, or those assigned to an interven
tion but received the control. If analytic approaches other than 
ITT are used, the benefits of randomization will be lost. Without 
performing the ru1alysis based on tl1e initial randomization, tl1e 
absence of systematic differences in patient characteristics (con
fOLmders) cannot be guaranteed. For exan1ple, an investigator 
who is an advocate of ru1 u1tervention might prefer that only 
those patients in ru1 RCT who actually underwent that proce
dure be included in the ru1alysis (known a~ a per-protocol anal
ysis), excluding those randomized to the treatmem but who 
crossed over to the comrol group. However, ITT analysis is 
essential because it allows surgeons ru1d patients to discuss 
whether choosing that intervention is best for that particular 
patient. At the point of a care decision (should the patient agree 
to undergo a procedure or not), neither rhe patient nor the 
surgeon knows wheilier the patient will be able to complete the 
iJltervention or strategy or will require a more conventional 
approach, perhaps because of the patient's inability to tolerate 
the procedure. lTT creates an evidence-based approad1 to 
illform patients about how me intervemion compares at the 
moment the decision is being made, because ITT incorporates 
all tbe factors affecti11g that decision. 

If two interventions are compared using a superiority 
design, in which the hypothesis is that one therapy is better than 
the other, and a statistically significant difference is not identi
fied, the reader may be tempted to conclude that the two ther
apies are equivalent in terms of that outcome. H owever, it is 
important to understand that the absence of evidence is not the 
san1e as having evidence of absence. ln other words, not finding 
a statistically significant difference (me absence of evidence) does 
not exdude the possibility mat one intervention is cll.n.ically and/ 
or meaningfully worse than another (evidence of absence). Non
inferiority RCTs are a special case .in which the hypothesis is that 
competillg interventions have equivalent outcomes (i.e., no dif
ference in outcome between therapies). It is mathematically 
impossible to design a study with sufficient power to prove no 
difference in outcomes. Instead, uwestigators specify a priori the 
minimum difference ill outcome that would he clinically impor
tant. The analysis is then designed to determine whether differ
ences in outcomes are greater thru1 tllls minimally important 
difference. Although noninferiority designs have clear value in 
surgical research, they are Lmconm10n. As compared with supe
riority designs, in whid1 the hypothesized difference in outcome 
is relatively large, vast patient emollment is requi.red to power 
noninferiority trials adequarely co test what is usually a much 
smaller bypothesi?'..ed difference. 

One example of a noninferiority RCT was a study con
ducted by the Clinical Outcomes Surgical Therapy Study 
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Group evaluating whether minimally invasive colon resection 
provided equivalent oncologic outcomes compared with con
ventional resection}4 Prior to the study, the investigators deter
mined that a 23% higher risk of tumor recurrence in the 
laparoscopic group would be clinically important. The results of 
the trial showed no statistically significanr difference between 
recurrence rates for laparoscopic and open colon resection and 
also found that laparoscopic resection had a risk of recurrence 
no higher than 17%, representing the upper bound of the con
fidence interval. Because the Y5o/o confidence interval did not 
include what was determined to be a clinically meaningful dif
ference (23%), the investigators safely concluded equivalence 
for these two interventions. 

RCTs are not ideal for all research questions. For example, 
an RCT would be suboptimal for assessing rare safety events or 
for addressing questions about the effectiveness of an interven
tion across broad populations of patients and practice environ
ments. 1l1e pragmatic RCT is an emerging methodology that 
capitalizes on the benefits of randomi7..ation, but also accoums 
for variable practice environments and settings. 

Meta-Analysis 
Any one study may be underpowered to answer a given research 
question. Meta-analysis is a technique that pools available pub
lished data in an effort to increase the statistical power of an 
analysis. Meta-analysis is not only applicable to RCT data, but 
can also be used to pool results from observational srudies. 
SinUiar ro the CONSORT criteria for randomi1..ed trials, the 
QUOROM {Quality of Reporting of Meta-Analyses)15 and 
MOOSE (Meta-Analysis of Observational Studies in Epidcrni
ology)16 guidelines have been developed to ensure the quality 
and validity of results obtained through meta-analysis. These 
should be considered when evaluating the quality of evidence 
provided by a pooled analysis. 

Regardless of the type of pooled data, in all cases, an impor
tant consideration i.n appraising a meta-analysis is the homoge
neity of the pooled studies. If the included studies evaluated 
similar end poi.nts, patient populations, and comparison groups, 
using similar definitions of variables and methods of outcome 
ascertainment, then the pooled results may be infom1ative. Sig
nificant heterogeneity indicates more variation in study out
comes chan chance alone can explain, a sign that che designs or 
results of the included studies may not be compatible and should 
not be pooled. 11lis is particularly a concern when observational 
data have been aggregated, because these studies tend tO have 
less conrrol of variability and minimal control of confounding 
and bias. 

As an example, several randomized trials have been con
ducted to determine whether goal-directed therapy aimed at 
optimizing gut perfusion and oxygen delivery decreases the inci
dence of gastrointestinal complications after noncardiac surgery. 
Most in dividual studies favored goal-directed therapy but, pos
sibly because of low sample size (N = 33 to 138 subjects in the 
published studie:s), most were unable to demonstrate a statisti
cally significant benefit. A meta-analysis including 16 of these 
studies {N = 1 079) demonstrated a statistically significant 58% 
decrease in th<' odds of gastrointestinal complications as a result 
of goal-directed therapy.'7 And, as important, there was no sta
tistical heterogeneity or inconsistency detected in any of the 
analyses. 

Cohort Study 
Cohort studies follow, prospectively or retrospectively, nonran
domiz.ed groups of patients over tin1e to determine whether a 
clioicai event or outcome occurs with greater or less frequency. 
If the study aim is descriptive in nature, it is reasonable to 
de.~cribe unadjusted outcomes or results adjusted for potential 
confounding factors. However, unadjusted comparisons are 
likely to be biased if there are nonrandom reasons why patients 
are in one group versus the other, a common problem. The 
advantages of cohort studies are the ability to estimate the inci
dence (or rate) of both exposures and outcomes, simultaneously 
assess multiple outcomes, and study rare exposures. Cohort 
studies arc inefficient for evaluating outcomes that are rare or 
occur a long time after exposure. 

For example, in a secondary analysis of the PREVEN
TION VI trial data, outcome differences between patients who 
underwent endoscopic versus open saphenous vein harvesting 
duriJ1g coronary artery bypass grafting were evaluated. 18 After 
adjusting for potential confow1ding factors, the authors found 
that races of death and the two composite end points were sta
tistically higher among the endoscopic harvesting group. This 
study highlights two advantages of the cohort design-it allowed 
an estimation of the rate of adverse events associated with com
peting interventions and the simultaneous assessment of mul
tiple outcomes. 

Case-Control 
Case-control studies compare the frequency of exposures 
between patients who have and have not experienced an outcome 
of interest. These studies begin by enrolling subjects with and 
without the outcome of interest and then look back in time 
to scarcl1 for differences in subject exposure to potential risk 
factors . Case-control designs arc infrequently used in the surgi
cal literature. However, one example involved an evaluation of 
risk factors associated with retained foreign bodies after surgery. 19 

1l1e researchers reviewed the medical records of all patients who 
made claims or provided incident reports to a large, statewide 
malpractice insurer (N = 54). Each case was matched ro four 
control patients (N = 235) who did not make sucl1 dain1s. Risk 
factors for retained foreign bodies included emergency surgery, 
unplanned change in the operation, and body mass index. lhis 
study bighlighted two advantages of the case-control design, the 
ability ro evaluate risk factors for a rare outcome and to assess 
multiple risk factors simultaneously. 

Case-control studies are sometimes confused with cohort 
studies, perhaps because of diffiCLtlty regarding cl1e meaning of 
case and control in the research context. In health services and 
epidemiologic research, a case refers to a subject who has expe
rienced an outcome of interest whereas a control refers to a 
patient who has J10t experienced that outcome. AU patients 
experiencing the outcome should be included in a case-control 
study, particularly when that outcome is rare. It is unnecessary 
to sample all cl1ose without the outcome because there is no 
statistical benefit for including more than four controls for each 
case. Because of the manner in which subjects are sampled in a 
case-control study, it is not possible to estimate the frequency of 
the exposure in the population at large from case-control studies. 
Advantages of the case-control design include efficiency in eval
uating rare outcomes or outcomes occurring a long time afrer 
exposUie and the ability to evaluate multiple exposures simulta
neously. When measurement of an exposure is expensive or 
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time-consuming (e.g., costly laboratory assays, detailed inter
views), this can be a much more efficient way to use resources. 

Case Reports and Case Series 
Case reports and case series report on one or more patients 
treated by a single surgeon or group of surgeons at a single 
institution. A case report aims to highlight an tmusual or unex
pected procedure or event, whereas a case series demonstrates 
that such evenr.s can happen more than once. A benefit of these 
srudies is that they can reveal a potentially tmrecognized benefit 
or adverse effect of surgical therapy and may generate new 
hypotheses, prompting more rigorous scientific evaluation. Lap
aroscopic radical prostarectomy is an established approach for 
treating localized prostate cancer and reportedly offers equiva
lent oncologic benefit to open resection. However, since 1994, 
surgeons have reported 14 total cases of port site metastasis, 
highlighting a rare but potentially serious risk of a minimally 
invasive approach to prostatectomy.20 These studies are distinct 
from cohort investigations because there is no comparison made 
between competing strategies or interventions. 

WHAT IS THE SOURCE OF DATA? 
Data can be collected prospectively or re trospectively. Prospec
tive data are advantageous because investigators can collect 
information about variables of interest as they relate to the 
research question. Retrospective data are advantageous because 
they are readily available and generally inexpensive, although 
they are more likely to include a limited number of variables 
that may or may not be pertinent to the study question. Data 
are avaUable from a variety of sources. A synopsis of the main 
advantages, Limitations, and examples of eacl1 of these data 
sources is presented in Table 9- J. 

ARE THERE NONANALYTIC ISSUES WORTHY 
OF CONSIDERATION? 

Confounding 
One of the most important issues to consider in the evaluation 
and conduct of outcomes research using observational data is 
c.onfow1ding. A confounder is a measured or unmeasured 

variable associated with the exposure of interest and associated 
with the outcome. 1his dual relationship can influence the 
degree and di rection of, or even completely mitigate, an observed 
association between exposure and outcome. As an example, con
sider a hypothetical study aiming to determine whether there is 
an association between insurance status and long-term survival 
an1ong resected colon cancer patients. 1l1e results demonstrate 
a significantly lower survival rate among uninsured compared 
with insured patients. However, tl1e authors did not measure 
and therefore adjust for cancer stage, a well-known and strong 
determinant of long-term survival. Also, patients without insur
ance may present with later stage cancer because of limited 
access to care. Without controlling for tl1e higher proponion of 
patients with higher stage cancer in the uninsured groups, the 
results are biased, so that the uninsured would appear to have 
worse outcomes than they actually have, because of the higher 
proportion of late-stage patients in that group. A comprehensive 
report about the direction of bias resulting from confounding is 
available.21 

Authors of observational studies should ideally address 
confounding in two ways, analytically and in their discussion of 
tl1e study's Limitations. Multivariate regression. propensity score, 
and imtrumental variable analysis are all analytic methods of 
addressing confounding using measured variables. For variables 
that were not measured or cannot be measured, the authors of 
a study should itemize these variables and discuss the potential 
direction and magnitude of bias that could result from them. 

Generalizability 
Generallzability refers to the ability to take the information from 
research studies and apply them reproducibly in the community 
at large. For example, RCTs are conducted in a highly controiJed 
setting, with strict inclusion and exclusion criteria, staff dedi
cated to follow-up and protocol adherence, and usua.lly at aca
demic or tertiary care ce11ters. Although RCTs provide the 
highest level of evidence about the efficacy of competing inter
ventions, the environment in which they take place may limit 
otl1er providers' ability to reproduce the delivery of care and 
outcomes in a nonresea.rch setting. However, generallzabillty can 
also be a problem with observational studies. For example, 
Medicare data are linlited to older and disabled patients. As 

Table 9-1 Data Sources for Outcomes and Health Services Research 
DATA SOURCE ADVANTACES 

Medical records Easy to do; useful as hypothesis-generating 
exercise 

Administrative large numbers; real·world data; often 
generalizable; easy to obtain; affordable 

DISADVANTACES EXAMPLE 

Missing data; time-consuming; inability to Case reports, case series 
measure certain information (e.g., intent); 
limited scientific value 

Umited dinical variables; data collected for Medicare; state discharge data 
billing. not research sets 

Registry Often contains dinical data; population-based Missing data; only cross-sectional data on 
real-world data not restricted to tertiary or interventions 

SEER. National cancer Database 

referral centers 

Unked data sets Same as registry; richer source of data than 
either registry or administrative alone; allows 
longitudinal assessment of episodes of care 

Quality 
improvement 

Prospectively collected data; rich in clinical. 
laboratory, and demographic patient data 

National surveys National sample; 2..5 yr of longitudinal 
diagnoses and health care daims data 

Missing data; inability to capture intent of 
therapy 

Overrepresentation of tertiary or referral 
centers; only a r~ndom sample of patients, 
not comprehensive 

May overrepresent certain racial groups in 
survey sample 

SEER-Medicare 

National Surgical Quality 
Improvement Project; Society of 
Thoracic Surgeons database 

Medical expenditure panel survey 
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such, practice pattems and outcomes among Medkare patients 
may or may not be generalizable to non-Medicare patients. 
Critical readers should consider why care patterns and outcomes 
described in research studies might not be reproducible in the 
broader scope of community medical practice. 

Determining Causality Using Observational Data 
Observational data may reveal associations between exposures 
(i.e., competing therapies) and outcomes. Investigators hope to 
infer a causal relationship between exposures and outcomes 
based on such associations. One criterion for inferring causality 
is that the exposure must happen before the outcome. Other
wise, the exposlllfe cannot plausibly lead to the outcome. The 
association and hypothesized causal relationship must also be 
biologically {clinically) plausible. Finally, the magnitude of asso
ciation between the exposure and outcome must be large and, 
if there are varying degrees of exposure, there should also be 
varying magnitudes of association between exposure and 
outcome {e.g., dose-response relationship). Beware of observa
t ional studies in which the conclusion is that A causes B. As 
noted, such studies can he hypothesis-generating and may show 
clear associations, but A causes B cannot be proven without a 
properly performed prospective trial. 

HOW WERE THE DATA ANALYZED? 
The statistical an.alysis of any study should stem from the study 
aims, design, and data sources. An understanding of several 
methodologic concepts will serve as a foundation for reviewing 
the literature critically. 

Variable Types and Descriptive Statistics 
Defining the type of variable used in a study is the first step in 
evaluating descriptive and comparative statistics. Table 9-2 pro
vides a summary of commonly used descriptive and comparative 
statistics. A cont1nuous variable is one that can take on an infi
nlte number of values. Age and length of stay are examples of a 
continuous variable. Descriptive statistics are used to describe 
the central tendency of continuous variables. The arithmetic 
mean provides a good estimate of central tendency for normally 
distributed (gaussian, or bell-shaped) data. If the data are skewed 
(not normally distributed), the mean will be a biased estimator 
of the central tendency. ln these cases, the median or geometric 
mean provides a better estimate. 

Categorical variables have discrete values. TI1e sin1plest cat
egorical variable is a binary variable that can only take on one 
of two values, such as sex (man, woman [male, fenlalel). Ordinal 

Table 9-2 Commonly Used Parameters in Surgical Outcomes 
and Health Services Research 

TYPE OF 
VARIABLE 
Continuous 

Categorical 

lime to event 

DESCRIPTIVE 
MEASUREMENT STATISTIC 

MULTIVARIATE 
REGRESSION 
MODEL 

Mean, median Unpaired t-test; Unear 
paired t-test for 
repeated 
measures, or 
ANOVA for two 
or more groups 

Proportion x2 (chi-squared) Logistic 

Kaplan-Meier Log-rank Cox hazard 

variables are ordered categorical variables. Cancer stage is a 
classic example of an ordinal categorical variable. Nomi.nal vari
ables are unordered categorical variables, such as race. Categor
ical variables may be described in terms of proportions. 

Time to event variables consist of two variables, a continu
ous variables that measures the time imerval from an established 
start point {e.g., date of diagnosis or therapy) to a fai lure event 
(e.g., death or disease recurrence) or the end of the observation 
period and a binary variable, which indicates whether the failure 
event occurred. Long-term survival is a classic example of a time 
to event variable. The Kaplan-Meier method is the most common 
way to provide a description of the probability of an eveJ1t occur
ring ar a cenaln point in time (e.g., survival at 5 years). This 
method takes into consideration that over time, the number of 
patients at risk for an event decreases; as patients drop out of a 
study or experience the outcome event, there will be progres
sively fewer patients at risk for having the outcome {a patient 
who dies cannot die again). The Kaplan-Meier method may 
overestimate risk iJl the setting of competing risks. For example, 
time to re-intervention has competing risks- the disease process 
may evolve prompting re-intervention; over time a contraindica
tion to re-intervention may develop, or death may occur, in 
wruch case a patient is no longer at risk. However, methods exist 
for handling time to event variables in the setting of competing 
risks . .!.! 

Hypothesis Testing 
Hypothesis resting uses comparative or analytic stausucs to 
determine whether observed differences between two or more 
groups are real or are attributable to chance. 1l1e P value is a 
statistical summary measure for hypothesis testing. A signifi
cance level of 5% (P = .05) is widely used to indicate a statisti
cally significant finding, although tbls value is arbitrary. A P 
value is interpreted as the probability that the observed differ
ence in outcomes between groups is the result of chance {i.e., 
the difference is not actually based on the effect of the interven
tion). l11e smaller the Pvalue, the less likely the difference could 
represent a false-positive finding. As a general rule, the larger the 
difference being compared and the larger the sample si·ze for a 
given comparison, the lower the P value, and the less likely that 
the finding is the result of chance alone). 

Two types of errors can occur with hypothesis testiJJg. An 
alpha (or type I) error occurs when one observes a difference in 
outcomes when one does not actually exist. Readers should be 
particularly cognlzant of the potential for this type of error in 
studies that use a large database (e.g., Medicare o r National 
Inpatient Sample data). In these cases, if the research question 
and analysis have not been specified a priori and numerous 
statistical tests are performed on many and varied subgroups 
{sometimes known as mining the data), the cl1ance of finding a 
P value that achieves the threshnld of significance is increased. 
For example, if a threshold of 5% were considered statistically 
signlficant, 5 of 100 statistical tests could potentially demon
strate a statistically significam finding that is attributable to 
chance alone (a false-positive finding). This exemplifies the 
problem with multiple comparisons- performjng multiple post 
hoc {or nonprespedfied) analyses, looking for differences in one 
or more ourcomes among subgroups of swdy subjects. If mul
tiple comparisons are anticipated, the Bonferroni correction (the 
P value [at the set significance level, such a~ .05] divided by the 
number of planned post hoc comparisons) is a simple and highly 
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conservative way to guard against type 1 errors. A beta (or type 
II) error occurs when no djfference in outcomes is observed 
when a difference truly exists (a false-negative finding). This type 
of error occurs when a study has insufficient power to detect 
true differences in outcomes between groups. Power is directly 
relared ro sample size and the size of rhe observed difference. 

For smaller studies, there may be situations in which -z~ro 
outcome events arc observed in one of the study groups. In dus 
case, the ".rule of 3s" is useful for obtaining the upper bound of 
the 95% confidence interval: if N patients are observed, none 
of whom have the outcome, the upper bound of the 95o/o con
fidence interval (CD for the probability of the outcome goes 
from 0 ro 3/ N. Hypothesis testing is also possible by examining 
Cis. Summary measures of the difference between groups are 
provided as an estimated ratio (outcomes in the study group 
divided by outcomes in the standard or control group) or as an 
absolute difference, with a 95% Cl. The Cl provides an estimate 
of the uncertainty around a given value; a wide Cl indicates a 
lack of precision, whereas a tight (small) interval would be 
indicative of miJlimaluncertainty. WhcJl the summary measure 
is a ratio, a CI inclusive of l.O indicates no statistical difference 
in outcomes. Put another way, the CI demonstrates that the 
group difference could actuaUy have a value of 1.0, indicating 
that outcomes in both groups might be similar. If the summary 
measu.re is the absolute difference, a CI i11clusive of 0 indicates 
no statistically significant difference. 

Table 9-2 provides a summary of statistical tests that are 
often used for hypothesis resting by variable type. The u11paired 
t-test is used to compare two independenr groups that have 
continuous outcome variables. A paired t-test is used to compare 
two dependent groups that have continuous outcome variables. 
An example of a dependent group comparison is serial blood 
pressure measmements on the same person. An analysis of vari
ance (ANOVA) is used when comparing more than two groups 
with a continuous outcome variable. 11Je dti-square statistic is 
often used to c<>mpare the distributions of two or more groups 
with categorical outcome variables. Fisher's exact test is more 
appropriate for such comparisons when the sample size is smaU. 
A log-rank test is used to compare two groups with time to event 
outcome variables. 

Multivariable Analysis 
Multivariate regression models are among the most commonly 
used methods to evaluate the relationship between variables and 
outcomes in tlhe absence of the influence of other measured 
variables. Linear regression is used to evaluate the relationship 
between factors. potentially associated with a continuous outcome 
variable, such as length of stay. This model assumes the outcome 
variable i11 normally distributed. Unfortunately, in the case of 
most health services end points, such as length of stay, that 
assumption is often violated. To deal with non-normal out
comes, a "transformation" might be used to create a new variable 
that more closely approximates a normal distribution-for 
exan1ple, taking the logarithm of me length of stay. The summary 
measure provided by a l.inear regression is a risk difference. 

Logistic regression is used when the outcome variable is 
binary (e.g., operative mortality). Probabilities ru1d odds, 
although calculated differently, are both measures of risk and are 
usuaUy presented in the form of a ratio (the odds or risk in the 
study group divided by me control group). Understanding the 
difference between tl1ese measures is in1portant because the odds 

will <Jverestimate the probability if the outcome occurs fre
quen tly in the population. When the outcome is rare, the odds 
generally provide a good approximation of the probabUity. 

Cox proportional hazard regression is used for the evalua
tion <Jf time to event outcomes. 1l1e summary measure of risk 
provided by thi~ model is also in rhe form of a ratio. A hazard 
simply refers to the instru1tru1eous risk of an event at any time. 1l1e 
proportional hazards assumption must be valid to interpret the 
results of this type of regression and requires that the differences 
in risks of an event between groups remain constant over time. 

Propensity Score Analysis 
Propensity score ru1alysis is an alternative method of risk adjust
ment. When two groups are being compared, logistic regression 
is used to calculate a given subject's risk or probability (or pro
pensity) of having an exposure of interest (e.g., minimally inva
sive as compared with open surgery). The subject's calculated 
probabili ty of receiving that merapy is the propensity score. 1lle 
outco mes of interest for patients with a similar propensity score 
can then be compared without having to adjust for other vari
ables. Study subjeas can be matched based on their propensity 
score or can be grouped based on tertiles, quartiles, or quinti les 
of the score. Stratifying subjects into discrete groups based on 
tl1eir propensity score is a form of risk adjusting. As an alterna
tive to stratification, the propensity score can be used as an 
adjustment variable in regression models. 

Propensity score analyses appeal to some because they seem 
imuitive; they compare outcomes across groups who have a 
sinillar probability of receiving the therapy of interest. 1lus 
rulalysis is often described as bciJ1g sinlllar to ru1 RCT in the 
sense that it compares outcomes between groups at equal pro
pensity for receiving the therapy of imercst. Unfornmatdy this 
analogy often leads people to believe that propensity score anal
yses provide advantages in risk adjustment over multivariate 
regression techniques. However, tlus is generally unsubstantiated 
because the analytic approach has no hearing on a key measure
ment issue, the abil.ity to measure all confounders, i11duding 
unknown, using observational data. 1l1e reader should really be 
aware of three circumstances in wruch the use of propensity 
scores may be more appropriate than multivariate regression: (I) 
cl1ere are many confounders requiring adjustment, and using 
traditional regression techrtiques could underpower the analysis; 
(2) there is no interest iJ1 the association between the adjustmem 
factors and outcome; and (3) the relationship between the 
exposure ru1d propensity for treatment can be estimated more 
accurately than the relationship between tl1e exposure and 
outcomc.'3 .;!

4 Otherwise, propensity scores are not superior to 
multivariate tecluuques, bur are simply an adequate alternative. 

Instrumental Variable Analysis 
Instrumental variable analysis is another method of accounting 
for unmeasured confounding and controlling bias. The principle 
underlyiJ1g this type of analysis is tl1at there are unmeasured, or 
immeasurable, confounders tl1at might bias the study's results. 
Because these confounders cannot be determined, they cannot 
be controUed for. Selecting a variable exogenous to the study 
subject, one that the study subject ha~ no control over, that is 
strongly associated with the exposure but not associated wid1 tbe 
outcome (except possibly through the causal pathway involving 
tl1e exposure) will control for any and all confow1ding factors 
associated with the outcome and exposure of imerest. 
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Although the use ofinstrumemal variables can be extremely 
useful for decreasing confow1ding, there arc several notable 
limitations of which the reader must be aware. The best example 
of an instrumental variable is randomization. Ln an RCT, ran
domization is strongly associated with the exposure Lmder study, 
bm is nor in any way associated with rhe measured omcome, 
except through cl1e randomization assignment. The best instru
ments are those that act as a surrogate for randomization. 
However, well-selected instrumental variables are very rare in 
surgical research. As a result, if a poorly selected instrument (one 
that has weak correlation with the exposure) is used, bias can 
actually be accentuated. Also, there are no statistical methods 
that allow the investigator to demonstrate clearly whether the 
chosen instrument is a good one. It is how strong an argument 
that the investigator makes in favor of the chosen instrument 
that validates the choice. Therefore, readers must decide whether 
they agree with the choice of the instnunental variable and 
whether they wiU bdkve the results. A publication cval.uating 
the association !between cardiac catheteri:r..ation and mortality 
provides a good demonstration of the use of an instrumental 
variable as compared with other common risk adjustment 
techniques?5 

Missing Data 
Missing data .is a common problem in all types of studies. If the 
study is small and the investigator ignores (throws out) subjects 
with missing data, the power of the study is compromised. More 
importandy, if data are missing in a systematic way (e.g., related 
to the cxposme and outcome), excluding subjects with missing 
data wiU lil<ely bias the analysis. Missing data can faU into one 
of three categories with unfortunate names-missing completely 
at random (MCAR), missing at random (MAR), and missing 
not at random (MNAR). 

Data that are MCAR are missing for random reasons unre
lated to the exposure, covariate, or outcome. A good example of 
how MCAR may occm is when a research assistant accidenta.Uy 
drops a test tube of blood from a study subject. 1l1e reason for 
the lost data has nothing to do with the treatment that the 
patient received, outcome that they may experience, or the 
patient's gender, race, or social status. When data are MAR, the 
data are missing conditional on some other measured value. For 
example, women may be less willing to give information about 
their weight. As such, one could predict rl1e likelihood of missing 
weight data based on gender. When data are MNAR, the data 
is missing conditional on an unmeasured value. For example, a 
patient may be unwilling to offer information about their 
income, perhaps because she or he considers it to be too high 
or too low. [n this case, the reason for missing information about 
income is the level of the income itself. 

Unfortunately, it is difficult to establish whether missing 
data are MCAR, MAR, or MNAR, and thus investigators must 
make informed assumptions. If missing data do not vary across 
factors associated with an outcome, and the authors arc unaware 
of any systematic reason for missing data, it would be reasonable 
to assume MCAR. If missing data occur more frequently across 
certain groups of patients, then one might assume MAR, 
although the possibility of MNAR cannot be excluded. [f the 
investigator is aware of MNAR, there is no good solution for 
handling missing data. With MCAR and MAR, there are a 
number of metl1ods for handling missing data, including the 
missing data indicator method (in whkh missing data points arc 

coded as a separate category instead of missing), as weU as 
various methods of imputation. However, multiple imputation 
appears to introduce the least bias.26 FiJ1al\y, with MCAR, one 
could conduct a case-complete analysis (i.e., throw out subjects 
with missing data), but at the expense of the study's power. 

Correlated Data 
Correlated data has implications for statistical inference in 
studies that make repeated measures of an outcome over time 
(longitudinal study), and/or exan1ine subjects that cluster within 
groups. Several investigators were interested in examining differ
ences over time in HRQO L between men and women who 
underwent coronary artery bypass grafting (CABG)P Self
administered questionnaires were coUected at 6 weeks, 6 months, 
and 1 year after CABG. Women had lower scores than men at 
l year, but both groups in1proved over time and the rate of 
recovery was similar for men and women. The authors used 
generalized linear models to account for baseline and follow-up 
correlations. ln general, methods used to handle correlated data 
in the context of repeated outcome measures take into account 
variability in outcome within a subject and between subjects. 

For example, clustering refers to the notion that patients 
treated by the san1e surgeons and/or at the same medical center 
are likely to be more similar to each other rl1an patients treated 
by a different surgeon. Similarly, surgeons working at a particu
lar type of hospital are more likely to be similar to each other 
than surgeons/institution working at a different hospital. Under 
such circumstances, the outcomes of a patients under the care of 
a particular smgeon, and a surgeon working at a particular hos
pital, are more likely to be similar {or correlated). For example. 
investigators examined the relationship between surgeon volume 
and operative mortality for several different procedures, after 
adjusting for patient characteristics and hospital volume. 28 1l1eir 
analysis involved three levels of variables-those pertaining to 
patients (age, gender, comorbidity), surgeons {procedural 
volume), and hospitals (procedural volume). For most proce
dures. higher surgeon volun1e was associated with lower adjusted 
operative mortality rates. The aud10rs used a special statistical 
model {binary mixed effects) to accow1t for clustering ofpatients 
within surgeons and clustering of surgeons within hospitals. 

Failure to accounr for correlated data in rl1e analysis can 
result in a conservative {inappropriately accepting the null 
hypothesis) or anticonservative (inappropriately rejecting the 
null hypothesis) inference. For example, it has beeJ1 shown that 
adjusting for correlated data attenuates the signi£cance of the 
volume-outcome relationship.2? Stated differently, failure to 
accounr for clustering might result in an anticonscrvative infer
ence (e.g., concluding that a volume-outcome relationship exists 
when it does not). Statistical methods accounting for correlated 
data may include hierarchical regression models, Bayesian anal
ysis, or clustering adjustment. A further discussion of correlated 
data and the use of associated statistical methods .is beyond the 
scope of this cl1apter. Surgeons reading the scientific literature 
should! be aware of situations in which correlated data may exist 
and look for how the authors chose to handle the correlation. 

ARE THERE ETHICAL CONSIDERATIONS? 
'There are two main ethical issues worthy of consideration when 
evaluating a surgical study. It is not Lmcomn1on for surgeons and 
investigators to serve in advisory roles for pharmaceutical com
panics or device manufacturers. Such associations may affect a 
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Table 9-3 IDEAL Model for Evaluation of New Surgical Innovations 

PARAMETER 1: IDEA 2A: DEVELOPMENT 28: EXPLORATION 3: ASSESSMENT 
4: LONG-TERM 
STUDY 

Purpose Proof of concept Development Learning Assessment 

Number and types Single digit; highly Few; selected 
of patients selected 

Many; may expand to mixed; 
broadening indication 

Many; expanded 
indications (well defined) 

Surveillance 

All eligible 

Number and types Very few; Few; innovators and Many; innovators, early Many; early majority All eligible 
of surgeons innovators some early adopters adopters, early majority 

Output Description Description Measurement; comparison Comparison; complete 
information for non-RCT 
participants 

Description; audit, 
regional variation: 
quality assurance, 
nsk adjustment 

Intervention Evolving; procedure EvoMng; procedure Evolving; procedure 
inception development refinement; community 

Stable Stable 

learning 

Method Structured case Prospective Research database; RCT with or without 
additions, modifications; 
alternative designs 

Registry; routine 
database (e.g., 
SCOAP, STS, 
NSQIP); rare case 
reports 

reports development 
studies 

e~lanatory or feasibility RCT 
~e icacy tr1al); diseased-based 
diagnostic) 

Outcomes Proof of concept; 
technical 
achievement; 
disasters, dramatic 
successes 

Mainly safety; 
techmcal and 
procedural success 

Safety; clinical outcomes 
(specific and graded); 
short-term outcomes; 
patient-centered (reported 
outcomes; feasibility outcome 

dinical outcomes (specific 
and graded); middle-term 
and fong-term outcomes; 
patient-<:entered (reported) 
outcomes; cost
effectiveness 

Rare events 
long-term 
outcomes; quality 
assurance 

Ethical approval Sometimes Yes Yes Yes No 

Adapted from McCulloch P, Altman DG, campbell WB, et al: No surgical innovation without evaluation: The IDEAL recommendations. Lancet 374:1105-1 112, 2009. 

IDEAL. Idea, development, exploration, assessment, /ong-tenn study; NSQIP, National Surgical Quality Improvement Project; SCOAP, Surgical care and Outcomes Assess
ment Program; STS, Society of Thoracic Surgeons. 

researcher's objectivity if, for example, a study's hypothesis 
addresses the effect of that company's product, constituting a 
conflict of interest. 1hese considerations loom largest over 
industry-sponsored trials. Wben reading an RCT supported by 
the corporation tbat makes a given drug or device, it is crucial 
to read the men:hods, results, and conclusions with a critical eye 
to e11Sure tbat any pote11tial influence from the sponsor has not 
affected study validity. Similarly, when reading the conclusion, 
the reader must make certain the investigators' claims have not 
overstepped the results. Claims and conclusions should be sub
stantiated by the results obtained from the study and not simply 
be based on what the investigator or sponsor believes. Further
more, it is the responsibility of all investigato.rs to disclose all 
associations fully (for themselves or their families) that could 
conceivably be construed as a conflict of interest. Without such 
disclosures, the objectivity and validity of a given study must be 
even more closely scrutinized. 

The second educal issue deals witb the importance of new 
technology assessment. As health care innovation continues to 
move forward, d1ese evaluations will increasingly become a nec
essary focus of surgical studies. lnvestigators must always con
sider how besn: to conduct such studies ethically and safely. 
Unfortunately, i11 the current health care environment, rapid 
adoption of novel diagnostic and surgical procedures often pre
cedes scientific evidence d1at demonstrates tbe safe[)' and efficacy 
(or lack thereof) of the innovation. 1l1ere are two main reasons 
why im10vations reach the health care market prior to the avail
abilhy of confirmatory evidence: 

1. RCTs (the gold standard for demonstrating the effi
cacy of an intervention) SLtffer from low patient 
accrual, expense, and time. 

2. There is a lack of formalized registries or secondary 
data sources to track use and outcomes, which at leasr 
allow preliminary safety and effectiveness assessments. 

Although admiJustrative data (e.g., Medicare) or estab
lished registries (e.g., Surveillance, Epidemiology, and End 
Results [SEER] program) can provide data for such assessments, 
d1ere· is often a significant lag between when the innovation 
becomes widely available and when the data are accessible. 

Recently, tbe Balllol Collaboration of research methodolo
gists and surgical trial experts develo~ed a framework for asse.~
ing surgical research and innovation. The IDEAL (Innovation, 
Development, Exploration, Assessment, and Long-term study) 
model has been proposed as a means of guiding the ethical, 
regulatory, methodologic, and funding issues associated with 
each stage of surgical innovation (Table 9-3). This model may 
be considered as a fran1ework and set of standards for future 
evidence-based surgical care. 

CONCLUSIONS 
The practice of surgery using the best available evidence is the 
responsibility of all surgeons. Navigating the complex issues 
undel'lying the evidence requires an tmderstandiJ1g of the com
ponents of outcomes and health services research. 1he questions 
posed in dlis chapter should serve as a guide for critically 
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examining of the surgical literature. Only by becoming more 
critical evaluators of the surgical Literatu.re will the next genera
tion of surgeons be abl.e to embrace fully the promjse of evidence
based surgery. 
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assessment 

Stukel TA. Fisher ES, Wennberg DE, et al: Analysis of observational 
studies in the presence of treatment selection bias: Effecrs of invasive 
cardiac management on A1vll survival using propensity score and 
instrumental variable methods. JAMA 297:278-285, 2007. 

This study provides a good example, comparison, and diSOJssion of 
several commonly used methodologic techniques in the surgical 
literature. 
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CHAPTER 10 1 

PERl OPERATIVE 
PATIENT SAFETY 
R DANIEL BEAUCHAMP AND MICHAEL s. HIGGINS 

HISTORY AND PERSPECTIVE 

SURGICAL INFECTION PREVENTION AND SURGICAL CARE 

IMPROVEMENT PROJECT 

CREATING AN ORGANIZATIONAL STRUCTURE TO PROMOTE 

PATIENT SAFETY AND QUAUTY CARE 

HISTORY AND PERSPECTIVE 
Patient safety in the health care environment is recognized as 
less than optimal or desirable. A serie~ of eye-opening report.~ 
were published in the 1990s and provided dear evidence of high 
rates of serious adverse events that resulted in serious harm to 
hospitalized patients. The Institute of Medicine (10M), in its 
landmark report, To Err is Hunum, published in 1999, estimated 
that as many as l million people/year were injured and up to 

98,000 died annually because of medical errors.1 When the 
focus was specifically turned to surgical patients, surgical care 
accounted for between 48% and 6691, of adverse events among 
nonpsychiatric hospital discharges.2 In regard to operative pro
cedures and deliveries, 3% resulted in adverse events, and surgi
cal adverse events were associated with a 5.6% mortality rate, 
accounting for 12.2% ofhospital deaths. Furthermore, 54% of 
surgical adverse events were judged to be preventable. 

Adverse events in surgical patients encompass those 
common to all hospitalized patients, such as adverse dn1g events, 
falls, missed diagnoses, deep venous thrombosis, pulmonary 
embolism. aspiration events. respiratory failure, nosocomial 
pneumonia, myocardial infarction, an.d cardiac arrhythmias. ln 
addition, surgical specific adverse events include technique
related complications, wound infections, and postoperative 
bleeding. 

[n 2000, the IOM called for a national effort to reduce 
medical errors hy 50% within 5 years; however, progress has 
fallen far short uf that goal, despite numerous private and public 
initiatives aimed at finding solutions. Lcape and collcagucs3 have 
proposed that these efforts fell short because health care organi
zations did not undertake the major cultural changes required 
to accomplish true and lasting improvements in performance. 
1l1ey proposed that healtl1 care e.ntities must become "high
reliability organizations" that hold themselves accountable to 
offer safe andeffective patient-centered care consistendy. They 
proposed five transforming concept.~ for adoption by health care 
organizations seeking such cultural transformative changes: 

l. Transparency must be a practiced value in everything 
we do. 

2. Care must be delivered by multidisciplinary reams 
working in integrated care platfom1s. 

3. Patients must become full partners in aU aspects of 
health care. 

4. Health care workers need to find joy and meaning in 
their work. 

5. Medical education must be redesigned to prepare 
new physicians to function in tllis new environment. 

SURGICAL INFECTION PREVENnON AND 
SURGICAL CARE IMPROVEMENT PROJECT 
Because surgical site infections (SSis) were recognized as the 
second most common site of nosocomial infections and a major 
cause of morbidity, readnlissions, excessive costs, and death, the 
Centers for Medicare and Medicaid Services ( CMS) and 
the Centers for Disease Control and Prevention (CDC) initiated 
tbe National Surgical Care Improvement Project (SCIP) i11 
2002.4 The goal of surgical infection prevention (SIP) was to 
reduce tl1e incidence and impact of SSis in surgical poptdations, 
particularly in high-volume procedures. In 2003, the national 
SIP project convened a meeting of the Surgical. Infection Preven
tion Guideline Writers Workgroup of experts and representatives 
from several surgical specialty societies to develop evidence
based and consensus guidelines for antimicrobial prophylaxis for 
abdominal and vaginal hysterectomy, hip or knee arthroplasty, 
and cardiothoracic, vascular, and colon surgery. 

The SIP project focused on three primary quality perfor
mance measures. 1l1e fi rst SIP measure was that prophylactic 
amibiotics should be given within the 60-minute interval in1me
diately preceding the surgical skin incision (within 2 hours for 
vancomycin, with appropriate documentation of the reason). 
1l1e second measure was that the appropriate prophylactic anti
biotic for the scheduled procedure should be selected based on 
consensus recommendations. The third SIP measure was that 
the prophylactic antibiotic should be discontinued within 24 
hours of the end of the procedure. 

1l1e SIP project has transitioned .into the SCIP, and includes 
additional process performance measures aimed at redud11g 
SS!s. Three additional meamres to reduce SSis have been added 
ro the original SIP measures: (1) glucose conuol in cardiac sur
gical patients; (2) appropriate hair removal at the surgical site 
(using clippers, not razors); and (3) maintenance of normodler
mia in patients undergoing colorectal operations. In addition to 
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Table 1o-1 Sc.IP Measures 
SET MEASURE ID NO. 

lnfediCMI 

SOP-Inf-1a 

SOP-Inf-1b 

SOP-Inf-1c 

SOP-Inf-ld 

SOP-Inf-1e 

SCIP-Inf-1 I 

SCIP-Inf-1 g 

SCIP-Inf-1 h 

SCIP-Inf-2a 

SCIP-Inf-2b 

SCIP-Inf-2c 

SCIP-Inf-2d 

SCIP-Inf-2e 

SCIP-Inf-21 

SCIP-Inf-2g 

SCIP-Inf-2h 

SOP-Inf-3a 

SOP-Inl-3b 

SCIP-Inf-3c 

SCIP-Inl-3d 

SCIP-Inl-3e 

SOP-Inf-31 

SCIP-Inf-3g 

SCIP-Inf-3h 

SCIP-Inf-4 

SCIP-Inf-6 

SOP-Inf-9 

SOP-Inf-10 

Cardiac 

SCIP-Card-2 

VfE 
SCIP-VTE-1 

SOP-VTE-2 

MEASURE SHORT NAME 

Prophylactic antibiotic received within 1 hr prior to surgical incision, overall rate 

Prophylactic antibiotic received within 1 hr prior to surgical incision, CABG 

Prophylactic antibiotic received within 1 hr prior to surgical incision, other cardiac surgery 

Prophylactic antibiotic received within 1 hr prior to surgical incision, hip arthroplasty 

Prophylactic antibiotic received within 1 hr prior to surgical incision. knee arthroplasty 

Prophylactic antibiotic received within 1 hr prior to surgical incision, colon surgery 

Prophylactic antibiotic received within 1 hr prior to surgical incision, hysterectomy 

Prophylactic antibiotic received within 1 hr prior to surgical incision, vascular surgery 

Prophylactic antibiotic selection for surgical patients, overall rate 

Prophylactic antibiotic selection for surgical patients, CABG 

Prophylactic antibiotic selection for surgical patients, other cardiac surgery 

Prophylactic antibiotic selection for surgical patients, hip arthroplasty 

Prophylactic antibiotic selection for surgical patients, knee arthroplasty 

Prophylactic antibiotic selection for surgical patients, colon surgery 

Prophylactic antibiotic selection for surgical patients, hysterectomy 

Prophylactic antibiotic selection for surgical patients, vascular surgery 

Prophylactic antibiotics discontinued within 24 hr after surgery end time, overall rate 

Prophylactic antibiotics discontinued within 48 hr afrer surgery end time, CABG 

Prophylactic antibiotics discontinued within 48 hr after surgery end time, other cardiac surgery 

Prophylactic antibiotics discontinued within 24 hr after surgery end time, hip arthroplasty 

Prophylactic antibiotics discontinued within 24 hr after surgery end time, knee arthroplasty 

Prophylactic antibiotics discontinued within 24 hr after surgery end time, colon surgery 

Prophylactic antibiotics discontinued within 24 hr after surgery end time, hysterectomy 

Prophylactic antibiotics discontinued within 24 hr after surgery end time, vascular surgery 

Cardiac surgery patients with controlled 6 am postoperative blood glucose level 

Surgery patients with appropriate hair removal 

Urinary catheter removed on postoperative day I or 2, with day of surgery being day 0 

Surgery patients with perioperative temperature management 

Surgery patients on beta blocker therapy prior to arrival who received a beta blocker during the perioperative period 

Surgery patients with recommended VTE prophylaxis ordered 

Surgery patients who received appropriate VTE prophylaxis within 24 hr prior to surgery to 24 hr after surgery 

From Centers for Medicare and Medicaid Services, The Joint Commission: National Hospital Inpatient Quality Measures: Specifications Manual, Version 3.1, June, 2010 
(http1fwww.qualitynetorg/dcs/ContentServer?e=Page&pagename=QnetPublic%2FPage%2FQnemer4&dd=1228749003528). 

V7E Venous thromboembolism. 

the six performance measures aimed at reducing SSis, measures 
aimed at preventing cardiovascular complications and venous 
thromboembolism after major surgical procedures were pro
posed (Table 10-1).5 To reduce perioperative ischemic heart 
complications, patients who have been on I)-adrenergic bl.ocking 
medications pr·ior to operation, should be maintained on beta 
blockade in tbc perioperative period and during hospitalization. 
1l1e final SCIP measures are for the use of appropriate venous 
thromboembolism prophylaxis in surgical patients at risk for 
deep venous thrombosis and pulmonary embolism. 

Use of Quality Data to Improve Outtomes of 
Surgical Patients 
How do we know which interventions work and which fail to 
improve outcomes? Despite the intuitive appeal of quality- and 
safety-motivated process improvements, it is challenging to gen
erate accurate data in a timely manner to support the effective
ness of me safety measures that have been undertaken. 1he rise 
of health services research programs and rigorous popuJation
based research in academic medical centers and the involvement 
of surgeons in these programs have led to several landmark 
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30-DAY POSTOPERATIVE MORTALITY RATE, 1991 TO 2008 
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FIGURE 10-1 Actual mortality trend for the 
National Surgery Quality Improvement Program 
(15 years from inception through fiscal year 
2008). (From the Congressional Budget Office: 1998 2000 2002 2004 

studies that have helped identif}r some risk factors that affect 
morbidity and mortality in surgical populations. The develop
ment of broad-based prospective databases, such as the Ameri
can College ofSl!Igeons- National Surgical Quality Improvement 
Program (ACS-NSQIP) darabase, the Society of Thoracic Sur
geons (STS) national database, and the American College of 
Surgeons National Trauma Data Bank (NTDB) are all examples 
of the development of critical tools necessary for such important 
population-based outcomes research to be completed. 

The National Veterans Affairs Surgical Quality Improve
ment Program was initiated in J 991 to improve surgical out
comes in Veterans Adminisrration (VA) hospirals.6 The NSQIP 
is a risk-adjustedi outcomes database comprised of over 90 data 
elements gathered by specially trained nurses who review the 
preoperative, intraoperative, and postoperative periods. This 
darabase was validated in the VA system, in which the data are 
provided back to hospirals and providers and used to inform 
strategies aimed at reducing morbidity and mortality, with con
siderable success (Fig. I 0- l). · 

The ACS-NSQIP is a national civilian database laLUKhed 
in 2004 as an outgrowth of the VA NSQIP. The ACS-NSQIP 
is a prospectively collected, multi-institution clinical registry 
database of general and vascular surgery patients that provides 
feedback on risk-adjusted outcomes to member hospitals across 
the United States for quaUry improvement purposes; however, 
the data are aL~ available for population-based .research. A 
recent examination of the ACS-NSQIP data reviewed the 
overall and major complication rates and risk-adjusted death 
rates of 84,730 patients who underwent inpatient general or 
vascular surgical procedures from 2005 through 2007.8 [nrer
estingly, the death rates in these surgical patients ranged from 
3.5% in d1e quintile of very low-mortality hospitals to 6.~% in 
tbe quintile of very high-mortality hospitals (double the rate of 
the low mortality hospitals), whereas the rates of overall and 
major complications were not significantly different when com
pariJlg rhesc two groups of hospitals. The difference .in overall 
risk-adjusted mortality was almost twice as high after a major 
complication in the very high-mortality hospitals {21.4%) as 

2006 2008 

Quality initiatives undertaken by the Veterans 
Health Administration, August 2009 [http:/ I 
www.cbo.gov /ftpdocs/1 04xx/doc 1 0453/08-
13-VHA.pdf).) 

compared with the very low-mortality hospitals (12.5%). 
AJthough processes and systems aimed at tl1e avoidance of com
plications seem intLdtively important, it is not always possible 
in the performance of complex procedures, particularly in pop
ulations at high risk. This reporr demonstrated that failure to 
rescue patients after a serious complication was associated with 
an increased death rate in tl1e high-mortality hospitals as com
pared with the low-mortality hospitals. The same authors found 
similar results when analyzing patient outcomes from a Medi
care darabase.9 

Effective Teams and Communication 
Periopcrative team building has parallels in tbe aviation industry 
in that teams intermittently come together for relatively short, 
defined periods of time to accomplish a complex task, requiring 
the specialized skills of each team member, under potentially 
stressfuJ conditions in which there is inherent danger. A recent 
investigation of the impact of implementing a standardized sur
gical safety checklist (Box I 0-1) bas demonstrated that compli
cation rates ranged from 6.1 o/o to 21 o/o (toral of ll o/o) of 3733 
Sl!Igical patients across eight major hospitals in eight cities 
worldwide and the rate of postoperative death ranged from 0.8% 
to 3.7% (total of 1.5%) prior to implementation of th.e check
list.10 After implementation of d1e surgical checklist with preop
erative sign-in, time-out and posrprocedural sign-out elements 
the overall rate of complications decreased to 7% (range, 3.6% 
to 9.7%) and the rate of death dccUncd to 0.8% (range, 0% to 
1.7%)_10 

The Joint Commission (TJC) l1as made the implementa
tion of the Universal Protocol for the prevention of wrong site, 
wrong-patient, and wrong-procedure surgery, including the 
preprocedural time-out, accreditation requiremenrs.11.

12 The 
Universal Protocol includes the following elements: pre
procedural verification, site marking, and final verification 
during the preprocedural time-out. The preprocedural verifica
tion includes verification of the appropriate history and physical 
examination in the medical record, presence of a signed consent 
form, .nursing assessment, and preanesthesia assessment (when 
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Safel1i Checklist; 

Sign In 
Before induction of anesthesia, members of the team (at least 
the nurse and an anesthesia professional) state that the follow
ing have been done: 
• The patient has verified his or her identity, surgical site and 

procedure, and consent. 
• The surgical site is marked or site marking is not 

applicable. 
• The pulse o:ximeter is on the patient and functioning. 
• All members of the team are aware of whether the patient 

has a known allergy. 
• The patient's airway and risk of aspiration have been 

evaluated and appropriate equipment and assistance are 
available. 

• If there is a risk of blood loss of at least 500 rnl (or 7 ml/ 
kg body weight in children), appropriate access and fluids 
are available. 

Time-Out 
Before skin incision, the entire team (nurses, surgeons, anes
thesia professionals, and any others participating in the care of 
the patient) states aloud the following: 
• Confirms that all team members have been introduced by 

name and role 
• Confirms the patients identity, surgical site, and procedure 
• Reviews the anticipated critical events 

• Surgeon reviews critical and unexpected steps, opera
tive duration, anticipated blood loss 

• Anesthesia staff review concerns specific to patient 
• Nursing staff reviews confirmation of sterility, equip

ment availability, other concerns 
• Confirms th~at prophylactic antibiotics have been adminis

tered 560 min before incision is made or that antibiotics are 
not indicated 

• Confirms that all essential imaging results for correct patient 
are displayed in OR 

Sign Out 
Before the patient leaves the operating room, the following are 
done: 
• Nurse reviews the following aloud with the team: 

• Name of procedure, as recorded 
• That needle, sponge, and instrument counts are com

plete (or not applicable) 
• That spec'imen (if any) is correctfy labelled, induding 

patient's name 
• Whether ithere are any issues with equipment that 

need to be addressed 
• The surgeon, nurse, and anesthesia professional review 

aloud the key concerns for the recovery and care of the 
patient 

Adapted from Haynes AB, Weiser TG, Berry WR, et al: A surgical safety checklist 
to reduce morbidity and mortality in a global population. N Engl J Med 360:491-
499, 2009. 

applicable). It also includes verification that the necessary diag
nostic laboratory, radiology, and other test results are present and 
properly displayed. The requirement for and presence of blood 
products, implants, devices, and/or special equipment is also 
confirmed in the preprocedural verification process. 

The time-out that occurs immediately prior to initiation of 
the procedure provides a final verification of the correct patient, 
correct site, and correct procedure. The time-out is most effec
tive when it is standardized and conducted consistently across 
all p:rocedural areas of the hospital; it should be conducted 
immediately before starring an invasive procedure or making the 
incision. It is initiated by a designated member of tl1e procedural 
teanl and involves the immediate members of the procedure 
tealll .. During the time-out, other activities are suspended to as 
much as possible so that team members may focus on active 
confirmatio11 of tl1e patient, si te, and procedure. Any new team 
members should be introduced. At a mlnimtun, the team 
members must agree on tl1e correct patient identity, correct 
procedural site (wiili the site marking verified when laterality or 
level is a concern), and procedure to be done. Finally, comple
tion of the time-out should be documented for the patient 
medical record. 

This description of the surgical time-out defi11es the 
minimal criteria to satisfy TJC requirements; however, if these 
arc the only d ements included in tl1e process, the positive impact 
will be Limited. 1l1e Crew Resource Management (CRM) train
ing a nd discipline around the Universal Protocol enables orga
nizations to enhance communication between health care 
professionals in the perioperative management teams and to 
incorporate process improvement measures, such as those 
defined by the SCIP, into the checklists. These evidence-based 
interventions include timely administration of perioperative 
amibiotics, admlnisrratioJJ of beta blockers in patients at risk of 
ischemic heart disease, venous thromboembolism prophylaxis, 
and in traoperative normothermia. 1l1e time-out checklist may 
also include availability and sterili ty of instrumentation and 
implantable devices. 1l1e conclusion of the optimal surgica\ 
time-out should include an open invitation for any member of 
the team to speak up at any time during the procedure if she or 
be recognizes a problem that poses risk to the patient or health 
care tealll. 

Handoffs and Surgical Safety 
During tl1e surgical experience, patients are managed by teams 
of p~hysicians and nurses that commonly transfer prinlaiJ' 
responsibility for patient care between one another. Unfortu
nately, transfers of care have been demonstrated to be associated 
with an increase in medical errors. '3·'

4 In a recent review of258 
surgical errors from closed malpractice claims, breakdowns in 
communication were determined to be a factor in almost 25%.15 

Another study examined the handover of patients in me inten
sive care unit (ICU) and noted that significant degradation of 
important patient information occurred frequently during these 
transfers of care. 16 Medication discrepancies have also shown to 
be common in resident sign-out lists. 

To address tl1e~ commtulications challenges, experts have 
rurned to otl1er high-risk industries, such as nuclear power and 
the space program, to understand tl1eir strategies better and 
apply useful practices to health care. 1here are unique differences 
between the work environments in tl1ese industries and health 
care, whicl1 can present chall.engcs to the direct transfer of 
approaches. However, tl1e use of checklists and structured com
munication procedure.~ such as SBAR (siruarion-background
assessment-recommendation) have been advocated almost 
un iversally.' ~ As a result of iliis emerging evidence of the impor
tance of commUJucation in medical errors, TJC made the 
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standardization o f hand-off communications a national patient 
safety goal and an area of focus for institutional reviews. AJso, 
the use of simulation bas been advocated to improve the effec
tiveness of teaching hand-off procedures and for use in the 
assessment of performance. As reviewed elsewhere in this chapter, 
the use of information technology has been demonstrated tO 

improve patient hand-off.~ and has been leading to the imple
mentation of new tools in large hcald1 care systems, sud1 as the 
Veterans Administration. 

Phases in Perioperative Care 
Preope.rative Phase Preoperative preparation, review of the 
clinical history, relevant radiologic images, pathology, relevant 
anatomy, and anticipation of potential problems that may be 
encountered during the course of the operative procedure are 
essenrial components of the surgeon's preparation. Communica
tion with the patient and/or family members is critical to ensure 
that al l are in agreement regarding the operation, site of proce
dure, risks, benefits, and possible alternative approaches. Docu
mentation of a discussioJJ of these should be included as part of 
the consent for operation. Comorbidities and their possible 
impact on outcome should be assessed and understood by the 
surgeon, the anesthesiologist, and the patient and family. 

Intraoperative Phase The operating room is a complex and often 
high-stress environment in whic!J there are multiple opportuni
ties for the occurrence of errors or events that could adversely 
affect patient OUltcomes. As noted, the Universal Protocol initi
ated in the preoperative holding area is continued and com
pleted in the operating room to minimi.ze the risk of wrong 
surgery. We believe that the time of anesthetic induction, patient 
positioni11g, and performance of the time-out are critical por
tions of any surgical procedure that requires the presence and 
collaborative involvement of the attendiJlg surgeon, the anesthe
siologist and/or anesthetist, scrub nurse, and circulating nurse 
to adueve the maximum safety and quality of care. 1hls is a 
critical rin1e for the surgeon a11d anesthesiologist to commwli
cate regarding the anticipated intraoperative course, anticipated 
problems, indudling blood loss, anticipated case length, and aJlY 
special requests. Special requests may include avoidance of exces
sive crystalloid in a11 older patient with a history of heart failure 
or chronlc obstructive pulmonary disease. lt may also include 
the avoidance of long-acting muscle relaxants in patients wlder
going resections that are near important motor nerve structures, 
suc!J as in the face, neck, or axilla. 1hls early phase of d1e 
operation is also an excel.lent opportunity to put all in the room 
at ease, introduce any new team members and, as noted earlier, 
invite participants to speak up at any time during the procedure 
if there are questions or concerns. To enhance d1e safe conduct 
of the operation, a neutral zone between the surgeon a11d scrub 
nurse should be defined and agreed on for sharp instnunents. 

The surgeon's responsibility is to perform the operative 
procedure with the utmost skill, efficiency, and safety. During 
the surgical procedure, d1e surgeon should continually com
municate with the anesd1esiologist and the rest of the team 
regardiJ1g the pr-ogress of the operation, a11y unexpected find
ings, hemorrhage, or technical complications. Similarly, the 
anesthesia team should commwlicate any significanr chru1ges in 
the physiologic status of d1e patient, especially those related to 
hypotension, 0 2 desaturation evems, and critical laboratory 
values. Such communications should be verified in both 
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directions by verbal acknowledgment, ru1d a plan of mru1agen1ent 
should be agreed on. ln addition, the surgeon and operating 
room (OR) team must communicate regarding the instrun1ent, 
needle, ru1d sponge counts ru1d requirement, if any, for intraop
erative imaging to confirm the absence of lmplatlned retained 
foreign bodies. Confirmation of rhe disposition of pathologic 
specimens should also occur between the surgeon and circulat
ing nurse prior to the surgeon and patient leaving the operating 
room. In addition, the d1eckour procedure shoul.d include dis
cussion between the surgeon and anesth.esiologist regarding 
postoperative disposition of the patient. 11us should include 
agreement about the need for special postoperative care, sud1 as 
intensive care, anticipated prolonged recovery room stay, and 
need for telemetry. 

Postoperative Phase For most patients, the immediate postop
erative period consists of a monitored period of transition to 
normal neurophysiologic function, with some treatment of pain, 
nausea, a11d body temperature being relatively common. 
AJthough relatively rare, catastrophic complications such as 
myocardial ischemia or infarction, stroke, airway obstruction, 
and acute hemorrhage may occur. In addition, there is occasion
ally the need for continued pham1acologic and fluid therapy 
managemem during the early postoperative phase. Early recog
nition and effective intervention to correct physiologic derange
ments associated wid1 impending crisis are key to rescuing 
patients at risk. 1l1is requires an efficient and collaborative tean1 
of caregivers who have instituted a system of exceUenr commu
nication. Effective intervention also requires multidisciplinary 
collaborative teams of providers-often including specialty con
sultative services-appropriate escalation of care, timely inlple
mentation of aJltibiotic therapy for sepsis, effective critical care 
tean1s, and appropriate interventions aime.d at d1e source of the 
complication. Ghaferi and colleagues9 have pointed out that 
effective recognition and communication regarding patient 
status requires a high-quality nursing staff, with staffing ratios 
sufficient to enable nurses to perform regular patient assess
ments. For exan1ple, studies have demonstrated an association 
bet\veen a high nurse-to-bed ratio and decreased perioperative 
mortal_ity. 18 The higher nurse-to-patient ratios are also associated 
wid1 greater job satisfaction and reduced rates ofbumout among 
nurses. As noted, appropriate aJld timely escalation of care is 
crucial for patients who have become ill from a serious compli
cation. llus often involves transfer of a patient to an ICU, in 
whic!J an increased nurse-to-patient ratio is associated with 
reduced resource use and daily rounds by a dedicated inten
sive care ~hysicia11 is associated with reduction in inpatient 
mortality. 1 

Physician Fatigue and Surgical Safety 
1l1ere has heen increased focus on the relationslup of pbysiciru1 
fatigue and patient safety that gained prominence wid1 the 
publication of To Err Is Human. 1 Based in part on en1erging data 
regarding pbysiciru1 fatigue and perfonnru1ce, including in 
the procedural environment,20 the Accreditation Council for 
Graduate Medical Education (ACGME) mandated duty hour 
re.strictions for physician in trai 11ing in 2003, with recent recom
mendations by an IOM committee ro extend rl10se restricrions.1 1 

Some studjes have demonstrated variable results regardiJ1g 
the in1pact of these cha11ges on patient safety. A study of interns 
working in ICUs has shown d1at the medical error rate is reduced 
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with work hour restrictions.22 However, another swdy 
has shown higher error rates after the implementation of work 
hour restrictioJlS in New York.23 Larger scale studies have 
demonstrated similar variability. Investigations of all Medicare 
beneficiaries and VA hospital; 4 have failed to demonstrate a 
change in mof[ality for surgical patiems. However, a more recent 
investigation has noted a reduction in the percentage of surgical 
complications attributed to providers, from 48.3% to 38.6%, 
and a reduction in mortality rare, from L. 9% to 1.1 %, after the 
restrictions, witth the improven1ent attributed to the increa~ed 
participation of attending surgeons in clinical care and possibly 
to other concurrent improvement initiatives.25 

Various hypotheses have been advanced co explain the vari
able results of duty hour restrictions. One argument is that the 
initial restriction of duty hours did not limit prolonged shifts 
that were thought to have the greatest impact on performance. 
In addition, the resulting increase in patient hand-offs, which 
are known to increase the risk of errors, may ofEet the improved 
safety from reduced fatigue. Duty hour restrictions may not 
necessarUy translate into reduced fatigue. It has also been sug
gested that shift lenflth has a greater impact on patient safety 
than overall hours? Hour restrictions may also interfere with 
physician education, whid1 can negatively affect clinical perfor
mance and patienr safety. These effects are certainly reinforced 
by surgical resident perceptions. 

Several recent surveys have shown a negative impact of 
resident duty hour restrictions on attending sur~eon job satisfac
tion, time for reaching, and overalJ workload.27

- R An early inves
tigation after the duty hour restriccions showed that general 
surgeons worked a mean (standard deviation [SO]) of 73.8 
(14.1) hours/week and only 44% reported I day/week away 
from clinkal duties .Z9 ln a study of surgical errors, fatigue was 
self-reported by attending physicians as a contributing factor in 
16% of adverse events.30 Although a retrospective review of 
cardiac procedures performed by sleep-deprived surgeons has 
shown no difference in complication rates,31 more recent work 
has shown an association between limited slee~ opporwnity, 
increased work duration, and complication rates.·2 As a result of 
these emerging: dara, some have argued that attending surgeon 
duty hours should be linlited as well, and a variety of strategies 
have been proposed, sud1 as in1plementi.ng a surgical hospitalist 
service. 

Despite the confllcring data, it seems logical that rested 
physicians make better decisions that should improve patient 
safety. For these reasons, work week and shift length limitations, 
napping, and other validated strategies to reduce fatigue may 
have beneficial effects on surgical patient safety. However, the 
resulting expansion of the labor pool is estimated to cost as much 
as $3.4 millionllife saved, mak.U1g this a substantial economic 
issue for the health care systen1, especially for academic medical 
centers.33 Moreover, the known safety risks that result from the 
increased numlber of lesser trained providers and the increased 
frequency of han d-offs must be considered. 'These concerns may 
be addressed by strategies to improve competency through the 
use of comn1w1ication tools, such as checklists, and structured 
communications at critical events, such as transitions in care. 
'There is also a significant need for additional research to under
stand the complex association bcrween interventions designed 
to in1prove physician fatigue and their relationship to the safety 
of surgical patients in complex health care delivery systems 
better. 

Use of Information Technology to Enhance 
Surgical Patient Safety 
The 10M's seminal report, Crossing the QU11lity Chasm: A New 
Health S)'stem for the 21st Centur_y, called for a radical redesign 
of the health care system, with a focus on the use ofinfom1ation 
[Cchnology as a means w improve the quality and safety of 
health care and reduce cost.33' Since then, the federal govern
ment has made significant investments to in1prove the develop
ment and deployment of health care information technology 
(HCin, induding the establishment of a federal executive posi
tion of National Coordinator for Heald1 Wormation Technol
ogy and financial incentives in efforts to promote widespread 
adoption of HCIT. 

Computerized Order Entry 
Computerized provider order entry (CPOE) is recommended 
by rhe Agency for Healthcare Researd1 and Quality and the 
National Quality Forum as one of the 3U safe practices for better 
health care. The Leapfrog group has also recommended CPOE 
implementation as one of its first three recommended leaps for 
improving patient safety. These positions are informed by d1e 
evidence that 90% of medication errors occur at the ordering or 
prescribing step and that clinical decision support systems 
(CDSSs), which are the engines for CPOEs, have been demon
strated to reduce drug administration errors significantly.34 

Despite tl1ese strong recommendations, hospitals have been 
slow to implement CPOE. A 2009 study found tl1at only 17% 
of U.S. hospitals had implemented a CPOE system, and the 
proportion of outpatient practices using CPOE is even smaller.35 

Cost is likely a major factor, as is the resistance to d1ange at tl1e 
organizational and individual provider levels coupled with a lack 
of systems tl1at have been implemented successfuUy in a variety 
of clinical settings. 

CPO£ and computerized prescription wri ting al ready have 
shown the ability to reduce medical errors and variability in 
surgical patient care. A large study in Texas has demonstrated 
an improvement in mortality for patients undergoing coronary 
artery bypass grafting (CABG}.36 Vikoren and colleagues3~ have 
demonstrated the ability of a CPOE to reduce variability in 
patieJ1t care for patients undergoing total joint surgery. Compli
ance with medication and care protocols related to national 
quality initiatives, such as SCIP, are improved with tl1e use of 
CPOE systems, as demonstrated for perioperative blood glucose 
controJ;l8 prophylactic antibiotic administration,39 and otl1er 
quality initiatives. 

Other work, however, has shown no change in medication 
errors for surgical patients afrer CPOE in1plementation.40 One 
study has shown a reduction in medication errors bur an overall 
increase in mortali.ty, tl10u~ht to have resulted from other effects 
on patient care work flow. 1 These results have prompted inves
tigations of alJ the factors relared to CPOE implementations that 
could affect patient care (Box 10-2).42-44 There are also issues 
related to the underlying clinical decision support systems tl1at 
may affect outcomes. SpecificalJy, the guidelines may not be 
applicable to all clinical environments and may not be current. 

Consequently, Weii and associates have recommended the 
implementation of a set of safety indicators that should be 
cracked durin~ CPOE in1plememarion to ensure that any risks 
are mjtigated. 5 Also, clinicians must ensme that the decision 
support algorithms are reviewed and validated prior to imple
mentation to benefit from drug inreracrio11 alerts and otl1er 
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• More or new work for dinicians 
• Unfavorable work flow issues 
• Never-ending system demands 
• Problems related to persistence of paper orders 
• Unfavorable changes in communication patterns and 

practices 
• Negative feelings toward the new technology 
• Generation of new types of errors 
• Unexpected changes in an institution's power structure, 

organizational culture, or professi onal roles 
• Overdependence on the technology 

From Campbell EM, Sittig OF, Ash JS, et al: Types of unintended consequences 
related to computerized provider order entry. JAmMed Inform Assoc. 13:547-556, 
2006 ... 

critically .important decision support measures.16 Similarly, a 
system wa~ developed to test CPOE systems against the criteria 
established by the Leapfrog group that CPOEs should detect at 
least 50% of common prescribing errors.1" 

Other Applications for Information Technology in 
Surgical Patient Safety 
There is evidence to suggest that a significant number of surgical 
errors occur because of poor communication and lack of acc<.'SS 
to critical patienll: information. In a root cause analysis of oper
ative and postoperative events from 1995 to 2002, T]C found 
that almost 70% of events were associated with commwlication 
fai lures. Other studies have shown that transitio11s of care are 
associated with higher risk for errors, as well as demonstrating 
an increase in medi.cal errors with an increase in the number of 
patient transfers. 14 Various strategies have been successfulJy used 
to improve surgical safety, including the use of standardized 
communication events and d 1ecklists. Several information tech
nology solmions have been suggested to enl1ance these and other 
strategies to improve surgical patient safety. The use of computer 
cl1ecklists bas been demonstrated as a means to transfer patient 
information more effectively and efficiently. Sinlllarly, a comput
erized medication reconciliation process can in1prove continua
tion of medications postoperatively.18 The use of information 
management systems for the documentation of perioperative 
care also provides the oppornulity for the use of clinical decision 
sup,Rort algori thms and care alerts to improve antibiotic redos
ing 9 and compliance with surgical time-out clements. 

Emerging technologies may also prove to be beneficial, 
including the use of bar code and radiofrequency tracking 
systems as a means to eliminate "never events," such as wrong
patient and wrong-site surgery and retained foreign objects. 
Intraoperative video systems may also allow the opportunity to 
record and debrief procedures during patient care, as they have 
in emergency departments, or potentially to monitor and inter
cede tO provide enhanced patient support. 

CREAnNG AN ORGANIZAnONAL STRUCTURE TO 
PROMOTE PA11ENT SAFETY AND QUALITY CARE 
The health care culture must be changed to focus on quality 
care and patient safety. k noted earlier, Leape and coworkers3 

have proposed five transforming concepts for adoption by health 
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care organizations that seek sud1 transformative changes (see 
earlier). 

How do we change the culture to iJ1Corporate these con
cepts? At our institution (Vanderbilt University Medical Center, 
Nashville, Tenn) , the commitment has been. made to change the 
culture from the top of the organi7.ation. Of the five pillars of 
excelJence that fom1 the framework for setting organizational 
goals and direction, quality is the central pillar. The other four 
pillars include people, service, growth and finance, and innova
tion. Under the quality pillar, institutional goals are set on an 
a1mual basis and the entire medical center is managed and oper
ated within a framework to accomplish tl1e goals that have been 
ser. Each year, the goals become more cl1allenging w continue 
to drive in1provements. 

)nstitutionalJy, there is a d1ief quality officer who works 
with clinical leadership, nursing, and administration within the 
patient care areas to identify priorities and identify necessary 
resources to support quality improvement and address safety 
issues promptly. Our Center for Clinical Improvement provides 
assistance with resources to support .root cause analyses of patient 
deaths, adverse outcomes, and near-misses. Reporting adverse 
outcomes and near-misses is encouraged in a blame-free envi
ronment. Within the Perioperative Enterprise, tl1cre is a Surgical 
Site Infection Collaborative and Perioperative Quality and 
Safety Committee that collaborate with each anotl1er and that 
receive input from the various surgical services, perioperative 
nursing services, and infection control services. Eacl1 surgical 
service conduCts weekly to biweekly morbidity, mortality, and 
in1provement (MM&I) conferences. Cases identified in tl1ese 
service-level MM&l conferences that exemplify systems con
cerns or issues are referred to a multidisciplinary MM&I com
mittee, wluch selects cases for presentation at an institution-wide 
MM&I conference that is held on a quarterly basis. 

Organi:t.ational transparency is achieved through the 
sharing of performance data across the institution. Quality and 
safety performance data are fed back to the clinicians and staff 
on a montl1ly basis, with benchmark comparators when avail
able. Multidisciplinary teanls are central to how we are organized 
around patient care, quality, and safety. 1l1e patient is central to 
all we d o in the cliJucal care setting and, within our service pillar 
goals, are patient satisfaction targets dependent on provider or 
physician-patient communication. Under our people pillar goals 
are faculty and staff satisfaction goals, because we believe that 
healtl1 care workers wbo are happy in their roles and feel fulfilled 
provide better quality care. We reward such behaviors financially 
and symbolically. We teach the students in our medical center, 
at all levels, how each member of the team contributes to quality 
care and safety, and this is incorporated in.to the medical and 
nursing curriculum. 
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Fry DE: Surgical site infections and the surgical care improvement 
project (SCIP): Evolution of national quality measures. Surg Infect 
(Larclunt) 9:579-584, 2008. 

This is a recent comprehei'ISlve review of the national SCIP effort to 
reduce SSI. The National SIP Project was an initiative sponsored jointly 
by the Centers for Medicare and Medicaid Services and the U.S. Centers 
for Disease Control and Prevention to decrease the incidence of SSI in 
major surgical procedures. 

Ghaferi AA, Birkmeyer JD, Dimick JB: Variation in hospital mortal
ity associated witth inpatient surgery. N Eng! J Med 3t>l :1368-1375, 
2009. 

This was a landmark study of 84,730 patients who had undergone 
inpatient general! and vascular surgery from 2005 through 2007, using 
data from the American College of Surgeons National Surgical Quality 
Improvement Program. 

Haynes AB, Wemser TG, Berry WR, et al: A smgical safety checklist 
to reduce morbidity and mortality in a global population. N Eng! J 
Med 360:491-499, 2009. 

Surgery has become an integral part of global health care, 1Mtl1 an esti
mated 234 million operations performed yearly. This study demonstrates 
the efficacy of the surgical safety checklist in diverse settings. 

Khuri SF, Daley J, Henderson W, et al: The Department ofVeterans 
Affairs' NSQIP: The first national, validated, outcome-based, risk
adjusted, and peer-controUed program for the measurement and 
enhancement of the quality of surgical care. National VA Surgical 
Quality Improvement Pwgram. Ann Surg 228:491-507, 1998. 

This stuOy was d~igneQ to provide reliable ri!;k-adjl)Sted mo!t>idity and 
mortality rates after major surgery to the 123 Veterans Affairs Medical 
Centers (VAMCs.) performing major surgery, and to use ri!>k-adjusted 
outcomes in the monitoring and improvement of the quality of surgical 
care to all veterans. 

Veasey S, Rosen R, Bar~.ansky B, et al: Sleep loss and futigue in resi
dency training: A reappraisal. JAMA 288:1 116-11 24, 2002. 
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PREOPERATIVE PREPARATION OF THE PATIENT 

The modern preparation of a patient for surgery is epitomized 
by the convergence of the art and science of the surgical disci
pline. 1he context in which preoperative preparation is con
ducted ranges from an outpatient office visit ro hospital inpatient 
consultation to emergency department evaluation of a patient. 
Approaches ro preoperative evaluation differ significantly, 
depending on the nature of the complaint and the proposed 
surgical intervention, patient health and assessment of risk 
factors, and results of directed investigation and interventions 
to optimize the patient's overall status and readiness for surgery. 
1his chapter reviews the components of risk assessment appli
cable ro the evaluation of any patient for surgery and attempts 
to provide some basic algorithms co aid in the preparation of 
patients for surgery. 

PRINCIPLES OF, AND PREPARATION FOR. 
OPERATIVE SURGERY 
Proper operative technique is of paran1ow1t importance for opti
mizing outcome and enhancing the wound healing process. 
There is no substitute for a well-plruUled and conducted opera
tion ro provide l!be best possible surgical outcome. One of the 
most reliable means of ensuring that surgeons provide quality 
care in the operating room is through participation in high
quality surgical training progran1s, which provide oppornmities 
for repetitive observation and performance of smgical proce
dures in a well-structured environment. With their participa
tion, yotlllg surgeons in training can progressively develop the 
technical skiiJs necessary to perform the most demanding and 
complex operative procedures. 

Determining the Need for Surgery 
Patients are often referred to surgeons with a suspected surgical 
diagnosis ru1d the results of supporting investigations in band. 

In this context, the surgeon's initial encounter with the patient 
may be largely directed toward confirmation of relevant physical 
findings and review of tbe clinical history and laboratory and 
investigative tests that support tbe diagnosis. A recommendation 
regarding the need for operative intervention cru1 then be made 
by the smgeon and discussed with the patient and frunily 
members. A decision ro perform additional investigative tests or 
consideration of alternative d1erapcutic options may postpone 
the decision for surgical intervention from this initial encounter 
to a later time. It is important for the surgeon to explain the 
context of the illness and the benefit of different surgical in ter
ventions, fmther investigation, possible nonsurgical alternatives, 
when appropriate, as well as what would happen if no interven
tion W(:"Ie undertaken. 

1l1e smgeon's approad1 to tbe patient ru1d family dming 
the initial encounter sbouJd be one that fosters a bond of rrusr 
and opens a line of communication among all participants. A 
profes..;ional and urilimried approach is mandatory, with time 
taken to listen to conc.erns and answer questions posed by the 
patient and family members. 1he surgeon's initial encounter 
with a patient should result in the patient being ahle to express 
a basic understanding of the disease process and the need for 
further investigation and possible surgical management. A well
articulated foUow-up plan is essential. 

Perioperative Decision Making 
Once the decision has been made to proceed with operative 
managen1enc, a number of considerations must be addressed 
regarding the timing ru1d site of smgery, type of anesthesia, and 
preoperative preparation necessary to understand the patient's 
risk and optimize the outcome. These components of risk assess
ment take i.nto account the perioperative (intraoperative period 
through 48 hours postoperatively) and later postoperative (up 
to 30 days) period and seek to identifY factors rhar may contrib
ute to patient morbidity during these periods. 

Preoperative Evaluation 
'TI1e aim of preoperative evaluation is not to screen broadly for 
undiagnosed disease, bur to identify and quantify any comorbid
ity that may affect the operative outcome. 'TI1is evaluation is 
driven by findings on the history and physical exan1ination sug
gestive of organ system dysfunction or by epidemiologic data 
suggesting tbe benefit of evaluation based on age, gender, or 
patterns of disease progression. The goal is to uncover problem 
areas that may require further investigation or be an1enable to 
preoperative optimization (Table 11-1).' Routine preoperative 
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Table 11-1 Suggestions for Adult Preoperative Testing _________________________________ _ 

TEST 

BASIC: MINOR 
SURGERY IN 
HEALTHY PATIENT 
(WITHIN 90 DAYS) 

Additive Surgical and Medical Factors 

SURGICAL PROCEDURES 
(WITHIN 90 DAYS) 

CLINICALLY SIGNIFICANT AND CHANGING DISORDERS AND/ OR MEDICATIONS (SHADED = WITHIN 90 
DAYS; LIGHT = TEST FOR DISORDER PROBABLY SHOULD BE PERFORMED WITHIN 30 DAYS) 
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Adapted from Halaszynski TM, Juda R, Silverman DG: Optimizing postoperative outcomes with efficient preoperative assessment and management Crit Care Med 32:576-586, 2004. 
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BUN, Blood urea nitrogen; CXR, chest x-ray; £81., estimated blood loss; EtOH, ethanol; HIV, human immunodeficiency virus; h/o, history of; LFTs, liver function tests; M, usually indicated for male; MSBOS, maximum surgical 
blood order schedule; PT/PTT, prothrombin time,/ partial thromboplastin time; S, may be requested (and reviewed) by the surgeon as part of surgical workup; TURP, transurethral resection of the prostate; UjA, urinalysis; 
Y, usually indicated; ±, if situation acute or severe. 

*At a minimum, a urine pregnancy test should be performed on the morning of surgery in any woman of childbearing age, unless the uterus or ovaries are surgkally absent. 
Shaded area, Timing of test is not typically critical; results from 90 days (and possibly 180 days) may be acceptable; light area, typic.ally best to obtain within 30 days of surgery. 
Non: (1) Times and test listings are suggestions; they are not absolute and should not preclude other testing in given settings, nor should they prevent a case from proceeding if the anesthesiologist and surgeon deem it to be 
appropriate. (2) Testing for a given disorder depends on the severity of the disorder in the context of the planned surgery; that is, are the tests likely to generate potentially clinically significant information and provide informa
tion that would be an important component of the history and physical examination? 
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testing is not cost-effective and, even in older adults, is less 
predictive of perioperative morbidity than the American Society 
of Anesthesio logists (ASA) status or American Heart Association 
(AHA)/American College of Cardiology (ACq guidelines for 
surgical risk. 

1he preoperative evaluation is determined in light of the 
risk of the planned procedure (low, medium, or high), pla1med 
anesthetic techn ique, and postoperative disposition of the 
patient (outpatient or inpatient, ward bed, or intensive care). ln 
addition, the preoperative evaluation is used to identify patient 
risk factors for p ostoperative morbidi ty and mortality. Along 
with being a generally accepted program for risk adjustment to 
monito r and improve surgical outcomes, The N ational Surgical 
Quality Improvement Program (NSQIP) has been used to 
develop predictive models for postoperative morbidity and mor
tality, and several factors have consistently been fotmd to be 
independent predictors of postoperative events (Table 11-l ), 
both in the Department of Veterans Affairs (VA) and in a more 
recent comparison between the VA and private sector bosp.itals.2 

It is important to un derstand that the NSQIP has been validated 
as an excellent quali ty improvement tool by accoun ting for the 
influence of patient risk on outcomes from surgery and allowing 
hospitals to compare their outcomes to that of their peers. 
Although risk prediction models have been developed and are 
available to use in the VA, they have yet to be val idated prospec
tively as they mig ht apply to individual patients. The potential 
ability to predict an individual patient's risk may have its biggest 
impact in allowing the surgeon rn imervene with measures 
shovm w decrease that risk. 

If preoperative evaluation uncovers significant comorbidi ty 
or evidence of poor control of an underlying disease process, 
consultation with an imernist or medical subspecialist may be 
required to facilitate the workup and direct management. In this 
process, communication berween the surgeon and consultants is 
essential to define realistic goals for this optimization process 
and to expedite surgical management. 

For all patients, their general risk should be categorized 
using the American Society of Anesthesiologist classification. 
1l1e ASA classification was one of tl1e first risk categorization 
systen1s. It has five stratifications: 

I. N ormal healthy patient 
II. Patient with mild systen1ic disease 

III. Patient with severe systemic disease that limits activi ty 
but is not incapacitating 

N. Patient wh o has incapacitating disease that is a con
stant threat tO Life 

V. Moribund patient no t expected to survive 24 hours 
with o r without an operation 
The letter " E" is added to any of these for an emergency 

operation. Even though the system seems subjective, it continues 
to be a significanl( independent predictor of mortality.2 Although 
the ASA class should be detem1ined for eacl1 patient, a more 
in-depth assessment of risk is indicated for proced ures more 
involved than a skin biopsy. 

SYSTEMS APPROACH TO 
PREOPERAnVE EVALUAnON 

Cardiovascular System 
Cardiovascular disease is the leading cause of death in the indus
trialized world and its contribution to perioperntive mortality 

Table 11-2 Top Patient Risk Factors Most Predictive of Post-
Operative Mortality* 
VARIABLE ODDS RATIO 95% CI 

14 Private Sedor Hospitals {N = 54,450; C-index = 0.934) 

ASA4/5 8.1 6.Q-11 .0 

ASA3 3.5 2.7-4.7 

Albumin g/dl 0.62 0.56-0.69 

Emergency operation 2.6 2.2-3.1 

Age/yr 1.04 1.03-1.04 

Platelet count < 150,000 1.9 1.6-2.2 

Disseminated cancer 2.9 2.3-3.7 

Dyspnea at rest 1.6 1.3-2.0 

Dyspnea with minimal exertion 1.3 I.Q-1 .5 

DNR 3.9 2.6-5.8 

BUN >40mg/dl 1.3 l.Q-1.6 

Work RVU/unit 1.02 1.01-1.03 

128 VA Hospitals (N = 129,546; C-illdex = 0.900) 

ASA4/5 5.3 4.3~.6 

ASA3 2.6 2.2-3.2 

Albumin g/dl 0.6 0.57-Q.63 

Emergency operation 2.0 1.9-2.2 

Disseminated cancer 3.3 2.9-3.8 

Age/yr 1.04 1.03-1.04 

Work RVU/unit 1.05 1.04-1.05 

Dyspnea at rest 1.4 1.2-1.6 

Dyspnea with minimal exertion 1.3 1.2-1.5 

DNR 2.8 2.4-3.3 

Ascites 2.3 1.9-2.7 

BUN >40mg/dl 1.4 1.2-1.6 

Adapted from Khuri SF, Henderson WG, Daley J, et al: Successful implementation 
of the Department of Veterans Affairs' National Surgical Quality Improvement 
Program in the private secta-: The Patient Safety in Surgery study. Ann Surg 
248:329-336, 2008. 

ASA, American Society of Anesthesiologist's Patient Severity Score; BUN, blood 
urea nitrogen; C~ confidence index; DNR, do not resuscitate; RVU, relative value 
units. 
*NSQIP comparison of private sector hospitals to VA hospitals. 

during noncardiac surgery is significant. Of the 27 million 
patienrs lmdergoing surgery in the United States every year, 8 
million , or almost 30%, have significant coronary artery disease 
or other cardiac comorbid conditions. One million of these 
patienrs will experience perioperative cardiac complications, 
wi th substantial morbidity, mortality, and cost . Consequently, 
m uch of the preoperative risk assessment and patient prepara
tion centers on the cardiovascular system. 

Assessment tools for stratification of the card iovasnJar 
portion of anesthetic risk have been avaiJable fo r some time. 
1l1e premiere exan1ple is Goldman's criteria of cardiac risk for 
noncacdiac surgery (Table 11 -3).3 This strategy, designed by 
multivariate analysis, assigns points to easily reproducible char
acterist ics. 1l1e points are then added to yield a total, which has 
been correlated with perioperative cardiac risk. One of tbe more 
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214 SECTION II PERIOPERATIVE MANAGEMENT 

Table 11-3 cardiac Risk Indices 
CARDIAC RISK INDEX WITH VARIABLES 

Goldman canliac Rislllndex, 1977 

1. Third heart sound or jugular venous distention 

2. Recent myocardial infarction 

3. Nonsinus rhytlhm or premature atrial contraction on ECG 

4, >5 premature ventricular contractions 

5. Age >70 yr 

6. Emergency operations 

7. Poor general medical condition 

8. Intrathoracic, intraperitoneal, or aortic surgery 

9. Important valvular aortic stenosis 

Detsky Modified Multtfadoriallndex, 1986 

1. Oass 4 angina 

2. Suspected critical aortic stenosis 

3. Myocardial infarction within 6 mo 

4. Alveolar pulmonary edema within I wk 

5. Unstable angina within 3 mo 

6. aass 3 angina 

7. Emergency surgery 

8. Myocardial infarction >6 mo ago 

9. Alveolar pulmonary edema resolved >I wk ago 

10. Rhythm other than sinus or PACs on ECG 

II. >5 PVCs any time before surgery 

12. Poor general medical status 

13. Age >70 yr 

Eagle's Criteria for Car!Uac Risll Am!ssment, 1989 

1. Age >70 yr 

2. Diabetes 

3. Angina 

4. Q waves on ECG 

5. Ventricular arrlhythmias 

Revise4 cardiac Rislllndex 

I . Ischemic heart disease 

2. Congestive heart failure 

3. Cerebral vascular disease 

4. High-risk surgery 

5. Preoperative insulin treatment of diabetes 

6. Preoperative creatinine level >2 mg/dl 

POINTS 
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10 
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3 
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20 
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10 

10 

10 

10 

5 

5 

5 

5 

5 

5 

COMMENTS 

Cardiac tompikatioa rate 

o-5 points = 1% 

6-12 points = 7% 

13-25 points= 14% 

>26 points = 1S% 

Cardiac tompikatioa rate 

>IS = high risk 

<1, no testing 

1-2, send for noninvasive test 

~3. send for angiography 

Each increment in points increases risk for 
postoperative myocardial morbidity 

hlapted from Akhtar S, Silverman OG: Assessment and management of patients with ischemic heart disease. Crit Care Med 32(SuppQ:S126-S136, 2004. 

PAc; Premature atrial contraction; PVc; premature ventricular contraction. 

important con tributions of this work was the inclusion of 
functional capacity, clinical signs and symptoms, and operative 
risk assessment: w estimate the patiem 's overall risk and plan 
preoperative interventions. 'This concept has been further 
refined in the Revised Cardiac Risk Lndex, which uses six 
predictors of compllcarions w estimate cardiac risk in 

noncardiac surgical patients, and is also shown in Table 11-3. In 
addition, several other investigators have proposed cardjac risk 
indices; however, many were fotmd to be expensive and rime
consuming. 

In an attempt to assess and optimize the cardiac status 
of patients undergoiJlg noncardiac surgery, a joint committee 
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Need for emergency 
noncardiac surgery? 

Operating Room 

Perioperative surveillance 
and postoperative risk 
stratification and risk 
factor management 

Yes 

• No 

Active cardiac 
conditions?• 

Evaluate and treat 
- per ACC/AHA - Consider operating room 

Yes guidelines 

No 

Low risk surgery? - Proceed with planned surgery 
Yes 

Functional capacity greater 
than or equal to 4 METs 

without symptoms?* 

3 or more clinical 
risk factors 

Yes 

1 or 2 clinical 
risk factors 

Proceed with surgery§ 

No 
clinical 
risk 
factors 

Vascular surgery L Intermediate 
risk surgery 

-l- Intermediate 
Vascular surgery risk surgery 

l j I l 
Consider testing 
if it will change 

management11 oo 

Proceed with planned surgery with HA control11 or 
consider noninvasive testing if it will change management 

Proceed 
with planned 

surgery 

FIGURE 11-1 StE!)pwise approach to preoperative cardiac assessment for non-cardiac surgery. HR, Heart rate; MET, metabolic equivalent Adapted 
from Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007 Guidelines on Perioperative Cardiovascular Evaluation and Care for No ncardiac 
Surgery: Executive Summary: A Report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines 
(Writing Committee to Revise the 2002 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery). Circulation 11 6:1971-
1996,2007. 

*Active cardiac conditions include unstable coronary syndromes, decompensated heart failure (New York Heart Association functional class IV, 
worsening or new-onset heart failure), significant arrhythmias (high grade atrioventricular block, Mobitz type II block. third degree block, symp
tomatic ventricular arrhythmias, supraventricular arrhythmias with uncontrolled ventricular rate, symptomatic bradycardia, newly recognized 
ventricular tachycardia). severe valvular disease (severe aortic stenosis, symptomatic mitral stenosis). 
1An abbreviated list of METs includes the following: activities such as taking care of yourself, eating. getting dressed, 1 MET; light housework, 
4 METs; climbing a flight of stairs or walking up a hill, 5 METs; engaging in strenuous sports, 10 METs. 
§Noninvasive testing may be considered before surgery in specific patients with risk factors if it will change management. Clinical risk factors 
include ischemic heart disease, compensated or prior heart failure, diabetes mellitus, re nal insufficiency, and cerebrovascular disease. 
~Consider perioperative beta blockade for patient populations in whom this has been shown to reduce morbidity and mortality. 

of the ACC and AHA has developed an easily used tool 
(Fig . 11 - 1).4 This me thodology takes into account previous 
coronary revascu larization and evaluation and clinical risk assess
ment, divided in to major, intermediate, and mino r clinical pre
dictors. The next factor taken into accoun t is the patient's 
functio nal capaci ty, which is estimated by obtaining a history of 
the patient's daily activities. The earlier mentioned variables and 
type of surgery are then used to determine whether the pretest 
probability can be altered by noninvasive testing . 

'TI1e standard exercise stress test , with or without thallium 
for perfusion imaging, can be lin1ited by the functional capacity 
of the patient. Patients not able to exercise to an acceptable st ress 
level may require pharmacologic stress testing witb dipyridam
ole; thereafter, perfusion defects can be assessed via thallium or 
a dohu tamine-induced stress, followed by fun ctional evaluation 
wid1 echocardiography. Angiography ca.n then be used to delinc 
the anatomic abnormalities com ributing to the iscl1emia exactly. 
Although no large prospective randomized trial has been 
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conducted to determine whether following these guidelines 
result in improved outcomes for patients, several smdies have 
suggested that it is useful to do so.3 

Once these data have been obtained, the surgeon and con
sultants need to weigh the benefits of surgery against the risk 
and determine whether any perioperarive imervention will 
reduce the probability of a cardiac event. lhe intervention 
usually centers on coronary revascularization via coronary artery 
bypass or percutaneous translum.inal coronary angioplasty but 
may include modification of the choice of anesthetic or use of 
invasive intraoperative monitoring. Patients who have under
gone a percutaneous coronary intervention with scenting need 
to have elective noncardiac procedures delayed for 4 to 6 weeks, 
although the delay may be shortened depending on the type of 
stent used (drug-eluting versus non-drug-eluting stent).3 

The optimal timing of a surgical procedure after myocardial 
infarction (Ml) is dependent on the duration of time since the 
event and assessment of the patient's risk for ischenlia, by clinical 
symptoms or noninvasive study. Any patient can be evaluated as 
a surgical candidate after an acute Ml (within 7 days of evalua
tion) or a recent MJ (within 7 to 30 days of evaluation). The 
infarction even r is considered a major clinical predictor in the 
context of ongoing risk for ischemia. General recommendations 
are to wait 4 to 6 weeks after MI to perform elective surgery.3 

Interventions with medical therapy have also been recom
mended, in particular beta blocker therapy. The underpinning 
of this type of therapy centered on decreasi~ng the adrenergic 
surge associated with surgery and halting placeler activation and 
microvascular thrombosis. A 1996 sntdy showed that periopera
tive risk for cardiovascular morbidity and mortality was decreased 
by 67% and 55%, respectively in ACC/AHA-defined medium
to high-risk patients receiving beta blockers in the perioperative 
period versus those receiving placebo. Although the benefit was 
most noticeable in the 6 months after surgery, event-free survival 
was significantly better in the group d1at received beta blockers 
up to 2 years after surgery.5 In 2007, the results of anod1er large 
randomi7..ed trial (Peri Operative ISchemic E valuation-POISE) 
showed the potential harm of peri operative beta blocker therapy.6 

1l1e POISE trial enrolled over 8000 patients undergoing non
cardiac surgery. Aldwugh the results confi.m1ed the reduction in 
perioperative cardiac events such as myocardial infarction, car
diovascular death, and cardiac arrest, this benefit was offset by 
an increased ral!e of stroke and meal mortality wid1 perioperative 
beta blocker d1erapy. Unlike the prior study, this study started 
high-dose, extended-release ruetoproJol on the day of surgery. 
1l1e results were important enough tO stimulate the ACC/AHA 
to modify their recommendations (Table 11-4). 7 1l1e current 
recommendations are ro continue beta blockers for those who 
are on them preoperatively, consider them for high-risk patients 
(more d1an one risk factor), titrating to heart rate and blood 
pressure, and not to give them to low-risk patienrs. 

An easy and inexpensive method to determine cardiopul
monary functional status for noncardiac surgery is the patient's 
ability or inability to climb two Bights of stairs. Two Bights of 
stairs are needed because it demands more than 4 metabolic 
equivalents (M ETs). In a review of all studies of stair climbing 
a.~ preoperative a~sessment, prospective studies have shown it to 
be a good prediccor of morrali ty associated with thoracic surgery. 8 

In major non cardiac surgery, an inability to climb two flights of 
stairs is an independent predictor of perioperative morbidity, but 
not mortality. 

Pulmonary System 
Preoperative evaluation of pulmonary function may be necessary 
for thoracic or general surgical procedures. Whereas extremity, 
nemologic, and lower abdominal surgical procedures have Little 
effect on pulmonary fLmction and do not routinely require pul
monary function studies, thoracic and upper abdominal proce
dures can decrea.~ pulmonary function and predispose to 
pulmonary complications. Accordingly, it is prudent to consider 
assessment of pulmonary function for all lllllg resection cases, 
for thoracic procedures requiring single-lung ventilation, and for 
major abdominal and thoracic cases in patients who are older 
d1an 60 years, have significant tmderlying medical disease, 
smoke, or have oven pulmonary sympmmatology. Necessary 
tests indude forced expiratory voltm1e in 1 second (FEV1), 

force<! vital capacity, and diffusing capacity of carbon monoxide. 
Adults with an FEV1 less than 0.8 Liter/sec, or 30% of predicted, 
have a high risk for complications and postoperative pulmonary 
insufficiency; nonsurgical solutions are sought. Pulmonary resec
tions need to be planned so that the postoperative FEY 1 is higher 
than 0.8 liter/sec, or 30% of predicted. Such plamling can be 
done with the aid of quantitative lung scans, which can indicate 
which segments of tl1e lung are functional. 

Postoperative pulmonary complications carry with them 
great cost--estinlated to be over $50,000-and increased short
and long-term mortality.9•

10 Risk factors for the development of 
postoperative pulmo11ary complications have been identified in 
a large population ofYA patients (Tables 11-5 and 11 -6), and 
recently confirmed in a mixed population. Whereas the VA 
population was fairly homogeneous, the Patient Safety in 
Surgery study11 included a more diverse group. Even wi tl1 tl1e 
diversity, d1e rates of pulmonary complications were not much 
different and d1e risk factors were very sin1ilar. Preoperative 
pulmonary assessment determines not only factors d1at confer 
increased risk but also potential targets to reduce the risk for 
pulmonary complications. GeJ1eral factors that increase risk for 
postoperative pulmonary complications include increasing age, 
lower albumin level, dependent fun ctional status, weight loss, 
and possibly obesity. Concurrem comorbid conditions such as 
impaired sensorium, previous stroke, congestive heart failure, 
acute reJ1al failure, chronic steroid use, and blood transfusion 
are also associated wi.th increased risk for postoperative pulmo
nary complications. Specific pulmonary risk factors include 
cllronic obstructive pulmonary disease, smoking, preoperative 
sputum production, pneumonia, dyspnea, and obstructive sleep 
apnea. 

Preoperative interventions that may decrease postoperative 
pulmonary complications include smoking cessation (within l 
months before the planned procedure), bronchodilator therapy, 
antibiotic therapy for preexisting infection, and pretreatment of 
asthmatic patients wid1 steroids. In addition, encouraging exer
cise preoperatively may improve a patient's recovery postopera
tively. A reasonable recommendation would be to encourage tl1e 
patients to walk 3 miles in Less than 1 hour several times weekly.. 
Perioperative strategies include the use of epidural anesthesia, 
vigorous pulmonary toilet and rehabilitation, and continue<! 
bronchodilator therapy. 

Renal System 
Approximately 5% of the adult population has some degree of 
renal dysfunction tl1at can affect the physiology of multiple 
organ systems and cause additional morbidity in d1e 
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Table 11-4 American Heart Association/ American College of Cardiology Perioperative Focused Update Recommendations 
CURRENT RECOMMENDATION 

Oass l* 

Beta blockers should be continued in patients undergoing surgery who 
are receiving beta blockers for treatment of conditions With ACCF/AHA 
class I guideline indications for the drugs. 

Oass lla 

I . Beta blockers titrated to heart rate and blood pressure are probably 
recommended for patients undergoing vascular surgery who are at high 
cardiac risk because of coronary artery disease or the finding of cardiac 
ischemia on preoperative testing. 

2. Beta blockers titrated to heart rate and blood pressure are reasonable 
for patients in whom preoperative assessment for vascular surgery 
identifies high cardiac risk, as defined by the presence of more than 
one clinical risk factor. 

CHANGE FROM PREVIOUS RECOMMENDATION 

Revised wording; recommendation of giving beta blockers to high 
cardiac risk vascular patients with findings of ischemia on preoperative 
testing moved down in class of recommendation (see class lla) 

Modified or combined recommtmdation, moved down in classification 

Modified recommendation (added "titrated to heart rate and blood 
pressuren and changed "are probably recommend~ to "are 
reason a bien) 

3. Beta blockers titrated to heart rate and blood pressure are reasonable Revised wording 
for patients in whom preoperative assessment identifies coronary artery 
disease or high cardiac risk, as defined by the presence of more than 
one clinical nsk factor, who are undergoing intermediate;isk surgery. 

Oass llb 

1. The usefulness of beta blockers is uncertain for patients who are 
undergoing intermediate-risk procedures or vascular surgery in whom 
preoperative assessment identifies a single clinical risk factor in the 
absence of coronary artery disease. 

2. The usefulness of beta blockers is uncertain in patient undergoing 
vascular surgery with no clinical risk factors who are not currently 
taking beta blockers. 

Oass Ill 

1. Beta blockers should not be given to patients undergoing surgery who 
have absolute contraindications to beta blockade. 

Revised wording 

No change from 2007 recommendations 

No changes from 2007 recommendations 

2. Routing administration of high-dose beta blockers in the absence of New recommendation 
dose btration is not useful and may be harmful to patients not 
currently taking beta blockers who are undergoing noncardiac surgery. 

Adapted from Fleischmann KE. Beckman JA, Buller CE, et al: 2009 ACcr/AHA focused update on perioperative beta blockade. JAm Coli Cardiol54:2102-2128, 2009. 

*Class of recommendation is based on the size of the treatment effect combined with an estimate of certainty (precision) of the treatment effect Oinical risk faders include 
history of ischemic heart disease, history of compensated or prior heart fa~ure, history of cerebrovascular disease, diabetes mellitus, and renal insufficiency (defined in the 
revised cardiac risk index as a preoperative serum creatinine level >2 mgldl). 

perioperative period. In fact, a preoperative creatinine leveJ of 
2.0 mg/dL or hilgher is an independent risk factor for cardiac 
complications. Identification of coexisting cardiovascular, circu
latory, hematologic, and metabolic derangements secondary to 
renal dysfunction are the goals of preoperative evaluation in 
these patients. · 

A patient with known renal insufficiency undergoes a thor
ough history and physical examination, with particular ques
tioning about previous MI and symptoms consistent with 
ischemic heart disease. 1he cardiovascular examination seeks to 
document signs of fluid overload. The patient's functional status 
and exercise tolerar1ce are carefully elicited. Diagnostic testing 
for the patient with renal dysfunction includes an electrocardio
gram (ECG), serum chemistry panel, and complete blood count 
(CBC). If physical examination findings are suggestive of heart 
failure, a chest radiograph may be helpful. Urinalysis and urinary 
electrolyte studies are not often helpful in the setting of estab
lished renal insufficiency, although they may be diagnostic in 
patient.~ with new-onset renal dysfunction. 

Laboratory abnormalities are ofren seen in a patient wirh 
advanced renal insufficiency. Some metabolic derangements 
in a patient wid1 advanced renal failu re may be mild 

and asymptomatic and are revealed by electrolyte or blood gas 
analysis. Anemia, when present in these patients, may range 
from mild and asymptomatic to that associated with fatigue, low 
exercise tolerance, and exertional angina. Such anemla can be 
treated with erythropoietin or darbepoietin preoperatively or 
perioperatively. Because the platelet dysftmction associated with 
uremia is often a qualitative one, platelet counts are usually 
normal. A safe course is ro communicate with the anesthesiolo
gist about the potential need for agen ts to be available in d1e 
operating room to assist in improving platelet ftmctiOJl. A 
patient with end-stage renal disease frequendy requires addi
tional attention in the perioperarive period. Pharmacologic 
manipulation of hyperkalemia, replacement of calcium for 
symptomatic hypocalcemia, and use of phosphate-binding ant
acids fo r hyperphosphatemia are often required. Sodium bicar
bonate is used in the setting of metabolic acidosis not caused by 
hypoperfusion when serum bicarbonate levels are below 15 mEq/ 
liter. It can be administered i11 intravenous (JV) fluid a~ one to 
[WO ampules in one liter of a 5% dextrose solution. Hyponatre
mia is rreared by volw11e restriction, although dialysis .is com
mo!lly required within the perioperative period for control of 
volume and electrolyte abnormali ties. 
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Table 11-5 Risk Factors for Development of Postoperative Pneumonia and Respiratory Failure* 
POSTOPERATIVE PNEUMONIA RESPIRATORY FAILURE 

RISK FACTOR RISK INDEX (OR 95o/o 0) POINT VALUE RISK INDEX (OR 9541,-1, C) POINT VALUE 

Type of SUrJei'Y 

AAA repair 4.29 {3.34-5.50) 15 14.3 {12.0-16.9) 27 

Thoracic 3.92 {3.36-4.57) 14 8.14 (7.17-925) 21 

Upper abdominal 2.68 {2.38-3.03) 10 4.21 (3.80-4.67) 14 

Neck 2.30 {1.73-3.05) 8 3.10 {2.40-4.01) 11 

Neurosurgical 2.14 {1.66-2.75) 8 4.21 {3.80-4.67) 14 

Vascular 1.29 {1.10-1.52) 3 4.21 {3.80-4.67) 14 

Emergency surgery 1.33 (1.16-1.54) 3 3.12 (2.83-3.43) 11 

General anesthesia 1.56 {1.36-1.80) 4 1.91 {1.64-2.21) 

Age 

>80 yr 5 .63 {4.62-6.84) 17 

70-79 yr 3.58 {2.97-4.33) 13 

60-69 yr 2.38 {1.98-2.87) 9 

50-59 yr 1.49 {1.23-1.81) 4 

<50 yr 1 .00 (referent) 

60-69 yr 1.51 {1.36-1.69) 4 

<60 yr 1.00 (referent) 

2:70 yr 1.91 {1.71-2.13) 6 

Fundtonal Status 

Totally dependent 3.83 {2.33-3.43) 10 1.92 {1.74-2.11) 7 

Partially dependent 1.83 {1.63-2.06) 6 1.92 {1.74-2.11) 7 

Independent 1.00 (referent) 1.00 (referent) 

Allumin Level 

<3.0 g/dl 2.53 (2.28·2.80) 9 

>3.0 g/dl 1.00 (referent) 

Weight loss > 10% (within 6 mo) 1.92 {1.68-2. 18) 7 1.37 {1.19-1.57)* 

Chronic steroid use 1.33 {1.12· 1.58} 3 

Alcohol, >two drinks/day (within 2 wk) 1.24 {1.08-1.42} 2 1.19 {1.07-1.33}* 

Diabetes, insulin-treated 1.15 {1.00-1.33}* 

History of COPD 1.72 {1.55-1.91) 5 1.81 {1.66-1.98) 6 

Clrrent Smoker 

Within 1 yr 1.28 {1.17-1.42) 3 

Within 2 wk 1.24 (1. 14-1.36)* 

Preoperative pneumonia 1.70 ( 1.24-2.13}* 

Dyspnea 

A! rest 1.69 {1.36-2.09)* 

With minimal exertion 1.21 {1.09-1.34)* 

1.00 (referent) 

No Dyspaea 

Impaired sensorium 1.5 1 {1.26-1.82} 4 1.22 {1.04-1.43)* 

History of CVA 1.47 {1.28-1.68) 4 1.20 {1.05-1.38)* 

History of CHF 1.25 {1.07-1.47)* 

Continued 
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Table 11-5 Risk Factors for Development of Postoperative Pneumonia and Respiratory Failure-cont'd --------------------
POSTOPERATIVE PNEUMONIA RESPIRATORY FAILURE 

RISK FACTOR RISK INDEX (OR 95% 0) P()INT VALUE RISK INDEX (OR 95% 0) POINT VALUE 

Blood Urea NiiJ'oBen Level 

<8 mg/dl 1.47 (1.26-1.72) 4 1.00 (referent) 

8-21 mg/dl 1.00 (referent) 1.00 (referent) 

22-30 mg/dl 1.24 {1.1 1-1.39) 2 1.00 (referent) 

>30 mg/dl 1.41 {1.22-1.64) 3 2.29 (2.04-2.56) 8 

Preoperative renal failure 1.67 {1.23-2.27)* 

Preoperative transfusion {>4 units) 1.35 {1.07-1.72) 3 1.56 {1.28-1.91) * 
Adapted from Arozullah AM. Khuri SF, Henderson WG, et al: Development and validation of a multifactorial risk index for predicting postoperative pneumonia after major 
noncardiac surgery. Ann Intern Med 135:847--857, 2001; and Arozullah AM, Daley J, Henderson WG, Khuri SF: Multifactorial risk index for predicting postoperative 
respiratory failure in men after major noncardiac surgery. Ann Surg 232:242-253, 2000. 
AM, Abdominal aortic aneurysm; CHF, congestive heart failure; C/, confidence interval; COPQ chronic obstructive pulmonary disease; CVA. cerebrovascular accident 
OR, odds ratio. 
*The risk factor was statistically significant in multivariable analysis but was not included in the respiratory fa~ure risk index. 

Table 11-6 Pulmonary Risk Class Assignment 
POSTOPERATIVE PREDICTED PROBABILITY 
PNEUMONIA RISK INDEX PREDICTED PROBABILITY RESPIRATORY FAILURE RISK OF RESPIRATORY FAILURE 

RISK Q.ASS (POINT TOTAL) OF PNEUMONIA(%) INDEX (POINT TOTAL) (%) 

0-15 0.2 o-10 0.5 

2 16-25 1.2 11-19 2.2 

3 26-40 4.0 2o-27 5.0 

4 41-55 9.4 28-40 11.6 

5 >55 15.3 >40 30.5 

Adapted from Arozullah AM, Khuri SF, Henderson WG, et al: Development and validation of a multifactorial risk index for predicting postoperative pneumonia after major 
noncardiac surgery. Ann Intern Med 135:847- 857, 2001; and Arozullah AM, Daley J, Henderson WG, Khuri SF: Multifactorial risk index for predicting postoperative respira
tory faaure in men after major noncardiac surgery. Ann Surg 232:242-253, 2000. 

Patients with chronic end-stage renal disease undergo dial
ysis before surgery to optimize their voltm1e status and control 
the potassium level. !Jltraoperative hyperkalemia can result from 
surgical manipulation of tissue or transfusion of blood. Such 
patients are ofteJl dialy-~.ed on the day after surgery as well. ln 
the acute setting, patients who have a stable volume status can 
u11dergo surgery without preoperative dialysis, provided that no 
other indication exists for emergency dialysis.12 Prevention of 
secondary renal insults in d1e perioperative period include d1e 
avoidance of nephrotoxic agents and maintenance of adequate 
intravascular volt1me throughout this period. In d1e postopera
tive period, d1e pharmacokinetics of many drugs may be tmpre
diccable, and adjustments in dosage need to be made according 
to pharmacy recommendation. Notably, narcotics used for post
operative pain con trol may have prolonged effects despite 
hepatic clearance, and nonsteroidal agents are avoided in patients 
with renal insufficiency. 

Hepatobiliary System 
Hepatic dysfunction may refle::cr d1e:: common pathway of a 
number of insulr.s to the liver, including viral-, drug-, and toxin
mediated disease. A patient with uver dysfunction requites 

careful assessment of the degree of fun ctional impairment, as 
well as a coordinated effort to avoid addi tional insult in the 
perioperative period (Fig. 11-2) } 3 

A history of any exposure to blood and blood products or 
exposure to hepatotoxic agents is obtained. Patients frequeJJdy 
know whed1er hepatitis has been diagnosed and need to be 
questioned about when the diagnosis wa.~ made and what activ
ity led ro the infection. Although such a bistory may nor affect 
fur ther patient evaluation, it is important to obtain in case an 
operative team member is injured during the planned surgical 
proced ure. A review of systems speci£cally inquires about symp
toms such as pruritus, fatigability, excessive bleeding, abdominal 
distention, and weight gain. Evidence of hepatic dysfunction 
may be seen on physical examination. Jaundice and scleral 
icterus may be evident with serum bilirubin levels higher than 
3 mg/dl. Skin changes include spider angiomas, caput medusae, 
palmar erythema, and dubbing of the fingertips. Abdominal 
examiJ1ation may reveal distention, evidence of Auid shift, and 
hepatomegaly. Encephalopathy or ascerixis may be evidem. 
Muscle wasting or cachexia can be prominent. 

A patient with liver dysfw1ction should undergo standard 
liver function tests. Elevations in hepatocellular enzyme levels 

"0 
m 
;:>0 

0 
"0 
m 

~ 
< m 

~ 
~ 
m 
s:: 
m 
z 
-t 

http://www.myuptodate.com


220 SECTION II PERIOPERATIVE MANAGEMENT 

Acute hepatitis .______ Patient with liver Obstructive 
---~ jaundice I r """"" , ..... '"""'"' 

Chronic hepatitis 

t 
1. Perioperative fluid management 

Postpone elective 
surgery at least until 
liver function tests 
have normalized ' Surgery is generally 

considered safe in 
these patients 

to prevent renal dysfunction 
2. No dopamine or mannitol 
3. l.actulose may be helpful 
4. Antibiotic prophylaxis 
5. No routine preoperative biliary 

drainage 
6. Check for abnormal coagulation 

parameters 

Cirrhosis 
Child's A and 8: Treat ascites, 
coagulopathy and proceed to surgery 

I Child's C: Postpone until the patient's ~ 
Child's class could be improved or cancel 
surgery for conservative management 

Coagulophathy 
Target PT -no more than 2 sec above normal 

1. Vitamin K-1 0 mg SO 
2. FFP if no improvement with Vit K 
3. Give cryoprecipitate as needed 

Ascites 

Encephalophathy 
1. Treat with lactulose 
2. Prevent by treating 

precipitating conditions 
sudl as Gl bleeding, 
alkalosis, uremia, 
avoidance of sedatives 

1. Ruid restriction 
2. Diuretics-furosemide 

and/or spironolactone 
3. Paracentesis-may be 

diagnostic o r therapeutic 
with simultaneous 
administration of albumin 

FIGURE 11 -2 Approach to a patient with liver disease. FFP, fresh-frozen plasma; G/, Gastrointestinal; SQ subcutaneous. (Adapted from Rizvon 

MK, Chou Cl: Surgery in the patient with liver disease. Med a in North Am 87:211-227, 2003.) 

may suggest a diagnosis of acute or chronic hepatitis, which 
can be investigated by serologic testing for hepatitis A, B, and 
C. Alcoholic hepatitis is suggested by lower transaminase levels 
and an aspartate aminotransferase-to-alanine rransamiJ1ase 
ratio (AST/AL1) higher than 2. Laboratory evidence of 
chronic hepatitis or clliucal findings consistem with cirrhosis 
is iJwestigated with tests of hepatic synthetic function, notably 
serum albumin, prothrombin, and fibrinogen levels. Patients 
with evidence of impaired hepatic synthetic function also have 
a CBC and serum electrolyte analysis. Type and screen are 
indicated for any procedure in whicl1 blood loss could be 
more than min.imal. 

lJ1 the event of an emergency situation requiring surgery, 
such an inve.sttigation may not be possible. A patient with 
acute hepatitis and elevated transan1inasc levels is managed 
nonoperatively, when feasible, tmtil several weeks beyond nor
mali:.r.ation of laboratory values. Urgent or emergency procedures 
in these patients are associated with increased morbidity and 
mortality. A patient with evidence of chronic hepatitis may often 
safely tmdergo surgery. A patient with cirrhosis may be assessed 
with the Child-Pugh classincation, which stratifies operative risk 
according to a score based on abnormal albumin and bilirubin 
levels, prolongation of the prothrombin tiJ11e (PT), and degree 
of ascites and encephalopathy (Table ll -7). This scoring system 

was initially used to predict mortality iJ1 cirrhotic patients 
undergoing portacaval shunt procedures, although it has been 
shown to correlate with mortality in citrhotic patiems undergo
ing a wider spectrum of proced u.res as weU. Data generated more 
than 25 years ago showed that patients with Chjld class A, B, 
and C citrhosis had mortality rates of 10%, 31 o/o, and 76%, 
respectively, duriJig abdommal operations; these ligures have 
been validated more recendy. 8 Although the figures may not 
represent current risk for all types of abdominal operations, little 
doubt exists that the presence of cirrhosis confers additional risk 
for abdon1inal. surgery, proportional to the severity of disease_ 
Od1er factors d1at affect outcomes in these patients are dJe 
emergency nature of a procedure, prolongation of the PT more 
d1an 3 seconds above normal and refractory to correction wid:~ 
vitamin K, and presence of infection. 

Two common problems requitiJ1g surgical evaluation iJ1 a 
cirrhotic patient are hernia (tmlbilical and groin) and cholecys
titis. An umbilical hernia in the presence of ascites is a difficult 
management problen1 because spoDtaneous rupture is associated 
with iJ1creased mortality rates. Elective repair is best after the 
asci tes has been reduced to a minimum preoperatively, although 
the procedure is still associated with mortality rates as hjgh as 
14%. Repair of groin hernias iJ1 dte presence of ascites is less 
risky in terms of recurrence and mortality. 
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Table 11-7 Child-Pugh Scoring System 
Points 

PARAMETER 1 2 3 

Encephalopathy None Stage I or II Stage Il l or IV 

Ascites Absent Slight (controlled Moderate 
with diuretics) despite diuretic 

treatment 

Bilirubin (mg/dl) <2 2-3 >3 

Albumin (g/liter) >3.5 2.8-3.5 <2.8 

PT (prolonged <4 4-6 >6 
seconds) 

INR <1.7 1.7-2.3 >2.3 

dass A, H points; class B, 7-9 points; class C. 1o-1s points. 

INR, International normalized ratio; PT, prothrombin time. 

Several reports have shown decreased rates of complication 
with laparoscopi:c procedures performed in cirrhotic patients. 
Among the best-described procedures is laparoscopic cholecys
tectomy performed in patients with Child class A through C. 
When compared with open cholecystectomy, lower morbidity 
in terms of blood loss and wound infection has been observed. 13• 

Malnutrition is common in cirrhotic patients and is associ
ated with a reduction in hepatic glycogen stores and reduced 
hepatic protein synthesis. Patients with advanced liver disease 
often have a poor appedte, tense ascites, and abdominal pain. 
Attention must be given to appropriate enteral suppl.ementation, 
as for al l patients at significant nutritional risk. 

Endouine System 
A patient with an endocrine condition such as diabetes mellitus, 
hyperthyroidism or hypothyroidism, or adrenal insufficiency is 
subject to additional physiologic stress during surgery. 1l1e pre
operadve evaluation identifies the type and degree of endocrine 
dysfunction to permit preoperadve optimization. Careful mon
itoring identifies signs of metabolic stress related to inadequate 
endocrine control during surgery and throughout the postop
erative course. 

Perioperative Diabetic Management 
1he evaluation of a diabetic patient for surgery assesses the 
adequacy of glycemic control and identifies the presence of 
diabetic complications, which may have an impact on the 
patient's perioperarive course. 1hc patient~~ history and physical 
examination document evidence of diabetic complications, 
including cardiac disease, circulatory abnormalities, and pres
ence of retinopathy, neuropathy, or nephropathy. Preoperative 
testing may include fasdng and postprandial glucose and 
hemoglobin AIC levels. Serum electrolyte, blood urea nitrogen, 
and creatinine levels are determined to identify metabolic 
disturbances and renal i.nvolvemellt. Urinalysis may reveal pro
teinuria as evidence of diabetic nephropathy. An ECG is con
sidered for patients with long-standing disease. 1hc existence of 
neuropathy in diabetics may be accompanied by cardiac auto
nomic neuropathy, which increases the risk for cardiorespiratory 
instability in the perioperative period. 

Managemem of diabetic patients has evolved in the last 
decade. 1l1e introduction of new drugs for non- insulin-

Table 11-8 Insulin Types 
ONSET OF DURATION OF 

TYPE OF INSULIN ACTION PEAK EFFECT ACTION 

Rapid acting (Li~ro, 10-30 min 30-90 min 3-4 hr 
NovoLog. Apidra 

Short-acting 30-60 min 2-5 hr 6-10 hr 
(Regular, Humulin, 
Novolin) 

Intermediate-acting 1-4 hr 4-12 hr 12-24 hr 
(NPH, Lente) 

Long-acting 
(Giargine [LantusD 

1-2 hr 3-20 hr 24-30 hr 

Adapted from Ahmed z. Lockhart CH, Weiner M, et at: Advances in diabetic 
management Implications for anesthesia Anesth Analg 100:66~9. 2005. 

dependent diabetics, in addition to new types of insulin and new 
insulin delivery systems in insulin-dependent diabetics, has 
changed how these patients arc approached in the pcrioperatlve 
period .. 

Insulin is available in several types and is typicaUy classi
fied b}' its length of action (Table 11-8). Rapid- and short
acting insulin preparations are usuaUy withheld when the 
patient stops oral intake and are used for acute management of 
hyperglycemia during the NPO period. lntermediat~ and 
long-acting i11sulin preparations are admiJlistered at two thirds 
the normal evening dose the night before surgery and half the 
normal morning dose the day of surgery, with frequent bedside 
glucose determinations and treatment with short-acting insulin. 
as needed. An infusion of 5% dextrose is initiated the morning 
of surgery. 

Insulin pumps are used by some patients as their method of 
glucose management. These pumps use short-acting inslLiin 
(Velosulin) and have a variable delivery rate that can be pro
grammed to simulate endogenous insulin producdon more 
closely. On the day of surgery, the patient continues with the basal 
insulin infusion. 1he pump is then used to correct the glucose 
level as it is measured. Patients generally have a co rrection or sen
sitivity factor that will decrease their glucose by 50 mg/dL. It is 
important to know this factor before the planned surgical proce
dure so that glucose can be managed iJl the operating room.14 

Patients who rake oral hypoglycemic agents (sulfonylureas, 
such as chlorpropamide and glyburide) typically withhold d1eir 
normal dose the day of surgery. Patients can resume their oral 
agent once diet is resumed. An exception is metformin. If the 
patient has altered renal function, this agent needs to be 
discominued until renal function normalizes or stabilizes to 
avoid potential lactic acidosis .. 5 Coverage for hyperglycemia is 
with a short-acting insulin preparation based on blood glucose 
monitoring. 

Management of other Endocrinopathies 
A patient with known or suspected thyroid disease is evaluated 
with a thyroid fimction panel, in particular the thyroid
stimulating hormone (TSH) level. Evidence of hyperthyroidism 
(very low TSH level) is addressed preoperatively and surgery is 
deferred until a euthyroid state has been acl1ieved, when feasible. 
1l1ese patients need to have their electrolyte levels determined 
and an ECG performed as part of their preoperative evaluation. 
In addition, if the physical examination suggests signs of airway 
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compromise from a large goiter, further imaging may be war
ranted. A patient with hyperthyroidism who takes antithyroid 
medication such as propylthiouracil or methimazole is instructed 
to continue th.is regimen on the day of surgery. The patient's 
usual doses of beta blockers or digoxin are also continued . In 
the evem of urgem surgery in a rhyrowxic patient at risk for 
thyroid storm, a combination of adrenergic blockers and gluco
corticoids may be required; these arc administered in consulta
tion with an endocrinologist. Patients with newly diagnosed 
hypothyroidism generally do not require preoperative treatment, 
although they may be subject to increased sensitivity to medica
tions, including anesthetic agents and narcotics. Severe hypothy
roidism (high TSH level) can be associated with myocardial 
dysfunction, coagulation abnormali ty, and electrolyte imbal
ance, notably hypoglycemia. Severe hypothyroidism needs to be 
corrected before elective operations. It should also be considered 
for a severely ill patient who is not recovering &om surgery in a 
normal fa~hion. 

A patient with a history of steroid use may require supple
mentation for a presumed abnormal adrenal response to pcriop
erative stress (Box ll-1). Patients who have taken more than 
5 mg of prednisone (or equivalent)/day for more than 3 weeks 
within the past year are considered at risk when undergoing 
major surgery. Lower doses of steroid or minor procedures are 
not general ly associated with adrenal suppression. 

The adequacy of the hypothalanuc-pitui tary response to 
adrenocorticotropic hormone (ACT H) can be tested in any 
patient who may have some degree of suppression secondary co 
cl1roruc or internuttent steroid use. A low-dose (1 Jlg) ACTH 
stimulation test may demonstrate abnormal response to adrenal 
stimulation and suggest the need for perioperative steroid sup
plementation. Recent guidelines suggest titrating the dosage of 
glucocorticoid replacemem to the degree of surgical stress (see 
Box 11 - l). Minor operations such as hernia repai r under local 
anesthesia may not reguire any additional steroid. Moderate 
operations such as open cholecystectomy or lower extremity 
revascularization require 50 to 75 mg/day of hydrocortisone 
equivalent for l or 2 days. Major operations such as colectomy 
or cardiac surgery are covered with 100 to l 50 mg/day of 
hydrocortisone equivalent for 2 to 3 days. Inadequacy of the 
hypothalan1ic-pituirary-adrenal axis (HPAA) in the periopera
tive period can lead co unexplained hypotension. 

Patients with pheochromocytoma require preoperative 
pharmacologic management to prevent intraoperative hyper ten
sive crises or hypotension leading co cardiovascular collapse. The 
state of catecholanuJle excess associated with p heochromocy
toma is comroUed by a combination of a -adrenergic and 
J3-adrenergic blockade before surgery. One co 2 weeks is gener
ally required to achieve adequate therapeutic effect by alpha 
blockade; this can be accomplished with a nonselective agent 
such as phenoxybenzamine or a selective a 1-adrenergic agent 
such as prazosin. Alpha blockade usually uncovers a vascular 
volume deficit d1at is not apparem dirucaUy. In addition, 
patients have generally been placed on a sodium-restricted diet 
as part of their hypertension management. Lberal.ization of 
sodium in the diet may aid in replenishing plasma volume. Beta 
blockade is initiated several days after the a -adrenergic agent is 
begun and serves co inhibit the tachycardia that accompanies 
nonselective alpha blockade and to control arrhythmia. Patients 
wi th pheochromocytoma may undergo surgery when pharma
cologic blood pressuce control is aclueved. 

Supplem~ntal Glucocorticoid 

No HPAA Suppression 
Less than 5 mg of prednisone or equivalent/day for any 

duration 
Alternate-day single morning dose of short-acting glucocorti

coid of any dose or duration 
Any dose of glucocorticoid for less than 3 wk 
• Rx: Give the usual daily glucocorticoid dose during the 

perioperative period. 

HPAA Suppression Documented or Presumed 
More than 20 mg of prednisone or equivalent/day for 3 wk or 

longer 
Cushingoid appearance 
Biochemical adrenal insufficiency on a low-dose ACTH stimula-

tion test 
Minor procedures or local anesthesia 
• Rx: Give the usual glucocorticoid dose before surgery. 
• No supplementation unless signs or symptoms of adrenal 

insufficiency, then 25 mg hydrocortisone IV 
Moderate surgical stress 
• Rx: 50 mg hydrocortisone IV before induction of anesthesia, 

25 mg hydrocortisone every 8 hr thereafter for 24-48 hr, then 
resume usual dose 

• Major surgical stress 
• Rx: 100 mg hydrocortisone IV before induction of anesthesia, 

50 mg hydrocortisone every 8 hr thereafter for 48-n hr, then 
resume usual dose 

HPAA SUppression Uncertain 
5-20 mg of prednisone or its equivalent for 3 wk or longer 
5 m:g or more of prednisone or its equivalent for 3 wk or more 

in the year before surgery 
Minor procedures or local anesthesia 
• Rx: Give the usual glucocorticoid dose before surgery. 
• No supplementation 

Moderate or major surgical stress 
• Check the low-dose ACTH stimulation test to determine HPA 

axis suppression, or 
• Give supplemental glucocorticoids as though suppressed. 

Adapted from Schiff Rl, Welsh GA: Perioperative evaluation and management of 
the patient with endocrine dysfunction. Med Clin North Am 87:175-192, 2003; 
illd Kohl, BA. Schwartz S: Surgery in the patient with endocrine dysfunction. Med 
Oin North Am 93:1031-1047,2009. 

Immune System 
The approach to a patient with suspected immunosuppression 
is the same, regardless of whether this state resul ts from antineo
plastic drug~ in a cancer patient or immunosuppressive therapy 
in a transplant patient, or is the result of advanced disease in 
patients with acquired immunodeficiency syndrome. The goal is 
co optimize immunologic function before surgery and to mini
mize the ris.k for infection and wotmd breal<down. 

Preoperative assessment iJ1dudes the following: a thorough 
histo:ry of the patient's underlying d isea~ and current functional 
srarus; a history of inJrounosuppressive treatment, including 
names of medications and duration of treatment; and a histor}' 
of recent changes in weight. 'TI1e physical examination seeks to 
document any signs of organ dysfunction that may underlie 
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progression of the disease or be related to its treatment. Labora
tory assessment includes a CBC with differential and platelet 
count, electrolyte determination, and liver function tests; an 
ECG and chest radiograph are obtained when age or physical 
findings suggest risk. Possible sites of infection must be investi
gated, including examination of any indwelling catheters, and a 
com plete workup of any suspected infectious focus may be war
ranted. Additional studies ofT cell, B cell, polymorphonuclear, 
or complement function may be helpful to delineate the degree 
of immune system compromise. Neutropenia, anemia, or 
thrombocytopenia may accompany the underlying disease 
process or result from treatment of the condition with immu
nosuppressive medication. Decisions regarding red blood cell 
transfusion or tl1e use of synthetic erytiJiopoietin or colony
stimulating factors are often ba.~ed on the degree of dysfunction 
and other patienlt risk factors. Careful attention is paid to nutri
tional deficiency in this patient population, witb supplementa
tion indicated in the perioperative period. Appropriate antibiotic 
prophylaxis is critical. 

lmmunocompromised patients may be at risk for wound 
complications, especially if they are receiving exogenous steroid 
therapy. When taken within 3 days of surgery, steroids reduce 
rl1e degree of WOlLJld inflammation, epithelialization, and 
collagen synthesis, which can lead to wotmd breakdown and 
infection. In addition, patients receiving sirolimus as part of 
t!Jeir antirejection protocol can have difficulties wit!J wound 
heating, so this d rug should be discontinued if possible prior to 
operation. 

Human Immunodeficiency Virus-Infected Patients 
and Surgery 
As morbidhy and mortality continue to decrease witl1 in1proved 
medical management of human inmwnodeficiency virus (HIV) 
infection, more HTY-infected patients are requiring surgery. [t 
is important to understand how the agents used to treat HIV 
will affect the patient during surgery. 

HIV treatment involves antiretroviral drugs from one of 
four classes: protease inhibitors, fusion inhibitors, nucleoside
nucleotide reverse transcriptase inhibitors (NRTis), and non
nucleoside reverse transcriptase inhibitors (NNRTls). lt is 
important to note that these agents are not inm1unosuppressive 
agents but work directly on the pathway ofHIV cell integration 
and reproduction. For tbis reason, they do not have a significant 
effect on wound healing or irlfection rates. The patient's wbite 
blood cell cow1t or, more specifically. t!Je absolute neutrophil 
count, iJl addition to the direct HIV titer, is more predictive of 
postoperative compucations. One specific finding with NRTls 
is that of lactic acidosis as a result of mitochondrial toxicity.16 

1bis condition needs to be added to the differential diagnosis of 
a critically ill patient with known HIV infection who has a 
persistently elevated lactate concentration. Hypoperfusion i.~ 
ruled om initially, but drug complication needs to be investi
gated. Treatment is discontinuation of the agent. 

Hematologic ,System 
Hematologic assessment may lead to the identification of disor
ders such as anemia, inherited or acguired coagulopathy, or a 
hypercoagulable state. Substantial morbidity may result from 
failure to identify these abnormalities preoperatively. The need 
for perioperative prophylaxis for venous thromboembolism 
must be carefully reviewed in every surgical patient. 

Anemia is the most conm1011 laboratory abnormality 
encountered in preoperative patients. It is often asymptomatic 
and can require furtl1er investigation to UJlderstand its cause. 
1l1e bistory and physical exanlinatlon may uncover subjective 
complaints of energy Joss, dyspnea, or palpitations, and pallor 
or cyanosis may be evident. Patients are evaluated for lymphade
nopathy, hepatomegaly, or splenomegaly, and pelvic and rectal 
examinations are performed. A CBC, reticulocyte count, and 
serum iron, total iron-binding capacity, ferritin, vitamin B12, and 
folate levels are obtained to investigate the cause of anemia. 
Preoperative treatment and optimization arc appropriate for a11 
anemic patient. The decision to transfuse a patient periopera
tively i s made wit!J consideration of t!Je patient's underlying risk 
factors for ischemic heart disease, estimated magnitude of blood 
loss during surgery, and potential for improving or worsening 
outcomes after surgery with a preoperative transfusion. Gener
ally, patients with normovolemic anemia witl10ut significant 
cardiac risk or anticipated blood loss can be managed safely 
without transfusion, with most healthy parients tolerating 
hemoglobin levels of 6 or 7 gldL (Box I L-2). ' ' 

All patients undergoing surgery are questioned to assess 
rl1eir b leeding risk. Coagulopathy may result from inl1erited or 
acquired platelet or factor disorders or may be associated with 
organ dysfunction or medications. The inquiry begins wit!J 
direct questioning about a personal or fan1ily history of abnor
mal bleeding. Supporting information includes a history of easy 
bruising or abnormal bleeding associated with minor procedures 
or injury. A history of liver or kidney dysfunction or recenc 
conm1on bile duct obstruction needs to be elicited, as well as an 
assessment of nutritional status. Medications are carefully 
reviewed, and tl1e use of anticoagulants, saHcylates, nonsteroidal 
anri-in flanm1atory drugs (NSAIDs), and antiplatelet drugs are 
noted. Physical exanililation may reveal bmising, petedliae, or 
signs of liver dysfunction. Patients with thrombocytopenia may 
have qualitative or guantitativc defects as a result of inlmune
related disease, infection, drugs, or liver or kidney dysfLmction. 
Qualitative defects may respond to medical management of the 
underlying disease process, whereas quantitative defects may 

• Evaluate the risk for ischemia. 
• Estimate or anticipate the degree of blood loss. Less than 

30% rapid volume loss probably does not require transfusion 
in a previously healthy individual. 

• Measure the hemoglobin concentration: <6 g!dl, transfusion 
usually required; 6-10 g!dl, transfusion dictated by clinical 
circumstance; >10 g/dl, transfusion rarely required. 

• Measure vital signs and tissue oxygenation when hemoglobin 
is 6-10 g/dl and the extent of blood loss is unknown. Tachy
cardia and hypotension refractory to volume suggest the 
need for transfusion; 0 2 extraction ratio <SO% and decreased 
Vo2 suggest that transfusion is usually needed. 

Adapted from Simon TL. Alverson DC. AuBuchoo J, et al: Practice parameters for 
the use of red blood cell transfusions: Developed by the Red Blood Cell Admin· 
istratiolil Practice Guideline Development Task Force of the College of American 
Pathologists. Arch Pathollab Med Jn:130-138, 1998. 
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_Table .!_1-9 Recommendations for_Perioperative Management of Patients Taking Chronic ~coagulation ------
INDICATION FOR 
CHRONIC 
ANTICOACUL.ATION PATIENT OfARACTERISTICS PERIOPERATIVE MANACEME.NT 

Prosthetic heart valves High risk Strongly recommend bridging 
Recent (<I mo) stroke or transient ischemic attack (TIA) 
Any mitral valve 
Caged ball or tilting disc aortic valve 

Moderate risk-bileaflet aortic valve with two or more risk factors for stroke* 
low tisk-bileatlet aotllc valve with fewer than two risk factors for stroke* 

Consider bridging 
Bridging optional 

Ouonic atrial fibrillation High risk 
Recent stroke or TIA 
Rheumatic mitral valve disease 

Strongly recommend bridging 

Moderate risk- chronic atrial fibrillation with two or more risk factors for stroke* 
low risk-chronic atrial fibrillation with fewer than two risk factors for stroke* 

Consider bridging 
Bridging optional 

Venous thromboembolism High risk Strongly recommend bridging 
Recent (~3 wk) VTE 
Active ( <6 mo or palliative) cancer 
Antiphospholipid antibody! 

Major comorbid disease (cardiac or pulmonary) 
Moderate risk Consider bridging 

VTE in last 6 mo 
VTE with interruption of anticoagulation 

Low risk- none of the above Bridging optional 

Adapted from Douketis JD, Berger PB, Dunn J!.S, et al: The perioperative management of antithrornbotic therapy: American College of Chest Physic.ians Evidence-Based 
dinical Practice Guidelines (8th Edition). Chest 133:2995-3395, 2008. 
*Risk factors for stroke: atrial fibrillation. previous stroke, TIA. or systemic embolism; age >75 yr; hypertension. diabetes mellitus, left ventricular dysfunction. 
1Antiphospholipid antibodies-anticardiolipin antibody, lupus anticoagulant 

require platelet transfusion when counts are lower than 50,000/ 
mL in a patient at risk for bleeding. Coagulation studies are not 
routinely ordered, but patients with a history suggestive of coag
ulopathy should undergo coagulation studies before surgery. 
Coagulation studies arc also carried out before the procedure if 
considerable bleeding is anticipated or any significant bleeding 
would be catastrophic. Patients with documented disorders of 
coagulation may require perioperative management of factor 
deficiencies, often in consultation with a hematologist. 

Patients receiving anticoagulation therapy usually require 
preoperative reversal of the anticoagulant effect, most times 
bridging the patient with low-molecular-weight heparin 
(LM\"VH). In patiem s raking warfarin, the drug is withheld for 
five scheduled doses preoperatively to allow the international 
normalized ratio (INR) to fall to the range of 1.5 or less, assum
ing that the patient is maintained at an INR of 2.0 to 3.0. For 
all but those procedures that carry a high risk of postoperative 
bleeding, warfarin. can be restarted the day of or day after surgery 
because it wW take up to five doses to become therapeutic. 
Additional recommendations for specific diagnoses requiring 
chronic anticoagulation are based on risk-benefit analysis. 
Patients at high risk for a thromboembolic event while off 
chronic anticoagulation (e.g., recent venous thromboembolism, 
stroke or transient ischemic attack; valvular heart disease with 
risk of stroke; o r acute arterial embolism) are strongly recom
mended to have full bridging while off their warfarin. This may 
be therapeutic dose LMWH or perioperative [V heparinization. 
For those on LMWH, it is recommended co give the Last dose 
20 to 24 hours prior to sUigery, restarted approximately 12 to 

24 hours postoperatively. For those requiring systemic heparin
ization, it should be stopped within 6 hours of surgery and 

restarted within 12 to 24 hours postoperatively. For procedures 
with a high risk of postoperative bleeding, or in which large 
surfaces have been dissected, consider using prophylactic-dose 
LMWH for the dosing regimen for several days and then switch 
back to therapeutic dosing. When possible, surgery is postponed 
in the firsr month after an episode of venous or arterial throm
boembolism. Patients taking anticoagulants for less than 2 weeks 
for pulmonary embolism (PE) or proximal deep venous throm
bosis (DVT), or those for whom the risk ofperioperative bleed
ing is high, should be considered for retrievable inferior vena 
cava filter placement before surgery (Table 11-9).'8•

19 

All surgical patients are ao;sesscd for their risk for venous 
thromboembolism and receive adequate prophylaxis according 
to current gLLidelines (Table 11- 10).20

..!
1 Patients are questioned 

to elicit any personal or family history suggestive of a hyperco
agulable state. Levels of protein C, protein S, antithrombin III, 
and amiphospholipid antibody can be determined. Risk 
factor stratification is achieved by considering a number of 
factors, including age, type of surgical procedure, previous 
thromboembolism, cancer, obesity, varicose veins, cardiac dys
function, indwelling central venous catheters, inflammatory 
bowel disease, nephrotic syndrome, pregnancy, and estrogen or 
tan1oxlfcn use. A number of regimens may be appropriate for 
d1e prophylaxis of venous thromboembolism, depending on 
assessed risk coupled with the perceived risk of perioperative 
bleeding. 1hese iJ1clude the usc of unfractionated hepariJ1 , 
LMWH, intermittent compression devices, and early ambula
tion. Initial prophylactic doses of heparin can be given preop
eratively, within 2 hours of surgery, and with compression 
devices in place before i11duction of anesthesia. For very high
risk patients (orthopedic procedures, multiple risk factors) , 
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_Table 11-10 Levels of Risk for Thromboembolism in Surgical Patients Without Prophylaxis and Successful Prevention Strategi~ 
LEVEL OF CALF DVT PROXIMAL CLINICAL FATAL 
RISK DEFINinON OF RISK LEVEL (%) DVT (%) PE(%) PE (%) PREVENTION STRATECY 

Low Minor surgery in patients <40 yr 2 0.4 0.2 0.002 Aggressive, early mobilization 
with no additional risk factors 

Moderate Minor surgert in patients with 10-20 2-4 1-2 0.1.0.4 Graded compression stockings; IPC; 
additional ris factors; nonmajor LDUH, 5000 U q12h; LMWH- enoxaparin, 
surg~ in patients 40-60 yr with 40 mg/d~ SC; daltaparin, 5000 IU/day 
no ad i~onal .risk factors; m~~or SC; factor a inhibitor (Fondaparinux, 
surgery 1n patients <40 yr Wit 2.5 mg/day SC) 
no additional risk factors 

High Nonmajor surged: in patients 20-40 4-8 2-4 0.4- 1.0 LDUH 5000 U qBh; LMWH- enoxaparin 
>60 yr or wid1 a ditional risk 40 mg/day SC; daltaparin, 5000 IU/day 
factors; major surgery in patients SC; factor Xa inhibitor (Fondaparinux, 
>40 yr or with additional risk 2.5 mg!day SC); combined JPC plus 
factors anticoagulant strategy above 

For moderate- and high-risk patients. initiate pharmacologic prophylaxis within 12-24 hr after procedure for 7- 10 days 

Very high Major surgery in patients >40 yr 40-80 10-20 4-10 0.2-5 LDUH, 5000 U qBh; LMWH-enoxaparin, 
risk plus previous VTE, cancer, or 40 mg/d SC; daltaparin, 5000 IU/day SC; 

molecular hypercoagulable state; tinzaparin, 3500 IU/day SC); factor Xa 
hip or knee arthroplasty, hip inhib1tor (Forldaparinux, 2.5 mg/day SC); 
fracture surgery, major trauma, combined IPC plus anticoagulant strategy 
spinal cord 1njury above 

For very hi~h-risk patients, initiate pharmacologic prophylaxis 2- 12 hr before or 12-24 hr after procedure. Continue for at least 7- 10 days. 
Consideration should be given to continuing for 4 wk postoperatively in those not requiring chronic anticoagulation. If the bleeding risk posed by 
the operation is high, consider placement of a removable IVC filter preoperatively for patients with current DVT. 

Adapted from Geerts WH, Heit JA. Oagett GP, et al: Prevention of venous thromboembolism. Cllest 119:1325-1755, 2001. and Muntz JE and Michota FA: Prevention and 
management of venous thromboembolism in the surgical patient Options by surgE!)' type and individual patient risk factors. Am J Surg 1991 A:S11 - 520, 2010. 

ES, Elastic stoc.kings; IF( intermittent pneumatic compression; WUH, low-dose unfractionated heparin. 

continuation of venous thromboembolism (VTE) prophylaxis 
may be considered after discharge from the hospital. 

ADDmONAL P REOPERATIVE CONSIDERATIONS 

Age 
Older adults account for a disproportionate percentage of surgi
cal patients. Risk a'>Sessment m ust carefully consider the effect 
of comorbid illness in this population. Although age bas been 
reported as an independent risk factor for postoperative mortal
ity, this observation may represent the unmeasured aspects of 
comorbid disease, the severity of illness and, perhaps, limited 
reserve. 

In an older adult patient, the preoperative evaluation seeks 
to identify and quantify the magnitude of comorbid disease and 
optimize the patient's condition before surgery, wben possible. 
Preoperative testing is based on findings suggested in the history 
and physical examination. Generally, older patients have an 
ECG, chest radiograph, CBC, and determination of glucose, 
creatinine, blood urea nitrogen, and albumin levels. Additional 
preoperative studies are based on the criteria discussed earlier for 
the evaluation of patient and procedural risk. 

Predicting and preven ting postoperative delirium are 
important aspects of the perioperative care of older adults. 
Patients with duec or more of the following factors have a 
50% risk for postoperative delirium: 70 years or older; self
reported alcohol abuse; poor cognitive status; poor funcrional 
status; markedly abnormal preoperative serurn sodium, potas
sium, and/or glucose level; noncardiac thoracic surgery; and 
aortic aneurysm surgery.22 This risk is explained to the patient 

and fan1ily, along with d1e symptoms of postoperative 
delliilllll. If delirium does occur, metabolic and infectious 
causes need to be investigated before labeling the event as 
sun downing. 

Nutritional Status 
Evaluation of the patient's nutritional status is part of the pre
operative evaluation. A history of weight loss greater than 10% 
of body weight over a 6-month period or 5% over a 1-month 
period is significant. Albumin or prealbumln levels may help 
identify patients with some degree of maLmtrition, and physical 
findings of temporal wasting, cachexia, poor dentition, ascites, 
or peripheral edema may be corroborative. 1he degree of mal
nutrition is estimated on the basis of weight loss, physical find
ings, a nd plasma protein level assessment. The adequacy of a 
nutri tional regimen can be confirmed with a number of serum 
markers. Albumin (half-llfe, 14 co 18 days), transferrin (half-llfe, 
7 days:), and prealbumin (half-life, 3 to 5 days) levels can be 
determined on a regular basis in hospitalized patients. These 
proteins are responsive to stress conditions, however, and d1eir 
~ynthesis may be inhibited in the immediate perioperarive 
period. Once a patient is on a stable regimen and in the anabolic 
phase of recovery, these markers reflect the adequacy of nutri
tional efforts. 

1l1e effect of perioperative nutritional support on outcomes 
ha5 been studied in a mtmber of trials. Patients with severe 
malnm:rition- as defined by a combination of weight loss, vis
ceral p rotein indicators, and prognostic indices- appear to 
benefit most from preoperative nutrition (enteral, if possible). 
Well-nourished patients undergoing surgery do not appear to 
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Table 11-11 N'ational Research Council Classification of Operative Wounds and Rates of Wound Infection 

aASSIFICATION 
dean (class I) 

FEATURES 
Nontraumatic 
No inflammation 

RATE OF 
INFECTION (") 

2.1 

No break in technique 
Respi ratory, alimentary, or genitourinary tract not entered 

dean-contaminated (class II) 

Contaminated (class Ill) 

Gastrointestinal or respiratory tract entered without significant spillage 

Major break in technique 

3.3 

6.4 
Gross spillage from the gastrointestinal tract 
Traumatic wound, fresh 
Entrance into the genitourinary or biliary tracts in the presence of infected urine or bile 

Dirty and infected (class IV) Acute bacterial inflammation encountered, without pus 
Transection of "clean" tissue for the purpose of surgical access to a collection of pus 
Traumatic wound with retained devitalized tissue, foreign bodies, fecal contamination, or 

delayed treatment, or all of these, or from a dirty source 

7.1 

Adapted from Kumar S, Leaper DJ: dassification and management of acute wounds. Surgery (Oxford) 23(2):47-51, 2005. 

benent &om aggressive perioperative nutritional support. Gener
ally, nutritionall support begins within 5 to 10 days after surgery 
in patients unable to resume their normal diet. 1he exception 
to this is trauma victin1s (including those with burns) who, 
because of their general catabolic state, benefit from much earlier 
commencement of nutritional support if it is anticipated that 
they wi ll not be able to manage oral intake within a few days. 
For all padents, an enteral route offeeding is preferred; however, 
in circumstances in which the patient cannot tolerate enteral 
feeds or they are contraindicated, the parenteral route is used. 

Obesity 
The perioperative mortality rate is significantly increased in 
patients with clinically severe obesity (body mass index [BMT] 
<40 kg/m2, or BMI <35 kg/m2 with significant comorbid con
ditions). The goal of preoperative evaluation of an obese patient 
is to identif)' risk factors that might modify perioperative care 
of ilie patient. Clinically severe obesity is associated wiili a 
higher frequency of essential hypertension, pulmonary hyper
tension, left ventricular hypertrophy, congestive heart failure, 
and ischemic heart disease. Padents with none or one of these 
risk factors receive a beta blocker preoperatively for cardio
protection. Patients with two or more risk factors undergo non
invasive cardiac testing preoperatively.23 

Obesity is. also a risk factor for postoperative wound infec
tion. The rate o f wound infections is much lower with laparo
scopic surgery in this group, which could have a bearing on 
selection of me operative approach. Obesity is an independent 
risk factor for DYT and PE; therefore, appropriate prophylaxis 
is instituted in mese patients. 

PREOPERADVE CHECKUST 
1he preoperative evaluation concludes with a review of all per
tinent studies and information obtained from investigative tests. 
1l1is review is dontmented in the chart, which represents an 
opportunity to ensure that all necessary and pertinent data have 
been obtained and appropriately interpreted. informed consent 
after discussion with d1e patient and family members regarding 
the indication for the amicipated surgical procedure, as well as 
its risks and proposed benefits, are documented in tl1e cl1art. 'The 
preoperative checklist also gives the surgeon an opportunity to 

review d1e need for beta blockade, DVT prophylaxis, and pro
phylactic antibiotic..~. 

Preoperative orders are written and reviewed. The patient 
receives written instructions regarding the time of surgery and 
management of special peri operative issues such as fasting, bowel 
preparation, and medication use. 

Antibiotic Prophylaxis 
Appropriate antibiotic prophylaxis in surgery depends on ilie 
most Likely pathogens encountered during the surgical proce
dure. The type of operative procedure (Table ll- ll) is helpful 
for deciding the appropriate antibiotic spectrum and is consid
ered before ordering or administering any preoperative medica
tion. Prophylactic antibiotics are not generally required for clean 
(class l) cases, except in tbe setting of indwelling prosthesis 
placement, or when hone is incised. Patients who undergo class 
II procedures benefit from a si11gle dose of an appropriate anti
biotic administered before the skin incision. For abdominal 
(bepatobiliary, pancreatic, gastroduodenal) cases, cefazolin is 
generally used. Contaminated (class III) cases require mechani
cal preparation or parenteral antibiotics with aerobic and anaer
obic activity. Such an approach is taken in the setting of 
emergency abdominal surgery, as for suspected appendicitis, and 
in trauma cases. Dirty or infected cases often require the same 
antibiotic spectrum, which can be continued into d1e postop
erative period in the setting of ongoi"ng i11fection or delayed 
treatment. 

The appropriate antibiotic is chosen before surgery and 
administered before the skin incision is made (Table ll -12) .24 

Repeat dosing occms at an appropriate interval, usually 3 hours 
for abdominal cases or twice the half-life of d1e antibiotic, 
altho ugh tl1e patient's renal function may alter the timing (Table 
ll-13).25 Pcrioperatlve antibiotic prophylaxis generally is not 
conti.nued beyond the day of surgery. With the advent of 
minimal access surgery, the use of antibiotics seems less justified 
because the risk for wound infection is extremely low. For 
example, routine antibiotic prophylaxis in patients undergoing 
laparoscopic cholecystectomy for uncomplicated symptomatic 
d10leJjrhiasis is of questionable value. It may have a role, however, 
in cases that result in prostl1etic graft {i.e., mesh) placement, 
such as laparoscopic hernia repair. 
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Table 11-12 Antimicrobial Prophylaxis for Surgery 

NATURE OF OPERATION 
Cardiac 

Gastrointestinal 
Esophageal, 
gastroduodenal 

Biliary tract 

Colorectal 

Appendectom~ 
non perforated 

Genitourinary 

Gynecolopc and Obstetric 
Vaginal, alxlominal, or 
laparoscopic hysterectomy 

Cesarean section 

Abortion 

Head and Nedt Surgery 
Incisions through oral or 
pharyngeal mucosa 

Neurosurgery 

ophthalmic 

Or1hopedk 

Thoracic (nonurd'"aac) 

Arterial surgery involving 
prosthesis, abdominal 
aorta, or groin incision 

COMMON PATHOGENS 
Staphylococcus aureus, S. 
epidermidis 

Enteric gram-negative bacilli, 
gram-positive cocci 

Enteric gram-negative bacilli, 
enterococci, dostridia 

Enteric gram-negative bacilli, 
anaerobes, enterococci 

Enteric gram-negative bacilli, 
anaerobes, enterococci 

Enteric gram-negative bacilli, 
enterococci 

Enteric gram-negative bacilli, 
anaerobes, group B streptocci, 
enterococci 

Same as for hysterectomy 

Same as for hysterectomy 

Anaerobes, enteric gram-negative 
bacilli, 5. aureus 

5. aureus, 5. epidermidis 

S. epidermidis, 5. oureus, 
streptococci, enteric gram-negative 
baa IIi, Pseudomonas spp. 

S. aureus, S. epidermidis 

S. aureus, S. epidermidis, 
streptococci, enteric gram-negative 
baa IIi 

S. oureus, 5. epidermidis, enteric 
gram-negative bacilli 

Lower extremity 5. oureus, 5. epidermidis, enteric 
amputation for ischemia gram-negative bacilli, dostridia 

Treatment guidelines from the Medical letter 7(82):47-52, 2009. 

RECOMMENDED ANTIMICROBIALS 
Cefazolin ar 
Vancomycin< 

High risf<4 only: CefazolinS 

High risk' only: CefazolioS 

Oral: Neomycin + erythromycin base' or 
Metronidazole' 
Parenteral: CefoxitinS or 
Cefazolin plus 
MetronidazoleG or 
Ampicillin-sulbactam 

CefoxitioS or 
Cefazolin plus 
MetronidazoleG or 
Ampicillin-sulbactam 
High risf( only: Ciprofloxacin 

CefoxitioS or cefazolioS or 
Ampicillin-sulbactams 

CefazolioS 

First trimester. high riski: Aqueous penicillin G or 
Doxycydine 
Second trimester: CefazolinG 

Oindamycin 

Cefazolin + metronidazole 

Cefazolin or 
Vancomycin< 

Gentamicin, tobramycin, dprofloxacin, galifloxacin. 
levofloxacin, moxifloxacin. ofloxacin, or neomycin
gramicidin-polymyxin B 
Cefazolin 

Cefazolin' or 
Cefuroxime1 ar 
Vancomycin(' 

Cefazolin or 
Cefuroxime or 
Vancomycin< 

Cefazolin or 
Vancomycin< 

Cefazolin or 
Vancomycin< 

ADULT DOSAGE BEFORE 
SURGERY" 
1-2 g IV' 
I giV 

1-2 g IV 

1-2 g IV 

1-2 g IV 
1-2 g IV 
0.5 g IV 
3 g IV 

1-2 g IV 
1-2 g IV 
0.5 g iV 
3 giV 

500 mg PO or 400 mg IV 

1-2 g IV 
3 giV 

1-2 g IV after cord damping 

2 million U IV 
300 mg po• 
1-2 g IV 

600-900 mg IV 
1-2 mg IV 
0.5giV 

1-2 g IV 
I giV 

Multiple drops topically over 
2 to 24 hr 

100 mg subconjunctivally 

1-2 g IV 
1.5 g IV 
I giV 

1-2 g IV 
1.5 g IV 
1 giV 

1-2 g IV 
I g IV 

1-2 g IV 
I giV 

•Parenteral prophylactic antimicrobials rnn be given as a single IV dose begun 60 min or less before the operation. For prolonged operations (>4 hr) or those with major blood loss, 
additional intraoperative doses should be given at intesvals one to two times the half-life of the drug for the duration of the procedure in patients with nonnal renal function. If van
comycin or a fluoroquinolone is used, the infusion should be started 6~ 120 min before the initial incision to minimize the possibility of an infusion reaction close to the time of 
induction of anesthesia and to have adequate tissue levels at the time of incision. 
"some consultants rerommend an additional dose when patients are removed from bypass during open heart surgery. 
'Vancomycin is used in hospitals in which methicillin-resistantS. aureus (MRSA) and S: epidermidis are frequent muses of postoperative wound infection, for patients previously colo
nized with MRSA, or for those wfto are aftergic to penicillins or cephalosporins. Rapid IV administration may cause hypotension. which could be especially dangerous during induction 
of anesthesia. Even when the drug is given over 50 min, hypotension may occur; treatment with diphenhydramine (e.g. Benadryl) and further slowing of the infusion rate may be 
helpful. SOme experts would give 15 mgjkg of vancomycin to patients weighing more than 75 kg. up to a maximum of 1.5 g. with a slower infusion rate (90 min for 15 g). To provide 
cove-age against gram-negative bacteria, most Medical Letter consultants would also include cefazolin or cefuroxime in the prophylaxis regimen for patients not allergic to cephalo
sporins, ciprofloxadn, lewfloxacin, gentamicin, or aztreonam. each one in combination with vancomycin, which rnn be used in patients who cannot tolerate a cephalosporin. 
;oorbid obesity, esophageal obstruction, decreased gastric acidity, or gastrointestinal motility. 
•p.ge >70 yr, acute cholecystitis, nonfunctioning gallbladder. obstructive jaundice, or common duct stones. 
'After appropriate diet and rntharsis, 1 g of neomycin plus 1 g of erythromycin at 1 PM, 2 PM, and II PM or 2 g of neomycin plus 2 g of metronidazole at 7 PM and II PM the day 
before an 8 AM operation. 
tfor patients allergic to penicillins and cephalosporins, dindamycin with gentamicin, ciprofloxacin. lewfloxacin, or aztreonam is a reasonable alternative. 
1for a ruptured vis<us, therapy is often continued for approximately 5 days. Ruptured viscus in a postoperative setting (dehiscence) requires antibacterials to include coverage of 
nosocomial pathogens. 
\.Jrine culture positive or unavailable. preoperative catheter, transrectal prostatic biopsy, placement of prosthetic material 
""tients with previous: pelvic inflammatory disease, previous gononhea. or multiple sex partners. 
'Vivided into 100 mg I hr before the abortion and 200 mg X hour after the abortion. 
~~a tourniquet is to be used in the procedure, the entire dose of antibiotic must be infused prior to its inflation. 

-o 
m 

"" 0 
-o 
m 

~ 
< m 

~ 
~ 
C) 
m 
s:: 
m z 
-t 

http://www.myuptodate.com


Table 11 -13 Suggested Initial Dose and Time Until Redosing of Antimicrobial Drugs Commonly Used for Surgical P~~~ylaxis 

Renal Half-Life (HR) 
PATIENTS WITH 

PATIENTS WITH NORMAL END-STAGE RECOMMENDED WEIGHT-BASED DOSE 
ANTIMICROBIAL RENAL FUNCTION RENAL DISEASE INFUSION DURATION STANDARD DOSE RECOMMENDATION• 
Aztreonam 1.5-2 6 3-5 min,' 20-60 mind 1-2 g IV 2 g maximum (adults) 

Ciprofloxacin 3.5-5 5-9 60 min 400 mg IV 400 mg 

Cefazolin 1.2-2.5 40-70 3-5 min,' 15-60 mind 1·2 g IV ?0-30 mg/kg Of <80 kg, use 1 g; 
If >80 kg, use 2 g) 

Cefuroxime 1-2 15-22 3-5 min,' 15-60 mind 1.5 g IV 50 mg/kg 

Cefamandole 0.5-2.1 12.3-18• 3-5 min,' 15-60 mind 1 g IV 

Cefoxitin 0.5-1.1 6.5-23 3-5 min,' 15-60 mind 1-2 g IV 20-40 mg!kg 

Cefotetan 2.8-4.6 13-25 3-5 min,' 2Q-60 mind 1-2 g IV 20-40 mg!kg 

Clindamycin 2-5.1 3.S-5.d 10-60 min (do not exceed 600-900 mg IV If <10 kg, use at least 37.5 mg; if 
30 mg/min) > 1 0 kg. use 3-6 mg/kg 

Erythromycin 0.8-3 5-6 NA 1 ~PO 19, 18, and 9 hr 9-13 mg/kg 
base" be ore surgery 

Gentamicin 2-3 50-70 30-60 min 1.5 mg/kg IV2 _ g 

Neomycin" 2-3 (3% absorbed under normal 12-24 or longer NA 1 ~PO 19, 18, and 9 hr 20 mg/kg 
gastrointestinal conditions) be ore surgery 

Metronidazole 6-1 4 7-21 ; no change 30-60 min 0.5-1 g IV 15-mg/kg initial dose (adult); 
7.5 mg/kg on subsequent doses 

Vancomycin 4-6 44.1-406.4 (C;. 1 g over GO-min period 1 g IV 1D-15 mg!kg (adult) 
<10 ml/min) (use longer infus1on time if 

dose> 1 g) 

Adapted from Bratzler DW, Honck PM: Antimicrobial prophlyaxis for surgery: An advisory statement from the National Surgical Infection Prevention Project. Clin lnf Dis 38:1706- 1715, 2004. 

c,, Creatinine clearance rate. 
•Data are primarily from published pediatric recommendations. 

RECOMMENDED 
REDOSING 
INTERVAL b (hr) 
3-5 

4-10 

2-5 

3-4 

3-4 

2-3 

3-6 

3-6 

NA 

3-6 

NA 

6-8 

6-12 

bFor procedures of long duration, antimkrobials should be readministered at intervals of one to two times the half-life of the drug. The intervals in the table were calculated for patients with normal renal function. 

'Dose injected directly into a vein or via running intravenous fluids. 
clfnterm'ittent intravenous infusion. 
~n patients with a serum creatinine level of 5 to 9 mg/dl. 
'The half-life of clindamycin is the same or slightly increased in patients with end-stage renal disease as in those with normal renal function. 

~fa patient's body weight is more than 30% higher than ideal body weight (IBW), the dosing weig,ht (DW) can be determined as follows: DW = IBW = 0.4 x (JBW, total body weight). 
hRoutine oral antibiotic preparation can be omitted in most operations on the colon if IV antibiotics are used. 
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Review of Medications 
Careful rev.iew of the patient's home medications is part of the 
preoperative evalluation before any operation; the goal is to use 
medications that control the patient's medical illnesses appropri
ately willie minimizing the risk associated with anesthetic-drug 
inreracrions or the hemarologic or metabolic effects of some 
commonly used medications and therapies. 1l1e patient is asked 
to name all medications, including psydliatric drugs. hormones. 
and alternative or herbal medications, and to provide dosages 
and frequency. 

In general, patients taking cardiac drugs, including beta 
blockers and antiarrhyth.m.ics, pulmonary drugs such as inhaled 
or nebulized medications, or anticonvulsanrs, antihypertensives, 
or psychiatric drugs are advised to take their medications with 
a sip of water on the morning of surgery. Parenteral forms or 
substitutes are available for many drugs and may be used if the 
patient remains NPO for any significant period postoperatively. 
h is important to return patients to their normal medication 
regimen as soon as possible. Two notable examples are the addi
tional cardiovascular morbidity associated with the perioperativc 
discontinuation ofheta blockers and rebound hypertension with 
abrupt cessation of rl1e antihypertensive clonidine. Medications 
such as lipid-lowering agents or vitanlins can be omitted on the 
day of surgery. 

Some drugs are associated with an increased risk for peri
operative bleeding and are withheld before surgery. Drugs rl1at 
affect platelet function are w.irl1held for variable periods; aspir in 
and dopidogrel (Plavix) are withheld for 7 ro 10 days, whereas 
NSAIDs are wimheld berween 1 day (ibuprofen and indomerl1-
ad11) and 3 days (naproxen and sulindac), depending on the 
drug's half-life. Because the use of estrogen and tamoxifen has 
been associated with an increased risk for thromboembolism, 
they probab2' need to be withheld for a period of 4 weeks pre
operatively. 2 

1l1e widespread use of herbal medications has prompted 
review of the effects of some commonly used preparations and 
rl1eir po tential adverse outcomes duri11g the pe.rioperative period. 
1l1ese substances may fail to be recorded in d1e preoperative 
evaluation, although important metabolic and hematologic 
effects can result from their regular use (Table 11- 14).2' Gener
ally, the use of herbal medications is stopped preoperatively, but 
this needs to be done with caution in patients who report rl1e 
use of valerian, whlcb may be associated with a benzodiazepine
Like withdrawal syndrome. 

Preoperative Fasting 
11Je standard order of "NPO past midnight" for preoperative 
patients is based on rl1e theory of reduction of volume and 
acidity of the stomach contents during surgery. Guidelines 
have recommended a shift to allow a period of restricted 
fluid intake for up to a few hours before surgery. 1l1e ASA 
recommends that adults stop intake of solids for at least 6 
hours and clear fluids for 2 hours. When the literature was 
reviewed by the Cochrane group, they found 22 trials in 
healthy adults rl1at provided 38 controlled comparisons? 8 

'TI1ere was no evidence that the volume or pH of gastric con
tents differed with rl1e length and type of fasting. Although 
not reported in all the crials, there appeared to be no 
increased risk for aspiration or regurgitation with a shortened 
period of fasting. Very few trials have investigated rl1e fasting 
routine in patiems at higher risk for regurgitation or aspira
tion (pregnant, older age, obese, o r with stomach disorders). 
1l1ere has also been increasing evidence that preoperative car
bohydrate supplementation is safe and may improve a 
patient's response to perioperative stress.~?.3o Surgeons and 
ru1estbesiologists should evaluate the evidence and consider 
adjusti ng their standard fasting policies. 

Table 11-14 Perioperative Concerns and Recommendations for Herbal Medidnes 
COMMON PREOPERATIVE 

RECOMMENDATIONS NAME OF HERB PERIOPERAJIVE CONCERNS 
Echinacea 

Ephedra 

Garlic 

Ginkgo 

Ginseng 

Kava 

Allergic reactions; decreased effectiveness of immunosuppressants; potential for 
immunosuppression with long-term use 

Risk for myocardial ischemia and stroke from tachycardia and hypertension; ventricular 
arrhythmias with halothane; long-term use depletes endogenous catecholamines and 
may cause intraoperative hemodynamic instability; life-threatening interaction with 
monoamine oxidase inhibitors 

Potential to increase risk for bleeding, especially when combined with other medications 
that inhibit platelet aggregation 

Potential to increase risk for bleeding, especially when combined with other medications 
that inhibit platelet aggregation 

Hypoglycemia; potential to increase risk for bleeding; potential to decrease 
anticoagulative effect of warfarin 

Potential to increase sedative effect of anesthetics; potential for addiction, tolerance, and 
withdrawal after abstinence unstudied 

St. John's wort Induction of cytochrome P-450 enzymes, with effect on cyclosporine, warfarin, steroids, 
protease inhibitors, and possibly benzodiazepines, calcium channel blockers, and many 
other drugs; decreased serum digoxin levels 

Valerian Potential to increase sedative effect of anesthetics; benzodiazepin~ike acute 
withdrawal; potential to increase anesthetic requirements with long-term use 

Adapted from Ang-lee MK, Moss J, Yuan CS: Herbal medkines and perioperative care. JAMA 286:208-216, 2001. 

No data 

Discontinue at least 24 hr before 
surgery 

Discontinue at least 7 days before 
surgery 

Discontinue at least 36 hr before 
surgery 

Discontinue at least 7 days before 
surgery 

Discontinue at least 24 hr before 
surgery 

Discontinue at least 5 days before 
surgery 

No data 
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POTENnAL CAUSES OF INTRAOPERAnVE 
INSTABILITY 
A patient who is under anesthesia can have physiologic derange
ments that need to be addressed. Some can be dramatic and 
require immediate attention; others allow for investigation 
before inrroduction of therapy. These derangemenrs are usuatly 
of a cardiac or tpulmonary nature, or are related to the adminis
tration of anesthesia. 

Myocardial Infarction 
It bas been estimated that 1.5% of patients who undergo non
cardiac surgery will suffer a perioperative ML31 Some of these 
evems wW occur in the operating room. The typical presentation 
is that of new-onset electrocardiographic changes, dysrhythmias, 
and/or hypotension. If the patient ha.~ reasonable hemodynan1-
ics and no evidence of decreased perfusion, the procedure can 
usually be completed. Any evi.dence of instability, however, 
should lead to termination of the pwcedure and cardiac evalu
ation. Temporary abdominal closure techniques can be used, if 
needed. Lltervention decisions for Ml should be made in con
jLmction with cardiology. 

Pulmonary Embolism 
Depending on the procedure, PE can be a significant source of 
intraoperative instability. It has been estimated that up to 2% 
of patiems undergoing hip surgery will have a PE during the 
procedure. Signs of intraoperative PE include new tachycardia, 
evidence of right heart strain, hypotension, and complete car
diovascular collapse. 1lle onset is sudden and rapid diagnosis 
and treatment are paramount. 

Intraoperative transesophageal echocardiography (TEE) is 
a modality that is now commcmly used in the operating room. 
TEE can be used to identify the PE directly or w show the 
physiologic effects on cardiac function and allow for an inferred 
diagnosis.32 Right ventricular dysfunction, tricuspid regurgita
tion, and leftward bowing of the interatrial septum are the 
typ.ical findings. If an embolism is suspected, managenlent will 
depend on me stability of the patient. If unstable, the procedure 
should be abo.rtted and efforts to address the PE instituted. 1his 
includes cardiovascular support, thrombolytics and, in severe 
cases, pulmonary embolectomy. 

Pneumothorax 
Pneumot!Jorax is a known complication oflaparoscopy. As more 
procedmes are approached with mininlatly invasive tedmiques, 
especially esophageal procedures, me risk of pneumothorax 
iJ1crcases. 1l1e main risk of pneumothorax wicl1 laparoscopy is 
development of a tension pneumothorax and associated cardio
vascular coiJapse. Clinically, ballooning of the diaphragm can be 
seen. Physiologic changes include deoxygenation, bypercarbia, 
and hypotension. Electrocardiographic changes can also he 
noted. 

Diagnosis and treatment are straightforward. If the patient 
is decompensating and cl1ere are decreased breatl1 sOLmds in one 
hemimorax, abdominal insufflation sbould be released. Needle 
decompression or tube thoracostomy should be performed. 
Chest radiographic confirmation is not nece.o;sary and can delay 
treatment, leading to funher inscability. Once a chest rube bas 
been placed, [pneumoperitoneum can be reintroduced and 
patient physiology followed. If no derangements are noted, the 
procedure can be completed. 

Anaphylaxis and Latex Allergy 
Intraoperative anaphylactic reactions may occur as frequently as 
l in 4500 surgical procedures and carry a 3% to 6% risk for 
mort:ality.33 Causative agents are mosr often muscle relaxants, 
latex, anesthetic ind uction agents such as etomidate and propo
fol, and narcotic drugs. Additional agents administered while 
patients are under anescl1esia that may be associated wim ana
phylaxis include dyes (e.g., isosulfan blue dye for sentinel node 
procedmes), colloid solutions, antibiotics, blood products, prot
amine, and mannitol. 

The manifestations of anaphylactic reactions occurring 
under anesthesia may range from mild cutaneous eruptions to 
hypotension, cardiovascular collapse, bronchospasm, and death. 
When suspected, use of the offending agent .is discontinued and 
the patient is given epinephrine, 0.3 to 0.5 mL of a l: 1000 
solution subcutaneously; with severe anaphylaxis, it is given IV 
and repeated at 5- to 10-minute in tervals as needed. Histamine 
I (H 1) blockade with diphenhydramine, 50 mg Nor 1M, plus 
H2 blockade with ranitidine, 50 mg IV, as well as hydrocorti
sone, 100 to 250 mg [V every 6 hours, is usually required. 
Additional supportive measures in the setting of hemodynamic 
or respiratory collapse may include Auid boluses, pressors, 
orotrad1cal intubation, and nebulized ~-adrenergic agonises or 
racemic epinephrine. Postoperative monitoring in me intensive 
care unit is generally required for a patient who ha.~ had a severe 
intraoperative anaphylactic reaction. 

Latex sensitivity is the second most common cause of 
anapbylactic reactions (after muscle relaxants) and must be 
screened for in me medical history. Almough me incidence of 
such sensitivity may be less tl1.an 5% in the general popula
tion, higher risk groups, including those wim a genetic predis
position (atopic conditions) or d1ronic exposure to latex and 
individuals with spina bifida, may have rates as high as 72%. 
Those who give a history consistent with possible latex 
sensitivity undergo skin testing before anticipated operative 
procedures. Appropriate intraoperative measures co ensme a 
latex-free environment obviates most perioperative risk in a 
patient with latex allergy. 

Malignant Hyperthermia 
The incidence of malignant bypermermia (MH) is higher in 
children and young adults than in adults; a rate of I in 15,000 
bas been estimated in the group at highest risk, boys younger 
d1an 15 years.34 MH represents an acute episode of hyperme
tabolism and muscle injury related co the administcation of 
halogenated anesthetic agents or succinylcholine. Susceptibility 
ro MH is in herited according to an autosomal dominant pattern, 
wiili apparent incomplete penetrance. 1l1e patient may therefore 
fail to reveal familial knowledge of me trait and a personal 
history of musdC" disorder may not be evident. 

An acute episode of MH may be recognized by increased 
sympametic nervous system activity, muscle rigidity, and high 
fever. Associated derangements include hypercapnia, arrhyth
mia, acidosis, hypoxemia, and thabdomyolysis. When suspected, 
MH is treated by discontinuing inhalational anesthetic agents 
and sucdnylchoUne, completely changing the anescl1esia circuit, 
and administering dantrolene sodium at doses of 2 to 3 mg/kg 
IV. This drug may be ritrated co the abatement of symproms. 
Additional supportive measures include active or passive cooling 
and phamlacologic treatment of me arrhythmia, hyperkalemia, 
and acidosis. 
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Wrong-Site Surgery and Universal Protocol 
In 2004, the Joint Commjssion (TJC) adopted, as a national 
patient safety goal, the elimination of wrong-site, wrong
procedure, wrong-patient procedures.35•36 A Unjversal Protocol 
was developed and the concept of the time-our was insti tuted. 
1l1e prorocol includes preoperative marking of the surgical 
site, confirmation of the site by comparing physician notes, 
consent, mark, and patient identification, and ensuring that 
the proper implants or devices are available for the procedure. 
Many institutions add o ther pieces of information to their 
time-out, such as antibiotic and venous tbrombocmbousm 
prophylaxis. An example of such a time-out process is shown 
in Figure J l-3. Although the problem of wrong-si te surgery 
has now bt'ell well ddined and systems have been pur into 
place to try to prevent it, there are no data currently available 
to show its effecriveness.36 

SURGICAL SAFETY CHECKLIST 

Prior to procedure 
• Patient identification confinned with TWO identifiers (per policy) 
• Sjte/side/proce<Sure confinned 
• Site marked by physician or appropriate designee (per policy) 
• Signed consent with correct procedure, patient, and site/side 
• His tory and p:hysical completed 
• NPO status documented 
• Patient a llergies documented 
• Anesthes ia assessment completed 
• Specia l requirements: 

· Anesthesia issues identified (e.g., difficult airway, aspiration risk) 

THE OPERATING ROOM 
Prepara tion for surgery does not end with evaluation of the 
patient and selection of the operative procedure. [tis the respon
sibility of the surgeon to ensure that everything needed for the 
procedure is available on tbe day of surgery, including any 
special eqwpmem required to carry our the operation and rhe 
availability of any implants, blood, blood products, o r special 
medications. 

To rw1 an operating room efficiently requires well- trained 
surgeo:ns, anesthesiologists, and operating room staff, as well as 
an operating room eqwpped with an easily maneuverable 
operating table, good lighting, and an1ple space for personnel 
and egwpment. The room is cleaned and the table checked 
for malfLmction before and after each case. lt is extremely costly 
and stressful to replace the operating table or o ther equipment 
with the patient already in the operating room. Preoperative 

· Patient and family education completed and understanding evaluated 
· When applicable: 
- Availability of special equipment 
-Availability of implants or devices 
- Availability of imaging films and results 
-Availability of blood products 

In operative suite 
• All team members verbally introduced and~ on white board 
• Pulse oximeter on patient and functioning 
• TIME-OUT procedure prior to surgical incision (surgeon, anesthesia provider, 

nurse, and scrub tech verbally confinn): 
· Correct patient identity 
. Signed consent with correct procedure, patient, side/site 
. Correct procedure and position identified 
· Side and s ite marked 
· Special requirements have been vented (see above) 
· Any incons is tencies have been resolved (e.g., questions, concerns) 
. Safety precautions addressed based on patient history/medication use (e.g., 
allergies) 

· Antibiotic administration (prophylaxis and irrigation fluids) 
· Relevant imaging and results labeled and displayed, if applicable 

At completion of procedure 
• Procedure confirmed by attending surgeon or designee and documented 
•Instrument, sponge, and needle S<.2.Yilb. are correct (or corrective action taken) 
• Specimens reviewed, labeled, and destination confirmed 
• Equipment or other problems addressed 
• Major medical conditions summarized 
• Recovery location stated 

FIGURE 11-3 Example of perioperative time-<>ut process. 
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commu11.ica.£ion among surgeons, anesthesiologists, and operat
ing room staff is vitally in1portant. Such commtmication helps 
save time, prevents confusion and undue frustration in the man
agement of equipment use, accounts for patient needs and per
sonnel requirements, and makes planned procedures progress 
safely and effid emly. The modem operaring room for a trauma 
service has a temperature control panel that allows the room 
temperature to be modified rapidly to avoid hypothermia. 
Patients are positioned and secured on the table. Position-related 
neuromuscular and/or orthopedic injury can be prevented with 
careful positioning and padding. Barriers consisting of sterile 
drapes and gowns are established berween the surgeon, patient, 
and other operating room staff. The barriers need to be .imper
meable to water and other body fluids. Finally, a hands-free 
communication system (e.g., intercom, voice-activated speaker 
phone) must be functioning in the room to facilitate commu
nication an1ong surgeons and pathologists, radiologists, blood 
bank, pharmacy, and the patient's famHy members. Most impor
tantly, if an unexpected situation arises, help can be summoned 
immediately. 

Maintenance of Normothermia 
HypC>thermia averaging only 1.5° C below normal is associated 
with adverse QllJ tcomes that add hospitalization costs of $2500 
to $7000 for each surgical patient. Many factors increase the risk 
for perioperative hypothermia-extremes of age, female gender, 
ambient room temperature, length and type of surgical proce
dure, cachexia,. preexisting conditions, signilicam Auld shifts, 
use of cold irrigants, and use of general or regional anesthesia. 
1l1e term normothermia is defined as a core temperature between 
36° and 38° C. Preventive warming measures are used to avoid 
hypothermia. Passive insulation includes warmed cotton blan
kets, socks, bead covering, limited skin exposure, circulating 
water mattresses, and increase iJl ambient room temperature 
{68° to 75o F). Some patients may require active warming, which 
includes use of a forced air convection warming system, humid
ified ru1d warmed anesthetic gases. and wam1ed IV fluids. The 
greatest temperature decline occurs during the first hour of 
surgery. 1l1erefore, even in short procedures, temperature mon
itoring is indicated.37 

Preoperative Skin Preparation 
Preoperative skin preparation of the patient ru1d surgeon is 
important in preventing surgical site infection. The effectiveness 
of the preparation is dependent on the type of antiseptic used 
and the method of application. The Centers for Disease Control 
and Prevention (CDC) recommends that the size of the area 
prepared be sufficient, the solution applied in concentric circles, 
the appllcawr discarded once the periphery has been reached, 
and time allowed for the solution to dry, especially when alco
holic solutions are used, because they are flammahle. The Asso
ciation of Operating Room Nurses has added that the applicator 
needs to be sterile and the solution needs to be applied with the 
use of friction and extend from the incision site to the periphery. 
A review of this subject has revealed six evaluable studies; 
hQ\vever, all described a unique comparison and thus could not 
be combined for meta-analysis.38 It was concluded at that time 
that there was insufficient evidence to recommend one skill 
preparation antiseptic over another. A more recent randomized, 
controlled study investigated chlorhexidine-alcohol versus povi
done iodine for the prevention of surgical site infections.39 In 

tllis study, 849 patients were randomized and, at 30 days, there 
were significantly fewer wound infections in the chlorhexidine
alcohol group. 1l1e results were significant for superficial and 
deep surgical site infections. There were no differences in adverse 
events related to the solution used. Hair removal, if needed, is 
accomplished by clipping with elecrric clippers rather than 
shaving with a razor. 

Hemostasis 
Minimizing blood loss is an. important technical aspect of 
surgery. Increased blood loss exacerbates the stress of surgery and 
resuscitation; less blood loss allows the performance of a teeluli
cally superior operation. In the presence of adequate hemostasis, 
one can conduct a more precise dissection and shorten operating 
and recovery times for the patient. Avoidance of blood transfu
sion obviates the risk for transfusion-related complications and 
the transmission of bloodborne diseases.40 

Essential operative technique dictates that larger vessels 
(smaller than l mm in diameter} be tied, d ipped, or sealed with 
monopolar or bipolar electrocautery or high-frequency ultra
sonic devices. Major na111ed vessels, u1 particular, are not only 
tied but also undergo suture Ligation. Hemoclip application is 
acceptable. especially in an operating field with an extremely 
confined space or when dealing with delicate vessels, sucl1 as 
portal vein branches. With limited access procedures, such a~ 
those performed with rnirumal access teclmiques, clip applica
tion seems to be a better choice than knot tying. At times, it is 
necessary to use hemoclips, sucl1 as when performing ru1 C>nco
logic procedure in which outlining of tl1e margins provides a 
radiopaque marker for posto perative irradiation. 

In the event of catastrophic bleeding, such as when con
fronted witb an unexpected intraoperative major vessel injury; 
intraperitoneal rupture of an aortic aneurysm, or bleeding 
fi·om major intra-abdominal trauma, temporary occlusion of 
the aorta at the esC>phageal hiatus with a compression device 
sucll as a sponge on a stick or vascular d amp or manual com
pression is considered. Such a mru1euver may be lifesaving by 
allowing the anesthesia staff to catch up with blood loss by 
aggressive resuscitation. It also allows the surgeon to remove 
inrraperitoneal blood ru1d clots with lap sponges or suctiC>n 
devices until the exact bleeding site can be identified, con
trolled, ru1d repaired primarily or with an interposition graft. 
Occasionally, a partial vascular injury may need to be 
extended or converted to a complete transection to allow a 
better repair. This approacll is particularly applicable to u1j ury 
of the aorta and vena cava. 

Bleeding that occurs from multiple sites in a trauma 
patient, such as liver laceration, pelvic fracture, or both, espe
cially in a bypod1errnic patient, may best be treated with packing 
alone or in conjunction with ru1giographic embolization to 
achieve temporary control followed by a second-look operation. 
This maneuver of dan1age control is of paramount importance. 
It may be the only way that a patient's life can be saved. Ln fact, 
tllis !Principle of damage control can ru1d should be applied 
beyond the trauma patient to all surgical procedures wben unex
pected bleeding is encountered or a second-look laparotomy will 
be necessary. Other adjw1ctive measures that may be helpful in 
dealing with wide areas of surface tissue oozing u1dude micro
wave coagulation, laser coagulation, and the application of 
topical hemostatic agents (e.g., Surgicel, tl1rombin. Gelfoam, 
ru1d fibrin glue). 
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Table 11-15 Comparison of Absorbable Sutures 
SUTURE TYPES RAW MATERIAL 

Surgical gut Chromic Colla~en derived from 
heal y beef and sheep 

Monoayl Monofilament Copolymer of glycolide 
(poliglecaprone 25) and epsilon-caprolactone 

Coated Vicryl Braided, Glycolide and L-Lactide 
(polyglactin 910) Monofilament coated with a corcolymer 

of lactide and ca dum 
stearate 

PDS II Monofilament Polyester polymer 
(polydioxanone) 

Adapted from Ethicon: Wound closure manual, Somerville. NJ, 2007. Ethicon. 

Table 11-16 Comparison of Nonabsorbable Sutures 

SUTURE TYPES RAW MATERIAL 

TENSILE STRENGTH RETENT10N IN VIVO 

Individual patient characteristics can affect rate of 
tensile strength loss 

A50o/o-60% (violet. 6CfJ/o-1CfJ/o) remains at 1 wk 
A200/o-3CfJ/o (violet 300fo-40%) remains at 2 wk 
Lost within 3 wk (violet, 4 wk) 

~75% remains at 2 wk 
=50% remains at 3 wk 
25% remains at 4 wk 

~1CfJ/o remains at 2 wk 
~50% remains at 4 wk 
~25% remains at 6 wk 

TENSILE STRENGTH 
RmNT10N IN VIVO 

TISSUE REACTION 

Moderate reaction 

Minimal acute 
inflammatory reaction 

Minimal acute 
inflammatory reaction 

Slight reaction 

Perma-Hand- silk suture Braided Organic protein called fibroin Progressive degradation of 
fiber may resurt in gradual 
loss of tensile strength over 
time 

TISSUE REACTION 

Acute inflammatory 
reaction 

Ethilon-nylon suture Monofilament Long-chain aliphatic polymers nylon 6 Progressive hydrolysis may 
result in gradual loss of tensile 
strength over time 

Minimal acute 
inflammatory reaction or nylon 6,6 

Nurolon-nylon suture Braided Long-chain aliphatic polymers nylon 6 
or nylon 6,6 

Progressive hydrolysis may 
result in gradual loss of tensile 
strength over time 

Minimal acute 
inflammatory reaction 

Mersilene-polyester fiber Braided 
Monofilament 

Poly(ethylene terephthalate) No significant change known 
to occur in vivo 

Minimal acute 
inflammatory reaction suture 

Ethibond Excel-polyester Braided 
fiber suture 

Poltethylene terephthalate) coated 
wi polybutilate 

No significant change known 
to occur in vivo 

Minimal acute 
inflammatory reaction 

Prolene-polypropylene Monofilament lsotactic crystalline stereoisomer of Not subject to degradation or 
weaken1ng by act10n of tissue 
enzymes 

Minimal acute 
inflammatory reaction suture polypropylene 

Pronova-poly Monofilament Polymer blend of poly (vinylidene 
(hexafluoropropylene-VDF fluoride) and poly(vinyl1dene 

Not subject to di!Bradation or 
weakemng by action of tissue 
enzymes 

Minimal acute 
inflammatory reaction 

suture) fluoride-cohexafluoropropylene) 

Adapted from Ethicon: Wound dosure manual, Somerville, NJ, 2007, Ethicon. 

Wound Closure 
Wound closme can be temporary or permanent; the Latter can 
be primary or secondary. Critical factors in making this decision 
are the patient's condition, clinical setting, area of the body 
involved, condition of the wound irself, and disease process or 
injury that led to surgical intervention. 

Various methods can be chosen to close wounds in differ
ent parts of the body, depending on the clinical circumstance. 
In general, clean noncontaminated wounds with healthy local 
tissue conditions. are best closed by primary permanent closme. 
In a patient with a condition requiring reexploration or one 
suffering &om abdominal compartment syndrome, temporary 
closure is preferable. Heavily contaminated extremity or trunk 
wounds are left open with packing. Heavily contaminated 
abdominal WOLUlds are best served by fascial closme alone, with 
the skin left open and packed. 1be principle of eliminating dead 
space to reduce the risk for seroma and hematoma formation is 
important and can be achieved internally with sutures or a 
suction device or externally with a compression applia11ce. 

Permanent closure can be achieved with running or inter
rupted. sutme.s. Suture can be mono6Ja.ment or multifilan1ent, 
braided or nonbraided, and dissolvable or nondissolvable (Tables 
11- 15 and 11- 16). In general, when proven infection or con
tamination is a concern, monofilament nonbraided suture is 
preferred. For abdominal wall closure in a debilitated, malnour
ished cancer patient, permanent closure with nondissolvable 
suture seems prudent. ln a cirrhotic patient with established 
ascites or a patient with pntentlal for the development of post
operative ascites, the abdomen is closed with running sutme and 
a multilayer watertight closure must be adueved. 

Temporary closure of the abdominal wall may be appropri
ate i.n the setting of a multiply injured patient or one with 
intra-abdomjJ1 a.l hypertension. 1his can be achieved with a 
vacuum suction device or a prosthesis bridging technique using 
a sterile rv bag Of polypropylene mesh (Table 11-17). 1he 
vacmm1 suction technique (Vac-Pac) involves using a two-sided 
temporary closing material made of a. laban over a blue towel. 
1l1e Ioban faces the intestine and prevents adhesion to the 
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_Table 11-17 Types of Synthetic Mesh and The.ir Uses 
TYPE OF MESH 

Nonabsorbable 

Polypropylene 

Polytetrafluoroellhylene 
{PTFE) 

Expanded PTFE 

Polyethylene 
terephthalate 

Absorbable 

Polyglycolic acid 

TRADE NAME 

Marlex, Prolene, 
Atrium 

Teflon 

Gore-Tex 

Mersilene, Dacron 

Dexon 

TYPE 

Monofilament 

Multifilament 

Multifilament 

Multifilament 

Multifilament 

COMMENTS 

Highly elastic, withstands infection well; widely used for abdominal wall 
reconstruction, hernia repair 

Nonexpanded mesh; associated with a large number of complications; limited 
usefulness 

Greatest elongation in comparison to other nonabsorbable meshes; minimal 
tissue incorporation; multiple uses in abdominal, vascular reconstruction 

Polyester fiber mesh with broad usefulness in abdominal wall, hernia repair; 
less extensively used than polypropylene 

Useful for temporary abdominal closure; resists infection 

Polyglactin 910 Vicryl Multifilament Useful for temporary abdominal closure; resists infection 

Adapted from Fenner DE: New surgical mesh. din Obstet Gynecol 43:65o-658, 2000. 

blue towel. The membrane is tucked beneath the ahdomlnal 
wall, with the blue towel side facing up to provide retention and 
prevent poten tial loss of domain. The central portion of the 
drape is fenestrated before placement. Suction catheters and 
gauze dressings are placed beneath a second Biodrape that covers 
the entire abdominal wall and seals the closure (Fig. 11-4). This 
techn ique has a number of advantages; it is qukk and easy to 

use, the temporary closure can be constructed from materials 
that are readily available in the operating room, no suturing is 
required: and therefore the imegrity of the abdominal fascia is 
maintained for later permanent closure, and the applied suct ion 
prohibits Auid from accumula ting iJ1 the abdominal cavity. Dis
advantages include an inability co inspect the intestine (as with 
an IV bag) at the bedside and increased c.omplexit:y of AlLid and 
electrolyte balance because of potentially large fl uid losses. [t has 
been our practice to rewrn these patienrs to the operating room 
every 3 to 4 days for replacement of the temporary closure. If 
possible, interr1.1pted permanent fascial closure sutures are placed 
at the superior and inferior ends of the fascia to dose the fascia 
gradually, over the course of up to four trips to the operating 
room. 

Two rather recent concepts in abdominal surgery include 
the use of adhesion red uction barriers and synthetic 
biomembranes for abdominal wall closure. Two types of 
adhesion reductioJJ barriers are available, hyaluronic acid
carboxymethylcellulose and oxidized regenerated ceiJulose. Both 
these materials are applied ro the raw surface of the bowel before 
abdominal closure and within 1 hour they turn ro a gelatinous 
substru1ce.41 Although the use of these membranes does not 
obviate adhesio ns totally, they have been demonst rated in clini
cal trials m dec.rease their severity.41 The second irmovation is 
that of using .engineered tissue matrices fo r abdominal wall 
closure. 'These materials a re constructed from donor in.tegumen
tary tissue and processed to remove the epidermal and dermal 
ceiJular portions, and thus the antigenic component of the 
allograft. The resul t ing product is a coiJagen-based matrix with 
its native tensile strength intact but its capacity to ge.nerate an 
immune response abrogated. The interstices of the allograft are 
then colonized by ceUular populations from the recipient.43 1llis 
material promises to yield an adjunct to closure of a complex 
abdominal waJJ defect that has good strength and is more 

FIGURE 11-4 Vac-Pac temporary abdominal wound dosure. This 
dosure method allows easy reentry into the abdomen and does not 
compromise the fascia. To fashion, place a surgical towel between 
two medium sticky drapes. Then place it in the abdomen and tuck 
the edges underneath the fascia with an overlap of several centime
ters. dosed suction drains are placed along the edges and brought 
out through the skin. Another surgical towel is then placed over the 
open portion of the wound and a la rge sticky drape is used to cover 
the elltire abdomen. The drains are immediately connected to wall 
suction to provide adequate compression of the dressing. 

resistant to infection than with the use of synthetic materials 
such as polypropylene mesh. 

Staplers 
Surgical staplers have cbru1ged the practice of smgery in a pro
found way, most notably wi thin the field of minin1ally invasive 
technology. Several different devices are available fo r stapling: 

L. Skin staplers 
2. Ligating and dividing staplers (LDSs) 
3. Ga~troi.ntestin al anastomosis (GIA) staplers 
4. Thoracoabdominal (TA) staplers 
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5. End-co-end anastomosis (EEA) staplers 
6. Laparoscopk hernia mesh tackers 
7. Open bernia mesh staplers 
8. Endo-GIA staplers 

A modi£cation of the GIA stapler for laparoscopic use, the 
endo-GIA, has parricularly broad usefulness. fr can facili tate rhe 
ligation and transection of major va~cular pedkles in laparos
copy. as iH the performance of splenectomy, nephrectomy, or 
hepatectomy, or facilitate GIA or transection of solid organs 
such as the pancreas. Ln a video-assisted thoracoscopic surgical 
procedure, it can aid in wedge resection of an injured or diseased 
lung. The GIA (endo-GIA or standard version) stapler may aid 
in rhe transection of thick or indurated mesentery during intes
tinal resection in patients with inflammatory bowel disease. 

Surgical Adhesives 
Surgical adhesives have been widely used in modern surgery. 
They can be used for a simple task such a~ skin closure or for 
more complex wound problems. Many agents are clinically 
available and are used for a variety of purposes. Fibrin seal adhe
sive has been used to close £stulas, prevent lymphatic leakage 
after complete lymphadenectomy in the axilla or groin, and 
prevent leakage from tissue surfaces that have been newly tran
sected, such as staple lines of the lung or pancreatic resection. It 
also has been adlapted to seal the terminal bronchus via bron
cl1oscopy as a noninvasive means for treating a small subset of 
patients with pneumothorax. Fibrin seal adhesive has become 
the preferred way to treat pseudoaneurysms in the groin or axilla 
that result from arterial ptmcture. Ultrasotmd-guided direct 
iJ1jection into such lesions has been reported to be successful, 
with low complication rates.44 Adhesives can also be used as an 
adjunct to reu1force and provide a watertight seal to a delicate 
gastrointestmal anastomosis, sud1 as one involving the biliary 
tract or pancreas. 

Surgical adhesives work by admixiJ1g a two-component 
agent derived from whole blood; each is secured in separate 
containers for shipping and storage. When mixed, the compo
nents form a viscous semiliquid tissue glue that can be applied 
onto a suture line, fistula. tract or cavity, or other raw tissue 
surface or potential small dead space. When set, it becomes a 
solid adhesive biomembrane, sealant, or plug that will be self
retained. Major obstacles to its widespread use are cost and the 
potential for complications related to disease transmission with 
the use of blood products. 

Two other commonly used agents are 2-octylcyanoacrylate 
(Dermabond) and butyl-2-cyanoacrylate (Histoacryl). Cyanoac
rylate has been used for repair of organs and as an adhesive iJ1 
many orthopedic procedures. Dermabond has beCH demon
strated to be an adequate replacement for d1e traditional suture 
closure of siJnple skiJ1 lacerations. Dermabond also allows the 
patient to resume showering withiJ1 a few hours of wotllld 
closure. 

SURGICAL DEVICES AND ENERGY SOURCES 

Elec:trosurgery and Elec:trocautery 
In L928, Cushing first published a series of 500 neurosurgical 
procedures performed with an electrocautery device that was 
developed by Bovie. Since then, electrocautery and electrosur
gery have become the most important and basic surgical tools 
in the operating room. 

High-frequency alternating current can be delivered m uni
polar or bipolar fashion. The unipolar {or monopolar) device is 
composed of a generator, electrode for application, and electrode 
for the returning currCHt to complete the circuit. The patient's 
body becomes part of the circuit when. the system .is activated. 
Because rhe effectiveness of energy conversion inro hear is 
inversely related to the area of contact, the application electrode 
is designed to be small to generate heat efficiently and the return
utg electrode is designed to be large to disperse energy and 
prevent burn injury. The heat generated is dependent on three 
other factors in addition to the size of the contact area: (1) the 
power setting or frequency of the current; (2) the length of 
activation time; and (3) whether the waveform released from the 
generator is continuous or internlittent. Unipolar devices can be 
used to incise tissue when activated witl1 a constant waveform 
and to coagulate when activated with an intermittent waveform. 
In the cutting mode, much heat is generated rdatively quickly 
over the target, with minin1a.llateral d1ermal spread. As a result, 
the device cuts through tissue without coagulatil1g any underly
iJlg vessels. In contrast, iJ1 the coagulation mode, electrocautery 
generates le&~ heat em a slower frequency, with the potential for 
large lateral thermal sp read. Such spread results in tissue dehy
dration and vessel thrombosis. A blended waveform can be 
chosen that will be able to take advantage of tl1e cutting and 
coagulation modes. A large grounding pad must be placed 
securely on the patient for the tmipolar eJectrosmgical or elec
trocautery device to function properly and prevent thermal burn 
utjury at the current reenrry electrode site. 

Bipolar electrocautery establishes a short circuit between 
the tips of the instrument, whether a tissue grasper or forceps, 
without the requirement for a grmmding pad. The tissue grasped 
between the tips of the instrument completes the circuit. L1 
gcnera·ti.ng heat that affects only the tissue withm the short 
circuit, it provides precise thermal coagulation. Bipolar electro
cautery is more effective than the monopolar instrument iJ1 
coagulating vessels because it adds the med1anical advantage of 
compression of tissue between the tips of the instrument to the 
tl1ermal coagulation. Bipolar electrocautery is particularly useful 
when conducti11g a procedure in whicl1 lateral thermal injury or 
an arciu1g phenomenon needs to be avoided. 

Lasers 
Lasers use photons to excite the dllomophore molecules wirhiJ1 
target tissue and generate kinetic energy that is released as heat, 
whidl causes protein denaturation and coagulation necrosis. 
1l1is effect occurs without mucl1 collateral damage to surround
ing tissue. [t can be applied to the surface of target tissue or 
interstitially with a fiberoptic probe placed tmder precision 
image guidance. 1l1e energy generated and the depth of tissue 
penetration can be varied wi tl1 the power setting selected and 
the photon chosen for the particular task. 1l1e laser effect can 
be enhanced by photosensiti7lng agents. The most common 
types oflaser currently iJ1 use are the argon, carbo11 dioxide, and 
ncodymium:yrtrium-aluminum-ga.rnet {Nd-YAG) lasers. The 
depth of energy penetration within the target organ is least with 
the argon laser, moderate with the carbon dioxide laser, and 
deepest with the Nd-YAG laser. 

Interstitial laser photOcoagulation is a fairly recently 
adopted laser treatment technology. With a precisely placed 
optic fiber {or fibers) inside the target tissue, laser light is deliv
ered and absorbed by the surrounding scructttre and tissue. 1l1e 
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degree of absorption within and around the target tissue depends 
on the wavelength of the laser chosen and specific optical prop
erties of the tissue. The optical properties of different tun10rs or 
tissues are markedJy different and depend on their tissue com
position and density, degree of parenchymal fibrosis, vascularity, 
and presence or absence of necrosis. 

Argon Beam Coagulator 
The argon beam coagulator creates a monopolar electric circuit 
between a hand-held probe and the target tissue by establishing 
a steady flow of electrons through a channel of electrically acti
vated and ionized argon gas. This high-flow argon gas conducts 
electrical current to the target tissue and generates cl1ermal coag
ulation of this tissue. The depth of the thermal penetration of 
tissue varies from fractions of a millimeter to a maximum of 
6 mm, depending on three factors: 
1. Power setting 
2. Distance !between the probe and the target 
3. Length of its application 

The hand-held control is usually combined with the regular 
Bovie, which can provide much more focused tissue coagulation 
for any identifiable vessels. ll1e argon gas blows blood away from 
the surface of the target argon beam coagulation is more effective 
for the bleeding parenchyma of an organ. Visibility is also 
improved by the same mechanism. It is most commonly used 
to treat parend1ymal hemorrhage of an organ, particularly the 
Jjver, but can be used on the spleen, kidney, or any other soJjd 
organ witb surface oozing. 

Photodynamic lberapy 
Photodynamic therapy is a rather recently developed treatment 
that allows destruction of cancer cells and has been expanded to 
the eradication of metaplastic cells. It begins with the adminis
tration of a target-specific photosensitit.er that is eventually con
cemrated in the target tissue. 1he photosensitizing agent is then 
activated with a wavelength-specific light energy source, which 
leads to the generation of free radicals cytotoxic to tbe target 
tissue. Photodynanuc therapy has been used to treat different 
types of late-stage cancers, mainly in a palliative setting, but bas 
also beeJ1 used for cl1e treatment of some d1emoresistant tun1ors. 
Applications reported in tbe literature iJ1clude treating early 
radiographically detected non-small cell lung cancer, pancreatic 
cancer, squamous cell and basal cell carcinoma of the skin, recur
rent super£.cial bladder cancer, chest wall involvement from 
breast cancer, a:nd even chest wall recurrence ofbteast cancer. [rs 
usefulness has been expanded to include the treatment of non
cancer conditions, such as Barrett's esophagus and psoriasis.45 

High-Frequency Sound Wave Techniques 
Ultrasound has had a strong impact on the practice of modern 
medicine. It has different functions, dependutg on the frequency 
of ultrasound generated by the machine. At a low power level, 
it causes no tissue damage and is mauuy used for diagnostic 
purposes. With a high-frequency setting, uJrrasound can be used 
to dissect, cut, and coagulate. Several high-frequency ultra~onic 
devices are avaiilable for use in surgical practice. 

Another beneficial ma•upulation of acoustic wave tech
nology is that of exrracorporeal shock wave Lithotripsy. It bas 
been used in treating cholelithiasis and nephrolithiasis. In tlus 
modality, the patient is placed in a water bath and a high
energy acoustic shock wave is generated by piezoelectric or 

electromagnetic technology and focused. The water-tissue 
interface al.lows the wave to pass through normal tissue 
witl1out injuring it. 11Je energy of the shock wave is focused 
on the offending stone by ultrasound and causes disruption 
and .fragmentation of the calculus, which is then passed via 
the ureter. 

Harmonic Scalpel 
The harm01uc scalpel is an instrument that uses ultrasound 
teclmology to dissect tissue in bipolar fashion with only minimal 
collateral tissue damage. The device vibrates at a high frequency;, 
approximately 55,000 times/second, to cut tissue. The high
frequency vibration of tissue molecules generates stress and fric
tion in the tissue, which iJ1 turn generates heat and denaturation 
of protein. Because of this unique capability to dissect tissue and 
coagulate small blood vessels all at once, with minimal energy 
transfer to surrOlmding tissue, tbe device has gained recognition 
among surgeons. It bas been used in many different types of 
nunimally invasive surgery and its application ha~ also been 
extended to many open procedures. 

Ultrasonic Cavitation Devices 
1he Cavitron ultrasonic surgical aspirator uses lower frequency 
ultrasound energy to fragment and dissect tissue of low £ber 
content. It is basically an ultrasmmd probe combined with an 
aspirator, so it fLmctions as an acoustic vibrator and suction 
device at the same time. The Cavitron has a variety of applica
tions. Because the instrument fragments and aspirates tissue of 
low coHagen and high water conrent, it can be effective surgically 
for Jjver and pancreatic procedures without causing damage to 
surrounding tissue. When compared with the dissection tech
nique of other instruments, such as the scalpel or cautery, the 
advantages of using this device are less blood loss, improved 
visibiHty, and reduced collateral tissue iJ1jury. It has been used 
for resecting lesions in noncirrbotic liver and pancreatic tumors, 
especially small endocrine tumors within a soft normal pancreas, 
without fibrosis. It has also been used for partial nephrectomy, 
salvage splenectomy, head and neck procedures, and treatment 
of many gynecologic tun10rs. 

Radiofrequency Ablation 
Rad.iofreque.ncy energy can be used for tissue ablation in a 
curative or a palliative attempt to treat different cancers. lt is 
also effective for treating benign conditions such as neuralgia, 
bone pain, and cardiac arrhythmias (e.g., atrial fibrillation). 
The basic method of radiofrequency application is to place an 
electrode {or electrodes) into or over the target tissue to trans
mit a high-frequency alternati.Jlg current to the tissue in the 
rru1ge of 350 to 500 kHz. Rapid alternating directional move
ment of ions results in the release of kinetic energy. It can 
raise tl1e temperature of tl1e target tissue to higher than LOOo C 
and cause protein denaturation, desiccation, and coagulation 
necrosis; it has a built-in sensor for automatically ternlinating 
trans:mission of the current at a particular set poult to prevent 
overheating and Lmwanted collateral damage. The main use of 
tlus modility is for tumors in the liver parenchyma. [ts appli
cations have been expanded to tumors in the lung, kidney, 
adrenal gland, breast, thyroid, pancreas, and bone. The indica
tions for radiofrequency ablation are continuing to grow 
because it is inexpensive and can be reliably used to destroy a 
larger tumor mass. 
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Cryoablation 
Cryotherapy can be applied topically to treat skin conditions or 
tumors or interstitially for the ablation ofliver lesions. lt destroys 
cells by freezing and thawing. With liquid ni trogen or argon 
circulating through a probe placed over or within the target 
lesion, the tissue can be froz~n to a temperature of -35• C or 
lower. Cell damage occurs as a result of disruption of subcellular 
structures, with ice crystal formation in the freezing phase and 
degradation duri.ng the thawing process. Ischemia of the tissue 
from focal disrujption of the ci.rculation, shifting of water and 
electrolyte content in situ, and protein denaturation also con
tribute to the tissue damage induced by cryotherapy. Lesions 
that contact major vessels can be difficult to treat with this 
modality, however, because of the heat sink effect introduced by 
circulating blood. Nonetheless, it has been reported to be effec
tive i.n treating primary and secondary lesions of the liver that 
are wuesectable. The major disadvantage of interstitial cryo
therapy is its cost. Patients usually need general anesthesia for 
the procedure, the equipment is more expensive than a radio
frequency system, and the process itself is time-conswuing. 
Complications such as hemorrhage from dssue fracture are a 
concern. Cryoablation is currently used to treat solid tumors in 
the lung, liver, b reast, kidney, and prostate. 

Microwave Ablation and Radiosurgery 
Microwave coagulation is achieved by using a generator to trans
mit microwave energy at a frequency of 2450 MHz via a probe 
placed under image guidance within target organs or dssue. A 
rapidly altemati.ng electrical field is created in tl1e targer tissue 
to induce motion of polar molecules in tl1e tissue, sud1 as water. 
Kinetic energy is dissipated as beat, which causes coagulation 
necrosis. It was in itially used for lesions il1 the liver; however, its 
applications have been expanded to the treatment of cardiac 
rhythm disturbances, prostatic hyperplasia, endometrial bleed
ing, sterilization of bony margins, and partial nephrectom}r. 1he 
major limiting factor i~ that the area that can be ablated with 
the current equipment is very small, thus necessitating multiple 
insertions of the microwave probe to treat a single lesion.37 

'TI1e premiere tool in radiosurgery is the ganm1.a knife; its 
pri11cipal area of use is in neurosurgery. TI1is tool allows more 
than 200 separate sources of high-energy gamma radiation, 
arranged in a circular fashion , to be focused stereotactically onto 
a mi11ute area il1 the brain. Avoiding il1jury to normal brain 
tissue requires dtat the head be held motionless by an external 
fixation device. This ability to destroy finite areas within the 
brain has been applied to the treatment of benign and malignant 
brain neoplasms, arteriovenous malformations, and epilepsy. 

OUTPAnENT SURGERY 
O ver the past 25 years, outpatient surgery has become more 
commonplace. It is estimated that up to 75o/o of elective surgical 
procedures are now performed in an outpatient setting, which 
means that patients do not experience an overnight stay around 
the ti.roe of the procedure. Even patients who will need a post
operative inpatient stay after the procedure are usually ad mined 
to the hospital after the surgery. O utpatient surgery can take 
place iJl an operating room associated with a large hospital, in 
a freestanding outpatient surgery cencer, or even iJ1 a physician's 
office. Preoperative evaluation of the patient usually takes place 
on an ambulatOJr}' basis, and more coordination is required by 
the surgeon to ensure that the evaluation is completed and 

acted on il1 a timely fashion. Patients with significant comorbid 
conditions are evaluated by the anesthesia staff at least 1 day 
before the planned procedure (Box ll -3).46 l11e standards for 
perioperative monitoril1g are sinillar regardless of the settil1g 
and are tailored to the complexity of tl1e procedure and comer
bid co:ndition(s) of the patient. In addition, the patient's post
operative disposition takes into account the distance from the 

General 
• Medical condition inhibiting the patient's ability to engage in 

normal daily activity 
• Medical condition necessitating continual assistance or moni

toring at home within past 6 mo 
• Admission within past 2 mo for acute condition or exacerba

tion of a chronic condition 

Cardiocirculatory 
• History of angina, coronary artery disease, myocardial 

infarction 
• Symptomatic arrhythmias 
• Poorly controlled hypertension (diastolic < 110 mm Hg, sys-

tolic < 160 mm Hg) 
• History of congestive heart failure 

Respiratory 
• Asthma, chronic obstructive pulmonary disease reqt~~rmg 

chronic medication or with acute exacerbation and progres
sion within the past 6 mo 

• History of major airway surgery or unusual airway anatomy 
• Upper or lower airway tumor or obstruction 
• History of chronic respiratory distress requiring home ventila-

tory assistance or monitoring 

Endocrine 
• Insulin-dependent diabetes mellitus 
• Adrenal disorders 
• Active thyroid disease 

Neuromuscular 
• History of seizure disorder or other significant central nervous 

system disease (e.g., multiple sclerosis) 
• History of myopathy or othe r muscle disorder 

Hepatic 
• Any active hepatobiliary disease or compromise 

Musculoskeletal 
• Kyphosis or scoliosis causing functional compromise 
• Temporomandibular joint disorder 
• Cervical or thoracic spine injury 

Oncology 
• Patients receiving chemotherapy 
• Other oncology process with significant physiologic residual 

or compromise 

Gastrointestinal 
• Massive obesity (<1400/o of ideal body weight) 
• Hiatal hernia 
• Symptomatic gastroesophageal reflux 
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place of surgery, as weU as who will be around to monitor the 
patient. 

In genera1, procedures performed under local anesthesia 
without sedation are such that patients can be discharged home 
under their own recognizance. The need for postoperative pain 
control with narcotic-based agenrs may alrer parienrs' suirabiliry 
for transporting themselves and thus is considered when making 
decisions about disposition. Any patient who receives sedation, 
general anesthetic, or both at a minimum needs to have a ride 
home. Ideally, the patient will have a responsible individual 
staying overnight in the same residence. Again, the patient's 
ability to perform tasks at home will be influenced by the need 
for narcotics, as weU as any restrictions or limitations dictated 
by the procedure. Patients who will be unable to maintain oral 
intake after surgery, because of the operation itself or the need 
for postoperative ventilatory support, or who will need IV or 
other nonoral pain medication, will re<Juire postoperative hos
pitaliz.ation. 1he need for postoperative care will have a bearing 
on the type of facility in which the surgeon chooses to carry out 
the procedure. 
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which tested the applicability and validity of the National Surgical Quality 
Improvement Program (NSQIP) outside the VA. 

Napolitano LM, Bass l3C: Risk-adjusted outcomes and perioperative 
care. Surg Clin North Am 85(6}:1341-1346, 2005. 

Overview of the perioperative concerns of patients, surgeons, and anes
thesiologists, including topics addressing risk adjustment, hoopital 
systems, and patient safety. 
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CHAPTER 12 

SURGICAL INFECTIONS AND 
ANTIBIOTIC USE 
PHILIP S. BARIE 

RISK FACTORS FOR INFECTION 

INFEcnON CONTROL 

SPECIRC INFEcnONS 

ANTIBIOTIC USE 

DISEASE-, PATHOGEN-, AND ANTlBIOTlC-SPECIRC 

CONSIDERAiflONS 

ANTlBIOTlC TOXICITIES 

IMPORTANT PATHOGENS OF CRITlCAUY IU PATIENTS 

FUNGAL INFECTIONS 

Traditionally, surgical infections have been considered to be 
those that require surgical therapy (e.g., complicated intra
abdominal infections [clAis] and skin or soft tissue infections 
[cSSTis]). However, surgical patients are particularly vulnerable 
to nosocomial infections, so a more expansive defu1ition includes 
any infection that affects surgical patients. Examples of infec
tions that may complicate perioperative care include surgical site 
infections (SSis), central line-associated blnodstream infections 
(CLABSis), urinary tract infections (UTJs), and hospital- or 
ventilator-associated pneumonia (HAP, YAP). 11us chapter tal<es 
the more encompassiJ1g view, recognizing that the surgical 
patient is at particular risk for nosocomial infections for numer
ous reasons. 

Surgery's inherent invasiveness creates portals of entry for 
pathogens w invade d1e host through natural epithelial barriers. 
Surgical illi1ess is inmllmosuppressive (e.g., tratill1a, burns, 
malignant tumors), as is therapeutic immunosuppression fol
lowing solid organ transplantation. General anesthesia almost 
always means a period of endotracheal intubation and mechani
cal ventilation, and a period of reduced consciousness during 
emergence that poses a risk of pulmonary aspiration of gastric 
contents; both increase the risk of pneumonia. ConsideriJJg that 
the development of a postoperative infection has a negative 
impact on surgical outcomes, recogni7Jng and minimizing risk 
and an aggressive approach to the diagnosis and treatment of 
these Ulfections are crucial. 

Although morbid and costly, infection is preventable to 
some degree, and every physician who has patient contact must 
do his or her utmost to prevent iJlfection. An ensemble of 
prevention methods is required, because no single method is 
w:tiversally effective. Infection control is paramount. Surgical 
incisions and traumatic wounds must be handled gently, 
inspected daily, and dressed if necessary using strict asepsis. 

240 

Drains and catheters must be avoided, if possible, and removed 
as soon as practicable. Prophylactic and therapeutic antibiotics, 
whether empirical or directed against a knoWll infection, should 
be used sparingly to minimi7..e antibiotic selection pressure on 
the development of multidrug-resistant (MDR) pathogens. 
Each of these aspects i.s discussed iJ1 detaiL 

RISK FACTORS FOR INFEcnON 

Host Fadors 
The :host is defined by genotype, expressed phenotypically as 
characteristic traits. Innate immw1ity provides continuous sur
veWrulce against tissue invasion by foreign antigens in the mter
stitiai spaces just beneath epithelial barriers. Potential pathogens 
are ubiquitous in the environment, but although colonization 
of epithelia occurs even in healthy hosts, invasion generally 
requires a portal of entry, which for surgical patiems might 
iJlclude injured tissue, incision, puncture site for vascular access, 
or indwelling catheter. Injury also stimulates a repair response 
(inflammation), whicl1 may cause a wide-ranging autodestruc
t.ive augmentation of the inRammatory response. 

The pbenotypic stress response augments cardiovascular 
ftmction through the autonomic nervous system, promotes gly
cogenolysis, catabolizes peripheral lean tissue and far for gluco
neogenesis, enhances coagulation to stand1 hemorrhage, and 
stinJUiates a proinRanllllatory cytokine response to begin the 
tissue repair process (Box 12-1 ).' Innate and adaptive immunity 
are depressed iJ1 large part by the actions of cortisol (Table 12-l 
and Box 12-2).2 

Older age (generally. age ;?:65 years) is a definite risk factor 
for adverse outcomes from infection,3 related to inm1une senes
cence and an increased incidence of nosocomial ir1fection. 
Hyperglycemia iJ1duces illll11une cell dysfunction (Box 12-3) 
and is a recognized risk factor for infection (Box 12-4). Even 
transitory hyperglycenlia is associated with an increased risk of 
SSis4-~ and other nosocomial uuections, and trru1slates into 
increased mortality after trauma8

·
9 and critical surgical illness10

·
11 

for dlabetic and nondiabetic patients. 

Genetics and Genomics of Trauma and Sepsis 
It is controversial as to wbether ge11der makes a cliffcreJ1ce in 
outcome following infection and sepsis. Androgens are immu
nosuppressive in virro ru1d in animal studies, and male animals 
have higher mortality after trauma and sepsis,'2 ·'

3 but human 
data are conflicting. Population-based studies bave cast doubt 
on the clinical importance of tl1e laboratory observations of 
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Stress ResP.onse to Injury·, ~ 

Activation of the autonomic nervous system 
Activation of hypophyseal-pituitary-adrenal axis (HPAA) 
Peripheral insulin resistance 
Production of pro-inflammatory and anti-inflammatory cyto-

kines and lipid mediators 
Production of reactive oxygen and nitrogen intermediates 
Acute-phase changes of hepatic protein synthesis 
Recruitment and activation of neutrophils, monocytes

macrophages, and lymphocytes 
Upregulation of procoagulant activity 

------~----------------~ 

Lymphopenia 
Helper-to-suppressor T ce ll ratio <1 
Downregulated: 

• T. B cell proliferation 
• NK cell activity 
• IL-2 receptor expression 
• IL-4, IL-10 production 
• HLA-DR expression 
• DTH skin test response 

Nonspecific Immunity 
Monocytosis 
Upregulated: 

• Acute-phase proteins 
• Inflammatory cytokine production 
• Eicosanoid production 

Downregulated: 
• Neutrophil function 

DTH, Delayed-type hypersEnSitivity; HLA. human leukocyte antigen; NK, natural 
killer cell. 

Table 12-1 Principal Hormonal Responses to Surgical 
Stress 
ENDOCRINE OIANGE IN 
GLAND HORMONES SECRETION 
Anterior pituitary Corticotropin Increased 

Growth hormone Increased 

Thyrotropin Variable 

Follicle-stimulating hormone, Variable 
luteinizing hormone 

Posterior pituitary Arginine vasopressin Increased 

Adrenal cortex Cortisol Increased 

Aldosterone Increased 

Pancreas Insulin Decreased 

Glucagon Increased 

Thyroid Thyroxine Decreased 

Triiodothyronine Decreased 

Effects of Hypergtycemia Upon Immune Cell Function 
• Decreased respiratory burst of alveolar macrophages 
• Decreased insulin-stimulated chemokinesis 
• Glucose-induced protein kinase C activation 
• Increased adherence 
• Increased adhesion molecule generation 
• Spontaneous activation of neutrophils 

Effects of Stress Response on Carbohydrate Metabolism 
• Enhanced peripheral glucose uptake 
• Hyperlactatemia 
• Increased gluconeogenesis 
• Depressed glycogenolysis 
• Per~pheral insulin resistance 

• Extremes of age (neonates, very old adults) 
• Malnutrition 
• Obesity 
• Diabetes mellitus 
• Prior site irradiation 
• Hypothermia 
• Hypoxemia 
• Coexisting infection remote to surgical site 
• Corticosteroid therapy 
• Recent operation, especially of chest or abdomen 
• Chronic inflammation 
• Hypocholesterolemia 

gender-based differences. Gannon and colleagues14 have found 
no gender-based difference of mortality among 18,892 trauma 
patients; of interest, males were more li.kely to develop 
pneumonja, but females were more likely to succumb. Angus 
and associates15 were unable to detect any adverse outcomes 
from sepsis among females in a nationwide U.S. population
ba">Cd study. 

Modern high-rh.roughpuc, mulclplexed assays allow the 
molecular characterization of pathologic conditions. Most gene.s 
have hundreds or thousands of nucleotides, but only a .relatively 
short sequence is needed for the precise identification of each. 
1 he DNA microarray, mjnute quantities of vast numbers (i.e., 
many thousands) of short, gene-specific probe nucleotides 
affixed to a slide chip can be used to identify messenger RNA 
that can be isolated from cells or tissues and labeled to produce 
complimentary oucleorides (eDNA or cRNA). When incubated 
wi th the microarray, the eDNA or cRNA will bind by conven
tional base pairing. With a scanner and the aid of computational 
biomedicine, the label signal intensity (mRNA abundance) may 
be calculated and compared, generating an expression profil e 
called the transcriptome for the cell or tissue of interest. Such 
techniques have furthered the understanding of host predisposi
tion and response t<l sepsis16

·'
7

; application of related techniques 
of cell separation, genome-wide expression, and ccll-specific 
pathway analyses may be useful to characteri:re alterations in 
human disease or the presence of specific microbes. However, 
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their presence does not distinguish whether the microbe is a 
colonist or a pathogen. 

In infection, genomic variability may correlate with disease 
susceptibility. Single nucleotide polymorph.isms (SNPs), single 
point mutations in the nucleotide structures of genes related to 
inflammation (e.g., rumor necrosis facwr-0. [TNF-a], imerleu
kin llL]-1, -6, and -8), the anti- inflammatory response (e.g., 
lL-1 0, lL-1 receptor antagonist), the innate immune response 
(e.g., Toll-like receptor 4), and the coagulation S)1Stem (e.g., 
factor V, plasminogen activator inhibitor- I) have been associated 
with a predisposition to sepsis.18 However, heterogeneity in the 
immune response and predisposition to infection, as well as the 
severity of infecdons and resultant mortality, make conclusions 
difficult to determine, which makes it wuikely that a single SNP 
will be identifiable in an individual patient to characteri7-C risk. 

Interactions Between the Host and Therapy 
1he risk of infection may exist as the resul t of injury itself, 
impairment of host defenses, resuscitation, or definitive care. 
Hypothermia may occur as the result of exposure, large-volume 
infusion of unwarmed fluids or blood products, or evaporative 
losses during intracavitary surgery, especially if the chest and 
abdomen arc opened. Peripheral and cutaneous vasoconstriction 
occur to preserve core heat, but vasoconstriction decreases 
microcirculatory blood fl ow, which may also be disrupted by 
hypovolemia, inflammatory response, activation of coagLdation, 
and decreased deformabili ty of transfused red blood ceiJs (see 
below)! q Hypothermia is immunosuppressive, affects cardiovas
cular performance adversely, and increases mortality after trauma 
and surgery.2°~ 0 

Tissue hypoxia after trauma may result from injury to the 
face, airways, lungs, or cl1est wall, inability to secure the airway, 
massive blood loss, cardiovascular instabili ty, disruption of the 
microcirculation, or acute respiratory distress syndrome (ARDS) . 
Tissue hypoxia appears to predispose to SSI.22 Administration 
of supplemental oxygen (Fto2 = 0.8) reduces the risk of SSI after 
elective surgery (meta-analysis)? 1 

The manner of resuscitation may influence outcome. Fluids 
are necessary to restore hemodynamics and microcirculatory 
perfusion, but the quantity and type of fluid that should be 
administered is stiiJ debated. Historically, crystalloid £1 ulds were 
preferred to co]Joids, being less expensive and with results that 
were at least equivalem.23 Although some trials, such as chat of 
the SAFE investigators,24 have led to a reappraisal, the question 
remains controversial. Delaney and coworkers25 have conducted 
a meta-analysis of 17 trials (1977 subjects); eight trials were 
specifically of colloid versus crystalloid for resuscitation of 
patients with sepsis. Using a fixed effects model, colloid resusci
tation was associated with reduced mortality (odds ratio [OR], 
0.82; 95% confidence interval [CI], 0.67 to 1.0; P = 0.047) , 
but not when a more robust random effects model was used for 
the meta-analysis {OR. 0.84; 95% CI, 0.69 to 1.02; P = 0.08). 
However, six of the trials included, by a single investi~ator, have 
been called into question for sciemific rolsconducr ; omission 
of those results from the meta-analysis still produced a signifi
cant result by :fixed effects meta-analysis (OR, 0.76; 95% Cl, 
0.62 to 0.95; P = 0.015). Fw1crionally, resuscitation of the 
immune system may be the crucial determinant, as evidenced 
by observations that a persistent systemic inflammatory response 
after injury is associated with an increased risk of nosoco1n ial 
infection and deatbY 

Blood Transfusion 
Blood transfusion can be lifesaving after trauma or hemorrhage, 
but increased risk of infection is the consequence. Transfusions 
express immunosuppressio11 through altered leukocyte antigen 
presentation and a shift to the T helper 2 phenotype.28 Claridge 
and colleagues2'l have idemified an exponemial relationship 
between transfusion and infection risk an1ong trauma patients, 
detectable after even 1 unit of transfusion, and becoming a near
certainty after more than 15 uni ts of transfused blood (relative 
risk !RR], 1.084; 95% Cl, l.U28 to l.l42). Hill and associates30 

have estin1ated by meta-analysis that the risk of infection related 
to blood transfusion is increased for traun1a patients by more 
than fivefold (OR, 5.26; 95% Cl, 5.03 to 5.43) and, for surgical 
patients, by more than threefold. This increased risk for i11fection 
by transfusion has also been identified for critically ill patients 
in general.31 and for CLABSI32 and VAP33 specifically. Loss of 
membrane high-energy phosphates associated with prolonged 
storage of banked blood leads to impaired erythrocyte deform
ability, disruption of the microcirculation, and impaired oxygen 
offioading:11 Consequently, blood transfusion does not increase 
oxygen consumption in severe sepsis3s and may actually increase 
organ dysfunction.36 It is safe to be conservative in the adm in
istration of red blood cell concentrates to stable patients in 
the lCUT 

Control of Blood Sugar 
Not only does hyperglycemia impair host immune function, it 
also reflects the catabolism and insulin resistance associated with 
surgical stress. Poor perioperative glycemic control increases the 
risk of infection and worsens outcomes from sepsis for diabetic 
and nondiabetic patients. Cardiac surgery patient.~ have a higher 
risk o f infection of sternal iJ1cision and lower extremity donor 
sites. Moderate hyperglycemia (>200 mg/dL) at any time on the 
first postoperative day increases the risk of SSI fourfold after 
cardiac6 and noncardiac surgery.:· [nsulin infusion to keep tbe 
blood glucose level less than 110 mg/dL was associated with a 
40% decrease in mortali ty among critically ill postoperative 
patients (~70% of whom had undergone cardiac surgery), and 
also fewer nosocomial infections and less organ dysfunction.38 

However, glycemic control has become somewhat controversial 
because of noncon6rmation of a salutary effect iJ1 critically ill 
medical patients. Moreover, concern regarding an increased inci
dence of hypoglycemia (~6%, <60 mg/dL) in patients created 
with intensive insulin therapy, and resultant increased mortality, 
has led to relaxation of glycemic control targets to approximately 
140 to 180 mg/dL.39 Nonetheless, a meta-analysis of recent 
trials by Greisdale and associates10 bas iJ1dicared that the risk of 
mortality is decreased significantly for patients treated with 
intensive insulin therapy in dedicated surgical intensive care 
units (ICUs; RR, 0.63; 95% Cl, 0.44 to 0.9 1), regardless of 
whether the patients had diabetes mellitus. However, counter
vailing opinion as to the usefulness and safety of intensive insulin 
therapy is prevalent. 21 

Nutritional support is crucial, considering that restoration 
of anabolism requires calories and nitrogen in excess of basal 
requirements of 25 to 30 kcal and 1 g nitrogen/kg/day. It is 
challenging to provide adequate calories and protein while 
sirnultaneously avoiding hyperglycemia. Parenceral nurrition 
may convey no advantage over not feeding the patient at all,40 

perhaps because of the inherent morbidity of central rv feeding 
(i.e., the risks of CLABSI and hyperglycemia). By contrast, early 
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cmeral feeding within the fust 48 hours, perhaps immediately 
if the gut is functional, is dearly beneficial, with the possible 
exceptions of intestinal ischemia and pneumonia prevention (see 
later). 1he risk of infection was reduced by 55% (OR, 0.45; 
95% CI, 0.30 to 0.66) in a meta-analysis of 15 randomized trials 
of early emeral feeding following surgery, trauma, or burns.41 

INFECTION CONTROL 
General principles of surgical care, critical care, and infection 
control must be adJ1ered to at al.l times. Resuscitation must be 
rapid, yet precise; overresuscitation and underresuscitatlon 
increase the risk of infection. Pathology must be identified and 
t reated as soon as possible. Central venous catheters inserted 
under suboptimal barrier precautions (e.g., lack of cap, mask, 
sterile gown, and sterile gloves for the operator and a full bed 
drape for the patient) must be removed and replaced, if neces
sary, by a new pw1cture at a new site as soon as the patient's 
condition permits. Drains shouJd be avoided and removed as 
soon as possible, if requiredY Detailed evidence-based guide
lines for the general prevention ofSSls,43 CLABSls,1M 5 and YAP 
have heen published.46.17 

Infection control is a individual and collective responsibil
ity. Hand hygiene is the most effective means to reduce the 
spread of infection, but compliance is a continual chaUenge.18 

AJcohol gel hand cleansers are effective,49 except against the 
spores of Clostridium difficile, which requires cleansing with soap 
and water.50 Utl'iversal precautions---cap, mask, gown, gloves, 
and prorecdve e}'CWear-must be observed whenever there is a 
risk of splashing of body fluids. 

Endogenous flora are the source of most bacterial patho
gens, Skin surfaces, artificial airways, gut lumen, wounds, 
catheters, and inanimate surfaces (e.g., bed rails, computer ter
minals)51 may become colonized. Any break in natural epithelial 
barriers (e.g., incisions, percutaneous catheters, airway or urinary 
catheters) creates a portal of entry for invasion of pathogens. 1he 
fecal-oral route is the most common manner whereby pathogens 
reach the portal, but health care workers faci litate t11e transmis
sion of pathogens on tl1eir hands. 

Contact isolation is an important part ofinfection control 
and shouJd be used selectively to prevem the spread of pathogens 
such as methicillin-resistant Staphylococcus nureus (MRSA), 
vancomycin-resistant enterococci (VRE), or MDR gram
negative bacilli. However, contact isolation may decrease the 
amount of direct patient contact. 52 An appropriate balance must 
be struck, because reduced nurse staffing of lCUs has been 
independently associated with an increased risk of a number of 
nosocomial infections.53 

Catheter Care 
Optimal catheter care includes avoidance when uru1ecessary, 
appropriate skin preparation and barrier protection during inser
tion, proper catheter selection (e.g., antimicrobial- or antiseptic
coated), proper dressiJ1g of iJ1dwclling catheters, and removal as 
soon as no longer needed, or as is practicable, but no longer than 
24 hours, after insertion under less than ideal circumstances 
(e.g., trauma bay, cardiac resuscitation). 

Risks and benefits must be weighed when deciding to place 
any catheter, including the risk of infection. Almost all indwell
ing catheters carry sud1 a risk, but nontwmeled central venous 
catheters and pulmonary artery catheters pose the highest 
risk, including local site infections and CLABSls. Other 

catheters that pose increased infection risk include endotracheal 
tubes, intercostal thoracostomy catheters (inserted as an emer
gency), ventricuJostomy catheters for intracranial pressure moni
toriJlg, and urinary bladder catheters. Each day of endotracheal 
intubation and mechanical ventilation increases tbe risk of pneu
monia by I o/o m 3% <;.~; it is comroversial whether rracheosromy 
decreases tl1at ri.sk. ss 

Chlorhexidine gluconatc, a pl1enoJjc biguanidlne deriva
tive, is used in concentrations of0.5o/o to 4.0% alone or in lower 
concentrations in combination with an alcohol as a skin anti
septic. The microbicidal action, which is bactericidal, viricidal, 
and fungicidal, is somewhat slow, but persistent. Chlorhexidine 
should be used preferentially for skin preparation for vascular 
catheter insertion; it is superior to povidone-iodine solution56 

and i.s also recommended for surgical skin preparation.57 topical 
bathing of criticaUy ill patients,5&,

59 and as an antiseptic coatiJ1g 
for indwelling central vascuJar catheters.60 If povidone-iodine 
solution is used for surgical site preparation, .it must be aiJowed 
to dry for microbicidal effect. Note that its use is discouraged 
unless a mucous membrane is to be prepped. Full barrier precau
tions arc mandatory for aU hedside catheterization procedures, 
except arterial and urinary bladder catheterization, for which 
sterile gloves and a sterile field suffice if maintained meticulously. 
Whenever a central venous catheter is inserted under suboptimal 
condit'ions, it must be removed--and replaced at a different si te 
if still needed--as soon as permitted by the patient's hemody
namic status, but no longer than 24 hours after insertion. A 
single dose of a fuse-generation cephalosporin (e.g., cefazolin) 
may prevent some infections following en1ergency rube thora
costomy or ventriculostomy, but is not indicated for vascular or 
bladder catheterizations. 

lt is crucial to maintain dressings carefully, wbidl can be 
challenging if t11e patient is agitated or the body surface is 
irregular (e.g., the neck [internal jugular vein catheteri7.ation] as 
opposed to the chest wall [subclavian vein catl1eterization]). 
Marking the dressing clearly with the date and time of each 
change is simple and effective. Dressing carts or similar equip
ment shouJd not be brought from patient to patient; instead, 
sufficient supplies shouJd be kept in each patient's room. 1l1e 
potential for transmission of pathogens on inanimate fomites 
(e.g., scissors) must be borne in mind. Implementation of care 
bw1dles and dedicated catheter care tcan1s substantially reduces 
the risk of CLABSis and UTis.6 ' ·

62 

TI1e choice of catl1eter may play a role in decreasing the 
risk of infection related to endotracheal tubes, central venous 
catheters, and urinary catheters. Continuous aspiration of sub
glottic secretions (CASS) via an endotracl1eal tube with an extra 
lumen that opens to the airway just above the balloon facilitates 
the removal of secredons that accumulate below the vocal cords 
but above the endotracheal tube baUoon, an area that cannot 
be reached by routine suctloning. The incidence of VAP is 
decreased by 50% by CASS.63 Silver-impregnated endotracheal 
tubes are effective in reducing airway colonization64 and may 
reduce the incidences ofVAP and mortalicy.65 Antibiotic-coated 
(e.g., rninocycline/rifampin) or antiseptic-coated central venous 
catheters (e.g., chJorhexidine, silver sulfadiazine) can reduce the 
incidence of catheter -related bloodstreanl infections (CRBSls) ,44 •66 

especially in high-prevalence units; minocyclli1e- or rifanlpin
coated catheters may be more effective. Urinary bladder cathe
ters coated with ion icsilver reduce the incidence of catheter-related 
bacterial cystitis by a sin1ilar amount.67·68 
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Ventilator weaning by protocol, including daily sedation 
holidays and spontaneous breathing trials, atlows endotracheal 
extubation sooner and decrea.~ the risk ofYAP {see later).69 An 
even better strategy may be avoidance of endotracheal intuba
tion entirely. Respiratory failure can sometimes be managed with 
noninvasive positive-pressure venrilarion delivered by mask (e.g., 
continuous positive airway pressure fCPAP]) .70 Improved resus
citation and noninvasive monitoring techniques have decreased 
the utiHzation of pulmonary artery catheters, which pose a par
ticularly high risk of infec.tion."'1 Most drains do not decrea.~ 
the risk of infection; in fact, the risk is probably increased77 

because the catheters hold open a portal for invasion by 
bacteria. 

SPECIFIC INFECTIONS 

Surgical Site Infection 
1he spectrum of bacterial contamination of the surgical s,ite is 
well described. 77 C lean surgical procedures affect only skin struc
tures and other soft tissues. Clean-contaminated procedures 
open a hollow viscus under controlled cirCLunstances (e.g., elec
tive aerodigestive or genitourinary tract surgery). Contaminated 
procedures introduce a large inoculum of bacteria into a nor
mally sterile body cavity, but too briefly for infection to become 
established during surgery (e.g., penetrating abdominal 
trauma, enterotomy during adhe.~iolysis for mechanical bowel 
obstruction). Dirty procedures are those performed to control 
established infection (e.g., colon resection for perforated 
diverticulitis). 

The microbiology of SSI depends on the nature of the 
procedure, location of the incision, and whether a body cavity 
or hollow viscus is entered during surgery. Most SSls are caused 
by skin flora that are inoculated into the incision during surgery, 
therefore, the most common SS1 pathogens are al l gram-positive 
cocci-Staphylococcus epidermidis, S. aureus, and Enterococcus 
spp. For infrainguinal incisions and intracavitary J>urgery, gram
negative bacilli such as Escherichia coli and Klebsiella spp. are 
potential pathogens. When surgery is performed on the pharynx, 
lower gastrointestinal tract, or female genital tract, anaerobic 
bacteria become potential SSI pathogens. Antibiotic prophylaxis 
should be suitably directed against likely pathogens (see later). 

The incidence of SSis has been estimated to be about 3% 
in the United States, although the incidence varies greatly from 
less than 5% for clean surgery to more than 20% for emergency 
colon surgery, which is often performed in a dirty field. More
over, the overaU estimate is almost certainly an underestimate, 
consideriJ1g that SSl following ambulatory surgery, which now 
represents more than 70% of all operations in the United States, 
is seldom reported. Numerous factors determine whether a 
patient will develop an SSI, including those related to the 
patient, environment, and treatment (Box t 2-5).:'! As incorpo
rated in the National Nosocomial Infections Surveillance System 
(NNJS) and its successor progran1, the National Healthcare 
Safety Network (NHSN),-'3•75 the most recognized factors are 
wound classification, American Society of Anesthesiologists class 
3 or higher (class 3 is d1ronic active medical illness), and pro
longed operative time, where time is longer than the 75th per
centile for the given procedure. According ro the NNIS-NHSN, 
the risk of SSI increases as d1e nwnber of risk factors present 
increases, irrespective of the type of operation.-·6 Laparoscopic 
surgery is associated with a decreased incidence of SSl under 

Patient Factors 
Ascites (for abdominal surgery) 
Chronic inflammation 
Corticosteroid therapy (controversial) 
Obesity 
Diabetes 
Extremes of age 
Hypocholsterolemia 
Hypoxemia 
Peripheral vascular disease (for lower extremity surgery) 
Postoperative anemia 
Prior site irradiation 
Recent operation 
Remote infection 
Skin or nasal carriage of staphylococci 
Skin disease in the area of infection (e.g., psoriasis) 
Undernutrition 

Environmental Factors 
Contaminated medications 
Inadequate disinfection/sterilization 
Inadequate skin antisepsis 
Inadequate ventilation 

Treatment Factors 
Drains 
Emergency procedure 
Hypothermia 
Inadequate antibiotic prophylaxis 
Oxygenation (controversial) 
Prolonged preoperative hospitalization 
Prr>lnt,a~...-1 nnf'>r;m\lf'> time 

most circumstances. There are several possible reasons why lapa
roscopic surgery decreases the risk of SSI, including decreased 
wound size, limited use of cautery in the abdominal wall, and a 
diminished stress response to tissue injury. 

Host-derived factors contribute importantly to the risk of 
SSI, including increased age,77 obesity, malnutrition, diabetes 
melli ws, 7 hypocholesterolemia, :'!: and several other facwrs not 
accounted for specifically by the NNIS-NHSN (see Box 12-5)
In a study of 503 J noncardiac surgical patients, the incidence 
of SSI wa.~ 3.2%. :".> Independent risk factors for the development 
of SSI included ascites, diabetes mellitus, postoperative anemia, 
and recent weight loss, but not cluonic obstructive pulmonary 
disease, tobacco use, or corticosteroid use. ln another prospec
tive study of 9016 patients, 12.5% of patients developed an 
infection of some type within 28 days after surgery.80 Multivari
able analysis revealed that decrea.~d serum albumin concentra
tion, increased age, tracheostomy, and amputations were 
associated with an early infection, whereas a dialysis shunt, vas
cular repair, and early infection were associated with hospital 
readrnisslon. factors associated with 28-day mortality iJ1cluded 
increased age, low serun1 albumin concentration, increased 
serum creatinine concentration, and an early infection. 

Hypothermia during surgery is common if patients are 
not warmed actively because of evaporative water loss, admin
istration of room temperature fluids, and other factors.81 
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Maintenance of normal core body temperature is unequivocally 
important for decreasing the incidence of SSis. Mild 
intraoperative hypc>thermia is associated wid1 an i11creased inci
dence of SSis following elective colon surger}..SZ and diverse 
operations~3 

ft is comroversial whether peri operative oxyl?en administra
tion is beneficial for the prevention of infection.84 The ischemk 
milieu of the fresh surgical i11cision is vulnerable to bacterial 
invasion. Moreover, oxygen has been postulated to have a direct 
antibacterial effect.85.86 Although clinical trials have had conflict
ing results,87.s8 one recent meta-analysis has suggested a benefit 
of supplemental oxygen administration specifically to reduce d1e 
incidence of SSis,21 but further studies may be needed before 
the practice becomes routine. 

Skin closure of a contaminated or dirty incision is believed 
to increase the risk ofSSls, but few good studies exist to evaluate 
the multiplicity of wow1d closure techniques available to sur
geons. Open abdomen techniques of temporary abdominal 
closure for management of trauma or severe peritonitis are 
increasingly being used. Retrospective data have indicated that 
antibiotics are 110t indicated for prophylaxis of the open 
abdomen,I''J although an inability to achieve primary abdominal 
closure is associated with several infectious complications (e.g., 
pneumonia. bloodstream infection, SSis). lnfectious complica
tions, in turn, signincantly increase costs from prolonged length 
of stay, but not mortality.90 

Drains placed in inci.sions probably cause more infections 
than they prevent. Epithelialization of the wound is prevented 
and the drain becomes a conduit, holding open a portal for 
iJwasion by pathogens colonizing d1e skin. Several studies of 
drains placed inl(o dean or dean-contaminated incisions have 
shown that the rate of SSI is not red uced9 1

•
92

; iJ1 fact, the rate is 
increased.93·96 Considering that drains pose this risk, they should 
be used as little as possible and removed as soon as possible.9~ 
Under no circumstances should prolonged antibiotic prophy
laxis he administered to cover indwelling drains (see later). 

Wound irrigation is a controversial means to reduce the 
risk of SSls. Routine low-pressure saline irrigation is ineffec
tive/ 8 but high-pressure (i.e., pulsed) irrigation may be benefi
cial.'>? Intraoperative topical antibiotics can minimize me risk of 
SSls, •oo.•oz but the use of antiseptics rather than antibiotics might 
minimize the development of resistance. 

Surgical sire infection remains a clinical diagnosis. Present
ing signs and symptoms depend on the depm of infection, typi
cally as early as postoperative day 4 or 5. although rare necrotizing 
SSis caused by Streptococcus pyogenes or Clostridium perfringens 
may develop within 24 hours after surgery. Clinical signs range 
from local induration only to the hallmarks of ulfection (e.g., 
erythema, edema, tenderness, warmth, pain-related immobil
ity), which may manifest before wound drainage. In cases of 
deep incisional SSis, tenderness may extend beyond me margin 
of erythema. and crepitus, cutaneous vesicles, or bullae may be 
present. With ongoing infection, signs of systemic inflammatory 
response syndrome (SIRS; two or more of fever, leukocytosis, 
tachycardia, or tachypnea) herald the development of sepsis. In 
intracavitary (organ, space) SSJs, symptoms specinc to the 
involved organ system will usually predominate, such as ileus, 
respirarory disuess or failure, or altered sensoriun1. 

Cultures are not mandatory for the management of super
ficial iJ1cisiona1 SSls, particularly if drainage and wow1d care 
alone wW suffice without antibiotics and if superficial swab 

cultures are collected, which are susceptible co contamination by 
nearby skin colonists. In cases of deeper infection or hospital
acquired infection, exudates or drai~nage specimens should be 
sent for analysis &om the surgically opened wouod-as opposed 
to me al.ready opened wound, which becomes colonized. 

More severe SSls, especially the dangerous forms of necro
tizing soft tissue infection (NST1), are true emergencies that 
need immediate surgical attention. Even modest delays can 
iJ1crease mortality substantially. Freisdllag and coworkers103 have 
shown that mortality increao;es from 32% to 7Uo/o when therapy 
is dcla)red longer than 24 hours. Immediate widespread debride
ment is indicated for established NSTis without waiting for 
identification of the causative pathogen or development of a 
specific symptom. Sequential surgical debriden1ents may be 
needed to control the infection. 

The first steps in the treatment of SSis are to open and 
examine the suspicious portion of me incision and decide about 
further surgical treatment.104 lf the infection is con611ed to the 
skin and superficial w1derlying subcutaneous tissue, opening the 
incision and providiJ1g Local wound care may be all the treatment 
that is necessary. Antibiotic therapy of superficial incisional SSis 
is indicated only for erythema extending beyond the wound 
margin or for systemic signs of infection. Deeper SSis may 
require formal surgical exploration and debridement to obtain 
local control of the infection. Surgical site infection must also 
be considered as a cause of delayed or failed wound healing and 
prompt the san1e decisions as described earlier. 

Organ or space SSis occur within a body cavity (e.g., intra
abdominal, intrapleural, intracr:uual) and are directly related to 
a surgical procedure. 'TI1ese deep infections may remain occult 
or present with few symptoms, mimicking incisional SSis and 
leading to inadequate initial treatment; they become apparent 
only when a major complication ensues. The diagnosis of organ 
or space SSls usually requires some form of imaging to confirm 
the site :u1d extent ofi11fection. Adequate source control requires 
a drainage procedure, whether open or percutaneous. 

Experimentally, vaculml-assisted wound closure (VAC) was 
first appraised by Morykwas and colleagues105 in a porcine model 
in 1997. Therapy by VAC optim.i7_es blood A ow, decreases 
edema, and aspirates accumulated Auld, thereby facilitatiJ1g bac
terial clearance. Negative pressure promotes wound contraction 
to cover the defect :u1d may tr~er intracellular sigJJaling that 
iJ1crea..'ICS cellular proliferation} The clinicalusefulJ1ess ofVAC 
has been described only anecdotally, mosdy for sternal infections 
following cardiac surgery, abdominal wall dehiscence, manage
ment of complex perineal wounds, or securing skin grafts. 107

•
108 

Many general and specific tactics for the prevention of SSls 
have been brought together iJ1 a bundle known as the Surgical 
Care ln1provement Project {SCIP), the effectiveness of which 
has been .called into question.109

•
110 A predecessor program, the 

National Surgical Wection Prevention Project (SIP), focused 
primarily on the quality of antibiotic prophylaxis, including 
cl1oice of agent, tin1ing of administration, and duration of pro
phylaxis. A national audit fow1d that the agents being prescribed 
for prophylaxis were often inappropriate, the effectiveness of 
proph}1laxis was decreased because the tinliJ1g of admlJlistration 
wa~ suboptimal, and only 40% of patients administered surgical 
antibioric prophylaxis had the antibiotic discontinued within 24 
hours, risking adverse events (e.g., superinfection, developmem 
of bacterial resistance)} 11 It wa~ advised that antibiotic admin
istration should occur within 60 nwwtes before incision and 
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Antibiotic Prophylaxis 
Proportion of [patients who have their antibiotic dose initiated 

within 1 hour before surgical incision {2 hours for vancomy
cin or a fluoroquinolone) 

Proportion of patients who receive an approved antibiotic agent 
for prophylaxis consistent with current recommendations 
(published guidelines; see Table 12-2} 

Proportion of patients whose prophylactic antibiotics were dis
continued within 24 hours of the surgery end time {48 hours 
for cardiac surgery) 

Clindamycin use is preferred for patients allergic to ~actam 
antibiotics. 

Vancomycin is allowed for prophylaxis of cardiac, vascular, and 
orthopedic surgery if there is a physician-documented 
reason in the medical record or documented ll-!actam 
allergy. 

Glucose Control (Cardiac Surgery Patients) 
Blood glucose concentration must be maintained <200 mg/dl 

for the first: 2 days after surgery. 
Blood glucose determination closest to 6 am on postoperative 

days 1 and 2 (surgery end date is postoperative day 0} is 
monitored. 

Hair Removal 
• No hair removal should be performed; if hair is removed, 

clippers or a depilatory agent should be used immediately 
prior to surgery. Razors are not to be used. 

Normothermia {Colorectal Surgery Patients) 
• Core body temperature should be between 96.8° to 100.4° 

F within the first hour after leaving the operating room. 

>~Relevant to prevention of surgical site infection. 

that prophylaxis should continue for no longer than 24 hours.112 

lmplementation demonstrated improved adherence to process 
measures. 113 

The SIP was incorporated into SCIP, wi th additional 
process measures added (Box 12-6), including recommendations 
for agents to be used for prophylaxis in specific circumstances 
(Table 12-2). As a U.S. federal program, SCIP includes repon
ing mandates, with financial .incentives for compliance that will 
eventually become penalties for noncompllance.114 Perhaps not 
w1expectedly, several studies have reported that the incidence of 
SSls has not decreased under SCIP,109

'
110 possibly for several 

reasons.115 Baseline infection rates may have increased as a rewlt 
of in1proved reporting, masking any decrease from process 
improvement. The inherent assumption, that a focus on process 
improvement will result in an improved outcome, may be 
flawed. Causes and prevention of SSls arc complex and multi
factorial and compartmemali7..ation by SCIP may be an oversim
plification. Moreover, SCIP is not a smorgasbord of tactics from 
which the clin'ician may pick and choose; prevention of SSls 
requires the flawless execution of an ensemble of prevention 
tactics, 116 not all of which are included in SCIP. For exarnple, 
correction of patient factors is notably missing. Nonetheless, aU 
the SCIP measures are supported by an1plc, good-quality 

Table 12-2 Surgical care Improvement Program: Approved 
Antibiotic Prophylactic Regimens for Elective Surgery 
TYPE OF OPERATION 
Cardiac (including 

CABG),• vascular!' 

Hip, knee arthroplastY' 

Colon<l• 

Hysterectomy' 

ANTJBJOTIC(S) 

Cefazolin or cefuroxime or vancomycin' 

Cefazolin or cefuroxime or vancomycin' 

Oral: Neomycin sulfate plus erythromycin 
base or metronidazole, administered for 
1 8 hr before surgery 

Parenteral: Cefoxitin or cefotetan or 
ertapenem or cefazolin J?lus 
metronidazole or ampiallin-sulbactam 

Cefazolin or cefoxitin or cefotetan or 
cefuroxime or ampicillin-sulbactam 

CABG, Coronary artery bypass grafting. 
'Prophylaxis may be admini!.tered for up to 48 hr for cardiac surgery; for all other 
cases. the limit is 24 hr. 
"For 13-lactam allergy, clindamycin or vancomycin are acceptable substitutes for 
cardiac, vascular, and orthopedic surgery. 
'Vancomycin is acceptable with a physician-documented justification for use in the 
patient's medical record. 
'for f3-lactam allergy, clindamycin plus gentamicin, a fluoroquinolone, or aztreo
nam, or metronidazole plus gentamicin or a fluoroquinolone are acceptable 
chokes. 
'For colon surgery, oral or parenteral prophylaxis alone, or both combined, are 
acceptable. 
'For fl-lactam allergy, clindamycin plus gentamicin, a fluoroquinolone, or aztreo
nam, or metronidazole plus gentamicin or a fluoroquinolone or clindamycin 
monotherapy, are acceptable choices. 

evidence, and tbe search for proces.~cs that lead to meaningful 
improvements in outcome must continue. 

Postoperative Pneumonia 
Surgical patients arc particularly susceptible to pneumonia, par
ticularly if they require mechanical ventilation (Table 12-3). 
VAP, defined as pneumonia occurring 48 to 72 hours after 
endotracl1eal intubation, is the most common lCU infection 
among surgical and trauma patients. The incidence appears to 
be decreasing but, wlfortunately, VAP is partially iatrogenic, and 
sometimes associated with difficult to treat MDR pathogens. 
Increasingly ill patients, nonspecific diagnostic criteria, indis
criminate antibiotic use, and tmclear therapeutic end points 
have aU contributed to the increased prevalence ofVAP caused 
by MDR pathogens. In turn, MDR pathogens increase the 
likelihood of inadequate initial antimicrobial therapy, which 
exerts further selection pressure for these pathogens and results 
in higher mortality. 

Distinction is sometin1es made between early-onset VAP 
(occurring <5 days after intubation) and late-onset YAP (occur
ring ;?:5 days after intubation). Early-onset VAP, to which trawna 
patients arc particularly prone, is often a result of aspiration of 
gastric contents and is usually caused by antibiotic-sensitive 
bacteria such as methicillin-sensitive S. aureus, Streptococcus 
pneumonitte, and Haemophifus injluenzae. 46.

11 7
'
118 Conversely, 

patients with late-onset VAP are at increa5ed risk for infection 
with MDR pathogens (e.g., MRSA, Pseudomonas tteruginostJ, 
Acinetobacter spp.). 

The incidence ofVAP depe11ds on the diagnostic criteria 
used and therefore varies in published reports. C linical criteria 
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Table 12-3 Rates of Health care-Associated Pneumonia Among Various ICU Types* 
TTUse VAP Rate (Mean/Median) 

ICU TYPE 1992-2004 2006-2008 1992-2004 2006-2008 

Medical 0.46 0.48 4.9/3.7 2.4/2.2 

Pediatric 0.39 0.42 2.9/2.3 1.8/0.7 

Surgical 0.44 0.39 9.3/8.3 4.9/3.8 

Cardiovascular 0.43 0.39 7.2/6.3 3.9/2.6 

Neurosurgical 0.39 0.36 11.2/6.2 5.3/4.0 

Trauma 0.56 0.57 15.2/11.4 8.1/5.2 
From National Nosocomial Infections Survellance (NNIS) System Report data sunvnary from January 1992 through June 2004, issued October 2004. Am J Infect Control 
32:470-485, 2004; and Edwards JR, Peterson KD, Mu Y, et al: National Healthcare Safety Network (NHSN) report Data summary for 2006 through 2008, issued December 
2009. Am J Infect Control 37:783-805, 2009. 
TT use, Number of days of indwelling endotracheal tube or tracheostomy/1000 patient-<lays in ICU; VAP, ventilator-associated pneumonia. 
*Infection rates are indexed per 1000 patient-<lays. 

Age ~60 yr 
Acute respiratory distress syndrome 
Chronic obstructive pulmonary d isease or other underlying pul-

monary disease 
Coma or impaired consciousness 
Serum a lbumin level <2.2 g/dl 
Burns, trauma 
Blood transfusion 
Organ fa ilure 
Supine position 
Large-volume gastric aspiration 
Sinusitis 
Immunosuppression 
Prolonged mechanical ventilation 

alone {e.g., those of the Centers for Disease Control and Preven
tion [CDC]}, whid1 do not require the identification of a patho
gen) underestimate the incidence of VAP as compared with 
microbiologic or histologic data.119

'
120 A systematic review of 89 

studies of mechanically vemilared patients with VAP121 has 
reported a pooled incidence of YAP of 22.8% (95% CI, I8.8 
to 26.9). The risk for trauma patients, especially those with 
t raumatic brain injury, is especially high. The incidence ofVAP 
increases with the duration of mechanical ventilation at a rate 
of 3%/ day during the first 5 days, 2%/ day during days 5 to I 0, 
and I %/day after that. 51 

Risk factors for YAP are summarized in Box 12-7 . Perhaps 
most important is airway intubation itsel£ The risk of HAP 
increases 6- to 20-fold in mechanically ventilated patients12u~~; 
YAP is especially common in patients with ARDS because of 
prolonged mechanical ventilation and devastated local airway 
hose defenses.123 

Several evidence-based strategies can prevent YAP but, to 
be used effectively, a thorough understanding of modifiable risk 
factors is required (Table l2-4). J:M Prevention of VAP begins 
with the minimization of endotracheal intubation and duration 
of med1anlcal ventilation. Noninvasive positive-pressure ventila
tion (NIPPY) should be used when possible (e.g .• awake patient 

Table 12-4 Strategies to Prevent Ventilator-Associated 
Pneumonia 

INSUFFIQENT 
STRATEGY RECOMMENDED EVIDENCE 

Universal infection control + 
precautions 

Orotracheal intubation (versus 
nasotracheal) 

+ 

Maintenance of endotracheal + 
cuff pressure >20 em H,O 

Continuous aspi ration of + 
subglottic secretions 

Semirecumbent positioning + 

Modified cuH technology + 

Sliver-impregnated + 
endotracheal tube 

Postpyloric feeding + 

Postponement of enteral + 
feeding for at least 48 hr 
followmg intubation 

Selective decontamination of ? 
the digestive tract 

Topical chlorhexidine {pharynx + 
or bathing) 

Transfusion restriction + 

Antibiotic cycl ing + 

wid1 intact airway reflexes}, because it is associated with a lower 
incidence ofVAP. 1 2~ When the airway must be secure, orotra
cheal 'incubation is preferred to the nasotracheal route; the 
former decreases the risk ofVAP by 50%'26 by decreasing the 
risk of nosocomial sinusitis, a known m tecedent of YAP. 
Evidence-based strategies to decrease the duration of mechanical 
ventilation in dude daily a.~scssment for readiness to extubate by 
interruption of sedation and spontaneous breathing t rials, 127 

standardized weaniJ1g protocols, and adequate !CU scaffing.128 

After intubation, most YAP preventive measures aim to 
decrease the risk of aspiration. Maintenance of endotracheal cuff 
pressure more chan 20 em H20, new balloon cuff materials and 
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technology that facilitate a better seal between balloon and tra
cheal side waiJ, 129 and continuous aspiration of subglottic 
secretions (CASS)63 reduce the incidence of YAP significantly. 
Semlrecumbent positioning (30 to 45 degrees, head up) is also 
protective as compared with supine positioning, especially 
during emeral feeding.'30 Posrpyloric feeding may decrease the 
risks of gastroesophageal reflux and aspiration. A meta-analysis 
of 11 randomized trials has reported a RR of 0.77 (95% Cl, 
0.60 to 1.00; P = .05) for YAP with postpyloric as compared 
with gastric feedings,'31 but promotility agents such as erythro
mycin facilitate safe intragastric feeding.132 However, early 
enteral feedings may increase the risk of YAP. Shorr and col
leagueg33 have reponed thar enteral nutrition begun48 hours or 
less after the initiation of mechanical ventilation .is indepen
dendy associated with the development of YAP (OR, 2.65; 95% 
Cl, 1.93 to 3.63; P < .0001). 

Pharmacologic strategies to minimize the risk of YAP 
include stress ulcer prophylaxis and selective decontamination 
of the digestive tract (SOD) with topical or systemic antibiotics 
or antiseptics. Many clinical trials have examined the effect of 
SDD on the incidence of YAP, but the literature is limited by 
questionable sttudy methodology,133 study in ICUs in which 
MDR pathogens were rare, and an increased number of infec
tions caused by MDR bacteria observed in the SSD groups, 134

•
135 

especially gram-positive cocci. For these reasons, the use ofSDD 
remains controversial for the routine prevention of YAP. 
However, a meta-analysis of studies of oropharyngeal decon
taminadon with topical chlorhexidine has provided sufficiem 
evidence to recommend the practice,' 'l6 especially for cardiac 
surgical patients. 

Ample data document the relationship between blood 
transfusion and infection risk in surgical, trauma, and critically 
ill patients.28

•32 Shorr and associates33 have found red blood cell 
transfusion to be an independent risk factor for YAP (OR, 1.89; 
95% Cl, 1.33 to 2.68; P= .0004). Earley and coworkers1r have 
documented a 90% decreased incidence of YAP in a surgical 
lCUs following implementation of an anemia management pro
tocol that resulted in fewer blood transfusions. 

1l1e diagnosis of YAP is challenging to make accurately, 
because noninfectious processes that produce abnormal chest 
radiographs (CXRs) and gas exchange (e.g., congestive heart 
failure, atdectasis, ARDS, pulmonary embolism, pulmonary 
hemorrhage) may coexist. L1tubared sedated padenrs cruu1m 
mobilize respiratory secretions without assistru1ce. Moreover, 
immunocompromised patients, such as solid organ cransplruu 
recipients, may have pneumonia without fever, cough, sputum 
production, or leukocytosis.'38 1he diagnosis of YAP requires 
not only determination if the patient has pneumonia, but also 
determination of the causative agent. Poor specificity (false
positive results} is problematic because it exposes patients to risk 
from overtreatment with antibiotics and also increases the risk 
of en1ergence of MDR bacteria.'39·'

4° Conversely, inadequate 
initial therapy i!s associated wid1 increased mortality that cru1110t 
be reduced by subsequent modification of the ru1tibiotic 
regimen .141 

According to CDC criteria, rhe diagnosis ofVAP requires 
one or more of the following: fever, leukocytosis or leukopenia, 
purulenc sputum, hypoxemia, or a new or evolving CXR infil
trate. No pathogen need be identified. However, noninfectious 
processes mimic these nonspecific signs, so clinical criteria alone 
are unreliable. A new CXR infiltrate, along with two of the 

criteria mentioned, is only 69% sensitive ru1d 75% specific for 
YAP as compared with postmortem histology.'~ Subsequent 
reports bave confirmed the low specificity of tl1e clinical diag
nosis of YAP143

; microbiologic confirmation occurs in fewer 
d1an 50% of cases. 114 Computed tomograpby (CT) has only a 
fair correlation with the diagnosis of pneumonia in complex 
patients.'45 

The clinical pulmonary i11fection score (CPIS) incorporates 
clinical, radiographic, and microbiologic criteria (e.g., tempera
ture, leukocyte count, CXR infiltrates, appearance and volume 
of tracheal secretions, Pa~, F102, culture ru1d Gram stain of 
tracheal aspirate-0 to 2 points each) to yield a maximum score 
of 12 poinrs.'46 A CPIS higher thru1 6 poinrs indicates a high 
probability ofYAP. However, d1e specificity of CPIS .is no better 
than clinical acumen alone when compared with lower respira
tory tract cultures obtained via bronchoscopic bronchoalveolat 
lavage (BAL) or protected specin1en brush (PSB) .'4~·148 and is 
inaccurate for use on traun1a patients.149 However, the negative 
predictive value of a negative Gram stain from a stable patient 
is almost l00%.'50 

Because of the Low specificity of traditional diagnostic cri
teria, culture oflower respiratory tract samples is mandatory for 
nosocomial pneumonia prior to the administration of antibiot
ics to m.i.nimize false-negative results. The methods of specimen 
collection (invasive versus noninvasive) ru1d specimen analysis 
(semiquantitative versus quantitative) have been debated. Non
invasive tecl111iques include endotracheal suction aspiration 
(EA), blinded plugged tdescoping catheter (PTC), blinded PSB, 
and mini-BAL. Endotracheal aspirates are less specific because 
of an increased likelihood of contamination by oropharyngeal 
flora reflecting colonization rather than infection, which is the 
crucial issue in diagnosis. 

Invasive techniques (BAL or PSB) collecr samples by fiber
optic bronchoscopy and allow direct inspection of the airways, 
but are more expensive and resource-intcl1Sive. Whereas semi
quantitative microbiology reports growth in ordinal categories 
(e.g., light, moderate, heavy), quantitative microbiology reports 
growth in terms of colony fomung units (CFU) per milliliter of 
aliquot; a threshold value is assigned to distinguish colonization 
from infection. Commonly used thresholds arc 103 CFU/mL for 
PSB, 104 CFU/mL for BAL, and 105 CFU/mL for EA. Any 
threshold shouJd be lowered by one order of magnitude for 
aJltibiotic therapy prior w sample acquisition. 151 

Bronchoscopic specimen techniques are more specific than 
blinded techniques ru1d both techniques are superior to EA, 
although it is unclear whether this makes a difference clinically.. 
Shorr and colleagues' 57 have performed a meta-analysis of ran
domized trials that compared outcomes of patients with YAP 
managed with bwasive versus noninvasive sampling when both 
samples were cultured quru1titatively. Although tl1e pooled OR 
suggested a survival advantage to the invasive approach (OR, 
0.62), the result was not significant. However, patients in the 
invasive group were significru1tly more likely to undergo d1anges 
in the aJltimicrobial regimen, whether narrowing of therapy or 
cessation. 

Organisms that may be pathogens in YAP or contami11a11ts 
when recovered from the airway i11clude P. aeruginosa, Entero
bacteriaceae, S. pneumonitte, S. ttureus, and H. in.fluenzae. 
Conversely, isolation of enterococci, viridru1s streptococci, 
coagulase-negative staphylococci, ru1d Candida spp. are rarely, if 
ever, a cause of respiratory dysfunction. 
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Table 12-5 Rates of Central Venous catheter Use and Central Line-Associated Bloodstream Infection Among Various ICU Types 
eve Use CLABSI Rate (Mean/ Median) 

ICU TYPE 1992-2004 2006-2008 1992-2004 2006-2008 

Medical 0.52 0.45 5.0/3.9 1.9/1.0 

Pediatric 0.46 0.48 6.6/5.2 3.0/2.5 

Surgical 0.61 0.59 4.6/3.4 2.3/1.7 

Cardiovascular 0.79 0.71 2.7/1.8 1.4/0.8 

Neurosurgical 0.48 0.44 4.6/3.1 2.5/1.9 

Trauma 0.61 0.63 7.4/5.2 3.6/3.0 

From National Nosocomial Infections Survellance (NNIS) System Report data summary from January 1992 through June 2004, issued October 2004. Am J Infect Control 
32:470-485, 2004; and Edwards JR, Peterson KD, Mu Y, et al: National Healthcare Safety Network (NHSN) report Data summary for 2006 through 2008, issued December 
2009. Am J Infect Control37:783- 805, 2009. 

eve use, NumbEr of days of central venous catheter placemenVJOOO patient -<lays in I CU. 

Infection rates are in<lexed per 1000 patient-<lays. 

Central Line-Associated Bloodstream lnfedion 
Critically ill patients often require reliable large-hore central 
venous access (e.g., femoral, internal jugular, subclavian vein), 
but the catheters are prone to infection. Strict adherence to 
infection concron, proper insertion technique, and catheter care 
are crucial for tprevention (see earl ier) because surgical and 
trauma patients are at high risk (Table 12-5). When placed 
under elective (controlled) circumstances, optimal technique 
includes chlorhexldine skin preparation {not povidone-iodine), 
maximum barrier precautions (i.e., draping the entire bed into 
the sterile fi eld; donning a cap, mask, and sterile gown and 
gloves), and implen1enting a formal catheter care protocol. lf 
insertion tcellJlique is breached, the risk of infection increases 
exponentially, and the catheter should be removed and replaced 
{if still needed) at a different site using strict asepsis and anti
sepsis as soon as the patient's condition permits, but certainly 
within 24 hours. Infection risk is highest for femoral vein cath
eters and lowest for catheters placed via the subclavian route. 153 

Peripheral vein catheters, peripherally placed central catheters 
(PICCs), and tmmeled central venous catheters (e.g., Hickman, 
Broviac) pose less risk of infection than percutaneous central 
venous catheters. Lnplementation of bundles an.d checklists 
are effective measures to decrease the risk of CLABSis when 
implemented and adhered m rigorously. 1 ~4• 1 57 Antibiotic- and 
antiseptic-coatedl catheters are controversial, but may help 
decrease the risk of infection in units that have a high rate of 
infection.41 

All intravascular devices and insertion sites must be assessed 
daily to determine ongoing need and whether signs of local 
infection are present (e.g., inflarrlJllation or purulence at the exit 
site or along tbe nlllJlel). Contaminated catheter hubs are 
common portals of entry for organisms colonizing the endolu
minal surface of the catheter. Infusate (e.g., Auid, blood prod
ucts, IV medications) can become contaminated and cause 
bacteremia or fu11gemia, which is likely to result in septic shock. 
Abrupt onset of signs and symptoms of sepsis or shock in 
patients with an indwelling vascular catheter should prompt 
suspicion of catheter infection. Positive blood culmres for 
staphylococci or Candida spp. strongly suggest infection of a 
vascular catheter, which should prompt removal and culture of 
the catheter. Studies have demonstrated the reliability of semi
quantitative or quantitative catheter tip culture methods for the 

diagnosis of a colonized catheter.158 The predictive value of a 
positive catheter culture is low when there is a low pretest prob
ability of catheter-related line sepsis, and catheters removed from 
ICU patients should only be cultured if there is strong clinical 
suspicion of CLABSl. For patients undergoing evaluation for 
fever who do not have SIRS, there is usually no need to remove 
or change aU indwelling catheters immediately; however, this 
would be prudent in a patient with a prosthetic heart valve or 
fresh arterial graft and is strongly recommended for severe sepsis 
or septic shock, peripheral embolization, disseminated intravas
cul.ar coagulation, or ARDS. 

Suppurative phlebitis of a central vein caused by a centrally 
placed catheter is unusual. With suppurative phlebitis, blood
stream infection characteristically originates from a peripheral 
vein catheter site with an infected intravascular thrombus, pro
ducing a picture of overwhelming sepsis with high-grade bacte
remia or fungemia. This syndrome is encountered most often in 
burn patients or other !CU patients who develop catheter
related infection that goes unrecognized, permitting microbes to 
proliferate. In patients with persistent S. aureus bacteremia or 
fungernia, echocardiography is apropriate to assess for endocar
ditis and guide further tberapy.15 

Urinary Trad lnfedion 
Catheter-associated bacteriuria or candiduria usually represents 
colonization, is rarely symptomatic, and is an unlikely cause of 
fever o r secondary bloodstream infection, 160

•
16 1 even in immu

nocompromised patients,1
c.:! unless there is urinary tract obstruc

tion, history of recent urologic manipulation, injury, or surgery, 
or neutropenia.163

'
1
M As such, there has been relatively Little 

emphasis until recenrly on the prevention of nosocomial UTis 
compared with VAP or CLABSis. 16s As effective prevention 
tactics, emphasis is now being placed on avoidance or brief dura
tion of catheterization (e.g., <48 hours for elective surgery 
patlents) 1 5~·165 and on the use of silver alloy-coated catheters6~·68 

when instrumentation is required. 
Traclitional signs and symptoms (e.g., dysuria, urgency, 

pelvic or Aank pain, fever or chills) that correlate with bacteriuria 
in noncatheterized padents are rarely reported in ICU patiems 
wid1 documented catheter-associated bacteriuria or candiduria 
(>105 CFU/mL). 166.167 In the lCU, most urinary tract infections 
are related to urinary catheters and are caused by multiresistant, 
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nosocomial, gram-negative bacilli other thanE coli, Enterococcus 
spp., and yeasts.'65 

When dini.cal evaluation suggests the uriJ1ary tract as a 
possible source of fever, a urine specimen should be evaluated 
by direct microscopy, Gram stain, and quantitative culture.161 

1l1e specimen should be aspirated from the catheter san1pling 
port after disinfecting the port with 70% to 90% alcohol, not 
collected from the drainage bag. Urine coiJccted for culture 
should reach the laboratory promptly to prevent multiplkation 
of bacteria witbin the receptacle, which might lead to the mis
ruagnosis of iJuection; any delay should prompt refrigeration of 
the specimen. 

In contrast to comn1unity-acqulred urmary tract infec
tions, in which pyuria is highly predictive of iJnportant bacteri
uria, pyuria may be absent with catheter-associated urinary tract 
infection. Even if present, pyuria is not a reliable predictor 
of UTI iJ1 the presence of a catheter.167 The concentration of 
urinary bacteria or yeast needed to cause symptomatic urinary 
tract infection or fever is unclear. Wberea~ it is clear that counts 
higher than 103 CFU/mL represent true bacteriuria or canru
duria in catheterized patients,168 no evidence has shown that 
higher counts are more likely to represent symptomatic 
i11fection. 

Whereas it is appropriate to collect urme specimens in the 
investigation of fever (see later), routine monitoring or surveil
lance cultures of urine contribute Little to patient management. 
Rapid dipstick tests, which detect leukocyte esterase and nitrite, 
are unreliable in the setting of a catheter-related UTI. The leu
kocyte esterase test correlates with the degree of pyuria, which 
may or may no:t be present m a cailieter-related UTI. The nitrite 
test reflects Enterobacterittceae, which convert nitrate to nitrite, 
and is therefore unreliable to screen for Enterococcus, Candida, 
and Staphylococcus spp. 

Intra-Abdominal Infection 
Intra-abdominal infections (lAis) represent a diverse group of 
diseases commonly encountered in surgical practice. Such infec
tions are dichotomized naditionaiJy and for clinical research 
purposes into nmcompllcated (uW) and complicated (cW)16? 

and, more recently, as to whether they arose iJ1 the commUJuty
associated (CA-W) or hospital-associated (HA-rAn settmg 
(e.g., associated with a colon anastomotic dehiscence), and 
whed1er they are low, moderate, or high risk for clinical failure, 
morbidity, or death. ln uiAis, mfection is contaiJ1ed withm a 
single organ and there may be no perforation of the gastrointes
tinal (Gl) tract. Uncomplicated lA Is almost never cause serious 
i1lJ1CSS and wiiJ nor considered further here, although a compli
cating nosocomial mfection could make matters worse.'70 

By contrast, cWs extend beyond the source organ and into 
the peritoneal cavity through a perforated viscus, tl1ereby stiJn u
Jating a greater SIRS response. The extent of mfection depends 
on containment by local intraperitoneal hosr defenses. Con
tained infection results iJ1 d1e formation of an abscess, which is 
facilitated by foreign bodies to lower tile mocultun size and 
microbial synergy, and creates a low pH environment that 
iJnpairs phagocyte function and impedes permeation ofm1llmnc 
cells and antibiotics. Uncontained spread of infection leads to 
diffuse peritonitis, a conrution charaCterized by higher monaliry 
that necessitates urgent celiotomy. 1 ~1 

Most IAis may be controlled effectively, with low associated 
morbidity, through removal or repair of the infected focus, 

treatmem with narrow-spectrum, pathogen-specific antimicro
bial therapy (if indicated), and restoration of anatomy if resec
tion is performed for definjtive source control. However, in cases 
of high-risk or hospital-acquired cW, broad-spectrum empirical 
antimicrobial therapy .is indicated because of an iJ1creased risk 
of causative MDR pathogens. m.c'3 Inappropriate initial antimi
crobial ilierapy ofhigh-risk patients with dAis leads to increased 
rates of clinical fai lure and death, 174·175 often caused by multior
gan dysfunction syndrome (MODS). In cases of severe sepsis or 
septic shock secondary to IAJ, termed ttbdominal sepsis, mortality 
is approximately 25% to 35%,':'6,177 but may exceed 70%.178·179 

Treatment of abdominal sepsis is prerucated on adequate physi
cal d.rainage or resection of the mfecred focus (termed source 
control), which may range from percutaneous drainage to serial 
laparotomies and open abdominal wound management in severe 
cases.180 

Mortality from HA-Ws is higher than from CA-Ws.181·182 

Health care-associated nonpostoperative IAis, which arise ill 
patients hospitalized fo r reasons UJltelated to abdominal pathol
ogy, portend a particularly poor prognosis. 183 ln these cases, 
diagnosis is nften delayed because of a low index of suspicion, 
poor UJ1derlying health status, and altered sensorium. Health 
care-associated Ws arc significantly more likely to involve 
pathogens that are resistant to narrow-spectrum agents' :':! and 
therefore are more likely to be treated inadequately a~ compared 
wiili patients wiili CA-Ws, contributing to treatment failures 
and a higher mcidence of morbidity and mortaHty.175 

ANTIBIQnC USE 

Pharmacokinetic and Pharmacodynamic 
Prindples 
Pharmacokinetics (PK) involves the prmciples of drug absorp
tion, distribution, and metabolism.181 Dose-response relation
slups are iJ1Auenced by dose, dosing mterval, and route of 
administration. Plasma and tissue drug concentrations are mflu
enced by absorption, distribution. and elimiJ1ation, which ill 
rum depend on drug metabolism and excretion. Serum drug 
concentrations may be correlated, dependiJ1g on tissue penetra
tion but, to the extent that they are correlated, relationships 
between local drug concentration and effect are defined by phar
macodynamic (PO) pr.incipJes (see later). 

Basic concepts ofPK include bioavaikbility, the percentage 
of drug dose that reaches the systemic circulation. Bioavailability 
is lOOo/o after IV administration but is affected by absorption, 
intesti11al transit time, and degree of hepatic metabolism after 
oral administration. 1l1e halflife (t112), the time required for the 
serum drug concentration co reduce by one half, reflects clear
ance and volume of distribution (V 0 ) 

184 and is usefuJ to estiJnate 
for the interpretation of drug concentration data. Y0 , a derived 
proportionality constant of no particular physiologic signifi
cance that is independent of a drug's clearance or t1n, is useful 
for estimating the plasma drug concentration achievable from a 
given dose. V 0 varies substantiaiJy because of pathophysiology; 
a reduced Yo causes a higher plasma drug concentration for a 
given dose, whereas Auid overload and hypoalbununenua, wluch 
decrease drug binding, increa~ Y0 , making dosing more 
complex. 

C learance refers to the volume ofliquid from which a drug 
is elinunated completely per unit of time, whether by tissue 
distribution, metabolism, or elin1macion. Knowledge of drug 
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clearance is importanc for determining the dose of drug neces
sary to maintain a steady-state concentration. Drug elimination 
may be by metabolism, excretion, or dialysis. Most drugs are 
metabolized by the liver to polar compounds for eventual renal 
excretion, which may occur by 6Jtration or active or passive 
transporr. 'TI1e d!egree of filtration is determined by molecular 
size and charge and by the number of functional nephrons. In 
general, if 40% or more of administered drug or its active 
metabolites is eliminated unchanged in the urine, decreased 
renal function will require a dosage adjustment. 

PD is unique for antibiotic therapy because drug-patient, 
drug-microbe, and microbe-patient interactions must be 
accounted for. 1841 In contrast ro most drug rrearmenr, the key 
d.mg interaction .is not with the host, but with the microbe. 
Microbial physiology, inoculum si1,-e, microbial growth phase, 
mechanisms of resistance, microenvironment (e.g., local pH), 
and host response are important factors to consider. Because of 
microbial resistaJnce, the mere administration of a drug may not 
be microbicidal if an adequate concentration is not achieved. 

Antibiotic PD parameters determined by laboratory analy
sis include the minimal inhibitory concentration (MIC), the 
lowest serum drug concentration that inhibits bacterial growth 
(Ml~0 refers to 90% inhibition). However, some antibiotics 
may suppress bacterial growth at subinhibitory concentrations 
(postantibiotic effect, PAE). Appreciable PAE can be observed 
with aminoglycosides and Buoroqulnolones for gram-negative 
bacteria, and with some ~-lactam drugs (notably carbapenems) 
against S. aureus. However, MIC resting may not detect resistant 
bacterial suhpopularions within the inoculum (e.g., heteroresis
tance of S. aureus).185 Moreover, in vitro results may be irrelevant 
if bacteria are lnrubited only by drug concentrations that cannot 
be achieved clinically. 

Sophisticated analytic strategies use both PK and PD-for 
example, by determination of the peak serum concentration-co
MIC ratio, duration of time (T) that plasma concentration 
remains above the MIC (T > MIC), and area of the plasma 
concentration-time curve above the MIC (area under the curve, 
AUC). Accordingly, an1lnoglycosides exhibit concentration
dependent kil1ing,186 whereas ~-lactanl agents exhibi.t efficacy 
determined by rime above rhe MIC.18

:' For ~-lactaru antibiotics 
with a short t112, it may be efficacious to administer by continu
ous infusion}88

•
189 Some agents (e.g., Auoroquinolones) exhibit 

bocl1 properties; !bacterial killing increases as drug concentration 
increases up to a .saturation point, after which the dfect becomes 
concentration-independent. 

Antibiotic Prophylaxis 
Prophylactic antibiotics are used most often to prevent infection 
of a surgical incision. Preoperative antibiotic prophylaxis is 
proved to reduce the risk of postoperative SSis in many circum
stances. However, only the incision itself is protected, and only 
while it is open and thus vulnerable to inoculation. If not 
administered properly, antibiotic prophylaxis is ineffective and 
may be harmful. Antibiotic prophylaxis of surgery does not 
prevent postoperative nosocomial infections, which actually 
occur at an increased rate after prolonged prophylaxis,190 select
ing for more re.~istant pathogens when infection does develop.12 

Antibiotic prophylaxis is indicated for most clean
contaminated and contaru.inated (or potentially contaminated) 
operations. An example of a clean-contan1inated operation in 
which antibiotic prophylaxis is usually not indicated is elective 

laparoscop.ic clwlecystectomy.191 A meta-analysis of five trials 
(899 patients) revealed no benefit compared with placebo for 
prevention of SSls (OR, 0.68; 95% Cl, 0.24 to 1.91), major 
infection, or distant infection. Antibiotic prophylaxis is indi
cated for high-risk biliary surgery; high-risk is conferred by age 
older t'han 70 years, diabetes mellitus, or a recently insrrumemed 
biliary tract (e.g., biliary stent). 

Elective colon surgery is a clean-contaminated procedure 
in whlcl1 preparatory practices are in evolution, 192

•
193 although 

the ev·idence of benefit of systemic antibiotic prophylaxis is 
unequivocal. Antibiotic bowel preparation, standardized in the 
1970s by the oral administration of nonabsorbable neomycin 
and erythromycin base in addition to mechanical cleansing, 
reduced the risk of SSls to the present rate of approximately 
15%. However, mechanical bowel preparation and preoperative 
oral antibiotics are omitted increasingly according to the belief 
that there is no additive benefit beyond parenteral antibiotic 
prophylaxis, and that the risk of anastomotic dehiscence and 
Clostridium difficile-associated disease (CDAD) may be 
increased. Current SCIP guidelines for antibiotic prophylaxis of 
elective colon surgery give equal weighting to oral prophylaxis 
alone, parenteral prophylaxis alone, or the combination (see 
Table 12-2), despite the fact that two meta-analyses (cl1at asked 
different questions) are in conflict about the efficacy of oral 
prophylaxis for colorectal surgery. Song and Glenny1

'l4 have 
compared oral antibiotics alone with oral or systemic antibiotic 
prophylaxis (five trials), and found a higher SSl rate with oral 
proph}1laxis alone (OR, 3.34; 95% Cl, 1.66 to 6.72). [n con
trast, Lewis192 performed a meta-analysis of 13 randomized trials 
of systemic versus combined oral ru1d systemic prophylaxis and 
showed significant benefit for d1e combined approach (RR, 
0.51; 95% Cl, 0.24 to 0.78). 

Antibiotic prophylaxis of clean surgery is controversial. 
When bone is incised (e.g., craniotomy, sternotomy) or a pros
thesis ls inserted, antibiotic prophylaxis is generally indicated. 
Some controversy persists with clean surgery of soft tissues (e.g., 
breast, hernia). Meta-analysis of randomized controlled trials bas 
shown some benefit of antibiotic prophylaxis of breast cancer 
surgery without immediate reconstruction,195

•
196 but no decrease 

ofSSI rate for groin hern.ia surgery,19?.•?s even when nonabsorb
able mesh is implanted. 

Arterial reconstruction with a prosthetic graft is ru1 example 
of dean surgery in wh.icl1 the risk ofinfection is higl1, especially 
infra-inguinal. In a meta-ru1alysis199 of23 randomized controlled 
trials of prophylactic systemic antibiotics for peripheral arterial 
reconstruction (Table 12-6), it was found that prophylactic sys
temic antibiotics reduced the risk ofSSI by approximately 75%, 
and early graft infection by about 69%. There was no benefit to 
prophylaxis for longer thru1 24 hours, of antibiotic bonding to 
the graft material itself, or preoperative bathing with ru1 aJltisep
tic agent compared with unmedicated bathing. 

Four principles guide the administration of aJltimicrobial 
agent for prophylaxis11 2

: 

1. Safety 
2. An appropriate narrow spectrum of coverage of rel

evrult pathogens 
3. Little or no reliance on the agent for therapy of.infec

rlon (because of the possible induction of resistance 
with heavy usage) 

4. Administration within 1 hour before surgery and 
for a defined brief period thereafter (no longer than 
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Table 12-6 Meta-Analysis of Measures to Prevent lnfedion 
Following Arterial Reconstruction 

NO. OF ODDS 
INTERVENTION TRIALS RAno 951Ve Cl 

Systemic antibiotic prophylaxis 

Surgical site infection 10 0.25 0.17-Q.38 

>24 hours prophylaxis 3 1.28 0.82-1.98 

Early graft infection 5 0.31 o.n-o.ss 
Rifampicin bonding of polyester grafts 

Graft infection {1 mo) 3 0.63 0.27-1.49 

Graft infection {2 yr) 2 1.05 0.46-2.40 

Suction wound drainage, groin 

Surgical site infection 2 0.96 0.50-1.86 

Preoperative antiseptic bath 

Surgical site infection 3 0.97 0.70-1.36 

In situ surgical technique 

Surgical site infection 2 0.48 0.31-Q.74 

From stewart A. Eyers PS, Earnshaw JJ: Prevention of infection in arterial recon
struction. Cochrane Database Syst Rev (3):CD003073, 2006. 

24 hours, 48 hours for cardiac surgery, and ideally, a 
single dose) 

According to these principles, quinolones or carbapenems are 
undesirable agents for surgical prophylaxis, although ertapenern 
and quinolone prophylaxis have been endorsed by SCIP for the 
prophylaxis of colon surgery (the latter with metronidazole for 
peniciLJjn-allergic patients; see Table-12-2). 

Most SSis are caused by gram-positive cocci, so prophy
laxis should be directed primarily against staphylococci for 
clean cases and for high-risk, dean-contaminated, elective 
biliary and gastric surgery. A first-generation cephalosporin is 
preferred in almost all circun1stances (Table 12-7), with dinda
myc.in used for penicillin-allergic patients. 112 If gram-negative 
or anaerobic coverage .is required, a second-generation cephalo
sporin or the combiJlation of a first-generation agent plus met
ronidazole are most experts' first-choice regimens. Vancomycin 
prophylaxis is generally appropriate only in institutions in 
which the incidence of MRSA infection is high (>20% of all 
SSis caused by MRSA). 

The optimal time to give parenteral antibiotic prophylaxis 
is within 1 houi prior to incision.200 Antibiotics given sooner are 
ineffective, as are agents given after the incision is closed. A2001 
audit of prescribing practices in the United States indicated that 
only 56% of patients who received prophylactic antibiotics did 
so within 1 hour prior to the skin incision; timeliness was docu
mented in only 76% of cases in a 2005 audit in Department of 
Veterans Affairs hospitals.201 Most inappropriately timed first 
doses of prophylactic antibiotic occur too early; d1anging insti
tutional processes to administer the drug in the operating room 
can improve compliance with best practices. AJltibiotics with 
short half-lives (t112 < 2 hours; e.g., cefazolin or cefoxitin) should 
be .redosed every 3 to 4 hours during smgery if the operation 
is prolonged or bloody.202 Even though SC!P specifies a 
24-hour limit for prophylaxis, single-dose prophylaxis (with 

intraoperative redosing, if indicated) is equivalent to multiple 
doses for the prevention of SSJ.2°3 Unfortunately, excessively 
prolonged antibiotic prophylaxis is pervasive and potentially 
harmful. Prolonged prophylaxis increases the risk of nosocomial 
infections unrelated to the surgical s.ite and of the emergence of 
MDR pathogens. Pneumonia and vascular catheter-related 
infecc:ions have been associated with prolonged prophylaxis,204

·
205 

as has the emergence of SSI caused by MRSA.42 

Evidence has shown that only 40% of patients who receive 
antibiotic prophylaxis do so for less than 24 hours.111 A~ a resuJt 
of isd1emia caused by surgical hemostasis, antibiotic penetration 
into the in.cision immediately after surgery is questionable 
until neovascularization occurs (24 to 48 hours). Antibiotics 
should not be given to cover indwelfu1g drains or catl1eters, in 
lavage or irrigation fluid, or as a substitute for poor surgical 
technique. 

Principles of Antibiotic lberapy 
Antimicrobial therapy is a mainstay of the treatment of infec
tions, but widespread overuse and misuse of antibiotics have led 
to an alarming increase in MDR pathogens. New agents may 
allow shorter courses of therapy and prophylaxis. which are 
desirable for cost savings and control of microbial flora. Effective 
therapy with no toxicity requires a carefuJ bur expeditious search 
for the source of infection and an understru1ding of the princi
ples of PK (see earlier). 

Evaluation of Possible Infection 
Absent a fever, any hypotension, tachycardia, tachypnea, confu
sion, rigors, skiJ1 lesions, respiratory manifestations. oliguria, 
lactic acidosis, leukocytosis, leukopenia, immature neutrophils 
(i.e., bru1ds > 10%), or thrombocytopenia may indicate a workup 
for infection and immediate empirical therapy. Although the 
initial manifestation may be the development of organ dysfunc
tion in some cases, new temperature elevation is usually the 
trigger for an evaluation for the presence of infection (fever 
workup). However, some infected patients do not become febrile 
and may be even be hypothermic. Hypothermic or euthem1ic 
patients may have a life- threateni ng iJuection. These include 
older patients, those with open abdominal wounds, or with 
end-stage liver disease or chronic renal failure, and patients 
takin g anti-inflan1matory or antipyretic drugs. Moreover, fever, 
especially iJ1 the postoperative period, may have aJ1 noninfec
tious cause; therefore, fever does not equate with infection 
(Box 12-8).206 

The definition of fever is arbitrary, and depends on how 
and when ten1pcrature was measured. ln addition ro host 
biology, a variety of environmental forces in an ICU cru1 also 
alter body temperature, such as specialized mattresses, lighting, 
heating or air conditioning, peritoneal lavage, ru1d renal replace
ment therapy.20

' Thermoregulatory mechru1isms cru1 be dis
rupted by drugs or by injury to the central nervous system. Thus, 
it is often difficult to determine whether ru1 abnormal tempera
ture is a reflection of a physiologic process, drug, or environ
mental influence. Moreover, in smgical patients, the substantial 
possibility (z50o/o) tbat a fever has a noninfectious cause must 
be co nsidered.206 

Many lCUs consider any pariem ·with a core temperature 
38.3" C o.r higher (~101" F) to be febrile and to warrant evalu
ation for possible infection. However, a lower threshold may be 
decided on for immunocompromised patients. Laboratory tests 
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Table 12-7 Appropriate Cephalosporin Prophylaxis for Selected Types of Surgery 
PROaDURE 

Rrst-Generatlon Cephalosporin 

Cardiovasallar ancl thoracic 

Median sternotomy 

Pacemaker insertion 

VaS<:Uiar reconstruction involving abdominal aorta, insertion of 
prosthesis, or groin incision (except carotid endarterectomy, which 
requires no prophylaxis) 

Implantable defibrillator 

Pulmonary resection 

Lower limb amputation 

General 

Cholecystectomy (high risk only) 

Gastrectomy (high risk only; not uncomplicated chronic duodenal 
ulcer) 

Hepatobiliary 

Major d~ridement of traumatic wound 

Genitourinary (am1picillin plus gentamicin is a reasonable alternative) 

Gynecologic 

Cesarean section (STAT) 

Hysterectomy (cefoxitin is a reasonable alternative) 

Head and ned, oral cavity 

Major procedures entering oral cavity or pharynx 

Neurosurgery 

Craniotomy 

Orthopedics 

Major joint arthroplasty 

Open reduction ofi dosed fracture 

SK_.Ciet-.Jtioo Cepllalosporinl 

Appendectomy 

Colon surgery§ 

Surgery for penetrating abdominal trauma 

STAT, Emergency. 

ALTERNATIVE PROPHYLAXIS IN SERIOUS PENICILLIN AllERGY 

Clindamydn (for all cardiovascular and thoracic cases except amputation) 

Gentamicin and metronidazole 

Gentamicin 

Gentamicin and metronidazole 

Gentamicin and metronidazole 

Gentamicin 

Ciprofloxacin 

Metronidazole or doxycycline, after cord damping 

Doxycycline 

Gentamicin and clindamycin or metronidazole 

dindamycin, vancomycin 

Vancomycin1 

Vancomycin' 

Metronidazole plus gentamicin 

*Should be given as a single IV dose just before the operation. Consider an additional dose if the operation is prolonged longer than 3-4 hr. 
'Primary prophylaxis with vancomycin (i.e. for the non-penicillin-allergic patient) may be appropriate for cardiac valve replacement. placement of a nontissue peripheral 
vascular prosthesis, or total joint replacement in institutions in which a high rate of infections with MRSA or MRSE has occurred. The precise definition of high rate is 
debated. A single dose administered immediately before surgery is sufficient unless the procedure lasts for more than 6 hr, in which case the dose should be repeated. 
Prophylaxis should be discontinued after a maximum of two doses, but may be continued for up to 48 hr. 
lAn intraoperative dose should be given if cefoxitin is used and the duration of surgery exceeds 3-4 hr, because of the short half-life of the drug. A postoperative dose is 
not necessary, but is permissible for up to 24 hr. 
~Benefit beyond that provided by bowel preparation with mechanical cleansing and oral neomycin and erythromycin base is debatable. 

or imagi11g studies should be performed only after a clinical 
assessment (history and physical examination) indicates that 
infection may be present. Fever is common during the initial72 
hours foUowing surgery and is usuaiJy noninfectious in origin.20

? 

Muscle compression injury (direct trauma or as a result of com
partment syndrome) and tetanus are rwo rare complications of 
traumatic wounds that may cause fever. Other potentially serious 
noninfectious causes of postoperative fever include deep venous 
thrombosis, tissue ischemia or necrosis, pulmonary embolism, 

adrenal insufficiency, drug-induced fever, anesthesia-induced 
malignant hyperthermia, and acute allograft rejection . However, 
once a patient is more than Y6 hours postoperative, fever is more 
likely to represent infection. 

Drug fever is decidedly unusual in surgical patients and 
must be considered as a diagnosis of exclusion. Some drugs cause 
fever by producing local infusion site inflammation (e.g., phle
bitis, sterile abscesses, soft tissue reaction), such as amphotericin 
B, erythromycin, and potassium chloride. Some drugs may also 
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Acalculous cholecystitis 
Acute myocardial infarction 
Acute respiratory distress syndrome (fibroproliferative phase) 
Adrenal insufficiency 
Cytokine release syndrome 
Fat embolism 
Gout 
Hematoma 
Heterotopic ossification 
Immune reconstitution inflammatory syndrome (IRIS) 
Infarction of any tissue 
Intracranial hemorrhage (trauma or vascular cause) 
Myocardial infarction 
Pancreatitis 
Pericarditis 
Pulmonary infarction 
Stroke 
Thyroid storm 
Transfusion of blood or blood products 
Transplant rejection 
Tumor lysis syndrome 
Venous thromboembolic disease 

Withdrawal syndromes (e.~. drug, _al_co_h_o-'1)'---------' 

stimulate heat production (e.g., thyroxine), limit heat dissipa
tion (e.g., atropine, epinephrine), or alter thermoregulation 
(e.g., butyrophenone tranquilizers, phenothiazines, antihista
mines, anti parkinson drugs). Drug fever iJ1 surgica\ICUs is most 
often attributed to antimicrobial agents (e.g., vancomyciJ1, 
P-lactams), and anticonvuJsants {especially phenytoin). Malig
nant hyperthermia and neuroleptic malignant syndrome deserve 
consideration when fever is especially high because the results 
can be devastating if left tmtreated? 08 Malignant hyperthermia 
can be delayed in onset for as long as 24 hours, especially if the 
patient is on corticosteroids. Malignant hyperthermia is a geneti
cally determined response mediated by a dysregulation of cyto
plasmic calcium flux in skeletal muscle, resulting in mtense 
muscle contraction, fever, and increased creatini11e phosphoki
nase (CPK) concemrarion. It can be caused by succinylcholine 
and mhalational allesthetics. 1he neuroleptic malignant syn
drome is slightly more common and more often identi£ed il1 
the ICU than malignant hyperthermia. It has been associated 
with phenothiazines, duoxantbines, and butyrophenones. It also 
manifests as muscle rigidity, fever, and increasing CPK concen
tration. However, unlike malignant hyperthermia, the initiator 
of muscle contraction is central, the syndrome is often less 
intense, and mortality is lower. 

Drug withdrawal syndromes may be associated with fever, 
tacl1ycardia, diaphoresis, and hyperreflexia, including those 
caused by alcohol, opioids, barbiturates, and benzodiazepiJ1es. It 
is important to recognize that a history of use of these drugs 
may not be available when the patient is admitted to the £CU. 
Withdrawal and related fever may therefore occur several hours 
or days afrer admission. 

Fever can be related to hematoma or SSI. Surgica.l site 
infection is rare in the first few days after operation, except for 
group A streptococcal mfections and clostridial infections that 

can develop within hours to l to 3 days after surgery. 'These 
causes should be suspected on the basis of inspection of the 
incision. Thus, it is mandatory to remove the surgical dressing 
to inspect the incision as part of all}' fever evaluation. However, 
if an incision is opened and cultllfed, a deep culture specimen 
should be collected; swabbing an open wound superficially or 
collecting fluid from drains (if present) for culture is unhelpful 
because tbe Likelihood of colonization is high. 

A CXR is optional for evaluation of postoperative fever 
w1le...s long-term mechallical ventilation, respiratory rate, aus
cultation , abnormal blood gas levels, or pulmonary secretions 
suggest a high yield. The clinkiru1 must be alert to the possibility 
that the parienr could have aspirated during the perioperarive 
period, or the WlCOmJllon event that tbe patit'nt was incubating 
a community-acquired pneumonia prior to the operation caused, 
for exan1ple, by pneumococci or influenza A. A urinalysis or 
cultme is not J11aJ1datory to evaluate fever during the mitial 3 
days postoperatively w1less there is reason, by history or exami
nation, to suspect a UTI. After trauma, UTI is common only 
after injury to the urinary tract. 

Blood Cultures 
Blood cultures should be obtained from patients with a new 
fever when clinic~ evaluation does not suggest strongly a non
infectious cause. The site of venipuncture should be cleaned with 
2% chlorhexidi.ne gluconate il1 70% isopropyl alcohol or L o/o to 
2% tincture of iodine. Povidone-iodine (I Oo/o), although accept
able, is not bactericidal until dry; some false-positive blood 
cultmes may be caused by premature specimen collection.209 

One blood culture is defined as a 20- to 30-m L san1ple of blood 
drawJ1 at a single time from a siJ1gle site, regardless of how mall}' 
bottles or tubes arc filled for processing; the minimum iJ1oculum 
for an adult blood cultllre should be 10 mL/bottle. The sensitiv
ity off blood culturing for detection of true bacteremia or funge
mia is related to many factors, most importantly the volume of 
blood drawn ru1d obrainiJ1g the cultures hefore the iJlitiation of 
allti-infective therapy? 10 

Evidence has suggested that the cumulative yield of patho
gens is optimized when tluee blood cultures with adequate 
volume (20 to 30 mL each) are drawn.'-'0 Each culture should 
ideally be drawn by separate venipunctllfe or through a separate 
intravascular device, but not through multiple ports of the same 
intravascular catheter. There is no evidence tl1at the yield of 
cultmes drawn from ru1 artery or vei11 is different. Drawing rwo 
to three blood cultures with appropriate volume from separate 
sites of access at the onset of fever is the most effective way to 
discc:rn whether an organism found in blood culture represents 
a true pathogen (multiple culnues are often positive), a contanli-
11aJ1t {only one of multiple blood cultures is positive for an 
organism conm1only fotmd on skin alld clliucal correlation 
does not support infection), or a bacteremia or fungemia from 
all infected catheter (one culture from the source catheter is 
positive, often with a positive catheter tip. ru1d other cultures 
are not)? " 

Empirical Antibiotic Therapy 
Empirical antibiotic therapy must be adnunistered judiciously. 
Injudicious therapy could result il1 underaeatmem of estab
lished mfection or tmnecessary ther~p}' when the patient has 
only inAan1mation or bacterial colonization; either may be 
deleterious. I11appropriate treatment (e.g., delay,2 '2-' ' 3 therapy 
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misdirected agaitnst usual pathogens, failure to treat MDR 
pathogens) leads unequivocally to increased mortali ty.'4 1.!14.! 15 

Strategies have been promulgated to optimize antibiotic 
administration, including reliance on physician prescribing pat
terns, computerized decision support, administration by proto
col, and formulary restriction programs. These are considered 
under the general framework of antibiotic stewardship.216 

Because of the increasing prevalence of MDR pathogens, it is 
crucial for initial enlpirical antibiotic therapy to be targeted 
appropriately, administered in a sufficient dosage to ensure bac
terial killing, narrowed in spectrum (de-escalation)2 17 as soon as 
possible based on microbiology data and clinical response, and 
continued only as long as necessary.2 18 Appropriate antibiotic 
prescribing not only optimizes patient care, but supports infec
tion control practices and preserves microbial ecology. 

Choice of Antibiotic 
Antibiotic choice is based on several interrelated factors (Box 
12-9). Paramount is activity against identified or likely (for 
empirical therapy) pathogens, presuming that infecting and 
colonizing organisms can be distinguished and narrow-spectrum 
coverage is always desired. Estimation of likely pathogens 
depends on the disease process believed responsible, whether the 
infection is community-, health care-, or hospital-acquired, and 
whether MDR organisms are present, or likely to be. Local 
knowledge of an-tinlicrobial resistance patterns .is essential, even 
at the unit-specific level. Patient-specific factors of importance 
include age, debility, immunosuppression, intrinsic organ func
tion , prior allergy or other adverse reaction, and recent anribiotic 
therapy. Institutional factors of importance include guideliJ1es 
that could specify a particular therapy, formulary availability of 
specific agents, outbreaks of infections caused by MDR patho
gens, and antibiotic control programs. 

A. number o f agents are available for therapy (Box 12-1 0).219 

Agents may be chosen based on spectrum, whether broad or 
targeted (e.g., antipseudomonal, antianaerobic), in addition to 

the factors noted. If a nosocomial gram-positive pathogen is 
suspected (e.g., wound infection, SSI, CLABSI, HAP, YAP) or 
MRSA is enden1ic, empirical vancomycin (or linezolid) is appro
priate. Some authorities recommend dual-agent d1erapy for 
serious Pseudomontts infections (an antipseudomonal ~- lactam 
drug plus an amil10glycoside), but evidence of efficacy is 
mixed.220'~2 Combination therapy of a specific pathogen (e.g., 
double coverage of Pseudomo11tts) may, in fact, worsen outcomes. 
A meta-analysis of ~-lactam monotherapy versus ~-lactam
aminoglycoside combination therapy for immw1ocompetent 
patients with sepsis (64 trials, 7586 patients) found no difference 
in mortality (RR, 0.90; 95% Cl, 0.77 to 1.06) or development 
of resistance . .!.! I In fact, clinical failure was more common with 
combination therapy, as was the incidence of acute kidney 
il1jury. However, it is important for empirical therapy of any 
infection that might be caused by a gram-positive or gran1-
negative organism (e.g., HAP-YAP. HA-IAI) to include activity 
agaiJ1st all likely pathogens.4~.m 

Duration of Therapy 
1l1e end point of antibiotic d1erapy is largely undefiJ1ed, in part 
because quality data are few. If cultures are negative, empirical 
antibiotic therapy should usually be stopped after no more than 
48 to 72 hours. Unnecessary antibiotic therapy increases the risk 
of MDR infection, so prolonged therapy with negative cultures 

Influencing Antibiotic Choice 

Activity against known/suspected pathogens 
Disease believed responsible 
Distinguish infection from colonization 
Narrow-spectrum coverage most desirable 
Antimicrobial resistance patterns 
Patient-specific factors 

• Severity of illness (?) 
• Age(?) 
• Immunosuppression 
• Organ dysfunction 
·Allergy 

Institutional guidelines/restrictions 

BOX 11-10 Antibacterial Agents for Empirical Use 

Antipseudomonal 
Piperacillin-tazobactam 
Cefepime, ceftazidime 
lmipenem-cilastatin, meropenem, doripenem 
? Ciprofloxacin, levofloxacin (depending on local susceptibility 

patterns) 
Aminoglycosides 
Polymyxins (polymyxin B, colistin [polymyxin E)) 

Targeted-spectrum 
Crami)OSitive 
Glycopeptide (e.g, vancomycin, telavancin) 
l.ipopeptide (e.g., daptomycin; not for known/suspected 

pneumonia) 
Oxazolidinone (e.g., linezolid) 

Cram-negative 
Third-generation cephalosporin (not ceftriaxone) 
Monobactam 
Polymyxins (polymyxin B, colistin [polymyxin E)) 

Antianaerobic 
Metronidazole 

Broad-Spectrum 
Piperacillin-tazobactam 
Carbapenems 
Auoroquinolones (depending on local susceptibility patterns) 
Tigecydine (plus an antipseudomonal agent) 

Antianaerobic 
Metronidazole 
Carbapenems 
~lactam and !3-lactamase combination agents 
Tigecydine 

Anti-MRSA 
Ceftaroline 
Daptomycin (not for use against pneumonia) 
Minocydine (oral only) 
l.inezolid 
Telavancin 
Tigecydine (not in pregnancy or for children under the age of 

eight years) 
Vancomycin 
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is usually unjustifiable. TI1e morbidlty of antibiotic therapy also 
includes allergic reactions, development of nosocomial superin
fections, {e.g., fungal, enterococcal, and C dijfici/e-related infec
tions), organ toxicity, reduced yield from subsequent cul tures, 
and vitanun K deficiency with coagulopathy or accentuation of 
warfarin effecL 

If infection is evident, treatment is continued as indicated 
d iJlically. Some infections can be treated for 5 days or less. Every 
decision to start antibiotics must be accompanied by an a priori 
decision regarding the duration of therapy. A reason to continue 
therapy beyond the predetermined end point must be compel
ling. Bacterial killing is rapid in response to effective agents, but 
the host response may not subside immedlately. TI1erefore, the 
clinical response of the patient should not be the sole determi
nant. If a patient still has SIRS at the predetermined end point, 
it is more useful to stop therapy and reevaluate for persistent or 
new infection, MDR pathogens, and noninfectious causes of 
SJRS than to continue therapy uninformed. 

DISEASE-, PATHOGEN-, AND ANTIBIOTIC-SPECIFIC 
CONSIDERATlONS 

Pneumonia 
Following initiation of therapy for suspected VAP, lower respira
tory tract cultures may reveal no growth or growth below the 
predeternuned threshold value, substantial {above threshold) 
growth of a susceptible pathogen, or growth of a MDR patho
gen. Under the first scenario, antimicrobial therapy may be 
dlscontinued if the patient bas not deteriorated . .!."!4 Under the 
second scenario, therapy is de-escalated225 to a narrow-spectrum 
agent active against the pathogen. In the third scenario, the 
initial broad-spectrum agent active against the pathogen is con
tinued or therapy is escalated to target the MDR pathogen. 

Once pathogen-specific therapy has been initiated, its 
duration must be determined, with the goal of avoiding pro
longed unnecessary admiJustration. Resolution of clinical and 
radiopapbic parameters typically lags the eradication of infec
tion. · Dennesen and colleaguesllc. have noted a clinical response 
to therapy (e.g., normalization of temperature, white blood cell 
count, and arterial oxygen saturation and decreased bacterial 
count in sputum) wirllin 6 days of therapy of VAP. A random
ized multicenter trial of 401 patients (YAP proved by bronchos
copy and quantitative mlcrobiologyf~? showed an 8-day course 
(versus L5 days) of initially appropriate antimicrobial therapy to 
be effective, provided that the patient was stable and the patho
gen was not a nonfermenting gram-negative bacillus. Ln select 
patients {i.e., those unlikely to have YAP based on a CPIS s; 6), 
a 3-day course of therapy may be sufficient . .!."!S 

Nonrespo:nders to therapy for YAP pose a dUemma.47 Inad
equate therapy, misdlagnosis, or a pneumonia-related complica
tion (e.g., empyema, lung ahscess) must be considered. The 
evaluation should be repeated, including quantitative sputum 
cultures using a quantitative diagnostic threshold one log lower, 
given recent antibiotic exposure. Broadened empirical antibiotic 
coverage should be reinsti tuted thereafter until new data become 
available. 

Central Line-Associated Bloodstream Infection 
1l1e pathogens of CLABSI are predominantly gram-positive 
cocci, most commonly methkillin-related S. epidermidis 
(MRSE), MRSA, ru1d enterococci. Unfortunately, MRSE is the 

most common cause of CRBSls ru1d of false-positive blood 
cLdtures because of contamination during the collection process. 
Most authorities consider the isolation of MRSE from a single 
blood culture to be a contaminant ru1d do not treat, especially 
if the patient has no iJ1dwelling hardware that might become 
infeCI~:ed secondarily (e.g., pros~:hel:ic join[, hear£ valve) . Gram
negative bacUlary pathogens are less common, but are seldom 
conraminru1ts. Fungal CLABSis arc less common in surgicat 
patients than medical patients, but must be treated en1pirically 
in critically ill patients at risk. 

Treatment is by catheter removal (for peripheral or percu
taneous central venous catheters) and parenteral antibiotics, at 
least lnltially.3..!

29 It is unclear whether a positive catheter culture 
requires therapy beyond catheter removal without local sigDs of 
infection or a true-positive blood culture. Bloodstream infec
tions caused by S. aureus probably require at least 2 weeks of 
therapy regardless of cause, although some argue for a longer 
course (4 to 6 weeks) because of the risk of metastatic in fection 
(e.g., pneumonia, endocarditis). Vancomycin or linezolid may 
be chosen for MRSA CLABSls (or MRSE when treatment is 
iJ1dlcated), with daptomycin as an alternative. Therapy for 
enterococcal or gram-negative CLABSls is dictated by bacterial 
susceptibility, with no clear consensus about the duration of 
therapy. Beyond ren10val of the catheter, treatment of fungal 
CLAl3SJs is controversial; some recommend at least 2 weeks of 
systemic antifungal therapy. Multidrug-resistant fungal patho
gens are less common in surgical patients. except for solid organ 
transplant recipients, so iJutial empirical therapy with a echino
candin is often de-escalated to £luconazole after susceptibility is 
reported.w. 

Intra-Abdominal Infection 
Only approximately 15% of patient.~ with secondary peritonitis 
are ill enough to require ICU care. Severe secondary peritonitis 
may follow penetrating in testinal iJljury that is not recognized 
or treated promptly (> 12-hour delay). Other causes include 
dehiscence of a bowel anastomosis with leakage or development 
of an intra-abdominal abscess. Secondary peritonitis is polymi
crobial, wi th anaerobic gram-negative bacilli {e.g., B. fragilis) 
predominating and E coli and Klebsielln spp. commonly isolated 
from commnnity-onset infections. Various antibiotic regin1ens 
of an appropriate spectrun1 may be prescribed .22~ Enterococci, 
Pseudomonns, ru1d ocher bacteria may be isolated, but do not 
require specific therapy if the patient is otherwise healthy 
(e.g., not in1munocompromised) ru1d responding to tl1erapy as 
prescribed. 

When HA-W is a complication of disease or therapy, the 
flora are more likely to reflect MDR pathogens1?3. t:'5 and out
comes are worsened if empirical therapy is not appropriate. For 
exan1.ple, enterococci, Enterobacter, and Pseudomonns are more 
prevalent, whereas E coli and Klebsielln are less common.230 

Antibiotic therapy must be adjusted accordingly and surgicai 
source control. must be acl1kved. Failure of two source control 
procedures with persistellt intra-abdominal collections is referred 
to as tertiary peritonitis. Tertiary peritonitis is also characteriz.ed 
by complete failure of intra-abdominal host dcfenses.231 1l1ere is 
debate regarding whether tertiary peritonitis is a true invasive 
uuection or is peritoneal colonization with U1Competem local 
host defenses, so whether antibiotic therapy is indicated is con
troversial. Bacteria iso.lated in tertiary peritonitis are avirulent 
opportu11ists, sucb as MRSE, enterococci, Pseudomonas, and 
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C albicans, supporting the incompetent host defense hypothe
sis. Some authorities recommend management with an open 
abdomen techniCJue, so that peritoneal toilet can be provided 
manually-at the bedside in some cases-under sedation or 
anesthesia, until local host defenses recover. 1here may be no 
alternative ro open abdomen managemem if the infection 
extends to involve the abdominal wall, and extensive debride
ment is required. 

Clostridium diHicile-Assoc.iated Disease 
CDAD, or C difficile infection (CD I), develops because antibi
otic therapy disrupts rhe balance of colonic flora, allowing the 
overgrowth of C difficile, which is present in rhe fecal flora of 
approximately 3% of normal hosts. Anyantibioticcan induce this 
selection pressure, even when given appropriately as surgical pro
phylaxis, although clindamycin, third-generation cephalospo
rins, and fluoroq uinolones have a predilection. 232 Paradoxically, 
even antibiotics used to treat CDAD (e.g., metronidazole) have 
been associated with CDAD. Restriction of cephalosporin and 
fluoroquinolone prescribing can reduce the rate ofinfection.233 

CDAD is unquestionably a nosocomial infection. Spores 
persist on iJ1animate surfaces for prolonged periods, aJld can be 
traJlsmittcd patient to patient by contan1inated equipment (e.g .• 
bedpans, rectal thermometers) or by health care workers as 
fom ites. Alcohol gel hand disinfection is not active against 
spores of C difficile, so hand washing with soap and water is 
necessary when caring for an infected patient, or generally 
during outbreaks. 

The clinical spectrum of CDAD is wide, raJ1ging from 
asymptomatic (8% of affected patients do not have diarrhea) to 
life-threatening traJlsmural paJlcolitis with perforat ion and severe 
sepsis or septic shock. The typical patient will have fever, abdomi
nal distention with or without tenderness, copious diarrhea, and 
leukocytosis. Colon hemorrhage is rare aJld, if observed, should 
prompt consideration of aJl alternative diagnosis. 

Treatment of mild cases consists of withdrawal of the puta
tive offending antibiotic; oral antibiotic therapy is often pre
scribed but may not be necessary. More severe cases may require 
parenteral metronidazole or oral or enteral vancomyciJ1 (by 
gavage or enema, if ileus precludes oral therapy); parenteral 
vancomyciJl is ineffective. The new oral macrolide fidaxomicin 
is noni nferior to vancomycin and may reduce the risk of relapsed 
disease, a major clinical problem.Z.'l-1 Some patiencs with severe 
or fulminating disease may require a colectomy, usually a total 
abdominal colectomy.135 The prevalence of severe disease has 
increased markedly with the emergence of a new straiJ1 of C. 
dijficile. 'TI1e new strain bas undergone mutation of a gene that 
suppresses toxin production so that far more toxin is elaborated, 
resulting in clinically severe disease.236 More of these patients 
will require surgery, but it remains to be determined whether or 
how antibiotic therapy should he modified to comhat this dan
gerous bacterium. 

Complicated Skin and Soft Tissue Infections 
Complicated SSTis involve deeper tissues or require major surgi
cal imcrvention. infection in the presence of medical comorbidi
ties, particularly chronic kidney disea~, diabetes mellitus, or 
peripheral arterial disease, also defines a cSSTI. Examples include 
major abscesses, deep space infections, diabetic foot infections, 
some postoperative SSis (those with systemic signs of infection), 
infected decubitus ulcers, aJ1d NSTis. In raJldomized controlJed 

trials, comparable outcomes of antibiotic therapy for cSSTis 
{except NSTis, which are usually ["'SO%] polymicrobial), are 
achieved by agents that treat onJy gram-positive cocci (e.g., 
vancomycin, llnewl.id, daptomycin, telavanciJ1). Because of the 
heterogeneity of these infections, the reader is referred to com
prehensive ueatmem guidelines for the management of cSSTI 
(Box 12- 11 ).23! 

P:aticms with diabetes mellitus are at risk for considerable 
morbidi ty as a result of chronic foot ulceration and foot infec
tion, including Limb loss. Diabetic foot infections (DFis) are 
usually a consequence of skin ulceration from ischemia or 
trauma to a neuropathic foot. 1he compartmentalized anatomy 
of the foot, with its various spaces, tendon sheaths, aJld neuro
vascular bw1dles, allows .ischemic necrosis to affect tissues withiJ1 
a compartment or spread along aJlatomic tissue planes. Recur
rent infections are common, and 1 Oo/o to 30% of affected 
patients eventually require an1putation. Diabetic patients are 
predisposed to foot infections, not only because of the portal of 
entry and poor blood supply, but also because of defects i.n 
httmoral immunity (e.g., in1paired neutrophil chemotaxis, 
phagocytosis, intracellular killing) and impaired monocyte
macrophage function, which correlate with the adequacy of 
glycemic control. Cell-mediated immw1ity and complement 
function may also be impaired. 

Acute infections are usual.ly caused by gram-positive cocci. 
S. nureus is the most important pathogen in DFis. It is often 
presem as a monomicrobial infection, but usually it is also an 
important pathogen in polymicrobial i.nfecrions. Chronic 
wounds, recurrent infections, and infections in hospitalized 
patients are more likely to harbor complex flora, including 
aerobic and aJlaerobic flora. Among gram-negative bacilli, bac
teria of the family Enterobacteriaceae are common, and Pseudo
monas aeruginosa may be isolated from wounds that have been 
treated with hydrotherapy or wet dressings. Enterococci may be 
recovered from patients treated previously with a cephalosporin. 
Anaerobic bacteria seldom cause DFis as the sole pathogen, but 
may be isolated from deep infections or necrotic tissue. 
Antibiork-resistant bacteria, especially MRSA, may be isolated 
from patients who have received aJltibiotks previous.ly or who 
have been hospitalized or reside in long-term care facilities. 
Agents that have been shown to be effective for therapy of D Fls 
in clinical trials include cephalosporins, ~-lactama-;e inhibitor 
combination aJltibiotics, fluoroquinolones, dindan1ycin, car
bapenems, vancomycin, and l.inezol.id. 'TI1e optimal duration of 
therapy for DFis has not been determined; common practice is 
to treat mild infections for l week, whereas serious infections 
may require up tO a 2-weck course of therapy. Adequate debride
ment, resection, or amputation can shorten the necessary dura
tion of therapy. 

Antibiotic Activity Spectra 
Susceptibility testing of specific orgaJ1isms is necessary for the 
treatment of serious infections, including all nosocomial infec
tions. Recommendations will focus on agents useful for the 
treatment of nosocomial uttections. Recommended agents for 
specific organisms are guidelines only, because iJl vitro suscepti
bilities may not correlate with clinical efficacy. Exposure to 
certain agents has been a<;Sociaced with the emergence of speci£c 
MDR bacteria, which require a different empirical antibiotic 
choice or modification of a regimen if identified or suspected 
(Table 12-8). 
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BOX 12-11 Recommendations from Guidelines for Treatment of Complicated Skin and Soft Tissue Infections 

Non-Necrotizing Cellulitis 
Most frequent causative agent is Streptococcus pyogenes; other 

agents include Haemophilus influenzae and pneumococcus. 
Parenteral penicillin is TOC; treatment failures may occur in 

severe disease. 
Protein synthesis inhibitory agents alone or in combination with 

cell wall active agents should be given in severe cases, but 
macrolide resistance is increasing. 

Other regimens may include antistaphylococcal penicillins, 
cefazolin, ceftaroline, and ceftriaxone. 

Complicated Skin and Soft Tissue Infections 
Involve a broad variety of pathogens; frequently polymicrobial 
S. aureus is most common isolate; community-acquired (CA) 

MRSA increasingly common 
Simple abscesses may respond to incision and drainage alone. 
Complex abscesses and abscesses with cellulitis require adju

vant antibiotics. 
Empirical antibiotic therapy should be directed toward the most 

likely pathogens, including CA-MRSA in most settings. 
Suspected polymicrobial infections should be managed with 

coverage of enteric gram-negative and anaerobic 
pathogens. 

Necrotizing Soft Tissue Infections 
Delays in diagnosis increase morbidity and mortality. 
Presence of gas in soft tissue is specific for necrotizing infections, 

but insensitive. 
CT and magnetic resonance imaging (MRI) improve detection of 

soft tissue gas, but radiographic findings of tissue fluid and 
edema are neither sensitive nor specific. 

Oinical features suggestive of NSTis are: 
• Pain disproportionate to physical examination findings 
• Tense edema 
• Bullae 
• Skin ecchymosis, necrosis 
• Cutaneous anesthesia 

• Systemic toxicity 
• Progression despite antibiotic therapy 

Predictive laboratory values: 
• White blood cell count >14 x 109/l 
• Serum sodium level <135 mmolfl 
• Blood urea nitrogen level > 15 mg/dl 

Early antibiotic coverage of likely pathogens is indicated; this 
depends on the clinical setting, inciting pathophysiology, and 
previous antibiotic exposure. 

Timely, wide surgical debridement of involved tissue improves 
outcome. 

Frequent reevaluation or return to the operating room within 
24 hours ensures adequacy of debridement and lack of 
pr<>gression. 

Necrotizing infections are usually polymicrobial; they may involve 
anaerobic and aerobic gram-positive and gram-negative 
pathogens. 

Possible single-agent regimens include imipenem-cilastatin, 
meropenem, ertapenem, piperacillin-tazobactam, ticarcillin
davulanic acid, and tigecydine. 

Diabetic Foot Infections 
These may involve a wide variety of pathogens; separating colo

nizing bacteria from pathogens may be difficult 
Gram-positive cocci are most common, but gram-negative bacilli 

and anaerobes may be involved. Chronic wounds may have 
resistant pathogens. 

Empirical therapy should take local susceptibility patterns, 
previous antibiotic exposure, and prior pathogens into 
considerations. 

Adequate tissue cultures should be obtained. 
Possible antibiotic regimens include cefazolin, ceftriaxone, cefox

itin, ceftaroline, ampicillin-sulbactam, piperacillin-tazobactam, 
and a carbapenem; daptomycin and linezolid can be used 
with the addition of gram-negative coverage. 

For MRSA infections, vancomycin, telavancin, ceftaroline, dapto
mycin, tigecydine, and linezolid can be considered. 

Modified from May/>¥., Stafford RE, Bulger EM, et al: Treatment of complicated skin and soft tissue infections. Surg Infect (Larchmt) 10:467-499, 2009. 

_Table 12-8 causes and Consequences of Baderial Resistance as Related to Empirical Antibiotic Choices _______ _ 
INITIAL TliERAPEUTIC AGENT 
Auoroquinolones 

Vancomycin 

Cephalosporins 

Carbapenems 

EMERGENT RESISTANT BACTERIA 
MRSA 
MDR ~ram-negative bacilli* 
Clostridium difficile infection 

VRE 
VISA 

VRE 
MDR ~ram-negative bacilli 
Clostridium diffici/e infection 

MDR gram-negative bacilli 
Stenotrophomonas maltophilia 
Clostridium difficile infection 

VISA, Vancomycin intermediate-resistant Staphylococcus aureus. 

TREATMENT OF RESISTANT BACTERIA 
Vancomycin, others (see Box 12-ll ) 
Carbapenem or polym~in or tygecydine (not for Pseudomonas) 
Vancomycin or metromdazole or fidaxomycin 

Tigecycline, linezolid, daptomycin 
Ceftaroline, tigecydine, hnezolid, daptomycin 

Tigecycline, linezolid, daP.tomycin 
Carbapenem or polym~in or tigecycline (not for Pseudomonas) 
Vancomycin or metromdazole or fidaxomycin 
Carbapenem or polymyxin or tigecycline (not for Pseudomonas) 
Trimethoprim/sultamethoxazole 
Vancomycin or metronidazole or fidaxomycin 

"MDR, gram-oegatiive bacilli include producers of extended-spectrum p-lact.amases, metallo-f3-lact.amases, and carbapenernases. 
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Cell Wall Adive Agents 
fH.actam Antibiotics The P-lactam antibiotic group consists of 
peniciiJiJlS, cephalosporins, monobactams, and carbapenems. 
Within this group, several agents have been combined with 
P-lactamase inhibitors to broaden the spectrum of activity. 
Several subgroups of antibiotics are recognized within the group, 
notably several generations of cephalosporins and penicillinase
resistant pc1ucillins. 

PenkU/Ins Penicillinase-resistant semisynthetic penicil.lins include 
methicillin, nafcillin, oxacillin, cloxacillin, and dicloxacillin. 
These agents are used primarily as therapy for sensitive strains 
of staphylococci. Hospitalized patients should not be treated 
empirically with these agents because of high rates of MRSA, 
and almost all enterococcal strains are resistant. However, if the 
S. aureus isolate is susceptible, these drugs are the treatment of 
choice (TOC). 

With the exception of carboxy penicillins and ureidopelli
ciUins, penicillins retain little or no activity against most gram
negative bacilli. Carboxypc1ucillins {ticarcillin and carbenicillin) 
and ureidopetucillins (azlocillin, me.docillli1, and piperacillin; 
sometimes referred to as acyfttmpicillins) have some activity 
agai nst gram-negative bacteria and P. nemginos11. Ureidopcnicil
lins have greater intrinsic activity against Pseudomonas, but none 
are used widely any more without a P-lactamase inhibitor in 
combination (BLIC). Combination with a j}-lactamase inhibitor 
(e.g., sulbactam, cazobactam, clavulan,ic acid) e,nhances the effec
tiveness of the parent P-laccam agent {piperacillin > cicarcillin > 
an1picillin) and, to a lesser extent, the inhibitor (cazobactanl > 
sulbactam - davulanic acid). 1l1e spectrum of activity varies 
within the class, so the treating clinician needs to be familiar 
with each of the drugs. All the BLIC drugs are effective against 
streptococci and MRSA, and highly effective against anaerobes 
{except for C difficile) . Piperacillin-tazobactan1 has the widest 
spectrum of activity against gram-negative bacteria and the most 
potency among [3-lactam drugs against P. neruginos11. Ampicillin
sulbactam is unreliable against E. coli and Klebsielltt {resistance 
rate= 50%), butt it has useful activity against Acinetobacter spp. 
because of the sulbactanl moiety. 

Cepholosporins More than 20 cephalosporins comprise the class; 
the characteristics of the drugs vary widely, but are similar within 
four broad generations. First- and second-generation agents are 
useful only for prophylaxis, uncomplicated infections, or 
de-escalation therapy when results of susceptibility testing are 
known. Third-generation agents have enhru1ced activity agai11st 
gram-negative bacilli (some have specific antipseudomonal 
activity), but most are ineffective against gram-positive cocci and 
none against anaerobes. Cefepime, the fourth-generation cepha
losporin available in the United States, has enhanced antipseu
domonal activity and has regained activity against most 
gran1-positive cocci, but not MRSA. Ceftaroline {usual dose, 
600 mg IV. evcry 12 hours) has not been classified, but has 
aJ1ti-MRSA activi ty unique among the cephalosporins wlille 
retaining modest activity comparable to first-generation agents 
against gram-negative bacilJi?38 None of tbe cephalosporins are 
active against enterococci. The heterogeneity of spectra, espe
cially among third-generation agents, requires broad fanliliarity 
with alJ th~se drugs. 

Third-Generation Cephalosporins. 1l1ird-generation 
cephalosporins include cefoperazone, cefotaxime, cefpodoxime, 

cefprozil, ceftazidime, ceftibuten, ceftlzoxin1e, ceftriaxone, and 
lorcarbicef. They possess a modestly extended spectrum of activ
ity against gram-negative bacilJj but not against gran1-positive 
bacteria (except for ceftriaxone) or anaerobic bacteria. Third
generation cephalosporins, particularly ceftazidime, have been 
associated wirh the induction of extended-specrrum P-laccamase 
{ESBL) production an1ong many of the Enterobacteriaceae {see 
Table 12-8). 1l1eir activity is only reliable against non-ESBL
producing species of Enterobacteriaceae, including Enterobncter; 
Citrobacter, ProtJidencill, ru1d Morganel!tJ but no longer reliable 
for empirical use as monothcrapy against nonfermenting gram
negative bacilli (e.g., Acinetobncter spp .• P. neruginosa, Stmotro
phomonns n111ltophilin). 

Fourth-Generation Cephalosporins. The gram-negative 
spectrum of cefepime is broader than that of the third-generation 
cephalosporins (the antipseudomonal activity exceeds that of 
ceftazidime), whereas the anti-gram-positive activity is compa
rable to that of a first-generation cephalosporin. 1l1e safety 
profile is excellent and the potential for induction of ESBL 
production is less. 1l1ere is no activity against enterococci or 
enteric aJ1aerobes. Sinillar to the carbapenems, cefepime appears 
to be i_ntrinsically more resistant to hydrolysis by P-lactan1ases. 
but not enough for its activity to be reliable against ESBL
producing bacteria. 

Monobadams The single available agent of this class, aztreonam, 
has a spectrum of activity against gram-negative bacilli similar 
rhat of w the third-get1eradon cephalosporins, with no activity 
against gram-positive orga1usms or aJ1aerobes. Az.rreonan1 is not 
a potent inducer of l3-lactan1ases. Resistance w aztreonam is 
widespread, but the drug may be useful for directed therapy 
against known susceptible strains and may be used safely for 
penicillin-allergic patients because the incidence of cross
reactivity is low {see later) . 

Corbopenems Carhapenems have a five-carbon ring attad1ed to 
the P-lactam nucleus. The alkyl groups are orietlted in a trans 
configurarion rathe.r rhan the cis configuration characteristic 
of other j}-lactanl agents, making these drugs resistaJ1t to 
P-lactamases. Follr drugs, irnipenem-dlastatin, meropenem, 
doripe:nem, and ertapenetn, are available in the Un.ited States. 
lmipenen1-cilastatin, meropenem, and doripenen1 have the 
widest {ru1d generally comparable) antibacterial spectrUlll of aJlY 
antibiotics, with excellent activity against aerobic and anaerobic 
streptococci. meducillin- sensitive staphylococci. ru1d almost all 
gram-negative bacilli except AcinetobtJcter, Legionelltt, P. cepttcitr, 
and S. mttkophilia.239 Activity against the Enterobacteriaceae 
exceeds that of alJ antibiotics, with the possible exceptions of 
piperadllin-tazobactan1 and cefepime, ru1d activities of merope
nem and doripe11em agaiJ1st P. aeruginosa are approached only 
by that of amikacin. All carbapenems are superlative antiaJlaero
bic agents, so there is no reason to combine a carbapenem with 
metronidazole except, for example, to treat concurrent mild C 
difficile colitis in a patient with a life-threatetuJlg infection that 
mandates carbapenem therapy. 

Meropenem and doripenem have less potential for neuro
toxicity cl1an imipenem-cila~tatiJl , which is contraindicated in 
patiems with active central nervous system disease or injury 
(except the spinal cord), because of d1e rare ("'0.5%) appearance 
of myoclonus or generalized seizures in patients wbo have 
received high doses (with normal renal fu11ction) or inadequate 
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dosage reductions with renal insufficiency. With all carbapen
ems, widespread disruption of host microbial A ora may lead to 
superinfections {e.g., fungi, C. difficile, Stenotrophomonas, resis
tant enterococci). 

Ertapenem is not useful against Pseudomonas, Acinetobacter, 
Enterobacter spp., or MRSA, but its long half-life permits 
once-daily dosing.~40 Ertapenem is highly active against ESBL
producing Enterobacteriaceae and also has less potential for 
neurotoxicity. 

Lipoglycopeptides 
Vancomycin, a soluble lipoglycopeptide, is bactericidal, but only 
on dividing organisms. Unforrunately, tissue penecration of van
comycin .is universally poor, which limits its effectiveness. Both 
S. aureus and S. epidermidis are usually susceptible to vancomy
cin, although MICs for S. aureus are increasing, requiring higher 
doses for effect, 24 1~1.'! and leading to rates of clinical failure that 
have exceeded 50% in some reports (fable 12-9).243 Streptococcus 
pyogenes, grouiP B streptococci, S. pneumoniae {including 
penicillin-resist:ant S. pneumoniae [PRSP]), and C. difficile arc 
also susceptible. Most strains of Enterococcus foecalis are inhibited 
{but not killed) by attainable concentrations, but Enterococcus 
foecium is increasingly VRE. 

It is in1portant for public health that widespread inappro
priate use of vamcomycin be curtailed. Actual indications include 
serious infections caused by MRSA or MRSE, gran1-positive 
infections in patients with serious peniciJJin allergy, and oral 
therapy {or by enema in patiencs with ileus) for serious cases of 
CDI. Parenteral vancomycin (a starting dose of 15 mg/kg is 
now recommended for patients with normal renal function to 
achkve a minimum trough concentration of 15 to 20 J..lg/ 
mL)24u 42 must be infused over at least l hour to avoid toxicity 
(e.g., red man syndrome). Despite concem about MRSA as 
a causative pathogen for SSls, properly designed randomized 
trials are lackil1g and routine vancomycin prophylaxis is not 
recommended .244 

Telavandn, a synthetic derivative of vancomycin, has been 
approved for the treatment of cSSTis.245 l11e drug is active 
against MRSA, pneumococci, including PRSP. and vancomycin
susceptible enterococci, with MlCs generally lower than l J..lg/ 
mL. l11ere appears to be a dual mechanism of action, including 
cell membrane disruption and inhibition of cell wall synthesis. 
l11e most common side effects are taste disturbance, nausea, 
vomiting, and headache. There may be a small increased risk of 
acute kidney injury. The usual dose is 10 mg/kg, infused rv over 
60 minutes, every 24 hours for 7 to 14 days; dosages reductions 

Table 12-9 causes of Vancomycin Failure* -------
ADJUSTED 
ODDS 

PARAMETER PREDICTING FAILURE RATIO 95Wo a 
Infective endocarditis 4.55 2.26-9.15 

Nosocomial acquisition of infection 2.19 1.21-3.97 

Initial vancomycin trough concentration 2.00 1.25-3.22 
<15 1-1g/ml 

Vancomycin MIC >I 1-1g/ml 1.52 1.09-2.49 

From reference 245. 

*In a single-venter cohort of 320 patients with documented MRSA bacteremia, 
using logistic regression analysis. 

are necessary in renal insufficiency. No informatiOJ1 is available 
regarding dosing during renal replacement therapy. 

Cyclic Lipopeptides 
Daptomydn has potent, rapid bactericidal activi ty against most 
gram-positive organisms. The mechanism of action is via rapid 
membrane depolarization, potassium efflux, arrest of DNA, 
RNA, and protein synthesis, and cell death. Daptomycin exhib
its concentration-dependent killing and has a long half-life 
{8 bours). A dose of 4 mg/kg once daily is recommended for 
cSSTis, versus 6 mg/kg/day for bacteremia. Daptomycin is 
excreted in the urine, so the dosing interval should be increased 
to 48 hours when creatinine clearance is lower than 30 mL/min. 
No antagonistic drug interactions have been observed. 

Daptomycin is active against many aerobic and anaerobic 
gram-positive bacteria, including MDR strains such as MRSA, 
MRSE, and VRE. Furthermore, daptomycin is also effective 
against a variety of anaerobes, including Peptostreptococcus spp., 
C. per.fringem, and C. difficile. Resistance to daptomycin has 
been reported for MRSA and VRE. 

Importantly, daptomycin must not be used for the treat
ment of pneumonia or as empirical therapy when pneLmlonia is 
in the differential diagnosis, even when caused by a susceptible 
organism, because daptomycin penetrates lun~ tissue poorly and 
is also inactivated by pulmonary sUifactant.2 c; 

Polymyxins 
Polymyxi.ns are cyclic, cadoni.c pepride antibiotics that have fatty 
add residues24

:' ; of the five polymyxins described originally 
(polymyxins A to E), two {B and E) have been used clinically.. 
Polymyxin B and polymyxin E (colistin) differ by a single amino 
acid. PolymyxiJlS bind to the anionic bacterial outer membrane, 
leading to a deterrent effect that disrupts membrane integrity. 
High-affinity binding to the lipid of a moiety of lipopolysac
charide may have an endotoxin-neutralizing effect. Commercial 
preparations of polymyxin B are standardized, but those of colis
timet.hate {a less toxic prodrug of colistin that is administered 
clinically) are not, so dosing depends on which preparation is 
beiJlg suppHed. Most recent reports have described colistimeth
ate use, but the drugs are therapeutically equivalent. 

Dosing of polymyxin B is 1.5 to 2.5 mg/kg {15,000 to 
25,000 U/kg) daily in divided doses, whereas dosing of colisti
methate ranges from 2.5 to 6 mg/kg/day, also in divided doses. 
The diluent is voluminous, adding substantially to daily flui d 
intake. Data on PK are scant. but the drugs exhibit rapid 
concentration-dependent bacterial killing agaiJlSt a wide variety 
of gran1-negative baciiJi, including most isolates of E coli, P. 
aeruginosa, S. maltophilia, and Klebsie/111, Enterobacter, and Aci-
11etobacter spp. Activity has remained generally excellent despite 
the widespread en1ergence of MDR pathogens. Combinations 
nf polymyxin B or colisrimethate and rifampin exhibit synergis
tic activity in vitro. Uptake into tissue is poor, but intrathecai 
and inhalational administration have been described. Clinical 
response rates for respiratory tract infections appear to be lower 
than for other sites of infection. 

Polymyxins had fallen out of favor because of nephrotoxic
ity and neurotoxicity issues, but the emergence of MDR 
pathogens has returned them to clinical use. Up to 40% of 
colistimethate-treated patients (5% to 15% for polymyxin B) 
will bave an increase of serum creatinine levels, but renal replace
ment therapy is seldom required. Neurotoxicity (5% to 7o/o 
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for both) usually becomes manifest as muscle weakness or 
polyneuropathy. 

Protein Synthesis Inhibitors 
Several classes of antibiotics, although dissimilar structurally and 
having divergent{ specua of activity, exert their antibacterial 
effects via bindi11g to bacterial ribosomes and inhibition of 
protein synthesis. 1bis classification is valuable mecltanistically, 
linking several classes of antibiotics conceptually that have few 
clinically useful members. 

Aminoglycosides 
Once disdained for its wxiciry, a resurgence of aminoglycoside 
use has occurred as resistance to newer antibiotics (especially 
third-generation cephalosporins and fluoroquinolones) has 
developed. Gentamicin, wbramycin, and amikacin are still used 
frequently. AmiJlloglycosides bind to the bacterial 30S ribosomal 
subunit, inhibiting protein synthesis. With the exception of 
gentamicin's modest activity against gram-positive cocci, the 
spectrum of activity for the various agents is almost identical. 
Prescribing decisions should he hased on toxicity and local resis
tance patterns. 

Nevertheless, the potential toxicity is real, and antinogly
cosides are now seldom used as first-line therapy, except in a 
synergistic combiJlation to treat a serious Pseudomonas infection, 
enterococcal endocarditis, or an infection caused by an MDR 
gram-negative bacillus. As second-line therapy, these drugs are 
highly efficacious against the Enterobacteriaceae, but there is 
less activity against Acinetobacter, and limited activity against 
P. cepttcia, Aeromontts spp., ru1d S. maltophilitt. 

Amlnoglycosides kill bacteria most effectively with a con
centration peak- co-MIC ratio higher than 12, so a loading dose 
is necessary and serum drug concentration must be monitored. 
Synergistic therapy with a P-lactam agent is theoreticaiJy effec
tive because bacterial cell wall dan1age caused by the 1}-lactam 
drug enhances intracellular penetration of the aminoglycoside; 
however, evidence of improved clin.ical outcomes is controver
siai,~~0-2.'~~48 especially with conventional dosing. Conventional 
dosing for serious infections requires 5 mg/kg/day of gentamicin 
or tobramycin after a 2-mglkg loading dose, or 15 mg/kg day 
of amikacin after a loading dose of 7.5 mg/kg. PK is variable 
and unpredktab!e in criticaUy ill patients, and higher doses are 
sometimes necessary (e.g., for burn patients). High doses (e.g., 
gentamicin, 7 mg/kg/day; amikacin, 20 mg/kglday) given once 
daily can obviate these problems in many patients. Marked 
dosage reductions are necessary in renal insufficiency, but the 
drugs are dial}rted and a maintenance dose should be given after 
each hemodialysis treatment. 

Tetracyclines 
Tetracyclines bind irreversibly to the 30S ribosomal subwut but, 
unlike aminoglycosides, they are bacteriostatic. Widespread 
resistance linllts their usefulness in the hospital setting {with two 
exceptions, doxycycline ru1d tigecycline). Tetracyclines are active 
against anaerobes; Actinom)'ces can be treated successfully. Doxy
cycline is active against B . .fragilis, but is seldom used for this 
purpose. N l tetracyclines are contraindicated in pregnancy rutd 
for chlldren younger chan 8 years because of dental roxiciry. 

Tigecycline is a rather new glycylcydine derived from 
minocycline?49 With the major exceptions of Pseudomonas spp. 
and P. mimbilis, the spectrum of activity is broad, including 

many MDR gram-positive ru1d gram-negative bacteria, includ
ing MRSA, VRE, and Acinetobacter spp. Tigecydine overcomes 
typical bacterial resistance to tetracyclines because of a modifica
tion at position 9 of its core structure, wlucb enables high
affinity binding to tlle 30S ribosomal unit. Ttgecydine is active 
againsr aerobic and anaerobic sueprococci, staphylococci, 
MRSA, MRSE, and enterococci, including VRE. Activity 
against grru11-negative baciJJi is directed against Enterobacteria
ceae, including ESBL-producing strains, P. multocida, A. 
h)ldrophila, S. nlllftophilia, E tterogenes, and Acinetobacter spp. 
Antianaerobic activity is excellent. 1hc drug is approved for 
therapy of cWs and cSSTis. 

Concern ha~ bee11 raised recently by a post hoc analysis 
indicating that the mortality of tigecycline-treated patients is 
higher in pooled phase 3 and 4 clinical trials, including unpub
lished registration trials.250 The adjusted risk difference for all
cause mortality based on a random effects model strati£ed by 
trial weight was 0.6% (95% CJ, 0.1 to l.2) between tigecycline 
and comparator agents. However, an independent meta-analysis 
has found no such survival disadvruuage in ru1 analysis of eight 
published randomized controlled trials (4651 patients).251 

OveralL no difference was identified for the pooled clinically 
(OR, 0.92; 95% Cl, 0.76 to 1.12) or microbiologically evaluable 
populations (OR, 0.86; 95% Cl, 0.69 to 1.07) from these trials. 

Oxazolidinones 
OxazoJidinones bind to the ribosomal 50S subunit, preventing 
complexing with the 30S subunit. Assembly of a functional 
initiation complex for protein synthesis is blocked, preventing 
trru1slation of mRNA. 111is mode of action is novel compared 
with that of other protein synthesis inhibitors that permit 
mRNA translation but then inhibit peptide elongation. Prevent
ing the initiation of protein synthesis is inherently no more 
lethal than prevention of peptide elongation; therefore, line-wlid 
is bacteriostatic against most susceptible organisms. 1l1e ribo
somes of E coli arc as susceptible to linezolid as those of gram
positive cocci but, with minor exceptions, gran1-negative bacteria 
are oxazolidinone-res.istant because oxazolidinones are excreted 
by efflux pun1ps. 

Linezolid is equally active against MSSA rutd MRSA. 
vancomycin-susceptible enterococci, and VRE, and against sus
ceptib.le ru1d PRSP pneumococci. Most gram-negative bacteria 
are resistant, but Bacteroides spp. are susceptible. Linezolid 
requires no dosage reduction in renal insufficiency and exhibits 
excellent tissue penetration, but it is uncertain whether this 
provides cljnical benefit in the treatment of cSSTis or HAP
VAP.252 A meta-analysis bas sufs§ested that linezolid is equivalent 
to vancomycin for HAP-YAP, 53 buc some clinicians believe that 
linezolid should supplru1t vru1comycin as first-line therapy for 
serious infectjons caused by gram-positive cocci. 

Macrolide-Lincosamide-Streptogramin Family 
Clindamyan 1l1e only lincosamide in active d.iJucal use is cllnda
mycin, which also binds to the 50S ribosome. Clindamycin has 
good ru1tianaerobic activity {although B . .fragilis resistance is 
iJ1creasing), and rea~onably good activity against susceptible 
gram-positive cocci, not MRSA or VRE. Clindamycin is used 
occasionally for ru1aerobic infections and is preferred over van
comydn for prophylaxis of dean surgical cases in peJucillin
aUergic patients {see Box 12-6).112 Because cli.ndamycin inhib.its 
exotoxin production in vitro, it has been advocated in preference 
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to pen.icillin as. fust-line therapy for invasive S. pyogenes infec
tions. The use of clindamycin has been associated with the 
development of COL 

Drugs lbat Disrupt Nudeic Adds 

Fluoroquinolones 
Fluoroquinolones inhibit bacterial DNA synthesis by inhibiting 
DNA gyrase, which folds DNA imo a superhelix il1 preparation 
for replication. 1l1e Auoroquinolones exhibit a broad spectrum 
of activity, excellent oral absorption and bioavailability, and arc 
generally well tolerated (except for photosensitivity and cartilage 
[especially il1 children] and tendon damage). These are potent 
agents with an unfortunate propensity to develop (and induce) 
resistance rapidly {see Table 12-9). Agents with parenteral and 
oral formulatiollS include ciprofloxacil1, lcvofloxacin, and moxi
floxacin, wb.ich has some antianaerobic activity. Several others 
have been withdrawn from the market or have never been 
approved because of toxicity. 

Fluoroquinoloncs are most active agail1st enteric gram
negative bacteria, particularly the Enterobacteriaceae and Hae
mophilus spp. '111ere is some activity against P. aeruginosa, S. 
nlflltophilia, and gram-negative cocci. Activity against gram
positive cocci is vatiable; it is least for ciprofloxacin and best for 
the so-called respiratory quinolone (e.g., moxifloxacin). C ipro
floxacin is most active against P. aen~ginosa. However, rampant 
overuse of Huoroquinolones is rapidly causing resistance that 
might limit severely rhe future usefuL1ess of these agents.254 

Fluoroqumolone use has been associated with the emergence of 
resistant E coli, Klebsiella spp., P. aeruginosa, and MRSA.255•

256 

Fluoroqulnolones prolong the QTc il1tcrval and may precipitate 
the ventricular dysrhythmia torsades de pointes, so electrocar
diographic measurement of the QTc interval before and during 
Auoroquinolone therapy is important. Also, Auoroquinolones 
interact with warfarin to cause a rapid marked prolongation of 
the international nmmalized ratio (INR), so anticoagulation 
must be monitored closely during therapy. 

Cytotoxic Antibiotics 
Metronidazole Metronidazole is active against almost all anaer
obes and against many protozoa that parasitize human beings. 
Metronidazole has potent bactericidal activity, including activity 
agailm B. fragilis, Prevotelln spp., Clostridium spp. (including C 
dijficile), and anaerobic cocci, although it is int'lfective agail1st 
actinomycosis. Resistance remains rare and is of negligible clini
cal significance. 

Metronidazole causes DNA damage after intracellular 
reduction of the nitro group of the drug. Acting as a preferential 
electron acceptor, it is reduced by low redox potential electron 
transport proteins, decreasing the mtraceUular concentration of 
the unchanged drug and mamtailili1g a transmembrane gradient 
that favors uptake of addi tional drug. The drug therefore pen
etrates well in to almost all tissues, including neural tissue, 
making it effective for deep-seated infections and bacteria that 
are not multiplying rapidly. Absorption after oral or rectal 
administration is rapid and almost complete. 1l1e t112 of metro
nidazole is 8 hours because of an active hydroxy metabolite. 
Increasingly, IV metronidazole is admmistered every 8 to 12 
hours in recognition of the active metabolite, but once
daUy dosing is possible? 57 No dosage reduction is required for 
renal msufficiency, but the drug is dialyzed effectively and 

administration should be tin1ed to foUow dialysis if twice-daily 
dosing is used. PK in patients with hepatic insufficiency suggests 
a dosage reduction of 50% with marked impairment. 

Trimethoprim-Sulfamethoxazole Sulfonamldes exert bacteriostatic 
activity by interfering with bacterial folic acid synthesis, a neces
sary step in DNA synthesis. Resistance is widespread, thus limit
ing its use. TI1e addition of sulfan1ctboxazolc to trimethoprim, 
which prevents the conversion of dil1ydrofolic acid to tetrahy
d.rofolic acid by the action of dihydrofolate reductase (down
streanl from the action of sulfonamldcs) accentuates the 
bactericidal activity of trilnethoprim. 

The combination of trimethoprim-sulfanlethoxazole 
(TMP-SMX) is active against S. aureus, S. pyoge11es, S. pneu
moniae, E. coli, P. mirabilis, Salmonella and Shigella spp., Yersinia 
enterocolitica, S. mnltophilin, L. monocytogenes, and Pneumocystis 
jirovici. Used for urinary tract infections, acute exacerbations of 
chronic bronchitis, and Pneumocystis infections, TMP-SMX is a 
treatment of choice for infections caused by S. maltophilia and 
outpatient and sometimes inpatient treatment of illfections 
caused hy community-acquired MRSA. 

A fixed-dose combination ofTMP-SMX (1 : 5) is available 
for parenteral adrulJlistration. 1l1e standard oral formu lation is 
TMP, 80 mg, and SMX, 400 mg, but lesser and greater strength 
tablets are available. Oral absorption is rapid and bioavailability 
is almost 100%. Ttssue penetration is excellent. 1l1e parenteral 
formulation, 10 mL,containsTMP, 160 mg,andSMX,800 mg. 
Full doses (150 to 300 mgTMP in three or four divided doses) 
may be given if creatinine clearance is higher than 30 mUmm, 
but tl1e drug is not recommended when the creatinine clearance 
is less than L5 niUmln. 

ANTIBIOTIC TOXICITIES 

13-Lactam Allergy 
Allergic reaction is the most common toxicity of J3-lactanl anti
biotics. 1l1e incidence is approximately 7 to 40/1000 treatment 
courses of penicillin.258 Parenteral therapy is more likely to 
provoke an allergic reaction. Most serious reactions occur in 
patietlts with no history of penicillli1 allergy, simply because a 
history of penicillin allergy is commonly sought and is reported 
by 5o/o to 20% of patients, far in excess of the true incidence. 
Patients with a prior reaction have a four- to sixfold increased 
risk of another reaction compared with the general population. 
However, ellis risk decreases with tilne, from 80% to 90% skin 
test reactivity at 2 months tO 20% reactivity at 10 years. 1l1e 
risk of cross-reactivity between penicillins and carbapenems and 
cephalosporms is approxinlately 5%, being highest for first
generation cephalosporins. 1l1ere is negligible cross-reactivity to 
monobactams. 

Red Man Syndrome 
Tingling and .flushing of the face, neck, or thorax may occur 
wicl1 parenteral vancomycin therapy, but is less common than 
fever, rigors, or local phlebitis. Although a hypersensitivity reac
tion, it is not an allergic phenomenon because of the clear 
association with too rapid infusion of the drug (<1 hour, which 
can also cause hypotension). 1l1e cause is believed to be llista
mine release caused by local hyperosmolallty. A maculopapular 
rash caused by hypersensitivity occurs .in approximately 5% of 
patients. 
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Nephrotoxicity 
There is little difference among aminoglycosides in terms of 
nephrotoxic potential. Aminoglycosidcs do not provoke inflanl
mation; thus, there are no allergic components to any manifesta
tion of aminogl~rcoside toxicity. The mechanisms of clinical 
toxicity relate to ischemia and coxicity co the renal proximal 
tubular ceu.m Ultimately, injury is manifested by necrosis of the 
proximal tubular cell, reduction of the glomerular filtration rate, 
and decreased creatinine clearance but is usually reversible, and 
progression to dialysis dependence is rare. Aminoglycoside 
nephrotoxicity is accentuated by several cofactors, includi.J1g fre
quent dosing, older age, sodiwn and volume depletion, acide
mia, hypokalemia, hypomagnesemia, and coexisrem liver disease. 
The risk of injury is ameliorated by single daily dose therapy. If 
renal function deteriorates, it is advisable to discontinue therapy 
unless treatment is for a life-threatening infection. 

Vancomyci111 nephrotoxicity is increasing because of higher 
dosing and concurrent administration of other nepbrotoxins. 
Nephrotoxicity of polymyxins may be an unavoidable conse
quence of the need to usc an agent with known nephrotoxic 
potential to treat serious infections cause by MDRgram-negative 
baciUi when there are few alternative, if any. 

Ototoxicity 
Aminoglycosides cause cochlear or vestibular toxtctty that is 
usually irreversible, and may develop after tbe cessation of 
therapy.25? Repeated exposures create cumulative risk. Most 
patients develop cocWear toxicity or a vestibular lesion; rarely 
are both organs injured. Cochlear toxicity can be subtle, because 
few patients have baseline audiogran1s and formal screening 
programs are seldom undertaken. Few patients complain of 
bearing loss but, when sought, the incidence of cochlear toxicity 
may be more than 60%. Clillkal hearing loss may occur in 5o/o 
to 15o/o of patients. 

Ototoxicity caused directly by vancomyciJl is accepted as 
fact, hut has heen poorly docwnented ill the literature. Hearing 
loss attributed to vancomycin is better described as neurotoxic
ity, manifesting as auditory nerve damage, titutitus, and loss of 
acuity for high-frequency tones. Synergistic iJ1jury is possible 
with coadministration of other ototoxic drugs, especially arui
noglycosides and furosemide. There is no correlation between 
ototoxicity and nepi1Iotoxicity for drugs that cause both (e.g., 
aminoglycosides, vancomyci.J1). 

Avoiding Toxidty: Adjusbnent of 
Antibiotic Dosage 

Hepatic Insufficiency 
1he liver metabolizes and elirui.J1atcs drugs that are too lipophilic 
for renal excretion. 'TI1e cytodliomes P450 (a gene superfamily 
consisting of >300 different enzymes) oxidize lipophilic com
pounds to water-soluble products. Other enzymes convert drugs 
or metabolites by conjugating tbem with sugars, ami.J1o acids, 
sulfate, or acetate to facilitate biliary or renal excretion, whereas 
enzymes such as esterases and hydrolases act by other distinct 
mcchattisms. Oxidation, in particular, is disrupted when liver 
function is impaired. 

Drug dosing in hepatic insufficiency is complicated by 
insensitivity of clinical assessments to quantifY liver function and 
changing metabolism as the degree of impairment fluctuates 
(e.g., resolving d10lestasis). Changes in renal function with 

progressive hepatic impairment add considerable complexity. 
Renal blood fl ow is decreased in cirrhosis and glomerular filtra
tion is decreased in cirrhosis with ascites. Adverse drug reactions 
are more frequent with cirrhosis than with other forms of liver 
disease. 

'TI1e effect ofliver disease on drug disposition is difficult ro 
predict in individual patients: none of the usual tests of Liver 
function can be used to guide dosage.260 Generally, a dosage 
reduction of up to 25% of the usual dose is considered if hepatic 
metabolism is 40% or lower and renal fw1ction is nom1al (Box 
12-12). Greater dosage reductions (up to 50%) are advisable if 
the drug is administered chronically, theie is a narrow therapeu
tic index, protei.Jl binding is significantly reduced, or the drug 
is excreted tenally and renal fm1Ction is severely impaired. 

Renal Insufficiency 
Renal clrug elimination depends on glomerular filtration, tubtdar 
secretion, and reabsorption, any of which may be altered with 
renal dysfunction. Renal failure may affect hepatic and renal 
drug metabolic pathways. Drugs whose hepatic metabolism is 
likely to be disrupted in renal failure indude aztreonanl, several 
cephalosporins, macrolidcs, and carbapenems. 

Accurate estimates of renal function arc important iJl 
patients with mild to moderate renal dysfw1ction, because the 
clearance of many drugs by dialysis actually makes management 
easier. Factors influencing drug clearance by bemo61tration 
include molecular size, aqueous solubility, plasma protein 
bi.J1ding, equilibration kinetics between plasma and tissue, and 

Hepatic 
Aztreonam 
Cefoperazone 
Chloramphenicol 
Clindamycin 
Erythro mycin 
Isoniazid 
Linezolid 
Metronidazole 
Nafcillin 
Quinupristin-dalfopristin 
Rifampin 
Tigecydine 

Renal 
Aminoglycosides 
Aztreonam 
Carbapenems 
Cephalosporins (most) 
Chloramphenicol 
Auoroquinolones 
Macrolides (except erythromycin and fidoxamycin) 
Penici llins 
Polymyxins 
Sulfonamides 
Trimethoprim/sulfamethoxazole 
Vancomycin 
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the apparent V 0 . New high-flux polysulfone dialysis membranes 
can clear molecules up to 5 kDa efficiently (the mo.lecular 
weight of vancomycin is 1.486 kDa). The need to dose patients 
during or after a renal replacement therapy treatment must be 
borne in mind; during continuous renal replacement therapy, 
the estimated creatinine clearance is approximately 15 w 25 mLI 
min in addition to the patient's intrinsic clearance.261 Cefaclor, 
cefoperazone, ceftriaxone, duoramphenicol, clindamycin, 
cloxacillin, didoxacillin, doxycycline, erythromycin, linezolid, 
methicillin, nafcillin, oxaciUin, metronidazole, rifampin, and 
tigecycline do not require dosage reductions in renal failure 
(see Box 12-12). 

IMPORTANT PATHOGENS OF CRITlCALLY 
ILL PAnENlS 

Vancomycin-Resistant Enterococci 
Vancomycin-resistant enterococci are predominantly E foecium 
and thus usually manifest high-level resistance to ampicillin as 
weU, which limits therapeutic options. Patients at risk include 
those with prolonged hospitalizations, multiple ICU admis
sions, and multiple or prolonged courses of antibiotics, espe
cially cephalosporins and vancomycin {see Table 12-8). Although 
many isolates of VRE reflect colonization rather than invasive 
infection, isol a~~:ion ofVRE from the bloodstrean1 or purulent 
closed space collections in symptomatic patients merits antimi
crobial ueatmem. At presem, there are four approved agents for 
VRE infecrion--daptomycin, linezolid, quinupristin-dalfopristin 
(Q-D), and ti:gecydine-altl1ough chloramphenicol also bas 
activity. Although there are no direct comparative trials of these 
agents, the side effect profiles of me other iliree agents appear 
favorable compared with Q-D. Linezolid-resistant VRE strains 
are being reported, particularly in patients wi th inadequately 
drained or nonremovable foci of infection who receive pro
tracted therapy. 

Staphylococcus aureus 
Wi.th the advem of effective infection control procedures, the 
incidence of MRSA infections may be decreasing.~~..:6.'1 None
theless, MRSA remains a formidable and dangerous patl10gen. 
Vancomycin has been the traditional first-line therapy of choice 
for most serious MRSA infections; however, there is increasing 
awareness of its limitations.242..:64 Vancomycin achieves only slow 
bactericidal activity, has poor ILmg and central nervous system 
penetration, and poor activity in prosthetic biofilms. Heterore
sistance to vancomycin has been detected in high-inoculum 
infections, andl intermediate and complete vancomycin resis
tance has been described recently, although it remains rare. 
Combination t11erapy with gentamicin may enhance its bacteri
cidal activity; however, tlus use does nor alter cliJucal cure rates. 
In vancomycin-intolerant patients or vanconzcin-refractory 
MRSA infections (i.e., vancomycin failurcs),2 3 linezolid or 
Q-D, have shown modest efficacy as a salvage option.~65 Dap
tomyciJ1 is bactericidal rapidly against S. aureus (including 
MRSA), but whether rapid bacterial killing confers a clinical 
advantage for therapy of most iJ1fections is debatable. Tigecy
cline is active (bacteriostatic) against MRSA, whid] does nor 
confer a clinical disadvantage in most therapeutic situations. 
Ceftaroline is tl1e newest option for tl1e treatment of MRSA 
infections. 

Pseudomonas aeruginosa 
Pseudomonas aeruginosa is a ubiquitous, avi.rulent op,rortunist 
whose viruJence is e1u1anced in critically iiJ patients.26 It is the 
second most common isolate from ICU infections, and infec
tions caused by P. aeruginosa are the leading cause of death from 
nosocomial infection in the rcu, with infection-associated 
mortality as high as 70% in patients with pneumonia or bacte
remia. 1herapy is complex because of intrinsic and acquired 
resistance to a diverse spectrum of a.ntinucrobial agents. Resis
tance is mediated via chromosomal-mediated [3-lactan1ases, 
arninoglycoside-mod.ifying enzymes, and mutations of outer 
membrane porin channels, which impede entry of carbapenems 
into the periplasmic space. A prominent d]aracteristic is a high 
rate {20% to 40%) of de novo resistance developing duri1~ 
antipseudomonal therapy, a major cause of failed therapy.~ · 
Meropenem and doripenem may provide slightly higher activity 
than imipenem-cilastatin, with a lower propensity for central 
nervous system toxicity. 

Multidrug-Resistant Enterobaderiaceae. 
lnduding Klebsiella Spedes 
Resistance to [3-lactan1s and other antibiotics in the Enterobac
teriaceae family is increasingly associated with plasmid-mediated 
resistance determinants that are transferred easily among species, 
including ESBL~ and carbapenemases, specifically the CTX-M 
family of ESBLs, KPC family of serine carbapenemases, and 
ViM, IMP, and NDM-1 metallo-[3-lactan1ares.2

68-
270 These 

enzymes are now appeariJ1g worldwide in multiple combinations 
of ESBLs and carbapenemases, thereby conferriJ1g resistance to 
almost all [3-lactam antibiotics. 'TI1e increasing prevalence 
of carbapenem-resistant gram-negative bacteria is particularly 
disconcerting. 

Klebsielld spp. and other Enterobacteriaceae are notable for 
exhibiting chromosome-mediated inducible ~-l actan1ases, which 
deactivate antipseudomonal penicillins (e.g., ticarcillin, piper
acillin), azrreonam, and cephalosporins. Cefrazidime is a potent 
inducer of chromosomal [3-lactanlase expression and is increas
ingly avoided as monotherapy or combination therapy of infec
tions caused by even susceptible organisms. Cefepime does not 
appear to induce this type of chromosome-medjated resistance 
to the same degree, but itself is susceptible to the action of 
ESBL~. Because most ESBL-producing straiJ1S also coexpress 
resistance to other agems (e.g., aminoglycosides, fluoroquino
lones), tl1ere are few antimicrobials available to treat infections 
with tl1ese organisms and data regarding agents in development 
are Limited to in vitro studies. Therapeutic options are limited 
to carbapcnems (the mainstay of therapy for ESBL producers) 
and tigecydine. 

Stenotrophomonas maltophi/ia 
At present, there are no clinical Laboratory standards for the 
interpretation of disk diffusion susceptibilities for S. mttltophilia. 
In tl1c absence of broth dilution testing results, the most reliable 
agents have been TMP-SMX aloneorTMP-SMXand ticarcillin
clavulanic acid in combination. 'TI1e use of other agents has been 
associated with high rates of cHnical failure despite in vitro 
susceptibility. 

Adnetobacter baumannii Complex 
Acinetobacter baumannii is a pleomorphic, aerobic, gram
negative bacillus (referred to sometimes as a coccobacillus) tbat 
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is isolated commonly from the hospital environment and hos
pitalized patients. A. baumnmzii colonizes aquatic environments 
preferentially, and is not part of normal fecal flora This organ
ism is often cultured from hospitalized patients· respiratory 
secretions, wow1ds or surgical sites, and urine. Historically, most 
Acinetobacter isolares recovered from hospitalized patients repre
sented colonizati.on rather than infection, especially in the ICU 
setting, being particularly common with endotracheal iruuba
tion, multiple IV catheters, monitoring devices, surgical drains, 
urinary catheters, or prior antimicrobial therapy with agents that 
have little or no activity agair1st Acinetobttcter. Colonization of 
the gastrointestinal tract by Acinetobncter is Ullcommon. 

Although A baumnnnii is avirulent, it is capable of 
causing infection of the seriously ill host.2:'L2:'2 Aciuetobacter 
infections are increasingly common; when they occur, they 
usually involve organ systems with a high fluid content (e.g., 
sputum, cerebrospinal fluid, peritoneal fluid, urine), manlfest
iJlg most commonly as pnew11onia, catheter-associated bacteri
uria, or bloodstrean1 infection. Acinetobncter pneumonia5 have 
a predilection to occur in outbreaks. Nosocomial meningitis 
may occur in colonized neurosurgical patients with external
ized ventricular draiJlS (i.e., ventriculostomy). Acinetobncter is 
rarely associated with meningitis, endocarditis (native and 
prosthetic valve irlfections), peritonitis, urinary tract infec
tions, community-acquired pneumonia, or cholangitis. 

A. baumannii is inl1erently resistant to several antibiotics, 
but MDR strains have emerged that are susceptible to relatively 
few antibiotics. Antibiotics to which MDR Acinetobncter is 
usually susceptible include meropenem, doripenem, amikacin, 
tigecydine, colisti11, and polymyxin B, with one of tl1e latter two 
agents increasingly being used. There are no clinical laboratory 
standards for the interpretation of disk diffusion susceptibilities 
for tigecydine against A bnumnnnii. Mortality and morbidity 
resulting from A. baummmii infection relate to the underlying 
immune status of the host rather than the i11herent virulence of 
the organism. 

FUNGAL INFECTIONS 
Fungi are ubiquitous heterotrophic eukaryotes, resilient to envi
ronmental stress and adaptable to diverse environments. 1l1e 
most importallt human pathogens are the yeasts and molds. 
Invasive mycoses have emerged as a major cause of morbidity 
and mortality ir1 hospitalized surgical patiems. The U.S. illci
dence of nosocomial candidemla is approxinlately 8/100,000 
population, at a cost of approximately $1 billion/year. Fungcmia 
is the founh most common type of bloodstream infection in the 
United States, but many surgical patiems develop invasive infec
tions without positive blood cultures. Host or therapeutic 
immunosuppression, organ traJlsplamatlon, impla1uable devices, 
and hw11an inlmunodeficiency virus (HIV) infection have all 
cllanged me landscape of fwlgal pathogenicity. 

Risk Fadors 
Whereas the iJ1ddcnce of hospital-acquired fw1gal infections 
almost doubled in the past decade, the greatest i.ncrease occurred 
iJl critically i.ll su_rgical patients, making tl1e surgical ICU popu
lation an extremely high-risk group.2~3 Several conditions 
(patiem-dependem and disease-specific) are independem predic
tors for invasive fLmgal infection, including ICU length of stay, 
extent of medical comorbidity, host immw1e suppression, and 
number of medical devices present. Neutropenia, diabetes 

mellitus, new-onset renal replacement therapy, total parenteral 
nutrition, broad-spectrum antibiotic administration, bladder 
catheterization, azoten1i.a, diarrhea, an.d corticosteroid therapy 
have also been associated with candidemia.274

..:75 

Diabetes Mellitus 
Diabetes mellitus is an independent predictor for mucosal can
didiasis, invasive candidiasis, and aspcrgUios.is. Diabetic ketoaci
dosis has a strong association with rhlnocerebraiMucor (produced 
by Zygomycetes) a11d other atypical fungal infections, with 
hyperglycemia being the strongest predictor of candidemla after 
liver transplantation and cardiopulmonary bypass. Glycosyl
ation of cell surface receptors facilitates fungal birlding and 
subsequent internalization and apoptosis of targeted c.ells. Gly
cosylation of opsonins disables fungal antigen recognition. 'The 
serum of diabetic patients has diminished capacity to bind iron, 
therefore making it available to the pathogen. Altered Thl 
(helper phenotype) lymphocyte recognition of fungal targets 
impairs the production of interferon-)' (IFN-y). Ctmdida spp. 
overexprcss a C, receptor- like proteu1 that facilitates adhesion 
to endothelium and mucosal surfaces. 

Neutropenia 
'There :is a direct correlation between the degree of neutropenia 
and risk of invasive fLLngal infection.277

" Although a recent meta
aJlalysis has concluded that there is little benefit from prophy
laxis in neutropCJlic caJlCer patients, empirical a11tifungal therapy 
is standard for febrile neutropenia patients after chemotherapy 
or bone marrow transplantation. When profound neutropenia 
exists, the risk for breal<through candidemia during antifungal 
therapy is signi6caJ1tly higher. 

Organ Transplantation and Immunosuppression 
The two most common opportunistic fungal pathogens of trans
plaJlt patients are Cnndidtt and Aspergillus spp. 1he risk of fungal 
irlfection decreases 6 months after traJlsplantation, unless a 
rejection episode requires intensification of the immunosuppres
sion. L1 tl1e solid organ transplant recipient, the graft itself is 
often affected. In Liver transpla11tation, the risk of fungen1ia 
increases with the duration of the operation and number of 
transfusions. Other risk factors include the type of bile duct 
a11astomosis (Roux-en-Y), tissue ischemia, cytomegalovirus 
(CMV) ulfcction, and graft-versus-host disease. Aspergillus tra
cheobronchitis in lung traJ1splant patients is most likely to occur 
at the broncllial anastomosis. Surveillance brond1oscopy is rec
ommended in this setting. Aspergillus is also the main orgaJlism 
responsible for fungemia after heart transplantation, and is 
second only to CMY as the cause of pneumonia in the first 
month after surgery. 

Infectious complications are me primary cause of mor
bidity a11d mortality after pa11creas and kidney-pa11crcas trans
plaJltation. 1l1e most common pathogens are gran1-posidve 
cocci, followed by gran1-negative baciJli and Cnndidn. Risk 
factors for fungal infections in this settiJ1g include bladder 
rather than enteric drainage (in cases of pa11ereas transplanta
tion) and the use of muromonab-CD3 for aJltircjection 
therapy. Ki.dney recipients have the lowest incidence of irlfec
tious complications of all solid organ UaJlsplanrs, but the risk 
is sufficiently high that all solid orga11 transplant recipients 
(kidney recipients included) receive fw1gal prophylaxis with 
fluconawlc (see later). 
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Malignant Disease 
Cancer and chemotherapy produce three types of immune dys
function that render the patient vulnerable to opportunistic 
infections: neutropenia (see earlier}, deficits in lymphocyte
mediated innate immunity (e.g., lymphoma and during corti
costeroid uearment}, and adaptive immunodeficiency (e.g., 
multiple myeloma, Waldenstrom macroglobulinemia. and after 
splenectomy). As many as one third of cases of febrile neutro
penia after chemotherapy for malignant disease are caused by 
invasive fi.mgernia (see later}. The type of lymphopenia is as 
important as the nadir of the lymphocyte cow1r. Whereas Thl
type responses (TNF-a, lFN-y, and IL-12) confer protection, 
Th2 (IL-4 and IL-l 0) suppressor phenotype responses are associ
ated with progression of disease. Corticosteroids have anti
inflan1matory properties related to their inhibitory effects on the 
activation of various transcription factors, in particular NF-KB. 
In murine models, steroid treatment increases the production of 
[L-10 and decrea<;es the recruitment of mononudear cells in 
response to a fw1gal challenge. However, IL-8-mediated neutro
phil is unaffected. 

Central Venous catheters 
Many episodes of candidemia represent a CLABSl. Isolation of 
C parapsifosis from blood is strongly associated with CLABSI, 
parenteral nutrition, and prosthetic devices. In non-neutropenic 
subjects, the most common portals of entry for catheter con
tamination and subsequent infection are the skin during cath
eter placement:, manipulation of an indwelling catheter, and 
cross-infection an1ong !CU patients attributed to health care 
workers. Other possible sources for primary catheter coloniza
tion include contaminated parenteral nutrition solution, multi
drug administration with repetitive violation of the sterile fluid 
path, and presence of other medical devices. The secondary 
route of contan1ination for devices in direct contact with the 
bloodstrean1 (e.g., pacemakers, cardiac valves, joint prostheses) 
is candidemla originating from the gastrointestinal tract. 
Endogenous fl ora are also the most common source in neutro
penic and other inlmunosuppressed patients. Once the catheter 
is co11tan1inated, a stereotypical series of events occurs. Yeast 
adhere to the .catheter surface and develop hyphae that inte
grate into a bi:ofilm that increases in size and tridimensional 
complexity. A biofilm is the main reservoir for c.andidemia sec
ondary to contanlinared medical devices, because it induces 
stasis and sequesters the fungi from antimycotic medication 
and the inm1une response. 

In general, catheter removal is .indicated foiJowing the diag
nosis of systemic fungal infections and fungemja. Antifungal 
agents are usually concinued after the catheter is removed, and 
Candida endophthalmltis should be ruled out (see later}. 

Prediction of Invasive Candida Infection 
Overgrowd1 and recovery of Candida spp. from multiple sites, 
even from asymptomatic patients, carries a high LikeW1ood of 
invasive candidiasis. Risk factors for the developmenc of Candida 
colonization include female gender, antibiotic therapy prior to 
an ICU admission, prolonged stay in the lCU, and multiple 
gamointestiJlal operations.:u6 The source of the pathogen in the 
surgical comext of is usually the gastroimesrinal rracr. 

Because colonization with Cnndidn spp. presages invasive 
disease, it is desirable to identify and characterize patients further 
in terms of risk. Surveillance cultures may be used to screenlCU 

patients. Several scoring systems have been proposed to quantifY 
the risk of invasive fungal infection (Box 12-13). Pittet and col
leagues277 have proposed the colonization index, which has been 
validated in surgical patients. A threshold index of 0.5 or higher 
has been proposed for the initiation of empirical antifi.mgal 
therapy in critically ill patienrs (see later). The Candida score, 
developed by Leon and a~sociates.278 considers dynamic patient 
factors thar arc present before the fact of colonization is identi
fied, and thus may be an earlier indicator. A threshold score of 
2.5 points is indicative of high risk. Comparisons between the 
two arc few, but the Candida score may perform better. 279·280 The 
colonization index developed281 and modi6ed282 by Ostrosky
Zeichner and coworkers suggests that high-risk patients are 
those who remain in the ICU for 4 days or longer, have a central 
venous catheter in place or are treated with antibiotics, and two 
of the following: usc of total parenteral nutrition, need for dialy
sis, recent major surgery, diagnosis of pancreatitis, and treatment 
with systemic corticosteroids or other immunosuppressive 
agents. 

Shorr and colleagud 83 have described a score to predict 
candidernia specifically, using data present on hospital admission 
(not spedfically for surgical patients}. This simple model assesses 
six factors (see Box 12-13}, including age, absence of fever, 
recent hospitalization, admission from another health care facil
ity, and need for mechanical ventilation; it differentiates patients, 
risk for c.andidemia in a graded fashion (e.g., no risk factors, 
0.4%, three r.isk factors, 3.2%; six risk factors, 27.3%; P < 
.0001) on presentarion to the hospital. 

The use ofbroad-spectrum antibiotics is a weU-documented 
risk factor for fungal colonization and subsequent iJlfection. 
Interrelations between bacteria and fungi in human disease are 
complex. Antibiotics that have some antianacrobic therapy are 
associated with substantial increases in colony counts of yeast 
Aora of the gut, whereas antibiotics with poor anaerobic activity 
arc less likely to produce tlus effect. Sawyer and associate?84 have 
demonstrated that C albicans induces bacterial translocation 
into :abscesses, but the relationship is one of direct competency, 
rather than synergy or cooperation. 1l1e precise mechanism of 
action for tlus observation is unknown, but is probably related 
to fungi to microbe competence and growth suppression. 
Ctmdidn may enhance the pathogenicity of certain bacteria but 
not others; this iJlteraction remains to be elucidated. 

Intensive care Unit and Invasive Mechanical Ventilation 
Epidemiologic observations have correlated the duration of 
mechanical ventilation and an1ount of intensive care required 
with the occurrence of fungal colo1uzation and invasive infec
tions .. Other factors related to susceptibility for systemic candi
diasis are total parenteral nutrition, prophylaxis of stress-related 
gastric mucosal hemorrhage, radiation therapy, previous bacte
remia, abdominal surgery, renal replacement d1erapy, extremes 
of age, recurrent mucocutaneous candidiasis. and duration of 
cardiopulmonary bypass longer than L20 minutes. 

Fungal Pathogens 

Candida a/bicans 
C al.bicans is a common cause of human disease, wludt can be 
focal or disseminated?85 C nlbimns accounts for about 60o/o of 
C isolates, followed by Candida glabrnta (15% to 25% of all 
Ca11dida infections). 1l1e incidence of candidemia has i11creased 
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Candido Colonization lndexzn 
This is the number of cultures sites positive for the identical yeast 

isolate, divided by the number of sites cultured. At least three 
sites should be cultured (oral mucosa, axillae, rectum, gastric 
contents, urine). A score ~0.5 points is considered high risk 
for subsequent infection. Discrimination statistics were not 
reported. 

Candido Scorel78 

tiVe dichotomous variables are awarded points. A summed 
total score ~5 points is strongly predictive of invasive 
fungal infection (sensitivity, %; specificity, %; C statistic = 
0.847). 

Total parenteral nutrition: 1 point 
Surgery on ICU admission: 1 point 
Multifocal Candida species colonization: 1 point 
Severe sepsis: 2. points 

Ostrosky-Zeichner Score (2007)280 

This is a prediction rule that provides a dichotomous risk assess
ment based on the presence of at least three risk factors: 
relative risk, 5; sensitivity, 0.27, specificity; 0.93, positive pre
dictive value; 0.13, negative predictive value; 0.97, accuracy, 
0.90. 

Any systemic antibiotic (days 1-3 of the ICU stay) or 
Central venous catheter (days 1-3} and 
At least two of the following: 

• Total parenteral nutrition (days 1-3} 
• Any renal replacement therapy (days 1-3} 
• Any major surgery (days - 7 to 0} 

over the past 30 years, representing 8o/o to 15% of all nosocomial 
bloodstream infections, with mortality rates reported in some 
series to be as high as 80o/o. Candidtt bloodstream infection 
carries an in dependent increased risk of death in adult ICU 
patien ts?86 

A morphologic transition from yeast to hyphal forms is the 
most important determinant of dissemination of C albicans, 
because the mycelial phase is invasive28~ because of up regulated 
elaboration of pr<>teinases. Host and pathogen play a role in this 
dimorphism. Phenotypic switching accompanied by ch anges in 
antigen expression, colony morphology, and tissue affinities are 
recognized, but the inducer mechanisms and triggering stimuli 
are unknown. 

Multi.foc.al candidiasis is the simultaneous isolation of 
Candidtt from two or more of the foUowing normally sterile 
locations: respiratory, digestive, and urinary tracts, wounds, or 
drainage. Disseminated candidiasis requires microbiologic evi
dence of yeast .in fluids from normally sterile si tes such as cere
brospinal, pleural, pericardia\, or perironeal fluid, histologic 
samples from viscera, or a diagnosis of endophthalmitis or c.an
didemia with negative catheter tip cultures. Disseminated can
didiasis and true fungemia can lead to septic shock, similar to 
that seen with bacterial pathogens. 1l1e din10rphic transition 
results in shoc.k and end-organ failure iJl susceptible individuals, 
mechanisticaUy independent ofTNF-0.. 

The diagnosis of fLmgemia as the cause of a patiem's sepsi~ 
depends on a strong clinical suspicion, because fungemia and 
bacteremia are indistinguishable based on clinical criteria. 288 

Blood cultures for Candidtt are false-negative more than 50% of 

• Pancreatitis (days - 7 to 0} 
• Any steroid use (days - 7 to - 3} 

Any other immunosuppression (days - 7 to 0} 

Ostrosky-Zeichner Modified Score (2011)219 

This is a prediction rule that provides a dichotomous risk assess
ment based on the presence of at least three risk factors: 
relative risk, 4; sensitivity, 0.50; specificity, 0.83; positive pre
dictive value, 0.10; negative predictive value, 0.97; accuracy, 
0.81 . 

Mechanical ventilation >48 hr {days 1-4) and 
Any systemic antibiotic (days 1-3 of the ICU stay) and 
Central venous catheter (days 1-3} and 
At least one of the following: 

• Total parenteral nutrition (days 1-3} 
• Any renal replacement therapy (days 1-3} 
• Any major surgery (days - 7 to 0} 
• Pancreatitis (days - 7 to 0} 
• Any steroid or other immunosuppression (days - 7 to 0) 

Shorr Candidemia Score282 

A simple, equal-weight score {1 point each) differentiated rea
sonably well among patients admitted with a bloodstream 
infection, with a C statistic of 0.70. 

Age <65 yr 
Temperature :;:;;98° F or severe altered mental status 
Cachexia 
Hospitalization within the previous 30 days 
Admission from another health care facility 
Need for mechanical ventilation 

the time; moreover, bacterial pathogens may interfere with the 
recovery of Candida. Biomarkers including the fungal cell waU 
component (I ~ 3)-~-o-glucan,'.a<> anti-Candidtt immunoglob
ulin G (IgG) antibodies,2<JO and procalciwnin291 are suggestive 
but not sufficiently accurate for diagnosis. There are no reliable 
laboratory tests to identi.f}r the presence of Candidtt or to dif
ferentiate between Candidtt colonization and iJwasive candidia
sis. No single site of isolation is superior to others in predicting 
wbic.h patients have systemic infection. Purpura fulmlnans and 
unexplained myalgias are suggestive of candidia~is in the appro
priate clinical context. The presence of three or more colonized 
sites or two positive blood cultures at least 24 hours apart, with 
one obtained after the removal of any central venous catheter. 
are strong indicators of fungemia. ~?2 Whereas asymptomatic 
recovery of Ctmdidtt in urine rarely requires therapy, candiduria 
should be treated if symptomatic, after instrumentation or renal 
transplantation, or if the patient is neutropenic. Removing or 
changing the bladder drainage catheter is required. 

Fungal endnphtbalmitL~ usually occurs as a result of hema
togenous spread from systen1ic fungemia.293 Cttndidtt spp. are 
the most common offenders, although Aspergillus, Cryptococcus, 
Fusarium, Scedosporium, and others are known causes of endo
phthalruitis. Retinal involvement bas been diagnosed i.n 28o/o to 
45o/o of all patients with known candidemia and may be the first 
sign of hitherto undetected fw1gemia. Early treatment of inva
sive fLmgal infection decreases the incidence of endophthalmitis, 
All patients with invasive candidiasis or fungemia must undergo 
a formal ophthalmologic assessmem to rule out eye involvement. 
1he observation of a classic tb.ree-din1ensional, retina-based, 
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cotton wool vitreal inflammatory process is diagnostic of 
Cttndida endophthalmitis. 

Treatmentr of endophthalmitis consists of IV antifungal 
therapy and may require intraocular injections of amphotericin 
B, caspofungin, or voriconazole. In patients in whom extension 
to the vitreous or pars anrerior is evidenr, surgical debridement 
or vitrectomy may be required. Delay in treatment frequently 
leads to blindness. 

Non-albicans Candida 
1hc incidence ofnon-C11ndida fungcmia and sepsis is increasi11g, 
accounting for up to 50% of non-albicttns Candida adult ICU 
infections. Undoubtedly, the pressure of antifungal therapy is an 
explanation for the emergence of C. glnbrata and C. krusei as 
pathogens?94 Other species of yeast are related to specific events, 
such as C. parapsilosis in the presence of an indwelling central 
venous catheter. An increased incidence of C. tropicalis in oncol
ogy patients is. secondary to the inherent iJwasiveness of the 
organism, especiaUy through dan1aged gastrointestinal mucosa. 
Clinically, me features of mese u1fections are indistinguishable 
from mose of c. albicans. 

Aspergillus 
Noninvasive types of aspergillosis include aUergic bronchopul
monary aspergiiJosis, a form of hypersensitivity reaction in asth
matics, and aspergilloma. These entities, without tissue invasion, 
usuaUy do not require antifungal therapy. However, invasive 
aspergillosis is increasing in incidence and has become a major 
cause of death among patients with liquid tumors. Aliliough 
invasive Aspergillus infections usuaUy occur via inhalation of 
conidia, the fungus may also be ingested on food (e.g., pepper, 
regular and herbal teas, fruits, corn, rice). Spores of Aspergillus 
and oilier filamentous fungi are mermotolerant, difficult to 
eradicate, and threaten the immunocompromised host. Conidia 
that arc not cleared by alveolar macrophagcs germinate in the 
alveoli; hypha! forms invade the pulmonary parenchyma, wim 
prominent vascular invasion and early dissen'lination.295 

Other Emergimg Fungal Pathogens 
Zygomycetes (Mucor) are becoming increasiJ1gly important in 
rcu patients. 1he portal of entry in the irumunocompromised 
host is usuatly inhalation of aerosolized thermotolerant spores, 
although percmaneous exposure (surgical or traumatic wounds 
and burns) has been reported. The source of iliese spores is 
usuaUy decaying organic matter in soil, but they can be found 
in hospital food, including fruit, bread, cookies, crackers, regular 
and herbal tea, and pepper. 'TI1e major risk factors for mucor
mycosis are diabetic ketoacidosis, neutropenia, iron overload, 
deferoxamlne merapy, and protein-caloric malnutrition. Infec
tion may cause extensive tissue necrosis; treatment includes sur
gical dehridement, depending on the extent of the disease. 

Prophylaxis 
The substantial morbidity and mortality of invasive fungal infec
tions has led to me practice of administering prophylactic anti
fungal agents, usually fluconazole, to critically itl patients. Early 
on, concern wa.s raised that increasing the use of azote anti fun
gals would lead to increased resistance to tl1e agems_2'l6..!97 A 
prospective, randomized, placebo-controlled trial of enteral flu
conazole. 400 mg/day, wa.s conducted among 260 critically ill 
surgical patiems wid1 a length of stay of 3 days or longer in a 

tertiary-care surgical lCU.298 Mter adjusting for potentiaUy con
founding effects of the Acute Physiology and Chronic Health 
Evaluation (APACHE) liT score, days to fi rst dose, ru1d fungal 
colonization at emollment, the risk of fu11gal urtection was 
reduced by 55% in the fluconazole group, but no difference in 
morraliry was observed. In a follow-up prospective, observa
tional study,299 subjects admitted for 3 days or longer to the 
surgical ICU underwent surveillance fungal cultures of rectal
fecal swabs, urine, and endotracheal aspirates on admission, 
once weekly thereafter, and on rcu disdlarge while flucona7..ole 
prophylaxis of high-risk surgical patients contuwed as usuaUy 
carried out. C. gl.nbmta colonization was not more common 
among paticnrs iJ1 the Iacer cohort as compared with earlier 
(adjusted odds ratio [AOR]. 0.90; 95% CI, 0.57 to 1.41). 
Patients with invasive candidiasis in the latter cohort were not 
more likdy than those in the earlier trial to have infection caused 
by C. glnbrnta (AOR, 1.93; 95% CI, 0.20 to 18.98), whereas 
patients with invasive ca11didiasis in the 2003 cohort were less 
likely than patients in the 1998 trial to have acquired invasive 
candidiasis .in the ICU (AOR, 0.08; 95% Cl, 0.01 to 0.82). 

Four randomized studies comparing fluconazole to placebo 
for the prevention of fungal infe.ctions in the surgical ICU were 
subjected to meta-anal.ysis.300 1he studies enrolled 626 patients 
but used differiJ1g dosing regimens of .fluconazole. All trials were 
double-blinded and two were multicenter studies. Fluconazole 
prophylaxis significantly reduced the incidence of fungal infec
tions (pooled OR, 0.44; 95% Cl, 0.27 to 0.72; P < .001). 
However, fluconazole prophylaxis was not associated witl1 a 
survival advantage (pooled OR for mortality, 0.87; 95% Cl, 
0.59 to 1.28). Fluconazole did not alter the rate of candidemia, 
perhaps because it developed in only 2.2% of aU participants. 
Data were insufficient to allow conunent on the impact of 
fluconazole prophylaxis on resource use, distribution of non
aibicans species of Candida, or emergence of resistance. 

Prophylactic fluconazole administration in general surgical 
rcu patients appears co decrease me incidence of mycotic infec
tions, but does not improve survival. 'The absence of a survival 
advantage may reflect the paucity of data in this area and the 
possibiHt:y d1at dUs issue requires further study. Current guide
lines recommend fluconazole prophylaxis for high-risk patients 
(Box 12-14).301 

Antifungal Prophylaxis of Solid Organ 
Transplant Recipients 
Solid organ transplantation is lifesaving for end-stage organ 
fai lure, but post-transplantation invasive fu ngal infections 
remain a major cause of morbidity and mortality. To improve 
outcomes, various prevention strategies been tested, iJ1cludi.ng 
ru1tifungal prophylaxis with systemic and topical nonabsorbable 
agents. Currently, data support the use of antifungal prophylaxis 
in liver, lung, smaU howe!, ru1d pancreas transplant recipients 
(see Box 12- 14).301 

In a meta-analysis of randomized placebo-controlled trials 
wim fluconazole prophylaxis, the incidence of fungal infections 
was significantly reduced; however, there was no survival advan
tage, sinlilar to antifungal prophylaxis of criticaUy ilJ general. 
surgical patients.302 For liver transplant patients, the number 
needed ro treat (NNT) to prevent one infection is 14, given an 
incidence of lO%. The meta-analysis also concluded that for 
lower risk recipients (i.e., renal homograft recipients), the NNT 
increases to 28. 
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Antifungal Pro;phylaxis for Solid-Organ Transplant 
Recipients and ICU Patients 
• Solid-organ transplant recipients: 

Postoperative antifungal prophylaxis for liver (A-1), pancreas 
(B-11), and small bowel (B-Ill) transplant recipients at high risk 
of candidiasis, daily for 7-14 days. 
• Ruconazole (200-400 mg (3-6 mg/kg] daily) 
• Uposomal amphotericin B (l-AmB) (1 -2 mg/kg) 

• Patients hospitalized in the ICU: 
Auconazole (400 mg [6 mg/kg] daily) is recommended for 
high-risk patients in adult units that have a high incidence of 
invasive candidiasis (B-1). 

Treatment of identified Candidemia in 
Non-Neutropenic Patients 
• Initial therapy for most adult patients (A-1): 

Ruconazole (loading dose of 800 mg (12 mg/kg), then 
400 mg (6 mg/kg] daily) or 
Echinocandin 
• Caspofungin: loading dose of 70 mg, then 50 mg 

daily, or 
• Micafungin: 100 mg daily, or 
• Anidulafungin: loading dose of 200 mg, then 100 mg 

daily is recommended 
• An echinocandin for is favored for patients with moderate to 

severe illness or for patients who have had recent azole expo
sure (A-111). Ruconazole is recommended for patients who are 
less critically ill and who have had no recent azole exposure 
(A-111). The same therapeutic approach is advised for children, 
with attention to differences in dosing. 

• Transition from an echinocandin to fluconazole is recom
mended for patients who have isolates likely to be susceptible 
to fluconazole (e.g., C. a/bicans) and who are clinically stable 
(A-ll). 

• For infection caused by C. g/obrato, an echinocandin is pre
ferred (B-111). Transition to fluconazole or voriconazole therapy 
is not recommended without confirmation of isolate suscep
tibility (B-111). For patients who received fluconazole or vori
conazole initially, have improved clinically, and have negative 
follow-up cultures, continuation of the azole to completion of 
therapy is reasonable (B-111). 

• For infection caused by C. paropsi/osis, treatment with fluco
nazole is recommended (B-111). Patients who have received 
an echinocandin initially, have improved clinically, and have 

negative follow-up cultures, continuation of the ehinocandin 
to completion of therapy is reasonable (B-111). 

• Amphotericin B deoxycholate (AmB-d), 0.5-1 .0 mg/kg daily, 
or a lipid formulation of AmB (LFAmB), 3-5 mg/kg daily, are 
alternatives if there is intolerance to or limited availability of 
other antifungal agentss (A-1). Transition from AmB-d or 
lFAmB to fluconazole is recommended if isolates are likely 
to be susceptible to fluconazole (e.g., C. albicons) and the 
patient is stable clinically (A-1). 

• Voriconazole, 400 mg (6 mg/kg) twice daily for two doses, 
and then 200 mg (3 mg/kg) twice daily thereafter is effective 
for candidemia (A-1), but there is little advantage over fluco
nazole, and is recommended as step-down oral therapy 
for selected cases of candidiasis caused by C. krusei or 
voriconazole-susceptible C. glabrota (B-111). 

• The recommended duration of therapy for candidemia without 
obvious metastatic complications is for 2 weeks after docu
mented clearance of Condido from the bloodstream and reso
lution of symptoms attributable to candidemia (A-111). 

• IV catheter removal is strongly recommended (A-11). 

Empirical Treatment for Suspeded Invasive Candidiasis 
in Non-Neutropenic Patients 
• Empirical therapy for suspected candidiasis in non neutropenic 

patients is similar to that for proven candidiasis (B-Ill): 
• Ruconazole (loading dose of 800 mg (12 mg/kg], then 

400 mg (6 mg/kg] daily) 
• Caspofungin (loading dose of 70 mg, then 50 mg 

daily) 
• Anidulafungin (loading dose of 200 mg, then 100 mg 

daily) 
• Micafungin (100 mg daily) 

An echinocandin is preferred for patients who have had recent 
azole exposure, whose illness is moderately severe or severe, 
or who are at high risk of infection caused by C. globroto or 
C. krusei (B-111). 

• AmB-d (0.5-1.0 mg/kg daily) or lFAmB (3-5 mg/kg daily) are 
alternatives if there is intolerance to or limited availability of 
other antifungals (B-111). 

• Empirical antifungal therapy should be considered for critically 
ill patients with risk factors for invasive candidiasis and no 
other known cause of fever, based on clinical assessment of 
risk, serologic markers for invasive candidiasis, or culture data 
from nonsterile sites (B-111). 

Adapted from Playford EG, Webster AC, Sorrell TC, et al: Systematic review and meta-analysis of antifungal agents for preventing fungal infections in liver transplant recipi
ents. Eur J Clin Microbiollnfect Dis 25:549-561, 2006. 
*Infectious Diseases Society of America, 2009; strength of evidence-based recommendations is shown in parentheses. 

A systematic review and meta-analysis of antifungal pro
phylaxis in Hver transplant recipients evaluated ten randomized 
trials (1106 patients) of any prophylactic antifungal regimen 
versus no antifLmgal agent or another antifungal regimen.303 lo 
general , results were consistent across trials, despite dinical and 
methodological heterogeneity. Antifungal prophylaxis did not 
reduce mortality {RR, 0.84; 95% CI, 0.54 to 1.30), but Auco
nazole prophylaxis reduced invasive fungal infections {RR, 0.28; 
95o/o CI: 0.13 to 0.57). Fluconazole prophylaxis did not signifi
cantly increase colonization or infection with azoic-resistant 
fungi, although data were lim ited. 

Antifungal Therapy 
Candidemia is defined as the following: {l) one blood culture 
that grows CttndU/n spp. and histologically documented inva
sive candidiasis or an ophthalmic examination consistent with 
candida! endophtbalmitis; {2) at least rwo blood culrures 
obtained at different times from a peripheral vein that grow 
the same CandU/n spp; or (3) one blood culture obtained 
peripherally and one blood culture obtained rhrouglJ an 
indwelling central line, both of which grow identical Cnndidn 
spp. Patients with one positive blood culture drawn through 
an IV line and a positive semiquantitative catheter tip culture 
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Table 12-10 Antifungal Agents 
ANTIFUNGAL AGENT 
Amphotericin B 

Amphotericin B 
liposomal Oess 
nephrotoxicity) 

Amphotericin B 
colloidal 
dispersion 

Amphotericin B l ipid 
complex 

Ketoconazole 

Voriconazol e 

Ruconazole 

ltraconazole 

Caspofungin 

Micafungin 

Anidulafungin 

Au cytosine 

Nystatin 

Ootrimazole 

INDICATIONS 
Candida albicans (>95%), C glabrata (95%), C parapsilosis 

(>95%), C krusei (>95%), C tropicalis (99%), C guillermondi, 
C lusitaniae 

Variable activity: Aspergillus spp., ferrous Trichosporon beigelii, 
Fusarium spp., Blastomyces dermatidis 

c albicans (>95%), C glabrata (>95%), C parapsilosis (>95%), 
C krusei (>95%), C tropicalis (99o/o), C guillermondi, C lusitaniae 

Variable activity: Aspergillus spp. 

C albicans (>95o/o), C g/abrata (>95%), C parapsilosis (>95%), 
C krusei (>95%), C tropicalis (99o/o), C guillennondi, C lusitaniae 

Variable activity: Aspergillus spp. 

C albicans (>95%), C glabrata (>95%), C parapsilosis (>95%), 
C krusei (>95%), C tropica/is (99o/o), C guillennondi, C lusitaniae 

Variable activity: Aspergillus spp. 

C albicans 

Aspergillus spp., Fusarium spp., C albicans (99%), C globrata 
(99%), C. parapsilosis (99o/o), C tropicalis (99%), C krosei (99%), 
C guillermondi (>95%), C lusitaniae (95%) 

C a/bicans (97%), C glabrata (85%-90% resistant, intermediate), 
C parapsilosis (99%) C tropicalis (98%), C krusei (5%) 

Fung1static against Aspergillus spp. 

Fungicidal to Aspergillus spp., C albicans (93%), C g/abrata (50%), 
C parapsilosis (45%), C tropicalis (58%), C krusei (690fo), 
C guillermondi, C /usitaniae 

Blastomycoses, histoplasmosis. chromomycosis 

C albicans, C glabrato, C parapsi/osis, C tropicalis, C krusei, 
C guillermondi, C lusitonioe 

C olbicons, C globroto, C porapsilosis, C tropica/is, C krusei, 
C guillermondi, C lusitaniae 

C olbicons, C g/abrota, C poropsilosis, C tropica/is, C krusei, 
C guillermondi, C lusitonioe 

Not effective lor C krusei 
Effective for C albicans, C tropicalis, C parapsilosis, C lusitaniae 

C albicans 

Thrush (usually not wltured) 

ROUTE AND DOSAGE 

IV: 0.5-1.0 mg/kg/day over 2-4 hr 
Oral: 1 ml oral suspension, swish and swallow 

4x daily, x2 wk 

IV: 3-5 mg/kg/day 

IV: 3-5 mg/kg/day 

IV: 5 mg/kg/day 

PO: 200-400 mg/daily 

IV: 6 mg/kg ql2h x2, then 4 mg/kg IV every 
12 hr 

PO: >40 kg. 200 mg every 12 hr; <40 kg, 
100 mg every 12 hr 

Candidiasis- prophylaxis (IV or oral), 100-
400 mg/day; Invasive, 400-800 mg/day 

Oropharyngeal: 200 mg day I, then 100 daily for 
2wk 

IV: Load 200 mg IV 2x daily x4 doses, then 
200 mg 4x daily maximum 14 days 

Oral: 200 mg daily or 2x daily 
Ufe-threatemng: Load 600-800/day x3-5/days, 

then 400-600 mg/day 

IV: 70 mg IV, then 50 mg IV every day 

IV: 100-200 mg IV daily 

Esophageal candidiasis: 100 mg IV day 1, 
50 mg/day thereafter. 

Candidernia: 200 mg IV day 1, 100 mg/day 
thereafter 

PO: 5Q-150 mg/kg/day divided qid 

100,000 U swish and swallow qid 

Oral troches daily for 14 days 

are not considered infected Lmless they satisfy one of these 
criteria. 

Severe non-bloodstream candidaJ infections are defined as 
Candida spp. isolated from a normally sterile body site and the 
presence of ad easr one of the following: fever (>38S C [101.3° 
F]) or hypothermia (<36° C [96.8° F)); uJ1explai11ed prolonged 
hypotension (systolic blood pressure <80 rom Hg for >2 hours, 
unresponsive ro volume challenge); absence of response to ade
quate amibiotk treatment for a suspected bacreriaJ infection. 
Candida spp. Pneumonia, which some authorities believe does 
nor exist in immunocompetent hosts, requires d1e recovery of 
>105 CFU/mL of Candida spp. in BAL fluid, in adclition to the 
appearance of a new infiltrate on CXR. lnvasive fungal infec
tions iJ1 non-ne utropenk rcu patients are treated if histology 
or cytopathology shows yeast cells or pseudohyphae from a 
needle aspiration or biopsy (excluding mucous membrru1es) , 
a positive culture obtained asepticaUy from a normaJiy sterile 
and clinically or radiologically abnom1aJ site consistent with 

iJrtection (excluding urine, sinuses, ru1d mucous membranes), or 
a positive percutaneous blood culture in patients with tempo
raJly related d i11kal signs ru1d symptoms compatible with the 
relevant organism. Survival is more likely from canclidemia than 
&om other forms of invasive canclicliasis, and is strongly influ
enced negatively by criticaJ illness. 304 

The repertoire of antifungaJ agents has expanded with the 
introduction of less toxic formulations of amphorericiJ1 B, 
improved triazoles, echinocandins, and other agents that target 
the fungaJ ceU waU.305 Table 12-10 lists available antifungal 
agents. Amphotericin B is a naturaJ polyene macrolide that 
binds primarily ro ergosterol, the principaJ sterol in the fi.mgal 
cell membrane, leading ro disruption of ion channels, produc
tion of oxygen free radicals, ru1d apoprosis. [r is active against 
most fw1gi, including in cerebrospinaJ fluid. Because of its high 
level of protein binding, tissue concentrations are not usuall}' 
affected by hemodialysis. l1rtusion-related reactions can occur in 
up to 73% of patien ts with rhe first dose and often dintinish 
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Table 12-11 Usual Susceptibilities of Candido Species to Selected Antifungal Agents 
VORICONAZOLE AMPHOTERICIN CASPOFUNGIN 

CANDIDA SPP. FLUCONAZOLE ITRACONAZOLE (NOT STANDARDIZED) B (NOT STANDARDIZED) 

C albicans s s s s s 
C tropica/is s s s s s 
C parapsilosis s s s s S to I (?R) 

C glabrata S-00 toR 5-00 toR S to I S to I s 
C krusei R 5-00 toR s to I S to I s 
C /usitonioe s s s S toR s 

-o 
m 
;;o 

0 
-o 
m 

~ 
< m 

~ 
t Intermediate; R, resistant .s; susceptible; S.DD, susceptible d~ependent (Increased MIC may be overcome by higher dosing. such as 12 mg/kg/day fluconazole). ~ 

during continued therapy. Amphotericin B-associared nephro
toxicity can lead to azotemia and hypokalemia, although acute 
potassium release with rapid infusion can occLLr and lead to 
cardiac arrest. Amphotericin B lipid fo rmulations alJow for 
higher dose administration with Lessened nephrotoxicity, but 
whether outcomes are enhanced is unproved. Nystatin is a 
polyene similar i~n structure to amphotericin B, and is currently 
used topicalJy foliC albicf11Is. Flucytosine is a fl uorinated pyrim
icline analogue that is converted to 5-fluorouracil, which causes 
RNA miscoding and inhibits DNA synthesis. It is available in 
the United States in oral form onJy ru1d bas been used with 
amphotericin B fo r synergism against Candida spp. But, in 
general, there is scru1t evidence that dual-agent therapy for 
fungal infections is be.neficial.306 

The azole.~ inJ1ibit the cytochrome P450-dependent 
enzyme, 14-alpba reductase, altering fungal cell membranes 
through the accumulation of abnormal l 4-alpha-methyl sterols. 
Ketoconazole is available only in tablet form and is indicated for 
candidiasis and candiduria. Fluconazole and itraconazole are 
available i11 oral and parenteral formulations ru1d are active 
agaiJm Candida spp., except C krusei, and Fusarium spp. Itra
conazole is active against Aspergillus spp. As noted, C g!Abmta 
and C krusei resist.ance has been observed with fluconazole. The 
tissue concentration of both drugs is influenced by mru1y agents 
such as antacids, H2 antagonists, isoniazid, phenytoin, and phe
nobarbital. Bio6Jms produced by Candida spp. are penetrated 
by fluconazole and most other antifungal agents. 307·~08 

Second-generation ru1tifungal triazoles include posacon
azole, ravuconazde, and voriconazole. They are active agaiJ1st 
Candida spp., including fluconazole-resistant strains, and Asper
gillus spp. For tbe latter, voriconazole is emerging as the treat
ment of choice.309

•
310 

The echinocandins include caspofungin, micaftmgin, and 
anidulafungiJ1, each of which is approved d1erapy for cru1didiasis 
and cru1didemia b ut is third-line treatment for invasive aspergil
losis.311 Because of their distinct mechanism of action, disrupt
ing the fungal cell wall by inhibiting (1 -4 3)-P-o-glucrul 
synthesis, the echinocandins can theoreticalJy be used in com
bination with other standard anti.ftmgal agents.JO<> The echino
candins have activity against Candida and Aspergillus spp., but 
are not reliably active against o ther fungi. Echinocandin activity 
is excellent against most Candida spp., but moderate agau1st C 
parapsilosis, C guillermondi, and C lusitaniae. Echinocandins 
exhibit no cross-resistance with azoles or polyenes.312 Prospective 
randomized trials have demonstrated that micafungin is nonin
ferior to caspofttngin for therapy of invasive cru1didiasisj13 and 

as effective as liposomal runphotericin B.314 Micafungin may be 
cost-effective in comparison to fluconazole therapy. 

W ith the proliferation of non-albicans Candida infections 
caused by the widespread use of flucona7_ole, empirical therapy 
regimens recommend ru1 cchu1ocru1din or Upid formulation of 
runpbotericin B as the first-line agent for therapy of seriously or 
critically ilJ patients (see Box 12- 14 ru1d Table 12-10).:!03315 Once 
the pa thogen has been identified as Candida, therapy may be 
de-escalated to fluconazole, except for C g/abmta and C l""usei, 
for which contiJmation therapy with an. echinocandin may be 
indicated (Table 12- 11). 
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CHAPTER 13 

SURGICAL COMPLICATIONS 
MAHMOUD N. KuLAYLAT AND MERRIL T. DAYTON 

SURGICAL WOUND COMPLICATIONS 

COMPUCATIONS: OF THERMAL REGULATION 

RESPIRATORY COMPLICATIONS 

CARDIAC COMPII.ICATIONS 

RENAL AND URINARY TRACT COMPLICATIONS 

ENDOCRINE GLAND DYSFUNCTION 

GASTROINTESTINAL COMPLICATIONS 

HEPATOBILIARY COMPLICATIONS 

NEUROLOGIC COMPLICATIONS 

EAR, NOSE, AND THROAT COMPLICATIONS 

Surgical complkations remain a frustrati11g and difficult aspect 
of the operative treatment of patients. Regardless of how techni
cally gifted and capable surgeons are, all wW have to deal with 
complications that occur after operative procedures. The cost of 
surgical complications in the United States runs into millions of 
dollars; in addition, sud1 complications are associated with lost 
work productivity, disruption offam.ily life, and stress to employ
ers and society in general. Frequently, the functional results of 
the operation are compromised by complications; in some 
ca~s the patient never recovers to the preoperative level offwlC
cion. The most significant and difficult part of complications is 
the suffering borne by a patient who enters the hospital antici
pating an uneventfu.l operation but is left suffering and compro
mised by the complication. 

Complications can occur for a variety of reasons. A surgeon 
can perform a technically sound operation in a patient who is 
severely compromised by cl1e disea~ process and sti ll have a 
complication. Similarly, a surgeon who is sloppy or careless or 
hurries through an operation can make technical errors that 
account for the operative complications. Finally, the patient can 
be healthy nutritionally, have an operation performed meticu
lously, and yet suffer a complication because of the nature of 
the disease. The possibility of postoperative complications 
remains part of every surgeon's mental preparation for a difficult 
operation. 

Surgeons can do much to avoid complications by careful 
preoperative screening. When the surgeon sees the surgical can
didate for the first time, a host of questions come to mind, such 
as the nmritional starus of the patient and d1e health of the heart 
and lw1gs. The surgeon will make a decision regarding perform
iJ1g the appropriate operation for me known disease. Similarly, 
the timing of the operation is often an important issue. Some 

operations can be performed in a purely elective fashion, whereas 
others must be done in an urgent fashion . Occasionally, the 
surgeon will require that the patient lose weight before the 
operation to enhance the Likelihood of a successfLd outcome. 
At times, a wise surgeon will request preoperative consultation 
from a cardiologist or pu.lmonary specialist to make certain iliac 
the patient wi ll be able to tolerate the stress of a particular 
procedure. 

Once ilie operation has begun, the surgeon can do much 
to infl uence the postoperative outcome. Surgeons must handle 
tissues gently, dissea meticulously, and honor tissue planes. 
Performing the tecl1nical portions of the operation carefully will 
lower the risk for a significant complication. At all costs, sur
geons must avoid the temptation to rush, cur corners, or accept 
marginal technical results. Sin1ilarly, the judicious use of anti
biotics and other preoperative medications can influence the 
outcome. For a seriously ill patient, adequate resuscitation may 
be necessary to optimize the patient before giving a general 
anesthetic. 

Once the operation is completed, compulsive postoperative 
surveillance is mandatory. Thorough and careful rounding on 
patients on a regular basis postoperatively gives the operating 
surgeon an opportunity to be vigilant and seek postoperative 
complications at an early stage, when they can be most effec
tively addressed. During dUs process, the surgeon wiJl carefully 
check aU wounds, evaluate intake and output, check temperature 
profiles, ascertain what the patient's activity levels have been, 
evaluate nutritional status, and check paiJ1 levels. Over years of 
experience, the cli.nician can begm to assess these parameters and 
detect deviations &om the normal postoperative course. Expedi
tious response to a complication make.~ the difference between 
a brief, inconvenient complication and a devastating, disabling 
one. In summary, a wise surgeon wW deal with complications 
quickly, thoroughly, and appropriately. 

SURGICAL WOUND COMPLICADONS 

Seroma 

Causes 
A seroma is a collection of liquefi ed fat, serwn, and lymphatic 
fluid under the incision. The fluid is usually clear, yellow, and 
somewhat viscous and is found in the subcutaneous layer of the 
sku1. Seromas represent the most benign complication after an 
operative procedure and are particularly Likely to occur when 
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large skin flaps are developed in the course of the operation, as 
is often seen w:ith mastectomy, axillary dissection, groin dissec
tion, and large ventral hernias or when a prosthetic mesh 
(polytetrafluoroethylene) is used in the repair of a ventral hernia. 

Presentation and Management 
A seroma usually manifests a~ a localized and well-circumscribed 
swelling, pressure or discomfort, and occasional drainage of clear 
li<juid from the immature surgical wotmd. Prevention of seroma 
formation mar be achieved with placement of suction d rains 
under the flaps . 1heir premature removal often results in large 
seromas that will require aspiration tmder sterile conditions, 
followed by placement of a pressure dressing. A seroma that 
reaccumulates after at least two aspirations is evacuated by 
opening the incision and packing the wound with saline
moistened gauze to allow healing by secondary intention. In the 
presence of synthetic mesh, open drainage is best performed in 
the operating room, the incision is best closed to avoid exposure 
and infectio n of the mesh, and suction drains are placed. An 
infected seroma is also treated with open drainage. The presence 
of synthetic mesh in these cases will prevent the wotmd from 
healing. Management of the mesh depends on the severity and 
extent of infection. ln the absence of severe sepsis and spreading 
cellulitis and the presence of localized infection, the mesh can 
be left in situ and removed at a later date when the acute infec
tious process has resolved. Otherwise, the me.sh must be removed 
and the wound managed wi th open wound care. 

Hematoma 

Causes 
A hematoma is an abnormal collection of blood, usually in the 
subcutaneous layer of a recem incision or in a potential space in 
the abdominal cavity after extirpation of an organ (e.g., splenic 
fossa hematoma after splenectomy or pelvic hematoma after 
proctectomy). Hematomas are more worrisome than seromas 
because of the potential for secondary infection. Hematoma 
formation is related to inadequate hemostasis, depletion of clot
ting factors, or the presence of coagulopathy. A host of disease 
processes can contribute to coagulopathy, including myelopro
Liferative disorders, liver disease, renal failure, sepsis, clotting 
facto r deficiencies, and medications. Medications most com
monly associated with coagulopathy are amiplatelet drugs, 
sucb as acetylsalicylic acid (ASA, aspirin), clopidogrel, ticlopi
dine, eptifibatide, and abci.ximab, and anticoagulants, such as 
w1fractionated heparin (UFH), low-molecular-weight heparin 
(LMWH [e.g., enoxapa.rin, dal teparin sodium, tinzaparin]), and 
vitamin K antagonist (VKA [e.g., warfarin sodium]). 

Presentation and Management 
The clinical manifestations of a hematoma may vary with its size, 
location, and p resence of infection. A hematoma may manifest 
as an expanding, unsightly swelling and/or pain in the area of a 
surgical incision. Ln the neck, a large hematoma may cause 
compromise of tl1e airway; in the retroperitoneum, it may cause 
a paralytic ~eus, anemia, and ongoing blcedil1g caused by local 
consumptive coagulopatl1y; and, in tl1e ext remity and abdomi
nal cavity, it may result i11 compartment syndrome. On pllysical 
examination, the hematoma appears as a localized soft swelling 
witl1 purplish blue discoloration of the overlyil1g skin. 1l1e swell
ing varies from small to Large and may be tender to palpation 

or associated with drainage of dark red fluid out of the fresh 
wound. 

Hematoma formation is prevented preoperatively by cor
rectillg any clotting abnormalities and discominuing medi
cations that al ter coagulation. Antiplatelet medications and 
anticoagulants may be given ro patients undergoing procedures 
for a variety of reasons. C lopidogrel is given after implantation 
of a coronary stent, ASA is given for the treatment of coronary 
artery disease (CAD) and stroke, and VKA is given after implan
tation of a mechanical mitral valve for atrial fibrillation, venous 
thromboembolism, and hypercoagulable states. These medica
tions must be temporarily discontinued before surgery. There are 
no specific swdies that have addressed the issue of timing of 
discontinuation of such medications. 

O ne must balance the risk of significant bleeding caused 
by uncorrected medication-induced coagulopathy and the risk 
of tluomboembolic events after discontinuation of tl1erapy. 1l1e 
risk of bleeding varies wi th the type of surgery or procedure 
and adequacy of hen10stasis; tl1e risk of tll!omboembolism 
depends on the indicat ion for ami thrombotic therapy and pres
ence of comorbid conditions. ' L1 patients at high risk for 
thromboembolism (e.g., tl1ose with a mechanical mitral valve 
or older generation aortic valve prostl1esis, venous thromboem
bolism witllin 3 months, severe thrombophilia, recem atrial 
fibrillation [withiJl 6 months], stroke o r transient ischemic 
attack who are scheduled to undergo an elective major surgical 
procedure involving a body cavity), tbe VKA must be discon
tillued 4 w 5 days before surgery to allow the imemational 
normalized ratio (INR) to be lower than 1.5. In patients whose 
INR is still elevated (> 1.5), low-dose vitamin K (1 to 2 mg) is 
given orally. Patients are then given bridging anticoagulation
tllat is, a tl1erapeutic dose of rapidly acting ant icoaguJan t, ill era
venous (IV) UFH or to LMWH. Those receiving N UFH 
(half-life, 45 min utes) can have the medication d iscontinued 4 
hours before surgery and those receiving therapeutic dose 
LMWH SC (variable half-life) J 6 to 24 hours before surgery: 
VKA is then resumed 12 to 24 hours after surgery (takes 2 to 3 
days for anticoagulant effect to begin after start of VKA) and 
when tllef(' is adequate hemostasis. In patients at high risk of 
bleeding (major surgery or high bleeding risk surgery) for 
whom postoperative therapeutic LMWH or UFH is planned, 
initiation of tl1erapy is delayed for 48 to 72 hours, low-dose 
LMWH or UFH is administered, or the therapy is completely 
avoided. Patients at low risk for thromboembolism do not 
require heparin tl1erapy after discontinuation of the VKA. 
Patients on ASA or dopidogrelmust have the medication with
held 6 to 7 days before surgery; otherwise, the surgery must be 
delayed until the patient has completed the course of treat
ment. Antiplatdet tl1erapy is resumed approximately 24 hours 
after surgery. In patients with a bare metal coronary stent who 
require surgery wid1i.J1 6 weeks of stent placement, ASA and 
clopid ogrel are continued in the perioperative period. [n 

patients who are receiving VKAs and require urgent surgery. 
immediate reversal of anticoagulant effect requires transfusion 
with fresh-frozen plasma or other prothrombin concentrate and 
low-dose IV or oral vitamin K. During surgery, adequate hemo
stasis must be achieved wi th ligature, electrocautery, fibrin glue, 
or ropical bovine tl1rombin before closure. C losed suction 
drainage systems are placed in large potential spaces and 
removed postoperatively when the output is not bloody and 
scant:. 
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Evaluation of a patient with a hematoma, especially one 
that is large and expanding, includes assessment of preexisting 
risk factors and coaguJation parameters (e.g., prothrombin time 
[PT], activated partial prothrombin time [aPTT], INR, platelet 
count, bleeding time) and appropriate treatment. A small hema
toma does not require any intervention and will eventually 
resorb. Most retroperitoneal bematomas can be managed by 
expectant waiting after correction of associated coagulopatby 
(platelet transfusion if bleeding time is prolonged, desmopressin 
in patients who have renal failure, and fresh-frozen plasma in 
patients who have an increased INR). A large or expanding 
hematoma in the neck is managed in a similar fashion and best 
evacuated in the operating room urgenrly after securing the 
ai.rway if there is any respiratory compromise. Similarly, hema
tomas detected soon after surgery, especially chose developing 
under skin flaps, arc best evacuated in the operating room. 

Acute Wound Failure (Dehiscence) 

Causes 
Acute wound failure (wound dehiscence or a burst abdomen) 
refers to postoperative separation of the abdominal musculoapo
neurotic layers. It is among the most dreaded compllcations 
faced by surgeon.s and is of great concern because of the risk of 
evisceration, the need for some form of intervention, and the 
possibility of repeat dehiscence, surgical wound infection, and 
iJlcisional hernia formation. 

Acute wound failure occurs in approximately l o/o to 3o/o of 
patients who undergo an abdominal operation. Dehiscence most 
often develops 7 to 10 days postoperatively but may occur 
ru1ytime after surgery, from 1 to more than 20 days. A multitude 
of factors may contribute to wound dehiscence (Box 13- l). 
Acute WOlmd failure is often related to teclmical errors in placing 
sutures too clos<:> to the edge, too far apart, or under too much 
tension. Local wound complications such as hematoma and 
infection can also predispose to localized dehiscence. ln fact, a 
deep wound infection is one of rile most common causes of 
locallzed wow1d separation. L1creased intra-abdominal pressure 
(lAP) is often blamed for wound disruption ru1d factors mat 
adversely affect wound healing are cited as contributing to the 
complication. l 111 healthy patients, the rate of wow1d failure is 
similar whether closure is accomplished with a continuous or 
imerrupted technique. ffi high-risk patients, however, continu
ous closure is worrisome because suture breakage in one place 
weakens the entire closure. 

Technical error in fascial closure 
Emergency surgery 
Intra-abdominal infection 
Advanced age 
Wound infection, hematoma, and seroma 
Elevated intra-abdominal pressure 
Obesity 
Chronic corticosteroid use 
Previous wound dehiscence 
Malnutrition 
Radiation therapy and chemotherapy 
Systemic disease (uremia, diabetes mellitus) 
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Presentation and Management 
Acute wound failure may occur without warning and eviscera
tion makes d1e diagnosis obvious. A sudden, dramatic drainage 
of a relatively large volume of a dear, salmon-colored fluid 
precedes dehiscence in 25% of patients. More often, patients 
repon a ripping sensation. Probing the wound with a sterile, 
cotton-tipped applicator or gloved flnger may detect a partial 
dehiscence. 

Prevention of acute wound failure is largely a function of 
careful attention to technical detail during fascial closure, such 
as proper spacing of d1e suture, adequate depd1 of bite of the 
fascia, relaxation of the patient during closure, and adlleving a 
tension-free closure. For very high-risk patients, interrupted 
closure is often the wisest choice. Alternative methods of closure 
must be selected when primary closure is not possible without 
undue tension. Although retention sutures were used exten
sively in me past, rlleir use is less common today, with many 
surgeons opting to use a synthetic mesh or bioabsorbable tissue 
scaffold. 

Treatment of dehiscence depends on the extent of 
fascial separation and the presence of evisceration and/ or 
significant intra-abdominal pad1ology (e.g., intestinal leak. 
peritonitis). A small dehiscence, especially in the proximal 
aspect of an upper midline incision 10 to 12 days postoper
atively, can be managed conservatively wirll saline-moistened 
gauze packing of the wound and use of an abdominal 
biJ1der. ln the evem of evisceration, the eviscerated intestines 
must be covered wiili a srerile, saline-moistened rowel and 
preparations made to return to me operating room after a 
very short period of fluid resusci tation. Similarly, if probing 
of We WOund reveals a large segment of the WOUlld mat is 
open to rl1e omentum and intestines, or if d1ere is peritoni
tis or suspicion of intestinal leak, plans to take the patient 
back t<> the operating room are made. 

Once in rile operating room, thorough exploration of rl1e 
abdominal cavity is performed to rule out the presence of a 
septic focus or an. aJlastomotic leak rllat may have predisposed 
to rile dehiscence. Managen1ent of rllat infection is of critical 
importru1ce before attempting to close. Mru1agement of the 
incisioJl is a function of the condition of d1c fascia. When 
technical mistakes are made and the fascia is strong and intact, 
primary closure is warranted. If d1e fascia is infected or 
necrotic, debridement is performed. The incision cru1 then be 
closed with retention sutures; however, to avoid tension, use 
of a prosthetic material may be preferred. Closure with an 
absorbable mesh (polyglactin or polyglycolic acid) may be 
preferable because the mesh is well tolerated in septic wounds 
and allows bridging the gap between the edges of d1e fascia 
without tension, prevents evisceration, ru1d allows d1e underly
ing cause of the patient's dehiscence to resolve. Once the 
WOlllld has granulated, a skin graft is applied ru1d WOlllld 
closure is achieved by advancing local tissue. This approach 
uniformly results in the development of a hernia, rl1c repair of 
which requires d1e subsequent removal of the skin graft ru1d 
usc of a permru1ent prosthesis. An alternative method of 
closure is dermabrasion of rile skin graft followed by fascial 
closure using the component separation technique. Attempts 
co close d1e fascia under tension guarantee a repeat dehiscence 
and, i:n some cases, reSLdt in intra-abdominal hypertension 
(IAH). 1l1e incision is left open (laparotomy), closed with a 
temporary closure device (open abdomen technique), dosed 
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with synthetic mesl1 or biologic graft (acellular dermal matrix), 
or closed by using negative-pressure wound therapy. 

The open abdomen technique avoids lAH, preserves tbe 
fascia, and facilitates reaccess of the abdominal cavity. With 
laparotomy, the wotmd is allowed to heal with secondary inten
tion and/or suhsequemly closed with a skin graft or local or 
regional tissue. 1l1is approacll is associated with prolonged 
healing time, fluid loss, and risk of complex enterocutaneous 
fistula formation as a result of bowel exposure, desiccation, and 
traumatic in jury. Furthermore, definitive surgical repair to 
restore the integrity of the abdominal wall will eventually be 
required. A temporary dosltre device (vacuum pack closure) 
protects abdominal comems, keeps patiems dry, can be quickly 
removed with increased lAP, and avoids secondary complica
tions seen with laparotomy. A fenestrated , nonadherent, p oly
ethylene sheet is applied on the bowel omentum, moist surgical 
towels or gauze with drains are placed on top, and an iodophore
impregnated adhesive dressing is placed. Continuous suction is 
tl1en applied. If the fa~cia cannot be d osed in 7 to 10 days, the 
wound is allowed to granulate and then covered with a skin 
graft. 

Absorbabfe synthetic mesh provides wound stabil ity and 
is resistant to infection. It is associated with fistula and hernia 
formation repair, which is difficult and may require recon
struction of the abdominal wall. Repair with nonabsorbable 
synthetic mesl1. such as polypropylene, polyester, or polytetra
Auoroethylene (PTFE) is a~sociated with complications tl1at 
will require removal of the mesh (e.g., abscess formation, 
dehiscence, wound sepsis, mesh extrusion, bowel fistulization). 
Although PTFE is more desirable because it is nonadherent 
to underlying bowel, it is expensive, does not allow skin graft
ing, and is associated with chronic infections. An acellular 
dermal matrix (bioprosthesis) has the mechanical properties of 
a mesh for abdominal wall reconstruction and physiologic 
properties that make it resistant to contamination and/or 
irlfection. The bioprostl1esis provides immediate coverage of 
tl1e wound and serves as mechanical support in a single-stage 
reconstruction of compromised surgical wounds. It is bioactive 
because it functions as tissue replacement or scaffold for new 
tissue growth; it stimulates cellular attacl1ment, migration, 
neovascularization, and repopulation of the implanted graft. 
A bioprosthesis also reduces long-term complications (e.g., 
erosion, irlfecr1on, cltronic pain). Available acellular materials 
are animal-derived (e.g., porcine intestmal submucosa, porcine 
dermis, cross-linked porcine dermal collagen) or human
derived (e.g., cadaveric human dermis). However, the rate of 
wound complications (e.g., superficial wound or graft iJuec
tion, graft dehiscence, fistula formation, bleeding) and 
hernia formation or laxity of the abdominal wall is 25% to 

50%.2 

Negative-pressure wound therapy is based on the concept 
of wound suction. A vacuum-assisted closure device is most 
commonly used. The device consists of a vacuum pump. can
ister with connecting tubing, open-pore foam (e.g., poly
urethane ether, polyvinyl alcohol. foam) or gauze, and 
semiocdusive dressing. 1l1e device provides in1mediate cover
age of the abd ominal wound, acts a~ a temporary dres.~ing, 
does not require sururing to the fascia, mininuzes lAH, and 
prevents loss of domain. Applying suction of 125 mm Hg, the 
open-pore foam decreases in size and transmits the negative 
pressure to surrounding tissue, leading to contraction of the 

wound (macrodeformation) and removal of extracellular fluid 
(via decrease in bowel edema, evacuation of excess abdominal 
Buid, decrease in wound size), stabilization of tl1e wound envi
ronment, and miccodeformation of d1e foam-wound interface, 
whicll induces cellular proliferation and angiogenesis. The sec
ondary effects of tl1e vacuum-assisted closure device include 
acceleration of wow1d healing, reduction and d1anges in bac
terial burden, cl1anges in biochenustry and systemic responses, 
and improvement in wound bed preparation-increase in 
local blood perfusion and induction healing response through 
microchemical forces.3 1llls approach results in successfuJ 
closllfe of ilie fascia in 85% of cases. However, the device is 
expensive and cumbersome to wear and may cause signi.ficant 
pain, cause bleeding (especially in patients on anticoagulant 
therapy), be associated with increased levels of certain bacteria, 
and be associated with evisceration and hernia formation. 
There is also an increased incidence of intestinal fistulization 
at enterotomy sites and enteric anastomoses, and in the 
absence of anastomoses. 

Surgical Site lnfec:tion (Wound lnfec:tion) 

Causes 
Surgical site infections (SSis) still continue to be a significant 
problem for surgeons. Despite major improvements in antibiot
ics, better anesthesia, superior instruments, earlier diagnosis of 
surgical problems, and improved techniques for postoperative 
vigilance, wound mfections continue to occur. Although some 
may view the problen1 as merely cosmetic, that view represents 
a shallow w1derstanding of this problem, which causes signifi
cant patient suffering, morbidity, and even mortality, and is a 
fiJ1a11cial burden to the bealili care system. Furthermore, SSis 
represent a risk factor for the development of incisional hernia, 
which requires surgical repair. Currently, in the United States, 
SSls account for almost 40% of hospital-acquired infections 
among surgical patients. 

The surgical wotmd encompasses the area of the body; 
internally and externally, tl1at involves the entire operative site. 
Wounds are tl1Us categorized into three general categories: 

1. Superficial, which includes the skin and subcutane
ous tissue 

2. Deep, which includes the fascia and muscle 
3. Organ space, whid1 includes the imernal organs of 

the body if the operation includes tl1at area 
The Centers for Disease Control and Prevention has pro

posed specific criteria for the diagnosis of surgical site infections 
(Box 13-2).4 

Surgical site infections develop as a result of contamination 
of the surgical site with microorganisms. The source of these 
nucroorganisms is mostly patients' flora (endogenous source) 
when integrity of the skin and/or wall of a hollow viscus is 
violated. Occasionally, the source is exogenous when a break in 
the surgical sterile technique occtlrs. thus allowing contanlina
tion from the surgical team, equipment, implant or gloves, or 
surrounding environment. 1l1e pathogens a~sociated witll a sur
gical site infections reflect the area that provided the inoculum 
for the infection to devdop. 1l1e microbiology, however, varies, 
depending on the types of procedures performed in iJ1dividual 
practices. Gram-positive cocci accoum for half of me infections 
(Table 13-1)-Staphylococcus aureus (most common), coagulase
negative Staphylococcus, and Enterococcus spp. S. at~reus iJuections 
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BOX 13-l Centers for Disease Control and Prevention · 
Criteria for Defining a Surgical Site _l~_fection · 

Supe rficiallncisional 
Infection less than 30 days after surgery 

Involves skin and subcutaneous tissue only, plus one of the 
following: 

• Purulent drainage 
• Diagnosis of superficial surgical site infection by a 

surgeon 
• Symptoms of erythema, pain, local edema 

Deep lncisional 
Less than 30 days after surgery with no implant and soft tissue 
involvement 

Infection less than 1 year after surgery with an implant; 
involves deep soft tissues (fascia and muscle), plus one of the 
following: 

• Purulent dr.ainage from the deep space but no exten
sion into the organ space 

• Abscess fou nd in the deep space on direct or radio
logic examination or on reoperation 

• Diagnosis of a deep space surgical si te infection by 
the surgeon 

• Symptoms of fever, pain, and tenderness leading to 
wound dehiscence or opening by a surgeon 

Organ Space 
Infection less than 30 days after surgery with no implant 

Infection less than 1 year after surgery with an implant and 
infection; involves any part of the operation opened or mani
pulated, plus one of the following: 

• Purulent drainage from a drain placed in the organ 
space 

• Cultured organisms from material aspirated from the 
organ space 

• Abscess found on direct or radiologic examination or 
during reoperation 

• Diagnosis of organ space infection by a surgeon 

Adapted from Mangram AJ, Horan TC. Pearson Ml, et al: Guideline for prevention 
of surgical site infection. Infect Control Hosp Epidemiol 20:252, 1999. 

normally occUI i.n the nasal passages, mucous membranes, and 
skin of carriers. 1he organism that has acquired resistance to 

methicillin (meuhicillin-resistant S. aureus [MRSAI) consists 
of two subtypes, hospital- and community-acquired MRSA. 
Hospital-acqulre<l MRSA is associated with nosocomial infec
tions and affects immunocompromised individuals. It also 
occUis in patients with chronic wounds, those subjecte.d to inva
sive procedures, and those with prior antlhiotic treatment. 
Community-acquired MRSA is associated wi th a variety of skin 
and sofr tissue infections in patients with and without risk 
factors for MRSA. Community-acquired MRSA (e.g., the 
USA300 d one) has also been noted to affect SSis. Hospital
acquired MRSA isolates have a different antibiotic susceptibility 
profile-they are usually resistant to at least three ~-lactam 
antibiotics and are usually susceptible to vancomycin, tcico
planin, and sulfamethoxazole. Community-acquired MRSA is 
usually susceptible to dindan1ycin. with variable susceptibility 
to erythromycin, vancomycin, and tetracycll.ne. 1here is 
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Table 13-1 Pathogens Isolated from Postoperative Surgical 
Site Infections at a University Hospital ______ _ 
PATHOGEN 

Staphylococcus (coagulase-negative) 

Enterococcus (group D) 

Staphylococcus aureus 

Candida albicons 

Escherichia coli 

Pseudomonas aeruginosa 

Corynebacterium 

candida (non-albicans) 

Alpha-hemolytic Streptococcus 

Klebsiella pneumoniae 

Vancomycin-resistant Enterococcus 

Enterobacter cloacae 

PERCENTAGE OF ISOLATES 

25.6 

11.5 

8.7 

6.5 

6.3 

6.0 

4.0 

3.4 

3.0 

2.8 

2.4 

2.2 

Citrobacter spp. 2.0 

From Weiss CA. Statz Cl, Dahms RA. et al: Six years of surgical wound surveillance 
at a tertiary care center. Arch Surg 134:1041-1048, 1999. 

evidence to indicate that hospital-acquired MRSA is developing 
resistance to vancomycin {vancomycin intermediate-resistant S. 
aureus [VISA] and vancomycin-resistant S. aureus [VRSA]).5 

Enterococcus spp. are commensals in the adult gastroiJltestinal 
(GI) tract, have intrinsic resistance to a variety of antibiotics 
{e.g., cephalosporins, clindan1ycin, aminoglycoside), and are the 
fust to exhibit resistance to vancomycin. 

In approximately one third of SSI cases, gram-negative 
bacilli (Escherichia coli, Pseudomonas aeruginosa, and Enterobacter 
spp.) are isolated. However, at locations at which high volumes 
of GI operations are performed, the predominant bacterial 
species are the gram-negative bacilli. !nfi-equenr pathogens are 
group A beta-hemolytic streptococci and Clostridirmr per.fringens. 
In recent years, the involvement of resistant organisms .in the 
genesis of SSls has increased, most notable in MRSA. 

A host of patient- and operative procedure-related factors 
may contribute to the development ofSSis (Box 13-3).6 The risk 
of infection is related to the speci.6c sUigical procedure per
formed and, hence, surgical wounds are classified according to 
the relative risk of surgical site infections occurring--dean, 
clean-conran1inated, contaminated, and dirty {Table 13-2). In 
the National Nosocomial Infections Surveillance System, the 
risk of patients is stratihed according to tluee important factors: 
(1) wound classification {contaminated or dirty); (2) longe.r 
duration operation, defined as one that exceeds the 75th percen
tile for a given procedUie; and {3) medical characteristics of the 
patients as determined by the American Society of Anesthesiol
ogy score of III, IY, or V (presence of severe systemic disease 
that results in functional Limitations, is Life-threatening, or is 
expected to preclude survival from the operation) at the time of 
operation: 

Presentation 
SSls most commoJ1ly occur 5 to 6 days postoperatively but may 
develop sooner or later than that. Approximately 80% to 90% 
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of all postoperative infections occur within 30 days after the 
operative procedure. W ith the increased use of outpatient 
surgery and decreased length of stay in hospitals, 30% to 40% 
of all wound infections have been shown to occu.r afrer hospital 
discharge. Nevertheless, although less than 10% of surgical 

Patient Environmental 
Fadors Fadors 

Ascites Contaminated 
medications 

Chronic Inadequate 
inflammation disinfection/ 

sterilization 
Undernutrition Inadequate skin 
Obesity antisepsis 

Diabetes Inadequate ventilation 

Extremes of age Presence of a foreign 
body 

Hypercholesterolemia 
Hypoxemia 
Peripheral vascular disease 
Postoperative a nemia 
Previous site of irradiation 
Recent operation 
Remote infection 
Skin carriage of staphylococci 
Skin disease in the area of infection 
Immunosuppression 

Treatment 
Fadors 

Drains 

Emergency 
procedure 

Inadequate 
antibiotic 
coverage 

Preoperative 
hospitalization 

Prolonged 
operation 

Data from National Nosocomial Infections Surveillance Systems (NNIS) System 
Report Data summary from January 1992-June 2001, issued August 2001. Am J 
Infect Control 29:.W4-421, 2001. 

Table 13-2 Classification of Surgical Wounds -------------------
CATEGORY 

dean 

d ean
contaminated 

Contaminated 

Dirty 

CRITERIA 
No hollow viscus entered 
Primary wound dosure 
No inflammation 
No breaks in aseptic technique 
Elective procedure 

Hollow viscus entered but controlled 
No inflammation 
Primary wound dosure 
Minor break in aseptic technique 
Mechanical drain used 
Bowel preparation preoperatively 

Uncontrolled spillage from viscus 
Inflammation apparent 
Open, traumatic wound 
Major break in aseptic technique 

Untreated, uncontrolled spillage from 
viscus 

Pus in operative wound 
Open suppurative wound 
Severe inflammation 

INFECTION 
RATE(~) 

1-3 

S-8 

20...25 

3(}4() 

patients arc hospitalized for 6 days o.r less, 70% of postdischarge 
infections occur in that group. 

Superficial and deep SSls are accompanied by erythema, 
tenderness, edema, and occasionaUy d.rainage. The wolllld is 
often soft o r flu ctuant at the site of infection, which is a depar
ture from rhe firmness of the healing ridge present elsewhere in 
the wound. 1l1e patient may have leukocytosis and a low-grade 
fever. According to the Joint Commission (TJC), a surgical 
wound is considered infected if (1) there is d.rainage of grossly 
purulent material d.rains from d1e wound, (2) the wound spon
taneously opens and d rains pur ulent fluid , (3) d1e wound d.rains 
fluid that is culture-positive or Gram stain-positive for bacteria, 
and ( 4) the su.rgeon no tes erythema or d.rainage and opens the 
wound after de termining it to be infected. 

Treatment 
Prevention of su.rgical site infections relies on changing or 
deali11g with modifiable risk factors that predispose to surgical 
site infections. However, many of these factors cannot be 
changed, such as age, complexity of the surgical procedure, 
and morhid obesity. Patients who are heavy smokers are 
encouraged to stop sm oking at least 30 days before surgery, 
glucose levels in d iabet ics must be treated appropriately. and 
severely maLw urished patients should be given n utritional 
supplements for 7 to 14 days before surgery.8 Obese patients 
must be encouraged to lose weight if the procedure is elective 
and there is time to achieve significant weight loss. Similarly, 
paciem s who are raking high doses of corticosteroids will have 
lower infection rates if they are weaned off corticosteroids or 
are a t least taking a lower dose. Patients undergoing major 
intra-abdominal surgery are administered a bowel preparation 
in the fo rm of a lavage solution or strong cathart ic, followed 
by oral nonabsorbable antibio tlc(s) , particularly for surgery of 
the colon and small bowel. Bowel preparation lowers the 
patient's risk for infection from that of a contaminated case 
(25%) to a clean-cnmaminated case (5o/o) . H air is removed b)l 
dipping immediately before surgery and the skin is prepped at 
the time of operation with an antiseptic agent (e.g., alcoh ol, 
chlorhexidine, iodine). 

The role of preoperative decolonization in carriers of S. 
rmreus undergoing general surgery is questionable, and the 
routine use of prophylactic vancomycin or teicoplanin (effective 
against MRSA) is no t recommended. Although perioperarive 
antibiotics are widely used, prophylaxis is generally recom
mended for clean-contaminated or contaminated procedures in 
which the risk of SSTs is high or in procedures in which vascular 
or orthopedics prostheses are used because the development of 
SSls will have grave consequences (Table 13-3). For dirty or 
contaminated wounds, the use of antibiot ics is for therapeutic 
purposes rather than for prophylaxis. For clean cases, prophy
laxis is controversial. For some su.rgical p.rocedures, a first- or 
second-generation cephalosporin is the accepted agent of choice. 
A smaU but significant benefit may be acl1icved with the pro
phylactic administration of a first-generation cephalosporin for 
certain types of clean su.rgery (e.g., mastectomy, hernio rrhaphy). 
For clean-contanlinated procedures, administ ration of preopera
tive antibiotics is indicated. 1l1e appropriate preoperative anti
biotic is a function of the most likely inoculum based on the 
area being operated. For example, when a prosthesis may be 
placed in a clean wound, preoperative antibiotics would include 
something to protect agains t S. aureus and streptococcal species. 
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Table 13-3 Prophylactic Antimicrobial Agent for Selected Surgi~al Procedures 
PROCEDURE 
Cardiothoracic 

Vascular 

Gastroduodenal 

Open biliary 

RECOMMENDED AGENT 
Cefazolin or cefuroxime 

Cefazolin or cefuroxime 

Cefazolin 

Cefazolin 

None 

POTENTIAL ALTERNATIVE 
Vancomycin, d indamycin 

Vancomycin, dindamycin 

Cefoxitin, cefotetan, aminoglycoside, or fluoroquinolone + 
antianaerobe 

Cetoxitin, cefotetan, or fluoroquinolone + antianaerobe 

Laparoscopic cholecystectomy 

Nonperforated appendicitis 

Color ectal 

Cefoxitin, cefotetan, cefazolin + metronidazole 

Cefoxitin, cefotetan, ampicillin-sulbactam, 
ertapenem, cefazolin + metronidazole 

Ertapenem, aminoglycoside, or fluoroquinolone + antianaerobe 

Aminoglycoside, or tluoroquinolone + antianaerobe, aztreonam 
+ dindamycin 

Hysterectomy 

Orthopedic implantation 

Head and neck 

Cefazolin, cefuroxime, cefoxitin, cefotetan, 
ampicillin-sulbactam 

Cetazolin, ceturoxime 

Cefazolin, dindamycin 

Aminoglycoside, or fluoroquinolone + antianaerobe, aztreonam 
+ dindamycin 

Vancomycin, dindamycin 

From Kirby JP, Mazuski JE: Prevention of surgical site infection. Surg Clin North Am 89:365-389, 2009. 

A first-generation cephalosporin, such as ccfazolin , would be 
appropriate in this setting. For patients undergoing upper GI 
tract surgery, complex bi]iary tract operations, or elective colonic 
resection, administration of a second-generation cephalosporin 
such as cefoxitin or a peniciU.in derivative with a ~-lactamase 
inhibitor is more suitable. Ahernatively, errapenem can be used 
for operations involving the lower GI tract. The surgeon will 
give a preoperative dose, intraoperative doses approximately 4 
hours apart, and two postoperative doses appropriately spaced. 
1l1e timing of administration of prophylactic antibiotics is crit
ical. To be most effective, the antibiotic is administered IV 
within 30 minutes before the incision so that therapeutic tissue 
levels have developed when the wound is created and exposed 
to bacterial contamination. UsuaUy, a period of anesthesia 
induction, preparation, and draping takes place that is adequate 
to al]ow tissue levels to build up to therapeutic levels before the 
iJ1cision is made . Of equal importance is malting certain that 
the prophylactic antibiotic is not administered for extended 
periods postoperatively. To do so in the prophylactic setting is 
to invite the development of drug-resistant organisms, as weLl as 
serious complications, such as Clcstridium di.ffici/r-associated 
colitis. 

At the time of surgery, the operating surgeon plays a major 
role in reducing or mini mizing the presence of postoperative 
wound infections. 1he surgeon must be attentive to personal 
hygiene (hand scrubbing) and that of the entire team. In addi
tion, the surgeon must make certain that the patient undergoes 
a thorough skin preparation with appropriate antiseptic solu
tions and is draped in a sterile, careful fashion. Dluing the 
operation, steps that have a positive impact on outcome are 
followed: 

l. Carefu1 har1d.ling of tissues 
2. Meticu1ous dissection, hemostasis, and debridement 

of devi talized tissue 
3. Compulsive control of all in tralumiJ1al contents 
4. Preservation of blood supply of the operated organs 
5. Elimination of any foreign body &om the wound 
6. Maintenance of strict asepsis by the operating team 

(e.g., no holes in gloves, avoidance of the use of 

contaminated instruments, avoidance of environ
mental contamination, such as debris faU.ing from 
overhead) 

7. Thorough drainage and irrigation of any pockets of 
puru1ence in the wound with warm saline 

8. Ensuring that the patient is kept in a euthermic state, 
weLI-monhored, and fluid-resuscitated 

9. Expressing a decision about d osing the skin or 
packing the wow1d at the end of the procedure 

'TI1e use of drains remains somewhat controversial iJ1 pre
venting postoperative wound infections. [n general, there is 
almost no indication for draim in this setting. However, placing 
closed suction d rains iJ1 very deep, large wounds and wounds 
with large wound flaps to prevent the development of a seroma 
or hematoma is a word1wbile practice. 

Treatment of SSis depends on the depd1 of the iJlfecrion. 
For both superficial and deep SSis, skin staples are ren10ved 
over the area of the infection and a cotton-tipped applicator 
may be easily passed into the woLmd, with efAux of puru]ent 
material and pus. The wound is gently explored with the 
couon-tipped applicator or a finger to determine whether the 
fascia or muscle tissue is involved. If the fascia is intact, 
debridemen t of any nonviable tissue is performed; the wound 
is irrigated with normal saline solution and packed to its base 
with saline-moistened gauze to allow healing of the wound 
from the base anteriorly, thus preventing premature skin 
closure. If widespread celluli tis or significant signs of infection 
(e.g., fever, tachycardia), are noted, administration of IV am i
biotics must be considered. Empirical therapy is started and 
tailored according to culture and sensitivity data. The choice 
of empirical antibiotics is based on the most likely culprit, 
iJ1cluding the possibili ty of MRSA. MRSA is treated with van
comyc'in , line.wlid, or dindamycin. Cu1tures are not routinely 
performed, except for patients who wilJ be treated with antibi
otics so that resistant organjsms can be treated adequately. 
However, if the fascia has separated or purulent material 
appears to be coming from deep to the fascia, there is obvious 
concer~n about dehiscence or an intra-abdominal abscess that 
may require drainage or possibly a reoperation. 
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Wound cultures are controversial. If the wotmd is small, 
superficial , and not associated with cellulitis or tissue necrosis, 
cultures may not be necessary. However, if fascial delciscence 
and a more complex infection are present, a culture is sent. A 
deep SSI associated with grayish, dishwater-colored fluid , as 
well as frank necrosis of the fascial layer, raises suspicion for the 
presence of a necrotizing type of infection. 1l1e presence of 
crepitus i11 any surgical wound or gram-positive rods (or both) 
suggests the possibility of infection with C perfringem. Rapid 
a11d expeditious surgical debridement is indicated in these 
settings. 

Most postoperative infections are treated with healing by 
secondary imention, allowing the wound to heal from the 
base anteriorly, with epithelialization being the final event. In 
some cases, when there is a question about the aJnount of 
contamination. delayed primary closure may be considered. In 
this setting, d ose observation of the wound for 5 days may be 
followed by closure of the skin or negative-pressure wound 
therapy if the wow1d looks clean and the patient is otherwise 
doing well. 

COMPLICATIONS OF THERMAL REGULATION 

Hypothermia 

Causes 
Optimal function of physiologic sysrems in the body occurs 
within a narrow ra11ge of core temperatures. A 2° C drop in body 
temperature or a 3o C increa~e signifies a health en1ergency that 
is life-threatening a11d requires immediate in tervention. Hypo
thermia can result from a number of mechaJusms preoperatively, 
intraoperatively, or postoperatively. A trauma patient with inju
ries in a cold environment can suffer significant hypothermia, 
and paralysis can lead to hypothermia because of loss of the 
shiver mechaJlism. 

Hypothermia develops in patients undergoing rapid resus
citation with cool IV fluids, transfusions, or intracavitary irriga
tion with cold irrigant, a11d in patients undergo.il1g a prolonged 
surgical procedlure with low ambient room temperature and a 
large, exposed operative area subjected to significant evaporative 
cooling. Almost all anesthetics impair d1ermoregulation and 
render rhe patient susceptible to hypothermia in d1e typically 
cool operating room eJwironment.9 Advanced age and opiold 
a11algesia also reduce perloperative shivering. Propofol causes 
va~odiJation and significant redistribution hypothermia Postop
eratively, hypothermia can result from cool ambient room rem
perature, rapid administration of IV fluids or blood, and failure 
to keep patients covered when they are only partially responsive. 
More than 80% of elective operative procedures are associated 
with a drop in body temperature, and 50% of trauma patients 
are hypod1ermic on arrival in the operating suite. 

Presentation 
Hypothermia is uncomfortable because of me intense cold sen
sation and shivering. lt may also be associated with profound 
effect~ on the cardiovascular system, coagulation, wound heating, 
and W eedon. A core temperature lower cha1135o C after surgery 
triggers a significa11t peripheral S)'mpathetic nervous system 
response, consisting of an increased norepinephrine level, vaso
constriction, and elevated arterial blood pressure. Patients in 

shock or with a severe illness often have associated vasoconstric
tion that results in poor perfusion of peripheral organs and 
tissues, an effect accentuated by hypothermia l n a high-risk 
patient, a core temperature lower tha11 35° C is associated with 
a twofold to threefold increase in me incidence of early postop
erative ischemia a11d a similar increase in rhe inddence of ven
tricular tacbyarrhythmia. Hypotl1ermia also impairs platelet 
function a11d reduces the activity of coagulation factors, thereby 
resulting in an increased risk for bleedil1g. Hypothermia results 
in impaired macrophage function, reduced tissue oxygen tension, 
a11d impaired collagen deposition, which predisposes wounds to 
poor healing and infection. Other complications of hypothermia 
include a relative diuresis, compromised hepatic function, and 
some neurologic manifestations. Similarly, me patient's ability 
to manage add-base abnormalities is impaired. In severe cases, 
the patienr can have significant cardiac slowing and may be 
comatose, with low blood pressure, bradycardia, and a very low 
respiratory rate. 

Treatment 
Prevention of hypothermia entails monitorirtg core tempera
ture, especially in patients undergoing body cavity surgery or 
surgery lasting longer than l bour, d1ildren and older adults, 
a11d patients ill whom general epidural a11esthesia is being con
ducted.9 Sites of monitoring include pulmonary artery blood, 
tympaJlic membrane, esophagus and pharynx, rectum, and 
urinary bladder. While me patient is being anesmetized, and 
durirlg skin preparation, significant evaporative cooling can 
take place; me patient is kept warm by increasing me aJnbient 
ten1perature and using heated hunudifiers and warmed IV 
fluid. After the patient is draped, the room temperature can be 
lowered to a more comfortable setting. A forced-air warnlli1g 
device that provides active cutaJ1eous warming is placed on the 
patient. Passive surface warming is not effective in conserving 
beat. There is some evidence that a considerable amount of 
heat is lost duough the head of the patient, so simply covering 
tl1e patient's head during surgery may prevent signifiCaJlt heat 
loss. 

In the peri operative period, mild hypotl1ermia is common
place and patients usually shiver because the anesthesia impairs 
tl1ermoregulation. Many patients who shiver after anesd1esia, 
however, are hypotl1ermic. Treatment of d1e hypothermia with 
forced-air warming systems and radia11r hearers will also reduce 
the shivering.9 In a severely hypotl1errnic patiem who does not 
require immediate operative iJltervention, attention must be 
directed toward rewarming by the following methods: 

I. Immediate placen1em of warm blankets, as well as 
currently available forced-air warnung devices 

2. Infusion of blood and IV fluids through a warming 
device 

3. Heating and humidifymg inhalational gases 
4. Peritoneal lavage with wam1ed Aulds 
5. RewaJ111ing illfusion devices witl1 an arteriovenous 

system 
6. ln rare cases, cardiopulmonary b)'Pass 

Special atrention must be paid to cardiac monitoring 
duriJJg the rewarming process because cardiac irritabitity may be 
a significaJJt problem. Similarly, acid-base disturbances must be 
aggressively corrected while the patient is being rewarmed. Once 
in the operating room, measures noted earlier to keep the patienr 
wann are applied. 
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Malignant Hyperthermia 

Causes 
Malignant hyperthermia (MH) is a life-threatening hypermeta
bolic crisis manifested during or after exposure to a triggering 
general anesthetic in susceptible individuals. lt is estimated that 
MH occurs in n in 30,000 to 50,000 adults. Mortality from 
MH has decreased to less d1an 10% in the last 15 years as a 
result of improved monitoring standards that allow early detec
tion of MH, availability of dantrolene, and increa.~d use of 
susceptibility testing. 

Susceptibility to MH is inherited as an autosomal domi
nant disease with variable peneuance. To date, two MH suscep
tibility genes have been identified in humans and four mapped 
to specific chromosomes but not definitely identified. 1l1e muta
tion results i.n altered calcium regulation in skeletal muscle in 
the form of enhanced efflux of calcium from the sarcoplasmic 
reticulum into the myoplasm. Halogenated i11halational anes
thetic agents (e.g ., halothane, en.Aurane, isoAurane, desAurane, 
and sevoflurane) and depolarizing muscle relaxants (e.g., succi
nylcholine, suxamethonium) cause a rise in the myoplasmi.c Ca2

' 

concentration. When an MH-susceptible individual is exposed 
to a triggering anesthetic, there is abnormal rclea.~ of Ca2

+, 

whlch leads to prolonged activation of muscle filan1ents, culmi
nating in rigidity and hypermetabolism. Uncontrolled glycolysis 
and aerobic metaboHsm give rise to cellular hypoxia, progressive 
lactic acidosis, ar1d hypercapnia. 1l1e continuous muscle activa
tion with adenosine triphosphate breakdown results in excessive 
generation of heat. If untreated, myocyte dead1 and rhabdomy
olysis result in hyperkalemia and myoglobulinuria. Eventually, 
disseminated coagulopathy, congestive heart failure (CHF), 
bowel ischemia, and compartment syndrome develop. 

Presentation and Management 
MH can be prevented by identil}ring at-risk individuals before 
surgery. MH susceptibility is suspected preoperatively in a 
patient with a fan1ily history of MH or a personal history of 
myalgia after exercise, a tendency for the development of fever, 
muscul.ar disease, and intolerance to caffeine. ln these cases, the 
creatine kinase level is checked, and a caffeine and halothane 
contraction test (or an in vitro contracture test developed in 
Eutope) may be performed on a muscle biopsy specimen from 
the thigh.10 MH-susceptible individuals confirmed by abnormal 
skeletal muscle biopsy findings or those with suspected MH 
susceptibility who decline a conttactute test are given a trigger
free anesthetic (e.g., barbiturate, benzodiazepine, opioid, pro
pofol, etomidate, ketamine, nitrous oxide, nondepolarizing 
neuromuscular blocker). 

Unsuspected MH-susceptible individuals may manifest 
MH for the first time during or in1mediately after the adminis
tration of a triggering general anesd1eti.c. The clinical manifesta
tions of MH are not uniform and vary in onset and severity. 
Some patients manifest the abortive form of MH (e.g., tachy
cardia, arrhythmia, raised temperature, acidosis). Od1ers, after 
intubation with succinylcholine, demonstrate loss of twitches on 
neuromuscular stinllllation and develop muscle rigidity. An 
inabiHty to open the moucl1 as a result of masseter muscle spasm 
is a pad10gnomonic early sign and indicates susceptibility to 
MH. Other manifestations include tachypnea, hypercapnia, 
skiJ1 Aushing, hypoxemia, hypotension, electrolyte abnormali
ties, rhabdomyolysis, and hyperthermia. 
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Hyperthermia 

Discontinue the triggering anesthetic. 
Hyperventilate the patient with 100% oxygen. 
Administer alternative anesthesia. 
Terminate surgery. 
Give dantrolene, 2.5 mg/kg, as a bolus and repeat every 5 min, 

then 1 to 2 mg/kg/hr until normalization or disappearance 
of symptoms. 

Check and monitor arterial blood gas and creatine kinase, 
electrolyte, lactate, and myoglobin levels. 

Monitor the electrocardiogram, vital signs, and urine output 
Adjunctive and supportive measures are carried out: 

• Volatile vaporizers are removed from the anesthesia 
machine. 

• Carbon dioxide canisters, bellows, and gas hoses are 
changed. 

• Surface cooling is achieved with ice packs and core 
cooling with cool parenteral fluids. 

• Acidosis is monitored and treated with sodium 
bicarbonate. 

• Arrhythmias are controlled with beta blockers or 
lidocaine. 

• Urine output more than 2 ml/kg/hr is promoted; 
furosemide (Lasix) or mannitol and a glucose-insulin 
infusion (0.2 U/kg in a 50% glucose solution) are 
given for hyperkalemia, hypercalcemia, and 
myoglobulinuria. 

The patient is transferred to the intensive care unit to monitor 
for recurrence. 

Once MH is suspected or diagnosed, the steps outlined in 
Box 13-4 are followed. Dantrolene is a muscle relaxant. In the 
solution form, it is highly irri tating to the vein and must be 
administered in a large vein. When given intravenously, it blocks 
up to 75% of skeletal muscle contraction and never causes 
paralysis. The plasma elinunation half-life is 12 hours. Dan
trolene is metaboli7..ed iJ1 the liver to 5-hydroxydantrolene, 
which also acts as a muscle relaxant. Side effects reported with 
dantrolene therapy include muscle weakness, phlebitis, respira
tory failure, GI discomfort, hepatotoxicity, dizziness, confusion, 
and drowsiness. Anocl1er agent, azumolene, is 30 times more 
water-soluble than and equipotent to dantrolene in the treat
ment of MH; like dantrolene, it does not affect the heart. Its 
mai.n side effect is marked pulmonary hypertension. However, 
azumolene is not in clinical use at this time. 

Postoperative Fever 

Causes 
One of the most concerning clinical findings in a patient post
operatively is the development of fever. Fever describes a rise in 
core temperature, modulation of whlch is managed by the ante
rior hypothalamus. Fever may result from bacterial invasion or 
their toxins, whkh stimulate the production of cytokiJ1CS. 
Trauma (includiJlg surgery) and critical illness also invoke a 
cytokine response. Cyrokines are low-molecular-weight proteins 
that act in an autoc.rine, paracrine, and/or endocrine fashion to 
influence a broad range of cellular fLmctions and exhibit pro.in
flammarory and ami-inflammatory effects. The inflammatory 
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Infectious 

Abscess 
Acalculous cholecystitis 
Bacteremia 
Decubitus ulcers 
Device-related infections 
Empyema 
Endocarditis 
Fungal sepsis 
Hepatitis 
Meningitis 
Osteomyelitis 
Pseudomembranous colitis 
Parotitis 
Perineal infed!ions 
Peritonitis 
Pharyngitis 
Pneumonia 
Retained foreign body 
Sinusitis 
Soft tissue infection 
Tracheobronchitis 
Urinary tract infection 

Noninfectious 

Acute hepatic necrosis 
Adrenal insufficiency 
Allergic reaction 
Atelectasis 
Dehydration 
Drug reaction 
Head injury 
Hepatoma 
Hyperthyroidism 
Lymphoma 
Myocardial infarction 
Pancreatitis 
Pheochromocytoma 
Pulmonary embolus 
Retroperitoneal hematoma 
Solid organ hematoma 
Subarachnoid hemorrhage 
Systemic inflammatory 

response syndrome 
Thrombophlebitis 
Transfusion reaction 
Withdrawal syndromes 
Wound infection 

response resuk 'i in the production of a variety of mediators that 
induce a febrile inflammatory response, also known as systemic 
inflammatory response syndrome. 11 Hence, fever in the post
operative petiod may be the result of an infection or caused 
by systemic inflammatory response syndrome. Fever after 
surgery is reported to occur iJl up to two thirds of patients, and 
infection is the cause of fever in approximately one third of cases. 
Numerous disease states can cause fever in the postoperative 
period (Box 13-5). 

1l1e most common infections, however, are heal th care
associated infections-SSI, urinary tract infectio11 (UTI), intra
vascular catheter-related bloodstream infection (CR-BSI), and 
pneumonia. Urinary tract infection is a common postoperative 
evem and a sign.ificam source of morbidity in postsurgical 
patients. A major predisposing factor is the presence of a minary 
catheter; the risk increases with increased duration of catheter
ization (>2 days). Endogenous bacteria (colonic flora, most 
comn10n E colz') are the most common source of catheter-related 
urinary tract infection in patients with short-term catheteriza
tion. With prolonged catheterization, additional bacteria are 
fow1d. L1 the critically ill surgical patient, candidlLria accounts 
for approximatdy 10% of nosocomial urinary tract infections. 
1l1e presence of an indwelling catheter, diabetes mellitus, use of 
antibiotics. advanced age, and underlying anatomic urologic 
abnormalities are risk factors for candiduria.12 

The use of central. venous catheters carries a risk of CR-BSI 
that increases hospital stay and morbidity and mortaUry. 1l1c 
iJlfections are preventable and are considered a "never" compli
cation by the Centers of Medicare and Medicaid Services.'3 

CR-BSI resul ts from microorganisms that colonize the hubs or 
from contami111ation of the injection site of the central veJ1ous 
catheter (intraluminal source) or skiJ1 surrounding the insertion 

site (extralllfllinal source). Coagulase-negative staphylococci, 
hospital-acquired bacteria (e.g., MRSA, multidrug-resistant 
gram-negative bacilU, fu ngal species [ Ctmdidrt albicans]) are the 
most common organisms responsible for CR-BSI. S. aureus 
bacteremia is associated with higher mortality and venous 
thrombosis. Metastatic infections (endocarditis) are uncommon 
but represent a serious complication of CR-BSI. The duration 
of central venous catheter placement, patient location (out
patient versus ill patient), type of catheter, number of lumens 
ru1d manipulations daily, en1ergent placement, need for total 
parenteral nutri tion (TPN), presence of unnecessary connec
tors, and whether best care practices are followed are risk factors 
for BSI. 14 

Presentation and Management 
[n evaluariJ1g a patient with fever, one has to take into consid
eration the type of smgery performed, patient's imm.lme status, 
w1derlying primary disease process, duration of hospital stay, 
ru1d epidemiology of hospital i1lfections. 

High fever d1at fluctuates or is sustaiJ1ed and that occurs 5 
to g days after surgery is more worrisome than fever that occurs 
early postoperatively. ln the fi rst 48 to 72 homs after abdominal 
surgery. atelectasis is often believed to be the cause of the fever. 
Occasionally, clostridial or streptococcal SSis can manifest as 
fever within the fi rst 72 bours of surgery. Temperatures that are 
elevated 5 to 8 days postoperatively demand immediate atten
tion and, at times, intervention. Evaluation involves studying 
the six Ws: wind (lungs), wound, water (urinary tract), waste 
(lower GI tract), wonder drug (e.g., antibiotics), and walker 
(e.g., thrombosis). 'The patient's symptoms usually indicate the 
organ system involved with infection; cough ru1d productive 
sputum suggest pneumonia, dysuria ru1d frequency indicate a 
UTI. watery foul-smelling diarrhea develops as a result of infec
tion with C. diffici!e, pain in the calf may be caused by deep 
venous thrombosis (DVT), and flank pain may be caused by 
pyelonephritis. Physical exanlination may show an SSI, phlebi
tis, tenderness on palpation of the abdomen, fl ank, or calf, or 
cellulitis at the site of a central venous catheter. 

A complete blood cow1t, urinalysis and culture, radiograph 
of the chest, ru1d blood culture are essential initial tests. A 
chest radiograph may show a progressive infiltrate suggestive of 
the presence of pneumonia. Urinalysis showing more than 105 

colony-forming units/milliliter (CFU/mL) in a noncathecerized 
patient and more than } (}~ CFU/ mL in a catheterized patient 
indicates a urinary tract ulfection. The diagnosis of CR-BSI rests 
on cultme data because physical examination is usually unreveal
ing. 1hcre is no gold standard for bow to use blood cultures. 
Two simultaneous blood cultures or paired blood cultures (i.e., 
simultaneous peripheral and central blood cultures) are com
monly used. Peripheral blood cultures showing bacteremia and 
isolation of 15 CFUs or l02 CFUs from an N catheter indicate 
the presence of a CR-BSI. Ll twmeled catheters, a quantitative 
colony count d1at is 5- to 10-fold higher in cultures drawn 
through the central venous catheter is predictive of CRC-BSL 
If paired cultures are obtained, positive culture more than 2 
hours before peripheral culture indicates the presence of CR-BSL 
After removal of the catheter, the tip may be sent for quantitative 
culture. Serial blood cul tures and a cransesopbageal echocardio
gram are obtained in patients with S. nureus bacteremia and 
valvular heart disease, prosthetic valve, or new onset of murmur. 
Patients who continue to have fever, slow clinical progress, and 
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no discernible extemal source may require computed tomogra
phy (CD of the abdomen to look for an intra-abdominal source 
of iJ1fection. 

Prevention of urinary tract infection starts with rn.i.n.imiz
u1g the duration of catheterization and maintenance of a 
closed drainage system. When prolonged cathererir.ation is 
required, changing the catheter before blockage occurs is rec
ommended because the catheter serves as a site for pathogens 
to create a biofilm. 'll1e efficacy of strategies to prevent or 
delay the formation of a biofilm, sud1 as the use of silver alloy 
or impregnated catheters and the use of protamiJ1e sulfate and 
chlorhexldme iJJ reduciJ1g catheter-related UTis has yet to be 
established.15 

On the other hand, most if not all CR-BSis are prevent
able by adopting maximal barrier precautions and infection 
control practice durmg insertion. Educational programs that 
stress best practice that targets those placing the catheter and 
those responsible for maintenance of the catheter are impor
tant. Removal of catheters when they are not needed is para
mount. On placing the catheter, there must be stricr adherence 
to aseptic teciJn.ique, the same as ill the operating room-hand 
hygiene, skin antisepsis, full barrier precaution and stopping 
insertion when breaks ir1 sterile teclmique occur. 1he subclavian 
vein is preferable to jugular ru1d femoral vein. lnvolvemem of a 
catheter care team for proper catheter care after insertion 
has proven effective in reducing the iJJcidence of CR-BSis. 
Antiseptic- and antibiotic-impregnated catheters decrease cath
eter colonization and CR-BSis but their routirle use is not rec
ommended. 

Treatment 
Management of postoperative fevers is dictated by the resul ts 
of a careful workup. Management of the elevated temperan1re 
itself is controversial. Although the fever may not be life
threatening, the patient is usually uncomfortable. Attempts to 
brmg the temperature down with antipyretics are recom
mended. If pneumonia is suspected, empirical broad-spectrum 
antibiotic therapy is started and then altered according to 
culture results. 

A UTI is treated with removal or replacement of the cath
eter with a new one. In systemically iiJ patients, broad-spectrum 
antibiotics are started, because most offendir1g organisms exhibit 
resistance w several antibiotics, and d1en tailored accordirlg to 

culture and susceptibility results. In patients with asymptomatic 
bacteruria, antibiotics are recommended for immunocompro
mised patient, patients undergoing urologic surgery, implanta
tion of a prosthesis, or patients with infections caused by strains 
wim a high incidence of bacteremia. Patients wim candiduria 
are mru1aged in a similar fashio11. 1he availability of fluconazole, 
a Jess roxie amiftutgal man amphotericin B, however, has encour
aged clinicians to use it more frequendy. 

The treamtenr of CR-BSI entails removal of d1e catheter, 
with adjunctive antibiotic therapy. A nontuJmeled catheter can 
be easily removed after establislili1g ru1 alternative venous 
access. Single-ag:ent therapy is sufficient and usual.ly involves 
vancomycin, linezolld, or empirical coverage of gram-negative 
baciJJi and Ctmdida spp. in patients wi th severe sepsis or 
ffimttmosuppression. Treatment is contiJwed for I 0 w 14 
days. For patients with septic thrombosis or endocarditis, 
treatment is continued for 4 to 6 weeks. Catheter salvage is 
indicated in patients with tunneled cadteters that are risky to 
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remove or replace, or m patients with coagulase-negative 
staphylococci who have no evidence of metastatic disease or 
severe sepsis, do not have tunnel irlfection, or do not have 
persistent bacteremia. Cad1eter salvage is achieved by antibi
otic lock ilierapy whereby the catheter is filled with antibiotic 
solurion for several hours. 

RESPIRATORY COMPLICAnONS 

General Considerations 
A host of factors contribute to abnormal pulmonruy physiology 
after an operative procedure. First, loss of functional residual 
capacity is present m almost all patients. This Loss may be d1e 
result of a multitude of problems, including abdominal disten
tion, pamful upper abdonili1al mcision, obesity, strong smoking 
history with associated chronic obstructive pulmonary disease, 
prolonged supine positioning, and Auid overload leadi11g to 
pulmonruy edema. Almost all patients who undergo an abdom
inal or d1oracic u1cision have a significant alteration ill d1eir 
breathing pattern. Vital capacity may be reduced up to 50% of 
normal for the first 2 days after surgery for reasons that are not 
completely clear. The use of narcotics substantially iJlhibits d1e 
respiratory drive, and anesthetics may take some time to wear 
off. Most patients who have respiratory problems postopera
tively have mild to moderate problems iliat can be mruuged wid1 
aggressive pulmonary toilet. However, in some patients, severe 
poswperadve respirarory failure develops; this may require illcu
bation and ultimately may be life-threatenu1g. 

Two types of respiratory failure are commonly described. 
Type l, or hypoxic, failure results from abnormal gas exchange 
at the alveolar level. 1his type is characteri7-ed by a low Pao2 wi d1 
a normal Paco2• SuciJ hypoxemia is associated with ventilation
perfusion (V/Q_) mismatching and shunting. Clini.cal conditions 
associated widt type I failure include pulmonary edema and 
sepsis. Type U respiratory failure is associated with hypercapnia 
rutd is characteri7-ed by a low Pao2 and high Pac~. These patients 
are unable to elm1mate C02 adequately 'llus condition is often 
associated with excessive narcotic use, increased CO, produc
tion, aJtered respiratory dynamics, and adult respiratory distress 
syndrome (ARDS). The overall incidence of pulmonary compli
cations exceeds 25o/o in surgical patients. Of aU postoperative 
deaths, 25o/o are caused by pulmonary complications, ru1d pul
monary complications are associated with 25o/o of the odtei 
lethal complications. Thus, it is of critical importrulce that the 
surgeo11 anticipate and prevent d1e occurrence of serious respira
tory complications. 

One of d1e most iJnportant elements of prophylaxis is 
careful preoperative screenu1g of patients. Most patients bave no 
pulmonruy history ru1d need no formal preoperative evaluation. 
However, all patients with a history of heavy smoking, mam
tained on home oxygen, unable to walk one Aight of stairs 
without severe respiratory compromise, previous history of 
major lung resection, and older patients who are malnourished 
must be carefuUy screened with pulmonary function tests. Sim
ilarly, patients managed by chronic bronchodilator therapy for 
aHhma or other pulmonary conditions also need to be assessed 
carefully. Almough there is some controversy about the value of 
perioperative assessment, most careful clinjcians will study a 
high-risk pulmonruy patient before making an operative deci
sion. The assessment may start wiili posteroanterior and lateral 
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chest radiographs to evaluate the appearance of the lw1gs. It 
serves as a baseline if the patient should have problems 
postoperatively. 

Similarly, a patient with polycythemia or chronic respira
tory acidosis warrants careful assessment. A room temperature 
arterial blood gas analysis is carried our in high-risk patients. 
Any patiem with a PaOz lower than 60 mm Hg is at increased 
risk. If the PaCOz is more than 45 to 50 mm Hg, periopcrarivc 
morbidity might be anticipated. Spirometry is a simple rest that 
high-risk patients undergo before surgery. Probably the most 
important parameter in spirometry is the forced expiratory 
volume in 1 second (FEV1). Studit.'S have demonstrated that 
any patient with an FEV1 higher than 2 liters will probably not 
have serious pulmonary problems. Conversely, patients with an 
FEV1 lower than 50% of the predicted value will probably have 
exertional dyspnea. If bronchodilator therapy demonstrates an 
improvement in breathing patterns by 15% or more, broncho
dilation is considered. Consultation with the patient includes a 
discussion about cessation of cigarette smoking 48 hou.rs 
before the operative procedure, as well as a careful discussion 
about the impc>rtance of pulmonary toilet after the operative 
procedure. 

Atelectasis and Pneumonia 
The most common postoperative respiratory complication is 
atelectasis. As a result of the anesthetic, abdominal incision, and 
postoperative narcotics, the alveoli in the periphery collapse and 
a pulmonary shunt may occur. If appropriate attention is nor 
directed to aggressive pulmonary toiler with the initial symp
toms, the alveoli remain collapsed and a buildup of secretions 
occurs and becomes secondariJy infected with bacteria, resulting 
in pneumonia. The risk appears to be particularly high iJ1 
patients who are heavy smokers, are obese, and have copious 
pulmonary secretions. 

Pneumonia is the most common nosocomial infection 
occurring il1 hospitalized patients. Pneumonia occurring more 
than 48 hours after admission and without antecedent signs of 
infection is referred to as hospital-acquired pneumonia. Aspira
tion of oropharyngeal secretion is a significant contributing 
factor il1 its development. Extended intubation results in another 
subset of hospital-acquired pneumonia, ventilator-associated 
pneumonia-pneumonia occurring 48 hours after bur within 
72 hours of rhe initiation of ventiJation. Health care-associared 
pneumonia refers to pneumonia occLuring in patients who had 
been hospitali7..ed in the last 90 days, patients in nursing facilities 
or frequenting a hemodialysis Lmit, and those who have received 
recent antibiotics, chemotherapy, or wound care. Although 
some consider hospital-acquired pneumonia and health car~ 
associated pneLtmonia to be the same disease process, because 
both have the same prevalem organisms, the prognosis is differ
ent. Hospital-acquired pneumonia arising early (<5 days) has 
berrer prognosis than that arising late {>5 days). Numerous 
factors arc associated with increased risk for pneumonia: 
depressed iJnnume status, concomitant disease, poor nutritional 
status, increased length of hospital stay, smoking, increasing age, 
uremia, alcohol consumption, prior antibiotic therapy, presence 
of an endotracheal, na~ogastri c (NG), or enteric tube, and 
therapeutic proton pump inhibitOr (PPI). Used w prevent 
stress ulceration, PPI increases colonization of the stomach 
with pathogenic bacteria that can increase the risk of 
venti1ator-associated pneumonia. Tubes traversing the 

aerodigestive traer serve as conduits for bacteria to migrate to 
the Lower respiratory tract. 16 The most common pathogens 
eJKounrered in patients with hospital-acquired pneumonia 
depend on prior antibiotic therapy. In patients with early 
hospital-acquired pneumonia and no prior antibiotic therapy, 
the most common organisms are Streptococcus pneumonille {col
on.i'l .. es upper airway), Haemophilus injluenZtle, Enterobacteriaceae 
spp. (E. coli, Klebsielfn spp .• and Enterobacterspp.), and S. aureus 
(mostly MRSA). Patients with early hospital-acquired pneumo
nia and recent antibiotic therapy and those with late hospital
acquired pneumonia also have gram-negative bacilli involved. 
The bacteria are occasionally resistant to first-generation cepha
losporins. 1l1e organisms iJ1 patienrs with lare-onscr hospital
acquired pneumonia and prior history of antibiotics exhibit 
multidrug resistance {P. neruginosa, Acinetobacter baumnnnii, 
and MRSA). 

Diaposis 
The most common cause of a postoperative fever in the first 48 
hours after the procedure is atelectasis. Patients present with a 
!ow-grade fever, malaise, and dlrnlnished breath sounds il1 the 
lower lung fields. Freguently, the patient is uncomfortable from 
the fever but has no other overt pulmonary symptoms. Atelec
tasis is so conm10n postoperatively that a formal workup is not 
usuaUy required. With the use of incentive spirometry, deep 
breathing, and coughing, most cases of atelectasis wiU resolve 
without any difficulty. However, if aggressive pulmonary toilet 
is not mstituted or the patient refuses to participate, frank devel
opment of pneumonia is likely. 1l1e patient with pneumonia will 
have a high fever and occasional mental confusion, and produces 
a thick secretion with coughing, leukocytosis, and chest radio
graph that reveals infiltrates. If the patient is not expeditiously 
diagnosed and treated, this condition may rapidly progress to 
respiratory failure and require intubation. Concurrently with the 
iJlltiation of aggressive pulmonary toilet, induced sputum for 
culture and sensitivity should be sent inm1ediatdy to the labora
tory. Quantitative cultures of the lower airways obtained by 
blind tracheobronchial aspiration, bronchoscopically guided 
sampling (bronchoalveolar lavage [BAL]), or protected specimen 
brush allow more targeted antibiotic therapy and, most impor
tantly, decrease antibiotic usc. Although pneumonia acgLLired ill 
the hospital account~ for onJy 5% of all patients, particularly in 
older patients, the process may rapidly progress to frank respira
tory faiJure reguiriJ1g iJ1tubation. 

Treatment 
To prevent atelectasis and pneumonia, smokers are encouraged 
to stop smoking for at least 1 week before surgery and the treat
ment of patients with chronic obstructive pulmonary disease, 
asthma, and CHF is optimized. Adequate pain control and 
proper pulmonary hygiene are important il1 the postoperative 
period. A patient-controlled analgesia device seems to be associ
ated with better pulmonary toilet, as docs the use of an epidural 
mfusion catheter, particularly in patients with epigastric inci
sions. Encouraging the patient to use the incentive spirometer 
and cough while applying counterpressure with a pillow on the 
abdominal incision site is most helpful Rarely, other modalities 
such as intermittent positive-pressure breathing and chest phys
iotherapy may be required. Patients on the ventilator arc best 
kept in a sen1irecumbent position and subjected to p roper ora\ 
hygiene. Chlorhexidine rrnse or nasal gel has been shown to 
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lower the rare of ventilator-associated pneumonia. Treatment 
with sucralfate as compared with a PPI for stress ulcer prophy
laxis may be considered for pati.ents not at high risk for Gl 
bleeding. Proper endotracheal tube care, elimination of secre
tions pooling around the endotracheal cuff, frequent suctionlng 
with a closed suction technique, and use of prorocols designed 
to mi11imize mechanical ventilation can lead to decreased 
ventilator-associated pneumonia. Once the diagnosis is made, 
and while awaiting culture results, trearmcm with empirical 
antibiotic therapy is associated with decreased mortality. The 
choice of antimicrobial agent depends on the patient's risk 
factors, length of hospital stay, duration of mechanical ventila
tion, prior antibiotic therapy and culture results, and immuno
suppression. 

Aspiration Pneumonitis and 
Aspiration Pneumonia 

Causes 
Aspiration of oropharyngeal or gastric contents into the respira
tory tract is a serious complication of surgery. Aspiration pneu
monitis (Mendelson's syndrome) describes acute ltmg inju.ry that 
results from the inhalation of regurgitated gastric contents, 
whereas aspiration pneumonia results from the irlhalation of 
oropharyngeal secretions that are colonized by pathogenic bac
teria. Although there is some overlap between the two disease 
entities with regard to predisposi11g factors, their clinicopatho
logic features are distinct. 

Factors that predispose patients to regurgitation and aspira
tion i11dude impairment of the esophageal sphincters (upper and 
lower) and laryngeal reflexes, altered GI motility, and absence of 
preoperative fasting. A number of iatrogenic maneuvers place 
the patient at increased risk for aspiration in a hospital setting. 
In the perioperative period, aspiration is more likely with urgent 
surgery, in patiCIIlts with altered levels of consciousness, and in 
patients with GI and airway problems. Trauma patients and 
patients with peritonitis and bowel obstruction may have a 
depressed level of consciousness and airway reflexes, a full 
stomach as a resllllt of a recent meal or gastric stasis, or Gl pathol
ogy that predisposes to retrograde emptying of intestinal con
tents into the stomad1. Patients with depressed levels of 
consciousness as a result of high doses of narcotics and patients 
who have suffered cerebrovascular accidcms are obwnded and 
have nemologic dysphagia and dysfunction of d1e gastroesopha
geal junction. Anesthetic drugs lower esophageal sphincter tone 
and depress the patient's level of consciousness. Diabetics have 
gastropa.resis a.nd gastric stasis. Patients with an increased bacte
rial load in the oropharynx and depressed defense mcd1anlsms 
as a result of an altered level of consciousness arc at risk for 
aspiration pneumonia. 

Older adult.~ are particularly susceptible co oropharyngeal 
aspiration because of an increased incidence of dysphagia and 
poor oral hygic:ne. Patients with a NG tube or who are debili
tated are also at risk for aspiration because they have difficulty 
swallowing a11d clearing their airway. The risk for aspiration 
pneumonia is similar iJl patients receivi11g feeding via an NG, 
nasoenteric, or gastrostomy tube; patients receiving nutrition via 
a gastroswmy rube frequently bave scintigraphic evidence of 
aspiration of gastric contt'nts. The critically ill are at an increased 
risk for aspiration and aspiration pneun1onia because they are 
in a supine position, have an NG tube in place, exhibit 
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gastroesophageal reflux, even with the absence of an NG tube, 
and have altered GI motility. Prophylactic histamine 2 (H2) 

receptor antagonists or PPis that i11crease gastric pH and allow 
the gastric contents to become colonized by pathogenic organ
isms, tracl1eostomy, reintubation, and previous antibiotic expo
sure are other factors associated with an increa~d risk for health 
care-related pneumonia. lhe risk of aspiration is high after 
extubation because of the residual effect of sedation, the NG 
tube, and orophar)'ngeal d)'sfunction. 

1l1e pathophysiology of aspiration pneumonitis is related 
to the pulmonary intake of gastric contents at a low pH associ
ated with particulate matter. The severity ofltmg inj my increases 
as the volume of aspirate increases and irs pH decreases. The 
process ofteJ1 progresses rapidly, may require intubation soon 
after the injury occurs, and later sets the stage for bacterial infec
tion. 'll1c infection is refractory to management because of the 
combination of infection occurring u1 an injured field. The 
pathophysiology of aspiration pneun10nia is related to bacteria 
gaining access to the lungs. 

Presentation and Diagnosis 
A patient with aspiration pneumonitis often bas associated vom
iting and may have received general anesthesia or had an NG 
tube placed. The patient may be obtunded or have altered levels 
of consciousness. lnitiatly, the patient may have associated 
whee-.dmg and labored respiration. Many patients who aspirate 
gastric contents have a cough or a whee-z.e. Some patients, 
however, have silem aspiration suggested by an ulfilrrarc on a 
chest radiograph (CXR) or decreased PaO:z. Others have cough, 
shortness of breath, and wheezing that progress to pulmonary 
edema aJld ARDS. [n the great majority of patients with aspira
tion pneumonia, on the other ha11d, in a susceptible patiem, the 
condition is diagnosed after a chest radiograph shows an infil
trate in the posterior segments of the upper lobes and the apical 
segments of the lower lobes. 

Treatment 
Prevention of aspiration in patients undergoing surgery is 
achieved by instituting measures that reduce gastric contents, 
minimize regurgitation, and protect the airway. For adults, a 
period of no oral intake, usually 6 hours after a night meal, 4 
hours after dear liquids, and a longer period for diabetics, is 
necessary w reduce gastric conrems before elective surgery. 1 7 

Routine use of H2 antagonists or PPis to reduce gastric acidity 
aJld volume has not been shown to be effective in reducing the 
mortality and morbidity associated with aspiration and bence is 
not recommended. Wben a difficult airway is encountered, 
awake fiberoptic intubation is performed. In emergency situa
tions in patients with a potentially full stomach, preoxygcnation 
is accomplished without lung inflation, and intubation is per
formed after applying cricoid pressure during rapid-sequence 
induction. In the postoperative period, identification of an older 
or overly sedated patient. or a patient whose condition is dete
riorating, mandates instituting maneuvers to protect the patient's 
airway. Postoperatively, it is important to avoid the overuse of 
narcotics, encourage the patient to ambulate, and cautiously 
feed a patient who is obtw1ded, older, or debilitated. 

A patienr who sustains aspiration of gasrric comenrs needs 
to be placed on oxygen immediately and have a chest radiograph 
to confirm the clinical suspicions. A diffuse interstitial pattern 
is usually seen bilaterally and is often described as bilateral, Huffy 
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infiltrates. Close surveillance of the patient is absolutely essen
tial. If the patient is maintaining oxygen saturation via a face 
mask without excessively nigh work of breathing, intubation 
may not be required. However, if the patient's oxygenation dete
riorates or the patient is obtunded, the work of breathing 
increa.•;es, a~ manifested by an increased respiratory rare, and 
prompt intubation mmt be accomplished. After intubation for 
suspected aspiration, suctioning the bronchopulmonary tree will 
confirm the diagnosis and remove any particulate matter. 
Administration of antibiotics shortly after aspiration is con
troversial, except in patients with bowel obstruction or other 
conditions associated with colonization of gastric contents. 
Administration of empirical antibiotics is also indicated for a 
patient with aspiration pneumonitis that does not resolve or 
improve within 48 hours of aspiration. Corticosteroid adminis
tration does not provide any beneficial effects to patients with 
aspiration pneumonitis. Antibiotic therapy with activity against 
gram-negative organisms is indicated for patients with aspiration 
pnewnonia 

Pulmonary Edema, Acute Lung Injury, and 
Adult Respiratory Distress Syndrome 

Causes 
A wide variety of i11juries to the lungs or cardiova~cular system, 
or both, may result in acute respiratory failure. Three of the most 

Increased Hydrostatic Pressure 
Acute left ventricular failure 
Chronic congestive heart failure 
Obstruction of the left ventricular outflow tract 
Thoracic lymphatic insufficiency 
Volume overload 

Altered Permeability State 
Acute radiation pneumonitis 
Aspiration of gastric contents 
Drug overdose 
Near-drowning 
Pancreatitis 
Pneumonia 
Pulmonary embolus 
Shock states 
Systemic inflammatory response syndrome and multiple organ 

failure 
Sepsis 
Transfusion 
Trauma and burns 

Mixed or Incompletely Understood Pathogenesis 
Hanging injuries 
High-altitude pulmonary edema 
Narcotic overdose 
Neurogenic pulmonary edema 
Postextubation obstructive pulmonary edema 
Reexpansion pulmonary edema 
Tocolytic therapy 
Uremia 

common ma11ifestations of sud1 injury ate pulmonary edema, 
acute lung injmy, and ARDS. The clinician's ability to recogni:z.e 
and distinguish among these conditions is of critical importance 
because clinical management of these three entities varies con
siderably. 

Pulmonary edema is a condirion associated with accumula
tion of fl uid in the alveo.li. As a result of the fluid in tl1e lumen 
of the alveoli, oxygenation cannot take place and hypoxemia 
occurs. As a consequence, the patient must iJ1crease the work of 
breathing, including an increased respiratory rate and exagger
ated use of the muscles of breathing. Pulmonary edema is usually 
caused by increased vascular hydrostatic pressure associated with 
CHF and acute myocardial infarction {Ml). Iris also commonly 
associated with fluid overload as a result of overly aggressive 
resusci tation {Box 13-6). 

A consensus conference has identified acute lung injury 
and ARDS as two separate grades of respiratory failure second
ary tO injury. IJl contrast to pulmonary edema, which is associ
ated with increased wedge and right-sided heart pressure, acute 
lung injury and ARDS are associated with hypo-oxygenation 
because of a pathophysiologic iJillarnmatory response that leads 
to the accumulation of fluid in the alveoli , as weU as thickening 
in the space between the capillaries and the alveoli. Acute lung 
injury is associated with a Pa~/F1~ (fraction of inspired oxygen) 
ratio of less than 300, bilateral infiltrates on chest radiography; 
and a wedge pressure less than 18 mm Hg. It tends to be shorter 
in duration and not as severe. On the other band, ARDS is 
associated with a Paoz/FI~ ratio of less than 200 and also bas 
bilateral infiltrates and a wedge pressure less than 18 mm Hg. 

Presentation and Management 
Patie11ts with pulmonary edema often have a corresponding 
cardiac history, recent history of massive fluid administration, 
or both. In the presence of a frankly abnormal chest radiograph, 
invasive monitoring in the form of a Swan-Ganz catheter for 
evaluation of pulmonary capillary wedge pressure may be iJldi
cated. Patients with an elevated wedge pressure are managed 
by fluid restriction and aggressive diuresis. AdrniJustration of 
oxygen via face mask in mild cases and intubation in more severe 
cases is also clinically indicated. ln most cases, the pulmonary 
edema resolves quickly after diuresis and fluid restriction. 

Patients with acute lung i11ju.ry and ARDS generally have 
tacl1ypnea, dyspnea, and increased work of breathing, as mruu
fested by exaggerated use of the muscles of breatlung. Cyanosis 
is associated with advanced hypoxia ru1d is ru1 emergency. Aus
CLUtation of the lu11g fields reveals poor breath solLilds associated 
with crackles and, occasionally, with rales. Arterial blood gas 
analysis will reveal the presence of a low Pao2 and high Paco~. 
Adm1nistration of oxygen alone does not usually result in 
improvement in the hypoxia 

In patients with impending respiratory failure, including 
tachypnea, dyspnea, ru1d air hunger, management of acute lung 
injury and ARDS is initiated by immediate intubation plus 
careful administration of fluids; invasive monitoring with a 
Swan-Ganz catheter to assess wedge pressure and right-sided 
heart pressure is occa~ionally helpful The strategy involves 
maintaining the patient on tbe venti lator with assisted breathjng 
while the injured lung heals. A patient with severe acute lung 
injury or ARDS is initially placed on an Fto2 of 100% and then 
weaned to 60% a~ healing takes place. Positive end-expiratory 
pressure is a valuable adclition to ventilator management of 
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_Table 13-4 Criteria for Weaning from the Ventilator 
PARAMETER 
Respiratory rate 

Pao, 

Paco,. 

Minute ventilation 

Tidal volume 

Negative inspiratory force 

WEANING CRITERIA 

<25 breaths/min 

>70 mm Hg (F10,. of 40%) 

<45 mm Hg 

B-9 liters/min 

5-6 ml/kg 

- 25 em H20 

patients with thrs injury. Similarly, tidal volume needs to be 6 
to 8 mU kg, wirh peak pressure kept at 35 em H, O. Tidal 
volume is set at n 0 to 12 mU kg of body weight and the respira
tory rate is chosen to produce a Pacaz near 40 mm Hg. ln 
addition, the inspiratory- to-expiratory ratio is set at 1 :2. Most 
patients will require heavy sedation and pharmacologic paralysis 
during the early phases of recuperation. 

Careful monitoring of oxygenation, improvement of the 
respiratory rate with intermittent mandatory ventilation, and 
general alertness will suggest when the patient is ready to be 
extubated. Criteria for extubation are listed in Table 13-4. 

Pulmonary Embolism and 
Venous 111romboembolism 

Causes 
Venous thromboembolism describes DVT and pulmonary 
embolism (PE). PE is a serious postoperative complication that 
repre.~nts a source of preventable morbidity and mortality in 
the United States and is responsible for 5% to 10% of all 
in-hospital deaths. Undiagnosed PE has a hospital mortality rate 
as high as 30%. whkh falls to 8% if diagnosed and treated 
appropriately. 

Ven.ous thromboembolism {VT E) is caused by a perturba
tion of the homeostatic coagulation system induced by intimal 
iJ1jury, stasis of blood flow, and a bypercoagulable state. Risk 
factors for the development ofVTE are listed in Table L3-5.'8 

Thrombophilia describes hereditary and acquired biochem 
ical states that predispose to VT E. One in four fatal PE case.~ 
occurs in surgical patients. Survivors of VTE are at increased 
risk fo r recurrence. 1l1e highest risk ofVTE occurs in patients 
hospitalized for surgery. The prevalence of PE in patients with 
malignancy is 1 E o/o. The incidence of relative risk of DVT and 
PE in pacient~ with inflammatory bowel disease is approximately 
5% and 3o/o, respectively. In major traum a victims, the incidence 
of DVT exceeds 50o/o, with fatal emboli occurring in 0.4o/o to 
2% of cases. Critically ill and intensive care unit patients have 
multiple risk factors and are also at higher risk for VTE. Cemral 
venous catheter-related thromboses are more common with 
femoral placen1ent. Tiuombosis ranges from 4% to 28% after 
subclavian vein cannulation and 4o/o to 33% after internal 
jugular catheterization. In patients with subclavian or axillary 
vein thrombosis, PE is reported .in 9.4%. 

Most PEs origiJlate from an existing DVT in the legs, and 
the iliofemoral venous system represents the site from wbicl1 
most clinkally significant pulmonary emboU arise. Approxi
mately 50% of patients with proximal DVT develop aPE. Rare 
causes of PE include a fat embolus associated with fractures of 
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Table 13-5 Risk Factors for Venous Thromboembolism 
CATEGORY FACTORS 
General factors 

Inherited thrombophilia 

Acquired thrombophilia 

Pleuritic chest pain* 
Sudden dyspnea* 
Tachypnea 
Hemoptysis* 
Tachycardia* 
leg swelling* 

Advancing age 
Hospitalization or nursing home (with or 

Without surgery) 
Indwelling venous catheters 
Neurologic disease (plegia and paresis) 
Cardiomyopathy, myocardial infarction, or 

heart faifure secondary to valve disease 
Acute pulmonary disease (adult respiratory 

distress syndrome and pneumon1a) 
Ouonic obStructive lung disease 
Varicose veins 

Protein C deficiency 
Protein S deficiency 
Antithrombin Ill deficiency 
Dysfibrinogenemia 
Factor V leiden mutation 
Prothrombin gene mutation 
Hyperhomocysteinemia 
Anticardiolipin antibody 
Paroxysmal nocturnal hemoglobinemia 

Malignancy 
Inflammatory bowel disease 
Heparin-induced thrombocytopenia 
Trauma 
Major surgery 
Pregnancy/postpartum 
Nephrotic syndrome 
Beh~et's syndrome 
Systemic lupus erythematosus 
H1story of venous thromboembolism 

Pain on palpation of the leg* 
Acute right ventricular dysfunction 
Hypoxia 
Fourtll heart sound* 
loud second pulmonary sound* 
lnspir.atory crackles* 

*More common with pulmonary embolism. 

long bo nes and air embolism, ofren related to operative proce
dures and the presence of central lines. 

Presentation and Diagnosis 
The physiologic response to PE depends on the size of the 
thrombus, coexisting cardiopulmonary disease, and various neu
rohormonal effects. More than 50% of DVTs are silent and PE 
may be the fust manifestation of the disease. Most symptoms 
and signs associated with symptomatic PE are nonspecific aJld 
may be encountered wicl1 o ther disease states, such as Ml, pneu
mothorax, and pneumortia {Box L3-7). CXR has limited value 
in the diagnosis ofPE and is mainly used to rule out orher causes 
of a patient's symptoms. Approximately 5% to 10% of patients 
develop a massive PE cl1at re.m lts in hemodynamic instabil ity 
(hypotension, with or without shock) aJld death. The 
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probability of an individual having PE (pretest probability) is 
assessed by the sum of points given to VTE risk factors: the 
patiem's symptoms, signs, and laboratory results (e.g., electrocar
diogram [ECG], CXR, and arterial blood gas) most llkdy to be 
associated with PE. Using various scoring systems, patients are 
stratified imo low-, moderate-, and high-probabil ity categories. 

Establishing the diagnosis ofPE requires confirmatory tests 
(helical CT scan and/or a pulmonary angiogram) and ancillary 
tests (venous duplex ultrasound [VUS] and a D-dimer assay). 
Helical CT, also known as spiral CT or CT pulmonary angiog
raphy, has high specificity (92%) and sensitivity (86%), espe
cially for central PE (main pulmonary artery or subsegmental 
branches) and has replaced the V/Q scan as the initial rest of 
choice. [n addition to the findings listed in Box 13-7, spiral CT 
also allows diagnosis of other pulmonary causes of a patient's 
symptoms. 1l1e test, however, requires IV contrast, may not be 
available after normal working hours, requires a cooperative 
patient to avoid artifacts, may miss emboli in subsegmental 
arteries, which account for 20% of all pulmonary emboli, and 
may be inconclusive ill approxlmatdy 10% of cases. PuLnona.ry 
angiogram is the gold standard test because it visualizes the arte
rial tree directly and detects intravascular filling defects. It is used 
less commonly, however, because it is invasive. requires expertise, 
and after-hours availability is limited. 

Echocardiography is a rapid, noninvasive, available 
bedside test that provides quick results in a critically ill or 
hemodynamically unstable patient. Transtl1oracic echocardiog
raphy (TTE) shows the hemodynamic consequences of acute 
ventricular pressure overload-nan1dy, right ventricle dysfunc
tion (hypokinesia and dilation), interventricular septal flatten
ing and paradoxical motion, elevated tricuspid gradient, 
pulmonary hypertension, and a patent forame11 ovale. 19 Dys
ftulction of the right ventricle (RV) occurs in 30o/o to 50% of 
patients with PE who undergo echocardiography. The trans
esophageal echocardiogram also shows secondary changes in 
cardiac chamber size and functions caused by bemodyna.mic 
effects of the PE and may reveal a proximal intrapulmonary or 
free-floating intraca.rdiac dot. Echocardiography also rules out 
other causes of shock sucl1 as a pericardial tamponade. Trans
esophageal echocardiography is not always available and 
requires specialty trail1mg. 

VUS of rhe extremities is used as an indirect test for 
diagnosing PE. Approxlmardy one third of patients with PE 
will demonstrate lower extremity findmgs consistent with 
DVT. and 80% of PE patients have a DVT on the venogram. 
D-dimer is a degradation product of a cross-linked fibrin 
blood dot. Levels are typically elevated in patients with acute 
thromboen1bolism. Of the many D-dimer tests, enzyme
Linked immunosorbent assay (ELISA) is the most sensitive, 
with quick results. A negative test excludes the diagnosis, but 
a positive test d oes not rule in the diagnosis. 

Based on £he pretest clinical probability, a patient suspected 
of havi11g PE requires a CXR, ECG, arterial blood gas (ABG) 
analysis, and D-dilner assay. If leg symptoms are presem, VUS 
is performed and, if positive, the patient is considered to have 
PE and receives anticoagulant medication because treatment is 
similar to that for PE. If leg symptoms are absent, the spiral CT 
approach may be used. If the findil1gs on spiral CT are subop
timal or negative and there is a high clinical probability of PE, 
an angiogram is obtained. This approacl1 is nor appropriate for 
patients with iodinated dye allergy. 

In critically ill patients wid1 high suspicion for PE and 
patients with suspected massive PE, the workup depends on 
tl1eir hemodynamic stability. In stable pati.ents, anticoagulation 
is started if there are no contraindications, VUS is performed, 
and a spiral CT scan is obtained urgendy. In unstable patients, 
anticoagulation is starred and VUS and echoca.rdiography are 
performed. [f the ecllocardiographic results are positive, throm
bolytic therapy is started and, if negative. a pulmonary angio
gram is obtained. 

Treatment 
Medications used in the treatment of venous thromboembo
Lism are the beparlns, fondaparinux, VKAs, and thrombolytic 
agents. Heparil1 prevents the thrombin-mediated conversion of 
fibrinogen to fibrin and stops propagation of the thrombus. 
UFH is inexpensive and highly effective, enhances antithrom
botic activity of antithrombin III and factor Xa, and has a short 
plasma balf-life. LMWH primarily il1activates factor Xa and 
has a longer half-life and more predictable anticoagulant prop
erty. VKAs (e.g., warfariJ1) have a delayed onset of action and 
the potential to mteract with other medications. Fondaparilwx 
is a syntlletic pentasaccharide that selectively inhibits factor Xa. 
111rombolytic agents (e.g .• streptokinase. urokinase, recombi
nant tissue plasminogen activator) are used ill the treatment of 
massive PE. 

Treatment of PE starts with prevention. Because the great 
majority of PEs originates from e>tisting clots i.n the deep venous 
sysren1 of the legs in at-risk patients, identifying patients ar risk 
for DVT plus applying preventive measures is tile only way to 
decrease VTE-related morbidity and mortality. TI1e intensity of 
prophylaxis must match the risk for VTE and potential compli
cations of the medication (e.g., bleeding, heparin-induced 
thrombocytopenia (HITT]).According to theAmerican College 
of Clinical Pharmacy (ACCP), assessment of patients into low-, 
moderate- and high-risk categories for VTE is based on the type 
of surgery performed, patient mobility, risk of hleedil1g, and 
VTE risk based on the presence of additional risk facrors?0 Age 
is a significant risk factor, with the risk doubling with each 
decade beyond the age of 40 years. Most hospitalized patients 
have at least one risk factor for VTE and approximately 50% of 
tl1em have more than three r.isk factors. Pharmacologic prophy
laxis is an accepted and effective strategy.21 Ln the critically ill, 
heparin is first-Line prophylaxis. Prophylaxis is achieved with the 
administration of low-dose UFH given SC every 8 hours or 
LMWH given as a daily dose. Recent studies have suggested that 
LMWH is more effective prophylaxis than low-dose UFH 
(LDUF) i11 the critically ill and is associated a with reduced risk 
of major hemorrhage. Overt bleeding and thrombocytopenia are 
contraindications to chenJical prophylaxis. In patients undergo
ing surgery, LDUF is administered (5000 U, 3 to 4 homs pre
operatively and then every 8 hours). Fondapa.rffiux has emerged 
as an alternative prophylactic after major orthopedic surgery:. 
Nonpharmacologic prophylaxis can be adueved with clastic 
stockings, graduated compression stockings, iJltermittent pneu
matic compression devices, or venous foot pumps. Compression 
devices are not associated witl1 bleeding. They produce a satisfac
tory reduction in risk for DVT in high-risk surgical patients. 
However, little is known abom their efficacy as sole prophylaxis 
in the critically ill and they may be most beneficial in combina
tion with pharmacologic prophylaxis in tl1e subset of high-risk 
patients or solely il1 patients for whom the risk of bleeding is 
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high. 'TI1e presence of leg ulcers and peripheral vascular disease 
precludes the use of mechanical devices. 

AnticoaguJarion is the standard of care treatment for VTE. 
It prevents dot propagation and allows endogenous fibrinolytic 
activity to dissolve existi ng rllfombi, a process that occurs over 
weeks and months. Incomplete resolution is not uncommon and 
predisposes to recurrent VTE. The initial treatment is with 
LMWH, UFH, or fondaparinux, followed by VKA, which is 
administered on the same day as LMWH or UFH, with overlap 
for 5 days or longer until the target INR is achieved. In patients 
with YTE and active cancer, anticoagulation is continued indef
initely. Surgical patients within 24 hours of surgery may be 
considered for a Ietrievable inferior vena cava filter until antico
agulation is initiated. In patients with a contraindication to 
anticoagulation, placement of an inferior vena cava filter pro
tects against PE. 

UFH is given intravenously (a weight-adjusted bolus of 
70 U/kg is followed by I 000 U/hr) to adtieve a partial throm
boplastin time 1.5 to 2 times the control value. aPTr is deter
mined 6 hours after the loading dose and then on a dally basis, 
and the dose of heparin is adjusted accordingly. UFH is easily 
reversible and hence the agent of choice. LMWH is given SC 
once or t\vice daily (enoxaparin, 1.5 mg/kg/day, or dalteparin, 
10,000 to 18,000 U/day, depending on weigh t). Monitoring of 
LMWH is not necessary. Both UFH and LMWH may be asso
ciated with HITT, and therefore the platelet count is monitored 
bet\Veen days 3 ar1d 5. Warfarin is given orally and this therapy 
is allowed ro overlap with heparin therapy until the INR is 
therapeutic for 2 consecutive days before heparin is discontin
ued. TI1erapy is continued for more than 3 months, with the 
goal to reach an INR of 2.5. 

[n massive PE, the goal of therapy is to maintain hemody
nanlic stability, enhance coronary A ow, and minimize right ven
tricular ischemia Once suspected, resuscitation is initiated, 
oxygen administered, and IV UFH tberapy started. [n the 
hemC>dynamically Lmstahle, IV vasoactive medications are 
required. Tllfombolytic therapy, if not contraindicated, has the 
advantage of dissolving the d ot rapidly, with rapid improvement 
iJ1 pulmonary perfusion, hemodynamic alterations, gas exchange, 
and right ventricular fw1ction. The role of surgical embolectomy 
is controversial. The traJ1Scatheter technique (with or without 
low-dose thrombolytic therapy) is another therapeutic approad1. 
Placem.em of an inferior vena cava filter reduces the risk for 
recurrence of PE. 

Novel anticoagulants under investigation include factor Xa 
inhibitors (direct inhibitor [bypermethylated derivative of 
fondaparinux with a long half-Life given £V or SC) or indirect 
inhibitor mediated by antitruombin [given orally or parenter
ally]) and direct thrombin inhibitors. 

CARDIAC COMPLICATIONS 

Postoperative Hypertension 

Causes 
Hypertension is a serious problem that ca11 cause deva~tating 
complications in the preoperative, intraoperative, and postop
erative periods. Perioperarive hypertension (or hypotension) 
occurs in 25% of patients tmdergoing surgery. The risk of hyper
tension is related to the type of surgery performed and the 
presence ofperioperative hypertension. Cardiovascular, thoracic, 
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and intra-abdominal procedures are most commonly associated 
with hypertensive events. Preoperatively, most hypertension is 
essential hypertension; much less common are cases associated 
with renovascular causes and, even rarer, vasoactive tumors. 
Intraoperatively, fluid overload and pharmacologic agents may 
cause hypertension. Postoperatively, a hose of causative facrors 
are associated with hypertension, including pain, hypothermia. 
hypoxia, fluid overload in the postanesthesia period caused by 
fluid mobilization from the extravascular compartment, and 
discontinuation of chronic aJ1tihypertensive d1erapy before 
surgery. Other causes of postoperative hypertension include 
intra-abdominal bleeding, head trauma, clonidine withdrawal 
syndrome, and pheochromocywma crisis. 

Presentation and M anagement 
Most cases of hypertension are detected during the routine pre
operative workup. The observant surgeon will consider hyper
tension in the preoperative screening of patient~, recognizing 
that failure to detect significant problems with hypertension can 
lead to needless hypertension-related complications. By defuu
tion, any patient who has a diastolic blood pressure higher than 
110 mm Hg must be assessed and treated preoperatively if elec
tive surgery is being contemplated. Patients taking chronic anti
hypertensive medications who are undergoing elective surgery 
are instructed to continue taking the medication up to the day of 
surgery. Patients receiving oral donidine can be switched to a 
clonidine patch for at least 3 days before surgery. In emergency 
cases, che medications admiJusrered during induction and main
tenance of anesthesia will assist in bringing the blood pressure 
down. Intraoperatively, the anescl1es.iologist must carefuUy 
monitor blood pressure, make certain that it stays within accept
able linli ts, and avoid fluid overload, hypoxia, and hypothermia. 
In the postoperative period, the patient is given adequate analge
sia for paiJl control and long-term antihypertensive medications 
are res-umed. In patients who are not able to take oral medica
tions, beta blockers, angiotensin-converting enzyme (ACE) 
inhibitors, calcium channel ar1tagonists, or diuretics are given 
parenterally or donidine is admiJlistered as a transdermal patch. 

Although hypertension in the postoperative period is 
common, a hypertensive crisis is uncommon, especially after 
noncardiac surgery. A hyper tensive crisis is characterized by 
severe elevation of blood pressure associated with organ 
dysfunction--cerebral ru1d subarachnoid hemorrhage and 
stroke, acute cardiac events, renal dysfunction, and bleediJ1g 
from the operative wound. This particularly appears to be the 
case in carotid endarterectomy, aortic ru1eUIJ'Sm surgery, and 
many head and neck procedures. Diastolic hypertension 
(> 110 mm Hg) is sigtlificantly associated with cardiac complica
tions and systolic hypertension (> 160 11101 Hg) is associated 
wid1 an increased risk for stroke and death. In patients with 
new-onset or severe perioperative hypertension and patients 
with a hypertensive en1ergency, treatment with agents that have 
a rapid onset of action , short half-life, and few autononlic side 
effects to lower blood pressure is essential. Medications most 
commonly used in this setting include nitroprusside and nitro
glycerin (vasodilators), labetalol and esmolol (beta blockers), 
enalaprilat (useful for patients receiving long-term ACE inhibi
tOrs), and nicardipine (calcium chruu1d blocker). It is crucial iJ1 
the acute setting not to decrease blood pressure more than 25% 
to avoid ischemic strokes and bypoperfusion injury to other 
organs. 
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Perioperative Ischemia and Infarction 

Cause 
Approximately 30% of aU patients taken co the operating room 
have some degree of CAD. Older patients, patients witlJ periph
eral anery disease, and those undergoing vascular, rhoracic, 
major orthopedic, or upper abdominal procedures are at high 
risk for an acute coronary syndrome in the postoperative period. 
Major risk factors for developing CAD are smoking, family 
history, adverse Lipid profiles, diabetes mellints, and elevated 
blood pressure? 2 AJthough management ofnonoperative Ml has 
improved, the mortality associated witl1 perioperative MI 
remains approximately 30%. Perioperative myocardial compli
cations result im at least 10% of aU perioperative deaths. In the 
1970s, the risk for recurrence of MI within 3 months of an Ml 
was reported to be 30% and, if a patient underwent surgery 
within 3 to 6 months of infarction, me reinfarction rate was 
15%; 6 months postoperatively the rcinfarction rate was only 
5%. However, improved preoperative assessment, advances in 
anesthesia and intraoperative monitoring, and me availability of 
more sophisticated intensive care unit monitoring have resulted 
in improven1ent in the outcome of patients at risk for an acute 
cardiac event. Individuals undergoing an operation within 3 
monms of an infarction have an 8% to 15% reinfarction rate; 
between 3 and 6 months postoperatively, the reinfarction rate is 
only 3.5%. The general mortality associated with MI in patients 
without a surgEcal procedure is 12%. 

Myocardial ischemia and MI result from the imbalance 
between myocardial oxygen supply and demand. Primary causes 
that reduce myocardial perfusion and therefore oxygen supply 
include coronary artery narrowing caused by a thrombus that 
develops on a disrupted atherosclerotic plaque, dynanlic 
obstruction caused by spasm of an epicardial coronary artery or 
diseased blood vessel, and severe narrowing caused by progres
sive amerosclerosis. Secondary causes that increase myocardial 
oxygen requirements, usuaiJy in the presence of a fixed restricted 
oxygen supply (limited myocardial perfusion), are extrinsic 
cardiac factors that include fever and tacl1ycardia (increased 
myocardial oxygen demand), hypotension (reduced coronary 
blood £low), and anemia and hypoxemia (reduced myocardial 
oxyge11 delivery). 1l1e increased circularil1g catecl1olamines asso
ciated witll surgical stress fu.rther increase myocardial oxygen 
demand. 

Presentation and Diagnosis 
Acute coronary syndrome refers to a constellation of clinical 
symptoms that are compatible with myocardial ischemia and 
encompasses MI: ST-segment elevation myocardial infarction 
(STEMI) and depression (Q wave and non-Q wave), and unsta
ble angina (UA)/non-ST-segment elevation myocardial infarc
tion (NSTEMI). UA/NSTEMI is defined a.~ ST-segmenr 
depression or prominent T wave inversion and/or positive bio
markers of myonecrosis in the absence of ST-segment elevation 
and in an appiopriate clitucal setting. The risk for myocardial 
ischemia and MI is greatest in the first 48 hours after surgery, 
and it may be difficult to make tl1e diagnosis. 1l1e classic mani
festation, chest pain radiating into the jaw and left arm region, 
is often not present. Patients may have sbormess of breath, 
increased heart rate, hypotension, ur respiratory failme. Periup
erative myocardial iscl1emia and Ml are often siknt and, when 
they occur, are marked by shortness of breatl1 (heart failure, 

respiratory failure), increased heart rare (arrhythmias), change in 
mental status, or excessive hyperglycemia in diabetics. Many 
perioperative Mls are non-Q wave NSTEMI. Periprocedural 
MI is associated with me relea.o;e of biomarkers of necrosis, such 
as MB isoenzymes of creatinine kinase (CK-MB) and troponins, 
imo rhe circula£ion. 1l1e rroponin complex consists of three 
subun its, T (TnT), I (Tni), and C (TnC). TnT and Tnl are 
derived from heart-specific genes and are referred to as cardiac 
rroponins (cTns). cTns are not present in healthy individuals; 
tl1eir early relea~e is attributable to the cytosolic pool and late 
release to me structural pooL 

Patients considered to have acute coronary syndrome 
should have a 12-lead ECG and placed in an environment with 
continuous electrocardiographic monitoring and defibrillator 
capability. Biomarkers of myocardial necrosis are measured. 
CK-MB has a short half-life and is less sensitive and less specific 
tl1an cTns. Troponins can be detected in blood as early as 2 to 
4 hours but elevation may be delayed for up to 8 to 12 hours. 
The timing of elevation of cTns is simiJar to CK-MB but cTns 
persist longer, for up to 5 to 14 days. Elevated cTnlevels above 
me 99m percentile of normal in two or more bJood samples 
collected at least 6 hours apart indicates the presence of myo
cardial necrosis. Equivalent information is obtained with cTni 
and cTnT, except in patients with renal dysfunction, in whom 
cTni has a specific role. Each patient shou.ld have a provisional 
diagnosis of acute coronary syndrome with UA (electrocardio
graphic changes of ischemia and no biomarkers in ilie circula
tion), STEMI, or NSTEMI. 1l1e distinction has therapeutic 
implications because patients wirl1 STEMI may be considered 
for immediate reperfusion therapy (fibrinolysis or percutaneous 
intervention).~ 

Treabnent 
Preventing coronary ischemia is a function ofidenrifying patients 
prospectively at risk for a perioperative cardiac complication. 
This will aiJow improvement of me condition of ilie patient, 
possibly lowering the risk, selection of patients for invasive or 
noninvasive cardiac testing, and identifying patients who will 
benefit from more intensive perioperative monitoring. Preop
erative cardiac risk assessment includes adequate history taking, 
physical exan1.ination , and basic diagnostic tests. The history is 
important to identify patients with cardiac disea~e or those at 
risk for cardiac disease, including previous cardiac revasculariza
tion, history of Ml or stroke, and presence of valvular heart 
disease, heart failure, arrhythmia, hypertension, diabetes, lung 
disease, and renal disease. Unstable chest pain, especiaUy cre
scendo angina, warrants careful evaluation and probable post
poning of an elective operation. Physical exanlination may reveal 
unco11trolled hypertension, evidence of peripheral artery disease, 
arrhythmia, or clinical stigmata of heart failure (HF). The OCR 
may show pulmonary edema, ECG may show an arrhythmia, 
blood gas analysis may reveal hypercapnia or a low Pao2, and 
blood tests may show abnormal kidney function. The patient 
who is fotmd to have HF on physical exanlination or by history 
must have the problem treated before consideration for an elec
tive operative procedure. Guidelines for Perioperative Cardiovas
cular Evaluation for Noncardittc Su1-gery, published by the 
American College of Cardiology (ACA) and American Heart 
Association (AHA), have stratified clinical predictors of increased 
perioperative cardiovascular risk leading to Ml, CHF, or death 
into major, imem1edlate, and minor risks (Table 13-6) and 
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Table 13-6 Oinical Predictors of Increased Perioperative 
cardiovascular Risk Leading to Myocardial Infarction, Heart 
Failure, or Death ·------------------------------
LEVEL OF RISK RISK FACTOR 

Major 

Intermediate 

Minor 

Unstable coronary syndromes 
Arute or recent Ml with evidence of 

considerable ischemic risk as noted by clinical 
symptoms or noninvasive studies 

Unstable or severe angina (Canadian dass Ill 
or IV) 

Decompensated heart failure 
Significant arrhythmias 

High-grade atrioventrirular block 
Symptomatic ventricular arrhythmias in the 

presence of underlying heart disease 
Supraventricular arrhythmias with an 

uncontrolled ventncular rate 
Severe valve disease 

Mild angina pectoris (Canadian class I or II) 
Previous Ml rdentified by history or pathologic 

evidence 
Q waves 
Compensated or previous heart failure 
Diabetes mellitus (particularly insulin dependent) 
Renal insufficiency 

Advanced age 
Abnormal electrocardiogram (e.g., left ventricular 

hypertrophy, left bundle branch block, ST-T 
abnormalitres) 

Rhythm other than sinus (e.g., atrial fibrillation) 
Lovv functional capacity (e.g., inability to climb one 

flight of stairs with a bag of grocenes) 
History of stroke 
Uncontrolled systemic hypertension 

stratified cardiac risk into high, intermediate, and low (Table 
13-?).ll 

The ACC/AHA guideline.:; permit more appropriate use of 
preoperative testing (ecbocardiography, dipyridamole myocar
dial stress perfusion imaging, traditional exercise stres.~ test, or 
angiography) and beta blocker therapy, with probable canceUa
tion of the elective operative procedure.23 An algori thm for 
perioperative = diovascular evaluation is presented in Figure 
13-1. The role of preoperative coronary artery revascularization 
bas yet to be determined. Percutaneous transluminal coronary 
angioplasty may be beneficial in reducing perioperative cardiac 
morbidity in a select group of pariems. 

Patients identified as being at high risk for myocardial 
events in the perioperative period are managed with beta 
blockers, careful intraoperative monjtoring, maintenance of 
perioperative normothermia and vital signs, and contin ued post
operative pharmacologic management, including the adminis
tration of adequate pain medication . Given several days before 
surgery and continued for several days afterward, beta blockers 
(e.g., atenolol) have heen shown to reduce perioperative myo
cardial ischemia by 50% in patients with CAD or CAD risk 
factors.24 Patients with chronic stable angina continue with their 
antianginal med1cations, and beta blockers are continued to the 
time of surgery and thereafter . . An ECG is obtained before, 
immediately after, and for 2 days after surgery. Patients are 
monitored for 48 hours, and iJ1 high-risk patient.~ for 5 days, 
after surgery and cardiac enzyme levels are also checked. [nvasive 
hemodynamic monitoring is appropriate for patients wid1 left 
ventricuJar dysfunction, fixed cardiac output, and w1stable 
angina or recent MI. 
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Table 13-7 cardiac Risk Stratification for Noncardiac Surgical 
Procedures ------
LEVEL OF RISK 

High (cardiac risk often 
>5%) 

Intermediate (cardiac 
risk generally <5%) 

Low (cardiac risk 
generally <1%) 

RISK FACTOR 

Emergency major operations, particularly in 
the elderly 

Aortic and other major vasrular surgery 
Peripheral vascular surgery 
Anticipated prolonged surgical procedures 

associated with rarge flurd shrfts and 
blood loss 

Carotid endarterectomy 
Intraperitoneal and intrathoracic surgery 
Orthopedic surgery 
Prostate surgery 

Endoscopic procedures 
Superficial procedures 
Cataract surgery 
Breast surgery 

From Eagle KA. Berger PB, Calkins H. et al: ACC/ AHA Guideline Update for Peri
operative Cardiovascular Evaluation for Noncardiac Surgery-Executive Summary. 
A report of the American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines (Committee to Update the 1996 Guidelines on Peri
operative Cardiovascular Evaluation for Noncardiac Surgery). Anesth Analg 
94:1052-1064, 2002. 

Shortness of breath and chest pain remain the two postop
erative symptoms that must always be carefuUy evaluated and 
never written off as postoperative discomfort. Subtle changes in 
the ST segmem and T wave him of possible ischemia or MI. 
Evaluation of a patient suspected of having an intraoperative or 
postoperative MI in cludes immediate asses.~ment by electrocar
diography and measurement of biomarkers of myocardial necro
sis. Constant electrocardiographic moni toring is required so that 
the development of any potentially lethal arrhythmia can imme
diately be treated. If the level of cardiac function is a concern, 
echocardiography is considered. Cardiac troponin levels identify 
patients with myocardial necrosis but do not identify the cause 
of necrosis. Cardiac-specific troponi.n levels begin to rise by 3 
hours after myocardial injury. A troponin [level more than 1 ng/ 
mL is spedfic, and elevations persist for 7 to 10 days. Troponin 
T elevations persist for 10 to 14 days after MI. Medical manage
ment of myocardial ischerrua and Ml iJ1cludes inJm ediate 
adm inistration of high-fl ow oxygen, transfer to the intensive care 
unit, and early involvement of a cardiologist. 

TI1e goal of management of myocardial ischemia is to pre
serve the maximal an10unt of myocardial muscle possible, as weU 
as improve coronary blood flow and decrease myocardial work. 
lmmediate administration of beta blockers (oral or IV, dose
titrated to decrease heart rate to less than 70 beats/mm) and 
aspirin (160 to 325 mg) is essentiaL Beta blockers are not iJldi
cated for patients with bradycardia, hypotension, severe left 
ventricular dysfunction, heart block, or severe brond1ospastic 
disease.. Nitroglycerin (given as a continuous N infusion after a 
loading dose) alleviates pain and is beneficial for patients with 
MI complicated by HF or pulmonary edema. Systerruc heparin
ization (or SC LMWH), if not contraindicated, is administered. 
ln most cases, thrombolytic therapy is contraindicated in the 
postoperative period and can be used only in the situation in 
which minor surgery is performed. Studies bave shown that 
emergency stricture dilation and coronary artery stenting may 
be more effective than thrombolytic therapy. ACE inhibitors 
may be given early after MI, especial ly anterior MI or with a 
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Proposed surgery 

Emergent 

t 
Detailed risk assessment 

deferred to post-op period 

Cardiac 
vascularization 
in last 5 years 

Risk factors and 
no recent cardiac 

work-up 

Elective or urgent 

Cardiac evaluation 
in last 2 years, asymptomatic 
and stable 

No furthe r 
testing 

Clinical 
predictors 

No further 
testing 

Major predictors of risk 
(unstable chest pain. CHF, 
symptomatic arrhythmias, 

severe valvular disease) 

Evaluation and 
t reatment before 
elective s urgery 

Surgery 

Minor 
predictors 

of risk 

Surge ry 

Higln risk J 

Further 
testing 

1 
Surgery 

Intermediate predictors of risk 
with good to excellent function 
(prior Ml, stable angina, 
compensated CHF) 

Risk level 
of surgery 

' Intermediate 
risk 

Surgery 

FIGURE 13-1 Algorithm for perioperative cardiovascular evaluation for noncardiac surgery. Patients with major predictors of risk and patients 
with intermediate predictors of risk and a planned high-risk procedure undergo additional testing and resultant indicated treatment before 
elective surgery. CHF, Congestive heart failure; Ml, myocardial infarction. (Adapted from Eagle KA. Brundage BH, Chaitman BR. et al: Guidelines 
for perioperative cardiovascular evaluation for noncardiac surgery. Report of the American College of Cardiology/American Heart Association 
Task Force on Practice Guidelines. JAm Coli Cardiel 27: 910-945, 1996.) 

low left ventric11.1lar ejection fraction, and probably continued as 
a long-term therapy. Angiography must be strongly considered 
if the patient !has ongoing myocardial ischemia that does not 
respond to pharmacologic therapy. 

Cardiogenic Shock 

Causes 
Cardiogenic shock is one of the most serious sequelae of acute 
MI. Presumably, 50% or more of left ventricular muscle mass is 
irreversibly damaged, leading to a substantial reduction in 
cardiac output and resultu1g hypoperfusion. O ther possible, less 
frequent causes of cardiogenic shock include ruptured papillary 
muscle or ventricular wall, aortic valvular insufficiency, mi tral 
regurgi tation, and ventricular septal defect. Cardiogenk shock 
is a highly lethal condition that results in the death of up to 
75o/o of patien ts unless immediate management is instituted. 

Other serious sequelae from acute Ml include CHF, arrhyth
mias. and thromboembolic complications. 

Presentation and Management 
Observant physicians will watch a patient with an acute M I 
closely for evidence of the aforementioned complications. Car
diogenic shock usually develops rapidly over a short period and 
is marked by hypotension and respiratory fai lure. Aggressive 
managen1cnt is required to save the life of a patient with this 
devastating condition. Immediate insti tution of mechanical ven
ti lation with a high F102, and occasional monitori11g wi th a 
Swan-Ganz catheter, is important. For patients who do not 
respond to pharmacologic and conservative management, intra
aortic balloon pumps and ventricular assist devices may be life
saving. For patients who have adequate myocardial reserve, 
coronary artery bypass may occasionally be indjcated. Cardiac 
transplantation remains the gold standard treatment of end
stage H F. 
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Postoperative Cardiac Arrhythmias 

Causes 
Cardiac arrhythmias are common in the postoperative period 
and are more likely to occur in patients with structural heart 
disease. Cardiac arrhythmias are classified imo tachyarrhyth
mia, bradyarrhythmh, and heart block. Tachyarrhythmia is 
further subdivided imo supraventricular (sinus, atrial, nodal) 
and ventricular (premature ventricular contraction [PVC], 
ventricular tacl1ycardia, ventricular fibrillation). Sustained 
supraventricular arrhythmia in patients undergoing major 
noncardiac surgery may be associated with an increased risk 
for a cardiac evem (e.g., heart failure, MI, unstable angina) 
and cerebrovascuJar event.24 Factors associated with increased 
risk for supraventricular arrhythmias are increasing age, history 
of heart failure, and type of surgery performed. Sinus tachy
cardia and atrial flutter or fibrillation are the most common 
types of tachyarrhytlu11ia. Sinus tachycardia is caused by pain, 
fever, hypovolemia, anemia, anxiety and, less commonly, heart 
failure, Ml, thyrotoxicosis, and pheochromocytoma. Atrial 
flutter or fibrillation occurs commonly in patients wim elec
trolyte in1balance, history of atrial fibrillation, and chronic 
obstructive lung disease. 

Ventricular ectopy occurs in one third of patients after 
major noncardiac surgery and risk factors associated with an 
increased risk for PVCs include the presence of preoperative 
PVCs, history of CHF, and cigarette smoking. Postoperative risk 
factors include hypoxia, acute hypokalemia, and hypercapnia. 
Ventricular arrhythmias consist of largely benign and sustained 
ventricular tacll}'cardia and fibrillation. NonsustaiJled ventricu
lar tacl1ycardia commonly occurs during or after major vascular 
procedures. 

Presentation 
1hc physiologic impact of an arrhythmia depends 011 its type 
and duration and the patient's underlying cardiac status and 
ventricular response. Most arrhythmias are transient and 
benign and are not associated wiili sympwms or physiologic 
changes. Occasionally, sinus tachycardia may precipitate iscll
emia and PVCs, and unsustained ventricular tachycardia may 
precipitate ventricular tachycardia. Arrhythmias may also rep
resent a prelude to hemodynamic compromise, especially in 
patients with severe heart disease or a history of MI or 
cardiomyopathy. Both bradyarrhydunia and tacbyarrhythmia 
may decrea..~ cardiac output. Symptoms associated with 
arrhythmias include palpitations, chest paiJ1, shortness of 
breath, dizziness, loss of consciousness, cardiac ischemia, and 
hypotension. 

Treatment 
1l1e patient's underlying cardiac status is the key to manage
ment of arrhythmias. Arrhythmias may signal the presence of 
reversible causes or precipitatiJlg factors that must be sought 
and dealt with, and treatment is based on the presence of 
adverse hemodynamic effects of the arrhythmia, not its mere 
presence. [n tachyarrhythmia, control of the ventricular 
response is essential, and distinction between arrhythmias that 
traverse the acrirovemricular node (atrial fibrillation, ectopic 
atrial tachycardia) from those that do not (ventricular tachy
cardia, fibrillation) is paramount. Antiarrbythmics that alter 
atrioventricular node conduction and control the vemricular 

SURGICAL COMPLICATIONS CHAPTER 13 301 

j Cardiology consultation 
Monitoring of the patient on a telemetry floor or in the intensive 

care unit 
12-lea d ECG and long strip to differentiate between atrial and 

ventricular arrhythmia 
Oinical assessment 
• Vita l signs 
• Peripheral perfusion 
• Cardiac ischemia and congestive heart failure 
• level of consciousness 

Treatment of arrhythmia 
• Tachyarrhythmia 

• Unstable: Cardioversion 
• Stable 

Supraventricular tachyarrhythmia: Beta blockers 
(esmolol), ibutilide, or alternatives (e.g., digoxin, 
calcium channel blockers, amiodarone) 

Paroxysmal supraventricular tachyarrhythmia: vagal 
stimulation or adenosine. Digoxin, amiodarone, or 
calcium channel blocker if adenosine fails 

Multifocal atrial tachycardia: Beta blocker, calcium 
channel blocker, or amiodarone 

Ventricular tachycardia: tidocaine, procainamide, or 
amiodarone 

• Bradyarrhythmia 
• Sustained: Atropine or ~-adrenergic agonist 
• Transient: No therapy 

• Hea rt block: Persistent high-grade second- or third-degree 
block; insertion of a_.e.ermanent pacemaker 

rate are indicated in the treatment of arrhythmias that traverse 
the node and dangerous in those that do not. Beta blockers 
are avoided in patients wiili a low ejection fraction and bron
cbospastic lung disease. The ultimate goal of therapy is to 
achieve sinus rhyilim and, if not possible, prevention of com
pllcations associated wi.tb arrhydmlias must be addressed (e.g., 
anticoagulants given co patients with atrial fibrillation for 
more d1an 48 bours). 1l1e management of postoperative 
arrhythmias is outlined in Box 13-8. 

Postoperative Heart Failure 

Causes 
Heart failu re is a clinical syndrome characteri7..ed by any struc
tural or funccional cardiac disorder that in1pairs me ability of 
the ventricle to 611 with or eject blood.25 Several risk factors 
predispose to tbe development of bcart failure, the most sig
nificant of which are CAD, hypertension, and increasing age. 
Poorly controlled heart fai lure represents one of the most serious 
cardiac risk factors for a preoperative patient, whereas patients 
with well-managed heart failure generally do well during an 
operation. Many factors can lead to new-onset heart failure or 
decompensation of preexisting heart fai lure in the perioperative 
period., including perioperative myocardial ischemia or M[, 
volume overload, hypertension, sepsis, occult cardiac valvular 
disease, PE, and new-onset atrial fibrillation. The risk for heart 
failure is greatest immediatdy afrer surgery ru1d in rhe fuse 24 
to 48 hours afrer surgery. 
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Presentation 
Patients with poorly controlled heart failme or new-onset heart 
failme suffer from shortness of breath and wheez.ing. Physical 
examination often reveals tachycardia, a narrow pulse pressure, 
low pressure or orthostatic hypotension, jugular venous disten
tion, peripheral edema, rales, and general evidence of poor 
peripberal perfusion. The ECG may reveal an MI, ventricular 
hypertrophy, atrial enlargement, or arrhythmias. A CXR may 
indicate cardiomegaly, pulmonary edema, and plemal effusion. 
Echocardiography assesses ventricular hmction and provides 
information about regional wall motion and valve function. 

Treatment 
Management of patieJHS with heart failure is directed at optimiz-. 
ing preload, afterload, and myocardial contractility. Afterload 
reduction is accomplished by lowering the vascular resistance 
against which the heart must contract, and ACE inhibitors are 
a cornerstone of therapy for heart failure. Nitrates {venodilator) 
and hydralazine (vasodilator) reduce excessive preload and are 
used as an alternative in patients who cannot tolerate ACE 
inhibitors. ~-Adrenergic hlockade (selective or nonselective) for 
heart failure has proved effective in reducing mortality in patients 
with isd1emic and noniscbemic heart failure.'.G Digoxin (a sym
patholytic agent) has traditionally been used for patients with 
heart failure in sinus rhythm. Its use has decreased given the 
superior and definitive beneficial effects of ACE inhibitors and 
beta blockers. Diuretics are necessary iJl alJ patients with heart 
failure for the management of volume overload and relief of 
symptoms of congestion. Calcium charmd blockers are used 
only for the treatment of hypertension or angina not adequately 
controlled with other agents, such as ACE inhibitors or beta 
blockers. Inotropes iJ1crease cardiac contractility and are used in 
the critically ill ru1d patients with end-stage heart failure. 

RENAL AND URINARY TRACT COMPLICATIONS 

Urinary Retention 

Causes 
The inability to evacuate a urine-fiUed bladder is referred to as 
minary retention. Tlus is a conm1on postoperative complication 
seen with particularly high frequency in patients undergoing 
periru1al operations and hernia repair. Urinary retention may also 
occm after surgery for low rectal cancer when an injury to the 
nervous system affects bladder function. Most commonly, 
however, the complication is a reversible abnormality resulti11g 
from discoordination of the trigone and detrusor muscles as a 
result of increased pain and postoperative discomfort. Urinary 
retention is also occasionally seen after spinal procedures and 
may occur after overly vigorous IV administration of fluid. 
Benign prostatic hypertrophy ru1d, rarely, a urethral stricture 
may also be the cause of urinary retention. 

Presentation and Management 
Patients with postoperative urinary retention will complain of a 
dull constant discomfort in the hypogastrium. Urgency and 
actual pain in this area occm as the retention worsens. Percus
siOJl just above the pubis reveals fullness and tenderness. 

To prevent urinary retention, the population at greatest 
concern, older adults ru1d pati.ents who have undergone low 
aJlterior resection, must be watched carefully. Adequate 

mru1agement of paiJ1, including operative injection of local anes
thetics, may also diminish the incidence of urinary retention. 
Judicious administration of IV fluids dming the procedure and 
in the inlmediate postoperative period, especially in patients 
who have undergone anorectal surgery for be1ugn disease, may 
similarly diminish the likelihood of postoperative urinary reten
tion. furthermore, awareness of how much time has passed since 
the last voiding to cl1e present time is crucial in preventing acute 
retention. Most patients should not go more than 6 to 7 hours 
without passing some urine, ru1d an observant diniciru1 will 
make certain that no patient goes longer than that before under
going straight catheterization. 

General management principles for acute urinary retention 
include initial straight catheterization or placement of a Foley 
catheter, especially in older patients and patients who have 
undergone anterior resection because they may be unable to 
sense the fullness associated with retention. In high-risk patients, 
cystoscopy and cystometry may be required. 

Acute Renal Failure 

Causes 
Acute renal failure (ARF) is d1aracterized by a sudden reduc
tion in renal output that resulrs in the systemic accumulation 
of njtrogenous wastes. This hospital-acquired renal insuffi
ciency is more prevalent after major vascular procedmes (rup
tured aneurysm), renal transplantation, cardiopulmonary 
bypass procedures, major abdominal cases associated with 
septic shock, and major urologic operations. It may also occur 
iJl procedmes in which there is major blood loss, witb transfu
sion reactions, in serious diabetics undergoing operations, in 
life-threatening trauma, with major burn injuries, and iJ1 mul
tiple organ system failure. Hospital-acquired renal insuffi
ciency adversely a.ffects surgical outcomes and is associated 
with significant mortality, especially when dialysis is required. 
Tw() types of ARF have heen identified, oliguric and nonoligu
ric. Oliguric renal failme refers to urine in which volumes less 
than 480 mL are seen in a day. Nonoliguric renal failure 
iJwolves output exceeding 2 liters/day and is associated witb 
large runounts of isosthenuric urine that dears no toxins from 
the b loodstrerun. Factors leading to ARF cru1 be inflow, paren
chymal, or outflow, historically referred to as prerenal, renal, 
or postrenal, respectively (Table 13-8). 

L1 normal kidneys, effective perfusion of the glomeruli is 
maintained by an autoregulatory mechanism involving the affer
ent and efferent arterioles. Any factor that interferes with or 
disrupts this mechanism results in ARE Afferent constriction or 
efferent dilation decreases the glomerular filtration rate. Llflow; 
or prerenal, failure is secondary to hypotension, which causes 
afferent arteriolar constriction and efferent dilation, nonsteroidal 
anti-inflammatory drugs (NSAIDs), which inhibit afferent vaso
dilation, and gran1-negative sepsis, which causes decreased 
peripheral vascular resistance wlulc increasing renal vasocon
striction. Renal vascular stenosis and thrombosis cw also be 
causes, although these are mud1 less common. Outflow, or 
postrenal, ARF is caused by tubular obstruction from debris, 
crystals, or pigments, meteric obstruction, or urinary bladder 
oudlow obstruction. lsd1emia, toxins, or nephritis cause paren
d1ymal ARE 

The incidence of contrast-induced nephropathy has been 
increasing. TubuJar dm1age can occur witllin 48 hours of dye 
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Table 13-8 causes of Postoperative Acute Renal Failure 
INFLOW OR PRERENAL 

Sepsis 

PARENCHYMAL OR RENAL 
Renal ischemia 

OUTFLOW OR POSTRENAL 
Cellular debris (acute tubular necrosis) 
Crystals Medications 

Nonsteroidal anti-inflammatory drugs 
Angiotensin-converting enzyme inhibitors 

Drugs (aminoglycosides, amphotericin) 
Iodinated contrast media Uric acid 

Oxylate 
Pigment 

Myoglobin 
Hemoglobin 

Intravascular volume contracbon 
Hypovolemia 
Hemorrhage 
Dehydration 
Atherosderotic emboli 
Third spacing 
Cardiac failure 

Interstitial nephritis 

administration. Diabetic patients with vascular disea~e are at risk 
for major renal injury when contrast agents are administered. 
Administration of contras t to hypovolemic patients and those 
with preexisting renal dysfunction guarantees some degree of 
renal injury. 1l1e tubular injury is generally self-Limited and 
reversible. Diabetic patients with creatinine clearance lower than 
50 mUmin who receive 100 mL of contrast dye, however, can 
sustain severe tubuJar dan1age and may require dialysis. Blunt 
trauma with associated crush injuries places the patient at risk 
for ARF because of high serum levels of hematin and myoglobin, 
both of which are injmious to the renal tubules. ARF is a 
prominent featme in patients with acute compartment syn
drome.7-' Growing awareness of this problem bas led surgeons 
to intervene surgically, often restJdng in dramatic improvement 
in renal function and preservation of renal filtering capacity. 

Presentation and Management 
Prevention of hospital-acquired renal insufficiency requires the 
following: idend6cation of patients with preexisting renal dys
function; avoidance of hypovolemia, hypotension, and medica
tions that depress renal function; and j udkious use of nephrotoxic 
drugs.ln the presence of renal impairment, the dose of antibiot
ics given for serious infections must be adjusted. 1l1e risk for 
contrast-induced! nephropathy is reduced by adequate hydration 
and premedication with a free radical scavenger (e.g., 
N-acetylcystelne) or the use of alternative contrast (e.g., gado
liniwn). Renal hypoperfusion is avoided by opdmizing cardiac 
output and volume expansion. AdmiJlistration of Au.id must be 
particularly judicious in patients with a history of heart failure. 
MonitoriJlg renal ftmction in aU surgi.cal patients, at times 
including creatinine clearance, is a sotmd clinical practice. Early 
intervention in cases of postrenal obstruction and abdominal 
compartmenr syndrome can obviate the development of renal 
injury. 

Anuria that suddenly develops postoperatively in an other
wise healthy individual with no preexisting renal disease is 
postrenal in natLtre umU proven otherwise. A kink in the Foley 
catheter or obstruction must be cleared. In patients who have 
undergone major pelvic surgery, .ligation of the ureters is suspect. 
If renal ultrasotu.ld or a CT scan shows hydronephrosis, inlme
diate surgical treatment is indicated. Postrenal causes of ARF are 
the most dran1atic and straightforward to diagnose and treat, 
with significant immediate improvement after treatment. 

ARF is otherwise diagnosed when there is a rise in the 
senuu creadnine level, decrease in creadnine clearance, and 
urine output less than 400 mlJday (<20 mlJhr). Distinguish
ing between prerenal and renal azotemia, however, is 

complicated. Careful history taking may identif)r patients with 
preexisting renal dysfunction. Patients with large fluid losses 
from the Gl tract (e.g., diarrhea, vomidng, fistula, high ileos
tomy o utput) often have associated profound dehydration. In 
such cases, the rise in the blood urea nitrogen (BUN) level is 
usually more than the rise in the creatinine level and the ratio 
of BUN to creatinine is more than 20. On the other hand, 
exan1ination of the patient may reveal distended neck veins. rales 
in the lungs, and a cardiac gallop-all signs that a failing heart 
may be underperfusing the kidneys as the cause of the oliguria. 
Brown urine in the Foley bag in a trauma patient raises suspicion 
of myoglobinuria and requires rapid hydration, diuresis, and 
alkalinization of the urine. Evaluation of spun urine is helpful 
1be presence of hyalli1e casts indicates hypoperfusion and the 
presence of coarse granular casts indicates acute tubular necrosis. 
Lipoid. casts are found with NSAJD- and contrast-induced 
nephropathy and white and red cell casts are fotuld with pyelo
nephritis. ln patients with prcrenal azotemia, the concentratiJlg 
ability of the nephrons is normal, thereby resulting in normal 
urineosmolalityand fractional excretion ofsodium (>500 mOsm/ 
Liter and FEN• <1 o/o, respectively). CoJwersely, with acute tubular 
necrosis, the concentrating ability of the kidney is lost and the 
patient produces urine with an osmolality equal to that of serum 
and high urine sodium levels (350 mOsm and >50 mg/L, 
respecrivdy; Table 13-9). 1l1e best laboratory test for discrimi
nating prerenal from renal azotemia is probably FENa· In prer
enal patients, FENa is 1% or less, whereas in renal azotemia 
patients it often exceeds 3%. 

Once ARF is diagnosed, one has to ascertain whether the 
hypoperfusion of the kidney is caused by hypovolemia or cardiac 
failure. Disdngulshing the two is critical because giving heart 
failure patients more Auid exacerbates an already failing system. 
Similarly, giving diuretics to a hypovolemic patient can worsen 
the renal failure. If the prerenal patient has no history of cardiac 
disease, adn1inlstration of isosmotic fluid (normal saline or lac
tated Ringer's solution, or blood in patients who have hemor
rhaged) is indicated. The IV fluid can be given rapidly (1 liter 
over a 20- to 30-minute period) in young patients with healthy 
hearts and a Foley catheter in place to measure hourly urine 
output, and must be administered tllldl the patient is producing 
a minimum of 30 to 40 mUitr of urine. If Au.id administration 
does not result in improvement of the oliguria, placement of a 
central venous pressure or Swan-Ganz catheter is indicated to 
measure left- or right-sided heart filling pressure. In the presence 
of CHF, djuretics, fluid restriction, and appropriate cardiac 
medications are indicated. Ultrasow1d may show renal atrophy, 
reflecting the presence of cltronk metabolic disease. 
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_Table 13-9 Diagnostic Evaluation of Acute Renal Failure 
PARAMETER PRERENAL 
Urine osmolality >500 mOsm/liter 

Urinary sodium <20 mOsm/liter 

Fractional excretion of sodium <I% 

Urine, plasma creatinine leve >40 

Urine, plasma urea level >8 

Urine, plasma osmolality <1.5 

Treatmentr of ARF includes the management of Auid and 
electrolyte imbalance, careful monitoring of auld administra
tion, avoidance of nephrotoxic agents, provision of adequate 
nutrition, and adjustment of doses of renally excreted medica
tions unti l recovery of renal function. Most urgent in manage
ment of ARF is treating hypcrkalernia and a uld overload. 
Hyperkalemia can be managed with a sodium-potassium 
exchange resin, insulin plus glucose, an aerosolized P2-adrenergic 
agonist, and calcium gluconate. Insulin and P2-adrenergic ago
rusts shift potassium intracellularly. Hyperkalemia-associated 
cardiac irri tabili ty (prolonged PR interval or p<:·aked T waves) is 
urgently treated with the administration of a 10% calcium glu
conate solution over a 15-minute period, as well as simultaneous 
IV adminisrration of insulin and glucose (10-U IV bolus with 
50 mi. of a 50% dextrose solution, followed by continuation of 
glucose to prevent hypoglycemia). A P,-adrenergic agonist is 
given as a nebulizer containing l 0 to 20 mg in 4 mL of saline 
over a period of l U minutes or as an IV infusion containing 
0.5 mg. Calcium gluconate is given as 10 mi. of a 10% solution 
over a 5-minute period to reduce arrhythmias. Refractory hyper
kalemia associated with metabolic acidosis and rhabdomyolysis 
requires hemodialysis. [n less severe hyperkalemia, an ion 
exchange resin (sodium polystyrene [Kayexalate]) in e11emaform 
will help lower potassium levels. Phosphate levels also require 
careful monitoring. Hypophosphatemia can induce rhabdomy
olysis and respiratory failure and is treated with d)e oral admin
istration of Fleet Phospho-Soda. Hyperphosphatemla witb 
hypercalcenlia :increases me risk for calciphylaxis and is treated 
with the administration of phosphorus binders (calcium carbon
ate) or dialysis. IV fluids are monitored with an emphasis on 
fluid restriction and occasional use of catheters to measure right
and left-sided heart filling pressure co avoid fluid overload. 

When supportive measures fail, consideration must be 
given to hemodlalysis.u Indications for hemodialysis are listed 
in Box 13-9. Although some hemodynamic instability may 
occur duriJ1g dialysis, it is usually transient and may be treated 
with fluids. Dialysis may be contiJ1ued on an intermittent basis 
unti l renal function has returned, which occurs in most cases. 

ENDOCRINE GLAND DYSFUNCTION 

Adrenal lnsuffidency 

Causes 
Adrenal insufficiency is an uncommon but potentially lethal 
condition associated with failure of the adrenal glands to 
produce adequate glucocorticoids. Cortisol, the predorninam 

RENAL 

=Plasma 

>50 mOsm/liter 

>3% 

<20 

<3 

>1.5 

Hemodialysis 

Serum potassium > 5.5 mEqjliter 
Blood urea nitrogen > 80-90 mg/dl 
Persistent metabolic acidosis 
Acute fluid overload 

POSTRENAL 
Variable 

>50 mOsm/liter 

Variable 

<20 

Variable 

Variable 

Uremic symptoms (pericarditis, encephalopathy, anorexia) 
Removal of toxins 
Platelet dysfunction causing bleeding 
Hyperphosphatemia with hypercalcemia 

conlcosreroid secreted from the adrenal cortex, is Lmder d1e 
inAuence of adrenocorticotropic hormone (ACTH) released 
from the pituitary gland, which in turn is under the ,influence 
of hypod1alanlic corticotropiJ1-releasing hormone; both hor
mones are subject to negative feedback by cortisol itself. Cortisol 
is a stress hormone. 

Chronic adrenal insufficiency may remit from primary 
destruction of the adrenal gland or be secondary to a disease 
state or disorder involving the hypothalamus or anterior pitu
itary gland. Primary adrenal insufficiency is most frequently 
caused by autoinmmne adrenalitis (Addison's disease), in which 
the adrenal cortex is destroyed by cytotoxic lymphocytes. Sec
ondary adrenal insufficiency is most commonly caused by long
term administration of pharmacologic doses of glucocorticoids. 
Chronic use of glucocorticoids causes suppression of the 
hypothalamic-pituitary-adrenal axis, induces adrenal atrophy; 
and results in isolated adrenal insufficiency. 

Acute adrenal insufficiency may occur as a result of 
abrup t cessation of pharmacologic doses of chronic glucocor
ticoid therapy, surgical excision or destruction of the adrenal 
gland (adrenal hemorrhage, necrosis, or tluombosis in 
patients with sepsis or antiphospholipid syndrome), or surgi
cal excision or destruction (postpartum necrosis) of the pitu
itary gland. ln addition, so-called functional or relative acute 
adret1al insufficiency may develop in critically ill and septic 
patients. 

Presentation and Diagnosis 
1l1c clinical manifestations of adrenal insufficiency depend on 
cl1e cause of the disease ru1d associated endocrinopathies.2? 

Symproms and signs of chronic primary and secondary adrenal 
insufficiency are sinlllar and nonspecific-fatigue, weakness, 
a110rexia, weight loss, orthostatic dizziness, abdominal pain, 
diarrhea, depression, hyponatremia, hypoglycenlia, cosiJ10philia, 
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• Determine baseline serum cortisol level. 
• Give 250 11g cosyntropin IV (or IM). 
• Measure serum cortisol levels 30 to 60 min after 

cosyntropin is given. 
• Results 

• Normal adrenal function: Basal or postcorticotropin 
plasma cortisol concentration is at least 18 11g/dl 
(500 nmol/liter) or preferably 20 JJg/dl (550 nmolf 
liter). 

• Primary adrenal insufficiency: Cortisol secretion is not 
increased. 

• Severe secondary adrenal insufficiency: Cortisol levels 
increase a little or not at all because of adrenocortical 

decreased Libido and potency. Patients with primary hypoadre
nalism also show manifestations of elevated plasma levels of 
corticotropin and hyperpigmentation of the skin and mucous 
membranes. Patients with secondary disease, in contrast, ini
tially have neurologic or ophthalmologic symptoms (headaches, 
visual disturbances) before showing signs of hypothalamic
pituitary-adrenal axis disca~e (hypopituitarism). Manifestations 
of hypothalamic-pituitary-adrenal axis suppression include 
hypoadrenalism, decreased levels of corticotropin, and manifes
tations of other hormone deficiencies (e.g., pallor, loss of hair in 
androgen-dependeJlt areas, oligomenorrhea, diabetes insipidus, 
hypothyroidism). 

Laboratory test abnormalities, including hyponatremia, 
hyperkalemia, acidosis, hypoglycemia or hyperglycemia, normo
cytic anemia, eosinophi lia, and lymphocytosis, are present to a 
variable extent. The diagnosis, however, is established by measur
ing the morning plasma cortisol concentration. A level higher 
than 19 )lg/dL (525 nmollliter) rules out adrenal insufficiency 
and less than 3 JUgldL (83 nmol/ti ter) indicates its presence. A 
basal plasma corticotropin level exceeding 100 pg/ml (22 nmoll 
liter), low or low-normal basal aldosterone level, and increased 
reniJ1 con centration are indicative of primary hypoadrenalism. 
The rapid corticotropin stimulation test to determine adrenal 
responsiveness is d1e diagnostic procedure of choice when testing 
for primary adrenal insufficiency (Box 13-10). 

To confirm the diagnosis of secondary adrenal insuffi
ciency, the metyrapone rest is performed. .An iJlsufficicnt 
increase ln plasma 11-deoxycortisol and a low plasma cortisol 
concentration (<8 f..lg/dL) after the oral administration of 
metyrapone indicate the presence of secondary adrenal insulfi
dency. Magnetic resonance imaging (MRl) allows evaluation 
of the pituitary-hypothalamic region in patients with neuro
logic and ophthalmologic symptoms and cr is used to 
evaluate the adrenal glru1ds in patients with primary hypoadre
nalism. 

'TI1e diagnosis of acute adrenal imufficicncy can be espe
cially difficult to make in the critically iiJ. The condi tion is 
suspected i11 pati.ems exhibiting manifestations of preexist ing or 
undiagnosed chronic adrenal insufficiency in whom unexplained 
hypotension or hemodynamic instabili ty develops despite fluid 
resusci tation, as weU as ongoing evidence of inflanllllation 
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Table 13-10 Relative Corticosteroid Potency Compared With 
Hydrocortisone 

Short-AcUng 

Hydrocortisone 

Cortisone 

lntennedlate-Adillg 
Prednisone 

Prednisolone 

Methylprednisolone 

Triamcinolone 

Long-A ding 
Dexamethasone 

GLUCOCORTICOID 
ACTIVITY 

0.8 

4 

4 

5 

5 

20 

MINERALOCORTICOID 
ACTIVITY 

0.8 

0.25 

0.25 

Trace 

Trace 

Trace 

Adapted from Druck P, Andersen OK: Diabetes mellitus and other endocrine 
problems. In Stillman RM (eel): Surgery: Diagnosis and therapy, New York, 1989, 
lange, p 205. 

without ru1 obvious source ofinfection . Hyponatremia is usually 
present and does not respond to saline infusion. A sodium level 
less ilian 120 mmollliter is dangerous and may lead to delirium, 
coma, and seizures. Hypoglycen1ia and azotemia may also be 
present. An ECG will occasionally reveal low voltage and peaked 
T waves. To diagnose the condition, cortisol and corticotropin 
concentrations are ched<ed ru1d the short corticotropin stimula
tion tes t performed. 

Treatment 
Prevention and avoidance of adrenal insufficiency are achieved 
by a d1orough preoperative history, detailed instruction of 
patients receiving chronic corticosteroid therapy regarding the 
dangers of abrupt termination of the medication, and adequate 
perioperative corticosteroid administration. Specific patients 
wiili rheumatoid arthri tis, inflanm1atory bowel disea~e. or auto
immune disease and recipients of organ transplants are targeted. 
In the critically ill, a high i.ndex of suspicion can prevent a fatal 
outcome. A stress dose ofhyd rocortisone (1 00 mg) may be given 
with iJ1ducdon of ru1esthesia. For miJ10r surgical procedures, the 
usual maintenance dose is continued postoperatively. For major 
surgical procedures, a stress dose (100 mg) is continued every 8 
hours until the patient is stable or free of complications and d1en 
tapered ro the usual maintenance dose. 

Symptomatic patients are treated wim hydrocortisone or 
cortisone. Fludrocortisone {substitute for aldosterone) is also 
admin1stered to patients with primary disease. Patients who have 
received more thru1 20 mg of prednisone daily (or equivalent 
dose of another corticosteroid; Table 13- 1 0) for more than 3 
weeks within the previous year ru1d patients with CushiJ1g's 
syndrome who are undergoing surgery are presumed to have 
hypothalan1k-pituitary-adrenal axis suppression and must be 
treated in a simiJar fashion. 

Treatment of functional acute adrenal insufficiency involves 
immediate, rapid administration of high-dose hydrocortisone or 
metbyJprednisolone, with appropriate monitoring until clinical 
improven1ent is seen. Hypovolemia and hyponatremia are cor
rected with saline infusion. 
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Hyperthyroid Crisis 

Causes 

Hyperthyroidism refers to a sustained increase in the synthesis 
of thyroid hormones, and rhyroroxicosis is a clinical syndrome 
that results from an abnormal devation of circulating levels of 
thyroid hormone, regardless of cause. 1hyroid hormo11es are 
under the influence of pituitary gland thyroid-releasing hormone, 
which in turn is under the in1luenceofhypothalamic thyrotropin
releasing hormone; both are subject to negative feedback by the 
thyroid hormones. Thyroid hormones have physiologic effects 
on many organ systems, but the greatest effect is on the cardio
vascular system,. 

1hyroid crisis is a medical emergency that occurs in thy
rotoxic patients with toxic adenoma or toxic multinodular 
goiter, but most often in patients with Graves' disease. The 
crisis is frequently precipitated by a stressful event and charac
terized by exacerbation of hyperthyroidism and decompensa
tion of one or more organ systems. Mortallty is high, ranging 
from 20% to 50% if the crisis is tllliecognized and left 
untreated. 

Presentation and Diagnosis 
Clinical manifestations of hyperthyroidism include nervousness, 
fatigue, palpitations, heat intolerance, weight loss, atrial fibrilla
tion (in older patients), and ophthalmopathy characteri7..ed by 
eyelid retracdoJl or lag, periorbital edema, and proptosis. The 
onset of thyroid crisis is sudden and manifested by accentuation 
of the symptoms and signs of thyrotoxicosis and organ system 
dysftmction, including hyperpyrexia, tachycardia out of propor
tion to fever, dehydration and collapse, central nervous system 
dysfunction (delirium, psychosis, seizure, coma), cardiac mani
fe,stations, GI symptoms, and liver dysfunction. 

The diagnosis of thyrotoxicosis requires demonstration of 
elevated levels of circulating thyroid hormone and suppressed 
thyroid-stimulating hormone (TSH) levels and identification 
of the cause of the thyrotoxicosis. Free thyroxine (T~) and triio
dothyronine (TJ) represent the small w1bow1.d fraction of 
total thyroxine that is biologically active and correlate directly 
with the presence and severity of thyroid dysfu.nction. 1hyroid 
scintigraphy wi tl1 technetium pertechnetate (l9'"Tco n or 
iodine 123 C23I) provides information about the functional 
anatomy of the glru1d. [n Graves' disease, there is diffuse uptake; 
in Plummer's disease (toxic multinodular goiter), there is 
an inhomogeneous pattern with hot, cold, and warm areas, 
and with Goetsch's disease (toxic solitary nodule), there is 
intense activity in the area of the nodule, with suppression of 
paranodular tissue. 

Treatment 
In addition to the identification and treatment of the precipitat
ing factor(s) and supportive care, specific medications (e.g., 
iodine, propylthiouracil, P-adrenergic blockers, dexamethasone) 
that target hormonal synthesis and release and block peripheral 
effects of the hormone are administered (Box 13-11).30 Steroids 
are reguired to block the peripheral conversion ofT4 to T3 and 
as a supplement because tl1ere is increased steroid demand and 
turnover and decreased physiologic effectiveness. Cardioversion 
for supraventricular tachyarrhythm.ia is ineffective duri.ng the 
thyrotoxic storm. 

Identification and treatment of the precipitating factor 
Supportive care 

• Oxygen 
• IV fluid therapy 
• Sedation (chlorpromazine) 
• Venous thromboembolism prophylaxis with heparin 
• Dexamethasone 

Fever: antipyretics and cooling 
Heart failure: Digoxin and diuretics 
Atrial fibrillation: IV heparin 
Beta blockers: Oral propranolol, 60-80 mg/4 hr (or diltiazem), 

to reduce the heart rate below 1 00 beats/min. In very sick 
patients, esmolol is given IV and reserpine is given to 
patients refractory to large doses of propranolol. 

Propylthiouracil or methimazole 
Lugol's solution given 4 hr after propylthiouracil 
Plasmapheresis and charcoal plasma perfusion or exchange 

transfusion reserved for recalcitrant cases if no response in 
24-48 hr 

Once euthyroidism achieved, definitive therapy must be consid-
ered to a second crisis 

Definitive therapy for Graves' disease is accomplished with 
radioactive iodine or surgery. Radioactive iodine has obvious 
advantages in older, high-risk patients but needs to be avoided 
in children, pregnant women, and patients with large wxic 
adenomas. By using doses of 1231 in the range of 10 mCi (5 to 
15 mCi) and subsequent levothyroxine, tl1yrotoxicosis can be 
successfully managed in 85o/o to 90o/o of patients. 1l1e main side 
effect of radioactive iodine is hypothyroidism. Surgery usually 
includes one of two operations, total thyroidectomy or a lobec
tomy on one side with a subtotal lobectomy on tl1e other side. 
Total thyroidectomy is associated with a lower recurrence rate 
than subtotal thyroidectomy is (4o/o to 15o/o) but requires life
long T~ replacement postoperatively. Excision of the lesion is 
indicated for toxic adenoma, whereas total thyroidectomy is 
indkated for toxic multinodular goiter. Before surgery, patients 
must be made euthyroid with antithyroid drugs, and iodine is 
given for 7 days before surgery. 

Hypothyroidi.sm 

Causes 
Hypothyroidism is characterized by low systemic levels of 
thyroid hormone and may be exacerbated in the postoperative 
period in patients with preexisting chronic hypothyroidism or 
as a resul t of severe stress. Severe illness, physiologic stress, and 
drugs may inhibit the peripheral conversion of T4 to T 3 and 
induce a hypothyroid-like state. Hypothyroidism may be 
primary (e.g., surgical removal, ablation, disease of the thyroid 
gland), secondary (e.g., hypopituitarism), or tertiary (e.g., hypo
thalamic disea~e). 

Presentation and Diagnosis 
Patients with chronic hypothyroidism may be asymptomatic or, 
rarely, have the severe form (myxedema coma) characterized b}' 
coma, loss of deep tendon reflexes, cardiopulmonary collapse, 
ru1d high morratity(~Oo/o to 50o/o). Most, however, demonstrate 
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cold imolerance, coJJstipation, brittle hair, dry skin, sluggish
ness, weight gain, and fatigue. The impact of hypothyroidism is 
greatest on the cardiovascular system, with effects such as bra
dycardia, hypotension, impaired cardiac function, conduction 
abnormalities, pericardia! effusion, and increased risk for CAD. 
fn rhe crirically Ell (e.g., rhose with rrauma or sepsis), hypothy
roidism is associated with worsening of pulmonary function, 
a predisposition to pleural effusion, and susceptibility to 
hypothermia. 

TI1e ECG usually shows bradycardia, low voltage, and pro
longed PR, QRS, and QT intervals. In patients with primary 
hypothyroidism, serum total T1, free T 4, and free T 3 levels are 
low, whereas the TSH level is elevated. [n secondary disease, the 
TSH level, &ee T 1 index, and free T3 are low. Distinguishing the 
two is important because adrenal insufficiency is present in 
secondary disease and administration of levothyroxine must be 
accompanied by cortisol or the disease could be exacerbated. 

Treatment 
Patients with known hypothyroidism who arc receiving replace
ment hormonal therapy and are in the euthyroid state do not 
require any special treatment before surgery but are instructed 
to continue taking their medications. In patients with symptom
atic chronic hypothyroidism, surgery is postponed tmtil a euthy
roid state has been achieved. 

Patients with myxedema coma or those showing clinical 
signs of significant hypothyroidism (e.g., severe postoperative 
hypothermia, hypotension, hypoventilation, psychosis, obnm
dation) are immediately treated with thyroid hormone, con
comitant with the IV administration of hydrocortisone, to avoid 
an addisonian crisis. IV levotbyroxine or T3 may be given until 
oral ingestion is possible. 

Syndrome of Inappropriate Antidiuretic 
Hormone Seaetion 

Causes 
TI1e syndrome of inappropriate antidiuretic hormone secretion 
(SJADH) is the most common cause of chronic normovolemic 
hyponatremia. Hyponatremia is defined as a serum sodium con
centration lower tban 135 mmol/liter. SLADH is diagnosed in 
any patient who remains hyponatremic despite all arrempts to 

correct the imbalance in the presence of persistent antidimetic 
activity from elevated arginine vasopressin levels. Vasopressin is 
a natttralJy occurring antidiuretic hormone that regulates free 
water excretion. It is synthesized in tbe hypothalamus, trallS
ported co the posterior pituitary, and scored until specific stimuli 
cause it to be secreted i.nto the bloodstream. Thirst, hypovole
mia, nausea, hypoglycemia, and drugs are am011g the many 
stimuli for vasopressin. Disorders and conditions that predispose 
to this relatively rare condition include trauma, stroke, anti
diuretic hormone-producing tumors, drugs (ACE inhibitors, 
dopantine, NSAIDs), and pulmonary conditions. 

Presentation 
TI1e clinical features ofSJADH include anorexia, nausea, vomit
ing, obruJ1dadon, and lethargy. With more rapid onset, seizures, 
coma, and death can result. Clinical expression of the syndrome 
is caused by hyponatremia and is a function of the degree of 
hyponatremia, as well as the rapidity of its onset. The cardinal 
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criteria of SJADH include hyponatremia with hypotonicity of 
plasma, urine osmolality in excess of plasma osmolality, i.ncreased 
renal sodium excretion, absence of edema or vo.lume depletion, 
and normal renal fLmction. 

Treatment 
Management of SIADH includes treatment of the underlying 
disease process and removal of execs.~ water (i.e., treatment of 
the hyponatremia). Fluid restriction is the mainstay of manage
ment of chronic SJADH. LV administration of normal sali.ne is 
used only in significantly symptomatic patients witl1 chronic 
SJADH or those with symptomatic acute SJADH, with a dura
tion of less than 3 days. Correction must occur at a rare of 
0.5 mmoUiiter/hr until the serum sodium concentration is 
125 mg/ dL or higher. Rapid correction leads to serious perma
nent neurologic damage. Diuretics such as furosemide occasion
ally he!p correct the imbalance. In some cases, IV administration 
of 3% saline solution may be required, but correction must be 
done i:n a constant, sustained fas hion because overly rapid cor
rection can result in seizure activity. 

GASTIROINTESTINAL COMPLICATIONS 

Ileus and Early Postoperative Bowel Obstruction 

Causes 
Early postoperative bowel obstruction denotes obstruction 
occttrring wlrllin 30 days after surgery. The obsuucrion may be 
fw1ctional (i.e., ileus), caused by inhibition of propulsive bowel 
activity, or mechanical as a result of a barrier. Ileus that occurs 
immediately after surgery in the absence of precipitating factors 
and resolves within 2 to 4 days is termed primary or postoperative 
ileus. On the other band, ileus that occms as a result of a pre
cipitating factor and is associated with a delay in return of bowel 
function is termed secondar_y, adynamic, or paralytic ileus.31 

Mechanical bowel obstruction may he caused by a lun1inal, 
mural, or extraintestinal barrier. 

TI1e precise mechanism and cause of postoperative ileus are 
not completely understood. Several eve,nts that occur during an 
abdominal surgical procedure and in the perioperative period 
may interfere with or alter the contractile activity of the small 
bowel, which is governed by a complex interaction among the 
enteric nervous system, central nervous system, hormones, and 
local molecular and cellular inflan1matory factors. Smgical stress 
and manipulation of the bowel result in sustained inhibitory 
sympathetic activity and release of hormones and neurotrans
mitters, as well as activation of a local molecular inflammatory 
response that results in suppression of the neuromuscular appa
ratus.32 Jn the immediate postoperative period, restricted oral 
intake and postoperative narcotic analgesia also contribute to 
altered small bowel motility. Opiates and opioid peptidcs in the 
enteric nervous system suppress neuronal excitability. After tran
section and reanastomosis of the small bowel, the distal part of 
the bowel docs not react to the pacemaker (found in the duo
denum), and the frequency of contractions decreases. Other 
condi tions listed in Box 13-12 are associated with o r result in 
adynamic ikus. 

Mechanical early postoperative small bowel obstruction 
is commonly caused by adhesions (92o/o), a phlegmon or 
abscess, internal hernia, intestinal isd1emia, or intussusception. 
Intussusception occurring in the postoperative period is 
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Intestinal ParaiY!ic Ileus_ 

Pancreatitis 
Intra-abdominal infection (peritonitis or abscess) 
Retroperitoneal hemorrhage and inflammation 
Electrolyte abnormalities 
lengthy surgical procedure and prolonged exposure of abdom-

inal contents 
Medications (e.g., narcotics, psychotropic agents) 
Pneumonia 
Inflamed viscera 

relatively uncommon and is a rare occurrence after colorectal 
surgery. A phlegmon or abscess may be caused by leakage of 
intestinal contents from a disrupted anastomosis or by iatrogenic 
injury to the bowel during enterolysis or closure of laparotomy 
incision. Wi cll mechanical obstruction, there is an increased 
incidence of dliscrete, clustered contractions proximal to the 
obstruction that propel the intestinal contents past the point of 
obstruction (in cases of partial obstruction) and result in cramps. 
In high-grade or complete obstruction, the contents do not 
move distaiJy. but accumulate in the proximal part of the bowel 
and initiate retrograde contractions that empty the small bowel 
contents iJlto the stomach in preparation for expulsion during 
vomiting. 

Presentation 
Postoperative ileus affects cl1e stomach and colon prin1arUy. After 
laparotomy, small bowel motility returns within several hours, 
gastric motility within 24 to 48 hours, and colonic motility in 
48 to 72 hours. Secretions and swalJ.owed air are not en1ptied 
&om the stomach, and gastric dilation and vomiting may occur. 
1l1e remrn ofbQwd activity is heralded by the presence ofbowd 
sounds, flatus, and bowel movements. 

Patients with early postoperative small bowel obstruction 
do not show maJlifestations of bowel activity or have temporary 
return of bowel fi.mction. In adynamic ileus, the stomach, small 
bowel, and colon are affected. In mechailical obstruction, the 
obstruction may be partial or complete, may occur in the prox
imal part of the small bowel (high obstruction) or in the distal 
part of the small bowel (low obstruction}, and may be a closed
loop or open-ended obstruction:13 There is stasis and progressive 
accumulation of gastric and intestinal secretions aJ1d gas; the 
bowel may lose its cone aJld dilate, thereby resulting in abdom
inal distention, pain, nausea and vomiting, and obstipation. The 
extent of the clinical manifestations varies with the cause, degree, 
and level of obstruction. Patients with hlgh mechanical small 
bowel obstruction vomit early in the course and usually have no 
or minimal distention. The vomitus is generally bilious. Patients 
with distal obstruction, on the other hand, vomit later in the 
course and have more pronounced abdominal distention. The 
vomitus may initially be bilious and then becomes more fecu
lent. Differentiation becwee11 adynamic ileus aJld mechanical 
obstruction can be difficu.lt. With adynamic ileus, patients have 
diffuse discomfort but no sharp coHcky pain and a distended 
abdomen. 'They often have a quiet abdomen, with few bowel 
sounds detected on auscuJtation with a stethoscope. With 
mechanical ubstmctiun, high-pitch~d. tinkling sounds may be 
detected. Fever, tachycardia, maJlifestations of hypovolemia, and 
sepsis may also develop. 

The diagnosis of bowel obstruction is usually based on 
clinical findings and plain radiographs of the abdomen.33 

However, in the postoperative period, differentiation between 
adynamic ileus and mechanical obstruction is imperative 
because the treatment is completely different. A CT scan, 
abdominal radiographs, and small bowel follow-through are 
variably used to establish the diagnosis and a~sist in treatment 
decision making. In adynamic ileus, abdominal radiographs 
reveal diffusely dilated bowel throughout the intestinal tract, 
with air .in the colon and recnll.1l. Air-fluid levels may be 
prese'Jlt, and the amotmt of dilated bowel varies greatly. Witb 
mechanical bowel obstruction, mere is small bowel dilation 
with air-fluid levels and thickened valvulae connivemes in the 
bowel proxinlal to the point of obstmction and little or no gas 
in the bowel distal to the obstruction. A CT scan is more 
accurate for differentiating functional from mechanical 
obstruction by idenurying the so-called transition point or 
cutoff at the obstruction site iJ1 cases of mechanical obstruc
tion. It also determines the level (high or low) and degree of 
obstruction (partial versus high-grade or complete), differenti
ates between uncomplicated and compHcated (compromised 
bowel, perforation) obstruction, and identifies specific types of 
obstruction (closed-loop obstruction, intussusception). ln 
addition, CT may identify other associated disease states (e.g., 
bowel ischemia, phlegmon, abscess, pancreatitis}. Small bowel 
follow-through is indicated if the clinical picture of postopera
tive small bowel obstruction is confus.ing, radiographs of the 
abdomen are not diagnostic, or me response to expectant 
maJ1agemenr is inadequate. A staJ1dard battery of laboratory 
tests is also obtained. including a complete blood cell count 
with differential, determination of amylase, lipase, electrolyte, 
magnesium, and calcium levels, aJld urinalysis. 

Treatment 
Preventive measures must be started intraoperatively and con
tinued in the in1mediate postoperative period. A concerted effort 
must be made during aJlY abdominal operation to mi nimize 
injury to the bowel and oilier peritoneal surfaces, the recognized 
source of adhesion formati.on. During the operation, the surgeon 
must handle cl1e tissues gently aJ1d limit peritoneal dissection to 
on.ly what is essential. 'The bowel must not be al.lowed to desic
cate by prolonged exposure to air without protection. Moist 
laparotomy pads must be used to cover the bowel and must be 
moistened frequently if contact with me bowel is prolonged. 
Instrument injury to the bowel must be avoided. Given the 
importance of adhesion fom1ation aJld the large magnitude of 
serious problems related to adhesions, adjunctive measures, such 
as aJltiadbesion barriers, may be considered. A mll.1lber of anti
adhesion barriers are available, including an oxidized cellulose 
product aJld a product that is a combination of sodium hyal
uronate aJld carboxymethyl cellulose. 1l1ese agents may inhibit 
adhesions wherever they are placed. However. a decrease in the 
number of adhesions at the site of application does not 
necessarily translate into a decrease in the rate of small bowel 
obstruction. 

In the postoperative period, electrolyte levels arc monitored 
and aJlY imbalance corrected. Alternative analgesia to narcotics, 
such as NSAIDs and placement of a thoracic epidural with local 
anesd1etic, may be used when possible. lntubatiun of the 
stomach with an NG tube needs to be applied selectively. 
Routine intubation does nor confer aJlY appreciable effect and 
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is associated witb discomfort, inhibits ambulation, and predis
poses co aspiration, sinusitis, otitis, esophageal injury, and elec
trolyte imbalance. The use of prokinetic agents does not alter 
the outcome after colorectal surgery and other pharmacologic 
manipulations, such a~ parasympathetic agents, adrenergic 
blocking agents, and mcroclo~ramide, also have no impact on 
resolvir1g postoperative ileus.3 1l1e role of early postoperative 
feeding remains unclear. 

Once early postoperative obstruction is suspected or diag
nosed, a three-step approach is essential to guarantee a favorable 
outcome- resuscitation, investigation, and surgical intervcn
tion.33 Emergency relaparotomy is performed if cl1ere is a dosed
loop, high-grade, or complicated small bowel obstruction, 
intussusception, or peritonitis. Adynan:Uc ileus is treated by 
resolving some of the abnormalities listed in Box 13-12 and 
waiting expectantly for resolution, with surgery not usually 
being required. Partial mechanical small bowel obstruction is 
also initially managed expectantly and for a longer period, 7 to 
14 days, if the patient is stable and clinical and radiologic 
improvement cm1tinues. During ti:Us time, nutritional support 
is initiated and surgical intervention is performed if there are 
signs of deterioration or no improvement. 

Aade Abdominal Compartment Syndrome 

Cause 
Abdominal compartment syndrome (ACS) describes increasing 
organ dysfunction or failure as a result of IAH. IAH is present 
when there is a consistent increased lAP value higher cl1an 
12 mm Hg, determined by a minimum of three measurements 
conducted 4 to 6 hours apart, measured at the e11d of expiration 
ill a relaxed patient. ACS may be primary or secondary and 
develops when TAP is 20 mm Hg or higher, with or without 
abdominal perfusion pressure (APP) less than 50 mm Hg {at 
least three measurements performed 1 to 3 hours apart}; it is 
associated with failure of one or more organ systems that was 
not present previously. 

Prin1ary ACS develops as a result of paclwJogic lAH caused 
by in.tra-abdomlnal pathology and secondary ACS develops in 
the absence of i.ntra-abdomlnal primary pathology, injury, or 
intervention. Prin1ary ACS is most commonly encountered in 
victims of multiple trauma, especially after damage control 
surgery, and develops as a result of ileus caused by bowel edema 
and contamlnation, continued bleeding, coagulopatby, packing 
used to control b leeding, capillary leak, and massive fluid resus
citation and transfusion. Closure of a noncompliant abdominal 
wallLmder tension in these situations is associated with IAH in 
l 00% of cases. In nontrawna patients,lAH and possibly primary 
ACS have been reported to occur in patients with ascites, retro
peritoneal hemorrhage, pancreatitis, or pncLmlopcritoncum and 
after reduction of chronic hernias that have lost their domain, 
repair of ruptured abdomiJ1al aortic aneurysm, complex abdom
inal procedures, and liver transplantation. Secondary ACS is in 
part iatrogenic and commonly encOLmtered in patients with 
shock requiring aggressive Auid resuscitation with crystalloids, 
thermally injured and shock trauma victims, critically m hypo
thermic and septic patients, and those who have sustained 
cardiac arrest. Shock and ischemia increase capillary permeabil
ity: combined wutb excessive crystalloid resuscitation {leading to 

dilution of plasma) and gut reperfusion, which further increase 
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n:Ucrovascular permeability, exudation of fluid with resultant 
interstitial edema, bowel wall edema and ascites occurs. 

ln healthy individuals, rAP ranges from subatmospheric to 
5 mm Hg and Aucruates wiili respiration, body mass index, and 
activity. Following llllcomplicated abdon:Unal surgery, lAP 
ranges from 3 ro 15 mm Hg. lAP reAects i ntra~abdominal 
volume and abdominal wall compliance. With increased volume, 
there is a decrease in compliallce alld all}' further chal1ge in 
volume results in an increase in pressure, leading to lAH. In the 
early stages ofiAH, chal1ges in organ function are not detectable 
and of questionable clinical significance. With further increase 
in lAP, deleterious effects arc observed in the intra- and extra
abdominal organs and abdominal waUP Upward displacement 
of the diaphragm results in decreased thoracic volume and com
pliance and increased intrapleural pressure. 1l1is results in an 
ir1crcase in peak airway pressure (PAP), ventilation-perfusion 
(V-P) n:Usmatd1, hypoxia, hypercap1:Ua, and acidosis. When lAP 
read1es 25 mm Hg, cl1ere is all increase in end-respiratory pres
sure to achieve a fixed tidal volun1e. However, modest IAH can 
exacerbate acute lung iJ1jucy, inhalation iJ1jury, or respiratory 
distress syndrome. Compression of the ulfcrior vena cava and 
portal vein occurs and results in decrea.~ed venous return, and 
therefore a decrease in preload al1d pooling of blood in the 
splallchnic and lower extremity vascular beds, and increased 
peri pheral vascular resistance. Venous rerum decreases with lAP 
higher than 20 mm Hg. As a result, cardiac output (CO), 
cardiac index, and right at rial and pulmonary artery occlusion 
pressures decrease. Increased intrathoracic pressure also decreases 
left ventricular compliance, thus rcduciJ1g contractility and 
further decreasing the CO. Vemricular compliance is reduced 
when lAP is higher than 30 mm Hg. Cardiac output decreases, 
despite normovolcmia or apparent high filJmg pre.'iSures and a 
normal ejection when the lAP is 20 to 25 mmHg. Systen:Uc 
delivery of oxygen (00 decreases and whole body oxygen con
sumption is significantly reduced at an lAP higher than 
25 mmHg. 

Direct compression of the kidneys and obstruction of 
venous outflow, with resultant increase in prcrcnal vascular 
re.~istance alld shunting of blood from cl1e cortex to cl1e medulJa, 
results in a decrease in tl1e glomerular filtration rate, renal 
plasma Bow, glucose reabsorption, and urine output. [n the 
postoperative patient admitted to the intensive care unit with 
an lAP higher than 18 mm Hg, renal flmction is impaired by 
30%, independent of prercnal circulation. With an lAP higher 
than 25 mm Hg, renal output decreases in 65% of patients and 
in 100% of patients with an lAP higher than 35 mm Hg. 
Compression of the mesenteric vasculature leads to a decrease 
in splanchnic perfusion, mesenteric venous hypertension, and 
decreased hepatic arterial flow. This results in severe iJ1tranHtco
sal acidosis, intestinal edema, and visceral swelling, increased 
intestinal permeability, and possible bacterial translocation. 
Gastric intranmcosal acidosis develops with lAP higher than 20 
to 25 em H20 or 15 mm Hg. Elevated central venous pressure 
ulterfcres with venous cerebral outflow, witl1 consequent cere
bral pooling and increase i11 intracerebral pressure. Also, with 
dm1inished CO and increasing ir1tracerebral pressure, cerebral 
perfusion pressure decreases. [nterleukin 6 {JL-6} alld [L-1 B 
levels increase in response to increased lAP. Blood £low to the 
abdominal wall decreases with a progressive increase in lAP. 
This may result in an increa.~ed rate of abdominal wound com
plications. 
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Diagnosis 
The clinkal manifestations of primary and secondary ACS are 
similar. However, the effects of secondary ACS are more subtle, 
so the cUagnosis may be missed and the clinical deterioration of 
the patient is usually attributed to severity of the primary illi1ess 
or occurrence of irreversible shock. Secondary ACS ofren occurs 
during aggressive fluid resuscitation in patients with burns, extra
abdominal injury, or sepsis. Patients with ACS have difficulty 
breathing or are difficult to ventilate and exhibit rising PAP, 
decreased volumes, hypoxia, worsening hypercapnia, and dete
riorating compliance. Oliguria rarely occurs in the absence of 
respiratory dysfunction or failure. 'll1e CO is reduced, despite 
apparent high filling pressures, and vasopressor therapy is 
required. The abdomen becomes distended and tense and neuro
logic deterioration may occur. 'TI1e central venous pressure, pul
monary capillary wedge pressure (PCWP), and PAP become 
elevated and acidosis develops. Anuria, exacerbation of pulmo
nary failure, cardiac decompensation, and death ultimately occLLr. 

Use of the urinary bladder catheter has been the gold stan
dard and is the indirect method used to measure IAP.28 lAP is 
measured in the following ways: (1) using a regular Foley cath
eter. disconnect from drainage tubing, directly inject 50 mL, 
damp. insert needle, and measure; (2) a three-way Foley cath
eter with saline is injected into one port and lAP is measured 
through the other; or (3) a regular Foley catheter is serially con
nected to a three-way stopcock and a transducer. Other measure
ment kits have now become commercially available. Once 
measured, the pressure is graded: GI (lAP< 10 to L5 em H20), 
GII (lAP< 16 tto 25 em H 20), Gill (lAP< 26 to 35 em H20), 
and GIV (lAP > 36 em H20). 

Treatment 
The prevention of primary ACS entails leaving the peritoneal 
cavity open in patients at risk for IAH and after high-risk surgi
cal procedures. Patients at risk for secondary ACS receiving 
crystalloid resuscitation must be monitored closely and, when 
given more than 6 liters of crystalloid in a 6-hour period. lAP 
must be measured. In addition to blood pressure and urine 
output, monitoring APP (APP = mean arterial pressure - lAP) 
by continuously measuring lAP throughout resuscitation is a 
helpful indicator of the resuscitation end point. Routine mea
surement of IA'P must also be considered iJ1 critically il l patients 
because lAH is the leading cause of chest wall impairmem in 
ARDS. Monitoring gastric pH can detect cases of secondary 
ACS early after admission to the intensive care unit. A high 
incidence of suspicion is paramount, especially in cases of sec
ondary ACS in wbicb the onset is insicUous and manifestations 
are subtle. Patients exhibiting the prodromal phase of ACS 
benefit from timely intervention to relieve the lAH and prevent 
progression to ACS (Box 13-13). Conservative fl uid resuscita
tion, administration of analgesia, sedatives and pharmacologic 
paralysis, patient positioning, drainage of intra-abdominal fluid, 
escharotomy, renal placen1ent d1erapy, and diuretics are mea
sures that may prevent progression to ACS. 

Optimizing treatment and identifying patients witb 
IAH-ACS likely to benefi t from decompression is a challenging 
task. 'TI1e decision to intervene surgically is not based on IAH 
alone but rather on the presence of organ dysfunction in asso
ciation with IAH. Few patients with a pressure of 12 mm Hg 
have any orgam dysfunction, whereas lAP higher than 15 to 
20 mmHg is significant in every patient. With grade III IAH, 

Patients at risk for IAH and abdominal compartment syndrome 
are identified (e.g., major trauma, complex abdominal 
p rocedure). 

Organ function is monitored and assessed: 
• Lungs: Hypercapnia, hypoxia, difficult ventilation, ele

vated pulmonary artery pressure, drop in Pa0:1/Ft0:1 
ratio, decreased compliance, intrapulmonary shunt, 
increased dead space 

• Heart: Decreased cardiac output and cardiac index 
and need for vasopressors 

• Kidneys: Oliguria unresponsive to fluid therapy 
• Central nervous system: Glasgow coma scale score 

<10 or neurologic deterioration in the absence of 
neurotrauma 

• Abdomen: Distention; a scan to check for fluid col
lections, narrowing of inferior vena cava, compression 
of the kidneys, and rounding of abdomen 

Intra-abdominal pressure is measured and monitored with a 
urinary bladder or gastric catheter. 

Other tests to check organ dysfunction: 
• Gastric mucosal pH 
• Near-infrared spectroscopy to measure muscle and 

gastric tissue oxygenation 
• Abdominal perfusion pressure = mean arterial pres

sure - intra-abdominal pressure 
• Renal filtration gradient = mean arterial pressure - 2x 

intra-abdominal pressure 
• a scan 

Measures to lower IAH: 
• Drainage of intra-abdominal fluid collections 
• Musde relaxation 

Avoid primary closure of the indsion~aparotomy or mesh, 
Bogota bag, biomesh, or vacuum-assisted closure. 

decompression may be considered when tbe abdomen is tense 
and signs of extreme ventilatory dysfunction and oliguria 
develop. In grade IV IAH, with signs of ventilator and renal 
failure, decompression is indicated. In patients with severe head 
injury and lAP higher d1an 20 mm Hg, even without over( 
ACS, or intractable intracranial hypertension without obvious 
head injury, abdominal decompression m ust be considered. 
Unlike primary ACS, in which reopening of the preexisting 
laparotomy incision for decompression can be easUy done, 
there is usually reluctance to perform a formal laparotomy for 
decompression in cases of secondary ACS, especially in the 
absence of prin1ary intra-abdominal pathology. If nonoperative 
measures (see earlier) prove ineffective, fascial release wid1out 
exposing the peritoneal cavity using minimally invasive tech
niques has proven effective in lowering lAP in experin1ental 
animals.34 Decompression (formal laparotomy) is an emergency 
and is performed in the operating room. Decompression leads 
to reduction of lAH, severe hypotcnsion as a result of sudden 
decrease in system.ic vascular resistance, and abrupt increase in 
the true tidal volume delivered w the patient, with washout of 
the byproducts of anaerobic metaboJjsm from below the dia
phragm. 11us results i11 respiratory alkalosis. decrease in effec
tive preload, and a bolus of acid, potassium, and other 
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byproducts delivered to the heart, where they cause arrhythmia 
or asystolic arrest. Hence, decompression is performed after 
adequate preload with volume has been established. Most 
patients respond to decompression and survive. Once stable, 
the patient may be returned to the operating room for defini
tive closure. If primary closure is nor possible, closure may be 
effected with skin flaps only, composite mesh, bioprosthesis, 
bilateral medial advancement of rectus muscle and its fascia 
with lateral skin relaxation incisions, or tissue expanders and 
myocutaneous flaps. 

Postoperative Gastrointestinal Bleeding 

Causes 
Postoperative GF bleeding is one of the most worrisome com
plications encountered by general surgeons. Possible sources in 
the stomach include peptic ulcer disease, stress erosion, a 
MaUory-Weiss tear, and ga~tric varices; possible causes include 
in the small intes.tine, arteriovenous malformations and bleeding 
from an anastomosis and, in the large intestine, anastomotic 
hemorrhage, diverticulosis, arteriovenous malformations, and 
varices. 

[n the criticaUy iU, GI bleeding caused by stress ulceration 
is a serious complication. 1he incidence of bleeding from stress 
ulceration has decrea~ed in the past 15 years, mainly because of 
improved supportive care, superior acid suppression, and 
enJm1ced resuscitative measures. Clin ically significant bleeding 
that leads to hemodynamic insrabiliry, the need for transfusion 
of blood products, and occasionaUy operative intervention 
occurs in Less than 5% of cases and is a~sociated with significant 
mortality. Risk factors for stress ukeration are Listed in Box 
13-14. 

Presentation and Diagnosis 
When considering the source of d1c hemorrhage, a previous 
history is important when assessing the patient. A history of 
peptic uker disease and previous upper GI bleeding lead one to 
consider a duodenal ulcer. Severe trauma, major abdominal 
surgery, central nervous system injury, sepsis, or M[ may be 
associated withsttress ukeration . . An antecedent history of violent 
emesis leads to consideration of a MaiJory-Weiss tear, and a 
history of portal hypertension or variceal bleeding is a clue 
regarding the presence of esophageal varices. A previous history 
of diverticulosis 1111ay indicate that the hemorrhage is diverticular 
in nature. With a recent surgical history of intestinal anastomo
sis, oozing from tbe suture or staple Line may be cl1e source of 
GI bleeding. In distal colorectal anastomoses, bleeding may be 
the first sign of anastomotic breakdown. A previous history of 
aortk aneurysm repair may indicate the presence of an 
aortoduodenal fistula. A history of intake of NSAIDs or 

Multiple trauma 
Head trauma 
Major burns 
Ootting abnormalities 
Severe sepsis 
Systemic inflammatory response syndrome 
cardiac bypass 
Intracranial operations 

-------------------------------~ 
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anticoagulant or platelet inhibitor therapy wi.U identify patients 
at higb risk for postoperative bleeding. 

In general, bright red blood is considered to come from a 
colonic or distal smalJ bowel source. Melanotic stools suggest a 
gastric cause of the bleeding. However, rapid bleeding at any site 
may result in bright red blood. Bleeding from rhe anastomosis 
may be a slow ooze or a rapid hemorrhage that can lead to 
hypotension. Patients who appear to have lost a significant 
amoun t of blood have associated tachycardia or hypotension or 
have a significant decrea~e i.n hematocri t level. 

Treatment 
To prevent scres.~ ukerarion and decrease the risk for bleeding, 
patients at risk must receive aggressive fluid .resuscitation to 

improve oxygen delivery and prophylaxis that neutralizes or 
reduces gastric acid. Patients witl1 respiratory failure and coagu
lopathy benefit the most from propbyLaxis. Maintaining the 
gastric pH above 4 is essential to min.im ize gastric mucosal 
injury and p ropagation of injury by acid. This can be achieved 
with antacids, H1 blockers, M1 cholinoreccptor antagonists, 
sucralf:ate, or PPis. 

l11e basic principles of management of postoperative GI 
bleeding include the foUowing: 

1. Fluid resuscitation ~llld restoration of intravascular 
volLLme 

2. Checking and monitoring dotting parameters and 
correcting abnormali ties, as needed 

3. Identification and cream1em of aggravating factors 
4. Transfusion ofblood produces 
5. Identification and tream1ent of the source of cl1e 

bleeding 
In general, management of GI bleeding is best conducted 

in the intensive care unit setting. Fluid resuscitation with isos
motic crystalloids is beglUl after securing venous access. Blood 
san1ples arc sent to a~ess the hematocrit, platelet count, pro
thrombin time, partial thromhoplastin time, and INR. If the 
INR is elevated, vitamin K and fresb-fro:t..en plasma are admin
istered . Platelet transfusion is administered to patients with a 
prolonged bleeding time or to those who have been taking 
antiplatelet drugs; desmopressin acetate may also be given to 
patients in renal failure. Hypothermia, if present, is corrected. 

Blood transfusion is recommended when tachycardia and 
hypotension refractory to volume expansion are present, with a 
hemoglobin concentration in the 6- to 10-g!dL range and the 
extent of blood loss is unknown, a hemoglobin concentration 
less than 6 g/ dL, and rapid blood loss more than 30%, as well 
as iJl patients at risk for ischemia or those with an oxygen extrac
tion ratio more than 50%, with a decrease in Vo2•

35 An NG 
tube is placed and the effluent checked for the presence of blood. 
Nonbloody bilious drainage almost rules out a gastroduodenal 
source of the bleeding. If blood i.~ present, lavage with saline at 
room temperature is performed. 

Identification and treatment of the source of bleediJlg can 
be achieved with endoscopy, angiography or, occasionalJy, lapa
rotomy. Endoscopic control ofbleedi11g can be achieved with an 
injection of epinephrine, electrocoaguJation, laser coagulation, 
heater probe, argon plasma coaguJator, dip application, banding, 
or any combination of these modalities, depending on the source 
of bleeding. Visceral angiography .is indicated for patients who 
are actively bleedjng or when endoscopy fai ls to control the 
bleeding. Once an actively bleeding vessel is identified, 
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embolization (e.g., with Gelfoam, autologous blood dot, coils) 
often controls the bleeding. Infusion of vasopressin may be used 
iJl patients with severe stress ulceration, diverticulosis, and 
ongoing bleeding. Bleeding from an intestinal anastomosis and 
stress ulceration usually cease with expectant management. 
Rarely, a patient with an anasromosis may require a reoperarion 
to resect the anastomosis and reconnect the bowel. Similarly, 
surgery for stress ulceration is reserved for patients who fail 
medical managemenr. Usually, a generous gastrotomy is per
formed to evacuate the blood clots and oversew sires of active 
bleeding; uncommonly, total or subtotal gastrectomy, with or 
without vagotomy, is performed. Recurrence with both 
approaches is prevented in 50% to 80% of cases. 

Stomal Complications 

Causes 
Stomas are widely used in the treatment of colorecral, intestinal, 
and urologic diseases. An intestinal stoma can be an ileostomy, 
colostomy, or lllrostomy, end, loop, or end-loop, temporary or 
permanent, diverting or decompressiJJg, or continent or incon
tinent. A tube cecostomy and a blowhole are considered tempo
rary decompressing colostomies performed in emergencies. 
Stomal complications are rhe result of several causative factors. 
Technical facro:rs are most important in minimizing the compli
cation rare of stoma construction and are Largely preventable. 
Stomal complications are numerous (Table 13-11) and range 
from a borhersome problem with fir of the stomal appliance co 
major skin erosion and bleediJ1g. Early complications are con
sidered those d1at occur within 30 days after surgery. 

Presentation and Diagnosis 
Ischemic necro:Sis results from in1paired perfusion to tbe termi
nal portion of the bowel as a result of a tight aperture, overl.eal
ous trimming of mesentery, or mesenteric tension. Stomal 
retraction occurs early as a result of tension on the bowel or 
ischemic necrosis of the stoma. Late retraction is caused by 
increased thickness of the abdominal wall with weight gain. 
Stenosis occurs as a result of a small aperture, so-called natural 
maturation, iscbem.ia, recurrence of Crohn's disease, or develop
ment of carciJ1oma. Mucocutaneous separation develops as a 
resuJt of ischemia, inadequate approximation of mucosa to the 

Table 13-11 Stomal Complications 
-----------------------

Complication 
CATEGORY EARLY 

Stoma Poor location 
Retraction* 
Ischemic necrosis 
Detachment 
Abscess formation* 
Opening wrong end 

Peristomal skin Excoriation 
Dermatitis* 

Systemic High output" 

*May also develop as a late complication. 

LATE 

Prolapse 
Stenosis 
Parastomal hernia 
Fistula formation 
Gas 
Odor 

Parastomal varices 
Dermatoses 
Cancer 
Skin manifestations of 

inflammatory bowel 
disease 

Bowel obstruction 
Nondosure 

dermal layer of skin, excessive bowel tension, or peristomal 
infection. 

Stomal prolapse is most alarming to the patient and can 
result in incomplete diversion of stool, iJ1terfere with the stoma 
appliance, lead to leakage of stool, or become associated with 
obstructive symptoms and incarceration. Parasromal hernia for
mation occurs to some degree in most patients. A peristomal 
fistula is often a sign of Crohn's disease, may result from a deep 
suture used to mature the stoma, or may be caused by trauma 
ffom an appliance. 

Chemical dermatitis is caused by contact of the stoma 
effluent with peristomal skin as a result of a large openillg in the 
faceplate or leakage from an ill-fitted faceplate. Chemical der
matitis is initially manifested as erythen1a, ulceration (ileostomy 
effluent), encrustation (urostomy effluent), or pseudoepirhelio
matous hyperplasia. Wectious dermatitis may be caused by 
fungus, bacteria, tiJ1ea corporis, or C. albica11s. Allergic derma
titis may be related to any of the stomal equipment (e.g., face
plate, tape, belt), with skiJ1 manifestations appearing at the site 
of contact. Traumatic dermatitis occurs duriJ1g change of the 
stomal device, from strippillg of adhesive, or as a result of fric
tion or pressure from the stomal device or supportive belt. 
Traumatic dermatitis is manifested as erythema, erosion , and 
ulceration. 

Stoma patients are at risk for diarrhea and dehydration. 
The risk for dehydration depends on the type of stoma, Lmder
lying primary d isease process, and any concomitant bowel resec
tion; it commonly occurs in older patients, in hot weather, 
during strenuous extrcise, and in association with short bowel 
syndrome. 

Cutaneous manifestations of the disease may develop in the 
dan1aged pcristomal skin in patients affiicted with certain skin 
conditions, such as psoriasis. Pyoderma gangrenosa may develop 
in patients wi th inflammatory bowel disease, and parastomal 
varices may develop m patients with liver disease. 

Treatment 
To prevent most stomal complications, adherence to sound sur
gical ted1nique is imperative. Application of the ted111kal poim s 
shown in Box 13-15 ensures the construction of a healthy and 
well-positioned stoma i.n patients undergomg surgery. In emer
gencies and difficult cases such a.~ the obese, distended bowel, 
and shortened mesemery, to ensure delivery of a viable stoma 
free of tension, the fascial aperture may be made larger, tbe 
bowel may have to be extensively mobilized, the ileocolic artery 
and inferior mesenteric artery may have ro be divided at their 
origin, windows may need to be created in rhe mesentery, the 
stoma may be brought our at a site with less subcutaneous far 
(above the umbilicus), or altemative stomas may be selected. 

After construction of a stoma, a dusky appearance indicates 
!>ome degree of ischemia. The ischemia may be m ucosal or full 
thickness, and the extent and depth of ischemia dictate the need 
for immediate revision of the stoma. Viability of the stoma is 
d1ecked with a rest tube and a flashlight or endoscopy. Necrosis 
extending to and beyond the fascia requires immediate reopera
tion. Ischemia limited to a few millimeters is observed and may 
not result iJl any long-term sequelae. Repair of stomal retraction 
often requires laparoromy. 

Skin-level stenosis can be repaired locally and stenoses from 
other causes can be repaired via laparotomy. Complete separa
tion or detachment usually requires revision. Repair of end 
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BOX 13.:.15 Te(hnical Aspects of Stoma Construction 

Abdominal wall Aperture 
Excision of circu!lar piece of skin approximately 2 em in size 
Preservation of subcutaneous fat to provide support for the 

stoma 
Transrectus muscle placement of the stoma 
Fascial aperture to admit two fingers 

Stoma 
Selection of normal bowel for the stoma 
Adequate mobilization of bowel to avoid tension on the stoma 
Preservation of blood supply to end of bowel (marginal artery 

of the colon and last vascular arcade of small bowel mes
entery must be preserved) 

Small bowel serosa must not be denuded of >5 em of mesen
tery 

Maturation 
Primary maturation of end stoma or afferent limb of loop ileos-

tomy 
Avoidance of traversing skin with sutures during maturation 

other Maneuvers• 
Tunneling of bowel through extraperitoneal space of abdominal 

wall 
Mesenteric-peritoneal closure 
Fixation of mesentery or bowel to fascial ring 
Use of supportive rod with loop stomas 

*May be perfonned but have not been proved to be effective in preventing post
operative complications. 

stomal prolapse can be achieved locally by making a circumfer
ential incision at the mucocutaneous junction, excision of 
redundant bowel, and rematuration. Repair of loop stomal pro
lapse is achieved by local revision to an end stoma. Laparotomy 
may be required for the treatment of recurrent prolapse and 
prolapse associated with a parastomal hernia. Large permanent 
or complicated parasternal henuas are treated by relocating the 
stoma or reinforcing the fascia ring with mesh (synthetic or 
biomaterial). Treatment of a peristomal fistula entails resection 
of the diseased or involved segment of bowel and relocation of 
the stoma. Treatment of mucosal islands ranges &om ablation 
with electrocautery ro relocation of the stoma. 

Treatment of cbenlical dermatitis entails cleaning the 
damaged skin. the use of barriers, and a properly fitting stomal 
management system. Candidn dermatit is is best treated with 
nystatin powder. Allergic dermatitis is treated by ren1oval of the 
offending item and symptomatic relief is produced by oral anti
histamine or topical or oral steroid therapy. Traumatic dermati
tis is treated by patient education and application of a skin 
harrier under the tape is used to secure the faceplate in place. 
Occasional1y, in cases of severe dermatitis, the patient will have 
to be admitted to the hospital and placed on TPN while the 
skin around the stoma beals enough to allow subscquellt place
ment of an appliance. 

Clostridium dHficile Colitis 

Causes 
C dijficile colitis {CDC) is an inflammatory bowel d isea.~e 
caused by toxins produced by unopposed proliferation of the 
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Table 13-12 Factors Associated With lnaeased Risk for Clos
tridium difflcile Colitis 
CATEGORY 

Patient-related factors 

Treatment-related 
factors 

Facility-related factors 

RISK FACTORS 

Increasing age 
Preexisting renal disease 
Preexisting chronic obstructive lung disease 
Impaired 1mmune defense 
Underlying malignancy 
Underlying gastrointestinal disease 

Preoperative bowel deansing 
Antibiotic use 
Immunosuppressive therapy 
Surgery 
Prolonged hospital stay 

Intensive care units 
Caregivers 
Long-term facilities 

bacterium C difficile. Several factors arc associated with increased 
risk for CDC (Table 13-12). There has been an increased inci
dence and diagnosis rate of C dijficile infection (CDO i11 hos
pitallzed patients, as wcU as an increase in severity, requiring 
adnllssion to the intensive care unit, treatment faUure of the 
disease, colectomies, and 30-day mortality {4.7% in 1 Y92 to 
13.8% in 2003).3GS These changes are caused by increased 
awareness of the disease, advanced age ofi npatients, with numer
ous cornorbidities, ubiquitous use of antibiotics, and emergence 
and spread of a hype.rvirulent strain. Historically, cephalospo
riJ1S, cllndamyciJl, and arnpicUlin-an1oxicillin were. most com
monly associated with CDI. Fluoroquinolones, as a class of 
antibiotics, have emerged as the most prone and at increased risk 
to cause C DI, and the increased use of newer generation fiuo
roquin.olones is implicated i11 outbreaks of a Auoroquinolone
resistam strain. Since 2000, a hypcrvirulent toxinotype HI strau1 
of C difficile (designated BIINAP1/027 strain) has heen identi
fied in Canada, the United States, and England. Virulence of 
the wild-type C difficile bacteria is relared to enterotoxin A and 
cytotoxin B encoded by the genes tcdA and tcdB. Polymorphisms 
or partial deletions (18-base pair deletion) in tcdC may lead to 
increased production of toxins A and B at levels 16 and 23 times 
higher than the wild type. 

Antibiotic use continues w precede aLnost all cases of 
infection. Of patients con tracting C DC, 90% have received 
antibiotic therapy and 70o/o have been treated with multiple 
antibiotics. Patients receiving prolonged courses of antibiotic 
therapy are particularly susceptible, and those receiving prophy
laxis are also at risk. Prolonged hospital stay allows exposure co 
contaminated environmental surfaces by more susceptible 
people. L1tensive care and long-term facility units are nor only 
sit.es of heavy environmental contamination, hut also house 
critically Ul and vulnerable patients. Impaired host immune 
defense as a resul t of advanced age, surgery, inununosuppressive 
medications, HIV, and chemotherapy are major risk factors. The 
proportion of immunocompromised patients infecred with C 
difficile bas increased from 20% to 30% in the past decade. 
Surgical patients account for 45% to 55% of CDC, and the 
highe.sl rates of infection are noted in patients undergoing 
genera] and vascular surgery. C difficile is a gram-positive anaer
obic spore-forming bacillus; approximately 5o/o to 35% of bac
teria do not produce toxins and thus do not cause coli tis. 1he 
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during hospitalization. 
i\ntibiotic usc leads to a disturbance in the microflora of 

ate, and produce toxins. Toxin A, an enterotoxin, causes cell 
rounding, mucosal damage and inflammation, and release of 
inflammatory mediators. Toxin B is a potent that 
causes identical cell and activates the of cyto-
kines from human monocytes. The toxins translocate to the 

l'hag,oovtc>sls of toxins in the 
t>bhn•·~tiinn of several cvt:ol<.inccs 

response. 

Presentation and Dic:1gn,os1is 
Overgrowth of the results in a 

of disease states, 
dl<Lrrllca is the hallmark svn1pton1 

after antibiotic usc. 
but the incidence with :m ti b i o tics 

count, 
Pseudomembranous colitis is the more dramatic f!Jrm 

of the disease and in 40% of who arc signifi-

reveals nons1pec:1hc 

in tissue culture is a 
de:tectlon of toxin B (roundm1g 
dia.gnc:Jstic test for CDC. 

and patchy rnJth'"""~ l in severe disease. 
The psc~u<iOJJ.lemlbr::mc·s may be limited to the prox

of cases and the rectum may be spared in 
KJldJ<OgJraf>hs of the abdomen may be normal or 

dilation, thumb printing, or haus
show a thickened and edematous 

peritor1eal fluid. 
fulminant 

pn1mine~nt and are associated with svsternic 
I 

pnJminccnt feature that may suggest 
'u''"''"d"lL disease. Frank nf'1·ir,nn,f'~l 

signs and toxic and rapidly 
shock. Toxic megacolon slowly 
tcrizcd obstipation, a colon, and systernic 
fulmin:mt the toxin assay is in 12.5% of cases. 
CT and shows a boggy, edema-
tous, and in 88°/cJ, pancolitis in 
50%. serous ascites in 35%, inflammation in 35%, a 
clover leaf or accordion in 20%, and me:gacollon (tran:;verse 
colon >8 in 25% cases. :Slp;molc:io;;cc,py 
membranes in 90% of cases versus 

Treatment 
Treatment of CDC starts with prevention. However, this is dif
ficult because disinfectar1ts eliminate C. difficik but not the 

arc ineffective in 
stcan1 sterilization is 

ltHiJClOLIS usc of antibiotics, of standard 
measures to hospital usc a11d 

thermometers, and ar1d 
de>:Otltamination in case of outbreaks are for decreas-

mrJrt:~lit'V and associated with CDC. 
medical and 

and lower the 

mg, 
agents and narcotics are avoided. is 1ns:t1tute:d 
to correct dehydration. In the absence of oral intake is 
allowed. 25% to 30% develop recur-

of reinfection with a second strain or 
reactivation of tmngen1c 
mcnt of relapse is 

with recurrent 
combination therapy with vane<m1ycm 
administration of com1Jctiti•ve org:misn1s 

in the colon. Ti·eat
In 

and may tried. 
CDI respond to medical treatment but, 

occ:asiorlallly. the disease progresses to a more severe f(mn. such 
as fulminant and timely medical 
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and an increase i n organ dysfunction are alarming premortem 
signs.%.38 

Colectomy is indicated when medical treatment fails or 
when the patient develops hemodynamic instability, ftLlmlnant 
disease, toxic megacolon, or peritonitis. The timing of interven
tion is nor well established. Although the end poim of failure of 
medical therapy is not known, a 24- to 48-hour trial is consid
ered minimal. Early imervention commits the patient to a major 
surgical procedure and an ileostomy, and a delayed intervention 
is associated wi th high mortality (35% to 75%) . .36-38 

O nce the patient develops fuLuinant CDC, m ultiple organ 
failure, and hypotension, surgical intervention is less likely to be 
beneficial. Mortality is also increased wich advanced age (>65 
years), prolonged duration ofCDl, length of medical treatment, 
and elevated serum lactate levels.36-38 Consequently, to lower 
mortality of severe COl, patients at risk for fulminant disease 
are identified and the clinical features of the disease m ust be 
recognhed. Most im portantly, surgical intervention must be 
considered during a critical window that precedes the onset 
of multiple organ failure and hemodynamic collapse from 
prolonged septic shock. Early surgical intervention noted in 
recent years (2000-2006 versus 1995-1996) has changed the 
outcome, wi th a decrease in mortality from 65% to 32%.36•37 

The procedure of choice is total abdominal colectomy and ileos
tomy. Lesser procedures are less effective and associated with 
high mortality (70%) compared with 11 o/o with abdominal 
colectomy. 

Anastomotic leak 

Causes 
Numerous factolis can cause or are associated with an increased 
risk for anastomotic leak (Table 13-13). Mechaoical bowel prep
aration has long been considered a critical factor in preventing 
infectious complications after elective colorcctal surgery. ln 
emergencies, surgeons have resorted to on-table colonic lavage 
to cleanse the colon and primary anastomosis, with good results. 
Wirh decreased morbidity rates as a result of effective antibiotic 

Table 13-13 Risk Fadors Associated With Anastomotic Leak 
DEFINITM FACTORS 
Technical aspects: 

Blood supply 
Tension on the suture line 
Airtight and watertight 

anastomosis 

location in the Gl tract: 
Pancreaticoenteric 
Colorectal 

Above the peritoneal reflection 
Below the peritoneal reflection 

local factors: 
Septic environment 
Auid collection 

Bowel-related factors: 
Radiotherapy 
Compromised distal lumen 
Crohn's disease 

IMPUCATED FACTORS 
Mechanical bowel preparation 
Drains 
Advanced malignancy 
Shock and coagulopathy 

Emergency sur_gery 
Blood transfusron 
Malnutrition 
Obesity 
Gender 

Smoking 
Steroid therapy 
Neoadjuvant ·therapy 

Vitamin C. iron, zinc, and 
cysteine deficiency 

Stapler-related factors: 
Forceful extraction of the 

stapler 
Tears caused by anvil or gun 

insertion 
Fai lure of the stapler to 

close 
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prophylaxis, modern surgical techniques, and advances in 
patient care, the need for mechanical bowel preparation has been 
questioned. Studies have shown that mecl1anical bowel prepara
tion results in. adverse physiologic changes and structural altera
tions in the colonic mucosa and inflammatory changes in the 
bowel wall. Furthermore, some studies have suggested thar irs 
use in elective cases is not only unnecessary but also associated 
with increased anastomotic leaks, intra-abdominal and wound 
infections, and reoperation.39 Proponents of intraoperative 
lavage have also become content with sin1ply decompressing the 
dilated colon and Juill<.ing away fecal matter in the area of the 
anastomosis instead of aggressive cleansing. AJthough there is a 
trend toward elimination of cleansing of d1e colon in elective 
and emergent colon resection, one must be cautioned against 
abandoning the practice completely, especially for anterior resec
tions, in which the presence of stool in d1e rectum poses a 
problem with d1e use of staplers. 

1l1e level of the anastomosis in the G I tract is important. 
Althout;h small bowel, ileocolic, and ileorectal anastomoses are 
considered safe, esophageal, pancreaticoenteric, and colorectal 
anastomoses are considered high risk for leakage. In the esopha
gus, lack of serosa appears to be a significant contributing factor. 
In the pancreas, the texture of the gland and size of the pancre
atic duct, presence of pancreatic duct obstructive lesions, experi
ence of the operating surgeon, and probably the type of enteric 
anastomosis are implicated (see later). In the rectum, the highest 
leak rate is found i11 anastomoses in the distal rectum, 6 to 8 em 
from d1e anal verge. 

Adequate microcirculation at the rt"SCction margins is 
crucial for the healiJlg of any anastomosis. Factors interfering 
with the perianastomotic microcirculation include smoking, 
hypertcnsicm, locally enl1anced coagulation activity as a result of 
surgical trauma, perianastomotic hematoma, and presence of 
macrovascular disease. £n colorectal anastomose.:;, relative isch
emia in the rectal remnant is a factor because its blood supply 
is derived from the internal iliac artery via the inferior hemor
rhoida:l vessels, contribution from the middle hen1orrhoidal 
artery is minimal and, at best, variable because the vessels are 
mostly absent and, when present, are unilateral. Total mesorec
tal excision, neoadjuvant therapy, and extended lymphadenec
tomy with high ligation of tl1e inferior mesenteric artery are 
additional contributing factors. 

Intraluminal distention is believed to be responsible for 
rupture of an anastomosis. The mechanical strength of the anas
tomosis is important and, in the early period, is dependent on 
sutures or staples, with endothelial cells and fibrin-6brinonectin 
complex additionally contributing to cl1e tension force. Con
struction of a watertight and aittigllt anastomosis is therefore 
essentiaL Antiadhesive agents may predispose to leaks because 
they isolate tl1e anastomosis from tl1e peritoneum an.d omen tum 
and, as found in aoimal studies, decrease anastomotic hursting 
pressure and hydroxyproline levels.40 

Intra-abdominally placed open rubber drains are not 
helpful and, if left for more than 24 to 48 hours, are associated 
with an in creased risk of infection. In tl1e pelvis, drains have 
been shown in some studies to be associated with a higher leak 
rate. Conversely, draiJlS may remove blood, cellular debris, and 
serum that act as good culrure media for perianastomotic sepsis 
or abscess formation . Local sepsis affects the integrity of the 
anastomosis negatively as it reduces collagen synthesis and 
increases collagenase activity, whid1 results in increased lysis of 
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collagen at the anastomosis. Defunccioning or protective stomas 
do not decrease che overall leak rate but rather minimize che 
severity and sequelae of perianascomotic contami11ation and 
decrease the reoperation rate. Defunctioning stomas, however, 
deprive the colon of shore-chain fatty acids, resulting in exclu
sion colitis and delay in epithelialization of che anascomosis, and 
are associated with altered collagen metabolism observed in left
sided anastomoses. 

Bevadzurnab, an angiogenesis inhibitor, is associated with 
increased risk for surgical site complications. It is a humani'l,.ed 
monoclonal antibody that targets vascular endothelial growth 
factor (VEGF). VEGF is a critical factor for the survival of 
endocl1elial cells and is seleclively present in the neovasculamre 
of growing tun1ors. Bevacizumab binds with high speci£city and 
affinity to VEGF, inhibiting the binding ofVEGF co its recep
tors and negatively affecting angiogenesis and/or the remodeling 
of the existing network of blood vessels. Bevacizun1ab is used in 
combi11ation with standard chemotherapy IFL (irinotecan, 
5-fluorouracil [FU], and leucovorin) in the treatment of patients 
with metastatic colorectal cancer. Ln animal studies, antiangio
genic cancer therapy inhibits dermal wound healing in a dose
related fashion and compromises healing of colonic anastomoses. 
In patients with metastatic colorcctal cancer, it increases the risk 
of surgical site complications-spontaneous dehiscence of 
primary anastomosis and colocutaneous fistula formation from 
an anastomosis. Such complications may occur up to 2 years 
after surgery.41 1l1e mechanism is probably rdated to micro
thromboembolic disease leading to bowel ischemia, ililibition 
of angiogenesis il1 the microvascular bed of the new anastomosis, 
inhibition of neoru1giogenesis in postradiated tissue, ru1d reduc
tion in the number of newly formed vessels ill grrumlation tissue 
surrounding anastomotic sites. Risk factors for delayed anasto
motic complications include a history of anastomotic complica
tions, radiotherapy, and rectal location of anastomoses. 

Emergency bowel surgery is associated with high morbidity 
a11d mortality, in part because of sepsis and anastomotic leakage. 
1lus is related to the poor nutritional status of the patient, pres
ence of underlying malignancy, inlmunocompronlised state, 
presence of intra-abdominal contamination or sepsis, and hemo
dynamic i.tlstability. Ttru1sfusion, on the one bru1d, causes 
impaired cell-mediated immunity ru1d predisposes to infection 
and, on the o1ther hand, alleviates anemia and improves the 
oxygen-carrying capacity of red blood cells that may have a 
positive inlpact on healmg. Obesity increases the difficulty and 
complexity of the surgery. has been shown to be associated with 
increased postoperative complkations, and is an independent 
risk factor for an increasil1g leakage rate, especially after a low 
colorectal anastomosis. Steroids affect healil1g by decreasmg col
lagen synthesis, delaying the appearance of the illflammatory 
reaction, a11d reducmg the production of transforming growth 
facwr-13 ru1d insulin-like growth factor in wounds, which arc 
essential for wound healing. 

Presentation and Diagnosis 
Anastomotic leak is a dreadful complication to encounter. It 
rewlts in sepsis and enteric fistula formation, leads to reopcra
tion ru1d a possible permanent stoma, and is associated with 
decreased survival and il1creased local recurrence rate after cura
tive resection of cru1cer, ru1d possibly leads to death.42 

1l1e clinical manifestations are the result of a cascade of 
events that start wid1 loss of illtegrit:y of the ar1astomosis and 

leakage of intestinal contents. The leakage may be diffuse 
throughout the peritoneal cavity (tmcontrolJed leak) or become 
walled off by omentum, abdominal wall, ru1d contiguous loops 
of bowel, pelvic wall or adhesions from prior operations. If a 
surgical drain is present, intestinal contents are discharged onto 
the skin. lmra-abdominal fluid collections may contain intesti
nal oontents, frru1k pus, or pus mixed with intestinal contents. 
If the fluid collection is drained surgically or percutru1eously, 
there is an initial discharge of purulent material followed by 
feculent material heralding the formation of an enterocutaneous 
fistula (controlled fistula). If allowed to dram through the smgi
cal incision or abdonlinal wall, surgical wotmd mfection and 
dehiscence with evisceration or an abdominal wall abscess may 
occur. [f the fluid collection burrows into a contiguous structure 
such as the urinary bladder or vagina, spontaneous drainage 
occurs, with d1e formation of an enterovesical or encerovaginal 
fistula. 

Hence, after the index surgery, a patient may have an initia\ 
normal postoperalive course or may not have been progressing 
as expected. The early warning signs of ru1astomotic leak are 
malaise, fever, abdominal pain, ileus, localized erythema around 
the surgical incision, and leukocytosis. Patients may also develop 
bowel obstruction, induration. and erythema in the abdomina\ 
wall, rectal bleeding, or suprapubic pam. There may be a11 illitial 
exces.sive drainage from the surgical wound or surgical wound 
dehiscence ru1d/or evisceration. An intra-abdominal fluid collec
tion or abdominal wall abscess may be identified ru1d drained 
surgically or percutaneously. Patiems may also experience pneu
maturia. fecaluria, a11d pyuria. Once a fistulous communication 
is established, problems related to the loss of intestinal contents, 
perifi.stula skin, surgical wotmd, ru1d malnutrition soon ensue. 

Sepsis is a promi11cnt feature of anastomotic leakage and 
results from diffuse peritonitis or localized abscess, abdominal 
wall infection, or contamination of a sterile site with intestinal 
contents. Abdominal wall ilrtcction develops as a result of 
contact of purulent material with the muscle and subcutaneous 
tissue, tissue necrosis associated with fascial sutures, and/or 
contact of corrosive intestinal juices wid1 the abdonlinal wall, 
resulting in chemical erosion ru1d extension of the infectious 
process. Nondostridial necroti7lng ilrtections of the abdominal 
wall occur, particularly with fistulas of the lower GI tract that 
contain high concentrations of Enterobacteriaceae, nongroup 
A beta-hemolytic streptococci, ru1d ru1aerobic cocci or 
penicillin-sensitive Bacteroides spp. Contan1.ination of the 
urinary bladder with mtestmal contents (enterovesical fistula) 
results iJl urosepsis. 

Treatment 
Treatment of anastomotic leakage starts with prevention. In 
elective cases, nutritional support for 5 to 7 days is appropriate 
for patients who are malnourished or have lost significant 
an1ounrs of weight. Mechanical and chemical bowel prepara
tions arc still recommended by many surgeons prior to colorec
tal resection. L1 patients receiving or who have received 
bevadzumab, the appropriate interval between the last dose 
admiJlistercd and the surgery is not known. 1he terminal half
life of the medication is long-20 days-so wolllld beating 
complications are documented up to 56 days after treatment. It 
is advisable to delay elective smgery for at least 4 to 8 weeks or, 
preferably, three half-lives (60 days) after treatment. In parients 
wid1 newly constructed anastomoses who are candidates for 
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bevacizumab therapy. evaluation of the anastomosis prior to 
initiation of therapy with fine-cut cr scanning, barium enema, 
and colonoscopy allows identification of patients at risk for 
anastomotic complications. [n emergencies, especially in hemo
dynamically unstable, immLmocompromised, and nutritionally 
depleted patients, in the presence of fecal peritonitis, significant 
bowel dilation, and edema, an anastomosis is best avoided 
because a leak may prove fatal. 

Consrructio11 of an anastomosis that is at low risk for dis
ruption requires the following: 

1. Adequate exposure, gentle handling of tissues, aseptic 
precautiol1l, and meticulous, careful dissection 

2. Adequate mobilization so that the two attached 
organs have a tension-free anastomosis 

3. Correct technical placement of sutures or staples with 
little variance 

4. Matching of the llm1ina of the two organs to be con
nected , wbich can be done by various techniques 

5. Preservation of the blood supply to the ends of struc
tures to be anastomosed 

Sufficient microcirculation is essemial for healing of the 
anastomosis. In intestinal anastomoses, the marginal artery of 
tbe colon and last vascular arcade of small bowel mesentery must 
be preserved. The small bowel serosa must not be denuded of 
mesentery more than 3 to 4 em for hand-sewn anastomoses. ln 
the distal colon, to ensure a tension-free anastomosis, the fol
lowing maneuvers may be required: inferior mesemeric artery 
may be divided at irs origin, windows created in rhe mesentery 
of the small bowel up to the third portion of the duodenum, 
ru1d small branches interrupted between the arcades, creating 
mesenteric windows ru1d dividing the ileocolic vessels at their 
origin. For intestinal and colorectal ru1astomoses, there is no 
difference in the rate of anastomotic leakage between hand-sewn 
and stapled anastomoses ru1d among various stapling techniques, 
provided that sound surgical tedmique is followed. The decision 
to construct a one- or two-layer intestinal anastomosis is a 
matter of preference. A colorectal anastomosis is easier to 
perform in one layer. However, since the advent of stapling 
devices, an anastomosis deep in the pelvis has most commonly 
been stapled. l he technique is not only faster but also improves 
asepsis because the anastomosis is performed in a closed fashion 
compared with a hand-sewn anastomosis, which is considered 
ru1 «open ru1asromosis" and allows for more comanunation. ln 
low anterior resection, the omentum may be advanced to the 
pelvis and placed around the colorectal ru1astomosis. 'This 
maneuver may lower the rate of anastomotic leak or disruption 
but mostly appears to decrease the severity of the compHcation. 
Drainage of a colorectal anastomosis is advisable in difficult cases 
and when technkal problems are e11countered, or when neoad
juvant therapy has been used. DefLmctioning stomas are used 
for extraperitoneal anastomoses, when technical difficulties are 
encountered, or :after neoadjuvrult therapy. 

When constructing a pancreaticoenteric anastomosis, a 
pru1creaticojejunosromy is equivalent to pru1creaticogastrosromy. 
An end to side-duct to mucosa pancreaticojejwlOStomy is asso
ciated with a lower leak rate compared with an end-to-end 
invagiJlating pancreaticojejunostomy; obliteration of the main 
pancreatic duct witb protamine gel or human fibrin sealrult, or 
suture closme of the remnant pancreas without an anastomosis, 
is associated with the l1 ighest leak rate.43 'TI1e routine placement 
of drains in proximity to pancreatic ru1astomoses is controversial. 
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Drains and octreotide can be used when an anastomosis is per
formed ro a soft pancreas with a small duct and in lower surgi
cal volume centers or centers with a high leak rate {>lOo/o). 
Pancreatic duct stems (placed intraoperatively) continue to be 
used, des~ite the lack of data to suggest d1at they decrease the 
leak ra'te. 3 A pancreatic stem placed prior to a distal pancreatec
tomy decompresses the pancreatic duct by abolishing the pres
sure gradient between the pancreatic duct and duodenum ru1d 
may decrease the risk of fistula formation, thus allowing the sire 
of a leak to seal. 

Once an anastomotic leak is suspected or diagnosed, 
resusci ration is started immediately because patiems are ill the 
postoperative period a11d have been without nutrition. Further
more, they have a contracted i11travascular volume because of 
third spacing ru1d lost intestinal contents, and may have an 
electrolyte imbalance. Intravascular volume is restored with 
crystalloid BLlids and a blood transfusion if anemia is present 
and electrolyte imbalances are corrected. Oral intake is stopped 
and the bowel is put at rest to decrease luminal contents and 
Gl stimulation ru1d secretion. A NG rube is placed if obstruc
tive symptoms are present. Infected surgical wotmds are opened, 
and any abdonunal wall abscesses are incised and drained. 
Rcoperation is indicated if there is diffuse peritonitis, intra
abdominal hemorrhage, suspected iJ1testiJ1al ischemia, major 
wound disruption, or evisceration. Reoperation is a major 
undertaking ru1d is associated with significant mortality and 
morbidity. 'TI1e procedure is bloody and carries the risk of bowel 
il1jury. Primary closure of the leaking point only is avoided 
because failure is certain. 

TI1e mru1agement of duodenal and proximal jejunal leaks 
is a challenging task. In these situations, transgastric placement 
of a jejunal rube helps divert gastric and biliopancreatic secre
tions and placement of drains in close proximity to the leak 
allows external drainage of the intestinal contents. Pyloric exclu
sion and gastrojejunostomy should be used judiciously in these 
situations. Management of jejunal, ileal, and colorectal leaking 
anastomoses depends on the severity and duration of contrunina
tion, condition of the bowel, and hemodynanlic stability of the 
patient. tn a critically ill and w1stable patient, especially one 
with fecal peritonhis, a damage control type of procedure is 
performed-the aJ1astomosi.s is taken down, the ends of the 
bowel are stapled, peritoneal lavage is performed, and the inci
sion. is left open. A second-look laparotomy with stomal forma
tion is perfooned in 24 to 48 hours or once the patient is more 
stable. Otherwise, in d1e small bowel. an anastomosis may be 
performed or the ends of the bowel are delivered as stomas; in 
the colon, the proximal end of the colon is brought out as a 
colostomy and the distal end closed or brought out as a mucous 
fistula; ru1d, in d1e rectum, the distal end is dosed and the 
proximal end of the colon delivered as a stoma. A proximal 
diverting stoma with drainage of the pelvis is not adequate treat
ment of leaking colorectal anastomoses associated wid1 diffuse 
peritonitis. If the abdomen is left open, covering the bowel with 
the greater omentum (if available) or a biologic implant protects 
the bowel and prevents desiccation and spontaneous fistula for
mation. Negative-pressure woLu1d therapy is best avoided when 
bowel is exposed, esfecially iJl the presence of unprotected 
suture or staple Hne.4 

In the absence of diffuse peritonitis ru1d evisceration, a CT 
scan may identify single or multiple abscesses, pneumoperito
neum, asci tes and, at times, extravasation of oral contrast into 
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the peritoneal cavity. Multiple abscesses require open drainage, 
a single intra-ab dominal abscess can be drained percutaneously, 
and a pelvic abscess can be drained transrectally or transvagi
nally. Following drainage, an external fistula may develop. The 
management of a controlled fistula is outlined in the next 
section. If percm aneous drainage fails ro conuol sepsis, reopera
t.ion is indicated. At the time of open drainage of a pelvic abscess, 
if there is any doubt about the origin of the abscess (de novo 
abscess versus abscess secondary to a small anastomotic leak that 
has sealed), a defLmctioning stoma is constructed u11less there is 
complete disruption of the anastomosis. In that case, the ends 
of the bowel a.rre exteriorized as a stoma. A pancreaticojej unos
tomy leak, if small, can be created by placing a drain next to the 
leak. However, for an anastomosis that has almost fallen apart, 
the patient will probably require completion pancreatectomy. A 
patient who has a bile duct leak will require drainage of the 
infection and placement of a drain next to the leak or, in the 
case of a large leak, may require bile duct reconstruction. 

Intestinal Fistulas 

Causes 
A fistula represents an abnormal communication between two 
epithelialized surfaces, one of which is a hollow organ. [n the 
GJ tract, a fistula may develop between any two digestive organs 
or between a hollow organ and the skin and may be develop
mental or acquired. Acquired fistu.las account for most GI fistu
las and can be uaumatic, spontaneous, or postOperative in 
nature. 

Gl fistulas are most commonly iatrogenic, develop after ar1 
operation, and may occur anywhere in the GI tract. Esophageal, 
aortocnteric, ar1d rectal fistulas are not discussed in tllis section. 
In me past, acquired GI fistulas most commonly developed as a 
result of a difficLJt appendectomy. At present, they commonly 
occur as the result of anastomotic breakdown, dehiscence of a 
surgically closed segment of stomach or bowel, unrecognized 
iatrogenic bowel injury following adhesiolysis, or during closure 
of a laparotomy incision. Occasionally, mey develop after instru
mentation or drainage of a pancreatic, appendiceal, or diver
ticular fluid collection or abscess. The presence of intrinsic 
intestinal disease, sucl1 as Crohn's disease, radiation enteritis, 
distal obstruction, or a hostile abdominal environment, such as 
ar1 abscess or peritmlitis, are predisposing factors for fistula for
mation. The risk is also higher in emergencies when me patient 
may be malnoLLrished or poorly prepped. 

Gastric fis tulas are uncommon and frequently occur after 
resection for cancer and less frequently after resection for peptic 
uker disease, necrotizing pancreatitis, an antireflux procedure, 
or bariatric surgery. Pancreatic fistulas develop as a result of 
disruption of the main pancreatic duct or its branches secondary 
to trauma or postoperatively following pancreatic biopsy, distal 
pancreatectomy, pancreaticoduodenectomy, pancreatic necro
sectomy, and surgery on the stomach, biliary tree, or spleen. 
Intestinal fistulas develop after resection for cancer, diverticular 
disease, inflammatory bowel disease, or closure of a stoma. 

Presentation and Diagnosis 
Emerocutaneous fistLLlas are usually associated with a triad of 
sepsis, fluid and electrolyte imbalance, and malnutrition. Patients 
are usually in tbe postoperative period ar1d may not be progress
ing as expected or may have an initial normal postoperative 

course. They then start showing the manifestations of leakage of 
intesti11al contents (see earl.ier). The seriousness ar1d severity of 
tl1ese mar1ifestations depend on the surgical anatomy and phys
iology of tl1e fistula. fu1atonlically, the fistula may originate from 
me s tomach, duodenum, small bowel (proximal or distal), or 
large bowel. The rracr of the fistula may erode imo another 
portion of the intestines (enteroenteric fistula) or another hollow 
orgar1 (enrerovesical), rhus forming an internal fistula, or into 
me body surface {enterocutaneous and pancreatic fistula) or 
vagina {enterovaginal fistLLia), thus forming ar1 external fistula. 
A mixed fistula describes an imernal fistula associated with art 
external fistula. A superficial fistula drains on top of an open or 
grarlLI1ating wound; in a deep fisru1a, me uact uaverse.~ the 
abdominal cavity and drains onto the skin. Physiologically, the 
fistula is classified as high or low output on the basis of the 
volume of discharge in 24 hours. The exact definit ion of low 
ar1d high output varies from 200 to 500 mL/24 hr. H owever, 
tl1ree different categories are recognized- low output 
(<200 mL/24 hr), moderate output (200 to 500 mL/24 hr), 
ar1d lligb output (>500 mL/24 hr). The Ueum is me site of the 
fistula in 50% of high-output fistulas. The discussion iJ1 tllis 
section focuses mainly on external fistulas. 

Sepsis is a prominent feature of postoperative intestina\ 
fistulas and is present in 25o/o to 75o/o of cases. As noted earlier, 
sepsis is the result of diffuse peritonitis or localized abscess, 
abdominal wall or necrotizing infection, or contanlination of a 
sterile hollow organ with intestin al contents. 

Loss of intestinal coments through the fistula results in 
hypovolemia and dehydration, electrolyte and acid-base imbal
arlce, loss of protei.n and trace elen1ents. and maL1utrition. In a 
high intestu1al fisnJa, it also results in loss of the normal inhibi
tory effect on gastric secretion, tlllls resulting in a gastric hyper
secretory state. Witl1 high-output enterocutaneous fistulas, mere 
is also intrahepatic cholestasis related to the loss of bile salts, 
disruption of em erohepatic circulation, and bacterial overgrowth 
in the defLlllCtionalized intestine. Malnutrition results from loss 
of protein-rich secretions, lack of nuuient intake, los.~ of absorp
tion caused by bypass of the gut (e.g., gastrocolic, duodenocolic, 
high enterocutar1eous fistulas) , ar1d sepsis that sets the stage for 
nutri tiona\ deficiency and rapid breakdown ofbody muscle mass. 
In gastroduodenal ar1d proximal small bowel fistulas, the output 
is high and the Awd loss, electrolyte imbalar1ce, and malabsorp
tion are profound. ln distal small bowel ar1d colonic fistulas, tl1e 
output is low ar1d dehydration, acid-base imbalance, ar1d malmr
t.rition are uncommon. Significant electrolyte imbalance occurs 
in 45o/o of patients and malnutrition occurs in 55o/o to 90%. 

Skin and surgical wound complications develop as a result 
of contact of GI effluent with skin or the wound. Effluem der
matitis results from the corrosive effect of intestinal contents, 
which cause irritation, maceration, excoriation, LJceration, and 
infection of tl1e skin. Fecal dermatitis is marked by erythema 
and desquan1ation and may encomage skin sepsis. Superficiai 
ar1d deep smgical wound and necrotizing infections also develop. 
Pain and itching by contact of effluent with unprotected skin is 
intolerable and affects me morale of the patient. 

Treatment 
PostOperative intestinal fistulas are not a new problem but rather 
continue to be a challenging clinical scenario. Their etiogenesis 
bas cl1anged an.d tl1eir management continues to evolve. Ln the 
past, the main focus of management involved suctioning of tbe 
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Table 13-14 Factors Affecting Healing of External Intestinal Fistulas 
FACTORS 

Surgical anatomy of the fistula 

FAVORABLE 

long tract. >2 em 
Single tract 

UNFAVORABLE 

Short tract. <2 em 
Multiple tracts 
Assodated internal fistulas 
End fistula 

No other fistulas 
lateral fistula 
Nonepithelialized tract 
Origin Qejunum, colon, duodenal stump, and 

pancreaticobiliary) 
No adjacent la rge abscess 

Epithel ialized tract 
Origin Qateral duodenum, stomach, and ileum) 

Adjacent large abscess 

Status of the bowel 

Condition of the abdominal 
wall 

Physiology of the patient 

Output of the fistula 

No intestinal disease 

No distal bowel obstruction 
Small enteral defect, <1 em 

Intact 
Not diseased 
No foreign body 

No malnutrition 
No sepsis 

No influence 

intestinal effluent and early surgical intervention. This approacb 
has proven ineffective and is associated with significant patient 
morbidity and mortality and a high reoperation rate. At present, 
management requires the involvement of a surgeon, nutritionist, 
enterostomal therapist, interventional radiologist, and gastroen
terologist; it entails initial medical treatment to allow spontane
ous healing of the fiswla, early surgical imervemion in a select 
group of patients, and planned definitive surgery for patients 
whose fistulas have failed to heal. External intestinal fistulas 
result in prolonged hospital stays and enormous cost to the 
hospital and are associated with significant patient disability, 
morbidity, and mortality (6% to 30%). Although spontaneous 
closure occurs in 40% to 80% of cases, operative intervention 
may be required in 30% to 60% of cases. 

The first step in the management of a GJ fistula is to 
prevent its occurrence. Reducing the likelihood of an anasto
motic leak requires adl1erence to sound surgical principles and 
proper teci1J1lqucs (see earlier). Should a fistula form, manage
ment iJwolves several phases that are applied systematically and 
siJnultaneously (Table 13-14). 

O nce a le.ak is diagnosed or suspected, management 
involves resuscitation, TPN, correction of electrolyte imbal
ances, and transfusions, as appropriate. Oral iJ1take is stopped 
and the bowel is put at rest. thus decreasing luminal contents 
and reducing G I stimuJacion and secretion. An NG tube is 
placed if obstructive symptoms are present. Routine NG place
ment is not helpful and subjects the patient to complications, 
such as sinusitis and aspiration. Broad-spectrum IV antibiotic 
therapy is started and later adjusted according to culnrres. 

The indications for early surgical intervention have been 
discussed earlier. Otherwise, resuscitation is continued. Treat
ment with H, anttagonists or PPI helps decrease peptic ulceration 
and may decrease fistula output but does not aid in the closure 
of the fistula. Accurate measurCillent of outpur from all orifices 
and the fistula is paramount in maintaining Auld balance. Effec
tive control of all sources of sepsis is in1portant because contiJl
ued sepsis is a major source of mortality chat results in a scare 
of bypercatabollsm and the failure of exogenous nutritional 
support to restore and mai11tain body mass and in1mune func
tion; it is also associated with a decreased rate of healing of GI 

Intrinsic intestinal disease (Crohn's disease, radiation enteritis, 
recurrent or incompletely resected cancer) 

Distal bowel obstructJOn 
Large enteral detect, > 1 em 

Disrupted (fistula opens into the base of the disrupted incision) 
Infiltrated with malignancy or intestinal disease 
Foreign body (mesh) 

Malnutrition 
Sepsis 

Influence 

fistu.las. Infected surgical wounds arc opened and drained. 
abdominal wall abscesses are iJ1cised and drained, and intra
abdominal fluid collections are drained percutaneously or surgi
cally. Percutaneous d rainage is tolerated better and allows 
changing a complex fistula {fistula associated with an abscess) to 
a simple fistula that bas a better chance of spontaneous closure. 
A small pigtail catheter may be changed to a larger catheter that 
allows irrigation of the abscess cavity, later injection of contrast 
to assess resolution of the abscess, and study of the anatomy of 
the fistula. 

Nutrition is one of the most in1portant factors contribut
mg co a successful outcome iJ1 the management of intestinal 
fistulas. TPN must be started early after the correction of elec
trolyte imbalance and repletion of volume. TPN allows bowel 
rest, which decreases output, eliminates negative nitrogen 
balance, improves the patient's nutri tional status, al.lows better 
timing of the operation when needed, increases the rate of 
recovery, and may slightly improve the closure rate once sepsis 
is control.led. Trace elements, multivitamins, vitamin K, and 
medications such as octreotide may be added to tl1e TPN. TPN 
is the initial nutritional support for any patient with a fistuJa 
and is continued in patients with high-output fistula~ or 
patients who cannot tolerate oral intake. SomatostatiJ1 (SMS) 
analogues (e.g., octreotide, with a long half-life) help in man
agement of tl1e fistula by reducing GI secretions and inhibiting 
GI motility, thus controlling and reducing its output. 'Their 
value in healing intestinal fistulas is yet to be proven and 
routine use is limited because they are not without side effects. 
Somatostatin leads to cellular apoptosis, villous atrophy, and 
interruption of intestmal adaptation, and may be associated 
with acute cholecystitis. Enteral nutrition {low-residue diet, 
elemental diet, Liquid whole proteiJ1 diet) is administered to 
patients with low-output smal.l bowel and colonic external lis
twas. Fisntloclysis {i.e., infusion of nutrition directly through 
the fistula into the bowel distal to the fistula) is another option 
to dd iver enteral nutrition to patients whose fistuJa bas not 
healed spontaneously, provided there is more than 75 em of 
healthy bowel distal that is in continuity with the fistula.~~ Fis
tuJoclysis is safer and less expemive than TPN and prevents 
atrophy of the bowel distal to the fistula. 
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Early comrol of fistula output is essential to protect the 
peri fistula skin from the corrosive effects of intestinal effluent, 
promote healing of damaged skin and surgical wounds, and 
facilitate nursing care of the patient. Early involvement by an 
enterostomal therapist and wotmd care team cannot be overem
phasi7~d. Protection of the skin is achieved with barriers, seal
ants, adhesives. and pouches. Negative-pressure wound therapy 
is another t reatment st rategy whereby the continuous suction of 
fistula outp ut minimizes contact bet\veen intestinal contents and 
surrounding tissue. Hence, it protects perinstula skin, reduces 
the need for dressing changes, promotes wound healing, and 
even accelerates fistula closure, especially in deep fistulas. Closure 
has been reported to occur in 46% to 84% of cases.46 

Once initial sepsis is controlled, nutrition provided, and 
wound and fistula care provided, studies are performed to define 
the surgical pathology of the fistula (origin, course, length of the 
fistula) and condition of the bowel (presence of intrinsic intes
tinal d isease, presence of distal obst ruction, continuity of the 
bowel) and to evaluate resolution of the intra-abdominal abscess. 
A fistulogram is performed by in jecting a water-soluble contrast 
medium or barimn through an existing drain o r by inserting a 
5 Fr pediatric feeding tube o r a Foley catheter into the external 
opening of the fistula. A fistulogran1 delineates tbe anatomy of 
the fistula and identifies associated cavities, other fistulas, and 
distal obstructions. A contrast enen1a demonstrates the presence 
of a colocutaneous fistula in 90%, a colovesical fistula in 34%, 
and a coloenteric fistula in most cases. Enteroclysis allows eval
uation for intrinsic intestinal disease. Cystoscopy identifies the 
fistula opening in 40% of enterovesical fistulas but tl1e findings 
of localized bullous edema, wim erythema and possible ulcer
ation, are suggestive of the diagnosis in most patients. GI endos
copy allows direct visualization of colonic, intestinal, and 
gastroduodenal m ucosa. A CT scan allows evaluation for the 
resolution of intra-abdominal abscesses and presence ofintrinsi.c 
intestinal disease. 

With such an orchestrated approach, most external fistulas 
heal spontaneously. Factors associated with spontaneous bealing 
or failure to close are listed in Table 13-14. After control of 
sepsis, approximately 60o/o to 90o/o of external intestinal fistulas 
with favorable factors will dose spontaneously with medical 
management, 90% will close witbin 4 to 6 weeks, and less chan 
10% in months 2 and 3. There arc Limited therapeutic options 
for emerocuraneous fistulas (ECFs) that fail to close~accept tl1e 
fistula as a stoma awaiting optimal t ime for defini t ive closure or 
attempt direct cloSLue. 

Direct repair is applicable to a superficial bud fistula 
whereby linlired dissection is performed to identify and d ose the 
edges of the fiswla extraperitoneally and protect the suture line 
wi th a biologiic dressing, with or without tissue adhesive. 
Although several attempts may be required to achieve successful 
closttre of the fistula, the surgery is a local low-risk proced ure 
and can be repeated. Definitive repair requires careful planning 
and may be a daunting task. Definitive closure requires a waiting 
period of 8 to 12 weeks, and requi res that sepsis be controlled, 
nutrition provided, and skin is protected. 1l1e waiting period is 
crucial to allow recovery of immunologic competence, .improve
ment of nutritio nal status, and resolution of the period of dense 
inflammarory reaction. 1l1ere are no well-established guidelines 
to hclp in determining the timing of smgery. However, the expe
rience of tl1e sLtrgeon, general condition of the pati.ent, softness 
of the abdominal wall and abdominal cavity, and surgical 

anatomy of tbe fistula must be taken into consideration. A dense 
intra-abdominal irt£lanm1atory reaction occurs 10 to 21 days 
after surgery and lasts for 6 to 8 weeks before starting to resolve. 
A ~month period is required for a neoperitoncal cavity to 
develop in fistulas within a laparoscopy wound. A simple 
fistula-single fistula with di rect communicarion between the 
bowel and skin. a short tract and small enteral opening, and 
associated with o ther favorable factors-can be closed 12 weeks 
after the index smgery. A complex fistula-a fistula with a long 
tract and associated with other imernal fistulas, large abscess 
cavity, fistula that opens in to the base of a disrupted wound, or 
other unfavorable factors-is closed 6 to 12 months after the 
index surgery. Complex fistulas associated with intrinsic imesri
nal disease require definitive surgical intervention once the initial 
sepsis is controlled because spontaneous closure is highly unlikely 
and extirpation of tl1e diseased bowel is essential. ln patients 
wim Crobn's disease, iniliximab (Remicade) may also be used to 
aid in closure of the fistula in a select group of patients. 

A controlled ECF that opens into tl1e base of an inter
rupted wound requires abdominal wall construction at the tin1e 
of definitive repair of tile nsrula. 1lle fistulizing ~gment must: 
not be excluded or bypassed to avoid tl1e risk of blind loop 
syndrome. The fistula is excised, contiJluity of the GI t ract rees
tablished, and tl1e freshly constructed anastomosis wrapped witl1 
omentum, if available. Gastric, duodenal, and proximal jejunal 
fistulas that cannot be resected without a major smgical proce
dure are best managed with a Roux-en-Y intestinal anastomosis. 
The laparoromy incision is closed primarily or with durable 
well-vascularized coverage. Autogenous tissue reduces me risk of 
iJlfection. Pedicle or free Aaps with microvascular reconstruction 
may be considered; however, component separation when the 
rectus muscle is imact, with or without augmentation witb acel
lular dermal matrix o r synthetic mesh, is tl1e preferred proce
dure. 47 Postoperative morbidity, ventral hernia formation, and 
recurrent ECFs develop in approxin1atcly 20o/o to 25% of cases. 
Biologic material (e.g., acellular human or porcine dermal 
matrix, porcine submucosa) used for visceral overlay protection 
or reconstruction is another viable option in tllis setting of 
compromised operative fidd because the implant resists iJJfec
tion and, when postoperative infection occurs, removal of the 
implant is not necessary. However, the product is expensive and 
tl1e procedure is associated with a high rate of hernia formation 
and abdominal wall laxity.48 Occasionally the incision is closed 
in stages. 1l1e incision may be left open (laparotomy), an absorb
able mesh (polyglactin or polyglycolic acid) may be used to 
bridge the fascial defect, or negative-pre.ssme wound therapy can 
be instituted. Once granulation tissue is formed, a spHt-tbickness 
skin graft is applied. 

New i.ru1ovative approaches, sucl1 as tra.nscatheter injection 
of diJuted thrombin, endoscopic tissue sealant or clip applica
tion, and porcine small intestinal submucosa have been used in 
recalcitrant cases or as adjunctive therapy to hasten healing of 
me in testinal fistula, with some success. 

Panueatic Fistulas 
Overall, the physiologic classification, diagnosis, management, 
and outcome of postoperative external pancreatic fistulas are 
similar to that for external intestinal fismlas. However, pancre
atic fistulas have additional distinctive features. Following pan
crearicoduodenectomy, texture of the pancreas, size of the 
pancreatic duct, blood supply to the stump, and volume of 
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pancreatic juice produced are the most significant risk factors 
for fistula formation . Pulmonary problems, autodigestion, and 
erosion imo adjacent organs are additional significant morbidi
ties associated with pancreatic fistulas. Sepsis and hemorrhage 
are associated with significant mortality {20% to 40%) and 
result in prolonged hospiralizarion and increased hospital 
expense. Postoperative pancreatic fistula is diagnosed when there 
is drain output of any measurable volume of Auid after postop
erative da)' 3 with an am)'lase content more than three times the 
serum amylase activity. More often, the Auid amylase content is 
in the tens of thousands units/L. The fistula is demonstrated on 
a fistulogram or cr scan. 

Efforts to decrease the morbidity and mortality of pancre
atic fistulas after pancreaticoduodenectomy focus on preventing, 
decreasing, and controlling pancreatic leaks at the pancreatic
enteric reconstruction (see earlier, "Anastomotic Leak"). 1he 
benefit of perioperative somatostatin or its analogue has been 
evaluated in a meta-analysis study.49 One study noted that soma
tostatin and octreotide reduce the rate of biochemical fistula but 
not the incidence of clinical anastomotic dehiscence, whereas 
the other noted a significant reduction in pancreatic fistula rate 
but no significant d ifference in postoperative mortality. Intraop
eratively, a modified side to end pancreaticojejunal anastomosis 
provides a tension-free anastomosis to a pancreatic stump, with 
adequate blood supply and unobstructed A ow of pancreatic juice 
is optimal. Common to this modified pancreaticojejunostomy 
is mobilization of the pancreatic stump to allow invagination of 
3 to 4 em of pancreatic stump imo the jejunum, ablation of rhe 
jejuna mucosa in the area of the jejunum-pancreas interface, 
suturing the capsular edge of the pancreatic stun1p to mucosa 
of the everted jejunum, or the use of traction sutures between 
tbe capsular edge and jejunum proximal edge to avoid slippage 
of the stump out of the jejunum. 

Once a pancreatic fistula has formed, medical treatment 
results in spontaneous closure in almost all fistulas after a pan
creaticoduodenectomy and in up to 80% of all other cases of 
pancreatic fistulas. Octreotide therapy is beneficial because it 
significantly reduces fistula output and decreases the tin1e to 
fistula closure. Endoscopic retrograde cholangiopancreatogra
phy (ERCP) is valuable because it defines the pancreatic duct 
anatomy and ductal obstruction and allows the placement of a 
stent that bypasses the high-resistance areas of the sphincter of 
Oddi, ductal strictures, and calculi, thus allowing pancreatic 
secretions to follow the path of least resistance. The stent may 
also block the ductal opening of the fiscula. Operative treat
ment of a benign pancreaticocutaneous fistLtla depends on the 
location of tbe fistula {proximal versus distal portion of the 
pancreas) and status of the pancreatic duct (dilated versus ste
notic duct). High excision of the fistula with fistuloenteros
tomy has been assoc.iated with the best resLtlts. Pseudocyst 
enterostomy is associated with an unacceptahle recurrence and 
failure rate. 

HEPATOBILIARY COMPLICAnONS 

Bile Dud Injuries 

Causes 
1he most dreaded complication of gallbladder surgery is injury 
to the extral1epatic bile duct system. Cholecystectomy accounts 
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for most postoperative biliary injuries and strictures. The rate of 
major bile duct injury after laparoscopic cholecystectomr ranges 
from 0 .4% to 0.7%, as opposed to 0.2% after open cl1olecys
tectomy.50 Bile leak may be caused by a bile duct injury, cystic 
duct stump leak, divided accessory duct, or injury to the intes
tine. Acute cholecystitis, a foreshortened cystic duct, anomalies 
of the biliary tree, hemorrhage from injury to the cystic or 
hepatic artery, d issection with thermal instruments in the 
triangle of Calot, and faiJure to define the anatom)' in the tri
angle of Calor clearly are anwng the most important 
factors associated with a higher frequency of duct injury after 
laparoscopic cholecystectomy. 

The most common injury sustained during the laparo
scopic procedure is complete transection at or below the hepatic 
duct b ifurcation. Other less complex injuries include occlusion 
of the duct with a. clip, thermal injury, avulsion of the cystic 
duct, and partial laceration. 

Presentation and Diagnosis 
Most bile duct injuries arc not identified at the time of surgery. 
Early in the postoperative period, patients may have manifesta
tions related to a bile leak or have signs uf a bile duct stricture 
later. Bile leaking from a lacerated divided duct may accumulate 
in the subhepatic space and fom1 a biloma or seep into the 
peri toneal cavity and result in bile ascites. Patients in this situ
ation have right upper quadrant pain, fever, nausea, abdominal 
distention, and malaise. The bile, on the other hand, may drain 
through an intraoperatively placed drain and be manifested as a 
bile leak. In this setting patients, may have leukocytosis and a 
slightly elevated bilirubin Level. Patients with a clipped bile duct 
do not usually have symptoms but do have elevated liver enzyme 
levels. Bile duct strictures arc usually accompanied by cholangi
tis, pain, fever, chills, and jaundice. 

Diagnosis of bile duct injury requires the use of nuclear 
medicine imaging to demonstrate the presence of a leak or 
obstruction, a CT scan to identify bile collections or ascites, and 
ERCP to define the type and level of injury accurately. Percuta
neous transhepatic cholangiography is indicated in cases of com
plete transection to define the proximal anatomy and site of 
injury. Magnetic resonance cholangiopancreatography is becom
ing the test of choice to diagnose late strictures and define the 
bile duct anatomy. 

Treatment 
Prevention of bile duct injlliy starts with proper surgical tech
nique and adequate identification of the anatomy. 'TI1e anatomic 
variability associated with severe inflammation creates a low 
threshold for converting a laparoscopic to an open cholecystec
tomy. During laparoscopic cholecystectomy, the infundibulum 
of tbe gallbladder must be retracted laterally and inferiorly to 
expose tl1e triangle and widen the cystic-common bile duct 
angle. Dissection of the cystic duct and artery must commence 
close to the infundibulum of the gallbladder. 1he cystic duct 
and artery are divided once the anatomy is clearly delineated. 
Excessive traction on the gallbladder must be avoided because i.t 
will result in tenting of the common duct. lf there is bleeding 
in the area of the cystic duct, blind clipping and cautery must 
be avoided and adequate exposure must be achieved, even if 
placement of another port is required. If there is an unexpected 
bile leak, unusual anatomy, or a second bile duct identified, 
or wben technical difficulties and excessive bleeding are 
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encountered, intraoperative cholangiography helps identify the 
anatomy and any injuries. Early conversion to an open proce
dure m ust also be considered. 

Once a meak is dlagnosed intraoperatively, immediate 
repair m ust be performed. The procedure is converted to an 
open one and the extent of duct injury is assessed. An acces
sory duct can be ligated, partial transection of the common 
duct can be rep aired over a T tube, a dlvided duct or almost 
circumferential transection of the common duct can be 
repaired with an end-to-end anas tomosis over a T mbe, and a 
high injury can be repaired with a Roux-en-Y biliary enteric 
anastomosis. [f repair of a high duct injury is difficult, drains 
are placed in the subhepatic space and the patiem is referred 
to a tertiary center. 

A leak or injury identified early in the postoperative period 
is treated as follows. The biloma is drained percutaneously, and 
a sphincterotomy .is performed, a stem is placed, or both can be 
done if ERCP demonstrates a leak or partial narrowing. Surgical 
intervention is indicated for patients with major obstruction of 
the bile duct, major injury, or suspicion of a bowd injury. M ter 
adequate resuscitation, administration of antibiotics, and ade
quate drainage, patients are watched for a few days to make 
certain that they are not septic at the time of the operation. lf 
there is evidence of adequate control of the leak, the surgeon 
may wait up to 5 to 7 days for inflammation in the area to 
subside before undertaking operative repair. Meticulous and 
careful dissectio n is required in this area because there is usually 
loss of common bile duct substance. Mter identifying the source 
of the bile extravasation, dissection plus debridement of nonvi
able common bile duct is prudent. Once it bas been ascertained 
that there is tissue with good integrity, a RoliX-en -Y limb can be 
anastomosed to the common bile duct. Multiple drains are left 
aroun d the site of the repair. 

NEUROLOGIC COMPLICATIONS 

Delirium. Cognitive Disorder. and Psychosis 

Cause 
Delirium refers to a state of acute confusion and is a common 
complication of surgery. N umerous factors are implicated in 
causing delirium (Box 13-16). 1l1e presence of a structural brain 
disorder (infarct) i.t1cteases the individual's susceptibility to delir
ium. Anti.cholinergic medications and conditions that decrease 
the production of acetylcholine can precipitate delirium. In 
addition, a planned operation with loss of the patient's routi.ne 
schedule, stress of the disea~e process, fear of the operation, loss 
of personal control, placement in an unfamiliar environment, 
addition of mind-alteri.tlg pain medications, and pain can lead 
to dran1atic alterations in behavior in postoperative patients. At 
particularly high risk for behavioral disorders in the postopera
tive period are older patients. patients with a previous history of 
substance abuse or psychiatric dlsordcrs, and children. 

Presentation and Diagnosis 
Early in the postoperative period, a patient may become acutely 
agitated, uncooperat ive, and confu~ed. Patients wi th a previous 
psychiatric disorder may, however, become more withdrawn and 
depressed. Some patients may become noncommunicative and 
emotionally fla t and may withdraw &om any emotional 
exd 1ange. Patients may also show an altered level of 

Advanced age 
Alcohol intoxication and withdrawal 
Drugs (overdose or withdrawal) 

• Anticholine rgic drugs (tricyclic antidepressants, 
antihistamine) 

• Oral hypoglycemic agents 
• Antibiotics (cephalosporins) 
• Histamine receptor blocking agents 
• Anti-inflammatory drugs (e.g., steroidal, nonsteroidal) 
• Anticonvulsant medications 
• Anxiolytics (diazepam) 
• Narcotics 
• Cardiac medications (beta blockers, digoxin) 

Structural brain abnormalities (e.g., edema, transient ischemic 
attack, neoplasm) 

Metabolic and hemodynamic dishubances 
• Electrolyte imbalance 
• Hypoglycemia 
• Hypoxe mia 
• Hypovolemia 

Endocrine dysfunction 
• Thyrotoxicosis 
• Hypothyroidism 
• Adrenocortical insufficiency 

Sepsis and infections 
Respiratory dysfunction (e.g., respiratory failure, pulmonary 

e mbolism, chronic obstructive pulmonary disease) 
uver, renal, cardiac disease (e.g., congestive heart failure, renal 

failure) 
Trauma (surgical or otherwise) 
Critical illness and intensive care unit stay ______ ___. 

consciousness and changes in cognition. 1l1ey may have reduced 
ability to focus, decreased levels of awareness, and difficulty with 
attention. In addition, they may have hallucinations and altered 
psychomotor activity and sleep-wake cycle. 1l1ese changes have 
a tendency to flucruate during the course of d1e day and are 
worse at night (stmdowning). The severity of these manifesta
tions depends on the underlying cause. 

The incidence of postoperative delirium and cognitive dis
orders in geriatric paricnrs varies with the type of surgery per
formed and preexisting dementia. Postoperative anemia 
(seco11dary to acute blood loss), electrolyte imbalance, sepsis, 
malnutrition, bladder catheterization, physical restraints, 
extended duration of anesthesia, infectinn, and respiratory com
plications are significant precipitating factors. 

The most immediately threatening disorder en countered by 
physicians is delirium tremens, which may occur 48 hours to 14 
days after acute alcohol withdrawal. In addition, deliri ttm 
tremens is associated with extreme autonomic hyperactivi ty~ 
Early signs of delir ium tremens include fever, tremor, and taclly
cardia, and late signs i.ndude confusion, psycl1osis, agitation, and 
seizures. Because of the serious underlying nutritional and 
medical deficiencies, these patients haves moderately high mor
tality, which approaches 20% in some series. 
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Treatment 
Management of delirium and cognitive disorders in a postop
erative patient is a frustratiJlg and challenging clinical scenario. 
Prevention starts with the identification of high-risk iJ1dividuals 
before surgery and careful follow-up thereafter. Mini.rni7jng the 
dose or ellminatnng medications that inrerrupt menral function 
must be considered. Optimizing Auid status, providing nutrition 
and adequate pain control. and removing restraints early, indud
iJlg the Foley catheter, are essen rial. Early ambulation ru1d traJ1S
fer from the intensive care unit are encouraged. 

Treatment of patients with acute confusion or a sudden 
change m behavior after surgery requires the followiJlg: 

1. Recognition of the disorder 
2. C lose observation and monitoring 
3. Identification and elimination of the precipitating 

factor 
4. Treatment of any associated laboratory abnormali ties 
5. Selective use of imaging or other studies to rule out 

an orgaJ1ic brain lesion 
6. Application of measures to protect the patient aJld 

staff 
7. Treatment 

A history of drug or alcohol abuse and of cardiac, pulmo
nary, renal, or liver disease or psychiatric illness must be sought. 
A list of medications used in the perioperative period must be 
checked. Clinical evaluation is performed to look for evidence 
of sepsis or a recent neurologic event. A thorough neurologic 
exanlffiation is performed while focusmg on the level of con
sciousness ru1d presence of focal neurologic deficits, ataxia, 
paresis, or paralysis. Cognitive tests are conducted. Blood 
samples are sent to check for evidence of iJ1fection and to iden
tify metabolic, electrolyte, nutritional, and blood gas abnor
malities. A CXR and uriJ1alysis are performed to look for a 
source of infection. An ECG is obtained to look for evidence of 
MI. CT or MRI, and occasionally a spinal tap, may be helpful 
m select cases. 

Measures to protect the patient and staff may include the 
occasional use of physical restraints, reassurance by speaking to 
the patient, andl allowmg fan1ily members to be involved in 
patient care. Medical therapy includes haloperidol, a neuroleptic 
(0.5 to 2 mg, given IV or IM to achieve a rapid effect and then 
PO for maintenance therapy). Benz~diaz.epines are the drug of 
d1oice for acute alcohol withdrawal. Other medications, mclud
ing haloperidol (to control psychosis), beta blockers (to control 
autonomic manifestations). and clonidine (to control hyperten
sion) are given in addition to benzodiazepine to patients with 
acute alcohol wit hdrawal. 

Seizure Disorders 

Causes 
Seizures are caused by paroxysmal electrical discharges from the 
cerebral cortex and may be primary or secondary. PriJnary causes 
iJ1clude intracranial tumor, hemorrhage, trauma, and idiopathic 
seizure activity. Secondary causes include metaboLic derange
ment, sepsis, systemic disease processes, and pharmacologic 
agents. Patients at particularly high risk for postoperative seizure 
iJ1clude those with a previous history of epilepsy and patients 
acutely withdrawing from alcohol or medications or receiving 
other pharmacologic agents, i11cluding antidepressants, hypogly
cemic agents, and Lidocaine. 
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Presentation and Management 
Seizures characteri7..ed by convulsions, rhythmic myoclonic 
activity, loss of consciousness, and clJange in mental status are 
often associated with fecal and urinary iJ1contiJ1ence, lack of 
neurologic responsiveness, ru1d postevent amnesia. On recogniz
ing evidence of seizure acrivity, the pariem musr be carefully 
restrained so that injury is not sustained during convulsions and 
is carefuiJy observed. Administration of N benzodiazepines is 
essential to stop the seizure activity and is the stru1dard for 
immediate care. Phenytoin (Dilantin) is the most commonly 
used antico1wulsant for new-onset generalized or focal seizures. 
It may be administered IV durmg acute convulsions or PO for 
maimenance. Phenytom has several side effects, indudiJ1g rash 
ru1d liver dysfunction. Occasionally, phenobarbital may be used 
but, because of sedation, is not an agent of choice. 'TI1e two most 
commonly used agents for maintenance after seizures or for 
someone with status epilepticus are carban1azepme (Tegretol) 
and valproic acid. Neither of these agents can be given IV and 
thus are used for maintenance only. Gabapentin can be admin
istered when the patient's condition is refractory to other agents. 
After adequate control of the seizure, a diagnostic workup for 
its cause is initiated. This includes a detailed history and physi
cal examination, llistory of previous medication and drug use, 
WBC count to rule out occult lllfection, and electrolyte and 
metabolic a~sessment. CT or MRI is indicated for a patient with 
new-onset seizme activity because tumors are often the cause. 
Similarly, aJ1 electroencephalogram is obtained at some point to 
look fo r abnormal waveform activity. 

Stroke and Transient Ischemic Attacks 

Cause:s 
A stroke m the perioperative period is devastatmg and correlates 
with the type of operative procedure performed , age of the 
patient, and presence of risk factors for cardiovascular disease. 
Strokes are more commonly associated with cardiovascular pro
cedures. Although older adul ts with cardiovascular disease are at 
a higher risk for a stroke, younger mdividuals are not exempt, 
especially those with an underlying inherited thrombophilia. 

Postoperative strokes may be ischenli.c or hemorrhagic .in 
nature. lscbenlic strokes most commonly result from periopera
tive hypotension or over.realous control of hypertension, or from 
cardioemboli m patients with atrial fibrillation. Other sources 
of cardioeroboli include MI and bacterial endocarditis. An 
embolus arismg from DVT and traversiJ1g a patent foran1en 
ovale (i.e., paradoxical embolization) may be responsible for 
strokes of unknown cause. Hemorrhagic strokes are less common 
and are mostly related to therapy with anticoagulants. Factors 
related to coagulation disorders, such as cl1ronic abuse of alcobol, 
acquired immunodeficiency syndrome (AIDS), cocaine use, 
bleeding diathesis, and preexisting cerebrovascular anomalies, 
are associated with aJl increased risk for hemorrhagic stroke. 

Presentation and Management 
In aiJ cases of stroke, tbe neurologic changes represent a dramatic 
deparntre from normal patient function. A focal alteration in 
motor function, alteration in mental status, aphasia, or occasion
ally ll!lresponsiveness may be noted. Hemorrhagic strokes are 
uncommon, ru1d their effect can be more devastating thM isch
emic strokes that are transient ( occurriJ1g for seconds to minutes) 
or reversible (occurrmg for minutes to hours). In truly 
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irreversible injury, the impact on the patient's overall health is 
immeasurable, and the patient's ability to function and enjoy a 
good quality of life is severely compromised. 

Prevention of a perioperative stroke starts with d1e identi
fication of at-risk patients. Patients with hypertension must 
receive adequate rrearmenr, and overzealous correction musr be 
avoided. Patients with atrialfibriiJation benefit from prophylaxis 
with anticoagulants. Patients with a carotid bruit must be eval
uated with noninvasive vascular studies and treated accordingly. 
Patients undergoing a high-risk surgical procedure (e.g., carotid 
endarterectomy) may be monitored intraoperatively with tran
sctanial Doppler and electroencephalography. Adequate hydra
tion and monitoring in the perioperative period co avoid 
hypotension and f:luctuations in blood pressure are essential to 
avoid ischemic strokes. 

On recognizing the clinical signs and sympcoms of a stroke, 
d1e patient must have an TV line placed and be monitored for 
cardiac arrhydm:tias. Coagulation parameters are assessed for the 
presence of a coagulopathy, and blood is sent for culture and 
determination of the sedimentation rate to check for bacteremia 
and bacterial endocarditis. A diagnostic workup is started imme
diately to disti nguisb bet\veen hemorrhagic and ischemic stroke 
with a CT scan or MRI of the brain. Further tests depend on 
the clinical scenario, such as echocardiography to assess d1e heart 
for structmal dlisease, carotid duplex sca1ming to assess patency 
of the carotid artery, and cerebral angiography to evaluate for 
va~cular anomalies. Therapy is dictated by the underling mech
anism of the stroke. A hypertensive hemorrhagic stroke is treated 
by aggressive control of the hypertension, an embolic stroke 
(cardiogenk or secondary to inherited thrombophilia) is treated 
by anticoagulation (in the absence of a comraindication) to 
prevent recurrence, and a hemorrhagic stroke is treated by rever
sal of the coagulopathy v.ritb protamine, if secondary to heparin, 
or platelet transfusion, if secondary to anti platelet therapy. Man
nitol and dexa~metha~one are given to reduce cerebral swelling. 
Treatmenr of any underlying cardiac arrhythmia is imperative to 
prevent recurrent embolization. Surgical i~ntervention is indi
cated for patients with a localized hematoma or vascular anomaly, 
depending on the location and size of the hematoma, status of 
the patient, and accessibility of the aneurysm. Thrombolytic 
therapy (recombinant tissue plasminogen activator) is effective 
in restoring cerebral blood Aow and minimiziJ1g brain injury if 
instituted early after the onset of an embolic evem. Otherwise, 
low-dose aspirin therapy is the standard for acute ischemic 
infarction and. in patients who continue to have symptoms, 
anti platelet agents (e.g., dopidogrel bisulfate, ticlopidine hydro
chloride) are added. 

EAR. NOSE. AND THROAT COMPLICATIONS 

Epistaxis 
Epistaxis may be associated with primary blood dysctasias 
such as leukemia and hemophilia, excessive anticoagulation, 
and hypertension. Epistaxis is divided into two general catego
ries, anterior and posterior. Anterior trauma is often caused by 
contusion or laceration of the na~al septum or turbinates 
duriJ1g iJ1Sertion of an NG or endotracheal tube. Firm pres
sure applied bet\Veen the thumb and index finger co rbe nasal 
ala and held for 3 to 5 minutes is generally successful in stop
ping most ca~es of anterior epistaxis. Occa~ionally, packing 
with strip gauze for 10 to 15 minutes will aid in a particularly 

refractory case. If d1e bleeding fails to stop, packing for an 
extended period with petroleum jelly-covered strip gau7.e may 
be required. Removal of the packing in l to 3 days is usually 
associated with successful treatment of refractory epistaxis, 
along with treatment of the underlying condition or reversal 
of anricoagularion. 

A more serious scenario is posterior nasal septal bleeding, 
which on occasion can be life-threatening. If aiJ attenlpts to 
stop anterior nasal septal bleeding are unsuccessful, one may 
infer the probability of a posterior nasal hemorrhage, which 
may necessitate placement of a posterior pack of strip gauze 
covered in petroleum jelly ointment. For particularly refractory 
cases, a Foley catheter with a 30-mL balloon can be passed 
tluougb the nasal passages and, after d1e pack is placed, pres
sure can be applied to it by pulling on the Foley catheter. 1l1is 
rype of epistaxis may require concomitant anterior nasal packing 
to be successful. The packs on a difficult hemorrhage such as 
this may need to be left in place for 2 to 3 days. For epistaxis 
that defies all attempts at conservative management, ligation of 
the sphenopalatine artery or anterior ethmoidal artery may be 
required. 

Acute Hearing Loss 
Abrupt loss of hearing in the postoperative period is an uncom
mon event. An immediate physical exan1ination is performed to 
ascertain the degree of hearing loss. Unilateral bearing loss is 
generally associated wid1 obstruction or edema related to an NG 
or feeding tube. Bilateral hearing loss is more often neural in 
natme and is usually associated with pharmacologic agents, such 
as an~inog.lycosides and diuretics. Examination with an otoscope 
will often reveal the presence of cerumen impaction or edema 
from a middle ear infection. lf me otologic examination is com
pletely normal, neural injury related to the agents just men
tioned should be suspec.ted. These drugs need to be discontinued 
immediately and hearing monitored over tbe ensuing 2 to 3 days 
to see whether recovery occurs. For cerumen impaction, use of 
a delicate speculum under direct vision is indicated. If the 
hearing loss is associated with edema related to an NG rube, 
mere.ly removing the NG tube will result in resolution of the 
edema. 

Nosocomial Sinusitis 
Nosocomial sinusitis is a recognized complication in the criti
cally ill. Left untreated, sinusitis may be complicated by brain 
abscess formation, postorbital cellulitis, and nosocomial pneu
mon~i a. Patients at high risk for sinusitis are those receiving 
ventilatory support via a nasorracl1eal tube and those with nasal 
colonization with gram-negative bacteria. Also at risk are patients 
witb facial trauma, those with an NG or feeding tube, and 
patients who have received antibiotic therapy. 

Most nosocomial sinusitis occurs in the second week of 
hospitalization, and the maxillary sinuses are the most com
monly affected. The classic signs encountered with commwuty
acquired sinusitis (e.g., facial pain, malaise, fever, and purulent 
nasal discharge) may not be present because the patient .is usually 
unconscious and intubated, has other sources of infection, and 
is receiving analgesics and antipyretics. The diagnosis is often 
made when cr is performed to look for a source of fever and 
the sinuses are included in the cuts. The CT scan generally shows 
thickened mucosa and the presence of an air-ALLid level or opaci
fication of the sinus. 
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Once diagnosed or suspected, nasal tubes are removed, 
decongestant is administered, and antibiotic therapy targeting 
the two most common organisms, S. aureus and PseudomondS 
spp., is given. Other organisms that play a major role in noso
comial infections, such as MRSA and vancomycin-resistant 
Enterococcus and! Acinetobactet· spp., are also included in rhe 
coverage. With such treatment, clinical response occurs in 48 
hours and a clinical and radiologic cure occurs in two thirds 
of patients. Failure of medical therapy leads to surgical drain
age of the sinus involved. In rare cases, severe intractable 
sinusitis may require a drainage procedure via an operative 
technique. 

Parotitis 
Parotitis most commonly occurs in an o lder man with poor 
oral hygiene and poor oral intake, with an associated decrease 
in saliva production. The pathophysiology involves obstruction 
of tbe saljvary ducts or an infection in a diabetic or immw1o
compromised patient. The patient is noted to have signi1icant 
edema and focal tenderness surrounding the parotid gland, 
which eventually progresses to involve edema o f the floor of 
the mouth. If left undiagnosed and untreated, the parotitis 
can cause life-threateJung sepsis. In the worst case scenario, 
the infection can dissect into the mediastinum and cause 
stridor from partial rurway obstruction. Patients with advanced 
parotitis will have dysphagia and some respiratory occlusion. If 
the diagnosis of parotitis is being entertained, the patient 
receives IV, high-dose, broad-specuum antibiotics with good 
coverage of Staphylococcus, the most common agent cultured 
from this disease. In the presence of a fluctuant ar~ incision 
plus drainage is indicated, with care taken to avoid the facial 
nerve. Rarely, advanced disease may even require emergency 
tracheostomy. Most patients with parotitis will have the condi
tion arise 4 to 12 days after an initial operation. Because of 
the rap.id progression of this disease, one must be aware of the 
diagnosis and, when present, institute immediate therapy, 
including occasional emergency surgery for patients with an 
obvious fluctuant area. 
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Surgical site infections (SSis) remain a serious cause of significant post
operative moroidity, increased cost, and poor outcomes. This paper 
provides a realistic strategy for ICMtering or preventing SSis in the acute 
care hospital setting. 

Coope•· MS, Stewart PM: Corticosteroid insufficiency in acutely ill 
patients. N Eng\ J Med 348:727-734, 2003. 

This paper discusses the topic of functional adrenal insufficiency 
in critically ill patients and outlines the workup and treatment 
strategies. 

Dronge AS, Perkal MF, Kancir S, et a\: Long-term glycemic control 
and postoperative infectious complications. Arch Surg 141:375-380, 
200tl. 

This paper addresses the importance of glycemic control as it relates to 
postoperative infections. 

Eagle KA, Berger PB, Calkins H, et al: ACC/ AHA Guideline Update 
for Perioperative Cardiovascular Evaluations for Noncardiac 
Surgery-Executive Summary. A report of the American College of 
Cardiology/ American Heart Association Task Force on Practice 
Guidelines. (Committee to Update the 1996 Guidelines on Pcriop
erative Cardiovascular Evaluation for Noncardiac Surgety). Ancsth 
Analg 94:1052-1064, 2002. 

This important report from the ACC and AHA carefully outlines the 
management of patients with cardiac risk factors who v.ill undergo a 
noncardiac operation. 

Geerts Wl-l, Bergqvist D. Pineo G F, et a\: Prevention of venous 
thromboembolism: American College of Chest Physicians Evidence
Based Clinical Practice Guidelines (8th Edition). Chest 133:381S-
453S, 2008. 

The ACCP offers evidence-based guidelines for preventing deep vein 
thrombosis in postoperative patients. 

Heller L, Levin SL, Butler CE: Management of abdominal wound 
dehiscence usi.ng vacuum-assisted closure in patients with compro
mised healing. Am J Surg 191:165-172, 2006. 

This paper deals with the concept of integration of vacuum-assisted 
dosure systems in the management of wound dehiscence. 

Lin HJ, Spoet·ke N, Deveney C, er al: Reconstruction of complex 
abdom:inal wall hernias using acellular human dermal matrix: A single 
institution experience. Am J Surg 197:599-603, 2009. 
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The development of a biologic prosthesis that can be placed in a con
taminated field during hernia repair has prcMded a relatively neN treat
ment paradigm for the management of these complex patients. This 
paper is a retrospective review of a single instiMe's experience IMth one 
type of biologic prosthesis. 

Migncco A, Ojeui V, Testa A, et al: Management of thyrotoxic crisis. 
Eur Rev Mcd Ph armacol Sci 9:69-74, 2005. 

This paper outlines the manifestations and treatment of an uncommon 
but potentially devastating complication of thyrotoxicosis. 

Moore AFK, Hargest R, Martin M, et al: Intra-abdominal hyper
tension and the abdominal compartment syndrome. Br J Surg 9 1: 
II 02-1 I I 0, 2004. 

This paper is important because it details the pathophysiology of intra
abdominal hypertension and abdominal compartment syndrome and 
attempts to prOVIde guidelines for medical and surgical management of 
patients in whom these complications develop. 

Perry SL. Ortcl TL: Clinical and laboratory evaluation of th rombo
philia. Clin Chest Med 24:153-170, 2003. 

This review outlines the causes and wori<up of patients IMth a hyperco
agulable state and pr<Mdes recommendations for testing this high-risk 
group of patients. 

Sailhamer EA, Carson K, Chang Y, et al: Fulminant Clostridium 
difficile colitis: Patterns of care and predietors of mortality. Arch Surg 
144:433-439. 2009. 

This recent description of a more virulent, resistant, and aggressive form 
of C difiCI7e makes this paper highly relevant 

Simon TL, Alverson DC, AuBuchon J, et al: Practice parameter for 
the usc of red blood cell transfusions: Developed by the Red Blood 
Cell Administration Practice Guidel ine Development Task Force of 
the O>llcge of Americ:m Pathologists. Arcb Pathol Lab Med 122: 
130-138, 1998. 

This paper is the result of a consensus conference held by the College 
of American Pathologists regarding blood transfusion and its usefulness 
for the treatment of surgical patients. 

Slim K. Vicaut E. Pan is Y. et al: Meta-analysis of randomized cl inical 
trials of colo rectal surgery with or without mechanical bowel prepara
tion. Br J Surg 91: I 125-1130, 2004. 

This paper sheds light on the usefUness of mechanical boM:l prepara
tion before colorectal surgery. 
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CHAPTER 14 

SURGERY IN THE GERIATRIC 
PATIENT 
ALAN DARDLK, DAVID H. BERGER, AND RONNLE A. ROSENTHAL 

AGING AND SURGERY 

SETllNG GOAL:S FOR TREATMENT 

PHYSIOLOGIC DECLINE 

PREOPERATIVE ASSESSMENT 

SPECIAC POSTOPERATIVE COMPLICATIONS 

SURGERY OF MAJOR ORGAN SYSTEMS 

Over the past several generations, life expectancy in the United 
States has increased significantly. 1his is prin1arily the resuJt of 
the implementation of public healtll and medical interventions 
such as improved sanitation, vaccinations, nutrition and lifestyle 
modifications, and antibiotics. From 1900 to the present, life 
expectancy at birth has increased almost 30 years {49.2 to 77.8 
years), and the average 65-year-woman today can expect to live 
almost twice as long as her counterpart iJ1 1900, or almost 20 
years more (Table 14-I ) _I 

With this increase in life expectancy comes an increase in 
the number of people living into old age with diseases and 
chronic conditions that would have caused death in earlier years. 
At present, more than 75% of those older than 65 years have at 
least one chronic condition and 20% of the Medicare popula
tion have 5 or more.2 Many of these diseases and chronic condi
tions, such as cancer, degenerative joint disease, coronary artery 
disease, and visual irnpairment, have a surgical option as part of 
the treatment algorithm. 

Over the next few decades, as the 78 milli011 people in me 
Baby Boomer generation {born from 1946 to 1964) begin to 
reach age 65, there will be a rapid aging of me u.s. population 
{Fig. 14-l ).3 lt is expected that by 2030, one in five people will 
be older than 65 years and, by 2050, almost 20 million people 
will be older than 85 years. Currently, Social Security, Medicare, 
and Medicaid benefits to older adults account for more than one 
third of U.S. spendiJ1g and have the potential to consume ilie 
entire federal budget in the near future. Over the next decade, 
Medicare costs alone are expected to increase by 7%/year {Fig. 
14-2).4 1he demand for health care services is likely to over
whelm the system if new ways to increase supply and delivery 
are not developed. 

In April 2008, iJ1 response to the .impending crisis in pro
viding health services to older citizens, the Institute of Medicine 
(10M) issued a reporr, in which the IOM "charged rhe Com
mittee on the FutLLre Health Care Workforce for Older Ameri
cans with determinjng tl1e health care needs of AmericaJ1S over 
65 years of age and analyzing tl1e forces that shape the health 
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care workforce for these individuals."2 The committee deter
mined that to meet these needs, a three-pronged approach was 
necessary: 

l. Enha11cing the geriatric competence of the entire 
health care work force 

2. Increasing the recruitment and retention of geriatrics 
specialists 

3. Improving the way health care is delivered 
The goal of this chapter is to help enhance me geriatric 

competence of surgeons and surgical trainees. 

AGING AND SURGERY 
As the number of persons reaching old age contiJ1ues ro grow; 
there will be a concomitant need to provide surgical care to an 
iJlCreasing number of older patiems. Over the past 2 decades 
alone, the percentage of surgeries in whicl1 the patient was older 
than 65 increased from 19% to 35% of all operations. When 
obstetric procedures are excluded, this portion rises to 43%. 
The proportion of the surgical workload across age groups 
in the specialties in non-federally funded hospitals is shown in 
Table 14-2.5 

This increase in the percentage of operations in which the 
patienr is older tl1an 65 years is not enrirely the resuJr of the 
increase in the number of older patients; it is also a reflection of 
a greater willingness to offer surgical treatment ro them a11d aJl 
increased expectation of older patients to remain active for as 
long as possible. Over the past several decades, advances in surgi
cal and aJlesrhetic techniques have allowed us ro operate with 
mucb greater control and safety. Operative mortality in older 
patients has declined sharply. As a result, the risk associated witl1 
surgery has become somewhat less of a concern thaJl the need 
ro prQvide maxin1al medical management of disease. 

The pattern of surgical management of malignant disease 
in older adults is an example of the cha11ging views on surgery 
in this age group. Data from the National Cancer Institute's 
Surveilla11ce, Epidemiology and End Results (SEER) progran1 
have indicated a decrease in the gap between the percentage of 
younger and older patients treated surgically for certain cancers. 
For early-stage breast, colon, and rectal CaJ1cers, iJ1 which tl1e 
chance of surgical cure is high, the percentage of older patients 
receiviJ1g surgical treatment has approached that of younger 
patients. For localized gastric, pa11ereatic, lung, and liver cancers, 
operative percentages still declli1e sharply with age (Fig. 14-3).6 

At present, it is still unclear whether tl1is decline is the result of 
appropriate decision making ba~ed on the overall health of the 
patient and patient treatment preference, or whether it is a 
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Table 14-1 Ufe Expectancy of Older Persons 
African 

White American 

AGE (YR) MEN WOMEN MEN WOMEN 

65 17.1 19.8 15.1 18.6 

70 13.6 15.9 12.3 15.1 

75 10.5 12.3 9.8 12.0 

80 7.8 9.3 1.1 9.3 

85 5.7 6.7 5.9 7.1 

90 4.0 4.7 4.5 5.3 

95 2.8 3.3 3.5 3.9 

100 2.0 2.3 2.6 2.8 

Data from Arias E: United States life tables, 2006. Natl VItal Stat Rep 58:1-40, 2010. 

cv 
01 
<( 

85+ 1960 

Baby boom age group 

85+ 

Offspring of baby boomers 

SURGERY IN THE GERIATRIC PATIENT CHAPTER 14 329 

Table 14-2 Distribution of Procedure Types (by Age Group) 
Performed in Non-Federally _!unded Hospitals (Ofo) 

Age (yr) 
TYPE OF PROCEDURE <15 15-44 45-65 >65 

Ophthalmologic II 23 25 41 

Otolaryngologic 26 34 20 20 

Thoracic 5 14 33 48 

CardiovasaJiar 3 10 36 51 

Gastrointestinal 4 23 32 41 

Urologic 3 21 35 41 

Gynecologic 57 31 II 

Neurosurgical 16 30 27 29 

Orthopedic 3 21 36 39 

All 4 33 28 36 

Data from Hall, MJ, DeFrances CJ, Podgomik MN: 2007 National Hospital Dis-
charge Survey. Adv Data 29:1-21, 2010. 

10 5 0 5 10 
Millions of persons 

85+ 

0-4 ~~~~--~~-
10 5 0 5 10 
Millions of persons 

FIGURE 14- 1 Aging of the Baby Boom generation and offspring. (From Purves WK. Orians GH, Heller HC: life: The science of biology, ed 4, 
New York, 1994, WH Freeman.) 
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FIGURE 14-2 Expected growth in Medicare spending over the next decade. (From Medicare Payment Advisory Commission: A data book: 

Healthcare spending and the Medicare program, MedPAC, 2009, Washington DC.) 
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RECEIPT OF CANCER-DIRECTED SURGERY BY AGE GROUP 
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FIGURE 14-3 Age distribution of patients receiving cancer-directed surgery for local stage disease. (Adapted from O'Connell JB, Maggard MA. 
Ko CY: Cancer-directed surgery for localized disease: Decreased use in the elderly. Ann Surg On col 11 :962- 969, 2004.) 
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FIGURE 14-4 Cumulative relative survival of cancer patients by age group from the SEER database, 1973-1998. Note that after the first year, 
survival curves are parallel for even the oldest old. (Adapted from Saltzstein SL, Behling CA: 5- and 10-year survival in cancer patients aged 90 
and older: A study of 37,318 patients from SEER. J Surg Oncol 8 1:113-116, 2002.) 

reflection of vestigial prejudice and age bias resul ting in patien ts 
not being referred for cancer surgery. 

However, additional dara from the SEER database indicate 
that even in the oldest patients, those 90 years and older, cancer 
treatment is worthwhile. After the first year from diagnosis, rela
tive survival, defined as the ratio of observed survival over a 

specific period to expected survival, is identical for o lder and 
younger cancer patients for up to 10 years (Fig. 14-4):· Most of 
the difference seen in the first year occurs in the first few months, 
ru1d the only factor that positively influences fi rst-year survival 
is whether the patient w1derwent surgical treatment of the 
cancer or o ther majo r surgery. This finding may be the result of 
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selection bias, inasmuch as only the healthiest 90-year-olds may 
have been offered surgery. However, this serves to emphasize that 
age alone should not be the sole reason to deny surgical treat
ment of cancer. 

TI1ere is no doubt that increasing age appears to have a 
negative effect on the outcome of surgery. However, most srudie.s 
have indicated that chronologie age alone has little effect on 
outcome. Rather, it is the age-related decline in physiologic 
reserves and increase in comorbidhy that is responsible for thls 
observation. Even a compromised older patient can tolerate a 
surgical experience well if the procedure is carefully conducted 
and the postoperative course is w1complicated. However, if even 
one complication occurs, mortality increases significantly. In a 
study of more than 26,000 patients older than 80 years Wldergo
ing major non cardiac surgery in Veterans Affairs Hospitals, mor
tallry rose from 3.7o/o in patients with no complications to 
26.1 o/o in patients in whom one or more complication occurred.8 

It is also most important to remember that the pattern of 
symptoms and natural history of the surgical disease in older 
patients may not be identical to that seen in their younger 
coumerparts. The absence of typical signs and symptoms often 
leads to errors in diagnosis and delays in treatment. As a result, 
it is not unusual for an acute complication to be the first indica
tion of disease. For example, acute cholecystitis and common 
bile duct (CBD) stones are more common indications for cho
lecystectomy in patients older than 65 years and biliary colic is 
more common in those younger than 65 years. 1l1is is unfortu
nate, because emergency surgery carries a 3- to 10-fold higher 
risk of operative mortality than comparable elective surgery. In 
addition, the exn:ent of disease fow1d at the time of surgery is 
often far more advanced in older patients when compared with 
younger patients; over 5Uo/o of appendices are perforated at the 
time of appendectomy in patients older than 65 years compared 
with less than 25% in those younger than 65 years. Theref<>re, 
a high index of suspicion is necessary to identify surgical disease 
early in older patients presenting with vague complaints or unex
plained changes in mental status. 

SETTING GOALS FOR TREATMENT 
Traditionally, surgeons have measured surgical success in terms 
of 30-day mortaUty and morbidity. For older patients, however, 
the definition of success is more complex. Although we are now 
able co perform even the most major surgery on our oldest 
patients with traditional surgical success, the quality of the 
outcome in the patient's view is more likely to depend on 
whether be or slhe can conti11ue to function a~ before surgery. 
For some older patients, losing functional independence as a 
result of a major surgical intervention may be a far worse 
outcome than Living with, or even dying of, the disease for which 
surgery is offered. 

In a study of older patients with limited life expectancy 
because of serious chronic disease, Fried and colleagues9 exam
ined the impact of treatmeJlt burden (low, minor interventions, 
such a~ N antibiotics; high, major imerventions, such as surgery) 
and expected outcome (desirable versus undesirable) on patient 
preferences for troeatment. Results indicated that more than 70% 
of older patients would not want even a low burden treatment 
if severe functional impairment or cognitive impaim1ent was the 
expected outcome. The concern for functional and cognitive 
impairment was more dramatic than the concern for death 
(Fig. 14-5). 
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FIGURE 14-5 Many patients are willing to undertake high- or low

burden treatments, even if the risk of death is high (up to 50%). 
However, when there is even a small risk of cognitive or functional 
dedine, the number of patients willing to undergo even a low-burden 
treatment sharply declines. (Adapted from Fried TR, Bradley EH, Towle 

VR, et al: Understanding the treatment preferences of seriously ill 
patients. N Engl J Med 346:1061- 1066, 2002.) 

In another study of preferences for permanent nursing 
home placement in seriously ill hospitalized patients, 56o/o of 
patients were very u.nwilling or would rather die than live per
manemly iJ1 a nursing home. Correlation between the patient's 
wishes and hotb the surrogate's and physician's opinion of the 
patient's wishes was poor. 10 

TI1erefore, it is essential that tl1e older patient be given a 
realistic estimate of the overall functional outcome of the pro
posed surgical treatment, in addition to the likelihood of control 
or cure of the particular disease. It is also essential tbat the 
surgeon understands the patient's preferences in the context of 
thls broader view of surgical success. 

PHYSIOLOGIC DECLINE 
With agi11g, there is a decline in physiologic function in all organ 
systems, but the magnitude of this decllne is variable among 
organs and individuals. In the resting state, this decline usually 
has minimal functional consequence, although physiologic 
reserves may be used just to maintain homeostasis. However, 
when physiologic reserves are required to meet the additional 
challenges of surgery or acute illness, overall performance may 
deteriorate. ll:tis progressive age-related decline in organ system 
homeostatic reserves, termed homeostenosis, wa~ fust described 
by the physiologist Walter CaJlllon in the 1940s. Figure 14-6 is 
a graphic representation of the present concepts of homeosteno
sis.11 \'<lith older age, there is iJ1creased use of physiologic .reserves 
just to maintain normal homeostasis. Therefore, when stressed, 
fewer reserves arc available to meet the challenge, and overall 
function may be pushed over the precipice of organ failure or 
death. 
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"The Precipice" 

Physiologic reserves 
available 

Increasing age -

FIGURE 14-6 Gr:aphic representation of homeostenosis. With advanc
ing age, physiologic reserves are increasingly used to maintain 
homeostasis. Veortical arrows represent challenges such as surgical 
stress or acute illness. Because reserves are already used, there are 
fewer available to meet these challenges. As a result, the precipice is 
crossed by a stress that would be easily tolerated in younger age. This 
precipice may be any relevant clinical marker, such as organ dysfunc
tion or failure or death. (Adapted from Taffett GE: Physiology of aging. 
In Cassel CK. Leipzig RM. Cohen HJ, et al. [eds]: Geriatric medicine: 
An evidence-based approach, ed 4, New York, 2003, Springer-Verlag. 
pp 27-35.) 

BOX 14-1 Major Cardiovascular Changes With Age 

Decreased nurmber of myocytes 
Fibrosis of conducting pathways with increased arrhythmias 
Decrease ventricular and arterial compliance (increased 

afterload) 
Decreased f3-ad renergic responsiveness 
Increased dependence on preload (Including atrial kick) 
Increased diastolic dysfunction 
Increased sile nt ischemia 

Over the past several decades, an enormous amount of 
research has been conducted to define the specific changes in 
organ function that are direccly amibutable w aging. 11lis cask 
is inherently difficult because aging is also accompanied by 
increased vulnerability to disease. I t is often difficult to deter
mine wbether an observed decline in function is secondary to 
aging per se or to disease associated with aging. 1l1e overall 
effect, however, is still the same-a much smaller margin for 
error in the care of older patients. Understanding the changes 
iJl organ function can help minimize these errors. 

Cardiovascular System 
Cardiovascular disease is the leading cause of death in the United 
States in men and women. Of these deaths, 83% occur in 
persons older than 65 years (Box 14-1). The prevalence of heart 
failure approaclhes 10 in 1000 persons in this age group. Conges
tive heart failure is a risk factor for several postoperative com
plications, including surgical site infections. Cardiac events are 
common in the postoperative period in older patients and arc 
attributable to disease and to cl1anges in the structure and fwlc
tion of the heart that accompany aging. 

Morphologic changes arc found in the myocardium, con
ducting pathways, valves, and vasculature of the heart and great 
vessds with increa~ing age. The number of myocyres declines as 
the collagen and elastin content increases, thereby resulting in 
fibrot ic areas throughout the myocardimu and an overall decline 
in vemricular compliance. Almost 90% of the auronomic tissue 
in the sinus node is replaced by fat and connective tissue, and 
fibrosis interferes with conduction in the intranodal tracts and 
bundle of His. 1l1ese changes contribute to the high incidence 
of sick sinus syndrome, atrial arrhythmia, and bm1dle branch 
block. Sclerosis and calcification of the aortic valve are common 
but are usually of no functional significance. Progressive dilation 
of all four valvular ruulllli is probably responsible for the multi
valvular regurgitation demonstrated in healthy older persons. 
Finally, rhere is a progre.o;sivc increase in rigidity and decrease 
in distensibility of the coronary arteries and great vessels. 
Changes in the peripheral vasculature contribute to increased 
systolic blood pressure, increased resistrulCe to ventricular emp
tying, ru1d compensatory loss of myocytes, with ventricular 
hypertrophy. 

The direct functional implications of these chru1ges are dif
ficult to assess accurately because age-related changes in body 
composition, metabolic rate. general state of fitness, ru1d under
lying disease all influence cardiac performru1ce. It is now gener
ally accepted that systolic function is well preserved with 
incteasiJ1g age. Cardiac output and ejection fraction are main
tained, despite the increase in aftcrload imposed by stiffening of 
the outflow tract. The mechanism whereby cardiac output is 
maintained during exercise, however, is somewhat different. [n 

yow1,ger persons, output is maintained by increasing the heart 
rare im response to ~adrenergic stimulation. With aging, there 
is a relative hyposympathctic state in which the heart becomes 
less responsive to catecholamines, possible secondary to declin
ing receptor function. The aging heart therefore maintains 
cardiac output not by increasing its rate, but by increasing ven
tricular filling (preload). Because of the dependence on preload, 
even minor hypovolemia can result in significant compromise 
in cardiac function. 

Diastolic function, however, which depends o.n relaxation 
rather cbru1 con traction, is affected by aging.12 Diastolic dysfwlC
tion is responsible for up to 50% of cases of heart failure in 
patients older than 80 years. Myocardial relaxation is more 
energy-dependent ru1d therefore requires more oxygen than con
traction. With aging, there is a progressive decrease in the partial 
pressure of oxygen. Consequently. even mild hypoxemia cru1 
result in prolonged relaxation, higher diastolic pressure, and 
pulmonary congestion. Because early diasrolic filling is impaired, 
maintenance of preload becomes even more reliant on atrial 
kick. Loss of the atrial contribution to preload can result in 
further impairment of cardiac function. 

It is also important to remember that the manifestation of 
cardiac disease Ul older adults may be nonspecific ru1d atypical. 
Although chest paiJ1 is still the most conm1on symptom of 
myocardial infarction, atypical symptoms such as shortness of 
breath, syncope, acute confusion, or stroke wUI occur in as mru1y 
as 40% of older patients. 

Respiratory System 
Chronic lower respiratory disease is the fourth leading cause of 
death after heart disease, cancer. and stroke. Respiratory prob
lems are the most common postoperative complications in older 
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Decrease chest wall compliance 
Dedine in maximum inspiratory and expiratory force 
Decrease in lung elasticity (small airway collapse) 
Ventilation-perfusion mismatch 
Decrease in Pao2, no change in Paco2 
Decreased FVC and FEV1 

Ded ine in venti lator responses to hypoxemia and hypercapnia 
Dedine in normal airway protective mechanisms (increased risk 

for :.c::r11r:.nm, \ 

patients {Box 14-2). Both disease- and age-related changes in 
lung structure and function contribute to this vulnerability.13 

With aging there is a decline in respiratory function that 
is attributable to changes in the chest walJ and lungs. Chest wall 
compliance decreases secondary to changes in structure caused 
by kyphosis and is exaggerated by vertebral collapse. Calcifica
tiOJJ of the costal cartilage and contractures of the intercostal 
muscles result in a decline in rih mobility. Maximum inspiratory 
and expiratory forces decrease by as much as 50% a~ a result of 
a progressive decrease iJl the strength of the respiratory muscles. 

In the lung, there is loss of elasticity, which leads to 
increased alveolar compJjance with collapse of the small airways 
and subsequent w1evet1 alveolar ventilation with air trapping. 
Unevet1 alveolar ventilation leads to Vet1tilation-perfusion mis
matches, which in rum causes a decline in arterial oxygen 
tension of approximately 0.3 or 0.4 mm Hg/ year. 1h:: partial 
pressure of C02 does not ch~mge, despite an increase in dead 
space. This may be caused, in part, by the decline in production 
of C02 that accompanies the falling basal metabolic rates. Air 
trapping is also responsible for an increase in residual volume, 
or the volume remaining after maximal expiration. 

Loss of support of the small ai rways also leads ro collapse 
during forced expiration, which limits dynamic lung volumes 
and flow rates. Forced vital capacity decreases by 14 to 30 mV 
year and forced expiratory volume in 1 second (FEV1) decreases 
by 23 to 32 mUyear {in males). 'TI1e overall effect of loss of 
elastic inward recoil of the lung is balanced somewhat by the 
declli1e in cl1est wall outward force. Total hmg capacity therefore 
remains unchru1ged, and there is only a mild increase in resting 
lung volume, or functional residual capacity. Because torallung 
capacity remains lUlchanged, the increase in residual volume 
results in a decrease in vi tal capacity. 

Control. of ventilation is also affected by aging. Ventilatory 
responses ro hypoxia and hypercapnia fall by 50% and 40%, 
respectively. The exact mechanism of this decline has not been 
weU defined but it may be caused by declining chemoreceptor 
ftmction at the peripheral or central nervous systetu level. 

In addition to these intrinsic changes, pulmonary function 
is affected by alterations in the abili ty of the respiratory system 
to protect against environmental in jury and infection. There is 
a progressive decrease in T cell function (see later), decline in 
mucociliary clearru1ce, and decrease in several components of 
swallowir1g function. Loss of the cough reflex secondary to neu
rologic disorders, combined with swallowiJlg dysfunction, may 
predispose to aspirarion. The increased frequency ru1d severity of 
pneLUnonia in older persons have been attributed to these factors 
and to an increased incidence of oropharyngeal colonization 
with granJ-nega.tive organisms. This colonization correlates 
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Decrease in the number of functiona l nephrons 
Decrease in the number of tubular cells 
Decreased renal blood fl ow 
Decreased GFR 
Ded ine in creatinine dearance despite normal serum creatinine 

level 
Ded ine in tubular function (loss of concentrating ability) 
Increase susceptibility to dehydration 
Decrease dearance of certain drugs 
Increase in lower urinary track dysfunction and infection 

closely with comorbidity and with the ability of older patients 
to perform activities of daily living (ADLs). This fact let1ds 
support to the idea that fWlctional capacity is a crucial factor in 
a~sessing the risk for pneumonja in older patients. 

Renal System 
Approximately 25o/o of all Americans 70 years and older have 
moderately or severely decreased kiru1ey function {Box 14-3). 
Between the ages of 25 and 85, there is a progressive decrease 
in the .renal cortex. Over time, approximately 40% of the neph
rons become sclerotic. The remaining func.t.ionaltmits hypertro
phy in a compensatory mrumer. Sclerosis of the glomeruli is 
accompanied by atrophy of the afferent and efferetlt arterioles 
and by a decrease in renal tuhular cell number. Renal blood How 

also falls by approximately 50%. FlUlctionally, there is a decline 
in the glomerular filtration rare (GFR) of approximately 45% 
by age 80 years. 

Ret1al tubular fuJlCtion also declines with advancing age. 
The ability to conserve sodium and excrete hydrogen ion 
decreases, resulti11g i11 a diminishe.d capacity to regulate fluid and 
acid-base balance. Dehydration becomes a particular problem 
because losses of sodium ru1d water from noruenal causes are not 
compensated for by the usual mec.hru1isms. The inability to 

retain sodiwn is believed to be caused by a declli1e in the activity 
of the renin-angiotensin systetu. 1l1e increasing inability to con
centrate the urine is related to a decline in end-orgru1 responsive
ness to antidiuretic hormone. 1l1e marked decline in the 
subjective feeling of thirst is also well documented but not well 
understood. Alterations of osmoreceptor funcrion in the hypo
thalruuus may be responsible for the failure to recognize thirst 
in spite of significant elevations in serum osmolality.'4 

Because of the decline in renal function with aging, it is 
often important to measure GFR in older patients as part of 
preoperative risk assessment and in hospital to provide accurate 
medication dosing. In older hospital patients, direct measure
ment of creatiniJ1e clearance (CrCI) is difficult because inconti
nence and cognitive impairment make 24-hour urine collection 
unreliable. Serum creatinine level measuren1ent may be an unre
liable indicator of renal function status because this value may 
remain unchanged as a result of a concomitant decrease in lean 
body mass and thus a decrease in creatinine production. A serun1 
creatinine level of 1.0 mg/dL may represent a CrCI of over 
100 mUmin in a 30-year old, but less rhru1 60 mLimin in an 
85-year old. 15 

To overcome tht>.se problen1s, formulas have been devel
oped to estimate CrCI from pla~ma creatinjne and patient 
characteristics. The most commonly used formulas are the 
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Cockroft-Gault equation 

Ccr = [(140-Age in years) x Weight in kilograms]/(72 x Serum creatinine In mg/dl) 

MDRD study equation 

GFR = 175 x (Standardized serum creatinine in mg/dl)- 1·154 x (Age in years)-o·200 
FIGURE 14-7 Equations for calrulating creatinine 
clearance. 

Cockcroft-Gaulrequation and the Modification of Diet in Renal 
Disease (MDRD) equation (Fig. 14-7). In a large study of older 
hospitalized patients, the Cockcroft-Gault equation has been 
shown to correlate more closely with directly measured CrCI.16 

Acute kidney injury (AKl) is defiJ1ed as a 0.3-mg/dL or 
50% or higher change in the serum creatinine level from base
Line or a reduction in urine output of less than 0.5 mlJkg/hr 
over a 6-hour iJltcrval, within a 48-hour period, following ade
quate volume [esuscitation. AK.l is a frequent occurrence after 
major surgery. Up to 7.5% of patients with a normal preopera
tive serum creatinine level will develop AKJ. AKI is associated 
with increased short-term morbidity and mortality, as well as 
increased long-term mortality. Age, in addition, to emergency 
surgery, ischemic beart disease, and congestive beart failure, are 
risk factors for the development of postoperative AKJ. Further
more, older patients witb already compromised renal ftulction 
are at increased risk of postoperative AKI. The keys to avoidiJ1g 
postoperative AKI is to understand that older patients are at 
increased risk and to take steps to avoid u1111ecessary hypovole
mia and ensure proper dosing of drugs that are cleared by d1e 
kidney and of drugs that are nephrotoxic. 

The lower urinary tract also changes with increasing age. 
In the bladder, increased coiJagen content leads to limhed dis
tensibility and impaired emptying. Overactivity of the detrusor 
muscle secondary to neurologic disorders or idiopathic causes 
has also beeJ1 identified. In women, decreased circulating levels 
of estrogen and decreased tissue responsiveness to this hormone 
cause changes in the urethral sphincter that predispose to urinary 
incontinence. In men, prostatic hypertrophy impairs bladder 
emptying. Together, these factors lead to urinary incontinence 
in 10% to 15% of older persons living in the community and 
50o/o of those i.n nursing homes. 1l1ere is also an increased 
prevalence of asymptomatic bacteruria wid1 age, which varies 
from lOo/o to 50% depending on gender, level of activity, under
lying disorders, and place of residence. Urinary rract infections 
alone are responsible for 30o/o to 50% of all cases of bacteremia 
in older patiems. Alterations in tbe local environment and 
declining host defenses arc thought to be responsible. Ikcausc 
of the lack of symptoms in older patients with bacteruria, pre
operative urinalysis is important. 

Hepatobiliary System 
Overall, hepatic fu11ction is well preserved with aging. However, 
there is as much as a fourfold increase in liver disease-related 
mortality in persons between the ages of 45 and 85 years.17 

Morphologic changes include a decrease in the number of hepa
tocytes and a reduction in overalJ weight, size, and volume. 
There is, however, a compensatory increase in cell size and pro
liferation ofbile ducts. FunctionaiJy, hepatic blood flow decreases 

BOX 14-4 Major Hepatobiliary Changes With Age 

Decrease in the number of hepatocytes 
Dedine in hepatic blood flow 
Synthetic capacity remains unchanged 
Increased sensitivity to and decreased clearance of certain drugs 
Increased incidence of gallstones and gallstones related 

diseases 

BOX 14-5 Major Changes in Immune Function With Age 

Decrease production and differentiation of naive T cells 
Decrease in T cell mitogenic activity 
Increase in inflammatory qtokines 
Increased autoantibodies 

by approximately 0.3% to l.5o/o/year to 40o/o to 45% of earlier 
values after 65 years of age. 

1l1e synthetic capacity of the liver, as measured by standard 
rests of liver fm1ction, remains unchanged (Box 14-4). However, 
the metabolism of and sensitivity to certain types of drugs is 
altered. Drugs requiring microsomal oxidation (phase I reac
tions) before conjugation (phase U reactions) may be metabo
lized more slowly, whereas those requiring only conjugation may 
be cleared at a normal rate. Drugs that act directly on hepato
cytes, such as warfarin (Coumadin), may produce the desired 
therapeutic effects at lower doses in older adults because of an 
increased sensitivity of cells to these agents. Some recent evi
dence has also suggested that aging may be associated with a 
dedi11e iJl the ability of the liver to protect against the effects of 
oxidative stress. 

The most significant correlate of altered hepatobili.ary ftmc
tion in older adults is the increa~d incidence of gallstones and 
gallstone-related complications. GaiJstone prevalence rises 
steadily with age, although there is variability in the absolute 
percentages, depending on the population. Stones have been 
demonstrated in as many as 80o/o of nursing home residents 
older than 90 years. Biliary tract disease is tl1e single most 
common indication for abdominal surgery in older adults 
(see later). 

Immune Function 
lmmune competence, like other physiologic parameters, declines 
with advancing age (Box 14-5). This inlmunosenescence is cllar
acterized by enhanced susceptibility to infections, an increase in 
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FIGURE 14-8 The normal response to hyperglycemia is for the beta cell to adapt and secrete sufficient insulin to restore euglycemia. In aging, 
there is a decrease in insulin secretion and a probable increase in insulin resistance, which, when combined with cornorbid illness, genetic 
factors, and medications, leads to a failure of this glucoregulatory process. IGT. Impaired glucose tolerance. (From Chang AM, Halter JB: Aging 
and insulin secretion. Am J Physiol Endocrinol Metab 284:E7- E12, 2003.) 

autoantibodies and monoclonal immunoglobulins, and an 
increa.~ in tlLmorigenesis. ln addition, Like other physiologic 
systems, this decline may not be apparent in the unchallenged 
state. For example, there is no decline in neurrophil cotLnt with 
age, bur the ability of the bone marrow to increase neutrophil 
production in response to infection may be impaired. Older 
patients with major u1fections frequently have normal white 
blood cell (WBC) counts, but the dHferential count will show 
a profound shift to the left, with a large proportion of immature 
forms. 

With aging, there is a decline in the hematopoietic stem 
cell pool in tl1e bone marrow that leads to decreased productjon 
of naive T cells from the thymus and of B cells from the bone 
marrow. Moreover, uwolution of the thymus gland, with a 
decline in thymic hormone levels, further impairs the produc
tion and di.ffcren tiation of naive T cells and leads to an u1creased 
proportion of memory T cells. This change in the population of 
T cells leaves older adult hosts less able to respond to new anti
gens. Furthermore, recent data have suggested that chronic 
infection with viruses such as cytomq~alovirus produces non
ftmctional T cell clonal expansions that may limit the space 
availab.le for proliferating T cells.18 

Some B cell defects have recently been identified, although 
it is thought that the functional deficits m antibody production 
are related to altered T cell regulation rather than intrinsic B cell 
changes. In vitro, there is increa.~d helper T cell activity for 
nonspecific antibody production, as well a~ a decreased ability 
of suppressor T cells from old mice to recognize and suppress 
specific antigens from self. This is reflected in an mcrease in the 
prevalence of autoantibodies to more than I Oo/o by 80 years of 
age. TI1e mix of immunoglobulins also d1anges; immunoglobu
lin M (IgM) levels decrease, wherea~ IgG and IgA levels increase 
slightly. 

Changes iJl the immLme system with aging are similar those 
seen in chronic inflammation and cancer. In addition to the 
reduced mitogenic responses ofT cells, there is an increase in 
the levels of acute-phase proteins. It is hypothesi.7..ed that 

persistently elevated levels of inflanm1atory cytokines may be 
responsible for the downregulation of interleukin-2 production 
by chronically stimulated T cells. Markers of inflammation such 
as incerleuki.n-6 have recently been shown to be increased in 
older patients. Chroruc inflanm1ation has bt:en implicated m the 
syndrome offrailr.y, which is d1aracteri7..ed by loss of muscle mass 
(sarcopenia), undernutrition, and impaired mobility. [nflamma
tory cytokines arc also implicated in tbe normocytic anemia that 
is common in frail older adults. 

The clinical implications of these changes are difficult to 
determine. When superimposed on the known immunosuppres
sion caused by the physical and psycl10logical stresses of surgery, 
insufficient immLmologic responses are tu be expected in older 
adults. 'TI1e increased susceptibility to many infectious agents in 
the postoperative period, however, is more likely the result of a 
combination of stress and comorbid disease rather than physi
ologic decline alone. 

Glucose Homeostasis 
Data from the National Health and Nutrition Examination 
Survey have shown a clear increase in the prevalence of disorders 
of glucose homeostasis with age; more tban 20o/o of persons 
older than 60 years have type 2 diabetes. An additional 20% 
have glucose u1tolerance characterized by normal fastmg glucose 
and a postchallenge glucose level higher than 140 mg/dL but 
less than 200 mg/dL. llus glucose intolerance may be the result 
of a dea-ease in insulin secretion, increase in insulin resistance, 
or both (Fig. 14-8). 19 

'TI1ere is now general consensus that beta ceU function 
dediJ1es with age. This change is manifested by faUure of the 
beta cell to adapt to the hyperglycemic milieu wicb an appropri
ate ina-ease in insulin response. The question of insulin resis
tance is more controversial. Alcl10ugh insuJin action has been 
shown to decrea.~e in older adults, this change is thought to be 
more a function of changing budy composition, with increased 
adipose tissue atld decreased lean body mass, rather that1 age per 
se. Others believe that there is an increase in insulin resistance 
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directly attributable to aging, as manifested by a decrease in 
insulin-mediated glucose uptake in muscle that is normally regu
lated by the glucose transporter GLUT-4. There is also an 
increase in intracellular lipid accumulation, wbiel1 interferes 
with normal insulin signaling. These changes may be associated 
with the decline in mitochondrial funcrion that also accompa
nies aging.'? 

These factors, combined with comorbid illness, medica
tions, and genetic predisposition, come togemer to render older 
surgical patients at particularly high risk for uncontrolled hyper
glycemia whclli subjected to me usual insulin resistance that 
accompanies the physiologic stress of surgery. Both the endog
enous glucose response to rraumatlc stress and glycemic response 
to an exogenous glucose load are exaggerated in injured older 
patient.~. 

Although most of the data on glucose control and surgical 
outcomes is in tthe cardiac surgery Literature, recent evidence bas 
confirmed tl1at uncontrolled hyperglycemia in the immediate 
perioperative period is associated with an increase in infections 
in almost all types of surgery. The optimum level of glucose 
control, however, is still controversial. Earlier prospective studies 
indicated that tight control of blood sugar (80 to 110 mg/dL) 
achieved by co.rn tinuous infusion of insulin improved some out
comes, including mortality in critically ill patients in me surgical 
intensive care w1i t, but more recent data have cast some doubt 
on the be11efits of such strict control. In general, maintenance 
of the blood glucose level below 180 mg/dL in tl1e perioperative 
period is now widely accepted as an appropriate target, even in 
older patients. 

PREOPERAnYE ASSESSMENT 
1he goals of preoperative assessment of an older patient are to 
define the extent of physiologic decline, characterize and opti
mi7.e comorbid diseases, and determine how the stre~s of the 
surgical treatment will affect me patient's postoperative function 
and overall quality of life. Extensive testing for disease in every 
organ system is neither cost-effective, practical, nor necessary for 
most patiems. A thorough history and physical exanlination will 
provide information to direct further workup, if necessary. It is 
important, however, to adjust the history and physical examina
tion to look carefully for the risk factors, signs, and symptoms 
of the more common comorbid conditions. The addition of 
simple tools for the assessmem of fw1ctional, cognitive, nutri
tional status and overall frailty will significantly enhance under
standing of me individual patient's true operative risk (Box 
14-6). W hen initial evaluation identifies specific disease or risk 
factors for disease, further workup may be iJldicated. 

Comorbidity 
Like the surgical disease itself. the manifestations of comorbid 
i.lli1esses in older adults are frequently less typical than in younger 
patients. For exan1ple, more than 40% of myocardial infarctions 
in patients older than 75 to 84 years are silent or unrecognized, 
as opposed ro less than 20o/o in patients between the ages of 45 
and 54. Cognitive and nutritional deficits occur frequently in 
the aged, but as many as two thirds and one half, respectively, 
are overlooked unJess a specific assessment is undertaken. Swal
lowing disorders are also common but are often unrecogni7..ed. 

In addition, comorbidi ty influences the overall life expec
tancy of the individual. irrespective of the surgical illness. For 
example, the mean life expectancy of cognltively intact persons 
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Function 
ASA classification 
ADLs, IADLs 
Exercise capacity (METs) 

Nutrition 
Risk factor assessment 
Subjective global assessment 
Mini nutritional assessment 
Serum albumin-body mass index (BMI) 

Cognition 

• jJllfl[••l~ 

Mini- Cog test (three-item recall + clock drawing) 
Folstein Mini-Mental State Examination 

Frailty 
Weight loss > 10 lb 
Weak grip strength 
low energy expenditure 
Self-reported exhaustion 
Slow walking speed 

aged 65 to 69 years is approximately 18 years, whereas the life 
expectancy for sinillarly aged patients with dementia is closer to 
10 years. f11 older persons with congestive heart fai lure, 20o/o die 
within I year and 75% within 5 years of initial hospitalization. 
Understanding me in1pact of comorbidity on Life expectancy is 
tl1erefore essential in risk-benefit determinations. 

Of all comorbid conditions, cardiovascular disease is the 
most prevalem, and cardiovascular events are a leading cause of 
severe perioperative complications and death. Therefore, the 
main, thrust of p reoperative evaluation in most patients, regard
less of age, has focused on identifying patients at risk for cardiac 
complications. The American College of Cardiology (A CC) and 
American Heart Association {AHA) Task Force on Practice 
Guidelines first published an in-depm set of guideli11es for pre
operative cardiac evaluation in 1996, wim updates in 2002 and 
2007 .• '0 These guidelines provide a stepwise Bayesian strategy for 
determining which patients will need fLLrtber testing to clarifY 
risk or further treatment to minimize risk. Stratillcation is ba~d 
on facrors related to me patiem and type of surgery. For older 
patients with known cardiac disease, rigorous workup may be 
necessary. For most patiellts, assessment of exercise tolerance and 
fwKtional capacity is an accurate method of predicting the 
adequacy of cardiac and pulmonary reserves (see later). 

Although the main focus of preoperative evaluation has 
been cardiac status, pulmonary complications in older patients 
are at least as common as cardiac complication, if not more so. 
Risk factors for pulmonary complications are not as well studied 
as those for cardiac complications, almough many of the same 
issues apply to both. Poor exercise capacity and poor general 
health predict pulmonary and cardiac complications. L1 a sys
tematic review of tbe Literature for risk factor for pulmonary 
complications after noncardiac surgery (not limhed to older 
adttlts) botl1. patient and procedural factors were identified 
(Table 14-3).21 Age older than 80 years was associated with the 
highest odds ratio (OR) of a pulmonary complication, even after 
adjusting for comorbidity. Indicators of impaired functio n, 
nutrition, and cognition, among others, were also in1portant. 
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Table 14-3 Potential Risk Factors for Postoperative Pulm«r 
nary Complications 
PATIENT- PROCEDURE-
RELATED ODDS RELATED ODDS 
FACTORS RATIO FACTORS RATIO 
Age (years) Aortic ~neurysm 6.90 

repa1r 

70-79 3.90 Thoradc surgery 4.24 

~80 5.63 Abdominal 3.01 
surgery 

ASA class ~ II 3.12-4.87 Upper abdominal 2.91 
surgery 

Abnormai CXR 4.81 Neurosurgery 2.53 

CHF 2.93 Prolonged 2.26 
surgery 

Functionally 1.62-2.51 Head and neck 2.21 
dependent surgery 

COPD 2.36 Emergency 2.21 
surgery 

Weight loss 1.62 Vascular surgery 2.10 

Medical 1.48 General 1.83 
Comorbidity anesthesia 

Cigarette use 1.40 Peri operative 1.47 
transfusion 

Impaired. 1.39 
sensonum 

Alcohol use 1.21 

Adapted from Smetana GW, Lawrence VA, Cornell JE: Preoperative pulmonary risk 
stratification for noncardiothoracic surgery: Systematic review for the American 
College of Physicians. Ann Intern Med 144:581-595, 2006. 

Aortic aneurysm and thoracic and abdominal operations were 
the strongest procedure-related factors, hut others, such as 
abdominal surgery, prolonged surgery, and emergency surgery, 
were also important. 

Additional comorbid conditions, such as prior stroke, gas
troesophageal reflux disease (GERD), and poor dentition, also 
place older patients at increased risk of aspiration. Subtle changes 
in cognitive and swallowing function are similarly common in 
older adults and are associated with aspiration pneumonia and 
other negative outcomes. Initial screening for aspiration risk can 
be accomplished easily with a simple 3-ounce water swallow test. 
which has been shown to have high sensitivity and negative 
predictive value. 1l1is test is accomplished by asking the patient 
to swallow 90 m.L of water without stopping. Choking, cough
ing, wet quality to the voice after swallowing, or failure to 
complete the test indicates that a more thorough swallowing 
examination may be in order. Passing this test indicates a low 
risk for aspiration; however, the false-positive rate is high. Aspi
ration precautions, however, should be instituted for aiJ older 
patients with any risk factors for aspiration 

[n a recent review of strategies to reduce postoperative 
pulmonary complications, only lung expansion interventions, 
such a~ iJKentive spirometry, were shown by good evidence to 
have an effect. 22 TI1e selective use of nasogasrric decompression 
(rather than routine use) and short-acting (as opposed to long
acting) intraoperative neuromuscular blockade wa~ supported 
by fair evidence. Evidence supporting smoking cessation, 
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epidural anesthesia and analgesia, laparoscopic versus open 
approaches, and nutritional supplementation was insufficient 
or conAkting. 

Function 
Posroperative ourcome in the geriarric surgical patienr is largely 
determined by the impact of physiologic decline and comorbid
ity on an individual:~ fu11ctional reserves. Limited preoperative 
functional reserves also contribute to postoperative immobility, 
which in turn leads to complications such as atelecta~is and 
pneumonia, venous stasis and pulmonary embolism, and mul
tisystem deconditioni.ng (see later). Flmction can be assessed in 
many ways. 

American Society of Anesthesiologists Classification 
For decades, the physical status classification of the American 
Society of Anesthesiologists (ASA) has been used successfully to 
stratify operative risk. lhis simple classification ranks patients 
according to the fi.mctional limi tations imposed by coexisting 
disease. When curves for mortality versus ASA class arc exam
ined with regard to age, there is little difference herween younger 
and older patients, which indicates that mortality is a function 
of coexisting disease rather than clJronologic age. ASA classifica
tion has been shown to predict postoperative mortality accu
rately, even in patients older than 80 years. In a large multicenter 
Department ofVeterans Affairs study (National Surgical Quality 
Improvement Progran1 lNSQIPJ), surgical patients were a~sessed 
prospectively for operative risk and risk-adjusted models were 
then created to allow comparison of the quality of surgical care 
an1ong different insti tutions. Of the 68 variables studied, the 
ASA functional classification was the factor most predictive of 
postoperative morbidity and the second most predictive of 
morrali ty. 23 

Activities of Daily Living 
1l1e ability to perform ADLs (e.g., feeding, continence, transfer
ring, toileting, dre.o;sing, bathing) and instrumental ADLs 
(IADLs; e.g., telephone use, transportation, meal preparation, 
shoppiJlg, housework, medication management, managing 
finances) have also been shown to correlate with postoperative 
mortality and morbidity.21 Inactivity, defined as the inabi.llty to 

leave cl1e home on one's own at least twice per week, has been 
associated with a higher incidence of all major surgical complica
tions. Postoperative mortality in severely limited patients has 
been reported to be almost 10 times higher than mortality in 
active patients. [n another study of functional recovery after 
major elective open abdominal operations, berrer recovery and 
shorter time to recovery of ADLs and IADLs were almost always 
predicted by a better preoperative physical performance status, 
as measured by three simple tests of strength and mobi.llty.25 

Exercise Tolerance 
Of aiJ rhe methods of assessing overall functional capacity, exer
cise tolerance is the most sensitive predictor of postoperative 
cardiac and pulmonary complications in older adults. In an 
older but frequently quoted study comparing exercise tolerance 
and other assessment techn,iques, Gerson and a-;sociares demon
strated that an inability ro raise d1e heart rare to 99 bears/min 
while performing 2 minutes of supine bicycle exercise was the 
most sensitive predictor ofjostoperative cardiac and pulmonary 
complications and deatb. 
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ESTIMATED ENERGY REQUIREMENTS FOR VARIOUS ACTIVITIES* 

1 MET 

l 
4METs 

Can you take care of yourself? 
Eat, dress, or use the toilet? 
Walk indoors around the house? 
Walk a block or two on level ground at 
2-3 mph or 3.2--4.8 km/h? 

Do light work around the house like dusting or 
washing dishes? 

*MET, meta.lbolic equivalent (see text). 

4 METs Climb a flight of stairs or walk up hill? 

10 METs 

Walk on level ground at 4 mph or 6.4 kmlh? 
Run a short distance? 

Do heavy work around the house like scrubbing 
floors or lifting or moving heavy furniture? 

Participate in moderate recreational activities like 
golf. bowling, dancing, doubles tennis. or throwing 
a baseball or football? 

Participate in strenuous sports like swimming, singles 
tennis, football, basketball, or skiing? 

FIGURE 14-9 Estimated energy requirements tor various activities. Wrth increasing activity, the number of METs increases. An inability to func
tion above 4 METs has been associated with increased perioperative cardiac events and long-term risk (From Eagle KA. Berger PB, Calkins H. 
et al; American College of Cardiology/American Heart Association Task Force on Practice Guidelines [Committee to Update the 1996 Guidelines 
on Perioperative Cardiovascular Evaluation for Noncardiac Surgery]: ACC/AHA guideline update tor perioperative cardiovascular evaluation tor 
noncardiac surgery- executive summary. A report of the American College of Cardiology/American Heart Association Task Force on Practice 
Guidelines [Committee to Update the 1996 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery]. Circulation 105:1257-
1267, 2002.) 

Formal exercise testing, however, is not necessary in every 
older pat ient. 'TI1e metabolic requirements for many routine 
activities have already been determined and are quantitated as 
metabolic equhalents (MET). One MET, defined as 3.5 mL/ 
kg/m in, represents the basal oxygen consumption of a 70-kg, 
40-year-old man at rest. Estimated energy requirements for 
various activities a re shown in Figure 14-9. An inability to func
tion above 4 METs has been associated wi th increased peri opera
tive cardiac events and long-term risk. By asking appropriate 
questions about the level of activi ty, functional capacity can be 
accurately determined without the need for additional testing. 

Cognition 
M any people experience healthy aging without significant 
impairments, but a num ber of sensory, cognitive, and functional 
declines can occur with age, threatening independence. L1 cases 
of extreme sensory o r cognitive loss, as seen with vascular and 
Alzheimer's dementia, the capacity to perform ADLs can be 
compromised. These age-associated changes in cognitive func
tion may have profound effects on postsurgical recovery and 
outcome. Addi(ionally, worse biologic functioning is often asso
ciated with .lower cognitive performance. 

'TI1e im po rtance of preoperative cognitive status as a risk 
facto r fo r negative postoperative outcomes in older patients is 
often overlooked. Cognitive assessment is rarely a part of the 
preoperative histo ry and physical examination, and there are 
no widely accepted guidelines fo r such evaluation in surgical 
patients. However, preoperative cognitive deficits can have sig
n.i.6.cant short- and long-term consequences in the postoperative 
period; preoperative cognitive deficits are the greatest risk factor 
for postoperat ive delirium and cognitive changes discovered 
postoperat ively can persist for as long as 6 montbs after surgery. 

It is most important to recognize that a change in mental 
sta tus in older patients following surgery is often the earliest 

sign o f a postoperative complication. 'TI1erefore, some form of 
assessment for mental status should be parr of the routine post
operative evaluation. Jf an adequate preoperative cognitive eval
uation has been conducted, postoperative assessment only 
requi res brief observat ions of behavior and a comparison to 
baseline. 

There are several methods for evaluating baseline cognitive 
funct ion. 'TI1e Folstein M ini- Mental State Exan1inat ion (MMSE) 
has traditionally heen used hecause of its ease of administration 
and reliability. lt bas been suggested that the Mini-Cog test 
detects clinically significant cognitive impairment as well as , if 
not better than, the MMSE in multiethnic older iJ1dividualsP 
lt is easier to adm inis ter to non-English-speaking patients and 
is less biased by low education and lite racy levels . The M i11i-Cog 
rest combines a three-item word learni ng and recall task (0 to 3 
poi.m s; each correcdy recalled word, 1 point}, with a simple 
d ock-drawing task (abnormal d ock, 0 points; normal clock, 2 
points} used as a distraction before word recall. Total possible 
Min.i-Cog scores range from 0 to 5 points, with 0 to 2 suggesting 
high and 3 ro 5 suggesting a low likelihood of cognitive 
impairment. 

Nutritional Status 
Surgeons recog11i7..e the value of optimal nutritional status ro 
rni.n.i.mi.ze periopcrative mortality and morbidity. However, older 
patients are at particular risk for malnutrition and therefore at 
increased risk fo r adverse peri opera tive events. lt remains imper
ative for surgeons to continue to assess nutritional status and 
attempt to correct malnut rition to achieve optin1al results_ 
Although this may be difficult in any patienc, detection plus 
correction of malnutrition in older patients is crucial. 

The impact of poor nutrition as a risk factor fo r periopcra
tive mortality and morbidi ty such as pneumonia and poor 
wound healing has long been appreciated. A variety of 
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Recent Weight Loss 

Limited Ability to Get Food 
Immobility 
Poverty 

Disinterest in Eating 
Depression 
Isolation 
Cognitive impairment 
Decreased appetite 
Decreased taste 

Difficulty Eating 
Poor dentition 
Swallowing disorder 
GERD 

Increased Gastrointestinal Losses 
Diarrhea 
Malabsorption 

Systemic Diseases 
Chronic lung 
liver 
Cardiac 
Renal 
Cancer 

Drugs and Medications 
EtOH 
Suppressed appetite 
Block nutrient metabolism 

psychosocial issues and comorbid conditions common to older 
adults place this population at high risk for nutritional deficits. 
Malnutrition is estimated to occur .in approximately Oo/o to 15% 
of community-dwelling older persons, 35% to 65% of older 
patients in acute care hospitals, and 25o/o to 60% ofimtitution
alized older adults. Factors that lead to inadequate intake and 
uptake of nutrients in this population include the ability to 
obtain food (e.g., financial constraints, availability of food, 
limited mobility), desire to eat food (e.g., living siwation, memal 
status, chronic iLlness), ability to eat and absorb food (e.g., poor 
dentition, chronic gastrointestinal disorders sud1 as GERD or 
diarrhea), and medications that interfere with appetite or nutri
ent metabolism (Box 14-7). 

[n the fraU older adult, a number of factors contribute to 
neuroendocrine dysregulation of the signals that control appetite 
and satiety and lead to what is termed the anorexia of aging. 
Although the anorexia of aging is a complex interaction of many 
interrelated evem:s and systems, the result is chronic undernutri
tion and loss of muscle mass (sarcopenia). Malnutrition has also 
been associated with increased risk of falls and hospital 
admission. 

Measurement of nutritional status in older adults, however, 
is difficult. Standard anthropomorphic measures do not take 
into accoLmt d1e .changes in body composition and stntcrure that 
accompany aging. Immune measures of nutrition are influenced 
by age-related changes in the immune system in general. Fur
thermore, criteria for the interpretation of biochemical markers 
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in this age group have not been well established. Complicated 
markers and indices of malnutrition exist but are not necessary 
in the routine surgical setti11g. Subjective assessment by nistory 
and physical examination, in which risk factors and physical 
eviden.ce of malnutrition are evaluated, has been shown to be as 
effective as objective measures of nmritional status. Several 
screening tools may be used. including the Subjective Global 
Assessment (SGA), Mini Nutritional Assessment (MNA), and 
Malnutrition Screening Tool (MSn. The SGA is a relatively 
simple, reproducible tool for assessi11g nutritional status from 
the history and physical examination. SGA ratings are most 
strongly influenced by loss of subcutaneous tissue, muscle 
wasting, and weight loss. The SGA has been validated .in older 
and critically ill patients, and bas been related to the develop
ment of postoperative complications.28 The MNA, which mea
sures 18 factors, including body mass index (BMO, weight 
history, cognition, mobility, dietary history, and self-assessment, 
is also a reliable method for assessing nutritional status. Nutri
tional status, as determined by the SGA and MNA, has been 
shown to predict outcome in outpatient and hospitalized geri
atric medical patients. The MST is also a simple screening tool 
and has been validated in older patients in hospital and residen
tial settings.29 Maimenance of adequate nutritional status i11 
older residents of chronic residential facilities is improved with 
a nutri tional coordinator program. 

The serum albumin level has been implicated as a strong 
predic£or of outcome, both perioperative mortality and morbid
ity, in surgical patients. Recent evidence has demonstrated d1at 
low serum albumin levels in older patients correlate with 
increased length of stay, increased rates of readmission, unfavor
able disposition, and increased all-cause mortality. In the Veter
ans Affairs NSQIP study (see earlicr),~3 a low serum albumiJ1 
level was the most important predictive factor for mortality. 1his 
suggests that a low serum albumin level is a sensitive marker of 
outcome, regardless of whether it is directly related to poor 
nutritional status or to unidentified complex chronic illness; 
effects on outcorne may correlate to a better extent with inflam
mation, at least in dialysis patients. More recently, albumin also 
has been shown to correlate with infection and in-hospital death. 

Although there is no definitive evidence from large ran
domized trials on preoperative nutritional restoration, ameliora
tion o f maL1Utrition with protein or immune-enJ1ancing 
supplementation may improve Oli(Come in some groups of older 
patients. 

Frailty 
Although recognizing an individual who is frai l may seem easy, 
defining the physiologic components that describe cl1e frail phe
notype has proven more difficult. Frailty is primarily a geriatric 
syndrome in which declines in reserves across many organ 
systems leave the individual with a decreased ability to respond 
to many stressors. The frail individual typically has loss of muscle 
mass (sarcopcnia), chronic undernutrition, weakness, and 
decreased exercise tolerance. For study purposes, the frail phe
notype is currently defined by five characteristics: weight loss, 
weak grip strength, self-reported exhaustion, slow walking speed, 
and low energy expenditure.30 

The presence of frailty is associated with many poor health 
outcomes, such as falls, disability, hospitalization, and death. 
Recent evidence has also suggested tbat frailty in surgical patients 
independently predicts higher postoperative complication rates, 
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longer lengths of sray, and more frequent discharges to nursing 
facilities. The degree of frailty also predicts the magnitude of the 
iJKreased risk with those classified as frail {four or five charac
teristics) having worse outcomes than d10se classilied as inter
mediately &ail {two or three characteristics).31 

SPECIFIC POSTOPERAnVE COMPLICAnONS 
Although older surgica~l patients with comorbid disease are at 
higher risk for many of the same surgical complications that 
occur in patients of all ages, several serious complications are 
more specific to tllis age group. These likely reflect an overall 
decline in physiologic capacity and reserve. 

Delirium 
Delirium, a disturbance of consciousness and cognition that 
presents over a short period of time, with a fluctuating course, 
is an1ong the most common a11d potentially devastating postop
erative complication seen in older patients. Postoperative del ir
ium is associated with higher rates of morbidity {30 days) and 
morrality (6 months), longer intensive care unit (ICU) Length 
of stay, longer hospital length of stay, higher rates ofinstitutioo
alization after discharge, and higher overall hospital costs.32 The 
incidence of postoperative delirium in older patients varies with 
the type of procedure: less than 5% after cataract surgery, 35% 
after vascular surgery, and 4Uo/o to 6Uo/o after hip fracture repair. 
11Je incidence in older patients requiring tream1ent in an ICU 
is over 50%. 

Postoperative delirium is usually the result of an interaction 
between preexisting conditions (risk factors) aJ1d postoperative 
events or complications (precipitating factors). The onset of 
delirium maybe the first indication of a serious posroperative 
complication. ldentif}ring risk factors preoperatively, and mini
mizing precipitating factors intraoperatively and postoperatively, 
is currently the best strategy to prevent delirium (Table 14-4). 

Table 14--4 Risk Factors and Precipitating Factors for 
Delirium 

-----------------------------------------
RISK FACTORS 

Advanced age 

Cognitive impairment 

Functional impairment 

Poor nutrition 

Comorbidity 

Alcohol abuse 

Psychotropic medications 

Sensory impairment 

Type of surgery 

PREOPITATING FACTORS 

Infection 

Medications 

Hypoxemia 

Electrolyte abnormalities 

Under treated pain 

Neurologic events 

Dehydration 

Sensory deprivation 

Sleep disruption 

Severe illness Use of bladder catheters 
Unfamil iar environment 
Use of physical restraints 

Adapted from lagoo-Oeenadayalan SA, Newell MA, Pofahl WE: Common periop
erative complications in clder patients. In ROSEilthal RA. Zenilman ME, Katlic MR 
(eds): Principles and practice of geriatric surgery, ed 2, New Vorl<, 2011. Springer, 
pp 361-376. 

Risk Factors 
The most important risk factor for postoperative delirium in 
older patients is a preexisting cognitive deficit, so some form of 
cognitive assessment is an essential part of the preoperative 
workup. Other risk factors include poor fLmctional status, 
undernurrition or malnutrition, serious coexisting illness, 
sensory deficits, depression, alcohol consumption, preoperative 
psychotropic drug use, severity of illness, and magnitude of sur
gical stre..~. In a large prospective study of patients older than 50 
years undergoing elective, noncardiac surgery, MarcaJltonio and 
coworkers33 have deternlined the relative importaJ1ce of some of 
these factors in predicting deliriwn and developed a quantitative 
predictive rule to identify patiems at risk. 

Precipitating Factors 
Precipitating factors for delirium iJ1 the postoperative setting 
include common postoperative complications (e.g., hypoxia, 
seps~is, metabolic disturbances), untreated or undertreated pain, 
medications (e.g., certain antibiotics, analgesics, aJltihyperten
sives, bera blockers, benzodiazcpines), situational issues {e.g., 
unfamiliar environment, immobility, loss of ~osory assist: 
devices such as glasses and hearing aids), use of bladder cathe
ters and oilier indwelling devices or restraims, and disruption 
of dte normal sleep-wake cycle (e.g., medications and treat
ments given during usual sleep hours). No association has been 
found with the route of anesiliesia (epidural versus general) 
or the occurrence of intraoperative bemodynan1ic complica
tions. However, iJuraoperative blood loss, need for blood trans
fusion, and postoperative hematocrit level lower than 30% are 
associated with a significaJ1dy increased risk for postoperative 
delirium. 

Although delirium is common in older patients following 
surgery, the diagnosis is frequently not appreciated. Agitation 
and confusion are usually recogni2'.ed but depressed levels of 
consciousness may also be present. The Confusion Assessment 
Model (CAM) developed by Wei and colleagues·"' is a simple, 
well-validated tool to diagnose delirium. A positive CAM 
requires the following: (I) acute onset with waxing and waJling 
course and (2) inattention, with (3) disordered thjnking or (4) 
altered level of consciousness. 

The best treatment for delirillll1 is prevention. Strategies 
that focus on maintaining orientation (e.g., family at the bedside, 
sensory devices available), encouragiJ1g mobility, maimaiJling 
normal sleep-wake cycles (no medications during sleep hours), 
aJld avoiding dehydration and inappropriate medications 
have been shown to decrease the number and duration of 
episodes of delirium in bospiralized patients.35 Pharmacologic 
prevention trials have not yet shown consistently positive 
results. 

Once delirium is diagnosed, a thorough search for precipi
tating factors such as infections, hypoxia, metabolic distur
bances, inappropriate medications, and undertreated pain 
should be conducted. lnvasive devices and catheters should be 
removed as soon as possible a11d restraints should be avoided. A 
thorough review of the history should also be conducted and 
the family queried about possible predisposing factors, sucl1 as 
unrecognized alcohol consumption. 

Aspiration 
Aspiration is a common cause of morbidi ty and mortality in 
older patients in the postoperative period. The incidence of 
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FIGURE 14- 10 There is almost an exponential increase in postopera
tive aspiration pneumonia with increasing age. (From Kozlow JH, 
Berenholtz SM, GarrettE, et al: Epidemiology and impact of aspiration 
pneumonia in patients undergoing surgery in Maryland, 1999-2000. 
Crit Care Med 3 1:193o-1937, 2003.) 

postoperative aspiration pneumo.nia increases almost exponen
tially with increasing age, with patients older than 80 years 
having a Y- to I U-fold greater risk than those 18 to 2Y years of 
age (Fig. 14-10).36 

Swallowing is a complex, coordinated interaction of many 
neuromuscular evencs. As many as one third of independenr 
functioning older persons report some difficulty with swallow
iJ1g. With age, there is a decline in several of the elements of 
normal swallowing that predispose to aspiration. These include 
loss of teeth, decrease in the strength of the muscles of mastica
tion, slowing of ·the swallow time, decreased laryngopharyngeal 
sensation, and decreased cough strength. Poor oral hygiene and 
the edentulous state are also associated with an overgrowth of 
patholngic organisms, which predispose to pneumonia following 
aspiration. 

In general, other risk factors for aspiration in older patients 
can be categorized as disease- related (e.g., stroke, dementia, 
neuromuscular disorders such as Parkinson's disease, GERD), 
medication-related (e.g., drugs that cause dry mouth or altered 
mental status), and iatrogenic factors. The last of these is par
ticularly relevam ro surgical patients. The presence of devices 
crossing the oropharynx (e.g., nasogastric tubes [NG], endotra
cheal rubes [ET], esophageal thermometers. transesophageal 
echocardiographic [TEE] probes), has been shown to disrupt the 
swallowing mechanism further. The need for prolonged intuba
tion is associated with swallowing dysfunction and aspiration, 
as is the use of enteral feeding tubes. lhe routine use of NG 
tubes iJ1 patients undergoing colon resection has been correlated 
with an increased risk of aspiration pneumonia, as ha.~ the use 
ofTEEs in patients Ulldergoing cardiac surgery. The occllfrence 
of postoperative ileus also predisposes to aspiration. 

Aspiration risk should be assessed preoperatively in all older 
patients with risk factors for a.'>piration and in those with any 
report of a swallowing abnormality {see earlier, "Preoperative 
Assessment"). Aspiration precautions should be ordered for any 
patient thought to be at risk. These include 30- to 45-degree 
upright positioniJlg, careful evaluation of gastrointestinal func
tion prior to starting feeding and frequently thereafter. careful 
monitoring of gastric residuals in patients with feeding tubes, 
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Table 14-5 Organ System Effects of Bed Rest 
SYSTEM 

Cardiovascular 

Respiratory 

Musdes 

Bone 

Gastrointestinal 

Genitourinary 

Skin 

EFFECT 

.L Stroke volume, .L cardiac output. orthostatic 
hypotension 

.1. Respiratory excursion, .1. oxygen uptake, 
i potential for atelectasis 

.!. Musde strength, .1. muscle blood flow 

i Bone loss, ,J. bone density 

Malnutrition, anorexia, constipation 

Incontinence 

Sheering force, potential for skin break down 

Psychological Social isolation, anxiety, depression, disorientation 

From Kleinpell RM, Aetcher K, Jennings BM: Reducing functional decline in hos
pitalized elderly. In Hughes RG (ed): Patient safety and quality: An evidence-based 
handbook for nurses, AHRQ Publ No. 08-0043, Rockville, MD, 2008, Agency for 
Healthcare Research and Quality, pp 251-265. 

and upright position during meals and for 30 to 45 minutes 
after meals in those on an oral diet. 

Deconditioning 
In older patients, the prolonged period of immobility that 
foUows hospitalization for a major surgical procedure often 
results iJ1 functional decline and overall deconditioning. Fwlc
tional decline has been observed after as little as 2 days of 
immobility. Deconditioning is a distinct clinical entity, charac
terized by specific changes iJ1 fUllction of many organ systems 
(Table 14-5).37 Deconditioned individuals have ongoing func
tional limitations, despite improven1ent iJ1 the original acute 
ilL1ess. The period for fUllctional recovery may he as much as 
three times longer thaJ1 the period of.immobility. Prolonged bed 
rest also leads to other postoperative complications, such as pres
sures ulcers and falls. 

A major risk factor for deconditioning during hospitaliza
tion is a preexisting functional limitation. For example, patients 
requiring aJnbulation assist devices such as canes or walkers prior 
to hospitalization are more likely to suffer significam further 
functional decline. Other less obvious functional Limitations, 
such as the inability to perform activities such as walking up a 
Aight of steps carrying a bag of grocerie.~ (4 METs), are also 
associated with higher rates of postoperative complications and 
greater chances of functional decline. Other risk factors include 
nvo or more comorbidities, five or more medications, and a 
hospitali7..ation or emergency room visit in the preceding year.3~ 
Patients who develop delirium whiJe in the hospital are also at 
greater risk of developing serious functional decline and of 
requiriJ1g placement in short-term rehabilitation or long-term 
care facilities. 

Assessment offunctional capacity is an essential part of tbe 
preoperative assessment (see earlier). ln patients identified at risk 
for functional decline, a plan for early directed methods to 
promote mobility, including early physical therapy consultation, 
should be establish prior to surgery. The "out of bed" order may 
be the most in1porrant of all routine postoperative orders for 
older patients. 
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Structured models for the in-hospital care of geriatric 
patients have been developed for patients hospitalized for 
medical il lnesses. Adaptation of these models for surgery 
patients could promote improvements in functional and cogni
tive status. Preoperative conditioning to improve function 
prior ro surgery, termed prehabilitation or prehab, has 
theoretical merit, although evidence to support its usefulness is 
stU I lacking. 

SURGERY OF MAJOR ORGAN SYSTEMS 

Endocrine Surgery 

Thyroid Disease 
Hypothyroidism occurs in 1 Oo/o of women and 2% of men older 
than 60 years; hyperthyroidism occurs in 0.5% to 6% of persons 
older than 55. Hypothyroidism is caused by autoimrmme 
disease, previous radioablation or surgery, and drugs that inter
fere with the synthesis of thyroid hormone, such as an1iodarone. 
Hyperthyroidism is usually caused by toxic multinodular goiter, 
with Graves' disease heing less commo11 than in yotmger persons. 
Medical treatment uf hypothyroidism in older aduJts is similar 
to that in younger patients. Surgical treatment of hyperthyroid
ism may be necessary for large goiters compressing the trachea. 
It is most important to remember that as with disorders of many 
other organ systems, symptoms of hypothyroidism and hyper
thyroidism in this age group are eas.ily overlooked or attributed 
to other causes. Failure w recognize the presence of either can 
result in serious perioperative problems. 

The incidence of thyroid nodules increases throughout life, 
whether detectted by physical examination, ultrasound, or 
autopsy, although physical exan1ination is less sensitive because 
of fibrosis of the soft tissues of the neck and the gland . The 
incidence of nodules in autopsy series is 50%. Thyroid nodules 
are four tin1es more common in fCillales, but the risk for cancer 
in a nodule is higher in males. Most thyroid nodules are single 
when detected. Thyroid noduJes change slowly over the short 
term. Prospective studies have shown, however, that up to 25% 
of colloid noduJes can shrink over a period of 2 to 3 years and 
may disappear. 

WeU-differentiated thyroid cancer is divided into papillary 
and foWcular subtypes. Sporadic papillary thyroid cancer has 
an almost bell-shaped distribution of age at diagnosis, with a 
decreasing trend in patients older than 60 years. Age is a negative 
prognostic factor for survival and other outcomes; patients older 
than 60 years !have an increased risk for local recurrence, and 
patients younger than 20 and older than 60 have a higher risk for 
the developmenc of distant metastasis. Sinillar results have been 
noted for follicular cancer. Increasing patient age correlates with 
increased risk for death by approximately twofold over a span of 
20 years. Guidelines for the management of thyroid nodules and 
well-differentiated cancers can be found in the 2006 report of 
the American Thyroid Associations Guidelines Task Force:~8 

When thyroidectomy is indicated, it can usually be per
formed safely, even in patients much older than 80 years. 
However, older age does confer a higher risk of complications, 
longer hospital stays, more likely discharge to a location other 
than home, and higher rate of perioperative mortality. Surgical 
outcomes in o lder patients with muJtiple comorbidities have 
been shown to be bener when the operative volume of the 
surgeon is more than 30 thyroidectomies/year. 

Parathyroid Disease 
The incidence of primary hyperparathyroidism increases with 
age; it affects approxinJately 2% of older persons, with a 3 : 1 
female preponderance (1 in 1000 postmenopausal women). TI1e 
disease is characterized by elevated serum calcium levels, often 
within l mg of normal, in rhe presence of elevated parathyroid 
hormone (PTH) to levels 1.5 to 2.0 times normal. Most cases 
in older adults are solitary adenomas. 

Until the 1970s, the disease was often symptomatic with 
nephrolitl1iasis (stones), overt skeletal disease (bones), and neu
ropsychiatric complaints (psychic groans) on presentation. Witb 
the advent of routine calcium testing as part of automated 
chemistry analysis, this pattern has changed, and now 80% of 
cases are asymptomatic. A carefuJ history, however, will fre
guently reveal the presence of less obvious psychological and 
emotional symptoms. Other subtle symptoms in older persons 
include memory loss, personality changes, inability to concen
trate, exercise fatigue, and back pain. Several studies have shown 
that o nly 5% to 8% of patients are truJy asymptomatic. 

In response to the controversy regarding treatment of 
asymptomatic hyperparathyroidism, the National Institutes of 
Health (NTH) consensus conference in 1990 offered paran1eters 
for care. Participants agreed that truly asymptomatic patients, 
with serum calcium levels only mildly elevated, no previous 
history of life-threatening hypercalcemia, and normal renal, 
bone, and mental status, can be safely observed without surgery. 
Patients with CrCl decreased by 30% over age-matched con
trols, 24-hour urinary calcium excretion of more than 400 mg, 
and decreased bone mass more than 2 standard deviations 
(SDs) from age- and race-matd1ed controls are offered surgical 
treatment. 

Further indications for surgery include primary hyperpara
thyroidism in patients younger than 50 years and hyperparathy
roidism in patients for whom d ose fol low-up would be difficult 
or for whom significant concomitant illness complicates man
agement. At a more recent NIH workshop in 2002, a panel 
reconsidered therapy for asymptomatic primary hyperparathy
roidism. The threshold for parathyroidectomy was reduced to 
include patients with a serum calcium levd more than 1 mg/ dL 
above the upper limits of normal. This definition still leaves 
tmcertai.n whether weakness and depression indicate symptom
atic disease, although approxin1ately 40% of patients wi th 
hyperparathyroidism have one or both complaints. Because the 
risk for morbidity and mortality associated with surgery is low, 
even in older patients. parathyroidectomy remains the treatment 
of choice w1less other comorbid conditions preclude surgery. 

Minimally invasive parathyroid surgery has gained accep
tance with the adoption of sestamibi-directed surgery, intraop
erative parathyroid hormone (PTH) assay, and videoscopic 
surgery. Cure rates in patients older than 70 years at one center 
have risen from 84% in the pre-minimally invasive era (before 
2001) to 98% after the introduction of radioguided minin1ally 
invasive surgery under regional anesthesia:~9 

Breast Disease 
Epidemiology Increasing age is a major risk factor for developing 
breast cancer. Worldwide, almost one third ofbreast cancer ca5es 
occur in patiems older than 65 years. In the United States, more 
than 50% of new cases of breast cancer and approximately two 
thirds of breast cancer-related deaths occur .i n patients ol.der 
than 65 years. Breast cancer incidence increases with age, peaking 
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at age 75 and declining slightly thereafter. It is expected that as 
life expectancy continues to improve in Western countries, the 
proportion and absolute numbers of women with breast cancer 
will rise dramatkally.40 

Presentation and Screening The presemation of breast cancer is 
simjJar in older and yow1ger populations. 'TI1e painless mass 
represents the most common symptom of breast cancer. In older 
women, a new breast lump is likely to represent a malignancy. 
Breast pain, skin thickening, breast swelling, or nipple discharge 
or retraction should be vigorously pursued with biopsy in older 
women. Breasts become less dense with aging, making the clini
cal examination easier in older women. This clifference also 
translates into an .inlproved positive predictive value of an abnor
mal mammogram in women older than 65 years. The American 
Cancer Society recommends monchly breast self-examination, 
ruumal clinical breast exanl.ination, and annual manlffiography 
beginning at age 40, with no upper age Linlit as long as a woman 
remains in good health. If a woman's life expectancy is estimated 
to be less thru1 3 to 5 years, has severe functional limitations, or 
has multiple comorbidiries that are Likely to impair survival, 
discontinuation of screeni ng is appropriate. The American Geri
atrics Society Position Statement recommends ru1nual or at least 
biennial mammography to age 75 years. Beyond tl1e age of 75, 
mammography s.hou.ld be biennial or at least every 3 years if life 
expectaJ1C)' is more man 4 years.41 

Pathology and Treatment OVerview Overall, breast cancers in older 
patients tend to be associated with more favorable pathologic 
prognostic factors. As patients' ages increase, their breast tumors 
are associated wilth more favorable tumor biology, as indicated 
by increased hormone sensitivity, attenuated epidermal growth 
factor receptor 2 (erb-b2) overexpression, and lower grades and 
proliferative indices. However, older patients are more likely to 
present with larger and more advanced tumors, ru1d recent 
reports have suggested that the involvement of lymph nodes 
increases with age. Despite these differences, stage per stage, 
SUJ'Vival for older women with breast cru1cer is sinlilar to that 
seen in yow1ger women. O lder women are less W<ely to receive 
definitive surgery, breast-conserving surgery, postlumpectomy 
radiotherapy, adjuvrult hormonal therapy, and adjuvant 
chemotherapy. 

Breast cancer trials in the Utlited States have a dispropor
tionately low enrollment of older women. Women 65 years and 
older are Less Likely than stage- and physician-matched younger 
women to be offered participation in breast cancer trials. lllere
fore, most recommendations for the treatment of older women 
with breast cancer have been derived from studies done in 
women younger than 70 years. Unlike tl1e treatment of younger 
women with breast cancer, a central concept in decision making 
in older patients with breast cancer is that of life expectancy. 
Accurate predictions and knowledge of Life expectru1cy are inher
ently important .in decisions regarding screening older popula
tions using mammography, treatment of the prin1ary lesion, and 
use of systemic adjuvru1t therapy. Currently available treatment 
options often carry short-term risks ru1d toxicities in older 
women that are not mitigated by long-term survival gains. 

Surgery Surgical resection of the primary rumor is recom
mended for al l older patients unless they are poor surgical can
didates, and breast-conserving tl1erapy should be recommended 
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when possible. Despite evidence that age is not a contraindica
tion to breast-conserving surgery, older women have historically 
had lower rares ofbreast-conserving cancer surgery thru1 younger 
women. Recent studies have indicated that the proportion of 
older women undergoing breast-conserving therapy is increas
ing. Omitting surgery exposes patients ro a higher risk of local 
relapse ru1d therefore is considered a suboptimal option, even 
for unfit older women. Tan10xifen alone had been previously 
recommended for tl1e treatment of patients unfit for surgery and 
with short Life expectancies, because tan1oxifen antagonizes the 
estrogen receptor; in contrast to premenopausal women in 
whom the ovaries are responsible for estrogen production, me 
adrenal gland produces estrogen in postmenopausal women. 
Recent evidence42 bas indicated that the response to aromatase 
inhibitors, which block the synthesis of estrogen, is higher than 
tamoxifen in the neoadj uvant setting. Therefore, these agents 
may be more effective primary treatment for unfit older patients. 
Aromatase inhibitors are also associated widl less thromboem
bolic complications than tamoxifen; however, dle use of 
aromatase inhibitors in paticmts with severe osteoporosis is 
cautioned. 

l11e role of axiiJary lymph node dissection (ALND) in the 
management of women with breast cru1eer bas evolved over the 
last 10 to 15 years. ALND should be used when there is clinical 
suspicion of axillary lymph node involvement or a high-risk 
twnor. Biopsy of sentinel Lymph nodes is a safe al ternative to 
ALND in patients with dinica.IJy node-negative tumors. O lder 
patiems with ntmor size smaller than 2 to 3 em and no clinical 
evidence of axillary involvement should be offered a sentinel 
lymph node biopsy.40 

Rodiotion Therapy For women 70 years of age or older wbo have 
early, estrogen-receptor-positive breast cancer, tl1e addition of 
adjuvant radiation therapy to tan1oxifen does not significantly 
decrease the rate of mastectomy for local recurrence, increase the 
survival rate, or increase the rate of freedom from distant metas
tases. Therefore. tamoxifen alone is a reasonable choice for adju
vant treatment in such women. For older women with small, 
node-negative tumors, the decision to include breast irradiation 
after lumpeccomy should be made on a case-by-case basis afrer 
careful discussion of the risks of Locoregional recurrence ru1d the 
side effects of radiation therapy. A.lternatively, partial-breast irra
diation with multlcatheter inrerstitial brachyrherapy, balloon 
catheter brachytberapy, three dimensional conformal extemal
beam radiotherapy. and int.raoperative radiotherapy can be an 
option in selected older patients. Older women treated with 
mastectomy should be offered chest wall irradiation if they have 
tumors greater that 5 em or more than four involved axillary 
lymph nodes.40 

Chemotherapy Tamoxifen and aromatase inhibitors, sud1 as 
anastrozole, improve overall survival, reduce local recurrence. 
ru1d reduce the risk of contralareral breast cancer for hormone
sensitive tumors in older women. Tamoxifen and ru1astr<Y.wle 
have side effects that can reduce dleir tolerru1ee. Tamoxifen is 
associated with deep veiJl thrombosis, pulmonary emboti, cere
brovascular events, endometrial carcinoma, vaginal discharge 
and bleeding, and hot flashes. 'TI1ere are considerably more mus
culoskeletal complaints, including arthralgias and fractures, 
wid1 anamozole. 'TI1e added value of chemotherapy in older 
women wbo receive endocr.ine therapy is influenced greatly by 
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comorbidity and life expectancy. Models for estimating the 
benefits of chemotherapy in hormone receptor-positive older 
women have been developed, which demonstrate that a high risk 
of recurrence is needed to achieve a small survival benefit wid1 
adjuvant chemotherapy. For example, to reduce mortality risk 
at 10 years by 1% with chemod1erapy, rhe risk ofbreasr recur
rence at 10 yerurs has to be at least 25% for a 75-year-old woman 
in average health. These data suggest that chemotherapy for 
older women with hormone receptor-positive breast cancer 
should be offe·red only to node-positive patients who are in 
reasonable health, with a high risk of recurrence, and a llfe 
expectancy ofmore than 5 years. O lder node-negative patients 
arc unlikely to benefit from chemotherapy uoless they have large 
hormone receptor-positive tumors with adverse pathologic 
characteristics or hormone receptor- negative tumors larger than 
2 em. An Internet based tool that incorporates age, health status, 
and tumor characteristics can help determine the potential 
benefit of adjuvant chemotherapy for breast cancer patients 
(http ://www.adj uvantonline.com).40.41 

Gastrointestinal Surgery 

Esophagus 
The esophagus lllldergoes characteristic changes with aging. 
Dysfunction of the proximal aspects of swallowing is noted 
during nonual aging. Resting upper esophageal sphincter pres
sure and relaxation are decrea~ed in the older normal population 
compared with a yollllger control population. TI1c duration of 
oropharyngeal swallowing and sensory threshold for initiating a 
swallow are increased with advancing age. These factors increase 
the risk of pharyngeal stasis and potential for aspiration. Dys
motility of the cricopharyngcus (upper esophageal sphincter) 
with increasing age can result ill Zenker's diverticulum (see 
Chapter 43). It appears that in normal healthy individuals, the 
physiologic futlction of the esophagus is preserved with ill creas
ing age, except for those older than 80 years. In the very old, 
the amplitude of esophageal contractions is decreased. It has 
been suggested that there is an association with GERD with the 
peristaltic dysfunction that occurs with aging. Although the 
lower esophageal sphincter resting pressure is normal and relaxes 
appropriately after deglutition, the sphincter fails to contract 
rapidly back to baseline, resulting in prolonged decrea~d tone. 
1hcre is also a111 increased incidence of sliding hiatal hernia with 
aging, likely caused by laxity at the gastroesophageal junction. 
These conditions, in addition to delayed gastric en1ptying in 
older patients, predispose them to GERD. It is also important 
to remember that many medications prescribed for older patients 
increase the relaxation of the lower esophageal sphinctcr.43 

The complications of GERD, including erosive esophagitis, 
Barrett's esophagus, and esophageal adenocarcinoma, are seen 
with an increased frequency in older patients. However, recent 
studies have demonstrated that symptoms may be attenuated in 
older adults. Specifically, older patients with severe esophagitis 
arc least likely to have severe heartburn. lnstead, they present 
with more nonspecific symptoms, sud1 as dysphagia, anorexia, 
anemia, weighlt loss, and vomlting.32 This absence of classic 
symptoms may be the result of an age-related decreased esopha
geal sensitivity to pain. Therefore, more aggressive diagnosis and/ 
or treatment of GERD rna}' be warranted for older patients, 
regardless of their presenting symptoms. The success of laparo
scopic Nissen fundoplication for the correction of GERD in 

FIGURE 14-11 Scout film for a a scan showing a giant paraesopha
geal hernia with the entire stomach in the chest, rotated in an 
organoaxial direction. 

older patients provides a viable alternative to lifelong medica
tions, which may also be less effective in ol.der patients. As many 
as 90% of older patients report relief of symptoms, particularly 
vomiting and aspiration, after a Nissen procedure. 

Paraesophageal hernias also increase wi th advancing age 
and can reach enormous size without symptoms (Fig. 14-11). 
ln th.e past, the fear of gastric volvulus, with subsequent stran
gulation, mandated immediate repair of paraesophagcal hernias, 
even in d1e absence of symptoms. Watchful waiting is recom
mended, rather than immediate surgery for asymptomatic 
hernias, with a 1.1 o/o aru1ual probability of requiring an cmcr
genC)' operation. 

Dysphagia is a frequent symptom in the older population 
that can cause significant problems in the perioperative period. 
Dysphagia i_n older adults can be divided into two categories
abnormalities affectiog the neuromuscular mechanisms control
Ling movement of the tongue, pharynx, and upper esophageal 
sphincter (oropharyngeal dysphagia), and disorders affecting the 
esophagus itself (esophageal dysphagia). Causes of oropharyn
geal dysphagia include stroke, Parkinson's disease, myasthenia 
gravis. diabetes, carcinomas, Zenker's d.iverticullll11, and osteo
phytes. Causes of esophageal dysphasia can be divided into 
problems with motility, such as achalasia, diffuse esophageal 
spasm, and scleroderma, and structural problems, such as carci
noma, benign stricture, webs, and vascular compression. 

Esophageal resection remains the only established curative 
treatment for cancer of the esophagus and gastric cardia. A major 
problem is that the surgery required is extensive, with a consider
able risk of complications. Although the short-term mortality 
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has decreased in recent years, the complication rate remains 
high. Recent studies have suggested that survival after resection 
of esophageal cancer is improving; however, this is may be partly 
the result of detection and treatment of earlier stage tumors. It 
appears that there is no difference in surgical complication rates 
between younger and older esophagecmmy patients; however, 
overall morbidity and mortality rates are higher in older patients. 
1l1is is most likely because of an increase in cardiopulmonary 
complications seen in the older age group undergoing esopha
geal resection.44 

Stomach 
A progressive cephalad mlgration of the antral-fundic juncdon 
occurs with age. Studies have shown tl1at between 25% and 80% 
of older persons have fasting achlorhydria. This is caused by 
progressive loss of parietal ceUs and decreased antral and serum 
concentrations of gastrin. Achlorhydria results in derangements 
iJl folate, iron, and vitamin B12 absorption.43 

The incidence of peptic ulcer disease increases with age. Up 
to 80% of peptic ulcer- related deaths occur in patients older 
than 65 years. Other factors that increase the risk of peptic ulcer 
disease in older adults are the use of nonsteroidal anti
inflammatory drugs (NSAIDs) and in fection with Helicobacter 
pylori. NSAID use has increased markedly over the past few 
years, especially in older adults. The use of NSAIDs increases 
the risk of developing complicated peptic ulcer disease in older 
when compared with younger patients. Actual NSAlD use is 
also a useful prognostic indicawr; the mortality rare from peptic 
ulcer disease in older patients who take NSAIDs is twice that of 
those who do not. Sin1ilarly, 80% of all ulcer-related deaths are 
iJ1 patients taking NSAIDs. Despite this finding, NSAIDs are 
frequently prescribed to older patients, even those with previous 
gastrointestinal problems. H py!tJri infections are believed to 

occur at a rate of 1 %/year, yielding a substantial percentage of 
older adults harboriJlg infections. 

Older patients typicaJJy present for surgical correction of 
peptic ulcer disease in a delayed fashion and with more advanced 
disease. This translates to statistically significant increases in 
operative mortality for older patients undergoing surgery for 
complicated pepttic ulcer dis<.>ase. Age alone has not been shown 
to be an independent predictor of surgical risk. Multivariate 
analysis reveals three risk factors for operative mortality in per
forated ulcer-the presence of concomitant disease, preoperative 
shock, and more than 48 hours of perforation. Age, amow1t of 
peritoneal soilage. and length of history of ulcer disease do not 
appear to be signi1icanr risks. 

1l1c incidence of gastric cancer rises progressively with age, 
with most patients between the ages of 50 and 70 years at pre
sentation. Risks include dietary (e.g., pickled vegetables, salted 
fish, nitrates, nitrites), occupational (e.g., metal, asbestos, rubber 
workers), and geographic (Asia versus Western Hemisphere) 
factors. Chronic atrophic gastri tis, previous gastric surgery, and 
chronic H. py!tJri iJrtcction, more frequently found in older 
patients, are associated with aJl increased risk of gastric cancer. 
Chronic atrophic gastri tis and H. pylori i1lfection are also risk 
factors for gastric lymphoma and its precursor, mucosal
associated lymphoid tissue. These patients typically present in 
the sixth decade of life. 1l1e presentation of gastric cancer is 
changing in older persons, leading to the need for more aggres
sive surgery. Older patients present with a predominance of 
imestiJ1al type rumors rather than the more aggressive diffuse 
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type. There is also a progression of the location of the tumor to 
more proximal areas of the stomach. As a result, total gastrec
tomy for cure in tl:tis population is now required in l3o/o to 34% 
of cases. No difference in resectability or the rate of positive 
lymph nodes found at surgery (60% to 70%) has been noted 
berween younger and older parients.4~ 

Biliary Trad Disease 
In almost aU populations, and both genders, the prevalence of 
gal.lstones increases with increasing age, although the magnitude 
of this iJ1crease varies with the population. It is not surprising, 
therefore that biliary tract disease is the single most common 
cause of acll[e abdominal complaims in pariems older rhru1 65 
years in the United States and accowltS for approximately one 
third of all abdominal surgeries in this age group. In 2006, 
persons older thru1 65 years accounted for 50% of the hospital 
discharges for prm1ary diagnosis cholelithiasis and one third 
of the over 400,000 inpatient cholecystectom.ks performed 
that year. 

The increased frequeJ1C)' of gallstones in older adults is 
thought to result from changes in the composition of bile and 
impaired biliary motility. Alterations in tl1e composition of bile 
with advanciJ1g age include ru1 increase in the activity of 
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA, the rate
limiting enzyme in the synthesis of cholesterol) ru1d a decrease 
in the activity of ?a.-hydroxylase (the rate-limiting enzyme in 
the synthesis of bile salts from dlOiesterol). This results in the 
supersaturation of bile with cholesterol and a decrease iJ1 the 
prin1ary bile salt pool. The ratio of secondary to prinlary bile 
salts also increases. It is postulated that these secondary bile salts 
promote cholesterol gallstone formation by enhancing choles
terol S}'nthesis, increasing the pwreiJ1 content of bile, decreasing 
nudea·tion time, and increasing the production of specific phos
phoLipids that are thought to affect the production of mucin. It 
has also been suggested that the iJ1creasc in secondary bile salts 
in older adults may promote the recycling of bilirubiJ1, which 
in turn leads to the lUlCOnjugated bilirubin supersaturation nec
essary for pigment stone formation. 

Alterations in gallbladder motility ru1d bile duct motility 
are thought to be central to the development of cholesterol and 
brown pigment stones, respectively. 1l1e role of motility in black 
pigment stone formation, however, is less clear. Biliary motility 
is a complex mteraction of hormonal and neural factors, but the 
major stimulus for gallbladder emptying is cholecystokinin 
(CCK). 1l1e sensitivity of the gallbladder waU to CCK has been 
shown to decrease with increasiJ1g age in ru1imal models. ln 
humans, gallbladder sensitivity to CCK is also decreased. 
However, there is a compensatory increase m the production of 
CCK in response to a stimulus that results in normal gallbladder 
contraction. The significance of this observation witl1 regard to 
gallstone formation, however, is undetermined. 

l11e indications for treatment of gallstone disease in older 
persons are the san1e as iJ1 younger patients, although complica
tions of the disease, rather than biliary colic, are more common 
in those of advanced age. Older patients admined to the hospital 
for cholecystectomy arc more likely to have multiple biliary 
diagnoses, carry a concomitant diagnosis of cholangitis, undergo 
open operation, and require additional procedures such as endo
scopic retrograde cholangioprulCreatography (ERCP) or CBD 
exploration. Th.e increased rate of complicated disease seen iJ1 
older patients may be attributable to d1e iJ1creased severity of 
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the disease, an increased prevalence of comorbid iLIJ1esses, or 
both. However, it is more likely to be a combination of factors, 
including delays in diagnosis and treatment caused by the fre
quent absence of typical biliary tract symptoms. Biliary colic, or 
episodic right Lipper quadrant pain radiating to the back, pre
cedes the devdopmenr of a complication only half as often in 
older as in younger patients. Even in the presence of acute cho
lecystitis, as mru1y as 25% of older patients may have no abdomi
nal tenderness, one third have no elevation in temperature or 
WBC count, and up to 59% have no peritoneal signs in the 
right upper quadrant. 

Unfortwlately, the outcome of biliary tract surgery in older 
patienrs hospitalized for treatment has nor improved much over 
cl1e past several. decades. Older patients still have more compli
cated disease at the time of surgery, longer lcngms of stay, higher 
rates of in-hospital mortality, and much biter rates of discharge 
to sites other than home (Fig. 14-12).4 Until predictors of 
impending complications other than symptoms are identified, 
improving the outcome of biliary tract disease in older adults 
will be difficult. L1creased awareness of cl1c atypical manifesta
tions of gallston<.'-related illness in thls age group is essential. 

Treatmentt of acute cholecystitis in older adults is somewhat 
controversial. Whereas considerable evidence supports the safety 
and efficacy of early laparoscopic cholecystectomy for acute cho
lecystitis in general, some authors favor percutaneous drainage, 
followed by delayed cholecystectomy, in older adults. Recent 
evidence has suggested that as many as 25% of older patients 
adm.i rred to the hospital wirb a diagnosis of acure cholecystitis 
do not undergo cholecystectomy on the initial admission. 
However, readmission rates i.n th.is group are high, and 2-year 
survival is worse, even after adjustment for comorbidities and 
other patient risk factorsY 1he presence ofCBD stones increases 
the likeli.hood of postoperative complications and death. In the 
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prclaparoscopic era, bile duct stones were addressed at cl1e time 
of cholecystectomy. Although open CBD exploration was 
extremely successful iJl dearing the bile duct of stones, it was 
associated with a significant increase in operative mortality and 
morbidity over simple cholecystectomy alone. Most clinicians 
now agree that if CBD srones are suspected from a dilated ducr 
on ultrasow1d or from abnom1al liver or pancreatic test results, 
a preoperative attempt at sphincterotomy and extraction via 
endO;Scopic retrograde cholangiopancreatography should be 
carried out. Successful duct clearance by tbis approach is reported 
in more man 90% of cases. Recurrence of CBD stones after 
sphlncterotomy, however, even wim amecedent or subsequent 
cholecysrecmmy, is higher iJ1 older than in younger patients 
(20% versus 4%). Risk factors for recurrence include a dilated 
CBD, duodenal diverticulum, angulation of Ule CBD, and pre
vious cholecystectomy. 

Management of cl1e gallbladder after successful endoscopic 
treatment of CBD stones in patients wicl1out coincident acute 
cholecystitis is still controversial. Several studies have indicated 
that a complication related to the gallbladder will eventually 
develop iJ1 4% to 24% of patients managed hy endoscopic 
sphincterotomy alone and that 5.8% to 18% will require sub
sequent cholecystectomy. UnfortUJ1ately, because patients 
managed in this fashion are frequently the oldest and frailest 
patiems, the mortality related to subsequent acute cholecystitis 
in these patients can be as high as 25%. 

Special consideration must be given to the treatment of 
gallstones found at the time of laparotomy for an unrelated 
condition. The addition of cholecystectomy to the primary pro
cedwre usually adds little increased morbidity or mortality. 
Although some controversy still exists, many surgeons would 
proceed with incidental cholecystectomy if the patient were 
stable, exposure was appropriate, and the cholecystectomy added 
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little additional operative time. ln the past, stronger arguments 
for incidental cholecystectomy were based on concerns that the 
symptoms of acute postoperative cholecystitis might be unrec
ognized in the setting of a recent laparotomy incision. With 
better postoperaltive monitoring, more accurate imaging tech
niques, and percutaneous methods for decompressing the gall
bladder should postoperative cholecystitis occur, these concerns 
have diminished. 

Liver 
Tumors of the liver are 20 times more likely to arise from meta
static disease than from primary cancer. Metastatic tumors from 
gascroimestinal uact primaries are the most common type 
referred for resection. Patients with colon cancer have a 35o/o 
risk for recurrence in the liver, but only !Oo/o to 20o/o of those 
identified have resectable disease. Patients resected have more 
than a 30% 5-year survival rate versus 0% if not resected. 

Over the past 20 years the mortality associated with uver 
resection in patients older than 65 years has decreased. Today, 
the rates in younger and older patients arc comparable.48 Results 
are so similar cl1at age alone is not necessarily a contraindication 
to simultaneous resection of colorectal malignancy and liver 
metastases. 

[n addition to surgical resection, treatments of hepatic 
cancer include radiologic emboli7_ation, cryotherapy and radio
frequency ablation therapy, which can be performed operatively 
or transcutaneously. 

Small Bowel Obstruction 
Small bowel obsttruction (SBO) is the most common and surgi
cally relevant disorder of small intestinal function eJlCOWltered 
in older persons. Although the exact incidence of SBO in older 
adults is difficult to ascertain, lysis of adhesions is the third most 
comm on gastrointestinal procedure after cholecystectomy and 
partial excision of the large bowel. Of the deaths associated with 
SBO, 50% occux in patients older than 70 years. 

In \'(/estern countries, adhesions are responsible for a sub
stantial majority of SBOs, followed by incarcerated hernias, 
neopl.asms, and i11flammatory bowel disease. It has been noted 
that patients with incarcerated hernias are slightly older than 
patients with adhesive obstruction. ln addition, certain types of 
hernias, sud1 as those that occur through tbc obturator foramen, 
are found almost exclusively in older adults and are pardcularly 
difficult to diagnose. Ltuuinal obstruction, other than from 
deliberately ingested objects, accotmts for less than 5% of cases. 
However, most cases of this type of obstruction occur in older 
adults . 1l1e two· most common objects obstructing the lumen 
in adults are phytobezoars and gallstones. Phytobezoars, or large 
concretions of poorly digested fruit and vegetable matter, form 
with increased frequency in the stomach of older patients with 
poor dentition, decreased gastric acid, impaired gastric motility, 
and previous gastrectomy. In the stomach, these masses can 
become enormous without any symptoms. However, when a 
portion breaks free and migrates into the small bowel, obstruc
tion ensues. Gallstones enter the small bowel usually through a 
fistula between the gallbladder and duodenum. Obturation of 
the small bowel I umen by an aberrru1tly located gallstone, incor
rectly termed gallstone ileus, accounts for I o/o to 3% of alJ SBOs 
but bas been implicated in as many as 25o/o of obstructions in 
patients older tbru1 65 witl1 no abdominal wall hernia or history 
of previous surgery. 
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The pad10physiology, diagnosis, ru1d treatment of SBO are 
discussed elsewhere in the text. It is important to note, however, 
that two important issues that determiJJe mru1agement strategy
distinguishing functional (ileus) from med1anical obstruction 
ru1d distinguishing simple from strangulated obstruction-are 
even more complex in older patienrs. 

Mru1y of the factors associated with ileus, such as systemic 
infections, intra-abdominal infections, metabolic abnormalities, 
and medications that affect motility, are more common in older 
persons. The relevance of these factors to the finding of abdomi
nal distention is not always appreciated. Signs and symptoms of 
underlying infections such as pneumonia, urinary tract infec
tion, or appendicitis may be subtle. Bowel distention may be 
erroneously considered the primary problem rather than a sec
ondary event. Vomiting from a variety of nonobstructive causes 
can rapidly lead to dehydration ru1d subsequent electrolyte 
abnormalities in older adults. The constellation of vomiting and 
bowel distemion can eas.il.y be mistaken for obstruction. 

In patients of all ages suspected of having adhesive SBO, 
initial nonoperative mru1agement with nasogastric decompres
sion and TV hydration is standard. Almough rates vary, only 
approximately 30% of patients with adhesive SBO will require 
surgery, usually for failure to progress or fear of strangulation. 
However, an accurate distinction between strangulated and 
simple mechanical SBO is difficult to make, particu.larly in older 
adults , because there are no objective markers that consistently 
identify which patient wiiJ require small bowel resection for 
isd1emia at me time of surgery for SBO. Clinical findings of 
fever, tachycardia, elevated WBC count, and focal tenderness are 
notoriously misleading, particularly in older adults, in whom the 
risk for strangulation is the highest. 

Several additional considerations are in1portant in older 
adults. Although the natural reflex is to avoid tumecessary opera
tions in sick older patients, prolonged conservative management 
can present new problems. Prolo11ged bed rest is associated with 
an increased incidence of venous stasis, pulmonary complica
tions, and deconditioning. Prolonged nasogastric intubation is 
associated with an increased incidence of aspiration and pneu
monia. Even a short period of nutritional deprivation may 
present a significant risk to ru1 older patient with a baseline 
nutritional deficit. These factors together may result in a poor 
outcome if surgery becomes necessary after a prolonged atten1pt 
to avoid it. 

In a review of more than 32,000 patients treated for SBO 
in California, 24o/o required surgery on the index admission.~9 

Although length of stay was longer for mose who had surgery, 
mortality was lower, readmissions for SBO were fewer, ru1d the 
time interval to readmission for SBO was longer. The authors 
specifically stated that further research is needed to determine 
the in1portance of time to surgery on outcomes for the oldest 
and sickest patients. 

In older patients who have undergone previous abdominal 
operations for malignant disease, the decision about when to 
operate is even more difficult. Metastatic obstruction presents 
several techn ical ru1d ethical problems. Obstructing lesions are 
frequently found at a number of poiJlts iJl the bowel and resec
tion may not be possible. Bypass of long, partially obstructed 
segmems may be tecbJucally feasible but can leave the patient 
wid1 a ftmctiona!Jy short gut. Tb.irty-day operative mortality 
rates for mis form of obstruction in older patients exceed 35%. 
and most patiems die within 6 months. Thls discouraging 
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outcome has led some to advocate prolonged periods of nonop
erative decompression. Unfortunately, this approach produces 
only transient relief of obstructive symptoms. Furthermore, a 
previous history of malignancy is not an absolute indication that 
the obstruction is caused by metastatic disease. In 1 Oo/o to 38% 
of patiems with suspected malignant obstruction, a benign cause 
is found at the time of surgery. 

Over the past decade, there has been increasing interest in 
usingm.inimally invasive techniques to diagnose and treat SBO. 
At first glance, the laparoscopic approach in older adults has 
considerable appeal. Early intervention witb minimal surgical 
stress would seem ideal. There are now numerous relatively small 
series by experienced laparoscopic surgeons that show diagnostic 
success in more than 90o/o of cases and total therapeutic success 
rates of 50% to 90%. However, laparoscopy in this setting can 
be technically challenging and not without complications. It is 
unclear at present how widely this option will be adopted as 
more surgeons become skilled in these advanced laparoscopic 
teclmiques. 

Appendicitis 
Although appendicitis typically occurs in the second and third 
decades of life, 5o/o to lOo/o of cases present in old age. Appen
dicitis in older adults has increased in recent decades whereas 
the incidence in younger patients is declining. Inflammation of 
the appendix now accounts for 2.5% to 5o/o of acute abdominal 
disease in patients older thru1 age 60 to 70 years. The overall 
mortality from appendicitis is only 0.8%, but the vast majority 
of deaths occur in the very young ru1d the very old. In adults, 
the mortality rate after appendectomy is strongly related to age, 
rru1ging from a mi1limum of 0.0711000 appendectomies in 
patients ages 20 to 29 years to a maximum of 164/1000 iJ1 
nonagenarians. 

The classic presentation of appendicitis-periumbilical 
pam that localizes over a period of several hours to the right 
lower quadra.Jlt, fever, anorexia. and leukocytosis-is present i.n 
less than 20°/o of older patients with appendicitis Although 
almost all older patients with acute appendicitis will present with 
abdominal pain, only 50% to 75% will have pain localized to 
the right lower quadrant. Almost one third of patients will have 
diffuse nonl.ocalizable abdonlinal pain. Because vague abdomi
nal pain is a con1mon complaint i,n older persons, its significru1ce 
may be overlooked, leading to delays in treatment. Other signs 
of acute appen.dicitis are also w1reliable in older adults. The 
WBC count and temperature are normal in 20% to 50% of 
older patients with appendicitis. Nausea, vomiting, and ru1orexia 
are also found :less frequently in older patients. so 

The indolent a.Jld nonspecific nature of the iJlitial symp
toms of appendicitis in older adults usually leads to delays of 
48 to 72 hollfs before medical attention is sought. These 
delays are compounded by a delay in diagnosis once the 
patient reaches tl1e hospital. Delays to operation longer thru1 
24 hours are three tiJnes as likely to occu.r in older thru1 in 
yow1ger patients. As a .result of these delays, over 50% of 
older patients will have perforated appendicitis identified at 
operation.50 Older patients undergoiJ1g appendectomy for per
forated appendici tis have a higher risk of complications ru1d 
death tha.Jl those undergomg simple appendectomy for appen
dicitis without peritonitis. 

'TI1e use of laparoscopic surgery for the treatment of acute 
appendicitis has increased dran1atically over the past decade. At 

laparoscopy, a significantly higher iJ1cidence of complicated 
appendicitis and other pathology is observed in older adults. 
l11ese factors lead to a higher conversion rate to open surgery in 
older patients. There is oo difference in infectious related mor
bidity bet\veen younger ru1d older patients undergoing laparo
scop ic appendectomy {LA); however, older patienrs do experience 
a higJ1er rate of cardiopulmonary complications. Older patients 
may benefit from a laparoscopic approacl1 for the treatment of 
acute appendicitis. In a retrospective study of 2722 older 
patients? significant reductions iJ1 length of stay were seen in 
the LA group compared with the open appendectomy (OA) 
group. Although LA did not result iJ1 statistically fewer compli
cations tha.Jl OA in older patiems with perforated appendicitis, 
LA resttlted in statistically fewer complications in the non perfo
rated appendicitis group. lmportru1tly, there is a higher likeli
hood of discl1arge home compared with discharge to a skilled or 
nonskilled nursing facility and reduced mortality rates in LA 
patients. 

The use of computed tomography {CT) scruming in the 
mru1agcment of acute appendicitis has increased drruuatically. 
Prior to urgent appendectomy, fewer than 20% of patients 
underwent preoperative cr iJl 1998 compared with over 90% 
of patients in 2007. It is iJ11portaJ1t to note that the negative 
appendectomy rate in older adults bas not cbru1ged during this 
san1e time period. Because of the atypical presentation of appen
diciti.s in older adults and the expanded differential diagnosis, 
CT scru1J1ing has been advocated. If there is a suspicion of per
foration ru1d periappendiceal abscess, a CT sca.Jl should be 
obtaiJ1ed before operation. Percutaneous dramage and IV anti
biotics are often preferable to exploration in the presence of a 
large abscess. [n younger patients, this approach is followed by 
interval appendectomy approximately 6 weeks after the abscess 
has resolved. In older adults, recurrent appendicitis after resolu
tion of the abscess is uncommon Md interval appendectomy is 
therefore, not necessary in all cases. However, the possibility of 
perforated cru1cer in tllis age group does mandate a tl1orougb 
evaluation of the colon when the acute process is controlled. 
Older patients presenting with signs and symptoms of acute 
appendicitis, but with longer duration of symptoms and a lower 
hematocrit thru1 expected, should raise the concern for colon or 
appendiceal cancer. 

Carcinoma of the Colon and Rectum 
Colorectal cancer is tl1e ttlird most common type of cru1cer and 
second most common cause of cancer-related deaths in the 
United States. Colorectal cru1cer is predominru1tly a disease of 
aging and is a major cause of morbidity ru1d mortality iJ1 the 
older population. Colore.ctal ca.Jlcer incidence is directly associ
ated with increasing age, with most cases affecting older adults; 
71 o/o of new cases occur in patients 65 years and older and 42% 
occur in those 75 years and older. The annual incidence nf colon 
cance r is almost 40 rimes higher for those older thru1 85 years 
compared with individuals 40 to 44 years of age. With the aging 
of the Ullited States population, it is projected that the incidence 
of colorectal cancer will conti11ue to increase. 52 

Increasing age is a poor prognostic factor in colorccta\ 
cancer. Patients older thru1 75 years have a significantly decreased 
5-year disease-free survival compared with younger patients {Fig. 
14-13). Although differences in colorecral cancer survival could 
be attributed in part to cancer biology ru1d physiologic function 
specific to older adults, explicit differences in processes of care 
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FIGURE 14-13 Cumulative proportion of patients discontinuing chemotherapy by age. (From Kahn KL., Adams JL., Weeks JC, et al: Adjuvant 
chemotherapy use and adverse events among older patients with stage Ill colon cancer. JAMA 303:1037-1045, 2010.) 

have been shown to be responsible for these outcome differences. 
Specifically, treatment disparities related to diagnosis, surgical 
care, and adjuvamr and neoadjuvant therapies have been identi
fied when comparing younger and older patients.53 

The presenring signs and ~ymproms of colorecral cancer 
depend on the lo cation of the tumor and do not vary substan
tially with age. 1hose wi th right-sided lesions tend to cause 
microcytic anemia from occult bleeding and present with 
fatigue, weakness, syncope, or a fall, and those with left-sided 
tumors rend to present with constipation, diarrhea, or a change 
in stool caliber. However, because fatigue, falls, constipation, 
and bowel dysfunction are accepted as common sequelae of 
aging, these symptoms are frequently ignored by the patient and 
physician. The d iagnosis, tl1ereforc, is often no r made until a 
complication occurs. 

Older patients, regardless of the number of comorbidities 
they have, are less likely to receive screening for colo rectal cancer. 
As a result, older adults are more Likely to present with more 
advanced disease man yow1ger patients. In addition, the propor
tion of unstaged cancers increases with advancing age. Screening 
for colorectal cancer i.n average risk individuals should begin at 
age 50; however, no upper age limit for colorectal cancer screen
ing has been determined. Recommendations for screening 
include arulllal fecal occult blood resting and flexible sigmoid
oscopy every 5 years, with fuJI colonoscopy fo r positive occult 
blood or adcnomatous polyps on flexible sigmoidoscopy, or 
colon oscopy everry 5 to 10 years. Because older patients have an 
increased incidence of right~sided cancers and because more 

than 50% of patients with right-sided cancers have no lesions 
within reach of me fl exible sigmoidoscope, colonoscopy may be 
a more effective screening tool in older patients. Colorectal 
cancer screening for u lder adults is not advised fo r individua ls 
unlikely to live 5 years or for those who have significant comor
bid medical conditions precluding treatment. Screening trials 
i.ndic<:~te that a difference in colorectal c<Ulcer mortality between 
screened and Lmscreened persons does not become noticeable 
until at least 5 years after screening. "Therefore, persons with a 
Life expectancy of 5 years or 1ess are not likely to benefit from 
screening but are at risk for complications from procedures and 
the treatment of clinically unimporta.llt disease. 

Surgical resection is the only curative tream1ent fo r resect
able colo rectal cancer, regardless of the patient's age. For n.mors 
of the :abdominal colon, prohibitive anesthetic risk secondary to 
severe comorbidity and the presence of advanced metastatic 
disease are the only factors that should negatively iJliluence the 
decisio n for surgery. There has been some concern about the 
ability of older patients to tolerate rcsecrional procedures for low 
rectal cancers. This includes abdominoperineal resection, Low 
amerior resection, and sphincter-saving coloanal anastomosis. 
Although tcchnlcally more den1anding than the traditional 
abdominoperineal resection, coLoanal anastomosis provides a 
sphincter-saving alternative that is well tolerated by older adults 
in terms of operative mortality and postoperative complications. 
Both arc equally effective for cure provided there is at least a 
2-cm distal resection margin. Coloanal reconstruction can 
achieve continence in almost 80o/o of o lder individuals. 

-o 
m 
;;>0 

0 
-o 
m 
;;>0 

~ 
< m 

http://www.myuptodate.com


350 SECTION II PERIOPERATIVE MANAGEMENT 

Assessment of anal function is extremely important in patient 
selection for low rectal anastomosis. Fecal incontinence may 
resuJt iJl a worse quality of life than a well-controlled end
sigmoid colostomy. 

Several studies comparing laparoscopic colectomy (LC) to 
open colecmm.y (OC) have been completed; however, older 
patients are underrepresented. Available data suggest that there 
is no significant difference between LC and OC in periopera
tive mortality rates, need for blood transfusion, or incidence of 
reoperation. Cardiopulmonary morbidity rates appear to be 
lower in older patients undergoing a minimally invasive 
approach to resection of colorectal cancer. Gastrointestinal and 
respirarory recovery are quicker after LC. Nter LC, patiems 
report less pain, require less narcotic analgesia, experience a 
shorter hospital stay, and are more likely to return to indepen
dent status. Adequacy of oncologic clearance is similar in both 
treatment groups. 

Local excision of low-lying rectal cru1cers may be aJl option 
for patients with early-stage cancers with favorable prognosis. 
Although the local recurrence rate is significantly higher for local 
excision, overalll 5-year survival is similar. For the frail older or 
high-risk patient, lesser procedures, including trru1sanal excision 
ru1d fulgurati on, can provide local control of the n•mor without 
disrupting continence. Local control of rectal tumors with 
chemoradiation is also pos.~ible to control pain and bleeding in 
poor-risk patiems with metastatic disease and a short life expec
tancy. The use of colonic stents to palliate poor surgical cruldi
dates with impending obstruction should be considered. 

Operative mortality for colorectal cancer in older patients 
is determined by the same two factors that iJ1flueJ1ce operative 
mortality in older adults in general-the presence of coexisting 
disease and the need for emergency surgery. ln patients with 
Little or no comorbidity, operative mortality is similar, regardless 
of age. Even in patients older than 80 years, elective operative 
mortality rates are only approximately 2%. Unfortunately, 
because of the issues described, older patients are more likely to 
require emergency surgery thru1 younger patients; colorectal 
cancer patients 85 years of age are twice as Likely to need emer
gency surgery as those 65 years of age.ln addition, with advaJ1C
ing age, a decreasing proportion of patients w1dergo curative 
resection at the time of surgery. When smgery is performed as 
aJl emergency, mortality increases threefold to fourfold over 
elective mortality for sinillar procedures. Length of hospital stays 
and hospital costs also increase. In addition, survivors of elective 
operations are twice as likely to return to independent living as 
are those surviving eJ11ergency surgery. 

Survival after a diagnosis of colorectal cancer in older adults 
is disproportionately poor compared with that in younger 
patients. Methodology taking into account competing causes of 
death has established that older patients die more frequendy 
from colorectal cancer, over and above expected age-related rates 
of death. In older patients with both colon and rectal cancers, 
the 5-year mortality following surgical resection is 1.5 to 2.5 
times greater than for younger patients. The poorer survival seeJl 
in older patien ts with colorectal cancer may be a result of the 
reduced use of adjuvru1t therapy in dtis group. Despite the fact 
that most patients with colorectal cancer are older than 70 years, 
only 20% of patienrs in randomized trials are older than 70 
years. The efficacy and toleraJ1ce of adjuvaJ1t chemotherapy for 
colon CaJKer ru1d neoadjuvant chemoradiod1erapy for rectal 
cancer in older patiems have been demonstrated; however, less 

than 30% of patients older than 75 wiiJ receive adjuvant therapy: 
Moreover, of those that do receive adjuvant therapy, more than 
50% will not receive the appropriate therapy for the recom
mended duration (see Fig. 14-13).>2 

Surgical therapy directed to the treatment of colorectal Liver 
metastasis is being used with increasing frequency. Resection of 
meta.-;tatic lesions is associated wid1 improved survival and oper
ative morbidity, and mortality has been declining. Older patients 
are poorly represented in studies evaluating liver resection for 
colorectal cancer liver metastasis. As a restdt, surgery for liver 
metastases is seldom offered to older patients. Provider percep
tion of high postoperative mortality and lack of oncologic 
beJle£t may comribute ro this pattern. Although there are some 
physiologic d1anges in liver ftmction with increasi11g age, these 
changes are not usually sufficient to influence the outcome of 
liver resection. Mortality rates after liver resection in older adults 
are less thru1 5%. However, because baseline l.iver function tests 
are n.ot SeJlSitive enough to identifY physiologic decline, there 
may be an increased incidence of postoperative liver dysfunction 
after major impact resection. Older adults do derive a significant 
bene£t from a surgical approach w colorectalliver metastases. 
Five-year survival after resection has been reported to be 32% 
compared with 10.5% iJ1 those not undergoing hepatectomy. 

Abdominal Wall Hernia 
The lifetime risk for inguinal hernia is 27% for men and 3% for 
women. More than 600,000 inguinal hernias are repaired every 
year in the United States. There is a bimodal distribution for the 
development of inguinal hernia. Most develop for the first time 
iJl patients younger tl1ru1 1 year and in those aged 55 to 85 years. 
The estimated .incidence of abdominal waiJ hernia in persons 
older thru1 65 years is 1311000, with a fourfold to eightfold 
higher incidence in men than in women. In patients older than 
70 years, 65% of all hernias are inguinal, 20% are femoral, 10% 
are ventral, 3% are umbilical, and I o/o arc esophageal hiatal. 
Whereas tl1e overwhelming majority of all groin hemias nccur 
in men, 80% of femoral hernias occur in women. Older aduJts 
are also ar risk for the more occult types of hernias, such as para
esophageal hernias and obturator hernias that do not become 
apparent until a complication has occurred. 

It is dear d1at symptomatic groin and umbilical hernias in 
older adults should preferentially be repaired electively. Open, 
tension-free mesh repair of inguinal, femoral, and umbilical 
hernias can be performed as an outpatient procedure under 
epidural or local anesthesia with IV sedation. Mortality rates are 
low, even in patients with concomitant medical disease, and 
many reports have demonstrated mortality rates of Oo/o. Laparo
scopic repair requires a general aJlesthetic in most cases, takes 
more operative time to complete, and incurs greater hospital 
costs. In older adults, the decreased economic beJ1efit to society 
of aJ1 earlier return ro normal activities and work seems to 
obviate the overall cost benefit of the laparoscopic operation. 
1l1e trend in most centers is for laparoscopic repair to be 
restricted to bilateral and recurrent iJlguinal hernias, for which 
the resuJts are excellent. 

The issue of watchfu.l waiting instead of immediate repair 
of asymptomatic ru1d mildly symptomatic hernia in older adults 
remains controversial. Although some randomized studies have 
favored watchful waiting, others have suggested that repair rna}' 
improve general health ru1d decrease possible serious morbidity. 
Most studies agree that the risk ofincarceration of asymptomatic 
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hernias is small. One consideration d1at is most important in 
the decision to choose watchful waiting over repair is how the 
presence of the hernia might limit dle activities of me aging 
individuaL Maintenance of ftmction and mobility is an impor
tant predictor of long-term survival and quality of life .in older 
persons. ln a recem follow-up tO one randomized uial that 
initially showed that watchful waiting wa~ safe, family members 
were surveyed about the ability of the hernia patient to perform 
four activities-normal activities around the home, normal 
work, social activi ties and recreational activities.54 Of family 
members in me watchful waiting group, 25o/o to 30o/o reported 
some level of concern about the patient's ability to perform these 
activities. It was suggested d1ese results favor repair. 

Aldwugh the risk of incarceration of an asymptomatic 
hernia may be small, if it does occur, the results can be cata
strophic, particular for the frail older person. Thls is mainly the 
result of the high incidence of strangulat ion found at the time 
of surgery. L1testinal resection is required in up to L2o/o to 20o/o 
of incarcerated inguinal hernias and as many as 40o/o of incar
cerated femoral hernias. 1he decision to operate for asymptom
atic or mildly symptomatic hernias is made on an individual 
ba~i s by balancing the possible consequences of watchful 
waiting wi th the risks of the surgery. Care should be taken to 
determine whether me patient has limited his or her activities 
to avoid mild discomfort by seeking input from the fan1ily. 
Decreased activity pre.~nts more of a risk to the overall health 
of most older persons than the operative risk as.~ociated with 
inguinal hernia repair. 

Vascular Surgery 
1l1e most frequent peripheral vascular diseases seen in older 
patients arc abdominal aortic aneurysms (AMs), carotid artery 
disease, and periJPheral arterial occlusive disease. Under elective 
conditions and in patients with well-managed concomitant 
disease, vascular surgery remains safe and effective; il1 many 
cases, endovascular teclmology is changing patterns of 
intervention. 

Abdominal Aortic Aneurysm 
Mortality from elective AM repair is generally considered to be 
less d1an 5o/o in patients 65 years and older, despite the high 
incidence of comorbidities i11 this age group. However, more 
recent evidence has called iluo question me effects of age on the 
outcome of AAA repair. On the basis of several studies, it has 
now been shown that d1ere is a strong effect of age on mortality; 
males 85 years and older have almost five times the perioperative 
mortality rare of younger men, and females 85 years and older 
have over 10 times the mortality rate of younger women. Simi
larly, 5-year mortality after AAA repair in male and female older 
patients is appmximately 80o/o to 90o/o compared wim 25o/o to 
30% in yow1ger patients. As endovascular aneurysm repair 
(EVAR) has become more prevalent, experience wid1 open AAA 
repair is diminishil1g, with concomitant increased mortality and 
morbidity associated wim opeJJ surgery. In older patients, com
plications occur in approximately one third of open AAA repai rs 
with il1frareJ1al clan1ping and in over 50o/o of those wid1 supra
renal clamping. Also, suprarCJlal clamping continues to be a'>So
ciated with mcreases in 30-day mortali.ty, renal i11Sufficiency, 
mtraoperative blood loss, hospital length of stay, and rate of 
discharge to a nurs_ing home. 'Tilese results suggest mat open 
AAA repair is becoming even less appropriate for most older 
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patients, especially as the mean age of"older" patients increases. 
Fortunately, the increased availability of minimally invasive 
techniques, sucb as EVAR, may be associated with reduced 
mortality; many older and high-risk patients are receiving EV AR, 
with a mortality rate of approximately 2o/o, almough complica
tions continue to occur in abom one third of cases. 'TI1e true 
u.~efulness of EVAR may be with d1e repair of ruptured AAA. 
Emergency open repair for rupture is still associated with an 
operative mortality rate higher than 50o/o and an extremely high 
morbidity rate in those who do survive. H owever, reports of 
EVAR for ruptured aneurysms are encouraging, wim reduced 
mortality; a recent collecrive review of worldwide experience 
with more than 1700 patients with ruptured aneurysms bas 
shown, in experienced centers, a 30-day mortality rate of 19.7o/o 
in patients treated wi th EVAR compared with 36.3o/o in patients 
treated with open repair.ss It is probable that the durability of 
stent grafts will increase over time, suggesting that EVAR is 
likely to be appropriate for older patients with suitable anatomy 
for repair. 

Carotid Artery Disease 
Treatment of carotid disease for the prevention of stroke ren1ains 
a common issue for older patiCJlts. In patients older than 65 to 
80 years, the stroke rate from surgery is approximately 2.8o/o and 
the mortality rate is 2.4%. Survival of patients older than 80 
years after carotid endarterectomy is sinular to mat in the general 
population. 1 he incidence of neurologic symptoms after endar
terectomy is lower than iJ1 an unoperared patiem (13o/o versus 
33o/o), and d1e il1cidence of late stroke is much lower as well 
(2o/o versus l7o/o), thus confirming the efficacy of endarterec
tomy in older patients. Suitable indications ill octogenarians are 
similar to those in younger patients ru1d include high-grade 
carotid lesions ru1d hemispheric symptoms, with weU-controlled 
concomitant disease. 1he development of carotid artery angio
plasty :and stentil1g (CAS) was originally thought to be a break
through, minimally invasive treatment for carotid disease, wim 
wide applicability. However, patients older than 80 years old had 
ru1 eightfold higher stroke rate (12.1 o/o versus 1.7o/o) in ilie early 
report from the Carotid Revascularization Endarterectomy 
Versus Stentil1g Trial, the only rru1domized trial of carotid treat
ment sponsored by me NIH.56 Recent European trials have 
confirmed the increased stroke rate wim CAS. Patients older 
than 75 years have ill creased arch calcium deposits and ill creased 
arch tortuosity compared with younger patients, suggesting d1at 
il1creased stroke risk is mherent to standard femoral approaches 
generally used for CAS. 

Peripheral Vascular Disease 
Peripheral vascular surgery for limb salvage is indicated for isch
emic pain at rest, nonhealing ulcers, or frank gangrene. Although 
reports continue to show that age older than 80 years is a relative 
risk factor for increased perioperative mortality, surgery can 
generally be safely performed m older patients, especially when 
performed electively. In patients older than 80 years, me mortal
ity rate associated with surgery is less man 5o/o and limb salvage 
rates over a period of 3 to 5 years are 50o/o to almost 90o/o. Five
year graft patency rates have been reported to be better in older 
than in younger pariCJm wim both prosthetic and autologous 
graft materials, although the small numbers of patients that have 
been studied suggests that larger series are stiJI needed to validate 
these sil1gle center reports. Nevertheless, i.t is clear that older 
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patients certainly do no worse than younger patients after infra
genimlate bypass surgery. Treatment of graft infections in older 
patients is moribid, although aggressive wound care and muscle 
flap coverage is an option with good results (>50% graft salvage 
and 90% limb salvage). Endovascu.lar approaches can also be 
used in the periphery in older parienrs, wirh reasonable durabil
ity in those with Limited life expectancy. Angioplasty of the 
superficial femoral artery has a 5-year cumulative primary 
patency rate hl,gher than 50% and a secondary patency rate of 
up to 70% in older patients. It is unclear whether these results 
will lead to increased treatment of older claucllcant patients, as 
it has in younger patients. 

Quality ofllfe and preservation or restoration of functional 
independence are most in1portant considerations in older 
patient.~. Amputation can be perfom1ed safely in older patients, 
with rates of peri operative mortality less than 10%. However, 
long-term survival after amputation is poor, with l-year survival 
rates of approximately 50%; independent risk factors for mortal
ity include high-level amputation, congestive heart failure, and 
inability to ambulate in the community. These functionally poor 
results of amputation lead many surgeons to continue to offer 
an aggressive approach to limb salvage in older patients. 

Cardiothoradc Disease 
Cardiovascular disease has been the leading cause of death in the 
United States for almost 100 years. [n the new millennium, 
cardiovascular disease is stiiJ present in approximately 64 million 
Americans, or 23% of the population. Most deaths attributable 
to cardiovascular cllsease occur in older patients. 

Cardiac surgery is usually a dramatic event for patients and, 
accordingly, is one of the most frequently studied surgical pro
cedures. Oldeli patients have excellent results after cardiac 
surgery; as m.inlmally invasive treatment of cardiac atherosclero
sis change~ patterns of referral to cardiac surgeons, patients are 
becoming older, with more frequem and severe comorbid condi
tions. Nevertheless, the uniformly good results with coronary 
artery bypass and valve replacement have encouraged continued 
performance of cardiac surgery, even in marginal candidates. 
Mortality in nonagenarians is ~pproximarely 14% bur 5-year 
survival is approximately 59%.5· Factors associated with excel
lent outcome in older patients include technically flawless 
surgery, meticuJous bemosra~is, excellent myocardial protection, 
and perfect anesd1esia management. 

Coronary Artery Disease 
1l1e nun1ber of coronary artef)' bypa~ grafting (CABG) proce
dures performed on patients older than 65 years rose from 2.6 
operations/ 1000 in 1980 to 13.0 operations/1000 in 1993. 
However, over the last decade, with the increasing use and 
success of percutaneous coronary artery interventions, the rate 
of CABG in persons older tl1ru1 65 has fallen to 8.9/1 000. This 
parrern is reflective of the perfom1ance of CABG in the general 
population, increasing from 7.2 cases/ I 000 discharges in 1988 
to 12.2 cases in 1997, decreasing to 9.1 cases in 2003; neverthe
less, overall mortality after CABG decreased from 5.4% in lY88 
to approxin1ately 3.3% in 2003. 

Patients who are now referred for bypa~ usually have more 
complex cllsease or have failed altemarive procedures. More thru1 
50% of CABG procedures are now performed on patients older 
than 65 years. As the mortality and morbidity associated with 
carcllac surgical procedures have decreased, there has been a 

growing willingness to offer surgical therapy to older patiems 
with reconstructible coronary artef)' disease. Unfortunately, 
older patients referred for cardiac surgery have a higher inci
dence of advanced cllsease (e.g., triple-vessel cllsease, left main 
or main equivalent cllsease, poor left ventricular function) and 
more symptomatic disease {90% of ocrogenarians are preopera
tively classified as New York Heart Association [NYHAl fw1c
tional class Ill or fV) and require emergency or urgent procedures 
more often. 

Comorbid disease must be considered in older patients and 
may be extensive in some. Several preoperative risk factors for 
mort:ality after coronary bypass surgery have been identified, 
including an emergency procedure, severe left ventricular dys
function, mitral insufficiency requiring a combined procedure, 
NYHA functional class rv. elevated preoperative creatinine level, 
chronic pulmonary disease, ru1emia (hematocrit <34%), and 
previous vascular surgery. Further risk factors for morbidity 
include obesity, diabetes mellitus, aortic stenosis, and cerebro
vascular disease. These risk factors must be taken in the context 
of global patient comorbidity ru1d considered as part of informed 
decision making for ru1 indlvidual patient. Risks attributable to 
patient age of 70 to 79 years are not significantly differently 
from those in patients younger thru1 60 years; however, patients 
older than 80 years have increased age-associated risk, equivalent 
to the presence of shock or acute {<6 hours) myocardial 
infarction. 

In indlviduals older than 80 years, coronary artery bypass 
surgery is associated with an acceptable overall mortality of?% 
to 12%, with mortality after elective procedures being lower 
than 3%. Nonagenariru1s have a perioperative mortality of 
approximately 15% to 20%, but a 5-year postoperative survival 
of approxin1atdy 501Vo, which represents a significant survival 
benefit associated with surgery. Early elective surgery is clearly 
preferable to emergency surgery, whicb is associated with two 
to ten times higher mortality. Unfortunately, with persistent 
reluctance to offer elective operations to many older patients, 
some series continue to report a significant percentage, as many 
as 40%, of older patients requiring urgent or emergency 
operations. 

Morbidlty after coronary surgery .in older adults is high in 
ma.J1}' series. Pulmonary failure requiring prolonged intubation, 
neurologic events such as cerebrova~cular accidents and delir
ium, and sternal wow1d infections increase with age and are 
associated with postoperative mortality. Other complications, 
inclucllng reoperation for bleecllng, need for pacemaker 
insertion, perioperative myocardial infarction, and superficial 
wound infections, occur with equal frequency in both younger 
and older patients, although some sruclles have noted a 
slightly higher i_ncidence of sternal wound infection i_n older 
patients. 

The effectiveness of coronary artery bypass surgery versus 
medical management in octogenarians has been assessed in 
terms of cost per quality life year survival, and good late func
tional results have been demonstrated in elderly patients. 58 1l1e 
cost per quali.ty-adjusted life-year {QALY) saved was approxi
mately $10,400, less than the cost for many common proce
dures, such as screening manm10graphy. 1l1e survival rate iJl the 
surgery group was 80% and 69% at 3 ru1d 4 years respectively, 
whereas, in the mecllcal group, comparable survival rates were 
64°A) and 32%. Using a validated health status assessment tool, 
the EurQol Questionnaire, the authors assessed quality of life in 
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five domains: pain, activity, mobility, self-care, and depression 
and anxiety. In am areas, quality oHfe was better in the surgicalJy 
treated than in the medically treated groups. Quality of life 
in the group of octogenarians who selected CABG was found 
to be equal to that of an average 55-ye.ar-old in cl1e general 
popularion. 

Older patients wicl1 end-stage heart failure have tradition
ally been excluded from the option of cardiac transplantation 
because of cl1e scarcity of donor hearts and an inability to toler
ate pharmacologic immunosuppression easily. Recent reports of 
partial left ventriculectomy are encouraging, with mortality and 
functional outcome in patiems older than 65 years similar to 
that in younger padems. 

Valve Replacement 
Since 1975, mucl1 data have accumulated that support the safety 
and efficacy of aortic valve replacement in older aduJts. Opera
tive mortality is 3% to lO% and the long-term survival rate is 
approximately 75% to 80%. AJthough mortality in older 
patients is slightly higher than that in younger patients, most 
differences were not statistically significant. ln addition, the vast 
majority of older. patients receiving new aortic valves have great 
improvement in their quality of life. As many as 90% of older 
patients who were classified as NYHA flmCtional class rn or IV 
preoperatively and survive are reclassi fi ed postoperatively as cla'IS 
I or ll. Because the average life expectancy for a healthy 70-year
old is approximately 13 years and that for an 80-ycar-old is 
approximately 8 years, safe aortic valve replacement surgery is 
preferable to ilie approximately 80% 4-year mortality associated 
with untreated symptomatic aortic stenosis. 

Mitral valve disease in older adults has been less well 
investigated, partly because it is less common but also because 
the natural history is less well defined and me outcome of sur
gical therapy is less favorable, with slightly higher operative 
mortality after mitral valve replacement compared with aortic 
valve replacement in octogenarians. Left ventricular reserve is 
often comprom~sed in older aduJrs with mitral insufficiency 
because of the frequently associated ischenlic disease. Low 
cardiac output is a particular problem after mitral. valve 
replacement. Frequently, both aortic and nlitral valve replace
ment are accompanied by additional procedures. There is 
some debate about whether valve replacement plus CABG or 
multiple valve r.cplacemcm in the very old is too risky to 
justif)r the combined procedures. Many believe mat with 
appropriate patient selection, even multiple procedures can be 
performed with relative safety, but the number of patie.nts 
who meet the selection criteria is small. L1 centers that 
perform nlitral valvuloplasty to repair the valve in patients 
with low ejcctiom fractions, results in older patients are sinlilar 
to those in younger patients. 

The choice of valve material is also an important consider
ation in older patients. Mechanical valves are extremely durable 
but require lifelong anticoagulation. In patients older than 75 
years, the mortality from long-term anticoagulation alone is 
almost I 0%/year. Bioprosthetic valves do not require anticoagu
lation and are somewhat less d urable, but may suffice for patients 
with a life expectancy of less than 10 years. 

As expcrie11ce with minimally invasive procedures become 
more common, it is likely that these procedures wilJ become 
safer and wUI be used with increased frequency iJl older patients. 
EndovascuJar placement of valves, however, is likely to supersede 
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additional advances in surgical therapy and become the proce
dure of choice in all patients, not just those unfit for open 
procedures. EndovascuJar valve replacement for degenerated 
porcine aortic valves is now being offered to some older patiems. 

Lung Cancer 
Lung cancer, usuaiJy adenocarcinoma or squamous cell carci
noma, remains a leading cause of death in industrialized coun
tries; more cl1an 150,000 deaths are stiJJ caused by hlllg cancer 
in the United States annually. Smoking remaiJlS the most impor
tant risk factor for lung cancer, and smoking cessation is a11 
appropriate preventive measure for aiJ patients. Appropriate 
therapy is critically dependent on accurate staging, and Cf and 
18F-fluorodeoxyglucose positron emission tomography are cur
rently playing increasing diagnostic roles. 

The incidence of non-small cell lung cancer (NSCLC) 
increases wiili age. There is still bias that older patients with 
early-stage (I to lll) NSCLC do poorly with surgical resection, 
and ilius these patients are often referred for limited resection 
or radiation therapy. Aggressive chemotherapy, particularly 
platinum-based adjuvant tl1erapy, is often poorly tolerated hy 
older patients. As such, many older patients have less than a full 
staging workup. incomplete histologic diagnoses, or undocu
mented performance status. Stage IV disease is initiaiJy diag
nosed in most patients with NSCLC and they may be treated 
wiili combined chemotherapy and radiation therapy. However, 
older pati.ents are not often considered candidates for this 
therapy. Some recent studies have shown char lower dose 
chemotherapy might be safe in older patients with linlited 
comorbid iJlncsses, bur well-performed controlled trials await 
publication. Ncoadjuvant therapy is generaiJy prescribed .in 
older patients who arc borderline candidates for surgery, would 
benefit from n1mor downstaging, or would best be treated defin
itively by radiation therapy. 

Rece.nt evidence has suggested in1proved outcomes i11 
older patients after surgical treatment oflung cancer.~9 Surgical 
resection for lung cancer is associated with an operative mortal
ity rate of approximately 6%, aliliough approximately 50% of 
patients still suffer some postoperative morbidity, sud1 as atrial 
fibrillation, pneumOJlia, or rctab1ed secretions requiring bron
choscopy. Five-year survival in older patients after pulmonary 
resection for cancer is approximately 35%, with up to 40% 
survival in patients undergoing just lobectomy. Video-assisted 
thoracic surgery (VATS) is fu1ding increased application, with 
some surgeons performing VATS for ltUlg cancer resection. The 
potential for less operati.ng time and blood loss, as weiJ a~ short 
hospital length of stay and improved recovery time, holds great 
pronlise for all patients, especially older adults. Pcrioperative 
mortality rate for octogenarians treated with VATS is as low as 
2%. VATS is associated with a sinillar 5-year survival rate com
pared wim conventional open surgery. Increased age remains 
associated with more complications but only marginally worse 
survival. Results such as these suggest that VATS may increase 
me n umber of older patients who will be candidates for surgical 
therapy. 

It is likely that future reports will define combinations of 
adjuvant and neoadjuvant therapy thar will increase the number 
of older patients who will be surgical candidates and achieve 
disease-free survival. However, the outlook for older patients 
with preexisting pulmonary disease or other severe comorbid 
conditions remains poo.r. 
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Trauma 
Trauma is currently the fifth leading cauSt.~ of death in older 
adults. Persons older than 65 years account for up to one third 
of trauma cases and 30% to 40% of trauma deaths, with more 
recent rates being the highest. Older patients have increased 
mortality, longer hospiral srays, increased morbidity, and worse 
functional outcomes than younger patients. Motor vehicle acci
dents are the most common form of fatal injury in patients 
younger than 80 years and falls are the most frequent fatal injury 
after the age of 80. Interestingly, the incidence of death from 
motor vehicle accidents in older adults is the same whether they 
are passengers or pedestrians. 

Older persons are at increased risk for blum trauma and 
its complications. Age-associated central nervous system 
changes decrease coordination and mobility and increa<;e the 
risk for accidents. Cerebral atrophy and decreased viscoelastic 
properties within the cranial vault make the brain more suscep
tible to blwlt injury. Increased bone fragility results in an 
increased tendency for fracture. Decreased cardiac reserve and 
inability to increase cardiac output prevent avoidance of acci
dents. Concomitant use of drugs such as anticoagulants and 
antiplatelet agents increases the morbidity associated with trau
matic events in older patients. 

Signlfican't injury can result from even simple falls from a 
level surface to the ground. The iJ1cidence of fracture or serious 
iDjury from such a fall is as high as 40% .in an older person. 
After a fal l with injury, there is significant morbidity. Of those 
hospitalized after a fall, up w 50% of patients need ro be dis
cl1arged from the hospital ro a nursing facility, and only 50% 
are alive l year later. Elevator iJ1juries in older patients are 
most commonJy a slip, trip, or fall, bur are associated with 
15% hospital :admission; 40% of the.<JC admissions are for a 
fractured hip. 

Older patients have increased morbidity and mortality after 
head trauma, particularly when taking anticoagulant medica
tions. Older people have increased rates of traumatic braiJ1 
injury after head trauma and have longer disability. They take 
much longer to recover from head trauma than yotmger people 
and require more i11tensive rehabilitation. Blunt head trauma in 
an older person carries a particularly high mortality. Mortality 
in older patients witl1 a Glasgow Coma Scale score of 5 is more 
than twice that of patients aged 20 to 40 years, and only 2% of 
older patients have a favorable recovery as compared with 38% 
of younger patients. 

Injury from bums accounts for 8% of trattma in older 
patients. Older adults are ar particular risk for burns because of 
impaired vision, decreased reaction time, depressed alertness, 
and decreased sensation of pain. In most older burn victims, 
injuries occur as a result of actions during ADLs-scaldll1g, 
cooking accidents with flame, and electrical burns. In all patients, 
survival from burns is directly related to the total body surface 
area (TBSA) affected, but this association is more pronounced 
in older adults. In general, burns involving more than 40% of 
the TBSA in older persons have a poor prognosis. Reasons for 
the increased mortality are concomitaJlt medical disease, burn 
wound sepsis, and multisystem failure, including pneumonia 
For survivors of serious burns aged 59 years or older, fewer than 
50% are discharged to independent living, one third to a~isted 

living at home. and 20% to nursing facilities. 
O lder patients, whether they live wi th relatives or are insti

tutionalized, are at risk for trauma as a result of elder abuse. It 

is estimated that 5% of older adults living in the community are 
subject to this type of maltreatment. It has also been shown that 
only one in 13 or L4 cases of elder abuse is reported. Maltreat
ment of older people can take one or more of six basic forms: 
physical abuse, sexual abuse, neglect, psychological abuse, finan
cial exploitation, and violation of rights. As the older adult 
popttlation increa~es, surgeons treating older trauma victims 
must learn to detect and report signs of physical and sexual abuse 
in addition to providing physical care of the patient's injuries, 
much as d1ey have been mandated to do with children. 

Transplantation 
In L946, the first successful renal traJ1splantat ion was performed. 
Early results with cadaveric renal transplants in patients older 
than 45 years were poor. The introduction of cyclosporine in the 
L980s led to dranlatic improven1cnts, particularly in high-risk 
patients. As experience at transplantation centers has grown and 
the population of those older thaJl 60 years has increa~ed, the 
number of older patients who could potentially benefit from 
transplaJltation has also iJ1creased. Over the past 2 decades, the 
rate of persons older than 65 requiriJ1g renal replacement therapy 
in the United States has doubled and the rate in those older than 
75 years has tripled. 

The results of renal transplantation ill older adults in terms 
of survival aJld quality of life justify extension of the age limit 
for this procedure. In one recent study of renal traJ1splantation, 
patients older than 60 years had more delayed graft function and 
a longer initial hospital stay, but the incidence of acute rejection 
episodes was lower.60 Patient survival, graft survival, aJ1d death
censored graft survival did not differ between older and younger 
patients, although follow-up of older patients was shorter (4.1 
versus 6.7 years). The main cause of organ loss in older patients 
was death with a functioning kidney. Other have studies shown 
that 1 0-year allograft survival is higher in older patients than in 
patients younger tban 60 years. However, the survival rate at 10 
years in chose older than 60 is 44% versus 81% for younger 
patients. G iven the shortage of organ donors, the ethics of 
traJ1Splantation in older individuals with a highex likelihood of 
dying wi th a functioning allograft is questioned, although maJ1Y 
believe that the evidence does not justifY denying transplanta
tion on the basis of age alone. 

The nun1ber of older persons requiring liver transplanta
tion has also iJ1creased. 1he percentage of liver recipients older 
tl1an 65 years bas increased from 4.9% in 1991 to 6.8% in 2002. 
Although age has been identified as a risk factor for a poorer 
outcome after liver transplantation, when patients are in better 
health (e.g., living at home at the tin1e of transplantation), age 
is not a factor. Many studies have supported liver transplantation 
in low-risk, properly evaluated older adults.61 

As the number of older transplant patients has increased, 
one important factor has emerged. The rate of acute and duonic 
rejection is clearly lower in older patients. This has been attrib
uted to the overall decline iJ1 immunocompetence with age. 
However, tills decline also renders older patients more suscep
tible to infection and malignaJlC)'. The high incidence of lym
phoproliferative disorders in older transplant patients iJl general 
and the high rate of recurrent hepatitis C iJ1 older liver transplant 
patients in particular may be the result of excessive immunosup
pression in tllis already compromised population. Decreasing 
immnnosuppression in older patients may, in fact, improve both 
long- and short-term survival. 
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CHAPTER 15 

MORBID OBESITY 
WILLIAM 0 . RlCHARDS 

OBESITY: MAGNITIJDE OF THE PROBLEM 

PATHOPHYSIOILOGY AND ASSOCI.ATED MEDICAL PROBLEMS 

MEDICAL VERSUS SURGICAL THERAPY 

PREOPERATIVE CONSIDERATIONS 

OPERATIVE PROCEDURES 

POSTOPERATIVE CARE AND FOLLOW-UP 

OUTCOMES 

COMPUCAnONS 

REOPERATIVE SURGERY 

ADDinONAL C•ONSIDERAnONS 

CONCLUSION 

lhe surgical treatment of morbid obesity is termed baritJtric 
surgery. [thad its origin in the 1950s, when malabsorptive opera
tions were first performed for severe hyperlipidemia syndromes. 
Subsequently, jejunoileal bypass to produce weight loss began to 
be performed sporadically during the 1960s and then more 
frequently in the 1970s. This operation, however. produced 
unacceptable metabolic complications and has been completely 
abandoned; other effective, low-morbidity operations have been 
developed. 

lhis process has dearly pointed out two unique aspects of 
the 6dd ofbariatric surgery. lhe first is that this surgery involves 
the alteratlon of metabolic processes through fundamenral 
changes in appetite, energy regulation, satiety, and metabolism, 
not just simply weight loss. The second is that long-term 
follow-up is essential to gauge the effect of these operations on 
a patient's overaU health. Recent studies have all confirmed that 
operations such as the Roux-en-Y gastric bypass (RYGB), lapa
roscopic adjustable gastric banding (AGB), duodenal switch 
(DS), and laparoscopic sleeve gastrectomy resuJt in sustained 
long-tem1 weight loss, alterations in the metabolic consequences 
of morbid obesity, and a substantial reduction in mortality 
related to the improvement in lipid levels, diabetes, hyperten
sion, obstructive sleep apnea, and cardiovascular events such as 
myocardial infarction. There is perhaps no other field in surgery 
that has accumulated more level 1 data and long-term compara
tive studies of medical and surgical treatment than bariatric 
surgery during the last decade. Moreover, the evidence conclu
sively shows that bariatric surgery is superior to medical therapy 
for weight loss. survival, and treatment of comorbidities, which 
are detailed in the chapter. 
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OBESITY: MAGNITUDE OF THE PROBLEM 
Morbid obesity is defined as being lOU lb above ideal body weight, 
twice ideal body weight, or a body mass index (BMl, wbid1 is 
weight [in kg]/height [.in m2]) of 40 kglm~. lhe latter definition 
is more accepted internationally and has esscntiaUy replaced the 
former ones for aU practical and scientific purposes. A consensus 
conference by the National Institutes of Health (NIH) in 1991 
suggested that the term ser;ereobesity is more appropriate for defin
ing people of this s.ize.1 lhis term shaU be used interchangeably 
with morbid obesity in the remainder of this chapter. 

It is estimated that more than one third of the U.S. aduJt 
popttlation is obese; the prevalence of morbidly obese aduJts 
with a BMI Qf 40 or higher bas gone from 2.9% in 1994 to 
5.9% of the adult U.S. population in the National Health and 
Nutrition Examination Survey (NHANES) in 2006? Patients 
undergoing bariatric surgery in the United States have average 
BMis that are significantly higher than those reported in Europe
Australia, however, is not far behind, according to Australian 
bariatri.c surgeons. Even Europe, where severely obese individu
als are not common in crowds, is now experiencing an overall 
enlargement of its populatlon. Studies of adolescent obesity have 
estimated the incidence of obesity (40% above ideal body 
weight) as being in the 35% range for adolescents in the United 
States but more t11an 20% in most European cow1tries. lhe 
problem is also growing at an alarmingly rapid rate i.n the United 
States. ln 1985, when statistics of natlonal obesity were first 
measured by tbe Centers for Disease Control and Prevention 
according to individual states, many states had no such data 
available. Of d1e approximately 50% that has these data, more 
tl1an 50% reported a less than 10% incidence of people with a 
BMI higher than 30 kg/nl. By 2008, every state except Colo
rado had reported that the incidence had risen to higher d1an 
20% and 6 states reported dut more than 30% of their popula
tion had a BMI of 30.0%. 

Obesity is estlmated to cause 300,000 deaths annuaUy in 
the United States, whereas the total number of dead1s annuaUy 
from breast and colon cancers is only approximately 90,000/ 
year.3 Mter tobacco usc, obesity is the second leading cause of 
preventable death in the United States and is second to smoking 
on the list of preventable factors responsible for increased health 
care costs. It is a sobering thought to realize that a 25-ycar-old 
morbidly obese man has a 22% reduction in life expectancy, or 
12 years of life lost, when compared with a normal-sized man.3 

There is speculation that within d1e next decade, obesity may 
overtake tobacco as the leading cause of preventable death in the 
United States. 
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PATHOPHYSIOLOGY AND ASSOCIATED 
MEDICAL PROBLEMS 
'The pathophysiology of severe obesity is poorly understood. 
Debate is ongoing regarding the relative genetk versus environ
mental components of the disease. There is a clear familial pre
disposition; it is rare for a single family member ro have severe 
obesity and there is increasing evidence of specific genes, includ
ing FTO (fat mass and obesity-related) and MC4R (mclanocor
tin 4 receptor) associated with obesity, increased fat mass, and 
insuJin resistance.4•5 The rapid increa~ in obesity from 1 Y80 to 
2010 emphasizes the considerable influence of environmental 
factors, such as easily available, cheap, high-density, caloric-rich 
foods and physical inactivity promoted by widespread owner
ship of cars, which also contributes to the problem. 

Although there is no definitive answer to the pathophysiol
ogy of severe obesity, it is clear that a severely obese individual 
has, in general, persistent hunger that is not satiated by amounts 
of food that satisfY the non obese. This lack of satiety or main
tenance of hunger, with corresponding increases in caloric 
intake, may be the single most important factor in the process. 
Some studies have suggested that there are fundamental differ
ences in the satiety and appeti te hormonal control of eating that 
have created the current epidenlic. This is hypothesized to occur 
when the brain's energy set point rises to increase energy intake 
through modulation of a person's appetite. 

Another explanation of the obesity epidenlic is that during 
hun,;m developmeJJt, for thousands of years, the so-called thrifty 
gme marked those who could survive the periods of extreme 
protein calorie deprivation that marked early human develop
ment.6 Because this thrifty gene allowed more efficient absorp
tion and use of the calories ingested, the hun1ans who had the 

Cardiovascular 
Hypertension 
Sudden cardiac death myocardial infarction 
Cardiomyopathy 
Venous stasis di:sease 
Deep venous thrombosis 
Pulmonary hypertension 
Right-sided heart failure 

Pulmonary 
Obstructive sleep apnea 
Hypoventilation syndrome of obesity 
Asthma 

Metabolic 
Metabolic syndrome (abdominal obesity, hypertension, dyslipid-

emia, insulin resistance) 
Type 2 diabetes 
Hyperlipidemia 
Hypercholesterolemia 
Nonalcoholic steatotic hepatitis (NASH) or nonalcoholic fatty 

liver disease (NAFLD) 

Gastrointestinal 
Gastroesophageal reflux disease 
Cholelithiasis 

Musculoskeletal 
Degenerative joint disease 
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thrifty gene had a distinct survival or fertility advantage. 
However, in modern society, in which we can drive through a 
fast food restaurant, drink high-fructose corn syrup soda, and 
eat a fat-laden, super-sized hamburger without getting out of 
the car, the thrifty gene does JlOt convey a survival advantage. 
lnsread, it helps increase rhe intake of calories in excess of mera
boHc needs. 

We know that hormones, peptides, and vagal affcrents to 
the brain have a major inRuence on satiety, appetite, and energy 
intake. The appetite hormone ghrelin, produced largely in the 
proximal part of the stomach by the presence of food, is involved 
in appetite and satiety. 7 Increased levels of ghrelin lead to 
increased food intake and increased ghrelin levels develop in 
individuals who are on low-calorie diets. This suggests one pos
sible mechanism for the failure of most diets after 6 months
the increase in gllrelin. Interestingly, patients have normal to 

elevated ghrelin levels after laparoscopic AGB. Most studies have 
sugge.sted that patients undergoing gastric bypass have sup
pressed postoperative levels of ghrelin, and appetite is dramati
cally reduced after gastric bypass, which leads to the incredible 
decrease in caloric intake that also leads to massive weight loss 
in the first 12 to 18 months after RYGB.8 

Morbid obe.sity is a metabolic disease associated with 
munerous medical problems, some of which are almost unknown 
in the absence of obesity (Box 15- 1 ). The.~e problems must be 
carefully considered when one is contemplating offering weight 
reduction surgery to a patient. The most frequent problem is the 
combination of arthritis and degenerative joint disease, present 
in at least 50% of patients seeking surgery for severe obesity. l11e 
incidence of sleep apnea is high. Asthma is present iJl more than 
25%, hypertension in more d1an 30%, diabetes in more than 

lumbar disc disease 
Osteoarthritis 
Ventral hernias 

Genitourinary 
Stress urinary incontinence 
End-stage renal disease (secondary to diabetes and 

hypertension) 

Gynecologic 
Menstrual irregularities 

Skin. Integumentary System 
Fungal infections 
Boils, abscesses 

Oncologic 
Cancer of the uterus, breast, colon, kidney, prostate 

Neurologic. Psychiatric 
Pseudotumor cerebri 
Depression 
l ow self-esteem 
Stroke 

Social_. Societal 
History of physical abuse 
History of sexual abuse 
Discrimination for employment 
Social discrimination 

"0 
m 

"' 0 
"0 
m 

~ 
< m 

~ 
~ 
m 
s:: 
m z 
-t 

http://www.myuptodate.com


360 SECTION II PERIOPERATIVE MANAGEMENT 

20%, and gastroesophageal reflux in 20% to 30o/o of patients. 
The incidence of these conditions increases with age and with 
the severity and duration of the severe obesity. 

The metabolic syndrome includes type 2 diabetes mellitus 
caused by insulin resistance, dyslipidemia, and hypertension. 
Patients with rhis constellation of problems are obese, with 
central body obesity being the primary essential feature {in 
women, waist circumference >35 inches: in men, >40 ind1es). 
The syndrome is characterized by impaired hepatic uptake of 
insulin, systemic hyperinsulinemia, and tissue resistance to 
insulin. Patients with metabolic syndrome arc at high risk for 
early cardiovascular death. 

Not listed in Box 15-1 arc the associated societal discriml
natory problems faced by severely obese individuals. Public 
facilities in terms of seating, doorways, and restroom facilities 
often make access to events held in these settings unavailable to 
a severely obese person. Travel on public transportation is some
times difficult, if not impossible, especially in regard to air travel. 
Employment djscrimination clearly exists for these individuals. 
Finally, the combination of low self-esteem, frequently a history 
of sexual or physical ahuse, and these social difficulties coalesce 
to create a high incidence of depression in the morbidly obese 
patient population. 

MEDICAL VERSUS SURGICAL THERAPY 
Medical therapy for severe obesity has Limited short-term success 
and almost nonexistent long-term success. Once severely obese, 
the Likelihood that a person will lose enough weight by dietary 
means aloJle and remain at a BMI below 35 kg/m2 is estimated 
at 3o/o or less. The NIH consensus conference recognized that 
for this patient popLLlation, medical therapy has been uniformly 
w1successful in treating the problem.• A more recent review of 
the clinical trials of lifestyle interventions for the prevention of 
obesity in childlren has demoJlstrated that most were completely 
ineffective and the few that were marginally effective bad an 
extremely small impact on BMI.9 Despite massive efforts health 
care providers to influence weight through diet, physical activity, 
and lifestyle cbanges, m.e only effective long-term method for 
weight loss has been shown to be bariatric surgery. In a head to 
head trial, O'Brien and colleagues10 randomized obese adoles
cents to lap band or to diet and lifestyle changes. Patients ran
domized ro lap band lost 34.6 kg compared with the diet group, 
who lost 3.0 kg at the end of the 2-year trial. In anomer trial of 
obese adults, the surgical group achieved a 21.6% initial body 
weight loss whereas rl1e medical group bad a paltry 5.5o/o of 
initial body weight loss. 11 

Despite tlb.is Limited success, it is generally agreed that a 
severely obese patiem needs to be given the chru1ce to comply 
with a medically supervised diet program to see whether ru1y 
success can be achieved. A 10% weight loss attained over a 
period of months at a rate of 0.5 to 2 lb/week is the initial goal 
of medical therapy. Maintenance of me weight loss for 6 months 
defines the initial medical success with medical therapy, and 
further weight loss through a reduction in calories and increase 
in physical activity is encouraged. lnsurance funding for surgery 
has t.raditional]y been linked to sucl1 an attempt or, for some 
insurance companies, a well-documented history of several of 
these attempts. However, data showing any efficacy of the need 
for a p rolonged diet atten1pt as positively influencing outcomes 
after bariatric s urgcry are lacking. 

Very low-calorie diets fall into two categories, d10se that 
primarily restrict fat intake and those that primarily restrict 
carbohydrate intake. Both diets produce weight loss that is insuf
ficient to affect any major change in health status. 

In 2010, pharmacologic therapy focused on two medica
tions .. Sibutramine block~ presynaptic recepror uptake of norepi
nephr ine and serotonin, rl1ereby potentiating their anorexic 
effect in the central nervous system. Orlistat inhibits pancreatic 
lipase ru1d thereby reduces absorption of up to 30o/o of ingested 
dietary fat. A maximWTI weight loss of up to lU% of body weight 
has been noted in unsdectcd individuals taking either or botb 
drugs; however, weight is regained within 12 to 18 months. For 
the severely obese indivi.dual, neither drug alone has proved to 
be effective therapy. 

The Swedish Obesity Study (SOS) is our best evidence of 
the profound sal.utary effects of bariatric surgery on morbidity 
ru1d mortality.12 1be study followed 98.9% of subjects undergo
ing bariatric surgery-gastric bypa~s, vertical banded gamo
plasty, or nonadjustable silicone gastric banding--compared 
with a group of age-, gender-, ru1d BMI-matched control sub
jects undergoing standard medical treatment. There was a sig
nifica nt long-tem1 reduction in weight ru1d in comorbid 
conditions, which resulted iJ1 a significam reduction iJl mortality 
in tbe bariatric surgery patients. Other excellent long-term 
studies have confirmed the benefits of bariatric surgery and have 
indicated a significant reduction in weight ru1d long-term mor
tality in patients undergoing gastric bypass.13 

Recently, experts &om arow1d cl1c world met i11 Rome as 
part of me Diabetes Surgery Summit and pur form a position 
statement on recommendations for clinical ru1d research issues 
related to the development of diabetes surgcry}4 During this 
extraordinary meeting, medical ru1d surgical experts on bariatric 
surgery, obesity, and type 2 diabetes crafted a statement to 
develop methods for diabetes surgery to help improve access to 
proven surgical options while also suggesting research avenues 
to be pursued. Some of the recommendations included invesri
gatiOJl of surgery on patients who have a BMI lower than 35, 
the previously defined cutoff for weight loss smgery. 

PREOPERAnVE CONSIDERAnONS 

Eva I uation and Selection 

Eligibility 
Selection of patients for bariatric surgery is based strictly on 
currently accepted NIH guidelines. Patients must have a BMI 
higher than 40 kg/m2 wimout associated comorbid medical con
ditions or a BMI higher d1an 35 kg/m2 with ru1 associated 
comorbid medical problem. 1hcy must have also fai led dietary 
therapy. Beyond this, the NIH guidelines are not specific. 
However, it has been my experience tl1at several practical criteria 
must also be used as guidelines for indications for surgery, 
iJ1cluding psychiatric stability, motivated attitude, and the abili ty 
to comprehend the nature of the operation and resultant cbru1gcs 
in eating behavior and lifestyle. Criteria for eligibility for bariat
ric surgery arc given iJl Box 15-2. AJ1 inability to fulfil l these 
criteria is a contrai11dication to bariatric surgery. 

One criterion nor listed in Box 15-2 rbat unfortunately is 
ofren a significant issue for a severely obese patient is insurance 
coverage for the operation. Although bariatric surgery has been 
one of me most commonly studied operative procedures, wid1 
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Patients must meet the following criteria for consideration for 
bariatric surgery: 
• BMI >40 kg/m2 or BMI >35 kg/m2 with an associated 

medical comorbidity worsened by obesity 
• Failed dietary therapy 
• Psychiatrically stable without alcohol dependence or 

illegal drug use 
• Knowledgeable about the operation and its sequelae 
• Motivated individual 
• Medical pro blems not precluding probable survival 

from surgery 

abundant information from controlled studies showing a signifi
cant survival advantage to the patient undergoing surgery, many 
iJ1surance companies refuse to cover the procedure or establish 
multiple barriers to coverage for the individual patient. The 
Centers for Medicare and Medicaid Services (CMS), the federal 
agency that sets Medicare guidelines, established criteria for the 
coverage of open aJld laparoscopic gamic bypass. laparoscopic 
AGB. and OS operations in 2006. A controversial aspect of the 
ruling is the requirement that bariatric surgery be performed 
only by surgeons in hospi tals that are designated a.~ Centers of 
ExceUence by the American Society ofBariatric Surgeons or level 
[ centers by the American College of Surgeons. These UJlique 
requirements for Medicare beneficiaries were at least partly the 
results of concern by policymakers tl1at the morbidity and mor
tality associated with bariatric surgery were high and that the 
explosive growth in tl1e number of hospitals and surgeons per
forming the procedures did not correlate with hospital oversight 
of these procedures and resulting complications. Nevertheless, 
this marks a watershed moment in surgery in which, increas
iJ1gly, payers arc demaJlding that surgeons and hospitals meet 
stringeJlt requireJneJm for infrastructure, training of personnel, 
and ult imately, results of the procedures. Bariatric surgeons have 
risen to the occasion, as evidenced by the most recent data from 
National Surgical Quality [rnprovement Program (NSQIP)15 

aJld the LongitudiJ1al Assessment of Bariatric Surgery (LABS) 
consortium16 of the extremely low morbidity and mortality for 
laparoscopic bar:iatric surgery across the United States. 1l1ese 
recent studies suggest that the imposition of the Center of Excel
lence standard lhas been at least partially responsible of the 
decliJ1e in operative morbidity and mortality. 

Medical contraindications to bariatricsurgery are not clear. 
All patients with comorbid condit ions arc at greater risk. 1l1e 
surgeon must ensure that these risks are well understood by all 
patients before bariatric surgery, especially those at high risk. 
Ideally, several family members are included in these discussions. 
Some individuals have end-stage orgaJJ dysfunction of the heart, 
lungs, or both: they are unlikely to gain the benefit of longevity 
and in1provcd health. 

PatieJlts who CaJUlOt walk have greater risk than those who 
can ambulate, aJlld surgery is contraindicated in patients who are 
unable to aJnbulate. Pradcr-WiJij syndrome is another absolute 
contraindication because no surgical therapy affects the constant 
need to ear by d1ese patients. 

Patients who weigh more than 500 lb are at increased risk 
for mortality aJld have more complications. Many options for 
diagnostic testing, such as computed tomography (CT), are 
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exceeded by this weight limit. At this weight, operating room 
tables, moving and lift eCJuipment and tean1s, blood pressure 
cuffs, sequential compression device (SCD) boots, aJld any sort 
of invasive bedside procedures such as central venous catheters 
become extraordinarily difficult or problematic. It bas been my 
practice to encourage suongly parienrs weighing more than 
500 lb to lose weight down to that level by nonoperative 
methods, even if it means enforced hospitalization. 

Age is a controversial contrai11dication to bariatric surgery. 
For adolescents, most pediatric bariatric surgeons recommend 
that the operation be performed after the major growth spurt 
(mid ro late teens), thus allowing increased maturity on the part 
of the patient. Simple restrictive operations are thought to be 
most appropriate for patients in this age group. ln the United 
States, although the laparoscopic AGB procedure (LAP-BAND) 
has been approved by tl1e U.S. Food and Drug Administration 
(FDA) only for patients 18 years or older, several groups have 
modest experiences using this device w1der FDA guidelines.10 

Increasing experience wil l be required to determine whicll opera
tion is most effective in adolescents. 

Although I have generally set the age of 65 years as an 
approximate cutoff for performing gastric bypass, patients ol.der 
than 65 have been individually evaluated. Sud1 evaluations focus 
on the patient's relative physiologic age aJJd potential for longev
ity rather than chronologie age. 1l1e duration and degree of 
obesity are the most importaJ1t factors when evaluating aJ1 older 
patient. In general, the duration and severity of obesity and the 
number of comorbid medical problems that exist lower the 
potential for sucl1 individuals to benefit from bariatric surgery. 

Evaluation 
Preoperative assessment of a bariatric surgical patient involves 
nvo distinct areas. One is a specific preoperative assessment of 
CaJldidacy for bariatric surgery and evaluation for comorbid 
condit'ions. The second is a general assessment and preoperative 
preparation, as for My major abdominal surgery, which is dis
cussed in depth in Chapter ll. 

General Measures A team approad1 is required for the optimal 
care of a morbidly obese patient (Box 15-3). Box 15-4 sum
mari'l..es the steps and tests routinely performed for the preopera
tive evaluation of bariatric patients in the my clinics. 

Proper preoperative patient education is esSeJltial and 
attendance at educational sessions is mandatory. After preopera
tive testing is completed. a final counseling session with the 
surgeo11 and an education session with the nurse educator and 
nutritionist arc held. 

A first-generation cephalosporin, in a dose appropriate for 
weight, is given preoperatively, and aJltibiotics are continued for 
less than 24 hours. Data support the use of preoperative antibi
otics, but no data have established the optimal regimen for deep 
venous thrombosis (DVT) prophylaxis. In the era of open 
surgery. pulmonary embolism (PE) was one of the most common 
causes of death after bariatric surgery. However, receJlt data have 
shown that puJmonary embolism is Lmcomrnon after laparo
scopic RYGB and that mea.~ures such a~ early ambu.lation and 
sequential compression devices, without pham1acologic agents, 
sud1 as heparin, can be used successfully to prevem DVT and 
PE in many patients tmdergoing laparoscopic gastric bypass or 
laparoscopic AGB .. 7 High-risk patients (e.g., those with history 
of DVT, venous stasis ulcers, kJ1own or highly suspected 
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Surgeon 
Assisting surgeon 
Nutritionist 
Anesthesiologist 
Operating room nurse 
Operating room scrub technician, nurse 
Nurse care coordinator, educator 
Secretary, administrator 
Psychiatrist, psychologist 
Primary care physician 
Medical specialists for cardiac, pulmonary, gastrointestinal, 

endocrine, musculoskeletal, and neurologic conditions, as 
indicated 

Evaluation 

Before the d inic Visit 
Documented, medically supervised diet 
Counseling and referral from the primary care physician 
Reading a comprehensive written brochure and/or attendance 

at a seminar regarding operative procedures, expected 
results, and potential complications 

Initial Clinic Visit 
Group presentation on information in the booklet 
Group presentation on preoperative and postoperative nutri-

tional issues by the nutritionist 
Individual assessment by the surgeon's team 
Individual counseling session with the surgeon 
Individual counseling session with the nutritionist 
Screening blood tests 

Subsequent Events and Evaluations 
Ft.lll psychological assessment and evaluation, as indicated 
Medical specialist evaluations, as indicated 
Insurance approval for coverage of the procedure 
Screening flexible upper endoscopy, as indicated 
Screening ultrasound of the gallbladder (if present) 
Arterial blood gas analysis, as indicated 

Subsequent Clinic Visits 
Counseling session with the surgeon (including selection of the 

date for surgery) 
Education session with the nurse educator 
Preoperative evaluation by the anesthesiologist 
Final pae_erwork by the preadmissions center 

pulmonary hypertension, bypoventilation syndrome of obesity, 
or need for re()peration during the initial hospitalization) are 
given SC injections of heparin or low-molecular-weight heparin 
(LMWH) on call in the operating room and then twice daily 
w1til discharge at home, for a full 2-week course. Prophylactic 
vena cava fi lters are inserted, if possible on a temporary basis, in 
patients at extremely high risk for DYT and PE. 

SpedfK Comorbid Conditions Cardiovascular evaluation of a bar
iatric patient must include a history of recent cl1est pain and 
functional assessment of activity in relation to cardiac fw1ction. 
Patients with a history of recent chest pain or a change 

in exercise tolerance need to undergo a formal cardiology assess
ment, including srress testing, as in dicated. J almost never resort 
to invasive central monitoring with a Swan-Ganz catheter 
because central venous and pulmonary hypertension are the 
norm and must not be interpreted as voltm1e overload. The use 
of inuaoperative transesophageal echocardiography is occasion
ally belpful for patients with cardiomyopathy. 

Pulmonary assessment includes a search for obstructive 
sleep apnea because a significant number of patients undergoing 
bariatri.c surgery wi ll have undiagnosed obstructive sleep apnea.1

c; 

A history of falling asleep wllllc driving or at work or a history 
of feeling tired after a night's sleep, coupled with a history of 
snoring or even witnessed apnea, is strongly suggestive of the 
condition. Patients with suggestive histories of clinically signili
cant sleep apnea need to undergo p reoperative sleep study 
testing. If found to have the condition, use of a continuous or 
bilevd positive airway pressure apparatus postoperatively while 
sleepi11g can eliminate the stressful periods of hypoxia that 
would otherwise resul t in these patients. AJthougb tolerated 
undei normal circumstances, these hypoxic episodes in the 
inlmcediate postoperative period are more dangerous because of 
the enJ1anced effect of narcotic pai11 medications and postopera
tive fluid shifts, which affect hemodynan1ic stability. 

Reactive asthma is another common problem of the severely 
obese that is w1derrecognjzed. It requires less preoperative 
preparation in terms of testing than sleep apnea and is less 
dangerous. 

Hypovemilation syndrome of obesity (pickwickian syn
drome) is a diagnosis that should be suspected .in the superobe..~ 
(BMI >60 kg/m2

) by the patient's clinical appearance. Individu
als wid1 this diagnosis have plethoric faces, may appear clinically 
cyanotic, and clearly exhibit difficulty in normal respiratory 
efforts at baseline or with mild exertion. Arterial blood gas 
analysis reveals Paco2 higher than Pa{)z and an elevated hema
tocrit. Pulmonary artery pressure is greatly elevated. 1he...e 
patients have extremely high cardiopulmonary morbidity and 
mortality and require significant preoperative weight loss and 
optimization of the patient's cardiopulmonary physiology prior 
to tbe operative procedure. A planned intensive care unit admis
sion postoperatively is usually needed. Prolonged ventilator 
support is often required, and management of intravascular 
volume is based on the patient's basdiJle status. 

Because there is a considerable incidence of hypertension 
or diabetes in patients with concomitant renal disease, the senm1 
creatinine level is an excellent preoperative screening test for 
baseline renal function. 

Musculoskeletal conditions, especially arthritis and degen
erative joint disease, are the most common group of comorbid 
diseases found in severely obese patients. Over 50% of patients 
have some fom1 of these conditions, often to an advanced 
degree. Linllted an1bulation, joint replacement, severe back 
pain, and other sequelae are not uncommon. Before surgery, it 
is important for patients to understand that any preexisting 
structural damage carmot be reversed by weight loss. Fortu
nately, significant weight loss often alleviates or even reverses the 
chronic pain or disability from such conditions. Significant 
weight loss after bariatric sttrgery will make subsequent knee and 
hip replacemem surgery more effective and safer. 

Metabolic problems are common in severely obese patients, 
particularly hyperlipidemia, hypercholesterolemia, and type 2 
diabetes mellitus. AJl are easily determined by simple blood tests. 
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Of severely obese patients, 20% to 30% undergoing bariatric 
surgery have clinically significant type 2 diabetes. Diabetes needs 
to be controUed preoperatively to reduce the incidence of peri
operative morbidity. 

Skin must be examined for fLmgal infection and venous 
stasis changes, which are associated with a gready increa<~Cd 
incidence of postoperative DVT. 

Umbilical or ventral hernias may be present. It has been 
my practice to postpone repair of ventral and incisional hemias 
unti l after significant weight loss. 1l1is has the advantage of 
performing the operation when intra-abdominal pressure is 
greatly reduced and after ongoing weight loss so that the patient 
is in positive nitmgen balance rather than actively losing weight. 
Repair of the hernias at the time of abdominoplasty enables 
the bariatric surgeon to complete physical reconstruction of the 
abdominal wall and place prosthetic mesh to reinforce the 
abdominal wall, which often cannot be accomplished during 
the injtial bariatric procedure. 

Cholelithiasis is the most prevalent of the several gastroin
testinal conditions and, if gallstones arc present, most surgeons 
agree that cholecystectomy needs to be performed simultane
ously with the ba.riatric su.rgery. 1l1e incidence of gallstone or 
sludge formation after gastric bypass is approximately 30%. For 
patients undergoing malabsorptive operations, gallstone forma
tion is so frequent that prophylactic cholecystectomy is a stan
dard part of these procedures. However, for restrictive operations, 
screening tdtrasound is recommended, particularly i11 pati.ents 
undergoing RYGB, because endoscopic retrograde cholangio
pana·earography (ERCP) is not possible. Ursodeoxycholic acid 
(ursodiol), 300 mg twice daily for 6 months postoperatively, 
reduces the incidence of gallstone formation to 3% in patients 
who follow tllis treatment plan. My current recommendations 
for patients undergoing laparoscopic bariatric smgery are simul
taneous cholecystectomy if gallstones are present and ursodiol 
tl1erapy for 6 months after surgery if the gallbladder is normaL 

Gastroesophageal reflux disease (GERD) is common in 
severely obese patients because of the increased abdominal pres
sure and shortened lower esophageal sphincter. Preoperative 
upper endoscopy is indicated iJl all patiems who have G ERD to 
detect Barrett's esophagus and the presence of hiatal hernias and 
to evaluate the lower part of the stomach in patients undergoing 
RYGB. 

A patient with nonalcoholic sreatocic hepatitis (NASH) 
presents a potential problem. The size of the Left lobe of the Liver 
often inlllbits the surgeon's ability to complete an operation 
laparoscopically. Patients wi th a known enlarged fatty liver may 
benefit from caloric restriction, especially carbohydrate restric
tion, for a period of several weeks preoperatively. Bariatric 
surgery is beneficial for NASH; weight loss improves the prog
nosis. NASH is not a contraindication to ba.riatric surgery if 
there is no cirrhosis and portal hypertension or hepatocellular 
decompensation. Liver biopsy should be performed at the time 
of bariatric su.rgery in any patient whose llver appears 
abnormal. 

Spedal Equipment 

Clinic 
The clinic for t'Valuating bariatric patients must bt' constructed 
with tl1e needs of the patient in mind. 1l1e waiting a.rea must 
contain comfortable benches witl1 backs, not standard-sized 

MORBID OBESITY CHAPTER 15 363 

chairs. Doorways must be extra wide co accommodate wheel
chairs. This is true for bathrooms as well, which must be 
equipped with toilets on the Aoor, not mounted on the wall. A 
scale that can weigh up to 1000 lb is necessary. Large-sized 
gowns, wide exanli1ling tables stable enough for large patients, 
and wide blood pressure cuff.~ are needed. A large room with 
appropriate seating is needed for the patient group education 
session. 

Operating Room 
1l1e operating room needs to contain a hyd.raulically operated 
operating room table that can accommodate up to 800 lb. Side 
attachments to widen the table are required, as needed. Foam 
cushio:nlng, extra large SCD stockings, wide and secure padded 
straps for the abdomen and legs, ru1d a footboard for the operat
ing room table are all essential to seCLLCe the patient safely for 
placement in a steep reverse Trendelenburg position du.ring 
smgery. 

Videotelescopic equipment, as used for any laparoscopic 
abdominal procedme, is necessary. Two monitors, one ncar each 
shoulder, and hlgh-flow insuffiators able to maintain pneumo
peri toneum are essential. 

I have found a 45-degree telescope. extra-long staplers, 
atraumatic graspers, and other instruments to be most useful. 
Extra-long trocars may be needed. An ultrasonic scalpel is most 
helpful in all aspects of the dissection. 

A fixed retractor device secured to the operating room table 
for clamping and holding the Hver retractor is also csse11 tial. 1llis 
can pose one of the most difficult technical challenges in patients 
with a large thjck liver. Sometimes. two retractors may be neces
sary for a large Uver. 

OPERATIVE PROCEDURES 
Primary laparoscopic bariatric operations are preferred over the 
open pwcedures because of the increased availability of the lapa
roscoplc approach and overwhelnling advantages of the laparo
scopic approach. 1l1ese include reduced mortaljty, wound 
infections, pLdmonary compllcations, thromboembolic compli
cations, reduced rate of jncisional hernias, ru1d decreased 
hospitalization. 15

'
16 

We are ordy just now starting to recognize the many reasons 
why bariatric operations produce weight loss. The p.rimary 
pathway to weight Loss is the profound and long-lasting reduc
tion of oral intal<e induced by changes in the gut-brain axis.18 

1l1e other is malabsorption of ingested food. Box 15-5 lists the 
major procedures to be described. 

f I • • I 

Restrictive 
Vertical banded gastroplasty {VBG; historic purposes only) 
laparoscopic adjustable gastric banding (AGB) 
laparoscopic sleeve gastrectomy (LSG) 

largely Restrictive, Mildly Malabsorptive 
Roux~n-Y gastric bypass (RYGB} 

Largely Malabsorptive, Mildly Restrictive 
Biliopanaeatic diversion (BPD) 
Duodenal switch (DS} 
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Vertical Banded Gastroplasty 
This procedure has now largely been abandoned in favor of 
others because of poor long-term weight loss, high rate of late 
stenosis of the gastric outlet, and tendency for patients to adopt 
a high-calorie Uquid diet, thereby leading to regain of weight. 

Laparoscopi'c Adjustable Gastric Banding 
'Ihc AGB procedure may be performed with any of various types 
of adjustable bands. The two bands approved for usc by the FDA 
in the United States are the LAP-BAND (INAMED Health, 
Santa Barbara, Calif) and the Realize band (Ethicon Endo
Surgcry, Cincinnati, Ohio). The Swedish Adjustable Gastric 
Band (Obrech Medical, Baar, Switzerland), the MIDBAND 
{Medical Innovation Development, Villeurbanne, France), and 
the Heliogast band {Helioscopie, Vienne. France) arc other 
banding systems used in Europe, Asia, the Middle East, and 
South America. TI1e techniques of placement of the bands are 
similar; only the locking mechanisms, band shape and configu
ration, and adjltlstment schedules vary somewhat for the differ
ent types of bands. TI1ey all work on the principle of reduction 
of oral intake by augmenting the early satiety and decrease in 
appetite triggered by distention of the proximal part of the 
stomach and feedback to the brain eating center via the vagal 
nervcs.'8 Their advantage over other bariatric procedures is 
adjustability and a markedly lower initial operative morbidity 
and mortality. 

Trocar placement for AGB is shown in Figure 15- l . The 
surgeon stands co the patient's right, the assistant is to the 
patient's left, md the camera operator is adjacent to me surgeon. 
Most surgeons [place the patient in the supine position, but some 
prefer to have tthc patient's legs spread so that the surgeon carl 
stand between his or her legs. l11e peritoneum at the angle of 
His is divided to create an opening in the peritoneum between 
the angle of His and the top of the spleen {Fig. 15-2A). The 
telescope is pl.aced through the left upper quadrant port for tlus 
part of the operation to maximally view the angle of His area. 

1l1c pars flaccida technique has become the approach of 
choice for placing the adjustable band. It begins by dividing the 
gastrohepatic ligament in its thin area, just over the caudate lobe 
of the liver. TI1c anterior branch of the vagus nerve is spared, 
and any aberrant left hepatic artery is preserved. The base of the 
right cru~ of the diaphragm is identified. Care must be taken to 

identify the crus dearly because occasionally the vena cava can 
lie close to the caudate lobe. ll1c surgeon gently follows tbe 
surface of the right crus posterior and inferior to tl1c esophagus 
while aiming for the angle of His {see Fig. 15-2B). A gentle 
spreading and pushing tccluuquc is used to create an avascular 
tunnel along this plane. Once the tip of the twu1eling instru
ment is seen ncar tl1c top of tl1e spleen, it is gently pushed 
through any remaining peritoneal layers to complete the tunnel 
(see Fig. 15-2C). 1l1c adjustable band has already been placed 
in the peritoneal cavity through the large 15-mm trocar located 
in the right upper quadrant before dissection of the pars fiaccida. 
The narrow end of the band i.tself is grasped by d1e tunneling 
instrument and pulled through the tunnel from the- greater to 
the lesser side of the stomach (Fig. L5-3). That end is d1er1 
threa.ded through the locking mecharusm of the bar1d, after 
which the band is locked. Once the band has been locked in 
place, the buckle is adjusted to Lie on the lesser curvature side 
of the stomach (Fig. 15-4). A 5-mm grasper inserted between 
the band and stomach ensures that the- band is not too tight. 

The anterior gastric wall is plicated over the band with three 
or four interrupted nonabsorbable sutures (Fig. 15-5). TI1ere 
needs to be just enough stomach above the level of the bar1d for 
incorporating that tissue into the suture. Suturing is carried as 
far posterolaterally as possible because this region has been the 
most frequent area of fundus herniation through the band. The 
band is thus ideally secured approximately l em below the gas
troesophageal junction with this technique. 

The Silastic tubing leading from the band is putted througb 
tl1e 15-mm trocar site in the right upper quadrant paramedian 
area to complete the laparoscopic portion of the operation. The 

5-mmtrocar 
for Nathanson 

X liver retractor 

5-mm---+----:x 
trocar 

Umbilicus-.J~------_..:..;..-

15-mm trocar for 
band placement 

1 0-mm trocar 
for optiview 

X------+-- 5-mm 
trocar 

FIGURE 15-1 Trocar location for adjustable 
gastric banding. 
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FIGURE 15-2 A. Dividing the peritoneum at the angle of 
His. B, Pars flaccida technique in which the fat pad is 
divided at the base of the right crus. C. Tunnel posterior 
to the stomach completed. 
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band portion 

FIGURE 15-3 Pulling the LAP-BAND through the tunnel. 

-----

Flanges that keep 
it locked once 
through buckle 

Inf latable 
part of band 

I 
trocar site incision is enlarged to reveal the anterior rectus fascia, 
whid1 is exposed approximately 2 to 4 em lateral to the existing 
fascial defect for the trocar, and the access port is connected to 
the inflation tubing. Four sutures inserted through the fom holes 
on the access port are placed in cl1e fascia, after whid1 the port 
is tied to the fascia (Fig. 15-6). 1l1e redundant tubing is replaced 
in the abdominaJ cavity, with care taken to avoid kinking. 

Roux-en-Y Gasbic Bypass 
1he gastric bypass. fim described by Mason and Ito in 1969, 
incorporated a loop of jejunum anastomosed co a proximal 
gastric pouch. 1l1is operation proved unacceptable because of 

FIGURE 15-4 l ocking the LAP-BAND. 

bile reflux, and RYGB, wllid1 eliminates biJc reflux, has 
become the most commonly performed bariatric operation in 
the United States. 

Described here is one technique that incorporates many of 
these modifications. There are certainly many variations of this 
technique and many, if not most, will yield excellent results. 1l1e 
essen tiaJ principles of the op<:'tation are listed in Box 15-6. 

I have found the left subcostaJ region, near the middavicu
lar li11e, to be an ideal location for placement of the first trocar 
under direct vision using a bladed trocar (United States Surgical 
Corporation, Norwalk, Coru1) or an optical trocar (Optiview:. 
Eth.icon Endo-Surgery, Cincinnati, Ohio) that dilates a tract 
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FIGURE 15-6 Passing the inflation tubing through the abdominal wall 
sufficiently far fro m the port site to prevent acute kinking of the 
tubing. 

under di rect vision can be used. Subsequent trocars are placed 
under laparoscopic vision to achieve the configuration shown in 
Figure 15-7. 

Once the omentum is mobilized, the ligament ofTreirz is 
identified. A location approximately 30 w 40 em distal to the 
]jgamcnt is chosen for division of the jejunum with an endo
scopic stapler (Fig. 15-8). 1he mesentery is then further divided 
with staples or a harmonic scalpel. 
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FIGURE 15-5 Imbricating the anterior aspect 
of the stomach over the LAP-BAND. 

BOX 15-6 Essential Components of Roux-en-V Gastric Bypass 

Small proximal gastric pouch 
Gastri c pouch constructed from the cardia of the stomach to 

prevent dilation and m inimize acid production 
Gastric pouch divided from the distal part of the stomach 
Roux limb at least 75 em in length 
Enteroenterostomy constructed to avoid stenosis or 

obstruction 
aosure of all potential spaces for internal hernias 

The Length of the Roux limb is inBuenced in my practice 
by patient weight. Patients with a BMI in the 40s will be well 
served with a Roux Limb of80 to 120 em, whereas patients with 
a BMI significantly in exces.~ of 50 are usually given a Roux limb 
of approximately 150 em. ll1e proximal jejunum is left to 
remain at the patient's right side and the Roux limb is lifted 
cephalad and coiJed in the curve of the transverse colon mesen
tery (Fig. 15-9). 1his technique aUows the proximal jejunum to 
be aljgned directly alongsi.de the designated point on tl1e Roux 
limb for the distal anastomosis. ll1e stapler is placed through 
the surgeons right-hand port because d1e bowel segments are 
easily aligned to facilitate placement of the stapler into enteroto
mies created in each segment of bowel at the desired location of 
the anastomosis (Fig. 15-1 0). Another firing of the stapler, tlus 
rime from the left side of the patient, creates a large side-to-side 
anastomosis. Once the anastomosis is created, the stapler defect 
is dosed with the stapler. ll1e mesenteric defect between the 
loops of small bowel is now dosed with ru111ung permanent 
sutures (Fig. 15-ll). 

1he Roux limb may be passed toward the proximal gastric 
pouch tl1rough a retrocolic or antecolic pathway. The retrocolic 
route may then take a retrogastric or antegastric pathway, 
whereas the antecolic route always takes an antegastric pathway. 
AJl routes seem to work weU. I use the antecolk antegastrk 
approad1 because there appears to be no difference in leak rates 
and the passage of the Roux limb through the transverse colon 
mesen tery to a rctrogastric position can be challenging (sec Fig. 
15-11) . Care must be taken to ensure that the Roux limb is 
passed with the mesentery downward, and not nvisted. 
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/ 
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FIGURE 15-7 Trocar configuration for lapa
roscopic Roux-en-Y gastric bypass. 

Grasper 
holding 

omentum 

Ugament 
ofTrietz 

FIGURE 15-8 Placing a stapler to divide the jejunum for 
creation of the Roux limb. 

FIGURE 15-9 Measuring and laying out the jejunum to set up 
.a distal anastomosis for the length of the Roux-en-Y gastric 
bypass. 
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Transverse 
colon 

FIGURE 15-10 Placing the stapler to create an enteroenterostomy. 

FIGURE 15-11 Sewing the mesenteric defect and placing an antiob
struction stitd1. 

The Left lobe liver retractor is now placed and the patient 
placed in the reverse Trendelenhurg position. Exposure of the 
angle of Hls allows djvision of the peritoneum between the top 
of the spleen and gastroesophageal junction with the ultrasonic 
scalpel. The lesser sac is entered through the gastrohepatic 

Liver 

Stomach 

Stapler with 
blue load 

FIGURE 15-12 Firing the stapler to create the proximal gastric poudl. 

ligament, 3 to 4 em below the gastroesophageal junction. The 
blue load of the Linear stapler is now fired multiple times to 
create a I 0- to 15-mL proximal gastric pouch, based on the 
upper lesser curvature of the stomach Fig. 15-12. Once the 
gastric pouch is created, the Roux limb is placed in a position 
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adjacent to the proximal gastric pouch. 1he blue load of the 
lin<.>ar stapler is then used to create the proximal anastomosis 
(Fig. 15- 13). The stapler defect is dosed using sutures, the entire 
anastomosis is irrigated with saline, and a member of the opera
tive team uses tbe endoscope to monitor occlusion of the Roux 
limh with an arraumatic I 0-mm bnwel clamp. Even rhc smallesr 

Proximal gastric pouch 

Gastrotomy 

Distal stomach 
Roux limb passed up under it 
and end sticks up toward the 
front of the picture 

-

air leak can be identi6ed and closed with this technique. Studies 
have shown that use of this technique can dramatically reduce 
the incidence of postoperative leaks to low levels.19 Alternatively, 
the gastrojejunostomy may be performed with a circular stapler 
or a h and-sutured technique (Fig. 15-14). TI1e final step of tbe 
opcrarion involves closing rhe mesenreric defccrs. Rerroga~rric 

Stapler with one jaw at left in gastric pouch 
and one jaw at right in proximal Roux limb. 
Stapler coming from surgeon's(D hand po1t. 

SUMing closed 
gastrojejunostomy 
Stapler defect 

Uver 

Dependent-most 
portion of gastric 

pouch 

A 8 

Opened 
end of 

Roux limb 

FIGURE 15-13 Oeating the gastrojejunos
tomy using the linear stapler. 

FIGURE 15-14 Creating the gastro
jejunostomy using a circular stapler. 
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Proximal gastric pouch 

"Triple smch" suture gets bite of 
1) proximal jejunum 
2) Roux limb 
3) transverse colon mesentery 

Proximal jejunum 
just beyond ligament 
ofTreitz 

herniation of the Roux limb was a problem because sutures oft:en 
pulled through the fatty mesentery of the transverse colon and 
allowed subsequent bowel herniation and obstruction. I have 
solved this problem by performing an antecolic roux limb or by 
attaching the Roux Hmb to the proximal jejunum near the Hga
ment ofTreirz with permanent sutmes to 6x a segment of the 
two pieces of bowel together (Fig. 15-15). 1l1js technjque also 
closes Petersen's henua defect. 

Biliopancreatic Diversion 
Biliopancreatic diversion (13PD), like most bariatrk operations 
that had been pe rformed through an open approael1, can now 
be performed duough a laparoscopic appmael1. BPD produces 
weigbt loss based primariJy on malabsorption, but it also bas a 
restrictive component. 

1l1e anatomic configuration of BPD is sbown in Figure 
15-16. 1l1e intestinal tract is reconstructed ro allow only a short 
so-called common channel of the distal 50 em of terminal i.leum 
for absorption of fat and protein. 1l1e alimentary tract beyond 
the proximal part of the stomael1 is rearranged ro in dude only 
the distal200 em of ileum, including the common channel. 1l1e 
proxlln.al end of this ilewn is anastomosed to the proximal end 
of the stomach after performing a distal hemigastrectomy. 1l1e 
ileum proximal to the end that is anastomosed to the stomach 
is in turn anastomosed to the temlinal ileum within the 50- to 
100-cm distance &om the ileocecal valve, depending on the 
surgeon's preference and the patient's size. 

The laparoscopic procedure is perfom1ed with a rrocar 
aHgnmcnt (Fig. 15-17). The initial portion of the operation 
involves exposing the terminal ileum and cecum. Appendectomy 
is optional. 1l1e tem1inal ileum is measured to a length of 50 em 
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Suturing bowel together 
to support triple stitch 

FIGURE 15-15 Placing the triple stitch to close the 
mesenteric defects. 

\ 
stomach 

/

Proximal 

Duodenal 
stump 

\ ,. 
~ 

50 em 

Alimentary channel = 250 (± 50) em 
Common channel = 50 em 

FIGURE 15-16 Anatomic configuration of biliopancreatic diversion. 

-o 
m 
;>0 

0 
-o 
m 
;>0 

~ 
< m 

~ 
~ 
m s: 
m z 
-t 

http://www.myuptodate.com


372 SECTION II PERIOPERATIVE MANAGEMENT 

with a marking suture placed for the location of the anastomosis. 
After placing the marking suture, a total length of 200 em of 
ileum is measured and, at this poim, the ileum is divided with 
the vascular staple load (Fig. 15-18}. 1he proximal end of the 
bowel is then anastomosed to the terminal ileum at the site of 
the marking sumre with a standard linear stapling technique and 
the mesenteric defects are dosed with sutures (Fig. 15-19). 1l1e 
alimentary tract limb can be extended beyond a 200-cm total 
length if there is concern that the patient may not eat a protein
rich diet. 

AttentioJJ is now turned toward the stomach. A distal gas
trectomy is performed with serial applications of the blue load 
of tbe stapler (Fig. 15-20). 1he duodenum is stapled and divided 
distal to the pyloms. Gastric voltmle may be tailored to the 

® 
12mm 

® 
10mm ®12mm 

® 
10mm 

18mm@ 

Umbilicus 

FIGURE 15-17 Location of trocars for performing a laparoscopic bil
iopanaeatic diversion. 

/ 
Appendectomy1 

stump 

Suture mar1<ing 

V'"" 
Stapler 
with white 
cartridge 

patient's degree of obesity, with larger volumes of250 mL being 
created for patients with a BMlless than 50 kg/m' and smaller 
pouches to a lower Limit of 150 ml for patients with a BMI 
more than 50 klifm' . 1l1e proximal end of the 200-cm length 
of tcrminal ilewu is anastomosed to the posterior surface of tbe 
proximal end of the sromach wirh the blue cartridge of the linear 
stapler (Fig. 15-21}. 1l1e stapler defect is closed and the bowel 
secured to the surface of the stomach beyond cl1e anastomosis 
with an anchoring suture to prevent kinking of the bowel at the 
gastroileostomy. 

Duodenal Switch 
The OS configuration is shown i11 Figure 15-22. This modifica
tion was developed to help lessen the high incidence of marginal 
ulcer;~; after BPD. The mechanism of weight loss is similar to 

d1at ofBPD. 
Trocar locations for performing the operation laparoscopi

cally are as shown in Figure 15-17. An appendectomy is followed 
by measuren1ent of the terminal ileum. Notably, in the DS 
procedure, the common channel is l 00 em and the entire ali
meJ1tary tract is 250 em. However, cl1e major difference between 
DS and BPD is the gastrectomy and proximal anatomy. Instead 
of a distal hcmigastrectomy, a sleeve gastrectomy of the greater 
curvature of the stomach is performed. 1his procedure is done 
as the initial part of the operation because if the patient exhibits 
any intraoperative instability, the operation can be discontiJ1ued 
after the sleeve gastrectomy alone. A two-stage DS has been used 
in patients wbo have an extremely high BMI ru1d ru·e high opera
tive risks.2° The sleeve gastrectomy alone usually produces 
enough weight loss to make the second stage of cl1e operation 
technically easier. 1llis approach lowers the mortality rate, 
despite the need to tmdergo two Qpcrative procedures. Others 
have found weight Loss after the initial sleeve gastrectomy to be 
sufficient to preclude subsequent conversion to a D$.21~2 

The first step of a laparoscopic DS is to perform the sleeve 
gastrectomy with a stapling technique that hegins at the mid
aJltrum: a staple line is created parallel to the lesser curvature of 

FIGURE 15-18 Dividing the ileum at the 200-ou location 
proximal to the ileocecal valve after having already marked 
the 50-an location. 
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white cartridge 
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FIGURE 15-20 Performing the distal gastrectomy. 

the stomach, with a 40 to 60 Fr Maloney dilator placed along 
the lesser curve to prevent narrowing. The staple (jne is created 
with multiple firings of the stapler until the angle of His is 
reached (Fig. 15-23). The goal is to produce a lesser curvature 
gastric sleeve with a volume of I 50 to 200 mL. 
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FIGURE 15-19 Oeating the ileoileostomy for the biliopanaeatic 
diversion. 

Uver 

Transverse colon 

-'::----- Passage 
retrocolic 

FIGURE 15-21 Oeation of the gastrojejunostomy between the ileum 
and proximal part of the stomach. 

After sleeve gastrectomy, or preceding it in smaller patients, 
the duodenum is divided with the stapler approximately 2 em 
beyond the pylorus. TI1e distal connections are performed as for 
BPD. The distal anastomosis is created at the 100-cm point 
proximal to the ileocecal valve. The proximal anastomosis is 
created hetween the proximal end of the 250 em of terminal 
Hewn and the first portion of the duodenum. The duodcnoilcos
tomy is an antecolic end-to-side anastomosis. This anastomosis 
is the one of the most critical parts of the operation and can be 
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performed with a circular stapler (Fig. 15-24) or using a hand
sewn technique. If the end-to-end anastomosis (EEA) stapler is 
used, the anvil is directly inserted through the staple line of tbe 
duodenal stump via a gastrotomy under suture guidance or 
through an oral approach with a nasogastric tube. 

Cecum 

I 

·~) 
Gastric :: ~ 

sleeve - g 1g - Resected 
n F. stomach 

I : 
# j _); 
~j 

150-cm 
alimentary 

limb 

Biliopancreatic 
limb 

Appendectomy 

FIGURE 15-22 Configuration of the duodenal switch. 

:; , 
Intraluminal ~~ 

EEA anvil introduced Opened end 
f .1 

either transorally " 
o 11 eum . d" I I I I /.'' 

(25
,... 

1 
I) or v1a IS a gas ro omy I}' 

Laparoscopic Sleeve Gastrectomy 
This operative procedure was first used as a first stage of a two
stage DS when surgeons realized that the operative mortality for 
tl1e super obese undergoing laparoscopic DS was coo high to 
justifY. A significant number of patients undergoing what was 
planned as a rwo-stage procedure found that rhey lost significant 
amounts of weight comparable to laparoscopic RYGB and post
pone<! or abandoned the second stage of the operative proce
dure. Initially, the sleeve gastrectomy was performed using a 
large bougie (60 Fr) until surgeons looking at the long-term 

Intraluminal 

Stapler 
with green 

cartridge 

FIGURE 15-23 Creation of the sleeve gastrectomy during a laparo
scopic duodenal switch procedure. 

v-cm eve l ,-7 
Shaft \ ~' #' Distal 

of EEA :: ,_ -\ \,,,, .1'9 gastrotomy 
I I - -"~1 0 ' .# s ap er ............_ ---! ,.... • .,. -)~ ~--.,<-... -· ..#' 
~ _::._)- - .... ~ 

./~ 
Ugament 
ofTreitz 

Alimentary 
limb 

--Billopancreatic 
J limb 

FIGURE 15-24 Creation of the duodenoenterostomy. EEA, End
to-end anastomosis. 
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resltlts found that a smaller sized gastric pouch and extension 
into the antrum of the stomach were found to enhance the 
results of the procedure enough to consider irs use as a primary 
stand-alone procedure. 

As a primary procedLue, the sLugeon takes down the entire 
greater curvarure, leaving inracr the tissue within 4 ro 6 011 of 
the pylorus, up to the angle of His, and exposing the left crus 
of the diaphragm. 11Jen, using a 32 to 40 Fr bougie, the stomad1 
is divided from d1e antrum co the angle of His using sequential 
firings of the stapler. It is vitally important to preserve the left 
gastric vessels and lesser curve blood supply and to prevent twist
ing or spiraling of the gastric tube. Some surgeons routinely 
sutllre rhe staple line ro reinforce its integrity or use some form 
of staple line reinforcement to prevent it from bleeding or 
leaking. 

Tills procedure has proven value as the fuse stage of a two
stage procedure to reduce mortality in the superobese. As more 
surgeons developed this procedure as an effective two-stage pro
cedure, it became d ear tbat this was also an effective primary 
procedure. Several longer term studies have shown long-term 
weight loss to be equal to laparoscopic RYGB. In one random
ized study, laparoscopic sleeve gastrectomy was found to result 
in superior weight loss and better appetite control 3 years post
surgery compared with laparoscopic AGB.23 Another random
i7.ed trial bas shown the laparoscopic sleeve gastrectomy to be 
more effective in weight Loss and induction of satiety than 
laparoscopic RYGB.2A Increasingly, I and other surgeons have 
promoted the laparoscopic sleeve gasuecromy as a primary pro
cedure. Recognizing its usefulness, a current procedural termi
nology (CPT) co de was given to tl1e procedure in 20 lO by the 
AMA (American Medical Association). 

Advantages of the laparoscopic sleeve gastrectomy indude 
its technical simplicity, preservation of the pylorus (avoidance of 
dumping), metabolic reduction of ghrelin levels/ 4 lack of need 
for serial adjustments (like the laparoscopic AGB), reduction in 
internal hernia~ (seen afrei laparoscopic RYGB), reduction in 
malabsorption (seen with laparoscopic RYGB), and ability to 
modify the gasuic sleeve later co a laparoscopic RYGB or 
laparoscopic OS configuration in a second stage of tl1e opera
tion. Advantages and specific clinical scenarios for the use of the 
laparoscopic sleeve gastrectomy are listed in Table 15- l . 
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Disadvantages of the procedure seem to focus on the Achil
les heel of the operation, which is leakage along the long gastric 
staple line. Although leakage after gastric bypass is one of the 
most feared complications, tl1ose following laparoscopic sleeve 
gastrectomy appear to be slightly more common than in lapa
roscopk RYGB and more difficuh ro trear.25 Leaks rend ro be 
accompanied by long-term fistula formation. Other concerns are 
the long-term outcomes of the procedure, which are not as well 
characterized as for other bariatric procedures. 

POStOPERATIVE CARE AND FOLLOW-UP 
Excellent smgical outcomes require me appropriate selection of 
parien£S, thorough preoperative preparation, technically well
performed operations, and attentive postoperative care. A bar
iatric patient requires particularly attentive and special 
postoperative care in several areas above and beyond chose for 
the average surgical patient. 

The most dreaded complication after bariatric surgery is a 
leak from the gastrointestinal tract. Tachycardia, at times accom
panied by tachypnea or agitation, is often the only manifestation 
of ellis severe intra-abdominal problem. A severely obese patient 
might not be subject to the development of fever or signs of 
peritonitis. as would a patient with a normal body habitus. A 
high index of suspicion for a leak must be present for the patient 
who bas sustained postoperative tachycardia, fever, or increased 
pain. 1l1e surgeon must use further diagnostic studies, indudi.ng 
gastrografin esophageal swallow studies and oral contrast cr 
scans, and even be prepared to reexplore the patient before 
overwhelming sepsis from the leak of gastric contents induces 
multisystem organ failure. 

Appropriare fluid resuscitation is essential. A 200-kg 
patient who lUldergoes open gastric bypass can easily require 6 
to 10 liters of fluid for replacement of maintenance, third-space, 
and operative fluid or blood losses. My postoperative protocol 
after open surgery calls for 400 mU br of a balanced salt solution 
(usually lactated Ringer's), witl1 boluses given as needed for low 
urine o utput. A Foley cailieter is used intraoperatively and urine 
output is monitored carefully. Patients undergoing laparoscopic 
surgery usually bave mud1 less third-space and operative blood 
loss than patients undergoing open surgery and can be managed 
with 125 rnUhr of IV fluids. Urine output intraoperatively is 

_Table 15-1 Potential Role of Laparosc:opic Sleeve Gastrectomy (LSG) in Bariatric Surgery __________ _ 
CONDITION 
Iron deficiency anemia 

Crohn's small bowel disease 

Transplant patients on 
immunosuppressive meds 

Cardiac failure pallients 

Severe arthritis requiring NSAIO use 

Patients who may not be able to comply 
with frequent follow~p 

Patients with preexisting vitamin 
deficiencies, vitamin 0, iron ect 

Autoimmune connective tissue disorder 

NSAID, Nonsteroidal antHnflammatory drug. 

PROCEDURES CONTRAINDICATED 
RYGB,BPO 

RYGB, OS, BPO, laparoscopic AGB if on steroids 

Laparoscopic AGB if on steroids; relative 
contraindications for RYGB. OS. BPO 

Malabsorption of medications by RYGB, OS, BPO 
a relative contraindication 

RYGB and BPO contraindicated because of ulcer 
risk 

Laparoscopic AGB, RYGB, OS, BPO 

RYGB, OS, BPO 

Laparoscopic AGB contraindicated 

POTENT1AL ADVANTAGES OF LSG 

Preservation of duodenum 

Preservation of small bowel 

More stable absorption of antirejection 
medications 

More stable absorption of critically needed 
medications 

Preservation of stomach allows continued use of 
NSAIDs 

less risk of malabsorption and reduced need for 
laparoscopic AGB adjustments 

Preservation of entire small bowel reduces risk of 
vitamin deficiencies 

Laparoscopic SG may be good option 
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normally low because of the pneumoperitoneum and usually 
improves in the recovery room setting. Some patients who have 
bee11 taking dimetics for many years will not have adequate urine 
output without diuretic use, but the surgeon must ensure that 
the patient is adequately volume-resuscitated before giving 
diuretics. Higher than expected Auid requirements, oliguria, and 
tad1ycardia are a constellation of postoperative fin&ngs suggest
ing intra-abdominal problems. 

Adequate pain control is essential. Narcotic requirements 
are decreased with a laparoscopic approach. A patient-controiJed 
analgesia (PCA) pump is appropriate and helpfuL The value of 
an epidural catheter for pain relief is controversial. It has been 
my experience that these catheters are often dlfficuJt w place and 
easy to dislodge in the severely obese population. In addition, 
the use of LMWH for DVT prophylaxis may preclude safe 
placement. 

DVT prophylaxis is important. Pulmonary embolism is 
one of the lead i11g causes of death after open bariatric surgery. 
No data have substantiated one regimen of prophylaxis to be 
better than another. [ use a combination of early ambulation 
(the same day as surgery, generally within 4 to 6 hours) and the 
use of SCDs fo:r most patients who have a BMI less than 60, are 
ambulatory, and have undergone an uncomplicated laparoscopic 
operation.' : For patients wirh higher BMis, who are restricted 
in their ambulation, or have a .history of venous stasis or DVT, 
SC administration of LMWH (e.g., enoxaparin) is used. 

My standard practice procedure is to obtaiJl a radiographic 
study of the gastrointestinal tract on the first poswperativc day 
only if there are clinical signs of a leak, whid1 include a tem
perature higher than lOOo C or a heart rate higher than 100 
beats/min. lf neither is present, I start a water trial and progress 
the diet to liquids. Using this approach has led to excellent clini
cal results, but the surgeon must investigate persistent tachycar
dia or fever, which can be the only signs of a clinically significant 
leal<. Failure to diagnose and promptly treat a leak after bariatric 
surgery often leads to catastrophic outcomes, and early interven
tion uniformly results in survival. 

Discharge, regardless of the bariatric operation, occurs 
when the patient is mobile, is tolerating all oral Uquid diet, bas 
adequate pain control with oral analgesics, and exhibits no signs 
of problems (e.g., fever or wound cellulitis). The timing of dis
charge, once these criteria are met, is often influenced by cultural 
issues, patient expectation, or distance between the home and 
hospital. Thus, the duration of hospitalization is not always all 
accurate reflection of optimal outcomes when comparing pub
lished studies in the literatme. 

Although the schedule of postoperative visits varies, all 
patients must undergo long-term follow-up. This guaral1tees 
that the surgeon will obtain feedback on the operative results 
and belps ensme that any preventable long-term metabolic or 
other procedure-related complications will be avoided. The 
potential for such metabolic complications is inherently present 
for all the malabsorptive procedures. The restrictive procedures 
have minimal health risks from metabolic complications bur, 
instead, have their own potential problems, sud1 as band slip
page or erosion in patients undergoing AGB. Moreover, 
improved weight loss occms in patients who see their surgeon 
for adjustments co the band.26 

A typical regimen for monitoring a patient after AGB 
would be to have the initial visit take place within ti1e first 
month postoperatively to evaluate oral intake, food tolerance, 

al1d wound healing and to determine wberller appropriate 
restriction has resulted from placement of the noninflated band. 
Subsequent visits, usually scl1eduled monthly ro bimonthly in 
the beginning and rben less frequently, involve counseling with 
a nutritionist and evaluation of weight loss and the need for 
band adjustment. A goal of I to 2 lb/week of weight loss is 
adjusted for initial body weight. Less weight loss is an indication 
for tbe instillation of additional saline into the band system via 
rhe port. 1lus is initially done under fluoroscopic control until 
ti1e surgeon has sufficient experience and con~dence to perform 
these adjustments in the office or clinic without fluoroscopic 
guidance. Blood tests are performed periodically throughout 
the patienr.~ follow-up, depending on metabolic indications, 
patient's underlying medical illnesses, and other indications. 

After RYGB, a typical postoperative checkup regimen 
would include a visit witlun the first 2 to 3 weeks postopera
tively to assess wound healing, advance from a liquid diet to 
solid food, al1d check overall recovery. Subsequent visits arc 
scheduled at 6 weeks, 3 months, 6 months, alld I year after 
surgery alld then annually. Visits during the first year are for 
monitoring weight loss; those after the first year are for check
ing maintenance of weight loss and nutritional competence. 
lhe risk for iron, folate, vitamin A, vitamin D. and vitamin B12 

deficiency is lifelong. 
Patients undergoing malabsorptive operations must under

stand the necessity of meticulous compliance with a strict 
follow-up plan. After BPD or DS, a patient i.s seen witi1ln the 
first 2 weeks co be certaiJ1 that diarrhea is not too proli6c and 
dehydration has not resuJted. The patient must be taught the 
signs of dehydration and plans for its treatment. Replacement 
of fat-soluble vitanuns is mandatory, and patient com.plial1Ce 
must be documemed. uutial visits after the ~rst month take 
place monthly for the first several months lmtil me risks of 
dehydration, poor protein intake, and signincallt metabolic 
consequences of rapid weight loss have lessened. 1l1e potential 
for protein-calorie malnutrition exists after these procedures 
al1d it will usually be lllalUfested during this time. Thereafter, as 
weight loss slows, periodic visits separated by 3-month intervals 
are indicated for the first year and semiannually thereafter. 
Weight loss will taper after the first 12 to 18 months. Lifelong 
follow- up to assess fat-soluble vitamin deficiencies alld protein 
levels, liver function, and metabolic stability is indicated afrer 
BPD or DS. 

Most bariatric practices use patient support groups as a 
component of rhei.r postoperative support system. These 
groups are variously organized and mal1aged but usually 
consist of patients who have undergone weight reduction 
surgery or are contemplating it. They meet ro discuss personal 
experiences with respect to their surgery, recovery, experience 
of losing weight, and maimenance of lost weight. Although no 
dara exist regarding d1eir medical benefit, groups rhat are vig
orous and successful seem to provide an excellent forum for 
patients to exchange information; rhey provide psychological 
al1d emotional support al1d encouragement ro patients before 
alld after surgery. 

OUTCOMES 
There is no consensus on the definition of success for any of 
these operations in terms of percentage of weight loss or extent 
of reversal of comorbid conditions, but there is mud1 evidence 
demonstrating that bariatric procedures are effective in achieving 
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long-term weight loss and improvement in comorbid. diseases. 
Several studies have shown improved survival or improvement 
in cardiovascuJar risk i.n patients w1dergoing bariatric surgery as 
compared with a matched sec of individuals who did not w1dergo 
this surgery.27

..!8 Resolution and improvement of comorbid con
ditions after all rypes of bariat ric su~ery have been confirmed 
in two meta-analyses (Table 15-2).29 

The most striking evidence of efficacy has come from trials 
comparing morbidly obese diabetics who underwent bariatdc 
surgery with those who did not and were treated medically. A 
Swedish study11 bas shown an 80o/o decrease in the annual mor
tality of diabetic individuals in the surgical weight loss group 
versus a gw up of control patients not undergoing surgery (9o/o 
mortali ty at 9 years versus 28% mortali ty in the control group). 
1l1e decrease in mortality is not limited to diabetics undergoing 
bariatric surgery. [n a study comparing matched control subjects 
wi th those who tmderwent bar iatric surgery in Canada, Cbristou 
and coUeagues~8 have demonstrated that weight loss surgery 

Table 15-2 Results of Two Major Bariatric Procedures 
Study (Year) 

PARAMETER 

AGB w eight loss, 
range (kg) 

AGB EWL. range 
(%) 

AGB mortality 

RYGB w eight 
loss, range (kg) 

RYGB EWL.. range 
(%) 

RYGB mortality 

BPD-OS weight 
loss, range (kg) 

BPD-OS EWl, 
range(%) 

BUOIWALD ET AL MAGGARD ET AL 
{2004)30 (2005)19 

39.7 (42.2-37.2) 

61.2 (64.4-58.1) 

0. 1% (2297 patients) 

43.5 (48. 1-38.8) 

61.6 (66.5-56.7) 

0 .5% {5644 patients) 

46.4 (51.6-41 .2) 

70.1 (73.9--66.3) 

34.8 (29.5-40.1) 

0.02% (9222 patients) 

41 .5 (37.4-45.6) 

0.3% ( 11 ,290 patients) 

53.1 {47.4-58.8) 

BPD/DS mortality 1.1<¥o (3030 patients) 0.9% (2808 patients) 
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reduce.s the relative risk of mortality by 89% (95% confidence 
intervai [C l] , 73% to 96%) 5 years later. Adan1s and associates13 

bave matched patients undergoing gamic bypass (GBP) to obese 
subjects applying for a Utall driver's license and found substan
tial reduction in long-term mortality for the patients who w1der
wenr GBP. I believe it ro be self-evidenr that the continued 
reports of improvement in cardiovascular risk factors seen after 
bariatric surgery, such as diabetes, hypertension, and dysl.ipid
emia, will lead to a reduction in cardiovascuJar mortality. 

Results can be determined only after adequate long-term 
follow-up and with procedures done in adequate n umbers by a 
variety of surgeons. The appUcability of some operations may 
vary depending on pat.iem facwrs, such as size or previous 
abdominal surgery; however, there is considerable variation in 
the use ofbariatric surgery that does not appear to be related to 
the prevalence of morbid obesi ty in that regionY 

Adjustable Gastric Banding 
Patients undergoing AGB experience an operation that may last 
as Uttle as 1 hour in experienced hands. Discharge from the 
hospital after an overnight stay is the norm, with a few reports 
of same-day discharge but more frequent reports of longer time 
to discl1arge based on cultural norms and acceptance. Table 15-3 
gives the results of laparoscopic AGB in several large reported 
series in the literature with long-term follow-up. 

The band is initially placed without adding any saline to 
distend it. Saline is added in 1.0- to 1.5-m.L increments to 
produce a desired weight loss of I to 2 kg/wk. Excess weight loss 
may lead to actual ren10val of a small amount of saline, whereas 
inadequate weight loss is an indication for the addition of more 
saline to the system to increase restriction of the band. 1lle 
iJ1cidence of metabolic problems is Low after AGB because there 
is no disr uption of the normal gastrointestinal tract. One poten
tial problem is esophageal dilation from chronic obstruction 
secondary to band slippage. 

Weight loss after AGB has aver aged 39.7 kg (6 1.2% excess 
weight loss [EWL]) and 34.8 kg in two meta-analyses ofbariat
ricsurgery (see Table 1 5-2).~9.~ The pattern of weigh d oss is such 
that weight loss continues after the first year, up to a maximal 
amount that is usually achieved by the third year. Series with a 
5-year follow-up have confi rmed that the weight loss may even 

Table 15-3 Results of Laparoscopic Adjustable Gastric Banding Procedures ---------------------------------------
Study (Year) 

PARAMETER O'BRIEN ET AL * BUCHWALD ET AL (2004F MAGGARD ET AL (2005)19 PONCE ET AL (2005):u 

1014 No. of patients 709 1848 5562 {1 yr) 

Age(yr) 41 NR NR NR 

Body mass index (kg/m2) 45 NR NR NR 

Operating room time (min) 56 NR NR NR 

Conversion (%) 1.0 NR NR NR 

Follow-up (yr) 0.25-6 NR 1/>3 1/4 

f)NLfyr (% ) 54/5 47.5/NR NR 41/1.64/4 

Weight loss, kg (yr) NR 28.6/NR 30 ( 1 )/35 (>3) NR 

*From O'Brien PE. Dixon JB, Brown W, et al: The laparoscopic adjustable gastric band (lap Band): a prospective study of medium-term effects on weight. health and quality 
of life. Obes Surg 12:652~60. 2002. 

NR, Not reported. 
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improve slightly more after 3 years. In series with longer than a 
5-year follow-up, baseline BMI decreased from an average of 42 
to 46 kg/m~ to 30 to 36 kg/m2 at 5 years.32 

The LAP-BAND has been shown to resolve type 2 diabetes 
i.n 47.9% and improve the condition in 80.8% of patients in 
the meta-analyses published.30 'TI1e laparoscopic AGB was com
pared with medical treatment in a prospective randomized trial 
in Australia. TI:Us study demonstrated substantial weight Loss in 
the surgic.'tl gro up associated with remission of the type 2 dia
betes in 73%; the medically treated patients had insigniflcant 
weight loss and only 13% achieved remissio11 of their diabetes.33 

Hypertension was resolved in 42% and improved in 70.8% of 
pariems after ti:Us procedure. Improvemem in dyslipidenua was 
also noted in 58.9% of patients. Other comorbid conditions 
such a~ obstructive sleep apnea, GERD, and venous stasis 
improved or resolved after weight loss with AGB.32 Another 
randomized trial compared weight loss after laparoscopic AGB 
with medically treated patients and found that the laparoscopic 
AGB group had significantly better weight loss than the medical 
group. Even in adolescents, the Laparoscopic AGB group had 
much greater weight loss compared with patients randomized to 
medical treatment.10 The results of these three trials support the 
use of the Laparoscopic AGB over medical therapy for weight 
loss, remission of diabetes, improvement in a uality of Jjfe, and 
resolution of obesity-related comorbidites.113 

Quality of life bas been shown to improve for the domains 
of physical activity, self-esteem, and general health in adolesce.nts 
2 years after laparoscopic AG B compared with no improvement 
in the group randomized ro mtdical therapy. 10 In another ran
domized trial of adults w1dergoing laparoscopi.c AGB, quality 
of life improved in eight of eight subscores of the Short Form-
36, whereas the medically treated patients had only three of eight 
subscores improve.11 

Roux-en-Y Gasbic Bypass 
RYGB has an established track record, longer than that of any 
other operation. Its performance has been modified over the 
years, and the results presented in Table 15-4 reflect data in series 
from the era of its performance as both an open and laparoscopic 

procedure. Recovery after RYGB is improved after alaparoscopic 
approach, as has been demonstrated for several other abdominal 
operations. 1his improvement is largely related to the decrease in 
postoperative pain experienced by patients after laparoscopic 
RYGB versus open RYGB. One prospective randomized study 
has compared open and laparoscopic RYGB. In thar srudy, 
patients were monitored for I year, at which time weight loss with 
both approaches was comparable (68o/o Loss of excess weight for 
laparoscopic RYGB versus 62o/o loss of excess weight for open 
RYGB). Nguyen and a~ociates35 have reported a shorter length 
of hospitalization and more rapid return to activities of daily 
Living with laparoscopic RYGB. Although the early improvement: 
in qL•ality of Jjfe reponed after laparoscopic RYGB (3 months 
postoperatively) was better than with open RYGB, the data were 
comparable for the two groups at 6 months after surgery, thus 
suggesting that the major recovery benefit with a laparoscopic 
approach is limited to the first 3 months postoperatively. 

Another important advantage of the laparoscopic approach 
for RYGB is a decrease in the incidence of wound complications 
and indsional hernia seen after the procedure. A long-term 
foUow-up of a prospective randon:Uzed trial comparing laparo
scopic and open gamic bypass found a much higher rate of 
incisional henuas in the open surgery group.36 'TI1ere was, 
however, no difference in the rare resolution of comorbid condi
tions or weight loss between the two procedures. Maggard and 
coworkers29 have also found laparoscopic RYGB to be superior 
to the open procedure in regard to a decreased incidence of 
incisional hertuas and respiratory and wound complications. 

The duration of hospitalization has been found to decreare 
iJ1 all patients undergojJlg RYGB. Patients undergoiJ1g laparo
scopic RYGB are usually hospitalized for approximately 2 days. 
Su1ce the advent oflaparoscopic RYG B, I have seen patients who 
w1dergo open RYGB or require conversion to open RYGB dis
charged within 1 day of patients after laparoscopic RYGB, prob
ably because of protocols in place that encourage early ambulation 
and oral intake after RYGB that did not exist before the era of 
laparoscopic RYGB. 

Two meta-analyses of long-term foUow-up studies have 
shown tbat RYG B results iJ1 weight loss of 43.5 and 41.5 kg (see 

Table 15-4 Results of Roux-en-Y Gastric Bypass 
----~--------------------------------------------------------Study (Year) 

PARAMETER BUCHWALD ET AL (2004)30 MAGGARD ET AL (2005)29 SUGERMAN (2003)40 

Number of patieilts 4204 1281 1025 

Age (yr) NR NR 39 

Body mass index (kg/m2) NR NR 51 

Follow-up (yr) NR 1/ >3 10-12 

EWL (%) 62 NR 52 

Weight loss (kg) 43 43/41 NR 

Resolution, impr<>Vement (%) NR NR NR 

Diabetes mellitus type 2 93 NR 83 

Hypertension 87 NR 69 

Obstructive sleep apnea 95 NR NR 

Osteoarthritis NR NR 18 

*Sugerman HJ, Wolfe LG, Sica DA. et al: Diabetes and hypertension in severe obesity and effects of gastric bypass-induced weight loss. Ann Surg 237:751-758, 2003. 
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Table 15-2).29.3° Long-term foUow-up studies have shown 58% 
loss of excess wei.ght at 5 years and 49% at 14 years after RYGB. 

Resolution of comorbid conditions after open and laparo
scopk RYGB has generally been excellent. A meta-analysis of 
the effects of RYGB on diabetes has shown resolution in 83.7% 
and improvemem in 93.2% of patieni:S.30 Torquari and col
league~: have fotmd a substantial reduction in hemoglobin A lc 
levels and resolution of diabetes in 74% of diabetics undergoing 
laparoscopic RYGB. Preoperative factors that predicted failure 
of diabetes to resolve were need for insulin preoperatively or 
waist circumference more than 50 inches in men and more than 
40 inches in women. All series demonstrated that resolution of 
diabetes begins immediately after surgery and may be partiaUy 
related to enteric factors regulating glucose metabolism. Rubino 
and associates38 have been proponents of intestinal factors, par
ticularly in the case of RYGB, especiaUy in regard to the effect 
of duodenal bypass on the improvement in diabetes unrelated 
to weight loss. 14 Long-term follow-up after RYGB shows that 
most patients who resolve their diabetes maintain good control 
of the diabetes unless they regain substantial amounts of wcight.39 

Thus, although there may be a henefit to bypassing the duode
num, sustained long-term weight loss appears to be an essential 
element of the salutatory effects of RYGB on type 2 diabetes. 

Metabolic syndrome is cured or an1eliorated with gastric 
bypass.40 Martar and coworkers4 1 have shown that gastric bypass 
is also effective in in1proving NASH. 

'TI1e meta-analysis of the effect of RYGB on comorbid 
conditions has indicated ren1arkable improvement in every 
disease studied. l<Jo Hypertension resolved in 67.5% and improved 
iJ1 87.2%; obstructive sleep apnea resolved in 80.4% and 
improved in 94.8% of patients. Hyperlipidemia, hypercholes
terolemia, and hypertriglyccridemia improved in 96.9%, 94.9%, 
and 91.2%, respectively, of patients lmdergoing RYGB. 

RYGB ha.~ also been shown to resolve the symptoms of 
pseudotumor cercbri and cure the difficult problem of venous 
stasis ulcers. Immediate resolution of the symptoms of GERD 
occurs in more than 90% of cases. The extremely small gastric 
pouch has a lin1ited reservoir for holding gastric juice, and the 
cardia is a ,low acid-produciJ1g area of the stomach. 

Biliopancreatic Diversion and Duodenal Switch 
Most malabsorptive procedures performed in the United States 
are the DS modification ofBPD, so this section will discuss the 
results of both operations. 'TI1e EWL after BPD-DS is the highest 
of the bariatric operations discussed in this chapter, with a mean 
weight loss of 46.4 and 53.1 kg fow1d by two meta-ru1alyses (see 
Table 15-2).29.30 l11e percentage EWL for BPO-DS was 70.1 o/o, 
also the highest for any of the procedures discussed in this 
chapter. 

In a recent study comparing morbidly obese patients with a 
BMJ higher than 50 kg/m2

, there was significantly more EWL at 
12, 18, and 24 months postoperatively after OS than after RYGB. 
Twelve months postoperativez. EWL was 65% in. the OS group 
and 57o/o in the RYGB group. 2 'TI1us, some surgeons have argued 
that superobese patients fare better and maintain weight loss 
better in the long term after w1dergoing OS than after other 
bariatric procedures. Others have noted that side effects, mortal
ity, and morbidiit}' are much higher with OS and therefore the 
incremental in1provements in EWL are not justified. 

BPD-OS has also been higbly effective in treating comer
bid conditions, itncluding hypertension, diabetes, lipid disorders, 
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Table 15-5 Results of Malabsorptive Operations* 
Study (Year) 
BUCHWALD MAGGARD 

PARAMETER SCOPINAROt ET AL (2004)30 ET AL (2005)29 

No. of patients 1356 2480 735 
(BPO-DS) 

Age{yr) 37 NR NR 

Body mass index 47 NR NR 
{kg/rnl) 

Follow-up (yr) 12 NR 1/>3 

loss of excess 78 70 NR 
weight {o/o) 

No. of bowel 2-4 NR NR 
movements/day 

Weight loss (kg) NR 46 52/53 

Resolution, NR NR NR 
improvement 
{%) 

Diabetes 100 98.9 NR 
mellitus type 
2 

Hypertension 87 83.4 NR 

Chol,esterol 100 87 NR 

*BPD.QS. 

tscopinaro N, Gianetta E. Adami GF, et al: Biliopancreatic diversion for obesity at 
eighteen years. Surgery 119:261-268, 1996. 

and obstructive sleep apnea. Lipid disorders and type 2 diabetes 
are almost tmiformly resolved after BPD-OS (Table 15-5). 
Hyperttension is cured in 83.4% and obstructive sleep apnea 
resolves in 91.9o/o of patients.30 

After BPO, patients typicaUy have between two and four 
daily bowel movements. Excessive Aatulence ru1d foul-smelling 
stools are the rule. Relatively selective malabsorption of starch 
ru1d fat provides the major mechanism of weight Joss, although 
the partial gastric resection does contribute a restrictive compo
nent to the operation. 

Surgeons caring for these patients must be alert to measure 
protein levels for confirmation of adequate absorption. When 
protein malnutrition does occur, the common channel may need 
to be lengthened with a reoperation. Patients must also be aware 
tbat their ability to absorb simple sugars, alcohol, and short
chaiJ1 triglycerides is good and tbar overindulgence of sweets, 
milk produces, soft drinks, alcohol, ru1d fruit may produce excess 
weight gain. 

Major considerations for achieving excellent results in 
patients offered BPD-DS include the ability to monitor these 
patiems reliably and confirm that they are being compliant with 
the recommendations to take appropriate vitanlin supplen1eJlts. 
Supplements include multivltanlins, and at least 1800 mg of 
oral calcium/day. Supplemental fat-soluble vitamiJ1S, including 
vitan1ins 0, K, ru1d A, arc indicated monthly a.s well. 

1l1e reported experience with laparoscopic OS is still some
what limited. Prachand and colleagues41 have reported the 
results of 185 DS procedures, most which were performt::d lapa
roscopkally. 'TI1e patients in this series, having been chosen 
because they had a BMI higher thru1 50 kg!m2, were larger thru1 
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_Table 15-6 Outcomes of Sleeve Gastrectomy 
VARIABLE HICK-RISK PATIENTS, STAtED APPROACH PRIMARY PROCEDURE All PATIENTS 
No. of studies* (no. of patients) 13 {821} 24 {1749) 36 {2570) 

Preoperative BM 1 {kg/m1) 

Range 49.1-69.0 37.2-54.5 37.2-69.0 

Mean 60.0 46.6 51.2 

Postoperative BMI {kg/m1) 

Range 36.4-53.0 26.Q-39.8 26.Q-53.0 

Mean 44.9 32.2 37.1 

Follow-up (mo) 4-60 3-36 3-60 

Excess weight loss (%) 

Range 33.Q-61.4 36.Q-85.0 33.Q-85.0 

Mean 46.6 60.7 55.4 

Complication rate (%) 

Range Q-23.8 Q-21 .7 Q-23.8 

Mean 9.4 6.2 

Studies with > 100 patients {%) 3.3-15.3 Q-14.1 Q-14.1 

Leaks1 8/686 {1.2) 45/1681 (2.7)1 53/2367 {2.2) 

Bleeding' 11/686 (1.6) 7/1681 {l.O)t 28/2367 {1.2} 

Strictures I 6/686 (0.9) 9/1681 (0.51 15/2367 (0.6) 

Mortalityw 2/821 {0.24} 3/1749 {0.17)§ 5/2570 (0.19} 

From ClinicallsstJes Committee of the American Society for Metabolic and Bariatric Surgeons: Updated position statement on steeve gastrectomy as a bariatric procedure. 
Surg Obes Relat Dis 6:1-5, 2010. 

*One study included clearly defined patients in both groups. 

~ncluded studies with detailed complication data only. 
lp = .02 compared with high-f"isk group. 

tp not significant compared with high-risk group. 

~Thirty-<lay postoperative mortality; ( ) reflect%. 

patients in most selected series. A median loss of73% of excess 
weight was noted at 18 months after surgery. There was a 0.5% 
mortality rate (one patiem), which is the lowest ever reported 
for BPD-DS. 

Because of a high incidence of morbidity and mortality 
(23% and 6.5%) in patiems with a BMI higher than 60 kg/m2 

undergoing laparoscopic OS, surgeons developed the two-stage 
DS, with sleeve gastrectomy alone performed as the fust stage 
to decrease motrbidi t:y in this superobese patient population. The 
Clinical Issues Committee of the American Society for Meta
bolic and Bar iatric Surgery (ASBMS) comprehensively reviewed 
13 studies of 821 high-risk patients who underwent a staged 
approach with laparoscopic sleeve gastrectomy. On average, the 
preoperative BMI was 60.0; after 4- to 60-monrh follow-ups, 
the postoperative BMI was 44.9. The complications in this high
risk patients population showed a leak rate of 1.2%, bleeding 
rate of 1.6%, and mortality of 0.24%. The ASMBS committee 
concluded that laparoscopic sleeve gastrectomy has value a~ the 
in.itial stage of :a bariatric surgery in high-risk patients.25 

Laparoscopic Sleeve Gastrectomy 
1l1e initial reports of laparoscopic sleeve gastrectomy were part 
of the first stage of a two-stage bariatric procedure, although 
some patients never reached the second stage. A few surgeons, 

after seeing these patients lose prodigious an1ounts of weight, 
suggested that laparoscopic sleeve gastrectomy be used as a 
primary procedure. Some surgeons have suggested that the per
centage of EWL I year after laparoscopic sleeve gastrectomy 
(36% to 85%) is sufficient to preclude conversion to laparo
scopic RYGB or laparoscopic DS.2~ The weight loss resulting 
from LSG was comparable to that in patients undergoing DS 
or RYGB; they conclude that LSG produces adequate weight 
loss, with morbidity comparable to that after AGB and empha
sized the use of a 32-40 Fr sizing cube for the operation.25 1l1e 
ASMBS position paper regarding laparoscopic sleeve gastrec
tomy as a primary bariatric procedure reviewed 24 studies of 
1749 patients who underwent laparoscopic sleeve gastrectom>' 
as a primary procedure.25 The results shown in Table 15-6 dem
onstrate a mean EWL of 60.7% and a low rate uf complications. 
Although the ASMBS views these early results as promising. it 
was suggested that long-term weight loss data will be essential 
in confirming the efficacy of this procedure. Level I data about 
laparoscopic sleeve gastrectomy is available from France from a 
randomized trial comparing laparoscopic sleeve ga~trectomy to 
laparoscopicAGB after 3 years.23 Weight loss and loss of feelings 
of bLmger were better in the laparoscopic sleeve gastrectomy 
patients compared with laparoscopic AGB patients at 1 and 3 
years after surgery. 
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Table 15-7 Comtparison of Complications After Laparoscopic and Open Roux-en-Y Gastric Bypass 
ADVERSE EVENT AND TYPE OF PROCEDURE 
Respiratory (including pneumonia, atelectasis, and respiratory 

insufficiency) 
Open vs. laparoscopic (range) 

Surgical. preventable and not preventable (including wound, hernia, 
splenic inj'ury, repeated operation, anastomotic events) 
Open vs. aparoscopic 

Wound, all 
Open vs. laparoscopic 

Wound infection, major 
Open vs. laparoscopic 

Wound infection, minor 
Open vs. laparoscopic 

lncisional hernia 
Open vs. laparoscopic 

Internal hernia 
Open vs. laparoscopic 

Reoperation 
Open vs. laparoscopic 

ADVERSE EVENT RATE (o/e) ODDS RATIO (95o/e Cl) NO. OF PATIENTS 

3.0 vs. 1.9 1.54 (0.17-19.42) 101 vs. 104 

31.1 vs. 26. I 1.32 (o.n-2.43) 122 vs. 134 

13.1 vs. 0 .0 Not estimable 122 vs. 134 

3.0vs. 0.0 Not estimable 101 vs. 104 

14.3 vs. 0.0 Not estimable 21 vs. 30 

8.2 vs. 0.0 Not estimable 122 vs. 134 

0.0 vs. 1.3 0.00 (O.OQ-40.40) 76 vs. 79 

0.0 vs. 4.0 0.00 (O.D0-38.94) 25 vs. 25 

Deep venous thrombosis. pulmonary embolism, or both 
Open vs. laparoscopic 1.0 vs. 0.9 1.22 (0.02-96.69) 97 vs. 109 

From Maggard MA. Shugarman LR. Suttorp M, et al: Meta-analysis: Surgical treatment of obesity. Ann Intern Med 142:547-559, 2005. 

Potemial advanrages of the laparoscopic sleeve gasrrecromy 
are the technical ease of the procedure, induction of satiety 
through reduction in ghrelin levels, reduced need for postopera
tive adjustments as opposed to laparoscopic AGB, preservation 
of the pylorus, avoidance of dumping, reduced risk of malab
sorption, and apparent safety of the procedure in high-risk indi
viduals. Use of the laparoscopic sleeve gastrectomy may be 
advantageous for some patient populations (sec Table 15-1). [ 
believe that it is clear that the fastest rising procedure is the lapa
roscopic sleeve gastrectomy; it wi11 probably be used by bariatric 
surgeons more frequendy in rl1e future. 

COMPLICAnONS 
The procedures described are associated with complications that 
can occur with any intra-abdominal operatio.n, such as pulmo
nary embolism. However, each operation has wuque complica
tions and different rates of occurrence of some common 
complications seen after any abdominal operation. 

A number of reports have shown laparoscopic procedures 
to be associated with less rcspirarory, surfical wound, and 
thrombotic complications (Table 15-7).16..!?.1 The benefits pro
moted for laparoscopic surgery go beyond the cosmetic effects 
and actually infl uence postoperative complication rates, which 
makes the laparoscnpic technique my preferred approach for 
almost every patient, including remedial operations. 

Adjustable Ga.stric Banding 
The mortality associated with AGB {0.02% to 0.1 %) has been 
significandy lower than tbat for RYGB (0.3% to 0.5%) or either 
of the malabsorptive operations (0.9% to 1.1 %).16.2?.30 Compli
cations for the procedure are described in this section and sum
mari7..ed i11 Table 15-8. A major complication of RYGB or 
BPD-DS is the risk of leakage from d1e anastomosis, which doe$ 
not occur with AGB; however, from the meta-analysis, it appears 

chat the need for reoperarion and complications related to 

surgery occur in all types of bariatric procedures. 
A common complication that plagued AGB in the nud to 

late 1990s was the high incidence of band slippage, which was 
reported in 15% of patients in one series, a figure that was 
comparable to other reports for the i.tutial perigastric band place
ment. Before the pars Aaccida technique, the band was placed 
around tbe proximal part of the stomach, with the posterior 
portio11 of the band free within the lesser sac, a tech.tuque termed 
the perigastric approach. This allowed much more movement of 
rl1e stomach and, despite the anterior imbricating sutures, the 
fundus of the stomacl1 herniated up through the band in a 
significant percentage of cases. [n a randomized trial of the two 
techniques, O'Brien and coworkers·11 have shown that use of the 
pars Aaccida tech11ique is associated with a mucl1 lower rate of 
slippage than was seen with use of the perigastric reclmique (4% 
versus 15%). The pars flaccida technique has subsequendy 
become the preferred approach. 

llus so-called slippage is usually manifested as the sudden 
development of food intolerance or, occasionally, gastroesopha
geal reflux. The latter symptom is also indicative of any form of 
obstruction at the site of the band. Slippage is the most common 
cause of obstruction but, on occasion, erosion and fibrosis can 

also cause similar symptoms. A patient with obstructive symp
toms or food intolerance has a plain radiograph of the abdomen 
taken. In its appropriate position, the band is oriented in a 
diagonal direction, along the 1- to 7 -o'clock or 2- to 8-o' clock 
axis i.n the epigastric region. A plain film showing the band in 
a horizontal or I 0- to 4-o' clock position is diagnostic of slippage 
and altered band position. Slippage or any other obstructive 
process at the band site will cause functional stenosis of the 
gastrointestinal tract at the proximal end of the stomach. As a 
result, esophageal dilation can occur if this situation is not 
corrected. 
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Table 15-8 Complications After Laparoscopic Adjustable Gastric Banding 

PARAMETER 

No. of patients 

Mortality 

Postoperative complications 

Slippage 

Erosions 

Port complications 

Reoperations 

DVT-PE 

Wound infection 

PF, Pars flaccida; PC, perigastric. 

FLUM ET Al 
(2009)t 

1198 

0 

1.0 

0.30Jo 

O'BRIEN ET AL 
(2002)10 

1120 

0 

1.5 

13.9 

3 

5.4 

25.3 

0 

0.9 

*All numbers, except number of patients, represent percentages. 

study (Year)• 

BUCHWALD ET Al MAGGARD ET AL PONCE ET AL 
(2004)30 (2005)29 (2005)31 

2197 9222 1014 

0. 10Jo 0.04 0 

13.2 

21 (PG)/1.4 (PF) 

0.2 

1.2 

7.7 

10'Brien PE. Dixon JB, laurie C. et al: VI/eight loss and early and late complications-the international experience. Am J Surg 184:42S-45S, 2002 

Erosio n of the band into the lumen of the stomach is a less 
frequent compllication but requires reoperation. The incidence 
of erosion may increase in the future but currently, however, the 
incidence remains below 1 o/o for many large series and up to 
3%, as noted earlier in the Australian studies. Erosio n may be 
manifested as abdominal pain or as a port access sire infection. 
In cases in which the band does erode into the stomach, it is 
presumed that the band is too tight or the stomach was imbri
cated too close to the buckle of the band, which causes erosion 
over time. Surprisingly, this complication is rarely life-tbreatcnlng 
and many reports have described removal of the eroded bar1d, 
repai r of the stomach, and replacement of a new band at the 
same operative setting. 

Port access site problems are the most numerous of the 
complications that occur after AGB. These problems also require 
reoperative therapy in most cases, but the procedure can often 
be performed under local anes thesia and does not involve the 
perironeal cavitty. Leakage of the access tubing is a common 
problem that occurs in up to 11 o/o of cases. In addition, kinking 
of the tubing as it passes through the fascia is another relatively 
common reason for port access difficulties. Port site infection is 
the least common port access problem (<1 o/o), but needs to be 
evaluated with upper endoscopy to be certain that band erosion 
has not occurred. 

Roux-en-Y Gastric: Bypass 
Mortality rates after RYGB have generally been in the 0.3% to 
l.Oo/o .range for large reported series. Meta-analyses have shown 
a 30-day mortality rate of 0.3% to 0.5% for RYGB (see Table 
15-2) ."'-'9.30 

Causes of mortality have varied but iJ1cludc pulmonary 
embolism, anastomotic leak, cardiac events, intra-abdominal 
abscess, and m ultiorgan failure. Mortality rates are obviously 
influenced heavily by patient selection. Male gender is also a"~So
ciated with an increa~d risk for morbidity and mortality in 
some series44 bur nor iJ1 the most recent LABS experience. 'The 
LABS study identified BMI and a history of venous thrombo
embolism as independent predictors of complicadons.16 

As noced, the use of a laparoscopic approach has greatly lessened 

Table 15-9 Complications After Roux-e~Y Gastric Bypass 
Study (Year) 

SUGERMAN MAGGARD BUCHWALD 
PARAMETER (2003)* ET Al (2005)29 ET Al (2004)30 

No. of patients 1025 11,290 5644 

Mortality {Ofo) 0.9 0.3 0.5 

Gastrointestinal 2.0 
bleeding {%) 

Leak. m~or 3 2.2 
woun 
complications 
{%) 

*Sugerman HJ, \1\.\:>lfe LG, Sica DA. et al: Diabetes and hypertension in severe 
obesity and effects of gastric bypass-induced weight loss. Ann Surg 237:751-758, 
2003. 

the incisional hernia and wow1d complication rates.J5 Anasto
motic leaks or complications occmred in 2 .2%, and the reopera
tion rate was 1.6% in tbe meta-analysis.29 Table 15-9 sw11marizes 
data .regarding complications after RYGB. 

Pulmonary embolism is one of the most feared complica
tions after any form of bariatric surgery; irs incidence in large 
reported series of open RYGB sometimes exceeds l o/o. 111rom
botic complications such as DVT and pulmonary embolism 
appear co be less freq uently associated with laparoscopic surgery 
than with open gastric bypass. 

lmprovCillent in postoperative morbidity after laparoscopic 
procedures is not limited to incisional hemia, as detailed in Table 
15-7 . Specifically, postoperative atelectasis, pneumonia, and 
respiratory insufficiency are 1.54 times more common after open 
batianic than after laparoscopic procedmes. 

Al though nausea and vomiting are not unusual in isolated 
circumstances after RYGB, especiaUy in relation to a patient's 
adaptation to food restriction, these symptoms, if persistent, can 
lead to the obvious problem of dehydration. This musr be 
aggressively treated in the postoperative period or when associ
ated witl1 a viral or other gamoin testinal illness compounding 
the problem and further limiting oral intake. IV fluids are 
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indicated when in doubt. 1ll.is is the case for all bariatric opera
tions, not just RYGB. 

One specific problem that may arise with persistent vomit
ing after any of the bariatric operations and that is imperative 
for the surgeon to remember and treat is Wernicke's encepha
lopathy from prolonged vomiring. 1l1is neurologic deficit is 
preventable with. appropriate admiJlistration of parenteral thia
mine (vitanlin B1) when the patient bas persistent and severe 
vomiting. If the neurologic symptoms become significant, they 
may often not be fully reversed, despite thiamine therapy. 

Because depression is so frequent in the patient population 
tmdergoing bariatric surgery, severe postoperative depression 
may also develop after any bariatric operation. When it occurs, 
the patient may totally stop eating, thereby producing what at 
first seems like wonderful weight loss, but soon, when gone 
beyond its desired end point, it progresses to a loss of critical 
visceral and musculoskeletal protein mass, which can be 
Bfe-threateni11g. 

Complications specific to RYGB include anastomotic leak.~ 
from the proximal or distal anastomosis. Leaks from the gastro
jejunosromy are more coiDJllOJl and are generally the cause of a 
significant percentage of the life-threatening complications and 
deaths. Evidence has suggested that a surgeon's experience wm 
influence the leak rate, especially early in the laparoscopic experi
ence with RYGB. Most large series of open RYGB procedures 
reported a leak rate of lo/o to 2%, whereas some laparoscopic 
surgeons, early in their experience, were observing a leak rate 
approachiJ1g 5%. Maggard and coUeagues29 found a leak rate of 
2.2% in open and laparoscopic RYGB. Fortunately, this appears 
to be a trru1sient phenomenon on the learning curve of some 
surgeons; most large series of laparoscopic RYGB have reported 
anastomotic leak rates of 1 o/o to 2%, and some have treated large 
series without a leak.19 

Anmher specific life-threatening complication that may 
result after RYGB is bowel obstruction. Patients who have a 
clinical or radiographic picrure of small bowel obstruction after 
RYGB need a reoperation. 1l1e potential for internal hernias 
after this operation makes strangulation obstruction a frequent 
type of bowel obstruction. Patients with bowel obstruction an.d 
not ileus in the immediate postoperative period- [ perfom1 CT 
with contrast or an upper gastrointestinal series to confirm or 
rule out obstruction- must be promptly operated on before 
retrograde distemion of the biliopancreatic limb ru1d distal part 
of the stomach results in wpture of the distal gastric staple line, 
with subsequent peritonitis. 

Stenosis of the gastrojejunostomy may occur after RYGB 
and bas been reported in 2% to 14% of patients in various series. 
1l1e higher incidence seems to be associated with circular stapler 
versus sutured-type anastomoses. Postoperative anastomotic ste
nosis is usually manifested at 4 to 6 weeks postoperatively as 
progressive intolerance to solids ru1d d1en to liquids in a setting 
in which they were previously tolerated. The problem is success
fuUy treated with endoscopic or fluoroscopic balloon dilation. 
Unless a marginal ulcer is associated with the stenosis, the 
problem does not require a reoperation. 

A marginal ulcer occurs after 2o/o to 10% of RYGB proce
dures. 1l1e incidence can be decreased by preoperative tream1ent 
of patients for HeLicobaeter p)'fori colonizarion of the sromacl1. 
Patients with a marginal ulcer typically have continuous, boring 
epigastric pain. Treatment consists of medical therapy with 
proton pump inhibitors. Medical treatment resolves all marginal 
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ulcers unless d1e ulcer has fistulized to d1e lower part of the 
stomach and created an ongoing source of acid to exacerbate 
the ulcer. 

Iron and vitantin B12 deficiencies are the two most common 
long-term metabolic complications of RYGB. The incidence of 
iron insufficiency varies in reported series. Iron is preferemially 
absorbed in the duodenum and p roximal jejumml. Hence. 
RYGB bypasses the area of maximal iron absorption in the gut. 
1he iron deficiency, based on serum values, is between 15o/o and 
40%, whereas actual iron deficiency anemia occurs in a~ mru1y 
as 20% of patients after RYGB. L1 most cases, this problem is 
easily treated with oral iron supplements. The gluconate form 
of iron is best absorbed in a nonacid environment. 

1l1e incidence of vitaJUin B,2 deficiency after RYGB is 
reported as 15% to 20%, although it rarely causes anemia. 
Peripheral neural complications from low vitanlin B12 1evds after 
RYGB are almost unknown. VitruniJl B12 deficiency is caused by 
inefficient absorption because of delayed mixing with intrinsic 
factor. Several preparations include intrinsic factor and will 
maximize absorption in the terminal ileum. Other routes of 
vitamin B12 administration include sublingual medicatinn, nasal 
spray, and parenteral injections. 

Analysis of the NSQIP database has shown the operative 
mortality and complication rate for the laparoscopic approach 
to be significantly lower than the open approach (odds ratio, 
2.08; 9 5% CI, 1.33 to 3.25).43 

1l1e incidence of associated splenectomy, wound infection, 
incisional hemia, respiratory complications, ru1d DVT-PE was 
lower with laparoscopic RYGB than with open RYGB.29 In 
contrast, the incidence of bowel obstruction , especially early 
bowel obstruction, appears to be higher in patients undergoing 
laparoscopic RYGB. 

Biliopancreatic Diversion 
Mortality rates after BPD-DS were reported to be l.l o/o in the 
meta-analysis of Buchwald and colleagues and 0.9% in Maggard 
ru1d as..<>ociatel study.29 Surgical wow1d complications occurred 
in 5.9% of patients, leaks developed in 1.8%, and reoperations 
occurred 4.2% of the time, as summarized i11 Table 15-10.30 

1l1e most signi6cru1t ru1d specific long-term complication 
seen after BPD is protein malnutrition, which occurs in ll.9o/o 
of pati.ents. Treatment is hospitalization, with 2 to 3 weeks of 
parenteral nutrition. llis particular problem is usually mruu
fested wid1in the first few months after smgery, but it can occm 
sporadically, although less frequently, after surgery. In d1e col
lected series, 4% of patients eventually required a reoperation to 

reverse the BPD completely or lengthen the common channd.29.3° 

The revision rate was approximately 0.1 o/o rumually for the first 
6 years, and the rehospitalization rate for malabsorption or diar
rhea was 0.93% annually dming the san1e period. 1lw percent
age of patients averaging more than three daily bowel movements 
was 7%, ru1d 34% believed that the unpleasant odor of stools 
ru1d flatus was a problem. Abdominal bloating was experienced 
in one third of patients more thaJl once weekly. Bone pain was 
reported in 29% of patients. Metabolic complications and side 
effects included iron deficiency in 9%, low ferritin level in 25%, 
low calcium concentration in 8%, and low level of vitamiJl A in 
5% of patients; elevated parathyroid hormone levels were present 
in 17% . 

Malabsorption of fat-soluble vitan1ins is one of the major 
problems associated with BPD-DS. Slater and coworkers45 have 
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Table 15-10 Complications After Malabsorptive Operations (Biliopancreatic Diversion and Duodenal Switch) 
Study {Year) 

PARAMETER 
Number of patients 

Mortality 

SCOPINARO 
(1998)"' 

2241 

BUCHWALD ET Al (2004)JO 

3030 

MAGGARD ET Al (2005)l9 

2808 

REN (2004)26 

170 

0.5 

leak 0.1 

OVT-PE 0.06 

Medical problems, malnutrition Y 

Iron deficiency anemia 

Vitamin A deficiency 

Vitamin K deficiency 

Vitamin 0 deficiency 

40 

All numbers except number of patients represent percentages. 

1.1 0.9 

1.8 

69 

68 

63 

*Scopinaro N, Adami GF, Marinari GM, et al: Biliopancreatic diversion. World J Surg 22:936-946, 1998. 
tsevere proteinfcalorie malnutrition. 
~Night blindness caused by Vrtamin A deficiency. 

shown that vitamin D and A levels 2 years after BPD are signifi
cantly depressed , with vitamin 0 deficiency in 63o/o, vitamin A 
deficiency in 69%, evidence of bone resorption in 3%, and all 
patients having essential fatty acid deficiency. Lack of clinical 
correlation with these levels suggests that the problem may 
be more prevalent than originally reported or suspected from 
past series. 

Although the complication of protein malnutrition and 
poor intake is theoretically most likely to occur soon after 
BPD-OS, the fact that late deaths occur from protein maLllltri
tion and Wernkke's encephalopathy suggests that these patients 
may always be at risk for these problems. Marginal ulcers are a 
distinct problem of BPD, which has heen solved with the OS 
modification preserving the pylorus. Perhaps it is the overall 
difficulty of the operation, as well as the potential dangers 
of the operation, that has left BPD as the least popular operation 
performed iJJ the United States. Even the OS modification does 
not represent more than 10% of bariatric operations. Further 
studies are needed to evaluate the long-term consequences of 
BPD and DS to justify their performance as a primary 
procedure. 

REOPERAnVE SURGERY 
A controversial topic is the appropriateness of performing repeat 
bariatric operations for failed previous procedures. There are no 
specific rules co govern the appropriateness of repeat bariatric 
surgery. The absolute definition of a failed operation is unclear, 
but most surgeons would accept returning to d1e criteria listed 
in Box 15-2 as appropriate when considering reoperation. If a 
patient has undergone an operation that has been proven by 
mass experience to be meffective, a repeat operation for failure 
of that procedure is appropriate. Complications of procedures, 
sucl1 as stenosis causi11g gastric outlet obstruction after vertical 
banded gastroplasty or metabolic complications after jejunoileal 
bypass, are obvious il1dicacions for revisional surgery. One 
mistake frequendy made by a nonbariatric surgeon when cor
recting a compHcation of a bariatric operation is simply to 
perform a procedure chat corrects the complication but does not 

provide for continued weight restriction. In these circumstances, 
a typical long-term course is for patients to slowly regain weight 
to the same degree of obesity as before the initial bariatric pro
cedure and clleJl seek further surgical assistance. 

In assessing a padem for the appropriateness of reoperarive 
surgery, the surgeon must deterrni11e whed1er the original bar
iatric operation is i11tact and still appropriate anatomically for 
mai•ltainillg weight loss. If not, consideration for reoperation is 
appropriate. However, a patie11t who has failed an anatomica.Uy 
intact and well-constructed bariacric operation is, in my opinion, 
at high risk to fail a second or revisional bariatric operation. 
Although little has been reported, there are no reports contra
dictillg this. It is known that the incidence of infection, organ 
ischemia, ana~tomotic leakage, blood transfusion, and other 
severe ultra-abdominal complications is i11creased in revisional 
surgery. 

All bariatric operations have some degree of failure. A 
figure of approximately 1 Oo/o is often used in discussions regard
ing the failure rate of various well-established operations consid
ered effective, includil1g all chose described in this chapter. The 
definition of failure is varied; it may il1elude inadequate weight 
loss, inadequate resolution of medical comorbid conditions, 
development of side effects negatively influencing Lifestyle and 
satisfaction, and development of complications requiring 
medical or surgical intervention or those requiring alteration or 
reversal of the operation. 

Jejunoileal bypass, a relic of history, still exists in a small 
muuber of patients, who need to have it reversed to prevent 
progression to cirrhosis, liver failure, and other severe metabolic 
consequences. Any reversal should il1clude a replacement weight 
reduction operation. 

Failed RYGB secondary to a dilated gastric pouch or dilated 
gastrojejunostomy bas been treated with laparoscopic placement 
of an AGB ha~ been successful iJl several centers, including mine. 
Failed RYGB has been rreated by adding a malabsorptive com
ponent to the original procedme by reconnecting the efferent 
end of the RYGB halfway down the length of the alimentary 
bowel and thereby decreasi11g the alimentary tract by 50%. 
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Although patien"ts experience a decrease in BMI, protein mal
nutrition can develop in a significant number. Conversion of 
patients after failed open or laparoscopic gastroplasty to RYGB 
has been shown to decrease BMI. Other sporadic reports of 
small case series in the literature have suggested that even reop
erations can, under appropriate circumstances, be performed 
laparoscopically and have relatively good results. although not 
with as low a complication rate as the initial. surgery. 

ADDinONAL CONSIDERAnONS 

Controversies in Bariatric Surgery 
Flum and collcagues46 have suggested chat morbidity and mor
tality after bariatric surgery in routine practice is much higher 
than published results reported by experienced surgeons. 'TI1ey 
accessed the Medicare database for all bariatric surgical proce
dures frorn 1997 to 2002 and fow1d that the 30-day mortality 
rate was 2.0%- much higher than the rate reported in two 
meta-analyses. They found high mortality within the first 30 
days, but also a surprisingly high death rate (4.6%) within the 
first year after surgery. Their conclusion was that mortality rates 
were much higher in real-life practice than those reported in 
retrospective case reviews or prospective sntdies. Nguyen and 
associates4~ have shown that high-volun1c academic hospitals 
have a lower mortality rate, length of hospital stay, complication 
rate, and cost. ln patients older than 55 years, mortali.ty was 
3.1% at low-volume hospitals and 0.9% at high-volume centers. 

These reports of high morbidity and mortality after bariat
ric surgery and the reduction in rates in high-volume cenrers 
have led to a spate of editorials and policy changes aimed at 
reducing the risks associated witb bariatric surgery. One of the 
most important developments was the medical policy decision 
handed down by CMS for Medicare beneficiaries in February 
2006, which is notable for the dran1atic step of requiring that 
surgery be performed only in Centers of Excellence as certified 
by the American College of Surgeons or ASBMS. The require
ment for surgeons and the hospirals in which the surgery is 
performed co go rhrough a significant vetting process, demon
stration of surgical results, and demonstration of the processes 
and readiness of the facilities to take care of the needs of mor
bidly obese patients is a seminal event in the practice of surgery 
in this country. Recent studies from the NSQIP15 have demon
strated that laparoscopic bariatric surgery complication rates 
across the United States are much lower than those reported 
during the 1997 to 2002 era. A combination of improved lapa
roscopic techniques, surgeon experience, institution of the 
Center of Excellence concept, and better patiem preparation and 
postoperative care have led to the dramatic lowering of operative 
complications and death after bariatric surgery. 

Investigational Bariatric Procedures 
A number of procedures have been investigated for weight loss 
surgery but have not been totally accepted by the surgical com
mtuuty. Gastric pacing bas been performed in several trials but 
has not been shown to have any long-term effect and has been 
abandoned. Others have investigated vagal blocking with 
implantable electrodes placed laparoscopically around the 
abdominal vagal rrunks. Early cluucal trials of this technique are 
promising but the FDA bas not yet released the device for sale 
in the United States. Endoscopic incisionless surgery has focused 
on patients after RYGB who have inadequate weight loss or 
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significant weight regain and who have a dilated gastrojejunos
tomy. It is thought that these patients l.osc restriction because of 
the dilated gastrojejunostomy and thus overeat. Surgeons have 
tried endoscopic injection of sderosi11g agents to create scar and 
a smaller anastomosis, with variable effects. 1l1ere are a number 
of ongoing studies to demonstrate and evaluate the effectiveness 
of various endoscopic suturing devices and/or injection therapies 
designed to reduce the anastomosis size and thus impose more 
restrictions on food intake. 48 1hese have been met with variable 
success and, in some cases, are not paid for by the insurance 
company, leaving patients to pay out of pocket for the 
procedure. 

Another endoscopic and laparoscopic procedure that has 
some scientific merit is the concept that duodenal bypass 
improves type 2 diabetes independent of weight loss through a 
poorly defined mcchruusm of action. Rubino ru1d colleagucs38 

have been the major proponent of the theory that duodenal 
bypass improves glucose control iJ1 diabetics through reduction 
of the anti-increti n effect, thus improving the diabetes. Because 
the action <>f i11cretins in the distal small b<>wel is to increase 
insulin secretion and cause hera cell proliferation, increasil1g 
either the secretion or effect of the in cretins should help patients 
with diabetes. 

lncreasi11gly, surgeons are observing the effects of bariatric 
operations on more than the physical reduction of caloric intake 
or malabsorption. Alteration iJl comorbid conditions caused by 
metabolic processes may prove equally as important. For 
example, bariatric operations may have in1porrant mcraholic 
components that alter d1e hom1onal, cyrokine, and/ or metabolic 
rate of patients.18

•
49 

The Bariatric Revolution and Counterrevolution 
Bariatric surgery could still be considered as being in the midst 
of a revolution. lJl many U.S. hospitals, bariatric surgical pro
cedures are the most commonly performed operation on the 
general surgical scrvke.50 There are several reasons for tlus. The 
most important one, which temporally corresponds with the 
rapid rise in patient demand for bariatric surgery, is the usc of 
a laparoscopic approach for operations. AJthough a laparoscopic 
approach was more commonplace in Europe and Australia .in 
the mid-1990s with the advent of the popularity of laparoscopic 
AGB, use of the laparoscopic approach for RYGB in the United 
States actually only began in 1999. Before then, only a few 
medical centeis were offeri11g that approach. Laparoscopic AGB 
was not performed in the U1uted States until 2001, but has 
become the most common bariatric procedure performed in 
some U.S. centers. 

Mass media and the rapid dissemination of information arc 
also a major factor in the bariatric revolution. Patients may now 
access many sites on the Internet to obtain information about 
barlatric surgery. Television stations show videos of actual opera
tions. Internet d1at groups and blogs, in which former and 
prospective patients discuss bariatric surgery. are common, 
ru1d many patients participate before ru1d after surgery. Media 
and television personalities have undergone bariatric surgery, 
with superb resul.ts that they have been willing to share with the 
public. 'TI1e combination of all these factors has led to a patient 
population chat is more ul.formcd ru1d aware of the poccmial of 
tl:tis su.rgery to treat their morbid obesity. 

Finally, the surgical community itself has adjusted its per
ceptiom of bariatric surgery. It is now a desirable area of 
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specialization for graduadng residents, who enjoy the technical 
challenge of advanced laparoscopic surgery combined with the 
rewards of performing a Life-alteri11g and usually highly success
ful operation for their paden ts. 

CONCLUSION 
Sllfgical treatment of morbid obesity is no longer considered out 
of the mainstream of general surgery. It is now a component of 
most surgical residents' training programs and currently repre
sents the fastest growing area of general surgery. Patient demand 
for the procedure has vastly increased; at present, surgeons 
operate annually on less than 2o/o of eligible patients who would 
benefit from bariatric surgery. This chapter has discussed all 
aspects of the performance of bariatric surgery in current 
surgical practice, including the most commonly performed 
current procedures. 1he disease process of morbid obesity is, 
unfortLmately, incompletely understood but rapidly increasing 
in prevalence. At present, surgical therapy is the only effective 
treatment of morbid obesity. 
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CONCLUSION 

The relatively brief history of anesthesiology began more than 
!50 years ago with the administration of the first ether anes
thetic. 'Throughout much of its subsequent history, the risk of 
anesthesia-related morrality and morbidity was unacceprably 
high because of primitive equipment, complication-prone drugs, 
and lack of adequate monitors. However, during the past 5 
decades, .rapid technologic and pharmacologic progress have 
resulted in the ability to provide anesthesia safely for complex 
surgical procedures, even in patients with severe underlying 
diseao;e. 

The most notable advances in anesthesia equ.ipmem have 
been the development of anesthetic machines that reduce the 
possibility of providing hypoxic gas mixtures, vaporizers that 
provide accurate doses of potent inhalational agents, and intra
operative anesthesia venrilarors that provide more precise and 
sophisticated respiratory supporc. Pharmacologic advances have 
generally consisted of shoner acting drugs, with fewer signifi
cant side effects. However, the greatest advances have been in 
monitoring devices. These include in-circuit oxygen analyzers, 
capnometers, pulse oximeters, and anesthetic vapor-specific 
analyzers. Although these monitors do not guarantee a success
ful outcome, they markedly increase its probability. 'This chapter 
will review the major principles defining the modem practice of 
anesthesiology. 

PHARMACOLOGIC PRINCIPLES 
The initial practice of anesthesiology used single drugs such as 
ether or chloroform to abolish consciousness, prevent moven1ent 
during surgery, ensure anll1esia, and provide analgesia. In 

contrast, current anesthesia practice combines a number of 
agents, often including regional techniques, to achieve specific 
end points. Although inhalational agents remain the core of 
modern anesthetic combinations, most anesthesiologists initiate 
anesthesia with intravenous (IV) induction agents and then 
maintain anesthesia with inhalational agents supplen1CJ1ted by 
IV op.ioids and muscle relaxants. Benzodiazepines are often 
added to .induce anxiolysis and amnesia. 

lnhalational Agents 
1l1e original inhalational anesthetics--ether, nitrous oxide, and 
cluoroform-had important limitations. Subsequent drug 
development has CJ11phasized inhalational agents that facilitate 
rapid induction and emergence and are nontoxic; these 
iJ1dude iso.fluranc, sevo.flurane, and desHurane. Although halo
thane and enflurane were also commonly used in the past, the 
use of both agents has decreased dran1atically during the last 5 
to 10 years. 1he important aspects of eacl1 volatile anesthetic 
can be swumarized iJJ terms of their key clinical attribures 
{Table 16-1). Two of the most in1portant characteristics of 
inhalational anesthetics are the blood-gas (B-G) solubility 
{partition) coefficient and the minimum alveolar concentra
tion (MAC). 1he B-G solubility coefficient is a measure of the 
uptake of an agent by blood. In general, less so.luble agents 
(lower B-G solubility coefficients), such as nitrous oxide and 
des.flurane, are associated with more rapid induction of and 
emergence from anesthesia, whereas induction and emergence 
are slower with agents having high solubility in blood, suclJ as 
halothane. MAC is a mea~ure of potency and is defined as the 
concentration of an agent required to prevenr movement in 
response to a skin incision in 50% of patients. A higher MAC 
represents a less potent volat:Ue anesthetic. Among volatile 
agents, halothane is the most potent, with a MAC of 0.75%, 
whereas desflurane has a MAC of 6% and is the least potent 
of the hydrocarbon-based volatile agents. Nitrous oxide has a 
MAC of 104% at sea level, meaning that nitrous oxide alone 
is generally not suitable for the maintenance of gCJJeral anes
thesia. The pungency of anesthetic agents also has practical 
implications. Agents with low pungency, such as halothane 
and sevoflurane, do not cause significant airway irritation 
when delivered at commonly used concentrations and are 
useful for inhalation induction of anesthesia. Desflurane is 
highly irritating to the airways and is not useful for inJ1alation 
induction under most conditions. 
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Table 16-1 Important Characteristics of lnhalational Age~ 
SPEED OF INDUCTION SUITABILITY FOR SENSITIZATION TO 

ANESTHETIC POTENCY AND EMERGENCE INHALATIONALINDUCTION CATECHOLAMINES METABOLIZED (4Yo) 

Nitrous oxide Weak Fast Insufficient alone None Minimal 

Diethy1 ether Potent Very slow Suitable None 10 

Halothane Potent Medium Suitable High 20+ 

Enflurane Potent Medium Not suitable Medium <10 

lsoflurane Potent Medium Not suitable Minimal <2 

Sevoflurane Potent Rapid Suitable Minimal <5 

Desflurane Potent Rapid Not suitable Minimal 0.02 

Nitrous Oxide· 
Nitrous oxide provides only partial anesthesia at atmospheric 
pressure because its MAC is I 04% of inspired gas at sea level. 
Nitrous oxide minimally influences respiration and hemody
namics. In adcUtion, it has low solubility in blood. 'TI1crcfore, it 
is often combitned with one of the potent volatile agents to 
permit a lower dose of the potent volatile agent, thus Limiting 
side effects, reducing cost, and facilitating rapid induction and 
emergence. The most important clinlcal problem with nitrous 
oxide is that it is 30 times more soluble than nitrogen and dif
fuses into closed gas spaces faster than nitrogen diffuses out. 
Because nitrous oxide increases the volume or pressure of these 
spaces, it is contraindicated in the presence of closed gas spaces 
such as pneumothorax, small bowel obstruction, and middle ear 
surgery, as well as in retinal surgery, in which an intraocular gas 
bubble is created. Because nitrous oxide gradually accumulates 
in the pneumoperitoneum, some clinicians prefer to avoid its 
use during laparoscopic procedures. However, periodic venting 
can prevent buildup, and some investigators have suggested that 
nitrous oxide might be preferable to carbon dioxide as the insuf
flated gas.1 

Jsoflurane 
Approved by the U.S. Food and Drug Ad1niJ1istration (FDA) in 
1979, isoflurane has rapidly replaced halothane as the most 
commonly used potent inhalational agent. Despite the release 
of sevoAurane a nd desAurane, isoAurane is commonly used in 
modern operating rooms, at least in part because the cost of the 
now-generic compound is well below that of the newer agents. 
Isoflurane has several advantages over halothane, including less 
reduction in cardiac output, less sensitization to the arrhythmo
genic effects of catecbolami11es, a11d minimal metabolic effects. 
However, isoflmane-induced tachycardia, a variable response, 
can increase myocardial oxygen consumption. Careful observa
tion of the heart rate is necessary when used in patients with 
coronary artery disease (CAD). ln concentrations of 1.0 MAC 
or less, isoAurane causes little increase in cerebral blood Aow and 
intracrruual pressure (ICP) and depresses cerebral metabolic 
activity more than halothru1e or en£lurru1e. Its plmgent odor 
almost precludes irs use for inhalational induction. 

Sevoflurane 
Sevoflurane's relatively low solubility facilitates rapid induction 
and emergence. Sevoflmane is associated with faster emergence 
than isoAurane, especially in longer cases, although its slightly 
faster emergence does not result .i11 earlier discharge 

after outpatient surgery. SevoHurane is associated with a lower 
incidence of postoperative somnolence and nausea m the post
rulesthesia care unit (PACU) and in the first 24 hours after 
discharge than isoAurru1e. Unlike isoAurane, sevoAurane is 
pleasant to inhale, thus making it suitable for iJilialational 
induction in children. SevoHurane is clinically suitable for out
patient surgery, ma~k induction of patients with potential!)! 
difficult airways, and maintenance of patients with broncl10-
spastic disease. When sevoHurane, halothane, and isoflurane 
were compared, al l these potent agents decreased re.~piratOr}' 
resistance in endotracheally intubated nonastbmatics. However, 
sevoflurane reduced airway resistru1ce more cl1an halothane or 
isoflurru1e.' 

Considerable metabolic transformation of sevoAurru1e 
takes place ru1d resulrs in increases in d1e serum fluoride ion 
concentration and, in the presence of soda lime, production of 
compound A, a metabolite that is nephrotoxic in experimental 
anim.a.ls. However, !}-lyase, the enzyme responsible for the for
mation of compound A,3 has 8 to 30 times greater activity in 
rat kidneys than in human kidney tissue. 1l1erefore, the neph
rotoxicity of compound A in humans appears to he theoretical 
ru1d not clinically important. 

Desflurane 
Desffurru1e is rapidly taken up and elin1inated. After aJlesthesia 
lastiJ1g more than 3 hours, des£lurru1e was associated with more 
rapid recovery than isoAurane.4 Irs pw1gent odor precludes iJUla
lational induction. In addition, desflurane is associated with 
tachycardia and hypertension if the concentration is increased 
too rapidly. When exposed ro dry carbon dioxide absorbent, 
volati le anesthetics are partially converted to carbon monoxide. 
Desffurane, enflurane, and isoflurane produce more carbon 
monoxide than halothru1e or sevoflurane does. Carbon monox
ide production is greater with dry C02 absorbent, with Baralyme 
more than with soda Lime, at higher temperatures, and at higher 
anesthetic concentrations. 5 Because contiJ1ued gas flow m an 
unused machine will desiccate the C02 absorbent, turning gas 
flow off in anesthesia maclllnes when they are not iJ1 use can 
reduce carbon monoxide production. It is also prudent to run 
fresh gas through an ru1esthesia machi.ne that bas not been used 
for l or 2 days to wash out ru1y carbon monoxide that might be 
present prior to patient contact. 

Intravenous Agents 
[V agents are an indispensable component of modern 
ru1esthetic practice. They are used primarily for induction of 
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Table 16-2 Clinical Characteristics of Intravenous Induction Agents 
IV INDUCTION DOSE SITUATIONS 
AGENT (MG/KG) COMMENTS SIDE EFFECTS REQUIRING CAUTION RELATIVE INDICATIONS 
Thiopental 2-5 Inexpensive; slow emergence Hypotension Hypovolemia; Suitable for induction in 

after high doses compromised cardiac many patients 
function 

Ketamine 1-2 Psychotro~ic side effects H~ertension; Coronary disease; R:&;d-1>equence induction of 
controllab e with tac ycardia severe hypovolemia a matics, patients in shock 
benzodiazepines; good 
bronchodilator; potent analgesic 
at subinduction doses 

(reduced doses) 

Propofol 1-2 Burns on injection; good Hypotension Coronary artery Induction of outpatients; 
bronchodilator; associated with disease; hypovolemia induction of asthmatics 
low incidence of postoperative 
nausea and vomiting 

Etomidate O.H>.3 Cardiovascularly stable; burns on Adrenal suppression Hypovolemia Induction of patients with 
injection; spontaneous (with continuous cardiac contractile 
movement during induction infusion) dysfunction; induction of 

patients in shock (reduced 
doses) 

Midazolam 0 .15-0.3 Relatively stable hemodynamics; 
potent amnesia 

Synergistic ventilatory 
depression with 

Hypovolemia Induction of patients with 
cardiac contractile 

op1oids 

anesthesia and as part of a multidrug combination to produce 
balanced anesthesia. 

Induction Agents 
Induction with thiopental, the oldest IV induction agent, is 
rapid and pleasant. Although the drug is remarkably well toler
ated by a wide variety of patients, several clinical si tuations 
necessitate caution (Table 16-2). In hypovolemic patients and 
those with congestive heart failure, thiopental-induced vasodila
tion and cardiac depression can lead to severe hypotension unless 
doses are markedly reduced. In these p atients, etomidatc or 
ketamine is an alternative agent. Although thiopental does not 
directly precipitate bronchospasm, it does not blunt ai rway reac
tivity in response ro the intense airway stimulation produced by 
endotracl1eal intubation as effectively as propofol or ketanline, 
which are attractive alternatives for patients with reactive airway 
disease. 

In the usuaJ doses used for induction of anesthesia, thio
pental is associated with rapid emergence because of redistribu
tion of the agent from the brain to peripheral tissues, particularly 
fat. In higher doses or after prolonged infusion, circulating 
blood levels increase and the action of thiopental must be ter
miJ1ated by hepatic metabolism, which elim inates only approx
imately l Oo/o/hr. Therefore, prolonged sedation may exist under 
those condi tions. 

Ketaro.ine, which produces a dissociative state of anes thesia, 
is the only IV induction agent tl1at increases blood pressure and 
heart rate and decreases broncl1omotor tone. Usually associated 
with increased sympathetic tone, ketamine causes direct cardiac 
depression that m ay become evident if given to patients with 
high preanesthetic sympathe tic tone, as in patients in hemor
rhagic shock. Ln markedly reduced doses (15% to 20% of the 
usual induction dose), ketamine is an appropriate cl10ice for rv 
inducdon of severely hypovolemic patients, iJ1 whom it causes 
the least fall in blood pressure of any of the induction agents. 
Ketan1ine is an appropria te agent for fV induction of asthmatic 
patients because it reduces bronchomotor tone and decreases the 

dysfunction (usually in 
combination with opioids) 

airway reacnvtty associated with endotracheal intubation. 
Among the IV induction agents, ketamine also causes the least 
amount of ventilatory depression and loss of airway reflexes. 
However, because of the in duction of copious oropharyngeal 
secre tions, an anrisialogogue such as glycopyrrolate is generally 
admin1stered with ketan1i11e. Ketamine can be used as the sole 
anesthetic for brief superficial procedures because it produces 
profound amnesia and somatic analgesia. Ir is less useful, 
however, for abdominal cases or delicate surgery because i_t pro
duces lilO muscular relaxation, does not control visceral pain, and 
may not completely control patient movemcm. 1hc potent pain
relieving effects of ketam.ine have been exploited for preemptive 
analgesia. ln patients in whom ketan1ine was infused continu
ously before incision and conrinued tl1rough wound closure, 
postoperative morphine consumpti.on was significantly lower on 
postoperative days I and 2 than in patients who did not receive 
ketamine.6 

In patients with C AD, ketamine is usually avoided because 
tachycardia and hypertension may cause myocardial ischemia. 
In patients with increased ICP (e.g., after traumatic brain 
injury), ke tamine may further increase ICP because it is the only 
IV agent that increases cerebral blood Aow. Another clinically 
important side effect of ketamin e is emergence delirium. In 
adults and older children, supplemental benzodiazepines or 
volatile agents are generally effective in preventing emergence 
delirium. 

Propofol, commonly used as an induction agetlt for ambu
latory surgery, is a short-acting induction agent associated with 
smooth, nausea-free emergence. Small doses are also useful for 
short-term sedation during brief procedures such as retrobulbar 
or peribulbar eye blocks. The primary limitations of propofol 
are pain on injection and blood pressure reduction. The latter 
precludes use in patients who may be hypovolemic and prompts 
caution in patients who may rolerate hypotension poorly, such 
as those with severe CAD. 

Propofol also produces excellent bronchodilation. In asth
matic p atients, 0% of those who received propofol wheezed at 
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2 or 5 minutes after intubation versus 45% of those who received 
a t.hlobarbiturate and 26% of those who received an oxybarbi
turate.7ln non asthmatic patients, 75% of whom smoked, airway 
resistance was less after induction with propofol than after 
induction with thiopental or etomidate. Brown and Wagner8 

have demonstrated that the bronchodilarory effects of propofol 
and ketamine are mediated through the blockade of vagus 
nerve-mediated cholinergic bronchoconstriction. 

Etomidate is an imidazole compound that produces 
minimal hemodynamic changes. Because it preserves blood pres
sure in most patients, e tomidate is often chosen as an alternative 
for induction of patients with cardiovascular disease. Major 
drawbacks include burning pain on injection, abnormal muscu
lar movements (myoclonus), and adrenal suppression when 
given as a prolonged infusion for sedation of critically ill patients. 

Although not used as an induction agent, dexmedetomi
dine has gained increased value as a sedative agent in anesthetic 
care.9 Dexmedetomidine is a selective ~-adrenergic receptor 
agonist that has sedative, an1nestic, and analgesic properties. It 
has value as a preoperative sedative, anesthetic adjunct and 
sedative-hypnotic for the management of sedation in critically 
ill patients. It causes minimal respiratory depression but can 
have significant cardiovascular effects, including bradycardia and 
hypotension, if given too rapidly or used for patients with sig
nificant hypovolemia.9 

Opioids 
Opioids are used in most patients undergoing general anesthesia 
and are given as adjtmcts to patients receiving regional or local 
anesthesia As a component of a multifaceted anesthetic, opioids 
produce profound analgesia and minimal cardiac depression. 
lheii disadvantages include ventilatory depression and inconsis
tent hypnosis and amnesia, which must usually be provided by 
other agents. 

Several reasons explain the universal popularity of opioids 
in anesthetic management. First, they reduce the MAC of potent 
inhalational agents. For exan1ple, fentanyl (3 ng/mL plasma 
concentration) decreased the MAC of sevoAurane by 59% and 
reduced MAC.,,..~<. (the alveolar concentration at whicl1 an 
emerging patient responds to commands) by 24%. 10 Second, 
they blunt the hypertension and tacllycardia associated with 
manipulations such a~ endotraclleal inntbation and surgical inci
sion. 11ilid, they provide analgesia that extends throughout the 
early postemergence interval and facilitates smoother awakening 
from anesthesia. Fourth, in doses 10 to 20 times the analgesic 
dose, opioids act as complete anesthetics in a high proportion 
of patients by providing not only analgesia but also hypnosis 
and amnesia. This characteristic has prompted their use for 
cardiac surgery patients, sometimes as sole anesthetic agents and 
more often as a major component of the anesthetic. Finally, they 
are now often added to local anesthetic solutions in epidural and 
intrathecal blocks to improve the quality of analgesia 

Morphine, hydromorphone, and meperidine are inexpen
sive, intermediate-acting agents that are less commonly used for 
maintenance of anesthesia than for postoperative analgesia Fen
tanyl, a synthetic opioid that is 100 to 150 times more potent 
than morphine, is commonly used for maintenance of anesthe
sia because of irs shorter duration of action and rapid onset. 
Newer synthetic, shore-acting opioids, including sufentanil and 
alfentanil, are also used during anesthesia because they are 
quickly metabolized and excreted. Remifentanil, an opioid 

metabolized by serun1 esterases, is particularly short-acting. 
Remifentanil does nor accumulate dming prolonged infusions 
and is therefore often used a~ part of IV anesthetics. It is also 
useful as part of the anesthesia induction sequence because of 
its rapid onset and short duration of action. 

Neuromuscular Blockers 
Decades ago. anesthesia was typically conducted with single, 
potent, inhalational agents that produced all the components of 
general anesthesia, including whatever degree of muscle relax
ation was necessary for the conduct of surgery. Among the 
drawbacks of tbis approacll was the fact that the depth of 
anesthesia necessary to produce profound muscle relaxation was 
much deeper than that necessary to provide hypnosis and 
amnesia, which caused prolonged emergence t imes and, 
possibly, undesirable hemodynan1ic alterations. The addition 
of muscle relaxants afforded the opportunity to deliver only 
enough of the inhalational and rv agents to achieve hypnosis, 
amnesia, and analgesia while still providing satisfactory operat
ing conditions. 

The two categories of neuromuscular hlockers in clinical 
use are depolarizing (noncompetitive) and nondepolarizing 
{competitive) agents. l11e depolarizing agents exert agonistic 
effects at the cholinergic receptors of the neuromuscular junc
tion, initially causing rontractions evident as fasciculations, fol
lowed by an interval of profound relaxation. The nondepolarizing 
neuromuscular blockers compete for receptor sites with acetyl
ch oline, with the magnitude of block dependent on the avail
ability of acetylcholine and affinity of the agent for the receptor. 

Succinylcholine, the only depolari:tJng agent stili in clinical 
use, continues to be useful for endotracheal intubation because of 
its rapid onset and short duration of action. H owever, it is associ
ated with serious hazards, including hyperkalemia and malignant 
hyperthermia, in a small proportion of patients. The drug can be 
administered in a relatively high dose for intubation because it is 
rapidly metaholized by plasma pseudocholinesterase, except in a 
small fraction of patients with atypical or absent pseudocllolines
terase. Because its duration of action is only 5 minutes, a patient 
who cartnot be successfully intubated can be ventilated by mask 
for a short time until spontaneous respiration resumes. H owever, 
a patient who cannot be ventilated by mask will not resume spon
taneous breathing after an intubating dose of succinyl.choline 
before the onset of life-threatening hypoxemia.11 

Side effects of succinylclloline include bradycardia, espe
cially in children, and severe, life-threatening hyperkalemia in 
patients with bums, paraplegia, quadriplegia, and massive 
trauma. Succinylcholine, when combined with a volatile agent, 
is also implicated in triggering malignant hyperthermia in sus
ceptible individuals. 11]erefore, it is best avoided in patients at 
risk for malignant hyperthermia, including those witl1 muscular 
dystmphy or a family history of malignant hyperthermia. Some 
anesthesiologists avoid succinylcholine in children, especially 
boys, because of the possibility of an un diagnosed myopathology 
that could predispose the patient to severe hyperkalemia or 
malignant hyperthermia. Masseter spasm is also a common 
occurrence that may presage malignant hyperthermia in chil
dren, but it is usually a benign effect. Because succinylcholine 
is a depolarizing agent d1ar causes visible muscle fasciculations, 
ir has been impllcared in causing postoperative muscle pain, 
which can be reduced by pretreatment with a small dose 
of a nondepolarizing agent. As a result of the many sporadic 
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Table 16-3 Dose-Response Relationships of Nondepolarizing Neuromuscular Blocking Drugs in Humans 
INTUBATING DOSE 

DRUG DURATION EDso (MG/KG) E~ (MG/KG) (MG,IKG) 

Pancuronium long 0.036 (0.022-Q.042) 0.067 (0.059-0.080) 0.08-0.12 

Vecuronium Intermediate 0.027 (0.015-Q.031) 0.043 (0.037-Q.059) 0.1-Q.2 

Osatracurium Intermediate 0.026 (0.15-Q.31) 0.04 (0.32-Q.55) 0.15-Q2 

Mivacurium Short 0 .039 (0.027-Q.052) 0 .067 (0.045-Q.OBl) 0 .15-Q.2 

Rocuronium Intermediate 0.147 (0.069-0.220) 0.305 (0.257-Q.521) 0.6-1.0 

Adapted from Naguib M, Lien CA: Pharmacology of muscle relaxants and their antagonists. In Miller RD. Aeisher LA. Johns RA. et al (eds): Miller's anesthesia, ed 6, Phila
delphia. 2005, Churrhal Livingstone, pp 481-572.. 

EDso. Dose effective for surgical relaxation in 50% of patients; ED.,. dose effective for surgical relaxation in 95% of patients; values expressed as mean (95% confidence 
limits). Somewhat larger doses are required to facilitate endotracheal intubation. 

problems associated with the use of succinylcholine, some anes
thesiologists now reserve its use only for si tuations in which an 
airway must be rapidly secured (i.e., rapid-sequence induction). 
In other situations, nondepolarizing agents, chosen largely on 
the basis of their mode of excretion and duration of action, are 
preferable. 

Nondepola.rizing relaxants are used when succinylcholine 
is contraindicated, as an alternative to succinylcholine for 
patients in whom easy endotracheal intubation is anticipated, 
and when prolonged intraoperative relaxation is required to 
facilitate surgical exposure. Knowledge of the side effects of 
individual agents, often related to vagolysis or release of hista
mine, and routes of metabolism plays a major role in the selec
tion of specific agents for individual cases. Doses required to 
provide satisfactory operating conditions are summarized in 
Table 16-3. Dosing of nondepolarizing agents requires knowl
edge of several important characteristics. First, the use of neu
romuscular blockers preve11ts movement in response to noxious 
stimuli. Therefore, chemical paralysis can mask the signs of 
inadequate anesthesia, or sedation or analgesia in postoperative 
patients. Medicolegal claims of intraoperative awareness during 
general anesthesia were more than twice as frequenr in patients 
receiving intraoperative muscle relaxants.12 Second, higher doses 
are required to provide satisfactory conrutions for intubation 
than for surgical relaxation. 1l1erefore, if a nondepolarizer is used 
only after imubation, smaller doses are required. Third, other 
anesthetic drugs potentiate the actions of nondepolarizing 
agents. Potent inl1alational agents potentiate the effects of com
petitive neuromuscular blockers in a dose-dependent fashion. 
1l1e newer inhalational agent desAurane potentiates the effects 
of vecuronium approximately 20% more than isoBurane.13 

Fourth, inruvidual responses to muscle relaxants vary widely, 
with patients demonstrating markedly increased and decreased 
neuromuscular blockade in comparison to expecred levels. 

Fifth, and most important, subtle blockade can be difficult 
to detect and caru be associated with postoperative weakness. 1l1e 
importance of Sll!btle residual paralysis has been quantified by 
using the train-of-four (TOF) fade ratio, a semiquantitative 
monitoring technique used to assess the adequacy of neuromus
cular blockade and the adequacy of pharmacologic reversal. A 
1997 report characterized the symptoms of volumeers receiving 
graded doses of muscle relaxants at various TOF ratios.14 A 
sustai11ed 5-secomd head lift, a commonly used clinical index of 
adequate reversal, was achieved if the TOF ratio was higher than 

0.60. At TOF ratios higher than 0.70, all subjects maimained 
patent airways and oxygen saturation higher than 96%. However, 
in a 2003 study, at TOF ratios less than 0.90, subjects had 
diplopia and difficulty tracking objecrs in all directions. The 
ability to oppose the incisors strongly did not return until the 
TOF ratio was higher than 0.90. It was concluded that satisfac
tory return of neuromuscular fw1ction requires return of the 
TOF ratio to higher than U.YU and, ideally, to l.0.15 ln patients 
who received the intermediate-acting neuromuscular blockers 
atracurium, vecuronium, or rocuronium only for endotracheal 
incubation, the TOF ratio was lower than 0.9 in 37% of patieJ1ts 
2 hours after receiving the muscle relaxant.15 

TI1e use of neuromuscular blocking agents in general, and 
nondepolarizing agents in particular, necessitates a strategy to 
ensure adequate muscular function at the conclusion of anesthe
sia. Many of the complications associated with neuromuscular 
blockers relate to inadequate reversal at the conclusion of cases 
or inadequate assessment of reversal. Nondepolarizing relaxants 
are generally pharmacologically reversed with an anticholines
terase (neostigmine or edrophoniwu), accompanied by atropine 
or glycopyrrolate to counteract the muscarinic effects of the 
anticholinesterase. However, recovery depends on the intensity 
of neuromuscular blockade at the time that reversal is attempted 
and on the effects of the reversal agent. At the end of anesthesia, 
profow1d neuromuscular blockade may preclude reliable antag
onism by an anticholinesterase. 

With the longer acting muscle relaxants, such as pan
curonium, residual blockade can potentially complicate postop
erative recovery. In a clinical trial , 691 patients undergoing 
abdon"tinal, gynecologic, or orthopecHc surgery under general 
anesthesia were randomized to receive pancuronium, vecuronium, 
or atracurium. After reversal with neostigmine, a higher propor
tion (26%) of patients who bad received pancuroniLUu had 
residual neuromuscular blockade (TOF < 0.70) than patients 
who had received vecuronium or atracurium (5.3% combined). 16 

Patients who received pancuronium and bad a TOF ratio less 
than 0 .. 70 had a higher incidence of atelectasis or pneumonia on 
postoperative cbest radiograpbs (16.9% of 5Y patients in that 
category). 1l1ere was no association between postoperative pul
monary complications and residual blockade with the other two 
muscle relaxants, with intermediate durarions of action. 

One key factor determining recovery from neuromuscular 
blockade is the ability to metaboli:r-e and excrete the drugs. In 
parienrs with renal disease, the half-lives of rocuronium, 
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Routine Monitors 
Pulse oximetry 

• Blood oxygen saturation 
• Heart rate 
• Tissue perfusion (via plethysmography) 

Automated blood pressure cuff 
• Blood pressure 

Electrocardiography 
• Heart rhythm 
• Heart rate 
• Monitor of myocardial ischemia 

Capnography 
• Adequacy of ventilation 
• Intratracheal placement of endotracheal tube 
Pulmonary perfusion 

Oxygen analyzer 
• Monitoring of delivered oxygen concentration 

Ventilator pressure monitor 
• Ventilator disconnection during general anesthesia 
• Monitoring of ai rway pressure 

Temperature monitoring 

Specialized Monitors 
Monitoring of urine output (Foley catheter) 

• Gross indicator of intravascular volume status and renal 
perfusion 

Arterial catheter 
• Continuollls measurement of arterial blood pressure 
• Sampling of arterial blood 

vecuronium, and pancuronium are prolonged. In such patients, 
alternative drugs include atracurium or cisatracurium, which are 
metabolized by Hofinan degradation and thus do not have pro
longed half-lives i.n patients with renal dysfunction. 

ANESTHESIA EQUIPMENT 
Anesthesia equipment has undergone rapid development over 
the past several decades. The central piece of equipment for 
delivery of anesthesia is the modern anesthesia machine, which 
functions primarily w deliver oxygen and volatile anesthetics to 
the patient. In adclition, modern anesthetic machines have 
sophisticated ventilators that allow for effective respiratory 
support and integrated monitors that accurately measure oxygen 
deHvery, inspired and end-tidal gas concentrations, airway pres
sures, minute ventilation, and fresh gas flows. Despite many 
years of improving design, the hazards of gas deHvery systems 
must still be considered. The primary concern is inadvertent 
deHvery of a hypoxic gas mixture. Adverse anesthetic outcomes 
were associated with gas delivery equipment in 72 of 3791 cases 
in the American Society of Anesthesiologists (ASA) closed claims 
database. Misuse of equipment occurred in 75% of incidents, 
and 78% could have been detected with monitoring of pulse 
oximetry or capnography.'' 

lJ1 addition to the anesthesia machine, the other major 
components of anesthesia equlpmenr are monlwrs. The use of 
monjtors to assess changes in respiratory and c.ardiovascular 
function during anesthesia and surgery has been instrumental in 
improving overall safety. 

Central venous catheter 
• Continuous measurement of central venous pressure 
• Delivery of centrally acting drugs 
• Rapid administration of fluids and blood 

Pulmonary artery catheter 
• Measurement of pulmonary artery pressure 
• Measurement of left ventricular pressure 
• Measurement of cardiac output 
• Measurement of mixed venous oxygenation 

Precordial Doppler 
• Detection of air embolism 

Transesophageal echocardiography 
• Evaluation of myocardial performance 
• Assessment of heart valve function 
• Assessment of intravascular volume 
• Detection of air embolism 

Esophageal Dopple r 
• Assessment of descending aortic blood flow 
• Assessment of cardiac preload 

Transpulmonary indicator dilution 
• Measurement of cardiac output 
• Measurement of preload 

Esophageal and precordial stethoscope 
• Auscultation of breathing and heart sounds 

Electroencephalography, bispectral array 
Depth of anesthesia 

PAnENT MONITORING DURING AND 
AFTER ANESTHESIA 
Effective monitoring is a critical aspect of anesthesia care. l11e 
essential components of monitoring include observation and 
vigilance, instrumentation, data analysis, and institution of cor
rective measures, if indicated. The goal of patient monitoring is 
to provide optimal anesthetic management and detect abnor
malities early in their course so that corrective measures can be 
instituted before serious or irreversible injury occurs. Although 
it is difficult to relate improved patient outcome.~ with specific 
moni tors directly, the reduction in anesthesia-related morbid.iry 
and mortaHry has paraiJeled the institution of current monitor
ing practices. 

The indications, risks, and benefi ts associated with the use 
of noninvasive and invasive electronic monitors must be assessed 
for each inclividual patient (Box 16-1). These decisions are 
guided by the patient's medical condition, rype of surgery, and 
potential complications associated wid1 invasive monitoring. 
However, the proliferation of electronic monitoring devices does 
not circumvent the need for cHnical skills such as observation. 
inspection, auscultation, and palpation. TheASA bas established 
standards for basic anesthetic monitoring.18 These have been 
designed to integrate clinical skills and electronic monitoring 
wi th the goal of enhancing patient safety. 

Standard [ asserts that a qualified anesd1esia care provider 
must be continuously present in the operating room during the 
administration of anesthesia. The physician must continuously 
moni tor the status of the patient and alter anesthesia care based 
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on the patient's response to the dynamic changes associated with 
anesthesia and surgery. 

Standard 1I mandates continuous assessment of ventilation, 
oxygenation, circulation, and temperature during all anesthetics. 
Specific requirements include the foUowing: 

I . The use of an oxygen analyzer with a low-oxygen 
concentration alarm during general anesthesia. 

2. Quantitative assessment of blood oxygenation such 
as by pulse oximetry. 

3. The adequacy of ventilation must be continuously 
ensured by clinical evaluation. Quantitative monitor
ing of the C02 content in expired gas and volume of 
expired gas is strongly recommended. 

4. Clinical assessment and monitors to determine the 
presence of C02 in expired gases to ensure correct 
endotracheal tube placement after intubation. A 
device capable of detecting discormection of breath
ing systenl components during mechanical ventila
tion must be in continuous use. This device must give 
an audible signal when its alarm threshold is exceeded. 

5. The electrocardiogram (ECG) must he continuously 
monitored during anesthesia, and blood pressure and 
heart rate must be evaluated at least every 5 minutes. 
ln patients undergoing general anesthesia, adequacy 
of circulatory function must be continuously moni
tored by electronic means, palpation, or auscultation. 

6. A means of temperature evaluation must be readily 
available in the operating room; it is used during 
periods of intended or expected changes in body 
temperature. 

Blood Pressure Monitoring 
Blood pressure monitoring is required during the administration 
of al l anesthetics. Noninvasive blood pressure monitoring is 
appropriate for most surgical cases, and most modem operating 
rooms are equipped with automated oscillometric blood pres
sure analyzers. mdications for iJwasive blood pressure monitor
ing include intraoperative usc of deliberate hypotension, 
continuous blood pressure assessment in patients with signifi
cant end-organ damage or during high-risk surgical procedures, 
anticipation of wide perioperative bl.ood pressure swings, need 
for multiple blood gas analyses, and inadequacy of noninvasive 
blood pressure measurements, such as in morbidly obese pariems. 
Several sites for arterial cannulation are available, each with 
inherent advantages and potential for complications. The radial 
artery is most commonly cannulated because of its superficial 
location, relative ea.~e of cannulation and, in most patients, 
adequate collateral flow from the ulnar artery. Other potencial 
sites for percutaneous arterial caJmulation include the femoral, 
brac1Ua1, a.xiUary, ulnar, dorsalis pedis, and posterior tibial arter
ies. Possible complications of intra-arterial monitoring include 
hematoma, neurologic injury, arterial embolization, limb isch
emia, infection, and inadvertent intra-arterial injection of 
drugs. lntra-arterial catheters are not placed in extremities with 
potential vascular insufficiency. However, with proper patient 
selection, the complication rate associated with intra-arterial 
cannulation is low ru1d its benefits can be important. 

Eledrotardiography 
Electrocardiographic monitoring is a standard of care during 
the administration of anesthesia. Information regarding 

dysrhythmias ru1d cardiac ischemia can be readily obtained from 
these data. Analysis of electrocardiographic tracings is the cor
nerstone of cardiopulmonary resuscitation protocols. 

Ventilation Monitoring 
Sedation and opioid administration ru1d induction of general or 
regional anesthesia can depress or abolish spontru1.eous ventila
tion and thus necess.itate intraoperative ventilatory support. 
Several means are available to assess the adequacy of ventilation, 
including physical assessment of chest expansion, auscultation 
of breath sounds, and evaluation for evidence of upper airway 
obstruction and stridor. Precordial and esophageal stethoscopes 
provide continuous input regarding air movement and the devel
opment of wheezing. During mechanical ventilation, monitors 
of airway pressure and minute ventilation alert the anesthesiolo
gist to conditions that can in1pa.ir ventilation, such as discon
nection of the ventilatory circuit, dislodgment of the endotracheal 
tube, obstruction of the gas delivery system, and changes in 
ai rway resistance or compliance, or both. 

The advent of end-tidal carbon dioxide (ETco~ monitor
ing has greatly enhanced the monitoring of ventilation and 
detection of esophageal intubation. In normal individuals, the 
difference between ETco2 and Paco2 is 2 to 5 mm Hg. 'The 
gradient between end-tidal and arterial C02 reflects dead space 
ventilation, which is increased in cases of decreased pulmonary 
blood Aow, such as pulmonary air embolism or thromboembo
lism and decreased cardiac output. 'Therefore, ETc~ monitoring 
cru1 also provide important information regarding pulmonary 
perfusion. 

Oxygenation Monitoring 
Monitoring of F102 and hemoglobin oxygen saturation is a stan
dard of care during all general anesthetics. Modern anesthesia 
machines are equipped with oxygen analyt.ers that detect the 
delivered oxygen concentration (Flo0. 'This monitor, in combi
nation with fail-safe devices, low-oxygen delivery alarms, and 
oxygen ratio monitors, greatly decreases the chance of delivering 
a hypoxic gas mixture duru1g anesthesia. 

Temperature Monitoring 
Temperature is monitored in aU patients undergoing geJ1eral 
ru1esthesia. The si te of measurement is dependent on the surgical 
procedure and physical characteristics of d1e padem. Esophageal 
temperature is most commonly measured during general anes
thesia. O ther sites of temperature monitoring include rectal, 
cutaneous, tympanic membrane, bladder, ru1d nasopbaryngeal 
shes and, in patients with pulmonary artery catheters, the pul
monary artery. Because of the potential morbidity associated 
with hypothermia and hyperthermia, it is in1portant to monitor 
body temperature and institute measures to maintain tempera
ture as dose to normal as possihle. 

Neuromuscular Blockade Monitoring 
Because of variability in sensitivity to neuromuscular blockers 
an10ng patients, it is essential to monitor neuromuscular func
tion in patients receiving intermediate- and long-acting muscle 
relaxants. 1he most common sites of monitoring are at the ulnar 
or orbicularis oculi muscles. TI1e basis of neuromuscular moni
toring is assessment of muscle activiry after proximal nerve 
stim ulation (Box 16-2). This evaluation indicates acetylcholine 
receptor blockade at the neuromuscular junction. The degree of 
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Train-of-Four Fade Ratio (Four Successive 200-J.LSeC 
Stimuli Over 2-Sec Period) 
Twitch height progressively fades with increasing blockade: 

• Loss of fourth twitch indicates 75% receptor blockade 
• Loss of third twitch indicates 80% blockade 
• Loss of second twitch indicates 90% blockade 
• Loss of first twitch indicates 100% blockade 
• Clinical re laxation requires 75% to 95% blockade 

Presence of four twitches without fade suggests adequate rever-
sal of neuromuscular blockade. 

Double-Burst Stimulation: Two Successive Sets of 50-Hz 
Bursts (Three stimuli/ Burst) Separated by 750 J.LSeC 
(Appea rs as Two Twitches) 
Easier to detect fade visually with this technique than with train

of-four fade ratio 
Loss of second twitch indicates 80% re ceptor blockade 
Presence of twitches without fade suggests adequate reversal 

of neuromuscular blockade 

Tetany: Sustained so- or 100-Hz Burst 
Duration of sustained contraction fades with increasing 

blockade 
Sustained contraction for 5 sec suggests adequate reversal of 

neuromuscular blockade 

neuromuscular blockade is indicated by a decreased evoked 
response ro twitd1 stimulation. 

Central Nervous System Monitoring 
Awareness during anesthesia is an uncommon but disturbing 
complication. Many years of experience with intraoperative elec
troencephalographic signal processing has resulted in develop
ment of the bispectral array (BIS), which is thought to monitor 
awareness durimg anesthesia. The monitor is esse,ntiaUy a modi
fied electroencephalogram (EEG) that assesses brain wave activ
ity and reports Jlunlbers from 0 to 100, which correlate wi th the 
level of awareness. A value of LOO represents complete awareness 
and 0 represents complete suppression of brain wave activity. 
Evidence has s1!lggested that BIS is an accurate indicator of tbe 
depth of anesthesia.19 Monitoring the depth of anesthesia may 
improve time to awake11ing and discharge in the outpatient 
setting. Furthermore, some reports have indicated that BIS 
values lower than 40 for more than 5 minutes during general 
anesthesia may be associated with increased perioperative mor
bidity, induding myocardial infarction (MI) and stroke in high
risk patients.20 In addition, BIS monitors are gaining acceptance 
as a means of assessing awareness in locations such as emergency 
departments and intensive care units. 

PREOPERAnVE EVALUA110N 
The ASA has established basic standards for preanesthetic care 
in which an anesthesiologist is required to evaluate the medical 
status of the patient, derive a plan for anesthetic care, and discuss 
the plan with the patient? ' The Joint Commission (TJC) 
requires that all patiems receiving anesthesia undergo a preanes
thetic evaluation. Because a decreasing percentage of patients are 
admitted to the hospital on the day before surgery, preoperative 
testing clinics have been developed to facilitate preoperative 

evaluation. The advent of preoperative clinics has facilitated the 
efficient use of operating room resources. Ferschel and col
leagues~ have reported that development of an anesthesia pre
operative evaluation clinic in a teaching hospiral reduced day of 
surgery cancellations and delays. O ptimally, preoperarive clinics 
need co be efficient, predicmble, and thorough. In modern prac
tice, many patienrs without complicated medical problems who 
are sd1eduled for elective, low-risk procedures can be inter
viewed by telephone or onlli1e teleconference prior ro surgery 
and given preoperative instructions. 

A well-focused history will allow the physician to perform 
rargeted physical and laboratory examinations. Laboratory rests 
performed within 6 months of surgery generally do not need to 
be repeated unless a significant change in. the patient's medical 
status has occurred. Healthy patienrs undergoing elective proce
dures may not need any preoperative laboratory testing. [n the 
current climate of cost containment, preoperative testing must 
be minimized but effective. l11e use of routine preoperative 
testing is associated with signi.ficant costs, both in dollars and 
potential harm . False-positive test results can cause needless 
delays in surgery and could require follow-up, which will increase 
costs and could lead to harm or injury associated with further 
tests and procedures. Studies have shown that routine testing 
adds to costs but has little impact on patient care. However, 
targeted testing based on results of the history and physical 
examination can significantly in1prove overall patienr care. 
Investigation of conditions a.'>Sociated with increased periopera
tive morbidity is imponanr for reduciJ1g the risks related to 
anesthesia and surgery. Coexisting conditions that must be care
fully evaluated indude intrava~cular volume status, airway 
abnormalities, cardiovascular disease, pulmonary disease, neuro
logic disease, renal and hepatic disease, and disorders of nutri
tion, endocrinology, and metabolism. Preoperative pregnancy 
testing is controversial. 'TI1e rationale for performing preopera
tive pregnancy testiJ1g is the potential for spontaneous abortion 
and birth anomalies associated with surgery and anesthesia. 
There is no clear evidence to demonstrate an association of 
anesthetic drugs with the development of fetal anomalies in 
humans, but animal studi.es have shown that some anesthetics, 
such as nitrous oxide, may cause developmental abnormalities. 
A clear sexual history and documentation of the last menstrual 
cycle is obtained from women of d1ildbearing age. In an1biguous 
situations, a preoperative pregnancy test is iJ1dicaced. 

Airway Examination 
Assessing the airway is a crucial step in developing an anesrhetic 
plan. Even if regional aJlesrhesia is planned, general anesthesia 
and the need co maintain a parent airway might be necessary: 
The goal of d1e airway examination is to identify characteristics 
that could hinder assisted mask ventilation or tracheal intuba
tion. A hisrory of diseases or conditions that are associated witl1 
airway closure or difficu lt laryngoscopy will alert the physician 
to potential airway difficulties. Review of previous anesthetic 
records can provide invaluable information regarding previous 
airway management. The airway examination is completed by 
systematic inspection of the mouth opening, thyromental dis
tance, neck mobility, and size of the tongue in relation to the 
oral cavity (Box 16-3). The patient is observed in frontal and 
profile views because many airway abnormalities, such as a 
receding mandible, wilJ not be evident from a frontal view. l11e 
size of the tongue in relation to the oral cavity can be graded by 
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·sox 16-3 lmportant.Factors,When Performing 
an Airway Examination · · · · · · · ··· . . .. ~~~- ~·, -..- -- ~-~- -· ...... 

Patient History 
Previous anesthetic history 
Medical history (e.g., history of oropharyngeal mass, pharyngeal 

disease) 
Review of chant to assess prior airway management during 

previous anesthesia 

Physical Examiination 
Mouth opening (should be 6-8 em [three to four finger-

breadths]) 
Cervical spine mobility 
Mallampati dassification 
Thyromental distance (should be 6-8 em [three to four finger-

breadths]) 
Frontal and profile view 
Assessment for ·disease-associated airway abnormalities 
Presence of facial hair 

using the Mallampati classification (Fig. L6-l ). The Mallampati 
examination is performed with the patient sitting and the head 
in a neutral position, mouth opened as wide as possible, and 
tongue protruded maximally. The observer views the oral and 
pharyngeal structures that are evident. Ln general, a patient in 
whom the uvula, tonsillar pillars, and soft palate are visible {class 
I) wiJJ be easy to mask ventilate and intubate. Patients in whom 
only the hard palate is visible, a class IV airway, have a higher 
likelihood of being difficult to mask-ventilate and intubate. 
However, the M:allampati classification is only one component 
of the airway examination; it must be used in conjuncti<m with 
other aspects of the airway exan1ination and the patients history 
to provide a complete airway assessment. Other physical factors 
associated with uncomplicated airway management are adequate 
mouth opening, neck extension, and thyromental distance. In a 
meta-analysis examining more cl1an 50,000 patients, Shiga and 
associates'3 have reported that inruvidual physicaJ characteristics, 
by themselves, have poor predictive value for identifying airway 
difficuhies. However, the combined presence of two or more 
physical end poims that predict difficult airway management 
increasingly improves sensitiviry and speci.6ciry. 

Cardiovascular Disease 
1l1e risk for per:ioperative myocarrual ischemia and infarction 
and the risk for -c.ardiac death have become important issues as 
progressively more complex surgery has been offered to patients 
with .increasiJ1gly severe systemic rusease. The apparent incidence 
of perioperative myocardial ischemia depends on the perspective 
of the study, prospective or retrospective, sensitivity of the 
markers used, an.d rype of surgicaJ procedure. Based on review 
of the available literature, the American College of Cardiology 
(ACC) and the American Heart Association (AHA) have pub
lished guidelines for cl1e evaluation and treatment of CAD in 
noncarruac surgical patients.24 These guidelines focus on d1e 
patient's history of CAD, exercise tolerance and type of surgery 
proposed. A detailed l1istory and physicaJ examination are 
required to assess cl1e presence of w1derlying cardiovascuJar 
disease. Assessment of functional status and the ability to 

Class I Class II 

Class Ill Class IV 

FIGURE 16-1 The Mallampati classification relates tongue size to 
pharyngeal size. This test is performed with the patient in the s itting 
position, the head held in a neutral position, the mouth wide open, 
and the tongue protruding to the maximum. The subsequent classi
fication is assigned according to the pharyngeal structures that are 
visible: class I, visualization of the soft palate, fauces, uvula, and 
anterior and posterior pillars; dass II, visualization of the soft palate, 
fauces, and uvula; class Ill, visualization of the soft palate and the 
base of the uvula; and class IV. soft palate not visible at all. (From 
Mallampati SR, Gatt SP, Gugino W, et al: A clinical sign to predict 
difficult tracheal intubation: A prospective study. Can Anaesth Soc J 
32:429-434, 1985.) 

perform common daily ta~ks is a critical part of the assessment. 
Patients with active major cardiovascular conrutions require 
evaluation and treatment before Lmdergoing noncardiac surgery. 
1l1e following are considered active cardiac conditions: 

1. Unstable coronary syndromes 
2. Decompensated congestive heart failure 
3. Signi.6canr arrhythmias 
4. Severe valvuJar diseao;e 

In the 2007 revision of the ACC/AHA guidelines, the 
previously used iJ1termediate-risk category was replaced with 
clinicaJ risk factors from the Revised Cardiac Risk Tndex, with 
the exclusion of the type of surgery, which is included elsewhere 
in the approach to the patient.Z4 These clinical risk factors are 
incorporated into the overall evaluation of the patient (Fig. 
16-2). 1l1e clinical risk factors that are part of ilie Revised 
Carruac Risk Lndex include me following: 

1. History of ischemic heart disease 
2. History of compensated or prior heart failure 
3. History of cerebrovascular disease 
4. Diabetes mellitus 
5. Renal iJ1su.ffidcncy 

Distinguishing unstable coronary syndromes &om a history 
of iscl1cmic heart disease can be difficult in some situations. 
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Step 1 
Need for emergency •-----.... Operating room - Perioperative surveillance 

and postoperative risk 
stratification and risk factor 

management 

noncardiac surgery? Yes 
(Class I, LOE C) 

Step2 Active cardiac -------~ Evaluate and treat per _ Co~sider 
conditions* Yes ACC/AHAguidelines operating room 

(Class I, LOE B) 

Step3 Low risk surgery ______ .,... Proceed with 
Yes 

(Class I, LOEB) 
planned surgeryt 

Step4 Functional capacity greater than or 
equal to 4 METs without symptoms* Yes 

Proceed with 
planned surgeryt 

I 
(Class lla, LOE B) 

Step5 

Vascular surgery 

l!!_o or unknown 

~ 
3 or more dinical 

risk factors II 

! Class lla, 
LOEB 

Intermediate 
risk surgery 

1-2 clinical 
risk factors II l 

Vascular surgery Intermediate risk 
surgery 

f 

Nodinical 
risk factors II 

!Class!, 
LOE B 

Consider testing if it will 
change management 11 

Proceed with planned surgery with HA control 11 (Class lla, LOE B) Proceed with 
planned surgeryt or consider noninvasive testing (Class lib LOE B) if it will change management 

FIGURE 16-2 Cardiac evaluation and care algorithm for noncardiac surgery based on active clinical conditions, known cardiovascular disease, 
or cardiac risk fo r patients 50 years of age or older. Class /, LOE (level of evidence) C indicates benefit much greater than risk based on expert 
opinion or stand'ard of care; Class t, LOE 8 indicates benefit much greater than risk based on single randomized trial or nonrandomized studies; 

Class /Ia, LOE 8 indicates benefit greater than risk based on single randomized tlrial or nonrandomized studies; Class 1/b, LOE 8 indicates benefit 
greater than or equal to risk based on single randomized trial or nonrandomized studies. (From Fleisher LA, Beckman JA, Brown KA, et al: 2009 
ACcr/AHA focused update on perioperative beta blockade incorporated into the ACC/AHA 2007 guidelines on perioperative cardiovascular 
evaluation and care for noncardiac surgery. Circulation 1 20:e 1 69~276, 2009.) 

Overall , a history of MI or abnormal Q waves determined by 
decuocardiography is listed as a clinical risk factor, whereas an 
acute MI (at least one documented MI 7 days or less before the 
examination) or recent MI (more than 7 days but I month or 
less before the examination), with evidence of important isch
emic risk b)' clinical symptoms or noninvasive study, is an active 
cardiac condition that requires further evaluation. 1hus, the 
separation of Mf into the traditional 3- and 6-month intervals 
has been al tered. Current management of MI provides for risk 
stratification during convalescence. lf a recent stress test does 
not indicate residual myocardium at risk, the likelihood of rcin
farction after noncardiac surgery is low. Although there are no 
adequate clinical trials on which to base fim1 recommendations, 
it appears reasonable to wait 4 to 6 weeks after MJ to perform 
elective surgery, assuming that adequate medical mar1agemenr 
and/or revascuEari:t.ation has been instituted. 

Minor predictors are recogni:t..ed markers for cardiovascular 
disca,o;e that have nor been proven ro increase perioperative risk 
independently. These include advanced age (>70 years), abnor
mal ECG (left ventricular [LV] hypertrophy, left bundJe branch 
block, ST-T abnormaHties), rhythm other than sinus, and 
UJlcontrolled sysren1ic hypertension. 1l1e presence of a number 
of minor predictors might lead to a higher suspicion of CAD 
but is not incorporated into the recommendations for treatment. 

Figure 16-2 presents a fran1ework for determining which 
patients are candidates for preoperative cardiac testing. 1he cli
nician must consider several interacting variables and give them 
appropriate weight. Since publication of th(· perioperative car
diovascuJar evaluation guidelin~ in 2002, several new ran
domj;tcd trials and cohort studies have led to modification of 
the original al,porithm. The following stepwise approach is 
recommended2 

: 

http://www.myuptodate.com


ANESTHESIOLOGY PRINCIPLES, PAIN MANAGEMENT, AND CONSCIOUS SEDATION CHAPTER 16 399 

Step 1: 'TI1e urgency of noncardiac surgery must be consid
ered. In many cases, patient- or surgery-specific 
factors dictate an obvious strategy (e.g., emergency 
surgery) that may not allow for further cardiac assess
ment or treatment. £n such cases, the consuhant may 
function best by providing recommendations for 
perioperative medical managen1ent and surveillance. 
Selected postoperative risk stratification is often 
appropriate for patients with elevated risk for long
term coronary events who have never had such an 
assessment previously. This is usually initiated after 
the patient has recovered from the surgical st ress. 

Step 2: Does the patient have an active cardiac condition? 
lf not, proceed to step 3. [n patients being considered 
for elective non cardiac surgery, the presence of unsta
ble coronary disease, decompensated heart failure, or 
severe arrhythmia or valvular heart disease usually 
leads to cancellation or delay of surgery until the 
cardiac problem has been clarined and treated appro
priately. Examples of unstable coronary syndromes 
indude previous MI with evidence of important isch
emic risk by clinical symptoms or noninvasive study, 
unstable or severe angi11a, and new or poorly con
trolled ischemia-mediated heart failure. Many patients 
in these circumstances are referred for coronary angi
ography to assess further therapeutic options. Depend
ing on the results of the test or iJlterventions and the 
risk of delaying surgery, it may be appropriate to 

proceed to the planned surgery with maximal medical 
therapy. 

Step 3: Is the patient undergoing low-risk surgery? Many 
procedures are associated with a combined morbidity 
and mortality rate less than 1%, even in high-risk 
patients. Additionally, mortality on the day of surgery, 
for most ambulatory surgical procedures, is actually 
lower than mortality on day 30, which suggests that 
the incremental risk of ambulatory surgery is neg~
gible or may be protective. 1l1erefore, interventions 
based on cardiovascular testing in stable patients 
would rarely result in a change in management, and 
it would be appropriate to proceed with the planned 
surgical procedure. 

Step 4: Does the patiem have a functional capacity of 4 
metabolic equivalents (METs) or more, without 
symptoms? Fwlctional status has been shown to be 
reliable for perioperative ru1d long-term prediction of 
cardiac events. ln highly functional asymptomatic 
patiencs, management will rarely be changed based on 
the results of any further cardiovascular testing. It is 
therefore appropriate to proceed with the plrutned 
surgery. In patients with known cardiovascular disease 
or at least une clinical risk factor, perioperative heart 
rate control with beta blockade may be appropriate. 

If the patieJlt has not had a recent exercise test, functional 
status can usual.ly be estimated from the ability to perform 
activities of daily Living. Functional capacity can be expressed as 
M ETs; the resting or basal oxygen consumption (Vo2) of a 
70-kg, 40-year-old man rn a resting state is 3.5 mL/kg/rnin, or 
I MET. For tllis purpose, functional capacity has been classified 
as exceUent (> 10 M ETs), good (7 to I 0 M ETs), moderate (4 to 
6 METs), poor (<4 METs), or unknown. The predicted MET 

level for a certain activity is i.nf3.uenced by the degree of condi
tioning and genetic predisposition. Perioperative cardiac and 
long-term risks are increased in patients unable to meet a 4-M ET 
demand during most normal daily activities. Examples ofleisure 
activities associated with less thru1 4 METs are slow ballroom 
dancing, golfing with a carr, playing a musical instrumem, and 
walking at a speed of approximately 2 to 3 mph. Activities that 
require more than 4 METs include moderate cycling. climbing 
hills, ice skating, roller bladiltg, skiing. singles tennis, and 
jogging. 
Step 5: If the patient has poor fw1ctional capacity, is symp

tomatic, or has unknown functional capacity, the 
presence of clli1ical risk factors will determine the 
need for further evaluation. lf the patient has no 
clinical risk factors, it is appropriate to proceed wirh 
the plrumed surgery, and no further change in maJl
agement is indicated. 

If the patient has one or two clinical risk factors, it is rea
sonable to proceed with the plaru1ed surgery and initiate heart 
rate control with beta blockade, or consider resting if it will 
change mru1agement. Two studies in vascular surgery patients 
with one or two clinical risk factors were w1able to demonstrate 
any difference i11 outcome in the group who proceeded with the 
planned surgery with good medical management or tight heart 
rate control, but there are circumstances in which the clinician 
may change aspeas of care based on the results of the test.24 

In patients with three or more di11ical risk faaors, the 
surgery-specific cardiac risk is important. The surgery-specific 
cardiac risk (Table 16-4) of noncardiac surgery is related to two 
importaJ1t factors. First, the type of surgery itself may identify 
a patient with a greater likelihood of w1derlying heart disease 
and higher perioperative morbidity ru1d mortality. Perhaps the 
most extensively studied example is vascular surgery, in which 
underlying CAD is present in a substantial portion of patients. 
If the patient is ltndergoing vascular surgery, testing should only 
be considered if it will change mru1agemem. Other types of 
surgery may be associated with similar risk to vascular surgery 
but ha.ve not been studied extensively. For nonvascular surgery, 
the degree of hemodynamic cardiac stress dictates the surgery
specific risk. Depending on the noncardiac surgical procedure, 
it may be associated with profound alterations in heart rate, 
blood p ressure, vascular volun1e, pain, bleeding, clotting tenden
cies, oxygenation, neurohumoral activation, and other perturba
tions. The intensity of these coronary and myocardial stressors 
helps determine the likelihood of perioperative cardiac events. 

Table 16-4 cardiac Risk* Stratification for Noncardiac Surgi
cal Procedures -----
RISK STRATIFICATION 
Vascular (reported cardiac 
risk often more than 5%) 

lntennediate (reported 
cardiac risk generally 1% to 
5%) 

low (reported cardiac risk 
generally less than 1%)1 

PROCEDURE EXAMPLES 
Aortic and other major vascular 
surgery; peripheral vascular surgery 

Intraperitoneal and intrathoracic 
surgery; carotid endarterectomy; head 
and neck surgery; orthopedic surgery; 
prostate surgery 

Endoscopic procedures; superficial 
procedure; cataract surgery; breast 
surgery; ambulatory surgery 

*Combined incidence of cardiac death and nonfatal myocardial infarction. 
IThese procedures do not generally require further preoperative cardiac testing. 
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1l1e perioperative morbidity related to the procedures ranges 
from 1% to 5%. In these patients, who are considered ready to 
wJdergo intermediate-risk surgery, there are insufficient data to 
determine the best strategy-proceeding with the planned 
surgery with tight heart rate control with beta blockade or 
funher cardiovascular resting if ir will change management. 

Hypertension is a common disorder that can be associated 
with end-organ damage. relative hypovolemia and, if inade
quately treated, intraoperative blood pressure lability. In hyper
tensive patients, assessment of cardiovascular, neurologic, and 
renal fuJJction is necessary to quantify the extent of end-organ 
impairment. The preoperative antihypertensive regimen and 
compliance wi'rh that reginlen should be reviewed preopera
tively. In general, antihypertensive medications are continued 
throughout the perioperative period. 

Numerous investigators have assessed the efficacy and 
safety of beta blockers in the management of cardiovascular 
disease during the perioperarive period. Current studies have 
suggested that beta blockers reduce perioperative myocardial 
ischemia and may reduce the risk of Ml and cardiovascular death 
in high-risk patients. However, recent results reported in the 
POISE trial have shown that the routine administration of 
higher dose, long-acting metoprolol on the day of surgery iJ1 
patients who have previously not received beta blocker therapy, 
and in the abse~nce of dose titration, is associated with an overall 
increase in mortality related to hypotension and stroke.~5 

However, the POISE resuits do not address continuation of beta 
blockers in patients undergoing surgery who are receiving beta 
blockers for ACCF/AHA class I guideline indications. Currently, 
the ACC Foundation {ACCF)/ AHA recommends continuation 
of beta blocker therapy in those patients. In addition, available 
evidence suggests, but docs not defiJJitivdy prove that when 
possible, and where indicated, beta blockers should be started 
days to weeks before elective surgery. 1l1e dose should be titrated 
peri operatively to aclueve adequate heart rate control to increase 
the likelihood that the patient will receive the benefit of ACCF/ 
AHA blockade while seeking to mi11lmize the considerable risks 
of hypotension and bradycardia seen in POISE. T itrated rate 
control with ACCF/ AHA blockers should continue duru1g the 
intraoperative and postoperative periods. These assertions have 
been supported! by a recent prospective trial, which reported that 
perioperative administration of ACCF/AHA blockers according 
to the Perioperacive Cardiac Risk Reduction protocol was asso
ciated with decreased 30-day and 1-year mortality, whereas peri
operative withdrawal of ACCF/AHA blockers was associated 
with increased morraljty_26 However, routine administration of 
high-dose ACCF/AHA blockers in the absence of dose titration 
for patients undergoing noncardiac surgery is not useful, may 
be harmful, and caJJnot be advocated, according to ACCF/ AHA 
recommendations.24 

Endocarditis Prophylaxis 
Some patients with congenital or valvular heart disease are at 
increased risk for the developmellt of infective endocarditis (IE). 
1l1e AHA previously proposed long-standing guidelines that 
recommended antibiotic prophylaxis for patients at risk for the 
development of TE who underwent dental, urinary, ga~ troi ntes
tinal, or respirarory surgical procedures. However, the AHA 
guidelines for endocarditis prophylaxis were changed signifi
cantly in 2007.27 Tl1e new recommendations are based on more 
recent research indicating that the chance of developing IE is 

I 
Prosthetic cardiac valve or prosthetic material used for cardiac 

valve repair 
Previous infective endocarditis 
CHD* 

• Unrepaired cyanotic CHD, including palliative shunts 
and conduits 

• Completely repaired congenital heart defect with 
prosthetic material or device, whether placed by 
surgery or cathe te r intervention, during first 6 mo after 
proceduret 

• Repaired CHD with residual defects at site or adjacent 
to site of prosthetic patch or prosthetic device, which 
inhibit endothelialization 

Card iac transplantation recipients who develop cardiac 
valvulopathy 

I 
"Except for the conditions listed, antibiotic prophylaxis is no longer recommended 
for any other fonn of CHD. 
tprophytaxis is reasonable because endothelialization of prosthetic material 
occurs within 6 months after the procedure. 

mucb more likely to result from random bacterenuas caused 
by daily activities sucl1 as chewing and tooth brushi11g, racl1er 
than as a result of bacteremia generated by dental and surgica\ 
procedures. Tl1erefore, antibiotic prophylaxis is not recom
mended based solely on an i11creased Lifetime risk of developing 
IE and should be reserved for patients at highest risk (Box 16-4). 
Th.e AHA panel has recommended that antibiotic prophylaxis is 
reasonable for dental procedures that involve mar1lpulation of 
gingival tissues, periapical region of teeth or perforation of oral 
mucosa, ru1d respiratory tract procedures or procedures that 
mar1lpulate infected skin or musculoskeletal structures in 
patients at highest risk. Antibiotic prophylaxis solely to prevent 
IE is not recommended for getu tourinary (GU) or gastrointes
tinal {GI) tract procedures. For recommended procedures and 
indications, oral amoxicULin is the drug of choice. Alternative 
drugs and routes are recommended for patients w1able to take 
oral medications or those with penicillin allergy {Table 16-5). 

Pul1110nary Disease 
Surgical patients often have obstructive or restrictive pulmonary 
disease. l11e preoperative history focuses on fi.mctional status, 
exercise tolerance, severity of the disease, and current medica
tions'" Recent worsening of symptoms needs to be closely evalu
ated. A thorough cl1est physical examination must be performed. 
Findings on the lustory and physical examination, as well as an 
understanding of the planned surgical procedure, suggest 
appropriate preoperative testing, which may include chest radi
ography, arterial blood gas analysis, and pulmonary function 
testing. The goal of preoperative evaluation is to detect and treat 
reversible pulmonary pathology, optimize medical mru1agement, 
ru1d allow plru111ing for postoperative ventilatory support, if 
indlc.ated. 

The periopcrarive risk associated with preexisting pulmo
nary disease has been extensively studied. Qaseem and cowork
ers,28 reviewing the topic of preoperative pulmonary evaluation, 
identified patient-related risk factors, factors related to the 
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Table 1~5 Regimens for a Dental Procedure 

SITUATION 

Oral 

AGENT 
Amoxicillin 

Regimen (Singte Dose 30-60 min 
Before Procedure) 
ADULTS CHILDREN (MG/KG) 

2g 50 

Unable to take oral medication Ampicillin or celazolin or ceftriaxone 2 g IM or IV 50 IM or IV 
1 g IM or IV 50 IM or IV 

Allergic to penicillins or ampicillin. oral 2g 50 
20 

Cephalexin*l or 
Oindamycin or 
Azithromycin or clarithromycin 

600mg 
500mg 15 

Allergic to penicillins or ampicillin and 
unable to take oral medication 

Cefazolin or ceftriaxonef or 
Oindamycin 

1 g IM or IV 50 IM or IV 
600 mg IM or IV 20 IM or IV 

*Or other first- or se<ond-generation oral cephalosporin in equivalent adult or pediatric dosage. 
'Cephalosporins should not be used in an individual with a history of anaphylaxis, angioedema, or urticaria with penicillins or ampicillin. 

Table 1H Risk Factors Associated With Postoperative Pul-
_monary Compli(ations ___________ _ 
PATIENT- RELATIVE RISK 
ASSOOATED ASSOCIATED 
RISK FACTORS WITH FACTOR 
Age> 60yr 2.1-3.0 

Functional 2.5 
dependence 

ASA class> II 4.9 

Congestive 2.9 
heart failure 

Smoking 1.3 

Obesity 1.3 

COPD 1.8 

PROCEDURE
ASSOOATED 
RISK FACTORS 
Surgery > 3 hr 

General 
anesthesia 

Emergency 
surgery 

RELATM RISK 
ASSOCIATED 
WITH FACTOR 
2.1 

1.8 

2.2 

Modified from Qaseem A. Snow V, Frtterman N, et al: Risk assessment for strate
gies to reduce perioperative pulmonary complications for patients undergoing 
non-cardiovascular surgery: A guideline from the American College of Physicians. 
Ann Intern Med 144:'575-580, 2006. 

surgical site, and other factors related to surgery, such as the 
duration of surgery, the choice of general anesthesia, and intra
operative use of pancuronium (Table 16-6). Major patie.nt
associatcd risk factors arc ASA class higher than II, age older 
than 60 years, functional dependence, and presence of chronic 
obstructive pulmonary disease (COPD) or congestive heatt 
failure. A senLm albumin concentration less than 3.5 g/dL was 
also a strong predictor of pulmonary complications. Unadjusted 
rates of pulmonary complications were 27% and 7% in patients 
with low or normal serum albumin concentrations, respec
tively?9 Current smoking was a minor predictor of pulmonary 
complications. The presence of obesity or mild to moderate 
a~thma was not significantly associated with perioperative pul
monary compBcations. 

In a cohort of patients in wbom asd1ma wa~ diagnosed and 
who subsequently required surgery at the Mayo Clinic (general 
or regional anesthesia), perioperative bronchospasm was docu
mented in 1.7% (confidence interval [CI] 95%, 0.9% to 3%).30 

All attacks were treated successfully, and there were no episodes 
of pneumothorax, pnewnonia, or death. The risk was highest 
in patients who were older, had recently used antiasthrnatic 
medications, had recent a~thma symptoms, and had recently 
required physician attention for bronchospasm or required 
hospitalization:~ 1 

The other major factors predicting perioperative pulmo
nary complications are related to surgical and anesthetic inter
ventions and include surgery lasting longer than 3 hours, 
emergency surgery, and use of general anesthesia. Procedures 
with an increased risk for pulmonary complications include 
abdominal surgery, thoracic surgery, neurosurgery, head and 
neck surgery, and vascular surgery. 

Pulmonary fuJlction testing remains controversial, iJ1 part 
because of cl1anging expectations regarding the ability of patients 
with chronic pulmonary disease to tolerate extensive surgery. 
Pulmonary function testing has variable predictive value, cannot 
define a threshold above which the risk associated with surgery 
is prohibitive, and identifles no group at high risk but without 
clinical evidence ofpulmonary disease. Arterial blood gas analy
sis also does not identify a group for whom the risk of surgery 
is prob.ibitive. Spirometry may be helpful for a patient who has 
unexplained cough, dyspnea, or exercise intolerance or if there 
is a question regarding optimal improvement of airflow obstruc
tion. Warner and colleagues30 have compared 135 patients who 
had Lmdergone spirometry, were undergoing abdominal surgery, 
and met objective criteria for obstructive pulmonary disease 
(mean forced expiratory volume in I second, 0.9 ± 0.2 liters) 
wi th 135 patients matched for gender, surgical site, smoking 
history, and age. Although there was a significantly greater inci
dence of bronchospasm, the incidence of prolonged endotra
cheal intubation, prolonged intensive care unit admission, or 
readmission wa~ no differenr. These results have been reiterated 
in the meta-analysis performed by Qaseem and associates.'8 

Renal and Hepatic Disease 
Renal and hepatic dysfunctions alter the metabolism and dispo
sition of many anesthetic agents, as weU as impair many systemic 
functions. Patients with acute renal or hepatic insufficiency do 
no undergo elective surgery until these conditions can be ade
quately stabilized. Cbronk renal insufficiency (CRI) provides 
many perioperative management challenges, including acid
base abnormalities, electrolyte disturbances, and coagulation 
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disorders. A thoro ugh history must include the cause of CRI, 
presence of systemk complications related to CRI, and other 
systemic diseases. Current dai~, urinary outpm, type and fre
quency of dialysis, and dialysis-related complications must also 
be evaluated. The physical examination focuses on identifying 
systemic complications of CRL, including evidence of altered 
volume status, coagulopathy, anemia, pericardia! effusion, and 
encephalopathy. Laboratory evaluation includes assessment of 
anemia, electrolyte abnormalities, coagulopathy, and cardiovas
cular disease. Dialysis is performed 18 to 24 hours before surgery 
to avoid the fluid and electrolyte shifts that occur immediately 
after dialysis. 

A patient with chronic liver disease poses many perlopera
tive challenges. The presence of liver disease alters anesthetic 
drug metabolism and hypoalbuminemia increases the free frac
tion of many dlrugs, thus making these patients sensitive to the 
acute and long-term effects of many anesthetics. The periopera
tive risks associated with anesthesia and surgery are dependent 
on the severi ty of hepatic dysfunction. The preoperative evalua
tlOJ1 focuses on hepatic synthetic and metabolic function and 
presence of coagulopathy, encephalopathy, and ascites, as well as 
nutritional status of the patient. 

Nutrition. Endoainology. and Metabolism 
Diabetes mellitus warrants discussion because of its high prev
alence ru1d potential for comorbidity. Preanesthetic evaluation 
tocuses on the duration and type of diabetes, as well as the 
current medical regimen. Review of end-organ function with 
emphasis on autonomic dysfunction, cardiovascular disease, 
renal insufficiency, retinopathy, and neurologic complications 
is mru1datory. Patients with diabetes are considered to have 
delayed gastric emptying and to be at risk for gastroesophageal 
reflux. Perioperative plasma glucose levels need to be well con
trolled, yet hypoglycemia must be prevented. Appropriate 
control of perioperative blood sugar in diabetics is difficult to 
define. Over rhe long term, there is compelling evidence of a 
correlation between hyperglycemia ru1d long-term diabetic 
complications. [t is much less clear whether blood sugar must 
be tightly controiJed duriJ1g the acute stress of surgery. 
However, cl1ere is a strong correlation between mortality and 
tight control of glucose in critically ill patients, including sur
gical patients.32 

ln diabetic patients w1dergoing surgery, several principles 
of mru1agement are generally accepted: 

1. Substitute shorter acting for longer acting insulin. 
2. Provide a reduced dose of insulin on the morning of 

surgery. 
3. Once a diabetic who is receiving nothing by moucl1 

(NPO) is given insulin, provide glucose in IV fluids. 
4. In patients with type 2 diabetes, long-acting sulfonyl

urea drugs such as chlorpropamide are stopped and 
shorter acting agents are substituted. 

5. Metformin is always stopped because of a slight risk 
for peri operative drug-induced lactic acidosis. Periop
erative insulin requiren1ents vary, depending on body 
weight, Uver disease, steroid therapy, infection, aJld 
whether cardiopulmonary bypass surgery bas been 
performed. 

Patients who have received systemic glucocorticoids 
during the yeaJr before surgery may not be able to respond to 
surgical stress adequately. Because of the remote risk for 

adrenal insufficiency during aJ1esthesia, patients who receive 
chronic glucocorticoids generally recdve perioperative gluco
corticoid coverage. Recommendations regarding identification 
of patients at risk and appropriate dosing were formerly based 
on anecdote. Newer recommendations are based on the preop
erat ive dosage of glucocorticoid, duration of therapy, and type 
of surgery. For minor surgical st ress, the equivalent of 25 mg 
of hydrocortisone on the operative day is recommended; for 
moderate surgical stress, 50 to 75 mg equivalent for 1 to 2 
days; and, for major surgical stress, 100 to 150 mg/day for 1 
to 3 days. 

Fasting Before Surgery 
Pulmonary aspiration of gastric contents during a11esthesia is an 
uncom mon, but serious complication. To prevent a~piration, 
NPO guidelines have been developed for patients scheduled for 
ru1esthesia and surgery. Traditionally, orders for "NPO after mid
night" forbade any intake of liquids ru1d solids. However, apply
ing the san1e guidelines for clear Liquids (gastric emptyi11g time, 
1 to 2 hours) and solids (gastric emptying time, 6 hours) has 
been questioned. The ASA adopted guidelines iJ1 1998 that: 
recommended a minimum fasti ng peri.od of 2 hours after cl1e 
iJ1gestion of clear liquids and 6 hours for soHds and nonclear 
liquids, such as milk or orru1ge juice (Box 16-5). Clear liquids 
are defined as liquids cl1at cru1 be seen through and do not 
contain solids or particulates. The routine use of GI stimulants, 
gastric acid secretion blockers, antacids, and antien1.etics is not 
recommended. However, many patients have medical condi
tions that cause decreased gastric emptying. In these patients, 
the use of agent~ to improve gastric emptying and neutralize 
gastric acid may be warranted. ln addition, precautions are .insti
tuted to decrease the risk for aspiration duril1g anescl1esia in 
patients Lmdergoing emergency procedures. 

The reported incidence of aspiration during anesthesia in 
various swdies has varied from 1.4 to 11/10,000 anesthetic 
procedures. A higher incidence has been noted during emer
gency surgery a11d in patients with underlying disease processes 
that cause decreased gastric empryil1g. Interestingly, some reports 
have suggested that aspiration is at least as common during 
emergence from aJlesthesia as duril1g the induction phase. O f 
patients in whom aspiration is suspected, less cl1an 50% exhibit 

Ingested Material (Minimum Fasting Period) 
dear liquidst (2 hr) 
Breast milk (4 hr) 
Infant formula (6 hr) 
Nonhuman milk (6 hr) 
Solid food (6 hr) 

Adapted from Practice guidelines for preoperative fasting and the use of pharma
cologic agents to reduce the risk of pulmonary aspiration: Application to healthy 
patients undergoing elective procedures: A report by the American Society of 
Anesthesiologist Task Force on Preoperative Fasting. Anesthesiology 90:896-905, 
1999. 
*To reduce the risk of pulmonary aspiration; applies to healthy patients under
going eleaive procedures. 
'Examples of dear liquids are water, fruit juices without pulp, black coffee, dear 
tea, carbonated beverages. 
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evidence of pulmonary injury and approximately one third of 
patients require postoperative intubation and ventilation. Most of 
these patients were extubated witnin 6 hours of surgery. Approx
imately 10% of patients required intubation and ventilation for 
24 homs or longer. Approximately 50% of patients requiring 
ventilation for longer rhan 24 hours after aspiration of gastric 
contents died of pulmonary complications. 

Assessment of Physical Status 
The ASA has developed a graded descriptive scale to categorize 
preoperative comorbidity. The classification is independent of 
operative procedure and serves as a standardized method of 
communicating patient physical status to anesthesiologists and 
other health care providers. Patients are categorized as follows: 
ASA f- No organic, physiologic, biochemical. or psychiat

ric disturb.ance. 
ASA II-A patient with mild systemic disease that results 

in no fuJlctional limitation. Exan1ples are well
controlled hypertension ru1d uncomplicated diabetes 
mellitus. 

ASA IIJ-A patient with severe systemic disease that results 
in fwKtional impairment. Exan1ples a re diabetes mel
~tus with vascular compHcations, previous Ml, and 
tmcontroUed hypertension. 

ASA TV-A patient with severe systemic disease that is a 
constant threat to life. Examples are congestive heart 
failure ru1d unstable angina pectoris. 

ASA V-A moribw1d patiem who is nor expected ro 
survive, with or without the surgery. Examples are 
ruptured aortic ru1eurysm and intracranial hemor
rhage with elevated ICP. 

ASA Vl- A declared brain-dead patient whose organs are 
being harvested for uansplru1tation. 

£-Emergency surgery is required. For example, ASA. IE 
represents an otherwise healthy patient undergoing 
emergency appendectomy. 

SELECTION OF ANESTHmC TECHNIQUES 
AND DRUGS 
Selection of anesthetic techniques and drugs begins with the 
preoperative anestbetic evaluation. Recognition of important 
preexisting conditions and chronic medication use may suggest 
that certain approaches are preferable. The requirements of the 
smgical procedure ru1d surgeon are d1en considered: 
• What is the operative site? 
• How will the patient be positioned? 
• What is the expected duration of surgery? 
• Is the patienr expected to return home after an ambulatory 

procedure or is hospital admission runicipated? 
• Finally, in this era of cost constrai.nrs, are the costs of newer 

drugs justified by probable clinical benefit? 
Evidence of the increasing safety of anesthesia is the fact that 
multiple options can often be used safely ru1d effectively for the 
same procedure and the same patiem. 

After completing the preanesthetic evaluation, the anesthe
siologist discusses various options regarding ru1cstbetic care with 
the patient. Together, sometimes with input from the patient's 
surgeon, the anesthesiologist and patient choose an ru1esthedc 
technique. Continued progress in the pharmacology of anes
thetic drugs, improvements in the accuracy and applicabiJjty of 
monitoring devices, and parallel in1provements in the 

management of chronic disease processes have resulted in the 
abili ty to customize the anesthetic management of individual 
patients extensively. 

Risk of Anesthesia 
Patiem s often desire information regarding the risk of death or 
major complications associated with ru1esthesia. However. 
because perioperative death and major complications have 
become so uncommon, the risk associated wi th ru1esthesia is 
difficult to quantify. The risk for cardiac arrest attributable to 
anesthesia appears to be less than 1110,000 cases.33•

14 Scbwilk 
and coworkers35 have prospectively studied preoperative risk 
factors as predicrors of perioperative adverse events in 26,907 
patients undergoing noncardiac surgery. ln this study, 14 vari
ables proved to be independent risk factors, including gender. 
age, ASA status, general condition, nutritional state, coronary 
disease, airway and lung pathology, Mallampati classification, 
fluid and electrolyte balance, metabolic state, grade of urgency, 
operative site, duration of surgery, and anesthetic technique 
(lower risk with regional thru1 with general ru1esthesia). With the 
use of a point system, patients could he reliably separated into 
low- and high-risk groups. 

Because so many surgical procedures are now performed 
without admission to the hospital, d1e risk associated with 
ambulatory anesthesia is particularly important. To assess this 
risk, 38,598 patients who bad undergone 45,090 consecutive 
ambulatory smgical procedures were contacted withiJ1 72 hours 
and 30 days of surgery (99.94o/o and 95.9% of patients, respec
tively). No patient died of a medical complication within 1 week 
of surgery.36 1l1e to tal death rate was 1/J 1,273 (fom deaths), 
and tl1e total compllcation rate was 1/1366. 

Selection of a Specif"K Technique 
The first step in selecting a specific anesthetic technique for an 
individual patient is to consider whed1cr the procedure can be 
appropriately performed with mnnitored anesthesia care (also 
sometimes abbreviated as MAC, but which must be distin
guished ftom d1e identical abbreviation for minimum alveolar 
concentration), regional anes thesia (including regional upper 
and lower extremity blocks, subarachnoid blocks, and epidural 
ru1esthesia), or general aJ1esd1esia. Monitored aJ1esd1esia care 
supplements local anesthesia performed by surgeons. Anesthesi
ologistS usually participate because aJl individual patient o r pro
cedure requires nighex doses of potent sedatives or opio ids or 
because an acutely or chronically ill patient requires close mon
ito ring and hemodynanuc or respiratory support. Regional anes
thesia (see Iacer) is useful for operations on tbe upper and lower 
extremities, pelvis, ru1d lower part of the abdomen. Other pro
cedures, sucl1 as carotid endarterectomy ru1d so-called awake 
craniotomy, can also be successfully performed Lmder a regional 
or field block. Patients receiving regional anesd1esia can gener
ally remain awake and, if needed, can receive IV sedation or 
ru1algesics. Although regional aJlesthesia avoids general anesthe
sia and intuitively appears to be safer, hazards specific to regional 
anesthesia must be considered. Such hat.ards include, among 
others, post-dural puncture headache, local ru1esthetic toxicity, 
ru1d peripheral nerve injury. ln addition, an inadequate regional 
anesthetic may require rapid transition to beavy sedation nr 
general anesthesia. 

General ru1esthesia is a reversible state of Wlconscious
ness. Although the mecha1usm of general anesthetics remains 

"0 
m 

"" 0 
"0 
m 

~ 
< m 

~ 
~ 
m 
s:: 
m z 
-t 

http://www.myuptodate.com


404 SECTION II PERIOPERATIVE MANAGEMENT 

speculative and controversial, the four components of general 
anesthesia-amJ1esia, analgesia, inhibition of noxious reflexes, 
ru1d skeletal muscle relaxation-are usually achieved in 
modern ru1esiliesia by a combination of IV anesthetics and 
ru1algesics, inhalational ru1esthetics and, frequently, muscle 
relaxams. Because the drugs that produce these components 
cause desirable and undesirable physiologic changes, the phar
macologic effe.cts of these agents must be matched to the 
pathophysiology of the patient's medical problems. The major 
adverse changes associated wim anesthetic drugs are respi ra
tory depression, cardiovascular depression, ru1d loss of airway 
maimenance and protection. Lmportant complications of 
general ru1esthesia include hypoxemia (with possible central 
nervous system [CNS] damage), hypotension, cardiac arrest, 
and aspiration of acidic gastric contents, which can lead to 
severe puhnonary damage. Dental dan1age is more frequent 
but not life-ilireatening. 

Regardless of the suitabil ity of a particular technique for a 
specific surgical procedure, o ther factors, including the patient's 
preferences, must be considered. For example, regional anesthe
sia might not be chosen if a patient were extremely anxious or 
could not communicate effectively because of a language barrier. 
Monitored anestl1esia care might be inappropriate if a patient 
were wilikely to lie quietly during delicate or prolonged surgery. 
Any procedure planned under regional anesthesia or monitored 
anesiliesia care can require conversion to general anesiliesia if 
cl1e original choice proves unsatisfactory. 

AIRWAY MANAGEMENT 
Airway management is perhaps the most critical skill in rules
thesiology. As noted, the preoperative evaluation focuses on 
recognition of patients who may be difficult to mask-ventilate 
or intubate. Knowledge of and skill witl1 various techniques for 
establishment of a patent airway constitutes the central group 
of skills cri tical for the safe practice of anesthesiology. Fortu
nately, the incidence of difficult incubations is low. Difficult 
direct laryngoscopy occurs in 1.5% to 8.5% and failed intuba
tion occurs in 0.13% to 0.3% of general anesrnetic procedures. 
1l1e laryngeal mask airway, Combitube, lighted stylet, Bullard 
laryngoscope, and GlideScope are developments that have made 
ventilation and intubation possible for many patients who have 
fai led intubation wi th a conventional laryngoscope. 1l1e fiber
optic bronchoscope is ru1 additional tool for the management of 
a difficult airway. 

Because of the importance of a prompt effective response 
to difficult intubation, me ASA has developed guidelines for 
managing difficult airways (Fig. 16-3). A key factor is the 
initial airway exanlination and recognition of patients with 
potentially difficult airways. If tbe physiciru1 suspects that 
mask vemilation and tracheal intubat.ion wi11 be difficult, it is 
recommended that spontaneous ventilation he preserved. 

Approaches to cl1ese patients include awake intubation o r use 
of anestl1etic teclmiques that preserve spontaneous ventilat ion. 
In some cases, establishment of a surgical airway in an awake 
patient under local anesthesia may be iJ1dicated. However, 
some patients are found to l1ave a difficult ai rway only after 
anesrhesia and muscle relaxation have been induced. 1l1is is an 
emergency situation that must be rectified quickly to avoid 
hypoxemia. braiJ1 injury. and/or death. A variety of airway 
adjuncts are available to preserve ventilation and facilitate tra
cl1eal intubation under emergency conditions. The physician 
always must call for assistru1ce in these situations to optimize 
patient care and consider reestablishment of spontaneous ven
tilation. It is essential to have alternate means for securing the 
airway available for all patients in rlle event of an unantici
pated difficult airway. 

REGIONAL ANESTHESIA 
Regional anesthesia is an attractive ru1esthetic option for many 
types of operative procedures and can provide exceiJent postop
erative pain management Ul select patients. H owever, Uke any 
ru1esthetic technique, ilie risks and benefits associated with 
regional ru1escl1esia must be assessed for each individual. Several 
regim1al tedmiques are in common usc, including spinal, epi
dural, and peripheral nerve blocks. Each technique has specific 
benefits and risks, which depend in part on the choice of local 
ru1esilietic drugs. 

Local Anesthetic Drugs 
Local anesthetics have played a critical role in intraoperative 
anesthesia, almost since tl1ey were first described. The two classes 
of local anesthetic drugs in common use are ruuino esters and 
amino amides, often referred to as esters and runides. The medl
anism of action of local anesthetics is dose-dependent blockade 
of sodium currents in nerve fibers. Local anesthetic drugs differ 
in terms of d1eir physicochemical characteristics. Of mese d1ar
acteristics, the most important are pK., protein binding, and 
degree of hydrophobicity. pK. refers to the pH at which half tl1e 
drug exists in me basic uncllarged foml ru1d half exists in tile 
cationic form. ln general, agents witl1 a lower pK. have a faster 
onset than agents with a higher pK.. alt!1ough some agents, such 
as chloroprocaine, cru1 be given at much higher concentrations, 
cl1ereby offsetting the effects of a high pi(.. Because aU com
monly used local ru1esrhetics have relatively high pK. values, d1ey 
are largely ineffective in acidotic (inflamed) environments, in 
which local anesd1etics exist prin1arily in the ionized form, 
which does not penetrate nerves. ln general, greater hydropho
bicity is associated with greater potency, and iJ1creased protein 
binding correlates witl1 a longer duration of action. The speed 
of onset, duration of action, and typical doses of agents com
monly used for regional anesrllesia or local anescl1esia are sum
marized in Table l6-7. 

FIGURE 16-l ASA difficult airway algorithm. The likelihood and clinical impact of basic management problems such as difficult intubation. 
difficult mask ventilation, and diffiOJity with patient cooperation or consent should be assessed in all patients for whom airway management 
is being contemplated. The clinician should consider the relative merits and feasibility of basic management choices, including the use ot awake 
intubation techniques, preservation of spontaneous ventilation, and use of surgical approaches to establish a secure airway. (From American 
Society of Anesthesiologists Task Force on Management of the Difficult Airway: Practice guidelines for management of the difficult airway: An 
updated report by the American Society of Anesthesiologists Task Force on Management of the Difficult Airway. Anesthesiology 98:1269-1277. 
2003.) 
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DIFFICULT AIRWAY ALGORITHM 

1. Access the likelihood and clinical impact of basic management problems: 
A. Difficult ventilation 
B. Difficult intubation 
C. Difficulty with patient cooperation or consent 
D. Difficult tracheostomy 

2. Actively pursue opportunities to deliver supplemental oxygen throughout the process of difficult airway management 
3. Consider the relative merits and feasibility of basic management choices: 

A Awake Intubation attempts after induction 
intubation vs. of general anesthesia 

8 

c 

Non-invasive technique for 
initial approach to intubation 

Preservation of spontaneous 
ventilation 

vs. 

vs. 

Invasive technique for initial 
approach to intubation 

Ablation of spontaneous 
ventilation 

4. Develop primary and alternative strategies: 

Awake intubation 

~ 
I 

l 
Intubation attempts after 

induction of general anesthesia 

I 
Airway approached by 
noninvasivf intubation l Invasive 

airway access!I>J• 
~ 

Initial intubation 
attempts successful* 

~ 
Initial intubation 

attempts unsuccessful 

Succeed* "Fail" 

+ l 
From this point 

onwards consider: 
1. Calling for help 

Cancel 
case 

Consider feasibility 
of other options(a) 

Invasive 
airway access!I>J• 

2 . Returning to spontaneous 
ventilation 

3. Awakening the patient 

Face mask ventilation adequate 

I 
Face mask ventilation not adequate 

~ 
Consider/attempt LMA 

I 

LMA adequate• LMA not adequate 
or not feasible 

Non-emergency pathway -------------' Emergency pathway ..__..j 
Ventilation not adequate, Ventilation adequate, 

intubation unsuccessful 
J. 

Alternative approaches 
to intubation<cJ 

r t 

If b oth 
face mask 
and LMA 

ventilation 
become 

inadequate 

intubation unsuccessful 
J. 

Call for help ---. 

• t Successful 
intubation• 

"Fail" after 
multiple attempts 

+ 
=y-

Emergency non-invasit e airway ventilation <eJ I 
Successful ventilation• "Fail" 

' L Invasive 
airway access(bJ• 

Consider feasibility 
of other options<aJ 

Awaken Emergency 
patient{CIJ invasive airway 

access!bJ• 

•confirm ventilation, tracheal intubation, or LMA placement with exhaled C0 2 
a. other options indude (but are not lirrited to): surgery utilizing face 

mask o~ LMA anesthesia, local anesthesia infiHrallon or regional 
nerve bloc,kade. Pursun of these options usually Implies that mask 
ventilation will not be problematic. Therefore, these oplions may be 
ol llmite<l value ~ this step in the algorithm has been reached via 
the Emergency Pathway 

b. lnvaslve airway access includes surgical or percutaneous 
tracheostomy or cricolhyrolomy. 

c. AHernatlve noninvasive approaches to d~llcuH intubation include (but are not Urrited to): 
use o1 different larynga;cope blades, LMA as an intubation coodun (with or without 
liberoplic guidance), fiberoptic intubation, Intubating stylet or tube changer, light wand, 
retrograde intubation, and blind oral or nasal intubation. 

d. Consider repreparation of the patient lor awake intubation or canceling surgery. 
e. Oplions lor emergency non-invasive airway ventilation include (but are not limited to): rigid 

bronchoscope, esophageal-tracheal cornbitube ventilation, or transtracheal )et venfiialion. 

"0 
m 
;;>0 

0 
"0 
m 
;;>0 

~ 
< m 

http://www.myuptodate.com


406 SECTION II PERIOPERATIVE MANAGEMENT 

When used for regional anesd1esia, the toxicity of local 
anesthetics is dependent on the site of injection and speed of 
absorption. Inadvertent intravascular injection oflocal anesthet
ics will produce toxicity wi th much sma!Jer doses. The main 
symptoms of local anesthetic toxicity involve the CNS and 
cardiovascular system. 'TI1e earliest signs of an overdose or inad
vertent intravascular injection are numbness or tingling of the 
tongue or lips. a metallic taste, light-headedness, rimtitus, and 
visual disturbances. Signs of toxicity can progress to slurred 
speech, disorientation, and seizures. W iili higher doses of local 
anesthetics, cardiovascular coUapse will ensue. 

The best defenses against local anesilietic toxicity are aspi
ration to derea LLn plarme<l vascular em ry before injecting Large 
doses of local anesthetics and knowledge of the maximal safe 
dose of the d.rrug being injected. Adding epinephrine, which 
slows absorption, also decreases the likelihood of a. toxic response 
secondary to rapid absorption. 'TI1e primary treatments of local 
anesthetic toxicity are oxygen and airway support. lf a seizure 
does not terminate spontaneously, a benzodia.zepine (e.g., mid
azolam) or thiopental is given. Cardiovascular support may be 
needed. Recenil: studies have shown that the administration of 
an intralipid may be effective in treating local anesilietic 
toxicity.3c;. However, current evidence is based on smaU clinical 
reports and animal studies. The true clinical efficacy of that 
approach remains to be firmly established. 

Cardiovascular toxicity from bupivacaine may be particu
larly diffi cult to treat. One approach intended to reduce the 
cardiovascular toxicity of bupivacaine, a racemic mixmre of 
the levo and dextro isomers, has been to produce a solution 
consisti11g of only the Levo isomer. ln heald1y male volunteers. 
slow rv in fusion of levobupivacaine reduces the mean stroke 
index, acceleration index, and ejection fraction less than racemic 

bupivacaine. Ropivacaine, a newer potent amide local anes
thetic, was compared with bupivacaine and lidocaine in volun
teers receiving a slow IV infusion untU CNS symptoms first 
occurred. Ecbocardiograpby and electrocardiography were used 
to quantify systolic, diastolic, and electrophysiologic effects. 
Bupivacaine increa.<>ed QRS width during sinus rhythm as com
pared with the other two treatments and reduced systolic and 
diasto lic fw1ction. whereas ropivacaiJ1e reduced only systolic 
function. The anesd1etic properties of ropivacalne are similar 
to bup.ivacaine a.J1d, based on its decreased toxicity profile, 
it is commonly used as an alternative to bupivacaine by ma.Jl}' 
physicians. 

Spinal Anesthesia 
Spinal anesthesia or subarachnoid block has many applications 
for urologic. lower abdominal, perineal, and lower extremity 
surgery. Spinal anesthesia is induced by me injection of local 
anesthetic, with or without opiates, into the subarachnoid space. 
A well-performed subarachnoid block provides excellent sensory 
and motor blockade below the level of the block. The block 
genera.Uy has a relatively rapid a.Jld predictable onset. Several 
factors determi ne tl1e level, speed of onset, a11d duration of 
spinal blc>ekade. 
1. Local anesd1etic agent. Local anesthetics have varying 

potencies, durations of action, and speeds of onset after 
subarachnoid administration. Typical doses and durations 
of action are shown in Table 16-8. 'TI1ese properties are 
determined by the lipid solubili ty, protein binding, and 
pK. of each agent. 

2. Volume and dose of tl1e local a.J1esd1etic. Increasing tl1e 
dose will gencra.Uy increase d1e exten t of cephalad spread 
and duration of subarachnoid blockade. Rapidly injecting 

Table 16-7 Important Olaracteristics of Local Anesthetics for Major Nerve Blocks ----------------------------
AMINO AMIDE OR SPEED OF ONSET DURATION OF ACTION MAXIMAL DOSE* 

LOCAL ANESTHETIC AMINO ESTER (MIN) (MIN) (AXILLARY BLOCK) (MG/KG) 
Lidocaine Amino amide 10-20 60-180 5 

Mepivacaine Amino amide 10-20 60-180 5 

Bupivacaine Amino amide 15-30 180-360 3 

Ropivacaine Amino amide 15-30 180-360 3 

011oroprocaine Amino ester 10-20 30·50 Not generally used 

*Maximal dose without epinephrine. Doses of lidocaine and mepivacaine can be increased to 7 to 8 mglkg if epinephrine is added. Lower doses may be toxic if infiltnted 
subcutaneously, as for intercostal nerve blocks; larger doses of lidocaine and mepivacaine may be tolerated if given by epidural injection. 

Table 16-8 Local Anesthetics Used for Subarachnoid Block 
USUAL CONCENTRATION USUAL VOLUME TOTAL DOSE GLUCOSE USUAL DURATION 

DRUG (~) (ML) (MG) BARIOTY CONCENTRATION (~) (MIN) 
Lidocaine 1.5, 5.0 1-2 30-100 Hyperbaric 7.5 30-60 

Tetracaine 0.25-1.0 1-4 5-20 Hypabaric 5.0 75-200 
0.25 2-6 5-20 H~baric 0 75-200 
1.0 1-2 5-20 Is ric 0 75-200 

Bupivacaine 0.5 2-4 10-20 Isobaric 0 75-200 
0.75 1-3 7.5·22.5 Hyperbaric 8.25 75·200 

From Berde CB, Strichartz GR: Local anesthetics. In Miller RD (ed): Anesthesia, ed 5, Philadelphia, 2000, Churchill Uvingstone, pp 491-522. 
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local anesthetic solutions leads to turbulent Bow and 
unpredictable spread. 

3. Patient position and local anesthetic baricity. Local anes
thetic solutions can be prepared as hypobaric, isobaric, or 
hyperbaric solutions. Cerebrospinal fluid (CSF) has low 
specific gravity (i.e., only slightly higher than that of water). 
Local anesthetic solutions prepared in water have a slightly 
lower specific gravity than CSF and will therefore ascend 
witllin CSE Plain local anesthetic solutions ate isobaric, 
and local anesthetics mixed in 5% dextrose are hyperbaric 
relative to CSF. TI1e baticity of the local anesthetic solution 
and position of the patient at the time of injection and 
umiJ the local anesthetic firmJy binds m nervous tissue will 
determine the level of block. For example, administration 
of hyperbaric bupivacaine at the low lumbar level to a 
patient in the sitting position will result in intense lumbo
sacral blockade. The longer the patient remains in the 
sitting position, the less the cephalad spread of the block. 

4. Vasoconstrictors. The addition of epinephrine, particularly 
to short-acting local anesthetics, will increase the duration 
of action. 

5. Addition of opioids. 1l1e addi tion of small doses of fentanyl 
(e.g., 20 J..lg} or morphine (e.g., 0.25 mg) wiJl prolong the 
duration of analgesia and increase the duration of analgesia 
and roleran·ce for tourniquet pain. 

6. Anatomic and physiologic factors. A higher than expected 
levd of spinal anesthesia can result from anatomic factors 
that decrease the relative volume of tl1e subaraclu10id space, 
such as obesity, pregnancy, increased intra-abdominal pres
sure, previous spine surgery, and abnormal spinal curva
mre. Older patients tend to be more sensitive to intrathecally 
injected local anesmetics. 
Spinal anesthesia provides the advantage of avoiding 

manipulation of the airway and potential complication of tra
cheal intubation, as wdJ as the potential side effects of general 
anesthetics such as nausea, vomiting, and prolonged emergence 
or drowsiness. Spinal anesthesia also provides advantages for 
several types of surgery, including endoscopic urologic proce
dures, particularly transurethral resection of the prostate, in 
which an awake patient provides a valuable monitor for assess
ment of hyponatremia or bladder perforation. Less confusion 
and postoperative delirium have been reported in older patients 
after repair of hip fracwres under spinal anesthesia. Lmamecal 
opiate administration can provide high-quality postoperative 
analgesia for patients undergoing abdominal, lower extremity, 
urologic, and gynecologic procedures. 

ln most cases, spinal anesthesia is administered as a 
single bolus injection. Therefore, the block is of linllted 
duration and is not sulrable for prolonged procedures. 1l1e 
practice of continuous spinal anesthesia wim the use of 
small-bore catherers has largely been abandoned hecause of 
neurologic complications associated with local anesthetic tox
icity. However, continuous spinal anestl1csia with relatively 
large-bore epidural catheters can provide the advantages of 
incremental titration and the ability to administer addi tional 
doses in select older patients. Unfortunately, tlus tecl1Jlique 
ha~ a high llkelihood of inducing a post-dural puncture 
headache i11 young patiems. 

Complications of subarachnoid block include hypoten
sion (sometimes refractory), bradycardia, post-dural puncture 
headache, transient radicular neuropathy, backache, urinary 

retention, infection, epidural hematoma, and excessive cephalad 
spread, resulting in cardiorespiratory compromise. Frank neuro
logic injury, although described with continuous techniques 
using small-bore catheters, is rare. Hypotension, which occurs 
as a consequence of sympathectomy, usually responds readily to 
fluids and small doses of pressors such as ephedrine. The efficacy 
of fluid preloading in providing prophylaxis against hypotension 
is controversial. 

Post-dural puncture headad1e occurs after a small propor
tion of subarachnoid blocl<s. Factors that increase its incidence 
include female gender, younger age, and larger needles. Epidural 
analgesia would appear to avoid the complication but, if the 
dura is: i.nadvertendy punctured, leaves a much larger dural rem. 
When compared with epidural anesthesia, spinal anestl1esia bas 
a quicker onset, is more predictably satisfactory for surgery, and 
is less frequently associated with backache. Transient radicular 
neuropathy, a painful but usually self-limited condition, bas 
become evident in association with an increase in enthll~iasm 
for d1e use of lidocaine for subaraci1J1oid block. 

When cardiac arrest results from excessive cephalad spread 
of subarachnoid block or protracted hypotension, cardiopulmo
nary resuscitation is notoriously difficult. Patients who suffer 
cardiac arrest during subarad1noid bl.ock have poor survival, 
possibly because me profound sympatlJectomy causes difficulty 
in generating adequate coronary perfusion pressure. Relatively 
large doses of epinephrine may be necessary to achieve adequate 
perfusion pressure during cardiopulmonary resusdtation after 
spinal anesthesia. Absolute comraindications to spinal anesthesia 
include sepsis, bacteremia, and infection at the site of injection, 
severe hypovolemia, coaguJopathy, therapeutic anticoagulation. 
increased ICP, and patient refusal. 

Epidural Anesthesia 
Epidural block, another form of neuraxial regional block, has 
application i11 a wide variety of abdominal, thoracic, and 
lower extremity procedures. Induction of epidural anestl1esia 
or analgesia results from the injection of local anesthetics, with 
or without opiates, i11to rhe lumbar or thoracic epidural space. 
Generally, a catheter is inserted after the epi.dural space has 
bee11 located witl1 a needle. The presence of the catheter pro
vides several advantages. First, local anesthetic can be added in 
a controiJed fashi on so that the time to onset of the block can 
be well controlled. Second, the catheter can be use for 
repeated dosing so that anestl1esia can be provided for the 
duration of lengthy procedures. 111ird, local anestltetics or 
opiates can be administered for several days to provide post
operative analgesia. 

Epidural anesthesia has specific advantages for thoracic 
surgery, peripheral vascular surgery, and gastrointestinal surgery. 
Epidural anesthesia has also been shown to decrease blood loss 
and deep venous thrombosis during total joi11t arthroplasty. 
Postoperative epidural analgesia for thoracic surgery provides 
superior pain control. less sedation, and better pulmonary func
tion than parenteral opiates. 

C hristopherson and colleagues37 have randomi1..ed I 00 
patients undergoing major elective vascular reconstruction to 
receive epidural anesthesia followed by postoperative epidural 
analgesia or general anesthesia followed by patiem-comrolled 
analgesia (PCA). Epidural anesthesia was associated with a lower 
rate of reoperation for vascular insufficiency (2 versus 11 in the 
general anesmesia group). Other morbidity and mortality rates 
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were similar. However, the choice of anesthesia apparently does 
not influence overall morbidity in patients undergoing periph
eral vascular surgery. 

The use of low concentrations of local anesd1etics in coo
junction with epidural opiates has been associated with earlier 
ambularion and less posroperative ileus after abdominal surgery. 
Thoracic epidural anesthesia. but not lumbar epidural anesthe
sia, appears to be associated wid1 more rapid recovery of GI 
function after major abdominal surgery. However, IV lidocaine 
also results in more rapid return of bowel function, flatus and 
bowel movement. Therefore, circulating lidocaine may account 
for at least some of the effects of epidural ant.'Sthesia on postop
erative bowel function. A continuing controversy relates co 
whether epidural or subaraclmoid analgesia reduces subsequent 
analgesic requirements after the block has resolved. so-called 
preemptive analgesia. 

The complications and contraindications associated with 
epidural anesthesia are similar to those for spi11al anesthesia 
However, a special cautionary note is indicated regarding epidu
ral anesthesia aJ1d anticoagulation. Because of the risk of spinal 
hematoma, placement and removal of epidural catheters in 
patients receiving oral or parenteral anticoagulation is performed 
in conjunctiolll with all anesthesiologist. 1l1e advent of low
molecular-weight heparin (LMWH) for prophylaxis of deep 
venous thrombosis has resulted in all increase in the incidence 
of epidural hematomas associated with the ren1oval or placement 
of epidural catheters. Although LMWH is effective as prophy
laxis against venous thromboembolism, spinal hematomas have 
occurred in association with perioperative use of LMWH in 
patieJHS given neuraxial analgesia. 1l1e tin1ing of catheter place
ment and reowval in the setting of LMWH use is critical for 
avoiding thjs rare but catastrophic complication. Although 
many of the glllidelines are based on evidence provided by smaU 
clinical studies a11d case reports, a general consensus exists 
regarding the placement and removal of epidural cailieters in 
patients reccivitng LMWH.38 In general, an epidural catheter 
should not be placed earlier than 24 hours after treatment with 
LMWH, and LMWH should not be started before 6 hours after 
epidural cathete r placement. An epidural catheter should not be 
removed earlier ilian l2 hours after the last dose of LMWH, 
alld LMWH slhould not be restarted earlier thaJ1 2 hours after 
catheter ren10val. A high index of suspicion of epidural hema
toma must be maintained for patients undergou1g neuraxial 
blockade who bave received or wW receive LMWH. All persons 
uwolved in the care of patients receiving continuous epidural 
analgesia need to be aware of the signs of epidural hematoma, 
iJ1cluding back pain, lower extremity sensory and motor dys
function, and lbladder and bowel abnormalities. To reduce the 
risk, needle placement is not done less tbaJ1 l 0 to 12 hours after 
the last dose, and subsequent dosing is delayed at least 2 hours. 
Epidural camerers are wid1drawo at least 10 to L2 hours after 
the last dose of LM\VH. 

A final rare complication, epidural abscess, is considered 
for patients ill whom back pain develops after epidural injection; 
magnetic resonance imaging (MRD is an effective diagnostic 
tool for such patients. 

Peripheral Nerve Blod<s 
Blockade of ilie brachial plexus, lumbar plexus, and specific 
peripberal nerves is all effective means of providing surgical 
allesiliesia and postoperative a11algcsia for many surgical 

procedures involving the upper alld lower extremJttes. 1l1e 
advantage of peripheral nerve blocks is reduced physiologic 
stress in comparison to spinal or epidural anesthesia, avoidance 
of airway manipulation and potential complications associated 
with endotracheal intubation, and avoidance of the potential 
side effec1-s associated with general anesthesia However, success
ful nerve block allesthesia requires a cooperative patient, an 
al1esd1esiologist skilled in peripheral nerve blocks. and a surgeon 
accustomed to operating on awake patients. All patients under
going peripheral nerve block receive full preoperative evaluation 
under the assumption iliac general anesilicsia could be used if 
me block is inadequate. 

lmproven1ems in nerve block equipment alld methodol
ogy, as well as the availability of a wide range of local anesmet
ics, !have greatly improved tl1e effectiveness and safety of 
peripheral nerve blocks. [n addition to providing surgical alles
tiJesia, peripheral nerve blocks and placement of indwelling 
catl1eters for a prolonged nerve block provide excellent analgesia 
for mall)' types of upper extremity surgery and traun1a. An 
additional application ofll1dwelling cailieters is cnhallcement of 
blood flow after reatracbment of runputated limbs alld for 
patients witll peripheral vascular disea.-;e. Each particular block 
has specific associated risks and benefits. However, general com
plications of peripheral nerve blocks include local anesilietic 
toxicity, neurologic injury, inadvenent neuraxial block, and 
intravascular injection of local anesthetics. 

CONSCIOUS SEDAnON 
When anesiliesiologists participate in the sedation of patients 
w1dergoing surgical procedures, ilie procedure is termed moni
tored anesthesia care. Monitored anesthesia care encompasses a 
wide range of deptl1s of sedation, rar1ging from miJlimal sedation 
to brief intervals of complete unconsciousness (e.g., during 
placement of a retrobulbar block by aJ1 ophthalmologist) . When 
nonru1estl1esia personnel administer sedation for surgical proce
dures, me process is generally termed conscious sedation, although 
tl1e term modemte sedation is preferable. Moderate sedation 
implies that the patient can respond purposefully to verbal or 
tactile stimulation, has a patent airway requiring no interven
tion, demonstrates adequate spontaneous ventilation, and has 
maintained cardiovascular fuJlction. There is a narrow margin 
between mb1in1al sedation, wl1ich may be inadequate for surgery 
to continue, and deep sedation, which may result iJ1 airway 
compromise and cardiovascular alld respiratory depression. 
Although relatively rare Ul this setting, a dosed claims analysis 
has shown that hypoventilation and hypoxemia are tl1e most 
common major complications.39 Because of the risks associated 
wiili moderate sedation, TJC requires that patients be managed 
with precautions similar to what they would receive if all anes
thesiologist were managing the sedation. Important factors 
include d1e necessity for preprocedure evaluation, continuous 
presence of a trained monitoring assistant who has no otl1er 
responsibilities duoughout the procedure, inunediate availabil
ity of airway alld resuscitation equipment, monitoring after ilie 
procedure until the effects of sedation have resolved, and specific 
written postoperative instructions. Physicians who perform pro
cedures under conscious sedation are granted privileges in line 
with ilieir training a11d experience in the appropriate resuscita
tive procedures. 

Drugs used for moderate sedation usually consist of opioids 
such as fentall)'l or morphine, often combined wid1 an allXiolytic 
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such as midazolam. Titration of these agents requires careful 
assessment of a patient's level of pain or anxiety and the require
ment.~ for the surgical procedure. Induction agents such as pro
pofol are becoming increasingly popular for the induction of 
moderate sedation outside of the operating room. Although 
generally safe when used under the proper conditions, rhose 
agent.~ introduce an added element of risk and increase the need 
for caution because of potentially rapid progression to deep 
sedation or even general anesthesia. Most hospitals now have 
specific policies and procedures governing moderate sedation. 
Those who use moderate sedation outside hospitals (e.g., in 
office-based surgical practices) need to follow the same precau
tions as those practiced in the hospital environment. 

POSTANESTHESIA CARE 
1lle PACU is the area designated for the care of patients recov
ering from the immediate physiologic and pham1acologic con
sequences associated with anesthesia and surgery. The PACU 
ideally is located close to the operating rooms. Monitors for the 
assessment of ventilation, oxygenation, and circulation must be 
avaUable for all recovering patients. The extent of monitoring 
depends on the condition of the patient. The ASA has estab
lished standards of postanesthesia care,40 which mandate the 
following: 
l. All patien ts undergoing general, regional, or monitored 

anesthesia care will receive appropriate postanesthesia care 
as dictated by the responsible anesthesiologist and/or poli
cies and procedures that have been approved by the Depart
ment of Anesthesiology. 

2. An anesthesia provider who is knowledgeable of the 
patient's condition will accompany the patient to the 
PACU. 

3. OJ1 arrival u1 the PACU, the patient's condition will be 
reassessed and a report given to the care provider assuming 
rcsponsibilhy for care. 

4. The patient's condition will he evaluated concinually u1 d1e 
PACU. 

5. A physician is responsible for discharge of d1e patienc from 
the PACU. 
Recovery from anesthesia is usually uneventful and routine. 

Most patients stay in the PACU for 30 to 60 minutes Lmtil d1ey 
are fully reactive and can be moved to a second-stage recovery 
area-for anlbulacory patiems who are returning home d1at 
day-or to a bed on a surgical floor. However, several criteria 
need to be met before d1e patient can be safely discharged from 
tl1e PACU. All patient.~ must be awake and oriented and have 
stable vital signs. Patients must be breathing wid10ut difficulty, 
able to protect their airways, and oxygenating appropriately. 
Pain, shivering, nausea, and vomiting must be adequately con
trolled. Patients receivu1g regional anesthesia must be observed 
for resolution of d1e block. 1l1ere can he no evidence of surgical 
complications sltlch as postoperative bleeding. 

Several types of anesthesia-related complications can be 
encountered i11 db.e PACU and must be promptly recognized and 
treated to prevent serious injury. 

Postoperative Agitation and Delirium 
Pain and anxiety are often manifested as postoperative agitation. 
However, agitation may also signal serious physiologic distur
bances such as hypoxemia, hypercapnia, acidosis, hypotension, 
hypoglycemia, surgical complications, and adverse drug 

reactions. Serious underlying conditions must be excluded as the 
cause of agitation before treating patients empiricatly with pain 
medications, sedatives, or physical restraiJ1ts. 

Respiratory Complications 
Respiratory problems are the mosr frequemly occurring major 
complications in the PACU. Airway obstruction is most com
monly caused by obstruction of the oropharynx by the tongue 
or oropharyngeal soft tissues as a result of the residual effects of 
genera] anesthetics, pain medications, or musc.le relaxants. Other 
causes of airway obstruction include laryngospasm, blood, 
vomitus, or debris in d1e airway, glottic edema, vocal cord paral
ysis, and extemal compression of the airway by a hematoma, 
dressu1g, or cervical collar. Oxygen must be administered to a 
patient with airway obstruction while measures are taken to 
relieve the obstruction. The characteristic physical signs of 
airway obstruction are sonorous respiratory sounds and para
doxica:l cbest movement. 

Many obstructions can be relieved by applying a head ti lt 
and jaw thrust maneuver, with or widwut placement of an oral 
or nasopharyngeal airway. Suctioning the airway may also he 
beneficial, and the patient needs to be examined for evidence of 
external airway compression. [n cases oflaryngospasm. continu
ous positive airway pressure (CPAP) is applied, followed by the 
admin1stration of 10 to 20 mg of succinylcholine if CPAP is 
u1effective. Patients may require mask venti.lation and endotra
cheal intubation if the laryngospasm does not resolve promptly. 
ln children, glottic edema or posrextubation croup can result u1 
airway obstruction. Mild cases are treated with humidified 
oxygen. Refractory obstruction may require the administration 
of syst-emic steroids and racemic epinephrine by nebulization. 
Reu1tubation may also be required. 

Hypoxemia is a surprismgly common problem. 1l1e inci
dence of mild hypoxemia (Sp~ = 86% to 90%) and severe 
hypoxemia (Sp02 s; 85%) was found to be 7% and 0.7%, respec
tively, in the PACU for patients Lmdergou1g superficial elective 
plastic surgery, 38% and 3%, respectively, for patients UJ1dergo
u1g upper abdomiJ1al surgery, and 52% and 20%, respectively, 
for patients w1dergoing d1oracoabdominal surgeryY Hypox
emia can result from hypoventilation, ventilation-perfusion mis
matc.lling, or right-to-Jeft intrapulmonary shunting. Reluctance 
to inspire deeply after abdominal or thoracic surgery may also 
result in hypoxemia. Cllilically, hypoxemia must be suspected as 
an underlying problem in patients exhibiting resdessness, tad1y
cardia. or cardiac irritability. Bradycardia. hypotension. and 
cardiac arrest are late signs. Hypoxemia in the PACU may be 
secondary to atelectasis, which may respond ro incentive spirom
etry or vigorous encouragement to u1spire deeply and cough. 
Treatment of hypoxemia requires the administration of oxygen, 
assurance of adequate ventilation, and treatment of the UJ1derly
ing causes. 

Hypoventilation (synonymous \vith hypercapnia) can 
result from airway obstruction, central respiratory depression 
caused by the residual effects of anesmetic agents, hypomermia, 
CNS inju.ry, or restriction of ventilation secondary to muscle 
relaxants, abdominal distention, and/or electrolyte abnormali
ties. Signs can include prolonged somnolence, a slow {or rapid) 
respiratory rare, airway obstruction, shallow breathing, tadlycar
dia, and arrhythmias. Severe hypoventilation can resu1t in 
hypoxemia, altl10ugh augmented inspired oxygen will linlit d1e 
severity of hypoventi1ation-i11duced hypoxemia. Treatment is 
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aimed at identification and treatment of the underlying problem. 
In all cases, ventilation must be supported tmtil corrective mea
sures are instituted. Obtundation, circulatory depression, and 
severe respiratory acidosis are indications for endotracheal intu
bation and ventilatory support. 

Postoperative Nausea and Vomiting 
Perhaps one of the most annoying problems for patients and 
staff in the PACU is postoperative nausea and vomiting. A wide 
variety of agents have varying degrees of effectiveness for preven
tiOJ1 or treatment postoperative nausea and vomiting (Table 
16-9). No single technique has yet proven to be uniformly 
therapeutic and cost-effective. The use of propofol for iJlduccion 
of anesthesia has also been shown to be effective in decreasing 
the incidence of postoperative nausea and vomiting. One impor
tant complication related to the rv coadministration of ondan
setron and metoclopramide has been the production of 
bradyarrhythmias, including a slow junctional escape rhythm 
and ventricular bigeminy. The FDA has p laced a so-called black 
box wanting on the use of droperidol, in which additional elec
trocardiographic monitoring is required before and after admin
istration of the drug because of an alleged increase in serious 
cardiac arrhythmias caused by QT prolongation. 1his FDA 

_Table 16-9 Common_!y Used Antiemetic Agents_ 
DRUG CLASS 

Dclpaa*le Receptor Antagonists (DA-l) 

Phenothiazines 

Auphenazine 

Chlorpromazine 

Prochlorperazine 

Butyrophenones 

Droperidol 

Haloperidol 

Substituted benzamide 

Metoclopramide 

Antltistamlnes (H,) 

Diphenhydramine 

Promethazine 

Antldlollllel'gks 

Scopolamine 

Atropine 

Serotonl• Receptor Antagoelsts 

Ondansetron 

Dolasetron 

Corticosteroids 

Dexamethasone 

Methylprednisolone 

Hydrocortisone 

COMMON SIDE EFFECTS 

Sedation 

Dissociation 

Extrapyramidal effects 

Sedation 

Dry mouth 

Sedation 

Dry mouth 

Tachycardia 

Headache 

Glucose intolerance 

Altered wound healing 

Immunosuppression 

Renal effects 

wanting has been controversial because of the good safety profile 
of droperidol during the past 35 years and relative lack of sci
emific evidence to support the recommendation .4~ A study com
paring droperidol and saline did not show a significant effect of 
either intervention on the QT interval during or after anesthe
sia.43 Nevertheless, rhe FDA recommendation has caused a sig
nificant reduction in the use of droperidol for the treatment of 
postoperative nausea and vomiting. 

The approach to the prophylaxis and treatment of postop
erative nausea and vomiting are guided by an understanding of 
the mcchrulisms causing nausea ru1d vomiting. Areas in the 
brains rem that control nausea and vomiting reflexes, such as the 
chemoreceptor trigger zone, comain receprors for dopan:ti.ne, 
acetylcholine, histamine, an.d seroto1lin. Binding of all these 
receptors may precipitate nausea, vomiting, or both. Effective 
pharmacologic approaches to the treatment of postoperative 
nausea and von:ti.ting include the use of aJJticholinergics, sero
tonin receptor antago•lists, antidopaminergics, and antmista
mines (Table 16-9). 1l1e use of any partiCLLiar agent is based on 
its efficacy, potential side effects, ru1d cost. 

Hypothermia 
Hypothermia has been extensively studied as a perioperative 
complication. The most importallt issues related to peri operative 
hypothermia include the risk of increased oxygen consumption 
postoperatively because of shivering, alterations in drug metab
olism, effects on blood coagulation and the possibWty that hypo
thermia could increase the rate of surgical infecdons. Increased 
oxygen consumption could be a particular problem in patients 
with CAD, in whom shivering could t rigger myocardial isch
emia. However, the risk associated with mUd hypothermia has 
not been well defined in otherwise healthy patients. Neverthe
less, the Center for Medicare and Medicaid Services bas desig
nated perioperative normothermia as a pay for perfom1ance 
issue. This means that hospitals and medical centers that report 
on and achieve perioperative normod1ermia (36° C within 30 
minutes of arrival in the PACU for procedures lasting longer 
than I hour) receive financial incentives. 

General anesthesia has profound effects on thermoregula
tory mecha11isms ru1d active intraoperative warming is required 
to maintain normothermia under most conditions. Forced-air 
and circulating water warmers are the most effective techniques 
for providing active intraoperative warming, each having advrul
tages under different conditions. rv fluid warmers and airway 
warming devices can also be useful for m.inimizi.ng beat loss but 
do not allow for active warming. Because of the effects of anes
thesia on heat redistribution to the ski11 and peripheral tissues, 
preoperative warnling is required to mininuze core hypothermia 
in patients undergoi11g procedures lasti11g Less than I hour. [n 
most cases, prophylactic warming will decrease the incidence of 
postoperative hypothernlia and need for intervention in the 
outpatient surgical setting. However, time to PACU discharge 
and patient satisfaction arc not affected. The usc of prophylactic 
warming is associated with a significant increase in cost. There
fore, guidelines for ten1perature management during short out
patient surgical procedures remain to be fully in1plen1ented. 

Circulatory Complications 
Hypotension in the PACU is most commonly caused by hypo
volemia, left ventricular dysfunction, or arrhythmias. Other 
causes include ru1aphylaxis, transfusion reactions, cardiac 
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tamponade, pulmonary emboli, adverse drug reactions, adrenal 
insufficiency, and hypoxemia. Treatment involves support of the 
circulation with fluids, administration of inotropic agents, use 
of the Trendelenburg position, and delivery of oxygen Lmtil the 
underlying cause is diagnosed and treated. 

Hypenension is a common finding in the PACU. Common 
causes include pain, anxiety, and inade<juately managed essential 
hypertension. Hypoxemia and hypercapnia always need to be 
ruled our. Other less common causes include hypoglycemia, 
drug reactions, diseases such as hyperthyroidism, pheochromo
cytoma, or malignant hyperthermia, and bladder distention. The 
fundan1ental goal in control of posroperarive hypertension is co 
identifY and correct the underlying cause. 

ACUTE PAIN MANAGEMENT 
Pain, one of the most common symptoms experienced by surgi
cal patients, has histo rically been poorly eval.uated and fre<Juencly 
undertreated. There have been important changes in medical 
care with respect to pai11 managen1ent, with inclusion of pain 
management in medical school curricula, establishment of insti
tutional protocols and procedures for pain managemem, devel
opment of the subspecial ty of pain medicine, creation of 
organizati.ons focused on paiJl, and increased interest on the part 
of governmental and third-party payers. These changes will con
tinue and medical personnel must continue to increase their 
knowledge of paiJ1 control and commitment to provide optimal 
analgesi.a as a key component of patient care. Surveys have 
shown that continued improvement is necessary to reduce the 
high incidence of moderate to severe acute postoperative pain 
futther. 

Acute pai11 occurs fre<juently in the setting of surgery and 
trauma. The pain experience may be part of the symptom 
complex that prompts the patient to seek medical care or may 
be caused by tissue injury sustained as a re~;u l t of surgery or 
trauma. The term acute refers to pain that is expected to be of 
relatively short duration and mar should resolve wiili tissue 
healing or withdrawal of the noxious stimulus. Acute pain gen
erally resolves within minutes, hours, or days. Chronic pain, 
whicl1 can persist for years, is defined as pain tl1at pers.ists for at 
least l month beyond the usual course of an acute disease or 
beyond a reasonable time in which aJl injury would be expected 
to heal. The acute stress response associated with acute pain 
serves a useful function, although undertream1em may result in 
harmful pathophysiologic changes. Chronic pain serves no 
useful function and is now recognized no t only as a parr of 
certain disease processes, such as cancer, but also often as a 
disease itself. 

Mechanisms of Acute Pain 
The L1ternational Association for the Study of Pain de£nes pain 
as "an unpleasant sensory aJld emotional experience associated 
wiili actual or .g,o tential tissue dan1age or described in terms of 
such danlage." . ' This definition emphasizes not only me sensory 
experience but also d1e affective component of pain. The tissue 
injuty that leads to tl1e complaint of pain results in a process 
called nociccptio n, which has four steps: transduction, transmis
sion, modulation, aJld perception (Fig. ] 6-4). With traJlsduc
tion, the noxious stimulus is convened into aJl elecuical signal 
at free nerve endings, also lu1own as nociceptors. Nociceptors 
are widely distributed throughout the body in somatic and vis
ceral tissues. 

Willi transl11lss1on, the electrical signal is sent via nerve 
pathways toward the CNS. Nerve pailiways include primary 
sensory afferents, primarily A delta ru1d C fibers, that project to 
the spinal cord, ascending tracts (including the spinothalamic 
tract) to me brainstenl and thalamus, and thalamocortical path
ways to the cortex. Modulation, the process that enhances or 
suppresses the pain signal, occurs p rimarily in the dorsal hom 
of me spinal cord-in particular, ilie substantia gclatinosa. Per
ception, the final step in d1e nociceptive process, occurs when 
the pain signal reaches the cerebral cortex. The first three steps 
in nociception are important for the sensory and discrinunative 
aspects of pain. The fourth step, perception, is integral to the 
subjective and emotional experience. 

Methods of Analgesia 
A number of agents, routes of administration, and modalities 
are avai lable for dfective management of acute pain. Analgesic 
agents include opioids, nonsteroidal anti-inflammatory drugs 
(NSAIDs), acetruuinopben, and local aJlesthetics. Less tradi
tional agents d1at may be used more fre<juendy include doni
dine, dexmedetomidine. dextromethorphan, and gabapentin. 
Routes of admin istration include the oral, parenteral, epidural, 
ru1d intrathecal routes. The oral route is the preferred route for 
analgesic delivery. Patients experiencing mild to moderate acute 
pain and who can receive agents orally can obtain effective 
analgesia. Parenteral administration is preferred for patients 
experiencing moderate to severe pain, who re<Juite rapid control 
of pain, ru1d who crumot receive agents tluough cl1e GI tract. 
'The IV route is preferred over I.M ru1d SC injections when the 
parenteral route is indicated. I.M injections are pain ful, result .in 
e rratic absorption, aJld lead to variable blood levels of tl1e 
administered agent. 

Opioids 
Opioids are po tent analgesic agents that are effective hut fre
quently underused. By binding to opioid receptors in tl1e CNS 
and probably also in peripheral tissues, opioids modulate the 
nociceptive process. 1l1e best-characterized opioid receptors are 
J..l.1 , J..Lz, 8, K, £, and 0' receptors. 'The J..l.1 receptors are involved .in 
supraspil1al analgesia. The S and K' receptors are involved in 
spinal analgesia. Opioids can be administered by a number 
of routes, iJ1duding oral, parenteral, ncuraxial, rectal, and 
transdermal. 

Opioids have varying degrees of potency. Strong opioids 
are ideal for moderate to severe pain and fo r pain that is constant 
in frequency. Weak opio id agents are suitable for mild to mod
erate pain that is intermittent in fre<Juency. Morphine, the pro
totype strong opioid, can be delivered by a variety of routes and 
ted:miques. Od1er strong opioids include hydromorphone, fen
tanyl, and meperidine. Morphine is metabolized ro mnrphine-
3-glucuronide aJld morphine-6-glucuronide, which can 
accumulate in patients wi th renal impairment. For moderate to 
severe pain iJ1 patients with renal dysfunction, fentanyl aJld 
hydrom orphone are more suitable agents. H istorically, meperi
diJ1e bas frequently been the preferred strong opio id. 1l1is prac
tice has declined because meperidine is metabolized to 
normepcridine, a unique toxic metabolite that can accumulate 
ru1d c.ause seizure-like activity. Patients who are particularly vul
nerable to this side effect include older patients, patients who 
are dehydrated, and those with renal .in1pairment. Fentanyl is 
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Tricyclic antidepressants 

Local anesthetics 
Anticonvulsants 

Anti-inflammatory drugs 

available in a transdermal preparation, bur this route is not 
recommended for acute pain management. 

Weak opioid agents, sucl1 as bydrocodone and codeine, are 
commonly combined with aspiril1 or acetamil10phen. Tran1adol 
is an analgesic that is a nonopioid but has some opioid-like 
effects. It is a cemrally actil1g agem that is administered orally 
and can be used for mild to moderate pa.il1. Common opioid
related side effects include nausea, pruritus, sedation, memal 
clouding, decreased gastric motility, urinary retention, and respi
ratory depression. Appropriate selection of agents, monitoring, 
and treatment can prevent or ameliorate these side effects. 

One major barrier to the effective use of opioid agents by 
patients, physicians, and other health care providers is the fear 
of addiction, w hich can be manifested as underdosing, use of 
excessively wide dosmg mtervals, administration of weak opioids 
for moderate to severe pain, and Lmderreporting of pain. In the 
setting of acute postoperative pain, the use of opioids has not 
been shown to be a risk factor for the development of an addic
tion disorder. Key terms to understand include the terms 
tolerance, addiction (psychological dependence), and physical 
dependence. Tolerance occurs when a previously effective opioid 
dose fails to provide adequate analgesia. Ir is a normal physio
logic effect and should not be confused with addiction. Toler
ance develops not only to the analgesic effect of opioids but also 

FIGURE 16-4 Schematic diagram outlining the nocicep
tive pathway tor the transmission of painful stimuli. Inter
ventions that prevent nociceptive transmission are shown 
at the points in the pathway that a re thought to be their 
sites of action. (From Buckenmaier CC Ill, Bleckner LL 
[eds]: Military advanced regional anesthesia and analgesia 
handbook, Washington DC, 2008, Borden Institute, Walter 
Reed Army Medical Center.) 

to most opioid-related side effects. The duration of opioid expo
sure also p.lays a role in the development of tolerance. In patients 
manifesting tolerance, an iJ1creased dose is required to achieve 
effective analgesia. Addiction or psychological dependence is a 
compulsive disorder manifes ted by preoccupation with obtain
illg and inappropriate use of a substance, continued usc despite 
harm, decreased quality of life, and denial. Psychological depen
dence should not be confused with physical dependence, which 
is a normal physiologic process. Physical dependence is mani
fested by the occurrence of a withdrawal syndrome when usc of 
a drug is stopped suddenly or when an antagonist is given. The 
duration of opioid treatmem is a factor in the development of 
physical dependence. 1l1c short-term usc of opioids in the peri
operative period rarely results iJ1 physical dependence. Slow 
tapering of opioids generally prevents withdrawal symptoms. 

Nonsteroidal Anti-Inflammatory Agents 
NSAIDs are an in1portant component of perioperative analge
sia that when used as a part of the analgesic regimen, reduce 
pain and can decrease opioid consllll1ption. Their mechanism 
of action is achieved through the inhibition of cyclooxyge.nase 
(COX) enzyme activity, which results in decreased production 
of prostaglandins. Prostaglandil1s arc potent mediators of pain 
that act directly at nociceptors and also increase nociceptor 
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sensltlvtty. Inhibition of prostaglandin production results in 
analgesia but can also lead to side effects such as gastric LLicer
ation, bleeding, and renal injury. 1l1ese side effects have 
limited the used of NSAlDs in the peri operative period. Con
trary to previous evidence that NSAlDs act mainly iJ1 periph
eral tissues, rhere is now evidence that NSATDs also work in 
the CNS. 

There is a wide range of compounds in dus analgesic class, 
with di.ffering chemical structures. Most of these agents are 
intended for oral administration, which limits their use periop
eratively. Ketoroliac is available for parenteral administration and 
has been shown to be effective for analgesia and safe with appro
priate patient selection. Kerorolac is avoided in patients with a 
history of gastropathy, platelet dysfunction, or thrombocytope
nia, in those with a history of allergy to the agent, ru1d in patients 
with renal impairment or hypovolemia. It is used with caution 
in older patients. A loading dose of 30 mg TV, followed by 
15 mg (V every 6 hours for a short COUrse, CaJ1 provide effective 
analgesia for mild to moderate pain or can be a useful adjunct 
for moderate to severe pain when combined with opioids or 
other analgesic techniques. 

Rather recent advru1ces in this ru1algesic category involve 
the imroduction of agents that are selective in their inhibition 
of subtypes of the COX enzyme. There are at least two subtypes 
of this enzyme, COX-I (constitutive) and COX-2 (inducible). 
Traditional NSAIDs are nonselective inhibitors of COX. Newer 
agents (e.g., cdecoxib, rofecoxib, valdecoxib) are selecrive 
COX-2 inhibitors. COX-2 inhibitors appear to offer similar 
analgesia with a somewhat reduced risk of causing GI bleeding, 
bleeding diathesis, ru1d renal compromise.44 1l1ey have mostly 
been studied and used clinically in the mru1agement of arthritis
related pain but have become more frequently used in the peri
operative period. Cmrently available COX-2 inhibitors are for 
oral administration. Parecoxib is being studied for parenteral 
use. 1l1ere arc indications that COX-2 inhibitors are associated 
wirn a lower incidence of gastropathy. Concerns about the use 
of these selective NSAIDs include the risk for cardiovascular 
events ru1d their effects on bone healing. Some of these agents 
{e.g., rofecoxib, valdecoxib) have been removed from the market 
because of the risk for cardiovascular complications. Valdecoxib 
was ren10ved from commercial distribution because of the risk 
for severe skin reacrion ru1d cardiovascular complications. 

Local Anesthetics for the Management of Acute Pain 
Local anesthetics work by blocking conduction in nerve £bers. 
the second step in the process of nociception. These agents are 
used tO provide regional ru1esthcsia for surgery, but their effects 
last into the postroperative period and contribute to preemptive 
analgesia. Local ru1esthetics used in doses lower thru1 those 
required for anesthesia CaJ1 also provide analgesia by a variety of 
application techniques, including local in£Jcration, topical 
application. epidural infusion, and peripheral nerve infusion. 
Local infiltration of local anesthetic before the surgical incision 
may reduce the .sensitization of nociceptors and thereby result 
in reduced conduction of pain signals to the CNS. 1l1is may be 
manifested as decreased postoperative pain and analgesic require
ments. Local in6iltration on wound closure may also be helpful. 
Topical application oflocal anesthetic includes the use of agents 
such as a eutectic mixture of local anesthetics (e.g., EMLA 
cream), whid1 COJ1tains prilocaine and Lidocaine. This agent can 
be used for superficial procedures and cru1 be placed before the 

surgical incision. Placenletlt of peripheral nerve catheters for 
local anesthetic infusion has become a frequently used technique 
for postoperative pain managemem. 1l1e development of dispos
able and lightweight infusion pumps has led to the increased 
use of peripheral nerve infusion in the aJUbulatory setting. 
Peripheral nerve infusion ru1algcsia has been shown w provide 
improved postoperative pain control when compared with 
opioid admilustration.45 

Combination Analgesic Therapy 
By combuung agents from different analgesic classes, synergy 
may be obtained. Synergy results in the potentiation of effect 
ru1d reduced dosage of each u1dividual agent, with fewer and 
less severe side effects from each agent. Common combinations 
include opioids ru1d NSAfDs in ru1 ru1algesic regimen or epidu
ral administration of a local anesthetic with an opioid. 1l1e 
choice of agent aJ1d technique depends on factors such as the 
patient 's medical history, patietlt prefererKe, extent of smgery, 
expected degree of postoperative paiJl, experience of the staff 
providing care for the patient, and postoperative setting iJ1 
which the patient will recover. Gabapentin, an anticonvulsant 
used for the management of chronic neuropathic pain, has 
shown efficacy for analgesia in the acute postoperative period, 
including improved pain control and reduced opioid-related 
side effecrs.46 

The concept of preemptive aJlalgesia is being actively 
explored ru1d used in the perioperative period. Lnduced by a 
variety of agents ru1.d techniques, the goal of preemptive anal
gesia is to influence the ru1algesic process before initiation of 
the noxious stimulus (e.g., smgical incision). 111is minimizes 
sensitization of the nervous system ru1d moderates the process 
of nociception described previously. Effective preemptive aJlal
gesia results in decreased poswperative pain, reduced post
operative ru1algesic requirement, decreased side effects from 
ru1algesics, increased compliance with postoperative rehabilita
tion, and decreased incidence of chronic postsurgical pain 
syndromes. 

Neuraxial Analgesia 
Neuraxial routes of administration include the epidural and 
intrathecal {subarachnoid) routes. 1l1ese modes of administra
tion require consultation from acute pain specialist.~, usually 
aJlesthesiologists who have received specialized training i..n usc of 
the nemaxial route for the administration of ru1esthesia and 
ru1algesia. Neu.raxial agents are delivered by a single injection 
into the epidural or subarachnoid space, intermittent injections 
through an indwelling epidural catheter, by continuous infusion 
through an indwelling epidural catheter, or patient-controlled 
epidural analgesia through ru1 indwelling catheter. Indwelling 
subarachnoid catheters are rarely used for acute pain. An inlpor
tant consideration wher1 selecting patier1ts for neuraxial aJlalge
sia is the presence of abnorn1al coagulation, including concurrent 
use of antiplatelet and ru1ticoagulru1t agents. Knowledge of sucl1 
coagulation issues is important to m.i.nimi.ze the risk for intra
spinal b leeding and spinal hematoma fom1ation, which can lead 
to severe neurologic injury. 1l1e neuraxial route requires educa
tion of the medical and nursing staff ru1d use of protocols and 
guidelines. lJ1 general, patients cru1 be mru1aged on smgical floors 
wid1 cl1ese analgesic techniques. However, monitoring proce
dures need to be in place to minimize the development of side 
effects and enhance patient safety. 
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Agents such as opioids and local anesthetics are given via 
the neuraxial route to achieve analgesia. Other agents that have 
bee11 used neuraxially include donidine, neostigmine, and acet
aminophen. Opioids, when delivered by the neuraxial route, 
provide analgesia by their action at opioid receptors located in 
the dorsal horn of the spinal cord. An imporram determinant 
of opioid action when delivered by the neuraxial route is the 
drug's degree of lipid solubility. Morphine is hydrophilic, which 
accounts for its slow onset of analgesia, long duration of action, 
ability to provide analgesia over a wide dermatomal distribution, 
and risk for late respiratory depression. Fentanyl is lipophilic, 
whid1 accounts for its fast onset and short duration of action, 
ability ro provide segmental analgesia, and limited risk for late 
respiratory dep.ression. A hydrophilic opioid such as morphine, 
when delivered into the epidural or subarachnoid space, remains 
in the CSF longer than a lipophilic opioid. 1he drug can travel 
rostrally to the brain and influence the respiratory centers hours 
after initial delivery. 

Local anesthetics, when used for neuraxial analgesia, 
provide analgesia by blocking nerve conduction. To achieve 
neuraxial analgesia, local anesthetics are delivered irl smaller 
doses and weaker concentrations than those required to achieve 
surgical anesthesia. 1his resulting sensory blockade is sufficient 
to provide analgesia but is not sufficiently profound to interfere 
with motor function and mask complications. Analgesic con
centrations of local anestl1etics also cause less impairment of 
sympathetic tone. Bupivacaine and ropivacaine are the most 
commonly used local anesthetics for epidural analgesia and 
peripheral nerve infusion analgesia. They affect sensory fibers 
more than motor fibers (differential blockade) and have a lower 
incidence of tachyphylaxis (tolerance to local anesthetic action). 
Neuraxial analgesia for acute pain commonly combines opioids 
and local anesthetics. Each agent bas a different mechanism of 
action; combining these agents produces synergistic analgesia 
and thereby results in reduced doses of each agent and a decreased 
incidence and severity of side effects. A meta-analysis of the 
efficacy of postoperative epidural ru1algesia has concluded that 
epidural analgesia, regardless of agent, location of catheter place
ment, and type of pain assessment, provides analgesia superior 
to that of parenteral opioids.47 

Intravenous Patient-Controlled Analgesia 
An increasingly popular and effective modali ty using the 
parenteral route of administration is IV PCA. 1llis modality 
minimizes the steps involved in the delivery of analgesia and 
iJ1crcases patient autonomy ru1d control. Opioids are the 
agents of choice for rv PCA ln comparirlg rv PCA with 
conventional, intermittent, nurse-administered opioid deliv
ery, patients obtain prompt analgesia, receive smaller doses 
of opioids at more frequent irltervals, can maintain blood 
concentration of drug in the analgesic rru1ge, and have a 
lower incidence of drug-related side effects. Candidates for 
rv PCA are patients who can understand the basic steps 
involved in use of the device, who are willing to assllllle 
control of their ru1algesia, ru1d who a.rc physicalJy capable of 
activating the device. Such patients iJ1dude children as 
young as 4 years of age and most adults, including geriatric 
patients. 

The preferred agents for N PCA are opioids, wi th mor
phine sulfate most commonly chosen. Other opioids used for 

rv PCA include hydromorphone, fentru1yl, and meperidine. 
Methadone rv PCA has been described. Physicians' orders for 
IV PCA must specify the drug, drug concentration, loading 
dose, bolus dose, continuous infusion rate (basal rate), lockout 
interval, and dose limi.ts. Selection of these paran1eters is based 
on the patient's age, medical status, and level of pain. 1l1e 
routi.ne use of a contiJlllOUS basal infusion rate with rv PCA 
remains controversial. \'V'ith a continuous infusion, drug is 
delivered to the patient regardless of demand, thus resulting 
in the potential for a higher incidence of drug-related side 
effects, including respiratory depression. It is safest to restrict 
the use of basal infusions to patients irl special categories, 
including those with severe pain from extensive surgery or 
trauma ru1d patients who are tolerru1t because of chronic 
opioid use. 

The use of structured protocols and guidelines is encour
aged for facilities using rv PCA. The medical ru1d nursing staffs 
need to receive traiJlLJlg in the care of patients using this modal
ity. There is an increased risk for complications if staff members 
arc not trained in the following: to understru1d the concept of 
rv PCA; to perform appropriate patient selection, education, 
ru1d assessment: to use appropriate drug ru1d dose selection; and 
to establish appropriate monitoring requirements ru1d protocols 
for management of side effects. 

Chronic Pain 
ln a subset of patients, pain persists after the expected healing 
time despite the lack of sufficient patl1ology to account for the 
pain. Pain tbat persists for 1 month beyond the expected tinle 
for recovery or in itial onset is considered evidence of a duonic 
pain syndrome. Such patients with persistent paiJ1 frequently 
use terms such as burning, shooting, and shock/ike to describe 
their pain, which is generally associated with a neuropathic 
pain syndrome. Neuropathic pain syndromes occur when 
there has been injury to the nervous system (central, periph
eral, or both). Central sensitization is believed to underlie the 
development of neuropathic pain. Exan1ples include patients 
with persistent pain after head and neck surgery, thoracotomy; 
mastectomy, hernia repair, and amputation. Certain factors 
cl1at may increase tl1e risk for chronic pain include irlfection at 
cl1e surgical si te, intraoperative trauma to nerves, diabetes mel
litus, ru1d nerve emrapmenr by cru1cer. There is some evidence 
tl1at preemptive analgesia may help minimize the occurrence 
of these syndromes. 

Because chronic pai n syndromes can be difficult to 
diagnose in the early postoperative period, it is important 
for physicians to perform appropriate pain assessment during 
postoperative follow-up. For example, after amputation, 
patients might consider it strange to continue to feel sensa
tion ru1d pain in the location of an amputated limb and 
might be reluctrult to volunteer information that they 
believe could suggest psychological instability. ln such cir
cumstances, appropriate questionirlg may elicit the com
plaint and result in patient reassurance and appropriate 
treatment. Referral to a pain mediciJle consultant is appro
priate when the diagnosis of a chronic postoperative pain 
syndrome is made. Treatrnem modalities include the use 
of adjuvant medications sud1 as antidepressants and anticon
vulsants, nerve blocks, physical therapy, ru1d psychologica\ 
techniques. 
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Spedfk Types of Acute Pain Patients 

Patients With a History of Chronic Pain 
Patients who have a history of chronic pain may experience acute 
pain as a result of surgery or trauma differently from patients 
who have no history of chronic pain. Their experience of pain 
is affected by their experience with chronic pain. Some of these 
patients may be receiving cl1ronic opioid therapy as part of their 
chronic pain management. Ir is likely that these patients will 
manifest tolerance to opioid therapy and have a decreased pain 
threshold, which may result in the patient reporting biglter levels 
of pain and the physician increasing the opioid dose. Obtaining 
a pain history preoperatively, choosing anesthetic and surgical 
techniques to minimize tissue trauma and the response to 
trauma, and appropriate planning for postoperative analgesia 
can assist iJ1 achievu1g effective analgesia. 

Patients With a History of Substance Abuse 
Patients with a history of substance abuse are frequently under
treated for acute pain complaints. The stigma associated with 
drug abuse, misunderstanding on the part of health care provid
ers, and inappropriate pain behavior contribute to undertreat
ment for this patient population. Effect ive analgesia can be 
obtained with strict guidelines, patient education, and appropri
ate use of consultants and modalities such as regional analgesia. 

Pediatric Patients 
Pediatric patients experience a similar severi£)' of acute postop
erative and post-traumatic pain as adults. A major historical 
myth that has been refuted is tlle belief that neonates, ulfants, 
and children do not perceive pain in the san1e way as adults. 
Effective analgesia for a pediatric patient experiencing acute pain 
can be achieved ·with pain assessment tools that are tailored for 
this population and the use of modalities and agents similar to 
those used for adults. Dosage selection in a pediatric patient 
must be gulded by calcLJations based on patient weight. With 
neonates, nurse-controlled analgesia is standard. O lder children 
can effectively use PCA Regional anesthesia is mcreasingly being 
used for pediatric surgery, witll the benefits of ru1algesia extend
ing into the postoperative period and reduced opioid require
ments. Epidural analgesia, usually via a caudally placed catheter 
or a single injection into tlle caudal canal, can provide effective 
analgesia. Placement of a peripheral catheter for infusion of local 
ancstlletics can also be used. Topical anestllesia with local anes
the tics sud1 as the application of EMLA cream can smillarly 
minimize pain from IV catheter placement and superficial 
procedures. 

Older Patients 
As the proportion of older adults in tl1e general population 
increases, a growing percentage of geriatric patients are undergo
ing surgery or being treated for trauma. These patients \viii 
require pain assessment and evaluation tailored to their mental 
status and cognitive abilities. The modali ties and agents used to 
manage acute pain in tllis population must take into consider
ation underlying disease states and decreased organ function. 

CONCLUSION 
Modern ant>sthesia is safe ru1d effective fur the vast majoriry uf 
patients, in large part because of important advru1ces in aJlesthe
sia equipment, monitors, and drugs. With a wide variety of 

specific techniques to moose from, selection of anestlletic and 
postoperative pain regimens for each patient can be based on 
the req ui rements of the surgical procedure, patient preferences, 
ru1d ex.perience ru1d expertise of the ru1esd1esioJogist. 
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CHAPTER 17 

EMERGING TECHNOLOGY 
IN SURGERY: INFORMATICS, 
ROBOTICS, AND ELECTRONICS 
GERALD M. FRJED 

MINIMALLY INVASIVE SURGERY 

CATHETER-BASED THERAPIES 

IMAGE-GUIDED ABLATIVE THERAPIES 

MINIMALLY INVASIVE ROBOTIC SURGERY 

FLEXIBLE ENDOSCOPE AS A SURGICAL PLATFORM 

SIMULATION FOR SURGICAL TRAINING AND OPERATIVE PLANNING 

CONCLUSION 

1l1ere has been a dramatic change in surgical care over the past 
20 years with che imroductlon of dlgitizatlon, miniaturization, 
improved optics, novel imaging techniques, and compuceri7-ed 
information systems in the operatiJ1g room (Fig. L 7 -1). Whereas 
surgery has traditionally required large incisions large enough to 
allow the surgeon to imroduce his or her hands into the patient's 
body and allow sufficient light to see the structures being oper
ated on, innovations have stimulated a radical change in how 
surgical procedures are performed. Many surgical procedures 
have become image-guided. These can be done by manipulating 
instruments from outside the patient while directing them by 
looking at displays of direct images of the target tissues (e.g., 
endoscopic or naparoscopic surgery) or at .indirect images of the 
region of interest (e.g., endovascu1ar catheter-based treatments, 
energy-focused ablation of tumors). Image-guided surgery has 
enabled the use of very small incisions or punctures to introduce 
surgical instruments. In other cases, the surgical instruments can 
be passed to the target tissue through anatomic conduits (e.g., 
arteries, veins) or natural orifices (e.g .• mouth. anus. vagina. 
urethra) without the need for any visible inci~ion. Other innova
tions tO minimize the damage of access to the patient iJ1clude 
single-incision 1aparoscopic surgery and minilaparoscopy. 

Although the patient may benefit substantially in terms of 
the pain and complications that occur as a resuJt of the access 
to the organ heiog operated on, the techniques require an 
entirely novel skill ser for the surgeons. TI1e concept of the pro
cedure may be fanilliar to the surgeon from open surgical experi
ence, but the skills required to perform the surgery are different 
and must be learned and practiced to avoid the risk of complica
tions during thcis learn~iJ1g or transition pbase. TI1is chapter will 
iJltroduce the concepts of innovative image-guided surgical tech
niques, iJ1cluding minimal access concept.~ and robotics, address 
the approaches to training and establishing proficiency, and 
provide some thouglm on the potential for simulation in train
ing surgeons and planning surgery 
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MINIMALLY INVASIVE SURGERY 
Accessing internal body cavities, sucb as the chest, abdomen, 
and pelvis, requires an incision. TI1e si7-e of the incision i~ deter
mined by the need of the surgeon to sec and manipulate tbc 
target tissues. If resection is required, the incision size must take 
into accowu the dimensions of the tissues to be removed. In 
some cases, thorough histologic examination of the removed 
tissue is not critical (e.g., splenectomy for idiopathic thrombo
cytopenic purpura [ITPJ. hysterectomy for libroids) and the 
resected organ may be pu1veri7-ed or morcellated to ease its 
removal through a small incision. l11 other cases, such as colec
tomy for cancer, it is inlponant co examine the removed tissues 
accurately for staging and grading purposes and to ensure that 
the resection margins are free of disea'>C. In the latter cases, the 
incision must be sufficient to avoid compromising the accuracy 
of the pathologic exanlination. TI1e goal of nlinin1al access 
surgery is to dio1inish the trauma of access without compronlis
ing the overall goal of the surgical procedure (Fig. 17-2). 

The cost to the patient of this access incision is multifacto
rial. Generally, larger .incisions are associated with more postop
erative pain, longer recovery periods, a period of physical 
disability, greater morbidity in cases of wound infection, more 
risk of incisional hernias, and a higher rate of symptomatic 
adhesive bowel obstruction in the future. It is estimated that 
approximately 20% to 30% of laparotomies result in mcisional 
hernias. Because the success of incisional hernia repair is poor 
(approximately 30% of repairs fail), a large laparotomy incision 
in itself may result .in up to 30% patients requiring a second 
operation and another 9% or more requiring a third operation 
to deal with complications of access. 

Image-guided surgery greatly din1inishes the postoperative 
pain and morbidity of wound infection and the longer term 
problen1s related to hernias and adhesions. However, the smaller 
incisions present some real challenges to the operatiJ1g surgeon.' 

Laparoscopic surgery involves the placement of a small 
telescope into the body cavity. The telescope illuminates the 
target tissues and conveys a bright magnified, high-definition 
inlage to the surgeon through an attached or iJ1corporated 
camera system. The view is startling in its clarity (Fig. 17-3). It 
elimiJ1ates shadows and affords aU members of the operating 
team the identical view of the surgery. An important Hmitation 
of laparoscopic imaging is that it is generally monocular com
pared with the binocular view in open surgery, because tradi
tional telescopes have a single-lens system. With a monocular 
optical system, tl1e surgeon obtains a two-dimensional view of 
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the body displayed on a video monitor. Other cues must be 
developed to appreciate the relative positions of the instruments 
and visualized tissuel' in three dimensions. llUs is a learned skill, 
and most surgeons are able to adjust to laparoscopic imaging 
with a little practice. The currently available robotic platform 
uses binocular imaging, providing the surgeon with a rruly 
immersive three-dimensional view {Fig. 17-4). 

Most telescope-camera systems can be zoomed electroni
cally and adjusted for light sensi tivity. 1hese systems are also 
ideal for recording static imagel' or videos for documentation of 
findings or for teaching purposes. These images can be attached 
to the medical record and stored with radiologic picture archiving 
and commun.icaition system (PACS) .imagel'. ln this way, they 
are available for tl1e radiologist, patl10logist, and other consul
tants for patient care or quality improvement initiatives. A draw
back of laparoscopy is the limited field of view; the laparoscope 
must be moved to maintain an ideal image. The closer the 

FIGURE 17-1 Integrated OR. This provides digital infonnation on 
multiple displays, controlled by the surgical team. The large Hat panel 
displays four images on the screen-endoscopic view, patient's vital 
signs, image of the abdomen captured by a camera in the OR light, 
and a room view. The central display in the surgical field is a touch 
screen, allowing the surgeon to control the operating room environ
ment. The green lighting allows the surgical team to see well and do 
their work, while avoiding glare on the surgical displays. 

laparoscope image is to the target, the better the illumination, 
magnification, and image detail , but the field of view is more 
limited. Constant commw1ication between the surgeon per
forming tl1e operation and the assistant managing the telescope 
is essential for safe surgery. 

Laparoscopic images give the surgeon a view of the surface 
of tissues. In open surgery, tbe surgeon can palpate and compress 
tissues to gain a sense of the presence of the padwlogy that lies 
deep ro the surface. Because direct manual evaluation is not 
available during laparoscopy, tl1e surgeon must adopt other 
methods to evaluate the tissues beneath the surface. Some of this 
information can be acquired before surgery by assessing the 
patiem with cross-sectional imaging, such as ultrasound, com
puted tomography (CT), and magnetic resonance imaging 
(MRI). Digital Cf and MR images can be displayed in the 
operating room using surface markers to help the surgeon con
solidate these findings with ilie visual display of the tissue surface 
duriJlg surgery. An advantage of ultrasound {Fig. 17-5) is that 
it is easy to use intraoperatively and can be positioned to provide 
real-time information of the tissue being viewed through the 
laparoscope. A surgeon proficient in imraoperative ultrasOLmd 
can incorporate the surface and cross-sectional information to 
evaluate tbe target tissues carcfuUy. 

During minimally invasive surgery the surgeon's eye is on 
the disp.lay monitor? One opportunity presented by laparoscopy 
is the display of mttltiple pieces of information on the imaging 
screen. Most data required by ilie surgical team are available 
digi tally and can be routed ro any display device. Because the 
anesiliesiologist acquires important hemodynamic data on the 
patient, this information can be displayed on the surgeon's 
monitor. When operating on an unstable patient, dus provides 
valuabJe real-time data to ilie surgeon. Similarly, the surgeon can 
display real-time .imaging information provided by .intraopera
tive ultrasoLmd, flexible endoscopy or fluoroscopy, or preopera
tively acquired inuges {e.g., Cf or MRl scans) simultaneously 
witl1 the laparoscopic images using picture-in-picture, split 
screen, or quad split screen displays {Fig. 17 -6). The surgeon can 
use telestration tech1uques (e.g., used to outline plays on TV 
sports broadcasts) to communicate wicl1 the assistant or point 
out findings to students (Fig. 17-7). 

Videoconferencing is readily available, bringing consultant 
pathologists and radiologists right into the operating room envi
romne.nr. This provides useful context for their interpretation of 
findings. The surgeon can have access to a whole dashboard of 
information and select the relevant data for heads-up display 

FIGURE 17-2 Surgical field for laparoscopic colectomy. A. The instruments are passed through trocars in the abdominal wall. 8 , The small 
incisions at the completion of the surgery. The largest incision at the umbilicus was to extract the specimen. 
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FIGURE 17-3 La;paroscopic image, which provides a magnified, high
resolution, and well-illuminated view for the entire surgical team. 

FIGURE 17-4 Surgeon is working in three-dimensional immersive 
visualization environment while doing robotic surgery. 

FIGURE 17-5 laparoscopic ultrasound. The combination of surface 
imaging by laparoscopy and cross-sectional imaging with ultrasound 
are complementary. 

FIGURE 17-6 Quad screen display. The surgeon can select up to four 
images to be displayed simultaneously on a monitor. This display at 
the nursing station shows the endoscopic image, preoperative CT 
image, vital signs, and room view. 

FIGURE 17-7 Telestration allows the surgeon to use the touch screen 
to annotate the image for documentation or teaching. 

during the procedure. 1l1e routing of digital information to 
display(s) can be carried out using voice controls or tOuch 
screens in the surgical 6cld. The operating room images can also 
be accessed remotely in real time with appropriate security and 
privileges (Fig. 17-8). 

The operating room environment has been completely 
redesigned to provide an optimal setting for image-guided 
surgery.3 Ambient tinted room lighting provides the surgeon 
with a glare-free view of the display monitors while allowing 
others in the operating room (OR) sufficient illumination to 
move around the room and carry out their work safely. 1l1e 
surgical team has access to multiple monitors to display the 
surgical images and other digital information. It is not llllusual 
to have six or seven monitors in an image-guided surgical suite. 
Each monitor can be moved into an ergonomically comfortable 
viewing position, and it has been sl1own that the monitor posi
tion bas an impact on the precision and efficiency of the surgical 
procedure. Integrated ORs have been designed so that all devices, 
lighting, and image routing can be controlled from the surgica\ 
field or a control station. TI1e surgeon can have access to multiple 
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FIGURE 17-8 The touch interface in the surgeon's office a llows the 
image source to be selected and displayed remotely. 

images simultaneously (e.g., laparoscope, Bexihle endoscope, 
ultrasound, fluoroscopy, preoperative CT and MRl images). By 
controlling the interface, any digital image or combination of 
images can be routed to any monitor. Any image can be recorded 
to document the surgical findings. The images or video clips can 
be annotated by verbal recordings or by textual description. lhis 
provides valuable documentation of the surgical findings for the 
medical record.. Prompts can be embedded into the sysrem so 
that a visual or auditory reminder can alert the surgical team 
when it is time for the next dose of antibiotics. 

Despite the many advantages, image-gulded surgery 
includes some unique challenges. When operating through a 
large incision, there are relatively few constraints on the range 
of motion of surgical instruments. If a surgeon wants to move 
the instrument tip upward, he or she can move the whole band 
and. instrument upward. L1 laparoscopy, the abdomen is insuf
flated with gas to create a working space. Generally, 5 to 6 Liters 
of carbon dioxide is pumped into the abdominal cavity, separat
iJ1g structures and allowing the lens to focus on the target tissue 
from a suitable distance. To avoid loss of this working space, 
instruments must be passed through trocars or ports placed 
through the abdominal walL These ports have gaskets that seal 
arow1d the instruments, maimainiJ1g the positive pressure and 
working space. The design of these ports poses some limitations 
on instrument design. such as the geometry and curvature of the 
instrument shafts (Fig. 17-9). Because the handles of the i.nstru
ments are outside the patient, the shafts are generally long. 
futerposing the laparoscopic instrument berween the surgeon's 
hands and d1e target tissue dampens tactile feedback. Surgeons 
rely on their determination of texture and compressibility to 
evaluate tissue characteristics and pathology. [n laparoscopic 
surgery, the surgeon must learn how to interpret these cllarac
teristics through the instrument. L1 robotic laparoscopic surgery, 
the surgeon operates a device at a console outside the patient, 
which then controls instruments inside d1e patient. This results 
in complete loss of the sense of toucl1 to evaluate tissues. Proto
type instruments are being developed to display force feedback 
{tissue resistance) optically or by solmd feedback. They have nor 
yet been widely incorporated into clinical care. 

Because laparoscopic instruments are placed through 
trocars that are fixed in the abdominal wall, ellis creates a lever 

FIGURE 17-9 Surgeon working through trocars during incisional 
hernia trepair. 

or fulcrum effect. Range of motion is limited to six directions
up, down, right, left, clockwise, or COlUlterclockwise rotation. 
As a result, if the surgeon wishes to deflect the instrument tip 
upward, she or he must angle the band.le downward. This recip
rocal movement takes some time to become natural. Further
more, depending on the proportion of the roral length of the 
instrument outside compared with inside the patient, there may 
be amplification of the movement of the instrument tip com
pared with the hand. Working with long instruments across 
a fulcrum may amplify any existing tremor, making it difficult 
to carry our procedures that require fine movements. Many 
of these lim itations and challenges presented by laparoscopy 
can be addressed by better education, practice using simulators, 
and further development of enabling technologies, such as 
robotics. 

As surgeons have become more skilled in laparoscopy, the 
variety of surgical procedures to whicl1 minimally i;wasive 
surgery techniques have been applied has continued to grow, 
bolstered by evidence of effectiveness and safety, patient demand, 
and better instrumentation. Relative contraindications have 
continued tO diminish. Currently, most elective abdominal sur
gical procedures are being done laparoscopically. 

Beyond Laparoscopic Surgery 
Having realized the tremendous benefit to the patients of lapa
roscopy, there is a de.sire for further improvements by dinlinish
ing the injury of access to intemal body cavities. Several 
approaches have been developed and are being evaluated to 
assess potential benefit over traditionallaparoscopic surgery. The 
goals are to diminlsh postoperative pain, accelerate surgical 
recovery, and .in1prove cosmetic outcome while maintaining the 
safety and. effectiveness of the surgery. 

One approach is to miniaturize the diameter of the surgical 
instruments and telescopes further (minilaparoscopy; Fig. 
17-10). As camera light sensitivity and image quality improve, 
high-quality in1ages can be obtained through progressively 
smaller laparoscopes. Whereas a l 0- mm dian1eter telescope was 
once needed to provide sufficient light and image quality to 
perforn1 surgery, current 5-mm telescopes can provide in1ages 
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FIGURE 17-10 Laparoscopic cholecystectomy using 3-mm instru
ments and laparoscope. 

that are hard co distinguish from those of 10-mrn telescopes. 
Progressive reduction in their diameter allows the surgeon to 
move the telescope easily from port to port to provide different 
views of the surgical target and minimize the cosmetic and 
functional problems related to these incisions. ln minilaparos
copy, surgeons can insert instruments as small as 2 nun into the 
body cavity through needle-sized incisions, leaviJ1g almost no 
scar. Other than the modification of instruments, there is no 
real difference in the conduct of the surgery, nor is further 
training required. The step from laparoscopy to minilaparoscopy 
is natural. Unfortunately, the reduced access size further con
strains instrument design. Minilaparoscopy instruments are 
less robust and more limited in curvature than 5- or lO-mm 
instrumet1 ts. 4 

Another approach has been to put the laparoscope and all 
instruments through a su1gle port (usually placed at the depth 
of the umbilical dinlple). 1l:Us single incision is usually approxi
mately 2 to 3 em in length and can be placed in many patients 
so that the scar is almost invisible once healed. Placing all instru
ments through a srngle port creates further challenges because 
of instruments colliding with each other and creates a laparo
scopic view that is parallel co the instruments, further impeding 
the surgeon's depth perception. lhis has been addressed by 
designiJ1g deflectable tip laparoscopes and instruments with 
wristUke flexibility to help surgeons accommodate to these new 
chaUenges. Although there is clearly a learniJ1g curve for acquir
ing skills u1 single-u1cision laparoscopy, even for proficient lapa
roscopic surgeons, this learning curve can be overcome to a great 
extent by deliberate practice .in the simulation environment.5 

Natural orifice transluminal endoscopic surgery (NOTES) 
is a novel approach whereby access co the abdon:Unal cavity is 
achieved without any u1cision in the abdominal wal l.6 This is 
truJy scarless surgery, conducted by accessing the abdominal 
cavity through a natural orifice (mouth, rectum, vagu1a). After 

placing a flexible or rigid endoscope duough a natural orifice, 
an organ (stomach, colon, or vagina) is intentionally perforated 
and the endoscope is advru1ced into the peritoneal cavity. One 
way this is accomplished is by passu1g a flexible endoscope 
through the mouth into the stomach and through the stomach 
wall .imo the abdominal cavity. Other surgical insrrumems are 
advanced through or around the gastroscope and then out 
tluougb tbis operlli1g into the abdominal cavity. After the pro
cedure is completed, the resected tissue is retrieved through the 
mouth ru1d the gastrotomy is closed. As 111.ight be imagined, this 
technique is fraught with challenges. Very long instruments are 
required that need to be directed by manipulating the visualiza
tion platform (endoscope) using specially designed clevarors at 
its distal end. This makes it diffintlt to move the instruments 
without moving the view. TI1e operating platform is flexible and 
is unstable for the surgeon to work with. lt also requires an 
iatrogenic perforation of a visnrs to obtain access. Any fail me of 
heali11g can result in peritonitis. Al.though access through the 
vagina is less risky thru1 the stomach or colon, its potential use 
is limited to women, and the risk of postoperative dyspareunia 
remains to be determined. Currently, prospective trials are beu1g 
conducted to compare NOTES with laparoscopic clJolecystec
tomy. NOTES teduliques may be more applkablc to procedures 
od1er than cholecystectomy, such as those that already require 
an opening in the digestive tract.7 

CATHETER-BASED ntERAPIES 
Vascular surgery has traditionally involved replacing or bypass
ing occluded or ru1eurysmal vessds. Endovascular procedures 
have revolutionized vascular surgery in much d1e same way as 
laparoscopy has affected general surgery. Imaging is provided by 
fluoroscopy ru1d contrast solution is injected to outline the vas
cular anatomy. By accessing the vascuJar system by puncture or 
cut-down, instruments can be threaded along the vessel, narrow
ings can be dilated with balloons, and intraluminal stents can 
be threaded into position, guided by real-time fluoroscopic 
imag:ing. Large incisions required for access in patients with 
serious comorbidity can be avoided entirely. ResuJts of endovas
cuJar procedures are excellent, recovery is hastened, ru1d the 
requirements for prolonged hospitalization ru1d .intensive care 
unit {ICU) care are reduced.s.9 

In cardiac surgery, similar transcatheter endovascular 
approad1es have been used to treat coronary artery disease, close 
septal defects, dilate stenotic valves, and even replace cardiac 
valves. The idea of avoiding the stress and morbidity of a major 
incision is particularly appealing in those patients with serious 
underlying disease. Despite this, the effectiveness and durabilit}' 
of these less invasive therapies must be compared with tradi
tional surgical approaches. 

IMAGE-GUIDED ABLATIVE ntERAPIES 
High-intensity focused ultrasound (HIFU) is a technique 
whereby ultrasound or MRI can be used to direct focused ultra
sotUld energy to pathologic tissues. The acoustic energy absorbed 
by the targeted tissue causes rapid beating ru1d destruction of 
the tissue. Currently, applications are mostly for the ablation of 
uteri11e fibroids and benign prostatic byperpla~ia. This is an 
exciting example of image-guided surgery without ru1y incision. 
The application of HIFU is growillg and it is beillg evaluated 
for destruction of metastatic d.isease and treatment of 
arrbythmias.10
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FIGURE 17-11 Robotic surgery. A, Surgeon at console using hands and feet to control robot am\S. B. Robotic setup at patient 

An analogous image-guided therapy is radiofrequency abla
rion (RFA). Using any of a number of imaging techniques (e.g., 
laparoscopy, ultrasound, CT scan, MRD, RFA energy is used to 
destroy pathologic tissues. Whereas HlFU can be delivered 
transcutaneously, RFA requires direct access to the target tissue 
for i.ts effect. It has been shown to be an effective modality to 
treat tumors of the lung, Hver, bone, and kidney. 

MINIMALLY INVASIVE ROBOTIC SURGERY 
The concept of robotic surgery is to use the enabling character
istics of robots to improve the capabilities of the surgeon com
pared with working freeband.13 Unlike d1e use of robotics in 
industry, the robot docs not work autonomously in most surgi
cal applications, but acts as an imerface between the operating 
surgeon and patient. In this master-slave relationship, the master 
(surgeon) sits at a console, in an ergonomic and comfortable 
position, and uses movements of both hands and feet co comrol 
movement of the laparoscope and instruments (slave) in the 
patient. The commercially available robotic. system uses a pro
prietary laparoscope with two optical systems providing binocu
lar (three-dimensional) vision. 11Je surgical instmments are 
wristed near their distal tips, so the movements of tbe surgeon's 
hands can be reproduced by the instruments without the usual 
limitations of the fulcrum effect seen with traditional laparo
scopic instruments. The degrees of freedom of the instrwuent 
are increased. making it easier to carry out fine maneuvers than 
with traditional laparoscopic surgery. The surgeon can work 
from within the operating room or even remotely because there 
is no direct contact between the surgeon at the console and d1e 
instrumems (Fig. 17-11 ). One consequence of this interface is 
that the surgeon bas no tactile sense of the tissues, but must 
adapt by using visual information. 

Robotic surgery has opened up the concept of telesurgery. 
1l1eoretically, the surgeon can operate on patients at great dis
tance.14 Before this can be applied practically, issues of licensing 
and liability must be addressed, and latent delays between 
motion of the surgeon and movement of the instrument must 
be resolved. The longer the distance that the data needs to be 
transmitted from tbe console ro the parient, the greater the 
latent delay. Delays of more than 250 milliseconds can have a 
significant impact on the quality of the surgery. Robotic surgical 
placfom1s are appealing for support of the injured soldier and of 

FIGURE 17-12 In this operation, robotic prostatectomy is being done 
with robotic-controlled anesthesia. 

patients in hostile environments, such as outer space missions, 
deep sea exploration, and polar expeditions. 

Robotic surgery provides other exciting opportunities to 
enhance surgical performance. Because there is an interface 
between the surgeon and effector instruments, it is possible to 
modulate the relationship between the surgeon's movement and 
that of the instrument electronically. 1he robot can adjust the 
gain or the scale of movement. In chls way, the surgeon can make 
larger movements to affect very fu1e movements of the instru
ment tip. 'This can be helpful for surgery that requires fine and 
precise movements, such as suturing small vessels together. Algo
rithms can also be incorporated to dan1pen tremor using embed
ded filters. 

Currently, mi.tlinlally invasive surgery robotic systen1s are 
widely used in urologic surgery and gynecology and, to a lesser 
extent in cardiac surgery, otolaryngology, and general surgery.15.24 

1l1e main drawbacks are the costs, bulkiness, setup time for the 
equipment, and absence of compelling data ro show superiority 
of robotic operations over d1ose done by well-trained laparo
scopic surgeons. Recently, robotic surgery has been carried out 
in conjunction with robotic-assisted anesthesia (Fig. 17-12). 
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1bls is an automated platform on wblch anesthesia agents are 
controlled using computer-assisted devices that calculate 
moment to moment anesthesia doses in a dosed-loop system to 
provide optimal dosing.75 

FLEXIBLE ENDOSCOPE AS A SURGICAL PLATfORM 
The development of the flexible endoscope ha~ opened up a 
whole field of diagnostic and therapeutic opportunities. With 
only topical anesthesia or fV sedation, it is easy to pass a flexible 
endoscope through the mouth or nose into the upper gastroin
testinal (GI) tract or respiratory tree, or a colonoscope up 
through the rectum (Fig. 17-13). The endoscope is advanced by 
deflecting its tip using wheels at the handle, guided by the image 
provided by the miniature charge coupled-device (CCD) chip 
at the end of the endoscope and displayed on a monitor. Chan
nels in the endoscope provide access for instruments, and the 
lens can be irrigated and the field suctioned through the endo
scope. lnstruments have been developed for piJKh biopsy, 
needles for injection, needle-knives for incisions, snares for 
removing polyps or foreign bodies, balloons for stretching stric
tures, clips for occluding bleeding vessels or sealing perforations, 
stents for deployment across strictures or perforations, and 
energy for delivery down the endoscope .in the form of monopo
lar or m ultipolar electrocautery, lasers, or heater probes to stop 
bleeding or ablate rumors. The flexible endoscope can provide 
rugb-defirution images of the interior of the body and is an 
important diagnostic modality. It is increasiJ1gly being used for 
therapeutic purposes and is an imponanc cool for the GI and 
thoracic surgeon. As surgeons have become increasingly com
fortable with the flexible endoscope as a surgical platform, they 
have sought some of these capabWties for use in laparoscopic 
surgery. This has led to the development of flexible tip laparo
scopes, whlcl1 can provide effective visualization of hard to reach 
areas in the chest, abdomen, and pelvis. 

Like other image-guided therapies, the flexible e11doscope 
demands the surgeon be comfonable operating while viewing a 
moni.tor with a monocular optical system, and carry out thera
pies using long instruments interposed between the hands and 
target tissue. Recent advances have combined the outstanding 
imaging capability of the flexible endoscope with an ultrasound 

FIGURE 11-13 Flexible endoscopy is a platform for surgical therapy 
or an adjunct to open or laparoscopic surgery. 

traJ1Sducer at the distal end. Applications in the Gl tract (endo
scopic ultrasound [EUS]) and bronchial tree (endobronchial 
ultrasound [EBUS]) extend the capability of the endoscope to 
visualize the complete thickness of the wall of the orga11 for 
staging of tumors, adjacent lymph nodes, whld1 can be biopsied , 
and adjacent structures (e.g., evaluation of the common bile 
duct or pancreas through the duodenum or stomach during 
EUS). Surgical procedures cru1 now be performed usiJ1g EUS 
guidance, such as pru1creatic pseudocyst drainage into the 
stomach. 

SIMULATION FOR SURGICAL TRAINING 
AND OPERADVE PLANNING 
Image-guided surgery, whether perfom1ed by laparoscopy; 
robotics, flexible endoscopy, transcatheter methods, or other 
teclmiques generally requires a sec of specific technical skills 
distinct from those required for traditional open surgical proce
dures . Each technique makes specific demands on the surgeon, 
requiring specific training progran1s. It cannot be assumed that 
a surgeon who is proficient at performing a splenectomy by 
laparotomy can smoothly adopt the laparoscopic technique for 
this operation without further training. 

There is a concept of the learning curve during which the 
surgeon acquires proficiency with a tedmique .in the course of 
applying the technique in surgical practice. It has never been 
clear when the learning curve has been completed. Furthermore, 
the evaluation of a new technology or technique can be bia~d 
by evaluating the outcome of the procedure in the hru1ds of a 
surgeon in the learning curve. The outcome measured may be 
more refl ective of the surgeon's experience or proficiency with 
the teclulique than with the outcome of the procedure itself. 

Learning a surgical ted1J1ique in a simulation enviro11mCJlt 
has many practical advantages. 'TI1e specific learning objectives 
can be defined and modeled forlearning. Tn this way, the surgeon 
can repeatedly practice the specific skills required to make the 
r.ransition. Practice on a simulator focuses the experience on the 
learner, not on the patient. The Ieamer can be allowed to prog
ress at Ius or her own pace, go beyond the comfort level, and 
experiment with different ted1J1iques or approad 1es. 'TI1e surgeon 
can be allowed to make errors and be required to correct them. 
Perfom1ance can be measured in a standardized ru1d objective 
way and compared with an accepted performance standard (pro
ficiency level). 26-Vl 

Here, we will explore d1e role of simulation-based educa
tion for training surgeons to perform laparoscopic surgery. Many 
of the principles learned through this process can provide 
educational paradigms for teaching other iJ1J1ovative surgicat 
tedmlques 

Simulation Training for Minimally 
Invasive Surgery 
The advent of the laparoscopic era, with the shift to image-based 
surgical technologies, has required abdominal surgeons to learn 
new skills. This was not a seamless transition, as evidenced by 
the increase in comrnon bile duct injuries associated with the 
introduction of laparoscopic cholecystecwmy in tbe early 1990s
Weekend courses simply d id not prepare experienced open sur
geons adequately to be proficient in the new image-based, two
dimensional environment, with the reduction in tactilefeedback 
ru1d increased hand-eye coordination required. Similarly, train
ing progran1s struggled with how best to prepare residents for 
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laparoscopic surgery. Coincident with the need to teach image
based surgery, other factors challenged the traditional appren
ticeship model of surgical training, including an iJlcreased focus 
on patient safety, rising operating room costs, and limitations in 
resident work hours. These needs led to the development of 
models w allow the acquisition and assessmem of fundamental 
laparoscopic skills outside the operating room, through simula
tion.29.30 This traiJ1ing paradigm shift was also occurring for open 
surgical skills~G.2~ and in other technical specialties such as anes
thesia, similar to the use of flight simulators in the aviation 
industry. 

Simulation allows for the acquisition of skills through 
learner-centered, deliberate practice in a safe environment, anal
ogous to practicing an instrument. For example, instead of learn
ing how to dissect the gallbladder from the liver bed during 
laparoscopic cholecystectomy in the operating room, trainees 
acquire the fundamental psychomotor skills in a simulation 
center {Fig. 17 -14), allowing them to focus on operative strategy, 
anatomy, ru1d judgment with their clinical proctor in the OR. 
As such, simulation is best seen as a potentially importrult 
adjunct ro clinical experience, especially during early training for 
a particular skill or procedure ru1d. ideally, within a developed 
curriculum. [n laparoscopy. simulations include the use of live 
rulimals, human cadavers, box trainers, and virtual reality train
ers. Simulations may teach and assess fundamental skiUs (part 
task trainers [PTTs)), or entire procedures, tean1work, and pro
fessional skills. However, these technologies do not exist in isola
tion, and innovations such as the integration of trainers with 
actors to create h uman-sin1ulator hybrids may enl1ance effective
ness. SinmJatioJll is often costly iJ1 terms of technologic and 
humru1 resources. Objective assessment of performru1ce is an 
in1portant component of simulation-based training tQ set prac
tice goals, guide Jiemediation, and judge the effectiveness of these 
new educational interventions. 

lJ1 this section, an overview of the role of simulation in 
surgical education will be presented, focusing on its role in 
training and assessment for image-based i.nterventions. and 
high-level evidence supporting the transferability of skills from 
the simulated to clinical environment. Extensive reviews of this 
subject are available.9 

FIGURE 17-1 4 Students practicing fundamentallaparoscopic skills in 
the simulation center. 

Teaching Fundamental Skills With Partial Task Trainers 
Partial task simulators are used to teach and assess the compo
nent skills required to perform procedures, but do not model 
entire operations. L1 laparoscopic surgery, these include box 
trainers and virtual reali ty systems, with tasks that develop 
depth perception, hand-eye coordination, and bimanual 
dexterity. These are accomplished using drills requiring the coor
dinated use of both hands iJ1 a two-dimensional space and more 
complex tasks (e.g., suturiJ1g). The primary role is to enable 
novice surgeons to acquire basel.ine psyd10motor skills through 
deliberate practice outside the OR. 

A widely available part-task box-trainer system is the 
Fundamentals of Laparoscopic Surgery (FLS) program.30 FLS 
mcorporated rlle McGill Inanimate System for Training and 
Evaluation of Laparoscopic Skills {MISTELS) bC>x trainer to 
teach and certify fundamental technical skills iJ1 laparoscopy. 
Like oTher box trainers, FLS consists of a box covered with an 
opaque membrane through which trocars for mstruments and a 
crunera are placed. The trainee visualizes the interior of the box 
on a moniwr, modeling mtra-abdominallaparoscopy. Standard 
laparoscopic instruments, iJ1cluding curved dissectors, scissors, 
and needle drivers are used. FLS currently iJ1cludes five tasks 
scored for efficiency and accuracy in a standardized fashion, 
with error scores applied to penalize specific actions that should 
be discouraged. 1l1ere is ample published evidence to support 
the validity and reliability of the performruKe metrics29; FLS 
performance correlates with intraoperative performance as 
measured durmg gallbladder dissection from the liver bed iJ1 
laparoscopic cholecystectomy. A proficiency-based curriculum 
has been developed based on FLS training to a specific perfor
mance goal. FLS trainiJ1g to proficiency results in greater 
improvements in OR performance compared with standard 
clinical training.31 In other words, these fw1damental psychomo
tor ski lls, acquired in a low-fidelity PTT, such as FLS transfer 
to the OR environment. Sin1ulation-bascd trainiJlg is efficient 
ru1d effective. lhe FLS progran1 has established minimal stan
dards of knowledge about laparoscopicsurgery and the technical 
skills that must be demonstrated as rhe basis for practicing 
laparoscopy; tbe American Board of Surgery now requires FLS 
certification for general surgeons to quaJ.if}' for the board exan:ti
nation .. 1l1e requisite skills may be developed by practicing usiJ1g 
simple box trainer simulations or more complex virtual reality 
systems. 

After acquiring proficiency using PTT simulations, these 
skills can be applied to the performance of laparoscopic proce
dures. Using virtual reality and physical training systems, entire 
procedures can be learned and performance assessed in the safety 
of a simulation environment. The advantage of this approach is 
that the learner CaJ1 acquire skills rapidly, explore different 
approaches to performiJ1g an operation, assess specific enabling 
devices and iJ1stnunentation, and practice dealing with compli
cations that could occur in practice. Simulation is oriented 
around the learner, whereas patient safety is paramount in the 
clinica:l learning environment. When the procedure evolves (e.g., 
from mttltiport laparoscopy to single-port laparoscopy), the 
learner can upgrade her or bis skills using simulation to decrease 
the learniJlg curve (Fig. 17- l5). 

Reliable and valid rating scales have recemly been devel
oped for assessment of clinical performance during laparoscopic 
surgery. 1l1ese metrics provide specific assessment of perfor
mance duriJ1g each critical phase of an operation and reflect 
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FIGURE 17- 15 Part task trainer box used for the FLS.lhiscan be readily 
modified to practice skills required for singlei)<Jrt laparoscopy. 

specific skills fundamental to performance of that operation . 
Using this information as a needs assessment, a specific curricu
lum can be developed for each individual learner, creating a 
highly efficient and effective personal learning program. 

Types of Simulations 

Simulation for Endovascular Procedures 
Endovascular procedures are ideally suited for simulation train
ing. A number of high-fidellty simulators are available to leam 
rl1ese procedures. Virtual reality displays provide images of the 
diJ1ical problem and wires, balloons, and sten t~ can be deployed 
to treat various pathologies in almost any anacomic location. 
1his is an etfeCttive platform for trainiJ1g in endovascular proce
dures for me vascular surgeon, cardiac surgeon, radiologist, or 
cardiologist. A single simulator can provide educational oppor
runities to practice interventions on the carotids, cerebral aneu
rysms, coronary arteries, and iliofemoral vessels and for aonic 
valve replacement. 

Urology Simulators 
Urology has been a specialty mat has a long history of applica
tion of image-guided or minimally invasive rl1crapies. Transure
thral approaches to the prostate, bladder, and urinary tract are 
well established. Recent advances in tissue ablation, such as the 
holmium laser, have enabled prostatectomy for benign disease 
to be done with low morbidity. Most urinary stone disea~s can 
be treated by endoscopic or percutaneous merl1ods and/or licllO
tripsy on an ambulatory basis, without the need for general 
anesthesia. Because many of these procedures require specific 
skills unique to rhe procedure, simulation has proven to be a 

useful platform to develop and practice mese skiJls. Similar to 
endovascular procedures, commercially available vi rtual reality 
systems are excellent platforms to practice a large variety of 
urologic procedures. Scenarios are available to challenge the 
learner with cases of varying difficulty, and performance can be 
easily evaluated. 

Flexible Gastrointestinal and Respiratory 
Endoscopy Simulators 
Although rl1e AeJtible endoscope is an exciting platform for 
diagnosis and therapy, it requires substantial experience before 
its use can be fully mastered. A number of simulators have been 
developed for teachmg GI and respiratory endoscopy, including 
endoscopic therapeutic procedmes, EUS, and endoscopic retro
grade cholangiopancreatography (ERCP). l11ese devices come 
with a variety of clinical scenarios of different degrees of diffi
culty and complexity. l11e learner can become comfortable with 
cl1e endoscope interface, practice manipulating the endoscope to 
navigate the appropriate anatomic channel, test his or her diag
nostic acumen, and experience various endoscopic therapies 
delivered cllrough the endoscope. Metrics inlbedded in me sim
ulator allows the learner to track performance over tm1e and to 
compare performance wicl1 that of a peer group or a proficiency 
standard. 

Simulation for Surgical Planning 
'Tile great promise of surgical simulation is me concept of pre
operative surgical rehearsal based on the anatomy and pathology 
of the specific patienr being operated on. Sophisticated in1aging 
tedmiques provide anatomic and functional information in a 
digital format, so mis approach is now possible for neurosurgery 
procedures with a novel surgical simulator. Prototype systems 
have been developed whereby patient-specific in1aging data can 
be modeled imo a virtual reality model with realistic haptic 
(tactile) properties, and with deformation with pressure and 
traction minlick.ing human tissue characteristics. The surgeon 
can then explore different approaches for performing a complex 
or high-risk surgical procedure. l11e virtual environmenr allows 
the surgeon to interact with the patient's unique anatomy and 
pathology. l11e computerized platform can convey tactUe sensa
tion and sin1ulate bleeding. It allows evaluation of the complete
ness of resection and helps to predict probable functional deficits 
from injury to normal tissue. A prororype of this system, devel
oped by me National Resea.rd1 Council of Canada, is currently 
being assessed for neurosurgery.32 The application for neurosur
gery is particularly attractive, because the skull fom1s a rigid 
framework to the brain, allowiJ1g accurate stereotactic represen
tation. In theory, a surgical procedure can be created like a 
movie, wid1 editiJ1g parts of the procedure that can be done 
better, recording aU me movements, and playing back the perfect 
operation in the OR. 

Measuring Surgical Performance 
During Simulation 
The best incentive to iJnprove technical skills is to measure them. 
Havi;ng a measure of performance skill allows the establishment 
of norms, proficiency target goals for training, comparison to 
peers, and objective standards for certification. 11lis is only pos
sible when performance can be assessed using metrics that have 
passed the tests of reliability and validi ty required to use them 
in a !ugh-stakes environment. 1he parameters measured musr 
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reflect and predict clinical perfonnance and be practical to apply, 
meaningful to the learner, and generalizable to different learning 
environments. The attraction of measuring performance in a 
simulated environment is that the context for testing can be 
standardized, unaffected by patient differences in body habitus, 
anatomy, and pathology. The level of diffic.ulry can be altered. 
By providing a standardized test environment, the metrics can 
be evaluated scientifically. 
• Reliability: Any test measurement must be reliable, inferring 

that the measurements are consistent between evaluato rs 
(interratcr reliability), when an individual is assessed on dif
ferent days or in differeJlt places (test-retest reliability), and 
that there is internal consistency among the results of the dif
ferent items on the test when these are used to generate a total 
score reflective of performance. 

• Validity: Any rest provides an inference regarding an attribute 
(e.g. , knowledge, judgment, skills). The accuracy with which 
the test, conducted in an artificial or simulated environ
ment, evaluates the attributes or constructs {e.g., technical 
skill in the operating room) is a measure of the validity of 
the test. 

For a test to be valid, it must meet several standards: 
• Face validity reflects the expert opinion regardiJlg 

whether the mercies used for evaluation make sense. 
Are they logical values reflective of the quality of 
performance in the context of the surgical skills being 
assessed? 

• C(lntenr validity is the measure of bow well the test 
reflects the breadth of the content being assessed. If a 
test of laparoscopic skills only measures whether a 
surgeon could move her or his instrument to touch a 
specific target, it would not show good content valid
ity. It would not reflect the other requirements of 
bimanual dexterity, such as the ability to transfer 
objects by coapting the instruments in a single point 
in space. 

• Criterion validity {e.g., predictive validity) is a test 
whereby the measurements in the test are compared 
with a measure of the same skill in the actual dinical 
environment. Because valid measures are not often 
available for evaluating clinical performru1ce, indirect 
measures are often used to test construct validity. Such 
evidence would be based on aJl assumption-for 
exan1ple, surgeons with more dinical experience 
would perform better on the simulated test than those 
with less experience (known group differences), or 
that surgical residents with superior in-training evalu
ation scores for technical skills would perform betrer 
tbru1 those receiving average or below-average scores 
{concurrent validity). 
A summary of the process used to test the reliability and 

validity uf the FLS progran1 can serve as a useful exan1ple of the 
methodology involved in establishing useful sin1ulation metrics. 

CONCLUSION 
Surgery has been gou1g through a rapid growth spurt as the 
advru1cements iJl technology, digitization, and optics have been 
adapted to the operating room. 1his is a stimulating time in the 

field of smgery. lhe rate of growth and the potential for merging 
many of these technologies holds great promise for patient safety 
and for deliveru1g surgical care, wid1 its values of effective and 

durable treatment, at a much lower cost to the patient in terms 
of pain and suffering. 
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ACUTE TRAUMA 
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INJURY SCORING 

PREHOSPITAL 1TRAUMA CARE 

IN ITIAL ASSESSMENT AN D MANAGEMENT 

MANAGEMENT OF SPECIFIC INJURIES 

REHABIUTATION 

OVERVIEW AND HISTORY 
Treatment of the injured patient has been a predominant mission 
of the surgeon since the origin of medical care. Few other surgi
cal disciplines incorporate such a wide range of skills as those 
required by the surgeon who is managing severe injury. Th.e 
treatment of in juries predates recorded history, with evidence of 
neurosurgical procedures discovered from approximately 10,000 
BC. Although the science of improving how injuries are managed 
progresses continuously, it has been during wartime that many 
of the greatest advancements were adtieved because of the high 
burden of injury during these relatively short periods. Box 18-1 
lists some major contributions to trauma care that were devel
oped duriJlg wartime. Common themes include improvements 
in wound managemem, resuscitation, and rapid access w care. 
Recently, the research of trauma care in the military theater bas 
been fom1alized. which has allowed even greater advances to be 
achieved. 

The organization of trauma care has also evolved over the 
last century as me field matmed into a distinct surgical specialty. 
After the formation of the American College of Surgeons (ACS) 
in 1913, the leadership of the organization appointed a com
mittee to report on tl1e management of fractll!es. Created in 
1922, the Committee on Fractures evolved to become the Com
mittee on Trauma (COT) in 1949 as tl1e need to formally influ
ence formally how trauma care is provided became evident. 
Beginning with the publication of the Ettrly Care of the Injured, 
the COT has been iJlstrumental in advancing trauma care 
throughout the world via initiatives such as tl1e Advanced 
Trauma Life Support (ATLS) course, verification of trauma 
centers, and development of trauma S)'Stems that improve access 
to care. The COT has defined appropriate structure, process, 
and outcomes, as outliJ1ed in Resources for the OptimaL Care of 
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the Injured Patimt, which is used extensively by trauma centers 
worldwide. ' 1l1e COT also has developed the National Trauma 
Data Bank (NTDB), which is the largest database of trauma 
patients in existence, currently including over 3 million patients 
from 567 trauma centers. Just as the COT was commissioned 
by the ACS at the national level, it bas also formed individua\ 
committees on trauma at me State level tl1at work under the 
direction of the national committee. This structure has proven 
to be powerful by al.lowing JUaJ1Y of ilie endeavors that advance 
the care of the injured patient to occur at the state level, because 
leadexship infrastructure aJld politics differ regionally. Activities 
of the state comntittees frequently include trauma system devel
opment with the creation of triage documents. maximizing the 
use of prehospital and hospital resources, injury prevention ini
tiatives, mai ntcnance of statewide trauma registries, and advance
ment of performance improvement efforts. Frequently, a major 
part of this work is the ongoing pursuit of reliable funding 
mechanisms to pay for the improvement in trauma care through
out rhe state. Wiiliin the infrastructure of me national COT, 
states are also grouped into regions, which allows for the sharing 
of information pertaining to successful statewide initiatives and 
the discussion of issues involviJlg bordering states. 

Several otl1er organizations have been formed, with the 
primary goal of promoting ilie in1provement of trauma care. The 
American Association for the Surgery ofTrauma (AAST) origi
nated in 1938 aJld is the largest of all trauma professional 
orgarlizations. The AAST conducts an annual scientific confer
ence in September that allows for the sharing of information 
aJld promotion of the science of injury management. The AAST 
bas also been the lead organization in the creation of the new 
training paradigm called acute care smgery, which includes 
advanced education in trauma, surgical critical care, aJ1d enler
gency general surgery. Several centers are now providing training 
in acute care surgery, wim maJl}' others working to develop 
programs. The Eastern Association for the Surgery uf Trauma 
(EAsn and tl1e Western Trauma Association (WTA) arc also 
prominent academic organizations tl1at promote the exchange 
of sc.ientific advances in trauma care. Both these groups have 
active multi-institutional trial committees and have been instru
mental iJl the development of practice management guidelines. 
Injury prevention aJld trauma system development bas been 
greatly advanced by the AmericaJl Trauma Society (ATS). 1l1e 
ATS was founded in 1968 and has been a leader at the national 
level by advocating for the injured patient and promoting 
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French and Indian War (1754-1763} 
• Wound contraction during healing 
• Primary and secondary healing 
• Description of granulation tissue and 

epithelialization 
American Revolutionary War (1775-1783} 

• Exhaustive therapy (bleeding, diarrhea, vomiting, sali
vation, sweating) 

• Centralization of medical care 
• Establishment of first medical school 

American Civil War (1861-1865) 
• Primary amputation (versus secondary) 
• Use of topical antiseptic agents 
• Whole blood infusion 
• Development of specialty hospitals (eye-ear, orthope

dics, hernia) 
• Extremity traction splinting 

World War I (19 14-1918} 
• l aparotomy for penetrating abdominal trauma 
• Wound debridement and delayed closure 
• Early use oif plasma and crystalloid 
• First blood bank 

World War II (1939-1945} 
• Guillotine amputation and delayed primary closure 
• Exteriorization of colon injuries 
• Mobile surgical teams 
• Organ dysfunction after injury described 

Korean War (1950-1953} 
• Vascular surgery for limb salvage 
• Hypovolemic shock recognition 
• Mobile surgical hospital units (MASH units) 

Vietnam War (19 55-1964) 
• Aeromedical transfer (helicopter) 
• SuHamylon for burn care 
• Recognition of acute respiratory distress syndrome 

(Da Nang lung) 
Iraq wars (Iraq, 2003 to present) 

• Damage control resuscitation 
• Highly efficient trauma systems 

use 

trauma-related legislation. Finally, the care of the injured patient 
is a multidisciplinary process, which bas accordingly driven the 
formation of organizations in many other fields that play a role 
in trauma care. TI1e Orthopedic Trauma Association (OTA), 
American Association of Neurological Surgeons (AANS), and 
Society ofTrauma Nurses (STN) represent three organizations 
whose members are part of the multidisciplinary tean1 dedicated 
to improvi11g the care of the injured patient. 

TRAUMA SYSTEMS 
lnterstate 40 runs 2550 miles from Wilmington, on the coast 
of North CaroBna, to Barstow, California. Lf a car cra~h were to 
occur alo11g l-40, the unfortunate reality is that the outcome 
after a given severity of in jury is dependent on where along the 
highway the crash occurs. 1his illogical finding is a reAection 
of the variab.ili ty in a patient's access to care that is provided 
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Injury prevention efforts 
Prehospital care 
Tachypnea 
Triage 
Communication 
Transportation 
Acute care facilities 
Trauma center designation, verification 
Post-acute care, rehabilitation 
Performance improvement 
Education and outreacl1 
legislation 

throughout the United States and the rest of the world. Regions 
that are better able to respond to injury have developed an 
organized approach to providi11g all the clements that maximize 
the potential for meaningful recovery, called a trauma system. 
Trauma systems encompass the enti re care continuum, starting 
at the time of the injury, with a patient's access to care. through 
the rehabilitation process. At the most bask level, one might 
think o f the goal of a trauma system as getting the right patient 
to the right place at the right time. 

Historical ly, the provision of trauma care was centered 
around the large academic hospitals that provided the vast 
majority of injury management. Prel1ospital efforts focused on 
getting all patients to the trauma center, regardless of the degree 
of injury. Although initially found to be beneficial to those 
patients who were transported to the trauma center, this exclu
sive type of system failed to address the needs of patients who 
were geograpl1ically distant from the trauma center. Further
more, this type of system did not capitalize on the resources that 
could he provided in non-trauma center hospitals. The solution 
wa~ the development of inclusive traurna systems designed to 

address the needs of all injured patients, regardless of their sever
ity of in jury or geographic location. Inclusive trauma systems 
capitalize on the resomces of all hospitals from cri tical access 
faciHties to the large levels I and II trauma centers. Guided by 
predeveloped triage protocols, injured patients are transported 
to facilities that can provide the level of care necessary to manage 
injuries of varyil1g severi ty. At times, this requires transferril1g 
patients from smaller hospitals to larger hospitals or trauma 
center~. Box 18-2 Hs t.~ the common components of an inclusive 
trauma system that must be coordinated to maximize the effi
ciency of gettil1g the injured patient to the care location that he 
or she needs most. The benefits of this approach include the 
efficient use of all available resomces, reduction il1 potentially 
overwhelming trauma centers with patients of lower acuity, and 
allowing most patients to receive appropriate care within their 
own community. Finally, it is essential to recognize that legisla
tion plays a large role in the estabHshment and maintenance of 
traum a systems. O nly through ongoing legislative support can 
the systematic approach to trauma care grow to eliminate the 
possibil ity of a patient lacking access to appropriate, high-quality 
care for his or her inj mies. 

The establislm1ent of trauma systems is a relatively new 
development, with llliJlois and Maryland first creating a system 
for addressing injuries in the early 1970s. Congress recognized 
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the need for a coordinated approach to the management ofinju
ries and passed the Trauma Care Systems Planning and Develop
ment Act of 1990, whjcb formally addressed the need for trauma 
systems. The development of trauma systems was further 
advanced with the release of the Model Trauma Care System 
Plan by the Health Resources and Services Administration 
(HRSA).2 Originally released in 1992 and then revised in 2006, 
the newly titled Model Trauma System PIAmzing and EtttJ!Uiltion 
document applied a public health approach ro trauma and pro
vided valuable direction for develop ing and evaluating trauma 
systems. Tius public health approach identified trauma as a 
disease, the im[pact of whlch can be prevented or decreased by 
applying already established systems that address other health
related issues, such as infectious diseases. Finally, the American 
College of Surgeons' COT established the Trauma Systems 
Consultation Program in 1996 to guide states or regions in the 
process of developing a systematic approach to trauma care. 

The impact of trauma systems on the care people receive 
after injury has been well studied and provides support for 
ongoing societal investment in this approach. In 2000, Nathens 
and colleagues [published their evaluation of more than 400,000 
patients treatedl over a 17 -year period.3 During the study period, 
trauma systems were established and developed in many of the 
regions evaluated. After correcting for all idemifiable injury pre
vention and management improvements, the development of a 
trauma system over an approximately 10-year period resulted in 
a reduction in mortality by 8%.3 Several others have also reported 
tllis effect, demonstrating an. improvemen.t in outcomes in areas 
that establish a systematic approach to injury management. Most 
recently, the National Study on Costs and Outcomes of Trauma 
(NSCOT) was performed to evaluate variations in injury care and 
outcomes between trauma centers and non- trauma centers. Sup
ported by the National Center for Injury Prevention and Control 
of the Centers for Disease Control and Prevention (CDC), 
NSCOT reprc.c;;ents one of the largest epidemiologic studies ever 
to evaluate trauma care; it included more than 5000 patients from 
69 hospitals. NSCOT established that injured patients treated 
at a trauma center experienced improved outcomes over those 
treated at non- trawna centers. After correction for injury sever
ity, care at a trauma center was associated with a reductio11 in 
mortality of20% in-hospital and 25% at 1 year.4 

Trauma system development and maiJJtenance benefit 
from the contributions of physicians of all different types who 
work at locations ranging from the smallest rural hospital to the 
largest academitc medical center. Even in areas in wluch defini
tive trauma care is not provided, bealth care personnel play a 
vital role by csrabllslliJlg triage plans and providing i1litial stabi
lization and patient transfer. Highly functional trauma systems 
require d1e involvement of local leaders from hospitals, govern
ment, and prebospital agencies to develop the regional trauma 
system and work with surrotUlding trawna centers to ensure 
appropriate car;e for patients with all levels of injury severity. 

INJURY SCORING 
To characterize injuries accurately for the purposes of cllnical 
management, benchmarking, and research, several injury scoring 
systen1s have been developed. These typically are based on the 
anatomy of the injury or the resulting physiology, with several 
types systems created and evaluated over the Last 40 years. One 
of the first anatomy-based scoring systems was the Abbreviated 
Injury Scale (AJS), initially publlshed in 1971. 1he AJS 

Table 18-1 Abbreviated Injury Scale (AIS) Body Regions 
AIS FIRST DIGIT BODY REGION 

Head 

2 Face 

3 Neck 

4 Thorax 

5 Abdomen 

6 Spine 

7 Upper extremity 

8 l ower extremity 

9 Unspecified 

characteri:tes injuries using a six-digi t taxonomy that describes 
cl1e body region, type of anatomic structu.re, and specific ana
tonlic detail of the injury. As seen in Table 18-1, the first digit 
of the AIS score defines the affected body region, allowing clini
cians and researel1ers to identify the location of described inju
ries quickly. The AJS also assigns a severity code to the injury as 
a seventh digit, which ranges between 1 (minimal severity) and 
6 (pr:esumably fatal) . The A1S has been updated six times since 
the original publication and remains one of the most commonly 
used injury coding systems. 

Although theAIS successfully describes individual injuries, 
it fails to reflect the in1pact of multiple injuries sustained by 
the same patient. [n 1974, Baker and colleagues5 presented the 
Injury Severity Score (ISS), calculated by summing d1e squares 
of the AlS severity codes for the three most severely injured body 
regions. Minor injury has been defined as an ISS less than 9, 
whereas moderate injury is between 9 and 16, serious injury is 
between 16 and 25, and severe injury is suggested by a score 
more than 25. TI1e ISS has heen used extensively since its devel
opment as a way of quanti~ring the overall injury burden sus
rained by a given patient. Many other anatomic injury coding 
systems have since been developed, each with their own merits, 
although a comprehensive discussion of these exceeds the scope 
of this chapter. One of the most recent advances in injury coding 
has been the development of the Organ L1jury Scales {OIS) by 
the American Association for the Surgery of Trauma (AAST), 
which have been incorporated into the most recent update of 
rhe AlS.6 The OIS provides greater anatomic detail to specific 
organs that was lacking .in the AlS. They also have introduced 
rhc concept of injury grades, which provide a standard way of 
describing organ injury severity and the associated risk of mor
bidity and mortility. Another attribute of the OIS taxonomy is 
that the severity sufgesred by the in jury grade has been validated 
using rhe NTDB. 

Although anatomic scoring methods are more readily used 
to compare groups of Like in juries, physiologic scoring systems 
may have more real-time clinical value. Physiologic scores 
provide a better indication of the injured patient's condition and 
can therefore be used to make treatment decisions or develop a 
prognosis. Probably the most commonly used is the G lasgow 
Coma Scale (GCS), which reflects a patient's level of conscious
ness. With scores ranging from 3 to 15, the GCS is composed 
of a measure of eye opening, verbal response, and motor fwK
tion. TI1e GCS and more specifically the motor score alone have 
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Table 18-2 Glasgow Coma Scale 
PARAMETER 

Eye Opening 

Spontaneous 

To voice 

To pain 

None 

Oriented 

Confused 

Inappropriate 

Incomprehensible 

None 

Motor Response 

Obeys commands 

Localizes pain 

Withdraws to pain 

Aexion 

Extension 

None 

Total Cilaslow COIDa kore 

SCORE 

4 

3 

2 

5 

4 

3 

2 

6 

5 

4 

3 

2 

3- 15 

been found to be reflective of patient outcome after traumatic 
brain il1jury.: O ther examples of physiologic scores commonly 
used are the Trauma Score (TS) and the Revised Trauma Score 
(RTS), which are composed of the GCS as well as physiologic 
variables, such as systolic blood pressure, respiratory rate, and 
capillary refill time co quantifY the injured patient's condition. 
The GCS and the RTS are depicted in Tables 18-2 and 18-3. 
These scores have been of value for research purposes and have 
been used for making triage decisions with some success. 

PREHOSPITAL TRAUMA CARE 
Immediately after a patient is injured, the prehospital phase of 
care begiJ1s with the goal of moving a patient to a location 
capable of providing definitive injury management as quickly as 
possible. Because of the time-dependent nature of many severe 
injuries, prehospital personnel play an integral role in the ulti
mate outcome of the trauma patient. 1he initial approach ro 
prehospital mjury care can be summarized mto four priorities: 
1. Evaluate the scene. 
2. Perform an initial assessment. 
3. Make critical mterventions and triage-transport decision. 
4. Transport the patiem. 

1llis list of priorities is intentionally brief because the 
outcome for each patient depends greatly on how quickly defuli
tive hen1orrhage control is obtained. For that reason, only criti
cal interventions should occu.r prior to iJ1itiatmg transportation 
to the definitive care facility. 

Prehospital providers must begin by evaluatiJlg the scene 
first to ensure his or her safety. l11e remaiJlli1g scene assessment 
should be rapid and completed as the patient is approached. 1l1e 
initial assessmem consists of a systematic approach ro identify 
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Table 18-3 Revised Trauma Score 
SYSTOLIC 
BLOOD RESPIRATORY 

GLASGOW PRESSURE RATE 
COMA SCORE (mm Hg) (breaths/ min) CODED VALUE 
13-15 >89 10-29 4 

9-12 76-89 >29 3 

6-S 50-75 6-9 2 

4-5 1-49 1-5 

3 0 0 0 

Total Revised Trauma Score G-12 

life-threatening conditions immediately that require urgent 
intervention. This assessment follows the well known ABC mne
monic, in which a irway, breathiJlg, and circulation are sequen
tially addressed. Durmg this time, an airway is established and 
assisted ventilation is provided if necessary. Spmal immobiliza
tion is provided with a hard collar and long spine board. Assess
ment and support of circul.ation includes immediate control of 
external hemorrhage and illltiation of fluid resuscitation. 

The success of the prehospital trauma management hinges 
on immediately making a triage and transport decision. Severely 
injured patients should be immediarely transported to an appro
priate bospital for defulltive care usil1g tbe "Load and go" phi
losophy, wid1 all ren1:uning care provided en route. Valuable 
prehospital care iJKiudmg a head to toe exanlination, continu
ous moJlitormg, placement of subsequent intravenous access, 
and environmental control can be provided while the patient is 
beiJ1g transported. Although the decision to depart d1e scene 
rapidly is often simple, where to go and how to get there can be 
mud1 more challenging. These decisions should be made well iJ1 
advance and dlen mlplemented m the form of well-oudmed 
protocols and agreements that were developed during trauma 
system planning endeavors. To guide this process, the COT and 
the CDC have developed a Field Triage Decision Scheme, 
wllld1 is included in dle updated COT document' (Fig. 18-1). 
1his systematic approach to triage uses physiologic status, mech
anism of injury, and identification of high-risk patients to assist 
in decidiJ1g who nlight benefit from immediate transfer to a 
trauma center. Finally, the value of rapidly making a triage and 
transport decision within mmutes of patient arrival and then 
quickly departing to keep scene times less than l O minutes 
cannot be overemphasized. 

One of the primary goals of prehospital trauma care is 
maintaining control of the mjured patient's airway. 'Tile gold 
standard for airway maintenance in severely injured patients 
remams oral endotracheal intubation, typically usiJ1g a rapid
sequence technique wid1 spine stabiU7..ation. There has been 
some controversy recently that has questioned whether advanced 
airway management in the prel1ospital sening is more harmful 
than basic airway support with a bag valve mask and basic ai rway 
adjuncts. 1he existi11g literature has been unable to address this 
questio n adequately. For example, Eckstein and coiJeagues8 have 
retrospectively evaluated 496 injured patiems and foLmd that 
endotracheal intubation was associated with a greater mortality 
compared with bag valve mask support. Studies such as these 
are limited by selection bias and at best can suggest that this 
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Step one 

Measure vital signs and level of consciousness 

Glasgow coma scale 
Systolic blood pressure (mmHg) 
Respiratory rate 

• Yes 

t 

<14 
<90mmHg 
<10 or >29 breaths per minute 
(<20 in infant aged <1 year) 

J 
No 

Take to a trauma center. Steps 1 and 2 attempt to 
identify the most seriously injured patients. These 
patients should be transported preferentially to the 
highest level of care within the trauma system. 

Assess 
anatomy 
of injury 

• Step two • All penetrating injunes to head. neck, torso, 
and extrem~ies proximal to ebow and knee 

• Amputation proximal to wrist 
and ankle 

• Flail chest • PelVic fractures 
• Two or more proximal long-bone fractures • Open or depressed skull fracture 
• Crushed, degloved, or mangled extremity • Paralysis 

I 

Yes No 

t 
Take to a trauma center. Steps 1 and 2 attempt to 
idenmy the most seriously injured patients. These 
patients should be transported preferentially to the 
hiehest level of care ~hin the trauma svstem. 

Assess mechanism 
of injury and evidence 
of high-energy impact. 

Step three •Falls 
• Adults: >20 feet (one story is equal to 10 feet) 

Step four 

· Children: > 10 feet or two or three times the height of the child 
• High-risk auto crash 
- Intrusion: > 12 inches occupant site: > 18 inches any site 
- Ejection (partial or complete) from automobile 
• Death in same passenger compartment 
- Vehicle telemetJy data consistent with high risk of injury 

• Auto vs. pedestrianlbicydist thrown, run over, or ~h significant (>20 fl1)h) impact 
• Motorcyde crash >20 mph 

• Yes 

+ 
Transport to closest appropriate trauma center. 
which, depending on the trauma system, need 
not be the highest level trauma center. 

• Age 

-
J 

No 

Assess special patient 
or system considerations. 

- Older adults: Risk of injury/death increases alter age 55 years 
- Children: Should be triaged preferentially to pediatric-capable trauma centers 

• Anticoagulation and bleeding disorders 
•Bums 
- Without other trauma mechanism: triage to bum facirrty 
- With trauma mechanism: triage to trauma center 

• Time sensitive extremity injury 
• En~stage renal disease requiring dialysis 
• Pregnancy >20 weeks 
• EMS provider judgment 

Yes 

Contact medical control and considertransport 
to a trauma center or specnic resource hospital. 

No 

+ 
Transport according 

to protocol. 

When in doubt, transport to a trauma center 

FIGURE 18-1 Field triage decision scheme 
created to guide the development of state and 
local emergency medical services (EMS) triage 
protocols. The scheme uses four decision 
steps-physiologic, anatomic, mechanism of 
injury, special considerations-to guide triage 
decisions in the local trauma system. (From 
Committee on Trauma, American College of 
Surgeons: Resources for the optimal care of the 
injured patient, ed 5, Chicago, 2006, American 
College of Surgeons.) 
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question be studied prospectively. There has also been work 
specifically in brain-injured patients that argues the converse and 
thus supports the use of prehospital endotracl1eal intubation.9 

Finally, it is of value to have several airway rescue techniques 
and methods available because many have been fotmd to facili
tate inrubation or provide a bridge to a definitive ai rway. Two 
examples that are well studied are the gum ela~tic bougie and 
blind insertion airway devices. 

Resuscitation with isotonic crystalloid solution is initiated 
in the prehospital phase of care for patients in shock. Although 
this principle remains well accepted, the need for intravenous 
(IV) fluid resuscitation in some patient groups has been ques
tioned and the concept of hypotensive resuscitation bas been 
introduced. The rationale is that overresuscitation before man
agement of bleeding could potemially increase the rate of blood 
loss by disrupting areas that had become hemostatic. Bickell 
and associates10 have performed a prospective trial that com
pared standard crystalloid administration with the concept of 
withholding prehospital Auid resuscitation in patients with 
penetrating torso trauma. TI1e group of patients who had resus
citation withheld until reaclling the hospital bad a lower mor
tality than the in1mediate resuscitation group. These results are 
intriguing, but the study represented a unique cohort of pene
trating trauma patients in an utban setting, with short trans
port times to definitive care. Nevertheless, it suggests that 
prehospital Auid resuscitation be judiciously administered to 
support some m injmal level of perfusion to support the main
tenance of hemosrasis. 

Finally, recent military experience has reintroduced the use 
of tourniquets for prehospital extremity hemorrhage control. 
For some time, tourniquets were infrequently used because of 
concern about muscle and nerve injury. Recent advances in 
device development and provider education have lessened the 
associated risk arud have again demonstrated the potential benefit 
of tourniquets in certain situations. Several series now have 
demonstrated improved outcomes related to the use of toutlli
quets in the rnilitary theater. 11 Many prel10spital agencies are 
now including to urniquets on standard equipment lists so that 
they may be used when confronted with a patient with devastat
ing extremity irlljuries with u11controlled arterial hemorrhage. 
Although many commercial devices are now available, Figure 
18-2 illustrates a tourniquet that can be used in the prehospital 
setting. 

INITIAL ASSESSMENT AND MANAGEMENT 
Since its inception over 30 years ago, the Advanced Trauma Life 
Support (ATLS) course bas presented a safe approach tO the 
initial assessment and management of the injured patient.12 

ATLS has been widely adopted as the standard approach in most 
trauma centers. All physicians who provide initial care to trauma 
patients should complete the ATLS course to hecome fau1iUar 
with the concept of rapidly identifying and addressing life
threatening conditions during the initial patient assessment. 
Furd1ermore, ATLS teaches three important concepts that 
greatly enhance the ability to manage injured patients, regardless 
of where care is provided: 
). Treat the greatest threat to Life first. 
2. The lack of a definitive diagrtOsis should not delay the 

application of an indicated urgent treatment. 
3. An initial, detailed history is not essential to begin the 

evaluation of a patient with acute injuries. 
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FIGURE 18-2 Example of a tourniquet. Tourniquets are now more 
commonly being used to prevent extremity exsanguination in military 
and dvilian prehospital environments. 

1l1e initial assessment foUows a well-defined order that is 
ba~d on the patient's risk of death. At dtis time, the identifica
tion of llfe-threate•ling conditions requires immediate interven
tion. 1his initial assessment and management, also termed the 
primar_y survey, follows the mnemonic ABCDE (Fig. 18-3): 

Airway and cervical spine protection 
Breathing 
Circulation 
Disability or neuro.logic condition 
Exposure and Environmental control 

fjnally, the safety of the health care team is of upmost 
importance. 1herefore, prior to any patient contact, personal 
protective equipment must be donned to reduce the risk of 
infectious disease transmission. 

Airway 
On receiving an injured patient in the emergency department, 
the status of the patient:~ airway should be immediately assessed. 
11us is best aclueved by eliciting a verbal response, because 
speaking patients are typically able to protect their airway. TI1e 
inabiliey to speak indicates severe mental status depression or 
some obstruction to air flow through the upper airway. [neither 
of the_c;e situations, however, the patienc is frequently unable to 

maintain an adequate airway to support acceptable oxygenation 
and ventilation. Futther indicators of airway compronlise 
include noisy breatlling, severe facial trauma, specifically with 
oropbaryngeal blood or foreign body, and patient agitation. A 
determination of the adequacy of the airway sh<Juld be com
pleted within seconds of the patient's arrival, as well as a decision 
to obtain better airway control if necessary. Even if an airway is 
thought to be secme, frequent reassessment for decompensation 
and the development of airway compromise is paran1oum. 

Also of importance d uring this time is protecting the cervi
cal spine. Injured patients should be suspected of having a cervi
cal spine injury until a thorough evaluation can be completed 
to eliminate this possibility. Cervical spine protection includes 
the use of a hard cervical collar and the maintenance of the log 
roll technique for all patient movement. Spine protection during 
patiem rra11Sporration can be augmemed by the use of a long 
spine board but patients should be ren1oved from these devices 
shortly afrer emergency department arrival to p revent the devel
opment of pressure sores, wb.ich can occur within a short period 

http://www.myuptodate.com


436 SECTION Ill TRAUMA AND CRITICAL CARE 

Assess airway 
Elicit verbal response 
Protect cervical spine 

Stable ' 

Establish stable airway 
Unstable Endotracheal intubation 
- - ---1 Consider. 

Airway adjuncts 
Gum-elastic bougie 
Laryngeal airway 
Surgical airway 

Assess breathing ___ ln_a_d_eq_u_at_e_o.~ Supplemental oxygen 

*Physical exam ---- Assisted ventilation 
Pulse oximetry Consider tube thoracostomy 

2 large-caliber IV's Adequate ' 

Assess circulation-shock? 

Patient in 
shock 

1- 2 L wann crystalloid infusion 
Consider tension pneumothorax 

-----~ Immediate evaluation for bleeding Physical exam 
Vital signs (BP, HR, RR) 

Patient 
perfusing well 

Assess disabi lity/neurologic 
condition 

*Glasgow coma scale 
Moving all extremities 

• Physical exam 
- External loss 
- Multiple long bones 

• Chest x-ray 
- Intra-thoracic loss 

• Pelvic x-ray 
- Retroperitoneal loss 

• FAST 
- Intra-abdominal loss 

Expose entire patient 
Prevent hypothennia 
• Wann blankets 
• Wannfluids 

Specific hemorrhage control 
• Control external loss 
• Tube thoracostomy 
• Splint/stabilize fractures 
• Decrease pelvic volume-wrap 

Secondary survey 
Radiographfc evaluation 
Laboratory studies 
Urinary/gastric catheters 

• Operating room 
• Angiography 

of time. During airway assessment and intervention, the anterior 
portion of the coUar can be removed to facilitate exposure and 
airway manipulation but manual stabilization should be pro
vided by an assistant throughout this period. 

lnunediacc airway adjuncts include supplemental oxygen, 
oropharyng<.>al and nasopharyngeal airways, and bag valve mask 
ventilation. These can be applied quickly to suppon the faillitg 
patient while preparing to secure a more definitive airway. The 
definitive airway of choice for most injured patients is oral 
endotracheal intubation provided using a rapid-sequence tech
nique. \Vtth cricoid pressure app.lied, the patient is provided a 
sedative and fast-acting neuromuscular blocker such as succinyl
choline to maximally enhance glottic visualization. Direct laryn
goscopy and intubation are performed. with care taken to avoid 
cervical spine motion. Endotracheal tube position must be con
firmed using chest and abdomen auscultation, end-tidal carbon 
dioxide measuliement, and ultimately a chest radiograph. The 
presence of highly experienced airway persoJU1el can be extremely 
advantageous and may be an important component of the 
trauma alert system. 

Several recent developments have broadened the capabili
ties of airway physicians when chaUenged with a difficult airway. 
1l1e gum elastic bougie bas been shown to improve the rate of 

FIGURE 18-3 Algorithm for the initial assessment of 
the injured patient. BP, Blood pressure; HR, heart rate; 
RR, respiratory rate. 

successful intubation, especiaUy in the setting of a challenging 
airway. For injured patients who cannot wtdergo cervical exten
sion, require cricoid pressure, or have upper airway injuries, the 
normal view of the glottis may be obscured. ln this setting, the 
bougie can be placed with a limited view of the vocal cords, 
resulting in an improved rate of appropriately placing an endo
tracheal tube. Another rescue technique that should be remem
bered in the setting of an inability to intubate successfully is the 
usc of a blind inserrion airway device. Some commonly used 
devices include the laryngeal mask airway (LMA), multilumen 
esophageal airway (Combitube), and laryngeal rube airway 
(King LT-D). 1hcsc arc typically placed blindly and function 
essentially by occluding the esophagus and the posterior pharynx, 
aUowing assisted ventilation to pass selectively down the trachea. 
These have been fow1d to be easy to place and are valuable tools 
in a rescue situation.13 

If a difficult airway requires the intubating physician ro 
progress to a backup plan, preparation for a surgical airway 
should begin. A cricothyroidotomy can be performed with 
limited equipment and should commence prior to cardiovascu
lar collapse. 1he inability to maintain oxygenation with a bag 
valve mask between intubation attempts is a reasonable indica
tion for establishment of a surgical airway. To perform a 
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c 
FIGURE 18-4 Technique of cricothyroidotomy. The cricothyroid mem
brane is identified by palpation (A) and a transverse incision is made 
over the membrane (B). The incision and dissection are continued 
through the cricothyroid membrane and the cricothyroidotomy is 
spread, allowing the passage of a tracheal tube. 

cricothyroidotomy (Fig. 18-4), the front portion of the cervical 
collar is removed and in-Line stabilization of the cervical spine 
is maintained. After preparation, a transverse incision is made 
over the cricothyroid membrane, whid1 can be palpated between 
the thyroid cartilage and cricoid ring. Spreading the overlying 
sofr tissue reveals the cricothyroid membrane. The membrane is 
transversely incised and the cricothyroidoromy is spread longi
tudiJlally. A tracheostomy or endotracheal tube is then advanced 
through the incised membrru1e ru1d down the trachea. After 
balloon inflation, tube position is immediately confirmed with 
lung auscuJtation and end-tidal carbon dioxide determination. 
Finally, padems suspected of having a laryngeal injury might 
have involvement of the airway in the vicinity of the cricothy
roid membrane and therefore could benefit from a tracheostomy 
instead of a cricothyroidotomy. 

Breathing 
Breathing is rapidly assessed by visualizing or palpating the 
chest, auscultating breath sounds, and measuring oxygen satura
tion. Limited respiratory effort or dyspnea are indicative of the 
need for airway stabilization and ventilatory support. L1ability 
to venti late the patient adequately could be secondary to tension 
pneumothorax, massive hemothorax, or flai l chest with pulmo
nary contusion. Tension pneumothorax should be recognized on 
the primary survey and radiographic confirmation is not required 
prior to treatment. Deviation of the trachea in the sternal notch, 
in combination with unilaterally absent or diminished breath 
sounds ru1d cardiopulmonary compromise, is diagnostic of a 
tension pneumothorax. Thoracic decompression should imme
diately be performed with a large-bore needle-ru1giocarheter or 
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BOX 18-3 Indicators of Shock in the Injured Patient 

Agitation, confusion 
Tachycardia 
Tachypnea 
Diaphoresis 
Cool, mottled extremities 
Weak distal pulses 
Decreased pulse pressure 
Decreased urine output 
Hypotension 

a tube thoracostomy, depending on the availability of equipment 
rutd supplies. Massive hemothorax may also require urgent 
placement of a tube thoracostomy and severe pulmonary contu
sion can only be managed witl1 aggressive mechanical ventila
tion, often with elevated levels of positive end-expiratory pressure 
(PEEP). With severe pulmonary contusion one should resist 
continuously disconnecting the ventilator to suction or bag the 
patient when oxygenation will only improve witl1 uninterrupted 
PEEP. 

Cirwlation 
After r-espiratory stabil i:t~tion , an immediate assessment for car
diovascular compromise is completed. Simply, the physician 
must determine whether the injured patient is in shock. Box 
18-3 Usts the most common immediate indicators of sbock. lt 
is important to recognize that a patient can be in shock before 
developing hypotension because tlus is one of tbe last find in gs 
before complete cardiovascular collapse. CardiovascuJar dys
functio n in injured patients is secondary to hemorrhage in most 
patiems. In less common situations, a spinal cord injury (neu
rogenic shock), or prcinjury heart failure or sepsis could be the 
cause. On recogrtition of shock, resuscitation is immediately 
iJlitiated with 1 to 2 liters of warm crystalloid solution infused 
through two large-bore, short, peripheral IV catl1eters. A rapid 
assessment for the source(s) of blood loss is then completed. [r 

may be valuable to approach this assessment by recognizing the 
five major locations for exsanguinating blood loss: chest, 
abdomen, retroperitoneum (often a pelvic fracture), multiple 
long bone fractures, ru1d external sites. Immediately, a brief 
physical exanlination will identify long bone fractures and 
sources of external hemorrhage. A d1est radiograpb wW evaluate 
for thoracic blood loss and a pelvic radiograph will ide.tttify a 
pelvic fracture. The focused abdominal sonograpby in trauma 
(FASD scan or diagnostic peritoneal lavage (DPL) for gross 
blood can be obtained to evaluate for intra-abdominal bleeding. 
The FAST scan is a rapidly obtainable ultrasouJld that assesses 
for fluid widtin the abdomen. The FAST scan assesses the hcpa
torenal, splenorcnal, and pelvic spaces for fluid whid1 in the 
setting of trauma most likely represents blood. A FAST scan cru1 
be performed quickly in the trauma bay by the surgeon and can 
be rapidly repeated if necessary. Figure I S-5 demonstrates blood 
iJ1 the bepatore.ttal space on FAST scan. 

After the ini tial l- to 2-liter crystalloid bolus is infused, 
patients ate reassessed for response by determining whether the 
indicators of shock have improved. Patients who respond favor
ably can then continue to undergo a stru1dard evaluation to 
ide.t1tif}• their injuries. It is in1portant to decrease the adminis
tered rv fluid to a maintenance rate so that signs of ongoing 
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FIGURE 18-5 FAST scan demonstrating fluid in the hepatorenal space 
(Morrison's pouch). The arrow identifies fluid (blood) between the 
liver and right kidney. 

bloud loss wiLE not be masked by continuous fluid infusion. 
1l1osc that fail 'tO respond to the fV fluid bolus need immediate 
intervention based on the assessment for bleeding. External 
bleeding should be managed and fractures splinted. A tube 
thoracostomy may be required for thoracic blood loss, with 
subsequent thoracotomy as needed. Tntra-abdontinal bleeding in 
the hemodynamically unstable patient warrams emergent lapa
rotomy. Finally, bleeding from pelvic fractures may require a 
pelvic binder followed by pelvic angiography with embolization 
for am·rial hemorrhage. \XfhiJe the management of hemorrhage 
is occurring, ongoing resuscitation with blood products should 
be provided commensurate with the estimated blood loss. 

Disability and Exposure 
A rapid determination of neurologic fuJlction can be achieved 
by quickly calcl!.l lating the GCS. This will reflect the patient's eye 
opening, verbal, and motor responses and potentially reflect the 
degree of neurologic injury. lf possible, this should be assessed 
prior to administering sedati11g or paralyzing medications. Also, 
the ability to move the extrem.i ties should be detemlined because 
this may be indicative of a spiJlal cord injury, especially iJ1 the 
scttiJ1g of shock without an identified source of blood loss. 1l1c 
evaluation described during the primary survey requires com
plete exposure of the patient to ensure that important findirlgs 
are not obscured by clothing. Despite this, maintaining body 
temperature is of upmost priority. A core body temperature 
should be obtained and documented. Warm blankets should be 
applied whenever an examination is not being performed and 
the trauma resuscitation room should be kept warm. All fluids 
provided to the trauma patient must be warm and body warmers 
should be considered as needed. 

Resuscitative Thoracotomy 
Rarely, select patients who experience cardiac arrest in the emer
gency department may be candidates for a resuscitative thora
cotomy. There are four main goals of a thoracotomy in the 
emergency department: opening of the pericardium to relieve 
cardjac tamponade, internal cardiac massage, cross-damping of 
the distal thoracic aorta, and managCI1leot of intra-thoracic 
bleeding. Although potentially lifesaving for some patients, a 

resuscitative thoracotomy can be dangerous for providers and 
costly to perform. 1l1erefore, studies have attempted to identify 
patient groups that have a chance of survival following resusci ta
tive thoracotomy to establish when the procedure is indicated. 
Patients who have demonstrated more favorable results are those 
wirh penerraring thoracic injuries who have signs of life on 
reaching the emergency department. An assessment of aU appli
cable studks yielded a survival rate of 11.2% after resuscitative 
thoracotomy for penetrating chest i11jury.14 Blunt trauma 
patients have uniformly dismal results aJld therefore are not 
candidates, except irl the most select situations. Survival rates of 
1.6% were noted when appropriate studies were pooled, and 
most of these survivors had a poor neurologic outcome. "1 

Patients with stab wounds demonstrate better outcomes than 
gunshot wounds because of the higher incidence of pericardiai 
tamponade without major cardiac irljury which may be more 
likely to respond to pericardial decompression. Signs of life sug
gesting potential response to resuscitative thoracotomy include 
pupillary reactivity, spontaneous respiratory effort, palpable 
pulses, extremity movement, aJld cardiac electrical activity. Per
forming a resuscitative thoracotomy mandates having surgical 
support personnel who can perform definitive repair of thoracic 
injuries if spontaneous circulation is successfully resumed. 

Secondary Survey 
A head to roc evaluation is completed on all stable patients after 
the primary survey. All body regions are thoroughly examined 
to identify injuries or the need for further evaluation. At this 
time, a more detailc::d neurologic evaluation can be completed 
and abnormalities of the face aJld neck identified. 1l1is includes 
posterior surfaces that are more difficult to visualize and may be 
obscured by the cervical collar. The torso is examined, especially 
with respect to pulmonary dysfunction and abdominal render
ness. Seatbelt or other superficial injury to the neck and abdomen 
may prompt further evaluation. 1l1e pelvis is assessed for tender
ness, with care taken to avoid excessive compression because this 
technique to identi~r stability may only disrupt hemostasis. A 
rectal exanlination with a non bloody glove ro assess the prostate 
and the presence of gross gastrointestinal (GI) blood should be 
included. The extremities are evaluated for closed or open defor
mities and each joim should be manipulated to idemi~r abnor
malities. CarefLLI assessment of distal perfusion is extremely 
irllportam, especially in the presence of aJl associated extremity 
injury. 'This frequently includes an evaluation of pulse quality 
and blood pressure comparison between excremities. The patient 
should be rolled to assess the spine for deformity or tenderness 
and the long spine board can be removed at this t ime. Penetrar
iJlg meel1anisms require meticulous surveillance for all penetrat
ing injuries, especially those that may be difficult to identify in 
areas such as tbe scalp, mouth, axilla, periJ1cum, and throughout 
the back On identification of these injuries, labeling with a 
radiopaque marker may allow localization on imaging studies. 

MANAGEMENT OF SPECIFIC INJURIES 

Damage Control Principles 
Historically, iJ1 many centers, trauma patients who required 
immediate operation for llfe-tltreatening injuries would undergo 
surgery until alJ injuries were definitively repaired. Some patients 
would experience progressive physiologic derru1gC111ent duriJ1g 
these operations, often developing hypothermia, coagulopathy, 
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and metabolic acidosis, a combination that has become labeled 
as the deadly triad or the bloody vicious cycle. To avoid certain 
death, this cycle must be halted by quickly managing bleeding 
and providing aggressive resuscitation. In 1993, Rotondo and 
a.~ociates15 coined the tem1 dnmnge control to describe an 
approach ro managing padenrs who were progressing rapidly 
toward death as their injuries were being definitively repaired. 
Damage control includes immediate surgical control of hemor
rhage and contamination without immediate dclin.idve recon
struction. All surgical bleeding is controlled and intra-abdominal 
or intrathoracic packing is frequently required to achieve hemo
stasis. Hollow visceral resection with temporary GI discontinu
ity is also commonJy used. The chest or abdomen is then 
temporarily closed, frequently using a vacutLm-type closure 
method. 1l1e patient is aggressively resuscitated in tl1e intensive 
care unit with tbe goal of achieving adequate cardiopulmonary 
function and metabolic hemostasis. On improvCI11ent in body 
temperature, coagulopathy, and acidosis, definitive reconstruc
tion of injuries can occur, followed by chest or abdominal 
closure whCJl feasible. lnitially, the concept of damage control 
was used for severe abdominal injuries bur the principles have 
been applied to injuries of the chest, pelvis, and extremities. 
Using a simiJa:r approach, some have even advocated damage 
control orthopedics, which is based on me theory that rapid 
fracture stabilization may reduce the inAammatory response to 
injmy and result in fewer long-term sequelae. 

Recently, traditional methods of resuscitation immediately 
after injury have been questioned. Born out of military experi
ence, an approach now called damage control resuscitation has 
evolved, with promising early results. ln damage control resusci
tation, replacement of lost blood is provided as a more equiva
lent distributiolll of all blood components. 1l1c military 
experience found that resuscitating with equal amounts of 
packed red blood cells, plasma, platelets, and cryoprecipitate 
resulted in preventing severe coagulopathy, which was associated 
with less physiologic derangement after severe injury.16 Although 
some studies have reported improved outcomes with this 
approach, omers have questioned the validity of mese findings 
when applied to civilian patient populations. Nevertheless, many 
trauma centers have in1plemented this approach. Prospective 
trials are greatly needed to definitively evaluate this practice. 

Injuries to the Brain 
Traumatic brain injuries (TBis) remain one of the greatest causes 
of death and disability despite significant inlprovements in me 
care of these injuries over the last several decades. ln j mies to the 
brain are common with a substantial percentage resulting in 
death or permanent disability. CommonJy, the outcome of a 
patient with multiple injuries is dictated by the impact of the 
brain injury. According to data from the CDC, 1.4 million brain 
injuries are sustained each year, with l.l million evaluated in 
U.S. emergency departments. 17 Falls are the most common cause 
of brain injuries, witl1 those at the extremes of age being the 
most vulJlerable to this mechanism. The mortality rate for the 
235,000 patients with TBl that require hospitalization is 21.3% 
and the number of people experiencing permanent TBI-related 
disability exceeds 80,000 each year. 

Mechanism and Pathophysiology 
Injuries to me brain result from direct transmission of energy to 
the cranium a:nd the tmderlying brain tissue, as well as dan1age 
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resulting from movement of the brain within the rigid cranial 
vault. Compression of brain tissue can also result from tearing 
of intracranial blood vessels, which causes accumulation of 
blood. Secondary brain injury can occm foUowing the initial 
insult and results from ischemia and compression by adjacent 
tissue edema. Because of rhe rigidiry of rhe bony cranium, rhe 
volume within the skull ren1.ains constant. 1l1e Monro-KelJie 
doctrine states that any increase in the volume of intracranial 
contents results in an elevation of intracranial pressure with an 
associated decrease in the voltm1e of other tissues, such as the 
brain parenchyma and cerebrospinal fluid. Figure 18-6 depicts 
the relationship between intracranial volume and presSLLre, 
which explains why inj my resulting in increased intracranial 
blood and edema can have such a detrimental effect on me sur
rounding brain tissue. Epidural hematomas (Fig. 18-7) typically 
result from a lateral fractme of the cranium causing bleeding 
from the middle meningeal artery or a nearby vessel. The classic 
clinical course includes a brief loss of consciousness foUowed by 
a lucid interval, du.ring which time the hC111atoma is expanding. 
Ultimately, symptoms again develop and can be profound 
without iJltervemion. \'V'hen identified and treated early, patients 
with epidural hematoma~ can have favorable outcomes because 
the hematoma itself is usually not associated with underlying 
brain parenchymal injury. This is in distinction to subdmal 
hematomas, which commonly are associated with severe under
lying brain tissue injury (Fig. L8-8). Subdural hematomas are 
believed to result from tearing of the bridgiJ1g veins between the 
dura and cerebral cortex. 1l1e hematoma can be compressive but 
it is frequently the underlying brain conrusion and axonal injury 
that dictate tl1e outcome after these injuries. Subarachnoid hem
orrhage after TBl is common and in itself has little deleterious 
effect. 1l1e presence of blood in the subarachnoid space likely is 
a reflection of the presCJlce of a TBI, which should prompt 
surveillance. Parenchymal contusions of brain tissue result from 
a direct blow to the cranium or from movement of the brain 
within the rigid cranial vault, resulting in injury on the opposite 
side, also described as a contra-coup injury. Typically, tl1e blood 
a:nd hematoma associated with these contusions are nor overly 

MONRO-KELLIE DOCTRINE 

Intracranial volume 

FIGURE 18-6 The Monro-Kellie doctrine describes the increase in 
intracranial pressure as intracranial volume increase secondary to 
hernorrllage or edema. This relationship of pressure to volume is a 
result of the rigid cranial vault, which exhibits a fixed volume. 

http://www.myuptodate.com


440 SECTION Ill TRAUMA AND CRITICAL CARE 

FIGURE 18-7 Cr:anial CT scan demonstrating an epidural hematoma. 
Blood appears as high-density fluid (white) identified in the right 
parietal region. Note the associated midline shift. 

FIGURE 18-8 Cranial CT scan demonstrating a subdural hematoma. 
Blood appears as high-density fluid (white) identified in the right 
posterior parietal region. Note how the blood follows the contour of 
the underlying brain. 

large but the edema that develops over the subsequent days can 
be p:rofound and a major source of secondary brain injury: 
Finally, diffuse axonal injury describes the phenomenon of dis
ruption of the axon from the neuronal body secondary to severe 
rotational forces that are believed to create a shearing effect. 
Frequendy, the magnirude of rhis rype of injury cannQ[ be 
appreciated on imaging and the uJtimate severity is determined 
clinically during the weeks that follow. Diffuse axonal injury 
may be suggested on imaging by the presence of scattered pwlc
ruate hemorrhages within the parenchyma and, at times, a loss 
of the differentiation of gray and white mater. 

Immediate Management 
Prevention of secondary brain injury is of highest priority as 
soon as a patient with a TBI is encountered. Given our current 
capabilities, li t de can be done to reverse the effects of the primary 
brain-injuring process, but intervention can be provided to 
prevent secondary insuJt. At the most basic level, this includes 
ensw:ing that the injured brain receives adequate blood Aow to 
supply necessary quantities of oxygen. 'TI1crefore, emphasis must 
be placed on maintaining the ABCs throughout all prehospital 
and hospital phases of care. 1l1is includes early recognition of 
severe TBI, with in1mcdiate establishment of an acceptable 
airway and initiation of physiologic ventilatory support. Hemor
rhage control and resuscitation should be initiated to prevent 
hypoperfusion, which can be highly detrimental to dle injured 
brain.. Determination of the GCS can be valuable to compare 
the patient's neurologic condition throughout the continuum of 
care. Patients known to be on antidlrombotic therapy urgently 
need reversal of the anticoagulant effects, which may worsen 
intracranial hemorrhage. Because of the time-dependent nature 
of certain intracranial injuries, decreasi11g the time from injury 
to the operating room can be lifesaving for some patients. There
fore, hospitals wi thout neurosurgical support should quickly 
assess whether they have the capability to care for a patient with 
a preswued TBI and then make the appropriate transfer arrange
ments. This should be a high priority and shouJd not be delayed 
ro obtain studies that will have no inlmediate impact on the care 
of the patient. 

Evaluation 
The evaluation ofTBJ begins during the prin1ary surve}~ when 
a brief assessment of neurologic function is completed. Typically, 
this i ndudes determination of the GCS, with emphasis on elu
cidating the best motor function, because this can be most 
predictive of neurologic function. The inabili ty to follow com
mands is a valuable indicator of a severe braiJl injury. An assess
ment of the character of the pupils is also included because 
this can be indicative of progressive compression within the 
cranium tl1at is impinging on the cranial nerves. If possible, a 
neurological examination should be performed before it is 
obscured by sedating or paralyzing agents such as those used for 
intubation. 

Although the management of airway compromise and 
shock are of highest prioriry, patients with a TBI benefit from 
early in1aging of dlc cranium after stabilization. Computed 
tomography (CI) of the head wicllOUt rv contra5t is the most 
important diagnostic swdy during d1e initial evaluation ofTBI 
because it provides a highly sensitive determination of acute 
intracranial padlology. When reviewing aCT scan of the head, 
acute blood appears as high-density fluid that can be further 
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characterized by location within the cranium. [mraparenchymal 
contusion as welll as edema with mass effect can also be identified 
by cranial CT. Because the presence of certain hematomas on 
CT scans may prompt emergent craniotomy, it is important to 
expedite imaging as soon as stability is ensured in all patients 
with a suspected TBI. fmagi11g of rhe cranium with magnetic 
resonance irnaging (MRI) may be able to provide better alla
tomicdetail, especially in the setting of ischemia. but has no role 
i.J1 the initial evaluation of the brain injured patient. 

Management 
Early cranial CT will identify patients who might benefit from 
operative imervention. Neurosurgical consultation shou1d be 
obtai.ned early to allow for rapid transfer to the operati11g 
room when necessary. Findings on cranial CT that may 
benefit from urgent surgery include epidural and subdural 
hematomas, especially in the setting of an associated mass 
effect. Severely depressed s.kull fractures may also benefit from 
early operation to maliage hemorrhage alld elevate the 
depressed bone. Epidural and subdural hematomas are 
managed with craniotomy, followed by evacuation of hema
toma and cessation of intracranial bleeding. Because of the 
underlying parenchymal injury. significant edema can often 
develop after hematoma evacuation, especially in the setting of 
a subdural hematoma. Following surgery, patients will fre
quently require ongomg surveillance of neurologic function 
and management of intracranial hypertension. Occasionally, 
patients with intracranial hypertension refractory co all nonop
erative interventions are considered for decompressive craniec
tomy, which iJ1dudes ren1oval of a portion of the cranium and 
may i.J1clude parenchymal resection in severe cases. 

Most patiems with iJ1tracranial hemorrhage require dose 
monitoring of neurologic fLmction and vital signs, which is 
usually best performed in a higher level of care setting, such as 
tl1e iJuensive care unit. Guidelines published by the Brain 
Trauma Foundation provide an excellent assessment of the lit
erature alld represent the most comprehensive, evidence-based 
recommendations available.18 Secondary brain injury should be 
prevented by ensuring adequate cardiovascular and pulmonary 
function. Many patients with severe TBI require measurement 
of the intracranial pressure (ICP) to guide managemem, whid1 
is aimed at reducing associated brain tissue edema. Cerebral 
perfusion pressure (CPP), which is the difference between the 
mean arterial pressme alld me I:CP, is also commonly used to 
guide severe TBI management. Although many physicians pref
erentially use JCP or CPP to direct management, it has been 
determined that neither one is superior to the other. It has been 
recognized d1at the overaggressive treatment of CPP may be 
deleterious. Figure 18-9 demonstrates an approad1 to the man
agement of the patient with a severe TI31. 

To mal1age elevations i.J1 ICP, several mrerventions have 
been suggested. Placement of a ventriculostomy allows both the 
measu.rement of ICP and the drainage of cerebrospmal fluid, 
which may assist wid1 i.Jmacranial hypertension. Head of bed 
elevation is a siJuple technique that can provide gravity-assisted 
reduction in I:CP but requires sufficient stability of tbe thoraco
lumbar spine. Ventilated patients benefit from mild hyperventi
lation, with the goal being maiJ1tenal1ce of the Pco2 between 30 
and 35 mm Hg because tbt' use of more profound hyperventila
tion has been found to be deleterious. Hypoventilation must be 
avoided. Sedation aimed at reducing I:CP is a valuable tool, 
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although the depth of suppression should be kept at a mffiin1um 
to ensme a productive neurologic examination. Hyperosmolar 
therapy witb mannitol or, more recently, hypertonic saline d1at 
functions by reducing brai11 tissue edema is frequently useful. 
Administration of these agents requires monitoring of senun 
osmolarity ro prevem severe elecuolyre derangemem. Occasion
ally, paralysis and barbiturate coma iJ1duction are implemented 
but should be used only in cases refractory to other iJlterven
tions. FiJlally, it has been well established that corticosteroid 
administration has no role in the management ofTBI. 

Injuries to the Spinal Cord and Vertebral Column 
Spinal cord injuries (SCls) have profound mlffiediate alld long
term effects on patients often resulting iJ1 years of disability. 
Except for high cervical spine injuries, mortality directly related 
to SCis is low, although the associated morbidity is substantial 
alld irreversible. MallY patients sustaining SCis are young and 
therefore experience many years of debilitation. u1 the NTDB, 
approximately 1 o/o of blunt and penetrati ng traun1a patients 
sustained a SCI, with an associated mortality of 13.3% and 
15.1 %, respectively. Motor vehicle crashes (MVCs) remain the 
leading cause of SCis whereas in penetrating injuries. gunshot 
wounds cause the vast majority. Vertebral column fractures 
without SCI are 10-fold more common than those that occur 
with a SCI. Again, most commonly caused by MVCs, vertebral 
column fractures are present i.J1 11.8% of all blunt trauma 
patients i,n the NTDB and are associated with a mortality rate 
of 6.3%. Approximately one third of these fracrures involve the 
cervical spi.J1e. 

Injuries to tl1e spinal cord Call occur after blunt or penetrat
ing mechanisms. Blunt trauma to the spme can result m cord 
injmy through direct impingement or indirect manipulation. 
FractuJ·es and dislocations can reduce the size of the spinal canal 
and cause direct tissue damage or secondary injury through 
ischemia, bleediJ1g, or edema. 1he spinal cord Call also sustain 
mjury through mechanisms that distract or severely rotate the 
cord. causing neuronal damage. Penetrating mechanisms directly 
lacerate the spinal cord tissue or cause adjacenr injury alld indi
rect damage. Occasionally, i,njury to the spinal cord can occur 
without abnormality of the vertebral cohUUJ1 identified on 
irnaging. 1he phenomenon known as spinal cord injury without 
radiographic abnormality (SCIWORA) CaJl be extremely frus
trating because the lack of bony injury CaJl result m missed 
opportunities to prevent neurologic injury. Fractures of the ver
tebral coiLunn can occur after almost any form of physical force. 
Common mechal1isms include Aexion and extension, especially 
in the cervical spine, as well as compressive forces that com
monly affect d1e lLunbar spme. A Chance fracture is a well
described pattern with transverse disruption through all vertebral 
elen1ents that occurs most commonly durmg an MVC. Duru1g 
a high-speed frontal crash, an occupant wearing a seatbelt above 
the iliac crest experiences Aexion and distraction of a lumbar 
vertebrae, resulting m this fracture pattern (Fig. 18-10). 

Immediate Management 
Management of injuries involving the spine begins immediately 
on prd1ospital personnel arrival. Spinal immobilization with a 
rigid cervical collar alld a long spine board should be performed 
immediately and should iJ1clude manual assistance throughout 
aU patient transfers. All blunt and select penetratiJ1g trauma 
patients are assumed to have all injury to the spme until a proper 
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Operative J 

Severe injury with 
presumed TBI 

t 
Neurologic 
examination 

Urgent cranial CT 

I l Non-operative 

Craniotomy with _ Consider placement 
hematoma drainage of ICP monitor 

! 
r-- --------+' Measure ICP andJ 

calculate CPP 

ICP elevated or r-
CPP depressed ' _ 

Consider: 
HOB elevation 
Sedation/pain control 
Drainage of CSF 
Mild hyperventilation 
Mannitol 
Hypertonic saline 

L-- N_o __ Refractory intracranial 
hypertension? 

Yes ~ 

Consider decompressive 
craniectomy 

ICP/CPP 
adequate or 
not measured 

Continue ICU care: 
Ongoing neurologic monitoring 
Continued organ system support 
Early nutrition 
Infection prevention 
PUD and DVT prophylaxis as 
appropriate 

FIGURE 18-9 Algorithm for the management of traumatic 

brain injury. CSF, Cerebrospinal fluid; DVT, deep venous 

thrombosis; HOB, head of bed; PUD, peptic ulcer disease. 

evaluation can exclude the diagnosis. Management of the airway 
with support of ventilation may be required iJ1 the setring of 
bigh cervical spine injuries. L1juries to the spine superior to C5 
may have varying degrees of respiratory depression because of 
paresis of the phrenic nerves. Patients with neurogenic shock 
caused by a loss of sympathetic tone require intravascular volume 
expansion and, at times, initiation of vasopressors early in the 
course of treatment. Typically, this is indicated by the presence 
of hypotension in a patient with warm, well-perfused extremities 
rhat also demonstrate decreased motor function. Finally, depend
ing on spine surgeon preference, corticosteroid therapy may be 
initiated during the initial time period in the emergency depart
ment, although this practice rcmaiJJS extremely controversial. 

Evaluation 

FIGURE 18-10 d1ance fracture on lumbar spine CT scan, sagittal 

view. Note the fracture involvement of all posterior elements (arrow). 

Durirlg the primary survey, an assessment of extremity move
ment can evaluate for a SCI grossly. A more comprehensive 
assessment should occur during the secondary survey, with a 
detailled determination of neurologic function obtained in those 
patients who demonstrate a deficit. The level of sensory loss 
should be determined, as well a~ the muscle groups that exhibit 
weakness or paralysis. 'This information may serve to assist in 
identifying the location of the injury but also to track progres
sion of symptoms, which may affect therapeutic decisions. SCis 

http://www.myuptodate.com


are deemed com[plere if all neurologic function below a specific 
cord level is absent or incomplete if there is motor or sensory 
fun ction idemified below this level. Spine surgeons' consultation 
should be done early so rhat they are actively involved in this 
evaluation. Examination may also reveal tenderness over the 
injured vertebrae or rhe presence of a deformity consistent with 
disruption of the vertebral column. Patients who have no find
ings on examination, demonstrate no decreased level of con
sciousness, and have no distracting injuries can undergo clearance 
of the spine by clinical means alone. 

Further evaluation of rhe spine typically involves CT of the 
cervical, rhoracic, and lumbar vertebral bodies. Although plain 
radiographs of the spine are acceptable, the higb-quallty images 
and rapid availability associated with CT have made this the 
modali ty of choice in most emergency departments. Visualiza
tion of the cervicothoracic junction on plain radiographs can be 
extremely clJallenging, especially in larger patients, and can often 
require numerous repeat studies. For this reason, many have 
transitioned to obtaining a dedicated cervical spine cr during 
the initial imaging of the patient. CT also provides the ability 
to reconstruct the images into sagittal and coronal planes to 
provide even better anatomic visuali:t..ation. SCis are less well 
deBneated on CT than bony injuries but are suggested by the 
presence of spinal canal compromlse and soft tissue edema iden
tified adjacent to the spinal cord. Figure 18-1 I demonstrates a 
severe cervical spine fracture with subluxation and anterior 
d isp lacemen t. 

The thoracic and lwnbar vertebral columns are more con
ducive to in1aging with plain radiography than the cervical 
spine. Identification of the alignment of the vertebral bodies as 
well as an assessment of the vertebral height are tl1e main features 
evaluated on plain radiography. Many centers obtain CT scans 

FIGURE 18-11 Ce rvical spine fracture with severe anterior sublux
ation and compromise of the spinal canal. The arf'OOI identifies the 
severe narrowing ()f the spinal canal. 
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of the chest, abdomen, and pelvis during the radiographic evalu
ation for truncal injuries. These images can be reformatted ro 
focus on the thoracic and lumbar spiJ1es in the sagittal and 
coronal planes. The anatomic detail provided by tl1ese images is 
exceUe~nt and has been shown to be more sensitive for bony 
injury than plain radiographs. Because these srudies require no 
further imaging and provide superior visualization, many centers 
have now abandoned plain radiographs in exchange for refor
matted thoracic and lumbar spine CT scans. The presence of a 
significant injury identified on reformatted imaging may require 
a dedicated study to formulate an operative plan better. Although 
CT is the study of choice for evaluating the bony structures, 
assessmenc of me spinal cord frequently requires MRJ co visual
ize injured soft tissue better. O btaining th<:-se images, especially 
in the acute serting, must be carefully considered with respect 
to the patient's overall level of stability. 

Management 
.As noted, the spine requires protection wi th strict immobiliza
tion throughout the entire evaluation until injuries can be ruled 
out. Typically, rhis includes rhe use of a hard collar and main
tenance of the log roll technique when movement is required. 
Although a long spine board is generally used during the trans
port of patients in an ambulance, it is important to remove it 
as soon as possible to prevent the development of pressure 
wolLJlds, which can develop quickly when a patient is lying on 
a rigid device. On recognizing the presence of a SCl, a spine 
surgeon consultation should be obtained promptly. In facilities 
that have no spine surgery services available, arrangemencs for 
transfer should begiJl immediately. Funher studies and interven
tions should only occur if the results will have an immediate 
impact on the care provided. For example, imaging to identify 
an associated vertebral column fracture will have no effect on 
care if a spine surgeon is not available and therefore transfer 
should not be delayed. SCls with neurogenic shock, occurriJ1g 
most commonly with cervical injuries, require resuscitation 
because of a loss of sympathetic tone. Neurogenic shock fre
quently responds to volll1l1e expansion with crystalloid solution 
but occasionally requires vasopressor agents such as dopamine 
or epinephrine. Hypotension should be avoided because it may 
contribute to cord ischemia and progression of the scr. The 
value of corticosteroid administration has been extensively 
swdied bm remains controversial. Several large randomized 
trials have demonstrated small improvements in recovery after 
metl1ylprednisolone administration, especially when initiated 
early after injury.19 Others investigators have been llllable to 
reproduce these results and have found an increased incidence 
of steroid-related complications with methylprednisolone 
therapy. Therefore, most authors agree that steroids remain an 
option that should be considered after consultation with the 
spine surgeon. When administered, methylprednisolone is pro
vided as a bolus of 30 mg/kg body weight followed by an infu
sion of 5.4 mg/kg/hr for 23 hours if the bolus was given witllin 
3 hours of injury. 1l1e infusion duration is extended to 48 hours 
if the bolus was adminjstered between 3 and 8 hours after injury 
whereas SCTs that occurred more than 8 hours prior should not 
be treated. 

Cervical fracture-dislocation injuries may benefit from the 
application of traction in the emergency department to restore 
vertebral column alignment. Based on the injury pattern and 
associated injuries, some SCis benefit from early operative 
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decompression to reduce cord impingement, as determined by 
the spine surgeon. Other injuries may require fixation because 
of instability on a semielective basis after immediate patient care 
needs are addressed. Fractures without instability may require 
only immobilization with a hard collar or brace over a several
week rime period. Table 18-4 lists commonly encountered 
vertebral column fractmes with management options. It is 
important that any patient with an SCI or significant vertebral 
column i.nj ury be monitored closely for changes in neurologic 
ex.anUJlation that might prompt urgent intervention. 

Injury to the Maxillofacial Region 
Facial injuries are common bur rarely life-threatening. The main 
concern during the ini tial evaluation and management of facial 
trauma is airway maintenance and bleeding. lnjuries to the face 
were identified in 24.8% of NTDB cases, with an associated 
mortality of 4.7%. It is likely that a significant majority of these 
deaths were caused by associated TBfs because their simul tane
ous presence is high. Facial injuries can result from direct impact 
during a blwu mechanism, such as ru1 MYA or fall. Fractures of 
the facial bones and soft tissue injuries predominate. Lefort 
fractmes represent a specific pattern of facial bone inju.ries that 
consist of three variations of midface disruption from the sur
rounding facial bones. Despite their frequent description, Lefort 
fractures are uncommonly identilied. Penetrating mechanisms 
such as gunshot ru1d knife-related wounds are nor uncommon 
and can result in large soft tissue injuries, especially wi th tbe 
passage of a buller through the face. Injuries to the face can also 
result in disruption of sensory function when associated with 
eye, nose, ear, or mouth involvement. 

Immediate Management 
Establishment of a secure airway is the greatest concern with 
facial injurie.s, especially those wi th severe lower face soft tissue 
and bony iJwolven1cnt. Early intubation prior to the develop
ment of sign.ificruu edema may be lifesaving. Securing the airway 
may be complicated by distortion of the anatomy and by pres
ence of blood and debris in the mouth and posterior pharynx. 
'TI1.e application of multiple ainvay options, including a surgical 

Table 18-4 Fractures of the Vertebral Column 

approach, may be necessary. Control of bleeding is also of great 
importance given the extensive vascularity of the face. Bleeding 
can be from sofr tissue or exposed bone edges and should be 
initially treated with direct pressure ru1d resuscitation. Suture 
Ligation of identified bleeding vessels or rapid closure of wounds 
with surure or staples can be highly effective. Frequently, bleed
ing from tl1e face is exacerbated by hypothermia and coagulopa
tlJy, which should be aggressively prevented or treated. 

Evaluation 
Most facial injuries are evident on physical cxaJJl.ination. Soft 
tissue injuries can be characterized and the involvemeJ1t of facial 
orgru1s assessed. The eyes should be exan1ined for changes in 
visual acuity and tl1e presence of diplopia. The condition of tlJe 
globe and tl1e surrounding orbit requires careful evaluation for 
n•pture or extraocular muscle entrapment, which would require 
urgent treatment. Injury to the external ears and nose are also 
identified on physical exan1ination. 'TI1e stability of tlK· midface 
ru1d jaw should be assessed, a~ well a~ the condition and proper 
occlusion of the dentition and alveolar ridge. Deformities of the 
forehead and cheeks indicate underlying frontal bone a11d maxil
lary fractu.res, respectively. If possible, function of the facial 
nerve should be assessed by testing tl1e motor groups of tbe face. 

cr performed with thin cuts provides excellent visualiza
tion of the facial bones and is the most common modality used 
in tl1e evaluation of the face. Sagittal and coronal, as weU as 
tl1ree-dimensional reconst ructions, can aid i.n the thorough 
assessment of the bones and deep soft tissue. Severe externa\ 
injury to the face should prompt obtaining a facial cr scan. 
Patients who undergo head CT can have the facial bones a~sessed 
for obvious fracture or fluid within the sinuses, which should 
suggest tl1e need for facial CT. Critically injured patients might 
have facial injury suggested by physical examination after severe 
injuries have been managed, at which time evaluation with facial 
cr CaJl be performed. 

Management 
Severe soft tissue injwies and fractures to the face frequently 
benefit from tl1e assistance of maxillofacial surgery specialis ts 

-----------------------------------------------------------------
FRACT\JRE 
C1 Jefferson fracture 

Odontoid fractures 

C2 hangman fracture 

Cervical \lertebral body fractures 

Thoracic \lertebral body fractures 

Lumbar vertebral body fractures 

Chance fracture 

nso, Thoracolumbosacral orthosis. 

DESCRIPTION 
Disruption of Cl ring in multiple locations; blow-out 

of ring 

Type 1: Tip of odontoid 
Type II: Through base 
Type Ill: Involves C2 body 

Bilateral C2 pedides wiltl spondy1olisthesis 

Compression or burst of vertebral body, wiltl or 
wiltlout retropulsion into canal 

Compression or burst of vertebral body, wiltl or 
wiltlout retropulsion into canal 

Compression or burst of vertebral body, wiltl or 
wiltlout retropulsion into canal 

Avulsion of posterior elements of lumbar vertebrae 
seen with high seatbelt use 

TYPICAL MANAGEMENT 
Stable transverse ligament: Hard collar 
Unstable trans\lerse ligament: Traction or surgery 

Type 1: Hard collar 
Type If: Halo vest or surgery 
Type Ill: Halo vest 

Halo vest or surgery if displacement se\lere 

Mild loss of height: Hard collar 
Involvement of multiple columns or presence of 

retropulsion into canal: 
Surgical stabilization 

Anterior column only: TLSO 
Anterior and posterior columns: Surgical stabilization 

Anterior column only: TLSO 
Anterior and posterior columns: Surgical stabilization 

Surgical stabilization 
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co assist in managemem. As noted, airway management and 
bleeding are the greatest priority. Bleeding frequently responds 
to direct pressure or suture closure of the wound although, in 
severe cases, angiography with embolization of bleeding facial 
blood vessels may be necessary. Lacerations can frequently be 
closed witl1 local anesthesia using deep absorbable surures fol
lowed by closure of tl1e epidermis with 5-0 or 6-0 interrupted 
or running sutures. Prior to closure, wounds should be debrided 
to remove all jagged or nonviable skin edges, as well as irrigated 
with sterile Auid. C losure of lacerations to me Hp, nose, ear, and 
orbit require special consideration to facilitate optimal wound 
healing. 

Managemem of facial fractures is almost never required 
acutely. Severely depressed facial bone fractures are me exception 
because these may involve the underlying brain and require 
urgent reduction. Large facial wounds may necessitate multiple 
washouts but the formal reconstruction is still usually delayed. 
Most maxillofacial fractures are intentionally repaired in a 
delayed fashion tto allow reduction in the associated edema that 
almost uniformly develops. Large open wounds and fractures 
involving sinuses or the aerodlgestive tract require antibiotics 
shortly after admission but overextending this course should be 
avoided. Most fractures benefit from open reduction and inter
nal fixation, typically using screws and plates. The goal of recon
struction is to restore optimal functional and cosmetic results. 
Orbital fractures with rectus muscle injuries require reconstruc
tion to preserve normal ocular movements. Mandibular fractu.res 
are commonly encountered and can be characterized by d1e 
anatomic location of the fracture. Minimally displaced fractures 
can be treated wi tl1 maxillary-mandibular fi xation using wires or 
bars whereas plating may be necessary for fractures with signifi
cant displacement. 

Injuries to the Neck 
'TI1e neck can be one of the more overwhelming regions when 
confronted with severe injury, likely because of tl1e presence of 
multiple vital structures in close p roximity to one anotl1er. Nev
ermeless, as with other areas of t11e body, addressing neck inju
ries can be manageable by implementing an organized approach. 
Although only l% of all injuries in tbe NTDB involve the neck, 
me associated mortality rate is the highest of aU regions, reaching 
9.7%. Penetrating med1anisms are the most common ,with 
gunshot and stab wolmds accounting for most neck injuries. 
Penetrating injuries can result in direct laceration of vascular and 
aerodigestive structures, resulting in substantial bleeding or con
tamination, respectively. Blllllt injuries to the neck can cause 
compression, wid1 fracture of the larynx or trachea. Blunt pha
ryngeal or esophageal injuries are extremely rare but can result 
in leakage into the surrounding soft tissue with sepsis if not 
adequately addressed. Blunt cerebrovascular injuries (BCVIs) 
involving the carotid arteries commonly result from compres
sion by a seatbelt; tl1e vertebral arteries are vulnerable to severe 
flexion and extension med1anisms. Injury severity ranges from 
intimal tears, with or without tluombosis, to full-thickness 
injury wim psellldoaneurysm formation. One of the greatest 
concerns after BCY!s is stroke secondary to thromboembolism 
developi11g from the disrupted vessel wall. 

Immediate Management 
Much of the trepidation related to neck injuries is the urgency 
commonly related to the initial management. Of greatest 
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primary concern is establishment of a secure airway, especially 
given ·the rapidity with which deterioration can OCCllr in me 
setting of a neck injury. Airway compromise can occur second
ary to direct injury to the larynx or tracllea, as well as blood or 
debris within the upper airway. Expanding neck hematomas can 
quickly compress rhe upper airway, leading ro cessation of ade
quate ventilation. 'The presence of an expanding neck hematoma 
mandates in1mediate intubation by experienced pcrsom1cl before 
complete airway obstruction occurs. Great care should be taken 
in managi11g the airway in the setting of a suspected laryngotra
clleal injury. Patients who arc maintaining tl1eir own airway 
should lmdergo planning that might include intubation or 
awake rracl1eosromy in the operating room. Attempted inwba
tion could worsen a tenuous situati.on and should not be per
formed without a backup plan, unless in an emergent situation. 
1he surgical airway of d10ice for an upper airway injury is a 
tracheostomy because injury to the larynx could make cricothy
roidotomy ineffective. 

Hemorrhage is tbe otl1er major concern in me immediate 
period after neck injuries. Most bleeding can be controlled with 
direct pressure, at lea.~t during transport to the operating room 
and imtiation of neck exploration. Hemorrhage through a pen
etrating wound should be immediately treated with digital pres
sure in the wound until operative exposure can be achieved. 
Resuscitation with blood products should be initiated in the 
setting of substantial bleeding from the neck because large quan
tities of blood can be lost quickly. lt is of great importance that 
patients suspeC£ed of having a vascular injury be rapidly trans
ferred to tl1e operating room for surgical management of ongoing 
bleeding. 

Evaluation 
Unstable patients should be taken inlmediately to the operating 
room and wi ll therefor" undergo tht' entire evaluation of the 
neck under direct visualization. 'Those who are stable on initial 
evaluation require further assessment for suspected injuries. In 
the setting of penetrating trauma, evaluation and management 
of the neck have typically depended on tl1e anatomic location 
of the injury. For descriptive purposes, tbe neck can be divided 
into three zones (Fig. 18-12). Zone l extends from the thoracic 
inlet to the cricoid cartilage and contains large vascular struc
tures, as well a~ the trachea and esophagus. Zone II is bordered 
inferiorly by the cricoid cartilage and superiorly by d1e angle of 
the mandible. Zone II is the most accessible surgically and con
tains the carotid and vertebral arteries, jugular veins, and struc
tures of the aerodigestive tract. Zone II1 includes the neck 
between the angle of the mandible and the base of the skull. 
This zone includes vascular structures that are difficult to expose 
surgically. Traditionally, injuries to zone [l mandated operative 
exploration whereas zones I and ill were evaluated with diag
nostic studies to determine the presence of injury. [t has since 
been recognized that only patients with evidence of active bleed
ing or an obvious aerodigestive injury require mandatory neck 
exploration. Others, regardless of anatomic location, can be 
evaluated with diagnostic studies.20 

In patients undergoing evaluation of penetrating neck 
trauma, an assessment of tl1e va~culature is required. Frequently, 
tbis can be ael1ieved wid1 CT angiography, which can delineate 
the vascular anatomy of the neck with great accuracy. CT angi
ography can be performed quickly in the emergency department 
and is effective at revealing vascular .injuries to tl1e neck. 
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FIGURE 18-12 Zones of the neck. Zone 1 extends from the thoracic 
inlet to the cricoid cartilage. Zone 2 is between the cricoid cartilage 
and the angle of the mandible. Zone 3 extends from the angle ot the 
mandible to the skull base. 

Funhermore, the tract of the penetrating object can frequendy 
be identified on advanced-generation sca~mers, which often 
allows selective evaluation of od1er structures of the neck. CT 
a11giography can be limhcd by d1e presence of metallic missile 
debris, which results in image scatter. ln this situation, or when 
further evaluation is reqlLired, stmdard digital subtraction angi
ography Call be valuable. Duplex ultrasonography is also a11 
option for evaluation of me carotid alld vertebral arteries after 
penetrating neck trauma. 

Evaluation for BCVIs has evolved substantially over the last 
decade. Alcl1ough i11itially thought to be extremely rare, tbe 
emergence ofhlgh-risk screening criteria md improved ilnaging 
technology has led to a significa11t increase in the diagnosis of 
BCVls. In 1999, Biffl a11d coworkers published a set of criteria 
dtat accurately identified a group of patients at high risk for 
BCVIs.21 Digital subtraction angiography of the carotid and 
vertebral arteries was tl1en more readily applied to mese high
risk patients, resulting in the identification of BCVIs iJl over 
30% of this cohort. 'TI1is work led ro the establishment of the 
Denver criteria, which suggests which patients require evalua
tion for BCVls. Box 18-4 lists d1e findings most commonly 
used to prompt furd1er evaluation.1 1 Almough originally d1ese 
inju.ries were all identified using standard angiography, recent 
adVallCCS in Cf angiography have cha11ged how many of mese 
injuries are diagnosed. It appears mat the skill of the radiologist 
is of great importance, but CT a11gi<lgraphy has demonstrated a 
sensitivity a11d specificity comparable w that of standard angi
ography.21 Other studies have questioned me usefulJlesS of CT 
angiography in this serting, citillg a sigrUficantly worse ability to 
detect tl1ese injuries. Nevertheless, with the improved logistics 
of obtai nlng a CT scan and d1e more favorable associated risk 
profile, most cemers now rely heavily on CT imaging for BCVI 
evaluation. 

'BOX 18-4 Indicators of High Risk for Blunt 
I Cer~~rg_vasc_~la~ !njury ·· 

Signs and symptoms 
Expanding neck hematoma 
Arterial hemorrhage from neck, nose, mouth 
Focal neurologic deficit 
Cervical bruit (patient age <50 yr) 
Stroke on a or MRI 
Neurologic deficit unexplained by CT findings 

Risk Fadors 
Severe rnidface fracture, Lefort II or Ill 
Basilar skull fracture involving the carotid canal 
Diffuse axonal injury and GCS ~6 
Significant cervical spine fracture or ligamentous injury 
Significant soft tissue injury to anterior neck (e.g., seatbelt mark) 
Near-hanging with anoxia 

Neck injuries also require an assessment of tl1e acrodiges
rive tract. 'Tills can be achieved by performing bronchoscopy to 
assess the trachea. Evaluation of the larynx can be challenging 
a11d is best accomplished with laryngoscopy. Fmally, me esopha
gus requ.ires evaluation, which is best done by performing C()n
rrasr esophagraphy a11d es<lphagoscopy. Separately, these two 
studies may miss up to 20% of esophageal injuries, but rogerller 
almost all injuries wiU be identified. At times, more severe inju
ries cannot safely be evaluated witb a contrast study and there
fore require a rllorough endoscopic evaluation. Frequenc\y; 
information Clbta.ined &om d1e neck CT scan will allow the 
clinician to perform these diagnostic studies selectively when the 
involvement of a given structure has clearly been avoided. 

Management 
Shock, active bleeding, expanding neck hematoma, and/or 
Clbvious aerodigestive injuries require immediate neck explora
tion. Neck exploration is most commonly performed using an 
incision along the a11terior border of d1e sternocleidomastoid 
muscle on the side of the injury. Occasionally, a collar incision 
is more versatile, especially if both sides of the neck need explo
ration. The platysma is divided and d1e anterior border of d1e 
sternocleidomastoid muscle is identi£ed and dissected &om me 
underlying tissue. The internal jugular vern is next identified and 
exposed. 'TI1e internal jugular vein is commonly injured and 
requires direct repair or llgarion if closure is not possible. Along 
the anterior border of the internal jugular vein, tl1e facial vein 
is identified and exposed. Ligation of the facial vein will allow 
cl1e deep structures of the neck to be approached. Wit], the 
internal jugular veil1 retracted laterally, the carotid sheath is 
exposed. Lf necessary, proximal and distal carotid control are 
obtained and the artery is exposed. Care should be taken to 
avoid inju.rillg the adjacent vagus nerve and the hypoglossal 
nerve, which crosses the illternal cru·otid artery superiorly. Inju
ries to d1e carotid artery require repair with silnple closure or 
end-to-end anastomosis. Frequently, reconstruction of the 
carotid artery with a synthetic graft or autologous vein is neces
sary. In drunage control situations, me carotid artery can be 
ligated if no orller options exist. 
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Inconclusive f J Positive 

Digital subtraction 
1
_ P_o_s_it_iv_e ._ Characterize 

l Negative 

Stop 
arteriogram injury 

Negative 

Stop Transection with 
extravasation? 

Surgery if injury 
accessible 

or 
Endovascular therapy 

Antithrombotic therapy 
Heparin PTT 4o-50 sec 

or 
Antiplatelet therapy 

Repeat CT angiogram 
or DSA in 7-10 days 

Injury l 
healed 

! Injury remains 
present 

FIGURE 18-13 Algorithm for the management of blunt 

cerebrovascular injury. DSA, Digital subtraction angiog
raphy. (Adapted from Biffl Wl., Cothren CC, Moore EE, 
et at: Western Trauma Association critical decisions in 
trauma: Screening for and treatment of blunt cerebro

vascular injuries. J Trauma 67:1150-1153, 2009.) 

Stop 
therapy 

Continue antithrombotic 
therapy-3 months, then 
re-i mage 

Consider endovascular 
therapy 

To explore the trachea or esophagus, the carotid artery is 
retracted laterally and dissection is continued medially. Thls 
exploration may be greatly aided by the placement of a nasogas
tric tube to aUow palpation of che esophagus. [njuries co the 
esophagus should be debrided to expose the entirery of the 
perforation. Closure can be with one or two layers and meticu
lous drainage is important. Covering the esophageal repair with 
viable muscle may be highly beneficial, especially in the setting 
of adjacent tracheal or vascular repair. ln the setting of massive 
tissue loss or delayed presentation, esophageal diversion with rhe 
creation of an esophagoscomy may be necessary. Simple rracl1eal 
lacerations can be primarily closed with absorbable suture if the 
iJljury is smalJ and wilJ approximate in a tension-free fashion. 
Larger defects require resection and reanastomosis although 
some anterior tracl1eal injuries are amenable to tracheostomy 
creation through t!1e injury. After maturation of the tradJeos
tomy tract, the tube can be removed and closure usually occurs 
spontaneously. 

The treatment of BCVIs bas evolved significantly over tbe 
last decade. FoUowing the increased recognition of these injuries, 
it was determined that anticoagulation and antiplatelet therapy 
substantially reduced the risk of stroke. Typically, patients who 
are identified as blgh risk undergo CT angiography or digital 
subtraction angiography shortly after admission to evaluate for 

a BCVI. Many patients have a contraindication to in1mediare 
anticoagulation and antiplatelet therapy but treatment should 
be initiated as soon as safely possible, because a significant per
centage of strokes occur days to weeks after injury. An approach 
to the diagnosis and management of BCV1s was recently pub
lished by me Western Trauma Association (Fig. 18-13)?~ The 
suggested treatment iJ1cludes initiation of anticoagulation, with 
beparln aimed at achieving a partial thromboplastin time 
between 40 and 50 seconds. Antiplateler d1erapy is anod1er 
option for those who cannot receive full anticoagulation. After 
7 days, a repeat CT angiogram can be obtained and mose 
patients who demonstrate complete healing no longer require 
therapy. Others require ongoiJlg treatment for 3 mond1s, fol
lowed by reevaluation. The presence of a pseudoaneurysm may 
benefit from endovascular management with scent placement or 
embolization for vertebral artery injuries. 

Injuries to the Chest 
1l1oracic injuries are common, witb up to one of five patients 
presencing witl1 trauma involving the chest. Given that the chest 
contains the most vital cardiopulmonary stmctures, tl1ese inju
ries have the potential of bt!ing severe. ln the NTDB, chest 
injuries are present iJ1 13.8% of all blw1t and 12.2% of all pen
etrating trauma patients, associated with an overall monaliry 
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Yes J 

Stable l 
Physical examination 

Chest radiograph 

t 
Pneumothorax/ 
hemothorax? 

-

Penetrating thoracic 
trauma 

Primary survey: 
Assess ABC's 

I l Unstable 

Initiate resuscitation 
Physical examination 

Tube thoracostomy 
if breath sounds 

decreased 

l 
High chest tube 

l Cardiac 
arrest 

Emergency 
department 
thoracotomy 

Tube 
thoracostomy 

Yes J 

Injury within "box" 
or 

transmediastinal? output - 1500 ml ~Yes and ongoing 

1 No 

Evaluate mediastinum: Monitor chest 
tube output 

Pericardia! Positive 
Operating room 
for sternotomy 

or 
thoracotomy 

Echocardiography 
Chest CT angiogram 
Bronchoscopy 
Esophagogram/ 
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rate of8.4%.14 Among patients sustaining blum thoracic trauma, 
the mortality ls signlficandy greater, ranging from 9.5% co 
47.5%, depending on injury severity. Despite the seriousness of 
these injuries, most can be treated effectively by basic maneuvers 
that can be provided in the emergency department. MVAs are 
the most common cause of blunt thoracic injurie.~, followed by 
falls, with injury resulting from the transmission of energy to 
the che.~t wall and underlying structures. Direct compression, as 
well as deceleration and rotational physical med1anisms, con
tribute to the imcidence of thoracic injury. 1l1e size and location 
of the chest make lt vulnerable to penetrating med1rulisms, such 
as gtmsbot and stab wotmds. 1l1e lungs and mediastinal struc
tures are susceptible to lacerations and perforations when 
exposed to penetrating trauma. 

Immediate Management 
Many injuries to the d1orax require immediate intervention 
during the primary survey to support cardiopul monary func
tion. As noted earlier, establishment of a secttre airway and 
ventilatory assistance should occur immediately in patients 

t Positive 

No Operating room 
-. for pericardia! 

window 

J Negative 

Continue 
resuscitation 

FIGURE 18-14 Algorithm for the man
agement of penetrating thoracic injuries. 

with respiratory compromise. Poor compliance on ventilation 
with decreased breath sounds may indicate a tension pneumo
thorax, whldl requires urgent placement of a tube thoracos
tomy. External bleeding should be controlled with direct 
pressure while resuscitation with crystalloid solution and 
blood products is initiared. Hemodynamic instabiUry may 
indicate a tension pneumothorax requiring decompression, 
hypovolemia requiring hemorrhage control and resuscitation, 
or cardiac dysfunction secondary to pericardia! tan1ponade, 
cardiac contusion or myocardial infarction, or coronary ai r 
embolism. Evaluation for sources of bleeding should com
mence aJld all assessment for pericardia] Auid with ultrasolllld 
or pericardiaJ window be completed, especially in the setting 
of penetrating trauma. Based on these iJlitlal interventions, 
decisions regarding subsequent maJlagement such as immedi
ate operation can be deternlined. Cardiac arrest, especially in 
the setting of penetrating mechanisms, requires resuscitative 
thoracotomy (sec earlier). An approach to the initial evalua
tion and management of pe11etrating chest injuries is pre
sented in Figure 18-14. 
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Evaluation 
Most thoracic injuries can be identified with a physical examina
tion and plain che$t radiography. Physical exan1ination will 
reveal superficial injuries, including chest wall defects and pen
etrating wow1ds .. Overall respiratory effort and d1est wall move
ment can be visualized ro reflect injuries to the ribs and sternum. 
Deviation of the trachea at the sternal notch may reveal intra
thoracic tension on the side opposite the trachea. Distended 
neck veins indicate cardiac fuilure, which requires fLuther evalu
ation. Chest radiography is performed on all significantly injured 
patients at risk for thoracic injuries. 11us study can be obtained 
rapidly in the trauma bay, with the results quickly revealed. The 
chest radiograph easily identifies d1e presence of a pneumodlo
rax or hemothorax, as well as rib and sternal fractures. The 
appearance of the mediastinum may suggest a thoracic aortic 
injury. An ultrasound of me pericardium is a component of the 
FAST examination, which may reveal pericardia] blood. In 
recent years, tholl'acic cr angiography has emerged as a valuable 
tool in the evaluation of blunt dloracic trauma. cr provides 
visualization of the chest wall and hemid10races, allowing deter
mination of rib fractures, pneumomoraces and hemodJOraces, 
and pulmonary contusion. Of great value has been the ability 
to evaluate the thoracic aorta for injury that historically required 
standard angiography when suggested by a chest radiograph. 
Chest Cf angiography is able to identify transection of the 
aortic wall, as weiJ as lower grade injuries mat involve only me 
aortic intima. Many thoracic surgeons have even evolved their 
tecrulique and proceed with operative intervention based on d1e 
chest CT alone, wid1out formal angiography. Some injuries 
continue to require standard thoracic angiography to character
ize anatomy better that is inderermiJ1ate on CT imaging. 

Penetrating injuries to the chest that cross d1e mediastinum 
or are in me vicinity of the heart and mediastinal structures 
require a methodical evaluation. Penetrating wounds in an area 
defined by the sternal notch superiorly, d1e costal margin infe
riorly, and the nipples laterally are in iliis group requiring furd1er 
evaluation. This includes an assessment of the cardiovascular and 
aerodigestive structures of me mediastinwn. Immediate ultra
sound is performed to evaluate the pericardiwn for effusion. If 
the pericardium is communicating with one of d1e hemithora
ces, ultrasound may yield false-negative results. Further evalua
tion has historically included an angiogran1 of tbe chest, which 
has now been replaced by CT angiography in most situations. 
1l1e heart and great vessels are evaluated for injury, ald1ough iliis 
can be impeded by me presence of retained missile fra!,'Illents 
d1at cause scattetr on CT. Standard angiography can be valuable 
in iliis scttir1g. Depending on the trajectory of the penetrating 
object, the trachea and proximal airways may require evaluation 
with bronchoscopy. If injury is suspected, dK· esophagus should 
be assessed wim a combination of esophagoscopy and contrast 
esophagography. In isolation, these studies have an approximate 
20% false-negative rate, almough their combined sensitivity 
approaclleS 100%. Frequendy, dlOracic cr will accurately iden
tify d1e trajectory of the wound and mus guide the need for 
further evaluation. 

Management 
Up co 85% of all thoracic injuries can be managed wid1 nothing 
more man a tube thoracostomy. L1 most cases, the placement of 
a chest tube is urgent but may still be performed in a controlled 
manner that includes strict sterile preparation and excellent 
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surgical technique. This of great importance given the morbidity 
associated with an empyema that can result from improper chest 
tube placement. The chest should be prepared appropriately 
using more man just a splash of povidone-iodine (Betadine) as 
well as wide draping to maintain me sterility of me field and tile 
mbe tO be placed. 1l1e skin incision should be at the level of the 
nipple to stay superior enough to avoid the highest reach of 
the diaphragm. A tunnel is created in a superior direction and 
me chest is entered bluntly in an interspace above the skin inci
sion. 'The lung is palpated to confirm chest entry and evaluate 
for intrathoracic adhesions. A rube large enough to drain blood 
(typicalJy 32 to 36 Fr) is men advanced superiorly through me 
incision and posterior to me lung. Chest rubes that are being 
placed only for a pneumomorax can be positioned in the ante
rior hemithorax. A valuable maneuver is to spin the tube to 
confirm that it is not kinked, which would result in poor drain
age. llle moracostoruy is men cormected to an underwater 
drainage device providing 20 em H20 suction. 

Tube thoracostomies that drain large an10unts of blood on 
iJlitial placemem or demonstrate ongoiJ1g output may indicate 
active intrathoracic bleeding mat requires moracotomy. Typi
cally, in1mediate d10racotomy is iJ1dicated for more than 
1500 mL of blood drained on chest tube iJ1sertion or more than 
300 mUhr for 3 hotus. Almough mese values clearly may be 
associated with intrathoracic bleeding, the decision to operate 
should be carefully considered, especially with regard to the 
immediate output. OccasionaUy, chest tubes that initially drain 
1500 mL but men have little ongoing ourput iJ1 the setting of 
hemodynan1ic stability indicate bleeding from a lung laceration, 
which cea.<>es with lung reexpansion and may not require or 
benefit from d10racotomy. Other indications for immediate mo
racotomy include a massive air leak with associated pneumotho
rax or drainage of esophageal or gastric contents from d1e chest 
tube. The choice of thoracic approach depends on the presumed 
iJ1jurcd structures. Access to the lungs, pulmonary vasculature, 
and hemidiaphragm is through a posterolateral thoracotomy 
tbat is best performed through the fifth interspace, with or 
without removal of tl1e fifth rib. On tl1e right, iliis incision also 
exposes the proxin1al and midesophagus, a~ well as the trachea 
and bilateral mainstem brondli. A left thoracotomy is valuable 
for approaclling the distal esophagus, tl1e left lung, tbe left ven
tricle, rl1e descending aorta, and me left subclavian artery. A 
median stemotomy can be a highly versatile approach, allowing 
exposure of d1e right heart, ascending aorta, aortic arch wim 
right-sided arcl1 vessels, and pulmonary vasculature. 

Chest Wall and Pleural Spaa! Injuries Fractures of rl1e ribs are the 
most common d10racic injury foiJowing bhmt trauma, with 
almost 80% of patients with chest injuries sustaining one or 
more fractures. 1l1e chest wall is also commonly involved during 
penetrating mechanisms, present in 25% of penetrating cl1est 
trauma cases. The mortality rate associated with chest wall inju
ries following blunt trauma is approximately 1 0%; it exceeds 
20% for penetrating injuries. Rib fractures typically occur sec
ondary to compression of the thoracic cage in an anteroposterior 
or lateral direction that often will dictate rl1e location of the 
cortical disruption along the rib. Steering wheels and seatbelts 
are commonly identified as d1e in1pingiJ1g strucmre resulting i11 
a fxacttue. In its most severe form, large amounts of energy 
transferred to the chest wall can result in the creation of a flail 
segmelllt, defined as two or more adjacem ribs that are each 
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FIGURE 18-15 Large left-sided pneumothorax on plain chest radio
graph. Arrows identify the lateral border of the collapsed lung. 

fractured in two or more locations. This results in a separation 
of a segment of the chest waU. Although pulmonary mechanics 
can be disrupted in the setting of a Rail segment, the greatest 
physiologic insult is caused by the underlying pulmonary comu
sion char almost invariably occurs. A pneLmlothorax occurs with 
compression of the chest that tears rhe surface of tbe ILLng 
through a blow-out type mechanism or via laceration &om a 
fractured rib, causing the accumulaticm of air in the pleural 
space. Similarly, bleeding &om the injured chest waU or lacerated 
lung can result in a hemothorax as blood accumulates Ln the 
pleural space. 

During the primary or secondary survey, chest waU injuries 
are commonly recognized. Chest wall tenderness and cbanges in 
d1est wall motion are suggestive. Some patients require inlmedi
ate intervention for chest injuries, but most will subsequently 
undergo further evaluation. lnjuries iJwolving the chest wall or 
pleural space can frequently be identified on chest radiographs. 
Figure 18- 15 demonstrates a large left pneumothorax on chest 
radiograph. Chest CT is a common part of the evaluation for 
tlloracic injuries at many centers. cr identifies rib and sternal 
fractures, as weU as pleural air and blood with a great degree of 
sensitivity. At times, a so-called occult pneumothorax that was 
not identified on a chest radiograph can be visualized by CT, 
especially when ir only occupies me anterior hemithorax. Figure 
18- 16 demonsttrates a Rai l segment on chest CT with three
dimensional reconstruction. 

Pneumothorax or a large hemotl1orax on a chest radiograph 
requires placement of a tube thoracostomy. Chest tube drainage 
should continue UJltil any pulmonary air leak bas resolved and 
drainage is not excessive. Hemotho.races should be drained if it 
is thought that the quantity of blood in the pleural space could 
result in lung entrapment as the hematoma matures. Occasion
ally, hemothoraces that do nor resolve after insertion of a tube 
tboracostomy benefit from tl10racoscopic drainage and n1be 
placement. Patients who demonstrate an uccult pneumothorax 
by d1est Cf and have 110 respiratory compromise CaJ1 be 
managed with observation and a repeat chest radiograph the 

A 

FIGURE 18-16 Multiple rib fractures with flail segment on three
dimensional a reconstruction. Arrows identify the multiple adjacent 
rib fractures. Note the underlying pulmonary contusion, which appears 
as a blue color. 

following day. Enlargement of the pneumothorax on follow-up 
imaging nen."ssitates a d1cst tube. Patients who demonstrate a 
large amow1t of subcutaneous air witl1out significant pneumo
thorax should be followed closely, with a low threshold for 
placing a chest tube, because a pulmonary air leak may still be 
present. 

Rib fractures can vary greatly in severity, depending on tl1e 
number present and patient characteristics. Associated pain can 
be severe and a great concern is tl1e development of respiratory 
infecltions. Aggressive analgesia should be provided co allow 
adequate pulmonary toilet and promote comfort. Adequate 
aJlalgesia caJl be achieved with IV narcotics iJ1 mUd cases bur, 
iJ1 more severe cases, patiencs benefit greatly from the provision 
of epidural analgesia. Epidural analgesia after chest waH iJ1juries 
has been associated witl1 fewer ventilator days, shorter intensive 
care unit length of stay, and fewer hospital days. Furrhem1ore, 
Bulger and coworkers25 have demonstrated fewer pulmonary 
infecl(ions and decreased duration of mechanical ventilation wirh 
tl1e use of epidural analgesia in patients witl1 three or more rib 
fractures. Nonsteroidal anti-iJ1A.ammatory drugs (NDAlDs) arc 
also beneficial in conjunction with narcotics. Aggressive pulmo
nary toilet, indudmg deep breathing, frequent coughiJ1g, and 
incentive spirometry, should be highly encouraged. Chest physi
cal therapy and positive expiratory pressure exercises may also 
be beneficial. Severe chest wall injuries with pulmonary failure 
may require mechanical ventilation. 1l1ere has been renewed 
iJlteresr in tilC· operative fixation of rib fractures, although rhe 
optimal indications to perform these procedures a11d tl1eir asso
ciated benefit remaiJlS incompletely defiJ1ed. Sternal fractures are 
managed similar to rib fractures requiring analgesia and 
pulmonary toilet. Occasionally, sternal fractures result in the 
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development of a mediastinal l1emaroma. Although these typi
cally do not req,tdre specific treatment, the presence of active 
bleeding from the adjacent internal mammary artery may require 
angioembolization or open ligation in the setting of bemody
nrunic instability. 

Pulmonary Injuries The lw1gs are susceptible to injury during 
blunt a11d penetrating mecl1anisms. Although reported in up to 
15% of cases in some series, pulmonary contusion after blunt 
trauma is present in 5.5% of patients in tbe NTDB. Among 
patients with blum dlcst trauma, puLnooary contusion is 
common, being identified in 40% of cases. Mortality can be 
severe, ranging from 10% ro 25%, and respirarory faiJure with 
the acute respiratory distrt-ss syndrome, as well as pnetmlonja, 
are frequently encountered. Pulmonary contusion results from 
energy transfer through the chest wall to the pulmonary paren
chyma, resulting in tissue damage, as well as hemorrhage into 
the alveolar and interstitial spaces, 1he result is the development 
of physiologic shwlt with hypoxemia. 'TI1ese injuries are also 
associated with a profound inflrunmatory response that cru1 lead 
to further respiratory dysftmction a11d systemic infla111mation. 
Frequently, pulmonary contusion is identified in the presence of 
a flail segment and is the major cause of associated morbidity 
a11d mortality. Penetrating meclla.Jlisms can result in lung contu
sions or laceration of the pulmonary parenchyma. IJ1 one larger 
multicenter series, 24% of patients with thoracic trauma sus
tained a penetrating mechanism, of which 2.8% required an 
urgent thoracotomy for management of pulmonary bleeding.26 

Pulmonary injuries might first be identified on examina
tion or through the drainage of large an1ounts of blood or air 
from a tube thoracostomy. Chest radiographs obtained shortly 
after patient arrival may demonstrate pneumothorax or hemo
thorax indicative of an underlying pulmonary injury. Lung con
tusions may be present on the initial chest radiograph but 
typically require time to become evident on plain film. Pulmo
nary contusions identified early on cllest film are frequently 
severe and rapidly progressive tCJ respiratory failure. A pulmo
nary contusion is easily identified by thoracic CT, although at 
times it can be d1allenging to differentiate contusion from atel
ectasis. A basic rule of thumb is that atelectasis does not cross 
pulmonary fissures, whereas contusions are not limited by ven
tilatory segments. Also, higher density pulmonary tissue in tbe 
vicinity of chest wall injuries, especiaUy when not in dependent 
areas, is highly Sllggestive of pulmonary contusi.on. Figure 18-17 
demonstrates a pulmonary contusion on a thoracic CT scan. 

Chest tube drainage of large quantities of blood or air may 
require thoracowmy. The classic guidelines have been described 
earlier, and the surgeon must make a determination regarding 
the likelihood of ongoing bleeding that would benefit from 
operative management. ln most cases, tube thoracostomy alone 
with lung expansion adequately mru1ages low-pressure lung 
bleeding a11d smaU air leaks. Ongoing blood loss indicates a 
more central, )ugh-pressure source, which should prompt tho
racotomy. Bleeding vessels within the parenchyma of the lung 
should be identified and controlled with suture ljgatures. Missile 
tracts can be opened by passing a GIA stapler through the 
wOLmd and performing a tractotomy that then exposes injured 
vessels so they can be conrrolled. Occasionally, pulmonary resec
tion is required i11 anatomic or nonanatomlc patterns to manage 
larger segments of injured lung tissue. ill the setting of daJDage 
control, surgical bleeding can be conrrolled with sutures or 
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\ 
FIGURE 18-17 Left pulmonary contusion on thoracic CT. The arrow 
identifies contused lung. which appears as higher density tissue 
because of air space hemorrhage and associated edema. 

staplers, followed by packing tl1e chest with laparotomy sponges 
and temporary closure with a sponge ru1d suction dressing. 
Unlike abdominal packing, cbe packs should occupy mi1umal 
space and be consrructed to allow maximal lung expansion. 

The managen1ent of pulmonary contusion is largely 
supportive. Patients should be monitored for indications of 
respiratory decompensation such as hypoxemia, increased work 
of bre.atillng, a11d agitation, which mandate intubation and 
mechanical ventilation. Pulmonary function is supported LUltil 
the physiologic insult related to the contusion resolves. Efforts 
to prevent ventilator-associated pneumonia are valuable because 
of a sig11ificantly increased risk. Intubation should be guided by 
the patient's observed respirarory function and should not be 
performed prophylactically simply on recognition of pulmonary 
contusion. Similarly, the presence of a pulmonary contusion or 
flail chest does not require mandatory chest tube placement in 
the absence of a pneumothorax or hemothorax. Patients with 
pulmonary contusion should not be managed with fluid restric
tion, wbkh is a common misconception?: Appropriate resusci
tatiOJ1 to maintain acceptable whole-body perfusion should be 
provided as for other severely injured patients. Excessive volume 
expansion should be avoided and mighr benefic from placemem 
of a pulmonary attcry catheter to guide fluid admffijstration, 
especially when significant ventilatory support is required. 
Aggressive pulmonary toilet Ca.Jl be beneficial, a.~ wcU as adequate 
pain control, when concomita.Jlt chest wall injuries are present. 

cardiac Injuries For obvious reasons, cardiac injuries represent 
some of the most severe problen1s experienced by patients afrer 
penetrating a11d blunt trauma. Penetrating injury to the heart 
occurred in 2% of patients with penetrating trauma in the 
NTDB and 16% in the subset of penetrating chest trauma 
alone. These numbers likely underestinlate the true incidence of 
penetrating cardiac injuries because many are immediately lethal 
a11d never present to a hospital. In those that do smvive to 

emergency department arrival, the mortality rate is 62%. 
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Penetrating cardiac injuries will frequently be evident on 
initial examination. A significant number of patients will present 
iJl extremis with pericardia! tamponade or bleeding into one of 
the hemithoraces. Diagnosis may then be made during resuscita
tive thoracotomy in agonal patients. In others, indicators of 
pericardia! tamponade may be pre.~nr. including hypotension 
with distended neck veins and muffled heart sounds, although 
their presence can be highly variable. Ultrasound is a valuable 
tool for quickly assessing the pericardium for fluid and should 
be performed in all patients with hemodynan1ic instability. A 
subxipboid pericardia! window remains the most valuable means 
of evaluating for cardiac injury and should be used in cases for 
which ultrasound is nor available or the resulrs are inconclusive. 
A pericardia! window allows direct visualization of the pericar
dia! space and can be quickly extended to perform a median 
sternotomy in ![he setting of an identified injur)r. 

Cardiac injuries resulting in cardiovascular coiJapse are 
approached wit h a left anterolateral thoracotomy in the emer
gency department. Injuries that are identified and allow trans
port to the operating room are best exposed through a median 
sternotomy. lnjuries to the atria can he grasped in a side-biting 
fashion with a Satinsky clan1p aJld then closed with runniJ1g 
or interrupted permanent monofilament sutures. Ventricular 
injures can be more challenging and usually are associated witb 
significant bleeding. 'TI1e laceration can be held closed manually 
while the defect is closed witl1 hori'.wntal mattress sutures, which 
are reinforced with pledgers. To gaiJl temporary control, one 
option is to dose me laceration using skin staples; dus allows 
resuscitation and transport to the operating room. Anotl1er 
option is the passage of a Foley catheter through the wound, 
followed by inflation of the balloon and maintenance of 
outward tension to occlude the opening until de611itive closure 
can be done. 

Blunt cardiac injury resulting in cardiac contusion or more 
severe structural abnormalities such as septal defects or valvular 
failure result less frequently, identified in only 3.80A) of cases of 
blunt chest trauma. Most of these represent a contusion of the 
myocardium that results in arrhythmias and that are frequently 
self-Limiting. [n rare cases, blunt cardiac injury results in heart 
failure, with cardiogeruc shock. 

The diagnosis of cardiac contusion has been studied exten
sively but remains somewhat controversial. Although several 
laborarory and radiographic swdies have been found co be asso
ciated with cardiac contusion, in practical terms it is only the 
presence of clinical sequelae that needs to be considered. The 
presence of an arrhythmia on aJ1 electrocardiogram ( ECG), most 
commonly tachyarrhythmias, or cardiogenk sbock is the perti
nent clinical sequela that requires intervention and therefore is 
diagnostic in itself. Clinical findings of cardiac contusion d1at 
are absent on admission are highly tuilikely to develop and, in 
their continued absence, require no further evaluation. Positive 
cardiac enz:yme levels or radiographic studies have no impact on 
therapy tl1at is not dictated by clinical aJld electrocardiograpluc 
findings. The presence of hemodynamic instability with evi
dence of heart failure should prompt an echocardiogram to 
assess cardiac wall and septal motion, as well as valvular fwlc
tion, which in rare case.~ CaJl be injured duri,ng blunt thoracic 
trauma. 

Blunt cardiac injuries require an ECG at the time of initial 
evaluation. PatieJlts with mild electrocardiographic changes tl1at 
do not require treatment should be monitored for 12 hours with 

telemetry. No further intervention is required if telemetry bas 
reveaJed no arrhythmias and a follow-up ECG is normal. Those 
with more severe electrocardiographic changes or arrhythmias 
on admlssion require telemetry for 24 to 48 hours and therapy 
initiated for tl1e specific electrical ahnonnaliry. Most patients 
demonstrate arrhyr:hmias on initial assessment thar do not 
requi re medical treatment aJld resolve quickly during tl1e course 
of monitoring. Heart failure may require treatment with inotro
pic support and right ventricular afterload reduction, given tl1e 
frequent involvement of the right heart. Patients who demon
strate structural abnormalities on echocardiograpby may require 
urgent operation to repair cardiac injuries. 

Tboradc Aortic Injuries Injuries to the thoracic aorta are also 
highly severe but fortunately not common. Only 0.3°Al of 
patients sustaining blunt trauma in the NTDB sustained an 
aortic iJ1jury, although ilie associated mortality rate exceeded 
47%. As witl1 cardiac iJ1juries, this Likely underestin1ates the 
true incidence because aortic traJlsection is a common cause 
of immediate death in blunt trauma patients who never present 
to the emergency department. In 3.8% of cases, the aorta is 
involved in penetrating thoracic trauma; almost all these iJ1juries 
arc fatal (mortality = 86.1 %). The cause of blunt aortic injuries 
had traditionally been believed to be a result of rapid decelera
tion, which tears the aortic wall in the vicinity of the ligamen
tum arteriosum, where it is fixed to the tl1orax. Lateral 
mecl1anisms may also contribute, during which the aortic arch 
acts as a lever aJld causes rorque to develop at the aortic isthmus
The resul t of tl1ese mechanisms can raJ1ge from a tear in tl1e 
aortic imima to full-thickness traJ1section of the wall. Only 
patients who experience containment of the rupture by the sur
rounding mediastinal tissue present to tl1e hospital. 

Penetrating aortic injury may be discovered at the tin1e of 
thoracotomy or sternotomy, often in the setting of patient extre
rrus. Blunt aortic iJ1jury may be suggested by a che.~t radiograph 
tl1at demonstrates findings such as a widened mediastinum, 
apical capping, loss of the aortic knob, or deviation of tl1e left 
mainstem bronchus. Because of a high rate of nussed injuries by 
plain radiograph, most patients involved in high-energy injury 
mechanisms undergo belical CT aJlgiography of tl1e d1est to 
evaluate for aortic injury. Injuries to the thoracic aorta can be 
identified on CT as a disruption in the intin1a or as a pseudoa
neurysm with a mediastinal hematoma, which appears as con
trast contained outside the aortic ltmJen. Usually, this study 
alone is sufficient to plan operative repair, although star1dard 
aJlgiography is necessary in some cases, usually at the discretion 
of the thoracic surgeon. A contained pseudoaneurysm from an 
aortic transection is depicted on a chest CT scan in Figure 
18-18. 

Patients who present witl1 a blunt thoracic aortic rupture 
that is contained will require operative repair. The natural 
history of these injuries is slow expansion, which ultimately 
culminates with free aortic rupture. It has been recognized 
tl1at there is usually a delay in this progression tl1at allows 
other more urgent issues, such as acute hemorrhage, to be 
addressed. In the interim, medical therapy witl1 beta antago
nists aimed at controlling aortic wall stre.~s is absolutely es.~n
tial and should be umitured early. Open surgical therapy to 
repai:r the aorta is accompllsbed through a left thoracotomy: 
SmaU penetrating injuries to tl1e aorta CaJl be closed primarily 
if exposed prior to exsanguiJ1ation. Larger penetrating injuries 
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FIGURE 18-18 Aortic transection with pseudoaneurysm and associ
ated hematoma on a thoracic CT scan. This injury occurred at the 
typical location, jUJst distal to the left subclavian artery at the aortic 
isthmus. The yellow arrow identifies a pseudoaneurysrn; the white 
arrow identifies a left-sided tube thoracostomy. 

and blum transection require replacement of a segment of the 
aorta with a prosthetic graft. This is most commonly per
formed wid1 the assistance of cardiopulmonary bypass, with 
full bypass through a femoral-femoral approach or wid1 a cen
trifugal pump aiild left heart bypass. The use of cardiopulmo
nary bypass has been associated with a decreased incidence of 
paraplegia, which can result from cessation of aortic blood 
flow during the damp and sew technique. Proximal and distal 
aortic control, as well as control of the left subclavian artery, 
are achieved and the injured segment replaced. Thjs occasion
ally requires rcimplantation of dle left subclavian artery, 
depending on d1e proximal extent of the injury. 

More recendy, there has been a great deal of imerest in the 
use of endovascwar scent grafts to reprur the injured thoracic 
aorta. This is particularly appealing for those patients at high 
operative risk and with favorable vascular anatomy, but furdJer 
study is required to establish the role of this modality confi
dendy. In many centers, this approach is becoming a mainstay 
of treatment for managil1g these injuries. Described advantages 
associated with the endovasClLiar repair of aortic injury include 
a reduction in the incidence of paraplegia and a potential 
improvement in mortality. Although rare, patients with an 
intimal tc'ar only may be candidates for nonoperative manage
ment because many of these injmies will heal wid10ut interven
tion. Patients should be treated with beta blocker therapy and 
undergo follow-up imaging to ensure the absence of expansion 
and ultimately the resolution of the injury. 

Tracheobronchial Injuries Injuries to d1e tracheobronchial tree are 
uncommon but are associated with significant morbidjty and 
mortality. In th<:- NTDB, there are a total of only 275 tracheo
bronchial injuries, representing 0.02% of all patients injured by 
a blunt mechanism and 0.05% of aU patients injured by a pen
etrating mcchan_ism. Based on a literature survey, Kiser and 
colleagues28 have reported on 265 blunt tracl1eobronchial inju
ries from a period of 123 years, in which 59% were caused by 
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MVAs. The mortality from rncse injuries since 1970 was only 
9% but it is believed d1at many patients with these injuries 
succumb prior to dle arrival of prehospital personnel. Approxi
mately 50% of these injuries involved the right mai.nstem bron
chus widlln 2 em of d1e carina. It is dlough mat these i.njmies 
result from the application nf a large amount of energy ro rhe 
anterior d1est, which pulls the lungs lateraJJy and avulses the 
bronchi from cl1e fixed carina. .Another proposed mechanism is 
a rupture caused by rapid compression of me lungs and airways 
agrunst a closed glottis, which perforates the trachea along the 
membranous portion. Penetrating injuries, mainly secondary to 
gw1shor wow1ds, can also result in injuries to clte tracheobron
dlial tree. 

Identification of tracheobronchial injuries depends some
what on the location of rurway disruption. Significant subcuta
neous air may be present on physical cxanlination. [njuries 
that involve the thoracic trachea and proximal bronchi may 
result in large amow1ts of pneumomediastinum ide11tified by 
chest radiography or chest cr. More distal airway injuries will 
typically cause a pneumothorax requiriJlg insertion of a tube 
thoracostomy. A continuous air leak with persistent pneumo
thorax is highly suggestive of an inju.ry to a bronchus or large 
bronchiole. Diagnosis is made with bronchoscopy. which most 
commonly is performed with a flexible bronchoscope because 
the use of a rigid bronchoscope requires neck extension, which 
is usually not feasible prior to excluding a cervical spine 
injury. Broncl10scopy allows for the identification of d1e injury 
and a detailed characterization, such as the location and sever
ity of the disruption. 

Initial management of tracheobroncl1ial i11juries includes 
careful airway management. With the placement of any airway, 
avoiding any furd1er disruption is vital and may benefit from 
bronchoscopic guidance tmder direct visualization. Injuries that 
occupy less than one third of the luminal circumference may be 
considered for nonoperative management if any pneumothorax 
and associated air leak that were present resolve after insertion 
of a cbest tube and dle lung expands completely. Management 
includes antibiotics, humidified oxygen, careful suctioning, and 
close observation to be sure iliac infectious sequelae do not 
develop. Operative management of the tracl1ea, right-sided 
airways, and proximal left main stem bronchus .is best approached 
through a right posterolateral thoracotomy. Distal left-sided 
injuries are repaired through a left thoracotomy. A vascularized 
intercostal muscle flap should be mobilized and preserved on 
opening the cl1est because placement of a retractor will prevent 
harvest of this potential tissue coverage. Repair includes debride
mem of devitalized tissue or segmental resection with closure, 
using absorbable suwres. The reprur then benefits from coverage 
widl a tissue pedicle, such as a previously preserved intercostal 
muscle Aap. Patients requLriJlg ongoing ventilation may benefit 
from passage of the endotracheal tube distal to d1e repair to 
provide protection. Other options include dual-hmg ventilation 
and extracorporeal Life support during the inlmediate post
operative time period. 

Esophageal Injuries lnju.ries to d1e thoracic esophagus occur pre
dominantly after penetrating trauma but remrun uncommon by 
any cause. Only 2% of aU patients in d1e NTDB widJ penetrat
i.ng chest rrauma sustained an injury to the esophagus. Most of 
these are caused by gunshot wounds, followed by stab wounds 
in fewer d1an 20% of cases. The monality associated with these 

9 
:0 
m 

http://www.myuptodate.com


454 SECTION Ill TRAUMA AND CRITICAL CARE 

UlJUrtes is significant (39%) because of the severe nature of 
esophageal perforation and because the adjacent vital structures 
can also be injured along with the esophagus. Blwlt esophageal 
injury is exceedingly rare, identified in only 0.02% of blunt 
trauma patients in the NTDB. Of these patients, 25% die 
because of the significam energy required ro rupmre rhe thoracic 
esophagus. Blw1t esophageal injury is believed to be caused by 
a rapid elevation in intraluminal pressure during compression of 
the chest or abdomen. An impact to the upper abdomen can 
compress d1e distended stomach, leading to transmission of air 
and fluid up the esophagus and resulting in a perforation of the 
wall, usually in. the distal segment. 

Penetrating esophageal injmies may be suggested by the 
trajectory of a missile or we.apon. lnjmies in the vicinity of the 
mediastinum require consideration of possible esophageal injury. 
lhe esophagus is best evaluated through a combination of con
trast esophagography and esophagoscopy. The combination of 
d1ese two modalities results in a sensitivity of almost 100% for 
esophageal injury. Findings include extravasation of contrast 
from the esophageal lumen or a disruption of the mucosa visual
ized on endoscopy. l11ese studies should also he used to deter
mine d1e location of the injury along the esophagus to assist in 
operative planning. Blunt trauma patients may demonstrate 
large amounts of pneumomediastinum, which prompts a furmer 
workup with esophagography and esophagoscopy. Chest CT 
may reveal air adjacent to the esophagus but outside the lumen, 
as well as surrounding soft tissue inAamn1ation. At times, the 
defect itself can be visualized on CT. Esophageal injuries at the 
gastroesophageal junction may result in abdominal pain and 
tenderness. 

The rapid! identification and management of esophageal 
injuries are paramount because delays arc associated wid1 worse 
outcomes. Clinical evaluation and studies mat reveal an esopha
geal injury should prompt immediate operative repair. The 
upper and midd10racic esophagus are best approached mrough 
a right posterolateral moracotomy through me fomm or fifm 
interspace, whereas tbe lower esophagus is exposed &om the left 
through the sixth or sevend1 interspace. Contrast studies that 
demonstrate d1e injury within d1e abdomen benefit from a lapa
rotomy to repair the esophagus from an abdominal approacb. 
Again, maintenance of a vascularized intercostal muscle flap is 
of great value for coverage of the repair. The injury should be 
entirely exposed , whid1 usually requires opening me muscular 
layer superiorly and inferiorly to reveal me extent of the mucosal 
defect, which is commonly larger man the muscular disruption. 
1l1e esophagus is d1en d osed in one or two layers, frequently 
using an absorbable mucosal suture followed by interrupted 
muscular sutures using a permanent material. The repair is 
covered with the muscle flap or anomer adjacent tissue to 
provide protection, given me high rate ofleak and fistula forma
tion. Esophageal repairs at me gastroesophageal junction can he 
covered with a fundoplication of gastric tissue. Chest and medi
astinal drains should be placed in me vicinity of the repair to 
control any leak that may develop. A gastrostomy and feeding 
jejtmostomy are frequently advisable to allow gastric decompres
sion and early nutritional support. Esophageal injuries that arc 
identified late may not allow primary repair because of the 
massive amounts of in.fian11nation chat can develop. In some 
situations, esophagectomy is the only option to allow recovery 
from d1e assodated inAan1matory insult, followed by planned 
elective reconstruction, when feasible. 

Diaphragmatic Injuries Injuries to the diaphragm can be a diag
nostic challenge. They are often first identified at the time of 
laparo tomy for penetrating injury or late following blunt trauma. 
Approximately 3% of patients with ttalLma to me torso have a 
diaphragmatic injury identified, wim approximately two thirds 
of them secondary ro penetrating trauma. ln the NTDB, 26.6% 
of penetrating chest injuries iJ1duded a diaph ragmatic injury; 
which was associated with a 22.5% mortality. 1l1is is secondary 
to injuries involving adjacent vital organs because diaphragmatic 
injuries themselves are usually of limited mreat to life. Bltmt 
diaphragmatic injuries occur in only 1.8% of blunt moracic 
injuries and are believed to be a result of a rapid increase in 
inua-abdominal pressure during an anterior impact mat causes 
a blowout of the diaphragmatic tissue. Injuries are most com
monly recognized on the left side, with only 25% occurring 
adjacent to the liver or in the central portion of me diaphragm. 
Because of d1e high energy required to create a blunt diaphrag
matic rupture, there is a significant associated mortality, approxi
mately 29%. The morbidity related to diaphragmatic injuries is 
occasionally identified monms to years later when the perfora
tion was not initially recognized and repaired. The natural 
histo:ry of these injuries includes progressive enlargement wim 
herniation of abdominal viscera into me chest, wbidl is com
monly me identified abnormality on radiographic evaluation. 

Diagnosis requires a high index of suspicion wben con
fronted wim even d1e most subtle indicators of injury to d1e 
diaphragm. Frequently, penetrating diaph ragmatic injuries are 
discovered on operative exploration of the chest or abdomen. 
Identifying me trajectory of me injmy will usually allow recogni
tion of the diaphragmatic defect. Blunt injuries can be more 
elusive. The chest radiograph may identify injuries to the dia
phragm by demonstrating d1e presence of abdominal viscera, 
most commonly dle stomadl, within me chest, almough dlis 
finding may be absent in a significant number ofinjurie,s. Figure 
18-19 illustrates a left diaphragmatic injury on a plain chest 
radiograph. Passage of a nasogastric tuhe can be of assistance if 

FIGURE 18-19 l eft-sided diaphragmatic injury on a plain chest radio
graph. The gas-filled stomach can be visualized in the left chest; this 
was caused by herniation through a large diaphragmatic laceration. 
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the tube is identified in the lower left hemithorax; the adminis
tration of gastric contrast may add to the detection. Chest and 
abdominal CT scans may demonstrate the presence of abdomi
nal viscera in the chest or an abnormality of the diaphragm itself, 
such as discontinuity, thickening, or elevation. At times, three
dimensional reconsuuction of the cr developed from newer 
generation scanners can demonstrate the diaphragmatic defect 
with high sensitivity. Given the challenge of diagnosis, operative 
exploration may be required when imaging is suggestive. ln 
patients who have no other indication for laparotomy, video
assisted thoracoscopy or cautious laparoscopy conducted to 
avoid tension poewnothorax may offer less invasive means to 
visualize the diaphragm. 

Repair of clliaphragmatic injuries includes debridement of 
nonviable tissue and closure of the defect. Typically, the dia
phragm exhibits enough redundancy to dose all but the largest 
defects primaril)'· Closure is commonlr performed with a non
absorbable sutUII:e in a single layer, incorporating large full
thickness bites of healthy diaphragmatic tissue. Hen1osrasis in 
this layer is important because branches of the phrenic artery 
may he exposed at the edges of the tear. When the repair involves 
mostly muscle, !horizontal mattress sutures may reinforce the 
suture w1e. Large areas of tissue loss are rare in traumatic 
rupture but, when present, may require reconstruction with a 
prosthetic. Nonabsorbable synthetic materials are reasonable in 
noncontaminated fields although iliey should not be placed 
when the GI tra.ct has been injured. When the diaphragm has 
been rraumatically deracl1ed from the periphery, it may be rein
serted to the chest wall one or two interspaces superior. 

Injuries to the Abdomen 
Abdominal injuries are frequently encountered iJ1 tl1e manage
ment of trauma patients. Of all patients u1 the 2009 NTDB, 
13% sustained abdominal injuries, associated with an overall 
mortality rate of7.7%.24 During the evaluation of the mjured 
patient, the abdomen is of high priority because the vital nature 
of the contained organs and structures. Blllllt trauma can result 
m the laceration of solid organs usually causmg bleedmg, which 
iJl its most severe form manifests as hemorrhagic shock or as 
visceral perforation of the GI tract. Penetrating trauma to the 
abdomen can result u1 laceration of solid organs and perforation 
of hollow orgam:, which must be discovered and repaired at the 
tin1e of laparotomy. 

Immediate Management 
Immediate management of abdominal injuries consists of resus
citation and evaluation (sec earlier). Patients in shock require 
initiation of resuscitation wid1 crystalloid solutions and blood 
products, as well as a rapid assessment for the source of bleeding. 
Retained foreign bodies traversing the abdom.mal wall should be 
maintained througb()ut the iJlltialevaluation and protected from 
excessive movement. These should then be removed only after 
defining a definitive plan, which almost always mcludes abdomi
nal operation. 

Blunt Abdominal Trauma Evaluation 
Patients who present with blunt versus penetratiJlg mechanisms 
of mjury frequently require varying approaches to evaluation. 
Blunt trauma patients who are unstable and have mtra-abdommal 
fluid identified on FAST require an emergent laparotomy to 

manage bleediJ1g.29 Surgeons can quickly become skilled at 
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performing the FAST examination and should be actively 
involved in obtaining and interpreting the study. If FAST is 
unavaiJab.le, aspiration oflO mL or more of gross blood on DPL 
also suggests an intra-abdomiJ1al source of hemorrhage requlru1g 
emergent operation. Furiliermore, patients with peritonitis 
require ahdominal exploration ro evaluate for hollow visceral 
injury. Other patients will undergo furtl1er workup of the 
abdomen to evaluate for intra-abdominal injury. Figure 18-20 
presents an approach to evaluating the blum trauma patient wim 
possible abdominal injury. 

Abdominal CT has become the maiJ1stay of imagmg for 
the stable blunt trauma patiem and has led to me emergence of 
non operative management of many solid abdomu1al organ mju
ries. Abdominal CT is typically performed with IV contrast 
timed to capture the portal venous phase, which best demon
strates the vasculature and visceral perfusion of the solid abdom
mal organs. cr provides excellent visualization of the solid 
organs, allowing the clJaracterization of in jury severity (injury 
grade) and the recognition of active bleeding, which appears as 
contrast extravasation. [magmg findings assist u1 making man
agement decisions regardiJ1g the need for operative, nonopera
tive, or angiographic therapy. The retroperitoneal structures are 
also well visualized on cr, identil)rmg injuries that are difficult 
to evaluate with FAST or DPL. DPL demonstrating more tl1an 
100,000 red blood cells/mm3 is indicative of intra-abdominal 
mjury and historically mandated a laparotomy. The high non
t11erapeutic laparotomy rate associated with this practice has led 
to d1e nonoperative pru1ciples commonly used today because a 
large percentage of abdominal structures tl1at had bled were no 
longer bleedu1g at the time of abdomiJJal exploration. 1he fre
quent lack of bleeding at laparotomy suggested that the patient's 
physiologic condition was more important than tl1e presence of 
ultra-abdominal blood when malting treatment decisions. 

Abdominal CT is less sensitive for detecting hollow visceral 
u1jury, aliliough this has improved as imaging tedmology has 
progressed from the older 4- and 16-slice CT scarulerS to me 
newer 64- and I 28-channel machines. Hollow viscous injury is 
suggested by the recognition of bowel wall thickening, u1flan1-
mation in the surrounding adipose tissue seen as strru1diJ1g, or 
presence of free mtraperitoneal fluid. Administration of oral 
contrast is not necessary and might mcrease tile risk of vomiting 
with aspiration.30 [t is paran1ow1t that the presence of lU1CX

plained free fluid on iJnagu1g be carefully evaluated ru1d a high 
mdex of suspicion for bowel mjury be maintained. Frequendy, 
a combu1ation of mese radiographic findings, with clutical signs 
ru1d symptoms such as an abdominal seatbelt mark or tenderness 
on examination, are suggestive and may require exploration. A 
challenging scenario is the identification of intra-abdominal 
fluid on iJnaging without the presence of solid orgru1 mjury to 
explain its presence. In a significant percentage of cases, this fluid 
represents blood &om a mesemeric tear that is no longer bleed
ing, but being confident that a bowel injury is not present can 
be difficult. 1he amount of fluid identified may be helpful, with 
fluid visualized u1 more than one abdominal quadrru1t suggestive 
of a bowel injury requiring laparotomy. ln many cases, patients 
can prcvide an adequate abdominal examination to follow for 
symptoms indicative of a hollow viscous iJ1jury. In patients for 
whom mental status or concomitatlt u1juries compromise d1e 
abdominal exanllilation, DPL may provide valuable infonna
tion. Findings on lavage fluid evaluation, including more than 
500 white blood cells/mm3, amylase, bilirubm, or particulate 
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marrer, have heen found ro he indicative of a hollow visceral 
injury. 

Penetrating Abdominal Trauma Evaluation 
Penetrating abdominal trauma is typically evaluated differently 
than blunt mechanisms. Because of rhe high rate of intra
abdominal injury, patients sustaining anterior abdominal 
gunshot wounds arc frequently transferred quickly to rhc operat
ing room for laparotomy. Depending on the location of the 
penetrating wound. the chest may require evaluation for medi
astinal, pleural, or pulmonary injuries. It may be valuable to 
attempt ro determine the trajectory of the missiles while prepar
ing for surgery because this may assist in directing the explora
tion. Penetrating wounds of the skin should be identi6ed with 
radiopaque markers and plain radiographs obtai ned to dcter
miJle thc::ir location and rdation to missile position. The number 
of missiles and skin wounds should add up to an even munbcr, 
or a more iJ1tense search for injuries is required. This evaluation 
should be brief and not delay operation, especially in tl1e hemo
dynamically unstable patient. 

Abdominal stab wounds can be managed somewhat differ
ently. Figure 18-21 presents one approach that was recently 
developed after a multicenter trial facilitated by the Western 
Trauma Association.31 Patients with hemodynamic instability, 
peritonitis, or evisceration require immediate laparotomy with 
repair of injuries. Others can have the penetrating wound 

FIGURE 18-20 Algorithm for the evaluation and manage
ment of blunt abdominal trauma. 

explored locally to derermiJ1e whether the amerior or posterior 
abdominal fascia was violated. 1l1ose without fascial penetration 
can be discharged to home. In the setting of a positive or equivo
cal local wound exploration, patients should be monitored with 
serial abdominal examinations and determinations of hemoglo
bin levels every 8 hours. Throughout this evaluation, the devel
opment of peritonitis, hemodynamic instability, significant 
decreases iJ1 hemoglobiJ1 level, or dcvclopmenr of leukocytosis 
should prompt further evaluation, usually wim laparotomy: 
Patients without cliJlical change after 24 hours can have a diet 
instituted and be discharged to home. The important principle 
determined by the group was that many stab wounds failed to 
result in intra-abdominal injury that required repair, even in the 
setting of peritoneal violation. 1lus approach requires me pres
ence of an infrastructure tl1at allows close survci1lru1ee of ilicsc 
patients, altlwugh this may not be possible in all facilities. 
Od1ers believe that penetration of the abdominal fascia warrru1ts 
exploration to identify any possible injury immediately, with d1e 
understanding that this will result in a lligher nontherapeutic 
laparotomy rate. 

An additional tool tl1at has been used more recently is 
laparoscopy, mainly to establish or exclude the presence of 
peritoneal penetration. It remains fairly well accepted that 
laparoscopy in most bands is not sufficient to explore the 
entire abdomen but it can be used to identifY violation of tl1e 
parietal peritoneum, which can then prompt laparotomy to 
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FIGURE 18-21 Al.gorithm for the evaluation and management of 
anterior abdominal stab wounds. (Adapted from Bitfl Wl, Kaups Kl, 
Cothren CC, et al: Management of patients with anterior abdominal 
stab wounds: A Western Trauma Association multicenter trial. J 
Trauma 66:1294-1301, 2009.) 

address injuries. Patients without peritoneal penetration can be 
discharged to home after recovery from anesthesia in (he absence 
of other injury or illness. 

Penetrating wounds from both high- and low-energy 
mechanisms that occur posterior to the midaxiiJary lines and 
throughout the back may benefit from three-dimensional 
imaging with CT. Patients with abdominal symptoms or a track 
that dearly enters the abdomen reC)uire abdominal exploration. 
Otherwise, the thickness and density cl the rctroperitoneum 
often result in penetrating injuries avoiding significant struc
tures, therefore re<juiting no operative intervention. CT can 
often determine the track of the penetrating injury by lining up 
external markers with internal missiles and locules of air within 
the tissues. Establishment of the injury track often allows deci
sions to be made regarding further evaluation or necessary injury 
management. Wormation regarding vertebral column, spinal 
cord, pelvic, and vascular injuries within the retroperitoneum 
can al$0 be obtained by CT. Injury tracks identified by CT that 
are within dose proximity to intra-abdominal organs t:ypically 
re<juire abdominal exploration. One limitation of this approach 
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is the presence of radiographic scatter caused by retained mis
siles, which may obscure findings on CT scans. 

Management 
Patients who rCCjulre laparotomy should undergo a systematic 
exploration so thar all areas of rhe abdomen are assessed and 
injuries are not missed. As noted earlier, this approach may 
reC)uire abbreviation in the setting of deterioratiJlg physiologic 
condition. As a standard tedmique, the abdomen is opened 
from the xiphoid process to pubic symphysis to provide ade
C)Uate exposure of all abdominal structures. The falciform Liga
ment is divided, separating the liver from the abdominal wall to 
improve reuaction and perihepatic packing. Using a hand-held 
retractor, blood is C)Uickly evacuated from all four C)Uadrants of 
cl1e abdomen and laparotomy sponges are placed to provide 
temporary hemostasis. Many surgeons then prefer ro place a 
fixed retractor to provide necessary exposure. Packed sponges are 
removed to address bleeding structures and hemosta~is is 
achieved, or the packs are replaced in the damage control setting. 
'The entire GI tract is carefully evaluated, from the gastroesopha
geal junction to the rectum at the peritoneal reflection. 'This 
includes entering the lesser sac to evaluate the posterior stomach 
and cl1e pancreas. Areas stained with blood that are of concern 
for injury should be explored further with careful dissection. The 
reC)uired management of specific injuries is detailed later. Devel
oping physiologic compromise should be promptly recognized; 
this reCJuires open lines of commw1ication wicl1 anesthesia pro
viders throughout the operation. Ln this serting, the operation 
should be abbreviated, with the only goals becoming hemor
rhage and contamination control with temporary abdominal 
closure. Otherwise, the abdominal fascia can be closed in a single 
layer and cl1e subcutaneous wound addressed as dictated by cl1e 
level of intra-abdominal contamination. 

Splenic Injuries The splec11 is cl1e most commonly injured 
abdominal organ in the NTD B, with 3. 2% of all injured patiems 
and 50.7% of patients with blunt abdominal trauma demon
strating splenic injuries. This is similar to a large multicenter 
series that included data from 1993 to 1997 in which 2.6% 
of injured patients sustained splenic trauma.32 1he abUity to 
manage splenic injuries is reC)uired for anyone who definitively 
treats patients with blunt abdominal trauma. A. significant mor
tality of 10.8% is associated with blum splenic injury among 
centers who contribute to the NTDB. Many of these deacl1s are 
caused by associated injuries and prehospital delays; it would be 
hoped that few patients should succumb ro an injury that can 
be rapidly addressed. 'TI1e pathophysiology of blum splenic 
injury can include direct compression of the organ in the left 
upper C)Uadrant of the abdomen or a deceleration mechanism 
that tears the splenic capsule or parenchyma, mainly at areas 
fixed or tethered to the retroperitoneum. A subcapsular hema
toma of the spleen is demonstrated in Figure 18-22 at the time 
of splenectomy. Bleeding from a ruptured spleen can be ongoing 
at the time of presentation or frequently will have stopped. 'This 
cessation of bleeding allows many of these injuries to be managed 
witl10ut spleJlectomy, although reinitiation of bleeding from a 
splenic injury can be delayed. This is of obvious concern for 
patients who w1dergo nonoperative management and many 
studies have been devoted to identifying which patient popula
tions are at greatest risk of delayed hemorrhage. The rate of late 
bleeding was determined to be I 0.6% in a large series, although 
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FIGURE 18-22 Splenic injury with subcapsular hematoma. Despite 
only a 1-crn capsular tear, this injury demonstrated ongoing 
hemorrhage. 

tllis rate varies greatly with the grade of splenic injury.32 Pene
trating splenic trauma is less common but is still present in 
14.5% of all penetrating abdominal injuries in the NTDB. This 
is somewhat higher than reported in a large series from Grady 
Memorial and Ben Taub General Hospitals duriJ1g the 1980s 
alld 1990s, in which 9.2% and 7 .6%, respectively, of penetradng 
abdominal injuries involved the spleen.33 

Identification of splerlic injuries may occur during lapa
rotomy in paticms who are unstable and taken emergemly co 
the operating room. As noted, unstable patients with intra
abdominal fluid on FAST require exploration, with the spleen 
commonly being the bleeding intra-abdominal organ. In stable 
patients, abdominal Cf performed with IV contrast is the main
stay for diagnosing and characterizing splenic injuries. Images 
are typically obtained with the contrast in the portal venous 
phase ro enhance tl1e splenic parenchyma maximally while still 
bei11g able to visualize the vasculature. Splenic injuries appear 
as disn•ptions in me normal splenic parenchyma, frequently 
wim surrounding hematoma and free intra-abdominal blood. 
Occa~ionally, active extravasation of contrast, identified as a 
high-density blush, can be identified, comalned withll1 a pseu
doaneurysm or bleeding into the peritoneal space. Figure 18-23 
illustrates a splenic injury with acdve extravasation on all 
abdominal cr scan. Other findings can include a hematoma 
confu1cd ro the subcapsular space or even complete devascular
ization of the orgru1 caused by injury of me hllar vessels. Table 
18-5 demonstrates the AAST Organ Injury Scaling system of 
grading spleen injuries by anatomic characteristics. Spleen iJ1jury 
grading relies on describing parenchymal or subcapsular charac
terisdcs ru1d the presence of vascular involvement. 

A more recent advance iJ1 the management of splenic injury 
has been the use of angiography to evaluate fLLTther and, at times, 
treat these injuries. Usually, this modality bas been used for 
injuries that denlOnStrate active extravasation by Cf, although 
a well-defined indication for these studies is still being eluci
dated. Some centers have a lower thTeshold for angiography 
and usc it in the setting of aU high-grade injuries because of 
the greater risk of delayed bleeding during nonoperative man
agement. Angiography can identify specific sites of bleeding 

FIGURE 18-23 Grade 3 splenic laceration on abdominal CT scan. 
Note the focus of active contrast extravasation within the injured 
spleniic parenchyma (arrow). 

from the splenic parenchyma and underlying segmental or tra
becular vessels; however, it cannot characterize the splenic paren
chymal injury but can be complementary to CT. One major 
bene£r of angiograpby is the potential to obstruct sites of bleed
ing endova~cularly using angiocmbolization. Patients who are 
candidates for nonoperative management of their splenic injury 
but demonstrate a blush by CT, indicating acrive extravasation, 
may benefit from angiography with embolization to eUnlinate 
the splenic pseudoaneurysm. There is evidence suggesting that 
this intervention may increase the rate of splenic injuries that 
can lbe safely mru1aged nonoperativcly:11 Despite tbis, only 
patients not in shock who demonstrate hemodynamically stabil
ity should be considered for angiographic evaluatio11 and pos
sible angioembolic treatment. 

With appropriate patient selection, many patients with 
blllllt splenic tralllna can be managed without splenectomy. l11e 
value of careful patient selection for nonopcrative management 
cannot be overstated, It should not be overlooked that a defini
tive treatment for splenic bleeding exists in splenectomy, which 
does not have all overly great risk profile, especially in compari
son to the adverse implications of ongoing hemorrhage. There
fore, no bleeding patient should go without splenectomy or 
splenic repair, especially in ru1 attempt to push the figurative 
nonoperative envelope. Nevertheless, there are mru1y patients 
who, at presentation, are no longer bleeding from a splenic 
injury and do benefit from avoiding an lUmecessary operation. 
Fornmately, based on the patient's physiology, it is usually pos
sible to elucidate those that have a hemostatic splenic injury and 
are appropriare candidates for nonoperative management. 
Anomer inlportant poiJlt is that nonoperative mru1agcment does 
not mean lack of iJltervention or care provided. Nonoperative 
mru1agement of splenic injury, done properly, is much more 
labor-inteJ1Sive thal1 operative therapy ru1d requires greater 
resources over a longer period. Having the infrastructme 
iJ1 place is mandatory to provide the ongoiJ1g surveillance 
required to n1aJ1age a spleen injury without surgery. To he a 
candidate for nonoperativc management, d1crc can be no 
physiologic indication of ongoing blcedillg. Therefore, hemody
namic stability is a prerequisite and must be present withour 
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_Table 18-5 American Association for the Surgery of Trauma: Spleen Organ Injury Scale 
INJURY GRADE INJURY TYPE DESCRIPTION OF INJURY 

Hematoma Subcapsular tear <100/o surface area 
laceration Capsular tear <1 em parenchymal depth 

II Hematoma 
Laceration 

Subcapsular tear, 100/o-500/o surface area; intraparenchymal, <5 em in diameter 
Capsular tear, 1-3 em parenchymal depth that does not involve a trabecular vessel 

Ill Hematoma Subcapsular tear >500/o surface area or expanding; ruptured subcapsular or parenchymal 
hematoma; intraparenchymal hematoma :!:5 em or expanding 

Laceration >3 em parenchymal depth or involving trabecular vessels 

IV 

v 
laceration 

Hematoma 
l aceration 

laceration involving segmental or hilar vessels producing major devascularization (>25% of spleen) 

Completely shattered spleen 
Hilar vascular injury devascularizes spleen 

ongoing intravascular volume support. Hemodynamic stability 
is indicated by a normal blood pressure and lack of tachycardia, 
no physical examination findings indicating shock, and absence 
of metabolic acidosis. 'U1c initial hemoglobiJl levd may not be 
reflective of acrual hlood loss until intravascular equilibration 
occurs. Patients whu have experienced transient hemodynamic 
instability that responded to crystalloid infusion may be 
considered but a lower threshold for operation should be 
maintained. 

Although the patient's physiologic condition is d1e most 
important factor when considering nonoperative management, 
there are orher factors that may have an impact on rilis decision. 
Some controversy exists abour wheri1er older patients are at 
greater risk of failing nonoperative management. Two retrospec
tive studies have compared failure rates between groups older 
and younger than 55 years of age and readied opposite wnclu
sions.3536 'll1e larger of ri1ese studies demonstrated a significanriy 
greater rare (19% versus 10%) of failure of nonoperative man
agement in patients older than 55 years.36 Despite this, over 
80% of older patients who underwent attempted nonoperative 
management stiU succeeded, so most would agree mat age alone 
is nor a contraindication to management wimour surgery, but 
ri1at these patients require a greater degree of scrutiny. Anori1er 
consideration that may affect decision making is the grade of 
splenic injury identified on imaging at admission. There are no 
prospective data to provide guidelines so this also has created a 
great deal of controversy. One multi-institutional retrospective 
study conducted by EAST identified failure rates of 33.3% in 
grade IV and 75% of grade V injuries, wiili 8% of failures occur
ring more than 9 days after injury.32 Anori1er multicenter study 
had few of these high-grade i11juries but all of them failed non
operative management.3' Varying conclusions have resulted 
from these data. Some believe that failure rates after high-grade 
splenic injuries are w1acceptably high, especially given that 
almost one in ren may occur afrer hospital discharge and that 
splenectomy does not carry a markedly high morbidity. Others 
think ri1at a significant number can still be managed nonopera
tively, despite me higher failure rate. The result is mat this deci
sion remains personal preference and is often guided by surgical 
intuition. Our preference is to reserve nonoperative manage
ment for grades I and n injuries, as well as grade Ill injuries that 
arc isolarcd. 

Operative management of splenic trauma may be in the 
setting of instability at admission, when the exact location of 
bleeding is unknown or after failed nonoperativc management, 

when the spleen is suspected to be me culprit preoperatively. In 
either setti11g, the best approacl1 is through a midline incision 
with packing of all four quadrants when instability is present. A 
fixed retractor facilitates exposure of the left upper quadrant. 
Splenectomy begins wiili division of me peritoneum laterally, 
which is faci litated by retracting the spleen posteromediaUy to 
expose ri1ese attachments. 1he dissection begins at d1e splcno
collc ligament by dividing me peritoneum at rile white Line of 
Toldt and then continuing superiorly unti l the short gastric 
vessels are encOlllltered. After me peritoneum is taken down, a 
blunt plane is created posterior to the spleen in a medial direc
tion, extending behind the tail of me pancreas. Thls maneuver 
mobilizes me entire spleen and distal pancreas, whidl allows me 
spleen to be delivered into the visualized wow1d. 1l1e short 
gastric vessels are men identified and Ligated, with care taken to 
avoid injuriJlg the greater curve of the stomach. AU ri1at remains 
are me hilar vessels, which are clamped and ligated, being sure 
not to inv<>lve the tail of the pancreas in this division. Drains 
should not be placed unless mere is concern that the tail of rile 
pancreas wa~ also injured. Postsplenectomy vaccines must be 
provided to ensure protection from encapsulated bacteria, 
including Streptococcus pneumonitte, Neisseria meningitidis, and 
Httemophilus influenztte. Several splenic salvage options exist, 
although these are beconling less commonly used because more 
patients who would commonly benefit from these techniques 
are managed nonope.ratively. Splenic injury secondary to pene
trating abdonlinal tratmla is usually identified during laparot
omy and should be addressed based on me presence or absence 
of ongoiJ1g bleeding. In me setting of damage control. me 
splenic injury can be packed but, more commonly, splenectomy 
is performed because of the rapidhy at which the spleen cru1 be 
removed and managed definitively. 

Hepatic Injuries Second only to me spleen, injury to the liver is 
extremely common after blunt abdonlinal trauma. Overall, liver 
injuries occurred in 2.9% of all patients included in the NTDB. 
with 39.8% of iliose with blunt abdonliJlal trauma sustauling 
injury to me liver. Tile mortality associated wim iliese blunt 
hepatic injuries was 14.9%. Ricl1ardson and associates38 have 
reported on their 25-ycar experience wiri1 hepatic trauma, 
during which ri1e incidence of major liver i11juries remained 
stable, rru1ging &om 12% to 15%. Mechanisms ofblunr hepatic 
trauma include compression with direct parendlymal damage 
and shearing forces, which tear hepatic tissue and disrupt vas
cular and ligamentous attachments. TI1e liver is partially 
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protected by the thoracic cage, although even the rigid ribs 
provide little support during high-energy mechanisms. Liver 
injury secondary to penetrating abdominal trauma is also 
common, given the sizable volume occupied by the liver in the 
abdomen. Nicholas and coworkers33 have described d1e presence 
of liver injury in 34.4% of cases of penetrating abdominal 
trauma, whicl1 was similar to a comparison group that demon
strated an incidence of 29.3%. ln the NTDB, rhe liver is the 
most commonly i.nj ured abdominal organ after penetrating 
trauma, present in 42.3% of cases. An associated mortali ty of 
19.1% demonstrates the danger of these injuries. Penetrating 
mecl1anisms can cause variable degrees of tissue destruction, 
depending on d1e associated energy of the missile. Furthermore, 
penetrating injiLLries can cause signilicancly greater morbidity 
when vascular o r biliary tree structures are involved. 

As with splenic injmies, liver injuries arc often first diag
nosed on entering the abdomen .in the llJlStable patient explored 
for the fi11ding of free Auid on FAST examination. Stable patients 
wi th suspected hepatic trauma should Wldergo abdominal Cf 
with IV contrast. Current CT modalities are excellent at provid
ing significant anatomic detail d1at allows highly accurate char
acterization of injures. Findings on CT associated with liver 
injury include disruption of the hepatic parenchyma with peri
hepatic blood or hematoma, as well as hemoperitoneum. O cca
sionally, contrast extravasation visualized as a high-density bl.ush 
is identilied indkating the presence of a pseudoaneurysm or 
active bleeding external to the liver capsule. Figure 18-24 dem
onstrates a cr scan of a grade m liver laceration with extravasa
tion of contrast. Findings on CT can be used to characterize the 
injury according to the AASf Organ Inj ury Scale for liver inju
ries. Liver in j ury grading involves the extellt of parenchymal 
involvement and presence of vascular injury (Table 18-6). 

Patients who are unstable during emergency department 
evaluation and are found to have intra-abdominal fluid require 
immediate laparotomy. Despite all that bas evolved in the man
agement of liver injuries, it should not be overlooked chat unsta
ble patients require operative maJ1agement of bleeding. Patients 
who are stable benefit from a more conservative approach. As 
wi th spleen inj uries, most injuries to the liver have stopped 
bleeding by the time of evaluation, which is usually reAected 
by the patient's physiologic condition. Hemosta tic injuries 
benefit little from operative intervention but ins tead require 
close survcillaJ1ce for indicators of rebleedi.ng or associated 

complications. This approach has been shown to acl1ieve excel
lent results in multiple series, with successful nonoperative 
lllaJlagement in 85% to 97% of cases.39

•
40 D espite avoiding 

unnecessary operation in a signi.ficam num ber of patients, the 
applicati011 of a nonoperative approach for select patients has 
acrually resulted in a decrease in morraliry for liver injuries, 
despite aJl increase in overall injury severity over the last 3 
dccades.38 To qualifY for attempted nonopcrative management, 
patients m ust demonstrate evidence that hepatic bleeding has 
stopped. This is typically indicated by d1e absence of tachycardia, 
hypoten sion, metabolic acidosis, aJld physical examination evi
dence of shock, being sure that d1e patient is not receiving 
ongoing fluid resuscita tion char might mask cardiovascular com
promise. Even more tha11 in the setting of sp lenic injuries, physi
ologic stability is the major predictor of successful nonoperative 
management of hepatic trauma. 'Tilis is true independently of 
injury severi ty, in tbat even high- grade liver i11juries should be 
considered for nonoperative ma11agement as long as the 
patient remains hemodynamically stable, without evidence of 
bleedi.ng.10 

FIGURE 18-24 Grade 4 1iver laceration involving the right hepatic lobe 
on abdominal CT scan. Note the focus of active contrast extravasation 
within the injured liver parenchyma at the periphery of the injury 
(arrow). 

Table_!_8-6 American Association for th~ur~ry of Trauma_ :_L_iv_e_r _O_,rg:_a_n_ln-"j_ury_,__S_ca_le _____________ _ 
INJURY GRADE INJURY TYPE 

Hematoma 
Laceration 

II Hematoma 
Laceration 

Ill Hematoma 

Laceration 

N Laceration 

v Laceration 

Vascular 

VI Vascular 

DESCRIPTION OF INJURY 

Subcapsular tear <100/o surface area 
Capsular tear <1 011 parenchymal depth 

Subcapsular tear, 10% to 50% surface area; intraparenchymal < 10 em in diameter 
Capsular tear, 1-3 011 parenchymal depth, <10 011 in length 

Subcapsular tear >500/o surface area of ruptured subcapsular or parenchymal hematoma; intraparenchymal 
hematoma > 10 em or expanding 

>3 011 parenchymal depth 

Parenchymal disruption involving 25%-75% hepatic lobe or one to three Couinaud segments 

Parenchymal disruption involving >75% of hepatic lobe or more than one Couinaud segment within a 
single lobe 

Juxtahepatic venous injuries (e.g., retrohepatic vena cava,central major hepatic veins) 

Hepatic avulsion 
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In contradlstinction to spleen injuries, the operative inter
vention for Liver trauma is less definitive and can be challenging. 
1herefore, hemodynan1ic decline requires operation but slow 
decreases in hemoglobin levels are at times tolerated and even 
occasionally treated with transfusion. 1hi.s is especially true 
when there are other injuries thar may account for some blood 
loss, and the decline in hemoglobin Level may not be reflective 
of ongoing hepatic bleeding. Because many Hver injuries are 
associated with some degree of hemoperitoneum, it is possible 
that a hollow visceral injury could be present but overlooked if 
the intra-abdominal fluid is attributed solely to the liver injury. 
Therefore, serial abdominal examinations to detect evidence of 
intestinal injury are an imporram part of nonoperative manage
ment of any solid abdominal organ. 

In some cases, CT reveals a liver injury that demonstrates 
the extravasation of IV con trast from a cllsrupted vascular struc
ture. These appear as a blush of high-density contrast, often 
withiJl the injured-appearing hepatic parenchyma. ln the setting 
of hemodynan1ic stability, this extravasation is usually contained 
within a pseudoaneurysm. The natural history of hepatic pseu
doaneurysms is not exactly known hut it is believed that they 
may be associated wid1 an increased risk of delayed bleecllng, 
especially when caused by hepatic arterial branches. A more 
recem advance in the management of hepatic pseudoaneurysms 
is the use of hepatic ru1giography, wid1 embolization of blood 
vessels that demonstrate extravasation. Even with successful 
embolization, patients need standard surveillance, which is 
required for all hepatic injuries managed 11onoperativdy. When 
selected appropriately, the use of angioembolization has improved 
d1e rate of successful nonoperative management by reducing the 
number of conversions to operative tberapy.41

.42 1his bas also 
allowed many higher grade injuries that historically might have 
required operation to be managed without surgery. 

1l1e evolution of nonoperative approaches to liver trauma 
has required advances in evaluating and managing complications 
that arise. In addition co delayed rehleedlng, these include bile 
leaks with biloma formation, hemobilia, and development of 
liver abscesses. Frequently, these arc suggested by the develop
ment of abdominal symptoms. with or without evidence of 
systenlic infection or inflammation. CT or, at times, ultrasound 
wUI identif}r the liver injury-related pamology. Percutru1eous 
drai11age guided by CT or ultrasound is usually successful in 
managu1g abscess or biloma. Endoscopic retrograde cholru1gio
pru1crcatography (ERCP) with stent placement is occasionally 
required to decompress the biliary tree ru1d promote healing of 
a bile leak. Occasionally, a laparoscopy or laparotomy is neces
sary to manage bUiary asci tes not an1enable to percutaneous 
drainage. 

Operative mru1agcment begins in the same fasllion as wid1 
other abdominal u1juries. A midline laparotomy is the most 
versatile appmach for managing aJ1Y liver injury mat might be 
encountered. The falciform ligaJllent is divided and perihepatic 
sponges are placed to manage bleedlJ1g from the liver temporar
ily. A fixed retractor is placed to expose the right upper quadrant 
structures. Wid1 perihepatic packing and mrumal compression, 
bleedi11g can be temporarily controlled and resuscitation pro
vided. On patient stabilization, the packs are removed ru1d the 
hepatic lacerations evaluated. Mild u1juries wid1 little or no 
ongoing bleeding may be managed with further compr<:'SSion, 
topical hemostatic agents, or suture hepatorrhaphy. Addressing 
these iJ1juries may sometimes be facilitated by mobilizing the 
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right or lef[ hepatic lobes by cllvidi.ng the triangular ligrunencs. 
This will allow injuries to be better exposed for interventions 
but may also allow betrer packing by optimizing aJ1te.rior to 
posterior compression. Occasionally, however, when the risks of 
mobili.zatiOJl should be carefuiJy considered if there is the pos
sibiliry thar the anachmenrs of the liver are providing lifesaving 
tanlponade of retrohepatic bleeding. lllis combination of super
ficial techniques will successfuJiy mru1age most liver injuries 
encountered. 

ln the setting of more severe bleeding, a Pringle mru1euver 
is a valuable adjunct. The hepatoduodenal ligrunent is encircled 
wim a vessel loop or vascular clan1p to occlude hepatic blood 
flow from the hepatic artery and portal vein. 1his maneuver 
helps distinguish hepatic venous bleecllng, wllich persists from 
a portal vein, and hepatic artery bleecllng that slows, allowing 
identification of sources of hemorrhage. 1he hepatic Laceration 
can men be explored and any actively bleediJ1g vessels controlled 
with suture ligation. Grossly dcvitali:;-_ed hepatic parenchyma 
should be debrided when accessible and drains should be placed 
when injuries appear to be at risk for a bile leak. When feasible, 
a vascularized pedicle of omentum may be packed within the 
liver injury to reduce parenchymal bleeding and promote bealiJ1g 
of the laceration. 

Liver injuries u1 the vicinity of the retrohcpatic vena cava 
that are not actively bleeding may benefit most from packing 
alone, without operative exploration. There are mru1y heroic 
techJ1iques seen in d1e Literature that describe methods of repair
ulg renobcpatic vena cava injuries, but it is likely that the 
approach with me greatest likelihood of success is maintainulg 
d1e body's natural tan1ponade of this low-pressure region when 
feasible. An atriocaval shunt (Shrock sbwu) is one method that 
ental Is isolation of d1e retrohepatic vena cava by placing an 
umacaval shunt between the right atrium and infrahepatic vena 
cava. Isolation of the liver with an atriocaval shunt with the 
adclltion of a Pringle maneuver allows repair of d1e vena cava or 
hepatic veins without ongoing associated blood loss. Dan1age 
control tedu1iques are often of gre.at value because many patients 
who require operative intervention for liver injuries have already 
deteriorated physiologically. 'TI1is approach includes control of 
surgical blcecllng followed by aggressive perihepatic packing and 
ten1porary abdominal dosure. It is fruitless to leave surgical 
bleeding ru1d hope that packing alone will provide control. Simi
larly, it is futile ro continue surgical attempts wirb sutures to 
control diffuse liver blecdlng from coagulopathy. Patients are 
then resuscitated in the intensive care unit until hypothermia. 
coagulopathy, and acidosis resolve, at which time the abdomen 
is reexplorcd and the packs removed. Angiography with embo
lization after damage control may provide additional assistance 
with mru1aging ongoing blcedlng from hepatic artery brru1ches, 
although the mortality in this patient cohort remains high.41 

Castric Injuries Gastric injuries most commonly occur after pen
etrating abdominal trauma, with the stomacll beulg me injured 
organ in approximately L 7% of cases identified in two separate 
series &om busy urban trauma ccnters.33 This is similar to con
temporary data obtained from d1e NTDB u1 wbid1 18.1% of 
penetrating abdominal trauma involved d1e stomach were asso
ciated with a mortality of 19.7% . Penetrating injuries are fre
quently fu!J-thickness perforations resulting in the spillage of 
gastric contents. Conversely, blwlt gastric injuries are rare, 
occurring in 0.05% of aU blunt trauma patients and 4.3% of 
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patients with a blunt hollow visceral injury.43 TI1ese injuries are 
associated with a significant mortality, reaching 18.2% in an 
EAST multi-institutional trial. In this series, gastric injury was 
independently associated with death when analyzed by regres
sion analysis {relative risk [RR], 2.8; 95% confidence interval 
[CD, 1.8 ro 4.4).4~ Blunr gast ric injuries are equally as rare in 
tl1e NTDB and are associated with a mortality rate of 28.3%. 
1he proposed mechanism of blunt gastric rupture is an acute 
increase in intraluminal pressure from external forces that results 
in bursting of tl1e ga~tric wall. Because of the high-energy nature 
of this mechanism, associated injuries arc common and often 
include the liver, spleen, pancreas, and small bowel. Mortality is 
frequently attributed to these associated injuries. 

Gastric injuries will ofren be identified on physical exami
nation by the presence of peritonitis. Some gastric injuries are 
identified by CT or DPL but the value of these modalities is 
limited. The evaluation of gastric inju.ries follows the approacll 
to tat for o ther hol low abdominal viscera (see earlier). 

Repair of gastric injuries is based on severity and injury 
location. Large intramural hematomas should be evacuated to 
ensure the absence of perforation, followed by control of bleed
ing and closwre of tl1e seromusculature with nonabsorbable 
suture. Full-thickness perforations should be debrided to remove 
nonviable gastric tissue and then closed witl1 one or two layers. 
1l1e perforation is generally closed with an absorbable suture. 
followed by inversion of the suture Line witl1 nonabsorbable 
seromuscular stitches. Because of the size and redundancy of the 
stomach, this can also be repaired with a stapling device. Perfora
tions involving the gastroesophageal junction, lesser curve, 
fundus, and posterior wall may be more challengiJlg to approach 
and require better exposure of the upper abdomen. Rarely, 
destructive injuries to the stomacl1 involving large portions of 
tl1e gastric wall require a partial or even total gastrectomy. 
Reconstruction. options include a Billroth I o r II gastroenteros
tomy or creation of a Roux-en-Y esophagojejunostomy. 

Duodenal Injuries Duodenal injuries are uncommon after blunt 
and penetrating trauma but can be challenging to diagnose and 
manage. Most are caused by penetrating roed1anisms occurring 
in 6.7% of penetrating abdominal cases, most of which the 
result of to gunshot wounds. l11e associated mortality is signifi
cam, 22.1% in the NmB. Only 0.1% of patients experiencing 
blum trauma sustain a duodenal injury. In those mat presem 
with a blunt hollow visceral injury, 12% are located in the duo
demun.43 The mortality after blunt duodenal injury ranges from 
11.4% to 14.8%. Blunt injuries are presumably caused by a bl.ow 
to the epigastrilllm by a narrow object, resulting in contusion of 
me wall or a blowout secondary to acute elevation of intralumi
nal pressure. The classic description is the abdomen being struck 
by a steering wheel or, in children, a bicycle handlebar. 

Although duodenal injuries after penetrating trauma are 
fow1d at laparotomy, their identification after a blunt mecha
nism can be challengiJlg and therefore require a high index of 
suspicion to avoid missed injuries. Because of the retroperitoneal 
location of a significant portion of me duodenum, physical 
examination findings may be limited. Even full-thickness perfo
rations of the duodenum may not demonstrate peritoneal signs 
unless tl1e perforation involves an intraperitoneal segment. 1l1e 
mainstay of evaluation for duodenal injury has become abdomi
nal CT, witl1 a low threshold for operative explorat ion. Findings 
on CT that reflect possible duodenal injury include thickened 

duodenal wall, air or Buid outside the bowel lumen, and contrast 
extravasation if oral contrast was administered. Some authors 
advocate the administration of oral contrast wherea~ others have 
found that it is not necessary with current imaging capabillties.30 

Low-grade injuries resulting in a duodenal hematoma can be 
idenrified by CT, although it is imporranr also to evaluare the 
pancreas because of a high rate of concomitant injury. Any 
indication of duodenal perforation on examinatiOJl or in1aging 
should prompt operative exploration. At times, tl1e findings are 
subtle but a low threshold for exploration should be maintained 
because of the potential for false-negative interpretations of 
the CT scan. Upper GI contrast studies, DPL, and laboratory 
srudies such as serum amylase level determination, have at most 
a lin1.ited role in the evaluation of duodenal injuries. 

Management of duodenal injuries depends on the severity 
and location of the injury. Hematomas of the duodenal wall 
typically require no treatment unless mey are large and result in 
a gastric outlet obstruction. Treatment of obstructing hemato
mas consists of gast ric decompression and initiation of total 
parenteral nutrition, with reevaluation of gastric emptying witlt 
a contrast study after 5 to 7 days. If after 1 weeks of upper GI 
bowel rest the obstruction persists. exploration is warranted to 
evaluate for perforation, stricture, o r associated pancreatic injury.. 
Duodenal hematomas identified at me time of laparotomy for 
another indication require careful evaluation for perforation. 
Frequently, they decompress during duodenal mobilization, 
although intentionatly opening the serosa to drain an inciden
tally identified hematoma should generally be avoided in the 
absence of a full-tluc:kness injury. 

Most full-tluckness injuries of the duodenal wall can be 
repaired primarily using a single- or double-layer approach, 
depending 011 me an10Unt of tissue available. Adequate mobili
zation of the duodemuu with a wide Kocher maneuver is 
required to provide necessary exposure and ensure a tension-free 
repair. Duodenal transection can be managed wid1 primary 
anastomosis as long as the ampulla is not involved and tl1e 
segment is short. Larger segn1ents of duodenal destruction may 
require more complex reconstruction, frequently using bypass 
arow1d the injured duodenum. Any repair can be protected from 
tl1e enteric contents by performing a pyloric exclusion and creat
ing a gastroenterostomy. In me damage control settiJ1g, tl1e use 
of a duodenostomy tube or resection leaving the Gl tract in 
discontinuity is highly effective for controlling comanunation 
tern porariJy. 

Panaeatic Injuries Because of their adjacent location, injuries to 
the duodenum are frequently associated with pancreatic injuries. 
These are rare in blunt and penetrating mechanisms, occurring 
in only 0.09% of the patients in tbe NTDB. Of tl10se that 
sustain penetrating injuries to the abdomen, the pancreas is 
involved in 6.6% of tl1e cases. Despite the infrequency of these 
injuries, tl1ey remain a serious problem, resulting in mortality 
rates of 23.4% and 30.2% for blunt and penetrating mecha
nisms, respectively. These high mortality rates can frequently be 
attributed to delays in diagnosis and treatment. Because of the 
caustic nature of pancreatic enzymes, delays iJ1 managing pan
creatic injuries result i,n ma~sive systemic inAammation, with 
subsequent poor outcomes. Pancreatic iJ1juries can result from 
direct penetration of the organ or through the transmission of 
blwlt force energy to tl1e retroperitoneum. A commonly identi
fied mecbruusm involves the crushing of the body of tl1e 
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pancreas becwee11 a rigid structure such as a steering wheel or 
seatbelt and the vertebral column. This can cause injury to the 
gland, ranging &om mild contusion to complete transection 
with ductal disruption. 

TI1e diagnosis of pancreatic injuries can be extremely chal
lenging and no single imaging modality has been found m be 
highly effective. As with the duodenlll11, the retroperitoneal 
location of the pancreas makes physical exan1lnation less helpful 
for diagnosis. Abdominal imaging with IV-enhanced CT can 
indicate the pancreatic injury but the sensitivity is Limited for 
parend1ymal injury and pancreatic duct disruption, as identified 
recently in a large multicenter trial.41 Depending on ilie genera
cion of scanner used, me sensitiviry for detecting parenchymal 
or ductal injury did not surpass 60%. Peit7.rnan and colleagues45 

have evaluated the usefulness of CT prospectively and found a 
somewhat better sensitivity, approximately 80%,llkcly reflecting 
the variations in radiologic interpretation among centers. Nev
ertheless, CT alone may not be satisfactory to rule out a pan
creatic injury and a high index of suspicion must be maintained. 
Findings on CT that suggest pancreatic injury include mal perfu
sion of the pancreatic parenchyma indicating disruption, sur
rounding fluid, or hematoma and stranding in the adjacent soft 
tissue. Figure I 8-25 demonstrates an injury at the neck of the 
pancrea.~ on an abdominal cr scan. 

Given the limitations of imaging pancreatic trauma, the 
detection of injuries may require the use of other modalities. 
Al though these injuries are uncommon, there is great value in 
mininlizing rbe ·rime ro diagnosis because any delays could be 
associated with worse outcomes. Patients who are nor respond
iJ1g appropriately to their known injuries reguire further evalu
ation for missed injuries. In this setting, repeat CT scruming 
may suggest a pancreatic injury that required time to develop 
radiographically evidem pru1creatic inflammation. Almough not 
predictive as a screening tool, elevated serum amylase levels may 
reflect pancreatic trauma when obtaiJ1ed more than 3 hours after 
admission. Serum amylase levels may he sensitive bur little is 
known about their specificity; therefore, the use of clus indicator 
is limited ru1d should not be routinely used. Imaging of the 

FIGURE 18-25 Pancreatic injury on abdominal a scan. The injury 
involves the pancreatic neck and appears as a 2-cm segment of 
nonperfused pancreas tissue, with surrounding edema (ari'OOI). 
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pancreatic ducts with ERCP and magnetic resonance d10lru1gio
pancreatography (MRCP) may be helpfLd, especially for those 
patients who have a suggestion of pancreatic injury but a lack 
of supporting studies. These modalities continue to be evaluated, 
but they may occasionally be of assistance in planning therapy 
and determining an operative approach. 

TI1e mainstay of therapy for pancreatic injuries is surgical. 
Exposure of the entire gland to evaluate the pancreas compre
hensively is required to exclude injury or select appropriate 
management. 'TI1is expos w-e includes mobili:tation of cl1e bepatic 
flexure of the colon ru1d division of the gastrocoUc ligruuent to 
retract the trru1sverse colon and mesocolon inferiorly. A wide 
Kocher maneuver will mobilize cl1e pancreatic bead ru1d facilitate 
evaluation. Assessment of the injury includes determining the 
degree of parenchymal involvement, location of the injury 
within the gland, and presence of pancreatic ductal involvement. 
The management of pru1creatic injuries wicl1 ductal involvement 
depends on the location of the injury. Injuries to the left of the 
superior mesenteric vessels are managed with a distal pancreatec
tomy. The proximal stump cru1 be managed by individually 
ligating the duct and oversewing cl1e parenchyma or using a 
stapling device. Covering the stump with omenmm may be 
advantageous and a closed suction drain should be placed. Man
aging injuries of me ductal system within the head of me pan
creas can be more challenging. Although some advocate resection 
in this setting, cl1e associated morbidity can be great, often 
necessi.tating a more conservative approach. Ma11aging cl1ese 
injuries with drainage alone often successfully divercs the leakage 
of pancreatic fluid <::xtcrnally, creating a controlled fistula that 
frequently will close spontaneously. 1l1is healing may also be 
promoted witl1 biliary decompression through the placement of 
scents via ERCP. Massive destruction of the pancreatic head with 
devitalized parenchyma or combined pancreatic and duodenal 
injLLrie.s may require a pancreaticoduodenectomy (Whipple pro
cedure). This can be extremely challenging in tlus setting and is 
associated with a high postoperative cnmplication rate. Perform
ing a Whipple procedure in the setting uf trauma requires 
ongoing patienr stability or the operation should be abbreviated, 
witl1 later reconstruction after cl1e physiologic condition 
improves. Damage control for pru1creatic injw-y includes hemor
rhage control, external drainage, and temporary abdonunal 
closure with plans for rcexploration. 

Adeguate external drainage is an importrult principle in me 
managem<::nt of most pancreatic injurics. The divt:rsion of 
leaking pancreatic enzymes is required to prevent cl1e devastating 
effects of WKOntrolled accumulation of lcighly caustic digestive 
fluid, which will provoke a massive inflammatory response and 
progressive organ dysfunction. Pancreatic injuries not involving 
the pancreatic duct, including hematomas, parenchymal connt
sions, and lacerations of cl1e capsule or superficial parencllyma, 
should be mru1aged wicl1 external drainage alone. External drain
age should be with a closed suction system because these are 
associated wiili a reduced rate of abscess development.46 Distal 
feedi ng access should be considered based on the overall clinical 
picture. Figure l8-26 depicts an approach to the operative man
agement of pancreatic injuries. 

Small Bowel Injuries Depending on the series reviewed, the small 
tntestinc is one of rhc most frequently injured organs after pen
etrating abdominal trauma, likely secondary to the large percent
age oft he abdomen it occupies. Although cl1e incidence of small 
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FIGURE 18-26 Algorithm for the operative management of pancreatic injury. 

bowel injury after penetrating abdominal trauma has been 
described as high as 60%, these injuries are less common in the 
NTDB, identi£ed in 21.8% of cases. Mortality rates range from 
lOo/o to 25%, with roost caused by associated vascular injuries. 
Penetrating injuries can vary from tiny perforations to large 
destructive injuries that destroy circumferential segments of 
small boweL Blunt, small intestinal injuries are less common, 
present in 2.7% of all blunt abdominal injuries in the NTDB, 
alth<lugh these jnjurics are associated with a signj£cant mortality 
rate of 16.3%. Mechanisms of blunt smaU bowel injury in dude 
crushing, rupture, and shearing types of patterns. The small 
bowel can be crushed between the steering wheel or seatbelt and 
a rigid structure sud1 as the vertebral column, resulting in direct 
tissue injury. Sjrojlar forces can result in a ntpture-type injury 
during whicb tbe intraluminal pressure rapidly increases, causing 
a blowout along the antimesenreric border. Finally, deceleration 
mechanisms can result in a shearing of the serosa or muscularis 
throughout a segment of small bowel. Mesenteric injuries can 
cause devascularization of sections of small bowel without direct 
tissue injury. 

Small intestinal injuries are often identified at the time of 
laparotomy. Otherwise, the evaluation can be challenging and is 
similar to the approach to other hollow abdominal viscera. The 
usc of imaging and other modalities bas been described earlier. 

The repair of small bowel injuries depends on the extent of 
inreninal waiJ destruction in relation to the luminal circumfer
ence. Serosal tears can be reinforced with interrupted nonab
sorbable suture, wluch imbricates tbe injury. Small perforations 
that can be dosed without compromising the intestinal lumen 
can be debrided and repaired with one or two layers. This can 
safely be performed for multiple perforations as long as closure 
will not result in obstruction of the enteric contents, although 
many choose resection when several injuries are dose together. 
Injuries occupying over 50% of the intestinal wall circumference 
should be addressed with resection and anastomosis. There has 
been no difference demonstrated between stapled and hand
sewn anastomoses for intestinal resections. Selection of the anas
tomosis tedmique should be based on the experience of the 
surgeon, with the method of greatest comfort used. Hand-sewn 
anastomoses are frequently constructed in two layers bur 
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single-layer methods are equally efficacious. 1l1e damage control 
approach to smaU bowel injuries includes rapid closure of per
forations to control contamination and/or stapled resection of 
injured segments. Patients in shock may benefit from resection 
without immediate anastomosis because of related delays and a 
higher risk of anasromotic dehiscence. The abdomen is tenlpo
rarily closed and the patient is resuscitated to correct physiologic 
derangements. IntestiJlal continuity can then recstabllsl1ed on 
return to the operating room, following resuscitation. 

Colon Injuries Similar to other holJow viscera, colon and rectal 
injuries occur most commonly after penetrating abdominal 
trauma and rareny after blum mechanisms. 1l1e colon is one of 
the most frequently involved organs after penetratiJ1g abdominal 
trauma, occurring in 36% to 40% of patients in a series of250 
cases.33 Tius incidence is similar to data from the NTDB, in 
which 34.3% of all cases of penetrating abdonlinal trauma 
iJwolved the colon or rectum. The associared mortality for colon 
and rectal injuries is the lowest of all the abdominal viscera. 
Penetrating inj uiies can range in the degree of colonic wall 
destruction, depending on the level of energy associated with 
the mechanism. Penetrating injuries can also be obscured by the 
retroperitoneal location of some segments of colon. Blunt colon 
and rectal injury occur in less than 1 o/o of all blunt trauma 
patients but, in those patients with blunt hollow visceral inj ury, 
the colon or rectum is ilwolved in 30.2% of cases.43 Mortality 
after blw1t colon or rectal injury equals 16.3%, wid1 much of 
this caused by associated injuries. Injuries to the colon can result 
from sinillar biomechanicaJ mechanisms as those that occur in 
the small bowel. 1he col01uc wall can be crus.hed by physical 
forces or rupture when the impact results in a rapid elevation in 
intraluminal pressure. DependiJlg on the colonk segment 
involved, this perforation can occur into the retroperitonetml. 
1l1e colon is also vulnerable to shearing forces, which can cause 
a separation of the serosa or muscularis over a long segment. 
Figure 18-27 demonstrates a segment of colon that was injmed 
secondary to a sheariJlg-type med1an.ism. Injury to the rectum 
can also occur when severe pelvic fractures result in a laceration 
by sharp bone fragments. 

FIGURE 18-27 Blunt left-sided colon injury at the time of laparotomy. 
The injury mechanism resulted in a deserosalizing-type injury that 
involved a several-centimeter-long segment of colon. 
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As with other hollow organ injuries, colonic injuiies may 
be identified first at the time of laparotomy that was prompted 
by hemodynamic instability or the appropriate penetrating 
mechanism. Otherwise, evaluation is as described earlier for 
other hollow abdominal viscera. Care must be taken to assess 
segments of the colon that are rerroperitoneal in location 
adequately. 

Blood identified on rectal exanlination or a penetrating 
uajectory that suggests rectal involvement requires further evalu
ation. Rigid proctosigmoidoscopy can visualize the rectum and 
distal sigmoid colon to assist ill determillli1g the presence or 
absence of a rectal injury. 11lis caJl be performed prior to lapa
rotomy in hemodynarnically stable padents to help plan the 
operative approam. Endosco,py may clearly reveal an injury to 
the rectum or only demonstrate hematoma in the rectal wall or 
a large amount of blood in the rectal vault. When possible, 
determillli1g the size of the injLLry and location on the rectal wall 
may be valuable when planning the necessary management. 
Upper rectal injuries, especially those on the anterior or lateral 
surfaces, may be identified during exanlli1ation of the pelvis 
during laparotomy. 

Operative repair of colon inj uries depends on the severity 
of the colo1u.c wall injury and the patient's overall condition. 
HistodcaJly. it was believed that all colon injuries required resec
tion with the creation of a colostomy because of a high risk of 
ru1astomotic dehiscence. A substantial amount of work has been 
dedicated to determining whether proximal fecal diversion was 
necessary to manage colonic perforation. Several randomized 
prospective trials have concluded that prin1ary repair or resection 
with primary anaHomosis is safe ill select patients, resulting ill 
a leak rate that was not significantly greater than that for colonic 
diversion.47

•
48 1l1crcfore, injuries that involve less than 50% of 

the colonic wall circumference can be repaired with one or two 
layers, being sure to imbricate the mucosal edge. Usually, com
promising the colonic lumen is not as common a concern as i11 
the small howel. Destructive colon injuries that involve more 
tban 50% of the colonic wall should be re.o;ected; many cru1 then 
be anastomosed in1mediately. Injuries proxiJnal to the nliddle 
colic a.rtery are managed with a right henlicolectomy with cre
ation of Ueocolostomy, because this has bee11 found to be a 
durable anastomosis. Distal mjuries require segmental resection 
with colocolostomy anastomosis. ln the setting of shock, imme
diate anastomosis may be associated with ruJ unacceptably high 
leak rate and should be carefully considered. 

There are two other options ill the setting of hemodynamic 
instabUiry to manage colon injuries. First, the injured segment 
can be re~ected and a diverting colostomy created. The second 
option is to resect the injured segment of colon and leave the 
GI tract in discontimtity until after the patient has been ade
quately resuscitated. On return visit to the operating room, 
delayed prinlat)' anastomosis or creation of a colostomy can be 
completed. Leak rates after delayed primary ru1astomosis have 
been found to be equivalent to immediate ru1astomosis per
formed il1 the setting of hen10dynanlic stability.49 Other con
cerns that may suggest colostomy instead of prilllat)' repair or 
anastomosis include significant associated il1juries, UJlderlying 
medical disease, and delayed injury recog11ition with the devel
opment of severe peritoneal inflammation. 

Rectal injuries that result in perforation present a signifi
cant risk of developing pelvic sepsis and thus requiie operative 
management. 1l1e mainstays of treatment for rectal injuries are 
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fecal diversion and presacral drainage until healing has occurred, 
at which time the colostomy is reversed. This can be achieved 
with an end colostomy or a loop configuration as long as com
plete fecal diversion can be adlieved. Historically, drainage of 
the presacral space has been considered an important part of 
managing reC[al perforations because of data generated in the 
military theateJr. More recently, some have countered this edict, 
condudiJ1g that presacral drainage is an unnecessary compo
nent, especial])' m the setting of low-energy, nonmilitary types 
of penetrating rectal trauma. 'iO Without definitive studies, one 
approach is to draiJ1 iJ1juries that occur posteriorly or laterally, 
if in the lower third of the remun, because these have likely 
entered the presacral space and are at greater risk of abscess 
formation. Other injuries to the extraperitoneal rectum can be 
managed with fecal diversion alone. Destructive reaal injuries 
that involve more than 50% of the rectal wall circumference may 
require resection of the rectum above the injury with the cre
ation of an end colostomy. 

Abdominal Great Vessel Injuries The great vessels of the abdomen 
are located within the retroperitoneum and abdominal mesen
teries. Injuries to these vessels can be challengmg to manage 
given the amount of blood loss that can be present when these 
structures are iJnjured. Although iliese injuries frequently occur 
after blunt trauma, it is most commonly during penetrating 
injury that exploration of tllis region is required. Often, hema
toma within tlte retroperitoneum is secondary to a pelvic frac
ture because hemorrhage from the pelvic vessels can dissect 
superiorly thro:ugh the surrounding tissue. Abdominal vascular 
injuries are further addressed elsewhere iJl this text (Section 12, 
"Vascular Surgery") so only those concepts related to initial 
assessment and management wil l be presented here. 

Vascular injuries m the abdomen are often first recognized 
at the time of laparotomy for penetrating abdominal trauma. 
Frequently, these injuries arc associated with significant ongoing 
blood loss and hemodynanlic instability. Exploration of pene
trating injuries to the retroperitoneum results in a definitive 
diagnosis. Penetrating injuries ro the bad< frequently benefit 
from three-dimensional imagmg, given that most do not enter 
the peritoneal cavity. Current cr can often identify the path of 
the i11jury aJld therefore suggest possible iJ1jury to adjacent struc
tures. After blw1t trauma, injuries to the abdominal vaKulature 
with associated hemaroma are often identified via comrast
enhaJ1ced cr. Occasionally, blw1t trauma to the retroperito
neum with vascular injury is identified during urgently 
perfom1ed laparotomy, although further identification of spe
ci1ic injury depends on rhe location of the hematoma. 

Usually, penetrating injuries to rhe rctroperitonewn identi
fied during latparotomy require exploration. Injuries to the 
abdominal vasculature are detailed in rhc vascular surgery section 
of this text, but a knowledge of the basic approach to and expo
sure of these stliuctures is iJnportaJlt. Hematomas in the vicWty 
of d1e right renal hilum or infrarenal vasculature benefit from a 
right medial visceral mobilization, also known as the Cattel
Brascb maneuver. A wide Kocher maneuver is performed and 
the peritoneal dissection is conriJ1tred inferiorly to mobilize the 
right colon. The dissecrion is cominue around rhe cecum and 
then superiorly up the mesenteric root, allowi11g all the abdonli
nal viscera to be retracted to the left, thus exposing the midlLne 
vascular structures. Basic tenets of vascular repair are paramowlt, 
including proximal and distal control of the injured vessel, when 

feasible. I.nj u ries to the left renal hilum or the suprarenal vessels 
can be exposed by performing a left medial visceral mobil.i:r.ation 
(the Mattox maneuver). 1l1is is perfom1ed by dividing the left 
lareral peritoneum from above the spleen to the distallefr colon. 
The plane posterior to the colonic mesentery and e pancreas is 
developed and the abdominal viscera are retracted ro the righr 
to expose the superior retroperitoneal vasculature. 

Blunt abdomiJ1al vascular irljuries that arc not actively 
bleeding may require operation to repair or, as more recently 
fow1d, may be considered for endova~cular therapy. When con
fronted with a retroperitoneal hematoma duriJ1g laparotomy for 
bltmt tratuna, the location of the hematoma suggests the appro
priate treatmenr. Figure 18-28 depicrs three zones used to clas
sify these hematomas. Zone 1 hematomas require exploration 
because these frequently involve the aorta, proximal viscerai 
vessels, or inferior vena cava An exccprion may be rhe dark 
hematoma behmd the liver, wllicb suggests a retrohepatic vena 
cava injury. These iJ1juries may be best served by not exposing 
the contained low-pressure injury or by gently packing the sur
rounding area; heroic management tecruliqucs can be extremely 
d1allengmg. A hematoma in the region of zone 2 should only 
be explored if it appears that the hen1atoma is expandmg and 
continuing to lose blood. FinaUy, a hematoma in zone 3 is 
usually secondary to pelvic fracture blecdmg and should not be 
explored unless exsanguinating hemorrhage is present. 

FIGURE 18-28 Zones of the retroperitoneum visualized at the time 
of laparotomy. Zone I indudes the central vascular structures, such 
as the aorta and vena cava. Zone 2 includes the kidneys and adjacent 
adrenal glands; zone 3 describes the retroperitoneum associated with 
the pelvic vasculature. 
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Genitourinary lnluries The genitourinary organs include the 
kidneys, ureters, bladder, and urethra, aU contained within the 
retroperitoneum. Injury to these structures resuk~ in bleeding 
or urine extravasation. Blunt mechanisms can result in renal 
laceration and bladder ruptme, which can occur intraperitone
ally or exrraperimneally. Commonly, bladder injuries are associ
ated with pelvic fractures when significant energy is transmitted 
to the urine-filled bladder, resulting in wall rupture. All genito
urinary structures are vulnerable to penetrating mechanisms, 
many of which cause urine extravasation. 

1he evaluation and management of genitourinary injuries 
are described elsewhere in this text (see Chapter 73) and there
fore will be on.Iy briefly outlined. 1he presence of gross or 
microscopic hematuria .is the most valuable screen for injuries 
to the genitourinary organs and should prompt further evalua
tion. Imaging with IV concrast-enhanced CT frequently identi
fies injuries to the genitourinary organs. Renal trauma, as well 
as i11jury to the adrenal glands, are easily identified on CT; 
imaging also allows an assessment for mine extravasation from 
the collecting system. L1ju.ry to the bladder can be evaluated by 
obtaining a cystogram, which is now most easily achieved with 
CT. In males specifically, blood at tile urethral meatus and pros
tatic abnormality on rectal examiJ1ation are suggestive of a ure
thral iJ1jury and require evaluation. 'This is best acl1ieved by 
performing retrograde llrethrography, especially prior to place
ment of a Llfinary catheter. Penetrating genitourinary injuries 
may be identified at the time of laparotomy or suggested by 
in1aging. Penetrating injuries ro the back benefit from CT, which 
can characterize the injury tract and delineate adjacent organs. 

During laparotomy for penetrating trauma, injuries to the 
kidney should be explored to ensure hemostasis but also to assess 
for a urine leak. Obtaining proximal control at the renal hilum 
is ideal and should be performed whenever possible. Many renal 
injuries are .hemostatic at the time of exploration whereas others 
respond favorably to simple techniques. Devastating renal inju
ries, especially in the setting of shock with ongoing bleeding. 
may require nephrectomy after assessing the contralateral side 
for a kidney. Ureteral injmies require repair for which tllere are 
many described techniques, ranging from primary .repair to 
nephrectomy. Luraperitoneal bladder iJ1juries can be repaired in 
two layers of absorbable suture and the bladder drained with a 
Foley catheter or suprapubic cystostomy tube. Extraperitoneal 
bladder ruptures require only catheter drainage, with a follow-up 
cystogram to confirm healing. 

Blunt retroperitoneal injury is most commonly identified 
on imaging and can be managed nonoperatively in most cases. 
Bleeding from the kidneys and adrenal glands is commonly self
limiting and requires no specific intervention. Nonoperatlve 
management requires clinical stability, which indicates the lack 
of ongoing blood loss. Deterioration mru1dates laparotomy, with 
management of lUlCOntrolled bleeding. Patient.~ with hemody
namic stability but pseudoaneurysm !Tom a renal laceration on 
imaging may benefit from angiocmbolization. Renal hematomas 
after blunt trauma identified at laparotomy for other iJ1juries 
should only be explored if it appears that the hematoma is 
expandiJ1g because this Likely indicates ongoing hemorrhage. 

Injuries to the Pelvis and Lower Extremities 
Orthopedic injLLries to the pelvis and extremities are extrffildy 
common ru1d are covered in depth elsewhere in this text. An 
approach to management as it relates to the general or trauma 
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surgeon is presented here. Orthopedic iJ1juries constituted the 
greatest number of cases in the 2009 NTDB, with 27.5% of 
patients baving upper extremity and 35.1 o/o having lower 
extremity trauma. Fortunately, the mortality is low for each 
group, just below 4%, but tile long-term morbidity can be high. 
Pelvic fractures alone were seen in 6.4% of cases and had a 
substantially greater mortality, approximately 9%. A variety of 
physical mechanisms are responsible for orthopedic injuries. 
with MVAs and falls being the most common causes. 

Open fractures are frequently easy to identify on initial 
examination, as are those with severe deformity. Plain radiogra
phy remained highly effective for diagnosis but CT has attained 
a greater role, especially with complex fractllre patterns. Pelvic 
fractures are typically identified on iJutial pelvic radiography and 
then better characterized if an abdominal or pelvic CT is 
obtained. Although CT demonstrates the bony injury accu
rately, i.t also can identify ru1 associated hematoma and tl1e pres
ence or absence of active contrast extrava~ation, which appears 
as high- density material, frequently within the hematoma. 
Extremity exalllination must include a thorough vascular assess
ment and evaluation for compartment syndrome. Evidence of 
vascular insufficiency or bleeding may reguire ru1giography to 
localize ru1d characterize the injury. 1he role ofCT angiography 
of tl1e extremities remains to be elucidated. 

The diagnosis ru1d management of hemorrhage from pelvic 
fractllfes represents a mugue challenge that reguires a standard
ized approach involving a number of disciplines. Figure 18-29 
presents an approach to these injuries. Unstable patients should 
have a pelvic radiograph guickly obtained and interpreted for 
pelvic fracture. An importaJlt point is that although some pelvic 
fracture patterns are more likely to bleed, any fracture is capable 
of bleeding ru1d should not be disregarded in the unstable 
patient. Pelvic fractures that demonstrate an increase in pelvic 
volume should be compressed with a pelvic binder or sheet 
wrapped around the hips to reduce the space available for hema
toma formation. 'This will frequently manage venous bleeding. 
Ongoin.g instability suggest.~ an arterial source, which should be 
addressed with angiography and embolization if these resomces 
are available. Embolization may also be warranted in those 
patients, with active contrast extravasation identi£ed by pelvic 
CT. Some recent work has suggested that packiJ1g of the pelvis 
may be ru1 alternative to embollzation, especially when endovas
cular therapy is not immediately available. Stabilization of the 
pelvic ring witl1 external fixation is tllen performed to maintain 
reduction of the pelvic volume ru1d reduce ongoing venous 
bleeding. 

REHABILITATION 
Although the acute management of injuries plays the greatest 
role in the reduction of mortali ty, it is the process of rehabilita
tion that functions to reduce the morbidity ofinjury. 1he reha
bilitation process can be substantially longer thru1 the hospital 
phase of care and is indispensible in restoriJ1g functionality and 
allowing patients to rerum to productive lives after severe injury. 
Much emphasis is placed on trauma-related fatalities, but there 
were approximately 30 million nonfatal in juries in 2008, mru1y 
of which were severe ru1d required some form of rehabili tation. 

The rehabilitation process begins soon after the acme needs 
of the injured patient have been met. Hospital physical and 
occupational therapists frequently begin the process by initiating 
therapy and assessing which resources may be required when the 
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ment of pelvic fractures with associated hemorrhage. 

patient leaves the hospital. With these recommendations avail
able, case managers and social workers can begin the process of 
identifying available resources in the inpatient or outpatient 
setting to address the unique rehabilitation needs of the patient. 
More robust systems have regular input from the rehabiJitation 
ream co assist in expediting referrals and transfer co appropriate 
facilities. Many patients benefit from generic rehabilitation ser
vices, but some patient groups have unique needs, such as reha
bilitation centers that focus on tbe recovery from traumatic 
brain and spinal cord injuries. 'These two patient cohorts have 
specific needs that are best addressed at centers with specialized 
expertise. Hospitals committed co the care of the injured patient 
must be sure to place adequate priority on reinforcing the reha
bilitation process, because this clearly is o ne of the most impor
tant aspects of a patient's long-term recovery. 
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Rotondo M F, Schwab CW, McGonigal M D, et al: "Damage control": 
An approach for improved survival in exsanguinating penetrating 
abdominal injury. J Trauma 35:375-383, 1993. 

This article was the fi rst to present the concept of damage control., which 
has become ~1e standard of care in managing multiple severe injuries. 
It was not until d-,e develq:xnent of this approach did surgeons use the 
abbre'viation of abdominal surgery to prevent the deadly cyde of 
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IM:>I'Sening hypothermia, coagulopathy, and acidosis. Based on the 
success of this methodology, other areas of trauma management, such 
as orthopedics and resuscitation, have developed similar approaches. 

U.S. D epartment of Health and Human Services, Health Resource.~ 
and Services Ad ministration: Trauma-EMS systems program. Model 
t rauma systems planning and evaluation. 2006 . (www.ncdhhs.gov/ 
dhsr/EMS/traumalpdf/hrsau-aumamodel.pdf) . 

In response to studies that demonstrated a paucity of trauma systems 
in the United States, the Health Resources and Ser'vices Admin1stra1Jon 
released this document which outlines h<NV systems for the manage
ment cJ injuries are developed and evaluated. It emphasizes the value 
of a public health approach to trauma care. It has also been valuable in 
securing governmental funding for trauma system development 

REFERENCES 
1. Comminee on Trnuma, American College of Surgeons: Resources 

fo r the optimal care of the injured patienr, ed 5, Chicago, 2006, 
Amelican College of Surgeons. 

2. U.S. Departmenr ofHealda nd Human Services, Health Resources 
and Services Administrntion: Trnuma-EMS systems program. 
Model trauma systems planning and evaluation. 2006. (www. 
ncdhhs.gov/dhsr/EMS/traumalpdflhrsarrnumaroodd.pdf). 

3. Nathens AB. Jurkovich GJ, Cum mings P, et al : The effixt of 
organi1.cd systems of trnuma care on motor vehicle crash mortality. 
JAMA 283: 1990-1994, 2000. 

4. MacKenzie EJ, Rivara FP, Jurkovich C), er al: A national evalua· 
tion of the effect of trauma-center care on mortality. N Engl J 
Mcd 354:366--.378, 2006. 

5. Baker SP, O'Neill B, Haddon W, et al: The injury sevelity score: 
A method for describing patients with multiple injuries and eval
uating emergency care. J Trauma 14:187- 196, 1974. 

6. Ti nkoff C, Esposito T, Reed J, et al: American Association for the 
Surgery ofTrnuma Organ Injury Sc:tlc 1: Spleen, liver, and kidney, 
va lidation based on the National Tmuma Data Bank. J Am Coli 
Surg 207:646-655, 2008. 

7. Hc.1lcy C. O sler T M, Rogers FB, ct al: Improving che Glasgow 
coma scale: Motor score alone is a better predictor. J Trauma 
54 :671-680, 2UtJ3. 

8. Eckstein M, 0 1an L, Schneir A, et al: Effect of prehospital 
ad vanced life support on outcomes of major trauma paricnrs. 
J Trauma 4R:643-(>48, 2000. 

9. W inchell RJ, Hoyt D B: Endotracheal intubation in the field 
improves survival in patients with severe head injury. Arch Surg 
132:592-597, 1997. 

10. Bickell WH, Wall MJ, Jr, Pcpc PE, er al: lmmediarc versus delayed 
Auid rcwscitation for hypotcnsh·c patients with penetrating torso 
injulies. N Eng J M<.-d 33 I : I I 05-1 I 09, 1994. 

11. Kragh J F. Jr, Walters TJ, Bacr DC, et al: Survival with emergency 
toumiqucr usc ro stop bleeding in major limb trauma. Ann Surg 
249: 1- 7. 2009. 

12. American College of Surgeons: Advanced trauma life support for 
doctors, ed 8, Chicago, 2008, Amelican College of Surgeons. 

13. Parmer J L, Colonna-Romano P, Horrow JC, cr al: The laryngeal 
mask airway reliably provides rescue ventilation in cases of unan
ticipated difficult trnchcal intubation along with difficult mask 

ventilation. Ancsth Analg 87:661-665, 1998. 
14. Ascnsio JA, Wall M, Minei J, et al: Wodung Croup, Ad Hoc 

Su bcomm incc on Outcomes. American College of Surgeons 

http://www.myuptodate.com


470 SECTION Ill TRAUMA AND CRITICAL CARE 

Committee on Trauma: Practice management guidelines for emer

gency J Am Coli 193:303-309, 
2001. 

15. Rotondo MF, Schwab CW, MD, eta!: 

control": An fi)r survival in exsanguinating 
penetrating abdominal injury. J Trauma 35:375-383, 1993. 

16. Fox CJ, DL, Cox ED: The effectiveness of a 
control resuscitation strategy for vascular injury in a combat 
support Results of a case control Trauma 64:S99-
S107, 2008. 

17. JA, Rutland-Brown W, Thomas KE: Traumatic brain 
injury in the United States: emergency visits, 
ralizations, and deaths, Atlanta, 2004, Centers for Disease Control 
and Prevention, National Center for 
ControL 

Prevention and 

18. Brain Trauma Foundation, American Association 
SUJ~gecJns, Congr·ess of.Ne•Luolog.ical Sur·gecH1s: Guidelines for the 

injury. J Neurotrauma 

cord injury: Estimates of functional recovery 
in National Acute Cord II from results 
modeled in National Acute m. J 
Ner.trosurg 96:259-266, 2002. 

20. Golueke PJ, Goldstein AS, Sclafani SJ, et al: Routine versus selec-
tive of penetrating neck injuries: A randomized pro-
spective J Trauma 24:1010-1014, 1984. 

21. Bif-R WL, Moore EE, Offner PJ, et a!: Ur>tirnizing 

22. 

23. 

24. 

25. 

26. 

27. 

blunt cerebrovascular injuries. Am J 
Eastman AL, Chason DP, Perez CL, eta!: Cc>mtput~ed torno:graphic 
angic>graphy for the of blunt vascular injury: Is 
it for prime time1 J Trauma 60:925-929, 2006. 
Biffi WL, Cothren CC, Moore EE, et al: Western Trauma Asso-

ciation critical decisions in trauma: for and treatment 

of blunt cerebrovascular injuries. J Trauma 67:1150-1153, 2009. 
Committee on Trauma, American of National 
Trauma Data Bank annual report 2009, 2009, American 

of 0Ul!';ClUl]o. 

Bulger EM, Edwards T, Klotz P, et al: 
rib fractures. 

Jurkov·ich GJ, Shatz DV, et al: l'vlJ.11aE;ement of 
A \Vestern Trauma Association multicenter 

review. J Trauma 51:1049-1053, 2001. 
Franz J L: Pulmc•na:rycon:tusion 

Res 16:330-336, 

1974. 
28. Kiser AC, O'Brien SM, Detterbeck FC: Blunt tracheobronchial 

Treatment and outcomes. Ann Thorac 71:2059-

29. M, Lentz K, Nunez D, eta!: Can ultrasound replace 
in the assessment of blunt trauma? 

GI injuries. Ann 
31. Biffi WL, Kaups KL, Cothren CC, et al: Management 

with anterior abdominal stab wounds: A Western Trauma Asso
ciation multicenter triaL J Trauma 66:1294-1301, 2009. 

32. Pcitzman AB, Heil B, Rivera L, et al: Blunt injury in 
adults: Multi-institutional of the Eastern Association for the 

ofTrauma. J Trauma 49:177-189, 2000. 

33. Nicholas JM, Parker Rix E, K'\, et a!: patterns 
in the management of penetrating abdominal trauma: The more 

the more stay the same. J Trauma 55:1095-
1110, 2003. 

34. Haan JM, Bochicchio GV, Kramer N, et a!: Ncmc>~>e:rat:ive man-
agement of blunt injury: A 5-year experience. Trauma 
58:492-498, 2005. 

35. Cocanour CS, Moore FA, Ware DN, et al: should not be a 
consideration for nonoperative management of blunt 
injury. J Trauma 48:606-61 2000. 

36. Harbrecht BG, Peitzman AB, Rivera L, et al: Contribution 
and gender to outcome of blunt injury in adults: 
center of the Eastern Association for the of Trauma. 
J Trauma 51:887-895, 20(ll. 

37. TH, Moore EE, Jurkovich GJ, eta!: man-
agement of blunt trauma: A multicenter experience. 
J Trauma 29:1312-1317, 1989. 

38. Richardson JD, Franklin GA, Lukan J K, et al: Evolution in the 
management of trauma: A 25-year perspective. Ann 
232:324-330, 2000. 

39. Meredith JW, JS, J, et al: manage-
ment of blunt trauma: The exception or the rule. J Trauma 
36:529-535, 1994. 

40. Croce l'v1A, Fabian TC, Menke PG, et a!: manage-
trauma is the treatment of choice for hemo

patients. The results of a prospective triaL Ann 
221:744-753, 1995. 

41. Duane TM, Como JJ, Bochicchio GV, et a!: Reev:rlu:1tir1g the 
management and outcomes of severe blunt liver injury. J Trauma 
57:494-500, 2004. 

42. Asensio ]A, Roldan G, Petrone P, et al: vrJer:aw;c 

and outcomes in 103 AAST-OIS IV and V cu'"l-''""""11-''"'c 
Trauma surgeons still need to operate, but angi<>ern bol iza

J Trauma 54:647-654, 2003. 

43. Watts DD, Fakry SM; EAST Multi-lnstitutional Hollow Viscus 
Research Group: lncidence of hollow viscus in blunt 

trauma: An from 276,557 trauma admissions from the 
EAST multi-institutional triaL J Trauma 54:289-294, 2003. 

44. Phelan HA, Velmahos GC, GJ, eta!: An evaluation of 
multi detector 
injury: results of a multicenter AAST 
()47, 2009. 

45. Pcitzman AB, Makaroun MS, BS, et al: Prc)spect:ive 

of in the initial management of blunt 
abdominal trauma. J Trauma 26:585-592, 1986. 

46. Fabian TC, Kudsk KA, Croce MA, et al: of closed 

47. 

suction for· P'll1cTe,rtic trauma. A randomized, prospective 
211:724-728, 1990. 

TC: Ma:nag<oment 

Randomization between 
190:430-436, 1979. 

48. Demetriades D, JA, 

49. 

injuries requiring resection: Diversion or prim;uy· a11as:tomc)si,;! 

AAST prospective multicenter J Trauma 50:765-775, 
2001. 

setting 
Am 

MC, Hoth JJ, et al: Colonic resection in the 
control ls anastomosis safe? 

50. Gonzalez RP, Falimirski ME, Holevar MR: 1l1e role of 
in the management of penetrating rectal 

J Trauma 45:656-661, 1998. 

http://www.myuptodate.com


' 

CHAPTER 19 

THE DIFFICULT 
ABDOMINAL WALL 
JosE]. DIAZ, W ILLIAM D. DuTTON, AND RICHARD S. M ILLER 

ACUTE PRESENTATION 

TEMPORARY ABDOMINAL CLOSURE 

ABDOMINAL CLOSURE OR PLANNED VENTRAL HERNIA? 

ELECTIVE PLANNED VENTRAL HERNIA REPAIR 

SUMMARY 

ACUTE PRESENTAnON 

Definitions and Management 
The final step in a laparotomy is abdominal facial closure. 
Usually, the fascia and the skin are closed primarily. However, 
as medicine has advanced, surgeons have had to treat sicker 
patients with a higher burden of advanced comorbid disease. ln 
the trauma setting, the clinical success of non operative manage
ment of solid o~rgan injuries has reduced the total number of 
operative cases. However, trauma patients requiring operation 
are often at their physiologic Limits. Techniques in damage 
control have become essential adjtmcts in trauma, general , and 
vascular surgery. 

Stone and Luca~ and colleagues'.! in the 1980s and Rotondo 
and Morris3·~ and associates in the l990s defined the primary 
goals of damage control surgery in the trauma patient, which 
included the initial three phases we know today. Fabian and 
coworkers5 have described the five phases of damage control 
surgery, from the initial operation to restoration of abdominal 
wall integrity: 
Phase 1: Emergent laparotomy with control of bleeding and 

contamination, abdominal packing of medical bleed
ing, and abbreviated abdominal wound closure 

Phase 2: Resuscitation: Correction of end points ofresuscitation
bypothermia, coagulopathy, and acidosis 

Phase 3: Reexploration, staged abdominal repair, and delayed 
primary fascial closure~ 

Phase 4: Planned ventral hernia 
Phase 5: Abdominal wall reconstruction (Fig. 19-1) 

During phase 3, the abdominal fascia is closed more than 
65% of the time. AJJ intra-abdominal injuries are repaired, peri
tonitis controiJed, and other disea~ states corrected. However, 
there may still be unresolved visceral edema and/or loss of 
domain with retraction of the abdominal wall. 1his is the most 
common scenario giving rise to the difficult abdominal wall. 'TI1e 
goal of delayed primary fascial closure is to have the fascia dosed 

within 8 days. Complications increase exponentially after this 
point, including intra-abdominal abscess and formation of intes
tinal fistulas, which can increase to 25o/o to 45o/o.6 However, the 
risk of developing intra-abdominal hypertension or abdominal 
compartment syndrome, ongoing inflammatory response syn
drome, lack of source control. and/or intra-abdominal abscess 
or intestinal fisntla may be reason enough to delay primary 
closure of the abdominal fascia (Box 19-1 ). 

Intra-Abdominal Hypertension or Abdominal 
Comparbnent Syndrome Complicating 
the Difficult Abdominal Wall 
Once reexploration and staged abdominal reconstruction have 
beeJl completed, the next goal is to close the abdomen with the 
least amoum of physiologic stress. lntra-abdomiJlal hyperten
sion is known to cause ischemia to the viscera and abdominal 
wall, which can progress to abdominal compartment syndrome 
with organ dysfunction. Ln 2004, the World Congress of 
Ahdominal Compartment Syndrome met to develop consensus 
definitions for intra-abdomil1al hypertension and abdominal 
compartmenr syndrome.7.s 'TI1ese consensus definitions are used 
to define intra-abdominal hypertension and primary, secondary, 
and recurrent abdominal compartmenr syndrome. The World 
Congress of Abdominal Compartment Syndrome definitions 
have helped further define the disease processes of intra
abdominal hypertension and abdominal compartment syn
drome (Boxes 19-2 and 19-3). Abdominal compartment 
syndrome is not necessarily an end stage process bur a contin
Ulllll of disease, which might be amenable to medical manage
ment at an earlier stage. Grade III intra-abdominal hypertension 
(intra-abdominal pressure> 20 rom Hg) should be flurher mon
itored with intravesicular pressure monitoring. Medical thera
pies should be instiruted at this point-supine positioning, 
judicious crystalloid resusciration, and drainage of intra
abdominal Auid collections.9 If these fai l to improve intra
abdominal hypertension or organ dysfunction develops. serious 
consideration must be given to decompressive laparotomy. 
Other therapies to decrease intra-abdominal bypertension may 
il1clude neuromuscular blockade, increased sedation, dimesis, 
evacuation of intra-luminal contents, and hemodialysis or 
hemofilrrarion. 

Abdominal decompression lowt!rs intra-abdominal hyper
tension and results il1 improvement in lung dynamic compli
ance.'() Bladder pressures higher than 25 mm Hg have been 
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Difficult 
abdominal wall 

J 
Acute 

management 

I 
-c 

c 

Delayed/elective 
management 

Post-damage 
control 
•After STAR 

Intra-abdominal catastrophe: Loss of abdominal wall 
• Ischemic bowel, IAA, gross 
peritonitis, acute pancreatitis 

• Necrotizing fasciitis 
• Traumatic hernia 

'-- __J 

Daily serial abdominal r-' suture closure I • (+/-) wound vac (KCI) 

I 
Progressive Ideally, abdomen 

suture closure - should be closed 
of fascia ± 8 days - r 

Acute abdominal 
reconstruction (must 
not have IAA, IAH, 

and fistula) 

Planned ventral hernia 
• Skin only closure 
•STSG 
• Biologic bridge closure 

BOX 19-1 Causative Factors Leading to Open Abdomen 

• Abdominal compartment syndrome 
• Trauma-damage control 
• Acute pancreatitis 
• Emergency general surgery or abdominal sepsis 
• Vascular emergencies 

BOX 19-l Wo-rldi congress Abdominal Compartment' · 
Syndrome Defi_niti~ns: l_n~r~~~~~om!nal; Hyp,ertensi_o_n-·an~ 
~b_dominal Comp_art_m~nt __ Synd~ome _ 

Normal intra-abdominal pressure is =5-7 mm Hg in critically ill 
adults. 

Intra-abdominal hypertension is defined by a sustained or 
repeated pathologic elevation in intra-abdominal pressure 
2:12 mm Hg. 

Intra-abdominal hypertension is graded as follows (In 
mm Hg): 

• Grade 1: Intra-abdominal pressure, 12-15 
• Grade II: Intra-abdominal pressure, 16-20 
• Grade Ill: Intra-abdominal pressure, 21-25 
• Grade IV: Intra-abdominal pressure, >25 
Abdominal compartment syndrome is defined as a sus

tained intra-abdominal pressure >20 mm Hg (with or without 
abdominal perfusion pressure <60 mm Hg) associated with 
new organ dysfunction or failure. 

Planned/elective 
abdominal wall 
reconstruction 

(6-12 months after 
acute presentation) FIGURE 19-1 Row diagram of the 

difficult abdominal wall. 

' BOX~i9~3!1Types of AbdominahCompartment Syndromef-~ - ' .. ·" ·- . . ,. ~ - ""' ~- .. . .. - - - . --- . -.. -
• Primary abdominal compartment syndrome is a condition 

associated with injury or disease in the abdominopelvic 
region that frequently requires early surgical or interventional 
radiologic intervention. 

• Secondary abdominal compartment syndrome refers to con
ditions that do not originate f rom the abdominopelvic region. 

• Recurrent abdominal compartment syndrome refers to the 
condition in which abdominal compartment syndrome rede
velops following previous surgical or medical treatment of 
primary or secondary abdominal compartment syndrome. 

suggested to indicate abdominal compartment syndrome.' 1 

Using the defi nj tion of abdominal compartment syndrome-
the development of significant respiratory compromise, 
indudi11g elevated inspiratory pressure (""35 em H20 ), renal 
dysflUlCtion (urine <30 mUhr), hemodynamic instability 
requiring catecholarnines, and a rigid or tense abdomen, it has 
been fow1d that in these patients, emergency abdominal decom
pression results in a significant increase in the cardiac index, tidal 
volume, and urine output, with a resultant decrease in bladder 
pressure, heart rate, central venous pressure, puJmonary artery 
occlusion pressure, peak airway pressure, partial pressure of arte
rial carbon dioxide. and lactate leveL Abdominal decompression 
may also be of benefit in the setting of increased intracranial 
pressure. 
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Secondary abdominal compartment syndrome m ay occur 
after exsanguination from an extrem ity injury and/or when 
m assive volume resuscitatio n is required . Recurrent abd ominal 
compartment syndrome occurs after d amage con trol in a patient 
with an open abdomen wit h ongoing hemorrhage or massive 
volume resuscita rion. In all scenarios, inrra-abdom inal p ressure 
should be mo ruto red. 12"13 

Abdominal Catastrophe Complicating 
the Difficult Abdominal Wall 
Tissue loss of the abdominal wall posses a uniquely difficult 
problem . Blast, sh ear, and penetrating traum atic injuries and 
necrotizing skin and soft tissue infections can all result in sig
nificant tissue loss. Loss of abdominal wall tissue will require 
creative temporary abdominal closure, with the goal of main
taining integrity of the bowel. In these clink al scenarios, a 
definitive repair of the abd ominal wall defect may require t he 
use of autologous tissue or biologic or syntl1e.tic mesb. In severe 
cases, acute primary repair of the ventral hern ia is not reco m
mended because o f the high incidence o f gas trointestinal con 
tamination , resolving source control ofinfection, and continued 
risk of wound infection . In these cases, syntheti c mesh is con
traiJl d icated because of the high risk of mesh infectio n.14 

Other Conditions Complicating 
the Difficult Abdominal Wall 
After the abdo men has been open ed, adhesions develop and the 
viscera will becom e cocoon ed. 1 h is makes reexploration o f che 
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bowel for fistula re pair or bowel obstructions almost impossible 
wit hout causing fLuther injury. The development of bowel fistula 
wilJ common ly occur at the site of an anastom osis, but may be 
in exposed small bowel n ot previo usly iJ1jured .6•

15 

After any traumatic or emergency laparotomy in which 
b leeding and gasrro inres tinal injury occurred , rhe risk of an 
intra-abdo minal abscess can be as high a~ 25% to 35%.6 M ost 
in tra-abdominal abscesses can be percutaneously drained, b ut 
m ay still require o pen drainage. In the setting o fintra-abdominal 
abscess, e n teroatmosp heric fistula, tissue loss, loss o f abdominal 
d omain, and m assive visceral ed ema, the safest course in an o pen 
abdom en is to proceed with a planned ventral hern ia. 

TEMPORARY ABDOMINAL CLOSURE 

Techniques 
The development of the open abdomen technique h as posed a 
new problem- how to close the abdom en temporarily in a way 
that is easy to apply, tension-free, atraumatic, and inexpensive, 
and allows for a high rate of delayed primary fascial closure. The 
options for temporary abdominal closure can be broadly classi
fied as dynan1ic (securing a device to the fascial edges for serial 
approxin1ation to achieve delayed primary fascial closure) or 
tension-free (atraum atic abdominal visceral coverage). Current 
and historical tech niques are presented in Table 19- 1. The most 
·widely used delayed p rimary fascial closm e techniques now used 
in the United States are the artificial burr, vacuum pack, and 
commercially available vacuum pack device. 

Table 19-1 Current and Historical* Techniques for Temporary Abdominal Closure - -
TICHNIQUE 

Vacuum-assisted closure 
0/AC) 

Vacuum pack 

Artificial burr (Wittmann 
patch) 

Dynamic retention 
sutures 

Plastic silo (Bogota bag) 

Mesh, sheet 

Loose packing* 

Skin approximation 

Zipper* 

*Denotes a historical technique. 

DESCRIPTION 

A perforated plastic sheet covers the viscera and a sponge is 
placed between the fascial edges. The wound is covered by an 
airti8ht seal. which is pierced by a suction drain connected to a 
suction pump and fluid collection system. 

A perforated plastic sheet covers the viscera, damp surgical 
towels are placed in the wound, and a surgical drain is placed on 
the towels. An airtight seal covers the wound and negative 
pressure is applied through the drain. 

Two opposite Veloo sheets (hooks and loops, one on each side) 
are sutured to the fascial edges. The Veloo sheets connect in the 
middle. 

The viscera are covered with a sheet (e.g., ISODrape, Miootek 
[Miooban), Huntersville. NC). Horizontal sutures are placed 
through a large-diameter catheter and through the entire 
abdominal wall on both sides. 

A sterile x-ray film cassette bag or sterile 3-liter urology irrigation 
bag is sutured between the fascial edges or the skin and opened 
in the middle. 

An absorbable or nonabsorbable mesh or sheet is sutured 
between the fascial edges. Examples are Oexon, Marlex. or Vicryl 
mesh. Examples of sheets are Silastic or silicone sheets. 

The fascial defect is covered by standard 
wound dressing only. 

The skin is closed over the fascial defect with towel cl ips or a 
running suture. 

A mesh or sheet with a sterilized zipper is sutured between the 
fascial edges. 

MECHANISM 

The (active and adjustable) negative pressure 
supplied by the pump keeps constant tension 
on the fascial edges while it collects excess 
abdominal fluid and helps resolve edema. 

The negative pressure keeps constant tension 
on the lascial edges and excess fluid is 
collected. 

This technique allows for easy access and 
stepwise reapproximation of the fascial edges. 

The sutures keep tension on the fascia and may 
be tightened to allow staged reapproximation of 
the fascial edges. This may be combined with a 
vacuum system. 

This is an easy technique that allows for easy 
access. The bag may be reduced in size to 
approximate the fascial edges. 

The mesh or sheet may be reduced in size to 
allow for reapproximallon. Nonresorbable 
meshes may be removed or left in place at the 
end of the open abdominal period. 

This technique is simple but does not prevent 
fascial retraction. 

Skin provides a natural cover for the viscera, but 
the towel dips obstruct radiologic imaging and 
do not prevent fascial retraction. 

This technique is comparable to the mesh/sheet 
and allows for easy access. 
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The artificial burr consists of two sheets of hook and burr 
material, similar to Velcro, that is sewn to the fascial edges after 
a plastic drape is placed over tl1e viscera. l11e hook and burr is 
then overlapped with Limited tension to provide a secure tem
porary abdominal closu.re. Gauze is used to pack the subcutane
ous tissue.16 Pulling the Vdcro-like material apart easily allows 
reexploration of the abdomen. At the conJpletion of the subse
quent operations, the patcb can be tightened to keep fascial 
tension. Repeated tightening allows for a sequential approxima
tion of the fascia until it can be closed without undue tension. 
In 2009, Van Hensbroek and colleagues17 have suggested that 
the artificial btm, along with dynamic retention sutures paired 
with a commercially available vacuum pack device, have the 
highest success in fascial closure rates. 

In 1995. Brock and a~sociates1 8 first described the 
vacuum pack, which is a three-layer temporary abdominal 
closure. A fenestrated polyvinyl sheet is draped over the 
exposed viscera and tucked under me fascial edges. A surgical 
towel is placed under the fascia, followed by two silicone 
drains, whicb are placed on top of the towel. An adhesive, 
iodophor-impregnated polyester drape is placed over the skin 
laterally to the anterior axillary lines to seal the wound. The 
surgical drains are connected to a wall suction, creating a 
negative-pressure dressing. The vacuum pack-negative-pressure 
temporary abd ominal closure has gained wide acceptance 
because it can be appHed quickly, is inexpensive and atrau
matic, and allows for control of abdominal fl uids. Jt is cost
effective. approximately $50/applicarion. 1 L1 most of this 
traurna population, delayed primary fascial closure was possi
ble at me second laparotomy. Al.thougb delayed primary 
fascial closure is less common in the emergent surgery popula
tion, combined fascial closure rates as high as 68% have been 
demonstrated.19 Fistula and leak rates are no different than 
with other types of temporary abdominal closure (TAC), with 
reported fistula rates of 3% to 5%.19..!

0 

A commercial version of the vacuum pack is available. 
Results have been similar to primary fascial closure and compli
cation rates comparable to the vacuum pad<. A modification of 
the tedmique, iJ1corporating dynamk serial fascial closure in 
conjtmction with a commercial vacuum pack, has demonstrated 
90% delayed primary fascial dosme rates. This teclmique 
extends beyond the 8-day bend1mark, with low complication 
rates in some series. 19

.:-
1 A recem review has suggested that the 

vacuurn pack and artificial burr are associated with the highest 
closure rates as well as the lowest mortaHty rates. 17 

Assessing Readiness for Abdominal Closure 
Patients are prepared to return for reconstruction of internal 
injuries~ once they have been adequately resuscitated.4 The goal 
of resusci tation is correction of hypothermia, coagulopathy, and 
acidosis. For the traun1a patient, this can usually he accom
plished within 36 hours. Recent clinical advances in the care for 
tl1e critically illl and trauma patient have decreased the time to 
adequate resuscitation. Transfusion exsanguination protocok3..!

4 

have minimized tl1e use of excessive crystalloid ft ttids.25 lnjured 
devitalized tissue is resected and gastrointestinal injllries can be 
ana~tomosed safely, mitigating the need for enterostomy. 
However, for high-risk patients (e.g., those with sepsis related to 

gastrointestinal perforation, severe postoperative bleeding, intra
operative hypotension), enterostomy remains the most conserva
tive approacb.u 

Staging abdominal reconstruction serves three main 
functions-reduction of contamination and control. of intra
abdominal sepsis, debridement of devitalized or con taminated 
tissue, and reconstruction. These techniques have been shown 
to improve outcomes in severely injured trauma patienrs.27 

Relaparotomy with routinely scheduled abdominal wa~hout has 
been used as a means to manage the patient with severe intra
abdominal sepsis effectively. lt has been well tolerated, with few 
gastrointestinal complications and lower mortility.28

•
29 Use of 

tills technique in severe necrotizing pancreatitis, in general, has 
correlated with improved mortility, although there have been 
mixed results in less severe cases.14

'
16 

Source control remaiJ1s the priority in most patiems 
managed witl1 an open abdomen. Clinical parameters such as 
renal dysfunction values, Acute Physiology and Chronic Health 
Evaluation score II (APACHE II), and mulciorgan dysfunction 
score may be predictive of ongoing intra-abdominal sepsis3031 

and can be used as indications for relaparoromy.12
.:-

8 Patients who 
tolerate fascial closure had significantly lower scores than those 
with ongoing sepsis. 

It is in1portant to assess bladder pressure prior to closure 
of the abdomen. 32 Sustained intra-abdominal hypertension (15 
to 20 mm Hg) and a rise of peak inspiratory pressure of 10 em 
H 20 during attempts at fascial closure are warning signs of high 
fascial tension, with the potential for vascular compromise to 
me abdominal wall and viscera. C losme of the fascia at a later 
date or a planned ventral hernia may be prudent for this sub
group of critically ill patiems with an open abdomen.?,? 

ABDOMINAL CLOSURE OR PLANNED 
VENTRAL HERNIA? 
After dan1age control surgery, patients conunonly may leave the 
operating room with an open abdomen. Several key steps are 
advisable at reexploration: 
1. Place a posdigament ofTreitz nasoentcral feeding access. 
2. Preserve viable omentum; this will help protect the howel.33 

3. Place ostomies laterally to tl1e rectus to p reserve the rectus 
fascia for subsequent closure. 

4. Leave the fascia open if tl1ere is more than a 10-cm H20 
increase in peak airway pressures during attempted fascial 
closure.34 

The complication rate with an open abdomen can be as 
high as 50%, with three clinical scenarios: ( 1) anempts at closing 
me fascia primarily under too much tension; (2) awaiting the 
formation of granulation tissue; and (3) using syntl1etic material 
for b:ridge closure.35 The most serious and labor-intensive com
plication related co the open abdomen is the development of an 
enteroatmospheric fistula. This is defined as an intestinal fistula 
with bowel mucosa at the level of an open abdominal wound. 
It can occur at an anastomotic site or at the injured bowel; even 
uninjured exposed bowel can hecome traumatized to me point 
of develo~ing a fistula in the absence of any overlying soft tissue 
coverage: Once a fistula forms, the adjacent viscera must be 
protected and the effluent controlled. 

Several novel techniques for enteroatmospheric fistula 
wound management have been described usiJ1g stoma materia\ 
and commercially available vacuun1 systems.JG.39 It is inadvisable 
to repair tllis type of fisrula acutely in the iJlflamed surgical field 
and in a malnourished patient. A plaru1ed ventral hernia with 
control of the effluent is usually tl1e safest option. lntubation of 
the fistula in the .middle of a fixed visceral block is not 
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recommended. Elective repair of the fistula should be delayed 
for several months when the fistula can be resected in conjunc
tion with a dela}red abdominal wall reconstruction. Closure of 
an enteroatmospheric fistula and/or stoma in the presence of a 
large abdominal wall defect is a challenging problem and is 
associated with a high complication rare. Several authors have sug
gested that this subgroup of patients can be managed iJ1 racialized 
units with added expertise in complex reconstruction.36. 0 

If the fascia cannot be approximated withlll the first 36 to 

48 hours, dynamic serial partial closure is an option. Interrupted 
absorbable sutures are placed at the upper and lower portions of 
the abdominal wound; this can assist in maintaining the abdom
inal domain. Additionally, early enteral feeding (less rhan4 days) 
has been associated with successful abdominal fascia closure and 
decreased fistula formation:14 If the fascia carmot be primarily 
closed by day 8, decisions about abdominal visceral coverage 
must be considered. 'll1is can be achieved with two options, skin 
closure only or applkation of a skin graft. Prior to placing a skiJ1 
graft, the fascial defect must be dosed with an absorbable or 
biologic mesh. A granulation bed will develop that can accept a 
skin graft. 

Creation of large skin flaps for skin only closure or per
forming acute component separation for a defu1itive repair of 
the abdominal wall defect is not recommended. These patients 
have significant :soft tissue edema, may have unresolved infec
tious complicatio ns, and are commonly severely malnourished. 
Anempted early defiJlitive closure may lead to major wound 
complications, including wound infection, skin flap necrosis, 
and loss of tissue options for definitive hernia repair. 

The use of nonabsorbable synthetic mesh material in an 
open abdominal wound is not recommended because of the high 
rate of mesh infections, fibrosis, and fistula formation. Recently, 
biologic dermal matrix meshes have been commercially devel
oped from human or animal sources. 'TI1e primary use is for the 
surgical repair of complex abdominal wall defects. Although 
significantly more expensive d1an ahsorbable synthetic mesh, 
there are theoretical advantages for the use of biologic meshes 
over other techn1ques for bridging a fascial gap during the initial 
open abdomen phase. 'These include prevention of bowel desic
cation and fistu]a formation, providing better integrity of the 
abdominal wall, accelerating angiogenesis and wow1d repair, 
achieving a biologic barrier to bacterial inva5.ion, and allowing 
easier access to the peritoneal cavity for rematlve abdominal wall 
reconstruction at a later time.4

1.4.! 

In the acute setting, a bridge fascial repair with a biologic 
mesb will commonly result in bulging and laxity of the repair, 
which has been defined as a recurrence of tbe fascial defect. 
Several authors have demonstrated development of a bulge and 
hernia recurrence.43.44 However, this technique may reduce the 
incidence of an enteroatmospberic fistula If the skin cannot be 
closed over a biologic mesh, it is essential to keep it moist co 
promote granulation tissue formation and prevent desiccation. 
Silver topical antimicrobial dressings are effective for reducing 
the microbial burden and can improve the take of a split
thickness skin graft. 43.44 

ELEcnVE PLANNED VENTRAL HERNIA REPAIR 

Dynamit Abdominal Wall Reconstrudion 
Once the patieJ1t has recovered from all the i11juries and 
malnutrition has been corrected, a definitive abdominal wall 
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reconstruction can be performed. Autologous tissue is the ideal 
choice for repairing this type of fascia defect, especial.ly in a 
setting in whkh a bowel procedure would be performed. Preop
erative computed tomography sca11ning is essential to obtain a 
complete picture of the abdominal wall and intra-abdominal 
anatomy and determine which tissue componenrs arc missing or 
inadequate and which can be used for reconstruction. 1l1e 
primary goal for cllis procedure is to reapproximate the rectus 
fascia and achieve a functional, dynantic abdominal wall. This 
is now accomplished using the Ramirez technique for the separa
tion of myocutancous flaps.45 'Tills allows the rectus muscle to 
be mobilized medially while releasing me external oblique, 
which will limit the mobilization. This technique can close 
defects up to 10 em in the upper abdomen, 20 em in the 
midabdomen. and 6 to 8 em in the lower abdomen. Several 
modifications of the component separation technique have been 
described. 5 

Component Separation 
Component separation is classically described as separation of 
parts of the anterior abdominal wall. 1l1is is accomplished by 
division of the rectus. separation of the anterior rectus sheacl1 
and m uscle from me posterior rectus sheath, and complete 
mobilization, ending with three suture lines. A single, lateral, 
relaxing incision anterior to the external oblique may be added 
to gain additional mobilization. The open book modification 
includes rotation of rhe anterior or posterior rectus fascia to 

increase the distance covered in the midabdomen. 
TI1e procedure is generally divided into the following 

critical steps: 
1. 'The skin graft is removed Qver the abdominal viscera. 
2. 'The viscera is freed from the abdominal wall to allow 

the abdominal waiJ to be mobili7.ed medially. This 
may include extensive enterolysis and/or reversal of 
skiJl level ostomy. 

3. Skin Aaps are raised to expose tbe recn.s and external 
oblique junction. 

4. Relaxing incision are made in the external oblique 
from the anterior superior iliac spiJ1e to above the 
costal margin (Fig. 19-2). 

5. The rectus is closed iJ1 tbe midline. 
6. Biologic mesh can be used as an underlay (Fig. 19-3) 

and/or onlay (Fig. 19-4) to buttress the repair. 
The hernia recurrence rate of a component separation 

repair al.one is 22% to 32%. Reinforcing this closure using 
biologic mesh material ba~ reduced hernia recurrence rates. It is 
important to achieve a wide underlay of d1e biologic matrix at 
least 3 to 5 em lateral to the edge of the rectus fascia. 1l1is wide 
underlay is performed concurrently with me prinlary fascial 
closure, grasping a midline portion of the biologic material with 
a large absorbable suture so that it directly abuts the undersur
face of the prin1ary fascial repair.~6.~7 

An overlay of biologic material cru1 also be performed 
(sandwich techJljque) to reinforce cl1e weakness in the lateral 
abdominal wall created by the component separation. One study 
usi,ng this multilayer reconstruction of the abdomiJlal wall has 
found no recurrence rates at 16-montb follow-up, with miJlimal 
complications.48 The use of mtJtiple closed sucti.on drains LUlder 
the skin flaps is necessary duriJ1g these complex reconstructions 
to reduce seroma formation.48 
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FIGURE 19-2 Component separation, external oblique relaxing 
incision. 

FIGURE 19-3 Component separation with underlay technique (A) 
and underlay with biologic mesh (B). 

'TI1e Rives-Stoppa repair is another option for the compli
cated ventral hernia in a clean sterile surgical field.49 This tech
llique uses prosthetic mesh in a p lane developed between the 
posterior rectus fascia and rectus muscle. An tmderlay of at least 
5 to I 0 em from the lateraJ edge of the hernia defect and lateraJ 

A 

FIGURE 19-4 Component separation with onlay technique (A) and 
onlay with biologic mesh (B). 

border of the prosthesis is necessary for adequate support. This 
procedure can be done extraperitoneally, thereby avoiding 
contact of the prosthetic mesh and viscera. 

SUMMARY 
In most damage control laparotomies for trauma, vascuJar 
surgery, and/or emergency general surgery, primary fascial 
closure can be achieved i.n 60% to 90% of the cases. Patients for 
whom tbe abdomen cannot be closed make up the category of 
those with a difficuJt abdominal wall. 'TI1js can then give rise to 

tbe complex ventral herrua. The causes of the difficuJt abdominal 
walJ share features in common-Joss of abdominaJ domain, risk 
of the development of intra-abdominal hypertension and/or 
abdo:minaJ compartment syndrome, development of intra
abdominal abscess or fistula, systemic inAammarory response 
syndrome, and a higher than 50% risk of berrua formation. 
When temporary coverage of cl1e abdomen is necessary, the 
technique should be easy to apply, tension-free, atraumatic, and 
inexpensive and allow for a high rate of delayed primary fascial 
closure. 

Following nom1alization of physiology, reexploration and 
a staged repair may be performed. It is not advisable to attempt 
delayed primary fascial closure if cl1ere is undue tension on the 
fascia or the peak inspiratory pressure rises more that 10 em 
H20. However, the inability ro close the open abdomen by 8 
days is associated with a signi ficant increase in complications, 
includmg cntcroatmosphcric fistulas. For this reason. some sur
geons have bridged an abdominaJ walJ defect with biologic mesh 
to protect the abdoi1UnaJ visceraJ. However, this reprur should 
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be considered as a temporizing measure because most bridging 
repairs will develop bulging and/or laxi ty within 1 year of 
closure. Delayed ventral hernia repair using component separa
tion reinforced with biologic mesh has produced excellent 
results and is recommended for the closure of the compUcated 
abdominal wall. 
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CHAPTER 20 

EMERGENCY CARE OF 
MUSCULOSKELETAL INJURIES 
SILAS T. MARsHALL AND BRUCE D. BROWNER 

EPIDEMIOLOGY OF ORTHOPEDIC INJURIES 

TERMINOLOGY 

FIXATION PRINCIPLES 

PATIENT EVALUATION 

INITIAL MANAGEMENT 

ORTHOPEDIC EMERGENCIES 

COMMON LONG BONE FRACTURES 

CHALLENGES AND COMPLICATIONS 

POSTOPERATIVE MOBILIZATION 

SUMMARY 

EPIDEMIOLOGY OF ORTHOPEDIC INJURIES 
Accidents continue to be a prominent cause of de.ath and dis
ability throughout the world. In the first 5 decades of life, 
trauma accounts for more deaths than any od1cr cause. JJ1 all 
age groups, accidents are dte fifm leading cause of death in the 
United States. ]n general, the amount of energy absorbed by a 
multiply injured patient corresponds to the extent of the mus
culoskeletal injuries. Because high energy is frequently involved, 
fractures and soft tissue injuries are common. Can1pbeU et al 
found a 49% incidence of musculoskeletal injury among 5900 
trauma patients seen at a level on trauma center from 2004-
2006.1 When dhe disability associated wid1 musculoskeletal inju
ries is tabulated, the ensuing costs are staggering; hw1dreds of 
billions of dollars are consumed by medical expenses, lost pro
ductivity, and property damage annually. 

At the national and global levels, subsramial improvements 
in transportation safety and delivery of medical care have helped 
address this growing pru1demic. Seatbelt ru1d helmet laws, 
enforcement of drunk driving laws, mandates for improved 
safety features in automohiles, rapid deployment of emergency 
medical tean1s, and establishment of trauma centers have 
decreased the number of accident scene fatalities. With more 
victims now likely to survive accidents that might have been fatal 
in the past, caJiegivers will be challenged with managing more 
complex fractures and soft tissuewounds.1l1cse realities demand 
that trauma teams be aware of the frequency and consequences 
of musculoskeletal injuries in every trauma patient. AJ1 apprecia
tion for the unique features of skeletal injury in patients who 
may also have severe head, d10racic, or intra-abdominal trauma 
is essential. In this way, a cohesive, integrated approach to the 
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diagnosis and treatment of musculoskeletal injuri.es may be used 
in the care of the multiply injured patient. 

TERMINOLOGY 
Communication an1ong collaborating specialists is central to 
patiem care. Trauma and emergency department findings need 
to be relayed precisely to consulting specialists. This task is par
ticttlarly challenging in view of me variety of anatomic locations, 
fracture patterns, ru1d associated soft tissue injuries encOLmtered 
in o rthopedics. Although mru1y iJ1juries are identified by 
eponyms widlin the orrhopedk community, d1e most practica\ 
ru1d universally understood characterizations of injuries are those 
d1at adhere to bask anatomic and mechanical principles. 

Fracture Types 
A fracture is a disruption of me normal ardtitecture of bone. 
Fractures can be acute, subacute, or chronic. Acute fractures 
have sharp, well-defined edges of the fragments. Subacute frac
tures have signs of healing present on x-ray. The edges become 
blunted and less well defined as bony resorption and new bone 
formation occur. Chronic fractures have a rounded ru1d sclerotic 
appearance after resorption ru1d remodeling of bone has occurred 
at the fracture ends (Fig. 20-1). This distinction cru1 usually be 
made on clinical examination. CbroJtic fractures are often 
termed delayed unions or nonunions. A delayed w1ion is defiJ1ed 
as a fracture d1at is taking longer to show progression toward 
healing than would normally be expected. The expected healing 
time varies, depending on me age of the patient and anatomic 
location of the fracture. For exaJ11ple, long bones in adults typi
cally take 6 to 8 weeks to achieve full bony union, whereas 
pediatric fractures and metaphyseal fractures take less time. A 
nonuJtion is a fracture that has lost the potential to progress wid1 
healing. Generally, nonwtion of a long bone is a fracture that 
has failed to show evidence of healing over a 4- to 6-month 
period.2 Chronic repetitive trauma can also cause microscopic 
disruptions when bone is stressed beyond its failure point. 1l1cse 
injuries are termed stress Jmctures ru1d are considered overuse 
injuries. 

Because of increased plasticity, a more substantial perios
teunl , and the presence of growd1 plates, children's bones are at 
risk for a different set of fractures (Fig. 20-2). Plastic deformiry 
of a long bone in a pediatric patient is deformation of the bone 
without actual disruption of the bony cortex. Diagnosis of the 
deformity often necessitates radiography of the contralateral 
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extremity ro confirm asymmetry. Axial loads of long bones in 
children can lead to buckling of the cortex without a visible 
fracture line, appropriatdy termed a buckle fracture. Incomplete 
disruptions of tile cortex are termed greenstick fractures in clill
dren or infractions in adults. A greenstick fracture consists of a 
cortical disruption on one side of the bone, with a budde frac
ture or plastic deformation on the opposite side. The dense 
periosteal layer i:n children can contribute stability to many of 
these fractures if the layer remains intact. A fracture through the 
cartilaginous growth plate (physis) is another fracture type 
unique to d1ildren. A pure physeal fracn1re may not be radio
graphically apparent. These fractures are diagnosed clinically by 
the presence of pain over the growth plate. 

When a bone fails through an area weakened by preexisti:ng 
disease, it is termed a pathologic fracture. Causes may include 
weakness from primary bone rumors, metastatic lesions, infec
tion, metabolic disease, and injury to an old fracture site. 
Although not commonly referred to in this way, fractures in 
osteoporotic bone are technically pathologic. However, the term 
insufficiency or fragility fmctut"t' is most frequently used to describe 
these injuries. In distinction to acute fractures in healthy bone, 
fragiJity fractures normally result from accidents with much 
lower energy, sucb as a fall from standiJlg height. Hip fractures, 
compression fractures of the vertebral bodies, and distal radius 
fractures in older adults arc common examples. 

A fracture us considered open when an overlying wound 
produces communication between the fracture site and the 
outside envi:ronment. 1l1cse fractures can ra11ge from an inside 
to outside poke hole in the ski:n to severe crush injuries. High
energy fracture patterns indicate that the soft tissues, as well as 
the bones, have absorbed large forces . AJ though the skin lacera
tion is the most obvious component, the energy of the fracture, 
degree of contamination, and soft tissue injury must all be taken 
into account when grading the severity of the injury. Final 

FIGURE 20..1 A. Acute fracture. Note the sharp, well-defin ed 
edges. 8, Nonunion; 6 months later, the fracture line is still 
dearly visible, the edges of this fracture are blunted, and the 
bone ends are sclerotic. Clinically, there was still motion at 
the fracture site. The patient had significant chronic pain. 

grading qf open fractures cannot be accomplished ltnlil all 
necrotic or contaminated tissue has been ren1oved. Contarnina
tiOJl of bone can lead to the development of osteomyelitis and 
all its catastrophic consequences, and thus necessitates emer
gency treatment. 

An intra-articular fracture extends into a joint. \Vhen there 
is significant cartilage damage, late degenerative changes are 
likely. These injuries arc normally caused by a compressive, or 
axial, Joad across the joint. Displaced i:ntra-articular fractures 
require urgent anatomic reduction and rigid fixation to mini
mize the risk of post-traumatic arthritis. Anatomic reduction can 
be ach ieved di:rectly with open arthrotomy or by arthroscopic 
means. It can also be achieved indi:rectly with fluoroscopic 
guidance. 

Long bone fractures are characterized by anatomic location 
(Fig. 20-3). The epiphysis includes d1e area between the physis, 
or physeal scar, and articular surface. The metaphysis is located 
between the epiphysis and shaft and includes the growth plate. 
The diaphysis encompasses cl1e shaft of the bone between the 
proximal and disral metaphyses. 1l1e diaphysis is made up of 
mostly dense cortical bone, which has less vascularity than the 
soft cancellous bone of the metaphysis. This difference in vascu
larity affects the rate at wl1ich the bone heals. Fractures can be 
described according to location within these three sections or 
according to the location in the bone-proximal, middle, and 
distal. [n addition, fractures withi:n the diaphysis are usually 
divided into thirds (i.e., proximal, middle and distal thirds). 
Distally, the bumerus and femur flare to form tbeir articular 
surfaces. These flares are termed the epicond)des, and fractures in 
these areas are referred to as supracondylar or intracondylar. The 
articular surfaces distal to the epicondyles are known as con
dyles. [ntracondylar fractures arc intra-articular and may extend 
proximally. Such disri:nctions are important because these inju
ries present difficult treatment challenges. 
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A fracture may also be described by the pattern of cortical 
disruption (Fig. 20-4). The orientation of the primary fracture 
line may be transverse, obBque, or spiral. Transverse and 
obllque fractures occur when a bending moment is applied. 
Oblique fractures can be fLLrther characterized as long or short 
obllque. Spiral fractures generally result from a rotational force 
about the long axis of the bone. Comminution is the presence of 
multiple fragments within an individual fracture site and usually 
indicates a higher-energy injury or weakened bone in an older 
patient. A butterfly fragment is an area of comminution in one 

FIGURE 20-2 A. Plastic deformity. Note the 
bowing of the ulna. 8, Buckle fracture. The 
cortex of the distal radius is deformed, but 
intact C. Greenstick fracture; disruption of 
radial cortices, without disruption of the ulnar 
cortices in this forearm fracture in both bones. 
D, Physeal fracture. Note the gapping of the 
lateral tibial physis. 

of the simple fracture patterns described earller. Segmental frac
tures are fractures that occur at multiple levels in the same bone. 

Displacement, if present, is described from a combination 
of principles. These deformities may occur in any plane. When 
viewed on plain radiographs, all injuries will be resolved into 
pure coronal or sagittal displacement. However, it is important 
to realize that the true displacement usually occurs in a p.lane 
that is somewhere in between. Translation, angulation, rotation, 
and shortening are aiJ components of fracture displacement. 
Translation is the relationship of the proximal fracture fragment 
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FIGURE 20-3 Anatomic regions of the tibia. 

to the distal one. It is described in terms of percentage of overlap. 
A fracmre with 100% translation in any plane i~ completely 
displaced. Angulation is simply the angle created by the dis
placed fractme fragments. lt is described by the direction of the 
apex formed by the fracture fragments (i.e., 20-degree apex 
lateral). The final component is rotation. To describe rotation 
exactly, a fuU-Iength film of the Limb segment involved, includ
ing the joints above and below, must be exan1ined. Alternatively, 
rotational defornniry may be assessed clinically by comparing the 
injured Limb with the contralateral side. 

Once a fracture has been identified, it must be described 
in a consistent, systematic manner. All descriptions begin with 
whether the fracture is open or d osed. 1lle an1ount of soft tissue 
involvement is described. A dosed fracture is assumed if, after 
careful evaluation, there is no observed communication between 
the fracture and outside world. The presence of an intra-articular 
fraccure is then communicated. The side of the body and injured 
bone are stated next. A description of the pattern, followed by 
its location in the bone. is indicated. The displacement of the 
fracture fragments is related. Finally, it is important to indicate 
any associated, nonorthopedk injuries that may alrcr cl1c timing 
and rype of initial orthopedic management. Adherence to this 
scheme allows complete w1derstanding of the fracture. 

Other Injuries 
Ugamentous injuries are commonly encountered in association 
with traumatic injuries to bones and joints. When a Ligament is 
damaged but is still in continuiry, it is termed a sprnin. Sprains 
can range iJ1 severiry from minor injuries to significant instabiJ
iry about a joint. Grade [ ligamentous injuries are caused by 
stretching of a ligament or ligament complex. They do not 
nom1ally restJt u1 instabiliry. A simple ankle sprain is a typical 
example of tbls type of injury. Partial ruptures of ligaments can 
restLit in minor imstabili ry and are considered grade II inj mies. 
Complete rupmres, or grade ITI injuries, lead to significant 

instabUiry at cl1e associated joint. Avulsion fractures at the inser
tion of ligamentous structures also fall into this category. Liga
mentous injuries cannot be overlooked because they ca.Jl produce 
significant joint instability and endanger cl1e surrounding soft 
tissue and neurovascular structures. 1l1is detail is critical when 
evaluar:ing musculoskeletal injuries. A full neurovascular exanli
nation should be performed whenever there is suspicion of joint 
instability. Although most ligamentous injuries do not require 
urgent ord1opedic managen1ent, stabilization or immobilization 
of the joint with a splint or brace is usually advisable. 

A strain is an injury to a muscle or te11don. These injuries 
are most commonly of an overuse nature. Further loading of the 
already weakened strucrure can compound d1ese injuries and 
lead to muscle or tendon rupture. Rest, ice, compression, and 
elevation are rhe mainstays of treatment for a strain; however. 
more urgent orthopedic management is necessary for a rupture. 
Although many tendon ruptures can be treated nonoperatively, 
proper positioni11g of the joint is important to ensure that the 
tendon scars down in a ftmctional position. If operative manage
ment is pursued, it should occur fairly urgently. Scarring of the 
tendon tract and contracture of the muscle significantly compli
cate me operative procedure. 

Joint injury without fracture is common in axial load inju
ries. Articular contusions, or bone bruises, usuaUy heal with a 
period of rest and restricted weight bearing, but can lead to late 
degenerative changes in the joint. A more significant osteociJon
dral defect (OCD) occurs when a piece of articular cartilage, 
along with it.~ underlying subchondral bone, is separated from 
t11e surrow1dingjoint surface. Small OCD lesions ca.Jl be asymp
tomatic: however, many of t11ese lesions can lead to chronic pain 
and joint degeneration. In some cases, the osteochondral frag
ment is Large enough to sec on plain radiographs. fn these cases, 
it is important to immobilize the joint to minimize joint damage 
from t'he free-floating bony fragment. Other commonly injured 
joints are the intervertebral dises in the sp.ine. These discs are 
made up of a viscoelastic nucleus pulposus surrounded by a 
dense, fibrous, annulus fibrosis. With a great enough axial load. 
t11e nucleus pulposus can herniate mrough the rumulus, restLiting 
in a disc herniation. This disc bulge can impinge on nerve roots, 
causing back ru1d radicular pain. Disc herniations rarely need 
surgical iJ1tervention ru1d often resolve with a course of physical 
therapy. Very rarely, severe disc bulge in cl1e lumbar spi ne can 
cause significant impingement on the cauda equina, resulting in 
cauda equina syndrome. 1l1is is a surgical en1ergency and will 
be discussed in more detail later in the chapter. 

FIXATION PRINCIPLES 

External Fixation 
Extcm al fixation provides stabilization of an injured Umb 
segment through the use of pillS or wires embedded in the bone. 
l11esc pins arc then coJmected to rods or rings via clrunps. With 
the exception of the pins or wires, cl1e rigid construct is external 
to the body, as the name inlplies. Newer designs are more 
complex, but easier to apply and more stable thru1 previous 
designs. The addition of modulariry has added to rueir prospec
tive uses and has led to more adaptable and adjustable 
constructs. 

External fixation is used for the treatment of open fractures. 
fractures in unstable patients who cannot tolerate significam 
anesthesia times or blood loss, complex fractures in which open 
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FIGURE 20-4 Femur fracture patterns. A. Transverse. 8, Oblique. C. Spiral. D, Butterfly fragment (arrow). E, Comminuted. F, Segmental. 

reduction and internal fixation (ORIF) is not warranted, and 
fracture~ with associated vaKular injuries requiring stabilization 
and urgent vascular repair. Specialized external fixation devices 
are also used im limb reconstruction surgery. In fractures wid1 
soft tissue injuries, placement of percutaneously inserted pins 

that minimize further soft tissue damage and avoid the area of 
contamination helps decrease the incidence of infection and 
delayed union. External fixators may be used for temporary 
stabilization or for definitive treatmem in select cases. In complex 
fracrures around joints, fixation wid1 implanted plates or screws 
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FIGURE 20-5 Basic fixator configurations. A. Unilateral. B, Bilateral. C. Multiplanar (quadrilateral). D, Multiplanar (delta configuration). E. Hybrid 
fixator. F, Ring fixator. (From Green SA: Principles and complications of external fixation. In Browner, BD, Levine AM, Jupiter JB, et al [eds]: 
Skeletal trauma: Basic science, management, and reconstruction, ed 4, Philadelphia, 2008, WB Saunders.) 

may not provide- adequate stability. Additionally, overlying soft 
tissue damage makes operative exposure dangerous. In these 
cases, an externalfi.xator, with the pins placed at a distance from 
the fracture and injured soft tissues, can provide the osseous 
stability necessary for fracntre healing. 

External frames are constructed from three components, 
pins, connectors, and rods or rings (Fig. 20-5). Pins are threaded 
or smooth and vary in length and diameter. They serve to 
connect the bone to the rest of the device. Pin placement is 
ellOSCJl ro stabilize the fracture best while not compromising the 
viability of the fragments. Pins are never placed through com
promised or infected skin. A variety of different clamps serves 
as connectors and secure pi11s to the rods that form the external 
fran1es. Most arc universal joims that allow multiple degrees of 
freedom. Connecting clamps have advanced to the poillt that 
they now snap in place onto the pins and rods. 1l1ey may be 
combined with rings or hjnged rods and allow infinite permuta
tions of frame constructs. Stabilizing rods are almost universally 
radiolucent to allow radiographic examination after application. 
Threaded rods, bone transport rails, motorized lengthening 
devices, and dynan1ic struts represent a small sample of the types 
of rods that can be used to adlieve specific results. 

There are a number of factors affecting the stiffness of the 
fixation construct. The stiffness of the pin material (usually 
stainless steel) and connecting bar material (titanium, stainless 
steel, or carbon fiber), as well as the diameter of the pins and 
bars, contributes to the stiffness of the frame. However. the 
loss of stiffness seen with more flexible materials, sucil as 

carbon fiber, or smaller diameter pins can easily be overcome 
by the fran1e configuration cilosen. Increasing stiffness is seen 
with an increasing number of pil1S, increasing pin spread (dis
ranee benveen pins), decreasing distance between the bar and 
bone, increasing number of bars, and use of multiplanar 
constructs. 

Once applied, external fixators requi.re regular care and 
monitoring. Pin care is begun immediately ru1d consists of 
cleansing with normal saline or half-strength peroxide solution. 
Drainage from pin sltcs must be addressed with local care, anti
biotics, pin removal a11d replacement, or a combination of these 
measures. Pins are checked regularly to ensure that they have 
not loosened. Depending on the fracture pattern, fixaror con
struct, and goals of treatment, the weight-bearing status is 
adjusted. 

Internal Fixation 
ORJF implies that an inc1s10n is made ar or near the site of 
injury to facilitate reduction of the fracture w1der direct vision 
(open reduction) and rigid stabilization with plates, screws, 
wires, rods, or combinations thereof (internal fixation). 1llis 
technique allows anatomic reduction and the creation of con
structs of varying levels of stability. Different types of implants 
can be used ro achieve these results. 

Pins a nd Screws 
Pins and screws are d1e simplest implants. They can be intro
duced in a variety of areas and are often placed percurru1eously 
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througb a poke hole iJl the skin. Kirsclmer wires may be used 
temporarily ar1d frequently are used for the stabilization of small 
fragments. They can also be used provisionally to hold the frac
ture reduction while more stable fixation is applied. Screws can 
be used for interfragmentary compression when placed with a 
lag technique (Fig. 20-6). This technique involves the use of a 
gliding hole in one fragment to allow the screw to compress one 
fragment against another. Figure 20-6B shows a position screw. 
Without a glidll1g hole, a fully threaded screw will caprure hod1 
fragments without compressing the far fragment to the near one, 
thus holding the position of the fragments. 

Plates 
Plates are used frequently for the internal fixation of fractures. 
They allow even distribution offorce across their length and can 
serve various biomechanical functions. The biomechanical prop
erties of a plate depend on d1e material used, usually titanium 
or stainless steel, dimensions of the plate {thickness, width, and 
length), and technique with which it is applied (Fig. 20-7). 

A neutralization plate is used to protect another form of 
fixation from excessive force. Often used in combination with a 
lag screw, chese plates add stability by preventing torsion and 
bending. 'TI1e addition of a neutralization plate allows mobiJiza
tiOJl earlier rhar1 would have been possible with less stable 
fixation. 

Buttress plates are used to counteract forces that occur wid1 
axial loading. Longitudinal and oblique fractures near joints 
rend to displace along the line of the fracrure when subjected to 
axial loads. Phu:es placed in a longitudinal fashion CaJ1 form an 
axi.lla with the intact cortex that prevents axial displacement. 
Some plates ar<' specifically designed for buttressing; however, 
any plate can be applied in a buttress mode. 

Compression plating is used to increase che stability of 
fixation when the two major fracture fragments car1 be brought 
into contact. This technique allows direct compressi.on of the 
fracture ends. Compression plates have oval screw holes wicl1 
oblique edges that allow eccentric placement of screws. When a 
screw is applied eccentrically, d1e plate (and bone fragment fixed 
to it) translates as the screw tightens down against the plate to 
create compression at the fracture. Additionally, compression 
carl also be achieved by overbending a plate or by introducing 
a tensioning device. 

FIGURE 20-6 lag screws by application. A. Over
drilling the near cortex to produce a glide hole 
allows a cortical screw to act as a lag screw, corn
pressing the far cortex to the near cortex. B, In the 
absence of a glide hole, a cortical screw inserted 
across the fracture site will maintain fracture 
gapping. (From Mazzocca AD, DeAngelis JD, Caputo 
AE, et al: Prindples of internal fixation In Browner; 
BD, levine AM, Jupiter JB, et al [eds]: Skeletal 
trauma: Basic science, management, and recon-
struction, ed 4, Philadelphia, 2008, WB Saunders.) 

Highly comminuted artd segmental fracture~ may not allow 
ar1atomic reduction ar1d direct £xatio11 of all che fragments. In 
these situations, a bridge plate can be used to stabilize a long 
bone rigidly. 1hc proximal and distal fragments arc rigidly fixed 
to each ocher with a plate while the fracture site is bypassed. 'nUs 
concept ha~ been populari:r..ed because it allows less dissection at 
che fracture si te, which may devitalize che comminuted and 
segmental fragments. 

Special plates have been designed for certain fracture par
terns and ar1atomk locations. Blade plates, dynamic condylar 
screws, and pelvic reconstruction plates are examples of mese 
specialized places. 

Tension Bands 
When the forces across a fracture site tend to displace the frac
tured pieces in tension, the tension band technique CaJ1 be 
applied ro convert the displacing tensile forces on one side of a 
fracture into a compressive force across the entire contact area 
(Fig. 20-8). Traditionally, wires or cables are used to create 
tension bwds. However, nonabsorbable suture ar1d plates can 
also be used. Tension bar1ds are used most frequently for frac
tures of the olecranon, where che pull of the triceps tends to 
distract the proximal fragment, and fractures of d1e patella, 
where the pull of the quadriceps rends to distract che superior 
pole. n,ey are also commonly used for the femoral greater tro
chanter. humeral greater tuberosity. ar1d medial malleolus. 

Intramedullary Nails 
[n contrast to wires, plates, and screws, intramedullary (IM) 
nails are placed in the medullary canal of long bones. 'TI1ey are 
used to splint or bridge a fracture ar1d to control axial, bending, 
ar1d rotational forces. IM nailing also permits fixation of a frac
ture ilirough aJ1 incision distar1t from the fracture site. In this 
way, the periosteal blood supply at the fracture site is left undis
turbed. Nails are made of various materials ar1d can be fluted, 
smoom, solid, or caru1ulated (Fig. 20-9). When transverse screws 
are placed through the proximal and distal ends of the nail, the 
nail is said to be locked. Locked nails control rotation better and 
maintain bone lengm in the presence of comminution or bone 
loss. The locking holes in nails may be round or oval. Using a 
naiJ wich aJ1 oval hole or leaving the naiJ unlocked at one end 
allows d1e bone fragment to slide axially along the nail and 
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FIGURE 20-7 A. lnterfragmentary screw fixation with a neutralization plate effectively resisting an external load. 8, Buttress plate supporting 
the underlying cortex, effectively resisting displacement, which otherwise would result in angular deformity of the joint. The plate acts as a 
buttress or reta inimg wall. c. In the compression mode, the screw is inserted 1.0 rnm eccentric to its final position in the hole on the side away 
from the fracture site. When the screw is tightened, its head slides down along the inclined plane, merging the eccentric circles and causing 
horizontal movement of the plate (1.0 mm). This results in fracture compression. D. The bridge plate maintains length and alignment by fixing 
to bone away from the comminution and preserving critical blood supply to that area by limiting surgical dissection. (From Mazzocca AD, 
DeAngelis JD, Caputo AE. et al: Principles of internal fixation. In Browner, BD, Levine AM, Jupiter JB, et a l [eds]: Ske.letal trauma: Basic science, 
management, and reconstruction, ed 4, Philadelphia, 2008, WB Saunders.) 

produces compression at rhe fracture site. Nalls locked in d1is 
fashion are dynamkally locked. \Vhen screws are inserted 
through round holes in both ends of the naiJ, no motion 
is allowed with.in the construct; they are staticalJy locked 
(Fig. 20-10). 

IM nails can be introduced in a proximal to d.istal or d.istal 
to proximal d.irection and are termed llntegrttde and retrogmde. 
respectively. NaiJ1s may be inserted with or without canal prepa
ration by reaming. Reaming involves passing a large drill down 
the meduUary canal to remove the canceUous bone and effec
tively widen the canal. This increased width a llows the insertion 
of a larger diameter nail to increase the strength and stiffness of 
the construct. At the san1e time, reanung morcdlizes the cancel
lous and cortical bone in the canal and deposits this exceptional 
autogenous bone graft at the fracture site. However, rean1ing 
leads to increased pressure in d1e medullary canal, increased 
temperature in the cortical bone, and embolization of marrow 
contents into d1e vascular system. ln patients with severe 
derangement of [pulmonary function or hemodynamic instabil
ity, embolization is not well tolerated. 

Unrcan1cd nails are iJJSertcd without reaming of the canal, 
and destruction of the cortical blood supply from the medullary 
system is largely avoided. In fractures in which there is a large 

degree of soft tissue loss or periosteal stripping. an unrean1ed 
nail is generally used. 

PAnENT EVALUAnON 

History 
Obtaining a detailed history of a skeletally injured patient is 
essential for accurate diagnosis and tream1ent. 'TI1is can be chal
lenging with multiply injured and older patients in the trauma 
setting; however, it is important to gather as much information 
as possible regarding d1e mechanism of injury. Often, trauma 
patients are unable to give accu.rate histories because of uncon
sciousness, intoxication, dementia, or delirium. [n these cases. 
an account of the mechanism of injury and patient history 
should be obtained from family members, emergency medical 
response crew members, or other witnesses to the accident. 
Descri[ptions from the injury scene can be belpfid because 
common patterns of injury foUow from specific mechanisms 
(Tahle 20- l ). 

A general hjstory that includes demographic information. 
past med.ical history, past surgical llistory, and social history are 
obtained. Knowledge of allergies, current medications, and time 
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FIGURE 20-8 Tension band principles. A. (1) An interrupted 1-beam connected by two springs. (2) The I beam is loaded with a weight (Wt) 
placed over the central axis of the beam; there is uniform compression of both springs at the inte rruption. (3) When the I beam is loaded 
eccentrically by placing the weight at a distance from the central axis of the beam, the spring on the same side compresses, whereas the spring 
on the opposite side is placed in tension and stretches. (4) If a tension band is applied prior to the eccentric loading. it resists the tension that 
would otherwise stretch the opposite spring. thus causing uniform compression of both springs. B. The tension band principle applied to fixa
tion of a transverse patellar fracture. (1) The AP view shows placement of the pa rallel Kirschner wires and anterior tension band. (2) The lateral 
view demonstrates antagonistic pull of the hamstrings and quadriceps, causing a bending moment of the pate lla over the femoral trochlea. An 
anterior tension band transforms this eccentric loading into compression at the fracture site. C. The tension band principle applied to fixation 
of a fracture of llhe ulna. The antagonistic pull of the triceps and brachial is causes a bending moment of the ulna over the humeral trochlea_ 
The dorsal tensicon band transforms this eccentric load into compression at the fracture site. D. The tension band principle applied to fixation 
of a fracture of the greater trochanter. Wrth the hip as a fulcrum, the antagonistic pull of the adductors and abductors causes a bending moment 
in the femur. The lateral tension band transforms this eccentric load into compression at the greater trochanteric fracture site. E. The tension 
band principle applied to fixation of a fracture of the greater tuberosity of the humerus. Using the glenoid as a fulcrum, the antagonistic pull 
of the pectoralis major and supraspinatus causes a bending moment of the humerus. The lateral tension band transforms this eccentric load 
into compression at the greater tuberosity fractu re site. (From Mauocca AD, DeAngelis JD, Caputo AE. et al: Principles of internal fixation. In 
Browner, BD, Levine AM, Jupiter JB, et al [eds]: Skeletal trauma: Basic science, management, and reconstruction, ed 4, Philadelphia, 2008, WB 
Saunders.) 
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since last oral intake is usefLtl in guiding treatment. L1formation 
about the position of the limb before and after the injury, as 
well as the direction of the deforming force, can help predkt 
d1e resulting injuries. Ambulatory status before the injury helps 
determine realistic goals for functional recovery. Any transient 
neurologic symp![Qms, such as loss of consciousness, numbness, 
parenthesis, and spa~m, must be documented. Loss of bowel or 
bladder control in patients with back or neck pain must also be 
noted. The tin1e elapsed since injury becomes critical 
information in a patient with a vascular inju.ry, open wound, or 
dislocation. 

Closed 

~'"~·'"' 
Open 

~Wall v th<kne" 

Cross section 

FIGURE 20-9 Geometric features of an intramedullary nail that influ
ence its performance. Note the cloverleaf, fluted, solid, and open 
designs. All these have the same diameter but different wall thick
nesses. (From Mauocca AD, DeAngelis JD, Caputo AE, et al: Principles 
of internal fixation. In Browner, BD, Levine AM, Jupiter JB, et al (eds]: 

Skeletal trauma: Basic science, management. and reconstruction, 
ed 4, Philadelphia, 2008, WB Saunders.) 

~. 

A 8 

.:; 
.. 
•' 

Table 2o-1 Common Patterns and Associated Injuries 
INJURY PATTERN 
OR MECHANISM 
Fall from a height 

Fall on outstretched 
hand (f'OOSH) 

Ejection from a 
vehicle 

T-bone motor 
vehicle accident 

Head-on motor 
vehicle accident 

Posterior knee 
dislocation 

Supracondylar 
humerus fracture 

Antetior shoulder 
dislocation 

Posterior hip 
dislocation 

ASSOCIATED INJURIES 

Calcaneus fracture 
Tibial plateau fracture 
Fractures around the hip (proximal femur, 

acetabulum) 
Vertebral burst fracture 

Distal radius fracture 
Posterior elbow dislocation 
Pediatric 

Both bones forearm fracture 
Supracondylar humerus fracture 

aosed head injury 
Spine fractures 

lateral compression-type pelvic fracture 
aosed head injury 
Thoracic injury 

Abdominal visceral injury 
Open-book pelvic fracture 
Retroperitoneal bleeding 
Injuries caused by floor board intrusion 

Calcaneal fracture 
Tibial plateau fracture 
Postenor hip dislocation 

Popliteal artery injury 

Brachial artery injury 
Nerve injury (median or radial) 

Axillary nerve injury 

Sciatic (peroneal division) nerve injury 

FIGURE 20-10 A. Static locked intramedullary nail fixed 
to both the proximal and distal fragments. B. Dynamic 
locked intramedullary nail fixed to the proximal 
(as shown) or distal fragment, but not to both. 

9 
;o 
m 
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Trauma Room Evaluation 
Examination of a mLLltiply injured patient must first follow 
advanced trauma life support (ATlS) protocols iJ1 a systematic 
fashion and must be accompanied by appropriate treatment. 
1he concept oflife before .limb demands that the ABCs (airway, 
breathing, and circulation) be addressed prior ro evaluating for 
any orthopedic injuries. Hemodynan1ically unstable patients 
are assumed to be .in hemorrhagic shock until proven other
wise. A search for occult hemorrhage is undertaken and may 
include the pleural cavities, abdomen, retroperitoneum, and 
pelvis. A plaiJ1 chest radiograph may quickly reveal a hemotho
rax. Chest tubes are placed, if necessary. Pelvic iJlstability and 
the need for rapid external pelvic fixation are addressed. There 
is debate over whether the anteroposterior (AP) pelvic film, 
which ha~ traditionally been considered part of the standard 
trauma radiographic series, is justified with the advent of newer, 
ultrafast computed tomography (C1) scanners. Recent data 
have shown that in a stable awake patient who has no evidence 
of pelvic injury on physical exanlli1ation, routine use of tl:lls 
study may not be cost-effective.3 However, .in a patient with 
signs of pelvic injury on exammation, hemodynamically unsta
ble patient, or obtunded patient, the pelvic radiograph is essen
tial for identifying unstable pelvic injury requiring immediate 
intervention ln the trauma bay.4 In addition, the pelvic radio
graph is necessary for preoperative planning in operative frac
tures and as a comparison film when followiJ1g fracture healing 
over time. A FAST {focused assessment with sonography in 
trauma) scan has been shown ro be a rapid and effective tech
nique for assessmg for free flwd in the abdomen.5 Positive scans 
have been shown to be stro11gly predictive of the need for lapa
rotomy in hypotensive trauma patients. However, Gaarder and 
colleagues6 have found that even in the hands of experienced 
radiologists, the FAST scan is a relatively unreliable technique 
for detecting intra-abdominal bleeding in the hemodynan1ically 
unstable patient. Cba and associates· have agreed wi tb tlus con
clusion and suggest tl1at diagnostic perironeal lavage and/or CT 
of tl1e chest, abdomen, and pelvis be considered in henlody
namically uns1table patients with suspected intra-abdon:llnal 
injuries. 

The patient's neurologic status is noted on admission, and 
the Glasgow Coma Scale score is calculated. Patients with sus
pected head injury need to be evaluated as soon as possible by 
C1. Peripheral vascular injuries and musculoskeletal injuries are 
next in priority, followed by maxillofacial injuries. 

Although tl1e previous dictum of addressing open fractmes 
in the operating room within 6 hours of injury may no longer 
hold true, open fractures still require relatively urgent operative 
care. More lmportandy, emergent trawna room management, 
indudiJ1g administration of appropriate antibiotics, tetanus pro
phylaxis, gross debridement, copious irrigation, splmting, and 
wound coverage, is imperative for preventing future iJlfection. 
Sterile dressings placed in the trauma room need to be left in 
place until the patient reael1es tl1e operating room. Tius practice 
has led to decreased infection rates when compared with rou
tinely redressing wounds iJ1 the trauma area. 

In their landmark article, Bone and coworkers8 have shown 
that urgent (within the first 24 hours) versus late stabili:t_.ation 
in the multiply iJ1jured patient reduces the incidence of adult 
respiratory distress syndrome (ARDS) and multisystem organ 
failure. In addition, with adequate stabilization of the fracture, 
the patient can be mobilized, avoiding convalescence. However, 

more recently, Morshed and colleagues9 have shown that emer
gent fixation-within 12 hours-of femoral shaft fractures in 
polytraun1a leads to an increased mortality rate. They suggest 
d1at this findiJ1g is likely caused by inadequate time for patient 
resusci ration in those taken to surgery in the first 12 hours from 
the time of injury. In isolated or less severe injuries, once the 
patient is stabilized, the tinting of repair .is less significant. Oper
ative delay allows for resolution of the soft tissue swelling mat 
may .compromise soft tissue closme. 

Unstable pelvic fractures are addressed in tl1e primary 
survey because of the possibility of exsanguination. Traumatic 
spille iJ1juries with associated neurologic compromise also 
deserve inlmediate attention. These exceptions aside, examiJla
tion and management of the extren:llties are deferred to the 
secondary survey after the airway has been controlled and hemo
dynamic stability has been obtained. [n a team approach, these 
exanllliations and treatments take place simultaneously. One 
caveat to this protocol is the conscious pati.ent who is able to 
follow commands, but will need intubation to protect his or her 
airway. In this case, a cursory neurologic examiJ1ation of the 
extremities should be performed prior to sedation or iJ1tubation. 
Docwnentation of motor and sensory fw1ction in the upper and 
lower extremities is valuable iJuormation and only takes seconds 
to carry out. 'Throughout tl1e resuscitation phase and during 
the remainder of the hospital course, reexan1ination in the 
form of the tertiary survey will ensure that no injury goes 
unrecognized. 

Evidence of pelvic fracwres is assessed early in the resuscita
tive effort. Massive flank or buttock contusions and swelliJ1g are 
indicative of significant bleeding. TI1e Morel-Lavallee lesion is 
an eccllymotic lesion over the greater trochanter that represents 
a subcutaneous degloviJlg injury. This lesion is frequemly associ
ated with acetabular fractures. Blood at the urethral meatus, 
signifying injury to the genitourinary tract, may be a sign of an 
underlyiJ1g pelvic fracture. Palpation of the symphysis pubis and 
the sacroiliac jomts can help determine the presence of disrup
tion of these joints. Gentle rocking and lateral compression 
through the anrerior iliac crests can provide helpful clues ro tl1e 
stab.iJity of tl1e pelvic ring. Any opening or looseness sig1Ufies 
instability and may represent a source of hemorrhage. Rectal and 
vaginal exan:llnations are perfom1ed, noting the presence of gross 
blood, lacerations, bony fragments, hen1atomas, or masses. 
Wounds and palpable bony fragments found on either of these 
examinations are diagnostic of an open pelvic fracture, which 
carries a poor prognosis. Rectal exammation can also reveal a 
high-riding prostate gland, another indication of iJ1jury to tl1e 
geniwuriJ1ary tract. 

The trauma team must always take steps to protect tl1e 
patiem from self-inflicted or iatroge1uc spinal cord injury. 'There
fore, full spine precautions must be observed until it is con
firmed that the patient's vertebral column is illtact, either by 
physical examination and clinical findings or by radiologic con
fi rmation, when warranted. Fitting the patient wid1 a hard cervi
cal collar stabilizes the cervical spine. MaiJ1taiJlllig tl1e patient ill 
a supine flat position at all times protects the thoracic, lumbar, 
and sacral segments of the spine. If the patient is to be moved, 
a stri<:t log roll technique is used. At times, a patient may bave 
ro be physically rcsrramed ro prevent potential self-inflicted 
injury by bead or lower extrenuty movements iliat could impart 
rotational, translational. or bending moments to the vertebra\ 
column. Special care must be taken with combative patients or 
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those with altered mental status who may have lost the ability 
to protect themselves from furthe.r injury. On examination of 
the back, the exami11er notes the presence of deformity, edema, 
or ecchymosis. Tenderness elicited on palpation of the spine is 
recorded for eaclb level at which the patient complains of pain. 
Distinction is made regarding whether rhe pain is midline or 
paraspinal. Perianal sensation and rectal sphincter tone should 
be evaluated to test sacral nerve root function. Deep tendon 
reflexes and pathologic reflexes, such as the bulbocavernosus and 
Babinski reflexes, are tested. 

Plain radiographs of the cervical spine, including AP, 
lateral, and open-mouth odontoid views were previously consid
ered part of the standard trauma series ofradiographs. Recently, 
however, Mathem and associates have shown that the standard 
plain films fail to identif}r 55.5% of clinically relevant fractures 
identified by multislice CT and add no clinically relevant data. 10 

Similarly, a CT of the moracic, lumbar, and sacral spine is faster 
and more accurate than radiography at identifyi11g traumatic 
injury. With most trauma patients undergoing aCT of the chest, 
abdomen, and pelvis, reformatting tl1e data into spiJ1al recon
structions adds neither time nor radiation exposure. Wid1 this 
data, plain films are no longer indicated. 

Exan1ination of the extremities iJ1 a patient wid1 isolated 
mjuries or a multitrauma patient follows a simple, systematic, 
and reproducible pattern. Even when an isolated extremity 
il1jury is the primary reason for evaluation, the entire skeleton 
must be exan1ined. The exan1iner must not be distracted from 
the task by obvious or severe iJ1juries. Deformity, edema, ecchy
mosis, crepitus, tenderness, and pain wid1 motion are the cardi
nal signs of an acute fracture. Each liJnb segment needs to be 
exanili1cd for lacerations and the signs of trauma described 
earlier. AU joints arc put through passive range of motion, at a 
minillwro. Active range of motion is tested whenever possible. 
Joint effusions are evidence of intra-articular pathology (e.g., 
ligan1ent or cartilage damage, or an intra-articular fracture) . 1he 
joilm arc then manually messed to assess the iluegrity of d1c 
ligamentous structures. A neurovascular examination is per
formed and documented. Pulses are recorded ru1d compared 
wim the opposite uniJwolved extremity when poss.ible. Doppler 
signals are obtained when palpable pulses are not present or are 
weak. Measuring the anklc-bracllial mdex (ABD is important 
when vascular injury is suspected. Motor function ru1d sensation 
must be documented for the extremity dcrmatomes as well as 
the trunk in a patient with thoracic spine pain. To avoid the 
complications of a nlissed compartment syndrome, palpation of 
d1e involved compartments is perforn1ed. Any firm or tense 
compartments are checked for incrca~ed pressure if time and d1c 
patient's condition aUow. Fasciotomies are performed urgently 
if pressures arc elevated. Gross aHgnmcnt ru1d interim immobi
lization of long bone fractures are achieved before transportation 
of me patient from the trauma room. 1his helps prcvcm further 
damage to underlying soft tissues, reduces patient discomfort, 
facilitates transportation, and may help prevent furd1er emboli
zation of 1M contcnts.11 Traction spliJm or skeletal traction are 
applied when indicated. 

Diagnostic Imaging 
Radiographic examination is used to supplement and enhance 
the information gad1ered during d1e primary survey, history, and 
physical exan1ination. In a multiply injured patient, me ATLS 
protocol caiJs for a lateral cervical spil1e film and AP views of 

the pelvis and chest. However, as noted earlier for a stable, con
scious patient with no physical exaJUination 6ndi11gs of pelvic 
traJJma, d1e pdvic film may be deferred for me pelvic CT. Cervi
cal spine x-rays should be deferred for a CT of d1e cervical spmc 
(if available). The secondary survey then dictates which extrem
ity radiographs are necessary. When filming long bone injuries, 
it is im portant to verify the integrity of adjacent Limb segments. 
'TI1erefore, d1e joints above ru1d below the lcvd of iJljury are 
always mcludcd ill dle films. They are filmed separately if the 
cassette is not large enough to accommodate the entire view. 
Similarly, when pamology is suspected in a joint, d1e long bones 
above and below are also ilnagcd. 'Tilis practice helps identify 
commonly associated iJ1juries to d1e adjacent liJnb segments that 
might otherwise be missed. 

Because bone is a three-dimensional object, a single two
dimensional radiograph cru1not describe a fracture. To under
stand the position and direction of the fractme fxagments, 
orthogonal views (images taken at 90 degrees to 011e another) 
must be obtained. A bone may appear minimally displaced i.n 
one plane, but in ru1omer view may be significruuly displaced 
(Fig. 20-11). AU extremities wim deformity need to be rotated 
to me aJlatomic position before taking radiographs to help 
decrease cor1fusion when describing the fracture. When finer 
detail is necessary to evaluate a fracture pattern better or confirm 
the findings of an equivocal x-ray, aCT scan should be ordered. 
Magnetic resonance imaging (MRI) has become a particularly 
useful imaging modality. It is used to evaluate soft tissue, acute 
fractures, stress fractures, spiJ1al cord iJ1juries, and ilura-articular 
pathology. Its role in the trawna setting has expanded as well, 
ru1d it is particularly helpful in d1e setting of spinal cord injury. 
More frequently, MRI is used in the outpatient setting to evalu
ate soft tissue injuries and pad1ologic lesions. MRJ is now com
monly used for me diagnosis of acute &actutes when plain films 
are negative. 

Although AP and lateral views are generally adequate for 
most long bone fractures, mere are a munber of osseous struc
tures that necessitate specific radiographs or routinely require 
more specialized studies, such as CT or MRI. 

Shoulder 
True AP and lateral views of d1e shoulder must be taken in rela
tion to the scapula because of dle orientation of me joint. 'Tile 
most usefuJ lateral view is aJl axillary radiograph. The rube is 
angled cephalad, with d1e plate on the superior aspect of the 
abducted shoulder. 111is view is often difficult to obtain because 
of pain or instability at the proximal end of me humerus. 'Tile 
Velpeau view is a modilied axiiJary view, wllich provides ordwg
onaUy equivalent iJnagcs. While wearmg a sling, the patient 
leaJlS backward 30 degrees OVer IDe cassette on me table. 1he 
x-ray tube is placed above the shouJder and d1e beaJU is projected 
vertically down through d1e shoulder onto me cassette (Fig. 
20-12). Th.is allows the x-ray to be taken with me shoulder 
adducted and in a sling, allowing acquisition of me axillary 
ilnages wimout the pail1 of shoulder abduction. 

Elbow 
AP and lateral views of the elbow provide visualization of most 
of the bony anatomy. Internal and external obliques are included 
in a complete elbow series and aUow for better visualization of 
the medial and lateral epicondyles. On d1e lateral view, look for 
d1e fat pad sign or the sail sign for evidence of an occult fracture. 
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FIGURE 20-12 Velpeau or Bloom-Obata modified axillary view. (From 
Green A. Norris TR: Proximal humeral fractures and glenohumeral 
dislocations. In Browner, BD, Levine AM, Jupiter JB, et al [eds]: Skel
etal trauma: Basic science. management. and reconstruction, ed 4, 
Philadelphia, 2008, WB Saunders.) 

FIGURE 2o-11 A. AP radiograph of the wrist showing dis
ruption of the distal radial physis, but adequate alignment 
B, lateral view showing complete physeal separation, with 
50% dorsal displacement and significant angulation. 

The sail sign can be noted when hcmiarthrosis from an intra
articular fracture forces the anterior and posterior fat pads our 
of the coronoid and olecranon fossae, respectively. On x-ray, the 
visualized fat pads resemble a sail (Fig. 20-13). Although the 
anterior fat pad can he visualized in a normal elbow, the presence 
of a posterior fat pad sign is strongly suggestive of occult fracture 
and, if clinically appropriate, warrants a cr scan. 

Pelvis and Acetabulum 
The standard AP radiograph of the pelvis provides an overview 
to the structural integrity of the hips and pelvic ring. If pelvic 
pathology is noted on this film or suspected from physical exam
ination, further views are necessary. Judet views, or 45-degree 
oblique views of the pelvis, are used to evaluate the acetabuli 
(Fig. 20-14). Because of the spatial orientation of the acetabu
lum, these views represent orthogonal projections when the 
x-ray rube is canted toward or away from the affected side. 
Similarly, inlet and outlet views of the pelvis allow closer exanli
nation of me sacroiliac joims and the sacrum itself, a~ well as 
identifying AP disruption in the pelvic ring. The inlet view is 
taken with the beam angled 60 degrees caudad, thus making the 
beam perpendicular to me pelvic brim. The sacral ala, displace
ment of me sacroiliac joints, and displacement of the pubic 
symphysis in the AP plane are easily seen. The outlet view is a 
30-degree oblique view, with the tube angled cephalad. 11Je 
sacrum is pictured en fosse, and the neural foraminae are easily 
evaluated. If not already ohtained as part of the trauma workup, 
a pelvic CT should be ordered to evaluate fractures of the acc
tabuli and sacrum. This allows detailed evaluation of the amount 
of articular involvement, displacement, and presence of bony 
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fragments within the joint. ft also provides information regard
ing sacral displacement or neural foramina! involvement. Finally, 
it allows evaluation for intrapelvic hematoma. MRI has little role 
in acute, traumattic pelvic ring injury; however, it is the imaging 
modality of choice for suspected osteomyelitis or pelvic abscess. 

Hip 
A hip series consists of AP and cross-table lateral x-rays. In an 
adult patient with acute groin pain and inability to bear weight, 
an occult hip fracture should be ruled out witl1 an MRJ or bone 
scan. In older patients with occult ostcopenic hip fractures, bone 
scans, although accurate, are unreliable within 48 hours after 
i11jury. MRf has been shown co be at least as accurate as bone 
scans in tile diagnosis of acute fTactures. AdditionaUy, the sensi
tivity and specificity of MRI were the same within 24 hours of 
admission as later. Earlier diagnosis can potentially lead to 

FIGURE 2Q-13 Positive fat pad or sail sign in a patient with a non
displaced radial neck fracture. Note the anterior and posterior areas 
of radiolucency (arrows) representing the extruded fat pads. 

shorter hospital stays and, therefore, in theory offset the addi
tional cost of MRL In patients with femoral shaft fractures, the 
incidence of ipsilateral femoral neck fracmre is as high as 9%. 
A protocol of AP internal rotation views of the hlp, as well as 
tl:un Clllt Cf (2-mm cuts) through the femoral neck in tbe 
emergency deparrmenr (ED), has been shown ro decrease rhe 
incidence of delayed diagnosis of this injury.12 

Knee 
AP, lateral, and internal or external oblique plain films allow 
visualization of most traumatic osseous abnormalities of the 
knee. If possible, standi11g films are useful for evaluatmg knee 
alignmem and joim space narrowing. 'The lateral 61ro can show 
an effusion, patellar fracture, posterior tibial plateau fractme, or 
tibial tubercle injury. If there is any doubt a~ to the degree of 
articular i.nvolvernenc, displacement, or depression, a cr scan 
should be ordered (Fig. 20- 15}. AJtllough an MRf can be helpful 
in the acute setting, evaluation of Ugan1entous derangemCJlt is 
not urgent and can be deferred to the outpatiCJlt setting. In the 
setting of a knee dislocation, vascular injury should be assumed 
UJltlJ proven ntherwise. Serial measurCJnents of the ABI are 
useful to monitor for vascular compromise, but vascular imaging 
in the fClrm of CT angiography (CTA) or MR angiography 
(MRA) should be strongly considered in the setting of an acute 
knee dislocation. 

Ankle 
In the ankle, it is important ro wn6m1 maime11ance of the 
mortise. 'The stability of the mortise depends on bony and Uga
mentous support. With AP. mortise, and lateral x-rays. disrup
tions in the bony anatomy can be visualized direcrly. Although 
the ligamenwus structures cannot be visualized directly, assump
tions about their wntinuity can be made by evaluating the 
space.s between the bones. Three main parameters are commonly 
used arc the tibia-fibula overlap, tibia-fibula clear space, and 
medial dear space (Fig. 20-J 6). AlJ rluee parameters should he 
measured on the AP radiograph. 'The medial clear space is the 
distance between the medial border of the talus and lareral 
border of me medial malleolus. A normal value is less than 
4 mm. 'The ribia-6bula clear space is the distance between the 
medial border of the fibula and Aoor <>f the incisura fibtLlaris. A 
normal value is le.~s than 5 mm. The tibia-fibula overlap i.s the 
amount of the lateral tibia overlappil1g the medial fibula. A 

FIGURE 20- 14 AP and Judet pelvic radiographs clearly show the ante rior and posterior walls and columns of both acetabuli. A. AP view showing 
bilateral inferior and superior pubic ramus fractures as well as a right acetabular fracture. B. Right obturator oblique view shows disruption of 
the anterior column and posterior wall of the right acetabulum. C, Right iliac oblique view shows disruption of the posterior column and anterior 
wall of the right acetabulum. 
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FIGURE 20-15 A. Minimally displaced fracture of the tibial eminence. B. CT scan of the knee shows a significant stepoff of the posterior medial 
tibial plateau. C. Three-dimensional reconstruction. 

Tibia 

Talus 

FIGURE 20-16 AP radiograph of the ankle showing medial dear 
space (A). tibia-fibula dear space (B), and tibia-fibula overlap (C). 

normal value is more than 10 mm. ln an adult ankle, there 
should be some degree of tibia-fibula overlap in all views. Both 
the tibia-fibula clear space and overlap are measured lO mm 
proximally to rhc tibial plafond. Excluding a direct blow injury, 
sustaining an isolated medial malleolar fracture is exceedingly 
rare. Most ankle injuries are caused by a twisting moment 
imparted to the ankle. The energy that enters through the medial 
malleolus must exit at some point on the lateral ankle. This may 
result in a lateral collateral ligament tear (rare), lateral malleolar 
fracture, or a more proximal fibula fracture. [n some cases, the 
energy passes through t11e syndesmosis and exits at the proximal 
fibula. Tl1ls is known as a Maisonneuve fracture. The disruption 
results in an unstable ankle mortise, wb.icl1 influences me treat
ment plan. Because of this, any isolated medial malleolar frac
ture shottld always get full-length AP and lateral tibia-fibula 
x-rays. ln the case of an intra-articular fracture of the weight
bearing surface of the tibia (pilon fracmre), a CT can be useful 
to evaluate the joint surface. 

FIGUIRE 20-17 lateral radiograph of the foot showing Bohler's angle 
(BA). 

Foot 
\'V'ben an injury of the foot is suspected, the workup should start 
wicl1 :a standard series of AP, lateral, and oblique x-rays. However, 
because of the complex three-dimensional structure of the foot. 
tbis standard series of films may not be adequate to visualize 
certain bones. ln the case of a calcaneus fracture, a Harris axial 
view should be added to evaluate t11c varus-valgus alignment of 
t11e tuberosity, as well as any sagittal splits in the bone. Bohler's 
angle-an angle formed by the bisection of a line drawn from 
the superior aspect of the calcaneal tuberosiry to the superior 
aspect of the posterior facet and a line drawn from the tip of the 
antef'ior process to the superior aspect of the posterior facet
should be evaluated in the lateral view (Fig. 20-17). A normal 
Bohler's angle is between 20 and 40 degrees. A decrease in tbis 
angle usuaUy indicates fracture, with depression of the posterior 
facet. When in doubt, films of the uninjured foot should be 
taken for comparison. For fractures of cl1e talus, rhc AP and 
lateral films should be evaluated for articular congruence at the 
cibiotalar, subtalar, and talonavicular joints. There are specialized. 
views of the bone (e.g., Canale view for the calar neck and 
Broden's view for evaluation of the subtalar joint); however. 
t11esc views arc radiology teclmician-dependent. In many cases. 
if a fracture is seen on the AP or lateral views, a CT scan is a 
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FIGURE 20-18 Oblique radiograph of the lumbar spine with the 
Scotty dog outline<!. Back leg, transverse process; ear, superior articu
lar facet; eye, pedide; front leg, inferior articular facet; neck, pars 
interarticularis; tail, spinous process (white line (the collar) represents 
a fracture). 

faster and more cost-effective way to evaluate the displacement 
pattern. If x-rays are negative or equivocal and the patient has 
evidence of fracture--ecchymosis, pain out of proportion to 

plain film findings, significant soft tissue swelling-then a cr 
scan should be ordered. All but the most minimally displaced 
intra-articular fractures of the talus and calcaneus warrant a CT 
scan to denne the fracture pattern and extent of articular dis
placement better. Except in the case of suspected osteomyelitis, 
MRI of the foot i.s of little use in the emergency setting. 

Spine 
In patients with acute back pain, AP and lateral x-rays of the 
spine can be useful to look for fracwres, spondylolisrhesis, 
malalignment, or congenital anomalies. Oblique views are some
times necessary to evaluate the bony anatomy of the spine more 
completely. Figllre 20-18 shows the outHne of the so-called 
Scotty dog. Each body part of the "dog" represents a portion of 
the vertebral body anatomy. The bony link between the superior 
and inferior facets, the pars interarticularis, is visualized as the 
neck of the dog. A "collar" around the dog's neck represents 
disruption of this bony Link, fracture or spondylolysis, which 
can represent an unstable injury. ln most cases of traumatic 
injury presenting with a complaint of back pain, suspicious 
findings on plain films, back pain out of proportion to x-ray 
findings, or neurologic deficit, further imaging is needed. CT is 
useful for defining bony anatomy. If Ligan1entous injury or neu
rologic compromise is suspected, MRl should be performed. In 
patients for whom MRI is ccmtraindicated, a hone scan can he 
considered if occult fracmre is suspected and CT myelography 
can be used co look for compromise of the spinal canal or inter
vertebral foran1inae. 

FIGURE 20-19 Stress radiograph of a physeal injury of the distal 
femur. An AP radiograph with valgus stress applied reveals unstable 
physeal disruption. 

Intra-Articular Fractures 
1l1e goal of radiographic assessment of intra-articular fractures 
is qumtitation of articular iJ1congruity and degree of malalign
ment. Orthogonal views of the joinr and adjacent long bones 
are obtained. Radiographs made parallel to the articular surface 
best display any step-off rhat might be present. In complex intra
articular fractures, aCT scan is usually necessary to understand 
the position and djsplaccment of all articular fragments fuiJy. 
CT scans provide fine detail, help locate small fragments in the 
joint, md can further describe clJe extension of intra-articular 
fracture lines. 1l1ey must not be used in lieu of acceptable plain 
radjographs, however. Plain radiographs are better suited to 
describe overall fracture characteristics and limb alignment 
accurately. 

Stress Radiographs 
Stress radiographs are taken when Ligamentous o r growth plate 
iJ1jurie.s are suspected after clinical examination but are not 
evident on plain films. Gapping of the joint or physis while 
stressing the structure in question is diagnostic (Fig. 20-19). 
Cervical spine ligamentous iJ1juries are often diagnosed this way 
with :active flexion -extension radiographs. Passive flexion
extension must not be attempted. 

Vascular Injuries 
Angiography is another important modality used for the evalu
ation o f extremity and pelvic injuries. It is indicated whenever 
signs of distal ischemia are noted in an extremity. ln addition, 
it should be considered for a patient with pelvic fractures who 
is hemodynamically unstable. Knee dislocations are concerning 
because of the high incidence of associated vascular injury. There 
is up to a 30o/o reported incidence of injury to the popliteal 
artery in patients with traumatic knee dislocation.11 Current 
recommendations for evaluation of the leg fol lowing a knee 
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injury include serial vascular examinations, using both manual 
palpation of pulses and the ABI, followed by selective arteriog
raphy of patients with abnormal examination fiJldings.13 

INITIAL MANAGEMENT 
Care of musculoskeleral injuries often begins in the field . 'TI1e 
extent of fractliiJe and wound management differs with the level 
of training and experience of the first responders-laypeople, 
police, and emergency medical personnel. Therefore, it is essen
tial that the initial treating physician performs a tborough assess
ment and begins initial management, including splinting ru1d 
wound care. 

Wound Management 
After a thorough physical examination, treatment is begun 
immediately. All wound dressings and nontraction splints placed 
ill the field should be removed by a single examiner to evaluate 
the degree of deformity and soft tissue injury. Superficial con
tamination by di rt, gravel, or grass is removed. Using sterile 
technique, wounds should be irrigated with sterile saline ru1d 
mechanically debrided in the ED. If a significant delay is 
expected between presentation and formal operative irrigation 
ru1d debridement, or if there is significant gross contanlination. 
plJsatile lavage ill the ED should be considered. Sterile saline 
sol.ution or povidone-iodine--soaked d ressings are then applied. 
After sterile dressiJ1gs are placed over the wolmds ill the ED, 
they should re.rmain in place until the time of operative irrigation 
ru1d debridement (I &D). Careless wound management ill the 
ED has been shown to illcrease the ul timate infection rate by 
300% to 400%.14 Tetru1us prophylaxis ru1d broad-spectrum 
intravenous (IV) antibiotics are adnlinistered. Immobilization is 
then undertaken ill the san1e mrumer as for a closed injury. 
External bleedillg in the extremities is controlled by direct 
manual pressure. 

Reduction and Immobilization 
AU displaced fTactures and dislocations are gently reduced to 
reestablish limb alignment provisionally. If the patient's condi
tion allows, precise reductions are perfom1ed and the extremities 
are splinted formally to maintain the fracture reduction. With 
time, the difficulty of reduction illcreases because of edema and 
muscle spasm. 1l1erefore, reduction needs to be attempted as 
soon as possible and with the patiem as relaxed as possible. 
Often, narcotic analgesics ru1d sedatives are necessary, partia•
larly with large joiJlt dislocations. Muscle spasm can obstruct 
atraumatic reduction of these injuries. If a joint is still dislocated 
after adequate sedation and relaxation, general anesthesia may 
be necessary. 

Reduction maneuvers follow the san1e principles for all 
fracture ru1d dislocation type.s. First, in-line traction is applied 
to the liJnb. If ·the soft tissue envelope surroundillg the fracture 
fragments is intact, in-line traction alone may produce satisfac
tory alignment via ligan1entotaxis. In most cases, the deformity 
must be re-created ru1d exaggerated to unhook the fractmed 
ends. While still pulling traction, the mechanism of injmy is 
reversed and the fracture reduced. Neurovascular status 
is documentedl before and after any reduction maneuver or 
splim application. Once satisfacwry reduction or alignmenr is 
achieved, it must be maintained by immobilization through 
casting, splinting, or continuous traction. The joillts above and 
below the fractture must be included to prcvem displacement. 

Postreduction radiographs are required to confirm alignment 
and rotation. Nondisplaced fractures are treated like displaced 
fractures, without reduction. Most nondisplaced fractures do 
not require surgical treatment. Splints are placed initially and 
then changed to cirCLmlferential cam after the swelling 
subsides. 

Ligamentous injuries may also require immobili7.ation. 'TI1e 
joint is fully evaluated as described earlier, and a thorough neu
rovasCLJar exarniJ1ation is performed on the liJnb. Frequently; 
pain, effusions, or hemarthroses occur; these represent intra
articular pathology. Therapeutic aspiration of a traumatic hemi
arthrosis is not recommended because this can lead to iatrogenic 
infection. In addition, release of the pressure of the effusion can 
precipitate more bleeding. The lin1b is then immobilized and 
reevaluated after the acute pain and swelling decrease. 

The rationale for inln10bilization is tlueefold. First, splint
ing, particularly with traction or compression devices, reduces 
bleed ing by reducing the volume of the muscular compartments. 
Second, addi tional soft tissue injury may be averred, and the 
chance of convcrtmg a closed to an open fracture by sharp bony 
fragments is reduced. Third, immobilization of the fracture 
reduces patient discomfort and faci litates trru1sportation and 
radiographic evaluation of me patient. All fractures and disloca
tions are splinted or immobilized ill the ED. Usually, splints are 
fashioned from padded plaster or fiberglass. Different splinting 
tech niques are used to in1mobilize each type of fracture. A volar 
or ulnar gutter splillt is used for fractures of the band. A sugar 
tong splint (Figs. 20-20A w D) is used for wrist or forearm 
fractures. Tllis splint prevents flexion and extension at rhe wrist 
ru1.d elbow, as weU as pronation and supination of the forearm. 
A posterior elbow splint is applied for fractures or dislocations 
of this joint. For humeral shaft fractures, a coaptation or poste
rior splint is used. When there is minimal swelling present with 
a humeral shaft fractLue, a functional fracture brace may be 
applied in the emergency room. A short-leg splint consisting of 
a posterior slab ru1d a U or stirrup component (see Figs. 20-20£ 
to H) is used for pathology of the foot and ankle. With the 
addition of side slabs crossing the kl1ee, tlus splint can be 
extended into a long-leg splint for tibial fractures or knee dislo
cations (see Figs. 20-20/ ru1d ./). Splints cru1 be secured with a 
bias-cur stockinette, elastic wraps, or gauze bru1dage, provided 
tl1at they are wrapped in a nonconstrictive fashion. 

The role of circumferential casting ill the acme setting is 
questionable. Because swelling of the iJ1jured extremity increases 
for 48 to 72 hours, a circular cast crut be too constrictive and 
may lead to pressure necrosis or compartment syndrome. ln 
selecr cases, iJ1 wluch a cast will be the definitive treatment 
(pediatric fractures or select nondisplaced fractures ill adults), 
the initial circumferential cast caJ1 be applied ru1d then cut lon
gitudinally on two sides to allow swelling without splitting of 
the paddillg. This technique is called bivalving the cast; it main
tains a reduction more effectively than an open splint while still 
allowillg for soft tissue swelling. 

Traction 
Traction is used to immobilize fractures or dislocations displaced 
by muscle force.~ that cannot be adequately controlled with 
simple splints. 1he most common indications are vertical shear 
injuries of me pelvis, h.ip dislocations, acetabular fractures, and 
fractures of the proxm1al femur or femoral shaft. Traction may 
be applied tluougb the skin using a Buck's traction boor or 
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FIGURE 20-20 Application of sugar tong (A-D), short-leg (E-H), and long-leg {1-J) splints. A. Finger traps are used to apply gravity traction. B, 
c. A well-padded splint (plaster or fiberglass) is measured and applied to the limb. The splint should extend from the distal palmer crease 
volarly (B) to the metacarpophalangeal (MCP) joints dorsally. This allows motion of the MCP joints. D, The compressive wrap (bias bandage 
or ace wrap) is applied and secured with tape. E. Gravity traction is applied by hanging the limb by the toes in a figure-4 position across the 
bed. This serves two functions. First, flexion at the knee relaxes the pull of the gastrocnemius muscle across the ankle; second, the inversion 
produced by this position helps maintain fibular length and the reduction of the medial malleolus. Both a posterior slab and U or stirrup 
component (plaste r or fiberglass) are measured. F. The limb is protected with a soft dressing (circumferential Robert Jones cotton). G, The 
posterior followed by the stirrup splints are applied to the injured extremity and held in place with cast padding. H. The compressive wrap 
(bias bandage or Ace wrap) is applied and secured with tape. When possible, the knee is flexed and the ankle is placed in neutral position to 
prevent equinus contracture. I, The short-leg splint may be extended into a long-leg splint by protecting the remainder of the limb with a soft 
dressing and then applying medial and lateral side slabs overlapping the short-leg splint and extending to the proximal thigh. J, Again, the 
compressive wrap (bias bandage or Ace wrap) is applied and secured with tape. 

through the bone using a skeletal traction pin placed through 
the bone distal to the fracture (Fig. 20-21). Traction of more 
than 8 pounds through the skin for any extended period causes 
skin damage. Therefore, skin traction is practical only for 
geriatric hip fractures and pediatric injuries reguiring Limited 
distraction force. The Hare traction splint applies a distraction 
force through a11t ankle stirrup and can provide effective immo
bilization for femoral shaft fractures (Fig. 20-22). It can be 

applied in the field and helps facilitate transport and mobili7.a
tion, but should be used only temporarily due to the risk of skin 
breakdown from the stirrup. 

Skeletal traction may be maintained for longer periods with 
more weight than that possible with skin traction. Up to 10% 
of body weight may be applied to a lower extremity skeletal 
tractiOJl pin. Neurovascular structures must be avoided during 
placement of the pins. As a rule of thumb, pins should be placed 
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FIGURE 20-22 Hare traction splint placed at the scene of the accident 
to stabilize a femoral shaft fracture. 

from the side of the extremity containing the known structure 
at risk. This allows control over where the pin enters in relation 
to rbese structures. ln the distal femur, the pin should be passed 
from medial to lateral to avoid the adductor hiatus containing 
the femoral artery and nerve. The pin should be placed parallel 
to the knee joi_nr at the level of the superior pole of the patella 
and in the midpoint of the bone on dtc lateral x-ray. ln the 
proximal tibia, the pin should be passed from lateral to medial 
to avoid the common peroneal nerve passing around the 
fibular head. 1l1e ideal pin placement is parallel to the joint, 
approximately 2 em distal and 2 em posterior to the top of the 
tibial tubercle. In the calcaneus, the pin should be passed medial 
to lateral to avoid the neurovascular bundle passing around the 

FIGURE 20-21 A. 8, Proximal tibial 
traction pin. 

medial malleolus. The pin sl1ould be placed in the tuberosity; 
parallel ro the ankle joint, as far posterior and inferior as possible 
while still passing througb good bone. Once the pins are placed, 
the skin is checked for tension and relieved with incisions if 
necessary. 'The wounds arc then dressed with povidone-iodine
soaked sponges. Pin tract infections are a common complication 
and can lead to osteomyelitis in the worst cases. For this rea~on, 
all pin sites are cleaned with a half-strength hydrogen peroxide 
solution and a sterile dressing applied at least twice daily. 

Pfio,rffization of Surgical Care 
After the secondary survey is completed and necessary diagnostic 
studies are obtai11ed, a multiply injured patient may be moved 
to the operating room. Because operative decisions are made on 
a continuous basis as the patient's condition evolves, the trauma 
surgeon serves a~ the coordiJ1ator of care and prioritizes all surgi
cal procedures after consulting with the anesthesiologist, neuro
surgeon, a11d orthopedic surgeon. Critical procedmes are carried 
out first, and each additional imervention is reviewed as the 
patient's status evolves. Intra-abdominal, intrapelvic, thoracic, 
retroperitoneal, and intracranial hemorrhages are immediate 
surgical priorities. 1l1ese injmies include acute visceral hemor
rhage, aortic or caval injuries, injuries to the heart and pulmo
nary vessels, intracranial mass lesions, depressed skull fractures, 
a11d pelvic fractures with associated instability. ln addition to 
hemorrhage, inlmediate surgery is indicated for the prevention 
oflocal ru1d systemic infections from open or devitalized wounds 
a11d limb salvage. 

Stabili7..ation of severe open a11d femoral shaft fractures may 
be performed simultaneously or after hemodynamic stabiliza
tion of the surgical patient. Limb-threatening vascular injuries 
are managed on an emergency basis because Hmjting the warm 
ischemia time to 6 hours is essential for optimal recovery.15 Deci
sions regarding limb viability, compartment syndrome, and the 
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need for amputation of a mangled extremity are made in concert 
with atl services involved. Consideration must also be given to 
emergency capsuJotomy and O.RlF of femoral head fractures, as 
weU as reduction of posterior hip dislocations, to prevent avas
cular necrosis. Definitive care of complex upper extremity frac
tures or inrra-ar-ricular fracrures is underraken if the patiem's 
condition permirs. Spine, acetabular, and upper extremity inju
ries are addressed next. TI1e operative repair of maxillofacial 
injuries can usuaUy be delayed for several days, depending on 
the status of the patient. 

ORTHOPEDIC EMERGENCIES 

Open Fractures 
Until recently, open fractures were considered surgical emergen
cies. The 6-hour rule dictated mat open fractures require imme
diate operative management, within 6 hours of injury. lt was 
believed that delay beyond the 6-hour window significantly 
increased the risk of deep infection in this patient population. A 
number of studies in the last lO years have shown that there is 
little correlation between infection rate and time to surgery}6

•
17 

TI1cse studies have shown no difference i11 infectiOJl rate in 
patients washed out within 6 hours and those washed out within 
12 or even 24 hours. These findings are important because they 
allow for more complete resuscitation of clJe patient and negate 
the need for after-hours surgery by a tired surgeon or a general 
operating room staff who may be less comfortable with orrno
pedic cases. 'TI1e current belief is cl1at open fractures warrant 
emergent ED management (amibiotics, tetanus. ir rigation, and 
debridement) followed by urgent operative debridement, within 
12 to 24 hours, because the long-term complications of infec
tion or nonunion may threaten the patient's limb and can, with 
systemic sepsis, threaten the patient's life. The difficu.lty of open 
fracture mrutagernent has been recognized for centuries. Ampu
tation was cl1e mainstay of treatment until the m.id-lROOs, when 
antiseptic technique carne into use. Antisepsis, combined with 
debridement of aJl contan1inared and devitalized tissue, provided 
the first reduction in open fracture-related mortality. Contem
poraneous advances .in antibiotic prophylaxis, aggressive debride
ment, open wound management, rotational muscle Aaps, free 
tissue transfer, and bone grafting techniques have dramatically 
enhru1ced our capacity to treat severe open fractures resulting 
from higb-energ}' trauma. 

Classification~ 
A fracture is considered open when the fracrurc site communi
cates with the environment. Although cl1e laceration or skin 
avulsion is cl1e most obvious component, the entire zone of 
injury must be fully appreciated at the time of surgical explora
tion co assign an adequate severity grade (Fig. 20-23). Gustilo 
and Anderson have devised the most commonly cited classifica
tion of fractures with soft tissue injury.16 They divided fractures 
into three grades based on the length of the skin opening, degree 
of comminution, soft tissue inju.ry, and contamination (Table 
20-2). Grade III fractures are further divided into three sub
types, dependiJlg on the degree of soft tissue stripping and pres
ence or absence of vascular injury. 1his classification scheme 
represents a continuum. Sharp divisions between groups are 
difficult to discerrn, particularly anwng the intermediate grades; 
thus, interobserver variation occurs. 

FIGURE 2()..23 Debridement of an open wound. A. The small original 
skin wound (arrow) is shown in the center of a surgical incision. 
B, The fu ll extent of underlying soft tissue damage cannot be appreci
ated until after exploration. 

The Gustilo-Andersen classification provides useful infor
mation regarding the prognosis aJld treatment of me injured 
extren"lity. [nfection rates tend to increase from grades [through 
HI. lnfection rates range from Oo/o to 2% for grade ] fractures, 
from 2% to 10% in grade £I fractures, and from 10% to 50% 
for grade Ill fractures, with grade IIIc fractures exhibiting the 
highest rates of infection.19 The predictive value of cultures prior 
to formal debridement is low. TI1erefore, cl1e recommendation 
is to treat presumed bacterial contamination by a standard pro
tocol rather man attempting to identify potential pamogens. 
Regardless of fracture grade, antimicrobials ru1d tetanus prophy
laxis are administered in the trauma room for any open fracture. 
In all open fractures and in closed fractures with soft tissue 
injuries, a first-generation cephalosporin is preferred. Most 
authors recommend addition of an runinoglycoside for grades ll 
and ill fractures. For any fracture wicl1 suspected soil contamina
tion ("barnyard" injuries), high-dose penicillin is added to the 
regimen to cover Clostridium spp. (see Table 20-2). Current 
recommendations for duration of ru1tibiotic merapy iJ1dude 48 
to72 hours of treatment initially and another 48 to 72 hours of 
therapy following each trip to the operating room for surgical 
debridement or closure. 

The soft tissue destruction in a dosed injury can be worse 
than that in comparable open injuries. Tscherne and Gotzen 
have classified closed fractures by creating a spectrum similar to 
whar was recognized in ope11 fractures (Table 20-3)}4 Although 
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_Table 2o-2 (iustilo-Anderson Oassification of Open Fractures 
FRACTURE 
TYPE DESCRIPTION ANTIBIOTICS 

Skin opening <I an, clean; most likely inside-tQ-Qutside lesion; minimal muscle contusion; 
simple transverse or oblique fracture 

First-generation cephalosporin 

II Laceration > 1 an with extensive soft tissue damage, flaps, or avulsion; minimal to moderate 
crushing; simple transverse or short oblique fracture with minimal comminution 

First-generation cephalosporin 
± amrnoglycoside 

Ill Extensive soft tissue damage, including muscle, skin, and neurovascular structures; First-generation cephalosporin 
+ amrnoglycoside often a high-velocity injury with a severe aushing component 

(barnyard injuries) + penicillin G 

IliA Extensive laceration, adequate bone coverage; segmental fracture; gunshot injuries 

1118 Extensive soft tissue damage with periosteal stripping and bone exposure necessitating formal 
S<>ft tissue coverage; usualfy associated with massive contamination 

IIIC Any open fracture with a vascular injury requiring repair 

From Gustrlo R. Merrdoza R, Williams ON: Problems in the m<11agement of type Ill (severe) open fractures. J Trauma 24:742-746, 1984. 

_!able 2o-3 _Tsche!Ee Classification of!~dures with Soft Tissue Injuries -----------------
FRACTURE TYPE DESCRIPTION 

0 Minimal soft tissue damage; indirect violence; simple fracture patterns (e.g .• torsion fracture of the tibia in skiers) 

Superficial abrasion or contusion caused by pressure from within; mild to moderately severe fracture configuration 
(e.g., pronation fracture-dislocation of the ankle joint with a soft tissue lesion over the medial malleolus) 

II Deep contaminated abrasion associated with localized skin or muscle contusion; impending compartment syndrome; 
severe fracture configuration (e.g., segmental bumper fracture of the tibia) 

Ill Extensive skin contusion or aushing injury; underlying muscle damage may be severe; subcutaneous avulsion; 
decompensated compartment syndrome; associated major vascular injury; severe or comminuted fracture configuration 

From TS<heme H. Oestem H: Die Klassifizierung des WeichtetlS<hadens bei offenen und geschlossenen Frakturen. U nfallheikunde 85:111 - 115, 1982. 

this system has not been critically validated with outcome mea
sures, it provides a means to gauge the significance of associated 
soft tissue injury. W hen these tissues become necrotic or if a 
surgical approach is carried out through them, infection rates 
could potentiaUy increase. 

Initial Management 
Early irrigation and debridement are the mainstays of treatment. 
Once the patient is in the operating room, d ressings can be 
removed, along with all loose debris. Debridement requires 
meticulous removal and resection of all foreign and nonviable 
material from the wow1d. The goal is reduction of the bacterial 
count by leaving only d early viable tissue behind. The wotmd 
is aggressively explored because the zone of injury is always larger 
than initially evident. Areas in which tbe extent of injury is 
commonly misjudged include the thigh and posterior leg because 
of their considerable muscle bulk. The fascial compartments are 
not completely decornpressed by open fractures, and therefore 
fasd otomies are liberally performed during debridement to 
prevent comp-artment syndrome. Irrigation with copious 
amounts of sterile saline solution is then done. Many additives, 
including antibiotics. antisep tics, and surfactants, have been 
studied in an effort to increase the efficacy of wound irrigation. 
Of these three, only surfactants have shown promise for reduc
ing iJ1fection rate. However, further studies are needed before 
surfactant solutions are recommended for routine use. Repeat 
debridement is performed 48 to 72 hours later because the tissue 
may demarcate and necrose. Surgical incisions used to enlarge 
the wound for exploration are d osed primarily. The original 
wound created! by the injury is usually left open. Dressings 

moistened with saline solution are applied and changed once or 
rwice daily. In contrast to temporary dressings applied for trans
port from the emergency department, definitive wound man
agement dressings should not be soaked in povidone-iodine 
hecause it causes tissue destruction. 

Planning for wound coverage begins with the initial 
debridement. Early plastic surgery consultation may be helpfuL 
If skin grafting or muscle flap coverage is necessary, it should be 
performed within the first 72 hours before secondary coloniza
tion and wound fibrosis develop. The desire to avoid nosocomial 
infection has promoted a trend toward immediate coverage of 
open fracture wounds. If there is a large soft tissue or bony void 
present following debriden1ent, local antibiotic delivery may be 
beneficial while waiting for de£nitive soft tissue coverage. By 
using an antibiotic bead pouch (antibiotic-impregnated poly
methylmethacrylate beads under an impermeable surgical dress
ing), high levels of local antibiotics can be delivered without the 
toxic effects that the same systemic dose would have on the 
patient. 

Limb Salvage Versus Primary Amputation 
1l1e d1oice between prin1ary amputation and salvage of a 
severely injured extremity is a difficult one. Successful salvage 
depends on a mtmber of factors, including vascular status. 
extent of soft tissue injury, degree of comminution, bone loss. 
and neurologic function. ln addition to these local factors, ulti
mate success depends on systemic and psychological elemems_ 
Patients with poor nutrition, multisystem injuries, or psychoses 
and those unable to cooperate with a lengthy reconstructive 
process may not be candidates for limb salvage. Several scoring 

http://www.myuptodate.com


EMERGENCY CARE OF MUSCULOSKELETAL INJURIES CHAPTER 20 501 

systems have been devised to help assess the need for primary 
amputation objectively. These systems were developed retrospec
tively in reference to injuries involving the lower part of the leg. 
Severely injured upper extremhies have a far greater impact on 
the overall functioning status of the patient, and thus indications 
for upper extremity amputation are significandy more limited. 

Absolute illldications for primary amputation are an ana
tomically complete disruption of the tibial nerve in an adult and 
warm ischemia time longer than 6 hours. Relative indications 
are serious associated polytrallllla, severe ipsilateral foot trauma, 
and an anticipated protracted course to achieve soft tissue cover
age and bony reconstruction. If either of the absolute indications 
or cwo of d1e duee relative indications are mer, anlputation is 
indicated. Ald10ugh few studies have been performed to validate 
this scheme, these guidelines have been adopted widely and are 
considered the strandard of care. 

The mangled extremity severity score (MESS) is me most 
widely validated classification system. It is the product of a 
retrospective review of 25 charts of patients with severe open 
fractures of the lower extremity (Table 20-4).15 Investigators 
fow1d that limh salvage was related to vascular status, patient 
age, dmation of ischemia, and absorbed energy. A score of 7 or 
higher consistently predicted the need for amputation, whereas 
aU limbs with initial scores of 6 or less remained viable in the 
long term. This system has been validated prospectively and 
subsequent studies have almost uniformly supported the speci
fi city of MESS in evaluati11g a severely injured lower leg. Sub
sequent swdies have confirmed the high specificity (i.e., a low 
score reliability predicts limb salvage); however, mese studies 

_!able 2D-4 Mamgled Extremity Severity S(ore (MESS) 
COMPONENT POINTS 
Skeletal a Soft Tissue lmjury 

Low energy (stab, simple fracture, civilian gunshot 
wound) 

Medium energy (open or multiplex fractures. dislocation) 

High energy (close-range shotgun or military gunshot 
wound; crush injury) 

Very high energy (same as above plus gross 
contamtnation, soft tissue avulsion) 

l.illlb lsdleniN (lklullled if >i ... ) 

Pulse reduced or absent but perfusion no1111al 

Pulseless. paresthesias. diminished capi llary refill 

Cool, paralyzed. insensate. numb 

Shodc 

Systolic blood pressure always >90 mm Hg 

Hypotensive transiently 

Persistent hypotension 

Age (yr) 

<30 

30-50 

>50 

2 

3 

4 

2 

3 

0 

2 

0 

2 

From Johansen K. Daines M, Howey T. et al: Objective criteria accurctely predict 
amputation following lower extremity trauma. J Trauma 30:568-573, 1990. 

have also shown the sensitivity of the MESS to be low (i.e., a 
high score does not necessarily predict me need for anlputa
tion).20 Other scoring systems have been shown to be equally 
poor predictors of the need for amputation. 

Few studies have compared d1e functional outcome of 
below-knee amputation (BKA) with that of salvaged limbs. A 
meta-analysis of studies comparing the two has shown that 
functional outcome up to 7 years out from d1e initial injury was 
no different between the cwo groups of patients.21 Both groups 
had equal length of initial hospital stay, but the patients who 
underwent limb salvage had increase length of rehabilitation, a 
greater number of additional surgeries, greater likelihood of 
rehosphalization, and Likely higher total cost. ln contrast 
however, me BKA group required multiple prostheses and pros
thesis modifications over their lifetime, with significant associ
ated costs. Rates of rentrn to work and self-reponed disability 
were equal between the groups. Psychologically, most patients 
would prefer salvage to an1putation initially; however, all patients 
who experienced failed limb salvage stated that they would have 
chosen primary amputation if given the choice again. This study 
oudines the importance of avoiding a failed salvage arrempt and 
emphasizes the need for berrer scoring systems to determine the 
success of salvage. 

When presented with a severely mangled extremity, it is 
important to document all pertinent local and systemic factors 
accurately. A MESS should be calculated for each patient but 
should be used with caution as a guideline to supplement the 
clinical findings. Whenever possible, pictures should be taken 
and added to the permanent medical record. Primary amputa
tion should be performed when injuries include complete tibial 
or sciatic nerve injury in an adult or irreparable osseous or arte
rial injury. When the indications are not absolute, it is essential 
that several surgeons evaluate the patient independendy and 
document their opinion in the medical record. 

Skeletal Stabilization 
Skeletal stabilization has been shown to be crucial for soft tissue 
healing. When compared with cast and splints, internal or exter
nal fixation permits greater access for wow1d care and is more 
effective in controlling pain during mobilization. At the cellular 
level, the inflammatory response is shortened and the spread of 
bacteri.a is diminished. The decision to use one mode of fixation 
over anod1er is dependent on the fracture pattern, degree of 
contanlination, and surgeon preference. 

One of the most widely accepted methods of fixation has 
been external fixation. ln unstable patients or grossly contami
nated wounds, standard or ringed external fixation can be 
used for temporary stabilization or for definitive fixation. 
External fixation minin'lizcs dissection and avoids the insertion 
of large metallic implants. It is easily removed, replaced, and 
adjusted and can he combined with other means of fixation. 
However, external fixators are not without their problen1s. 
Although pin tract osteomyelitis bas become rare with changes 
in design and the technique of pin .insertion, superficial infec
tion with drainage occurs in approximately 30o/o of aU 
patients. Because of their size and location, further debride
ment ru1d coverage cru1 be cumbersome. In the tibia, for 
example, pin insertion through the subcutaneous anteromedial 
bordt:r rt:duces pin tract infection but often results in 
obstructed access for plastic ru1d reconstructive surgery. In 
other cases, more extensive fracture patterns may require more 
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complex frame constructs d1at further limit access. Aliliougb 
effective in providing skeletal stabilization during soft tissue 
reconstruction, external fixation is not ideal for achieving frac
ture uruon. Additional surgery, including bone grafting or 
conversion to internal fixation, is often necessary. 

For these reasons, IM nailing appears ro be an anracrive 
option. Definitive fracture care can usually be accomplished in 
a single operation. Without bulky exposed hardware, mobiliza
tion and daily WOlUld care are facilitated. However, several early 
series have reported an w1acceptably high incidence of infection 
when reamed IM nails were used for type ill open tibial frac
tures.~ Originally, the increased infection rate was believed to 
be caused by destruction of conical blood flow by reaming. The 
inju.ry itself causes periosteal stripping and significant soft tissue 
loss. 1l1e loss of the meduiJary blood supply potentially further 
weakens the bone's healing potential and resistance to infection. 
However, studies .in animals have shown that the endosteal 
blood supply reconstitutes over a relatively short period of 
time.22a Reaming the IM canal prior to insertion of the nail 
allows for placement of a larger diameter nail and forces bone 
marrow in between the fractured hone ends, which facilitates 
healing. ln a subsequent meta-analysis of management of open 
tibial fractures, Bhandari and coworkers~ have shown reduced 
risk of reoperation, malunion, and infection when comparing 
unreamed imramedullary nailing with external fixation; they 
also shown no difference in infection rate between rean1ed and 
unreamed nails. Although there is still controversy regarding 
reamed versus unreamed nailing, the general consensus is rhat 
in a Stable patient, intramedLillary nailing is me fixation of 
choice for open tibial fractures. High rates of infection have been 
shown when delayed conversion from external fixation to intra
meduUary naili11g is performed; however, the infection rate is 
significantly re-duced when the conversion happens within 2 
weeks. Open periartimlar fractures and fractures of the upper 
extremity should be treated with plate fixation if the patient's 
condition warrants. 

Acute Compartment Syndrome 
Compartment syndrome can. occur in any dosed facial space. 
UsuaiJy, this occurs in a myofascial space secondary to trauma. 
1l1e causes of compartment syndrome are numerous and include, 
but are not limited to, open and closed fractures, arterial injury, 
gunshot wounds, snake bites, extravasation at venous and arte
rial access sites, limb crush injuries, burns, constrictive dressings, 
and tight casts. Rapid diagnosis plus management of compart
ment syndrome is paran1ount to achieve a successful clinical 
outcome. 1his section addresses the pathogenesis, diagnosis, and 
management of acute compartment syndrome, specifically in the 
forearm and lower part of the leg. 

Early recognition and treatment of compartment syndrome 
are critical in a trauma patient to avoid limb dysftmction, limh 
amputation, and even death. Volkmann was the first to describe 
tl1e sequelae of postisd1ernic contracture more than a century 
ago. He attributed permanent muscle contracture to trallllla, 
swelling, and tight bandaging. As rhe late compljcations of com
partment syndrome of the upper and lower extremities have 
been elucidated, tl1e importance of early recognition and fasci
otomy have become apparent. Failure to diagnose and treat cllis 
complication has resultt'd in numerous cases of preventable mor
bidity, rare cases of mortality, and many cases of Litigation, often 
resulting in settlement.~ in favor of the plaintiff. 

Pathogenesis 
Compartment syndrome occurs secondary to increased pressure 
in the enclosed fascial space. 1l1e most common cause of com
partment syndrome in an orthopedic patient is muscle edema 
from direct trauma to the extremity or reperfusion after vascular 
injury. This edema causes an increase in comparrmenr pressure, 
which prevents venous outflow from the affected extremity. 1l1e 
backflow congestion furthers the cycle of increasing pressure and 
muscle ischemia. In the case of ru1 ortl1opedic trauma patient 
with a long bone fractu.re, bleeding from the fracture produces 
a space-occupying hematoma that exacerbates the situation. On 
reduction of the fracture, compartment pressures increase sec
ondary to a decrease in ilie comparm1emal volume. External 
compressive casts or bandages further reduce the ability of the 
compartment to expru1d. 

Controversy exists regarding the level of compartment 
pressure for which surgical intervention is required. Mubarak 
ru1d HargCJls~3 have determined that an absolute tissue pressure 
of 30 m.m Hg is me critical value at whicl1 fasciotomy should 
be performed. They concluded that because normal capillary 
pressure is 30 mm Hg, higher pressure would result in tissue 
necrosis. However, more recent studies have shown that the 
absolute pressure may be less in1portant than the pressure in 
relation to tl1ediastolic pressure (.6P). Whitesides and Heckman21 

have recommended a fasciotomy when intracompartmental .6P 
approaches 20 mm Hg in d1e presence of documented rising 
tissue pressure, sig11jficru1t tissue injury, or a history of 6 hours 
of total ischemia rime of ru1 extremity. McQueen ru1d Court
Brown25 have shown that in patients who had a susraiJ1ed intra
compartmental pressure difference of 30 mm Hg or more 
relative to d1e diastolic blood pressure, rhere was no residual 
muscle damage at follow-up. 1l1ey recornmCJJded this .6P as an 
indication for fasciotomy. Current recommendations vary, but 
most authors agree that a D.P of 30 mm Hg or less is an absolute 
indication for compartment release.26 

Although there is controversy regarding when a fasciotom}' 
should be performed, there is Li ttle debate regarding the effect 
of prolonged iscl1emia on skeletal muscle and nerve tissue. Inves
tigators have determined that peripheral nerves ru1d muscles can 
survive for as long as 4 hours under ischemic conditions without 
irreversible damage. An ischemic time of G hours results in a 
variable return of function iJl muscle and nerve tissue, and a 
total ischemic rime longer than 8 hours leads to irreversible 
nerve and muscle injmy.24 

Diagnosis 
1l1e diagnosis of acute compartmenr syndrome requires a higb 
degree of cli.n..ical suspicion, a full understanding of the 
mechanism of injury, and careful serial physical examinations 
(Fig. 20-24). Tscherne ru1d Gorten14 have stated that tl1e more 
~vere the initial soft tissue injury, the greater the probability 
tl1at soft tissue complications, including compartment syn
drome, will develop. 1l1e diagnosis of compartment syndrome 
re.Lies on an understanding of high-risk injury patterns, subjec
tive complaints of the patients, and ru1 appreciation of early and 
late physical and clinical findings. 

The presence of distal pulses and the absence of pallor 
caru1ot exclude the diagnosis of compartment syndrome because 
tissue perfusion in a compartment is dependent on arterial and 
capillary perfusion gradients. Paralysis and paresthesias are unre
liable because studies have shown that peripheral nerves can 
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FIGURE 20..24 Algorithm for the management of a patient with sus
pected compartment syndrome. 

conduct impulses after L hour or more of total isd1emic time. 
Because muscle ischemia causes pain, pain our of proportion ro 
the injury is one of the most reliable symptoms in diagnosing 
acute compartment syndrome. Unusual requests for frequent 
narcotic analgesics can be reflective of isd1emic pain. Passive 
stretching of the ischemic muscle of the compartment in ques
tion causes exquisite pain and is the most sensitive clinical 
findi11g in a devdopmg compartment syndrome. Clinical palpa
tion of the compartment m question plus comparison with the 
contralaterai Jjmb is useful for evaluating a compartment at risk, 
and any evidence of increased tension or fullness of the compart
ment should raise clinkal suspicion. However, this diagnostic 
sign should only be used in combmation with other concernmg 
signs and symptoms because the ability to detect a rise in com
part~ent r,ressLLie manually has been shovrn to be relatively 
unreliable. · 

Although p:ain out of proportion to the injury is a cardinal 
dinkal finding of an impending compartment syndrome. it 
must be empha~ized that this pain will dimjnjsh as further isch
emia occurs. In addition, the cli11ical findings may be obscured 
in patients medicated with narcorics; therefore, narcotic admin
istration should be closely monitored. Systemic hypotension, 
vascular injury, external limb compression, coagulopatby, and 
deep venous thrombosis (DVT) predispose trauma patients to 
the development of compartment syndrome. 

Tissue Pressure Measurements 
An unequivocal physical examination necessitates fasciotomy; 
however, if the exanlination is eqwvocal or the patient is unco
operative, intoxicated, mrubated, or neurologically impaired, the 
diagnosis of compartment syndrome may depend mnre on the 
measurement of compartment pressures. Many methods have 
been described for evaluarion of compartment pressures. The 
two most common techniques include the wick catheter and 

FIGURE 20-25 Stryker STIC catheter. 

side port needle. The wick catheter ha.~ the benefit of continuous 
pressure monitori11g by using a continuous, low-volume infu
sion technique. This may be used as an indwelling device for 
recording compartment pressures at multiple time points. The 
most common method of measurement is the Stryker intra
Compartmental Pressure Monitor System (STIC; Stryker, 
Mahwal1, NJ), which uses the side port needle technique 
(Fig. 20-25). 1l1is hand-held electronic device is easily calibrated 
and used. Pressures arc obtained by inserting the needle into 
each compartment and infusing a low volume of fluid until 
pressure equilibrium is reached. It is generally used to make 
measlLremenrs at one point in time and is not an mdwelling 
device. 

In place of invasive methods of measuring compartmem 
pressure, fi.beroptic devices are available in which near-infrared 
spectroscopy is used to measure tissue perfusion as a function of 
hemoglobin saturation. 1l1ese devices allow continuous transcu
taneous monitoring and are becoming more widely available. By 
using the absorptive wavelength of venous muscle oxyhemoglo
bin, near-infrared spectroscopy can be used to evaluate the 
viability of a compartment at risk. Increased application of this 
technology m the diagnosis of chronic compartment syndrome 
has led to its more routme use in the acute and subacute setting. 

Surgical Treatment 
l11e two-incision approach to fasciotomy (Fig. 20-26) of the 
lower part of the leg is a reuable and straightforward procedme, 
given that the anatomy is well understood (Table 20-5). 1l1is 
approach iJwolves making an anterolateral incision over the 
anteri(.)r and lateral compartments and a medial incision just 
posterior to the medial aspect of the tibia. The anterolateral 
incision is centered halfway between the fibular shaft and tibia. 
Once the fa.~cia is identified, a small transverse incision is made 
to identify the anterior and lateral compartments, as well as the 
superficial peroneal nerve traveling in the lateral compartment. 
It is m1portant to release the entire compartment, including the 
most proximal and distal aspects. 1l1e posteromedial incision is 
used to decompress the superficial and deep posterior compart
ments. The mcision is made approximately 2 em posterior to 
the tibial shaft. Care must be taken to preserve the saphenous 
nerve and vern. Once the fascia is identified, a transverse incision 
is made to delineate the superficial and deep compartments. The 
superficial posterior compartment is released first, proximally 
and distally to the medial malleolus. l11 similar fashion, the deep 
posterior compartment is released. To decompress tbc deep com
parmleJlt completely. the soleus muscle must be taken down off 
the medial side of the tibia. 
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FIGURE 20-26 A. Double-incision technique for pe.rforming fascioto
mies of all four CQmpartments of the lower extremity. 8, Cross section 
of the lower extremity showing positions of anterolateral and pos
teromedial incisions that allow access to the anterior and lateral 
compartments (l and 2) and the superficial and deep posterior 
compartments (3 and 4). 

Table 2o-s Contents of Fascial Compartments in the Leg 
COMPARTMENT 
Anterior 

Deep posterior 

Superficial posterior 

lateral 

MUSCLES 
Tibialis anterior 
Extensor hallucis longus 
Extensor digitorum communis 

Tibialis posterior 
Rexor hallucis longus 
Rexor digitorum longus 

Gastrocnemius 
Soleus 
Plantaris 

TI1e skin incisions shOltld not be closed primarily following 
fasciotomy (although closing one incision may be appropriate if 
a tension free closure is possible). Even though the fascia has 
been released, dosing the skin can lead to a dangerous increase 
in intramuscular pressures. Secondary closure may be attempted 
when limb swelling ha~ been reduced (3 w 5 days). Wound 
management prior to closure consists of wet to dry dressing 
changes or placement of a negative-pressure dressing. Negative
pressure dressings help reduce swelling and may help bring the 
skin edges together without undue tension. Skin closure of the 
fasciotomy can also be facilitated with vessel loops laced duo ugh 
staples placed along the skin edges. TI1e vessel loops can be 
tiglmmed daily at the bedside as the soft tissue swel.lli1g dimln
isbes, which may elimiJlate the need for ski.n grafting. lf a 
tension-free closure is not possible, the exposed muscle can be 
covered with a split-thickness skin graft. 

Pelvic Ring Disruption 
Pelvic ring disruption is a major cause of morbidity ru1d mortal
ity in multiply injured patients. Fatalities result from uncon
trolled retroperitoneal hemorrhage and other associated injuries. 
Lung-term disability such as low back pain, leg length discrepan
cies, dyspareunia, difficulty with chiJdbearing, and impotence 
are caused by anatomic disruption of the pelvic ring. Pelvic 
fractures can be particularly lethal when they occur in conjunc
tion with significant injuries to other major organ systems.28 

Because of the high force necessary to disrupt the pelvic riJ1g in 
young patients, it is not SLLrprislng that up w 80% of these 
patients have additional musculoskeletal injuries. Mortality rates 
iJl patients with high-energy pelvic ring injuries are approxi
mate]y 15% to 25%. Mortality increases almost 13-fold when 
the patient is hypotensive. When combined with a head or 
abdominal injury that requires surgical intervention, mortality 
increases to 50%. When both procedures are necessary, mortal
ity approaches 90%.11 

Classification 
Pelvic ring disruption can be broadly classified into two major 
groups, stable ru1d uns table. A stable pelvis is defined as one that 
can withstand normal physiologic forces without being dis
placed. This stability depends on the iJ1tegrity of the osseous and 
ligamentous structures {Fig. 20-27). lnstability cru1 be divided 
iJ1to rotational and vertical components (Fig. 20-28). Stable 
injuries include nondisplaced fractures of the pelvic ring and 
fractures resulting in less than 2.5 em of displacement of ante
rior structures, the pubic rruni or pubic symphysis. Rotationai 

VESSELS 
Anterior tibial 

Posterior tibial 

NERVES 
Deep peroneal 

Tibial 
Peroneal 

Superficial peroneal 
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FIGURE 20-27 Ligamentous complexes of the pelvis. A, Posteriorly, the major ligaments noted in the region of the Sl joint are the posterior 
Sl ligaments. both long and short. The long ligaments blend with the sacrospinous and sacrotuberous ligaments. 8, In cross section, the ori
entation of the very thick posterior interosseous sacroiliac ligaments is noted. (From Stover MD, Mayo KA. Kellam JF: Pelvic ring disruptions. In 
Browner, BD, levine AM. Jupiter JB, et al [eds] : Skeletal trauma: Basic science, management, and reconstruction, ed 4, Philadelphia, 2008, WB 
Saunders.) 

Avulsion fracture 
ischial spine 
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FIGURE 2Q-28 A, Division of the symphysis pubis allows the pelvis to open to approximately 2.5 ern with no damage to any posterior liga
mentous structures. 8, Division of the anterior Sl and sacrospinous ligaments. eiither by direct division of their fibers (right) or by avulsion of 
the tip of the ischial spine Oeft), allows the pelvis to rotate externally until the posterior superior iliac spines about the sacrum. Note, however, 
that the posterior ligamentous structures (e.g., the posterior Sl and iliolumbar ligaments) remain intact. Therefore, no displacement in the verti
cal plane is possible. C. Division of the posterior band ligaments-that is, the posterio r 51, as well as the iliolumbar, causes complete instability 
of the hemipelvis. Note that global displacement is now possible. (From Stover MO, Mayo KA, Kellam JF: Pelvic ring disruptions. In Browner; 
BD, Levine AM. Jupiter JB, et al [eds): Skeletal trauma: Basic science, management and reconstruction, ed 4, Philadelphia, 2008, WB 
Saunders.) 
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instability is characterized by widening of the symphysis pubis 
or displacement of pubic ramus fractures by more than 2.5 em. 
Superior translation of a hemipelvis through fractures of the 
sacrum or ilium and vertical disruption of the sacroiliac joint by 
more than 1 em constitutes vertical instabiJity. Serial sectioning 
studies have revealed thar division of rhe symphysealligamenrs 
alone leads to an anterior diastasi.s of 2.5 em or less and main
tenance of stability.29 Further scctio11ing of the anterior sacroiliac 
Ligaments and sacrospinous and sacrotuberous ligan1ents (pelvic 
floor) imparts rotational instability. Vertical instability results 
onJy after the posterior sacroiliac ligan1ents are sectioned. Trans
verse process fractures of the L5 vertebrae should raise suspicion 
for pelvic instability secondary co disruption of rhe iliolumbar 
Ligament. Displaced fractures (e.g., superior and inferior pubic 
ramus fractures, sacral or iliac wing fracture) can result in similar 
instability patterns. Because the pelvis .is a true ring strucrure, 
significant anterior displacement must be accompanied by pos
terior disruption. Disruptions in the pelvic ring are LLsuaiJy a 
combination of osseous and ligamentous injury. 

Early recognition of an unstable pelvic ring is essential 
because pelvic instability is associated with potcntiaiJy fatal hem
orrhage. Additionally, these injuries require inte rvention to 

A 

t 
8 

c 

reestabHsl1 the pelvic ring anaromy and minimize late disability. 
Determination of the stability of the i11ju.red hemipelvis must be 
established through a combination of physical examination and 
review of the imaging studies. An anterior defect can sometimes 
be detected by palpation at the symphysis pubis. Rotational 
insrabiliry can be appreciared with lareral compression of the 
pelvis through the anterior iliac spines. Because repeated mrulip
ulation can cause iatrogenic injury. such handling needs to be 
done only once. Vertical instability may be appreciated with 
push-pull radiographs. These are obtained by taking two sepa
rate AP pelvic x-rays, one view with lower extremity traction ru1d 
one with aJ1 axial load applied to the leg on the affected side. In 
90% of cases, the physical exanlinadon ru1d anteroposterior 
pelvic radiograph are sufficient to assess stability and guide 
initial treatment. Anterior injuries are easily identified on this 
projection, and most unstable posterior injuries can also be 
appreciated. 

Detailed classification systems have been developed on the 
basis of the direction of force, stability of the pelvis, location of 
the fracture, or whether it is ru1 open or closed injury. TI1e Young 
and Burgess classification characterizes pelvic ring fracwrcs 
based on the mechanism of injury (Fig. 20-29)} 1 Fracture 

Ill 

FIGURE 20-29. Young and Burgess classifi cation. A. Lateral compression force. Type I, a posteriorly directed force causing a sacral crushing 
injury and horizontal pubic ramus fractures ipsilaterally. This injury is stable. Type II, a more anteriorly directed force causing horizontal pubic 
ramus fractures with an anterior sacral crushing injury and either disruption of the posterior sacroiliac joints or fractures through the iliac wing. 
This injury is ipsilateral. Type Ill, an anteriorly directed force that is continued and leads to a type I or type II ipsilateral fracture with an external 
rotation compornent to the contralateral side; the sacroiliac joint is opened posteriorly, and the sacrotuberous and spinous ligaments are dis
rupted. B, AP compression fractures. Type I, an AP-directed force opening the pelvis but with the posterior ligamentous structures intact This 
injury is stable. Type II, continuation of a type I fracture with disruption of the sacrospinous and potentially the sacrotuberous ligaments and 
an anterior sacroiliac joint opening. This fracture is rotationally unstable. Type Ill, a completely unstable or vertical instability pattern with com
plete disruption <Jf all ligamentous supporting structures. C. A vertically directed force(s) at right angles to the supporting structures of the pelvis 
leading to vertical fractures in the rami and disruption of all the ligamentous structures. This injury is equivalent to an AP type Ill or a completely 
unstable and rotationally unstable fracture. (Adapted from Young JWR, Burgess AR: Radiologic management of pelvic ring fractures, Baltimore, 
1987, Urban and Schwarzenberg.) 
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patterns are divided imo three types {A, B, C), depending on 
the direction of the deforming force. Type A results from a lateral 
compression (LC) force, type B results from an AP compression 
force (APC), and type C results from a vertical shear (VS) force. 
Types A and B fractures are further subdivided into types I, ll, 
and Til parrerns, depending on the an1ounr of ligamentous or 
osseous disruption. Ln bocl1 cases, type I fractures are stable, type 
11 arc rotationally unstable, and type IlT are rotationally and 
vertically unstable. APC-type injuries have the greatest risk for 
retroperitoneal hemorrhage. 1l1e APC III, also knoW11 as ru1 
open book pelvis, significantly increases the volume of the pelvis, 
allowing for massive blood loss in a short period of tinle (Fig. 
20-30). Intrapelvic visceral injuries are also more common with 
rue AP patterns. Mortality in AP compression-type injuries is 
related to a combination of retroperitoneal bleeding and visceral 
injuries. Lateral compression and vertical shear type fractures are 

FIGURE 20-30 AP pelvic radiograph showing the so-called open 
book pelvis. Complete disruption of the anterior and posterior liga
mentous structures leaves this pelvis rotationally and vertically 
unstable. 
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associated with intra-abdominal and head injuries. Whereas 
intrapelvic hemorrhage occurs in LC-type fractures, the most 
common cause of deacl1 in a patient wiili this in jury pattern is 
associated dosed head rrauma. 11 

Hemorrhage in Pelvic Fracture 
In must pelvic fractures, hemorrhage results from disruption of 
the pelvic venous plexus posteriorly and bleeding crulCellous 
bone. Pelvic bleeding from a named artery occurs in less thrul 
I 0% of cases.30 Most bleeding restJting from pelvic fracture 
comes from the presacral venous plexus (Fig. 20-31). As a result, 
initial neatment of hemorrhage must focus on control of venous 
blecdirlg via reduction and stabilizatiOJl of the pelvic ring. 
Reduction leads to a decrease in pelvic volume and tamponade 
of the bleeding vessels through compression of the viscera and 
pelvic hematoma. Stabilization maintains the reduction 
ru1d avoids movement of the bemipelvis, iliereby reducing pain 
and limiting disruption of ru1y organizing thrombus. Because 
reduction and stabili'l-ation alone usually control venous bleed
ing, patients who do not respond to these mru1euvcrs are more 
Likely to have arterial hleeding. 

Stabilization 
Reduction and stabilization of the pelvis can be achieved by 
various mechanical means. When field personnel detect unstable 
pelvic ring disruptions on physical exanlination, they can begin 
treatment by binding cl1e pelvis with a rolled sheet or applying 
pneumatic antishock garmentS (PASGs). Like air splints applied 
to ilie extremities, the:: garmenr fw1ctions by compressing tbt 
pelvis. If applied in cl1e field, PASGs should not be deflated until 
the patient is being resuscitated in the trauma room. A PASG 
has the advantage of case of use, application in the field, and 
reusability. However, it blocks access to the patient and restricts 
excursion of the diaphragm, and there have been reports of 
gluteal and thigh compartment syndromes developing after 
extended use of PASGs in hypotensive patients. Because of thls, 
the use of ilie pelvic binder has become more common. The 
binder can be applied quickly and easily. It effectively reduces 
pelvic volume, whid1 can help control venous bleeding.3 1 
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FIGURE 20-31 Internal aspect of the pelvis 
showing the great vessels and lumbosacral 
plexus. as well as the pelvic floor, bladder, and 
rectum. The anterior column consists of the 
anterior two thirds of the vertebral body and 
the anterior longitudinal ligament The middle 
column indudes the posterior third of the ver
tebral body and the PLL The posterior column 
indudes all bony and ligamentous structures 
posterior to the PLL (From Stover MD, Mayo 
KA. Kellam JF: Pelvic ring disruptions. In 
Browner, BO, Levine AM, Jupiter JB, et al [eds): 
Skeletal trauma: Basic science, management, 
and reconstruction, ed 4, Philadelphia, 2008, 
WB Saunders.) 
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FIGURE 20-32 Pelvic ring disruption with massive hemorrhage. A. AP radiograph of the pelvis showing disruption of the symphysis pubis and 
Sl joint. B. AP view of the pelvis after reduction by the application of a pelvic stabilizer. C. D. Patient with the pelvic stabilizer in the standard 
position and elevated to allow access to the perineum or permit flexion of the hips for change to the lithotomy position. 

However, caution must be used with these devices because they 
can exert dangerously high pressures at the level of the greater 
trochanter and iliac wing, leading to pressure sores if left on too 
long. 32 In addition, in the case of LC-type fractures, binders or 
sheets can overreduce the fracture, putting intrapelvic organs 
at riskY 

Historically, the standard method for controlling pelvic 
hemorrhage has been the application of an anterior external 
fixation fran1e. When applied properly, an anterior pelvic eJ<ter
nal fixator should provide stability to the pelvis and hematoma 
while al lowing access to the abdomen for surgical procedures. 
Although these devices can be applied in the ED. placement is 
frequently deferred until the patient is brought to the operating 
suite. ln these cases, the pelvis can remain d isplaced for many 
hours, with venous bleeding continuing uncontrolled. 

If an external fixator cannot be applied expeditiously, 
another method of provisional stabilization must be used. 
Devices called pelvic C-clamps have been developed that can be 
applied rapidly to reduce and provis.ionally stabilize the pelvis in 
the ED. 1heir .design aUows compression of d1e pelvis dlfougb 

percutaneous pins applied to the outer surface of the ilium, 
and they permit easy access to the abdomen or extremities 
(Fig. 20-32). 'TI1e C-clamps can remain in place throughout tbe 
resuscitation phase and then be replaced by definitive stabiliza
tion methods, when appropriate. Care must be taken in the 
application of these clamps because serious complications can 
resulr from misplacement of the pins or inappropriate use. 

The role of angiography in the diagnosis and manage
ment of pelvic hemorrhage remains controversial. The inci
dence of arterial hemorrhage amenable to embolization is 
approximately I Oo/o. In these cases, arteriography with emboli
zation can be Lifesaving. Although early angiography and 
embolization have been shown to correlate with improved 
patient outcomes, the procedure can be technically difficult, 
time-consuming and not without complications. lts use 
should be reserved for cases in whid1 all other methods of 
hemorrhage control have heen exhausted. Determining who 
will benefit from angiography and embolization is challenging. 
Predictably, the more unstable the fracture pattern, the higher 
the risk of arterial injury. ln a study of 603 patients witb 
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FIGURE 20-33 Treatment a lgorithm for management of 
a patient with an unstable pelvic fracture. (Data from 
Hak OJ, Smith WR, Suzuki T: Management of hemor
rhage in life-threatening pelvic fracture. J Am Acad 
Orthop Surg 17:447-457. 2009; Browner BD, DeAngelis 
JO: Emergency care of musculoskeletal injuries. In 
Townsend C, Beauchamp R, Evers B, Mattox K [eds): 
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Sabiston textbook of surgery, ed 18, Philadelphia, 2008, 
Saunders Elsevier; and Totterrnan A, Dorrnagen JB, 
Madsen JE, et al: A protocol for angiographic emboliza
tion in exsanguinating pelvic trauma: A report on 31 
patients. Acta Orthop 77:462-468, 2006.) 

pelvic fractures caused by bllmt trauma, Salim and colleagues33 

have shown that disruption of tbe sacroiliac (Sl) joint, female 
gender, and dur-ation of hypotension were alJ predictors of a 
positive angiogram. Pelvic packing has long been used as a 
way to stop pelvic b leeding. More recently, a modified form of 
pelvic packing, retroperitoneal packing, has been shown to be 
as effective as embolization in controlling intrapelvic hemor
rhage following pelvic fractllres. ·14 Many prorocols and algo
rithms have been proposed for the management of pelvic 
fracture with hemodynamic .instability.3035 A modified algo
rithm, taking intro account the current data available in the lit
erature, is presented in Figure 2U-33. 

Management 
Initial managemem of a patient with a pelvic ring injury was 
discussed earlier. Long-term defi1citive care ofpelvic ring disrup
tion is dependentt on the pattern ofinjury and its severity. Stable 
fracture patterns usually require no more than restricted weight 
bearing. Frequently, all external fixator can provide definitive 
stabilization of unstable injuries if applkd effectively and reduc
tion is maintained. In cases in wbkb the 6xator may be obstruct
ing access to the abdomen or an. interim C-damp bas been 
applied, ORIF or closed reduction al1d percutalleous fixation 
may be indicated. When rotational or vertical instability is 
present, the anterior and posterior pelvis must be stabilized. 
Anteriorly, the symphysis is often secured with a plate and 

screws. Posteriorly, more options exist. TI1e SI joint or sacral 
fractures can be secured with plates, bars, or percutaneously 
inserted cannulated screws (Fig. 20-34). When only rotational 
instability is present, the posterior ligan1ents are usually onJy 
partialiy disrupted. After the anterior pelvis is secured, pelvic 
ring stability should be reexan1.ined. Often, no posterior fixation 
is necessary. 

Spinal Injuries 
Cervical spine (C-spine) injuries cru1 occur by several mecha
nisms, which can be d ivided into three main categories. TI1e first 
involves direct nauma to the neck itself. 1l1e second mechanism 
involves motion of the head relative to the axial skeleton. This 
injury Call occur by direct trauma to the head or continued 
movement of the head relative to d1e fixed body (whiplash), as 
often occurs in blunt trauma such as motor vehicle accidents, 
when the body is restrained. In attempting to tether the head 
against motion, the cervical spine endures a large bending or 
twisting moment that results in flexion-extension injuries or 
rotational injuries, respectively. A third med1anisrn of cervical 
spine injury involves a direct axial load imparted on the cranium 
that causes axial compression forces across the cervical vertebrae. 
This may result in a hurst fracture and potential spinal cord 
tnjury. This pattern of injury is more commonly seen in tbc 
lumbar spine. An algorithm for diagnosing C-spine injmies is 
presentted in Figure 20-35. 
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FIGURE 20-34 Fixation of unstable pelvic fractu res. A. One transiliac 
screw, one transiliac plate and two left Sl plates were used to stabilize 
the posterior elements in this fracture. B. One transiliac screw and 
one Sl screw were used to stabilize the posterior elements of this 
fracture. Plates were used to stabilize the pubic symphysis. An iliac 
crest plate was used to fix the left iliac wing fracture. 

1l1e spinal cord is divided inro three columns (Fig. 20-36). 
The amcrior column consists of the anterior two thirds of the 
vertebral body as weU as the anterior longitudinal ligament. The 
middle column includes the posterior third of the vertebral body 
and the posterior longitudinal ligament (PLL). The posterior 
column includes aU bony and ligamentous structures posterior 
to the PLL. In general, injury to one column results in a stable 
injury. Injury to two or three columns results in an unstable 
spinal segment. lnstabWty iJl tbe spiJ1al column puts the spinal 
cord at risk. Burst fractures, by definition, involve injury to the 
anterior and middle columns. These fracrures arc to be differen
tiated from compression fractures, which involve the anterior 
column only a:nd are rarely associated with spinal cord injury. 
Burst fractures commonly occur after a fall from a height in 
which an axjal load is trans111itted to the upper axial skeleton 
when the feet strike the ground fusr. Tlus meChanism results in 
a common pattern of fractures, including calcaneus, tibial 
plateau, proximal femur ru1d lumbar burst fracrures (sec Table 
20-1). Depending on the fracture pattern, treatment of spine 
injuries may range from observation to bracing, surgical fixation, 

or external halo fixation. However, treatment of aU injuries 
b<.-gins with strict inm1obilization and spine precautions. 

Burst fractures present with varying levels of bony defor
mity. The amount of instability and neurologic compromise is 
related to the degree of deformity. 1l1e three radiographic mea
sures used m determine the severicy of the injury are body height 
loss, focal kyphosis. and retropulsion of bony fragments into the 
canal (Fig. 20-37). In general. indications for surgical decom
pression and srabiljzation of a lumbar burst fracture include 
retropulsion of more than 50o/o of the spinal canal, 50% body 
height loss, and 25 degrees of focal kyphosis.' Retropulsion and 
focal kyphosis can lead to spinal canal compromise and acute 
cord or cauda equiJ1a compression. Acute compression of the 
spinal cord can lead to spinal shock. To diagnose spinal shock, 
the bulbocavernosus reflex is tested by tugging on the Foley 
cad1eter and looking for an anal. wink. An absent reflex indicates 
spinal shock if the spinal column injury is above the lumbar 
spine. As spinal shock resolves, usually over 48 hours, this reAcK 
returns. Examination at this point will provide a more accurate 
indication of neurologic deficits. TI1e presence of sacral sparing 
(intact periru1al sensation, rectal tone, or great toe flexion) rep
resents at least partial continuity of the white matter long tracts. 

Spinal shock does not occur with burst fractures of the 
lumbar spiJ1e because the cord ends at the Ll-L2 junction. With 
a lumbar level burst fracture, the absence of a bulbocavernosus 
reflex i.ndicates cauda equi:na syndrome, which is a surgical emer
gency. Cauda equina syndrome can also be caused by other 
space-occupying lesions in the lumbosacral spinal canal, such as 
acute iJltervertebral disc hctniation, tumor, epidural hematoma, 
or epidural abscess. Tl1e classic symptoms of cauda equina syn
dromeinclude varying degrees of back paiJ1, bladder dysfLLnction 
(characterized early on by urinary retention, followed later by 
overflow incontinence), saddle anesthesia, lower extremity 
numbness, and/or weakness and reduced rectal tone (a late 
fi11ding). lf cauda equina syndrome is suspected, a MRI should 
be ordered immediately to look for canal compromise. If MRI 
is not available or the patient cannot undergo an MRl, Cf 
myelography can be perforn1ed. When a diagnosis of cauda 
equina syndrome is confirmed, surgical exploration and decom
pression should be performed within 24 to 48 hours.* 

Dislocations 
Dislocation of ru1y joim is considered ru1 orthopedic emergency. 
Prolonged dislocation can lead to cartilage ceJJ death, post
traumatic arthritis, ankylosis, and avascular necrosis. Disloca
tions of major joints (e.g., the shoulder, elbow, hip, knee, or 
ankle) arc particularly concerni11g because of the high risk of 
neurovascular injury. Tl1ese injuries, which are more likely 
to occur in young active patients, can have devastating 
consequences. 

Patient Evaluation 
Most dislocations have characteristic physical findings. After a 
dislocation, muscles around the joint typically become spas
modic, thereby limiting range of motion as the limb assumes a 
distinctive position. In posterior hip dislocations, the thigh is 
held flexed ru1d internally rotated. The affected linlb is often 
shortened and cannot he passively extended. An anterior shou.l
der djslocation causes an externally rotated and adducted arm 
position. Elbow and knee dislocations (most commonly poste
rior) result in an extremity locked in extension (Fig. 20-38). As 
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FIGURE 20-35 Algorithm for imaging 
diagnosis of cervical spine injury. 
(Adapted from l ee Y. Templin C, 
Eisrnont F, et al: Thoradc and upper 
lumbar spine injuries. In Browner, 
BD, levine AM, Jupiter JB, et al [eds] : 

No imaging !Abnormal 

Skeletal trauma: Basic sdence, man
agement and reconstruction, ed 4, 
Philadelphia, 2008, WB Saunders.) 

Anterior Middle Posterior 

FIGURE 20-36 Denis' three-column model of the spine. The anterior 
column consists of the anterior two thirds of the vertebral body and 
anterior longitudinal ligament. The middle column ind udes the pos
terior th ird of the vertebral body and PLL The posterior column 
indudes all bony and ligamentous structures posterior to the PLL 
(From Lee Y, Templin C, Eismont F, et al: Thoradc and upper lumbar 
spine injuries. In Browner, BD, Levine AM, Jupiter JB, et al [eds]: 
Skeletal trauma: Basic sdence, management, and reconstruction, 
ed 4, Philadelphia, 2008, WB Saunders.) 

FIGURE 20-37 lumbar level burst fracture showing 50% retropulsion 
of bony fragments into the canal. 
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FIGURE lQ-38 Posterior elbow dislocation characteristically locked in 
extension. 

with all extremity injuries, a meticulous neurovascular examina
tion must be performed and documented before and after 
manipulation. 

Hip and knee dislocations require special discussion because 
of the extreme consequences of fai I ure to recognize and address 
them in timely fashion. In the case of a hip dislocatioJl, sciatic 
nerve injury, cartilage cell death, and avascular necrosis can 
result from delay in treatment. Of these complications, avascular 
necrosis is the most devastating because of its propensity to cause 
collapse of the femoral head and the subsequent development 
of degenerative joint disease. This problem can lead to the need 
for total hip replacement or hip fusion at a young age. Avascular 
necrosis usually develops in a time-dependcm fashion. [n the 
dislocated position, tension on the capsular blood vessels restricts 
blood flow to the femoral head. If the hip remains dislocated for 
24 hours, avascular necrosis will ensue in 100% of cases. 
Although irreversible damage to the blood supply may occur at 
the time of injury, reduction withiJl 6 hours is generally believed 
to reduce the incidence of ischemic changes. 

Knee dislocations are a common cause of arterial injury 
secondary to the proximity of the popliteal vessels. Prompt 
reduction of these injuries is mandatory, followed by reevalua
tion of vascular status. Some authors have suggested that any 
patient with an acute knee dislocation should have angiography. 
However, this study is a costly procedure, with potential com
plications. 1l1crefore, there has been a shift toward selective 
aJlgiography. Recent data have shown that serial va~cular exami
nations over a course of 24 to 48 hours can detect dinicalJy 
relevant vascular injury.3~ Many have suggested that arteriogra
phy should be performed only in patients with abnormal vascu
lar examination results, iJ1duding decrease in pedal pulses, color, 

or temperature, an expaJlding hematoma about the knee, and a 
history of abnormal examination prior to presentation in the 
ED.1337 1l1e ABI should be i11duded as part of the vascular 
evaluation. Recently, Seamon and associates38 have looked at 
using CTA versus conventional angiography in paticJlts with 
rraumatic extremity injury and an abnormal ABI. 1l1ey found 
tl1at CTA bas 100% specificity aJld sensitivity for detecting 
clinically relevant vascular injury, suggestiJ1g that it may be a 
faster, more cost-effective, aJld less invasive method of evaluatiJ~ 
tl1e vascular tree following traumatic knee dislocations. 

Treatment 
Reduction of dislocations often requires IV sedation ro reduce 
tl1e rnusde spasm at the joint. [n general, proper reduction 
technique of any dislocation includes re-creating the injury; 
gentle traction, and reversal of the injury. For example, in a 
posterior hip dislocation, the position of the hip at the time of 
dislocation was most likely flexed aJld imernally rotated. When 
tl1e hip dislocates, the fen1 oral head usually hinges on the pos
terior wall of the acetabulum, which inhibits reduction. To 
reduce the joint, it should fust be flexed and iJ1ternally rotated, 
unhinging it from the posterior wall. Next, traction will help 
pull t he head back into the acetabulwn. Finally. extension and 
extemal rotation will ensure that the joiJlt remains reduced. It 
is important to use gentle constaJlt traction rather than forceful 
pulling, which allows for muscle spasm relaxation and improves 
patient comfort. If a joint can110t be reduced by closed ruetl1ods 
with adequate sedation, general anesthesia is required. Attempts 
are made ro reduce the joint by closed techniques in the operat
iJlg room, with staff and instruments available for open reduc
tion if this fails. 

Vascular Injuries 

Incidence 
Although the rate of vascular injuries associated with blum and 
penetrating extrentity traw11a is relatively low, the morbidity and 
lin1b loss associated with these injuries are significant. Distal 
ischemia is the most frequent manifestation of vascular injury 
in this setting and overt hemorrhage is less common. 1l1e ortho
pedic injuries most frequently associated with vascular insults 
include posterior knee dislocations, supracondylar hun1erus frac
tures, elbow dislocations, and UJlstable pelvic fractures. Other 
fractures that are less frequently associated with vascular injury 
indude supracondylar femur &acnues. tibial plateau fractures, 
aJld combined tibial-fibular fractures. 

Although upper extremity iJ1juries account for almo.~t 
30% of all peripheral vascular injuries, lower extremity vascu
lar trauma carries a poorer prognosis and is potentially more 
serious. In particular, tl1e popliteal region is prone to ischemia 
for a numher of reasons. There is abundant collateral circula
tion around tl1e knee, but these vessels are fragile and easily 
damaged by direct trauma or adjacent swelli11g. The popliteal 
artery begins at the adductor hiatus, which tethers it to the 
muscular fascia and restricts its movement. 1l1e soleus muscles 
also prevents excursion of the popliteal artery, thus maki11g it 
prone to injury with knee dislocation. In the setting of popli
teal artery thrombosis, lack of high-flow collaterals may lead 
to end-vessel thrombosis m situ secondary to low flow: 
Patency of these vessels is critical in limb salvage. Injuries to 
tl1e superficial femoral artery rarely result in amputation 

http://www.myuptodate.com


EMERGENCY CARE OF MUSCULOSKELETAL INJURIES CHAPTER 20 513 

because of the rich collateral circulation witb the profunda 
femoris artery. Although rarely injured, injury to the profunda 
femoris may be clinically siJent and the diagnosis must be 
made by angiography. 

Management 
Optimal results in treating combiJ1ed vascular and orthopedic 
injuries depend on a ltigb index of suspicion and expeditious 
intervention. A thorough vascular exantination is performed in 
the trauma room, and aU upper and lower extremity pulses are 
evaluated. Color, temperature, and the presence of pain or 
paresis are notedl. Systolic pressure rn tbe arm and at tbe ankle 
is recorded, and the ABI is calculated by dividing ankle pressure 
by brachial pJ:essure. ln tbe absence of chro1tic peripheral vascu
lar disease, the index should be higher than 0.90. Usually, ABfs 
and pulses are symmetrical bilaterally. Audible bruits over blood 
vessels at affected areas may sig1tify arterial rnjury or a traumatic 
fistula. Abnormal swelling may indicate deep vessel injury or 
rupture. Any pul.se deficit or ABI less thaJl 0.90 warrants formal 
arteriography. Prolonged or severe ischemia mandates immedi
ate operative exploration. L1traoperative arteriography may be 
useful in planning vascular reconstruction if a vascular injury is 
present without critical ischemia. Direct arterial exploration of 
suspected rnjuries is warranted for open fractures. 

Staging of skeletal stabilization and vascular repair should 
be rndividualized. When treatrng a fracture with an associated 
vascular injury, the order of fracture fixation and vascular 
repair is controversial. If the vessel is repaired first, the repair 
may be stretched or even dan1aged when the bones are pulled 
out to length. If tbe bone is fixed first, the extremity may 
suffer the effects of prolonged ischemia. Generally, vascular 
reconstruction precedes fracture fixation to restore lrn1b perfu
sion. Disruption of tbe vascular repair after orthopedic fixa
tion is rare, provided that the repair is performed with limb 
length restored. lf there is significant shortc1ting accomp any
ing the fracture, placement of a temporary external fixator or 
femoral distracter is a fast and effective way to obtain appro
priate limb length during vascular repair. The ipsilateral and 
contralareral limbs are prepared widely to allow access to the 
distal vessels and contralateral saphenous vern. Fasciotomy is 
performed before vascular repair if compartment syndrome is 
suspected. In knee dislocations, it is advisable to release the 
compartrueJ1 ts of tbe lower part of d1e leg because of the 
cbance of reperfusion injury a11d the development of compart
ment syndrome. Proximal and distal control is obtained before 
exploration of the hematOma. The artery and vein are carefully 
inspected and the injury is assessed. 

ln unstable fractures, the use of indwelling rntraoperatlve 
shunts allows for stabilization of the fracture before definitive 
vascular repair. Studies have shown that this technique is effec
tive for restoring limb perfusion, with relatively low complica
tion rates.39 Standard carotid endarterectomy shunts are often 
used in tltis setting. Proximal and distal thrombectomy is per
formed before shunt placement or repair. Frequently, arterial 
resection is necessary to obtain acceptable margins, and a 
saphenous vern graft is used if prrn1ary repair wi thout tension 
is not possible. A completion arteriogram is routiJ1ely obtaiJled 
because limb salvage depends on arterial patency. All major 
vern rnjuries are repaired to increase the patency rate of the 
arterial repair and prevent the sequelae of chronic venous 
congestion. 

COMMON LONG BONE FRACI\JRES 

Femur Fractures 

Epidemiology and Significance 
Femur fractures occur ar a rare of 1/10,000 people/year. A closed 
femoral shaft fracture .is considered a major injury when calculat
ing the injury severity score (ISS). Therefore, another major 
injury in aJ1Y other organ system qualifies the patient as multiply 
injured. With the exception of pathologic or insufficiency frac
tures in older patients, these fractures arc the result of a high
energy injury. Frequently, these injuries lead to significant 
bleeding. Because of the geometry of tbe thigh, several units of 
blood CaJ1 be lost into the tissues, with little external evidence 
of bleeding. Transfusion with packed red blood cells is often 
necessary. In addition to concerns about bleediJ1g, the treating 
tean1 should have a high suspicion of concomitant femoral neck 
fractures for all patients with femoral shaft fractures. As noted, 
there is almost a 10% incidence of these associated injuries. 

Initial Management 
All femur fractures must be immobilized before the patient is 
transported from the scene of the accident. Without immobili
zation, displaced femoral shaft fractures CaJ1 cause increased 
edema., bleeding, and further damage to the surrounding soft 
tissues. Contrnued motion at the fracture site also results in 
increased fat emboliz.ation ru1d contributes to the development 
of ARDS. Proper immobilization hegins with in-line traction, 
which decreases tl1e diaJTieter uf the thigh compartment, reduc
ing its volun1e. 1l1e soft tissues are then under tension a11d can 
tamponade bleeding at the fracture site. As noted earlier, rn-line 
tractiOJ1 in the field CaJ1 be accomplished with a bare traction 
splint (see Fig. 20-22).11 For patients in extremis, a posterior 
splint alone will suffice untiJ formal traction or immobilization 
can be achieved. lf time aUows, a traction prn can be placed 
through the proximal tibia to provide skeletal traction aJld allow 
access to the distal femur (see Fig. 20-21). Up to 10% of a 
patient's body weight can be applied to properly placed skeletal 
tractioJl. 

Definitive Stabilization 
T iming of defiJtitive fixation of femoral shaft fractures is con
troversial. Until the end of tbe 20th century, delayed fixation of 
femoral fractures, sometrn1es up to 2 weeks after the irtitial 
injury. was the standard of care. However. in the early 1990s, 
tbanks iJl large part to the work of Bone and coworkers,8 there 
was a paradigm shift toward early fixation of these fractures. Tills 
prospective raJldomlzed trial of 178 patients with femur frac
tures showed a decreased rate of ARDS, fat embolism, and 
pneLm1onia, as well as shorter hospital stays, decreased days rn 
the intensive care wtit (ICU), and decreased cost of hospitaliza
tion for patients with femur fractures who were fixed within 24 
hours of the injury, as opposed to those fixed after 48 hours. 
Immediate fixation leads to earlier mobilization, prevention of 
DVT and decubitus ulcers, easier nursing care, and decreased 
need for analgesia. Furthermore, the magnitude of fat cmbolized 
is also decreased.8 TakCJl together, these factors cru1 significantly 
improve pulmonary status and decrease the rncidcncc of ARDS. 
11lis benefit is magnified as the ISS increases. L1 patients with 
severe trauma (ISS> 40), delayed fixation of femoral shaft frac
tures leads to a fivefold rncrease in the incidence of ARDS. 
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More recent studies, however, "have suggested that immedi
ate definitive fixation offemoral fractures in the multiply injured 
patient may no t al low time for adequate resuscitation, leading 
to higher mortality rates. [n a retrospective analysis of 3069 
patients with multisystem trauma who underwent internal fixa
rion of femoral shaft fracrures, Morshed and colleague? found 
a significantly increased mortality rate in patients fixed withi11 
12 hours when' compared with those fixed between 12 and 24 
hours, bet\veen 48 and 120 homs, ru1d more than 120 hours 
from the tin1e of injury. This increase in mortality has been 
attributed to the so-called second hit phenomenon.40 The initial 
trauma leads to an in£lan1matory response. The trauma of the 
surgery further increases ellis response, increasing levels of pro
inflarnJllatory cytokines, which have been implicated in the 
development of ARDS. Morshed's paper suggested that patients 
with severe abdominal injury show the greatest benefit from 
delayed fixation; however, current recommendations also include 
hypotl1ermia, coagulopathy, excessive intracra11ial pressure, and 
high pulmonary shw1ting a~ contraindications to immediate 
stabilization.41 1hc findings in femoral fracture studies have been 
broadened to support immediate fixation of all long hone frac
tmes, but defini tive studies bave not yet been carried out. 

The fixation of femoral shaft fractures ha~ become fairly 
wliform. The treatment of choice for closed fractmes and types 
I through l ilA open fractures is closed, locked IM nailing. In 
contrast to open reduction methods, closed 1M nailing reduces 
bleeding and soft tissue disruption at the fracture site. These 
nlinin1ally invasive techniques reduce perioperative stress and 
decrease the incidence of infection and nommion. Treatment of 
types UIB and me open femoral shaft fractures is usually staged, 
with immediate I&D and external fixation followed by 1M 
nailing or plating when there is sufficient soft tissue coverage of 
the bone. 

Tibial Shaft Fractures 

Epidemiology and Significance 
Almost 26 tibia fractures occur per 100,000 people/year. The 
incidence has increa~ to approximately 500,000 cases in the 
United States ru111 ually. Fractures of the diaphysis of the tibia 
occur by direct and indirect mechrulisms. Common mechanisms 
are bumper injuries, gunshot wounds, and bending or torsional 
injuries wiili a fumly plruued foot. Because of d1e anatomy of 
the blood supply in the lower leg and the high energy involved 
in d1ese injuries. treatment of tibial shaft fractures can present 
many difficulties. Further complicating matters, approximately 
24% of all tibial shaft fractures arc open injuries.ll 

Blood Supply 
Tibial shaft fractmes tend to be slow healing as a result of their 
tenuous blood supply ru1d linllted soft tissue envelope. A single 
nutrient artery that brru1ches from the posterior tibial artery 
serves the entire diaphysis. It enters the medullary canal and 
travels proximally and distally to anastomose wiili metaphyseal 
endosteal vessels. Although there is some contribution from the 
penetrating branches of the periosteal arteries that supply the 
outer third of the cortex, a diaphyseal fracture can ea~Uy com
promise the nmrient arterial blood supply. Conconlitant soft 
tissue stripping may leave aJ1 entire segment of tibia devascuJar
ized. This fragile environment predisposes tibial shaft fractures 
to impaired healing and, with open fractures, to osteomyelitis. 

Table 2o-6 Nerves to the Foot 
NERVE SENSORY MOTOR 

Deep 
peroneal 

First dorsal web space Great toe dorsiflexion 
(extensor hallucis longus) 

Superficial Dorsum of foot Eversion (peroneals) 
peroneal 

Tibial Plantar surface of foot Great toe Rlantar flexion 
(flexor halucis I on gus) 

Sural lateral heel None 

Saphenous Medial malleolus None 

Associated Soft Tissue Injuries 

Aside from injuries to the overlying skin and muscle, tibial shaft 
fractures often have other associated soft tissue inj uries. Liga
mentous injuries causing knee instability are not LUlcommon 
and are often identified later as a source of continued morbidity. 
The incidence of compartment syndrome il1 tibial shaft fractures 
is as high a~ 9%, so close moni toring of patient symptoms ru1d, 
if necessary, compartment pressures. is ilnporrant. 

N eurovascular injury should always be suspected and a 
careful examination must always be performed. The dorsalis 
pedis and posterior tibial arterial pulses should be palpate.d and 
capitlary refiU assessed. lf i.njury is suspected, a Doppler probe 
can be used to assess arterial blood flow further. ABis should 
also be calculated. 

Neurologic exan1inat.ion il1dudes assessment of all five 
major nerves that travel distally in the leg (Table 20-6). 'TI1e deep 
peroneal nerve, traveling in the anterior compartment, can be 
evaluated by testing fuse dorsal web space sensation and foot and 
toe dorsiflexion. Testing sensation along the dorsum of the fo<>t 
ru1d eversion strength cru1 assess the superficial peroneal nerve, 
which travels ill the lateral compartment. The tibial nerve travels 
in the deep posterior compartment and provides sensation to 
the sole of the foot and motor function to the foot and toe 
plru1tar flexors. The sural and saphenous nerves travel superfi
cially to the muscular compartments. TI1ey are both pure sensory 
nerves. TI1e sural nerve supplies sensation to the lateral aspect of 
the heel ru1d the saphenous nerve supplies sensation to the 
medial malleolus. 

Management and Treatment 
Management and treatment of tibial shaft fractures have evolved 
over c:hc years. A dosed fracture wi th minimal displacemenr can 
be treated by cast inlmobilization and functional bracing. 
H owever, almost all moderate ru1d severe fractures benefit from 
surgical stabilization. Reamed IM nailing is the teclmique of 
choice, when appropriate. 

Plate fixation has fallen out of favor for diaphyseal fractures 
because of d1e high risk for wound-healing complications. 
However, it remains a valuable treatment option for diaphyseal 
fi-actures iliat extend proximally or distally into ilie metaphysis, 
which are less amenable to 1M stabilization. Newer percutaneous 
plating techniques have improved the results of plate fixation by 
limitil1g surgical dissection in rbe zone of i11jury. When the 
patient's condition or d1e condition of the soft tissues about the 
leg preclude definitive fixation, external fixation continues to be 
a viable temporizing option for the treatment of tibial shaft 
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fractures. AJthough it is generally reserved for temporary stabi
lization, with a good reduction, an external hxator can be used 
a~ definitive fixation. For complex fractures, a ringed external 
fixator is a powerful tool for correcting significant deformity or 
bony defects. 

Humeral Shaft Fractures 

Epidemiology and Significance 
HLU11eral shaft fractures represent 3o/o to 5% of all fractures in 
adults. There is a bimodal distribution of incidence, with a small 
peak in the third decade for young men and a larger peak in the 
seventh decade for women. In younger pariems, the injury is the 
result of high-energy trauma, whereas in older patients these 
fractures tend to be the result of osteoporosis. Most humeral 
shaft fractures can be treated nonoperativdy. Studies have shown 
more than 95% union in those fractures treated without 
surgery.42 lJl addition, the mobility of the shoulder and elbow 
joints will toleraJte up to 15 degrees of malrotation, 20 degrees 
offlexlon-extension deformity, 30 degrees of varus-valgus defor
mity, and 3 em of shortening, without significant compromise 
in function or appearru1ce. 

A thorough neurovascular cxaJUination is imperative for 
patients with humeral fractures. There is up to aJl 18o/o incidence 
of radial nerve injury in humeral sbaft fractures. With distal 
third spiral fractures (the so-called Holstein-Lewis fracture), the 
iJ1cidence is even higher because the radial nerve is at risk as it 
courses distally in the spiral groove {Fig. 20-39). In the uauma 
setting, right-sided humeral shaft fractures can be predictive of 
concomitant injury to the Liver and other intra-abdominal 
organs. 

FIGURE 20-39 Holstein-Lewis fracture of the humeral shaft. This 
patient had no radial nerve function at presentation. At the time of 
surgery, the nerve was found to be intact, but interposed betvveen 
two fracture fragments. Full radial nerve function returned by 6 
months. 

Treatment 
Various nonoperative options exist for treating humeral shaft 
fractures- banging arm casts, coaptation splints, sling and 
swathe, and functional bracing are all still used ul the treatment 
of these fractures. Typically, a coaptation splint is applied in the 
acute setting and subsequemly replaced by a func£ional fracwre 
brace after the initial painful fracture period has passed {3 to 7 
days). Patients are then allowed free elbow flexion-extension aJld 
arm abduction to 60 degrees. Gravity serves to correct alignment 
and to pull the bones out to length. Motion is encouraged to 
stimulate fracture healing because the hydraulic compression 
created by muscle contraction helps achieve fracture union.~ 

lo certain circumstances, operative ultervention is indi
cated. Failed closed reduction, intra-articular fractures, ipsilat
eral forearm or elbow fractures (floating elbow), segmental 
fractures, open fractures, and polytrauma patients all benefit 
from surgical management. Morbid obesity is a relative indica
tion for operative treatme.nt of these fractures. Obesity reduces 
the effectiveness of a fLU1ctional fracture brace aJld the relatively 
abducted resting position of the arm in aJl obese patient leads 
to a high incidence of varus malunion. Of patient.~ with radial 
nerve palsies, 70o/o to 90o/o are neurapraxia~ ru1d recover spon
taneously over 3 to 6 months. Surgical intervention for patients 
with radialnerw palsy following blUlleral shaft fractures is con
troversial. An algorithm for treatment of this problem is pre
sented in Figure 20-40. Operative options include lM nailing, 
plate and screw fixation, and external fixation. 

CHALLENGES AND COMPLICATIONS 

Missed Injuries 
Missed musculoskeletal injuries account for a large proportion 
of delays in diagnosis within the first few days of care of a criti
cally injured patient. Clinical reassessment of trauma patients 
withiJ1 24 hotLrs has reduced the inddence of missed injuries by 
almost 40%. Patients should be reexanlined as they regain con
sciousness aJld resume activity. Repeat assessments should be 
routinely performed in all patients, especially unstable and neu
rologically impaired patients. The tertiary tralUllasurvey includes 
a comprehensive examination and review of laboratory results 
aJ1d radiographs within 24 hours of initial evaluation. Specific 
inju.ry patterns should be reviewed closely, especially in patients 
with multiple injuries and severe disability. External soft tissue 
trauma may be indicative of a more severe LU1derlying injury. 
Missed cervical spu1e trauma occurs in 5% of all spu1e injuries 
aJld can potentially lead to paralysis and death.43 Formal radiol
ogy rounds can facilitate increased recognition of occult 
injuries. 

Drug and Alcohol Use 
The incidence nf drug and alcohol use in patients with muscu
loskeletal injuries has been reported to be as high as 50o/o. 
Almosc: 25o/o of all patients test positive for two or more drugs.44 

Alcohol aJld drug use result in more severe orthopedic injuries 
and more frequent injuries requiring longer hospitali7..ation. 
Associated complications include those from cocaine use, such 
as fever, hypertension, acute myocardial ischemia, arrhythmias, 
and stroke. Cocaine can also facilitate cardiac arrhythmias when 
combined with halothane, nitrous oxide, and!or ketanline. Fur
thermore, the use of alcohol or drugs can adversely affect the 
administration of premedicacing drugs. Prophylaxis for delirium 
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FIGURE 20-40 Algorithms for management of a patient presenting with a humeral shaft fracture with (A) and without (B) radial nerve palsy. 

tremens in postoperative patients shouJd be performed when 
indicated. lnpatienr detoxification consultation shouJd be 
obtained before dlsd1a.rge. 

Thromboembolic Complications 
When compared with patients with isolated injuri.es, multiply 
injured patients have an increased incidence of thromboembolic 
complications, including DVT and pulmonary embolism (PE; 
Fig. 20-41). In their study of venous thromboembolism (VTE) 
in trauma patients, Geerts and associates45 have shown an overall 
iJ1cidence of58 o/o, with an 18% incidence of proximal clots. 1l1e 
incidence of pulmonary embolism in major trauma patients 
ranges from 2% to 22% and it is the third leading cause of death 
iJ1 these patiems.46 In addition to multiply injured trauma 
patients, patients undergoing elective neurosurgical, orthopedic, 
and oncologic surgery are also at increased risk for VTE. Long 
bone fractures, pelvic fractures, advanced age, spinal cord inju
ries, and surgical procedures are associated with an increased risk 
for VTE in trauma patients. 1l1e most common forms of phar
macologic prophylaxis include adjusted-dose uJlfractionated 
heparin, low-molecular-weight heparin (LMWH), warfarin, and 
aspirin. In addution, hirudin, a selective thrombin inhibitor and 
fondaparinlJ}(, an iJlbibitor of factor Xa, have bcCil used for 
prophylaxis in elective hip and arthroplasty. Other forms of 
prophylaxis include mechanical devices, such as foot pumps and 

FIGURE 20-41 CT angiogram showing a large PE completely occlud
ing the right pulmonary artery (solid arrowhead) and a smaller PE 
ocduding one of the segmental brandles of the left pulmonary artery 
(open arrowhead). 
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sequential calf compression pumps, and barrier devices, such as 
inferior vena cava (IVC) filters. 

It is generally agreed that propl1ylaxis is critical for a 
high-risk trauma patient. Two controversial issues in the pre
vention of VTE .in a trauma patient are currently being 
debated. 1l1e first is the role of venous surveillance. Some phy
sicians recommend routine duplex surveillance to detect 
thromboembolic events because the i11cldence of proximal 
DVT reported in some studies is higher than previously sus
pected. More recent literature, however, suggests that tlus is 
not necessary and that routiJ1c scree1lli1g should be performed 
onJy for patients who are at high risk for VTE (e.g., iJ1 the 
presence of a spinal cord injury, lower extrenucy or pelvic frac
ture, or major bead injury) and who have not received ade
quate thromboprophylaxis.46 1l1e second issue is appropriate 
prophylaxis. Adjusted-dose heparin and LMWH are currently 
the most common forms of prophylaxis. However, in a ran
domhed study comparing low-dose unfractionated heparin 
wirll LMWH, Geerts and coworkers45 documented all overall 
44% incidence of DYT in trauma patiems receiving low-dose 
tmfractlonated hepariJ1 versus 31 o/o in those receiving enoxapa
rin. 1l1ere was a slight increase in major bleeding in the 
enoxaparin-treatcd group; however, in none of the patients did 
the hemoglobm level drop by more than 2 g/ dL. 

fn the most recent edition of the evidence-based recom
mendations for prevention of VTE, the AmericaJl College of 
Chest Surgeons (ACCS) recommended the use of routine pro
phylaxis with LMWH while the patient is in the hospital. ln 
patients wirll impaired mobility or those going to an inpatient 
rehabilitation facility, they recommended discharge on 
LMWH or warfarin (with an mternational normalized ratio 
[JNR] goal of 2.0 to 3.0). ln patients with a contraindication 
to anticoagulation, they recommended the use of intermittent 
pneumatic compression devices. These devices deliver sequen
tial rhythmic compression to the calf and/or thigh and can 
help reduce the rate of DVT in trauma patients. 1n patient.~ 
with lower extrenuty fractures or wounds, foot pumps should 
be used. Fmally, the ACCS recommended against the routine 
use of IVC filters for patients at high risk of YTE. Because of 
the potential compHcations of filter placement, iJ1cluding 
n:Ugration of the filter, bleeding duriJ1g or after placement, or 
filter thrombosis, these devices should be reserved for patients 
with known proximal DVT alld either an absolute contraindi
cation to chemical anticoagulation or impending major 
surgery. 1n either case, they recommended starting therapeutic 
anticoagulation as soon as the contraindication resolves.46 

Further researclJ in tlus area is needed to determine the effi
cacy and safety of some of me newer agents for trauma 
patients with orthopedic i11juries. 

Pulmonary Failure: Fat Emboli Syndrome and 
Adult Respiratory Distress Syndrome 
Fat en1boli syndrome (FES) is a condition cl1aracterized by 
respiratory distress, altered mental status, alld skiD petechiae. 
First described in humans in 1862, it occu.rs i.n multiply mjured 
patients, especially those with orthopedic mjuries. Clit1ical signs 
are evident hours to days after an iJljury involving long bone or 
pelvic fracrures. Although fat embolization may occur in as 
many as 95% of traumatized patienrs, the incidence of FES 
ranges from I% to 19%.47 ln patients with isolated long bone 
fractures, tl1e incidence is between 2% and 5%. 1n a multiply 

injured patient with long bone or pelvic fractures, the incidence 
of FES is as high as 19%. Marrow fat from the fracture site is 
believed to enter the pulmonary circulation, where it causes 
activation of the coagulation cascade, platelet dysfLmction, 
release of vasoactive substances and inflanlffiatory cytokines, and 
subsequent neurrophil infiltrarion.48 1l1e rrearmenr of FES is 
mostly supportive, but a recent meta-analysis by Bedem1a11 and 
colleagues49 has shown that the use of corticosteroids in patients 
with multiple long bone fractures reduces the rate of FES by 
78% without significantly increasing the risk of complications 
related to treatment of the fractures. Before the advent of modern 
ICU care, mortality rates in patients with FES were reported to 
be as high as 20%. Although that rate has dropped because of 
more modem resuscitative and supportive treatments (7% to 
I Oo/o), mortality from FES is still a significant concern.47 

F ES may represent a subset of ARDS. ARDS is a pulmo
nary failure state defined as a Paoz{Fl~ ratio lower than 200 
regardless of the level of positive end-expiratory pressure (PEEP), 
a pulmonary artery occlusion pressure of 18 mm Hg or less, or 
bilateral diffuse infiltrates on chest radiographs in the absence 
of congestive heart failure.w Early fixation of fractures has been 
shown to reduce the iJ1cidence of FES and ARDS in trauma 
patients; however, there has been some debate over whether the 
metl10d of fixation affects the incidence of FES. 1n theory, 1M 
nailing causes an increased embolic load, which could lead to 
aJl increased incidence of FES, but clinical and experimental 
studies have suggested that the presence of chest injury, not the 
method of fracture fixation, is responsible for ARDS.41 1llere
fore, in patients with an acute chest injury with conconutant 
long bone fractures, it may be advisable to delay definitive fixa
tion of the fracture until the patient's pulmonary status has 
stabilized. 

POSTOPERATIVE MOBILIZATION 
1l1e benefits of early fixation and mobilization of multiply 
mjured patients have been discussed. However, a distiJlction 
between mobilization and weight bearing is essential. Mobiliza
tion is transfer of the patient from the supme position, either 
under the patient's own power or with the help of nurses and/ 
or therapists. This mcludes turniJ1g tl1e patient every shift by 
the nurse, sittmg up m bed, or transferring the patient to a 
chair. All patients should be mobilized by the first or second 
poswperative day if meir general condition permits. Mobiliza
tion helps prevent the development of pulmonary and septic 
complications. 

Weight bearing, in contra~t, is transmission of a load 
through all extremity. For a patient to be allowed to bear weight 
on an injured extremity, the following three conditions must 
be met: 

1. There must be bone to bone contact at the fracture 
site as demonstrated intraoperatively or on postre
duction radiographs. Without contact of the fracture 
ends, the fixation devices will be subjected to all the 
stresses applied to the extremity, which will frequently 
result in failure of the fixation. 

2. Stable fixation of the fracture must be achieved. By 
cdefu1ition, stable fixation is not disrupted when sub
jeered w normal physiologic loads. Stable 6xarion is 
dependent on a number of factors. Fixation may be 
less than ideal in patients with osteopenic bone or 
severely comminuted fractures. When excessive loads 
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are anticipated, such as with heavy or obese patients, 
the typical fixation mar not be adequate. 

3. l11e patient must be able to comply with the weight
bearing status. Frequendy, reliability of the patient is 
a significant consideration in the determinatio11 of 
weight-bearing status. Social, psychological, or emo
tional ci~rcumstances can affect a patient's abil ity to 
comply with weight-bearing restrictions. 

Unless all three criteria are met, the fixation will need to 
be protected with restricted weight-bearing status. Touch-down 
weight bearing (TDWB) allows the patient to place the foot of 
hls or her affected extremity flat on the floor, without bearing 
any of the patient's body weight. TDWB is often permitted in 
patients with injuries around the hip and allows extension of the 
hip and knee and dorsiflexion at the ankle. 1l1is natural position 
relaxes the hip musculature and minimizes joint reactive forces. 
Cmtch walking with the foot off the floor (non-weight bearing 
[NWB]) leads to a significant increase in force across the bip 
joint because of contraction of the muscles about the hip. Toe
touch weight bearing (TTWB), a phrase often used synony
mously with TDWB, is an unforttmate use of terminology. Most 
patients attempt to walk while touching only rl1e toe of the 
injured extremity to the ground. ln this position, the hip and 
knee are flexed and the ankle is held in equinus. When this status 
is maintained for any significant amount of time, contracture.~ 
at the hip, knee, and ankle are common. For this reason, use of 
this terminology is d iscouraged. 

Pardal weight bearing (PWB) is defined in terms of the 
percentage of body weight applied to an injured extremity. It is 
gradually increased as the fracture gains stability through healing. 
With the use of a scale, d1e patient can learn what different 
amounts of body weight feel like. When a fracture and the 
patient are stable enough to withstand normal loads, weight 
bearing as tolerated (WBAT) is instituted. It is believed that 
reliable patients limit their own weight bearing according to 
their pain. 

Even when weight bearing is not allowed, mobilization of 
affected and adjacent joints is typically performed within a few 
days. After surgical treatment, joints are typically immobilized 
briefly and then allowed passive or active range of motion in bed 
if weight bearing is not prudent. Early joint mobilization 
decreases the LiJ<dihood of fibrosis and therefore increases early 
mobility. Furthermore, joim motion is necessary for the good 
healili of artimlar cartilage. Cartilage is nourished from synovial 
fluid most efficiendy when the joim is moving. Early joint 
mobilization has become a basic tenet of orthopedic care and 
has led to a decrease in the morbidity associated with musculo
skeletal injuries. 

SUMMARY 
In the setting of acute trauma, preservation of a patient's life 
takes precedence over preservation of a limb. However, il1juries 
to d1e extremities and axial skeleton may be life-dlfeatening in 
rare circumstances (e.g., hemorrhage secondary to vascular 
injury from pelvic or long bone fractures). 1l1ese must be rec
ognv..ed early and managed appropriately. Once the critical 
period has pa<;sed, musculoskeletal i_njuries are a major cause of 
post-traumatic morbidity, as demonstrated by increased health 
care costs, lost work days, physical disability, emotional distress, 
a11d diminished quality of Life. Accordi11gly, it is essential that a 
detailed and complete extremity ru1d axial musculoskeletal 

survey be performed on every patient, injuries be identified early. 
and the consulting ortbopedk surgical team be notified of the 
specifics of these injuries in a timely fashion. It is essen tial that 
the trauma team have a high index of suspicion for the ordlO
pedicemergencies discussed for any patient who bas experienced 
high-energy rrauma. Moreover, the parienr should not be trailS
ported from the trauma room, unless necessary for lifesaving 
iJlterventions. w1til the orthopedic team has evaluated ru1d sta
bilized the involved extremity to protect it against further injury 
ru1d morbidity. Finally, appropriate treatment of musculoskeletal 
i11juries is a multidisciplinary undertaking. With cooperation 
and collaboration of all treating teams-general surgery, vascular 
surgery, neurosurgery, plastic surgery, internal medicine, and 
physical therapy-we will be able to ensure the best possible 
outcome for our patients. 
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SUMMARY 

More than 500,000 burn injuries occur rumually in the United 
States.• Although most of these burn in juries are minor, approxi
mately 40,000 to 60,000 burn patients require admission to a 
hospital or major burn center for appropriate treatment. 1l1e 
devastating consequences of burns have been recognized by the 
medical community and sigruficrun amounts of resources and 
research have successfully improved these dismal statistics.2 

Specialized burn centers {Box 21-1) and advances in therapy 
strategies, based on improved tmderstanding of resuscitation, 
enhanced wow1d coverage, more appropriate infection control, 
improved treatment of inhalation injury, ru1d better support of 
the hypermetabolic response to injury have further improved 
the clinical outcome of this unique patient population.3 

However, severe bun1s remain a devastating injury, affecting 
almost every org-ru1 system and leading to significant morbidity 
and mortality.4•5 

CAUSES 
There is no greater trawna than a major burn injury, which can 
be classified according to different burn causes and different 
depths (Box 21-2). Of aU cases, almost 4000 people die of 
complications related to thermal injtuy.6 As in aU trauma-related 
deaths, burn deaths generally occur immediately after the injury 
or weeks later as a result of multisystem orgru1 failure. Of all 
burns, 66% occur at home and fatalities are predomiJ1ru1t in the 
extremes of age, the very young and older adults. The most 
common causes are flame and scald burns. 7 Scald burns are most 
common in victims up to 5 years of age. TI1ere is a significru1t 
percentage of bmns in children that are caused by child abuse. 
There are a number of risk factors that have been linked to burn 
injury- specifically age, location, demographics, ru1d low eco
nomic status.8 TI1ese risk factors underscore the fact that most 

burn injuries and fatalities are preventable and mandate inter
ventiOJl ru1d prevention strategies. Overall, no single group is 
immune to the pubHc health debt caused by burns. 

Location plays a major role in the risk and treatment of 
burn. The available resources in a given community greatly influ
ence morbidity and mortality. A lack of adequate resources 
affects the education, rehabilitation, and survival rates of burn 
victims. Someone with a severe burn in a resource-rich environ
ment can receive care within minutes, whereas a burned indi
vidual in an austere environment may suffer for an extended 
period waiting for care. The ideal treatment of burns requires 
the collaboration of surgeons, anesthesiologists, occupational 
therapists, physiotherapists, nurses, nutritionists, rehabilitation 
therapists, ru1d social workers just to accommodate the basic 
needs of a major burn survivor.? Any delay in reaching these 
resources compounds a delay in resuscitation and thus adds to 
the mortality risk.1° For those who have access to adequate burn 
care, survival from a major burn is the rule, no longer the excep
tion. The survival rate for aU bllfns is 94.6%, but for at-risk 
populations, in communities lacking medical, legal, and public 
health resources, survival can be almost impossible.7 

PATHOPHYSIOLOGY OF BURN INJURIES 

Local Changes 
Locally, thermal injury causes coagulative necrosis of the epider
mis and nnderlying tissues, with the depth of injury dependent 
on the temperature to which the skin is exposed. the specific 
heat of the causative agent, and the duration of exposure. Burns 
are classified into five different categories of cause and depth of 
injury. 1l1e causes include injury from Ban1e (fue), hot liquids 
(scald), contact wid1 hot or cold objects, cl1emical exposure, 
ru1cllor conduction of electricity (Box 21-2). The first three 
induce cellular daJllage hy the transfer of energy, which induces 
coagulation necrosis. Chemical bllfns and electrical burns cause 
direct injury to cellular membranes in addition to the transfer 
of hear ru1d can cause a coagulation or colliquation necrosis. 

1l1e skin, whiclJ is the largest organ on the human body, 
provides a statmch barrier in the trru1sfcr of energy to deeper 
tissues, thus confining much of the injury to this layer. Once 
the inciting focus is removed, however, the response of local 
tissues can lead to injmy in the deeper layers. The.:: area of cutane
ous or superficial injury has been divided into three zones- w ne 
of coagulation, zone of stasis, and zone of hyperemia (Fig. 2 1-1). 
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The necrotic area of burn where cells have been disrupted is 
termed thezolleofconguftttion. This tissue is irreversibly damaged 
at the time of injury. 1l1e area immediately surrounding the 
necrotic zone h as a moderate degree of insuJr, with decreased 
tissue perfusion. This is termed the zone ofstttsis and, depending 
on the wound environment, can survive or go on m coagulative 
necrosis. The zone of stasis is associated with vascular damage 
and vessel leakage. 1luomboxanc A2, a potent vasoconstrictor, 
is present in high concentrations in burn wounds, and the local 
application of inhibitors improves blood flow and decreases the 
zone of stasis. Antioxidants, bradykiJtin antagonists, and subat
mosplleric wound pressures also improve blood flow and affect 
the depth of injury. Local endothelial interactions with neutro
phils mediate some of the local inflammatory responses associ
ated with the zone of sta~is. Treatment directed at the control of 
local inflamma·tion immediately after injury may spare the zone 
of stasis, indicated by studies demonstrating the blockage of 
leukocyte adherence with anti-CDI8 or anti-interceUular adhe
sion molecules; monoclonal antibodies improve tissue perfusion 
and tissue survival in animal models. The last area is termed the 
zone of ~ypem11in, which is characterized by vasodiJacion from 
inflan1mation surrounding the burn wound. 1l1is region con
tains the clearly viable tissue from whkh the healing process 
begins and is gcneraUy not at risk for further necrosis. 

Burn Depth 
1l1e depth of iburn varies, depending on the degree of tissue 
damage. Burn depth is classified into degree of iJ1jury in the 
epidermis, dermis, subcutaneous fat, and undc::rlying structures 
(Fig. 21-2). First-degree burns are, by definition, injuries 

BOX 21-1 Burn Unit Organization and Personnel 

Experienced burn surgeons (burn unit director and qualified 
surgeons) 

Dedicated nursing personnel 
Physical and occupational therapists 
Social workers 
Dietitians 
Pharmacists 
Respiratory therapists 
Psychiatrists and clinical psychologists 
Prosthetists 

Epidermis 

Dermis 

Zone of 
coagulation 

Zone of 
stasis 

Zone of 
hyperomla 

confined to the epidermis. First-degree burns are paiJcful, ery
thematous, and blanch to the touch, with an intact epidermal 
barrier. Examples include sunburn or a minor scald from a 
kitchen accident. 1l1ese burns do not result in scarring, and 
treatment is aimed at comfort with the use of topical soothing 
salves, with or without aloe, and oral nonsteroidal anti
inAammatory drugs (NSAJDs). 

Second-degree burns are divided into rwo types, superficial 
and deep. All second-degree burns have some degree of dermal 
damage, by definition, and the division is based on the depth of 
injury imo the dermis. Superficial dermal burns arc erythema
tous, painful, blanch to touch, and often blister. Examples 
include scald injuries from overheated bathtub water and flash 
flame burns. 'TI1ese wounds spontaneously reepithdialize from 
retained epidermal structures in the rete ridges. hair follicles, and 
swear glands iJ1 l to 2 weeks. After healing, these bums may 
have some slight skin discoloration over the long term. Deep 
dermal burns into the reticular dermis appear more pale and 
mottled, do not blanch to touch, but remain paiJ1ful to pinprick. 
These burns heal in 2 to 5 weeks by rcepithdialization from hair 
follicles and sweat gland keratinocytes, often with severe scarring 
as a result of the loss of dermis. 

BOX 21-2 Burn Classifications 

Causes 
Flame-damage from superheated oxidized air 
Scald-damage from contact with hot liquids 
Contact-damage from contact with hot or cold solid 

materials 
Chemicals-contact with noxious chemicals 
Electricity-conduction of electrical current through tissues 

Depths 
First degree-injury localized to the epidermis 
Superficial second degree-injury to the epidermis and super

ficial dermis 
Deep second degree-injury through the epidermis and deep 

into the dermis 
Third degree-fu ll-thickness injury through the epidermis and 

dermis into subcutaneous fat 
Fourth degree-injury through the skin and subcutaneous fat 

into underlying muscle or bone 

FIGURE 21-1 Zones of injury after a burn. The zone 
of coagulation is the portion irreversibly injured. The 
zones of stasis and hyperemia are defined in response 
to the injury. 
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FIGURE 21 -2 Depths of a burn. First-degree burns are confined to 
the epidermis. Second-degree bums extend into the dermis (dermal 
bums). Third-degree bums are full thickness through the epidermis 
and dermis. Fourth-degree bums involve injury to underlying tissue 
structures such as muscle, tendons, and bone. 

Third-degree burns are full-thickness burns through tbe 
epidermis and dermis and are characterized by a bard, learhery 
escbar that is painless and black, white, or cherry red. No epi
dermal or dermal appendages remain; thus, these wounds must 
heal by reepithelialization from the wow1d edges. Deep dermal 
and full-thickness burns require excision with skin grafting from 
the patient to heal the wounds in a timely fashion. 

Fourth-degree burns involve other organs beneath the skin, 
such as muscle, !bone, and brain. 

Currently, burn depth is most accurately asse.~scd by the 
judgment of experienced physicians. Accurate depth determina
tion is critical to wotmd healing because wounds that will heal 
with local treatment are treated differently than those requiring 
operative intervention. Examination of the entire wound by the 
physicians ultimately responsible for tl1eir management is the 
gold standard used to guide further treatment decisions. Newer 
tedu10logies, such as th.e multisensor laser Doppler flowmeter, 
hold promise for determining bum depth quantitatively. Several 
studies have claimed superiority of this method over clinical 
judgment in the determination of wounds requiring skin graft
ing for timely healing, whid1 may lead to a change .in the stan
dard of care in the future. 

Burn Size 
Determination of burn size estimates the extent of injury. Burn 
size is generally as.~ssed by the rule of nines (Fig. 2 1-3). [n 
adults, each upper extremity and the head and neck are 9% of 
the total body surface area (TBSA), the lower extremities and 
the anterior and posterior trunk are ll:l% each, and the perinewn 
and genitalia are assun1ed co be 1 o/o of the TBSA. Another 
method of estlm"<lting smaller bums is to equate tbe area of the 
open hand (including the palm and extended fingers) of d1c 
patient to be approximately 1% of cl1e TBSA and then to trans
pose that measurement visually onto the wound for a determina
tion of its size. This method is crucial when evaluating burns of 
mixed distribution. 
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Adult body %of total 

Part BSA 

Arm 9% 

Head 9% 

Neck 1% 

Leg 18% 

Anterior trunk 18% 

Posterior trunk 18% 

Child body %of total 

Part BSA 

09% ~9% Back 
18% 

UTI 

Arm 9% 

Head and neck 18% 

Leg 14% 

Anterior trunk 18% 

Posterior trunk 18% 

FIGURE 21 -3 Estimation of bum size using the rule of nines. (From 
Ameriam Bum Association: Advanced bum life support providers 
manual, Chicago, 2005, American Burn Association.) 

Cbildren have a relatively larger portion of the body surface 
area in. the head and neck, which is compensated for by a rela
tively smaller surface area in the lower extremities. Infants have 
21 o/o of the TBSA in d1e bead and neck and 13% in ead1 leg, 
which incrementally approaches che adult proportions with 
increasing ag~. The Berkow formula is used to determine burn 
size accurately in children (Table 21-1). 

Systemic Changes 
Severe burns coveri11g more than40% of the T BSA are typicaiJ.y 
followed by a perlod of stress, inflammation, and hypermetabo
lism, characterized by a hyperdynamic circulatory response with 
increased body tcn1perature, glycolysis, proteolysis, lipolysis, and 
futiJe substrate cycling (Fig. 21-4). These responses arc present 
i11 all trauma. surgical, and critically ill patients, but their sever
ity, length, and magnitude are unique for burn patients.4 
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Hypermetabolic Response to Burn Injury 
Marked and sustained increases in catecholamine, glucocorti-
coid, glucagon, and dopamine secretion are thought to initiate 
the cascade of events leading to the acute hypermetabolic 
response, with its ensuing catabolic state.11 The cause of this 
complex response is not well understood. H owever, inrerleukin- 1 
(IL-l) and IL-6, platelet-activating factor, tumor necrosis factor 
(TNF), endotoxins, neutrophil-adherence complexes, reactive 
oxygen species, nitric oxide, coagulation , and complement cas-
cades have also been implicated in regLtlating this response to 

Table 21-1 Berkow Formula to Estimate Burn Size {%) Based 
on Area of Burn in Isolated Body Part* 

Age (yr) 
BODY PART D-1 1-4 5-9 10..14 15-18 ADULT 
Head 19 17 13 11 9 7 

Neck 2 2 2 2 2 2 

Anterior trunk 13 13 13 13 13 13 

Posterior trunk 13 13 13 13 13 13 

Right buttock 2.5 2.5 2.5 2.5 2.5 2.5 

Left buttock 2.5 2.5 2.5 2.5 2.5 2.5 

Genitalia 

Right upper arm 4 4 4 4 4 4 

Left upper arm 4 4 4 4 4 4 

Right lower arm 3 3 3 3 3 3 

Left lower arm 3 3 3 3 3 3 

Right hand 2.5 2.5 2.5 2.5 2.5 2.5 

Left hand 2.5 2.5 2.5 2.5 2.5 2.5 

Right thigh 5.5 6.5 8 8.5 9 9.5 

Left thigh 5.5 6.5 8 8.5 9 9.5 

Right leg 5 5 5.5 6 6.5 7 

Left leg 5 5 5.5 6 6.5 7 

Right foot 3.5 3.5 3.5 3.5 3.5 3.5 

Lett foot 3.5 3.5 3.5 3.5 3.5 3.5 

*Estimates are made, re<erded, and then summed to gain an accurate estimate 
of the body surface area burned. 

burn injury.12 Once these cascades are initiated, their mediators 
and byproducts appear to stimulate the persistent and i.ncreased 
metabolic rate associated with altered glucose metabolism seen 
after severe burn injury. 

The postburn metabolic phenomena occur in a timely 
manner, suggesting two distinct parrerns of metabolic regulation 
following injury. The first phase occurs within the first 48 hours 
of injury and has been called the ebb phase, d1aracterizcd by 
decreases in cardiac output, oxygen consumption, and metabolic 
rate, as well as impaired glucose tolerance associated with its 
hyperglycem.ic state. These metabolic variables gradually increase 
within the first 5 days postinjury to a plateau phase (the flow 
phase), characrcrisdcally associated with hyperdynamic circula
tion and the hypermetabolic state. 1 1. 1~ Insulin release during this 
period was found to be twice that of controls in response to 
glucose load and plasma glucose levels arc markedly elevated, 
indicating the development of an insulin resistance. 1 ~ It is cur
rently thought that these metabolic alterations resolve soon after 
complete wow1d closure. We have found that the hypermeta
bolic response to burn injury may last for more than 12 months 
after the in.itial event; i.n our recent studies, 1 ~ we noted that 
sustained hypermetabolic postburn alterations, as shown by per
sistent elevations of total urine cQrtisol, serum cyrokine, and 
catecholamine levels, and basal energy requirements, were 
accompanied by impaired glucose metabolism and insulin sen
sitivity that persisted for up to 3 years after the .initial bum 
injury. 

A 10- w 50-fold elevation of plasma catecholamine and 
corticosteroid levels occurs in major burns, wh.ich persist up to 
3 years post-injury.4•

13
•
15 Cytokine levels peak immediately afrer 

the burn injury, approaching normal levels onJy after !-month 
postinjury. Constitutive and acute-phase proteins arc altered 
beginning 5 to 7 days postburn and remain abnormal through
out the acute hospital stay. Serum insulin-like growth factor r 
(IGF- £), IGF-binding protein 3 (IGFBP3), parathyroid 
hormone, and osteocalcin levels decrease immediately after the 
injury lO fold, and remain significantly decreased up to 6 
months posrburn compared with normal levels. Sex hormClne 
and endogenous growth hormone levels decreao;e at approxi
mately 3 weeks postburn (Fig. 21-5). 

For severely burned patients, the resting metabolic rate at 
a thermal neutral temperature (30• C) exceeds 140% of normal 
at admission, reduces to 130% once d1e wow1ds are fully healed, 
and then to 120% at 6 months after injury and 110% at 12 

Vascular permeability 
and edema Altered hemodynamics 

Immunosuppression Severe bum .., Hypermetabolism 

Decreased renal blood flow Increased gut mucosal 
permeability 

FIGURE 21-4 Systemic effects of a severe bum. 
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FIGURE 21-5 Physiologic and metabolic changes 
after severe bum injury. This demonstrates changes 
in REE, stress hormones cardiac function, gender 
hormones, cytokines, and changes in body composi
tion. Solid curves, A verages for burn patients; 
dashed lines, values from nonbumed normal 
patients. (Data from Williams FN, Jeschke MG, 
Chinkes 01.., et al: Modulation of the hypermetabolic 
response to trauma: Temperature, nutrition, and 
drugs. J Am Coli Surg 208:489-502, 2009.) 
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months postbuxn.13 Increases in catabolism result in loss of total 
body protein, decreased immune defenses, and decreased wound 
healing.4 

lnunediate postburn patients have low cardiac output char
acteristic of ea1rly shock. However, 3 to 4 days postburn, tbe 
cardiac ourpur is more than 1.5 times that of a nonburned 
healthy volw1teer. 1 ~ Heart rates of pediatric burn patients 
approach 1.6 times those of nonburned, healthy voluncecrs. 11 

Postburn patients have increased cardiac work.4 Myocardial 
oxygen consumption surpasses that of marathon runners and is 
sustained well into the rehabilitative period. 

There is profound hepatomegaly after injury. The Uver 
increases its size by 225% of normal by 2 weeks postburn and 
remains enlarged at discharge at 200% of normal.13 

Postburn, muscle protein is degraded much fa~ter than it 
is synthesized.16 1he net protein loss causes loss of lean body 
mass and sever:e muscle wasting, leading to decreased strength 
and failure to rehabilitate fully. Significant decreases in lean body 
mass related to d1ronic illness or hypermetabolism can have dire 
consequences. A lOo/o loss oflean body mass is associated with 
immune dysfunction. A 20% loss of lean hody mass positively 
correlates with decreased wound healing. A loss of 30% of lean 
body mass leads to increased risk for pneumonia and pressure 
sores. A 40% loss of lean body mass can lead to death. Uncom
plicated severdy burned patients can Jose up to 25% of total 
body mass afteli acute burn injury! 3 Protein degradation persists 
up to almost 1 year after severe burn injury, resulting in signi
ficant negative whole-body and cross-leg nitrogen balance 
(Fig. 21-6).4 Protein catabolism has a positive correlation with 
increases in metabolic rates. Severely burned patients J1ave a 
daily nitrogen loss of 20 to 25 glm1 of burned skin.4 At this rate, 
a lethal cachexia can be reached in less than 1 month. Burned 
pediatric patients' protein loss leads to significant growth retar
dation for up tQ 24 months postinjLLry.'5 

Elevated circulating levels of catecholamines, glucagon, and 
cortisol after severe thermal injury stimulate free fatty acids and 
glycerol from fat, glucose production by the liver, and amino 
acids from muscle (Fig. 21-7)Y 1 SpecificalJy, glycolytic
gluconeogenic cycli11g is increased 250% during the postburn 
bypermetaboUc response, coupled with an increase of 450% in 
triglyceride fatty acid cycling. 'These changes lead to hyperglyce
mia and impaired insuJin sensitivity related to postreceptor 
insulin resistance, as demonstrated by elevated levels of insulin 
and fasting glucose, and significant reductions in glucose clear
ance. Whereas glucose delivery to peripheral tissues is increased 
up to threefold, glucose oxidation is restricted. Increased glucose 
production is directed, in part, ro rhe burn wound ro support 
the relatively inefficient anaerobic metabolism of fibroblasts and 
endothelial and inAammatory cells. The end product of anaero
bic glucose oxidation, lactate, is recycled to the liver to pmduce 
more glucose \•ia gluconeogenic pathways. Serum glucose and 
insulin levels increase postburn and remain significan cly increased 
through the acute hospital stay. Insulin resistance appears during 
the first week postburn and persists significantly after discharge, 
up to 3 years postburn.13

'
15 

Septic patients have a profound increase in metabolic rates 
and protein catabolism, up to 40o/o more compared with those 
with burns of a similar si'l.e who do not develop sepsis! '·18 

A vicious cycle develops, because catabolic patients arc more 
susceptible to sepsis caused by changes in immune fLmction 
and immune response. 1l1e emergence of mulridrug resistant 
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FIGURE 21 -6 Effect of bum size on body mass, REE, and protein 
degradation. Changes in net protein balance of musde protein syn
thesis and breakdown induced by bum injury were measured by 
stable isotope studies using a [ring-D5)phenyalanine infusion. Graphs 
are averages± SEM (standard error of the mean). Yellow bars, Patients 
with bums <40% TBSA; blue bars, patients with bums >4QO/o TBSA; 
dashed lines, values from nonbumed normal patients. (From Williams 
FN, Jeschke MG, Chinkes Dl., et al: Modulation of the hyperrnetabolic 
response to trauma: Temperature, nutrition, and drugs. J Am Coli Surg 
208:489-502, 2009.) 

organisms has kd to increases in sepsis, catabolism, and mortal
ity (Fig. 21-8). Modulation of the hypermetabolic hypercata
bolic response, thus preventing secondary injury, is paramount 
for the restoration of structure and function of severely burned 
patients. 

Inflammation and Edema 
Significant burns are associated with a massive release ofinAam
matory mediators, both in the wow1d and in other tissues. 'TI1ese 
mediators produce vasoconstriction and vasodilation, increased 
capillary pern1eability, and eden1a locally and in distant organs. 
The generalized edema is in response to changes in Starling 
forces in burned and unburned skin. Initially, the interstitial 
hydrostatic pressures in the burned skin decrease, and there is 
an associated increase in nonburned skin interstitial pressures. 
As the plasma oncotic pressures decrease and interstitial oncotic 
pressures increase because of increased capillary permeability
induced protein loss, edema forms in the burned and nonburned 
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FIGURE 21-7 Effects of metabolic dysfunction postbum. (From Williams FN, Jeschke MG, Chinkes OL. et al: Modulation of the hypermetabolic 
response to trauma: Temperature, nutrition, and drugs. J Am Coli Surg 208:489- 502, 2009.) 

tissues. 1l1e edema is greater in the burned tissues because of 
lower interstitial pressures. 

Many mediators have been proposed to account for the 
changes in permeability after burns, including histamine, bra
dykinin, vasoactive an1ines, prostag.landins, leukotrienes, acti
vated complement, and catecholamines. Mast cells in the burned 
skiJ1 release histamine in large quantities immediately after 
injmy, which elicits a characteristic response in vemdes by 
iJlcreasing intercellular junction space formation. 1l1e use of 
antihistamines for the treatment of bum edema, however, has 
had limited success. In addition, aggregated platelets release 
serotonin, which plays a major role in eden1a formation. 'This 
agent acts directly to increase pulmonary vascular resistance and 
indirectly aggravates the vasoconstrictive effects of various va~o
acrive an1ines. Serotonin blockade improves the cardiac index, 
decreases pulmonary artery pressure, and decreases oxygen con
sumption afrer burn. \'<fhen tbe antiserotonin mcthysergide was 
given to animals after scald injury, wound edema formation 
decreased as a result of local effects. 

Another mediator Likely to play a role in changes in perme
ability and Auidl shifts is thromboxane A2; its level increases 
dranlatically in the plasma and wounds of bum patients. 1llls 
potent vasoconstrictor leads to vasoconstriction and platelet 
aggregation in tl1e wound, contributing to expansion of the zone 
of stasis. It has also caused prominent mesenteric va~oconstric
tion and decreased gut blood flow iJl animal models, which 
compromised gll!t mucosal integrity and decreased gut inmwne 
function. 

Effects on the Cardiovascular System 
Microvascular changes induce cardiopulmonary alterations char
acterized by loss of plasma volume, increased peripheral vascular 
resistance, and subsequent decreased cardiac output immediately 
after injury. Cardiac output remains depressed because of 
decreased blood volume ru1d increased blood viscosity, as well as 
decreased cardiac contractility. Ventricular dysfunction during 
tllis period is attributed to a circulating myocardial depressant 
factor present in lymphatic Auid, although the specific factor has 
never been lsolaced. Bum patients with bums over 40% of their 
TBSA demonstrate an increased cardiac output, which signifi
cantly decreases over time. 'This is accompanied by an increase 
in heart rate. Severely burned pediatric patients have a marked 
tachycardia, with 160% to 170% predicted, which remains high 
at intensiw care unit (ICU) discharge at {"'150%). Cardiac 
output at admission is 150% and remains high at discharge 
("'130% predicted). There is some evidence that me heart rate 
remains elevated up to 2 years postburn. 13 lncrea~d cardiac 
stress postburn is associated with myocardial depression. which 
has been shown in several studies.'9 The hypothesis tl1at cardiac 
stress and myocardial dysfunction may be one of the main con
tributors to mortality in large burns was confirmed in a retro
spective autopsy study, indicating the tl1erapeutic need ro 
improve cardiac stress and function.2° 

Effects on the Renal System 
Dinlin_ished blood volume and cardiac output result in decreased 
renal blood Aow and glomerular filtration rate. Otl1er 
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FIGURE 21- 8 Effect of sepsis on REE, muscle protein breakdown, and 
fractional synthetic rate of muscle protein synthesis compared with 
burns of similar size. Changes in net protein balance of muscle 
protein synthesis and breakdown induced by bum injury was mea
sured by stable isotope studies using a [ring-D5]phenyalanine infu
sion. Graphs are averages ± SEM. Yellow bars, Nonseptic patients with 
burns <:40% TBSA; blue bars, septic patients with burns <:40% TBSA; 
dashed lines, values from nonburned, normal patients. (From Wil
liams FN, Jeschke MG, Chinkes DL, et al: Modulation of the hyper
metabolic response to trauma: Temperature, nutrition, and drugs. 
J Am Coli Surg 208:4 89-502, 2009.) 

stress-induced hormones and mcdlarors, such as angiotensin, 
aldosterone, and vasopressin, reduce renal blood flow further 
immedlately after the injury. These effects result in oliguria, 
which, if left untreated, wiJJ cause acute tubular necrosis and 
renal failure. Twenty years ago, acute renal faiJurc in burn inju
ries was almost always fa~. Today, however, newer techniques 
in dialysis have become widely used to support the kidneys 
during recovery. 1he latest reports indicate an 88% mortality 
rate for severdy burned adults and a 56% mortality rate for 
severely bumed children in whom renal failure develops in the 
postburn period . Early resuscitation decreases the risks of renal 
faiJure and improves the associated morbidity and mortality 
rates. 10 

Effects on the Gastrointestinal System 
The gasrroimestinal response to burn is highlighted by mucosal 
atrophy, changes iJl digestive absorption. and increased intestinal 
permeability. Atrophy of the small bowel mucosa occurs within 
12 hours of injury in proportion to the burn size and is related 

to increased epithelial cell death by apoptosis. TI1e cytoskeleton 
of the mucosal brush border undergoes atrophic changes associ
ated with vesiculation of microvilli and disruption of the termi
nal ~veb actin filaments. 'These fu1diugs are most pronounced 18 
hours after injury, which suggests that changes in the cytoskel
eton, such as those associated wirh ceU death by apoprosis, are 
processes involved in the changed gut mucosa. Burn also causes 
reduced uptake of glucose and amino acids. decreased absorp
tion of fatty acids, and reduction in brush border lipase activit)~ 
These changes peak in the first several hours after burn and 
rerum to nom1al at 48 to 72 hours after injury, a tinting that 
paralJels mucosal atrophy. 

Imestinal permeability w macromolecules, which are nor
malJy repelled by an intact rnucosal barrier, increases after bum. 
Intestinal permeability to polyethylene glycol 3350, lactulose, 
and mannitol increases after injury, correlating with the extent 
of the burn. Gut permeabilit)' iJ1creases even further when burn 
wounds become infected. A study usiJ1g fluorescent dextrans has 
shown that larger molecuJes appeared to cross the mucosa 
between the cells, whereas the smalJer molecuJes traversed the 
mucosa through the epithelial cells, presumably by pinocytosis 
and vesiculation. Mucosal permeability also paralleled increases 
in gut epithelial apoptosis. 

Changes in gut blood Bow are related to changes in perme
ability. lmestinal blood flow was shown to decrease in animals, 
a change associated with increased gut permeability at 5 hours 
after burn. Thjs effect was abolished at 24 hours. Systolic hypo
teJ1Sion has been shown to occur in tbe hours i.mmedlately after 
burn in animals with a 40% TBSA full- thickness injury. 1l1ese 
animals showed an iJwerse correlation between blood flow and 
permeabWt)' to intact Candida spp. 

Effects on the Immune System 
Burns cause a global depression in immune functi on, w.hich is 
shown by prolo11gcd allograft skin survival on burn wounds. 
Burn patients are then at great risk for a number of infectious 
complications, including bacterial wound infection, pneumonia, 
and fungal and viral infections. These susceptibilities and condl
tions are based 0 11 depressed cellular function in all parts of the 
immune system, including activation and activity of neutro
phils, macropbages, T lymphocytes, and B lymphocytes. With 
burns of more than 20o/o TBSA, impairment of these immune 
functions is proportional to burn size. 

Macrophage production after burn is diminished, which is 
related to the spontaneous elaboration of negative regulators of 
myeloid growth. This effect is enhanced by the presence of 
endoroxin and can be partially reversed with granulocyte colony
stimulating factor (G-CSF) treatment or inhibition of prosta
glandin E2.lnvestigators have shown that G-CSF levels actualJy 
increase after severe burn. However, bone marrow G-CSF recep
tor expression is decreased, whkh may in part account for the 
immunodeficiency seen in burns. Total neutrophil counts are 
initially increased after burn, a phenomenon related to a decrease 
in cell death by apoptosis. However, neutrophils that are present 
are dysfunctional in terms of dlapedesis, chemotaxis, and phago
cytosis. These effects are explained, in part, by a deficiency in 
CD 11 b/ CD 18 expression after inflammatory stimuli, decreased 
respiratory burst activity associated with a deficiency in p47-
phox activity, and impaired actiJ1 mechru1ics related to neutro
phil motile responses. After 48 to 72 hours. neutrophil counts 
decrease, similar to macrophages with similar causes. 
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Helper T ceiJ (Th cell) function is depressed after a severe 
burn associated with polarization from the IL-2 and 
interferon-y {IFN-y) cytoki.ne-based Thl response toward the 
1h2 response. The 1h2 response is characterized by the pro
duction of IL-4 and IL-1 0. The Thl response is important in 
cell-mediated immune defense, wherea~ rhe 1112 re.~ponse is 
important in ant ibody responses to infection. As this polari7..a
tion increases, S<> does the mortality rate. Administration of 
IL-10 antibodies ar1d growth hormone has partiaiJy reversed 
tbis response a11d improved mortality rate after burn in 
animals. Burn also impairs cytotoxic T lymphocyte activity as 
a function of burn size, rhus increasing the risk of infection, 
particularly from fungi and viruses. Early burn wound exci
sion improves cytotoxic T ceU activity. 

MANAGEMENT 

Basic Treabnent 

Prehospital Management 
Before w1dergoing any specific treatment, hum patients must 
be removed from the source of injury and the burning process 
stopped. Lnhalattion injury should always be suspected and 
1 OOo/o oxygen should be given by face mask. While removing 
the patient from the source of injury, care must be taken so that 
tbe rescuer does nor become another victim. AIJ health care 
personnel and caregivers should be aware that they might be 
injured by contact with the patiem or the patiem's clorhing. 
Universal precautions, including wearing gloves, gowns, mask, 
and protective eyewear, should be used whenever there is Likely 
contact widJ blood or body flui.ds. Burning clothing should be 
exti11guished and removed as soon as possible to prevent further 
injury. All rings, watches, jewelry, and belts should be removed 
because they retain heat and can produce a tourniquet-like 
effect. Room tm1perature water can be poured on the wound 
within 15 minutes of injury to decrease the depili of the wound, 
but any subsequent measures to cool the wow1d should be 
avoided to preve.nt hypothermia during resuscitation. 

Initial Assessment 
As with any tratmla patient, the initial assessment of a burn 
patient is done by primary and secondary surveys. ln the primary 
survey, immediace life-threatening conditions are quickly identi
fied and treated. In d1e secondary survey, a more iliorough head 
to roe evaluation of the patient is undertaken. 

Exposure to heated gases and smoke results in dan1age to 
the upper respiratory tract. Direct injury to the upper ainvay 
results in edema, which, in combination with generalized whole
body eden1a associated with severe burn, may obstruct the 
airway. Airway injury must be suspected with facial burns, 
singed nasal hairs, carbonaceous sputum, and tachypnea. Upper 
airway obstruction may develop rapidly, and respiratory status 
must be continually monitored to assess the need for airway 
control and ventilatory support. Progressive hoarseness is a sign 
of impending airway obstruction, and endotracheal intubation 
should be instituted early, before edema distorts the upper 
airway anatomy. ll1is is e~peciaUy important in patients with 
massive burns, who may appear to brearbe without problems 
early in the resuscitation period Lmtil several liters of volume 
have been given to maintain homeostasis, resulting in signi.ficant 
airway edema. 
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1he chest should be exposed to assess breathing; airway 
patency alone does not ensure adequate ventilation. C hest 
expansion and equal breath SOWldS with CQ~ return from the 
endotracheal tube ensure adequate air exchange. 

Blood pressure may be difficult to determine in burn 
patients with edematous or charred extremities. l11e pulse rare 
can be used as an indirect measure of circulation; however, most 
burn patients remain tachycardlc, even with adequate resuscita
tion. For d1e prirnary survey of burn patients, the presence of 
pulses or Doppler signals in the distal extremities may be ade
quate to determine adequate circulation of blood until more 
effective monitoring modalities, such as arterial pressure mea
suremems and urir1e output, can be established. 

In patients who bave been in an explosion or deceleration 
accident, a possibility exists for spinal cord injury. Appropriate 
cervical spine stabilization must be accomplished by whatever 
means necessary, including using cervical collars to keep the 
head immobili.zed until tbe condition can be evaluated. 

Initial Wound Care 
Prehospital care of the burn wound is basic and simple because 
it only requires protection from the environment, with applica
tion of a clean dry dressing or sheet to cover the involved part. 
Damp dressings should not be used. The patient should be 
wrapped in a blanket to minimize heat loss and for temperature 
control during transport. 1l1e first step in diminishing pain is to 
cover the wounds to prevent contact to exposed nerve endings. 
Lntramuscular or subcutaneous narcotic injections for pain 
should never be used because drug absorption is decreased as a 
result of the peripheral vasoconstriction. 1l1is might become a 
problem later, when the patient is resuscitated, and vasodilation 
incrca..">Cs absorption of the narcotic depot wid1 resulting apnea. 
SmaiJ doses of IV morphine may be given after complete assess
ment of the patient and after this has been determined to be safe 
by an experienced physician. 

Although prehospital management is simple, it is often 
difficult to enact, particularly in at-risk populations. A recent 
study in New Zealand2 1 has shown that irutial6rst aid treatment 
of burns is i11adequate in 60% of patients interviewed. 1l1is 
report also showed that ir1adequate first aid care is clearly associ
ated with poorer outcomes. It was suggested d1at specific edu
cational programs targeting at-risk populations might improve 
these omcomes. 

Transport 
Rapid uncontrolled transport of the burn victim is not a priority, 
except when other life-threatening conditions coexist. ln most 
incidents involving major burns, ground traJlsporrarion of 
victims to d1e receiving hospital is appropriate. Helicopter trans
port is of greatest use when the distance berween the accident 
and hospital is 30 co 150 miles. For distances more ilian 150 
miles, transport by fixed-wing aircraft is most appropriate. 
Whatever the mode of transport, it should be of appropriate size 
and have emergency equjpmenr available, with trained person
nel on board, such as nurses, physicians, paramedics, and/or 
respiratory therapists who are famiUar with multiply injured 
trauma patients. 

Resuscitation 
Adequate resuscitation of the burn patient depends on the estab
lishment and mainrenru1ce of reliable IV access. Increased times 
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to beginning resuscitatio.n of burn patients result in poorer out
comes and delays should be minimized. Venous access is best 
attained through short peripheral catheters in unburned skin; 
however, veins in burned skin can be used and are preferable to 
no N access. Superficial veins are often thrombosed i.n full
thickness injuries and therefore arc nor suitable for cannula£ion. 
Saphenous vein cutdowns are useful in cases of difficult access 
and are used in preference to central vein cannulation because 
of lower complication rates. ln children younger than 6 years, 
experienced physicians can use intraosseo us access in the proxi
mal tibia until rv access is accomplished. Lactated RiJlger's 
solution without dextrose is the fluid of choice, except in chil
dren younger than 2 years, who should receive 5o/o dextrose 
Ringer's lactate. The initial rate can be rapidly estin1ated by 
multiplying the TBSA burned by the patient's weight in ki1o
gran1S and then dividing by 8. 1he rate of infusion for an 80-kg 
man with a 40% TBSA burn cru1 be calcuJated by the following 
formula: 

80 kg x 40% TBSA/8 = 400 mL/hr 

This rare should be contiJ1ued Lmtil a formal calculation of 
resuscitation needs is performed. 

Many formulas have been devised to determine the proper 
aJnount of fluid to give a burn patient, all originating from 
experimental smdies on the pathophysiology of burn shock. 
1l1ese experimental studies established the basis for modern fluid 
resusci tation p!iotocols. lt was shown that edema fl uid in burn 
wounds is isoronic and con rams the same amount of protein as 
plasma, and that the greatest loss of fluid is into the intersti
tium.22 Various volw11es of intravascular fluid were used to deter
mine the optimal aJnount in terms of cardiac output and 
extracdluJar volume in a cruline burn model; this was applied 
to the clinical setting by the Parkland formula (Table 21-2). 
Plasma volume cl1ru1ges were not related to the type of resuscita
tion fluid in the first 24 hours, but thereafter colloid solutions 
could increase plasma volume by the aJ110LU1t ulfused. From 
these findings, it was concluded that colloid solutions should 
not be used m the first 24 hours until capillary permeability 
returns closer to normal. Others have argued that normal capil
lary permeabilitty is restored somewhat earlier after burn (6 to 8 
hours), and therefore colloids could be used earlier. 

Concurremtly, researd1ers have shown the hemodynan1ic 
effects of fluid resuscitation in burns, wruch cu1minated in the 

Table 21-2 Resuscitation Formulas* 
Volume 

FORMULA CRYSTALLOID COLLOID FREE WATER 
Parkland 4 ml/kg per O/o None None 

TBSA burn 

Brooke 1.5 m l/kg/0/o 0.5 ml/kg bur 2.0 liters 
TBSA burn Ofo TBSA urn 

Galveston 5000 ml/m' None None 
{pediatric) burned area + 

1500 ml/m2 total 
area 

*These guidelines are used for the initial fluid 11liflagement after a bum injury. 
The response to fluid resuscitation should be continuously monitored, and adjust
ments in the rete of fluid administration should be made accordingly. 

Brooke formula (see Table 21-2). It was found that fluid resus
citation causes an obligatory 20o/o decrease in extracellular fluid 
and p lasma volume that condudes after 24 hours. ln the second 
24 hours, plasma volume returns to normal with the administra
tion of colloid. Cardiac output is low in the first day despite 
resuscitation, but it subsequently increases ro supernormal levels 
as cl1e flow phase of hypermetabolism is established. Since these 
studies, it has been found that mud1 of the fluid needs are caused 
by le.aky capil.laries that permit passage of large molecules into 
the interstitial space to increase the extravascular colloid osmotic 
pressure. Intravascular volume follows the gradient to tissues, 
both iJlto the burn wound ru1d nonbtu11ed tissues. Approxi
mately 50% of fluid resuscitation needs are sequestered m non
burned tissues iJ1 50o/o TBSA burns. 

Hypertonic saline solutions have theoretical advru1tages in 
burn resuscitation. These solutions decrease net fluid intake, 
decrease ede111a, and increase lymph flow, probably by the trans
fer of volume from the intracellular space to cl1e interstitiunl
When using these solutions, hypernatremia must be avoided, 
ru1d it is recommended that serum sodium concentrations 
should not exceed 160 mEq/dl. However, it must be noted that: 
for patients with more thru1 20o/o TBSA burns who are random
ized to hypertonic saline or Lactated Ringer's solution, resuscita
tion does not have significant differences m volume requirements 
or changes in percentage of weight gain. Other investigators 
have found an increase in renal failure with hypertonic solutions 
cl1at has tempered further efforts in this area of investigation. 
Some bum units successfully use a modified hyperronic solution 
of one aJUpule of sodhun bicarbonate (50 mEq) m l liter of 
lactated Ringer's solution. Further researd1 should be done to 
determine the optimal formula to reduce edema formation and 
maintain adequate cellular function. 

Most burn wlits use something similar to the Parkland or 
Broo.ke formula, which calls for administering varying amounts 
of crystalloid and colloid for the first 24 hours. The fluids are 
generally changed in the second 24 hours, with an illcrease in 
colloid use. 1l1ese are guidelines to di rect resuscitation of the 
amount of fluid necessary to maintain adequate perfusion_ 
Studi.es have shown that the Park1ru1d formula often underesti
mates the volwne of crystalloid received in the first 24 hours 
after severe bLLrn, a phenomenon termed fluid creep. No srngle 
cause has dearly beCJl identified. More Liberal use of opioid 
ru1algesic and posidve pressure ventilation has been suggesced.23 

The increased fluid volumes are not without consequence; 
increased compartment pressures in the extremities, abdomen 
ru1d, most recently, the orbirl4 have been suggested as requiring 
monitoring and possible release to prevent increased morbidity 
and mortality. The abdominal compartment is diJtically moni
tored via the Foley catheter. When the pressure increases coward 
ru1d above 30 mm Hg, complete abdontinal escharotomy is 
enswred and paralytics are considered. If the mcreased abdomi
nal pressure persists (>30 mm Hg), an improved outcome is 
based on the performance of a decompressive laparotomy.. 
However, patiCJ1ts who require tllis procedure have mortality 
rates of 60% to almost 100%, depending on the series. 1llere
fore, monitoring of the resuscitation is crucial to ensure an 
acceptable outcome. 1ltis is ea~ily done in burn patients with 
normal renal function by following the volume of urine outpm, 
wruch should be 0.5 mL/hr in adults and 1.0 ml/kg/hr in chil
dren_ Changes in IV fluid infusion rates shouJd be made on an 
hourly basis, determined by tbe response of tbe patient to the 
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particular fluld volurne administered. The exact formulas are 
shown in Table 21-2. 

For burned chHdren, formulas are commonly used that are 
modified to account for changes in surface area-to-mass ratios. 
These changes are necessary because a child with a comparable 
burn ro that of an adult requires more resuscitation Auid per 
kilogram. The Galveston formula uses 5000 mUTBSA burned 
(in m2

) + 2000 mL/m2 total for maintenance in the first 24 
hours. 1lus formula accounts for maintenance needs and the 
increased Auid requirements of a child witl1 a bum. AU the 
formulas listed .iJl Table 21 -2 calculate the a111ount of volume 
given in tl1e first 24 hours, with half is given in the fust 8 hours. 

The use of albumin during IV resuscitation has been 
debated. In a meta-analysis of 31 trials, it wa.~ shown mat the 
risk of death is higher in burn patients receiving albumin com
pared with those receiving crystalloid, with a relative risk of 
deaili of 2.40 (95o/o confidence i.nterval [CJ], 1.11 to 5.19). 
Another meta-analysis of all critically ill patiems refuted this 
finding, showing no differences in relative risk between albumin
treated and crystalloid- treated groups. As quality of the trials 
improved, rue relative tisks were reduced. Additional evidence 
has suggested that albumin supplementation, even after resusci
tation. docs not affect the distribution of Auid among the intra
cellular and extracellular compartments. What we can conclude 
from these trials and meta-analyses is that albumin used during 
resuscitation is at best equal to crystaUoid and at worst detri
mental to the outcome of bum patients. 'Tims, we cannot recom
mend the use of albumin during resuscitation. 

To combat any regurgitation with an intestinal ileus, a 
nasogastric tube should be inserted in all patients witl1 major 
burns to decompress the stomad1. Tilis is especiaUy important 
for patients being transported in an aircraft at l1igh altitudes. 
Also, aU patients should be restricted from raking anything by 
mouth until the ttransfer has been completed. Decompression of 
the swmach is usually necessary because me apprehensive patient 
will swaUow considerable amounts of air and distend ilie 
stomach. Additionally, a Dobhoff tube should be placed into the 
first (superior) part of me duodenum to feed the severely burned 
patient continuously. 

Recommendations for tetanus prophylaxis are based on the 
condition of tbe wound and the patient's immunization history. 
All patients with burns of more than I Oo/o of the TBSA should 
receive 0.5 mL of tetanus toxoid. [f prior immwlization is absent 
or lUldeat, or me last booster dose was more than 10 years ago, 
250 U of tetanus inm1lmoglobuJin is also given. 

Escharotomies 
When deep second- and third-degree burn wounds encompass 
the circumference of an extremity, peripheral circulation to the 
limb can be compromised. 1l1e development of generalized 
edema beneath a nonyieJding eschar impedes venous outflow 
and eventuaUy affects arterial inflow to the distal beds. llis can 
be recognized by numbness and tingling in me limb and 
increased pain in the digits. Arterial How can be assessed by the 
determination of Doppler signals in the digital arteries and the 
palmar and plantar arches in affected extre.nllties. Capillary refill 
can also be assessed. Extremities at risk are identified on clinical 
exan1ination or on measurement of tissue pressures bigher than 
40 mm Hg. 'These extremities require escharotomies, wbkh are 
releases of tl1e bum eschar performed at the bedside by incising 
the lateral and medial aspects of the extremity with a scalpel or 
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FIGURE 21-9 Recommended escharotomies. In limbs requmng 
escharotomies, the indsions are made on the medial and lateral sides 
of the extremity through the eschar. In the case of the hand, indsions 
are made on the medial and lateral digits and on the dorsum of the 
hand. 

electrocautery unit. 1l1e entire constrJctmg eschar must be 
iJ1cised longitudinally to relieve rhe impediment to blood flow 
completely (Fig. 21-9). The incisions are carried down onto the 
thenar and hypothenar eminences and along tl1e dorsolateral 
sides of the digits to open the band completely, if it is involved. 
If it is clear that the wound will require excision and grafting 
because of its depth, escharotolllles are safest to restore perfusion 
to the underlying nonbumed tissues unti l formal excision. [f 
vascular compromise has been prolonged, repcrfusion after an 
escharotomy may cause reactive hyperemia and furilier edema 
formation in the muscle, making continued surveiUance of the 
distal extrenlities necessary. Increased muscle compartment pres
sures may necessitate fasciotomies. 1l1e most common complica
tions associated with iliese procedures arc blood loss and the 
release of anaerobic metabolites, causing transient hypotension. 
If distal perfusion does not improve witl1 these measures, central 
hypotension because hypovolemia should be suspected and 
treated. 

A constricting truncal eschar can cause a sinillar phenom
enon, except that the effect is to decrease ventilation by limiting 
chest excursion. Any decrease in ventilation of a burn patient 
requires inspectiOJl of the chest, with appropriate escharotomie.s 
to relieve the constriction and aUow adequate tidal volumes. 1l1is 
need becomes evident in a patient on a volume control ventilator 
whose peak airway pressures increase. 

SpecifK Treabnent 

Inhalation Injury 
Even iliougb mortality from major bums has significantly 
decreased during tl1e past 20 years, ililialation injury still con
stitutes one of the most critical concomitant injuries foUowing 
thermal insult. Approximately 80% of fire-related deaths result 
not from burns, but from inhalation of d1e toxic products of 
combustion, and inhalation injury has remained a.-;sociared with 
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_Table 21-3 Inhalation Treatments for Smoke Inhalation Injury 
TREATMENT TIME, DOSAGE, METHOD 
Bronchodilator (e.g .• Albuterol) q2h 

Nebulized heparin 5000 to 10,000 U with 3 ml 
normal saline q4h 

Nebulized acetylcysteine 200/o, 3 ml q4h 

Hypertonic saline Induce effective coughing 

Racemic epinephrine Reduce mucosal edema 

an overall mortality rate of 25% to 50% when patients require 
ventiJator support for more than 1 week postinjury.'0~5 Early 
diagnosis of bronchopulmonary injury is therefore critical for 
survival and is primarily conducted clinically, based on a history 
of closed space exposure, facial burns, and carbonaceous debris 
in the mouth, pharynx or sputum. Evidenced-based experience 
on the diagnosis of inhalation injury, however, is rare. Chest 
x-rays are routinely normal untiJ complications such as infec
tions have developed. The standard diagnostic method should 
therefore be bronchoscopy of the upper airway of every burn 
patient. Endorf and Gamelli~6 have established a grading system 
of inhalation il1ljury {0, I, 2, 3, 4) derived from findings at initial 
bronchoscopy and based on the Abbreviated LJjury Scale (AIS) 
criteria. Broncboscopic findings consistent with inhalation 
injury include airway edema, inflammation, mucosal necrosis, 
presence of soot and charring in the airway, tissue sloughing, 
and carbonaceous material in the airway. 1l1e treatment ofinlla
lation injury should start immediately with the administration 
of 100% oxygen via face mask or nasal cannula. Maintenance 
of the airway is critical. As noted, if early evidence of upper 
airway edema is present, early intubation is required because the 
upper airway edema normally increases over 9 co 12 hours. 
Prophylactic intuhation without proper indications, however, 
should not be performed. 

Advances in ventilator technology and treatment of inhala
tion injury have resuhed in some improvement in mortality 
rates. Mechanica.l ventilation with a lower tidal volume than 
traditionally used has resulted in decreased mortality and 
increased the number of days without ventilator use. Ln addi
tion, high-frequency ventilation decreased mortality ro 29% 
from 41 o/o. 1l1e management of inhalation injury consists of 
ventilatory support, aggressive pulmonary toilet (Table 21-3). 
bronchoscopic removal of casts, and nebulization therapy. Neb
ulization therapy ca11 consist of heparin, alpha min1etics, or 
polymyxin B and is applied from two to six times daily. Pressure 
control ventiJation with permissive hypercapnia is a useful strat
egy in the managen1ent of d1ese patients, ru1d Paco2 levels as 
high as 60 mm Hg can be well tolerated if arrived at gradually. 
Prophylactic antibiotics are not indicated, but are imperative 
wid1 documented lung infections. Clinical diagnosis of pneu
monia includes two of the following 17

: 

• Chest x-ray revealing a new and persistent infiltrate, 
consolidation, or cavitation 

• Sepsis {as defined in Table 2 1-4) 
• Recent change in spurum or purulence in the spunLm, 

as well as quantitative culture 
1l1e cHnica.l diagnosis can be made after using micro

biologic data according to the Americru1 Burn Association 

Table 21-4 Oinical Indications for Intubation 
CRITERIA VALUE 
Pao, (mm Hg) <60 

Pac<? (mm Hg) >50 (acutely) 

Pao,/FIO, ratio <200 

Respiratory, ventilatory failure Impending 

Upper airway edema Severe 

Consensus Conference to Define Sepsis ru1d Llfection in 
Burns. 17 Empirical choices for the treatment of pneumonia, 
prior to culture results, should include coverage of methicillin
resistant Sttrphyfccoccus aureus (MRSA) ru1d gram-negative 
organisms such as Pseudomonas and Klebsiella spp.l' 

WOUND CARE 
After the airway has been assessed and resuscitation is underway, 
attention must be turned to the burn wound. Treatment depends 
on the characteristics and size of the wound. All treatments are 
aimed at rapid and painless healing. Current therapy directed 
specifically toward burn wounds can be divided into three 
stages--assessment, management, ru1d rehabilitation. Once tl1e 
extent and depth of the wounds have been assessed ru1d the 
wounds have been thoroughly cleaned and debrided, the man
agement phase begins. Each wound should be dressed with an 
appropriate covering that serves several functions. First, it should 
protect the damaged epithelium, minimize bacterial and fungal 
colonization, ru1d provide splinting action to maintain the 
desired position of function. Second, tl1e dressing should be 
occlusive to reduce evaporative heat loss and minimize cold 
stress. 1l1ird, tl1e dressing should provide comfort over the 
painful wound. 

The choice of dressing is based on the characteristics of 
the ueated wound (Table 2 1-5). First-degree wounds are 
miJ1or, with mininlal loss of barrier function. 1l1ese wounds 
require no dressing and are treated with topical salves to 
decrease pain and keep the skin moist. Systemic NSAIDs given 
by mouth help with pain control. Second-degree woltllds can 
be treated with daiJy dressing changes with wpical antibiotics, 
cotton gauze, and elastic wraps. Alternatively, the wounds can 
be treated with a temporary biologic or synthetic covering to 
dose cl1e wound. Deep second- ru1d third-degree wounds 
require excision ru1d grafting for sizable burns; the choice of 
initial dressing should aim at holding bacterial proliferation in 
check and providing occlusion liJltil the operation is 
performed. 

Antimicrobials 
1l1e timely and effective use of antimicrobials has revolutionized 
burn care by decreasing invasive woltlld infections. 1l1e untreated 
burn wound rapidly becomes colonized with bacteria and fLmgi 
because of the loss of normal skin barrier mecbanisms. As the 
organisms proliferate to high wound cow1ts (>I 05 orgru1isms/g 
of tissue), they may penetrate into viable tissue. Organisms then 
invade blood vessels, causing a systemic infection that often leads 
to tbe death of the patient. This scenario has become w1common 
in most burn u11its because of the effective use of antibiotics and 
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Table 21-5 Bum Wound Dressings 
DRESSINGS 

Antimicrobial salves 

Silver sulfadiazine (Silvadene) 

Mafenide acetate (Sulfamy1on) 

Bacitracin 

Neomycin 

Polymyxin B 

Nystatin {Mycostatin) 

Mupirocin (Bactroban) 

Antimicrobial Soaks 

Silver nitrate 0.5% 

Mafenide acetate 5% 

Sodium hypochlorite 0.025% 
(Oakins solution) 

Acetic acid 0 .25% 

Syntlletk (overings 

OpSite 

Biobrane 

Transcyte 

Integra 

Biologic toverings 

Xenograft (pig skin) 

Allograft (homograft, cadaver skin) 

ADVANTAGES AND DISADVANTAGES 

Broad-spectrum antimicrobial; painless and easy to use; does not penetrate eschar; may leave black tattoos 
from silver ion; mild inhibition of epithelialization 

Broad~pectrum antimicrobial; penetrates eschar; may cause pain in sensate skin; wide application may 
cause metabolic acidosis; mild inhibition o f epithelialization 

Ease of application; painless; antimicrobial spectrum not as wide as above agents 

Ease of application; painless; antimicrobial spectrum not as wide 

Ease of appl ication; painless; antimicrobial spectrum not as wide 

Effective in inhibiting most fungal growth; cannot be used in combination with mafenide acetate 

More effective staphylococcal coverage; does not inhibit epithelialization; expensive 

Effective against all microorganisms; stains contacted areas; leaches sodium from wounds; may cause 
methemoglobinemia 

Wide antibacterial coverage; no fungal coverage; painful on application to sensate wound; wide application 
associated with metabolic acidosis 

Effective against almost all microbes, particularly gram-positive organisms; mildly inhibits epithelialization 

Effective against most organisms, particularly gram-negative ones; mildly inhibits epithelialization 

Provides a moisture barrier; inexpensive; decreased wound ~in; use complicated by accumulation of 
transudate and exudate, requiring removal; no antimicrobial properties 

Provides a wound barrier; associated with decreased pain; use complicated by accumulation of exudate, 
risking invasive wound infection; no antimicrobial properties 

Provides a wound barrier; decreased pain; accelerated wound healing; use complicated by accumulation of 
exudate; no antimicrobial properties 

Provides complete wound closure and leaves a dermal equivalent; sporadic take rates; no antimicrobial 
properties 

Completely closes the wound; provides some immunologic benefits; must be removed or allowed to slough 

Provides all the normal functions of skin; can leave a dermal equivalent; epithelium must be removed or 
allowed to slough 

wow1d care techniques. 1l1e an timicro bials used can be divided 
into those g iven topicaiJy and those given systemkaiJy. 

silver ru1.d sulfa motet1es cover gram-positive, most granl
negative, and some fw1gal fo rms. Some Pseudomonas spp. possess 
plasmid-mediated resistance. Silver sulfadiazin e is relatively 
painless on appJjcation , has a high p atient acceptance, and is 
easy to use. O ccasionaiJy. patients complain of a burning sensa
tion after it is applied and, in a few patients, a transient leuko
pe nia d evelops 3 to 5 d ays fo llowing its continued use. 111ls 
le ukop enia is gen erally h arm less and resolves with or witho ut 
treatment cessation. 

Topical Antibiotics 
Available to pical antibiotics c.an be divided into two classes, 
salves and soaks . Salves are generaUy applied directly ro the 
wound w ith corron dressings p laced over them, an d soaks are 
generally po uredl into cotton dressings on the woLmd. Each of 
t hese classes o f amimicrobials has advantages and disadvantages. 
Salves m ay be applied o nce or twice daily b ut may lose their 
effectiven ess bet ween dressing changes. Frequent dressing 
changes can resuJt in shearing, with loss of grafts or underly ing 
heali11g cells. Soaks rem ain effective beca use an antibiotic solu
tion can be added without removing the dressing ; however, the 
underlying skin can become macerated . 

Topical an tibiotic salves include 11% ma.fenide acetate 
{Sulfamylon), 1 o/o silve r sulfadiazine {SiJvaden e), po lymyxin B, 
neomycin, bacitracin, mupirociJ1, and the antifungal agem 

nystatin. No single agent is completely effective, and each has 
advamages and disadvantages. Silver sulfadiazine is the most 
com monly used. It bas a b road spectr u m of activity because its 

M a.fenlde aceta te is another to pical agent with a b road 
spectrum of activity because of its sulfa moiety. It is particularly 
useful against resista.Jlt Pseudomonas and Enterococcus spp. It also 
can pen etrate eschar, which silver sulfadiazine crumot. Disadvan
tages i nclude palnfuJ application on skin , sucl1 as in second
degree wounds. It also cru1 cause an allergic skin rash and has 
carbonic anhydrase inhibitory characte ristics that can result in a 
m etabo Uc acidosis when applied over la rge surfaces. Therefo re, 
ma.fenide sulfate is cypicalJy reserved for small full-thickness 

injuries. 
Petroleum-based antimicrobial o intments with p olymyxiJ1 

B, neomycin, and b aci tracin are clear on application, painless, 
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and allow for easy wound observation. These agents are com
monly used for the treatment of facial burns, graft sites, healing 
donor sites, and small partial-thickness burns. Mupirocin is a 
relatively new petroleum-based ointment that has improved 
activity against gram-positive bacteria, particularly MRSA and 
select gram-negarive bacteria. Nysrarin in a salve or powder form 
can be applied to wow1ds to control fungal growth. Nystatin
containing ointments can be combined with other topical agents 
to decrease colonization of bacteria and fungus. The exception 
is the combination of nystatin and mafenide acetate; each inac
tivates the other. 

Available agents for application as a soak include 0.5% 
silver nitrate solution, 0.025% sodium hypodliorite (Dakin's 
solution), 0.25% acetic acid, and mafenide acetate as a 5% solu
tion. Silver nitrate has the advantage of being painless on appli
cation and having complete antimicrobial effectiveness. The 
disadvantages include its staining of surfaces to a dull gray or 
black when the solution dries. This can become problematic in 
determining wound depth during burn excisions and in keeping 
the patient and his or her surroundings dean of the black stain
ing. The solution is also hypotonic, and continuous use can 
cause electrolyte leaching, with rare methemoglobinemia as 
another complication. A new commercial dressing containing 
biologically potent silver ions (Acticoat) that are activated in the 
presence of moisture is available. This dressing holds the promise 
to retain the effectiveness of silver nitrate without the problems 
of si lver nitrate soaks. 

Dakin's solution is effective against most microbes; however, 
it also has cytotoxic effects on the healing cells of patients' 
wounds. Low concentrations of sodittm hypodliorite (0.025%) 
have less cytotoxic effects while maintaining most of the anti
microbial effects. Hypochlorite ion is inactivated by contact with 
protein, so the solution must be continually changed. 1he same 
is true for acetic acid solutions, which may be more effective 
against Pseudomontts spp. Mafenide acetate soaks have the same 
characteristics as the mafenide acetate salve, except in liquid 
form. 

Systemic Antimicrobials 
1he use of peri:operative systemic antinlicrobials also has a role 
in decreasing burn wound sepsis until the burn wound is dosed. 
Common organisms that must be considered when choosing a 
perioperative regin1en include S. aureus and Pseudomonas spp., 
whidl are prevalent in burn wotmds. 

Bum Wound Excision 
Methods for handling burn wounds have changed and are 
sinillar for adults and dllldren. Increasingly aggressive early tan
gential excision of the burn tissue and early wound closure, 
primarily by skin grafts, has led to significant in1provement of 
mortality rates and substantially lower costs in this particular 
patient population. Furthermore, early wound closure has been 
found to be associated with decreased severity of hypertrophic 
scarring and joint contractures and stii:fuess, and promotes 
quicker rehabilitation. Tedlniques ofbmn wound excision have 
evolved substantially over the past decade. ln general, most areas 
are excised with a hand skin graft knife or powered dermatome. 
Sharp excision with a knife or electrocautery is rc~erved for areas 
of functional cosmetic importance, such as the hru1d ru1d face. 
In partial-thkkness wounds, an attempt is being made to pre
serve viable dermis, whereas in full-tllickness injuries, all necrotic 

ru1d infected tissue must be removed, leaving a viable wound 
bed of fascia, fat, or muscle. The fol.lowing techniques are gener
ally used. 

Tangential Excision 
1l1is technique, first descrihed by Janzekovic in the 1970s, 
requires repeated shaving of deep, dermal, partial-thickness 
burns using a Braithwaite, Watson, or Gouliru1 or dermatome, 
set at a depth of0.005 to 0.010 inch until a viable dermal bed 
is readled. This is manifested clinically by punctuate bleeding 
from the dermal wound bed. 

Full-Thickness Excision 
A hru1d knife sud1 as a Watson or powered dermatome is set at 
0.015 to 0.030 inch and serial passes are made to excise the 
full-thickness wound. Excision is aided by traction on the excised 
eschar as it passes through the knife or dermatome. Adequate 
excision is signaled by a viable bleeding wound bed, which is 
usually fat. 

Fascial Excision 
This technique is reserved for burns extending down through the 
fat into muscle, where the patient prcSCJlts late with large infected 
wotmds and life-threatening invasive ftmgal infections. It involves 
surgical excision of the full thickness of the integument, including 
the subcutaneous fat down to the fascia, using a Goulian knife 
with a no. 1 1 blade. Unfortunately, fascial excision is mutilating 
and leaves a permanent contour defect, which is almost impos
sible to reconstruct. Lymphatic d1rumels can be excised with tlus 
tedmique: peripheral lymphedema may develop. 

Most patients can be managed with layered excisions, 
which optinlize later appearance and function. PubJjsbed esti
mates of the amount of bleeding associated with these operations 
range from 3.5% to 5% of the blood volume for every 1% of 
the body smface excised. The control of blood loss is one of the 
main determinants for outcome.28 Therefore, several techniques 
sbotlld be used to control blood loss. Local application of fibrin 
or tluombin spray, topical application of epinephrine, l/1 0,000 
to 1120,000, epinephrine-soaked laboratory pads (1/40,000), 
ru1d immediate electrocautery of the blood vessel can control 
blood loss.2? 1l1e use of a sterilized tourJuquet can also limit 
blood loss. FiJlally, preexcisional tun1escence with epinephriJle 
saline can be used on the trunk, back, and extremities, but not 
the fingers. 

Bum Wound Coverage 
Following burn wound excision, it is vital to obtain wound 
dosu.re. Various biologic and synthetic substrates have been used 
to replace the injured ski11 postbmn. Autografts from uninjured 
skin remains the mainstay of treatrnent for mru1y patients. 
Because early wound closure using ru1 autograft may he difficult 
when full-thickness burns exceed 40% of the TBSA, allografts 
(cadaver s.kin) frequently serve as skin substitute for severely 
burned patients (Fig. 21-10). Although this approach is still 
commonly used in burn centers throughout the world, it bears 
considerable risks, including antigenicity, cross infection, and 
limited availabil ity. Xenografts have been used for hundreds of 
years as a temporary replacemenr for skin loss. Even though 
these grafts provide a biologically active dermal matrix, inllllu
nologic disparities prevent engraftment ru1d predetermine rejec
tion over time. 
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However, xenografts and allografts arc only a temporary 
means of hurn. wOLmd cover. True closure can only be 
achieved with living autografts or isograft:s. Autologous epithe
lial cel ls grown &om a single full-thickness skin biopsy have 
been available for almost 2 decades. 1l1ese cultured epithelial 
autografts (CEAs) have been shown to decrease mortality in 
massively burned patients in a prospective controlled trial. At 
our institution, we have found that CEAs used in combina
tion with wide mesh autograft and allograft overlay in a pedi
atric patient population with burns of 90% or more of the 
TBSA to be ao;sociated with in1proved cosmetic results. 
However, widespread use of cultured aurografts has been pri
marily hampered by poor long-term clinical results, exorbitant 
costs, and &agility and difficult handling of these grafts; these 
problems have been consistently reported by different bum 
units creating deep burns, even when cells were applied on 
properly prepared wound heds. Alternatively, dermal analogues 
have been made available for clinical use in recent years. 
Imegra, an artificial dermal matrix (Integra LifeSciences, 
Plainsboro, NJ) has been approved by the U.S. Food and 
Drug Administration (FDA) for use iJ1 life-threatening bur.ns. 
It bas been successfully used for the immediate and delayed 
closure of full-thickness burns, leading to a reduction in 
length of hospital stay, favorable cosmetics, and improved 
fLmctional outcome in a prospective and controlled clinical 
study. Our group recently conducted a randomized clinical 
trial using Integra in the management of severe full-rl1ickness 
burns of 50% or more of the TBSA in a pediatric patient 
population, comparing it with a standard autograft-allograft 
technique, and found Integra to be associated with attenuated 
hepatic dysfunction, improved resting energy expenditure, and 
improved aesthetic outcome postburn:10 Alloderm, an acellular 
human dermal allograft, has been advocated for the manage
ment of acute burns. Small clinical series and case reports have 
suggested that Alloderm may be useful in the treatment of 
acute burns. Tissue engineering teclmology is advancing 
rapidly. Fetal constructs have been successfully studied by 
Hohlfeld and associates31; the bilaminar skin substitute of 
Supp and Boyce {cultured skin suhstitute, CSS)32 has been in 
clinicaJ use and is promising.29 Advances in stem cdJ culture 
technology may represent another promising therapeutic 
approach ro deliver cosmetic restoration for burn patients. 

J 
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FIGURE 21-10 Diagram of skin dosure using widely 
meshed autografts. A widely meshed autograft is 
placed on a freshly excised viable wound bed. The 
remaining open wound between the interstices of 
the autograft is dosed with an overlying layer of 
allograft, which can also be meshed to allow tran-
sudate, exudate, and hematoma to escape. 

Multiorgan Failure 
Early aggressive resuscitation regimens have improved survival 
rates d ramatically. With the advent of vigorous Auid .resuscita
tion, irreversible burn shock has been replaced by sepsis and 
subsequent multiorgan failure as the leading causes of death 
associated with burns. In our pediatric burn population, with 
bums of more rhru1 80o/o of the TBSA, sepsis defined by bacte
remia developed in 17.5% of [paticnts.10 The mortality rate in 
the entire group was 33o/o; most of these deaths were attributable 
to multiorgru1 failure. Some of the patients who died were bac
terCillic and septic, but most were not. 1l1ese findings highlight 
the observation that the development of multiorgan failure is 
often associated with infectious sepsis, but infection is by no 
means required to develop multiorgan failure. What is required 
is an inflammatory focus, which in severe burns is the massive 
skin injury that requires inflan1mation to heal. It has been pos
tulated that the progression co mulriorgru1 failure exists in a 
continuum with the systemic inflammatory response syndrome. 
Almoslt all bLLrn patients meet the criteria for the systemic 
inflanunatory response syndrome, as defined by the Consensus 
Conference of the American College of Chest Physicians. P It is 
therefore not surprising that multiorgan failure is common in 
burn patients. 

Causative Fadors and Pathophysiology 
The progression from the systemic inflan1matory response syn
drome to multiorgan failure is not well explained, although 
some of the mechanisms responsible are recognized. Most of 
these are found in patients with inflammation from infectious 
sources. In the burn patient, these infectious sources most likely 
emanate from invasive wound infection or from lung infection 
{e.g., pneumonia). As organisms proliferate out of control. 
endotoxins are liberated from gram-negative bacterial walls and 
exotoxins from gran1-positive and gram-negative bacteria. Their 
release causes the initiation of a cascade of inflammatory media
tors that can result, if Lmchecked, iJ1 organ damage ru1d progres
sion to organ failure. Occasionally, failure of the gut barrier with 
penetration of organisms into the systemic circLLlation may 
tncite :a similar reaction. However, thjs phenomenon has only 
been demonstrated in aoimal models and it remains to be seen 
whether this is a cause of humru1 disease. 
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Inflammation from the presence of necrotic tissue and 
open wounds can incite a similar inflammatory mediator 
response as that seen with endotoxins. The mechanism whereby 
this occurs, however, is not well understood. Nevertheless, it is 
known that a cascade of systemic events is set in motion by 
invasive organisms or from open wounds, which initiates the 
systemic inflammatory syndrome and may progress to multior
gan failure. Evidence from animal studies and clinical trials has 
suggested that these events converge to a common pathway, 
whkh results in the activation of several cascade systems. Those 
circulating mediators can, if secreted in excessive an10unts, 
damage organs distal &om their site of origin. Among these 
mediators are endotoxins, the arachidonic acid metabolites, 
cytokines, neutrophils and their adherence molecules, nitric 
oxide, complement components. and oxygen free radicals. 

Prevention 
Because different cascade systems are invo.lved in the pathogen
esis of burn-induced multiorgan failure, it is impossible as of yet 
to pinpoint a single mediator that initiates the event. Thus, 
because the mechanisms of progression are not wdl known, 
prevention is the best solution. 1l1e current recommendations 
are to prevent the development of organ dysfunction and provide 
optimal support to avoid conditions that promote the onset. 

1l1e great reduction of mortality from large burns was 
observed with early excision and an aggressive surgical approach 
to deep wounds. Early ren1oval of devitalized tissue prevents 
wound infections and decreases the inflammation associated 
with the wound. ln addition, it eliminates small colonized foci, 
which are a frequent source of transient bacteremia. 1l1ose tran
sient bacteremias during surgical manipulations may prime 
immune cells to react in an exaggerated fashi on to subsequent 
insults, leading to whole-body inflammation and remote organ 
damage. We recommend complete early excision of clearly full
thickness wounds within 48 hours of the injury, or as early as 
possible. 

Oxidative damage from reperfusion after low-fl ow states 
makes early aggressive fluid resuscitation imperative. 1l1is is 
particularly important during the initial phases of treatment and 
operative excision, with its attendant blood losses. Furthermore, 
the volume of fluid may not be as important as the timeliness 
with whid1 it is given. [n the study of d1ildren with more than 
80% TBSA burns, it was found that one of the most important 
contributors to survival was the time required to start IV resus
citation. regardless of the initial volume given. 

Topical and systemic antimicrobial therapy bas signifi
cantly diminished the incidence of invasive burn wound sepsis. 
Perioperative antibiotics clearly benefit patients with bum inju
ries more than 30% of the TBSA. Vigilant and sclleduled 
replacement of intravascular devices minimizes the incidence of 
catheter-related sepsis. We recommend changes of indwelling 
catheters every 5 days. 1l1e first can be done over a wire using 
the sterile Seldinger technique, but the second change requires 
a new site. This protocol should be followed as long as IV access 
is required. When possible, peripheral veins should be used for 
cannulation, even through burned tissue. 1l1e saphenous vein, 
however, shmlld be avoided because of the high risk of 
tbrombophlebi tis. 

Pneumonia, which contributes significantly to death in 
burn patients. should be vigilantly anticipated and aggressively 
treated. Every attempt should be made to wean patients as early 

as possible from the ventilator to reduce the risk of ventilator
associated nosocomial pneumonia. Furthermore, early ambula
tion is an effective means of preventing respiratory complications. 
With sufficient analgesics, even patients on continuous ventila
tory support can be out of bed and in a chair. 

The most common sources of sepsis are the wounds and/ 
or the tracheobronchial trees; efforts to identify causative agents 
shouJd be concentrated there. Another potential source. however, 
is the gastrointestinal tract, which is a natural reservoir for bac
teria. Starvation and hypovolemia shunt blood from the splanch
ruc bed and promote mucosal atrophy and failure of the gut 
barrier. Early enteral feeding reduces septic morbidity and pre
vents failure of the gur barrier. At our institution, patients are 
fed immediately through a nasogastric tube. Early enteral feed
ings are tolerated in burn patients, preserve the mucosal integ
rity, and may reduce the magttitude of the hypermetabolic 
response to injury. Support of d1e gut goes along with carefully 
monj tored hemodynan1ks. 

Organ Failure 
Even with the best efforts at prevention, the presence <1f the 
systemic inflammatory syndrome that is ubiquitous in burn 
patieJ1ts may progress to organ failure. It has been found that 
approxin1atdy 28% of patients with more than 30% TBSA 
burns will develop severe multiorgan dysfunction, of which 14% 
will also develop severe sepsis and septic sbock. It generally 
begins to develop in the renal or pulmonary system and can 
progress through the liver, gut, hematologic system, and centra\ 
nervous system. Although d1e development of multiorgan failure 
does not predict mortality, a recent study found a greater than 
50% prevalence of multlorgan failure among nonsurvivors of 
burn iJ1j ury. 18 

Renal Failure 
Witb the advent of early aggressive resuscitation, the iJ1cidence 
nf renal failure coincident with the initial phases of recovery has 
diminished significantly in severely burned patients. However, a 
second period of risk for the development of renal failure, 2 to 
14 days after resuscitation, is still present. Renal failure is marked 
by decreasing urine output, fluid overload, electrolyte abnor
malities, including metaboli.c acidosis and hyperkalemia, the 
development of azotemia, and increased serun1 creatinine levels. 
Trearmem is aimed at averting complications associated with 
these conditions. 

Urine output of more than 1 mUkg is an adequate measure 
of renal perfusion in the absence of underlying renal disea.~. 
Decreasing the volume of fluid being given can alleviate volume 
overload in burn patients. These patients have increased insen
sible losses from the wounds, which can be roughly calculated 
at l500 mlJm2 TBSA + 3750 miJm! TBSA burned. Further 
losses are accrued on air heds (1 liter/day in an adult). Decreas
ing the infused volume of IV fluids and enteral feedings to less 
than the expected insensate losses alleviates fluid overload prob
lems. Electrolyte abnormalities can be minimized by decreasing 
potassium administration in the enteral feedings and giving oral 
bicarbonate solutions. Almost invariably, severely burned 
patients require exogenous potassium because of the heightened 
aldosterone response chat results iJ1 potassium wasting. 

If the problems listed overwhelm the conservative measures 
being used, some form of dialysis may be necessary. 1l1e indica
tions f(lr dialysis are volume overload or electrolyte abnormalities 
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not amenable to od1er treatments. Peritoneal dialysis is effective 
for pediatric burn patients to remove volume and correct elec
trolyte abnormalities. In adults, hemofiltration is an effective 
approach. Continuous venous-venous hemodialysis is some
times indicated because of the Auid shifts that occur. All 
hemodialysis techniques should be done in conjunction with 
experienced nephrologists who are experienced in these 
teclmiqucs. 

After beginning dialysis, renal function may return, espe
cially in pediatric and adult patients who maintain some urine 
output. Therefore, patients requiring such treatment may not 
require lifelong dialysis. It has been observed clinically that 
whatever urine outpll[ was presem will decrease once dialysis is 
begun, but it may return in several days to weeks once the acute 
process of closing the burn wound nears completion. 

Pulmonary Failure 
Many burn patiems require mechanical ventilation to protect 
the airway in the injtial phases of their injury. We recommend 
that these patientts be extubated as soon as possible after the risk 
is diminished. A trial of extubation is often warranted in the first 
few days after injury, and rei"ntubation in this setting is not a 
faUure. To perform this technique safely, however, requires the 
involvement of experts in obtaining an airway. The goal is extu
bation as soon as possible to allow patients to clear their airway, 
because they can perform their own pulmonary toi.let better than 
through an endotracheal tube or tracheostomy. 1l1e first sign of 
impending pulmonary fallure is a decline in oxygenation. This 
is best followed u p with continuous oxjmetry and a decrease in 
saturation to less than 92% is indicative of fallure. lncreasing 
concentrations of inspired oxygen are necessary and, when ven
tilation begins to fall, denoted by increasing respiratory rate and 
hypercarbia, intubation is needed. 

Some have stated that early tracheostomy (within the first 
week) might be indicated for thosewid1 significant bum injuries 
who are likely to require long-term ventilation. In one study, it 
was found that in severely burned children who underwent early 
tracheostomy that peak inspiratory pressures were lower after 
tracheostomy, with higher ventilatory volumes and pulmonary 
compliance, and higher Pa~/Fto2 ratios. No cases of tradleos
tomy site infecdons or tracheal stenoses were identified in the 
28 patients studied. Another randomized study comparing those 
severely bumed patients who underwem early tracheostomy 
with those who did not found similar improvements in oxygen
ation; however, no significant differences could be found in 
outcome measures, such as ventilator days, length of stay, inci
dence of pneumonia, or survival. In fact, 26% of those not 
undergoing tracheostomy were successfully extubated within 2 
weeks of admission, in1plying that they would not have required 
tracheostomy at all. It seems that although tracheostomy may 
be required for some severely burned patients on ventilatory 
support, the advantages of early tracheostomy do not outweigh 
the disadvantages. Further studies from od1er centers may 
change this conclusion in the future. 

Hepatic Failure 
1l1e development of hepatic failure in burn patients is a chal
lenging problem without many solutions. The Uver synd1esizes 
circulating proteins, detoxifies the plasma, produces bile, and 
provides immunologic support. After severe burn injury, the 
liver increases in size to more than 200% of normal.'3 When the 
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liver begins to fall, protein concentrations of the coagulation 
cascade decrease to critical levels and the patient becomes coagu
lopathic. Toxins are not cleared from the bloodstream and bili
rubin concentrations increase. Complete hepatic fallure is not 
compatible with life, but a gradation of liver failure with some 
decline of function is common. Efforts to prevent hepatic failure 
are the only effective methods of treatment. 

With the development of coagulopathles, treatment should 
be directed at replacement of factors ll, Vll, IX, and X until the 
Liver recovers. Albumin replacement may also be required. 
Attention to obstructive causes of hyperbilirubinemia, such as 
acalculous cholecystitis, should be considered as well. Initial 
treatment of this condition should be gallbladder drainage, 
which can be done percutaneously. 

Hematologic Failure 
Burn patients may become coagulopathlc through two mecha
nisms, depletion and impaired synthesis of coagulation factors 
or thrombocytopenia. Factors associated with factor depletion 
are through disseminated intravascular coagulation associated 
with sepsis. This process is also common widl coincident head 
i11jury. With breakdown of the blood-brain barrier, brain lipids 
are exposed to the plasma, which activates the coagulation 
cascade. Varying penetrance of this problem results in differing 
degrees of coagulopathy. Treatment of disseminated intravascu
lar coagulation shOtdd include the infusion of fresh-frozen 
plasma and cryoprecipitate to maintain plasma levels of coagula
don factors. For disseminated intravascular coagulation irlduced 
by brain injury, following the concentration of fibrinogen and 
levels with cryoprecipitate are the most specific indicators. 
Impaired synthesis of factors from Uver fallure is treated as noted 
earlier. 

Thrombocytopenia is common in severe burns from deple
tion during burn wound excision . Platelet counts lower than 
50,000/~ are common and do not require treatment. Only 
when the bleeding is diffuse and is noted to occur from [V 

sites should the administration of exogenous platelets be 
considered. 

Paradoxically, it was found that severely burned patients are 
also at risk for thrombotic and embolic complications likely 
related to immobilization. It was found mat complications of 
deep venous dlrombosis were a.'>Sociated with increasing age, 
weight:, and TBSA burned. These data indicate that deep venous 
thrombosis prophylaxis would be prudent for adult patients in 
the absence of bleeding complications. 

Central Nervous System Failure 
Obtundation is one of the hallmarks of sepsis, and burn patients 
are no exception. A new onset of mental status changes not 
attributed to sedative medications in a severely burned patient 
should incite a search fnr a septic source. Treatment is 
suppor:tive. 

ATTENUATION OF THE HYPERMETABOLIC 
RESPONSE 

Nonpharmacologic Modalities 

Nutritional Support 
1l1e response to injury known as hypermetabolism occurs dra
matically after a severe burn. [ncreases in oxygen consumption, 
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metabolic rate, urinary nitrogen excretion, lipolysis, and weight 
loss are directly proportional to the size of the burn. This 
response can be as high as 200% of the normal metabolic rate 
and returns to normal only with complete closure of the wow1d. 
Because the metabolic rate is so high, energy requiren1ents are 
immense. 'TI1ese requiremems are met by mobilization of carbo
hydrate, fat, and protein stores. Because the demands are pro
longed, these energy stores arc quickly depleted, leading to loss 
of active muscle tissue and malnutrition. Thls malnutrition is 
associated with functional impairment of many organs, delayed 
and abnormal wotmd healing, decreased in1munocompetcnce, 
and altered cellular membrane active transport ftmctions. Mal
nutrition in burns can be subverted ro some exrcnr by the 
delivery of adequate exogenous nutritional support. 'TI1e goals 
of nutrition support are to maintain and improve organ function 
and prevent protein-calorie malnutrition. 

Several formulas are used to calculate caloric requirements 
in burn patients. One formula multiplies the basal energy expen
dirure determined by the Harris-Benedict formula by 2 in burns 
of 40% of the TBSA, assuming a 100% increase in total energy 
expenditure. When total energy expenditure was measured by 
the doubly labeled water method, actual expendimres were 
found to be 1.33 times the predicted basal energy expenditure 
for pediatric patients with bums more than 40o/o of the TBSA 
To meet the mnnimal needs of all the pat ients in this study, 1.55 
times the predicted basal energy expenditure wou.ld be required; 
however, giving caloric loads in excess of this probably leads to 
fat accumulation without affecting lean mass accretion. This 
correlates to 1.4 rimes the measured resting energy expenditure 
by indirect calorimetry. 1l1erefore, the calculation of twice the 
predicted basal energy expenditure might be too high. 

Other commonly used calculations iJ1clude the Curreri 
formula, wbicn calls for 25 kcal/kglday plus 40 kcal/% TBSA 
burned/day. 1llis formula provides for maintenance needs plus 
the additional caloric needs related to the burn wounds. It was 
devised as a regression from nitrogen balance data in severely 
burned adults. In children, formu.las based on body surface area 
are more appropriate because of the greater body surface area 
per kilogram of body weight. We recommend that the formula 
used should depend on the cllild's age (Table 2 1-6). 'TI1ese for
mulas were determined to maintain body weight in severely 
burned children; they change with age based on the body surface 
area alterations that occur with growth. 

The composition of the nutritional supplement is also 
important. The optimal dietary composition contains 1 to 2 g/ 
kg/day of protein, which provides a calorie-to-nitrogen ratio of 
approximately 100: 1 with the caloric intakes suggested earlier. 

Table 21-6 Formulas to Predict caloric Needs in Severely 
Burned Olildrten 

MAINTENANCE BURN WOUND 
ACE GROUP NEEDS NEEDS 
Infants (G-12 mo) 21 00 kcal/% TBSA 1000 kcal/% TBSA 

bumed/24 hr burned/24 hr 

Children (1-12 yr) 1800 kcal/% TBSA 
bumed/24 hr 

1300 kcai/Ofo TBSA 
burned/24 hr 

Adolescents (12-1 B yr) 1500 kcaljO/o TBSA 
bumed/24 hr 

1500 kcai/Ofo TBSA 
burned/24 hr 

This amount of protein provides for the synthetic needs of the 
patient, thus sparing the proteolysis occurring in the active 
muscle tissue to some extent. Nonprotein calories can be given 
as carbohydrate or as fat. Carbohydrates have the advantage of 
stimulating endogenous insulin production, which may have the 
same beneficial effecrs on muscle and burn wounds as an ana
bolic hormone. In addition, it has been shown that aln10st all 
the fat transported in very low-density lipoprotein after a severe 
burn is derived from peripheral lipolysis and not from de novo 
synthesis of fatty acids in the liver from dietary carbohydrates. 
As fat transporters are markedly decreased, we suggest a low-fat 
diet because additional fat to deliver noncarbohydrate calories 
has little suppon. 

The diet may be delivered in two forms, eid1er enterally 
through enteric tubes or parenterally through IV catheters. Par
enteral nutrition may be given by isotonic solutions through 
peripheral catheters or by hypertonic solutions in central cath
e ters. Ln general, the caloric demands of burn patients prohibit 
tl1e use of peripheral parenteral nutrition. Total parenteral nutri
tion ddlvered centrally in burn patients bas been associated with 
increased complications and mortality rates compared with 
enteral feedings. Total parenteral nutrition is reserved only for 
those patients who cannot tolerate enteral feedings. Entera\ 
feeding has been associated with some complications, which 
include mechanical complications, enteral feedi ng intolerance, 
aJ1d diarrhea. 

Interest in nutritional adjunctive t reatment with anabolic 
agents bas received anemion as a meaJ1S ro decrease leaJ1 mass 
losses after severe injury. Agents used include growth hormone, 
IGF, insulin, oxandrolone, testosterone, aJld propraJlolol. Each 
of these agents has different actions to stimulate proteil1 synthe
sis through aJ1 increase in protciJ1 synthetic efficiency. Simply 
put, the free anuno acids available in the cytoplasm from stimu
lated protein breakdown with severe injury or illness are prefer
entially shunted toward protein synthesis rather than exported 
out of the cell. Some of these agents, such as insulin and oxan
drolone, have shown efficacy, not only in improving protein 
kinetics but also in in1proving lean mass after severe burn. 
Further research will reveal whether these biochemical and phys
iologic measures translate to improved fLmction. 

Environmental Support 
Burn pati.ems CaJ1 lose as much as 4000 mUm' hurnedlday of 
body water through evaporative loss from extensive bum wounds 
that have not definltive healed. The altered physiologic state 
result ing from the hypermetabolic response attempts to gener
ate, at least partly, sufficient energy to offSet heat losses associated 
with dus inevitable water loss. The body attempts to raise skin 
and core temperatures to 2° C higher thaJl normal. Raising the 
aniliient ten1perature &om 25° to 33° C CaJl dinUnisb the mag
llltude of this obligatory response from 2.0 to 1.4 resting energy 
expenditure (REE) w1its in patients with burns exceeding 40% 
of the TBSA (Fig. 21- 11).11 This sin1ple environmental modula
tion is an important primary treatment goal that frequently is 
not realized. 

Exercise and Adjunctive Measures 
A bal.anced pbysical therapy program is essential ro restore meta
bolic variables and prevent burn wound contracture. Progressive 
resistance exercises in convalescent burn patients CaJl mai11tail1 
aJld improve body mass, augment il1eorporation of amino acids 

http://www.myuptodate.com


0.05 ,----------------~ 
Ti1111e to excision 

_________ l:;l _____________________ r::r ________ _ 

-{).05 - - --....,.--------..,-----' 
Early Late 

100 ,-~~----------------, Ambient temperature 

20 22 24 26 28 30 32 

Temperature ( 'C) 

Cll 
..!!! 

8 
8 
.._ 
c :g 
0 
E 
:::1. 

:? 
~ 
(]) 
::::J 

E" 
.2 
.>£ 
<1! 
(]) 

0.. 

BURNS CHAPTER 21 539 

0.05 .,------------------, 
Effect of diet on net protein balance 
during acute hospitalization 

-{).05 ___ ..,... _______ ____ ....,._ ... 

100 

40 

High fat 

Effect of exercise on LBM, strength, 

High 
carbohydrate 

-~~1:~~~!5:~~~~~-~----------------------------

Admit Dis
charge 

6 
mon 

9 
mon 

Time postbum 

12 
mon 

No exercise 

18 
mon 

24 
mon 

FIGURE 21-11 Nonphannacologic modulations of the hypennetabolic response postburn. This demonstrates the effect of early excision and 

grafting, environmental thennoregulation, high-carbohydrate diet, and exercise on physiologic derangements postbum. Graphs are averages± 
SEM. Yellow bar, Patients with burns ~40% TBSA who had early excision of burn eschar; blue bar, patients with bums ~40% TBSA who had 
late excision of bum eschar; solid curves, averages for burn patients; dashed lines, values from nonbumed normal patients. (From Will iams FN, 

Jeschke MG, Chinkes DL, et al; Modulation of the hypermetabolic response to trauma: Temperature, nutrition, and drugs. J Arn Coli Surg 
208:489-502, 2009.) 

into muscle proteins, and increase muscle strength and the 
ability to walk distances by approximately 50%. It has been 
demonstrated that resistance exercising can be safely accom
plished in pediatric bum patients without exercise- related 
hyperpyrexia as the result of an inability to dissipate the heat 
generated. Alchough che initial burn injury and sepsis-related 
complications principally detemline the extent of the metabolic 
response in bum victims, obligatory activity, background- and 
procedure-related pain, and anxiety also greatly increare the 
metabolic rate. Judicious maximal narcotic support, appropriate 
sedation, and supportive psychotherapy ate mandatory to mini
mize their effects. 

Pharmacologic Modalities 

Recombinant Human Growth Hormone 
The intramuscular administration of recombinant human 
growth hormone (rhGH) at doses of 0.2 mglkg as a daily injec
tion dming acute bu.rn care can favorably influence the hepatic 
acute-phase response, increased serum concencrations of its sec
ondary mediator, IGF-1, improve muscle protein kinetics, main
taiJl muscular growth, decrease donor site heaHng time by 1.5 
days, improve REE, and decrease cardiac output.33 These benefi
cial effects of tihGH are mediated by IGF-l and patients 

receiving this treatmenr have demonscrated a 100% increase in 
serum lGF-1 and IGFBP3 levels compared witl1 healthy indi
viduals. However, ill a prospective, multicenter, double-blind, 
randomized, placebo-controlled trial of 247 patients and 285 
critically ill nonburned patients, Branski and coworkers'13 fotmd 
chat high doses of rhGH (0.10 ± 0.02 mglkg body weight) were 
associated with increased morbidity and mortality. Others have 
found growth hormone treatment to be associated with hyper
glycemia and insulin resistance. However, neitl1er short- nor 
long-term administration of rhGH was associated with an 
increase in mortality in severely burned ch.ildren. 

Insulin-Like Growth Factor 
Because 1GF-I mt:-diates the effects of growth hormone (GH), 
the infusion of equimolar doses of recombinant human IGF-1 
and IGFBP3 to burn patients has been demonstrated to improve 
protein metabolism effectively in catabolic pediatric subjects and 
adu1ts, with significantly less hypoglycemia than rhGH itself. 
fGF-1 attenuates muscle catabolism and improves gut mucosal 
integd t)' in children with serious burns. lmmune function is 
effectively improved by the attenuation of types l and 2 hepatic 
acute-phase responses, increased serum concentrations of con
stitutive proteins, and vulnerary modulation of the hypercata
bolic use of body protein.' 1 However, a study by Langouche and 
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FIGURE 21 -12 Effects of oxandrolone treatment on the fractional 
synthetic rate of muscle protein synthesis, lBM, and strength. Changes 
in net protein balance of musde protein synthesis and breakdown 
induced by bum injury were measured by stable isotope studies using 
[ring-05]phenyalanine infusion. Graphs are averages ± SEM. Yellow 
bars_ Patients with bums 2:400/o TBSA who received no anabolic 
agents; blue bars, patients with bums 2:400/o TBSA randomized to 
receive oxandrolone. (From Wi lliams FN, Jesd1ke MG, Chinkes DL, 
et al: Modulation of the hypermetabolic response to trauma: Tern
perature, nutrition, and drugs. J Am Coli Surg 208:489-502, 2009.) 

van den Berghe-14 has indicated tbat the use of IGF-l alo11e is 
not effective for criticaUy iiJ patients without burns. 

Oxandrolone 
Treatment with anabolic agents such as oxandralone, a testoster
one analogue that possesses only 5% of the viriJjz.ing androgenic 
effects of testosterone, improves muscle protein cataboJjsm via 
enhanced protein syntbesis efficiency, reduces weight loss, and 
increases donor site wow1d healing. In a prospective randomized 
study, Wolf and associates35 have demonstrated that the admin
istration of lU mg of oxandralone every 12 hours decreases 
hospital stay. I.n a large prospective, double-blinded, randomized 
single-center study, oxandrolone given at a dose of 0.1 mg/kg 
every 12 hours the shortened length of acute hospital stay, 
maintained lcru1 body mass (LBM,) and improved budy com
position and hepatic protein synthesis (Fig. 21-12).36 1he effects 
were independent of age. Long-term treatment with this oral 
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FIGURE 21- 13 Effect of propranolol treatment on the fractional syn
thetic rate of muscle protein synthesis, lBM, and cardiac work. 
Changes in net protein balance of muscle protein synthesis and 
breakdown induced by bum injury were measured by stable isotope 
studies using [ring-D,)phenyalanine infusion. Graphs are averages ± 
SEM. Yellow bars, Patients with bums 2:400/o TBSA who received no 
anabolic agents; blue bars, patients with bums ~40% TBSA random
ized to receive propranolol; dashed lines, values from nonbumed 
normal patients. (From Williams FN, Jeschke MG, Chinkes DL, et al: 
Modulation of the hyperrnetabolic response to trauma: Temperature, 
nutrition, and drugs. J Am Coli Surg 208:489-502, 2009.) 

anabolic during rehabilitation in the outpatient setting is more 
favorably regarded by pediatric subjects then parenteral anabolk 
agents. Oxandrolone successfuiJy abates the effects of burn
associated hypermetabolism on body tissues and significantly 
increases body mass over time, LBM at 6, 9, and 12 months 
after burn, and bone mineral content by 12 months after iJ1jury 
versus unburnt:d controlsY Patients treated with oxandtolone 
show few complications relative to those treated with rhGH. 
However, it must be noted that although anabolic agents can 
increase LBM, exercise is essential to developing strengtl1. 

Propranolol 
f3-Adrenergic blockade with propranolol probably represents the 
most efficacious anticataholic therapy for the treatment ofhurns. 
1he usc of propranolol during acute care in burn patients. at a 
dose titrated to reduce the heart rate by 15% to 20%, has been 
found to diminish cardiac work11 (Fig. 21 -13). It also reduces 
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fatty infiltration of the liver, which typically occurs in these 
patients as the result of enhanced peripheral lipolysis and altered 
substrate handlu11g. Reduction of hepatic fat results from 
decreased peripheral lipolysis and reduced palmitate delivery and 
uptake by the liver, producing smal.ler livers, which adversely 
affect diaphragmatic function less frequently. Stable isotope and 
serial body composition studies have shown that the administra
tion of propranolol reduces skeletal muscle wasting and increases 
leru1 bod)' mass p ostburn.11 'TI1e underlying mechanism of action 
of proprru1olol is still unclear; however, its effect appears to be 
caused by increased protein synthesis in the present of persistent 
protein breakdown and reduced peripheral lipolysis.38 Studies 
now underway-'9 suggest that d1e administration of proprru1olol, 
4 mg/kg body weight/24 hr, also markedly decreases the amount 
of insulin necessary to decrea.<oe postburn elevated glucose levels. 
Propranolol may thus constitute a promising approach to over
come postburn insulin resistance. 

Attenuation of Postbum Hyperglycemia 

Insulin 
Insulin represents probably one of the most extensively studied 
therapeutic agents, and novel therapeutic applications are con
staJJdy being found. f.n addition to its ability to decrease blood 
glucose levels by mediating peripheral glucose uptake into skel
etal muscle and adipose tissue and suppressing hepatic gluco
neogenesis, insul in is known to increa.<;e DNA replication and 
protein synthesis via control of amino add uptake, increased 
fatty acid synthesis, ru1d decreased proteinolysis.12 The latter 
makes insulin particular attractive for the treatment of hyper
glycemia in sev:ercly burned patients because insulin given 
during acute hospitalization has been shown to improve muscle 
protein synthesis, accelerate donor site healing time, ru1d attenu
ate LBM loss and the acute-phase response (Fig. 21-14). In 
addition to its anabolic actions, insulin has been shown to exert 
totally w1expectcd ru1ti-infiammarory effects, potentially neu
tralizing the proinflammatory actions of glucose.40

•
41 These 

results suggest a dual benefit of insulin adminhtration
reduction of the proinflan1matory effects of glucose by restora
tion of euglycem.ia and a proposed, additional, iJ1Sulin-mediated 
anti-inflaJDmatory effect.~ 

Insulin administered to maintain glucose at levels below 
110 mg/dL decreases mortality, incidence of infections, sepsis, 
and sepsis-associated multiorgru1 failure in surgical.ly critically W 
patients. It has also been found to reduce newly acquired kidney 
injury significantly, accelerating weaning &om mechanical ven
tiJation and hastening discharge from the ICU and hospital.43 

When given during the acute phase, it not only improves acute 
hospital outcomes but also improves long-term rehabilitation 
and social reintegration of critically iJJ patients over a period of 
1 year, indicating the advantage of insulin therapy.44 A~ However, 
because strict blood glucose control to maintain norn10glycemia 
was required to obtain the most dinical benefit, a dialogue has 
emerged between those who believe that tight glucose control is 
beneficial for patient outcome and others who fear that high 
doses of insulin may lead to increased risks for bypoglycemic 
events and its associated consequences in these patients. A recent 
multicenter trial in Europe (Efficacy ofVolume Substitution and 
Insulin Therapy in Severe Sepsis [YISEP] trial) bas investigated 
the effects of insulin administration on morbidity and mortality 
in patients with severe infections and sepsis.16 It was found that 
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FIGURE 21 -14 Effect of insulin therapy on the fractional synthetic rate 
of muscle protein synthesis, LBM, and average blood glucose levels. 
Changes in net protein balance of musde protein synthesis and 
breakdown induced by bum injury were measured by stable isotope 
studies using [ring-D5)phenyalanine. Graphs are averages ± SEM. 
Yellow bars, Patients with bums 2:.400/o TBSA who received no ana
bolic agents or insulin; blue bars, patients with burns 2:.400/o TBSA 
randomized to receive insulin. (Ffom Williams FN, Jeschke MG, 
Chinkes DL., et al: Modulation of the hypermetabolic response to 
trauma: Temperature, nutrition, and drugs. J Am Coli Surg 208:489-
502, 2009.) 

insulin administration does not affect mortality but the rate of 
seveJ"e hypoglycemia is fourfold higher in patients receiving 
intensive insulin therapy when compared with the conventional 
therapy group. Another large multicenter study has exanlined 
the use of a continuous, hyperinsulinemic, euglycemic claJnp 
throughout the lCU stay and found a dramatic increase in 
serious hypoglycemic episodes.4' 1l1erefore, the ideal target 
glucose range has not been found, ru1d several groups are cur
rently undertaking clinical tria.ls to define ideal glucose levels for 
the treatment oflCU and burn patients. Currendy, the Su.rviv
ing Sepsis Can1paign recommendation is to maintain glucose 
levels below 150 mg/dL.48 However, maintaining a continuous, 
hyperinsulinemic, euglycemic claJDp in bum patients is particu
larly difficult hecause these patiems are being continuously fed 
large caloric loads via enteral feeding tubes in an attempt to 

maintain euglycemia. Burn patients require weekly operations 
and daily dressing chru1ges, so enteral nutrition occasionally 
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needs to be stopped, which may lead to disruption of gastroin
testinal motility and increased risk of hypoglycemia.4 

Metformin 
Metformin (Glucophage), a biguanide, can be used as an alter
native means ro correct hyperglycemia in severely injured 
patients. By inhibiting gluconeogenesis and augmenting per.iph
eral insulin sensitivi ty, metformin directly counters the two mail1 
metabolic processes that underlie injury-induced hyperglycemia. 
In addition, me tformin has been rarely associated witll hypogly
cemic events, thus possibly eliminating the concern associated 
with the use of exogenous insulin. ln a small randomized study 
by Gore and coworkers, metformin reduced plasma glucose 
concentration, decreased endogenous glucose production, and 
accelerated glucose clearance in severely burned patients. A 
follow-up study of d1e effects of metformin on muscle protein 
synme.sis confi.rmed these observations and demonstrated an 
increased fractional synthetic rate of muscle protein and improve
ment in net muscle protein balance in metformin-treated 
patients.49 Analogous to insulin, metformin may thus have effi
cacy in criticallly injmed patients as hoth an antihyperglycemic 
and muscle protein anabolic agent. Despite its advantages and 
potential therapeutic uses. treatment with metformin or other 
biguanides has been associated with lactic acidosis. To avoid 
metformin-associated lactic. acidosis, the use of this medication 
is contraindicated in certail1 diseases or illnesses in which there 
is a potential for impaired lactate elimination (hepatic or renal 
failure) or tissue hypoxia; it and should be used with caution in 
subacute burn patients. 

Novel Therapeutic Options 
Other ongoing trials to decrease postburn hyperglycemia 
include the use of glucagon-like peptide 1 (GLP-1), peroxisome 
proliferator-activated receptor gamma (PPAR-y) agonises (e.g., 
pioglitazone, thioglitazones), and a combination of various anti
diabetic drugs. PPAR-y agonists, such as fenofibrate, have been 
shown to improve insulin sensitivity in patients with diabetes. 
In a recent do:uble-blind, prospective, placebo-controlled ran
domized trial, Cree and colleagues50 have fow1d that fenofibrate 
treatment siglll.ificantly decreases plasma glucose levels and 
plasma glucose concentrations by improving insulin sensitivity 
and mitochondrial glucose oxidation. Fe11ofibrate also led to 
significantly in<:reased tyrosine phosphorylation of the insulin 
receptor (IR) and IRS-l in muscle tissue after hyperinsulinemk 
euglycemic d amp when compared with placebo-treated patients. 
indicating improved IR signaling. 

SPECIAL CONSIDERATIONS: ELECTRICAL 
AND CHEMICAL BURNS 

Electrical Burns 

Initial Treatment 
Of all burn patients admitted, 3o/o to 5o/o are injured from elec
trical contact. Electrical injury is unlike other bum injuries in 
that the visible areas of tissue necrosis represent only a small 
portion of the destroyed tissue. Electrical current enters a part 
of the body, such as the fingers or hand, and proceeds d1rough 
tissues with the lowest resistance to current, generaiJy the nerves, 
blood vessels, and muscles. The skin has a relatively high resis
tance to electri:c.al current and is therefore mostly spared. The 

current then leaves the body at a grounded area, typically the 
foot. Heat generated by the transfer of electrical current and 
passage of the c.mrent itself then injures the tissues. During this 
exchange, the muscle is the major tissue d1rougb which the 
cmrent Bows, and thus it sustains tile most dan1age. Most 
muscle is in close proximity to bones. Blood vessels rransmirting 
much of the electricity initially remain patent. but may proceed 
to progressive tl1rombosis as the cells die or repair themselves, 
thus resulting .ill further tissue loss from ischemia. 

Injuries are divided into bigh- and low-voltage injuries. 
Low-voltage injury is sinlliar to thermal burns without transmis
sion to the deeper tissues; zones ofilljury from the surface extend 
into the tissue. Most household currents (110 to 220 V) produce 
this type of injury, which causes only local damage. 'TI1e worst 
of these injuries are those involving the edge of the mouth {oral 
commissure), sustail1ed when children gnaw on household elec
trical cords. 

TI1e syndrome of high-voltage injury consists of varying 
degrees of cutaneous bmn at the entry and exit sites, combined 
with hidden destruction of deep tissue .. OfteJl, these patients also 
have cutaneous burns associated wid1 the ignition of clodung 
from the discharge of electrical current. Initial evaluation con
sists of cardiopulmonary resuscitation if ventricular fibrillation 
is induced. Thereafter, if the initial electrocardiographic findings 
are abnormal or there is a history of cardiac arrest associated 
witll the injury, continued cardiac monitoring .is necessary, along 
with pharmacologic. treatment for any dysrhythmias. The most 
serious derangements occur dmil1g the first 24 homs after injury.. 
If patients witl1 electrical injuries have no cardiac dysrhytbmias 
on the initial electrocardiogranl or .recent history of cardiac 
arrest, no further monitoring is necessary. 

Patients with electrical i11juries are at risk for other injuries, 
such as being thrown from the electrical jolt or falling from 
heights after disengaging from the electrical current. In addition, 
the violent tetanic muscular contractions tllat result from alter
nating cmrent sources may cause a variety of fractures and dis
locations. These patients should be assessed in the san1e manner 
as any otl1er patient with blunt trawnatic injuries. 

The key to managil1g patients with an electrical injury lies 
in the treatment of the wound. The most significant injury is 
within the deep tissue, and subsequent eden1a formation can 
cause vascular compromise to any area distal to the injury.. 
Assessment should include circulatio11 ro distal vascular beds, 
because immediate escbarotomy and fasciotomy may be required. 
If the muscle compartment is extensively injured and necrotic, 
so that the prospects for eventual function are dismal, early 
amputation may be necessary. We advocate early exploration of 
affecced muscle beds and debridement of devitalized tissues, 
with attention given to tile deeper periosteous planes, because 
this is the area wid1 the most muscle tissue. Fasciotomies should 
be complete and may require nerve decompressions, such as 
carpal runnel and Guyon canal releases. Tissue that has question
able viability should be left in place, wid1 planned reexploration 
in 48 hours. Many sud1 reexplorations may be required until 
tl1e wound ha~ been completely debrided. Electrical dan1age to 
vessels may be delayed and tile extent of necrosis may extend 
after the initial debridements. After the devitalized tissues are 
removed, closure of tile wound becomes paranwum. Although 
skin graft:s suffice as d osure for most wotmds, flaps may offer a 
berte:r alternative, particularly with exposed bones and tendons. 
Even exposed and superficially iluected bones and tendons can 
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be salvaged with coverage by vascularlzed tissue. Early involve
ment by reconstructive surgeons experienced i"n the various 
methods of wound closure is optimal. 

Muscle damage results in the release of hemochromogens 
(myoglobin), which are 6Jtered iJl the glomeruli and may result 
in obstructive nephropathy. Therefore, vigorous hydration and 
infusion of TV sodium bicarbonate (5% continuous infusion) 
ru1d mannitol (25 g every 6 hours for adults) are indicated to 
solubilize the bemochromogens ru1d maintain urine output if 
significant an1ow1ts are found in the serum. 1l1ese patients also 
require additionallY volumes over predicted runouuts based on 
the wound area because most of the wound is deep and cannot 
be assessed by standard physical exrunlnation. In this situation, 
urine output should be maintained at 2 mL/kg/hr. 

Delayed Effects 
Neurologic deficits may occur. Serial neurologic evaluations 
should be perfor1111ed as part of the routine exrunination to detect 
any early or late neuropathology. Central nervous system effects 
such as cortical encephalopathy, hemiplegia, aphasia, and brain
stem dysfunction injury have been reported up to 9 months after 
injury; delayed peripheral nerve lesions, characteri7,.ed by demy
elination with vacuoHzation ru1d reactive gliosis, have also been 
seen. Another devastating long-term effect is the development 
of cataracts, which can be delayed for several years. 1l1ese com
plications may occur in up to 30% of patients with significant 
high-voltage injury, ru1d patients should be made aware of this 
possibility, even with the best treatment. 

Chemical Burns 
Most chemical burns are accidental and caused by mishandling 
of household cleaners, although some of the most dramatic 
presentations involve industrial exposures. Thermal bums are, in 
general, short-term exposures to heat, but chemical injuries may 
be of longer duration, even hours, in the absence of appropriate 
treatment. The degree of tissue damage, as well as the level of 
toxicity, are determined by the cbemical nature of the agent, its 
concentration, and duration of skin contact. Chemicals cause 
injury by protein destruction, with dena.turation, oxidation, for
mation of protein esters, ru1dlor desiccation of the tissue. In the 
United States, the composition of most household and industrial 
chemicals cru1 be obtained from the Poison Control Center in 
the local area, which CaJl provide suggestions for treatment. 

Speed is essential for the management of chemical burns. 
For all d1ernlcals, lavage with copious quantities of dean water 
should be done imrnediately after removing all clothing. Dry 
powders should be brushed from the affected areas before irriga
tion. Early irrigation dilutes the chemical, which is already in 
contact with the skin, and tin1eliness increases effectiveness. 
Several liters of irrigant may be required. For example, 10 mL 
of 98% sulfuric acid dissolved in 12 liters of water decrease.~ its 
pH to 5.0, a range that can still cause injury. If the chemical 
composition is known (acid or base), monitori11g of the pH of 
the spent lavage solution provides a good indication of lavage 
effectiveness and completion. A good rule of thumb is to lavage 
with 15 to 20 liters or more of tap water for significant chemical 
injuries. The lavage site should be kept drained to remove the 
earlier, more concentrated effluent. Care should be taken to 

drain away from uninjured areas to avoid further exposure. 
All patients must be monitored according to the severity 

of their injuries. 1l1ey may have metabolic disturbances, usually 

BURNS CHAPTER 21 543 

from pH abnormalities, because of exposure to strong acids or 
caustics. If respiratory diflicLdty is apparent, oxygen tberapy and 
mechru1ical ventilation must be instituted. Resuscitation should 
be guided by the TBSA involved (burn formulas); however, the 
total fluid needs may be dramatically different from the calcu
lated volumes. Some of these il1juries may be more superficial 
than they appear, particularly in the case of acids, and cl1erefore 
require less resuscitation volume. lnjuries from bases, however, 
may penetrate beyond that which is apparent on examination 
and therefore require greater volume of water. Thus, patients 
with d 1cmical injuries should be observed close~' for signs of 
adequate perfusion, such as urine output. All patients with sig
ni6can t chemical injuries should be monitored with indwelHJ1g 
bladder catheters to measure outputs accurately. 

Operative debridement, if indicated, should take place as 
soon as a patient is stable and resuscitated (Fig. 21-15). Follow
illg adequate lavage and debridement, burn wotmds are covered 
wicl1 antimicrobial agents or skin substitutes. Once the wounds 
have stabilized with the indicated treatment, they are treated as 
with ru1y loss of soft tissue. Skin grafting or flap coverage is 
performed, as needed. 

Alkali 
Alkalis, such as lime, potassium hydroxide, bleach, and sodium 
bydroxide, are among the most common agents involved in 
cbemical injury. Accidental injury frequently occurs in infru1ts 
and toddlers who are exploring cabil1ets in which cleaning prod
ucts are stored. 1l1ere are three factors involved in the mecha
nism of alkali burns: (1) saponification of fat causes the loss of 
insulation of heat formed in the chemical reaction with tissue; 
(2) massive extraction of water from cells causes damage because 
of the hygroscopi.c nature of alkali; and (3) alkalis dissolve and 
unite with tissue proteil1S to form alkaline proteinates, which are 
soluble and contain hydroxide ions. These ions induce further 
chemical reactions, penetrating deeper into the tissue. Treatment 
involves immediate removal of the causative agent with lavage 
of large volumes of Auid, usually water. Attempt~ to neutralize 
alkali agents with weak acids are not recommended, because the 
heat released by neutralization reactions il1duces further i11jury. 
Particularly strong bases should be treated with lavage and con
sideration for the addition of wound debridement in the operat
ing room. Tangential removal of affected areas is performed w1til 
the tissues removed are at a normal pH. 

Cement (calcium oxide) bums are alkali in nattue, occm 
commonly, and are usually work-related injuries. The critical 
substance responsible for the skin dan1age is the hydroxyl ion. 
Ofren, the agent has been i11 contact with the skin for prolonged 
periods, such as underneath the boots of a cement worker who 
seeks treatment hours after the exposure, or after the cement 
penetrates clothing and, when combined with perspiration, 
induces an exothermic reaction. Treatment consists of removing 
all clothing and irrigating the affected area with water and soap 
until all the cen1ent is removed and the effluent has a pH lower 
than 8. Injuries tend to be deep because of expos me times, ru1d 
surgical excision and grafting of the resultru1t eschar may be 
required. 

Acids 
Acid injuries are treated initially Like any other chemical injury, 
with removal of all chemicals by disrobing the affected area 
and copious irrigation. Acids induce protein breakdown by 
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Incident with chemical agent 

• Irrigate copiously with water (several liters) 

+ ----, 
Acid bums Alkali burns 

Check surface pH Check surface pH 

l. ~ 
It <7, continue irrigating until pH 
reaches the physiologic range 
(7-7.5). Take care to direct the 

irrigant away from noninjured skin. 

If >7.5, continue irrigating 
until pH reaches the 

physiologic range (7-7.5). 

Once wound pH reaches a 
physiologic range, the injury 

process has finished 

pH should be checked again 
after debridement because alkali 

agents can penetrate through 
the surface. Thereafter, treat the 
wound with standard techniques FIGURE 21 -15 Algorithm showing treatment of acid and 

alkali bums. 

hydrolysis, which results in a bard eschar that does not penerrate 
as deeply as that caused by alkalis. These agents also induce 
thermal injury by heat generation with contact of the skin, 
causing further soft tissue damage. Some adds have added 
effects, discussed here. 

Formic acid injuries are relatively rare, usually involving 
an organ.ic acid used for industrial descaling and as a hay pre
servative. Electrolyte abnormalities arc of great concern for 
patients who have sustained extensive formic acid injuries, 
with metaboHc acidosis, renal failure, intravascular hemolysis, 
and pulmonary complications (acute respiratory distress syn
drome) being common. Acidemia detected by a metabolic aci
dosis on arterial blood gas analysis should be corrected with 
1V sodium bicarbonate. Hemodialysis may be required when 
extensive absorption of formic acid has occurred. Mannitol 
diuresis is required if severe hemolysis occurs after deep .injury. 
A formic acid wound typicaUy has a greenish appearance and 
is deeper than what it initially appears m be; i£ is best treared 
by surgical exdsion. 

Hydrofluoric acid is a toxic substance used widely in indus
trial and domestic settings and is the strongest inorganic acid 
known. Management of these burns differs from that for other 
acid burns in general. Hydrofluoric acid produces dehydration 
and corrosion of tissue wirl1 free hydrogen ions. In addition, the 
Auoride ion complexes with bivalent cations such as calcium and 
magnesium to form insoluble salts. Systemic absorption of the 
fluoride ion can then induce inrravascular calcium chelation and 
hypocalcemia, which causes life-threatening arrhythmias. 
Beyond initial copious irrigation with clean water, the burned 
area should be treated immediately with copious amounts of 
2% calcium gluconate gel. For exan1ple, 3.0 g of 2.5% calcium 
gluconate is mixed with 5 oz. of water-soluahle lubricant and 
applied to the wounds five times a day up to four times daily. 
Generally, these woLmds arc extremely painful because of the 
calcium chelation and associated potassium release. 1his finding 
can be used to ·determine the effectiveness of treatment. The gel 

should be changed at 15-minute intervals until the pain sub
sides, an indication of active Auoride ion rernoval. If pain relief 
i$ i11complete after several applications, or if symptoms recur, 
inrradem1al injections of lOo/o calcium gluconate (0.5 mL/cm2 

affected), intra-arterial calcium gluconate into the affected 
extremity, or both may be required to alleviate symptoms. If the 
burn is nQt treated in this way, decalcification of the bone under
lying the injury and extension of the soft tissue injury may occur. 

All patients with hydrofluoric acid bums should be admit
red for cardiac monitoring, with particular attention paid ro 
prolongation of the QT interval. To treat hypocalcemia, a total 
of2 to 3 an1pules of 10% calcium gluconate solution should be 
added ro a liter of resuscitation fluid, and serum electrolyte levels 
closely monitored. Any electrocardiographic changes require a 
rapid response by cl1e treatment team with rv calcium chloride 
to maintain heart function. Several gran1s of calcium may be 
required to fully abate the hydroAuoric acid burn. Speed in rreat
mem of hydrofluoric burn is the key ro effective treatment. 

Hydrocarbons 
The Qrganic solvent properties of hydrocarbons promote cell 
membrane dissolution and skin necrosis. Symptoms include 
erythema and blistering, and the burns are typically superficial 
and heal spontaneously. If absorbed systemically, toxicity can 
produce respiratory depression and eventual hepatic iJ1jury; 
thought to be associated with ben7_enes. Ignition of the hydro
carbons on the skin induces a deep full-thickness injury. 

OUTCOMES 
Many of the treatments for burns are directed at improving 
functional psychological and work outcomes, which are only 
now being systematically studied. Authors are now reporting 
new methods to evaluate outcomes through Burn-Specific 
Health Scales and measures of adjustment. It has been 
found that severely burned adult patients adjust relatively 
well, although some develop clinically significant psychological 
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disturbances, such as somatization and phobic anxiety. Chil
dren with severe burns were found to have similar somatization 
problems and sleep disturbances, but in general were well 
adjusted. Time off work in adult patients was found to be 
associated with increasi"ng percentage of the TBSA burned, 
psychiatric hiswry, and exuemity burns, wid1 considerable job 
disruption. L1 general. major burns can lead to significant dis
turbances i11 psychiatric health and outcomes, but these effects 
can be overcome. 

BURN UNITS 
Improvements in bum care originated in specialized units spe
ci.fically dedicated to the care of burn patients. These units 
consist of experienced personnd with resources to maximize 
outcome after these devastating injuries. Because of their special
ized resources, burn patients arc best treated in these facilities. 
Patients with the following criteria should be referred to a des
ignated burn center: 

l. Partial-thickness burns more than I Oo/o of the TBSA 
2. Burns involving the face, hands, feet, genitalia, perineum, 

and/or major joints 
3. Any fttll-thickness burn 
4. Electrical burns, including lightning injury 
5. Chemical burns 
6. Inhalation injury 
7. Bttrns in patients with preexisting medical disorders that 

could complicate management, prolong recovery, or affect 
outcome 

8. Any patient with burns and concomitant trauma (e.g., 
fractures) in which the burn injury poses the greater 
immediate risk of morbidity and mortality. [n these cases, 
if the trauma poses the greater inu11ediatc risk, the patient 
may be initially stabilized in a trauma center before being 
transferred to a burn unit. Physician judgment is neces
sary in these cases and should be iJ1 conjunction with the 
regional medical control plan and triage protocols. 

9. Burned children in hospitals without qualified personnel 
or equipment to care for children 

10. Burns in patients who will require special social., emo
tional, or long-term rehabilitative intervention. 

Specialized care for severely bmned patients in burn centers 
has contributed to significant improvements in morbidity and 
mortality. The overall LDso for all burns is 70o/o of the TBSA, 
meaning that a 70o/o TBSA burn now has a 50% mortality rate 
for all ages?; 20 years ago. the 1050 was a 50o/o TBSA. 

SUMMARY 
The treatment of burns is complex. Minor injuries can be treated 
in the community by knowledgeable physicians. Modera.te and 
severe injuries, however, require treatment iJ1 dedicated facilities 
with resources to maximi:t..e the outcomes from these often dcv
astatiJ1g events. 

Novel concepts and techniques have been proposed and 
significantly improved over the past 30 years, resulting in a 
considerable decline in burn-related deaths and hospital admis
sions in the United States. Early excision and closure of the burn 
WOlll1d have probably been the single greatest advancement ffi 

treating patients with severe thermal injmies during che last 20 
years, leading to substantially reduced REEs and subsequent 
improvement of mortality rates m this patient population. The 
adequate and rapid institution of fluid resuscitation maintains 
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FIGURE 21-16 Relative efficacy of the different anabolic agents to 
improve muscle protein synthesis compared with standard of care 
alone. ·Changes in net protein balance of muscle protein synthesis 
and breakdown induced by bum injury was measured by stable 
isotope studies using d5-phenyalanine infusion studies published 
previously. *p < 0.05. Graphs are averages ± SEM. Yellow bars repre
sent patients with burns ~40% total body surface area (TBSA) that 
received no anabolic agents. Blue bars represent patients with bums 
~400/o TBSA that were randomized to receive drug. (From Williams 
FN, Jeschke MG, Chinkes DL, et at: Modulation of the hyperrnetabolic 
response to trauma: Temperature, nutrition. and drugs. J Am Coli Surg 
208:489-502, 2009.) 

tissue perfusion and prevents organ systen1 failure. Sepsis is suc
cessfully controlled by early excision ofbmn wounds and topical 
antimicrobial agents. Patients suffering from sustained inhala
tion injury require additional fluid resuscitation, humidified 
oxygen and, occasionally, ventilatory support. Emeral cube 
feeding is commenced early to control stress ulceration, main
tain in testffial mucosal integriry, and provide fuel for the result
ing hypcrmetabolic state. TI1erapeutic approaches to overcome 
this persistent bypermetabolism and associated hyperglycemia 
have remained challenging. At present, ~adrenergic blockade 
with propranolol represents probably the most efficacious anti
catabolic therapy for the uearmcm of bums. Other pharmaco
logic strategies that have been successfully to attenuate the 
hyperruetabolic response to burn injury include GH, IGF, and 
oxandrolone (Fig. 21-16). Maintai ning blood glucose levels 
below 110 mg/dL using inrensivc insuliJ1 therapy has been 
shown to reduce mortality and morbidity m critically ill patients. 
However, associated hypoglycemic events have led to the inves
tigation of other strategies, including the use of metformin and 
the PPAR-y agonist fenofibrate. 

Further studies are needed to address the primary detcrnli
nants of death, inhalation injury complications, and pneumo
nia, as well as to ameliorate pain ru1d scar formarion, which are 
the persistent sequelae of this thermal injury. Better u nderstruld
ing of tbe basic mechrulisms underlying the metabolic postburn 
alterations may lead to the development of novel therapeutic 
options. Centralized care in burn un.its and multidisciplinary 
team approaches wiiJ advance and extend current therapeutic 
strategies, further in1proving the prognosis for this LUlique 
patient popttlation. 
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SELEctED REFERENCES 
Baxter CR: Fluid volume and electrolyte changes of the early post
burn period. Oin Plast Surg 1:693-703, 1974. 

lhis artide defines the development and use of the Parkland formula 
for the resuscitation of burned patients. 

Bull JP, Squire JR: A study of mortality in a bw·ns unit; standards for 
the evaluation of alternative methods of treatment. Ann Surg 
130:160-173, 1'949. 

lhis landmark alltide was one of the first ro describe the incidence of 
bum mortality. 

Herndon DN. Hart DW. Wolf SE. et al: Reversal of catabolism by 
beta-blockade after severe burns. N Engl J Med 345:1223-1229, 
2001. 

This landmark dinical trial shows that the efficacy of propranolol, a norr 
selective beta receptor antagonist, attenuates the profound hypermeta
bolic response and muscle-protein catabolism after severe bum injury. 

Herndon DN, Tompkins RG: Support ofd1e metabolic response to 
bum injury. Lancet 363:1895-1902, 2004. 

This review is one of the premier articles to highlight the many methods 
for attenuating the hypermetabolic response and describe postbum 
physiologic and metabolic derangements. 

Jeschke MG. Chinkes DL Finnerty CC. et al: Pathophysiologic 
response to seve.re burn injury. Ann Surg 248:387-401, 2008. 

This landmark dinical trial delineates the complexity of the hypermeta
bolic hyperc.atabolic response to severe b\.im injury. 

Williams FN, Jeschke MG, Cbinkes DL, et al: Modulation of the 
hypermetabolic response to tmuma: Tempemture. nutrition. and 
drugs. J Am Coil Surg 208:489- 502, 2009. 

This review highlights the stgnificant pharmacologic and nonpharmaco
logic modulators of the postbum hypernetabolic response that have 
been shown to improve morbidity and mortality. 

Wolf SE, RoS<:! JK, Desai MH, et al: Mortality determinants in 
massive pediatric burns. An analysis of I 03 children with > or= 80% 
TBSA burns (> or = 70% full-thickness). Ann Surg 225:554-565, 
1997. 

The treatment of very severely burned pediatric patients and the 
major deterninants of mortality are described in this article. A fornula 
was also devised to predict those who will survive or succumb to their 
injuries. 
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CHAPTER 22 
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SNAKEBITES 

Epidemiology 
An estimated 50,000 to 100,000 individuals worldwide die each 
year of venomous snakebites. 1hose at greatest risk include agri
cultural workers and hunters living in tropical countries. ' L1 the 
United States, approximately 8000 bites by venomous snakes 
occur ead1 year,1 with approximately six deaths. Venomous 
species indigenous to the United States can be found in all states 
except Alaska, Maine, and Hawaii. 1he typical victim is a young 
male with a bite on an extremity. Lower extremity hires tend to 
result from stepping near a snake. whereas purposefu.l handling 
of a snake is more likely to produce a bite on the upper extrem
ity. 1l1ose who are purposefully handling the snake are often 
intoxicated. Snakes are poikilothermic, whid1 accow1ts for the 
higher incidence of bites during warmer months. 

Species 
ill the United State.~. snakes of the subfamily Crotal.inae (pit 
vipers), which includes the rattlesnakes (Fig. 22-1), copperheads, 
and cottonmouths, are responsible for 99% of medically signifi
cant bites. Only 1% of bites are attributable to the other family 
of venomous snakes indigenous to the United Stares, the Elapi
dae (coral snakes). 

Several characteristics distinguish pit vipers from nonven
omous snakes. Pit vipers tend to have relatively triangular heads, 
elliptical pupils, heat-sensing facial pi ts, large retractable anterior 
fangs, and a single row of subcaudal scales. Nonvenomous 
snakes often have more rounded heads, circular pupils, no fangs, 
and a double row of subcaudal scales (Fig. 22-2). Coral snakes 
possess a red, black, and yellow-banded pattern. ln the United 
States, the alignment of red bands next to yellow reliably dif
feremiares coral snakes from nonvenomous mimics. 1l1e old folk 
rhyme, "Red om yellow, kiU a fellow, red on black, venom lack," 
may overstate the problem, but is a convenient way to remember 
the phenotypic appearance of coral snakes in North America. 
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There are three species of coral snakes in the United StateS>--the 
eastern and Texas coral snakes (Micrurus fulvius and Micrurus 
tener, respectively) and the Sonoran or Arizona coral SJJake 
(Micruroides eury.v:anthus). 

Toxicology 
Snake venoms are complex and possess many peptides and 
enzymes. Peptides can damage vascular endothelium, thereby 
increasing permeability and leading to edema and hypovolemic 
shock. Enzymes include proteases and L-an1ino acid oxidase, 
whicl1 cause tissue necrosis, hyaluronidase, which facilitates the 
spread of venom cl1rough tissues, and phospholipase A2, which 
dan1ages erytl1rocytes and muscle cells. Other enzymes include 
endomadeases, alkaline phosphatase, acid phosphatase, and cho
linesterase.3 In addition to causing local injury, these compo
nents also have deleterious effects on the cardiovascular, 
pulmonary, renal, and. neurologic systems. Other components 
of the venom profoundly affect coaguJation, fibriJlolysis, platelet 
function, and vascular integrity, sometimes producing hemor
rhagic or thrombotic sequelae.1 

Clinical Manifestations 

Local 
Approximately 20% of bites by pit vipers lack any venom injec
tion (dry bites).~ TI1e only findings in such cases are puncture 
wounds or lacerations and minimal pain. Actual envenomation 
produces burning pain within minutes, followed by edema and 
erythema. Swelling progresses over the next few hours, and 
ecchymoses and hemorrhagic bullae may appear (Fig. 22-3}. 
Lwolvement of the lymphatic system is common and heralded 
by lymphangitis and lymphadenopathy. With delayed or inad
equate treatment, severe tissue necrosis can occur. 

Systemic 
Patients may complain of weakness, nausea, vomiting, perioral 
paresthesias, a metallic taste, and muscle twitching, although 
these systemic complaints are uncommon.6 Diffuse capillary 
leakage leads to pulmonary edema, hypotension, and eventually 
shock. In victims of severe bites, a consumptive coagulopathy 
can develop witllli1 I hour.4 Such patients can bleed spontane
ously from almost any anatomic site, although clinically signifi
cant bleeding is uncommon, even in the face of significantly 
abno.rmal coagulation test results. Multifactorial acute renal 
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FIGURE 22- 1 A typical North American pit viper, the western dia
mondback rattlesnake, Crotalus atrox. (Courtesy Michael Cardwell.) 
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FIGURE 22-2 Comparison of pit vipers and nonvenomous snakes. 
The rattle (D, top panel) applies to rattlesnakes only. (From Sullivan 
JB, Wingert WA, Norris RL: North American venomous reptile bites. In 
Auerbach PS [edJ: Wilderness medicine: Management of wilderness 
and environmental emergencies, ed 3, St Louis, Mosby- Year Book. 
1995, p 684.} 

failure resulting from direct nephrotoxlns, circulatory collapse, 
myoglobinuria, and consumptive coagulopathy is possible. Lab
oratory abnormalities may include hypofibrinogenemia, throm
bocytopenia, prolonged prothrombin and partial thromboplastin 
times, incr<:ased fibrin split products, elevated creatinine and 
creatine pbosphokinase levels, proteinuria, hematuria, and 
anemia or hemo<:oncentration.4• 

6 

Unlike pit viper venoms, which tend to affect multiple 
organ systems, coral snake venom is prLmarily neurotoxic. Local 
injury is generaiJy minimal or absent. Systemic signs of coral 
snake bites, including cranial nerve dysfunction and loss of deep 
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FIGURE 22-3 A case of severe envenomation by a western diamond
back rattlesnake (Crotalus atrox) 4 days after the bite. Note the soft 
tissue swelling and hemorrhagic and serum-filled vesides. (Courtesy 
Dr. David Hardy.) 

tendon reflexes, may progress to respiratory depression and 
paralysis over a period of several hours. Differences in therapy 
make it important to distinguish between coral snake and pit 
viper bites. 

Management 

Field Treatment 
"Do no harm" first aid, consisting of rapid evacuation and pro
ceeding ro definitive care and immobilization, is the mainstay 
of first aid therapy. Removing the victim from the snake and 
placing him or her at rest is the first step. The wound is cleansed 
and immobilized at approximately heart level, if possible. Cryo
therapy, suction, tourniquets, and electric shock therapy arc 
harmful and ineffective. Therefore, these measures are not rec
ommended. Most pit viper bites in the United States pose more 
of a threat ro local tissues than ro the life of the victim, and the 
use of any method ro restrict venom to tbe bite site may be ill 
advised. The .Australian pressure immobilization technique, in 
which the entire bitten extremity is snugly wrapped with a 
bandage, beginning at the bite sire, ru1d splinted, has been dem
onstrated in smaU studies to significru1tly limit d1e systemic 
spread of various snake venoms. 1hi.s technique is the field treat
ment of choice for a non-necrotizing bite. such as from a coral 
snake,' but may make the local necrosi.s worse after a pit vi.per 
bite. Field measures must not delay transpon ro the nearest 
hospital appropriately equipped ro handle a venomous snake
bite. At least experin1enrally, antivenom (antivenin) reduces soft 
tissue loss ru1d improves function,8 and is probably time
dependent. In serious envenomations, delay in antivenin admin
istration leads to greater tissue injury. 

Hospital Management 
Caution must be exercised when hru1dllng aJl)' snake brought in 
wi.th the patient for identification. Even dead snakes ru1d severed 
heads can still have a bite reflex for as long as 1 hour. Handling 
of these animals by untrained bealrhcare personnel, even when 
the animal is dead, is not recommended. 

A rapid. detailed history of the incident. type of snake. field 
management, and previous ru1rivenom exposure is importrult. 
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Physical assessment emphasizes vital signs, carcUopulmonary 
status, neurologic examination, and wound appearance and size. 
1he bitten extremity is marked at two or three locations so that 
circumferences can be measured every L5 minutes to judge the 
progression of local findings. Such measurements continue until 
rhe swelling has clearly stabilized. 

Necessary laboratory analyses include a complete bloud 
count, coagulation studies (prothrombin time, partial thrombo
plastin time, international normalized ratio [INR], fibrin degra
dation products, fibrinogen level), electrolyte, blood urea 
nitrogen, creatinine, and creatine phosphokinase levels, and uri
nalysis. No laboratory stucUes are necessary for a coral snake bite. 
A d1est radiograph and electrocardiogram are obtained in older 
patients and anyone with systemic symptoms. 

lf the patient is completely asymptomatic 6 hours after 
a pit viper bite or 24 hours after a coral snake bite and all 
laboratory results are normal, it is unlikely that envenomation 
has occurred, and discharge is acceptable. All envenomated 
patients are best observed for at least 24 hours .in the 
hospital. 

Antivenom Therapy Deciding when to administer antivenom to 

a victim of a venomous snakebite requires significant clinical 
judgment, and consulmtion with an experienced clinician or 
toxicologist is prudent. The treating physician must quickly 
weigh the potential benefits of giving heterologous antiserum to 
the victim in an effort to halt the progression of envenomation 
against the risks inherent in the administration of sucl1 a product, 
such as an anaphylactoid reaction or serum sickness. Further
more, because snake envenomation is a dynan1ic process, tbe 
decision for or against antlvenom must be reevaluated as the 
syndrome manifests its severity over time. Currently, antiveJJom 
is administered co any patient with evidence of envenomation 
and clear progression in severity after arrival at the hospital or 
without delay in any patient with dearly serious poisoning {e.g., 
severe swelling, hypotension, respiratory distress). 

Wyeth Polyvalent {Crotalidae) Antivenom is no longer 
manufactured. In 2000, the U.S. Food and Drug Administra
tion {FDA) approved a second pit viper antivenom for use in 
the United States, CroFab (Protherics, Brentwood, Teru1). This 
product, produced in sheep and modified by Fab technology, 
appears to be more effective and safer to use than the previous 
polyvalent antlvenin.9"

11 No skin testing is recommended, and 
no pretreatment in an effort to reduce the risk for an acute 
adverse reaction to the product is needed with CroFab. 

Because a111tivenin works by neutralizing the antigens in the 
venom, its dose is based on the amount of venom injected, not 
the size of the patient. In the clinical setting, the exact amount 
of venom injected is impossible to determine; therefore, the 
dosing of antivenin requires significant experience and clinical 
judgment. For major envenomations, CroFab is given as six vials 
intravenously {IV) in 250 mL of diluent over a period of approx
imately l hour. [f. after the initial dose, the severity of venom 
toxicity progresses over the next hour, an additional 4 to 6 vials 
are administered. 'TI1is sequence is repeated as needed until tbe 
victin1 has stabilized. After stabiBzation, to prevent recurrence 
of cl1e effects of the venom, two vials of CroFab are administered 
N every 6 hours for three additional doses.10 1he san1e dosing 
regimen is used for children, and pregnancy is not a contrain
dication to anti venom therapy. Although expensive, postmarket
ing experience with CroFab has been favorable. Allergic reactions 

and side effects have been much Less than with the previous 
Wyeth Polyvalent Antivenin.12 

A separate antivenom, North American Coral Snake Anti
venin, was also produced by Pfizer (formerly Wyeth-Ayerst) and 
is available for eastern and Texas coral snake bites, but this 
product is also nor currently being manufacrured. Current lor 
numbers have been extended until October 31, 2011, but these 
will then expire. No U.S. alternative for this antivenom exists. 
We reconm1end contacting your local poison control center for 
further information on coral snake envenomations. Administra
tion is similar to that for CroFab, except that therapy is initiated 
in all patients in whom a positively identified coral snake bite 
has occurred, even in the absence of local or systemic symptoms, 
because such symptoms may be delayed many hours in onset. 
Once esmblished, envenomation can be hard to reverse, even 
widl the use of antlvenom. There is no antivenom produced to 
treat Sonoran coral snake bites, but there have been no reported 
fatalities after bites by chis smaiJ animal. Any currently available 
snakebite antivenom carries some risk for an acute anaphylactoid 
reaction and delayed serum sickness. Wormed consent is 
obtained for its use whenever possible, and treatment of anaphy
laxis with epinephrine and possible airway control must always 
be immediately available during administration. Patients should 
be warned of the symptoms of serun1 sickness before discharge 
from the hospital. GeneraUy, serum sickness is easily treated with 
steroids and antihistan1ines. 

Poison control centers and zoos can provide important 
information regardll1g the procurement of antivenom and man
agement of the occasional exotic snakebite in zookeepers or 
private hobbyists chat occurs in the United States. TI1.e Univer
sity of National Poison Center Network (800-222-1222) is a 
useful source of information for physicians needing help in 
managing venomous snakebites. Given the shortage of some 
antivenin products, the poison control center contacts are par
ticularly important. 

Wound care and Blood Products The bite site is cleansed thor
oughly and the extremity is splinted and elevated. Prudent, 
conservative wound care is indicated. Surgical debridement is 
rarely i11dicated and should never be performed early, because 
injured tissue may be salvaged with antivenom adrninistration.8 

Tetarllls toxoid and tetanus immune globulin are admi11istered 
as needed according to the patient's inll11uJlization history. Pro
phylactic antibiotics are reserved for cases in which misdirected 
first aid included incisions into the bite site or mouth suction. 
Otherwise, antibiotics are needed solely for the rare wound in 
which secondary infection devclops.13

·'
4 

Blood products are needed only in the rare setting of clini
cally significant bleedll1g that is not reversed with antivenom. 
Patients with serious bleeding (e.g., gastrointestinal bleeding, 
intracranial bleeding, hemoptysis) may need packed red cells, 
platelets, fresh-frot.en plasma, or cryoprecipimte, depending on 
cl1e scenario and the results of serial complete blood cow1ts and 
coagulation studies. Antivenom must be started before these 
secotJd-line agents are infused, bowever.13 Patients in whom 
coagulopathy has developed while i11 the hospital after a pit viper 
bite must be warned that coagulation abnormali ties can recur 
for up to 2 weeks after d1e bite, even after antivenom therapy. 
They need to be advised to look for signs of bleeding and to 
avoid any elective surgery or activities, with an inherent high 
risk ofinjury during this period. 
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FIGURE 22-4 Fasciotomy of the foreann compartments in a victim of 
a severe rattlesnake bite on the hand. lntracornpartmental pressures 
were documented to be exceedingly elevated in this patient, despite 
limb elevation and la rge doses of antivenom. (Courtesy Dr. Robert 
Norris.) 

Fas<iotomy The great majority of snakebites result in the subcu
taneous deposition of venom. Venom that is deposited by larger 
snakes into muscle compartments, howeve.r, can result in an 
iJlcrease in intracompartmental pressure. Subfascial depos.ition 
of venom is more likely in areas with less subcutaneous tissue 
(e.g., fingers, toes, anterior lower leg). Clinically dlfferemiating 
a true compartment syndrome from the typical swollen, painful 
extremity seen after subcutaneous envenomation is difficult and 
may require measurement cl compartment pressure. Fascioto
mies are considered only if pressures are documented to exceed 
30 to 40 mm Hg despite antivenom treatment and elevation 
(Fig. 22-4). 'TI1ere is no role for routine or prophylactic fasci
otomy in venomous snakebites.15 Preliminary animal evidence 
has suggested that fasciotomy may actually increase the severity 
of local myonecrosis in snake venom-induced compartment 
syndrome}6 Wl1en a fasciotomy is required for treatment of 
compartment syndrome, antivenom should be aggressively 
adntinistered and no debridement of injured tissue should be 
performed, because this tissue may be viable with antivenin 
therapy.8 Negative-pressure wound d1erapy would seem a logical 
choice in the postoperative care of the patient following fasci
otomy for iJltramuscular envenomation. 

MAMMALIAN BITES 

Epidemiology 
The incidence of man1111alian bite injuries is unknown because 
most patients with mmor woliJlds never seek medical care. 
Although death from animal bites is uncommon in the United 
States, thousands of people are killed around the world each 
year, prinlarily by large animals such as lions and tigers. Dogs 
are responsible for 80o/o to YO% of animal bites in the United 
States, followed by cats and humans; an estimated 4.7 million 
dog bites occur ammally in the United State.~ and account for 
1% of emergency department visits} ' Most of these bites are 
from a fanilly pet or a neighborhood dog. Pit bulls and Rott
weilers account for most fatal dog bites in the U11ited 
States}8Animal bites occur most frequently on the extremities 
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of adults and on the head, face, and neck of children. More than 
60% of reported bites occur in children, especially boys 5 to 
9 years of age. 

Treabnent 

Evaluation 
Huma:ns attacked by aniJ11als are at risk for blunt ru1d penetrat
ing trauma. Animals produce blw1t injuries by striking with 
their extremities, biting with their powerful jaws, ru1d crushing 
with their body weight. Teeth and claws cru1 puncture body 
cavities, including the cranium, and an1putate extremities. 
Patiems with serious iJ1juries are managed in a sinillar fashion 
as other potential polytrauma victims, with special attention 
given to wound management. Useful laboratory tests include a 
hematocrit when blood Joss is of concern and cultures when an 
infection is present. Radiographs are obtained to diagnose 
potential fractures, joint penetration, severe infections, and 
retained foreign bodies, such as teeth. The patient's tetanus status 
needs to be updated, as necessary. 

Wound Care 
Local wound management reduces the risk for infection and 
maximizes fw1ctional and aesthetic outcomes. Early wotmd 
deansu1g is the most important therapy for preventing infection 
ru1d zoonotic diseases such as rabies. Intact skin surr0tmdiJ1g 
dirty wounds is scrubbed wiili a sponge and l o/o povidone
iodine or 4o/o cblorhexidine gluconare solution. Alrematively, a 
1 o/o povidone-iodine solution cru1 be used for irrigation, as long 
as the woliJld is Bushed afterward with normal saline or water. 
Scrubbing the wound surface itself can increase tissue dan1age 
and infection and thus needs to be avoided. Wounds that are 
dirty or contain devitalized tissue are cleansed lightly with gauze 
or a porous sponge and sharply debrided! ' 

Options for wound repair include primary, delayed primary, 
ru1d secondary closure. The anatomic location of the bite, source 
of the bite, and type of injury determine the most appropriate 
method. Prin1ary closure is appropriate for head and neck wollllds 
that are initially seen within 24 hours of the bite ru1d for whicl1 
aesthetic results are important and infection rates are low} ~·• ?.:o 
Primary closure can also be used for low-risk wounds to the arms, 
legs, and trunk if seen witl1in 6 to 12 hours of the bite. Severe 
humru1 bites and avulsion injuries of the face that require flaps 
have been successfuJJy repaired by primary closure; however, tlus 
technique remains controversial. Wow1ds prone to the develop
ment of infection (Box 22-1), such as those initially seen longer 
than 24 hours after the bite (or longer than 6 hours if ear or nose 
cartilage is involved), are covered with moist dressings and 
undergo delayed prin1ary closure after 3 ro 5 days. Puncture 
wOlmds have an increased u1cidence of infection and are not 
sutured. Deep irrigarion of small puncture wounds and wide 
excision have not proved beneficial. Larger pllllcture wounds, 
however, usually benefit from irrigation and debridement.21 

Healing by secondary mtention generaLly produces tmacceptable 
scars in cosmetic areas. The clin.ician should be alert to the fact 
that significant dog bites may have extensive undermined areas 
created by the large caJliJle teeth. 'TI1ese wounds require operative 
inrervenrion under general or regional ru1escl1esia. 

Bites involving the hands or feet have a much greater chance 
of becoming infected and are left open} ' 'TI1e primary goal in 
repairing bite wounds on the hru1d is to maximize functional 
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Animal Bite ,Risk F!t~~rs · for. lnfection 

High Risk 
• l ocation 

Hand, wrist, or foot 
Scalp or face in infants (high risk of cranial perforation) 
Over a major joint (possible perforation) 
Through and through bite of a cheek 

• Type of wound 
Puncture (difficult to irrigate) 
Tissue crushing that cannot be debrided 
Carnivore birte over a vital structure (artery, nerve, joint) 

• Patient 
Older than 50 years 
Asplenic 
Chronic alcoholic 
Altered immune status 
Diabetic 
Peripheral vascular insufficiency 
Chronic corticosteroid therapy 
Prosthetic o:r diseased heart valve or joint 

• Species 
Domestic cat 
la rge cat (deep punctures) 
Human (hand bites) 
Primates 
Pigs 

Low Risk 
• location 

Face, scalp, or mouth 
• Type of wound 

l arge, dean lacerations that can be thoroughly irrigated 

Adapted from Keogh s, callaham ML; Bite$ and injurie$ inflicted by domestic 
animals. In Auerbach PS (ed): Wilderness medicine: Management of wilderness 
and environmental emergencies, ed 4, Stlouis, 2001, CV Mosby, pp 961-978. 

outcome. Appmximately one third of dog bites on the hand 
become infected, even with adequate therapy? • Healing by 
secondary intemion is recommended for most band lacera
tions. After thorough exploration, irrigation, and debridement, 
the band is .immobilized. wrapped in a bulky dressing, and 
elevated. 

A common human bite wound associated with hjgb mor
bidity is a clenched fist injury (fight bite) resulting from striking 
another person's mouth. Regardless of the history obtai11ed, inju
ries over the dorsum of the metacarpophalangeal joints are 
treated as clenched fist injuries. 'These minor appearing wounds 
often result in serious injury to the extensor tendon or joint 
capsule and have significant oral bacterial contamination. 'TI1e 
extensor tendom retracts wbeJJ the band is opened, so evaluation 
needs to be canried out with the hand in the open and clenched 
positions. Minor injuries are irrigated, debrided, and left open. 
PotemialJ.y deeper injuries and i11fected bi tes require exploration 
and debridemem in the operating room and administration of 
IV antibiotics.~ 

All bite injuries are reevaluated in 1 or 2 days to rule out 
secondary infection. 

Acinetobacter spp. 
Actinobacillus spp. 
Aeromonas hydrophile 
Bacillus spp. 
Bacteroides spp. 
Bordetel/a spp. 
Brucella canis 
Capnocytophaga canimorsus 
Clostridium perfringens 
Corynebacterium spp. 
Bkenel/a corrodens 
Enterobacter spp. 
Escherichia coli 
Eubacterium spp. 
Fusobacterium spp. 
Haemophi/us aphrophi/us 
Haemophilus haemolyticus 
Klebsiella spp. 
Leptotrichia bucca/is 
Micrococrus spp. 
Moraxella spp. 
Neisseria spp. 
Pasteurella aerogenes 
Pasteurella canis 
Pasteurella dagmatis 
Pasteurella multocida 
Peptococcus spp. 
Peptostreptocacrus spp. 
Propionibacterium spp. 
Proteus mirabilis 
Pseudomonas spp. 
Serratia marcescens 
Staphylococrus aureus 
Staphylococrus epidermidis 
Streptococrus spp. 
Veillcnella parvula 

Adapted from Keogh S, Callaham Ml: Bites and injuries inflicted by domestic 
animals.1n Auerbach PS (ed): Wilderness medicine: Management of wilderness 
and environmental emergencies, ed 4, StLouis, 2001, CV Mosby, pp 961-978. 

Microbiology 
Given the large variety and concentration of bacteria in mouths, 
it is not surprising that wound infection is the main complica
tion o f bites, with 3% to 18% of dog bite wounds approximately 
50% of cat bite wounds becoming infected. Infected wounds 
contain aerobic and anaerobic bacteria and yield ru1 average of 
five isolates/culture (Box 22-2). Although many wounds are 
infected by Staphylococcus ru1d Streptococcus spp. and anaerobes, 
PasteurellA spp. are the most common bacterial pathogen, found 
in 50% of dog bites and 75% of cat bites. Human bite wounds 
are frequently contanlinated with Eikenell.tt corrodens in addition 
to the microorganisms found after dog ru1d cat bires.22

•
23 

Systemic diseases such as rabies, cat scratch disease, 
cowpox, tularemia, leptospirosis, and brucellosis can be 
acquired through aninlal bites. Human bites can transmit hep
atitis B and C, tuberculosis, syphilis, and btmlan immuno
deficiency virus (HIV).20 Although HfV transmission from 
human bites is rare, seroconversion is possible when a person 
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with an open wou11d, either from a bite or a preexisting 
injury, is exposed to saliva containing HIV-positive blood.24 In 
this scenario, baseline and 6-month postexposure HIV testing 
is performed and prophylactic treatment with anti-HIV drugs 
is considered. 

Antibiotics 
Although data are limited, preventive antibiotics are recom
mended for patients with high-risk bites.'7-'1 The initial antibi
otic choice and route are based on the type of animal and 
severity ru1d location of the bite. Cat bites often cause puncture 
woLmds that require antibiotics. Patients with low-risk dog and 
human bites do not benefit from prophylactic antibiotics unless 
the hand or foot is involved.23 Patients seen 24 hours after a bite 
wi thout signs of infection do not usually need prophylactic 
antibiotics. Routine cultures of unlnfected wounds have not 
proved useful an.d are reserved for infected wounds. 

lnitial aJltibiotic selection needs to cover Staphylococcus 
and Streptococcus spp., anaerobes, Pttsteurel!d spp. for dog and 
cat bites, ru1d E corrodens for humru1 bites. Amoxicillin
davulrulate is an acceptable first-line antibiotic for most bites. 
Alternatives include second-generation cephalosporins, such as 
cefoxitin, or a combination of penicillin and a first-generation 
cephalosporin. Penicillin-allergic patients CaJ1 receive dinda
mycin combined with ciproAoxacin (or combined with 
trimethoprim-sLUfan1ethoxazole if the patient is pregnru1t or a 
child).17

• 
20 MoxiAoxacin has also been sugge.sted as mono

therapy. Infea:iol1S developing withiJ1 24 homs of the bite are 
generally caused by PttsteureL& spp. and are treated by antibi
otics with appropriate coverage. Patients with serious infec
tions require hospital admission ru1d parenteral ru1tibiotics 
such as ampiciWn-sulbactam, piperacillin-tazobactam, cefoxi
tin, ticarcillil1-davulanate or dindamycin combined with a Bu
oroquinolone, or trimethoprim-sulfamethoxazole. 

Rabies 
Annually, thousa11ds of people die of rabies worldwide, with dog 
bites or scratches being the major source.~5 In the United States, 
rabies is primarily found in wildlife, with raccoons being the 
primary source, followed by skunks, bats, and foxes.16 Cats and 
dogs account for .less than 5o/o of cases since the establishment 
of rabies control progran1s. Although the number of infected 
rulinlals in the United States continues to increase, wid1 the total 
approaching 8000/year, humru1 infection rates remain constant 
at one to three cases annually. Bats have been the main somce 
of human rabies reported in this country during the pa~t 20 
years, although a history of bat contact is absent in most victims. 

Rabies is caused by a rhabdovirus found in the saliva of 
aninlals and is trru1smitted d1rough bites or scratches. Acute 
encephalitis develops and patients almost invariably die. 11Je 
disease usually begins with a prodromal phase of nonspecific 
complaints and paresthesias, with itching or bmning at the bite 
site spreading to the entire bitren extremityY 1l1e disease then 
progresses to aJ1 acute neurologic phase. 1his phase generally 
takes one of two forms. The more common encephalitic or 
fu rious form is trypified by fever and hyperactivity that can be 
stimulated by internal or external factors such as thirst, fear, 
light, or noise, followed by Bucwating levels of consciousness, 
aerophobia or hydrophobia, inspiratory spasm, and abnormali
ties of the autonomic nervous system. 1l1e paralytic form of 
rabies is manifestted by fever, progressive weakness, loss of deep 

BITES AND STINGS CHAPTER 22 553 

tendon reflexes, and urinary incontinence. Both forms progress 
to paralysis, coma, circulatory collapse, and death. 

Adequate wound care and postexposure prophylaxis can 
prevent the development of rabies. Wounds are washed with 
soap and water and irrigated with a virucidal agent such as 
povidone-iodine solution. lf rabies exposure is srrongly sus
pected, consider leaving the wolllld open. 1l1e decis.ion to 
administer rabies prophylaxis after ru1 ru1imal bite or scratd1 
depends on the offending species and natme of the event. 
Guidelines for administering rabies prophylaxis cru1 be obtaiJ1ed 
from local public health agencies or from the Advisory Com
mittee on lmmunization Practices. Research indicates that rabies 
prophylaxis is nor being administered according co guidelines, 
which results in costly overtreatruent or poteJ1tially life
threatening undertreatment. 

Worldwide, almost 1 million people receive rabies prophy
laxis each year, 40,000 from tl1e United States.25 Unprovoked 
attacks are more likely to occur by rabid animals. All wild car
nivores must be considered rabid, but birds ru1d repti les do not 
contract or transmit rabies. In cases of bites by domestic a11inlals, 
rodents, or lagomorphs, the local health departmenr needs to be 
consulte.d before beginning rabies prophylaxis. A bite from a 
health}'-appearing domestic rulimal does not require prophylaxis 
if the animal can be observed for 10 days. 

Rabies prophylaxis involves passive and active immuniza
tion. Passive immunization consists of administering 20 ill/kg 
body weight of rabies immune globulin. As much of the dose 
as possible is infiltrated imo and around the wound. 'The rest 
can be given intranlllscularly at a site ren1ote from where the:: 
vaccine was administered. For healthy, immllllocompromised 
patien£s, ru1 active immwlizatlon consists of administering 1 mL 
of human diploid cell vacciJle, purified chick embryo cell 
vaccine, or rabies vaccine absorbed intramuscularly into the 
deltoid in adults and into the anterolateral aspect of the thigh 
in children o.n days 0, 3, 7, and 14. For immunocompromised 
patients a five-dose schedule is recommended on days 0, 3, 7, 
14, and 28. Patients with preexposure immunization do not 
require passive immunization and need active immLmization 
only on days 0 and 3 .2~ 

ARntROPOD BITES AND STINGS 
Although maJ11ll1alian and reptilian bites inllicr more serious 
injmie.s and are generally more dran1atic in their presentations, 
maJl}' more people in the Ullited States die from insect bites 
ru1d stings, most often caused by ru1aphylaxis. Also, even more 
contract vector-related infectious diseases from the bites of 
insects. 

Black Widow Spiders 
Widow spiders (genus Latrodectus) are found throughout the 
world. At least one of five species inhabits all areas of the United 
State.s except Alaska. 1l1e best-known widow spider is the black 
widow (Latrodectus mttcttlns). The female has a leg span of 1 to 
4 em and a shiny black body witb a distinctive red ventral 
marking (often hourglass-shaped; .Fig. 22-5). Variations in color 
occur among other species, with some appearing brown or red 
ru1d some without the ventral marking. The nonaggressive 
female widow spider bites in defense. Males are too small to bite 
tl1rough humru1 skin. 
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FIGURE 22-5 Female black widow spider (Latrodectus madans) with 
the characteristic hourglass marking. (Courtesy Dr. Paul Auerbach.) 

Toxicology 
Widow spiders produce neurotoxic venom with minlmal local 
effects. The major component is a-latrotoxin, which acts at 
presynaptic terminals by enhancing the release of neurotransmi t
ters. The ensuing clinical picture results from excess stimulation 
of neuromuscular junctions, as weU as the sympathetic and 
parasympathetic nervous systems. 

Clinical Manifestations 
The bite itself may be painless or felt as a pinprick. Local findings 
are minimal. 1l1e patient may have systemic complaints and no 
history of a spider bite, thus making the diagnosis chaUenging. 
Neuromuscular symptoms may occur as early as 30 minutes 
after the bite and include severe pain and spasms oflarge muscle 
groups. Abdominal cran1ps and rigidity could mimic a surgical 
abdomen, but rebound is absent. Dyspnea can result from chest 
waU muscle tightness. Autonomic stimulation produces hyper
tension, diaphoresis, and tachycardia. Other symptoms include 
muscle twitchiJI1g, nausea and vomiting, headache, paresthesia.~, 
fatigue, and salivation. Symproms typically peak at several hours 
and resolve in 1 to 2 days. Mild pain and nonspecific symptoms, 
primarily neurologic, can persist for several weeks. Death is an 
unusual result of widow spider bites. 

Treatment 
Mild bites are managed with local wound care--cleansing, inter
mitrent application of ice, and tetanus prophylaxis as needed. 
The possibility of delayed severe symptoms makes an observa
tion period of several hours prudent. The optimal therapy for 
severe envenomation is controversial. TV calcium gluconate, pre
viously recommended a.~ a first-Line drug to relieve muscle 
spasms after widow spider bites, has no significant efficacy. Nar
cotics and benzodiazepines are more effective agents to relieve 
muscular pain. 

In the United States, antivenom derived from horse serum 
is available (Black Widow Spider Antivenin, Merck, West Point, 
Pa). Because dlis antivenom can cause anaphylactoid reactions 
or serum sickness, however, it must be reserved for serious cases. 
A.ntivenom is currently recommended for pregnant women, 
children younger than 16 years, individuals older than 60 years, 
and patients with severe envenomation and uncontrolled hyper
tension or respiratory distress. Skin testing for possible aUergy 
to the U.S. antivenom is recommended by the manufacturer and 
is outUned in the package insert, although the reliability of such 
testing is low. Patients about to receive antivenom may be pre
treated with antihistamines to reduce the likelihood or severi ty 
of a systemic reaction to the serum. 'TI1e initial recommended 
dose is one vial IV or intramuscularly, repeated as necessary. 
although it is exceedingly rare for more than two vials to be 
required. Studies have demonstrated that antivenom can decrease 
a patient's hospital stay, with discharge occurring as early as 
several hours after administration. A bigb-qualiry antivenom is 
also available in Australia for Latrodectus bites. It appears that 
any widow spider antivenom is effective, regardless of which 
species inflicted the bite.28 

Brown Recluse Spiders 
Envenomation by brown spiders of the genus Loxosceles is termed 
necrotic amchnidism or loxoscelism. 'TI1ese arthropods primarily 
inhabit North and South America, Africa, and Europe. Several 
species of Loxosceles are found throughout the United States, 
with the greatest concentration in the Midwest. Most significant 
bites in the United States are by La>:osceles reclustt, the brown 
recluse. The brown spiders are varying shades of brownish gray; 
with a characteristic dark brown, violin-shaped marking over the 
cephalothorax- hence, the name violin spider (Fig. 22-6)_ 
Whereas most spiders have four pairs of eyes, brown spiders have 
only three pairs. Both male and female specimens can bite and 
may <lo so when threatened. 

Toxicology 
Although several enzymes have been isolated from the venom, 
d1c major deleterious factor is spbingomyclinase D, which causes 
derrnonecrosis and hemolysis. It is a phospholipase that in.teracts 
with the ceU membranes of erythrocytes, plarelets, and endothe
lial cells and causes hen10lysis, coagulation, and p latelet aggrega
tion. Host responses have some significance in determining the 
severity of envenomation because fw1ctioning polymorphonu
clear leukocytes and complement are necessary for the venom 
to have maximal effect. 

Clinical Manifestations 
Lx:aJ findings at tht! bitt! site rang<:! from mild UTJtation to 
severe necrosis with ulceration.29 'TI1e patient is often com
pletely unaware of the bite or may have felt a slight stinging-
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FIGURE 22-6 Brown recluse spider (Loxosceles recluse) with a 
violin-shaped marking on the cephalothorax. (Courtesy Dr. Sherman 
Minton.) 

It is tmusual for the victim to actually see or capture the 
spider. lhis can make the diagnosis very challenging because 
similar skin lesions can represent bites by other arthropods, 
skin infections (including methicillin-resistant Stt1phylococcus 
aureus), herpes ?.Oster, dermatologic manifestation of a sys
temic illness, Oli other causes of dermatitis and vasculitis.30 

Within several hours of a Loxosceles bite, local tissue iscl1emia 
will develop in some patients, with resulting pain, itching, 
swelling, and erythema. A blister may fom1 at the site. In 
more severe bites, the central area turns purple as a result of 
microvascular thrombosis. Peripheral vasoconstriction ca11 also 
create a pale border surrounding the central region of necrosis. 
Over the next several days, an eschar develops over the widen
ing necrotic area. 1he eschar separates and leaves an ulcer that 
usually beals over a period of many weeks to months, but 
occasionally skin grafting is required. Necrosis is most severe 
in fatty areas such as the abdomen and thigh. 

Systemic features can include headache, nausea and vomit
ing, fever, malaise, arthralgias, and maculopapular rash. Addi
tional findi11gs may include thrombocytopenia, disseminated 
intravascular coagulation, hemolytic anemia, coma, ru1d possibly 
death. Renal failure can result from intravascular hemolysis. 

In patients with lesions consistent with brown spider bites, 
a search for evidence of systemic involvement ( viscerocutru1eous 
or systemic loxoscelism) is initiated, particularly if the victim has 
any systemic complaints. Appropriate laboratory tests include a 
complete blood count, with platelet cow1t, and a bedside urine 
test for blood. If the results of ru1y of these tests are abnormal, 
electrolyte, liver function, and coagulation studies are in order, 
but there are no truly diagnostic studies available. Systemic 
loxoscelism is more common in children ru1d can occur with 
minin1allocal findings. 
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Treatment 
Recommended management remains controversial. The bite si te 
is splinted, elevated, and treated with cold compresses. Cold 
therapy inhibits venom activity ru1d reduces inflammation ru1d 
necrosis. Heat application, in contrast, enhances tissue damage 
and ulcer devclopmem. Although comroversial, a lipophilic pro
phylactic antibiotic such as erythromycin or cephalexin can be 
administered in standard doses for a few days. Tctru1us status is 
updated as needed. Brown spider bites in which necrosis does 
not develop within 72 hours generally heal well and require no 
additional therapy. There is no commercial anclvenom available 
in the United States. 

Some research bas suggested that more severe lesions may 
benefit from dapsone if administered within the first few days 
after the bite, even though the drug is not approved for this 
indicatlon.31 Dapsone may reduce local inflammation and 
necrosis by inhibiting neutrophil function. The suggested adult 
dosage is lUO mg/day. Dapsone can cause methemoglobinemia 
and is contraindicated in patients with glucose-6-phosphate 
dehydrogenase deficiency. Thus, levels of this enzyme are checked 
as therapy begins and dapsone is discontinued if the enzyme 
level is found to be deficient. Dapsone is not approved for usc 
in cllildrcn. 

Early surgical intervention, other tbru1 simple conservative 
debridement of obviously necrotic tissue, is avoided. It is diffi
cult or impossible to predict with ru1y certaimy the extent of 
eventual necrosis, and early surgery is apt to be overaggressi.ve 
and needlessly disfiguring. Pyoderma gangrenoswu, mrulifesred 
as nonhealing ulcers and failure of skin grafts, occurs more 
often in patients undergoing early excision ru1d debridement. 
possibly as a result of the rapid spread of venom.'8 After 1 to 2 
weeks, when eschar margins are defined, debridement CaJ1 be 
performed as necessary. In severe cases, wide excision and split
thickness skin grafting are necessary while dapsone therapy is 
contin ued. 

The efficacy of using hyperbaric oxygen therapy for Loxos
celes bites remains controversial.32 Steroid administration, by any 
route, has never been proved ro be beneficial in lin1iting der
monecrosis. A short course (a few days} of oral steroids can help 
stabilize red blood cell membrru1es and reduce hemolysis in the 
setting of systemic loxoscelism. 

Patients with rapidly expanding necrotic lesions or a clini
cal picture suggesting systemic loxoscelism are admitted for close 
observation and management. Alternative diagnoses that may 
cause rapid exprulCling tissue necrosis should also be strongly 
considered in this situation, including serious soft tissue infec
tion. Patients with less serious lesions can be monitored on an 
outpatient basis with frequent wound checks. Visits during the 
fuse 72 hours include reassessment for ru1y evidence of systemic 
involvement based on symptoms and signs, and possibly a 
bedside urine test for hlc>Od. 

Scorpions 
Significant scorpion envenomation occltrS worldwide by species 
belonging to the fan1ily Buthidae. In this group, the bark scor
pion (Centrut·oides exilicaudn) is the only potentially dangerous 
species in the United States. ft is found throughout Arizona and, 
occasionally, in immediately contiguous areas of surrounding 
states. It is a yellow to brown crablike arthropod up to 5 em in 
length. Approximately 15,000 scorpion stings were reported 
during 2004 in tbe United States, ru1d this is probably a 
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significant underestimate of the total number of stings that 
occurred. Scorpions tend to be nocturnal and sting when 
threatened. 

Toxicology 
Neuroroxic sco:rpion venoms, such as that produced by the bark 
scorpion, contain multiple low-molecular-weight basic proteins 
but possess very little enzymatic activity. 1he neurotoxins target 
excitable tissues and work prin1arily on ion charu1els, particularly 
sodium and potassium channels. 1l1ey cause massive release of 
multiple neurotransmitters throughout the autonomic nervous 
system and the adrenal medulla.33 AJmost any organ system can 
be adversely affected, either by direct toxin effects or by the flood 
of autonomic neurotransmitters. Because of the speed of their 
systemic absorption. these neurotoxic scorpion venoms can 
cause rapid systemic toxicity and potentially death. 

Clinical Manifestations 
Most scorpion stings in the United States cause short-lived, 
searing pain and mild, local irritation with sligb t swelling. Stings 
hy the bark scorpion typically produce local paresthesias and 
burning pain. Systemic manifestations may include cranial nerve 
and neuromuscular hyperactivity and respiratory distress.34 Signs 
of adrenergic stimulation, accompaoied by nausea and vomiting, 
may also develop. YOLmg children are at greatest risk for severe 
stings &om the bark scorpion. Death can occur from bark scor
pion stings but is rare. 

Treatment 
Ali patients receive tetanus prophylaxis, if indicated, application 
of cold compresses to the sting site, and analgesics for pain. 
Victims of bark scorpion stings with signs of systemic envenom
ation require supportive care, with close monitoring of cardio
vasc.ular and respiratory status in an intensive care setting. 
Although an antivcnom for this arthropod has been available in 
the past, production has currently ceased. The product was 
derived from goats, with a resultant risk for allergic sequelae, 
lacked FDA approval, and was available for use only in Arizona. 
Its use was highly controversial. 1l1ere is an antivenom produced 
for related scorpions in Mexico that is currently being evaluated 
for possible use .in the United States. 

Ticks 
Several potentially serious diseases occur from tick bites, 
including Rocky Mountain spotted fever, ehrliclliosis, nllate
mia, babesiosis, Colorado tick fever, relapsing fever, and Lyme 
disease. T imdr and adequate removal of the tick is important 
to prevent disease. Common lay recommendations for tick 
removal, such as the application of local heat, gasoline, methyl
ated spirits, and fingernail polish, are ineffective. Proper 
removal involves grasping the tick by the body as dose to the 
skin surface as possible witl1 an instrument and applying 
gradual. gentle axial traction, without twisting. Commercial 
tick removal devices are superior to standard tWee'.ters for this 
purpose.35 An alternative removal merllod involves looping a 
length of suture material in a simple overhand knot around the 
body of the trek. 1l1e loop is slipped down as d ose to the 
patient's skin surface as possible. The knot is then tig11£ened 
and the tick is pulled backward and out, over its head in a 
somersault action. Crushing the tick is avoided because poten
tially in fectious secretions may be squeezed into the wound. 

After extraction, the wolmd is cleansed with alcohol or 
povidone-iodine. Any retained mouth parts of the tick are 
removed with tl1e tip of a needle. If the tick was embedded for 
less than 24 hours, the risk of transmitting infection is very 
low. Tetanus immunization needs to be current. Occasionally, a 
granulomarous lesion requiring steroid injecrion or surgical 
excision may develop at the tick bite si te a few weeks after the 
incident.36 Patients in whom a local rash or systemic symptoms 
develop within 4 weeks of exposure to tick-infested areas, even 
in the absence of a known bite, need to be evaluated for infec
tious complications such as Lyme disease, the most common 
vector-borne disease in the Ullited States. 

Lyme disease is caused by the spirocl1ete Borrelitr burgdor
feri and may initially be seen in any of three stages-early local
ized (stage 1), early disseminated (stage 2) , or late-persistent 
(stage 3). Stage 1 find.U1gs of limited infection include a rash in 
at least 80% of patients that develops after an incubation period 
of approximately 3 to 30 daysY 38 The rash, termed erythema 
migrcms, is typically a row1d or oval erythematous lesion that 
begins at the bite site and expands at a relatively rapid rate, up 
to 1 em/day, to a median size of 15 em in diameter:1q As the 
rash expands, there may be evidence of central deariJ1g and, less 
commonly, a central vesicle or necrotic esd1ar. The rash may be 
accompaoied by fatigue, myalgias, headache, fever, nausea, vom
iting, regional lymphadenopathy, sore tluoat, photophobia, 
anorexia, and arthralgias. Without treatment, the rash fades in 
approxin1ately 4 weeks. lf w1treated, the infection may dissemi
nate and, between 30 and 120 days larer, multiple erytl1ema 
nligrans lesions (generally smaller rhan the primary lesion) and 
n.eurologic, cardiac, or joint abnormali ties may develop. Neu
roborreliosis occurs in approximately 15% of untreated patients 
and is characterized by central or peripheral fi11dings sucl1 as 
lymphocytic meningitis, subtle encephalitis, cr31lial neuritis 
(especially facial nerve palsy, which may be unilateral or bilat
eral), cerebellar ataxia, and motor neuropathies.4° Cardiac find
ings <Jccur in approxin1ately 5% of unm'ated patients and are 
usually manifested as atrioventricular nodal block or myocardi
ris. Oligoarti.Clllar arthritis is a conm1on finding in early dis
seminated Lyme disease 31ld occurs in approximately 60% of 
untreated victims. 1here is a particular propensity for larger 
joints such as the knee, which becomes recurrently and intermit
tently swollen and painful. Findings of early disseminated Lyme 
disease eventually disappear with or without treatment. Over 
time, as much as 1 year after the initial tick bite, Lyme disease 
can progress to its dlfonic form, maoifested by chronic arthritis, 
chronic synovitis, neurocognitive disorders, dlfonic fatigue, or 
any combination of rllese fi11dings. 

The diagnosis of Lyme disease is based largely on the pres
ence of classic erythema migr311s in a patient with a history of 
possib le tick exposure in an endenlic area or the presence of one 
or more findings of disseminated infection (e.g., nervous system, 
cardiovascular system, or joint involvement) and positive serol
ogy. Serologic testing is done in two stages. 1l1e first test to 
perform is 311 enzyme-linked inlmunosorbent assay (ELISA) for 
IgM 311d lgG antibodies to B. burgdorftri. If this test is reactive 
or indeterminate, it needs to be confirmed witl1 a second test, a 
Western blot. If the patient bas been ill for longer than I month, 
only IgG is assayed because 311 isolared positive IgM anribody 
level is probably a false-positive finding at this stage. Patients 
from highly endenuc areas with the classic fiJ1dings of stage I. 
disease, including erythema nligr311s, can be treated without 
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serologic confumation because testing may be falsely negative at 
this early stage.4 1 

First-line treatment of early or disseminated Lyme disease, 
in the absence of neurologic involvement, is oral doxycycline for 
14 to 21 days. The second-line agent for use in children 8 years 
of age or younger and pregnam women is amoxicillin. An 
egually effective third choice is cefu.roxime axetil. Ead1 of these 
oral agents provides a cure in more than 90o/o of paticnts.38 [f 
the patient has any evidence of neuroborreliosis, treatment con
sists of daily IV ceftriaxone for 14 to 28 days. Similarly, patients 
with cardiac manifestations are treated via the IV route for at 
least part of their course and undergo cardiac monitoring if 
atriovemricular nodal block is significant (i.e., PR interval > 0.3 
second). Oral antibiotics for 30 to 60 days or £V therapy for 30 
days is usually effective for Lyme arthritis, although approxi
mately lOo/o of patients will have persistent joint complaints 
after treatment.39 Persistent arthritis in these nonresponders after 
antibiotic therapy is thought to be autoimmune-mediated 
because the spi~rochete has been eradicated.42 Treatment of 
persistent arthritis after antibiotic therapy consists of anti
inflammatory agems or arthroscopic synovectomy. 

Decisions to treat a victim of a tick bite prophylactically to 
prevent Lyme disease arc controversial. Some authors condenm 
such an approach given the low ( ~ l.4o/o) risk for transmission 
after a tick bite, even in an endemic area.39 Research has shown, 
however, that a single dose of doxycycline, 200 mg orally given 
withiJl 72 hours of a tick bite, can further reduce the already 
low risk of disease transmission.3R.43 A recem vaccine agaiJ1st 
Lyme disease has been withdrawn from the market because of 
adverse drug reactions. 1he best prevention for tick-borne dis
eases such as Lyme disease is the use of insect repellent and 
freguent body checks for ticks when traveling through their 
habitat. 

Hymenoptera 
Most arthropnd envenomation occurs by species belonging to 
the order Hymenoptera, which indudes bees, wasps, yellow 
jackets, hornets, and stinging ants. In the United States, the 
order Hymenoptera accounrs for most human fatalities, more 
than snake and mammalian bites combined. The winged Hyme
noptera are located throughout the United States, whereas the 
so-called fire ants are currently limited to the southeastern and 
southwestern regions. 1hc Mricanized honeybee, which charac
teristically attacks in massive numbers, has recently migrated 
into the southwestern United States. 

Toxicology 
Hymenopterans sting humans defensively, especially if their 
nests arc disturbed. The stingers of most hymenopterans arc 
attached to venom sacs located on the abdomen and can be used 
repeatedly. Some bees, however, have bach-shaped stingers that 
prevent detachment from the victim and thus render the bees 
capable of only a single sting. Hymenoptera venom contains 
vasoactive compounds such as histamine and serotonin, which 
are responsible for tl1e local reaction and pain. 1l1e venom also 
contain peptides, such as mcUtin, and enzymes, primarily phos
pholipases and hyaluronidases, which are highly allergenic and 
elicit an IgE-mediated response in some vicdms.44 Fire ant 
venom consists prin1arily of nonallergenic alkaloids that release 
histamine ru1d cause a mild local necrosis. Allergenic proteins 
constitute only 0.1% of fire ru1t venom. 
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Clinical Reactions 
A Hymenoptera sting in a nonallergic individual produces 
immediate pain followed by a wheal and flare reaction. Fire ants 
characteristically produce multiple pustules &om repetitive 
stings at the san1esite. Multiple Hymenoptera stings can produce 
a roxie reacdon characreri7.ed by vomiting, diarrhea, generalized 
edema, cardiovascular collapse, and hemolysis, which can be 
difficult to distinguish from an acute ru1aphylactic reaction. 

Large exaggerated local reactions develop in approxin1ately 
17% of envenomed subjects.44 These reactions are manifested as 
crythcrnatous, edematous, painful, ru1d pruritic areas larger tha11 
10 em in diamete.r and may last 2 to 5 days. 1l1e precise patho
physiology of such reacdons ren1ains unclear, although they may 
partly be IgE-mediated.4s Patients in whom large local reactions 
develop are at risk for similar episodes with future stings, but 
do not appear to be at increased risk for systemic allergic 
reactions. 

Bee sting anaphylaxis develops in 0.3% to 3o/o of the 
general population and is responsible for approximately 40 
reported deaths rumually in the United States.11 Fatalities occur 
most often in adults, usually within I hour of the sting. Symp
toms generally occur within minutes and range from mild urti
caria and ru1gioedema to respiratory arrest secondary to airway 
eden1a and bronchospasm, and finally cardiovascular collapse. A 
positive lgE-mediated skin test to Hymenoptera extract helps 
predict an allergic sting reaction. 

Unusual reactions to Hymenoptera stings include !.ate
onset allergic reactions (>5 hours after the sdng), serum sickness, 
renal disease, neurologic disorders sud1 as Guillain-Barre syn
drome, ru1d vascuUtis. The cause of tl1ese reactions is thought to 
be in1m une-mediated. 

Treatment 
If a stinger has been Left behind by an offending bee, It 1s 
removed as quickly as possible to prevent continued injection of 
venom.46 The sting site is cleansed and locally cooled. Topical or 
injected lidocaine can help decrease pain from the sting. Anti
histamines administered orally or topicaJJy can decrease pruritus. 
Blisters ru1d pustu.l.es (typically sterile) from fire ru1t stings are 
left intact. Tetanus status is updated as needed. 

Treatment of ru1 exaggerated, local envenomation includes 
the aforementioned therapy in addition to elevation of the 
exuemity and ru1algcsics. A 5-day course of oral predJtisone 
(1 mg/kg/day) is also recommended.14 Isolated local reactions, 
typical or exaggerated, do not reguite epinephrine or referral for 
immunotherapy. 

Mild anaphylaxis can be treated with U.U l mg/kg {up to 
0.5 mg) of 1:1000 (1 mg/mL, or 0.1 %) intramuscular (mid
anterolateral thigh) epinephrine and an oral or parenteral anti
histanline. More severe cases are also treated with steroids and 
may reguire oxygen, endotracheal intuhation, IV epinephrine 
infusion, bronchodilators. IV Auids, or vasopressors. These 
patients are observed for approximately 24 hours in a monitored 
environment for any recurrence of severe symptoms. 

Venom immunotherapy effectively prevents recurrent ana
phylaxis from subsequent stings in patients with positive ski11 
tests.4 ~ Those with previous severe, systemic, al lergic reactions to 
Hymenoptera stings or in whom serum sickness develops are 
referred for possible in1munorherapy. Refen al is also recom
mended for adults with purely generalized dermal reactions. 
such as diffuse hives. Children with skin manifestations alone 
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appear to be at relatively low risk for more serious anaphylaxis 
after subsequent stings and do not need referraL Patients with a 
history of systemic reactions resulting from Hymenoptera st ings 
need to carry injectable epinephrine with them at aU rimes; they 
also need to wear an identification medallion identifying their 
medical condition. 

MARINE BITES AND SnNGS 
Of all living creatures, 80% reside w1derwater. Hazardous 
marine animals are encOLmtered by humans primarily in temper
ate or tropical seas. Exposure to marine life through recreation, 
research, and industry leads to frequent encounters with aquatic 
organisms. Injuries generally occur through bites, stings, or 
punctures and infrequently through electrical shock from crea
tures such as the torpedo ray. 

ln~aiAssess~nt 
Injuries from marine organisms can range from miJd local irri
tant skin reactions to systemic collapse from major traunla or 
severe envenomation. Several environmental aspects wlique to 
marine trauma may make treatment of these patients challeng
ing. lmn1ersion in cold water predisposes patients to hypother
nlia and near-dlrowning. Rapid ascem after an encounter with a 
marine orgrulism can cause air embolism or decompression 
illness in a scuba diver. Anaphylactic reaction to venom may 
further complicate an envenomation. Late complications include 
wlique infections caused by a wide variety of aquatic microor
ganisms, as weU as immune-mediated phenomena. 

Microbiology 
Most marine isolates are gran1-negative rods.48 Vibrio spp. are of 
primary concem, particularly in immunocompronlised hosts. In 
fresh water, Aerom01111s spp. CaJl be particularly aggressive patho
gens. Stttphyloccccus and Streptococcus spp. are also frequently 
cultured from infections. 'TI1e laboratory is notified that cultures 
are heing requested for aquatic-acquired infections to alert them 
of the need for appropriate cLtln1re media ru1d conditions. 

General Management 
Initial mru1agement is focused on the airway, breathing, and 
circLLiation. Anaphylaxis needs to be anticipated and the victim 
treated accordingly. Patients with extensive blwlt and penetrat
ing injuries are managed as major trawna victims. Patients who 
have been envenomed receive specific intervention directed 
against a toxin (discussed separately, according to the marine 
animal), in addition to general supportive care. Antivenom can 
be admiJlistered, if avai lable. Antitctanus immunization is 
updated after a bite, cue, or sting. Radiographs are obtained to 
locate foreign bodies and fractures. Magnetic resonru1ce imaging 
is more usefuJ than ultrasound or computed tomography to 
identify small spine fragments. 

Selection <.>f antibiotics is tailored to marine bacteriology. 
1llird-gcneration cephalosporins provide adequate coverage for 
the gran1-posirive aJld grrun-negative microorganisms found in 
ocean water, including Vibrio spp.48 CiproAoxacin, cefopera
zone, gentamicin, ru1d trimetboprim-sulfamethoxazole are 
acceptable aJltibiotics. NorAoxacin may be less efficacious agaiJ1St 
certain Vibrio spp. Other quinolones (e.g., ofloxacin, enoxacin, 
pefioxacin, fieroxadn, lomefioxacin, moxifioxacin) have not 
been extensively tested agaiJlSt Vibrio spp.; they may be LL~efLLI 
altematives, but this awaits defi1litive evaluation. Outpatient 

regin1ens include ciprofloxacln, ttimerhoprinl-sulfametboxazole, 
or doxycycline. Patients wi th large abrasions, lacerations, punc
ture wounds, or band injuries, as well as immunocompromised 
patients, receive prophylactic antibiotics. Infected wounds are 
cLLitmed. If a wound, commonly on the hru1d afrer a minor 
scrape or puncwre, appears erysipeloid in nawre, infection by 
Er_ysipeLothri" rhusicpathille is suspected. A suitable initial anti
biotic based on this presumptive diagnosis would be penicillin, 
cephalexin, or dprofloxacin. 

Wound Care 
Meticulous wound care is necessary to reduce the risk for infec
tion ru1d optimize the aesthetic aJld functional ouccornes.4"~ 
Wounds are irrigated with normal saline. Debridement of devi
talized tissue can decrea.re infection and promote healing. Large 
wounds are explored in the operating room. TI1e decision to 
close a WOLmd primarily must balance the cosmetic resLtlt against 
the dsk for infection. Wounds are loosely closed and drainage 
allowed. Primary closure is avoided wi th d istal extren1ity wounds, 
punctures, and crush injuries. For shark wounds, postoperative 
management may be prolonged and complicated by acute renal 
fai lure attributed to hypovolemia and shock, massive blood 
trru1sfusion , myoglobinuria, and administration of nephrotoxic 
antibiotics. Rehabilitation may include the creation of prosthetic 
devices. 

Antivenom 
Antivenom is available for several types of envenomation, 
including those from the box jellyfish, sea snake, and stonefish.50 

Patients den10nstrating severe reactions to sucl1 envenomation 
benefit from antivcnom. Skin testing to determine which 
patieJ1ts might benefit from pretreatment with diphenhydr
anline or epinephrine can be performed before ru1tivenom is 
administered, but it is not an absolute predktor of severe reac
tions. Ovine-derived ru1tivcnom (Commonwealth Serum Labo
ratories, King of Prussia, Pa) to treat severe Chiro1w: fleckeri (box 
jellyfish) envenomation has been administered intramuscularly 
by field rescuers for mru1y years witl1our reports of a serious 
adverse reaction. Serum sickness is a complication of anti venom 
therapy and can be treated with corticosteroids. Regional poison 
control centers or major marine aquariums can sometimes assist 
in locating antivenom. 

Injuries from Nonvenomous Aquatic Animals 

Sharks 
Approximately 5U to l OU shark attacks are reported a1mually. 
However, these attacks cause fewer than 10 deaths/year.4

?·51 

Tiger, great white, gray reef, and bull sharks are responsible for 
most attacks. Most incidents occur at the surface of shallow 
water within 100 feet of the shore.40 Sharks locate prey by detect
ing motion, electrical fields, ru1d sounds ru1d by sensing body 
fluids through smell and taste. Most sharks bite the victim once 
ru1d chen leave. Most injuries occur to the lower extremities. 

PowerfLLI jaws and sharp teeth produce crushing, rearing 
injuries. Hypovolemic shock and near-drowning arc Life
threatening consequences of an attack.~? Other complications 
include soft rissue and neurovascular damage, bone fractures, 
ru1d infection. 51 Most wounds require exploration wd repair in 
the operating room (see the section on wound care). Radio
graphs may reveal one or more shark teetb in the wound. 
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Occasionally, bumping by sharks can produce abrasions, which 
are treated as second-degree burns. 

Moray Eels 
Morays are bottom dwellers that reside in holes or crevices. Eels 
bite defensively and produce muldple small puncrure wounds 
and, rarely, gaping lacerations. 1l1e hand is most frequently 
bitten. Occasionally, the eel remains attached to the victim, wid1 
decapitation of tlhe animal required for release. Puncture wounds 
and bites on the hand from all animals, including eels, are at 
high risk for infection and must not be closed primarily if the 
capability exists for delayed primary closure. 

Alligators and Crocodiles 
Crocodiles can attain a length of more than 20 feet and travel 
at speeds of20 mph in water and on land. Like sharks, alligators 
and crocodiles attack prin1arily in shallow water. These animals 
can produce severe i11juries by grasping victims with ilieir power
ful jaws and dragging them underwater, where d1ey roll while 
crushing ilieir prey. lnjuries from alligator and crocodile attacks 
are treated like shark bites. 

Miscellaneous 
Other nonvenomous animals capable of attacking include ilie 
barracuda, giant grouper, sea lion, mantis shrimp, triggerfish, 
needlefish, and freshwater piranha. Except for the needlefish, 
which spears a !human victim with its elongated snout, d1ese 
animals bite. Barracuda are attracted to shiny objects ru1d have 
bitten fingers, wrists, scalps, or dangling legs adorned with 
reflective jewelry.. 

Envenomation by Invertebrates 

Coelenterates 
111e phylum Coelenterata consists of bydrozoans, which include 
fire coral, hydroids, and Portuguese man-of-war, scyphozoans, 
which include jellyfish and sea netdes, ru1d ru1thozoans, which 
include sea anemones. Coelenterates carry specialized living 
stiJ1ging cells caiJed cnidocytes d1at encapsulate intracytoplasmic 
stinging orgru1elles called cnidae, which include nematocysts.52 

Mild envenomation, typically inflicted by fire coral, 
hydroids, ru1d anemones, produces s.kin irritation. 5° 1l1e victim 
notices in1111ediace stinging followed by pruritus, paresthesias, 
and throbbing paiJ1 with proximal radiation. Edema ru1d ery
thema develop iJ1 the involved area, followed by blisters and 
petechiae. 1l1is can progress to local infection and ulceration. 

Severe envenomation is caused by anemones, sea netdcs, 
ru1d jellyfish.50 Patients have systemic symptoms in addition to 
the local mru1ifestations. AJ1 ru1aphylactic reaction to the venom 
may contribute to the pathophysiology of envenomation. Fever, 
nausea, vomiting, and malaise can develop. Any organ system 
Call be involved, ru1d death is attributed to hypotension and 
cardiorespiratory arrest. One of the most venomous sea crea
tures, found primarily off the coast of noriliern Australia, is ilie 
box jellyfish C jleckeri. In the United States, Physalitt physalis, 
Chiropsalmus tjWldrigtttus, and Cyanea cttpil!Attt are substantial 
stingers. 

Therapy consists of dewxification of nemarocysts ru1d sys
temic support. Dilute (5%) acetic acid (vinegar) can inactivate 
most coelenterate toxins and is applied for 30 miJlUtes or w1til 
the pain is relieved.50 This is critical with the box jellyfisJ1. If a 
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detoxicant is not available, the wound may be rinsed in seawater 
and gently dried. 50 Fresh water and vigorous rubbing can cause 
nematocysts to discharge. For a sting from the box jellyfish, 
Australian authorities previously recommended the pressure 
inm1obilization teclmique. 11us is no longer recommended. 
lnstead, the envenomed limb is kept as motionless a~ possible 
and the victim is promptly taken to a settiJlg in which antivenom 
ru1d advru1ced life support are available. 

To decomaminate other jellyfish stiJ1gs, isopropyl alcohol 
is used only if vinegar is ineffective. Baking soda may be more 
effective than acetic acid for inactivatiJ1g the toxin of U.S. 
eastern coastal Chesapt:ake Bay sea netdes.50 Baking soda must 
not be applied after vinegar without a brisk saline or water rinse 
in between application of ilie rwo substances to avoid an exo
thermic reaction. Powdered or solubilized papain (meat tender
izer) may be more effective thru1 other remedies for sea bather's 
eruption (often misnamed sea lice) caused by iliimble jellyfishes 
or larval forms of certain sea anemones. Fresh lime or lemon 
juice, housel1old an1monia, olive oil, or sugar may be effective, 
depending <>n the species of stinging creature. 

After ilie skin surface has heen treated, any re111aiJling 
nematocysts must be removed. One meiliod is to apply shaving 
crean1 or a flour paste and shave the area wiili a razor. 111e 
affected area again is irrigated, dressed, and elevated. Medical 
care providers need to wear gloves for self-protection . C ryo
therapy, local anesthetics, aJ1tiJJistanlines, and steroids can relieve 
pain after the toxin is inactivated. Prophylactic antibiotics are 
not usually necessary. Ocean bathers cru1 be advised ro apply Safe 
Sea jellyfish-safe sun block (Nidaria Technology, Jordan Valley, 
Israel) as a preventive measure before entering the water. 

Sponges 
Two syndromes occur after contact wiili sponges.50 The first is 
an allergic plant-like contact dermati tis characterized by itching 
and burning within hours of contact. This dermatitis can prog
ress to soft tissue ede111a, vesicle developmer1t, and joint swelling. 
Large area.~ of involvement can cause systemk toxicity with fever. 
nausea, and muscle cr3.l11ps. The second syndrome is an irritant 
dermat itis after penetration of me skin with small spicules. 
Sponge diver's disease is actually caused by anemones d1at colo
nize the sponges railier thru1 by ilie sponges themselves. 

Treatment consists of wa~hing ru1d drying gently the 
affected area. Dilute (5°.A>) acetic acid (vinegar) is applied for 30 
minutes three times daily.50 Any ren1aiJUng spicules can be 
removed with adhesive tape. A steroid cream Call be applied to 
the ski n after deconrami11ation. Occasionally, a systemic gluco
corticoid and an ruuihistamine are required. 

Echinodermata 
Starfish, sea urcllins, ru1d sea cuCLLmbers are members of the 
phylum Ecllinodermata. Starfish ru1d sea cucumbers produce 
venom that can cause contact derrnatitis.52 Sea cucumbers occa
sionally feed on coelenterates and secrete nematocysts; therefore, 
local cl1erapy for coelenterates also needs to be considered. Sea 
urcl:Uns are covered wim venomous spines capable of causing 
local and systemic reactions similar to those from coelenterates. 
First aid consists of soaking the wound in hot, but tolerable 
water. Residual spines CaJ1 be located wid1 soft tissue radiographs 
or magnetic resonance imaging. Purple skin discoloration at the 
site of entrance wounds may be indicative of dye leached from 
the surface of an extracted urchiJ1 spine. 111is temporary tattoo 
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disappears in 48 hours, which often confirms the absence of a 
retained foreign body. A spine is removed only if it is easily 
accessible or closely aligned to a joint or critical neurovascular 
structure. Reactive fusiform digit swelling attributed to a spine 
near a metacarpal bone or flexor tendon sheath may be alleviated 
by a high-dose glucocorricoid administered in an oral 14-day 
tapering schedule. Retained spines may cause the fom1ation of 
granulomas that are amenable to excision or intralcsional injec
tion with triamcinolone hexacetonide, 5 mglmL. 

Mollusks 
Octopuses and cone snails are the primary envenoming species 
in the pl1ylum Mollusca. Most harmful cone snails are fow1d in 
Indo-Pacific waters. Envenomation occurs from a detachable 
harpoon-like dart injected via an extensible proboscis into the 
victim.50.52 Blue-ringed octopuses car1 bite and inject tetrodo
toxin, a paralytic agent. Both species carl produce local symp
toms such as burning and paresthesias. Systemic manifestations 
are primarily neurologic and include bulbar dysfunction and 
systemic muscular paralysis. Management of the bite site is best 
achieved by pressure and immobilization to contain the venom. 
This is accompLished by applying a 15-cm-wide circumferential 
wrap over a gauze pad or cloth that has been placed directly 
over tbe wound. The dressing is applied at venous-lymphatic 
pressure, with preservation of distal arterial pulses. Once the 
victim has been transported to a medical facility, tbe bandage 
can be released. Treatment of systemic complications is 
supportive. 

Annelid Worms (Bristleworms) 
AnneUd worms: (bristleworms) carry rows of soft, easily detached 
fiberglass-like S[pines capable ofinfucting painful stings and irri
tant dermatitis. Inflammation may persist for up to 1 week. 
Visible bristles are removed with forceps and adhesive tape or a 
commercial facial peel. Alternatively, a thin layer of rubber 
cement may be used to trap the spines and then peel them away. 
Household vinegar, rubbing alcohol, or di lute household 
anm1onia may provide additional relief. Local inBanll1lation is 
treated with a topical or systemic glucocorticoid. 

Envenomation by Vertebrates 

Stingrays 
Rays are bottollll dwellers ranging from a few inches to 12 feet 
long (tip to tail). Venom is stored in whiplike caudal append
ages. Stingrays react defensively by thrusting their spines into a 
victinl, causi11g puncwre wounds and lacerations. The most 
common site of injury is the lower part of the leg and top of the 
foot. Local damage carl be severe, with occasional penetration 
of body cavities. This is worsened by the vasoconstrictive proper
ties of the venom, whicll produce cyanotic-appearing wow1ds. 
Tl1e venom is often myonecrotic. Systemic complaints include 
weakness, nausea, diarrhea. headaclle, and muscle cramps. 'TI1e 
venom can cause vasoconstriction, cardiac dysrhythmlas, respi
ratory arrest, amd seizures. 53 

lhe wound is irrigated and then soaked in nonscaldlng 
hot water (up to 45o C) for I hourY Debridement, explora
tion, and removal of spi11es are carried our during or after hor 
water soaking. Immersion cryotherapy is detrimental. The 
wound is not closed primarily. Lacerations heal by secondary 
intention or are repaired by delayed closure. The wound is 

dressed and elevated. Pain is relieved locally or systemically. 
Radiography is performed to locate any remaining spines. 
Acute infection with aggressive pathogens is anticipated.50 ln 
the event of a nonheali.ng draining wound, retCJltion of a 
foreign body is suspected. 

Misc;ellaneous Fish 
Other fish with spines that can produce injuries similar to d10se 
of stingrays include lionfish, scorpionfish, stonefish, catfish, and 
weeverfish. Each can cause envenomation, puncture wounds, 
and lacerations, with spines transmitting VCJlom. Clinical mani
festations and therapy are similar to d10se pertaining to sting
rays. In the case of Uonfish, vesiculations are sometimes noted. 
An equine-derived a.ntivenom (Commonwealth Serum Labora
tories) is available for administration in case of significant stone
fish envenomation. 

Sea Snakes 
Sea snakes of the fanilly Hydropblidae appear similar to land 
snakes. TI1ey inhabit the Pacific and Indian Oceans. Venom 
produces neurologic signs and symptoms, with possible death 
from paralysis and respiratory arrest. Local manifestations can 
be minin1al or abse.nt. Therapy is similar to that for coral snake 
(Elapidae) bites. The pressure immobilization technique is rec
ommended in the field . Polyvalent sea snake antivenom is 
administered if any signs of envenomation develop.53 1he initial 
dose is one an1pule, repeated as needed. Consultation with an 
experienced clinician, toxicologist or poison conuol cenrer is 
recommended. 
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CHAPTER 23 

SURGICAL CRITICAL CARE 
CHARLES A ADAMS, JR., ANDREW STEPHEN, 
AND WILLIAM G. CIOFFI 

CENTRAL NERVOUS SYSTEM 

CARDIOVASCULAR SYSTEM 

RESPIRATORY SYSTEM 

GASTROINTESTINAL SYSTEM 

ACUTE KIDNEY INJ URY 

HEPATIC DYSFUNCTION 

ENDOCRINE SYSTEM 

HEMATOLOGIC SYSTEM 

SEPSIS AND MULTIPLE ORGAN FAILURE 

CONCLUSION 

1he goal of surgical therapy, elective or urgent, is to enable 
patients to return co their preoperative state ofhealth and func
tional status. However, some patients have surgical processes or 
injuries that are so severe that they would either not survive or 
would suffer signi.ficant long-term morbidity without specialized 
supportive care. These types of patients require multisystem 
surgical critical care delivered by specialized tean1s of trained 
health care providers iJl an intensive care unit (ICU). Al.though 
maJlY of these reus are closed units or structured so that patient 
management decisions are made solely by the critical care team, 
it is importaJlt tthat surgeons remain current ru1d acquainted 
with the ever-changing field of surgical critical care so char they 
can remain a viral part of the patient's heald1 care team, espe
cially in systems or institutions in which critical care of surgical 
patients is being delivered by nonsurgical specialists. In this 
chapter, we will approach the vast topic of surgical critical care 
in a system-based fashion and highlight recent developments 
and concepts. 

CENTRAL NERVOUS SYSTEM 

Neurologic Dysfunction 
The central nervous systen1 (CNS) is me most complex organ 
systenl in the body and is vuL1erable to disturbances by a host 
of conditions and factors. 1l1e causes of an altered consciousness 
are so broad that a clouded sensorium is the norm in the rcu 
rad1er than the exception. This lise of conscious-altering causes 
includes endogenous and exogenous factors. Some endoge
nous causes include sepsis, CNS infections, hypoxic-ischemic 
encephalopathy, tumors, trauma, electrolyte derangements, and 

metabolic conditions, whereas exogenous causes CaJl include 
medications, environmental settings, ru1d toxins. Any unex
plained changes iJ1 a surgical patient's levd of consciousness or 
sensorium should be worked up thoroughly. Ascribing such 
cl1anges to rcu psychosis should be considered strictly a diag
nosis of exclusion.• 1he term altered mental status is nonspecific 
ru1d more descriptive definitions were offered by Plum and 
Posner almost 30 years ago in their text on stupor and coma and 
still apply today. The term confusion encompasses bewilderment, 
difficLL1ty foUowing commru1ds, disturbed memory, and drowsi
nes.~ or nighttime agitation, whereas delirium is a floridly 
abnormal mental state characterized by disorientation, fear, 
irritability, misperception of sensory stimuli and, ofren, visual 
hallucinations. 

The presence of delirium can have far-reaching conse
quences ru1d is associated with increased hospital length of stay 
and nlQrtality? Obtundation is defined as mental blunting asso
ciated with slowed psychological responses to stimulation. 
Stupor is described as a condition of deep sleep or behaviorally 
similar unresponsiveness in which the patient CaJ1 be aroused 
only by vigorous and repeated stimuli. Coma is a state of 
unarousable psychologicaluJlresponsiveness in which the subject 
lies with eyes closed and shows no psychologically understand
able response to external stimuli or iJmer need. A vegetative state 
is a state of wakefulness but with apparent complete lack of 
cognitive function. Death in the presence of cardiopulmonary 
fLmction {brain death) refers to the absence of function of the 
brain and brainstem; there are specific criteria for this, but the 
absence of cerebral function is paranwunt. Cortical nonfw1ction 
must be accompru1ied by the loss of reflexes to pupillary light 
and corneal stimulation, loss of the vestibulo-ocular and oropha
ryngeal reflexes, ru1d apnea in the presence of adequate stimula
tion {Paco2 > 60 mm Hg for 30 seconds). Generally, cwo clinical 
examinations must be documented, separated hy a defu1ed time 
interval (e.g., 6 hours) and confirmed by independent physi
cians; however, there is no nationally accepted definition of 
braiJ1 death. lt is important that there be a reason or physiologic 
insult sufficient to cause death and there are no complicating 
or reversible conditions {e.g., recent administration of sedative 
or anesthetic agents, hypothermia, hypo- or hyperglycemia, or 
severe hypo- or hypernatremia, or ocber significruu metabolic 
derru1gements) that could interfere with brain death determina
tion. Lf such complicati11g conditions preclude the completion 
of a clinical examination, additional tests are required, including 
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provocative tests (e.g., apnea test). Electroencephalography, 
radioisotope brain scanning, transcranial Doppler ultrasonogra
phy, and cerebral arteriography with documentation of absent 
cortical Bow arc all helpful in defining brain death but this 
diagnosis must conform to the criteria set forth by each state 
government and the hospitals contained within. 

When there is an alteration in a patient's neurologic status, 
an assessment should be done thoroughly and rapidly, with 
iJlitial management and corrective measures i11stituted concur
rently to minimize irreversible CNS damage. 1l1e patient's level 
of consciousness may be described as alert, responsive to verbal 
stimuli, responsive to painful stimuli, or unresponsive. Acute 
loss of consciousness d1at occurs in a period of seconds co 
minutes is consistent with a cerebrovascular accident or head 
trauma. A subacute course that occurs in many minutes to hours 
may suggest intoxication, infection, or a metabolic disturbance, 
whereas a more prolonged course of neurologic decline may 
suggest a CNS tumor. The pupillary examination can be particu
larly informative. Damage to the midbrain affects the reticular 
activating system, and thus consciousness, as well as pupil reac
tivity, whereas metabolic disease may produce coma but usually 
leaves the light reAex intact. Small reactive pupils are the hall
mark of drug intoxication (particularly opiate) alld metabolic 
disease, whereas large unreactive pupils may be associated with 
anticholinergic d rugs, glutethimide, anoxia, or intracranial 
hypertension. A unilateral fixed and dilated pupil suggests third 
nerve dysfunction or uncal herniation. ln the absence of pur
poseful eye movements, spontaneous roving eye movemems 
imply intact conical control of the brainstem. If no spontaneous 
eye moven1ent is found, the vestibulo-ocular reflex (doH's eye 
maneuver) should be tested after excluding a cervical cord or 
spine lesion. 'This reflex is tested by turning the head .rapidly 
&om midline to one side. Contralateral conjugate eye move
ment, keeping tht' eyes seemingly fixed on a point in space, 
suggests all intact brainstem. The head should be turned in the 
opposite direction co check for symmetry. Failure of this reflex 
iJt either direction implies brainstem dysfunction. If this lllalleu
ver cannot be done, the vestibule-ocular reflex may be assessed 
by a cold caloric testing technique instead. 1l1is is done by ele
vating the head to 30 degrees and rapidly instilling 50 mL of 
ice water into the external auditory cal1al, which resuhs in reflex 
slow eye movement toward the stimulus. In all intact brain, the 
frontal eye fields attempt to override dtis stimulus, producing 
rapid saccades away from the stimulus (nystagmus). Conversely, 
if there is cortical damage, the eyes will maintain a fixed devia
tion, which implies a hCfllispheric lesion on the side toward 
wlticb the eyes deviate. Assessment of motor function helps 
identify the Location and severity of deficits. The motor compo
nent of the Glasgow Coma Scale is the most predictive portion 
of the scale foUowing bead trauma. Asymmetry of motor func
tion suggests a focal cerebral lesion contralateral to the deficit. 
Decorticate (Aexion of arms alld extension of legs) and decere
brate (extension of both arms and legs) posturing are very poor 
prognostic signs. 

Although it is important for staff physicians and surgical 
bouse personnel to become comfortable and proficient with the 
neurologic examination of critically ill and ventilated patients, 
it is tremendously beneficial when nurses provide frequem 
objective evaluations and can relay any significam dlaltges to the 
surgical team, especially regarding states of delirium or confu
sion. ICU nurses generally care for linlited numbers of patients 

simultaneously and thus are able to perform these evaluations 
on a frequent basis. The confusion assessment method for iden
tifying ICU delirium (CAM-ICU) is a rapid, objective measur
ing tool to determine the presence of delirium and Call be 
performed serially with relative ease.2 CAM-ICU is straightfor
ward and addresses whether there is an acure or fluctuating onse£ 
of a patient's mental status cbaltge or delirium. general inatten
tion, dlsorgaltized thought, or altered level of consciousness. Tlte 
merut time required for each CAM-ICU a.~essment is less than 
l minute and can be performed by all}' trained health care pro
vider (e.g., physiciall, nurse, respiratory therapist); its reliability 
and accuracy has been validated in prospective cohort studies 
weighed against the standard of evaluations of delirium experts 
using criteria from the Dingnostic nnd StntistiCillMnnML of Mentrtl 
Disorders. The importru1ce of a tool such as CAM-ICU lies in 
its ability to identify delirium quickly, accurately, and easily so 
that appropriate drug therapy may be instituted. 

Laboratory studies also can help identify metabolicderaltge
ments such as hypothyroidism, electrolyte abnormalities, 
infections, and toxic ingestions. Urine toxicology screening is 
mandatory because drug intoxication is one of the most common 
initial causes of coma of unknown cause. Arterial blood gas 
(ABG) analysis should be performed to rule out hypoxia, hyper
carbia, or acidosis as a cause of an altered mental state. Com
puted tomography (CT) is indicated for all)' patient with coma 
altd focal neurologic findl11gs or in patients with a depressed 
level of consciousness that prevents an adequate physical exami
nation &om being carried out. A lumbar puncture should be 
performed on any patienr for whom the cause of coma is still 
unknown, especially patients iJl whom meningitis, encephalitis, 
or occult subarachnoid hemorrhage is suspected. In the post
head injury or neurosurgical postoperative patient, dinical dete
rioration in the absence of a new structural lesion (i.e., CT scan 
finding) coupled with signs of infection {e.g., fever, leukocytosis) 
may be a sign of CNS infection and a lumbar puncture is 
warranted. 

Lnitial management begins with assurallce of a patent 
airway and adequate breathing and circulation (the ABCs, as 
taught by the Advance Trauma Life Support program). Coma
tose patients should be intubated for airway protection; however, 
stability of the cervical spine must be ensured in trauma patients. 
If there is a possibility of increased intracranial pressure (ICP), 
lidocaine (1.5 mg/kg) or thiopental (3 ro 5 mg/kg) should be 
administered to blunt sudden rises in ICP associated with intu
bation. Hypotension should be corrected prompdy and aggres
sively with fluids and/or vasopressors to maintain an adequate 
cerebral perfusion pressure (CPP) of at least 55 to 60 mm Hg. 
CPP is calculated as the difference between a patient's mean 
arterial pressure (MAP) and intracranial pressure (CPP = MAP 
- ICP). A dose of 50 rnL of 50o/o dextrose should be given 
immediately to all)' patient with coma of unknown cause. This 
will produce no detrimental effect on al1)' causes of coma except 
Wernicke's encephalopathy (see later) and will correct the under
lylllg problem if it is secondary to hypoglycemia. Even in those 
patients with hyperglycemia producing the coma, a marginal 
increase in the glucose concentration will not adversely affect 
the patient; however, the effects of all)' significant period of 
marked hypoglycen1ia may result in irreversible neurologic 
damage. In alcoholic patients or others wi.th poor general nutri
tion, thiamine ( I mg/kg) should be administered before glucose. 
1l:Us may avoid acute Wernicke's e11cephalopathy (confusion, 
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araxia, ophthalmoplegia) and its associated necrosis of midline 
gray matter. 

Narcotic overdose is a common cause of coma and is 
marked by shallow respirations, small reactive pupils, and hypo
tension. Naloxone (Narcan; 0.4 to 2 mg) is an opioid antagonist 
and should be given ro pariems with suspected opiate-induced 
coma. Flumazenil (0.2 mg) may be administered for suspected 
benzodiazepine imoxication, but care should be exercised in 
patients talring bcnzodiazepines on a chronk basis or suspected 
mixed ingestions because other agents may lower the seizure 
threshold, leading to severe seizures following flumazen il admjn
istration. Activated charcoal (25 to 50 mg) should be givcn for 
the ingestion of most drugs and roxjns, but its effectiveness 
diminishes as the interval from ingestiOJJ to administration 
increases. Empirical antibiotic therapy directed at suspected 
demographic-associated pathogens is warranted if bacterial men
ingitis is suspected. 

lf increased LeP is assumed to be the cause of coma, treat
ment should be i_nitiated immediately with elevation of the head 
of the bed to 30 to 45 degrees- Hyperventilation is effective in 
lowering the IeP, but prolonged or extreme hyperventilation can 
lead to cerebral va.~oconstriction and detrimental regional isch
emia. Also, it is llikely that the va.~oconstricting effects of hyper
vetttilation to decrease IeP are lost within 24 hours as the 
cerebral circulation reflexively normalizes with the new lower 
Paco2• Thus, a target Paco2 of 35 to 40 mmHg is considered 
optimal and there is unlikely benefit of lower levels of Paeoz. 
Vasogenic cerebral edema leads ro increased IeP according to 
the Mon:ro-Kellie hypothesis, which states that the pressure 
iJ1Side the head must rise if any intracranial component increases 
(e.g .. blood, brain, cerebrospinal fluid) because the cranial vault 
is a rigid, nonexpansive structure. Accordingly, d1<:- osmotic 
diuretic mannitol (0.5 to l glkg} should be administered; this 
may be repeated every 4 to 6 hours as long as the serum sodium 
level and osmolarity remain less d1an l55 and 320 mmol/liter, 
respectively. However, mannitol should be avoided in situations 
in which such diuresis may compromise hemodynamics by 
decreasing the MAP and, in tum, d1e patient's ePP. Hypertonic 
saline 3% and, more recently, saline 23.4% have also been 
shown to be effective ru1d safe therapies for managing intracra
nial hypertension via osmotic mechanisms wi.thout compromis
ing d1e MAP a~ the way diuretics tend to do. Currently, most 
studies comparing hypertonic saline w mannitol are retrospec
tive; thus, more rru1domized prospective i.nvestigation is war
ranted. Other factors involved in mrutaging rep include adequate 
sedation and suppression of fever and seizures. lf the patient has 
refractory intracranial hypertension, second-tier therapies should 
be used, including ventriculostomy drainage, neuromuscular 
blockade, vasopressors to increase ePP, barbiturate coma, and 
decompressive craniectomy. 

Seizure activity is often the first sign of a eNS complica
tion. Because most seizures terminate rapidly, the most impor
tant initial intervention is protecting the patient from harm, 
most notably failure to protect the airway and self-injury. The 
cause of the seizures should be investigated and treated. CT 
scanning or magnetic resonance imaging (MRl) of the brai11 is 
iJ1dicated for new-onset seizures, ruJd electroencepbalograJJlS 
should be obtai11ed to exclude status epilepdcus in patients 
who have persistent or recurrent seizures or who do not awaken 
after seizure activity. Status epilepticus should be treated with 
benzodiazepil1es, sucb as lorazepam (O.l rug/kg), followed by 
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pl1enywin (l g). lf this regimen is unsuccessful in breaking the 
seizure activity, second-tier therapies should be administered, 
such as high-dose benzodiazepiJ1es, barbiturates, or propofol. 
1l1e major systemic complications of seizures are rhabdomyoly
sis, hyperthermia, and cerebral edema. 

Analgesia. Sedation. and Neuromu5allar Blockade 
Pain and anxiety are common in leU patients. Pain may be 
caused by an underlying disease state, trauma, invasive proct.'
dures, or surgical wotmds. Pain is exacerbated by nursing inter
ventions, invasive monitoriJ1g, d1erapeutic devices, immobility, 
and mechrutical ventilation. Unrelieved pain can provoke a sym
pathetic stress response, as well as contribute to agitation and 
metabolic stress. Unfortunately, the severity of pain is often 
underappreciatcd in the rev aJ1d consequently may be treated 
suboptin1ally. A universal goal for physicians is cnsuring an 
optimal level of comfort and safety for all patients. 

Pain Assessment and Management 
Perception of pain is influenced by prior experiences, negative 
expectations, and the cognitive capacity of the patient. The 
patient and fanJily should be advised of the potential for pain 
and strategies to commw1icatc pain. Patient self-reporting is the 
gold standard for the assessmcnt of pain and the adequacy of 
analgesia. Pain assessment tools such as the visual analogue scale 
or nwneric rating scale are most useful. ln noncommtmicative 
patients, assessment of behavioral (e.g., movements, facial 
expressions, posturing) and physiologic (e.g., heart rate, blood 
pressure, respiratory rate) indicators are necessary. It is para
mount that the surgical staff and house officers communicate 
effectively with leU nurses because their frequent assessments 
of pain consistendy seem to lead to earlier and timelier admin
istration of pain medications. Nurse-driven protocols for pain 
asse.ssment and management have been shown to reduce ventila
tor days and leU length of stay while at the san1c time providing 
patients with good pain relief.3 1he key concept.~ of nurse-driven 
protocols in the reu are that they not only allow for but encour
age nursing staff to use and hone their clinical assessment skills, 
especially useful because t\1ey have almost continuous interac
tion wid1 their patients. 

Opiates are the mainstay of pain management in the reu. 
Non pharmacologic interventions sucl1 as a comfortable environ
mcnt, paying attention co positioning, arrangemem of wbing 
and drains, and avoiding unnecessary noise, should be used as 
adjtmcts to pain management. Opiates are particuJarly useful in 
the JeU because most have a rapid onset of action, are easily 
titrated, lack an accumulation of parent drug or active metabo
lites, and are relatively inexpensive. The most commonly pre
scribed opiates are morphine, fentanyl, aJJd bydromorphone. 
Fcntru1yl bas a rapid onset of action, a short half-life, and gener
ates no active metabolites. It is ideal for use in hemodynamically 
unstable patients because it does nor cause histamine release and 
its rcsultrult vasodilatation, whidt can worsen hypotension. 
Continuous inft1sions of fentanyl have been associated with 
accumulation in Jjpid stores, resulting in a prolonged effect, and 
high doses have been associated with muscle rigidity syndromes. 
Morphi11e has a slower onset of action and longer half-life and 
may not be suitable for hemodynanJically unstable patiems 
because of its potential to cause bistanline release and h)'poten
sion. This histaminergic effect is also responsible for morpbine's 
propensity co cause pruritus. A11 active metabolite of morphine, 
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morphine-6-glucuronide, can accumulate in patients with renal 
insufficiency and lead to undesirable, continued sedating effects. 
Morphine also causes spasm of the sphincter of Oddi, whid1 
may be detrimencal in patients with biliary trace disease or pan
creatitis. Hydromorphone bas a half-life similar to that of mor
phine, bm generates no acdve membolires and does nor cause 
histamine release. It is typically used when high-dose morphine 
or fentanyl is ineffective or for patients in whom a large fluid 
volume is undesirable. To some extent, all opioid analgesics are 
associated with varying degrees of respiratory depression, hypo
tension, and ileus. 

Preventing pain is more effective than treating established 
pain. Accordingly, continuous or scheduled inrerminem dosing 
is preferable to a.~-needed (PRN) administration because ICU 
patient.~ are often unable to express or advocate for their pain 
medication requirements. Patient-controlled analgesia (PCA) via 
specialized infusion pumps offers superior pain control but 
requires a patient to be an active participant in her or his care, 
which may not always be possible in the ICU setting. PCA can 
decrease opioid consumption, overscdation, and other adverse 
effecrs while providing good pain control. To avoid variable 
absorption, an.algesics should be given IV to critically ill patients 
unless the patient is transitioning to a lower l.evel of care. Alter
natives to opioids include ace£aminophen and nonsteroidal anti
inflammatory drugs (NSAJDs). Kecorolac is the prototypical IV 
NSAID and is an effective analgesic agent used alone or in 
combiJlation with opiates. lc is primarily eliminated by renal 
excretion, so it is relatively contraindicated for patiems with 
renal failure, and it has been associated with bleeding complica
tions, so its use in peptic ulcer disease or for fresh postoperative 
patients must be carefully weighed. 

Epidural anesthesia is achieved by delivering drugs via a 
catheter placed in the extradural or epidural space. Many ben
efits of epidural anesthesia have been reported, including better 
suppression of surgical stress and pain, reductions in circulating 
levels of proinBammatory mediators, minimized hemodynamic 
effects, improved peripheral circulation, and reduced blood los.~. 
A recent meta-analysis of 58 trials of thoracic and abdominal 
surgery in almost 6000 patients has also demonstrated that 
epidural opioid analgesia is associated with a decreased risk of 
postoperative pneumonia when compared with systemic opioid 
regin1ens; the report also cited a decreased need for prolonged 
mechanical ventilation and reinwbation, along with improved 
oxygenation.4 Patient-controlled epidural anesthesia is also pos
sible and combines maJl)' of the benefits of PCA and epidural 
anesthesia. 

Sedation 
Inability to communicate, constant noise and light, disrupted 
sleep-wake cycles, various other stimuli common to the ICU 
setting, and immohility contribute to increased aJ1Xiety among 
rcu patients, which may be compounded further by mechaJli
cal ventilation .. Sedation is necessary to alleviate anxiety and 
provide comfort, and prevent the patient from removing lines, 
catheters, and other necessary equipment. A predetermined 
sedation goal should be established ru1d the level of sedation 
should be documented objectively based on a sedation scale sucb 
as tbe Richmond Agitation and Sedation Scale (RASS; Table 
23-1). RASS is a rapid, simple constmct that has been shown 
to detect chru1ges in sedation in lCU patients over several days 
ru1d facilitates the proper administration of analgesic and 

Table 23-1 Richmond Agitation Sedation Scale 
- --

SCORE TERM DESCRIPTION 
+4 Combative Overly combative or violent; 

immediate danger to staff 

+3 very agitated Pulls or removes tubes or catheters; 
has aggressive behavior toward staff 

+2 Agitated Frequent nonpurposelul movement; 
patient-ventilator dyssynchrony 

+1 Restless Anxious or apprehensive but 
rt:lovements not aggressive or 
VIgorous 

0 Alert and calm 

-1 Drowsy Not fully alert, but has sustained 
(> 10 sec) awakening with eye 
contact to voice 

-2 Light sedation Briefly (<10 sec) awakens with eye 
contact to vo1ce 

-3 Moderate Any movement (but no eye contact) 
sedation to voice 

-4 Deep sedation No response to voice, but any 
movement to physical stimulation 

-5 Unarousable No response to voice or physical 
stimulation 

Adapted from Ely EW, Truman 8, Shintani A. et al: Monitoring sedation status over 
time in ICU patients: Reliability and validity of the Rkhmond Agitction Sedation 
Scale (RASS). lAMA 289:2983-2991, 2003. 

sedative medications. 1l1e nurse-driven protocols described 
earlier for managing pain ru1d analgesic administration also 
apply to mru1aging sedation. Much of the recent li terature 
regarding pain and sedation protocols overlaps and also supports 
nurses implementing such protocols to asse~ and manage thei r 
patients' sedation needs actively when they are properly trained 
ru1d educated about their use.~ 

The ideal level of sedation depends on the clinical situation, 
but a patient who is calm and easily arousable is generally con
sidered as being appropriately sedated. Benzodiazeplnes have 
sedative ru1d hypnotic effects, and some possess partial aJltero
grade amnestic effects. They may potentiate opiates and moder
ate the pai.n response when used in combination with them; 
however, they are devoid of ru1y analgesic propertie.s. Diazepam, 
lorazepam, ru1d midazolan1 are the most frequently used agents 
in the ICU. Diazepan1 has a short onset of action and short 
half-life, but its long-acting metabolite may accumulate follow
ing repetitive dosiJ1g. Lorazepam has a slow onset and intermedi
ate half-life, making it most useful for medium- to long-term 
sedation. Lorazepam CaJl accumulate in older patients with 
hepat ic and renal dysfunction, resulting in prolonged sedation. 
Midazolam is a rapid-onset, shore-acting drug with amnestic 
properties chat can be used as aJl infusion or dosed intermit
tently; thus, it is the agent of choice for acutely agitated patients. 
Prolonged sedation with midazolam results in its accumulation 
ru1d e rratic effects and metabolism. 

Propofol is a general anesthetic agent with significant seda
tive a.nd hypnotic properties, but no analgesic effect. Propofol ha.s 
rapid onset and aJl ultrashort duration of action. Its phospholipid 
vehide can cause hypemiglyceridemia and pancreatitis, as well as 
paiJ1, on injection. Propofol is most often used for sedation of 
neurosurgical patients, because it allows rapid awakening for 
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Is patient comfortable and at goal? 

No ] YP.s 

' Optimize environment 
Nonpharmacologic intervention 

Comfortable/ 
at goal? 

Yes 

Reassess goals daily 
Trtrate/taper therapy 

Hemodynamically unstable 
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, No 

Pain scale 
assessment 

Pain Fentanyl25-100 Jlg IV q 5-15 minutes 
- Hydromorphone 0.25-0.75 mg IV 

No pain 
q 5-15 minutes 

Hemodynamically stable 
Sedation scale 

assessment 

f Agitation 

Midazolam 2-5 mg IV 
q 5-15 minutes 

No 

Morphine 2-5 mg IV q 5-15 minutes 
until pain controlled, then scheduled 
dosing/infusion 

Assess need for' 
ongoing sedation 

~3 days 

I 1 <3days 

Propofol 5 J.lg/kg/min 
Trtrate to goal 

Lorazepam 1-4 mg IV q 10-20 
minutes until agitation controlled, 
then scheduled dosing/infusion 

Delirium 
assessment 

! Yes 
No 

Haloperidol 2-1 0 mg IV q 20-30 min, 
then 25% loading dose q 6 hr 

neurologic assessments and may decrease cerebral metabolism 
and reduce ICP. '111e main disadvantages of its prolonged use are 
irs relative high cost and dose-related hypotension. 

f igure 23- L is an algorithm for the provision of analgesia 
and sedation in the ICU. lt is important co be aware of the 
somewhat poorly understood propofol infusion syndrome, 
which manifests as rhabdomyolysis, lactic acidosis, and circula
tory collapse. It is postulated that the likelihood of developing 
propofol infusiom syndrome is increased if the patient is receiv
iJlg concurrent vasopressors or steroids. The mechanism of this 
syndrome probably centers on decreased fatty acid metabolism 
coupled with damage ro mitochondria, resulting in cardiac and 
peripheral myocyte dysfunction. 

DexmetomidiJle, a highly specific a.~-adrenergic receptor 
agonist. has been increasingly used, especially in intubated 
patients, because it has been shown to decrease the amount of 

FIGURE 23-1 Algorithm for analgesia and sedation 
in the ICU. (Adapted from Jacobi J, Fraser Gl, Coursin 
DB, et al: dinical practice guidelines for the sus
tained use of sedatives and analgesics in the critically 
ill adult. Crit Care Med 30:119- 141, 2002.) 

narcotic analgesics and sedatives that patients require while also 
providlng a beneficial reduction in myocardial oxygen demands. 
Irs main advantage over other agents is that ir provides adequate 
sedatio n without significantly limiting a patient's respiratory 
drive so it can be used more easily ru1d result in extubation.6 

Propofol ru1d benzodiazepines are difficLL!t to titrate to desired 
effect. Typically, when they are stopped in anticipation of extu
bation, patients become agitated to the point of requiring 
remedication, whkh may delay extubation ru1d ventilator 
weaning. Recently, rru1domized data have shown decreased times 
of mechanical ventilation and ICU length of stay for patients 
placed on dexmederomidine infusions for weaning from 
mechanical ventilation. The most significant disadvantages of 
using dexmedetomldine are its potential for creating hypoten
sion and its cost, because it may be almost ten rimes more 
expensive than midazolan1 or propofol. 
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Neuromuscular Blockade 
Skeletal muscle relaxation may be warranted to minimize 0 2 

consumption or facil itate patient-ventilator synchrony, particu
larly when using nonconvemional modes of ventilation, such as 
inverse ratio ventilation or prone positioning. TI1ere are rwo 
major categories of neuromuscular blockers (NMBs). Depolar
izjng NMBs mimic acetylcholine (Ach); they bind the Ach 
receptors of the motor end plate and cause depolarization of the 
muscle, which is clinically seen as muscle fasciculations. Succi
nylcholine is the only depolarizing NMB available for use. It is 
characterized by a rapid onset and a short half-life. lt is most 
commonly used as the paralytic of choice for rapid sequence 
intubation and may be useful for short invasive procedures. 
Succinylcholine is degraded by plasma pseudocholinesterase and 
has a short half-life but in patients with a deficiency of this 
enzyme, prolonged effects can occur. Side effects of succinylcho
Line include mlllscle pain, rhabdomyolysis, ocular hypertension, 
malignant hyperthermia, and hyperkalemia. Patients with spinal 
cord injuries, large bums, upper and lower motor neuron dis
eases, renal failure, crush injury, and prolonged immobility 
are at particular risk for hyperkalemia and restlltant cardiac 
dysrhyrhmias. 

'TI1e nondcpolarizing NMBs bind Ach receptors but do not 
activate them, thus blocking the receptor and inhibiting its func
tion. There are two types of nondepolarizing NMBs, steroidal 
and nonsteroidal. The amlnosteroidal compounds include 
agents such as rocuronium, vccuronium, and pancuronium. 
Rocuronium has a rapid onset of action and intermediate dura
tion of action, mal<ing it useful for short procedures and pro
longed relaxation. Yecuronium is an intermediate- acting agent, 
achievi11g NMIB within 1 to 2 minutes and lasting about 30 
m i nu tcs, but i c can also be infused continuously. Patients with 
renal or hepatic dysfunction may have a prolonged response 
because vecuronium is cleared by the kidneys and liver. Pan
curonium is long-acting (up to 90 minutes) ru1d is relatively 
contraindicated in patients with coronary artery disease because 
its associated vagolytic effect causes pronow1ced tachycardia. 
Like vecuronium, pru1curonium is eliminated via both the 
kidneys and liver ru1d requires dose adjustments in the setting 
of renal or hepatic dysfunction. The nonsteroidal, nondepolar
izing NMBs, or benzylisoquinolonium compounds, include 
atracurium, cisarracurium, tubocurarine, and mivacurilm1. Of 
these, atracurium ru1d cisauacurium are the rwo agems most 
commonJy used in the £CU. Atracmium is intermediate-acting 
with minimal cardiovascular effects but does have the tendency 
to promote histamine release. It is metabolized by plasma ester 
hydrolysis and sponraneous degradation; thus, it is most useful 
for patients with hepatic and renal dysfunction. A metabolite of 
atracurium may precipitate seizure activity if used at extremely 
high doses. C isatracurium is ru1 isomer of atracurium, with fewer 
tendencies to p:roduce histamine release. like atracurium, elimi
nation is by ester hydrolysis ru1d Hofmann elimination. An 
algori thm for the provision of NMB in the £CU is outlined in 
Figure 23-2. 

Monitoring of NMB is accomp~sbed by train-of-four 
testing, witb ome or rwo twitches considered to be the optimal 
depth. [t is important to remember that in paralyzed patients, 
assessment of adequate analgesia and sedation is extren1ely dif
ficult and patients must be presumptively medicated. Bispectral 
index monitoring is a form of electroencephalomyography that 
helps determine the level of awareness in a paralyzed patient so 

Need for NMBs 

Hepatic or renal 
dysfunction? 

~No 

Contraindication to 
vagolytic drug? 

Yes 

Cisatracurium/ Atracurium 

Yes 

l No Vecuronium 

Pancuronium 

FIGURE 23-2 Algorithm for NMB in the ICU. (Adapted from Murray 
MJ, Cowen J, DeBlock H, et al: dinical practice guidelines for sus
tained neuromuscular blockade in the adult critically ill patient Crit 
Care Med 30:141- 156, 2002.) 

that the level of sedation cru1 be optinlized. Prolonged recovery 
from paralysis is associated with the steroidal NMBs, and critical 
-illness myopathy syndromes have been reported in patients 
receiving NMBs and corticosteroids. Although not seemingly 
related co specific NMB agents, prolonged exposure to NMBs 
appears to be the key risk factor. Consequently, similar to 

contilmous sedation regimens, patients on continuous NMBs 
should have daily medication withdrawal to allow some muscle 
activity and reassess the need for NMBs, unless otherwise 
contraindicated. 

CARDIOVASCULAR SYS"nM 

Hemodynamic Monitoring 

Arterial Catheters 
Arterial catheter placement is indicated if vasoactive drugs are 
being administered, continuous monitoring of systemic arterial 
pressure is required, or frequent arterial blood gas monitoring is 
needed. The primary complications associated with arterial cath
eters are infections, arterial thrombosis, and ischen1ic injuries. A 
widespread misconception is that the infectious risk associated 
with arterial catheters is mucb lower thru1 that of a centra\ 
venous catheter, but recent reviews of a number of reus has 
found no significant difference in the colonization and infection 
rates of arterial lines ru1d central venous catheters. Arterial cath
eters must be placed under sterile conditions. Tluombosis with 
distal ischemia can be minimized by placing catheters in arteries 
with good collateral circulation. Thus, the radial or dorsalis pedis 
arteries are preferred to the brachial or femoral arteries. Allen's 
test should be performed prior to placement of a radial artery 
catheter to document adequate coJlateral flow from the ulnar 
artery. Ulnar arterial Lines are never acceptable because mosr 
hands are dominantly perfused by this artery. It appears thar 
placement of difficult arterial lines may be facilitated by the use 
of ultrasound. likely rc.~ulting in fewer attempts. Best medical 
practice dictates that the need for indwelling medical devices, 
including arterial lines, in an ICU patient be evaluated daily and 
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that all devices be removed from the patient as soon as possible 
to minimize nosocomial i"nfections.8 

Stiffness and resistance of a catheter and measuring system, 
catheter wrup, and distance from the heart aU contribute to 
variance between tbe actual and measured systolic (SBP) and 
diasrolic (DBP) blood pressures. Thus, MAP is rhe mosr accurate 
measurement obltained and can be determined using the follow
ing formula: 

MAP = DBP + ~(SBP- DBP) 

Central Venous Catheters 
Central venous catheter placement may be indicated for long
term venous access to provide parenteral nutrition or chemo
therapeutic agents or to measure central venous pressure (CVP). 
The most common complications associated with central venous 
catheter insertion include dysrhythmias, pneumothorax (up to 
5% foiJowing subclavian vei"n placement), arterial plmcture with 
resultant intimal flap, pseudoaneurysm formation, hemorrhage 
or arteriovenous listulization, air or catheter embolism, and even 
death. These complications represent technical errors, whicb 
emphasizes the importance of knowledge of anatomy and proper 
insertion techniques. Additionally, catheter-related bloodscrean1 
infections are a major cause of preventable morbidity and mor
tality in ICU patients that can be diminished by adherence to 
full barrier precautions, a chJorhexidine-alcohol skin preparation 
at the time of insertion, and removal of catheters as soon as 
possible.8 

MeasuremeJ1t of CVP can be helpful in assessing right 
heart function, but it must be remembered that right-sided heart 
function is an unreliable predictor of left-sided heart function 
in critically ill patients. Although CVP is widely assumed to be 
a good indicator of a patient's V<>lume status, it has been shown 
to be relatively inaccurate in a diverse group of patients. ln 
mechanically ventilated patients, intracardiac pressures are 
increased during the inspiratory phase, wherea.~ the end
expirarory pressure is usually the lowest pressure recorded. Con
versely, during spontaneous respiration, iJ1tracardiac pressures 
decrease as negative intrathoracic pressure is generated; tbus, the 
end-expiratory pressure is typically the highest pressure recorded. 
Measurement should be made at end expiration because it is 
relatively independent of the ventilatory scarus. lf more informa
tion is desired, or if the patient's clinical status or response to 
therapy seems incongruous, a pulmonary arterial catheter (PAC) 
or one of tbe newer modalities for noninva~ive hemodynamic 
monitoring may be useful (see later). 

Pulmonary Arterial Catheters 
PACs allow the d.irect measurement of CVP, right atrial pressure, 
pulmonary arterial pressure, right ventricular end-diastolic pres
sure, pulmonary artery wedge pressure (PAWP), and mixed 
venous oxygen saturation (Sv0.J) and indirect calculations of left 
heart £lling pressures and cardiac output. Insertion of a PAC is 
warranted in any patient with severe cardiopulmonary derange
ment and is mostt useful in guiding therapy by repeated monitor
ing of hemodynan1ic paran1eters rather thaJl malting a primary 
diagnosis. It provides information abour volume srarus, and 
cardiac performance and helps determine the need for volume, 
inotropic support, and vasoactive drugs. Complications associ
ated with PAC placement include those associated with central 
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venous catheter placement, plus arrhythmias, conduction 
defects, pulmonary infarction, pulmonary artery rupture, valvu
lar damage, and knottiJ1g or catheter entrapment. Pulmonary 
artery rupture is probably tl1e most feared complication and has 
been reported robe caused by dis tal catheter positioning or rapid 
balloon inflarion, or occurring in the serring of noncompliam 
pulmonary vessels (i.e., pulmonary hypertension). Prophylactic 
LidocalJ1e may help prevent dysrhythmias in patients with irri
table myocardium . Floating a PAC in a patient with left heart 
block can be particularly har-ardous, because the catheter may 
interfere with conduction in the right bundle, resulting in com
plete heart block. This is particularly problematic in patients 
with a new-onset left hearr block, which is widely considered to 
be a contraindication to a PAC. 

Placement of a PAC relies on the correct interpretation of 
pressure tracings from the distal catheter transducer. 1he cath
eter should be inserted from 15 to 20 em and the balloon 
inflated. Passage into tl1e right ventricle is usually obvious 
becaus·e it is accompanied by wide excursions in the pressure 
traciJ1g. As the catheter is continuously advaJlced, exit into the 
pulmonary artery is heralded by much higher diastolic pressures, 
with gradually decreasing pressure waves during dia~tole aJ1d an 
obvious dicrotic notch. A dan1pened waveform usually signals 
the wedge position. The balloon should be deflated aJld the 
catheter should be incrementally moved back to achieve a 
minimum insertion to acquire a proper wedge traci"ng with 
reinflat ion. 1l1ere is significant variabil ity i.n how mucl1 lengtl1 
of catheter is inserted ro read1 the wedge position, typically 
ranging from 50 to 75 em. A chest x-ray should conlirm the 
position of the catheter in the pulmonary arterial trunk; one 
should look for complications of central venous access if the 
PAC was inserted through a freshly iJ1serted introducer sheatb. 

There are also newer noninvasive approaches to hemody
nan1ic monitoring, including pulse contour cardiac output 
analysis, lithium dilution, and peripheral catheter transpulmo
nary thermodilution, although no studies to date have demon
strated superior outcomes with these new techJlologies compared 
with d1e PAC. Despite early studies that showed promise in 
using the transpulmona.ry thermodUution technique to estimate 
intrathoracic blood volume, cardiac filling pressures, aJld preload, 
a more recent larger, prospective, multicenter multinational 
study did not show any clinical benefit compared with a PAC.q 
Even though tl1ere is a paucity of data supporting the usc of 
these newer teclmologies in the critically ill, it is still worth 
pursuing randomized prospective data because it is hoped that 
these technologies wiiJ afford tlle rcu cLinician additional non
invasive options for hemodynamic moniroring aJ1d patient care. 

Esophageal Doppler, a teclmique introduced over 30 years 
ago, can measure blood Bow velocity in the descending aorta 
contin uously to determine cardiac output and stroke volume. 
Although the pulmonary artery catheter relies on pressure mea
surements that can be affected by a number of neural aJ1d hor
monal influences and thermodilution principles, the esophageal 
Doppler system directly measures Sow velocity, so it is a poten
tially more direct indicator of cardiac performance.10 Esophageal 
Doppler measurement of left ventricular outflow stroke volume 
is similar to the technique of transesophageal echocardiography; 
studies have shown that placen1em of d1e catl1erer and probe is 
relatively easy and can rapidly produce data that can instanta
neously aJld continuously yield cardiac output. When measured 
against the standard of thermodilution, measurements were 
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found to be in ,good correlation with those of the PAC and that 
the variations in hemodynamics of individual patients yielded 
similar changes in cardiac output between the two monitoring 
methods. 10 Significant disadvar1tages and drawbacks of esopha
geal Doppler monitoring include its invasiveness, its almost 
universal requiremenr for deep sedation and mechanical ventila
tion, and frequent need for repositioning. Also, the angle 
between the probe and flow of blood remain fairly constant and 
relies on many assumptions-for exan1ple, that the esophagus is 
exactly parallel t o the descending aorta, blood flow remains fairly 
constant in distribution between the brachioccphalic, descend
ing aortic, and. coronary circulations, and the flow velocity is 
fairly uniform between blood. fl owing in the cemer of the 
descending aorta and the peripheral aspects of the vessel. 

Bioimpedance plethysmography is another technique that 
is evolving wirrh regard to clinical practicality and use. 11us 
technique relies on the significant changes in impedance of the 
thoracic cavity that occur throughout the cardiac cycle and on 
changes of lung conductivity with differing degrees of blood 
volume or edema present. Surface potentials between two elec
trodes acros.~ the chest are measured frequently to estimate stroke 
volume, cardiac output, and amount of lung water. Its accuracy 
and clinical usefulness in the management of hemodynamically 
abnormal patients are still under investigation. The technique is 
entirely noninvasive and may even be used in an outpatient 
setting. 

Cardiovascular Dysfunction 

Shock 
Shock is simply defined as perfusion that is inadequate to meet 
the body's metabolk needs. Management of the patient iJ1 shock 
is focused on the following: (1) identifying the presence of 
shock; (2) searching for and treating immediately life-threatening 
conditions; and (3) trcatiJ1g shock based on the underlying 
pathophysiology (see Chapter 5). 

Shock commonly presents with hypotension, but it is 
important to recognize that it can exist in the presence of nom1al 
blood pressure_ Other signs of shock may mclude tachycardia, 
bradycardia, tachypnea, mental status changes, cutaneous hypo
perfusion {cool skill, sluggish capillary refill), oliguria, myocar
dial ischemia, hypoxemia, and metabolic acidosis. Once shock 
is identified, th:e first step is to identif}r and correct m1n1ediately 
Life-threatenmg abnormaUties. These could include loss of airway 
or inadequate ventilation, compression of the heart or great 
vessels, dysrbythmias, hemorrhage, or anaphylaxis. A rapid 
assessment of the ABCs can help direct lifesaving interventions, 
such as endotracheal incubation or mechanical ventilation, tube 
thoracostomy, pericardiocentesis, fluid resuscitation or trans
fusion, and administration of antidysrhythmk or vasoactive 
medications. 

After addres.~ing immediate threats to life, it is important 
to identify and treat the w1dcrlying cause of shock. Shock may 
be broadly cla.~ilied iJ1to five categories: hypovolemic, cardiac 
compressive, neurogenic, septic, and cardiogenic. Hypovolemic 
shock may be caused by tlci rd spacmg of fluid, gastrointestinal 
or iJ1sensible losses, or hemorrhage. Hypovolemic shock sec
ondary ro acute blood loss is more accurately termed hemor
rhagic shock. A crystalloid (isotonic saline) bolus (20 mUkg) 
should be administered immediately, and repeated if necessary. 
In addition to its therapeutic benefit, the response to fluid may 

help confirm the assessment of hypovolenlia. Glucose
containing fluids should be avoided because they may stimulate 
an osmotic diuresis. lf hemorrhage is suspected and the hemo
dynamic response to crystalloid is not satisfactory, a blood 
transfusion should be initiated without delay and a search for 
the source of hemorrhage aggre.o;sively undertaken. The rapidity 
of resuscitation is predicated on the patient's condition; restora
tion of normal blood pressure, heart rate (HR), skin color, 
mentation, and urine output signify a reversal of hypoperfu
sion. 'TI1e need for continued resuscitation may be estimated by 
additional measurements (see later, "End Points of Resuscita
tion"). L1 the settiJ1g of hemorrhagic shock or ongoing bleed
ing, it is prudent ro restore hemoglobin (Hb) to near-normal 
levels in tl1e acute phase. 

Cardiac or great ves.,el compressive shock may be caused 
by tension pneumothorax or massive hemothorax, which can 
impede venous return by shifting the mediastinum and kinking 
of tl1e vena cava, or pericardial tamponade, whid1 prohibits 
cardiac diastolic filling. Tube tl1oracostomy relieves mediastinal 
shift associated wid1 tension pneumothorax or hemothorax, and 
may provide definitive management of the problem. Pericardial 
tan1ponade may be caused by blood, transudative fluid, or air 
iJ1 the pericardium. A hemodynan1ically unstable patient with 
pericardia! tan1ponade should undergo immediate decompres
sion, either via thoracotomy or sternotomy or pericardiocentesis_ 
The latter may be performed under tdtrasound guidance and a 
catl1eter left in with a stopcock to allow intermittent drainage 
while transportmg the patiem for definitive management, tho
racot<Jmy or pericardia! window. The appearance of hemody
namic stability must be iJlterpreted with caution, however, 
because ongoing subendocardial ischemia may compromise 
long-term recovery from the insult. Thus, tl1e confirmation of 
pericardia! tamponade calls for action-fluid resuscitation and 
plans for decompression-without delay. Neurogenic shock is 
typically seen iJ1 the settmg of a spinal cord iJ1jury resulting in 
loss of vasomotor tone. 1l1e treatment is judicious fluid admin
istration with «-adrenergic vasopressors, as needed. Other causes 
of shock such as hen1orrhage musr be aggressively sought 
because, ill the acute trauma setting, neurogenic shock should 
be considered a diagnosis of exclusion. 

Septic shock represents cardiovascular collapse associated 
with an infectious process and represents tl1e final stage on the 
continuum from systemic inflammarory response syndrome 
(SIRS) to sepsis and septic shock. Management of septic shock 
mvolves treating the underlying infectious process (source 
control), administering appropriate antibiotics (see later, 
"Sepsis"), and volume resuscitation. Cardiogenk shock refers to 
primary pump failure and is associated with high cardiac filling 
pressure and d.inun.ished cardiac output. Although fl uid admin
istration is a key component in treating shock, no matter what 
the cause, each type of shock requires additional interventions; 
tlms, the prompt identification of shock's cause is critical to a 
good outcome. 

Support of Circulation 
To reverse shock, one must ensure adequate perfusion of tissues. 
'TI1e factors that determine perfusion are the 0 2 content of the 
blood (Cao2), pumping function of d1e heart, and tone of the 
vasculature. Thus, 0 2 delivery (D~) is the product of Cao2 (mL 
OilOO mL blood), and the cardiac output {CO; li ters/nlin)
'Tile Do2 is usually indexed to body surface area, so the cardiac 
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index (CI) is used in the calculation and the result is reponed 
in mL 0 2/min/m2: 

Do2 = Cao2 xCixiO 

1he Cao1 consists of the 0 2 that is carried by Hb and that 
which is dissolved into the blood itself: 

Ca02 = [Hb x Sao2 x 1.39]+ (0.003 x Pao2] 

Where Hb is thc- concentration (in g/dL), Sa~ is the arterial 0 2 

saturation (%) and Pa~ is the partial pressure of 0 2 (mm Hg) 
in arterial blood. Usually, the fraction of 0 2 that is dissolved in 
blood is inconsequential; an exceptional situation is a patient 
with a critically low Hb {e.g., a Jehovah's Witness who is pro
foundly anemic) or a patient treated in a hyperbaric chamber, 
in which the Pao2 may be several-fold higher than normal. To 
optimize D<>z to tissues, one should try to maximize the Sao2 
and provide a normal concentration ofHb. The usual guidelines 
for transfusion (see later) do not apply to the patient in shock, 
especially hemorrhagic shock. Once the Cao2 is maximized, CO 
must be addressed. The CO is equal to stroke volume multiplied 
by HR, and is inAuenccd by cardiac rhythm and contractility as 
well as vascular tone. The approach to augmenting CO begins 
with ensuring a perfusing HR and rhythm and good contractil
ity of the heart. 

Dysrhythmias 
Dysrhythmias are common in the lCU and correcr interpreta
tion of the rhythm is the key to proper treatment. In a patient 
with cardiopulmonary arrest, it is helpful to diagnose the rhythm 
with quick-look paddles. The most recent algorithm from the 
Americ.an Heart Association stresses the need for almosr con
tinuous cardiopulmonary resuscitation (CPR) and presents 
guidelines for CPR, including advanced cardiac life support; it 
is updated approximately every 5 years (Box 23-1). For ventricu
lar fibrillation or pulseless ventricular tachycardia, defibrillation 
with 360 J (monophasic) or 120 to 200 J (biphasic) should be 
delivered but should not be repeated or stacked without resum
ing another cycle of CPR because this interrupts chest compres
sions and decreases coronary perfusion pressure . If cl1e phase 
type of the defibrillator is unknown, 200 J should be selected; 
automatic external defibrillators will administer d1eir prepro
grammed electrical dose. If electrical defibrillation is not success
ful. CPR should continue and the following steps should be 
taken: 
l. [nfuse epinephrine (1 mg IV) or vasopressin 40 U {IV). 
2. Epinephrine may be redosed every 3 to 5 minutes but 

should not be administered for 10 minutes following a 
vasopressin bolus, which is typically given as a one~time 
dose. 

3. CPR shoul<l be continued throughout mis process and 
additional shocks shoul.d be delivered after every five cycles 
of CPR if a rhythm potentially amenable to defibrillation 
is present. 

lt cannot be ove rstated that maintaining adequate chest com
pressions, with minimal interruption and early defibriJJation, are 
the most imponanr components of CPR. 

Asysto.le should be verified by rotating le.ads and high
quality CPR should be initiated. Epinephrine {l mg IV) or a 
one-time dose of vasopressin (40 U IV) should be given. 
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Ventricular Fibrillation and Pulseless 
Ventricular Tachycardia 
Give one shock (monophasic, 360 J; biphasic, lOQ-200 J). 
CPR; a dditional countershocks if shockable rhythm obtained 
Epinephrine, 1 mg IV, repeat every 3-5 min; or vasopressin, 

40U IV (may be given to replace first or second dose of 
epinephrine) 

Consider amiodarone (300 mg IV), lidocaine (1-1.5 mg/kg), 
magnesium (1-2 g IV). 

If no shockable rhythm, revert to asystole or pulseless electrical 
activity (PEA) algorithm. 

Asystole or Pulseless Eledrical Activity 
Verify with lead rotation. 
Epinephrine, 1 mg IV, repeat every 3-5 min; or vasopressin, 

40 U IV (may be given to replace first or second dose of 
epinephrine) 

Consider atropine (1 mg IV every 3-5 min, up to three doses). 
If shockable rhythm, revert to ventricular fibrillation-ventricular 

tachycardia algorithm. 

Adapted from ECC Committee, Subcommittees and Task R>rces of the American 
Heart Association: American Heart Association Guidelines for Cardiopulmonary 
Resuscitation and Emergency Care. Part 7.2: Management of Cardiac Arrest Cir
culation 112(Supp0:1V1-IV59, 2005. 

Atropine ( l mg IV) should also be given and rept:ated every 5 
minutes, for a total of three doses. Countersl1ock should only 
be given if fine ventricular fibrillation is suspected. 1here is no 
role for antiarrhythmics or defibrillation in asystolic cardiac 
arrest {see Box 23- l). 

Patients without cardiac arrest are approached differently. 
Unstable patients with bradycardia {HR < 60 beats/min) should 
be treated promptly with transcutaneous pacing. Atropine 
{I mg) and epinephrine {2 to 10 [Jg/min) can be adjuncts if 
pacing is not readily available. When approaching any patient 
with a cardiac dysrhythmia, a 12-lead electrocardiogram (ECG) 
and rhythm strip should be obtained. If the QRS complex is 
fOLmd to be wide and rapid, cardioversion and amiodarone are 
indicated because this is most likely ventricular in origin. [f the 
QRS is narrow and the patient is hemodynamically unstable, 
syncbr'Onized cardioversion is warranted. lhe differential diag
nosis includes supraventricular tacl1ycardias, atrial fibrillation, 
atrial Butter, multifocal atrial tad1ycardia, and uncertain tachy
cardias, all of wbkh require different treatments. A detailed 
discussion of the management of these rhythm abnormalities is 
beyond the scope of cl:tis cl1apter and expert consultation may 
be necessary. 

Sinus tachycardia is the most common tad1ycardia in the 
ICU and is not a dysrhythmia per se, but can be an appropriate 
response to fever, pain, sympathetic stin1ulation, hypotension, 
sepsis, or inflammation. Therapy should be directed at the 
underlying cause. If the QRS widm is tmclear, adenosine (6 mg, 
repeated once) may be administered and typically wilJ facilitate 
the identification of the underlying rhythm. [f the rate does not 
slow, treat it as a wide complex tachycardia; if it slows, treat it 
as a narrow complex tachycardia. 

1l1e most common sustained dysrhythmia is atrial fibrilla
tion, with a prevalence of 5% in patients older than 65 years. 
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Numerous stresses in the perioperative period may trigger new
onset atrial ~brilJation or loss of rate control in the patient with 
chronic atrial fibrillation. Cardioversion should be performed 
for hemodynamic instability; otherwise, rate control is attempted 
while the underlying cause (e.g., myocardial ischemia, fluid 
overload, elecrrolyre imbalances, hypoxemia, acidosis, pulmo
nary embolism [PE]) is identi~ed and treated. IV amiodarone, 
calcium channel blockers, or beta blockers are usually effective 
in rapid conversion; rugoxin takes several hours for maximal 
effect. ll1ere are also a number of new medications that can be 
used for conversion of atrial fibrillation to sinus rhythm, notably 
the class III antiarrhythmic agent dofetilide. However, potential 
drug-related complications such as wrsades de poimes and the 
need for renal dosing lin1i.t their usefulness and make rate control 
and use of beta blockers and calcium channel blockers the pre
ferred medical management for atrial fibrUiatlon. 11 In patients 
who have had atrial fibrillation for less than 48 hours, or who 
are already on warfarin, no anticoagulation is necessary. If the 
precise tin1e of onset is not known, however, it is probably safest 
to anticoagulate prior to cardioversion or perform carruoversion 
under guidance by transesophageal echocarruography. A number 
of randomized trials have addressed rate control and rhythm 
conversion in patients with atrial fibrillatio11. Conversion may 
be detrimental in some patient populations because of toxicities 
of antiarrythmic medications but may provide some bene~t in 
terms of improved quality of life and left ventricular function in 
patients with heart failure. 

Pump Dysfundion 
ln patients with inflanunatory or cardiogenic shock, cardiac 
pump fwlction may be rusturbed because of circulating myocar
rual depressants or ischemia. 'DJe clinical manifestations of the 
failing heart may include pulmonary edema (left heart failure), 
peripheral edema and distended neck veins (right heart failure), 
or both. Once Ca~ has been maximized and a perfusing rhythm 
has been ensured, the next step is to optimize CO. 'D1e principal 
determinants of CO are preload, afterload, and contraaility. At 
a minimum, CVP monitoring should be instituted; if CVP and 
MAP are both low, volwne replacement is warranted. If CVP is 
high and MAP is .low, however, a PAC shouJd be inserted for 
monitoring of PAWP and CO. lfPAWP and CO are botl1 high, 

the patienr may have been overresuscitated; fluids should be 
slowed or stopped and diuretic therapy considered in severe 
cases. Low PAWP and CO may be associated with inflammatory 
shock, anaphylaxis, and hepatic or autonomic dysfunction. If 
the PAWP and CO are both low, administer Auid boluses of 
crystalloid ro increase PAWP by 3 ro 5 mm Hg and remeamre 
tl1e CO; if it improves, repeat until the patient stabili7,.es. If 
PAWP is high and CO is low, then an inotropic agem or 
afterload-reducing agent may be warranted. lf the patient is 
normotensive, an afterload reducer may be helpful. Sodium 
nitroprusside and nitroglycerin are most frequently used, but 
angiotensin-converting enzyme inhibitors or hydralazine may 
also be considered. Nitroprusside (0.5 J.lg/kg/min) is advanta
geous because of its rapid onset and reversibility and rare intoler
ance or tacl1yphylaxis. A byproduct is cyanide, which is converted 
to th iocyanate and excreted by the kidneys. Cyanide toxicity 
may be heralded by increasing mixed Svo2; i.t is treated by 
adn1i.niste.ring 3% sodium nitrite (I 0 m L) folJowed by methy
lene b lue (1 mg/kg). 'TI1iocyanate levels higher tl1an 10 mg/dL 
may necessitate hemorualysis. Nitroglycerin (5 J.lg/min, t itrated 
up to 300 J.lg/min) is a good cl1oi.ce for patients with elevated 
preload and afrerload, and especially those wi th pulmonary 
edema. 

Hypotensive patients may require merucation to augment 
cardiac contractility, increa<;e systemic arterial vasoconstriction, 
or both. There are several agents that may be used, each having 
a ur1cique profile of activity on adrenergic receptors (Table 
23-2). a.1-Adrenergic receptors have a primary effect on sys
temic arterial vasoconstriction, and lesser effects on systemic 
veins and pulmonary arteries. ~1-Adrenergic receptors act pri
marily on the heart, i.ncreasirlg HR. contractility, and atrioven
tricular conduction. ~-Adrenergic receptors increase HR and 
contractility, but are also vasodilatory to the systemic and pul
monary vasculature. Dopaminergic receptors modulate arterial 
vasodilatation and, to a lesser degree, carruac comractiliry, but 
tl1e effects of dopamine are unpredictable and the side effects 
may be substantial: therefore, enthusiasm for its use in the ICU 
has been waning. 

Three of the most commonly used merucations for hypo
tensive patients are epinephrine, norepirlephrine, and phenyl
ephri ne. In the past, dopamine was widely used but, as noted, 

_!able 23-~ Effects of Selected Vasoactive Agents ___________ _ 
Receptor Activity 

DOSAGE 
DRUG ~G/KG/MIN) a. f3, 
Dopamine 3-5 ++ 

5-20 ++ ++ 

Dobutamine 2-20 ++ 

Norepinephrine 1-20 11g/min ++ + 

Phenylephrine 10.100 11&/min ++ 

Epinephrine 0.005-0.02 ++ 
0.01-0.1 ++ ++ 

Isoproterenol 0.03-0.15 ++ 

Amiodarone 5-10 

Milrinone 0.3·1.5 

SVR. Systemic vaSOJiar resistance. 
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+ 
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interest in irs use bas faded in tbe I CU. Epinephrine is a potent 
a- and 13-adrenergic agonist; it increases myocardial contracti lity 
a~ well as vasocomstriction. [t increases myocardial 0 2 consump
tion and is arrhythmogenic, so its usefuL1ess in tbe ICU is 
limited to patients with profound hypotension, especially tbose 
with concomitant bradycardia Norepinephrine's primary value 
is to incre.ase MAP by increasing systemic vascular resistance via 
tbe a -adrenergic receptor. It may have deleterious effects on CO 
in higb afterload states such as cardiogenic shock; however, it 
does increase heart rate and myocardial contractility via 
13-adrenergic stimulation so it is particularly useful for patients 
witb myocardial dysfunction and peripheral vasodilation. Phen
ylephrine is a pure a-adrenergic agonist and, as such, can be 
helpful in increasing SBP through its action on the vasculature 
while not affecting the heart at all. ft is commonly used by 
anesthesiologists and may be particularly useful in reversing the 
vasodilation caused by epidural anestbetics or spinal cord injury, 
but it is a~sociated with tachyphylaxis, which limits its 
effectiveness. 

Vasopressin is commonly used by critical care physicians; 
it is not an adrenergic drug but instead functions through an 
independent G protein-coupled receptor and thus may be 
usefLtl for patients wbo are refractory to catecholamines. Its main 
functio11 in tbe body appears to be regulation of water balance 
but, in shock, i.t is a potent vasopressor, irrespective of the level 
of circulating endogenous vasopressin. In septic shock, it is typi
cally administered in doses up to 0.04 U/min, which mimic 
physiologic levels and avoids some of the adverse effects associ
ated with higher doses, such as myocardial or splanchnic isch
emia. One of the primary advantages of vasopressin in septic 
shock is that it continues to have an effect in the setting of 
profou11d metabolic acidosis, whereas adrenergic agents typicalJy 
have decreased efficacy in acidemic states. Despite this, vasopres
sin was found to be no more beneficial than norepinephrine in 
terms of 28-day mortality in a fairly large multicenter random
ized trial of patients in septic or severe septic shock.1

' Also, 
vasopressin is a potent peripheral va~oconstrictor: in shock 
states, these effects can worsen splanchnic and renal ischemia 
more th.ru1 adrenergic agents such as norepinephrine that provide 
some inotropic and chronotropic effects. 

fn patients who have an adequate MAP but need aug
mented myocardial contractility, inotropic drugs are indicated. 
Generally, these drugs have vasodilarory effects, so it is impor
trult to ensure adequate preload prior to irLfusion. Dobutanune 
(5 to 15 Jlglkg/min) can be effective. but it does increase myo
cardial oxygen demand and may be arrhythmogenic. [soproter
enol is a powerful synthetic ~-adrenergic agonist d1at is no 
longer used in clinical practice because of its associated arrhyth
mogenicity. TI1e phosphodiesterase inhibitors an1rinone and 
milrinone are thought to act by inhibiting the breakdown of 
cyclic adenosine monophosphate (cAMP). TI1ey increase CO 
and reduce preload and afterload: anuinone may cause profound 
vasodilation and its long-term admiJ1lstration is associated with 
thrombocytopenia and gastrointestinal side effects. Miliinone is 
a more potent inotrope wi th fewer side effects but it is also 
associated with vasodilation and arrhythmias. [t causes pulmo
nary vascular vasodilation and may be helpful in treating myo
cardial dysfunction in the setting of pulmonary hypertension. 
The phosphodiesterase inhibitors appear to be able to .increase 
myocardial contractility wicl1out affecting myocardial oxygen 
demand by reducing wall stress, which counteracts the 
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increased oxygen .requirement to support enhanced contractility 
{Table 23-2). 

Resuscitation 

Fluids 
Fluid resuscitation is the i11itial maneuver whenever a shock state 
is recognized. Crystalloid is typically administered to expand the 
intravascular volume, but only about one tbird of tbe fluid will 
remain in d1e intravascular space. Additionally, in many shock 
states, there may be cellular dysfunction, resulting in loss of 
capillary integrity and massive fluid extravasation ru1d causing 
widespread tissue edema. For mru1y decades, a debate about the 
advru1tages and disadvantages of crystalloid versus colloid fluid 
resuscitation has persisted. Although colloids provide more 
effective volume expansion than crystalloid solutions because of 
their ability to remain in the vascular space, prospective, ran
domized, clinical trials (PRCTs) have demonstrated that survival 
is no better and possibly worse when albumin is given instead 
of crystalloid.13 TI.lis argument has been countered by meta
analyses showing tbat the administration of albumin reduces 
morbidity in acutely ill hospitalized patients14 and may have 
beneficial effects in a wide range of clinical settings. Whatever 
the outcome of this debate, it is apparent that many more studies 
will be required before a definitive conclusion is reached. 
However, in the case of severe hemorrhagic shock, it is certain 
cl1at the usual trru1sfusion triggers and colloid-crystalloid debate 
do not apply, and Hb should be restored ro near-normal levels. 

TI1ere has also been some recent enclmsiasm for the use of 
synthetic colloid analogues- nan1ely, hydroxyethyl starch 
solutions-for septic, hypovolemic, or hen1orrhagic shock states; 
it is d1ought cl1at a much larger percentage of the synthetic solu
tions would remain in the il1travascular space compared with 
that of crystalloid. No clinical studies have shown any benefit 
iJ1 using these solutions i11 surgical or criticalJy ill patients; inves
tigations of fluid resuscitation end poults have fow1d d1at tbe 
volume of these starch solutions required to reach these end 
points far exceeds the expected amow1t in relation to the amount 
of crystalloids given. • ~ Actua.lly, almost equal volumes of the 
syntbetic starch solutions and crystalloid were given to reach the 
resusd ration end points. TI1ere arc also serious potential deleteri
ous effects of syn cl1etic starch solutions, including coagulopathy, 
with decreased levels of circulating factor VIII and von Wille
brand factor, platelet dysfLmction, nephrotoxicity, ru1d pruritus. 
Other studies have also shown ru1 increased need for renal 
replacement therapy (RRT) in patients with sepsis who have 
been given synthetic starch solutions. Newer hydroxyethyl starch 
(HES) solutions of different compositions (e.g., HES 130/0.4) 
are still unproven in terms of their potential to cause less hen10-
static compromise or renal failure. Recent reports of these syn
thetic solutions have questioned tbeir overall safety in critically 
ill surgical patients; clms, it is probably prudent to avoid using 
these agents at this time: 5 

End Points of Resuscitation 
Although fluid resuscitation may normalize many clinical 
parameters such as HR, blood pressure, skiJ1 color, mentation, 
and uriJ1e ompm, it does not ensure rhat the 0 2 debt bas been 
repaid. Thus, there should be an objective measure of the success 
of resuscitation in meeti ng tissue metabolic needs. [n the early 
1990s, Bishop and coUeagues16 have identified values for CI 
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(4.5liter/min/m2
), D~ (600 mL Oimi11/m2

) and 0 2 consurnp
tion (Vo2; 170 mL 0 2/min/m2) above whid1 survival could be 
predicted in critically iiJ patients. Subsequent PRCfs te.sting 
these resuscitation goals offered mlxed results. Kern and Shoe
maker1: have reviewed published data ru1d suggested that if 
hemodynrunic opdmi7.adon is applied ro subgroups with an 
expected mortality of 20o/o or higher, prior to the development 
of organ failure, ru1d the goal ofi11creased Do2 is achlcved, thCJ1 
survival will be improved. It is difficult to prove definitively that 
early aggressive resuscitation benefits critically ill patients, but it 
is important to augment Do2 whenever possible, because this is 
the basis of goal-dlrected resuscitation.18 It must be recognized, 
however, that not all patients respond in the same way. For 
example, Moore and associates19 have reported that 38o/o of 
severely injured patients are unable to attain a Vn;, of 150 mL 
0 2/mln/m2, despite supranormal Do2• 1lus group appeared to 
have defective aerobic metabolism, leading to a higher incidence 
of multiple organ failure (MOF). Thus, routi ne resuscitation to 

supranormal targets may be w1necessary and inappropriate 
when shock is readily reversed, frulcless when the patient does 
not respond, and eve11 detrimental when it results in the abdom
inal compartment syndrome {ACS). 

RecCJ1cly, there have been inquiries into cl1e potential detri
ments and benefits of supranormal fluid resuscitation or conser
vative fluid administration strategies. 'TI1ese inquiries are mainly 
based on the theorized mechaJlism of overz.ealous fluid resuscita
tion causing increased cardiac filling pressures and resultant 
pulmonary edema and impaired gas exchru1ge. Post hoc ru1alysis 
of the Fluid ru1d Catheter Treatment Trial (FACTT) from 2006 
has shown that surgical patients managed with a conservative 
fluid strategy that aimed for lower CVPs, PCWPs, and urine 
output than those managed wiili a llberal strategy have sigrU£
CaJlcly .fewer days on a ventilator, wiiliout any increase in mortal
ity or renal failure.2° Further study is warranted to continue to 
assess tbe potential benefits of such conservative Auld strategies 
in a wider range of surgical patients. 

A.ltemative paraJneters that may serve as resuscitation end 
points include mixed venous oxygen saturation (Sv~, end-tidal 
carbon dioxide (ETcoz), gastric intraJnucosal pH (pHi), base 
deficit, ar1d arterial lactate levels. SvOz is an indicator of 0 2 

extraction and is used to calculate Vo2• Continuous monltoring 
of Sv~ can provide early dues about inadequate perfusion (e.g., 
hemorrhage, myocardial iscl1emla, shock) before it becomes fu.lly 
manifested, but intermittent measuren1ents are not as helpful. 
Fortunately, continuous Svo2 monitoring PACs are readily avail
able ru1d offer valuable insight into the status of a patient's 
hemodynruuics, provided that the clinician understru1ds the 
limitations of this paran1eter. Furiliermore, although a low value 
may be hdpfuli in promptiJlg clinical action, a normal or high 
Svo2 may be misleading. For exan1ple, in severe sepsis or preter
minal shock, tbete CaJ1 be sigrllficrult shunting, wiili little 0 2 

being delivered to tissue beds or mitochondrial dysfunction 
preventing oxygen uptake, resulting in a high Sv~. Assessing 
serum lactate levels or base deficit in conjunction wiili the Svo2 

measurement cru1 be particularly helpful in this setting and 
provides more information than either parameter alone. In 
general, overreliance on ru1y one paraJ11eter is w1wise ru1d can 
result in inappropriate and harmful therapeutic imerventions. A 
classic example is vigorous fluid adnunistration to correct type 
B lactic acidosis, in whid1 tissue perfusion is maintained and the 
acidosis is caused by factors such as metfornlin, aJltivi.ral agents, 

or even acute alcohol intoxication, and me patient needlessly 
develops pulmonary edema or congestive failure. 

The ETco~ reflects alveolar C02• Decreased CO or 
incre3sed pulmonary dead space may decrease ETco2 and 
increase the arterial-ETc~ difference, wluch has been associated 
with nonsurvival. Splanchnic circulation is the first ro be com
promised in shock and the last to be restored. Gastric tonometry 
measures cl1e pHi in cl1e stomach, whicl1 strongly reflects mes
enteric tissue ischemia. A pHi value threshold of 7.3 or higher 
has compared favorably with supranormal D~ ru1d VQz (60U 
ru1d 150 mUnun/m2, respectively) as aJ1 end point. 

The major drawbacks to me widespread use of gastric 
tonometry are technologic liml.tations, cost, and inconvenience. 
A number of investigators have measured transcutaneous 0 2 and 
C02 levels, as well as skeletal muscle oxyhemoglobin. Early 
results have been encouraging in a military se([ing with tissue 
oxygen monitors placed in the thenar muscle bed gulding 
trauma resuscitations and have correlated well with clinical find
ings of hemorrhagic shock in small series of patients. This tech
nology promises a useful device for guiding and monitoring 
massive resuscitations; however, its usefulness for oilier forms of 
shock resuscitation remains unknown.1 Arterial lactate levels and 
base deficit are measures of global tissue perfusion and CaJl be 
particularly helpful in predicting whkb patient will experience 
aJ1 adverse outcome, because the time to normalization strongly 
correlates with mortality and morbidity? • In addition to their 
prognostic signlficru1ce, these paraJneters allow the degree of 
physiologic derangement to be quru1tified, and cl1ey serve as 
targets for ongoing resuscitation, but it appears that lactate levels 
may offer aJl in1proved predictive ability compared wicl1 base 
deficit. 

The Surviving Sepsis CaJ11paign, an imernational multi
organization effort to reduce me mortality associated with 
sepsis, is noteworthy for as...embling a concise set of resuscita
tion principles cl1at stresses early targeted physiologic goals.n 
Ths evidence-ba.~ed campaign began in 2002 and was updated 
in 2004 ru1d 2008, with the goal of improving tbe management 
of severely septic and septic shock patients. Elements of d1e 
gwdelines were "bundled" into two sets of targets: (1) the 
resuscitation bundle, which sets goals of care, data to be gad1-
ered, and tasks to be accomplished wiiliin 6 hours of a septic 
patient's presentation; ru1d (2) a second mru1agen1ent bundle, 
less geared toward data gacllering ru1d more dedkated to acwal 
mru1agement of tbe physiologic derangen1ents of sepsis. 'TI1e 
resuscitation bundle guides early fluid resuscitation and vaso
pressor support based on the presence of hypotension and/or 
elevated lactate levels, and targets a MAP higher than 
65 mm Hg. lf this goal is unmet, CVP is targeted to 8 mm Hg 
or higher or a ce11tral venous oxygen saturation of 70% or 
higher. In the next phase, the administration of corticosteroids 
for septic shock, consideration of activated protein C, glucose 
control, and maintenance of lower ventilatory plateau pressure 
are addressed.~ For all septic patiCJlts, it must be emphasized 
d1at identification of cl1e cause of sepsis is crucial so d1at eradi
cation or source control can be carried out; without it, the ele
ments of this bundle stand Jjn)e chance of reducing septic 
mortali ty. 

With the establishment of d1ese mru1agemem principles, 
the campaign recruited over 250 hospital sites and has recencl}' 
reported a steady decrease in i11-hospital mortality of over 15,000 
septic patients. Thls is the largest prospective evaluation of 
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patients with severe sepsis that has ever been conducted.~ [nter
estingly, the longer a hospital used these guideUnes, the better 
the survival benefit, and bundle compUance correlated with 
reductions in septic deacl1s. Although the campaign has been 
successful in red11.1cing sepsis-related mortality, ti:Us success may 
be dependenr more on an organized approach to caring for 
septic patients rather than on the actual components of the 
bundles themselves because the bundles sometinles contained 
elements that were or remain controversial or were subse<juemly 
shown to be ineffective in treating sepsis. \'<lith few exceptions, 
every prospective, goal-directed clinical trial that has shown a 
survival advantage has espoused the principles of the supranor
mal Do2 strategy-volume loading wid1 or without transfusion 
plus inotropic Slllpport as needed to meet a predetermined goal. 
1l1e optimal algorid1m for fl uids and inotropcs remains to be 
determined, but it is clear d1at a defined end point is desirable. 
Rather than selecting a goal that simply confirms the act of 
resuscitation, it ES more appropriate to select an end point that 
confirms a respo:nse to resusci tation. 

Perioperative Cardiac Support 

Cardiac Risk Assessment 
Cardiovascular compHcations are frequent following noncardiac 
surgery. It has been estimated that 50,000 patients will have a 
perioperative myocardial infarction and anodler 1 mill.ion 
patients wiU have a cardiac compHcation annualJy.23 As our 
population ages, cardiac complications will continue to increase, 
requiring increased vigilance in assessing and minimizing cardiac 
risk. lJ1 the setting of an acute surgical emergency, the preopera
tive risk assessment is limited to vital signs, volume status, and 
electrocardiography. 1l1cre is no opportunity for further risk 
assessment or risk reduction; however, in less urgent circum
stances, evaluation proceeds based on the presence of risk factors 
(Table 23-3).lf d1c patient has no risk factors, no further testing 
or treatment is necessary. One or two risk factors do not hy 
tl1emselves warrant additional testing, but in the presence of a 
past medical history consistent witl1 coronary artery disease, 
noninvasive testing is prudent. 'Three or more risk factors 
mandate noninvasive testinlf3; however, me optimal noninva
sive test is debatable. Exercise {stress) electrocardiography is 
generally advocated as the initial test, but it is not suitable for 
patients who have nonimcrpretable ECGs or who are tmable to 

exercise. m these cases, an imaging test that simulates exercise, 
such as dipyridamole thallium scanning, is necessary. Also, 
imaging is indicated for patients with poor myocardial fw1ction 
or previous revascularization to assess myocardial viability. 1l1e 

Table 2.3-3 Risk Factors for Perioperative Cardiac Complica
tions in Patients Undergoing Noncardiac Surgery~---
RISK FACTOR 

Diabetes mellitus 

Renal insuffidency 

High-risk surgery 

Ischemic heart disease 

Congestive heart failure 

Poor functional status 

ODDS RATIO 

3.0 (1.3-7.1) 

3.0 ( 1.4-6.8) 

2.8 (1.6-4.9) 

2.4 (1.3-4.2) 

1.9 (1.1-3.5) 

1.8 (0.9-3.5) 
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choice of imaging, radionuclide perfusion inlaging versus echo
cardiography, depends primarily on local expertise. An abnormal 
noninvasive test resul ts mandates cardiac catheterization witl1 
coronary arteriography. Recent investigations have shown that 
patients with left main or multivessel coronary artery disease 
have lower monality and less frequent need for repeat revascu
larization with coronary artery bypass surgery tl1an with percu
taneous angioplasty or stcntlng, whereas single-vessel disease 
may be treated by coronary angioplasty.!4 Ultimately, revascu
larization should be limited to those patients with. a dear need, 
independent of the need for non cardiac surgery. 

Patients who will not be referred for revascularization, but 
who have cardiac risk factors, should receive medical therapy 
aimed at nlinlnlizing perioperative cardiac risk. A number of 
clinical trials have not proven a benefit of peri operative monitor
ing with a PAC but beta blockers should be administered to all 
patients at risk for cardiac events who are scheduled to undergo 
surgery.25 lf possible, beta blocker therapy should be insti tuted 
weiJ in advance of the operation, with studies supporting better 
outcomes (e.g., cardiac death, nonfatal myocardial infarction) 
when shorter acting agems such as bisoprolol or meroprolol are 
started as early as 1 month preoperatively, targeti11g a resting HR 
of50 to 70 beats/n:Un. HMG-CoA (3-hydroxy-3-mcd1ylglutaryl
coenzyme A) reductase inhlbitors (statins), with their known 
ability to stabiliz.e coronary plaque, have also shown potential 
for improving perioperative outcomes in patients with cardiac 
risk factors. The amount of prospective data to support their 
perioperative use is limited bur it seems that the benefits of 
plaque stabilization Hkdy significantly outweigh the risks of 
statin-i11duced myopamy or rhabdomyolysis. 

Heart Failure 
Heart failure may be encountered in the perioperative period, 
particu.larly in emergent surgery in patients with significant 
medical comorbiditics. Shock should be managed as noted. Less 
severe episodes may be manifest by tachycardia, low CO, and 
pulmonary (if left-sided failure) or peripheral {if right-sided 
failure) edema. 1l1e most common cause of heart failure in me 
surgical ICU is myocardial ischemia, but it may also represent 
decompensation of cllfonic heart failure. 1l1us, the history and 
physical exan1ination should be supplemented wim electrocar
diography and cardiac enzyme analysis. Chest radiographs may 
be helpful to identify pulmonary pathology; invasive monitoring 
with a PAC facilitates determination of filling pressures, CO, 
and pulmonary and systen:Uc resistance and helps distinguish 
cardiogenic from noncardlogenic pulmonary eden1a. 1l1e PAC 
is less helpful for differentiating systolic from diastoUc dysfunc
tion; thus, echocardiography may be a more useful tool for 
patients with acute heart failure. Ecl1ocardiography provides 
information on chamber size, ventricular and valvular ftmction, 
and indirect measurements of pressures, as wdJ as identifying 
extracardiac problems such as pericardia! effusion. Diuretics and 
vasodilators arc d1e maiJ1Stays of treatment for heart failure. 
Diuretics improve pulmonary congestion and reduce ventricular 
end-diastolic vollllne, improving myocardial Vo2• Loop diuret
ics are the class of choice in the acute setting because of d1eir 
reliable efficacy, short onset, and potency. 

Vasodllarors, including angiotensiJJ-converting enzyme 
inhibitors (ACEis), hydralazine, and nitrates, are also used. 
ACEis prevent d1e formation of angiotensin U, a potent vaso
constrictor and stimulus for aldosterone secretion. In addition 
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to decreasing afterload, they augment stroke volume and are 
therefore generaUy preferred, particularly in patients with a 
depressed (<40%) left ventricul.ar ejection fraction. 1l1ey provide 
symptomatic improvement, as well as a long-term survival 
advantage. Hydrahvlne and nitroglycerLn are second-Line agents 
for parienrs who cannot rolerare ACET therapy. 'TI1c cardiac 
glycoside digoxin has a limited role in the treatment of acute 
heart failure. l111 patients wid1 diastolic failure, inotropes may 
exacerbate fail me, and treatment with agents capable of reducing 
myocardial waJJ tension may be needed. Beta blockers help 
attenuate the sympathetic overactivity associated with heart 
failure and decrease myocardiaJ Vo2; however, careful monitor
ing is requlred when even small doses of beta blockers are admin
istered because of their negative inotropic and chronotropic 
effect~. 

Mechanical support, including intra-aortic balloon pumps 
or left ventricuJar assist devices (LVADs), may be reqttired as a 
bridge to heart transplantation or for cardiogenic shock patients 
after bypass. Although there are marked limitations on the 
number of heart donors, the number of patients who wiJJ 
become candidates for cardiac transplantation caused by heart 
failure is inevitably going to increase because there are more than 
5 million people in the United States wicl1 clinically significant 
congestive heart failure. Over the last 2 decades, cl1e mtmber of 
patients undergoing orthotopic cardiac transplantation annually 
has quadrupled. VADs and their role as a bridge to transplanta
tion have become increasingly importan.t and have been shown 
to be a successful up to 70o/o of the time in parienrs younger 
cl1an 60 years. The devices most commonly used are the LVAD 
and BiYAD (biventricular assist device); cl1ese arc not only useful 
as a bridge to transplantation, but also for older patients to 
manage advanced heart failure while they recover from critical 
illness related to failllfe of other organ systems. 

Intra-aortic balloon pump counterpulsation is now the 
most commonJy used method of mecl1anical assistance for 
patients with cardiogenic shock after acute myocardiaJ infarction 
and is a class I recommendation of me American Heart 
Association/ American College of Cardiology in mis serting.~6 

1l1e initial goal is to manage a patient's cardiogenic shock medi
caJJy but if dus is unsuccessful, the decision to place and use an 
intra-aortic balloon pump should be done in a timely fashion 
because delays Ets placement are associated with worse outcomes. 
Unfornmarcly, there are litcle data ar dus time ro show char 
intra-aortic baUoon pump ilierapy providt.'S significant clinicaJ 
benefit in patients after acute myocardial infarction (AMI) or in 
AM] patients after percutaneous angioplasty or stent placement. 
Further study in this group is warranted. 

RESPIRATORY SYSTEM 

Respiratory Failure 
Acute respiratory failure, common in the surgical ICU, can be 
caused by decreased oxygenation without hypercapnia (hypox
emic or type I respiratory failure) or hypoxia with C02 retention 
(hypercap1uc or type II respiratory failure). The causes of respira
tory failure are numerous and may include precxisti11g cardio
pulmonary or neuromuscular disease that compromises 
respiratory mechanics, gas exchange, or ventilatory drive. A 
number of factors also affect postsurgical or critically iJI 
patients-respiratory mechanics may be compromised by the 
acute disease process, the surgical intervention, or pain, gas 

exchange may be adversely affected by fluid shifts, direct lung 
injury, or systemic i.nAammation, with resultant acute lung 
injury (ALI), and ventilatory drive or airway protection may be 
depressed because of analgesics or sedatives. To minimize the 
morbidity and mortality associated wiili respiratory failure, it is 
critically imporranr w recognize ir, ascertain rl1e cause, and initi
ate treatment. 

Signs and symptoms of acute respiratory failure include 
shortness of breath, anxiety, altered menraJ status, cyanosis, use 
of accessory muscles of respiration, stridor, tachypnea, tachycar
dia, and hypoxia. The initial evaluation iJ1eludes a rapid assess
ment to ensure airway patency and air movement. Stridor 
implies impending airway obstruction and is an airway emer
genC)'· VitaJ signs, including pulse oximetry, should be obtai.ned 
and supplemental 0 7 should be provided immediately as other 
causes of the respiratory failure are sought. A chest x-ray and 
ABC analysis are mandatory; other studies such as electrocardi
ography, b.roncl10scopy, venti lation-perfusion (\!JQ), and/or 
chest CT scanning should be considered based on cl1e clinical 
scenario. 'TI1ere arc several options for the delivery of supplemen
tal 0 2, including nasal cannula, face tent, face mask, nonLnvasive 
positive-pressure systems, and endotracheaJ intubation wim 
mechanicaJ ventilation. 1l1e choice is dictated by the patienc's 
condition and ventilatory needs. Indications for intubation and 
mechanical ventilation can be given by the SOAP mnemonic: 
excessive secretions requiring pulmonary toilet; in1paired oxy
genation requiring positive pressure venti lation; airway obstruc
tion or inability to prorecr the airway; and compromised 
pulmonary function (i.e., inability ro generate adequate respira
tory effort or to meet minute ventilatory needs). 

The amouJlt of 0 2 that must be supplied is the lowest 
an1ount that provides adequate Ca~ i.n the blood. As previous!}' 
discussed, this is direccly related to the Hb concentration and 
Sa~. 'TI1erefore, as in the setting of shock, consideration should 
be given to restorLng near-normaJ Hb levels in patients with 
acute respiratory failure. Pulse oximetry and ABG analysis will 
yield information on Sao1 and Pao2 respectively. AJiliough 
related, Pao2 and Sao2 have a complex relationship, as Lndicated 
by the Hb-02 dissociation curve (Fig. 23-3). At low levels of02 

tension (point A to poim B), increases in Pao~ translate into only 
small Lncreases in me percentage of02 bound to Hb but, during 
midrange 0 2 tension (point B to point C), the relationship of 
Pao2 to Or Hb binding is aJmost linear, with signilicam increases 
in Sa~ resulting from iJ1creases in Pao2• 'Tius relationship is not 
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FIGURE 23-3 Oxygen-hemoglobin (Hgb) dissociation curve. A 

sigmoid-shaped curve shows maximal oxygen loading in the lung and 
unloading of 0~ in the periphery occurring over a very narrow range 
of PA~. 
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Cco2 =22 ml% 

Ca02= 18.5 ml % 
Pao2 = 60 mm Hg 

Pvo2 = 40 mm Hg 
Cv02 = 15 ml% 

FIGURE 23-4 Model of the two-alveolus theory of lung function. In 
the presence of alveolar collapse or alveolar flooding (hatched area), 
nonoxygenated venous blood on the right is allowed to shunt past 
the alveolus with no oxygen transfer, for a Pao, of 40 mm Hg and 
oxygen content of 15 ml%. Despite a nonnal alveolus on the left and 
nonnal oxygen content after passing by the alveolus (02 content, 
22 rnl%), the mixing of right and left blood flow gives the systemic 
blood a Po, of 60 mm Hg and a low 0 2 content of 18.5 ml%. (From 
Hall JB, Wood lD: Acute hypoxemic respiratory failure. In Hall JB, 
Schmidt GA. Wood lDH [eds]: Principles of critical care, New York. 
1992, McGraw-Hill.) 

linear at higher 0 2 tension (point C to point D), so that con
tinued increases iJl Pao1 result in very little increase in Sa~. 1l1e 
goal iJ1 acute respiratory failure is to achieve a Pa~ chat lies on 
the upper plateau of the curve. 

~Yp.oxemlais affect~d ~y inspired 0 2, ventilation, shunting, 
and (V/Q matching. (V/Q matching is the balance between 
ventilation and perfusion at the alveolar level. It is a continuum, 
ranging from complete shunt (perfused but nonventilated space) 
to dead space (ventilated but nonpcrfused space). Alveolar col
lapse (e.g., atelectasis, alveolar flooding with Auid and/or pro
teiJlaceous debris) results in a shunt. Blood that perfuses sucb 
an alveolus returns to tbe left atrium witb low Ca02, essentially 
the same as that of mixed venous blood. Dead space ventilation 
occurs .in the conducting airways, where perfusion is limited and 
essentially no gas exchange occurs. Ultimately, Pao, represents 
the sum total of gas exchange (Fig. 23-4). Defects can be quanti
fied as the alveolar-arterial 0 2 gradient (AaDo1) : 

where 

PATM is the atmospheric pressure (760 mm Hg at sea level, 
627 mm Hg at 5280 feet), PH20 is tbe vapor pressure of water 
(40 nm1 Hg), and PAC~ is the alveolar pressure of C02, which 
can be calculated from PaCOz divided by the respiratory quotient 
(normally= 0.8) .. Thus, as an example, for an individual breach
i.ng room air at sea level and having PaCOz = 40 mm Hg: 

PAo2 = [0.21 x(760 - 47)] - (40/0.8) = (0.21 x713) - 50 
= 150-50 = 100 nun Hg 
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At 5280 feet, PAOz = 72 mm Hg and, at sea level breathing 
100% 0 2, PAOz = 663 mm Hg. Subtracting the PaOz from PA02 

quantifies the AaDo~ . In healthy individuals, ventilation and 
perfusion are well matched and che AaDOz is low (1 0 to 
25 mm Hg), reflecting only dead space ventilation iJl the con
ducting airways and shw1ring of small an1ouncs of blood via 
bronchial vessels and thebesian veins. An elevated AaDOz sug
gests impaired gas exchange. Nonpulmonary causes of right
to-left shLuJting include atrial septal defect, pulmonary 
arteriovenous malfom1ations, severe sepsis, and cirrhosis. 1l1ere 
are numerous pulmonary causes of pulmonary dysfunction, 
including aspiration, atelectasis, pnewnon.ia, pulmonary contu
sion, PE, pulmonary edema, and All-acll(e respiratory distress 
syndrome (ARDS). 

Aspiration is a common problem in the ICU and may lead 
to chemical pneumonitis, ventilator-associated pneumonias, and 
even ARDS. Aspiration occurs because of impairment i.n laryn
geal competence and glottic closure or from gastric reflux caused 
by ileus or gastric. outlet obstruction. It is facilhated by indwell
iJlg tubes that breach JJormal protective mechanisms. If the 
aspiration event is significant, initial manifestations result from 
the mechanical effects of airway obstruction. Patients with a 
dimi1ushed sensorium arc at particular risk and will not cough 
to expel the aspirate, resulting in more severe effects. Soon after, 
the chemical injury becomes evident, with bronchoconstriction 
and Auld sequestration in the alveoli. An inflammatory response 
follows, with the release of leukocyte- and platelet-derived 
inflan1matory mediators and leak of protein-rich fluid imo the 
alveoli. Pulmonary flmction progressively worsens throughout 
tl1ese phases and the resultant hypoxemia may be severe. Because 
of immunosuppression and compromised airway defenses, bac
terial pneumonia is a major risk during the clinical course. 
Treatment of aspiration is to clear the airways of debris mechani
cally, decompress the stomach to prevent further events, and 
provide supportive respiratory care (e.g., bronchodilators, bron
choscopy, mechanical ventilation) as needed. There is no role for 
corticosteroids or prophylactic antibiotics because tbese will 
serve only ro select for bacterial resistance; however, the physi
cian should ren1ain vigilant for true pneumonia. 

Atelectasis is most often seen iJ1 postsurgical or immobi
lized patients. Alveo.lar collapse leads to shunting, with ensuing 
hypoxemia. Additional findings arc related to the degree of 
atelectasis and include dimiJushed breath sounds and reduced 
lung volumes, elevated hemidiaphragms, and consolidation on 
chest x-ray. Associated fever may be significant but usually abates 
with reinflation; however, collapsed alveoli are prone to bacterial 
colo•uzation, leading to d1e development of pneumonia. Treat
ment is aimed at reexpansion of collapsed alveoli, so che main
tenance of airway patency and pulmonary toilet is of prime 
importance. Pain managen1ent is pivotal to balance pain-induced 
splinting with sedation and hypovcntilation. 

Pneumo1ua is common iJ1 che ICU, particularly among 
ventilated patients and d1ose with direct lung injury. 1l1.e clinical 
presenltation involves fever, leukocytosis, hypoxia, distinct radio
graphic infiltrate, and purulent sputum, wid1 bigh numbers of 
bacteri.al organisms and neutrophils. Respiratory support, pltl
monary toilet, and antibiotics are the ftmdamentals of treat
ment; however, preventive measures such as back rest elevation, 
good oral h}'gi.enc, daily imerruption of sedation, and avoidance 
of aspiration are paramolmt. The diagnosis and managemem of 
pneumonia are discussed in Chapter 12. Pulmonary contusion 

9 
:0 
m 

http://www.myuptodate.com


578 SECTION Ill TRAUMA AND CRITICAL CARE 

is associated with chest wall injury, so pulmonary dysfunction 
stems not only from disruption of respiratory mechanics with 
hypoventilation secondary to pain, but to disruption of lung 
tissue, with alveolar hemorrhage and fluid sequestration over
whelming the innate alveolar protective mechanisms. Chest waU 
trauma greatly- impairs actions such as deep breathing and 
coughing, so pulmonary toilet is compromised, further predis
posing the patient to atelectasis and pneumonia. lhe initial 
presentation of pulmonary contusion varies widely and it typi
cally worsens during the ensuing 24 to 48 hours with evolution 
of the inflammatory response and fluid shifts resulting in blos
soming. Management is supportive, with respiratory support 
and pulmonary toilet, but the contusion remains fertile ground 
for the development of pneumonia (see Chapter 58). 

Pulmonary edema is a potentially catastrophic event, ini
tially manifested by hypoxemia. Clinical signs include dyspnea, 
tachypnea, hypoxemia, bilateral rhonchi or rales, and &othy 
sputum. Patients may have signs of hypervolemia, with conges
tive heart failure, distended neck veins, and peripheral edema. 
Radiographic findings include redistribution of blood flow 
(cephalization). perivascular cuffing, enlarged cardiac silhouette, 
and pleural effusions. 1l1e underlying cause may be vollLille 
overload or left-sided heart failure. In patients with cardiopul
monary or renal dysfw1ction, invasive hemodynanlic monitor
ing may be warranted to clarifY the diagnosis and optimize 
therapy. Hypoxemia and hypercapnia are treated supportively, 
and inotropic support is provided as needed. Diuretic and 
rlitrates may be administered to decrease preload; hydralazine, 
ACEis, or rlirroprusside can be used to promote afterload reduc
tion. Noninvasive ventilation may buy time for diuretics and 
other therapies to become effective but the threshold to intubate 
should remain low. 

Acute Lung Injury and Acute Respiratory 
Distress Syndrome 
ALI and ARDS are clinical syndromes of pulmonary dysfunc
tion cl1at may result from any number of infectious, inAanlma
tory, tissue injury, or cellular shock conditions. Criteria for me 
diagnosis of ARDS iJ1clude an acute onset, bilareral pulmonary 
infiltrates on chest x-ray, absence of cardiogerlic pulmonary 
edema (i.e., PAWP <18 mm Hg), and hypoxemia (Pao2/FJ02 

$200).27 On the san1e continuum, AU is a nli lder form, with 
Pao2/F10z ranging from 201 ro 300. 

The mortality of ARDS approaches 50o/o, wiili most deailis 
attributed to MOE The pathogenesis of ARDS progresses 
through three stages. The first stage, coinciding with the acute 
onset of respiratory failure, is known as the exudative phase. 
Disruption of the alveolar epithelium results in me influx of 
protein-rich edema fluid and leukocytes into the alveolus. 
Destruction of type U pneumocytes disrupts normal alveolar 
fluid transport and surfactant production, contributing to alveo
lar Aooding and collapse. AJveolar macrophages release proin
flanmlatory cytokines that attract and activate neutrophils, 
provoking tissue injury. Some patients have an uncomplicated 
course with resolution of the process, whereas others progress to 

the fibroproliferative phase. Mesenchymal cells fiJJ the alveolar 
space ru1d initiate fibrosis, with colJagen ru1d fibronectin accu
mulatiJ1g in the hmg. In ilie final stage, the resolution phase, 
alveolar edema is resolved as type II pneumocytes repopulate the 
ep iilielilLill, pro tein is cleared, and tl1ere is gradual remodeling 
of granulation tissue and fibrosis. 

The treatment of ARDS is primarily supportive and any 
underlying cause should be identified ru1d treated. Adequate 
oxygenation and ventilation must be provided, which urliver
sally requires intubation and mechru:lical ventilation. Nutritional 
support should be given, along with initiation of appropriate 
prophylactic measures against venous thromboembolism and 
stress gastritis. A number of adjunctive cl1erapies have been 
studied for ilie treatment of ARDS. Clinical studies have sug
gested that fluid mar1agement ain1ed at lowering filling pressures 
may decrease pulmonary edema ru1d improve gas exd1ru1ge; 
however, cl1e data available are limited. \X/id1 the strategies that 
have been used (maintaining PAWP <8), mere is defulite risk 
for compromised nonpulmonary organ perfusion.Z0.28 AJso, with 
a conservative fluid mru1agement strategy, some have often used 
and advocated loop diuretics to reach these lower filling pres
sures but patients wid1 ALI and ARDS often have concurrent 
pneumorlia and other infectious states with tenuous hemody
nan1ics, which precl ude the use of diuretics. Surfactant replace
ment therapy has been successful in neonates, but has not been 
proven beneficial iJ1 adults with ARDS, nor have nitric oxide 
and o ther vasodilators, despite earlier studies shnwing encourag
ing results. Corticosteroids were never found to be beneficial 
when administered early in the course of ARDS; however, as the 
pailiophysiology became better understood, dlis therapy was 
applied to the later fibroproliferative phase of ARDS. Early 
results were encouraging, but later trials have shown that cllis 
may result in increased mortality. Accordingly, the role of corti
costeroids in the management of ARDS remains unclear and 
d1ey must be used wiili caution because tl1ey predispose patients 
to an increased risk of iJ1fection. There is also recent published 
evidence d1at enteral feedings rich in fish oil, specifically omega-3 
polyunsaturated fatty acids and argiJ1ine, provide clinical benefit. 
Omega-3 polyw1saturated fatty acids have been shown to 
improve oxygenation and decrease mortalhy, overall complica
tions, and rcu length of stay.2q 

A number of methnds bave been used to ventilate patients 
with ARDS, including more conventional means such as pres
sure control ventilation, volume control ventilation, inverse ratio 
ventilation, and some of the so-called salvage or rescue modes, 
sucl1 as high-frequency jet, percussive, or osciUatory ventUation, 
extracorporeal membrane oxygenation (ECMO), and extracor
poreal carbon dioxide removal. It is now apparent that a strategy 
oflung protective ventilation usiJ1g a tidal volume (Vr) of 6 mU 
kg is associated with mortality reduction, as evidenced by clJe 
National Institutes of Health's ARDS Network study.30 In cllis 
multicenter PRCT, patients were rru1donlized to a VT of 12 mL/ 
kg versus 6 mL/kg, plateau pressures were maintaiJ1ed at less 
d1an 50 and less than 30 em H20 , respectively, in d1e traditional 
and Lung protective groups, and respiratory acidosis was treated 
by increasing nlinute ventilation or adding a bicarbonate infu
sion. The trial was stopped after enrolling 861 patients because 
interim analysis showed mat in-hospital mortality was reduced 
from 40o/o to 31 o/o30 in the lower VT group. The results of cllis 
study differed from earlier studies (smaller trials) but obtained 
results mat were substantiated in follow-up studies; clms, iliis 
approach has gained widespread acceptance as me ventiJatory 
strategy of choice for treating ARDS. 

High-frequency percussive ventilation (HFPV) and l:ligh
frequency oscillatory ventilation (HFOV) are more c-ommonl}' 
used and have been referred to as rescue or salvage modes for 
ARDS.31 1l1eir use has largely been limited to patients who have 
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remained hypoxemic on the more conventional modes, such as 
pressure or volume control ventilation. The exudative and fibro
proliferative phases of ARDS cause a marked decrease in lung 
compliance and the high peak airway pressures generated by the 
conventional modes can result in significant barotrattma. Both 
HFPV and HFOV create far lower peak pressures bur maintain 
or slightly increase mean airway pressures compared with the 
conventional modes, which is one mechanism whereby they 
improve oxygenation. 1he other hypotl1esized mecl1anisms of 
improvement of oxygenation by HFPV include changes in How 
patterns (bulk, convective flow) and molecular diffusion; 
however, it is beyond the scope of this chapter to provide fur mer 
details. There is a significant amounc of literature showing 
improved outcomes with HFPV for inhalation injury, but the 
investigation into its benefits for non- thermaUy injured trauma 
or surgical patients with ARDS is evolving. Some retrospective 
data show d1at HFPV improves oxygenation in ARDS while not 
changing mean airway pressures significantly,31 so additional 
research is needed. However, HFPV and HFOV are now con
sidered as salvage metl1ods for difficult to oxygenate ARDS 
patients. Airway pressure release ventilation (APRV) is anotl1er 
potentialJy usefuJ mode of venti lation for patients witl1 ALI and 
ARDS. APRV maintains a higher mean airway pressure while 
avoiding me higher peak pressmes of conventional modes of 
ventilation; it can improve oxygenation and possibly reduce 
barotratmla.32 The more consistent alveolar recruitment may also 
improve ventilation-perfusion matchil1g and improve overall gas 
exchange. Also, patients can have spontaneous respirations wid1 
APRV, which tllis may lead to greater patient comfort and 
decreased use of sedation. Presently, however, there is no evi
dence showing improved clinical outcomes with APRV, o.nJy 
tllat it is a ventilation method mat can be used safely for tllese 
patients. 

Prone positioning has been proposed as a means to improve 
oxyge!1a~on by iJ1creasing end-expiratory lung volume, improv
ing (V/Q matching, and changing chest walJ mechanics. In a 
multicenter PRCT conducted more than 10 years ago, prone 
positioning improved oxygenation but not survival in a subset 
of patients wim. severe hypoxemia; however, this was before 
ARDS trials introduced lung protective strategies, such as lower 
VT ventilation. Since then, randomized investigations have stilJ 
not fowld a survival benefit in me prone positioning strategy. 
which bas continued to show increased drawbacks and com
plication rates, most notably in the need for increased sedation, 
use of neuromuscular blockade, hemodynamic instability, and 
patient device displacement. Care of the patient in tl1e prone 
position is labor-intensive and meticulous attention musr be 
paid to minimize complications, such as pressure ulceration and 
accidental extubation. 

Positive end-expiratory presSLLre (PEEP) can in1prove oxy
genation by recruiting coUapsed alveoli and increasing func
tional residual capacity. Conventional ventilation generally calls 
for me minimal PEEP necessary to provide acceptable oxygen
ation. However, in d1e settillg of ARDS, mere may be benefit 
to increasing PEEP to il11prove oxygenation and protect the lw1g 
by preventing the repetitive shearing forces of recruitment or 
derecruitment of alveoli, reducing cyclic reopening and stretch 
during mechanical breaths. 1he optimal level of PEEP may be 
determi11ed by incrementally increasing PEEP to maximize the 
Pao/Fl~ ratio; however, some have argued d1at this ignore.s 
lung mechanics. A lung pressure-volume curve may be generated 
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for a given patient and the lower i.nfiection point (PFLEX), me 
point at whicl1 the slope increases in steepness, representing a 
pressure at which most alveolar units are open, may be identi
fied. Alternatively, me PEEP may be titrated to maximal compli
ance, which may be easier to measure at me bedside. Available 
evidence seems to support rhe concept that higher levels of 
PEEP in ARDS may limit stretch traun1a to tl1e lung and may 
have beneficial effects on outcomesY 

Ventilatory Support 

Noninvasive Ventilatory Support 
Many pacients require more support d1ar1 a passive 0 2 delivery 
device. Several noninvasive venti latory interventions can support 
oxygenation and ventilation, and possibly obviate the need for 
endotracl1cal intubation ar1d mechar1ical ventilation. Intermit
tent positive pressure breathing aids in clearar1ce of secretions 
but is labor intensive and, because it is not continuously applied, 
does notpermar1ently recruit alveoli. Continuous positive airway 
pressure (CPAP) applied by a tight-fitting mask can maintain 
and restore functional residual capacity and, therefore, provides 
a temporary salutary effect on oxygenation as the underlying 
cause of hypoxia is treated. 1his intervention has little if any 
effect on ventilation and requires a nasogastrlc tube because of 
associated aerophagia. Also, a decreased level of consciousness is 
a relative contraindication to tl1e tight-fittil1g mask because the 
patient may vomit and may not be able to remove the mask 
from his or her face, resulting in aspiration. Bilevel positive 
airway pressme (BiPAP) also uses a right-fitting mask, but 
requires a venti lator to deliver a high airway pressure dmmg 
spontaneous patient-initiated bread1s ar1d a lower baseline pres
sure during exhaiation (like PEEP). It may provide enough 
assistance to prevent fatigue and stave off endotracheal intuba
tion. Similar to CPAP, BiPAP should be considered a short-term 
tl1erapy that aUows for the identification ar1d treatment of the 
underlying derangement. Continued close monitoring is neces
sary for patients on CPAP and BiPAP because the.ir condition 
may deteriorate precipitously. A cautionary note must be 
sounded regarding tbe use of noninvasive ventilation to treat 
postexwbation respiratory faiJure because tllis may be associated 
with a higher mortality man standard merapy.33 

Mechanical Ventilation 
As noted, tl1ere are four primary indications for endotracheal 
intuba-rion and mechanical venriJation, as given earlier by the 
mnemonic SOAP. 1l1e fi rst variable to set is the trigger-that is, 
the variable chat wiJJ initiate inspiration. 1l1e trigger may be a 
time mterval or a threshold rare of air flow. The second variable 
to set is ar1 inspiratory limit, which may be a volume, pressme, 
or maximum air flow rate. The third variable to set is the cycle, 
which may be a volume, pressure, or time. Based on these vari
ables, the venti lator will deliver one of three types of breatl1s. 
mar1datory, assisted, or spontaneous. A mandatory bream is 
triggered, limited, and cycled by me machine. An assisted bream 
is triggered by me patient, but is limited and cycled by the 
ventilator. A spontaneous breath is triggered, limited, ar1d cycled 
by the patient. 

VolumeaCycled Ventilation 
This type of ventilation del ivers a preset Vr with each breath. 
Advanltages include delivery of a reliable minute volume and ease 
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of use. 1l1e major disadvantage is potential for high airway pres
sures and resulting lung inju.ry. The different modes of vohLme
cycled ventilation include controlled mandatory ventiJarion 
(CMV), assist control ventilation (AC), and intermittent man
datory ventilation (IMV). With CMV, the patient receives a set 
number of fix:ed-volume breaths, bur is unable w increase 
minute ventilation by triggering additional breaths. CMV is 
typically only used iJl patients in the operating room under 
general anesrhe.sia. AC differs from CMV in that the patient can 
trigger additional breaths. Every triggered breath will be a full 
machine-cycled breath. AC is used when full ventilatory support 
is required but is not suitable for the agitated patient who is 
tachypneic because ir may lead w severe respirarory alkalosis. 
IMV allows spontaneous breathing. It delivers intermittent 
fixed-volume breaths and allows the patient to breathe spontane
ously between mechanical breaths. Synchronized IMV (SIMV) 
allows the mechanical breaths to be triggered by rhe patient's 
own respiratory effort and avoids stacking of breaths. Varying 
degrees of pressure support may be added to the spontaneous 
breaths ro assist the patient. SIMV is a useful mode of ventila
tion when attempting to wean the patient or when there is 
patient-ventilator asynchrony. In general, volume-cycled ventila
tion is the most UJlcomfortable for the patient and may result 
in significant patient-ventiJator dyssyncltrony, requiring signifi
cant amounts of sedatives. 

Pressure-cycled Ventilation 
Pre..~ure-conrroUed ventilation is designed to procect the lung 
from alveolar overdistention and epithelial injury. A set pressure 
is applied to the ventilatory circuit during ead1 breath, allowiJ1g 
the llmgs to expand based on thoracic compliance. The major 
advantages are lower meru1 and peak airway pressures and an 
exponential decelerating Bow parrern, which rends to be more 
comfortable for the patient. The major disadvantage is Auctuat
ing muwrc vcn tiJation in the presence of changing lung compli
ance. Pressure-cycled breaths can be delivered in an analogous 
fashion to volume-cycled breaths in an AC or SIMV mode. 
Pressure-support ventiJation (PSV) is a spontaneous ventilatory 
mode. A negative inspiratory force created by the patient will 
trigger the ventiJaror to apply a certaiJ1 pressure to the ventilator 
circuit. PSV is che most comfortable mode of ventilation because 
the patient can control all the elements ofiJ1Spiration and expira
tion; accordu1gly, PSV has become the mode of choice for 
weaniJ1g patients off mechanical ventilation. The major disad
vantage of PSV is that millute ventilation cannot be ensured and 
bypoventilation and apnea can occur; clms, patients must have 
an intact respiratory drive and be carefully monitored. 

Difficult to Ventilate Patients 
Patients with severe lung disease can be a challenge to oxygenate 
and ventiJate. On volume-cycled ventilator modes, airway pres
sures may climb; on pressure-cycled modes, the delivered VT 
may decrease. The goals include mainrainiJ1g airway pressures 
less than 35 to 40 em H 70 , and an Sa~ of 90% or higher. 
Definitive recommendations for optimal ventilator strategies are 
not avai.lable, but cl1ere are a number of maneuvers rhat may be 
attempted. Prone positioning, inhaled nitric oxide, and pernus
sive hypercapnia have been discussed earlier. Inverse ratio ven
tilation involves lengtheniJ1g inspiratory time to more than 50% 
of the respiratory cycle, which increases the mean airway pres
sure and recruits air spaces by auto-PEEP u1 a manner similar 

to that of applied PEEP. Inverse ratio ventiJation should be used 
with caution in patients wi th diminished dynan1.ic compliance, 
such as chronic obstructive pulmonary disease (COPD), asthma, 
and ARDS, given their propensity for air trapping. Air trappu1g 
should be suspected iJ1 a patient whenever an increased minute 
volume results in an increased Pc~. In severe cases, pharmaco
logic paralysis, which relaxes cl1e chest wall musculature and 
allows for synd11onization of ventilator and patient while 
decreasing Vo2 and C02 production, may be required. Tracheal 
gas insufflation provides 2 to 10 liters/min of I 00% 0~ delivered 
1 em above the caru1a. It decreases PaCO:t by washing out the 
proximal anatomic dead space and can be useful when permis
sive hypercapnia is being used to attenuate respiratory 
acidosis. 

A tracheostomy may be nece.ssary to facilitate weaning and 
discontinuation of mechanical ventilation u1 some patients 
because it can decrease dead space ve11tilation and the work of 
breathing and improve patient comfort, thus decreasing sedation 
requirements and improving pulmonary toileting and clearance 
of secretions. 'TI1e timing of tracheostomy for respiratory failure 
is a controversial topic. Older studies suggested that the proce
dure be performed on patients who have remained on mechani
cal ventilation longer cl1an 14 ro 20 days; however, more recent 
data have shown decreases in lCU length of stay and duration 
of mechanical venti lation without i11creased complication rates 
when tracheostomy is performed within 7 days of the occurrence 
of respiratory failure:14 'TI1is has been further supported by 
studies showmg the san1e benefits in a mixed population of 
medical, surgical, and trauma patients who underwent trache
ostomy wiclun 3 days of the initiation of mechanical ventilation. 
Percutaneous tracheostomy is an attractive modality because it 
is more convenient than tradi tional tracheostomy done in cl1.e 
operating room and may be associated with reduced costs, trans
port complications, delays, and postoperative hemorrhage and 
infection than open techtliques. 

ECMO or C02 removal may offer enough lung protection 
to salvage critically ill patients, but expertise and avaiJabiJjty are 
often LinUted. Their use is best restricted to rescue patients with 
severe respiratory failure unresponsive to other modalities of 
advanced ventilatory support iJ1 cl1e hope that the patients' lungs 
will recover while avoidu1g fu rther exposure to the potentially 
injurious aspects of mechanical ventilation.35 The iJlAuenza A 
(HlNl) pandemic led to the u1vestigation ofECMO as a means 
to treat the many patients who suffered from H 1 N ! -associated 
ARDS.35 Although the initial resul ts in terms of survival and 
recovery of pulmonary function are promising, only observa
tional data exist at this time and it must be remembered that 
prior investigations into ECMO for ARDS have uniformJy 
failed ro show any survival benefit. The exception to this is a 
recent randomized trial (CESAR 2009) in the UK of 180 
patients wicl1 severe, acute respiratory failure; some survival 
benefit without significant disabili ty was noted in patients 
treated with ECMO when compared wicl1 conventional 
ventilation.36.37 

Weaning from Mechanical Ventilation 
Patients who are intubated for pulmonary faiJure usually require 
a period of weaning to regain strength and to prove their abWry 
to ventilate and oxygenate themselves. When considering 
removing a patient from cl1e ventilator, i.t is important first to 
ensure that cl1e underlying problem leading to iJ1tubation has 
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been rectified and d1e patient is otherwise stable. Then, one may 
make the same SOAP assessment as when determining the need 
for intubation: 
1. Are the secretions too much for the patient to handle? 
2. Is the patient oxygenating adequately (i.e., Pao2/F10z >200, 

which requires that F102 :;;0.40 ro 0.50 and PEEP <5 to 
8 em H20)? 

3. Can the patient protect his or her airway? 
4. Is pulmonary function adequate? 

Ideally, the patient is assessed while breathjng spontane
ously and a number of parameters may be obtained to assess 
pulmonary function. Negative inspiratory force (>-20 to 
-30 em H 20), minute ventilation (<JO to 15 Urers/min), Vr 
(>5 mlJkg), and. respiratory rate ( <30 breaths/min) are all useful 
indicators. Perhaps the most reliable single test is the frequency 
(f)NT ratio, the Tobin or Rapid Shallow Breathing Index.3~ A 
value higher than 105 predkts failure of extubation with a 95% 
likelihood, whereas a value lower than 80 predicts success in 
95% of patients. 1l1ere are four primary methods of weaning. 
Multiple daily T piece trials may be performed with extubation 
once the patient can tolerate several hours. This is labor-intensive 
and may cause the patient undue stress, particularly if she or he 
is intubated with a small-diameter endotracheal tube. A single 
T piece trial may be performed daily with extubation if it is 
successful. [f this trial is unsuccessful, the patient is rested for 
24 hours and the test is repeated the following day. IMV and 
PSV weaning are popular, without a clear-cut advantage of one 
over the other. It is clear, however, that trials of spomaneous 
breathing shorten weaning time, so daily sedation holidays and 
spontaneous breathing trials are mandatory. 

Prior to extubating a patient, the bedside clinician should 
systenlatically review the patient's overall conrution in adrution 
to the previously mentioned SOAP assessment, focusing on 
factors other tham respiratory mechanic,.;. Upper ai rway edema 
and obstruction should be ruled out by checking for an endo
tracheal tube cuff leak. An unambiguous and objective method 
of doing this requires the patient to cough around the endotra
cheal tube with the cuff down and a finger occlurung the tube's 
lumen; however, care must be taken to prevent aspiration of 
secretions pooled above the balloon prior to its deflation. 1l1c 
chart and anesthesia record should be reviewed to ensure that 
the in itial iJ1tubation was straightforward in case the patiem 
needs co be reimubated. Patiems imubated after multiple 
attempts, bronchoscopic assistance, or via a retrograde intuba
tion arc best extubated under controlled circumstances rather 
than in the middle of the night. Finally, factors necessitating 
increased ventilatory dema11d should be corrected, if possible, 
such as acid-base disturbances, hepatic or renal failure, high 
fever, sepsis, pronounced anxiety, and agitation. Patients who are 
d.if!icult to sedate and alternate between agitation and overscda
tion may hcnefit: from the <X~-adrenergic agonist dexmcdetomi
dine which exerts only minimal effects on hen1odynamicstability 
or respiratory drive.6 

GASTROINTESTINAL SYSTEM 

Stress Gastritis 
Stress-related mucosal lesions are the result of gastric acid acting 
on compromised (i.e., poorly perfused and/or inunwlOlogically 
iJ1competent) gastric mucosa. 1l1ese lesions have been reported 
to develop in 25o/o colOOo/o of ICU patients within 24 co 48 

SURGICAL CRITICAL CARE CHAPTER 23 581 

hours of admission, wi tb clinically significant bleeding manifest
ing in only 5% tolO% of patients. Based on these data, routine 
stress ulcer prophylaxis is provided in most ICUs; however, it is 
probably not 11ecessary for every lCU patient. 1he evolution of 
care in JCUs has provided earlier and better resuscitation and 
nutritional support, resulting in improved mucosal perfusion 
and preserved integrity. Risk factors for stress gastritis include 
mechanical ventilation longer than 48 hours, coagulopathy, sig
nificant burns, and bead injury. Patients with risk factors should 
receive prophylaxis umil tl1ey are taking a gastric enteral diet at 
more d1an 50o/o of caloric intake goals because gastric feeding 
represents one of the most effective means of preventing stress 
gastritis. Prophylactic agems i11dude antacids, sucralfatc, hista
mine H2 receptor antagonists, and proton pump inhibitors, with 
tl1e latter becoming the mainstay of therapy because of their long 
duration of action and efficacy. Antacids have not beCfl proven 
effective for at-risk ICU patients and should not be considered 
a first- line agent. Sucralfate is a sucrose-based polymer that is 
activated in an acidic environment and biJ1ds to exposed gastric 
mucosa and ulcer craters, forming a protective barrier. It also 
stimulates local prostaglan.din synthesis and can he given as an 
elixir by mouth or via nasoga.mic tube. Early trials suggested a 
lower risk of nosocomial pneumonia compared wid1 H2 receptor 
antagonists, which was attributed to the preservation of an acidic 
gastric environment and reduced bacterial proliferation. 1l1e 
major disadvantage of sucralfate is its imerference with absorp
tion of other medications, such as antibiotics, warfarin, and 
phmywin. The H2 receptor amagonists have potent acid reduc
il1g properties. Concerns regardiJ1g H 2 receptor antagonists 
include the development of tachyphylaxis and iJ1creascd gastric 
bacterial colonization leading to the development of pneumo
nia. A large multicenter PRCT comparing tbe usc of sucralfate 
to ranitidine in ICU patients with risk factors bas determined 
that H2 receptor antagonists are superior to sucralfate in prevent
iJ1g clinically important bleerung whereas d1e rate of ventilator 
associated pneumonia was similar benveen the groups. Although 
proton pump inhibitors have been shown to be superior to H2 

receptor antagonists in tl1e treatment of peptic ulcer disease, 
clinkal trials demonstrating tl1eir superiority in preventing stress 
gastritis are lacking.38 Additionally, an association bas been made 
between PPI usage and community-acquired Clostridium difficile 
cotitis. 

Selective Digestive De<ontamination 
Selective digestive decontaJllioation (SDD) is a strategy aimed at 
reducing the bacterial load in the intestine based on the theory 
that gut bacteria translocate ro the systemic circulation, inciting 
an inflammatory response that leads to MOF (see later).3, 

Although the phenomenon of microbial translocation bas been 
documented in animals and suggested in some human sturues, 
there is no convincing evidence tl1at translocation of bacteria is 
responsible for adverse clinical outcomes. Conversely, there is 
evidence that inflanmlatory mcruators may traverse d1e gut in 
times of stress, aided by gut hypoperfusion and the loss of mucosal 
integrity, inmllinoglobulins, and enterocytes. SDD is designed to 
reduce the load of gram-negative aerobic and anaerobic patho
gens in the gut. A typical formulation includes a paste of poly
myxin, tobran1ycin, and amphotericin or colistin applied to tl1e 
oral mucosa, a slurry administered into the stomach, and a third
genera·tion cephalosporin adn1inistered N . Anotller strategy is 
selective oral decontamination (SOD), in which a similarly 
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constituted paste or slurry is created and applied to the oral 
mucosa but no lV agents are given. Studies in a varied population 
of critically ill patients have shown a subtle morrali ty benefit from 
SDD and SOD compared with a regimen of standard care. 
Howver, SDD and SOD strategies are controversial and other 
studies have yielded mixed results, with some showing markedly 
increased complications rates of hospital-acquired and surgical 
site infections. Despite this, ongoing researd1 suggests d1at SDD 
may be beneficial, particularly in surgical rev patients. 

Abdominal Compartment Syndrome 
The abdomen is a closed space, bound by the relatively nonex
pansiJe fascia of the abdominal musculature and, as such, is 
susceptible to a compartment syndrome analogous to that seen 
in the lower extremities. ACS is fundan1entatly defined as 
increased intra-abdominal foressure (lAP) associated with adverse 
physiologic consequences. 0 ACS has usuaJJy been described in 
patients with massive abdominal or pelvic hemorrhage, often 
following damage control laparotomy, but it may be encoun
tered in various clinical scenarios. Circumferential torso burn 
eschar, reduction of a large ventral hernia, or military anti shock 
trousers may significantly increa..e TAP. Bowel distention caused 
by obstruction or ileus, ascites, or pneumoperitoneum may also 
lead to ACS. Pancreatitis or surgical dissection may result in 
profound retroperitoneal edema. Edema of the bowel may result 
from prolonged evisceration duru1g surgery, which elongates and 
narrows mesenteric veins and lymphatics; it may also be related 
to ischemia or reperfusioJJ of the bowel aggravated by resuscita
tion with large volumes of crystaJJoid solutions. Secondary ACS 
refers to ACS in the absence of abdominal or pelvic pathology 
and is entirely caused by edema and ascit.es foUowing shock and 
aggressive resu;scitation. [n dtis setting, particularly in non
trauma patients, it may represent a state of irreversible shock, 
with loss of capillary integri ty. 

The organ systen1s tl1at appear most affected by ACS are 
the cardiovascular, pulmonary, and renal systems. Cardiovascu
lar effects of increased lAP include decrea..ed CO because of 
diminished venous rerum and a markedly increased systemic 
vascular resistance. Ensuring adequate volume status is a key 
feature of ACS management and can be used to temporize the 
situation while arrangen1enrs are made for urgent decompres
sion. Increased lAP diminishes diaphragmatic excursion, 
decreases pulmonary compliance, and creates high airway pres
sures, with diminishing VT and resultant respiratory acidosis. 
Renal dysfunction, oliguria progressing to anuria because of 
ACS, appears to be caused by direct parenchymal compression 
and shunting of renal plasma flow. Visceral blood fl ow is suni
larly affected, leading to intestinal necrosis, hepatic dysfunction, 
and gut anastomotic breakdown. Intracranial hypertension is 
also aggravaredl by ACS. Decompressive celiotomy can reverse 
these changes imn1ediately, but untreated ACS leads to lethal 
organ failure, with collective mortality rates exceeding 50o/o.~0 

The recognition of ACS is not difficult once tl1e diagnosis is 
considered. Those at highest risk include severely injured patients 
who require abdominal packing for abbreviated or staged lapa
rotomy, particu,larly those witl1 a coagulopathy caused by core 
hypothermia orr cirrhosis. It is prudent to screen patients at higb 
risk for developu1g ACS, particularly those acutely resuscitated 
from shock, those who require vasopressors, and those who are 
receiving large volumes of crystaUoid fluids or blood products. 
1he findings of a tensely distended abdomen, progressive 

Table 23-4 Grading System for Abdominal Compartment 
Syndrome 

INTRA-ABDOMINAL 
GRADE PRESSURE (MM HG) TREATMENT 

1Q-14 Nonnovolemic resuscitation 

11 15-24 Hypovolemic resuscitation 

Ill 25-35 Decompression 

IV >35 Emergency reexploration 

oliguria in spite of adequate CO, or hypoxia with iJ1creasing 
airway pressures are sufficient to justify abdominal decompres
sion. Physical findings alone may be inaccurate in the critically 
W patient; thus, bladder pressures can be measured to determine 
an elevated lAP and correlate it with physiologic parameters; 
therefore, bladder pressure has become the objective measure for 
confirmi11g ACS. 1l1e level of lAP at which ACS occurs is 
patient-specific, so the diagnosis and treatment arc based on the 
patient's physiologic responses to increased TAP. Rough correla
tions can be made between me level of lAP elevation and the 
need for decompression (Table 23-4). Altl10ugh significant alter
ations in physiology can be demonstrated with an lAP berwet~ 
10 and 15 mm Hg (grade [), it is doubtful that abdominal 
decompression is warranted at this level. With an TAP between 
15 and 25 mm Hg (grade lf), the need for treatment should be 
based on d1e patient's clinical condition; however, ill the absence 
of oliguria, hypoxia, or significamly elevated airway pressure, 
abdominal decompression i.s difficult to justify. 

Continued monitoru1g is clearly indicated because signs 
and symptoms ofintra-abdominai hypertension progress insidi
ously. Most patients with an lAP between 25 and 35 mm Hg 
(grade III) tJtimately require decompression. All patients with 
an lAP higher than 35 mm Hg (grade IV) require inJmediate 
decompression hecause they may deteriorate to cardiac arrest at 
any time. Percutaneous drainage of ascitic fluid may be a tem
porizing maneuver, but operative decompression is usuaJJy nec
essary. At the time of decompression, an abdominal closure that 
affords additional intra-abdominal domain is indicated. Of tl1e 
various dressings described, the most effective appears to be 
based on some type of vacuum, either commercially available or 
home-made, so that bowel edema and lateral retraction of tl1e 
fascia are minimized and peritoneal fluid is controlled.41 

Every reasonable effort should be made to acllieve defini
tive abdominal closure within several days, because tl1e lateral 
rctractive forces of the broad flat muscles of the abdominal wall 
can make primary closure difficult. If the abdomen cartnot be 
dosed, absorbable or biologic meshes and skin grafts should be 
used to minimize tl1e risk of intestinal fistulas. Interestingly. 
vacuum-assisted wound dressmgs may facilitate early definitive 
abdominal closure, as well as late closure many weeks afrer tl1e 
iJ1itial operationY Care of the patient with an open abdomen 
is an evolvu1g area of surgery but efforts should generally focus 
on protecting the bowel from fistula formation, optimizing 
nutrition, treating infections and organ failure, and closing tbe 
fascia a~ soon as possible. 

Nutritional Support 
1l1e neuroendocrine response to critical illness and injury 
includes the release of stress hormones (e.g., epinephrine, 
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glucagon, cortisol) and inflammatory mediators that culminate 
in a hypercatabolic state (see Chapter 4). Endogenous nutrient 
substrates are mobilized, depleting glucose and fat stores and 
breaking down lean muscle mass. Subsequently, visceral protein 
stores are eroded, resulting in organ system and imn1w1e dys
function. Presemly, we have Litrle ability ro modulate the sys
ten1ic inflammatory respo.nse in critical illness but the preferred 
therapeutic strategy of administering exogenous substrate in the 
form of nutritional therapy (the preferred term of the American 
Society for Parenteral and Enteral Nutrition) is now the norm.43 

Nutritional therapy should be considered if the following are 
seen: (1) the patient has been wid10ut nutrition for 5 to 7 days; 
(2) the duration of illness is expected co exceed lO days; or (3) 
the patient was p remorbidly malnourished. A recent wlintended 
weight loss of 15% to 20% suggests moderate malnutrition: loss 
of over 20% implies severe caloric malnutrition. Serum protein 
levels, such as a1bW11in, prealbumin, transferrin, and retinol
binding protein, may be measured but they are usuaiJy nega
tively affected by severe illness and inflammatory states and are 
considered highly unreliable markers of nutritional status. Once 
the decision is made to provide support, the next step is to 

determine the nutritional needs of the patient. A practical ruJe 
of thumb is based on weight, so that for most patients, 25 to 
30 kca1/kg/day sbould be adequate. A more precise number for 
the basal energy expenditure (BEE, in kcal/day) may be esti
mated by the Harri~ Benedict equations. 

For males: 

BEE= 66+ (13.7 X weight) +(5x height)-(6.8xage) 

For females: 

BEE = 665+ (9.6 X weight) + (1.8 X height) - (4.7 X age) 

where weight is measured in kilograms, heiglJt in centimeters, 
and age in years. The BEE estimate is then multiplied by a 
stress factOr ralllging from 1.25 to 1.75, depending on the 
severity of illness or injury. In stable mechanically ventilated 
patients in whom overfeeding or underfeeding would be par
ticularly detrimental, whose energy expenditure is significantly 
altered from expected values, or who are not responding as 
expected to calcuJated regimens, indirect calorimetry can be 
used to calcuJate the measured energy expenditure (MEE, also 
in kcalfday): 

MEE=[(3.9XVo2 )+ 1.1+ Vc~]x l.44 -(2.8x U UN) 

where V~ and C02 production (Vco0 reflect that during a 
30-minutc period. 1he preferred ratio of nonprotein calories to 
nitrogen varies with stress level. In minin1ally stressed patients, 
200 to 300: 1 is appropriate, hut should be decreased to 150: I 
in moderately stressed and 100 : 1 or less in severely stressed 
patients. In patients with hepatic or renal failure, protein restric
tion may be warranted . An alternative method of determining 
protei11 needs is weight- and stress-based: 1.5 for mild, 2.0 for 
moderate, and 2.5 g proteiJ1/kg for severe stress. 

Finally, measurement of urine urea nitrogen (UUN) can help 
determine protein needs because as stress-related catabolism 
increases, nitrogen excretion (and U UN) increases. The UUN rep
resents 90o/o of excreted 11itrogen. Protein losses (g/day) may be 
calcuJated based on 24-hour U UN: 
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Protein loss= [U UN + ( 4 g insensible+ non urea nitrogen loss)] 

TI1e goal of nutritional support is to provide a positive 
nitrogen balance of 3 to 5 g/day, so additional protein must be 
added beyond the calculated requirements. To calculate the 
protein requiren1enrs, mulriply nitrogen requirements by 6.25. 
Patients should be assessed serially to ensure that they are receiv
ing adequate amounts of protein because most standard enteral 
formulas tend to have higher ratios of nonprotein to protein 
calories for energy grovision than are optimal for a postoperative 
or injured patient. 

The optimal route and method for delivery of nutritional 
support remain controversial. [n general, a patient with a fwlc
tioning gastrointestinal tract shouJd be fed enterally; the goal 
should be to initiate these feedings as soon as a patient is hemo
dynamically normal because the inmlLmomodulating and pro
moting effects of the feeding are most Likely to occur within the 
first 24 to 72 hours after surgery or injury. Enteral feeding pre
serves gut mucosal integrity, barrier function, secretory LgA pro
duction, and normal flora, which may be one explanation for 
the reduction in septic complications and improved survival seen 
in enteratly fed patients with severe injuries, acute pancreatitis. 
inflammatory bowel disease. and liver transplantation. Further
more, tl1e safety and feasibility of early postoperative enteral 
feeding have been proven and avoiding parenteral nutrition and 
the central venous access required results in significantly lower 
rates of bacteremia and central catl1eter-associated sepsis. Also, 
enteralt nutrition is associated with Lower .rates of pnelLmonia, 
has significantly lower cost, likely results in a more stable glyce
mic profile, and is associated with improved retllrn of cognition 
in traumatic brain injury patie11ts when compared with paren
teral nutri tion. Conversely, there are some conflicting data and 
no evidence of clear overall superiority of enteral nutrition over 
parenteral nutrition. Parenteral delivery of nutrition can ensure 
adequate provision of nutrients and should be used when enteral 
feeding is not tolerated, when frequent stoppages occur to limit 
caloric delivery because of the need for procedures or reopera
tion , or in the presence of short. gut or high-output or proximal 
gastrointestinal fistulae. In criticatly ill patients, postpyloric 
feeding was thought to be safer; however, no significant dif
ferences have been shown in rates of aspiration or ventilator
associated pneumonia between gastric and postpyloric feeding 
techniques. Postpyloric feeding can be used as a backup method 
for patients intolerant of gastric feeding who have repeated high 
gastric residual volumes or those who clinlcians believe are at 
unacceptably high risk for aspiration. Regardless of the route of 
enteral nutrition used, rube feeding protocols (e.g., starting and 
advancing feed rates, residual volume tolerance) executed and 
managed by ICU nurses result in higher rates ofiJ1tended caloric 
delivery. 

lmnllme-enhancing diets provide specific nutrients (e.g., 
glutan1ine, arginine, nudeotides, omega-3 fatty acids) tl1at exert 
favorable inmmnomodulatory effects. Glutamine is an oxidative 
fuel for enterocytes and other rapidly replicating cells and is said 
to be conditionally essential. Arginine promotes normal T cell 
functio n, aids in wound healing, and is necessary for the metab
olism of amm01lia. Nucleotides enhance the replication of 
rapidJy dividing cells as well as promote immune responsiveness. 
1l1e omega-3 fatty adds compete with omega-6 fatty acids 
(specifically arachidonic acid) in cydooxygenase metabolism. 
resulting in the production of prostaglandins in series 
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3 (cicosapentaenoic acid) and leukotrienes in series 5. These 
eicosanoids are less inflanm1atory and immunosuppressive than 
the prostaglandins in series 2 and the leukotrienes in series 4 
produced by arachidonic acid. The addition of glutamine to 
enteral formulas shouJd be considered in burn and trauma 
patiems because there are some limited data showing decreased 
hospital and ICU length of stay; however, further study is 
needed and the costs of adding glutarniJle to tube feeds are not 
inconsequentiaL Although several clinical trials have suggested 
significant benefits with these diets, study results are mixed and 
a mortality benefit is lacking44

; thus, patients not meetiJ1g the 
criteria for in1n1w1e-modulating formulations shOlLld receive 
standard enteral formulations. 

ACUTE KIDNEY INJURY 
Acute kidney injury (AKI, formerly known as acute renal 
faiJure [ARF]) is a deadly problem, with mortality rates 
exceeding 30%, whid1 more than doubles if dialysis is 
required. AKI, a term coined by the Acute Dialysis Quality 
Initiative, is now the preferred term to describe a newfound 
decrease in renal function and use of the RIFLE criteria (risk, 
injury, &ilure, loss, end-stage renal disease [ESRD] bas been 
shown to be ithe most sensitive method for detecting AKI 
early after its occurrence (Box 23-2).45 Its onset is heralded by 
oliguria (<0.5 mLikg/hr, or <400 mL/24 hr) or a rising serum 
creatiniJ1e level, which shouJd prompt a search for its cause 
(prerenal, renal parenchymal, or postrenal). The first step is a 
physical examination co look for signs of hypovolemia, heart 
failure, shock, obstruction, ACS, or rash. The most common 
cause of oliguria in surgical patients is prerenal hypovolemia. 
A Foley catheter should be inserted to exclude bladder outlet 
obstruction and monitor the urine output closely. Next, a 
fluid bolus (500 to 1000 mL, or 1 Oo/o of the circuJating blood 
volume) should be administered, except in patients in whom 
severe heart failure is suspected; in that case, measurement of 
PAWP is more helpful in directing therapy. If the patient does 
not respond to Auld administration, a more extensive evalua
tion must be umdertaken and iJwasive hemodynamic monitor
i,ng is warranted to measure filling pressures and assess cardiac 
function. A spot urine sodium (UN.) level may be helpful in 
distingujshing prerenal from renal parenchymal causes of AKI 
because UNa less than 20 mEq/liter is consistent with a prere
nal cause and UN. higher than 40 mEq/liter with a renal 
parenchymal cause. By measuring sodjum and creatinine levels 
iJ1 the urine and plasma, the fractional excretio11 of sodium 
(FEN.) may be calcuJated as a percentage: 

Risk: i creatin:ine level x 1.5 or J, GFR > 25% or UO < 0.5 ml/ 
kg/hr qGh 

Injury: i creatinine level x 2 or .!. GFR > 50% or UO < 0.5 ml/ 
kg/hr q12h 

Failure: i creatinine level x 3 or J, GFR > 75% or UO < 0.3 ml/ 
kg/hr q24h or anuria q12h 

Loss: Persistent AKI: complete loss of kidney function > 4 wk 
ESRO: End-stage renal disease> 3 mo 

GFR, Glomerular filtration rate; UO, urine output 

F~. less than 1 o/o indicates a prerenal cause of AKI. 
whereas FENa higher than 3% suggests a renal parenchymal or 
postrenal problem. The patient's medications should be reviewed 
for nephrotoxic agents and postrenal pathology may be identi
fied by renal uJtrasonograpby. Urinalysis can also provide clues 
w the underlying cause: high urine specific gravity and low pH 
are consistent with prerenal AKI: tubuJar casts are indicative of 
renal parenchymal dysfunction; bcmoglobinuria is consistent 
with a transfusion reaction, vasculitis, or rbabdomyolysis; myo
globinuria is suggestive of rhabdomyolysis; and eosinophilia is 
associated with interstitial nephritis. These laboratory iJwestiga
tions are less helpful iJ1 older patients, those with chronic renal 
dysflmction, or patients who have received diuretics or osmotic 
agents in the previous 24 hours. 

The managen1ent of prerenal AKI is to augment renal 
perfusion through volume loading and inotropic support as 
needed. Unforttmately, renal vasoconstriction may be an 
unwanted side effect of sucb i,notropic agents. Formerly, low
dose (0.3 to 3 Jlg/kg/min) dopan1ine was advocated for the 
tream1ent of AKl to dilate the renal vasculature and stimulate 
diuresis; however, evidence to support this is lacking. Nephro
toxic drugs, including contrast agents, shouJd be avoided, and 
renally excreted drugs should be dose-adjusted. 'The creatinine 
clearance (Cc., in mL/mi.n) can be used for medication dose 
adjustment: 

Cc, = (Uc, x V)/Pc, 

where UCr is urine creatinine concentration (mgldL), Vis uriJ1e 
volume (mLimin) and Per is pla~ma creatinine concentration 
(mg/dL). A 24-hour collection is most accurate, but a 4-hour 
san1ple may be used. An immediate calculation may be made 
using the Cockcroft-Gault approxin1ation: 

Cc, = [(140-age) x weigbtj/(Pc, x 72) 

where weight is rneasured in kilograms. In women, tile value is 
multiplied by 0.85. A normal Cc, value is 95 mL/min in women 
and 120 mL/miJ1 iJ1 men. ln cases of rhabdomyolys.is and trans
fusion reactions, clearru1ce of circulating myoglobin or Hb may 
be achieved by forcing diuresis (> 100 mL/hr) with crystalloids 
and osmotic diuretics; however, success witll this tedmique is 
variable. Obstructing lesions should be treated, comorbid condi
tions addressed, and nutritional support provided. Although tbe 
conversion of oligurie to nonoliguric AKI with diuretics ma}' 
facilitate volun1e management, it is often unsuccessful and there 
is insufficient evidence that it improves outcomes. Diuretic 
usage in AKI remains controversial. with some studies suggest
ing ru1 increased risk of nonrecovery of renal function and mor
tality and others not suggesting this. 

RRT may he indicated for symptomatic fluid overload. 
severe electrolyte or acid-base disorders, sepsis, or uremic com
plications sud1 as encephalopathy or pericarditis. 'There are, 
however, no specific criteria to guide the timing or institution 
of replacement therapies and the decision to do so is based on 
clinical assessment. Several options for RRT exist, including 
intermittent techniques such as peritoneal dialysis or hemodialy
sis. Peritoneal dialysi$ is appropriate i11 dnonic renal failure 
patients who do not have peritonitis or have not undergone 
recent abdominal surgery but has limited appBcations in the 
ICU. Hemodialysis provides efficient removal of fluid, solutes, 

http://www.myuptodate.com


and some toxins, bur may be associated with hemodynamic 
insrabiliry because of the high flow rates required and is relatively 
resource-intensive. Continuous RRT teclmiques offer the advan
tage of improved hemodynamic stability and relatively less 
resource use, but require some type of anticoagulation and have 
not been proven superior to hemodialysis in improving our
comes except in some limited clinical trials. Interestingly, RRT 
has been shown to remove cytokincs and inflanmlatory media
tors from the blood of septic patiellts without having a signifi
cant impact on survival. Continuous hemofiltration may be 
used to remove fluid and solutes in patients who only suffer 
from fluid overload, but continuous venovenous hemodialysis 
(CVVHD) is the most commonly used method in the ICU. It 
uses a double-lumen central venous catheter and pumps blood 
through a filter against the counterflow of dialysate before 
returning it to the patient. Initially, there was significant enthu
siasm for increased flow rates in continuous renal replacement 
therapies, leading to better clinical outcomes, but more recent 
randomized trials have shown no reduction in mortality, rcu 
length of sray, or duration on a ventilator with these higher 
intensity therap)' and flow rates.46 Continuous arteriovenous 
hemodiafiJtration (CAVHD) is similar but requires a large-bore 
arterial cannula and adequate patient arterial pressure to drive 
the process and, as such, has fa!Jen out of favor. 

G iven the signiilcant morbidity and mortality a~sociated 
with AKI, prevention is the ideal strategy. 'This involves careful 
attention to fluid balance and perfusion, proper dosing and 
monitoring of medications, and avoidance of nephrotoxic drugs. 
Radiographic contrast material causes 10% to 15% of hospital
acquired AKI. Hydration and the use of nonionic contrast 
agents may help reduce this incidence. Hydration with sodium 
bicarbonate before a contrast load has been shown to be an 
effective means of preventing AKI in patients with preexisting 
renal insufficiency. 

HEPATIC DYSFUNCTION 
Liver disease should be suspected in patients with a history of 
alcohol or IV drug abuse, blood transfusions, or presence of 
tattoos. Physical stigmata of liver disease include jaundice, mal
nutrition, muscle wa~ting, encephalopathy, gynecomastia, tes
ticular atrophy, spider angiomas, palmar erythema, ascites, fetor 
hepaticus, and caput medusae. Laboratory findings reveal an 
elevated bilirubin level, prolonged produombin tin1e, hypoal
buminemia, and increased or normal transaminase levels, 
depending on the stage of the liver failure. CriticalJy ill patients 
may develop secondary liver failure, manifested by cholestatic 
jaundice, impaired synthetic activity, and altered mental status. 
Treatment is directed at the llllderlying condition, but failure co 
correct this problem often results i.n MOF and death. Primary 
liver failure may represent an exacerbation of chronic liver 
disease or may be an acure problem caused hy viral illness, drugs, 
or other toxins. In cases of acute liver failure, the cause and 
extrahepatic complications (e.g., fluid, electrolyte, and coagula
tion abnormalities; renal, pulmonary, and immw1e dysfunction) 
are treated medically. Cerebral edema is present in 8Uo/o of 
patients dying of fulminant hepatic failure, so aggressive man
agement, includiJlg early ICP monitoring, is critical. Orthotopic 
liver rransplanration may prove lifesaving, but must be consid
ered before irreversible brain damage or MOF develops. 

Patients wutb an exacerbation of cl1ronic liver disease 
usually present wich a complication that muse be treated. 
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Variceal hemorrhage is the most dramatic presenration and 
carries a high mortality (see Chapter 54). Patients with ascites 
and acute physiologic decompensation should undergo diagnos
tic paracentesis and cell count to exclude bacterial peritonitis. A 
white blood cell count higher than 500/mm3 suggests bacterial 
peri roniris. Primary bacterial perironitis occurs in over 20% of 
cirrhotic patients with ascites. [t is typically monomicrobial 
(Pneumococcus) and is treated by antibiotic therapy alone, but 
its associated 1-year mortality is 50%. Polymicrobial peritonitis 
is indicative of an intra-abdominal abscess or perforated viscus. 
Patients showing signs of intra-abdominal hypertension second
ary to tense ascites may require large-volume paracentesis to 
alleviate symproms. Medical management of ascites includes 
sodilll1:l (1 to 2 g/day) and water restriction and diuresis. Spi
ronolactone is preferred because it inhibits sodium reabsorption, 
but furosemide may be required in advanced cases. Large-volume 
paracentesis is generally well tolerated, but albumin replacement 
(7 to 9 glli ter) should be considered beforehand and may 
decrease renal insufficiency and encephalopathy. Management 
of hepatic encephalopathy begins with reversal of precipitating 
factors, sucl1 as removing drugs with CNS effects, treating 
infections, and correcting fluid and electrolyte abnormalities. 
Ammonia formation and elimination are addressed by admiJ1is
tering neomycin and lactulose, respectively. 

The hepatorenal syndrome is a functional renal problem 
seen in patients with end-stage Hver disease thac is caused by a 
combination of systemic vasodilation, relative hypovolemia, and 
increased acrivity of the reniJ1-angiotensln-aldosrerone syscem. 
It is marked by azotemia, oliguria, extremely low urinary sodium 
level (<10 mEq/liter), and high urinary osmolality. The progno
sis is dismal, but systemic vasoconstriction using vasopressin, 
terlipressin, or orniprcssin has shown promising results, whereas 
octreotide has proven largely ineffective.47 Care is largely sup
portive and orthotopic liver transplantation may be curative. 
Nutritional support should llmit protein to I to 1.2 g/kglday 
and pwvide 25 to 35 kcal/kg/day, with 300A) to 40% of nonpro
tein calories in the form of fat. 

ENDOCRINE SYSTEM 

Adrenal lnsuffidency 
1he hypothalamic-pituitary-adrenal axis (HPM) is activated by 
physiologic mess, resulting iJ1 proportional iJ1creascs in 
corticotropiJ1-releasing hormone, adrenocorticotropic hormone, 
and cortisol levels (see Chapter 41). Stress may unmask adrenal 
insufficiency, with potentially devastating consequences. Patients 
with potential adrenal insufficiency may be identified based on 
a history of chronic or recent steroid administration or clinical 
findings consistent with hypercortisolism or Cushing's syndrome 
(e.g., hypertension, diabetes, trw1cal obesity, hirsutism, buffalo 
hump) or primary adrenal insufficiency or Addison's disease 
(e.g., thin build, hyperpigmented, constitutional complaints). In 
ellis setting, steroids should be administered based on the 
patient's history and degree of expected surgical stress. Patients 
on long-term therapeutic doses of corticosteroids should be 
maintained on them periopcrativdy and postoperatively on 
doses equivalent to their daily exogenous coral dosage. Usually, 
they do not require rrue srress-dose steroid adminisrradon, but 
in cases of volume-refractory hypotension there should be a low 
threshold for giving these doses. Patients who present for surgery 
or who have been i11jured who were maintained oo physiologic 
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replacement doses for adrenal insufficiency or with dysfunction 
of the HPAA are likely unable to mount an adequate cortisol 
response.; they :need the equivalent of 50 mg of hydrocortisone 
on the day of surgery for a minor operation and chen their daily 
maintenance dose should be continued. For major surgery, these 
patiems should receive from 75 ro 150 mg of hydrocorrisone 
intraoperatively: the doses should be continued three times daily 
for 48 to 72 hours.48 1be risks and complications of using stress
dose corticosteroids mainly involve hyperglycemia and an Lmcer
tain degree of immunosuppression; it .is thought that the benefits 
of treating patients with such a regimen outweigh the risks in 
most cases. 

An acll(e adrenal (addisonian) crisis may be difficult co 
diagnose in the ICU and presents with unexplained hypoten
sion, fever. abdominal pain, or weakness. If adrenal crisis is 
suspected in a patient with fluid-unresponsive hypotension that 
begins to requitre vasopressor support, hydrocortisone or dexa
metllasone sho·uld be administered empirically whiJe awaiti ng 
confirmatory laboratory values and investigation (e.g., for hypo
natremia, hyperkalemia, hypoglycemia, azotemia, cortisol level 
<20 J.tg/dL). Dexamethasone does not interfere with the serum 
assay of cortisol but hydrocortisone does. If adrenal insufficiency 
is present, hydrocortisone should be continued at 200 to 
300 mgl day in divided doses. Relative adrenal insufficiency has 
become an emerging problem in the TCUs and manifests as 
hypotension refractory to fluid and/or vasopressor therapy. If 
there is a concern about adrenal insufficiency, a random (ba~e
line) serum cortisol level should be measured because there is a 
loss of diurnal variation of cortisol secretion in critical illness. 
Previously, a cosyntropin (250-J.!g) stimulation test was per
formed bur chis is now controversial and may be omitted. A 
baseline random cortisol level higher than 34J.lgldL suggests 
normal adrenal function and no further testing is required, but 
a cortisol level lower than 15 J,.lg/dL is consistent with hypoad
renalism and corticosteroids should be administered. For cortisol 
levels henveen 15 and 34 J,.lg/dL, the response co cosyntropin 
stimulation may define adrenal insufficiency; failure to increase 
the cortisol level by at least 9 f.lg/dL over baseline is consistent 
with hypoad.renaLi.sm. 1l1ls should prompt corticosteroid therapy 
but, as noted, this practice is no Longer recommended. In 
patients witl1 septic shock, hydrocortisone replacement therapy 
has been shown in a randomized controlled trial to facilltate 
vasopressor weaning and lower mortality in patients with relative 
adrenal insLLfficiency.49 

The sedative and hypnotic agent etomidate is often used to 
facilitate intubation and can cause marked adrenal insufficiency 
for up co 48 to 72 hours after its administration. Etomidate 
inhibits the conversion of 11 ~-deoxycortisol into cortisol and 
Limits overall steroid synthesis. Patients' medications should 
always be reviewed to determine whether this agent was given 
and stress-dose corticosteroids should be ordered promptly if 
etomidate-induced adrenal insufficiency is suspected. 

Glucose Disorders 
Diabetic ketoacidosis (DKA) is t:ypically seen in patients witb 
type 1 diabetes mellitus, caused by noncompliance with insulin 
therapy or acute illness or injury. Patients typically present with 
symproms of nausea, abdominal pain, excessive thirst, or fatigue; 
however, bemodynan:tically instability and an altered level of 
consciousness are possible. A classic finding is Kussmaul breath
ing (rapid, deep respirations) and an acetone or fruity breath 

odor. Laboratory findings include hyperglycemia, a nigh anion 
gap metabolic acidosis, and ketosis. Hyperkalemia is common 
despite total body potassium deficit. Mortality from DKA can 
approach 10% to 15%, so aggressive treatment is critical. 
Normal saline is infused to replace intravascular volume, along 
with regular insulin {0.1 ro 0.2-U/kg bolus followed by 0.1 U/ 
kg/hr), and frequent glucose monitoring. Glucose should be 
added to the fluid resuscitation once rhe serum glucose level falls 
below 250 mg/dL. The insulin infusion should be titrated bur 
contimted unti l the ketoacidosis resolves. Hypokalemia and 
hypophosphatemia commonly develop during therapy and 
should be aggressively corrected. 

Hyperosmolar nonkerotic dehydration syndrome (HONK) 
is more common in patients who have sufficieJ1t insulin to 

prevent ketoacidosis, but not hyperglycemia. Its precipitating 
factors and clinical presentation are similar to those of DKA, 
but mental status changes are more common and pronow1ced. 
l11e hyperglycemia ofHONK is more extreme, generally exceed
ing 800 mg/dL; however, ketoacidosis is absent. Osmotic diure
sis leads to dehydration and hypernatremia, but the sodium level 
can he misleading because of hyperglycemic pseudohyponatre
mia. The free water deficit may be calculated ba~ed on the cor
rected serum sodium level (add 1.6 mmol!liter for every I 00-mg/ 
dL elevation in the glucose level): 

Free water deficit = 0.6 X weight [1 - (140/serum Na)] 

where weight is in kilograms and free water deficit in liters. 
Treatment of HONK is sinUlar to that for DKA except that fluid 
resuscitation needs to be more aggressive. 

Hyperglycemia in the absence of a diagnosis of diabetes 
mellitus is common in critically ill patients. 1l1e phenomenon 
of stress-related hyperglycemia appears to be related to insulin 
resistance resulting from the relea~e of counterregulatory hor
mones (e.g., glucagon, epinephrine, norepinephrine, glucocor
ticoids, growth hormone) and cytokines (e.g., rumor necrosis 
factor, imerleu.kin [IL]-1 and IL-6). 1t may be present on JCU 
admission and typically resolves as the catabolic illness subsides; 
however, ongoing metabolic dysreguJation and protracted 
hyperglycemia may persist in some patients, particularly those 
with untreated infection or ongoing inflan1J11ation. Conse
quences of protracted hyperglycemia center around infectious 
complications in critically ill surgical and injured patients. 
However, one PRCf has demonstrated improved survival asso
ciated with intensive insulin therapy (maintenance of glucose 
level between 80 and 11 0 mg/dL, compared with 180 to 
200 mg/dL).41 However, these findings have been challenged 
by several PRCfs that could not reproduce that result. Recently; 
a meta-analysis comparing outcomes in patients managed with 
goal blood glucose levels of 81 to 108 mg/ dL {intensive 
regimen) versus those with blood glucose levels lower 
chan 180 mg/dL {conventional regimen) has shown a morraliry 
increase and significantly more episodes of severe hypoglycemia 
(gluc>Ose level <40 mg/dL) in the intensive glucose trearment 
group. 50 Episodes of severe hypoglycemia have been shown to 
be associated with mortality from cardiovascular causes and 
may be particularly detrimental in patients with traumatic 
brain injury. Thus, at present, the target for blood glucose 
control centers on a level of 150 mg/ dL, a value that was shown 
over 20 years ago to be associated witl1 less i nfectiOLL~ complica
tions in surgical patients. 
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HEMATOLOGIC SYSTEM 

Venous Thromboembolism 

Deep Venous Thrombosis 
fCO patiems rypically manifest all three componems of Vir
chow's triad that contribute to risk for venous thrombosis
stasis, endothdial injury, and hypercoagulability. Surveillance 
ultrasonography and venography studies in trauma and medical 
ICUs have determined tbe incidence of deep venous thrombosis 
(DVD in 30% to 40% of patients; in these patients, DVTs that 
extend to the thigh in approximately 40% to 50% will result in 
a PE. The mortaJlry rate of an untreated PE is 25%; thus, it is 
pmdent for every institution to have a fom1al prevention strat
egy for venous thromboembolism (VTE) and PE. High-risk 
factors that justify prophylaxis include the following: major 
general surgery (thoracic or abdominal operations w1der general 
anesthesia, lasting ;;:::30 miJ1utes), neurosurgical procedures, cor
onary artery bypass surgery, surgery for gynecologic malignan
cies, major urologic surgery, multiple trauma, hip fracrure, 
spinal cord injury, surgery or chemotherapy for malignancy, 
congestive heart failure, and respiratory failure. 

There are additional risk factors that are not sufficient to 
justify prophylaxis, but which may in combination warrant or 
al.ter prophylaxis: prior VTE, age older than 40 years, obesity, 
recent presence of a central venous catheter, prolonged immo
bility, hormone replacement therapy, antiphospholipid anti
body syndrome. and hereditary risk facrors. Because ICU 
patients generally have at least one risk factor, DVT prophylaxis 
should be consid!ered routine; however, these patients also often 
have increased risk factors for bleeding complications because 
of coagulopathy, thrombocytopenia, or platelet dysfunction, so 
the decision should be reviewed carefully. All patients should 
have intermittent pneumatic compression devices applied. Lf 
there is no corntraindication, low-molecular-weight heparin 
(LMWH), low-dose tmfractionated heparin (LDUH), adjusted
dose heparin, or oral anticoagulams should be administered. 
LMWH has been proven to be superior to LDUH for trauma 
and joint replacement patients, but evidence is iJ1creasing that 
standard dosing of LMWH may result in inadequate levels of 
anti-factor X (Xa) in ICU patients. 51 FondaparintlX sodiwn, a 
synthetic penta~accharide that inhibits Xa, appears promising 
iJ1 major orthopedic sttrgery and possibly as a therapy for 
heparin-induced thrombocytopenia (see later). The use of pro
phylactic inferior vena caval filters is controversial. In general, 
their use should be lim ited to high-risk patients who have con
traiJ1dications to anticoagulation or to those with recurrent PE; 
however, the advent of removable filters has probably lowered 
the threshold for their placement. 1llis modality remains rela
tively new so the available evidence to guide their use is still 
being developed. 

The clinical signs and symptoms of DVT (e.g., leg pain, 
swelliJ1g, rubor, fever) are unreliable in the ICO and most 
patients with ultrasotmd-proven DVT will have no subjective 
complaints or plhysical findings. Venography had been consid
ered the gold standard for diagnosis, but it is iJwasive, requires 
a contrast load, and is rapidly becoming a test of the past as 
familiarity and experience with it wanes. Imaging with CT or 
MRI is expensive and reqttires moving the patient but may have 
a role iJ1 detecti ng pelvic vein thrombus not readily seen on 
ultrasonography. On the other hand, duplex ultrasonography is 

SURGICAL CRITICAL CARE CHAPTER 23 587 

noninvasive, portable, and has sensitivity and specificity of more 
than 95%, making it an excellent screening tool; however, its 
usefulness for detecting proximal dot is lin:tited. Literature has 
supported use of the D-din1er assay, noting its high negative 
predictive value, but D-dimer is insufficient to exclude DVT in 
patiems who have a moderate ro high clinical probabiliry ba~ed 
on pretest assessment. However, the combination of a normal 
D-dimer concentration and low pretest probability is Likely 
adequate to rule out VTE. 

Tream1ent of DVT has typically beeJl with IV lll1fraction
ated heparin (UFH) but because of its more consisteJJt and 
predictable response, favorable dosmg, and equivalent efficacy, 
with fewer bleeding complications, LMWH is now preferred. 
Previous enthusia~m for usmg UFH, which was based on the 
decreased need for monitoring anti-Xa levels, may be decreasing 
because recent studies have shown that patients are frequently 
underdosed, even when it is used as prophylactic anticoagula
tion.51 Attention should be paid to the potential for bioaccumu
lation because of its exclusive renal clearance, especially i"n 
patients with Cc, lower than 30 mL/mm. Also, as noted, moni
toriJ1g of activated Xa levcls is prohahly warranted in critically 
il l and morbidly obese patients. LMWH also affords the option 
oflong-term treatment, obviatiJ1g the need for warfarin. but tlus 
requires injection therapy rather tl1an oral administration. Treat
ment for VTE is generally for 3 to 12 months, with the duration 
depending largely on a patient's likelihood of recurreJKe com
pared with the risk of a bleeding event, with the highest risk of 
recurrence occurriJ1g in the fuse 3 monrhs and iJ1 chose patieJ1ts 
with malignancy or cardiovascular disease. Thrombolytic therapy 
should be cons"idered for limb-threatenl11g thrombosis of the 
iliofemoral system, but otherwise it offers little additional benefit 
to offset its bleediJ1g risk. Upper extrenuty DVT should be 
treated as aggressively as lower extremiry DVT, because the rate 
of PE exceeds 1 Oo/o. 

Pulmonary Embolism 
PE is a common aJ1d Likely underdiagnosed problem in the ICU 
setting because its clinical manifestations are nonspecific (e.g., 
tad1ypnea, hypoxen1ia, tachyarrhythmias) and a~ociated with 
many other conditions i11 ICU patients. Fortunately, most PEs 
are clinically insignificant, bur hypotension may be seen with 
moderate-sized PEs. IfPE is clinically suspected aJ1d the d inkal 
situation allows, UFH should be administered empirically while 
a diagnosis is pursued. Systenuc lytic therapy should be considered 
for moderate to severe cases when hemodynan1k instability or 
signs of marked right heart strain are present. If the clinical sus
picion for PE is low, a noJuJwasive study such as a D-dil11er assay 
or duplex ultrasonography may be used, but a normal D-dimer 
level in this setti11g CaJ1 obviate the need for further testing. If the 
PE is moderate to severe, a more deruutive test is needed. Pulmo
nary angiography is considered the gold standard, but it is invasive 
and requires interventional radiologic capability. Ventilation
perfusion scanning, the former fust-line test, is only valuable if it 
is negative or there is a high probability. Spiral CT puLmonary 
angiography is fairly accurate in diagnosing PE and may demon
strate additional or alternative pathology. Catastrophic PE, such 
a~ seen with a large saddle embolus, may cause sudden death. 
Immediate cardiopulmonary resuscitation is required, with Large 
doses of heparin or thrombolytics. 1l1e Trendelcnburg procedure, 
a surgical thrombectomy of the pulmonary artery, is an option 
but is rarely mdicated and infrequently successful. 
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Heparin-Induced Thrombocytopenia 
Up to 15% of patients who receive heparin experience acute 
thrombocytopenia, which resolves spontaneously and has limited 
clinical sequelae. It is caused by platelet clumping or nansient 
sequestration of platelets and is termed HIT type I. HIT type IT 
is caused by heparin~associated anriplatelet anribodies (platelet 
factor 4 [PF4), which develop in 1 o/o to 3o/o of patients on UFH 
and 0.1 o/o ofpatients on LMWH. HIT type II leads to platelet 
activation and aggregation, resulting in a severe VTE phenom
enon, which typically occurs 8 days (average) after the beginning 
of heparin administration, less if a patient was previously sensi
tized. The diagnosis of HIT should be suspected if a patient 
develops resistance to anticoagulation, tbromboen1bolic evenrs, 
a fall in the pEatelet count of more cl1an 50% or an absolute 
platelet count less than LOO,OOO/mm3• If HIT is suspected, aU 
forms of heparin should be stopped and the patient tested for 
PF4. If there are no antibodies, heparin can be resumed; however, 
if anti-PF4 antibodies are found, heparin needs to be discontin
ued and alternative anticoagulants are required. PatientS witb 
PF4 antibodies. requiring ongoing VTE prophylaxis are usually 
treated wiili direct thrombin inruhitors such as lepirudin, arg
atroban, biva)jrudin, or danaparoid, which bind thrombin and 
block its activity, or factor Xa inhibitors such as fondaparinux, 
idraparinux, and razaxaban. Of iliese agents, lepirudin, argatro
ban, and danaparoid are currently U.S. Food and Drug Admin
istration (FDA)-approved for use for this indication. Anti-PF4 
antibodies tend to fade over weeks to months, so patients may 
receive heparin if future retesting is negative. The role for long
term anticoagulation with warfarin remains tmclear but it is 
generally used. 

Blood Transfusions 
Anemia is a widespread problem in critically ill patientS because 
of injury, surgery, diagnostic tests, and decreased erythropoiesis 
resulting in frequent blood transfusions. A large, recent, retro
spective cohort study has reported that 67% of patients were 
transfused during cl1eir stay, with higher rates of transfusion 
associated with increased ICU length of stay and prolonged 
mechanical ventilationY Clinical trials have indieated cl1at Hb 
tends to reach a steady-state level of approxin1arely 8.5 g/dL in 
JCU patientS and that moderate anemia (Hb, 7 to 10 g/dL) is 
well tolerated :in healthy iJJdividuals, but some ICU patients 
wiili excessive metabolic demands may not tolerate the associ
ated decrease im D~.41 Transfusion therapy is not without risk 
because blood is altered during storage; transfusion may incite 
electrolyte and acid-base disturbances, coagulopathy, and dimin
ished oxygen-delivering capaci ty. Despite improved safety of the 
current blood supply, there is still d1e potential of viral infec
tions, incomparibility resulting in hemolytic reactions, anaphy
laxis, and febrile reactions. Blood transfusions have significant 
immunosuppressive properties and can improve the survival of 
renal allografts, but are also associated with an increased recur
rence of cancers and postoperative infections. There is also 
growing evidence in a number of prospective cohort studies that 
blood transfusion is associated with an increased risk of ALI and 
ARDS. ALI was prospectively observed in 8% of patients who 
tUlderwent transfusion of any blood product. 1l1ese investiga
tions have also reported a dose-response relarionsrup between 
the number of transfusions and incidence of ARDS.53 There is 
also an a~sociadon between i11creased length of storage of blood 
products and a recipient's neutrophil activation, another possible 

mechanism for transfusion-related ltmg iJ1jury. Finally, blood 
transfusion has also been identified as a robust independent 
predictor of postinjury MOF and has been shown to be associ
ated wicl1 markedly increased mortality rates, lengili of hospital 
stay, and higher expense. 1lms, the transfusion trigger is being 
consramly revised as our understanding of the risk-benefit ratio 
of blood transfusion conti11ues to evolve. 

A multicenter PRCT has examined the effects of a restric
rive transfusion strateg)'• transfusing for an Hb level less than 
7 g/dL and maintaining an Hb level of7 toY g/dL, compared 
with a liberal strategy (maintaining an Hb level of 10 to 12 g/ 
dL).44 The in-hospital mortaJjty was lower among me restrictive 
strategy group. In this same group, 30-day morraJjty was lower 
in the subset of patients who were less acutely ill (Acute Physiol
ogy and Chronic Health Evaluation [APACHE) score $20) and 
younger (<55 years), but not those with clinically significant 
cardiac disea~e. Based on d1e current literature, a rational set of 
transfusion guidelines may be constructed (Box 23-3). 

Recognizing the detrimental effects of low D~ and blood 
transfusion, alternatives to transfusion are being investigated.In 
the operating room, practical alternatives include preoperative 
autologous blood donation, normovolemic hemodilution, 
iJ1duced hypotension to reduce blood loss, and red blood cell 
(RBC) salvage systems; however, iliese are not feasible in tbe 
lCU. Autotransfusion involves the recovery and readministra
tion of shed blood from body cavities, wounds, and drains. The 
blood is collected in a reservoir containing an anticoagu.lant, and 
reinfused after washing andlnr filtering. 1l1ere is almost no risk 
of transmission of infectious disease and nansfusion reactions 
are essentially eliminated. Conversely, shed blood recovered 
from body cavities is defibrinated and essentially depleted of 
clotting factors, so dilutional coagulopathy may result from 

Packed Red Blood Cells 
Hemoglobin <7 g/dl 
Acute blood volume loss > 15% 
>20% decrease in blood pressure or blood pressure 

<100 mm Hg because of blood loss 
Hemoglobin <10 g/dl accompanied by symptoms (e.g., chest 

pain, dyspnea, fatigability, light-headedness, orthostatic 
hypotension) or in the presence of significant cardiac disease 

Hemoglobin <11 g/dl for patients at risk for MOF 

Fresh-Frozen Plasma 
Prot11rombin time > 17 sec 
Clotting factor deficiency {<25% of normal value) 
Massive transfusion {1 U/5 U red blood cells) or if d inically 

bleeding 
Severe traumatic brain injury 

Platelets 
Platelet count <1 0,000/J.ll 
Platelet count <1 0,000 to 20,000Atl with bleeding 
Platelet count <50,000 acutely after severe trauma 
Bleeding time > 15 min 

Cryoprecipitate 
Fibrinogen <100 mg/dl 
Hemophilia A, von Willebrand disease 
Severe traumatic brain i 
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major autotransfusion. Because the blood bas been partially 
clotted, with subsequent lysis, transfusion of these products of 
fibrinolysis can activate the patient's coagulation system and 
result in disseminated intravascldar coagulation. There is also a 
risk of contamination of the shed blood, particularly during 
gastrointestinal surgery or uauma. Inability to predict who will 
benefit and its labor intensity limits its cost-effectiveness and 
practicality. 

The anemia of critical illness is associated with a blunted 
increase in circulating erythropoietin concentrations in response 
to physiologic stimuli and stress. Although there was some 
optimism from prospective randomized data in the 1990s 
showing that the scheduled administration of recombinant 
human erythropoietin reduces blood transfusion requirements, 
this was recently contradicted in a large multicenter prospective 
triaL'~'~ 1he same group that had initially shown reduced trans
fusion requirements with scheduled erythropoietin was now 
unable to repeat this finding in a multicemer investigation, and 
attributed this to more restrictive and lower hemoglobin trig
gers for transfusiion. An association was shown between sched
uled erytbrnpoietin administration and decreased mortality in 
trauma patients admitted for more than 48 hou.rs, a finding 
that was also present in their earlier studies; postulated benefi
cial mechanisms of erythropoietin other than hematopoiesis 
and include its potential antiapoptotic activity and cytokine 
properties. '~'~ 

Blood Substitutes 
Blood products require typing and cross matching, have a 
Hmited shelflife, and are not immediately available in all health 
care facilities or clinical senings. Consequently, Hb substitutes 
that will provide physiologic 0 2-carrying capacity and volume 
expansion without adverse effects or risks have been the subject 
of active investigation (Box 23-4). [n the last 3 decades, two 
strategies of blood substitutes have been developed and tested 
clinically, perf!uorocarhon (PFC) emulsions and Hh solutions. 
PFCs have a solubility for 0 2 that is l O to 20 times higher than 
that of blood, but have no special affinity for 0 2, and thus their 
efficacy relies on maintaining a high Pa~. They offer no discrete 
benefit compared with crystalloid solutions and have been asso
ciated with unacceptable toxicities. 

1l1e Hb tetramer is the active ingredient of the RBC and 
is durable and flmcdons independendy to transport 0 2 outside 
its ceU membrane. Unfortunately, unmodified tetrameric Hb is 
unsuitable for clinical use because it dissociates into beterodi
mers and extravasates, scavenging nitric oxide and resulting in 
unwanted vasoconstriction, hypertension, and significant toxici
ties. Unmodified terrameric Hb is further hindered by its low 
0 2 half-saturation pressure (P50) and relatively high osmolaHry. 
Modification ofHb, therefore, has at least four major objectives: 

• Physiologic loading and unloading of ~ 
• Volume expansion capability 
• Immediate availability 
• Universal compatibility 
• No adverse physiologic effects 
• Ffeedom from disease transmission 
• Lon -term storage ~a . ....~-a_b_il_ity.!-------------' 
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(1) minimize toxicity; (2) prolong intravascLdar retention; (3) 
decrease 0 2 affinity; and (4) reduce colloid osmotic pressure. 
There are at least fou.r Hb-based RBC substitutes that have been 
investigated in cHnical trials. The primary differences .in the Hb 
solutions lie in the source and technical aspects of polymeriza
tion. Dia~pirin cross-linked Hb, derived from outdated human 
blood, has been one of the most widely studied solutions but 
clinical experience has been disappointiJ1g. A multicenter ran
domized trial in patients with hen1orrhagic shock found d1at 
mortatity was higher in the study group (46%) compared with 
a saline resuscitation group (17%). The cause of the excessive 
death rate was not known but is theorized to be caused by its 
negative effect on nitric oxide. Another product, a-raffinose 
polymerized Hb, was shown in. phase ll clini.cal trials that it may 
be effective in reducing the need for transfusions in patients 
undergoing coronary artery bypass grafting; however, this com
pound was similarly hindered by its pressor effect. A glutaralde
hyde polymeri.:z..ed bovine Hb product has a reduced 0 2 affinity 
that promotes 0 2 unloading in the tissues. ln cliJ1ical trials, it 
was able to reduce the need for transfusions, but at the cost of 
iJ1creased systemic vascular resistance and methemoglobinemia. 
Finally, human Hb-based glutaraldehyde polymeri:t.ed pyr.idox
ylated stroma-free Hb (Poly SFH-P) solution (PolyHeme, 
Northfield Laboratories, Chicago) ha~ a near-normal P50, and 
essentially all unreacted tetramer is removed in a purification 
process. Clinical trials have demonstrated the safety and physi
ologic fw1ction of PolyHeme, as well as its abWty to decrease 
transfusions of allogeneic blood. It has heen most valuable in 
situations in which allogeneic packed red blood cells or whole 
blood are unavailable, notably injured patients iJ1 a shock state 
who were not iJ1 the immediate vicinity of a trauma center. 
Unlike the other solutions described, there is no evidence that 
it increases systemic or pulmonary vascular resistance because 
the transfusion-related hyperinAammatory response appears to 
be blunted by PolyHeme. 

The principles of hemostatic resuscitation have also been 
investigated recently, especially in iJ1jured patients who have 
suffered significant degrees of blood loss. 55 With the now exten
sive experience in civilian and military injuries, tl1.ere has been 
an increasing appreciation for the significant coagulopatby asso
ciated with massive blood loss, consumption of clotting factors, 
and dilution of these factors from bigh-volume crystalloid and 
packed red cell transfusions. The principles of hemostatic resus
citation involve administering more equal ratios of fresh-frozen 
plasma (FFP) to packed red cells than bad been previously to 
replace lost and diluted clottiJ1g factors in patients who suffered 
significant blood loss from injuries or subsequent surgery. Recent 
retrospective data have shown a significantly decreased mortaHty 
and trauma lCU length of stay when a 1: 1 packed red cell-to
FFP ratio was administered to patients with trauma-induced 
coagulopathy when compared with a 1:4 packed red cell-to-FFP 
ratio. 55 Accordingly, the early aggressive use of FFP and platelets 
appears warranted in all hen10rrhaging patients requiriJ1g blood 
component therapy. 

SEPSIS AND MULTIPLE ORGAN FAILURE 

Sepsis 
1l1e earliest reports of the MOF syndrome, in the 1970s, Linked 
the syndrome to sepsis. [n tl1e ensuing decade, it becanJe dearer 
that the systemic manifestations of gram-negative sepsis could 
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result from noninfectious stimuli. To clarify terminology in dus 
area, the American College of Chest Physicians and the Society 
of Critical Care Medicine published a consensus description and 
definition of SIRS (Box 23-5). These definitions arc important 
so tl1at clinicians can commLmicate effectively, conveying a true 
sense of a parienr's illness as well as idemifying chose who might 
be candidates for adj w1ctive therapies. 

An epidemiologic study based on hospital discharge data
bases from seven states, representing 25% of the United Scates 
population at 1that time, determined that severe sepsis affects 
751,000 patients aruwally (2.3/1 00 hospital discharges), with 
29% mortality.18 As the U.S. population ages, it is anticipated 
that the incidence of sepsis wiJl increase roughly L.5%/year. Nm 
every infection, however, causes sepsis. lts occurrence depends 
on a combinatnon of bacterial virulence factors (e.g., adherence 
properties, resistance to phagocytosis or ar1tibiotics, endotoxin 
from gram-negative bacteria, exotoxin from gran1-positive bac
teria) and host factors (e.g., immune status and immune 
response, epithelial barrier function, gender, genetic factors) . 

The fundamental strategy in mar1aging septic patients 
involves fluid resuscitation and treatment of the Lmderlying 
infection, or source control, plus the administration of appropri
ate antibi.otics. Suitable empirical antibiotic therapy for severe 
sepsis includes carbapenems, thitd- or fourth-generation cepha
losporin with additional anaerobic coverage, or antipseudo
monal penicillins. Agents with activity against metlucillin-resiscar1t 
Stttphylococcus aw·eus should be used if there is a reasonable 
concern tbat this orgarlism is present (e.g., nosoconlial infection, 
dlfonic health facility resident). Source control refers to me 
drainage of abscesses, debridement of devitalized tissue, removal 
of infected foreign bodies, ar1d definitive mar1agement of the 
source (e.g., appendectomy, cholecystectomy). Resuscitation of 
patients should follow the principles outlined earlier. The ben
efits of early goal-directed therapy, targeting CVP at 8 to 
12 mm Hg, MAP, 65 to 90 mm Hg, ar1d central venous SOJ,, 
70% or higher, have been demonstrated in a prospective clinical 
trials.56 In this srudy, in-hospital mortality was reduced in all 
patients, including the subgroup with severe sepsis and septic 
shock. 

... ... 
·IF.lifol lliJ.'tli! I 

SIRS 
Two or more of the following: 

• Temperature >38° Cor <35° C 
• Heart rate >90 beats/min 
• Respiratoll)' rate >20 breaths/min or Paco, <32 mm Hg 
• WBC count >12,000 or <4000/mm3 

Sepsis 
SIRS + documented infection 

Severe Sepsis 
Sepsis+ organ dysfunction or hypoperfusion (e.g., lacticacidosis, 

oliguria, altered mental status) 

Septic Shock 
Sepsis + organ dysfunction + hypotension {SBP <90 mm Hg or 

SBP >90 mm Hg with vasopressors) 

Septic shock is ar1 abnom1al vasodilatory distribution of 
cardiac output, in which CO may be normal or increased. Septic 
shock is often refractory to catecholan1ines, which may be a 
manifestation of vasopressin deficiency. Thus, there is a role for 
vasopressi11 administration in patients with septic shock, espe
cially those pariems with catecholamine-refracrory septic shock 
in whom vasopressin infusion may result in an immediate and 
sustained increase in MAP. 1l1e increased recognition of adrenal 
insufficiency in critically ill patients has prompted a resurgence 
in glucocorticoid therapy for sepsis and critical care in general, 
as noted. In the senlinal study of steroids in septic shock, steroids 
were shown to reverse shock, reduce vasopressor reqtlirements, 
moderate organ dysfunction scores, and improve survival.4q 

There are a number of adjunctive therapies that have shown 
promise in preclinical studies or small clinical trials, but large 
multicenter PRCTs have not demonstrated survival benefits. 
These include ibuprofen, prostaglar1di.n £1, pentoxifylline, 
N-acecylcysteine, selenium, antitbrombin-3, TV immwlOglobu
lins, hen1ofiltration, recombinant tissue factor pathway inhibi
tor, p55 tumor necrosis factor (TNF), receptor fusion protein, 
and antibodies co TNF-a. and endotoxin. Only recombinant: 
humar1 activated protein C (APC) has been shown to improve 
survival in patients with severe sepsis. APC is an endogenous 
protein that promotes fibrinolysis and inhlbits thrombosis and 
inAar11mation; it is an important modulator of the coagulation 
ar1d in.Aanm1ation associated with severe sepsis. [n a mtJticenter 
PRCT of 1690 randomized severe sepsis patients, APC reduced 
mortality from 31% to 25%. 5' The only significant adverse effect: 
was an increase in bleeding complications in me APC group 
(3.5% versus 2.0%: P = .06). 

Although new potentialJy beneficial therapies for sepsis 
have begun to emerge, there have also been more studies seeking 
more sensitive and spcci.fic biomarkers for sepsis. Finding such 
a biomarker, which might be mar1ifest earlier in the course of 
developing sepsis to guide therapies, prognosis, and even ar1ti
hiotic duration has been another aspect of these investigations. 
Unfortw1ately, ir is often diffiCLJt in the ICU to distinguisb 
in.Aar1m1atory states from infectious states because relying on 
traditional means such as leukocyte counts, C-reactive protein 
(CRP), erythrocyte sedimentation rate (ESR), and presence of 
fever can be unreliable, especially in patients with prolonged 
ICU stays. Procalcitonin has been eval uated as a means to delin
eate sepsis from other no11infectious causes of SIRS; there have 
been some initially pronlising data from small, single-center 
studies showing a greater sensitivity compared with white blood 
cell (WBC) coum ar1d CRP in detecting infection when daily 
procalcitonin levels were followed, even in situations in which 
the change in procalcitoni.n levels were subtle. There is also 
emerging support for using procalcitonin as a marker in long
term, critically ill patients because WBC and CRP tend to 
become even less accurate markers for these patients. All this 
enthusiasm is tempered by the cost and clinical impracticality 
of drawing and deternlining daily procalcitonin levels, so furtl1er 
study will likely focus on the benefit of following them on less 
frequent I y. 

Multiple Organ Failure 
MOF bas been called a syndrome of surgical progress, because 
its emergence was the result of advances in creating circulacor}' 
shock, renal failure, ar1d pulmonary insufficiency. MOF a~ a 
distinct entity was first described in the 1970s, when a number 
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u • Recovery FIGURE 23-5 The two-event model of MOF. An initial insult results 

in systemic hyperinflammation. lf the insult or inflammatory response 
is exaggerated or perpetuated, overt MOF may develop. More com
monly, the host endures multiple sequential insults. A second insult 
during a vulnerable period amplifies the systemic inflammatory 
response to produce MOF. 
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FIGURE 23·6 A dysfunctional inflammatory or immune 
response leads to MOF. The amplitude of the early SIRS 
is related to the initial insult A CARS may result in delayed 
immunosuppression. Sequential insults superimposed on 
the hyperinflamrnatory or immunosuppressed state may 
result in MOF. 

insult 

of groups described the progressive failure of organ systems with 
a sequential pattern. Mortality associated with MOF ranges 
from 40% to 100% and is direcdy related to the number and 
duration of organ systems that fai l. However, neither the inci
dence nor the mortality of the syndrome ha~ improved signifi
cantly, and it remains a leading cause of death in the ICU. 

Early reportts of MOF implicated infection as the primary 
causative factor, but subsequent studies have emphasi;r..ed that 
overt clinical infections are nor a requisite ro MOE Approxi
mately one third of patients dying of MOF wiU have positive 
blood cultures, with no identiflable source. It is now believed 
that MOF represents the culmination of generalized and exces
sive neuroendocrine, immune, and inflammatory responses. TI1e 
cascade may be precipitated by a wide variety of insults, broadly 
classified as tissue injury, cellular shock, inflammation, and 
infection. Evidence ha~ supported the concept that multiple 
insults are likely responsible for MOF. 

ln the two-event model of MOF (Fig. 23-5), the host 
experiences sequential insulrs so that the subsequent systemic 
inflammatory response exceeds the typical response elicited by 
either insult alone. TI1e initial iJ1Sult primes the iJlflammatory 
response and patients enter a state of systemic hyperinflaru.ma
tion (i.e., SIRS). If the insult or inflammatory response is 

exaggerated or perpetuated, patienrs enter a state of malignant 
systcmlc hyperinflammation (severe SIRS) thar can evolve into 
overt MOF, independent of other factors. The more conu110n 
scenario involves multiple sequential insults. A second insult 
during a vuL1crable period amplifies SIRS to produce MOF. The 
progression appears to be dependent on me type of insult, witb 
a bimodal pattern to the development of MOF. Early MOR 
occurring within 72 bours of the initial insult, seen1s to be 
precipitated by cellular shock. ln contrast, late MOF (typically, 
6 to 8 days postevent) is usually related to an infection. Although 
the initial insult determines the patient's susceptibility, there is 
little direct evidence tbat any one insult is more likely than 
another to lead to MOE It seems that the pivotal risk factor is 
a dysfunctional inflammatory or inlffitulc response (Fig. 23-6}. 
1l1e ampl.itude of the early systemic inflammatory response is 
related to the initial insult. Negative feedback mechanisms 
downregulate this response in an attempt to limit self-destructive 
inflammation. 1l1is compensatory anti-inflammatory response 
syndrome (CARS) may result in delayed immunosuppression 
and increased susceptibility to infection. In this paradigm, a 
second insult during ear~, hyperinflammation or delayed immu
nosuppression will have d1e same ncr effect, deterioration into 
MOE 
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Despite 30 years of clinical and basic science research and 
studies of many failed antimediators, the mortality rates for 
patien ts in MOF remain largely unchanged. l11is fact, along 
with our inability to modifY the syndrome significantly, indi
cates the overriding importance of adopting strategies to prevent 
the developmem of MOE Avoiding so-called second insults can 
be accomplished in three distinct areas-resusci tation. operative 
interventions, and critical care. Resuscitation end points such as 
clearance of lactate and base dd1cit represents repayment of the 
oxygen debt and may minimize the cel lular injury resulting from 
sh ock. Even the choice of resuscitation fluid is important. 
Hypertonic saline appears to have favorable immunomodulatory 
properties, wh ereas transfusion of banked b lood serves as a 
second insult. 

In o ne o f the seminal articles describing MOF,58 more 
than 50o/o of MOF cases were caused by an intraoperative 
e rror or perioperative blw1der. Meticulous surgical teclmique, 
minimizing tissue trauma, avoidance of hematomas and blood 
loss requiring ~transfusions, adequate debridement of necrotic 
tissue, timely a nd appropriate antibiotic therapy, and embrac
ing the concept of damage control surgery are all interventions 
whereby operative management can lessen the incidence of 
MOE Avoidance and timely treatment of the ACS are crucial 
because it represents one of the only reversible forms of MOE 
Finally, maintaiJling a high index of suspicion for missed iJlju
ries and intra-abdominal catastro phes in the p ostoperative 
period , and re maining amenable to exploring hostile abdo
mens, are additional ways that the risk of MOF can be 
lessened. 

CONCLUSION 
The purpose of dus chapter was to provide a brief but focused 
overview of surgical critical care so that health care personnel 
can continue to take effective care of their parlents. Part of tlus 
efficacy is using management strategies that have been shown to 
have a real impact on mo rbidity and m ortality, sucl1 as lung 
protective venti lation, early and adequate nutrition, restrictive 
blood transfus~on practices, DVT and st ress gastritis prophy
laxis, and source control in septic patients. This list is by no 
means all-inclusive but is part of the strategy to minimize the 
development of complications and reduce the p otential of devel
opiJ1g MOE 
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CHAPTER 24 

BEDSIDE SURGICAL 
PROCEDURES 
OuvER L. GuNTER, JosE J. DIAZ, AND ADDISON K MAY 

RATIONALE FOR BEDSIDE SURGICAL PROCEDURES 

TAKING THE OPERATING ROOM TO THE INTENSIVE CARE UNIT 

SAFETY PRACTICES 

SELECTION OF PATIENTS 

BEDSIDE PROCEDURES 

A number of factors have combined to i11crease the frequency 
and appropriateness of operadve procedures performed at the 
bedside in the intensive care unit (ICU) for critically ill surgical 
patients. These include the following: increasing severity of 
illness in critical]y iiJ surgical patients; acceptance of staged and 
damage control management strategies for severe abdomi11al, 
sofr tissue, and o rthopedic pathology; advanct.'S in endoscopic 
and percutaneous techniques; increasing competition for operat
ing room (OR) space; difficulty of transporting severely critically 
ill patients; and resource cost of repetidve operative procedures. 
For abdomiJ1al procedures, in particular, the imroduction of the 
open abdomiJ1al approach for the management of abdominal 
catastrophes and abdominal compartment syndrome has created 
the need for frequent ru1d repetitive abdonlinal procedures that 
can safely and efficiently be done at the bedside. Also, acceptance 
by mru1y surgeons of the usefulness of early tracheostOmy with 
the iJ1troducdon of percll[aneous tracheostomy ru1d endoscopi
cally guided feeding access has resulted iJ1 a number of proce
dures being performed at the ICU bedside that formerly had 
been performed in the OR. As an. exan1ple, over the 9-year 
period between July 2001 ru1d December 2009, our Division of 
Trauma rutd Surgical Critical Care performed more than 13,000 
bedside surgical procedures, illcluding more thru1 2800 tradle
ostomies, 1240 gastrostomy or gastrojejunostomy tubes, 4000 
bronchoscopies, ru1d 900 laparoromies. Our monthly hedside 
laparotomy rate has increased from 1.9/month during 1996 to 
2000 to 8.7/month during2001 to 2009. Durillg these two time 
periods, the indications for laparotomy shifted signi.ficandy from 
emergency indications toward the elective and semielective mdi
cations of washout or closure--27% of laparotomies were per
formed for elective and semielective indications duri11g the 
earlier till1e period, whicll increased to 75% in the later time 
period.1

..'! 

Documenting the safety and cost-effectiveness of bedside 
surgical procedures is made difficult by the breadth of 

procedures, diverse populations, ru1d variable i11dications for 
these procedures. For the most common procedures, sufficient 
data support safety ru1d cost-effectiveness. Early reports of com
bined analyses of common bedside procedures, including percu
taneous dilational tracheostomy (PDT), percutaneous endoscopic 
gastrostomy (PEG) placement, inferior vena cava (IVC) filter 
placement, and laparotomies have demonstrated results with 
similar complication rates as those performed in the OR, with 
a significant cost reduction.3·5 Also, other reports exanlli1iJ1g 
PDT, PEG, ru1d bedside laparoromy mdividually have also 
shown these procedures robe safer and more cost-effective thru1 
those performed in the OR! -'!.6-? Bedside procedures avoid the 
risk ru1.d difficulties introduced by d1e required trru1sporr of the 
patient for procedures performed ill the OR. Although progress 
has been made iJ1 regard to the safe trru1sport of critically ill, 
high-risk patients, serious adverse events and death can occur.10 

A sma11 group of patients are simply not transportable because 
of the severity of pulmonary dysfunction or the rapidity with 
which the underlying process must be addressed. In this popula
tion, rapidly performed bedside procedures can be lifesaving. 

Although bedside operative procedures can be performed 
safely, with complication rates equal to those in the OR suite, 
doing so mandates that cases be appropriately selected and that 
appropriate safety practices be consistently ilnplemented. The 
ICU represents a complex environmem in whicl1 to perform 
complex processes ru1d procedures. Recognition of the potential 
for error and adverse evems in these settings is ilnportant. Based 
on the experience of industrial safety practices ru1d those of other 
organizations, prevention of error and adverse events re~uires 
stru1dardization of processes and dimmation of variability.1 Pro
tocols and safety practices specifically for bedside operative pro
cedures should be in place to ensure that these procedures are 
safely performed, with low infection rates and the assurance of 
comfort ru1d ru1esthesia. In this chapter, we will discuss the 
rationale for bedside surgical procedures and the process of 
brmging the OR to the lCU: 
• Systematic safety methodologies ru1d practices to ensure safe 

perfonnance of bedside procedures 
• Selection of patiems for bedside surgical procedures 
• Specific considerations for common bedside procedures 

• Bedside laparoromy 
• PercutaJ1eous tracheostomy 
• Percutaneous endoscopic feeding tubes 
• Bronchoscopy 
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FIGURE 24-1 Resources available in the operating room. 

RAnONALE FOR BEDSIDE 
SURGICAL PROCEDURES 
For good reasom. most surgical procedures arc performed in the 
OR. The centralization of resources including anesthesia person
nel and equipment, surgical equipment, radiology, specialized 
nursing and procedunl support staff, and safery policies and 
principles make the modern surgical suite an ideal venue for 
most operatiom (Fig. 24- l). 1he supply of ORs, although nm 
fixed, frequently cannot meet the demands of surgery and 
require significant resources to expand. 

1he transport of a critically ill patieru from an lCU to the 
OR and back tics up many personnel, including nursing, trans
port, respiratory care, and anesthesia staff. Furthermore, the 
change of venue and personnel caring for the patient necessitates 
detailed comnwnication for a bandoff, and represents a poten
tial source of medical error. Thus, the transport of a patient from 
the ICU to the OR is a potential drain on resources and should 
be evaluated in the same manner as other treatments by assessing 
risk versus benefit. 1his, combined with lo.ng turnover times 
frequently observed in this patient population, can grind the 
usual efficiency of the OR to a halt. As the complexity and 
severity of illness of the average critical care patient have 
increased, so roo has their immobilhy. 

TAKING THE OPERAnNG ROOM TO 
THE INTENSIVE CARE UNIT 
By creating and applying a well-constructed system, the major 
benefits of the OR can be reproduced at the bedside (Fig. 24-2). 
A~ seen in this figure, there are a number of factors required to 
create and maintain a successful system for performing bedside 
procedures. Management guidelines may include standard oper
ating procedures, preprocedure checklists, including timeout 
procedures, and sedation protocols. Dedicated procedure 
support personnel not only decrease the variabili ty in how an 
individual procedure is performed, they also play important 
roles in guideline compliance, both of wbicl1 are significant 
facmrs in reducing error. Appropriate access to supplies may 
require temporary storage of core equipment in an individual 
ICU with standardized rcstocki11g mechanisms, thus streamHn
ing the supply chain. Final1y. a facili tative mlndset among staff 
is vital to the success of such a system. 

Management 
/ guidelines 

Mindset 
Procedure 

support 
personnel 

Supply chain / 

FIGURE 24-2 Fundamentals vital to the success of bedside surgica l 

procedures. 

SAFETY PRAcnCES 
To ensure the safety of operative procedures performed at the 
bedside, systematic measures should be undertaken to ensure the 
appropriate selection of patients and adequate expertise of 
support personnel, reduce procedural variability, and prevent 
conm1Unication errors. Implementation of the World Health 
Organization (WHO) "Safe Surgery Saves Lives" progran1 has 
been associated with a significant global reduction in periopera
tive morbidity and morrality.'1 Objectives outlined for proce
dures performed in the OR also apply to those done at the 
bedside. 1hese are the 10 safety objectives outlined in the WHO 
guidelines13

: 

l. The tean1 will operate on the correct patient ar tbc correct 
site. 

2. The cean1 will usc methods known to prevent harm from 
administration of anesthetics, while protecting the patient 
from pain . 

3. The team will recognize and effectively prepare for Life
threatening loss of airway or respiratory function . 

4. The teanl will recognize and effectively prepare for risk of 
high blood loss. 

5. The team wm avoid inducing an allergic or adverse drug 
reaction for which the patient is known to be at signifi
cant risk. 
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6. The team wlU consistently use methods known to minimize 
the risk for surgical site infection. 

7. The team wiiJ prevent inadvertent retention of instruments 
and sponges in surgical wounds. 

8. The team wiiJ secure and accurately identify aU surgical 
specimens. 

9. The team will effectively communicate and exchange criti
cal information for the safe conduct of the operation. 

10. Hospitals and public health systems will establish routine 
surveillance of surgical capacity, voiLLme, and results. 
TI1e use of specificaUy trained personnel to support bedside 

operative procedures in the I CU greatly facilitates reduction in 
variability, compliance with standard operative procedures, 
reduction of communication errors, and maintenance of appro
priate skiU sets. Depending on the volume of procedures to be 
su pponed, these persOJmel can be unit- or service-specific or can 
be used to support bedside procedures on numerous services in 
a number of ICUs. Limiting thjs procedure support role to a 
small number of individuals al lows a greater degree of expertise 
robe developed and has, in our experience, been extremely valu
able in maintaining procedural safety. 'lllis is particularly true 
with handling of the airway and endotracheal tube during per
cutaneous trad1eostomies. Also, these personnel are charged 
with tlte development and monitoring of safety practices and 
ensures their application during all procedures. 

Managemem guidelines, protocols, and standard operating 
procedures should be iJl place before the routine performance 
of bedside operative procedures. They should be iJJ line with 
those developed lfor the OR and be easily accessible and compli
ance monitored. Because of variations in specific personnel and 
practice patterns in various lCUs, our documents are customized 
to each location to ensure their appropriate application during 
bedside operative procedures. These documents should address 
issues such as the selection of appropriate cases, mandatory 
personnel, equi pmenr, medications, and moniwring. An 
exanJfle of our bedside operative guideline is provided in Box 
24-1. AU patients should have blood pressure, electrocardio
gran1 (ECG), pulse oximetry, and ventilation routinely moni
tored throughout the procedures. Adequate personnel must be 
present to aUow performance of the procedure, mOJlitoring of 
sedation and anesmesia, medication administration, manipula
tion of venti lation if required, and documentation. The actual 
num ber of individuals required varies, depending on procedure 
and tl1at person's expertise. Both analgesia and sedation must be 
ensured with appropriate medications w1der the direction of the 
critical care stafF. In addition, guidelines and protocols should 
include standards for adequate preparation, equipment, and 
instrwnent acco1Unting. 

The use of preprocedure time-out and procedural checklists 
aids in the implementation of appropriate safery practices. Use 
of these tooL~ helps limit commwlication errors and facilitate.~ 
compliance with standard operating procedures. and can be used 
to assist in documentation and compliance monitoring. AgaiJl, 
these tools shouM be consistent with practices used in me OR 
to reduce variaba iry, where appropriate. Figure 24-3 provides an 
example of a procedural ch ecklist. Ideally, these tools cru1 be 
combined with forms required for documentation and informa
tion can be caprured for quality and performru1ce ru1alysis. 

Ensuring a high degree of safety of bedside oper'lttive pro
cedure.~ and providing documentation of them, when required, 
mru1dates tl1at mechrulisms for tracking procedure performru1ce, 
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Indications 
Decompressive celiotomy for abdominal compartment 

syndrome 
Exploratory celiotomy for intra-abdominal hemorrhage after 

damage control and packing 
Reexploration of a previously open abdomen for washout or 

dosure 
Exploratory celiotomy to rule out intra-abdominal sepsis in a 

patient with venti latory requirements that prohibit safe 
transport to the OR 

Protocol 
ICU attending and operating surgeon will be present for the 

entire surgical procedure. 
Informed consent obtained (tf possible) 
Preprocedure checklist to be reviewed by the bedside nurse 
Bedside nurse and a respiratory therapist will monitor patient 

and record procedure (conscious sedation sheet) 
Indications to proceed to the OR (level 1): 

• Surgical bleeding 
• Dead bowel 
• Need to open another body cavity 
• Surgeon preference 

For laparotomies: 
• A sterile perimeter will be set up in the patienfs room. 

All individuals must wear a surgical head covering and 
mask. 

• The ICU attending will oversee anesthetic manage
ment of the patient 

• General anesthesia-narcotics, benzodiazepines, pro
pofol, paralytics, ventilator management 

• A sterile hand wash is performed by the operating 
team. 

• Preoperative antibiotics are indicated only if a new 
surgical wound is to be made (e.g., cefazolin (Ancef], 
li-2 g IV). 

• A povidone-iodine (Betadine)-chlorhexidine abdomi-
nal preparation will be used. 

• A standard Bovie will be set up (when indicated). 
• Wall suction canisters set up 
• 4-liter warm irrigation with normal saline 
• A standard bedside celiotomy tray wi ll be set up with 

suture on a sterile field. 

Adapted from Vandertilt University Medical Center, Division of Trauma & 
Surgical Critical care: Emergency general surgery protocols: Bedside surgery 
protocol, 2005 (http:/ /www.mc.vanderbiltedufsurgeryftrauma/ProtocolsjEGS 
BedsideSurgery.pdf). 

compliance monitoring, and adverse event review ru1d reporting 
be developed and be in place. These must be applicable locally 
to facilitate consistent, nonvariable performance and iJlterface 
with global hospital safety mechrulisms and initiatives. Develop
menr of processes to map flow charts ru1d diagranJs facilitates 
the integration of wlit-specific, departmental, and hospital-wide 
processes and helps delineate lines of communication and 
authority. 
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SICU Procedure " TIME-OUT" Check U st 

Complete this form (a) just prior to beginning the procedure and (b) at the location where 
the procedure is to be performed 

Patienfs Name: Medical record number: 

Prooedure Type: 0 Planned non-emergent C Not planned non-emergent 0 Emergent 

VERlA CATION 

1. Invasive procedure to be performed: 

Circle one 

2 . H&P completed if patient admitted within past 24 hours Yes No 

3. Informed consent obtained? Yes No (Verified by 8eclside RN and Procedure RN) 

4. Correct patient identity? 

0 Arm Band O MRN 0 Consent Yes No 
If procedure is emergent, Bedside RN, Procedure RN, and Physician 
performing procedure need to verify patient ID and initial this form. 

5. Agreement on procedure Yes No 
(Agreement b/w Physician performing procedure and Procedure RN) 

6 . Correct side/site verified and marked? 

D NA 0 Right 0 Left 0 Site: Yes No 
(Verified and marked by Physician performing procedure and 
Procedure RN) 

7. Correct equipment available? 
Yes No (Verified by Physician performing procedure and Procedure RN) 

8. Required resources available? 
Yes No (Verified by Physician performing procedure and Procedure RN) 

9. Ready to setup procedure? Yes No (Verified by Procedure RN) 

9. Ready to proceed with procedure? 
Yes No (Verified by Procedure RN) 

TIME-OUT: All individuals performing and assisting with the procedure are to review the 
checklist and sign below. 

Physician performing procedure: 

Procedure RN name: 

Bedside RN name: 

Other: Other: I Other: 

Staff calling "TIME-Our·: 
(Title and signature) 

FIGURE 24-3 Surgical ICU procedure time-out checkl ist. 
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SELECTION OF PAnENTS 
As noted, bedside operative procedures can be performed with 
similar risk of complications as when performed in tl1e OR, 
at lower cost, and without transport risks, if selected 
appropriately.1•3•5.8-IO However, iliere are no randomized studies 
and few retrospective reviews that have evaluated the safety of 
bedside operative procedures or helped delineate appropriate 
patient populations and operative procedures. Both tl1e safety 
and efficacy of bedside procedures will vary, depending on the 
local experience and application of safety practices. As experi
ence is gained, indications may broaden and the frequency of 
bedside procedures will increase. 

The decision to perform an operative procedure at tl1e 
bedside should consider the balance between the d.if6cu.lty and 
risk of transport, complexity of operation. ability to achieve 
timely 0 R space, and safety, ease, and cost savings of performing 
the procedure at bedside. 1he vast majority of major operative 
procedures should be performed in the OR and, in general, the 
indications for bedside operative procedures fall into two catego
ries: (1) ilie patienr is wo unstable for transpon to ilie operating 
room and the procedure is a required, lifesaving intervention; or 
(2) the procedure is modest enough that the difficulties of trans
port, scheduling,. and cost of OR seem unjustified.14 Factors that 
generally favor performatlce of procedures in the OR include 
complex procedures, bleeding risk from major vascular struc
tures, need for insertion of prosthetic materials, significant light
iJlg requirements, and lengthy procedures. Commonly performed 
bedside procedu.res include percutaneous and open tracheos
tomy, percutaneous endoscopic gastrostomy or gastrojejunos
tomy tube placement, bronchoscopy, soft tissue debridemenr, 
decompressive laparotomy for abdominal hypertension, washout 
and packing removal following a dan1age control laparotomy, 
placement of I:VC filters, and dan1age comrol orthopedic pro
cedures. Occasionally, very critically ill patients can be tempo
rized at the bedside by the performance of a bedside operative 
procedure, with suhsequem irnplememation of ilie definitive 
operation in the OR. 

BEDSIDE PROCEDURES 

Laparotomy 
Bedside laparotomy was initially a procedure of last resort in 
patients too sick to procec:-d to the OR, such as a heroic attempt 
to identify reversible intra-abdominal patl10logy as the patient 
was near death .z However, the recognition of the abdominal 
compartment syndrome (ACS) as a frequent complication of the 
resuscitation of acutely ill patients and acceptance of the damage 
control approad1 to the management of acutely ill patients with 
intra-abdominal pathology bas resulted in a dramatic increase 
iJ1 the application of bedside laparotomy in more controlled 
settings. 1•14

"
16 Borh damage control and the management of ACS 

usc an open abdomen approach, in whicl1 ilie fascia remains 
open and necessitates the use of various temporary abdominal 
closure techniques. Indications for bedside laparotomy can be 
classified as emergent or semielective. Common emergent indi
cations include d1e followi ng: (1) decompressive laparotomy for 
abdominal compartment syndrome; (2) control and packing for 
recuffent bleediJ1g following a previous damage control lapa
rotomy; and (3) suspicion of intra-abdominal infection i.n 
patients too critically ill to be transported to d1e operating room. 
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1he common semidective indications include the following: (1) 
pack removal following dan1age control laparotomy; (2) irriga
tion and debridement of the open abdomen; (3) source control 
for sepsis caused by intra-abdominal pathology; and (4) manage
ment of traumatic abdominal defects. 

'TI1e most common emergent indication for a bedside lap
arotomy is for decompression of abdominal hypertension. Rec
ognition and understandiJ1g of the patl10physiology of increased 
intra-abdominal pressure leadiJ~ to organ system dysfunction, 
termed abdominal compm·tment syndrome, has increased signifi
cantly siJ1ce Kron and colleagues first described the measure
ment of intra-abdominal pressure as an indication for abdominal 
reexploration.15

·P -Iq ACS can be classified as primary, caused by 
intra-abdominal processes, or secondary, caused by bowel 
edema and intra-abdominal flu id secondary to the treatment 
and resuscitation of extra-abdominal patholog)~ Increasing 
intra-abdominal pressure leads to alterations in abdominal 
perfusion pressure, restricted venous return, and reduction of 
pulmonary compliance. These alterations can, in tu.rn, lead to 
cardiac failure, pulmonary decompensation, and oliguria. 
Severe elevations in abdominal pressure can lead to organ 
hypoperfusion and ischemia, al though the pressure at which 
tllis OCClLrs may vary, depending on mean arterial pressure. 
Grading systems for ilie degree of abdominal hypertension have 
been proposed with grades I£1 (21 to 25 nm1 Hg) and [V 
(>25 mm Hg) considered to be significantly elevated, de6.nu1g 
ACS.20 Management of ACS may involve only measures to 
ensure adequate abdominal perfusion pressures at lower pres
sures; lhowever, as inrra-abdominal pressure increases, abdomi
nal decompression by laparoromy is indicated. Appropriate 
treatmem requires recognition of tl1e development of this syn
drome .. 11ms, routine monitoring of bladder pressures is essen
tial in rllose requiting significant resuscitation after abdominal 
procedures and patients being resuscitated from a significant 
shock (base de6cir>l0 mmol/lirer) who receive 6 Urers or more 
of crystalloid or 6 U or more of packed .red hlood cells (PRBCs) 
in a 6-hour period.15 

TI1e acceptance of dan1age control, an abbreviated lapa
rotomy to salvage trauma patients wi tl1 exsanguination , has led 
to an i:ncreased application of bedside laparotomy for control of 
recurrent bleeding within the abdomen before correction of the 
patient's systemic physiology ru1d for removal of abdominal 
packs, irrigation, and debridemem.l' Bedside laparotomy is 
common in most levd I trauma centers in which damage 
control and temporary abdominal closure for the patient in 
extremis are frequently used. Numerous methods of temporary 
abdom.inal closure have been described and contiJ1Ue to evolve. 
We prefer the use of negative-pressure systems and experience 
with the appllcation of these systems is required for patient 
management. 

The open abdominal approacl1 is also applied to the general 
surgery population, usually for the mru1agemenr of necrotizing 
pancreatitis, necrotizing soft tissue infection of tl1e abdominal 
wall, diffuse peritonitis in patients at lligh risk of failure of source 
control, and mesenteric ischemia.2•

14 Dan1age control techniques 
with staged gastrointestinal reconstruction, serial abdominal 
washouts for source control, and delayed abdonlinal wall closure 
can be used iJ1 the managen1em of these complex patients. 
Controlled trials of these techniques are llrujted and the indica
tions ru1d settings in which the open abdominal approach is 
most appropriate have not been fully determ.i11ed. 
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Trad1eostomy 
Open tracheostomy and PDT can be performed safely at the 
bedside in the ICU.8•9~2~3 1he ease and convenience of bedside 
tracheostomy and the acceptance of early tracheostomy in criti
cally ill surgica! patients likely bas led to a dramatic increase in 
their performaJ!lce ar the bedside. Indications for tracheostomy 
in surgical patients include the following: 
• Presence of pathologic conditions predicting prolonged 

mechanical intubation, inability to protect the airway, or both 
• Airway edema and high-risk airway following maxi llofacial 

surgery and trauma 
• High-risk airway because of cervical immobilization for frac

ture fixation 
• Need for a surgical airway because of the inability to intubate 

the patient. 
Not all of these indications are straightforward in their 

identification and clinical decision making remains difficult. 
However, perioperative mortality related to PDT i11 randomized 
studies appears to be less than 0.2%.6.8·9..:2.24 [n this context, 
tracheosromy should be considered for patients who are at high 
risk of airway Loss. Timing of tracheostomy remains controver
sial in patients with predicted prolonged mechanical ventilation. 
Some studies have supported early tracheostomy (up to 7 days) 
versus delayed tracheostomy (after 7 days), \.vith shorter ICU 
stays and less mechanical ventilation, but with no difference 
ill mortality in both trauma and nontrauma populations.~5 

However, a randomized study of medical ICU patients has 
demonstrated a significant reduction in mortality (32o/o versus 
62o/o), pneumonia (5o/o versus 25o/o), and accidental exn1bation 
(Oo/o versus 6%) when early tracl1eostomy (48 hours) was com
pared with delayed tracl1eosromy (14 ro 16 days) for patients 
predicted to require 14 days of mechanical ventilation.:6 'The 
early group also had significantly decreased ICU lengcl1 of stay 
and ventilator days. 

PDT has become cl1e procedure of choice for the elective 
tracheostomy in the critically ill adult patient. Ciaglia and asso
ciatesr first described elective PDT .in 1985 and, since that time, 
a number of modifications ro the technique have been made. 
When comparing PDT wicl1 standard surgical tracheostomy 
performed in the OR, PDT demonstrates decreased wound 
infection, clinically relevant bleeding, and morrality.8•~ Percuta
neous tracheos.tomy has also been demonstrated to be more 
cost-effective in the critically ill ICU patienc.6·'~·'3 Long-term 
complications have not been adequatdy studied in randomized 
trials to draw conclusions. 

Our most commonly used commercial percutru1eous tra
cheostOmy kit is the Ciaglia Blue Rhino (Cook Critical Care, 
Bloomington, Ind). which is practical, easy to use, and safe.~8 

Reported peri operative compHcations of percutru1eous tracheos
tomy include tbe foUowing: 

• Peristomal bleeding from injury to the anterior jugular 
veins or thyroid isthmus 

• Injury of the tracl1ea and/or the esophagus by lacera
tion through the back wall of the trachea 

• Extraluminal placement by creating a false tract 
during placement of the tracheostomy tube 

• Loss of airway 
Major perioperative complications can be minimized by 

using the safety measures outlined earlier. We have found that 
specifically trai111ed support personnel mru1aging the airway are 
particularly hdlPful in limitiJ1g airway mishaps. Also, one of two 

techniques should be used to ensure proper positioning of the 
tracheostomy tube ru1d mininuze risk of loss of airway by inad
vertent extubation29 during the procedure with bronchoscopic 
guidance or a semiopen technique with blum dissection to the 
ruuerior trachea.30

•
31 However, broncboscopic guidance does not 

elimi nate severe tracheal injuries and involvemenr of experi
enced personnel is importrult to prevent these complications_ 
PDT tracl1eostomies can be performed safely in morbidly obese 
patiems; however, care must be taken when selecting the size 
ru1d length of the tracheostomy tube.32 Because no studies have 
appro priately described methods of selecting the appropriate 
length of tracheostomy tube, we routinely place proximally 
extended tracheostomy tubes rather than standard-length tubes 
in patiems with a body mass index (BMI) greater than 35 or in 
patients with severe anao;arca. 

The long-term incidence of serious tracheal stenosis after 
percutaneous tracheostomy is low, wi th reports as low as 6%,3334 

ru1d this usually occurs early i,n the subglottic position. SubdiJli
cal tracheal stenosis is found in 40o/o of patients.35 

Percutaneous Endosc:opic Gastrostomy 
Gauderer and coworkers first described the PEG in 1980 for 
access into the stomach for enteral feediJ1gs usi11g a pull tech
•1ique.36 111ere have been various orner techniques described 
since then. The principle of a sutureless approximation of the 
stomach to tl1e anterior abdominal wall has allowed tl1e pull 
technique to become the most popular method used. 'The otl1er 
two most commonly used teduuques are the push and intro
ducer techniques, born of wluch requite the use of stay sutures 
to approximate the stomacl1 to the amerior abdomi11al walL 
Newer percutaneous gastrojejunostomy (PEGJ) tubes combine 
both gastric and jejunal ports to allow distal feeding and proxi
mal decompression. 

Accepted primary indications for a PEG or PEGJ include 
the inability ro swallow, high risk of aspiration, severe facial 
trauma, and iJ1dications for med1anical ventilation for longer 
thru1 4 weeks.737 Other indications include nut ri tional access for 
debilitated and demented patients suffering from severe malnu
trition. PEC tubes have been associated witb reducing overall 
hospital cost.38 

A number of gastrostomy and gastrojejunostomy tubes are 
commercialJy available. Most allow simple gastrostomy assess, 
with or without a valve. Some are flush wid1 the skin and only 
require a tube to be attached during feediJ1g. For critically ill 
patiems, with increased risk of aspiration, multilumen percuta
neous endoscopic transgastric jejw10stomy rubes are avai lable. 
1l1esc tubes allow draiJ1age of the sromach while feeding the 
proximal jejunum. A third lumen connecrs to a balloon rnat 
mai11tains apposition of the gastric and abdominal walls.39 

Alcl1ougb feeding can be started on the same day as the PEG is 
placed, most critically ill patients are tlOt started on feedings for 
24 hours.40 There are a number of contraindications for PEG 
placement, includiJ1g the following: 

• No endoscopic access 
• Severe coagulopathy 
• Ga~tric outlet obstruction 
• Survival <4 weeks 
• [nability to bring the gastric wall in approximation to 

the abdominal wall 
There are a few relative contraindications, such as the 

inability to transilluminate through the anterior abdomiJ1al wall, 
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gastric varict'S, and cliffuse gastric cancer. Anterior wall inflam
mation or infection should be treated prior to the procedure. 
Ascites can be drained before the procedure and is not an abso
lute contraindication.41 PEG tubes may be placed in the pres
ence of a ventriculoperitoneal shunt or a d ialysis catheter; 
however, placement should be separated by 1 co 2 weeks or 
more.42·43 History of a p revious or recent laparotomy is not a 
contraindication for PEG; however, a discrete indentation of the 
stomach when palpating the anterior abdominal wall and ade
quate transil lumination should be ensured.44 

PEG is thought to be a safe procedure whether it is per
formed in the gastrointestinal (GO laboratory, OR, or at bedside 
in the ICU. However, because PEG rube placement is frequently 
performed in deb ilitated or critically ill patients, complications 
are associated with a higher mortality than would be expected 
for most elective procedures.29 Free intraperitoneal air after PEG 
is common and can persist for as long as 4 wceks.45 Abdominal 
watl infection can occur as an early complication of PEG place
ment; an ample skin incision that prevents creation of a closed 
space around the- feeding rube and preprocedure antibiotics have 
both been demonstrated to decrease the incidence of PEG site 
infections.4<W D islodgmenr of the PEG tube from the stomach 
can occur and may be life-threatening. 1his may occur acutely 
through the application of traction on the gastrostomy tube, 
thus pul ling it partially or completely through the abdominal 
wall. Al tematively, the tube may necrose through the stomach 
wall if the PEG fl ange or balloon applies too much pressure on 
the gastric wall If this complication occurs prior to devdopmcnr 
of a fibrous tractt during the initial 10 tO 14 days, it should be 
considered a surgical emergency, because gastric contents would 
spill into the abd ominal cavity. Operative closure of the gastros
tomy i.s required. To minimize the risk of tbis complication, 
methods that prevent inadvertent movement of tl1e gastrostomy 
tube should be used and meticulously followed. These include 
ensuring adequatre fixation of the tube to the external abdominal 
wall, recording and routine verification of the inln1ediate post
procedme gastrostomy tube position at tbe skin surface, and 
application of binders or other devices that linlit the inadvertent 
application of traction of the wbe. 

Brondlosc:opy 
Fiberoptic bronchoscopy of the surgical patient is ind icated for 
diagnostic and therapeutic indications. Under the therapeutic 
indication, brond10scopy can be used to insert an endotracheal 
tube, remove foreign bodies inadvertently aspirated and m ucous 
plugs, reversi,ng atelectasis in mechanically ven tilated patients, 
suctioning of thick tenacious secretions, and diagnosis of 
obstructive pneumonia.18 

D iagnostic bronchoscopy is most commonly used for 
obtaining pulmonary specimens for the diagnosis and manage
ment of pnelllnonia.49 Quantitative cultures nhtained via fiber
optic broncl1oscopy have been demonst rated to eliminate the 
diagnosis of pnel!lmoJlia in almost 50% of patienrs with clinical 
signs of pneumonia, decrease inappropriate antibiotic use, and 
improve mortali ty wben compared w.i th nonquanti tative 
tecluliqucs. Standardi7.ation of culture techniques should be 
undertaken. "iO 

The risks associated wid1 bronchoscopy are related more to 

the need for conscious sedation and to the medications required 
if performed in a nonintubated patient. 1l1is could resul t in 
depressed mental status progressing to hypoventilation, airway 
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vulnerability, and the risk of aspiration. 1l1e risks of the pro
ced ure itself are pneumothorax, hypoxia, ai rway hyperreacti
vity, pulmonary hemorrhage, and systemic hypotension or 
hypertension. 
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BLAST TRAUMA: CLINICAL PATTERNS AND SYSTEM IMPLICATIONS 

CONCLUSION 

In the past decade, there has bet·n a surge of interest among 
surgeons .in the medical consequences of mass casualty incidents 
and civilian disasters. 1l1e megaterrorist acts of 9/11 focused 
atrendon on the wave of urban terrorism that is sweeping across 
the globe, causing tens of thousands of casualties each year and 
chalJengi.ng tra!llma and emergency systems from New York to 
Ba)j and from Madrid to Mumbai. At the same time, a series of 
large-scale natural disasters, such as the 2004 tsunanu in South
east Asia, which claimed almost 250,000 lives in 10 cotmtries, 
and Hurricane Katrina, which devastated New Orleans in 
August 2005, helped focus public attention on the medical 
consequences of natural catastrophes. As this chapter is being 
written, the horrible consequences of the Haiti earthquake in 
January 2010 are becoming clear and the unique challenges 
facing medical teams and od1e.r relief workers are the center of 
much media attention. 

Until recently, the medical response to mass casualty inci
dents and disasters has not been part of the traditional body of 
knowledge of general surgery. However, as growing numbers of 
surgeons are involved in th.eir institutions' disaster planning, and 
treating casualties of urban bombings, school shootings, train 
accidents, or natural disasters, interest in this topic has grown. 

Despite this increased interest, many surgeons remain 
unsure about their role in mass casualty incidents because they 
think of disasters primarily as logistic rather than medical chal
lenges. The prevailing view has always been that trauma care in 
disasters is similar m that in normal daily practice, only more nf 
the san1e. This is a dangerous misconception. A mass casualty 
incident is a unique challenge to surgeons and trauma systems 
because the large number of casualties affects how individual 
patients are treated inside and outside the hospital. Furthermore, 
urban terrorism and natural disasters confront surgeons with 
wmsual injury patterns and w1ique clinical problems not seen 
in their daily practice. Preparing for tbese challenges requires, 
therefore, not only special planning and training but, most 
importantly, a different way of thinking about trauma care. 'The 
aim of this chapter is to provide a concise overview of the 
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medical response to civilian mass casualty incidents and disasters 
from the perspective of the clinical surgeon practicing in a hos
pital that is part of a modern trauma system. 

KEY CONCEPTS 

Classification of Disasters and 
Implications for Trauma Care 
In a mass casualty incident (MCI), a medical system is suddenly 
confronted by a large number of casualties needing care within 
a short period of time. This Lmexpected surge creates a discrep
ancy between the number of patients and the resources available 
to creat them. An MCI can be classified by cause (narural versus 
man-made), duration, location, and many other cl1aracteristics, 
but there is no single universally accepted classificadon of disas
ters. From the clinical perspective of medical care, it is important 
to distinguish an10ng three classes of disaster scenarios and 
understand the in1plicadons for trauma care (Table 25-1).1

..! 

Multiple Casualty Incidents 
These involve dozen.~ of casualties and can be effectively managed 
using local hospital resomces. In other words, the arriving casu
alties strain the hospital resources beyond normal dai ly opera
tions, but do not overwhelm them. 

Mass Casualty Incidents 
These involve hundreds of casualties arriving at a single institu
tion. Despite an effective disaster response, this number exceeds 
the capacity of d1e emergency department (ED) and the hospi
tal. As a result, some severely wounded patients will not receive 
the level of care they require, and others will experience signifi
cant delays. Therefore, the term mnss casualty implies some 
degree of failure to provide optimal trauma care to all severe 
casualties. 

Major Medical Disasters 
These typically result in many thousands of casualties and 
destruction of organized conmmnity support systems. In this 
scenario, d1e resources to treat critically injured casualties have 
been largely destroyed. External medical teams supported by 
appropriate logistic envelopes can make a difference in the man
agement of severely injured survivors, although help usually 
arrives late and deals primarily with delayed complications. 

In this chapter, MCI is used as a generic term describing a 
large-scale event. When referring to a specific disaster class or 
scenario (e.g., multiple casualty incident}, it is fully spelled out. 
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Table 25-1 Classification of Disasters and Implications for 
Trauma care 

TOTAL NUMBER OF IMPLICATIONS FOR 
DISASTER CLASS CASUALTIES TRAUMA CARE 

Multiple casualty Less than ED Standards of care are 
capacity maintained for all 

severe casualties. 

Mass casualty More than EO Care of some severe 
capacity casualties is delayed or 

suboptimal. 

Major disaster ED and hospital 
overwhelmed 

Most severely injured 
patients die or survive 
without any medical 
care. 

1l1e magnitude of a MCl is inversely related to its fre
quency {Fig. 25- l). 1l1e overwhelming majority of practici11g 
surgeons will not cncoumcr a major medkal disaster in d1cir 
commu1tities, whereas most hospitals occasionally face Limited 
multiple casualty incidents. L1 fact, busy Friday nights, a single 
trauma team on call coping with a duster of severely injured 
patients arriving together is situation that occurs frequently in 
every urba11 trauma center. It represents the lowermost end of a 
spectrum of magnitudes, with a major ea.rmquake or a devastat
iJlg T~w1ami at the oilier extreme. The sad paradox of disaster 
preparednes.~ is that the most time and effort is spent on prepar
ing and training for the largest and least likely doomsday sce
narios instead of improving the response to limited but more 
realistic threats. 

Injury Severity Distribution 
A key feature of every MCJ is the injury severity distribution of 
the casualties. Regardless of the cause or magnitude of the MCl, 
only ahout 10% co 15% of survivors presenting to a hospital 
wiJI be severely wow1ded, of whom roughly one third wiU have 
immediate life- threatening injuries (Fig. 25-2). Most omers 
sustain minor trauma or nonu.rgent injuries.3 For example, 
during me London subway bombings in July 2005, the Royal 
London Hospital received 194 casualties within 3 hours, but 
only 27 (I 4%) were severely injured. Of these, only 8 casualties 
(4% of the total) were critically wounded.4 Although the death 
toU at the scene depends on the cause of me MCI, and is very 
ltigh when structural collapse is involved, the injury severity 
distribution is a constant feature of MC!s. This mCaJlS that even 
though the rotan number of casualties may be high, the over
whelnililg majority will not require a high level of trauma care 
and are not urgent. These considerations form me rationale for 
pla11njng an effective medical response. 

MASS CASUAlTY AND MODERN 
TRAUMA SYSTEMS 

Goal of the Hospital Disaster Responses 
A weU-known underlying principle of medical disaster response 
is ro do the greatest good for the greatest number of casualties, 
but it is crucial m understand the precise clinical implications 
of rbjs principle for trauma care. 

Bearing in mind the injury severity distribution, a MCI is 
''a needle in a haystack" situation in which a small group of 

MAJOR DISASTER 

"Busy Friday nighf' 

0% Probability of occurring within a year 100% 

FIGURE 25- 1 Graphic depiction of the inverse relationship between 
the magnitude of disaster scenarios and their frequency. Although 
most surgeons will not encounter a major natura l disaster during their 
careers, busy Friday nights a re a regular feature in most urban trauma 
centers:. 

0 Mild 
C Severe non

critical 
• Critical 

FIGURE 25-2 Generic injury severity distribution for disaster scenar
ios. Of all survivors arriving in the hospital, the overwhelming majority 
(85%) will have only minor injuries. Of the severely injured (ISS> 9), 
only one third, or 1 in 20 arrivals, will be critically injured with life
threatening injuries. This injury severity distribution fonns the basis 
for planning the hospital disaster response. 

severely injured patients who require immediate high- level 
trauma care is immersed within a mud1larger group of casualties 
with minor injuries, who can tolerate delays a11d even subopti
mal care without adversely affecting their outcome.1 The ulti
mate goal of the entire hospital disaster response is, therefore, 
to provide this small group of critically injured patients with a 
level of care that approximates the care provided to similarly 
injured patients on a normal working day. TI1is goal has never 
been formally declared by the American College of Surgeons' or 
any other professional organization, but it has always been 
implicitly tmderstood by surgeons and trauma care providers 
a11d is certainly an expectation of the public. In a multiple casu
alty incident, this goal can be achieved by effective triage and 
priority-driven trauma care. ln a mass casualty incident, it CaJl 
still be achieved by diverting trauma assets and resources from 
the less severely injured to tbe critically wounded-but at a cost. 
Contrary to popular belief, the casualties whose management is 
delayed and compromised in a mass casualty scenario arc not 
the mild ones but the severely injured patients with non-li.fe
threatening injuries. 
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ED --.. CT - OR - ICU 

FIGURE 25-3 Schematic depiction of the trauma service line of a 
hospital. The service line consists of resource, assets, and facilities in 
which trauma care providers treat severely injured patients. The 
typical flow of a :severe ly injured patient is from the trauma resuscita
tion bay of the ED to imaging. usually the a scanner, then to the OR, 
and finally to a surgical ICU bed. Preserving this service line in the 
face of a large influx of severe casualties is the true goal of the hospital 
disaster response. 

lbe Trauma Service Line in Disasters 
1l1ere is a strange dissociation between the dran1atic advances in 
trauma systems in the past 30 years and current disaster plan
ning. The U.S. National Response .Fran1ework (NRF), which 
lays out the guiding principles for aU levels of a unified national 
response to disasters, does not acknowledge the existence of 
trauma systems. in tl1e United States. Furrnermore, most hospital 
disaster plans (i11cluding tl10se of level 1 trauma centers) do not 
refer specilicaUy to the hospital trauma service or system, even 
though any effective disaster response must necessarily rely on 
tl1em. Simply put, hospitals with 21st century trauma services 
and facilities have disaster plans tl1at arc still based on concepts 
of trauma care from the 1970s. 

Every modern trauma center establlshes and maintains a 
dedicated trauma service I i ne for severely iJlj ured patients during 
normal daily operations (Fig. 25-3). 1his service line includes 
trauma teams, assets, and facWties (e.g., resuscitation bays and 
operating rooms), aU readily available to treat seriously injured 
patients. 'TI1e t raLLma service line of a hospital provides the 
resources for optimal care ofindividual patients, but bas limited 
capabilities to neat multiple badly injured patient-~ sinwltane
ously. 1l1e goal of an effective disaster response is therefore to 
preserve the hospital trauma service line in me face of an unusu
ally large number of casualties. From the trauma care perspec
tive, success in dealing wi m an MCl is not streamHning the flow 
of 40 or 60 casualties through tl1e ED, but ramer preserving the 
capability to provide optimal trauma care to tl1e three or four 
criticaUy injured (but salvageable) casualties among them.5 

Casualty Load and Surge Capacity 
Many hospital administrators have an exaggerated view of the 
capacity of tl1eir institutions because hospital disaster planning 
is rypicaUy based on counting ED gurneys and hospital beds, 
rather than on the rate at which casualties are treated (or pro
cessed) by me hospital trauma system. In rcaHry, as tbe MCI 
w1folds and progres.~ively more casualties arrive, h11ding aJl avail
able resuscitation bay and staffing it wiclJ experienced trauma 
teams becomes increasingly difficult.1 

From me trauma care perspective, the arrival rate of severe 
casualties is a more meaningful metric of the burden on a trauma 
system than the absolute number of casualties. The casualty load 
is me arrival rate of severe casualties per hour, and an increasing 
casualty load eventually leads to degradation of trauma care as 
severely injured patients compete for the limited assets and 
resources. fuJ intact trauma service line provides each severe 
casualty wim a trauma tean1, resuscitation bay, and oilier 
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FIGURE 25-4 Graphic depiction of the results of a computer simula
tion of the flow of casualties of urban bombing through the trauma 
service line of the Ben Taub General Hospital, a level 1 trauma center 
in Houston. The model predicts a sigmoid-shaped relationship 
between the casualty load and global level of trauma care. The !eve! 
of care for a single patient on a normal working day is defined as 
100%. The upper flat portion of the curve corresponds to a multiple 
casualty incident, the steep porlion represents a mass casualty situa
tion, and the lower flat portion represents a major medical disaster. 
The surge capacity of the hospital trauma service line is the maximal 
critical casualty load that can be managed without a precipitous drop 
in the level of care. This simulation is based on d inical profiles of 
casualties treated at the Rabin Medical Center in Petach Tikva, IsraeL 
(From Hirshberg A. Scott BG, Granchi T, et al: How does casualty load 
affect trauma care in urban bombing incidents? A quantitative analy
sis. J Trauma 58:686-693, 2005.) 

resomces, sucl1 as an available computed tomography (CT) 
scanner, operating room, and intensive care bed. 1l1e point 
beyond whicb this level of care caJmot be maintained for new 
arrivals represents the surge capacity of the trauma service line 
of the hospital.6 Surge capacity is, ilierefore, a dynamic measure 
of me processing capacity of the trauma service Hne, aJld cannot 
be derived from static calculations of ED gurneys and staff: 
UsiJ1g a similar definition, a smge capacity can also be defined 
separately for <:>.ach tralmla-related facility in tl1e hospital. 

An increasing casualty load adversely affects me quallty of 
trauma care for me severely injLLred because many casualties 
compete for the same lim ired trauma assets and resources. Anal
ysis using a computer model6 describes thls relationship as a 
sigmoid-shaped curve (Fig. 25-4). The upper Aat portion of tl1e 
curve represents aJl intact trauma service Hne, where d1e level of 
care for severe casualtic::s approximates the care given to a single:: 
patient on a normal working day. 1llis is a multiple casualty 
incident. The steep portion represents a gradually faiHng trauma 
service line, corresponding ro a mass casualty scenario. The lowell" 
Aat portion represents a failed (or nonexistent) service Hnc over
whelmed by a major medical disaster. 

The surge capacity of the rrauma service llne is tl1e poinr 
heyond wh ich the level of care hegins to drop. An effective 
djsastcr response shifts the curve to the right, increasing the 
surge capacity and resulting in a more gradual degradation of 
the level of care. An empirical estimate~ puts me surge capacity 
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at one severely injured patient per hour for every 100 hospital 
beds, providing a practical yardstick that can be used in disaster 
planning. 

Mass Casualty and Modem Trauma Systems 
'TI1e overwhelming majority of urban terrorist bombing~ are 
multiple casualty incidents that do not exceed the surge capacity 
of individual hospitals. However, in the past decade, terrorist 
groups have made repeated attempts to increase the magnitude 
of these MCis by coordinated multiple simultaneous bombings. 
The two best documented examples were the Madrid trains 
bombing (March 2004)8 and the London subway bombing 0 uly 
2005).4 However, these incidems clearly demonstrated thar 
modern emergency medical services (EMS) and trauma systems 
in large metropolitan areas serve as effective buffers that mitigate 
the medical impact of a large-scale event by distributing casual
ties among hospitals. With 2253 casualties in Madrid and more 
than 700 in London, rapid dispersion of the casualties among 
several hospitals resulted in each participating hospital facing 
only a multiple casualty incident with a handful of critical 
patients. This strong buffering mechanism was, however, con
spicuously absent in the U.S. Embassy bombing in Nairobi, 
Kenya, in 1998, where more than 4000 casualties flooded the 
Kenyatta National Hospital.9 This inadequately documented 
MCI is the only truly overwhelming urban mass casualty inci
dent in recent history. This is a key point that is worth reem
phasizing: no hospital in a metropolitan area tbat has a 
ftmctioning EMS system bas ever been overwbclmed by a MCI. 

A major difficulty in trying to learn useful lessons from past 
iJ1cidents is the paucity of cli nical data. Most published reports 
provide only global statistics, sud1 as the total n umber of casual
ties and the mortality an1ong the critically injured (critical mor
tality), with few clinical details about the tratm1a care of 
individual patients. Difficulties and problems in trauma care 
must be in ferred. between the lines, such as an alarmingly high 
number of negative laparotomies, which are hidden in the data 
of the main reports from the Madrid and London bombings. 
Interestingly, in the entire body of literature on disaster medi
cine, no hospital ha~ ever reported having preventable morbidity 
and mortality. ln view of the high public profile and emotional 
inlpact of such incidents, factual detailed clinical reports about 
trauma care in MCls are w11ikcly to be published. 

The keys ro an effective medical response to any MCI are 
robust tratmla systems and weU-functioning trauma centers. 
U.nforttmately, trauma centers in the United States are currendy 
in the midst of a major crisis. The public and its elected repre
sentatives sin1ply do not associate the well-being of trauma 
centers with the medical response to disasters. Thus, while the 
national grid of functioniJ1g trauma centers is being eroded by 
lack of public support, huge resources are allocated to preparing 
hospitals for so-called aU-hazard scenarios, which have become 
a top priority despite their extremely small likelihood. 'TI1e 
public dearly does not realize this dangerous paradox. Without 
a strong national grid of trauma centers, no effective disaster 
response will be possible for doomsday scenarios or just plain 
civilian MC!s. 

Medical Care at the Scene 
Most MCis in an urban environment foUow a rypical tin1eline 
that can be divided into four distinct phases (Table 25-2).10 'TI1e 
iJlitial chaotic phase begins immediately after the inciting event. 

Table 25-2 Typical Timeline of Urban Mass casualty 
Incident 

SCENE PHASE 

Chaotic 

Organized effort 

Site dearing 

Late 

CHARACTERISTICS 

No organized medical 
care; mild casualties go 
to nearest hospital 

Key is effective triage; 
priority-driven transport 
of casualties 

Remaining casualties 
transported 

Spcradic mild casualties 

IMPLICATIONS FOR 
THE ED 
First wave: A few 

walking wounded 

Second wave: Main 
body of casualties 

Third wave: Slow 
trickle of mild 
casualties 

Without any organized medical effort, many minor casualties 
and those with acute stress reaction run from the scene and find 
their way to the nearest hospi tals. The organized effort phase 
begins when a prehospital responder rakes charge at the scene 
and injtiates a systematic. medical effort while also ensuring the 
safety :and security of the medical teams. 1l1e most important 
aspect of this phase is effective field triage, which allows priority
driven transport of casualties to hospitals. 1l1is is followed by 
the site-clearing phase, the duration of which depends on the 
specific circumstru1ces of the incident (i.e., magnitude, structural 
coUapse, or need for prolonged extrication). It ends when the 
last live casualty is transported from the scene. 1l1e late phase is 
a pood y defined period when minor casualties who iJutiaUy ran 
from the scene decide to seek medical attention, often after 
bei11g persuaded by fiunily and friends. 

From the hospital perspective, tbis timeline translates into 
a characteristic casualty arrival pattern consisting of three waves 
(see Table 25-2). 'TI1e first wave consists of a smaU duster of 
casual ties with minor injuries who arrive in hospital on their 
own. After a variable interval, the main body of casualties begins 
to pour in, presenring a wide variety of injury severities. Fin ally, 
a slow trickle of late arrivals with minor injuries or acute stress 
reaction continues over mru1y hours. 10 

Because the time from injury to definitive care is a key 
determi nant of mortality, d1e dominru1t approad1 of prehospital 
teams in an urbru1 setting is to "scoop ru1d run." 1l1e emphasis 
is on triage and rapid trru1sport; interventions are largely 
restricted to airway mru1agement and control of external hemor
rhage. However, iJl a rural or remote MCl, transport can be a 
bottleneck because of lin1ited means or long distances and may 
mandate some form of trauma care at the scene. 

Field triage sd1emes are based on a rapid assessment of 
clinical and physiologic parameters. Until recently, the domi
nant algorithm in d1e United States was START (simple 
triage and rapid treatment), which sorts casualties into four 
categories-immediate, delayed, minor, and deceased." Criti
cism of START, which results in excessive overttiage, has led to 
the recent introduction of the SALT triage scheme (sort, a $SCSS, 

ltfe-saving interventions, treatment ru1d/or transport), which 
combines global assessment of the casualties (e.g., walking versus 
laying still) with a more derailed yet brief assessment of vi tal 
signs. 12 SALT has been endorsed by the American Collt-gt:' of 
Surgeons ru1d other profess.ional orgru1iJ..ations dealing with mass 
casualty triage. Ald10ugh it is promoted as a universal triage 
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scheme for MCis, its main usefulness is at the scene rather than 
for hospital triage at the ED door. 

CLINICAL ASPECTS OF HOSPITAL DISASTER PLANS 

Hospital Disaster Response 
1l1e ultimate goal of the hospital disaster plan is to rapidly 
augment the surge capacity of the trauma service line with its 
support elements, such as the blood bank and emergency labora
tory. An emergency operations center {EOC) coordinates the 
institutional effort. 

Each service or facility in the hospital response envelope 
activates a facUity-spedfic disaster protocol designed to increase 
the processing capacity {or surge capacity) of the fadJjty quickly 
to accommodate a sudden large inAux of casualties. 1l1e underly
ing principle of these protocols is suspension of normal daily 
activities while rapidly mobilizing staff reinforcements. 

Full activation of the entire disaster plan of a large hospital 
tal<es time, disrupts normal daily activities, is expensive, and is 
also usually unnecessary, because the overwhelming majority of 
MCis that ru1y hospital is likely to face are .llmited events. It 
makes sense, therefore, to base the hospital disaster plan on a 
tiered response.13 1l1e plru1 for a linllted MCI centers primarily 
on the ED and reJjes on in-house staff and resources. A plan for 
large-scale MCis recruits reinforcement staff and additional 
facilities outside the ED. AJd1ough dlls tiered approach is not 
yet a formal part of the hospital disaster plru111ing in the Un ited 
Stares, it makes clinical and administrative sense ru1d is implicitly 
adopted by a growing number of institutions. 

From the perspective of traLUna care. d1e hospital response 
consists of two distinct phases.10 During d1e initial phase, the 
incident is stiU evolving, casualties arc arriving, and their ulti
mate number ES unknown. 1herefore, the key consideration is 
to preserve the trauma service line for the next critical arrival. 
1he definitive phase begins when casualties are no l.onger arriv
ing, the overall casualty numher is known, and the hospital 
response envelope has been fully deployed. The clinical focus 
shifts to providing definitive care to all casualties in a graded, 
priority-oriented fashion. 

Preparing to Receive Casualties 
1l1e person authorized to initiate the hospital disa.~ter response 
cru1 be either a hospital admi.Jllstrawr or a local decision maker 
in the ED (e.g., the charge nurse or me attending emergency 
physician). 1l1e former approach reflects a top-down command 
mentality and comes at a price of expediency, especially outside 
normal working hours. The latter is in line wid1 a Aexible 
approach of empowering local managers to make decisions, 
facilitating a rapid response. 

The characteristic time lag between the notification to 
expect incoming casualties and the actual arrival of the first wave 
is a window of opportunity to initiate the opening steps of me 
institutional response. Actions taken during tlus brief wi11dow 
have a profound effea on the subsequent response. Nowhere is 
this window more crucial thru1 in me ED, where a rapid evacu
ation plru1 is activated to create empty gurneys and physical 
space for a large number of iJKoming casualties.14 Based on their 
medical condition, ED patienrs cru1 be discharged, admitted w 
the floors, or transferred to a predesignated location within the 
hospital. Other priorit ies are to position a triage officer outside 
(not inside) the ED and improvise additional trauma bays close 

to the trauma resuscitation area. The command cbaiJ1 in me ED 
must be dear to all, and the entire staff must be briefed and 
given specific roles. For exrunple, in the traun1a resuscitation 
area, staff members are assigned to specific teams and told expJjc
itly who wiU take the first, second, and subsequent critical arr.iv
als. Emergency carts comaining additional medical supplies are 
deployed in predesignated areas. 

lnddent Command and Clinical Decision Making 
Hospital disaster plans are traditionally based on a cop-down 
orgru1izatlonal hierarchy stemming from the incident command 
structure developed in the 1970s to streamline the .field manage
menr of large-scale incidems.3 However, the implementation of 
rl1cse top-down organizational structures during a real incident 
is problematic because most MCis are brief and limited in scope. 
The rapid dynanlics of an urban MCI far outpace the deploy
ment of the top-down hospi tal command structure, so that by 
d1e time d1e hospital has an incident commru1d center up and 
runn:ing, me incident is long over. More importantly, d1e top
down hierarclucal tree meaJls that when a problem arises, it is 
communicated upward in anticipation of a solution, which will 
inevitably be delayed. In a real incident, local managers fre
quently solve problems by commLUlicating horizontally among 
d1em.selves. 

The shortcomings of the rigid top-down command struc
ture were glaringly obvious during the response to Hurricane 
Katrina in 200515 and stood in sharp contrast to many small
scale successes led by resourceful local managers who collaho
rated with peers in their professional or organizational networks. 
It is becoming increasingly clear that aJl effective disaster response 
at any level must be based on such collaborative networks ratl1er 
than on rigid top-down chai ns of commru1d.16 

Few hospital administrators realize d1at the major driving 
forces that propel the hospital disaster response are clinical deci
sions made at the bedside. The movement of severe casualties 
runong facilities is essentially Row between decision points, 
because no casualty enters {or leaves) a faci lity unless a cJjnical 
decision has been made by a tralUlla care provider. In a tradi
tional top-down command structure, executive decisions are 
made at the top and implemented by ilie lower echelons. l11 a 
hospital coping with. an MCI, the situation is reversed, because 
d1e crucial decisions are made at the bedside ru1d d1e role of the 
lugher orgrulizational ecl1elons is ro support ru1d facilitate d1e 
implementation of these dinjcal decisions.'4 

The effective response of every facility in me trauma service 
line to a sudden large casualty load always hinges on a small 
group of local managers whose clinical decisions drive the entire 
effort. In the ED, these are the surgeon in charge, anending 
emergency pbysiciru1, charge nurse, and triage officer. These 
decision makers understand the overarchlng goals of the hospital 
pl3l1 and should be empowered to solve prohlems independently 
instead of merely reporting then1. They should be trained to 
improvise and conmlllnicate horizontally with other local man
agers .. Such collaborative network architectures provide Bexibil
ity, adaptability, and speed and are resilient when parts of me 
system fail unexpectedly. 

Surgeons must also be aware of a fundam ental change in 
the medical decision making process during an MCI. [n every
day cliniatl practice, trauma teaJ11 le::aders enjoy full autonom}' 
in their clinical decisions regarding treatment p riorities and d1e 
use of resources ru1d facilities. ln an MCI, a large number of 
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severely injured [patients compete for d1ese same resources and 
facilities. Key clinical decisions must therefore be made by the 
surgeon in cl1arge, who can visuali7..e d1e "big picture" of the 
institutional situation, and the autonomy of the individual team 
leader no longer exists.17 For example, the decision to take a 
patiem with a pel!lerrating abdominal injury and imra-abdominal 
bleeding to the operating room is not automatic nor can it be 
made by me trauma team leader alone, because it depends on 
other casualties and on the situation in the operating rooms. 1l1e 
surgeon in charge is not merely a coordinator or supervisor but 
actually makes key clinical decisions about individual patients. 

Hospital Triage 
Triage is me central element of the hospital disaster response 
wim implications far beyond the ED door.18 1l1ere is a wide 
discrepancy between the theory of triage and me harsh reality 
of sorting arriving casualties on the an1bulance dock. Most hos
pital plans call for an experienced trauma surgeon to stand at 
the ED entrance and sort arriving casualties bao;ed on a brief 
assessment of physiologic parameters (e.g., palpable peripheral 
pulse or respiratory distress). Popular schemes divide casualties 
into five categories-immediate (life-threatening injuries), 
delayed (severe in juries that can wait for definitive care), mi11imal 
(walking wounded), dead, and expectant (hopeless; Table 25-3). 

Experience from real MCJs has shown that triage on the 
ambulance dock cannot be based on physiologic parameters 
simply because the triage officer has time for only a rapid cursory 
glance at each arrival. The triage decision must therefore rely on 
a global impression of the patient's clinical condition.19 Furmer
more. it is often in1possible to distinguish immediate from 
delayed casualties based on this rapid cursory glance, and pro
nouncing deam on the ambulance dock wimout a thorough 
examination and cardiac monitor is also an unrealistic expecta
tion. Most problematic is the hopeless (or cxpecrant) category, 
because such determinations often depend 011 the available 
resources; me same critical casualty may be deemed salvageable 
if the casualty load is light (or if the patient is an early arrival) 
or hopeless when d1e ED is overwhelmed.' For all d1ese reasons, 
realistic triage on the ambulance dock should be viewed as a 
screening test for severe casualties who require immediate access 
to me hospital tJrauma service line. 

1l1e quality of triage has traditionally been expressed in 
terms of overtriage and undertriage races.' ~ The former is the 
erroneous assignment of nonsevere casualties to the trauma 
resuscitation area, whereas d1e latter is the erroneous assignment 

Table 25-3 Traditional and Realistic Hospital Triage 
catego_ri_es __ 

TRADITIONAL 
CATEGORIES 

Immediate 
Expectant 
Dead 

Delayed 
Minimal 

Triage Mode 

SINCLE-STEP 

Severe (to shock room) 

All others (to ED holding) 

SEQUENTIAL 

Critical (to shock room) 

Delayed (to ED holding) 
Minimal (treated 

outside ED) 

of severe casualties to a regular ED gurney. Overtriage is a system 
problem because these patients compete with severe casualties 
for trauma tean1s and facilities. Undertriage, 011 the other hand, 
is a medical error that may affect preventable morbidity and 
morraljty. It ha~ been suggested recently mat hospital triage 
should be viewed as any orher diagnostic screening rest, using 
specificity and sensitivity rates, which do not directly corre
spond with overtriagc and w1dertriage, as measures of triage 
acCUTaC)'·20 

1l1e major goal of effective triage is to facilitate better use 
of limited trauma resources. The key resource most needed by a 
severely injured patient is the specific attention of a trauma 
team. The price of inaccurate triage can merefore be quantified 
in terms of trauma team workload. A recently published com
puter model has shown that increasing triage accuracy reduces 
tllis workload.~0 

It is important to underscore that triage does not end on 
tl1e an1bulance dock. lt is, in fact, a rei terative process whereby 
each casual ty is sequentially and repeacedJy assessed as he or she 
progresses along the trauma se.rvice line. Each reevaluation 
increases the accuracy of me overall process and increases me 
llkelibood that the patient will be triaged correctly a11d allocated 
the appropriate resources for d1e best possible clinical outcome. 

Clinical Implications of Triage Modes 
From the perspective of me trauma service line of the bospital, 
there are two realistic modes for triage on the ambulance dock 
(see Table 25-3). Single-step triage is d1e simple binary decision 
mode whereby casualties are sorted into severe (roughly corre
sponding to an Injury Severity Score [[SS) of more tl1an 9, or 
15o/o of the casualties) and all omers. The former are assigned a 
trauma tean1 in the trauma resuscitation area; the rest are treated 
in the ED holding area. Sequential (two-step) triage furmer sorts 
severe -casualties into critical (or immediate; ISS> 1 5) or urgent 
(or delayed; ISS = 9 tol5) categories. 1l1e former (approximately 
5% of tl1e casualties) are assigned a full trauma team in a resus
citation bay to address in1mediate life-threatening injuries. 
whereas the latter are treated by one tean1 pe.r several casualties 
in the holding area [n dlis mode, mild casualties (walking 
wow1ded) are directed to a designated area outside the ED. 

Sequential triage can be performed by two triage officers 
working in sequence (one on the ambulance dock, the other 
inside the ED) or by a single officer making two triage decisions 
in rapid sequence. 1l1e first decision separates mild casualties, 
who go to a designated area outside the ED, from the severely 
injuries, who enter tl1e ED. The second decision determiJ1es 
which casualties will receive a full dedicated trauma team. 

Single-step triage works well in limited multiple casualty 
incidents, in which the total number of expected casualties is 
below tl1e bed capacity of the ED. Sequential triage is needed 
only in large-scale incidents that exceed this capacity. It is impor
tant to emphasize that sequential triage is not merely a refined 
triage scheme with a11 additional category, but rather a dramatic 
qualitative change in trauma care. In dl.is mode, roughly two of 
every three severely injured patients will receive a lower level of 
trauma care d1a11 they wotL!d get on a normal worki11g day. 'TI1e 
decisio n to use sequential triage is therefore the most important 
medical leadership decision during the early stages of a MCJ. 

Any disaster response entails a necessary compromise to do 
the most good to tl1e greatest nun1ber of casualties. However, as 
sequential triage shows, it is in d1e treatment of urgent casualties 
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with severe {but not immediately life-threatening) injuries d1at 
this compromise is the most evident. Although it is intuitively 
as.mmed that t his lower level of care will not directly affect 
outcome, tbis crt1cial point has never been addressed in pub
Lished reports of past MCis. 

Trauma Care in the Initial Phase 
During the initial phase of a MCI (Box 25- l), the hospital oper
ates two parallel (bur separate) service Lines for incoming casual
ties.14 The first is a high-priority line with neither queues nor 
delays. It is reserved for severe casualties and includes the staff 
and resources that treat severely wounded patients during normal 
daily operations, from the trauma resuscitation bay in me ED 
to the surgical intensive care unit (SICU; see Fig. 25-3). 1his 
service line is s taffed by the experienced trauma care providers 
who deal with severely injured patients daily. 

The second service line is designated for the mildly injured, 
who require mostly treatment of trivial injuries and ruling <>Ut 
occult significant trauma. Here, the role of trauma care providers 
is to supervise and guide hospital staff who are not trauma care 
providers but arc called up to help in the ED. 

It is interesting to note tl1at the roles of the trauma surgeon 
and trauma-trained nurse in MCis have never been formaUy 
defined in published guidelines, and are conspicuously absent 
from templates for hospital disaster plans. Depending on the 
structure and size of the trauma service at a speci6c institution, 
surgeons and nurses with trauma experience may be assigned to 

perform triage, be in charge of the trauma resuscitation area, or 
have medical comrol of other parts of the hospital response enve
lope.1lle underlying principle is that trauma surgeons and nurses 
should be positioned where they can have the most impact on the 
overall clinical result. Their roles should be defined well iJ1 
advance and incorporated into the institutional disaster plan. 

C ritical casualties who enter the trauma service line are 
treated iJ1 a fashion similar to that of everyday care, with an 
emphasis on expediency, rapid turnover times, and using smaUer 
traun1a teams. The crucial difference is that all major clinical 
decisions are referred to the surgeon in charge who roan1s in the 
trauma resuscitation area and acts as coordinator and ultimate 
clinlcal decision maker.17 Clinical and administrative control are 
maintained d1rough frequent rOLmding on aU casualties in the 
ED by the surgeon in charge, cl1arge nurse, and ED attending 
physician. The product of these rounds is a list of casualties, their 
diagnoses, and their disposition (or plan). Knowing the total 
number of casualties and their injuries and dispositions, as well 
as tile situation at each trauma servi.ce point, allows the surgeon 
iJ1 charge to consider cliJtical priorities against available resources 
and determine a feasible solution for each critical casual.ty. 

Goals 
Optimal trauma care for critical casualties 
Minimal acceptable care for all others 

Principles 
Two parallel bi!Jt separate service lines 
Conservation of trauma assets and resources 
Centralized dinical decision making 
loss of continuity of care 

The guiding priJ1ciple for the care of noncritical casualties 
during the initial phase is minimal acceptable care, which means 
empirical traun1a care along the line of first aid in tl1e field.2 1 

The aim is co buy time, conserve trauma resources, and delay 
definitive care while offioadlng the trauma service line. This 
concept of minimal acceptable care is based on experience witl1 
civilian camalties of war, in which some two thirds of casualties 
survive for l week after injury without any medical care, and 
nonoperatlve managen1ent buys time and improves survival.22 

Thus, tl1e clinical suspicion of a long bone fracture is treated by 
empirical splinting and analgesia and the patient is rapidly 
admitted to a Boor bed without imagrng. Penetrating abdominal 
trauma with peritoneal signs but no hemodynamic compromise 
is treated with IV fluids, antibiotics, nasogastric suction , anal
gesia, and admission to a Aoor bed until the definitive care 
phase. One of d1e hallmarks of this temporizing philosophy is 
to Limit access to the CT scarmer only to patients for whom 
tl1e scan is absolutely essential or potentially lifesaving (e.g., a 
head injury with lateraliziJlg signs or a deteriorating level of 
consciousness). 

Anod1er distingulsbing feature of tratrma care iJ1 disasters 
is discontinuity of care, because in most real-life events, teams 
arc assigned to service points rather than to individual critica\ 
patients. 1lms, a critical casualty may be resuscitated in the 
shock room by one team, the imaging studies reviewed by a 
second team, ru1d the operation performed by a third. Few hos
pital disaster plans currently address tl1is crucial issue and incor
porate solutions (e.g., case mru1agers) to mitigate the potentia\ 
adverse effects of tbis loss of continuity of care.23 

Although the CT scanner is a d assic bottleneck in the .flow 
of casualties along the trauma service line, operating room avail
ability is not a major concern because only very few casualties 
require emergency surgery during the initial phase.11..!

4 Even ill 
large-scale MC!s, such as the simultaneous terrorist bombings 
in Madrid (2004) and London (2005), there was a time window 
of more than l hour between activation of the disaster response 
ru1d the first operative procedure. 

Contrary to the situation in rhe operatiJ1g room (OR), tl1e 
availability of fCU beds is a source of grave concern. 1l1is is 
especially true in urban bombing incidents, in which approxi
mately one of every four admirted casualties will need an inten
sive care bed. 1l1is high demand comes in the face of a severe 
SICU bed shortage in most trauma centers. 1l1e hospital disaster 
response must therefore include protocols for rapidly generating 
a substantial number of vacant intensive care beds available for 
incoming casualties.25 1l1is is typically accomplished by transfer
ring non ventilated patients ro fl oor beds or by usiJlg nonsurgical 
intensive care facilities within the hospital. The postanesthesia 
care unit is often d1e first to be used to accommodate an over
flow of ventilated patients. Critically injured nonoperated 
patients from an urban hombing will need an SICU bed approx
imately 4 to 5 hours after arrival in tl1e hospital, and operated 
casualties take even longcr.4 1l1ese long iJ1tervals aUow the hos
pital to prepare beds, trru1sfer patients, and mobilize staff rein
forcements to achieve a substantial surge in intensive care 
capacity. 

Definitive Care Phase 
During this phase, casualties are no longer arriving, their ulti
mate number is known, and the disaster response envelope 
of the hospital is fully deployed. It is now possible to take 
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stock and proceed with definitive care for all admltted 
casualties .'0•21..:5 

The central cool in this phase is a series of detailed rounds 
by members of the trauma service on all admitted casualties, 
making a detailed and priority-driven treatment plan for each 
one. The deliverables of these rounds are prioritized lists of 
patients in need -of imaging, consults, operative procedures, and 
transfer to other institutions. [n od1er words, the mi11imal 
acceptable care of the initial phase now transforms inro priority
driven definitive care in which the more urgent clinical problems 
arc addressed first. 

The definitive care phase consumes considerable time and 
resources,26 so even limited multiple casualty incidents may 
disrupt the normal daily activities of the trauma service line and 
related facilities for 24 to 48 hours after the last casualties have 
arrived. Return to normal daily activities is therefore gradual and 
the timel.ine differs among facilities. The ED can return to 
normal relatively quickly, but the intensive care unit {ICU) often 
requires addi.tional staffing and support for several days. The 
Israeli experience with urban bombings contains useful descrip
tions of the a general ICU coping with multiple casualty inci
dents, the importance of planning to relieve staff at regular 
intervals, ru1d the use of staff reinforcements, nursing students, 
and volunteers.2~·27 

During the definitive care phase, consideration should be 
given to the need for secondary distribution of casualties by 
transferring some of them to other iJ1St itutions. lnterhospital 
transfer of burn patients co burn centers is a self-evident example. 
Such trru1sfers are more problematic when the indication is 
mostly logistic, such as the desire to shorten waiting times for 
non urgent operatioJlS (e.g., intemal fixation of long bone frac
tures). Finru1cial and administrative issues, as well as consider
ations of instittutional prestige, often create barriers to 

interhospital t ransfer-to the detriment of patients. 
An urban bombing is an example of a short MCI, in 

which the main hody of casualties arrives within approxi
mately 2 hours of the explosion. When struCTural collapse is 
involved, prolonged extrication ru1d site-clearing activities 
extend the initial phase, but there is still a clear dist inction 
between the initial and definitive care phases. However, in 
some types of MCis, such as natural disasters or civilian 
trauma care in areas of conflict, an ongoing stream of casual
ties blurs the dlistinction between tl1e phases ru1d poses ru1 
ongoing challenge to the hospital trauma service line ru1d its 
logistic supply chains. The hospital disaster response must 
tl1erefore include plans for such a rolling MCI, in which 
maintenance of capabilities and preservation of resources over 
time become a central issue. Strict rationing of staff working 
hours, maintaining a supply chain for critical items such as 
blood products, and preparing for the need to have hospital 
personnel reside in-house for many days are all elements of 
such a plan for a rolling MCI. 

A crucial final step before return to normal daily operations 
is a formal debriefing. Tlus activity takes place as soon as possible 
after the incident. Ideally, alJ staff (hospital and prel1ospital) who 
took part in the effort should participate. Tl1e debriefing should 
be carefully structured to cover all key areas of clinical and 
administrative activity while allowing free input from any par
ticipant who wishes to make a point. The aim is co learn lessons 
and identify barriers to the hospital response that cru1 later be 
incorporated imo the hospital disaster plan. 

SURGEON'S ROLE IN NATURAL DISASTERS 
The medical aid stan1pede during the fi rst few weeks after the 
Haiti earthquake in January 2010 demonstrated how little Sllt

geons know about their role in natural disasters, as mru1y vol
unteers with good intentions rushed to the stricken country in 
improvised reams, only to discover how little good intentions 
and surgical skills alone can ad1ieve. 

Tl1ere arc fundamental differences between the medical 
response to an urbru1 MCI and organizing medical aid to a major 
natural disaster. In the former, a functioning trauma system is 
coping wid1 an unusually large casualty load over a brief period 
(from hours to several days). In the latter, the catastropllic event 
compromises or destroys infrastructure and commllll.ity support 
systems {including trauma and health care systems) in d1e disas
ter area External medical assets and resources must therefore be 
imported into the disaster area to reinforce, supporc, or replace 
compronlised local assets over a period of many weeks, months, 
and sometimes years:'8 

1l1e vulnerability of the population affected by a major 
natural disaster is determined primarily by its poverty level 
because poor countries have a weaker infrastructure, and hence 
suffer more devastation. but have fewer resources with which to 
cope. Thus, the 2010 Haiti eartl1quake, witl1 some 230.000 
dead, stands in dran1atic contrast to tl1e 1989 earthquake near 
San Fr:ancisco, which was of a similar magnitude yet resulted in 
only 63 deaths. 

Injury Patterns in Natural Disasters 
It is important to know the typical injury patterns seen in 
various types of natural disasters.29 L1 a major eartl1quake, the 
most importrult woLmding mechrulisms are falling debris and 
entrapment underneath collapsed buildings. Immediate search 
ru1d rescue efforts by survivors in their inlll1ediate vicinity save 
more lives than the organized (but delayed) rescue efforts of 
external agencies. During the first few hours after an earthquake, 
survivors present with a wide variety of extremity ru1d visceral 
injuries. but later the prevailing patterns are extremity injuries 
and a high incidence of crush injuries. Only a small fraction of 
tl1e overall number of casualties is extricated alive after 4S hours 
underneath the rubble, approximately 300 patients in d1e Haiti 
earthquake of January 2010 that killed 250,000. Delayed extri
cation trru1slates into a high incidence of crush syndrome and 
acme renal failure, as seen after the Marmara earthquake in 
Turkey in 1999.30.31 

The 2004 tsunami in Southeast Asia caused twice as mru1y 
dead than in jured survivors, in whom tl1e dominant injury pat
terns were exrremity fractures and soft tissue wounds.32 ln a 
volcanic eruption, injuries are caused by falling rocks, exposure 
to ash {a strong respiratory irritant), and inhalation injury from 
volcank gases. The leading cause of death is suffocation. 
Knowing the characteristic injury patterns for each type of 
natura1 disaster is an obvious prerequisite for plruming a medical 
relief effort. 

Initiating the Medical Relief Effort 
Contrary to the popular notion of the heroic medical volunteer 
racing to tl1e rescue, there is a formal methodology for initiat
ing a medical response to a nawral disaster. The crucial first 
step is a rapid needs assessment, a formal mission that is carried 
out as soon as possible after the catastrophe?833 A Uni ted 
Nations Disaster Assessment and Coordination (UNDAC) 
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team, typically composed of two to six experts, travels quickly 
to the disaster area to assess the immediate needs and report 
them to the in ternational commw1ity. The rapid needs assess
ment, conducted in close collaboration with local authorities 
and facilities, defines not only the extent of the damage to local 
infrasrrucrure and medical resources, bur also estimates the 
numbers of casualties, types of injuries, and key priorities for 
disaster relief. Medical needs arc often assigned a lower priority 
than essentials sucl1 as water, food, and shelter. Without an 
expert needs assessment and subsequent careful planning of the 
mission tailored to d1e specific pro£Jc of the disaster, the effort 
will not be effective. Improvised initiatives of enthusiastic indi
viduals are llkcly ro end up as part of the problem rather than 
part of the solution. 

Trauma Care in the Disaster Area 
11Je medical res~onse to a major natural disaster consists of two 
distinct phases. 18 During the immediate phase, the first days 
and weeks foLlowing the catastrophe, the main goal is to 
provide trauma care to the injured. ln the late phase, in the 
suhsequent months or even years, the focus is on supporting 
the reconstruction of local medical services and facilities in the 
disaster area. 

During the immediate phase, by d1e time outside medical 
help with surgical capabilities arrives, casualties with severe vis
ceral injuries have either been treated already or have not sur
vived. Therefore, the clinical focus shifts to the management of 
extremity and soft tissue injuries roar may be neglected or 
infected and to specific complications, such as renal failure from 
crush syndrome. Anod1er important component of the work of 
ou rside medical reams is to provide solutions to ongoing surgical 
emergencies i11 the afflicted population. ln the absence of surgi
cal facilities in roe disaster area, even simple, straightforward, 
nontrauma emergencies such as an incarcerated hernia or an 
obstetric condiltion requiring all urgent cesareru1 sectio11 may 
lead to preventable mortality. 

[n the immediate phase, the surgical management of 
extremity injuries foLlows the well-established principles of the 
mal1agement of war wounds. 1l1e focus is on simple and traight
forward procedures ramer man on complex reconstructions, 
which are nor a feasible option. Muscle compartments should 
be decompressed liberally and early nonviable or heavily con
taminated tissue must be excised while careftaliy preserving 
intact skin and viable soft tissue. Wounds are left open for 
delayed primary closure or reexcision if needed. Nonsalvageable 
or mangled extremities should undergo early a111fautation, with 
the stump left open for delayed primary closure. ,s 

The com[position and surgical capabilities of a team 
deployed to a disaster area must be carefully considered in view 
of the clinical needs in the field. A typical team consists of torso 
al1d extremity surgeons with trauma experience. More inlpor
tant than specific surgical skills is d1e ability to work in an 
austere environment in a spirit of collaboration with local and 
od1er external medical tean1s. Here, again, d1e trained profes
sional teal11 with disaster relief experience, supported by a robust 
logistic, securitry, and communications envelope has a much 
better chance of rendering effective medical care than an ad hoc 
team of enthusiastic volunteers. Such all effort relies on data
driven planning based on a compecent rapid needs assessmenc, 
is limi ted in scope and duration, and has well-defined realistic 
goals. 

Table 25-4 Oassification of Blast Trauma 
aASSOF 
BLAST INJURY 
Primary 

Secondary 

Tertiary 

Quaternary 

MECHANISM 
Wounding of air-filled viscera as direct result of the 

blast wave 

Penetrating trauma from bomb fragments and other 
projectiles of varying mass and velocity 

Casualties propelled by the blast wind, resulting in 
standard patterns of blunt trauma 

Burns, crush, and all other trauma mechanisms that 
are not induded above 

BLAST TRAUMA: CLINICAL PATTERNS AND 
SYSIEM IMPLICAnONS 
Urban bombing incidents result i.n Lmusually severe and chal
lenging patterns of i11jury, where up to one third of casualties 
admitted to hospital have an ISS higher than 15, a rate duee 
times higher thall that seen in a typical civiliall trauma practice. 
The overall n lllnber of casual ties and rate of immediate on-scene 
mortality are determined by the size of the explosive charge, 
structural failure of the building, and indoor detonation, whicb 
results in a gready amplified blast wave. Suicide bombers are 
particularly devastating weapons of urban terror because they 
speci£cally target crowded indoors locations or large open space 
gatherings to maximi.ze the effect of the explosionY 

Blast trauma is viewed by tralllna surgeons as a multidi
mensional injury because it often combines blast, penetrating, 
blwlt, alld burn mechanisms in d1e sa111e casualty. The results 
are injury patterns of higher severity and complexity and a 
greater burden on the trauma service line of d1e hospital. 1l1c 
classification of blast injuries is given in Table 25-4. 

Primary Blast Injury 
The most common clinical sign of hla~r injury is eardrum per
foration. 1l1ese perforations usually heal spontaneously bur may 
result in various degrees of hearing loss in up 25o/o of patients. 
Eardrum perforation is a useful marker of the proxinlity of d1e 
patient to the detonation but is not a reliable predictor of hmg 
injury.34 Ali arriving casualties should therefore be screened for 
tympanic membrane rupmre i11 the ED; those wid1 a perforation 
should lllldergo all audiometric assessment for hearing loss 
withi11 24 hours, regardless of symptoms. Although it is custom
ary to admit otherwise asymptomatic patients with eardrum 
perforation for ovemight observation because of their proximity 
ro the detonation and concerns over the insidious onset of a blast 
lung injury, tlus practice is nor evidence-based. 

The blast wave from the detonation disrupts tl1e alveolar
capillary interface of the lung, resulting in a spectrum of blast 
lung injury ranging in severity from mild pulmonary conrusion 
with intra-alveolar hemorrhage to severe alld rapidly evolving 
acute respiratory distress syndrome (ARDS).35 Blast lung injury 
is uncommon, occurring in only 5o/o to 8o/o of live casualties in 
urban bombings, but its severity is the key determinant of mor
tality among early survivors. Blast may also cause barotrawna 
(pneumothorax alld bronchoalveolar fisrtda), air embolism, and 
upper airway mucosal drunage. 

Mild blast ltmg injmy presencs with localized infiltrates on 
chest x-ray. (tis managed similarly to a mild lll11g contusion and 
has a good outcome. Patients wid1 severe lung injury typically 
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present with rapidly worsening hypoxia, develop bilateral dl£fuse 
infiltrates, and require early aggressive respiratory support along 
the lines of managing ARDS. Pneumothorax should be actively 
sought and immediately decompressed in these patiellts. Mortal
ity is in excess of 60% in these severe cases.36 

Blasr lung injury in the serring of an urban bombing poses 
an exceptional burden on the surgical ICU.2s..!:• The trauma 
service li11e encoumers several patients with severe and rapidly 
worsening hypoxia who arrive within a short time of each other. 
Each of these patients requires emergency endotracheal intuba
tion in the trauma resuscitation area and subsequent advanced 
ventilatory support, ru1d sometinles invasive hemodynamic 
monitoring in an ICU. This logistic nightmare scenario is almost 
unique to urbru1 bombing incidents and translates into a huge 
medical, organizational, and staffing challenge. 11 1l1e pre...ence 
of associated injuries (e.g., burns or penetrating visceral trauma) 
adds to the complexity of an already difficult si tuation. These 
patients require not only an intensive care bed but, more impor
tantly, the persomal and undivided arrention of a tean1 of expe
rienced critical care providers. 

Intestinal hlast trauma varies in severity from subserosa! 
hemorrhage to fuJI-thkkness perforation.37 Chnkally important 
bowel blast injury is rare in urban bombings, occurring i11 Jess 
than 2% of live casualties, bur is the most common form of 
trauma in an. immersion blast from an underwater explosion. 
The chn.ical pitfall with these injuries is a delayed presentation, 
wim some casualties developing peritoneal signs 48 hours or 
more after the explosion. The injury may affect any portion of 
the bowel but a propensity for the terminal ileum has been 
descrihed.38 Intraoperatively, a common dilemma is how mucl1 
contused but no11perforated bowel to resect. 1l1e concern is that 
traumatir..ed bowel may eventually progress to a delayed perfora
tion. This decision is ru1 operative judgment call. 

Secondary Blast Injury 
Penetrating trauma from fragments of the bomb casing or from 
metal projectiles added to an improvised explosive device {lED) 
can cause a wide array of injuries, rru1ging &om superficial skin 
lacerations to letlhal visceral wounds. From the perspective of the 
hospital trauma service line, the key consideration is the need 
for extensive in1aging to locate penetrating fragments and define 
their trajectories because a physical exruniJlation is a poor predic
tor of the depth of penetration. The most expedient method is 
to use a helical CT scan to locate multiple projectiles rapidly 
and delineate their trajectories.39 However, this makes the CT 
scanner a bottleneck to patient Aow24 and requires setting priori
ties and rationing access to the scanner during the in itial phase 
of the hospital response. 

Penetrating trauma by multiple projectiles may result in 
deep soft tissue wounds that bleed profusely. Because these 
wounds are typically located on the posterior aspect of the torso 
and extremitie.~. the associated blood loss is often underesti
mated. In patiCI!lts who are taken to the OR for emergency 
surgery (e.g., for celiotomy) it is therefore advisable to log-roll 
the patient and rapidly pack the wounds witl1 gauze before the 
mai11 surgical procedure.40 

Whereas dassic management principles for traumatic 
wounds have called for debridement of each wound and removal 
of embedded foreign bodies, this is often not a realistic option 
in camalties with multiple {sometimes dozens) of asymptomatic 
penetrating wounds. 1l1ese multiple debridements consume OR 

time and resources and end up causing more tissue dan1age thru1 
the oriJ:,>inal injury. A common sense approach is to address only 
symptomatic or infected projectiles ru1d those in problen1atic 
locations (e.g., intra-articular). 

Tertiary and Quaternary Blast Injuries 
When casualties are propelled against stationary objects by the 
explosion. the results arc standard patterns of blunt trauma. 
However, these tertiary blast iJ1juries are typically combined with 
other types of trauma caused by the blast. This complicates the 
diJucal picture and presents unusual dilemmas in terms of treat
ment priotities ru1d resource allocation.2 1 

Quaternary blase trauma refers mostly w burns and crush 
injurie.s.3~ Superficial flash burns, typically involving large body 
area~. are caused by the explosion itself, and are markers of 
proximity to the blast. Titey are common an1ong casualties 
fotmd dead at the scene and have also been shown to be predic
tors of blast lwJg injury.41 The ignition of flammable materials 
and clothes causes deep burns of variable extent, sometimes in 
conjunction wiili inhalation injury. A large number of burn 
casualties, many of them brought initially to hospitals that do 
not have a dedicated burn service, pose an extraordinary burden 
on regional burn systems that generally have a limited surge 
capacity, even during normal daily operations. Secondary distri
bution of these patients to other, often geographically remote, 
burn centers outside ilie in1mediate vicinity of tl1e bombing si te 
is a key feature of MCis involving a large number of burned 
casualties, such as the Bali nightclub bombing in Indonesia iJ1 
2002.-u 

CONCLUSION 
1l1e ccn tral me.~age of this chapter is that an1idst the wailing 
sirens of approaching an1bulances, the terrible sights on televi
sion, the hectic activity of medical teams, and the emotional 
outrage of the public, surgeons must not forget their core 
mission in disasters. This core mission is ro preserve the trauma 
service line of the hospital and ren1ain focused on providing 
optimal trauma care to the next critical casualty. Contrary to the 
tendency among disaster planners and hospital administrators 
to prepare for nightmare megascenarios that surgeons are 
unlikely ever to encounter in their professional careers, the 
emphasis should be to on preparing for realistic MCis that affect 
every institution from time to rin1e. 

Surgeons must remember that the ultimate goal of the 
entire h ospital disaster plan is to provide a small group of criti
cally injured casualties with a level of trauma care comparable 
to the care given to sintilarly injured patients on a normal 
working day. The many mildly iJ1jured patients are the noise, 
the casualties that are seen and heard on the evening news. 1l1e 
surgeon's role is to focus on d1e few casualties who are silent, 
those whose battle for survival unfolds away from the can1eras, 
in the shock room, operatiJ1g room, and ICU. Strange as it may 
seem. it is these very few critically injured patients who are the 
crux of the entire effort. 
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CHAPTER 26 

TRANSPLANTATION 
IMMUNOBIOLOGY AND 
IMMUNOSUPPRESSION 
ANDREW B. AoAMS, A LLAN D. KIRK, AND CHRISTIAN P. L ARSEN 

THE IMMUNE RESPONSE 

REJECTION 

IMMUNOSUPPRESSION 

TOLERANCE 

XENOTRANSPLANTATION 

NEW AREAS OF "TRANSPLANTATION 

CONCLUSION 

Transplantation has revolutionized the treatment of end-stage 
organ failure. Today, there are over 25,000 transplantations per
form<::d annually and more than 100,000 patients are currently 
llsted and awaiting an organ. 1l1e concept of tissue transplanta
tion is certainly not new. As early as 800 BC, skin grafts were 
performed in India to conceal amputation of the nose, a punish
ment for adultery. History also is replete with legends and myths 
recounting the replacement oflimbs and organs. One of the first 
references specifically ro solld organ replacement as a therapeutic 
solution occurred when Tua-Ho, of China, reportedly replaced 
diseased organs with healtl1y ones approximately 200 AD. A 
more well-known myth of early transplantation derived from the 
miracle of Saints Cosmas and Damian (brothers and subse
quently patron saints of physicians and surgeons), in which tl1ey 
successfully replaced the gangrenous leg of the Roman deacon 
Justinian witl1 a leg from a recently deceased Ethiopian (Fig. 
26-1). However. it was not un til tl1e French surgeon Alexis 
Carrel developed a metl10d for joining blood vessels in the late 
19th cenrury that the transplantation of organs becan1e techni
cally feasible and verifiable accounts of transplantation began 
(Fig. 26-2). He was awarded tbe Nobel Prize in Medicine iJ1 
1912 "in recognition of his work on vascular suture and tl1e 
transplantation of blood vessels and organs." Having established 
the tedmical component, Carrel himself noted that there were 
two issues w be resolved "regarding the transplantation of tissues 
and organs ... the surgical and the biological." He had solved 
one aspect, the surgical, but he also understood that "it will only 
be through a mo.re fundamental study of me biological relation
ships existing between Living ti$sues"1 that the more difficult 
problem of the biology would come to be solved. Forty years 
would pass before another set of eventual Nobel Prize winners, 
including Peter Medawar, would begin ro define the process 
whereby one individual rejects another's tissue (Fig. 26-3).Z 
Shortly cl1ereafter, Joseph Murray, Nobel Laureate 1990, per
formed the first successful renal transplant between identical 

twins in 1954 (Fig. 26-4).3 At tl1e same time, Gertrude Elion, 
who worked as an assistant to George Hitchings at Wellcome 
Research Laboratories, developed several new i_mmunosuppres
sive compow1ds, incl uding 6-MP and A:za. Murray and Roy 
Caine subsequently introduced these agents into clinical prac
tice, permitting nonidentical transplantation to be successful. 
Elion and Hitchi11gs later shared the Nobel Prize in 1988 for 
their work on «the important priJlciples of drug development." 
1he subsequent discovery of increasingly potent agents to sup
press the rejection response has led to the success in allograft 
survival that we enjoy roday. It is tllis collaboration between 
scientists and surgeons rl1ar has driven our understanding of the 
immune system as it relates to transplantation. In this d1apter, 
we will provide a primer on rejection in the context of the 
broader in1mune response, review tl1e specific agents that are 
used to suppress tl1e rejection response, and provide a gllmpse 
into the future of the field of immunology and the immune 
response. 

THE IMMUNE RESPONSE 
1l1e process of .rejection did not evolve as a response ro prevent 
the relatively recent developments in transplantation, bur is part 
of a system that has developed over rl1ousands of years ro protect 
against invasion by patl10gens and prevenr subsequent disease. 
To understand the rejection process and, in particular, to appre
ciate the consequences of pharmacologic suppression of rejec
tion, a general understanding of rl1e immune response as it 
functions ill a physiologic secring is required. 

TI1e immLme system has evolved tO include two comple
mentary divisions to respond to disease, the i.tu1ate and acquired 
immune systems. Broadly speaking, the innate immune system 
recognizes general characteristics that have tluough selective 
pressure come to represent universal pathologic challenges to our 
species (e.g., ischemia, necrosis, trauma, certain nonhuman cell 
surfaces).1 Conversely, tbe acquired arm recognizes sped.fic 
structural aspects of foreign suhsranct.'S, usually peptide or car
bohydrate moieties, recogni·zed by receptors generated randomly 
and selected ro avoid self-recognition. Although the two systen1s 
differ in their sped.fic responsibilities, they act i.t1 concert to 
influence each other ro achieve an optimal overall response. 

Acquired Immunity 
'TI1e distinguishing feature of d1e acquired immune system is 
specific recognition and disposition of foreign elements, as well 
as the ability ro recall prior challenges and respond appropriately. 
Highly specific receptors (see later) have evolved to distinguish 
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FIGURE 26-1 Painting of Cosmas and Damian (15th c.), patron saints 
of physicians and surgeons. The legend of the Miracle of the Black 
Leg depicts the removal of the diseased leg of the Roman, Justinian, 
and replacement with the leg of a recently deceased Ethiopian man. 
(Courtesy Wellcome Library, London.) 

FIGURE 26-2 Triangulation technique of vascular anastomosis by 
Alexis Carrel. (From Edwards WS, Edwards PO: Alexis Carrel: VISionary 
surgeon, Springfield, Ill, 1974, Charles C Thomas, pp 64--83.) 

foreign from normal tissue through antigen binding. 1l1e term 
antigen is used to describe a molecule that can be recognized by 
the acquired immune system. An epitope is the portion of the 
antigen, generally a carbohydrate or peptide moiety, that actually 
serves as the binding site for the immune system recepcor and 
is the base unit of antigen recognition. Thus, there may be one 
or many epiropes on any given antigen. 1l1e acquired response 
is divided imo two distinct arms, cellular and humoral. The 
predominant effecter cell in each arm is the T cell and B cell, 
respectivdy. Accordingly, the two main types of receptors that 
the immune system uses ro recognize any given epirope are the 
T ccU receptor (TCR) and B cdl receptor, or antibody. ln 
general, individual T or B lymphocytes express identical 
receptOrs, each of which only binds ro a single epicope. 1l1is 

FIGURE 26-3 Sir Peter Medawar. (Courtesy Bern Schwartz Collection, 
National Portrait Gallery, London.) 

mechanism esmblishes the specificity of the acquire.d immune 
response. 1l1e antigenic encounter alrers the immune system so 
that furure challenges with the same antigen provoke a more 
rapid and vigorous response, a phenomenon known as immu
nologic memory. There are vast differences in the way each 
division of the acquired immune response identifies an antigen. 
The B cell recepcor or antibody can identify its epicope directly 
without preparation of the antigen, citl1er on an invading patho
gen i·tself or as a &ee-fioating molecule in the extracellular fluid. 
T cells, however, only recognize their specific epitope after it has 
been processed and bound to a set of proteins, unique to the 
individual, which are responsible for presemation of the antigen. 
This ser of proteins, crucial ro antigen presentation, is termed 
histocompatibilit)' proteins and, as their nan1e suggests, were 
defined rl1rough studies examiJling tissue transplantation. 'TI1e 

case of the immune response in tissue transplantation is unique 
and wUI be discussed in its own section. 

Major Histocompatibility Locus: Transplantation Antigens 
1l1c major histocompatibility complex (MHC) refers ro a cluster 
of highly conserved polymorphic genes on the sixth human 
chromosome. Mucl1 of what we know about the derails of rl1e 
immune response grew from initial studies defining the immu
nogenetics of the MHC. Studies began in mice, in which the 
MHC gene complex, termed H-2, was described by Gorer and 
Snell as a genetic locus that segregated with transplanted tumor 
survival. Subsequent serologic studies identified a similar genetic 
locus in humans called the HLA (human leukocyte antigen) 
locus. 1l1e products of tl1ese genes are expressed on a wide variety 
of cell types and play a pivotal role in tl1e immw1e response. 
They are also the antigens primarily responsible for human 
transplant rejection and their clinical implications will be dis
cussed later. 

MHC molecules play a role in the innate and acquired 
immune systems. 1heir predominant role. however, lies in 
antigen presentation within the acquired response. As noted, rl1e 
TCR does nor recognize its specific antigen directly; rather, i( 

http://www.myuptodate.com


TRANSPLANTATION IMMUNOBIOLOGY AND IMMUNOSUPPRESSION CHAPTER 26 619 

~ z 
1/) 
-o 

> 
~ 
~ 
0 
z 
)> 
z 
0 

~ s: 
c 
z 
0 
5 

FIGURE 26-4 A. lihe first identical twin kidney transplantation, performed on December 23, 1954. B, Herrick twins (seated) with transplanta- Q 
lion team. (Courtesy Harvard Medical Library, Francis A. Countway Library of Medicine, Center for the History of Medicine, Boston.) 
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binds ro the processed antigen that is bound ro cell surface 
proteins. It is the MHC molecule dtat binds the peptide antigen 
and interacts with the TCR, a process called antigen presenta
tion. 'Thus, all T cells arc restricted roan MHC for their response. 
There are two classes of M HC molecules, class I and class II. In 
general, CDs+T cells bind to antigen in class I MHC and CD4+ 
T cells bind to antigen in class II MHC. 

Human Histocompatibility Complex 
The antigens primarily responsible for human allograft rejection 
are those encoded by the HLA region of chromosome 6 (Fig. 
26-5). 'The polymorphic proteins e.ncoded by this locus include 
class I molecules (HLA-A, -B, and -C) and class II molecules 
(HLA-DR. -DP, and -DQ). 'There are additional class ] genes 
with limited polymorphism (E, F, G, H, and]) bur they are nor 

I I 

FIGURE 26-5 Location and organization of the HLA 
complex on human chromosome 6. The complex is con
ventionally divided into three regions, I, II, and Ill. Class Ill 
genes are not related to dass I and dass II genes, structur
ally or functionally. (Adapted from Klein J, Sato A: The HLA 
system- first of two parts. N Engl J Med 343:702- 709, 
2000.) 

currently used in tissue typing for transplantation and are nor 
considered here. There are class ITI genes as well, but d1ey are 
not cell surface proteins involved in antigen presentation directly 
bur include molecules pertinent ro tl1e in1munc response by 
various mechanisms-rumor necros.is facrors-<X (TNF-<X) and 
TNF-!3, components of the complement cascade, nuclear tran
scription factor B. and HSP 70. Other conserved genes in HLA 
include genes necessary for class r and class n presentation of 
peptides, sucl1 as the peptide transporter proteins TAP-I and 
TAP-2 and proteosome proteases LMP-2 and LMP-7.~ Although 
other polymorphic genes, referred to as minor histocompatibil
ity antigens, exist in tl1e genome outside of tl1e HLA locus, they 
play a more limited role in transplant rejcccion and will nor be 
covered here. lt is, however, important ro point our tl1at even 
HLA-identical individuals are subject w rejection on the basis 

http://www.myuptodate.com


620 SECTION IV TRANSPLANTATION AND IMMUNOLOGY 

of d1ese minor differences. 'The blood group antigens of the ABO 
system must a:lso be considered transplantation antigens and 
their biology is critical to humoral rejection. 

Although initially identified as transplantation antigens, 
class I and class II MHC molecules actually play viral roles in 
all immune responses, nor jusr those to rransplanred rissue. HLA 
class 1 molecules are present on al l nucleated cells. ln contrast, 
class 11 molecules are found almost exclusively on cells associated 
wid1 the immune system (e.g., macrophages, dendritic cells, B 
cells, activated T cells) bur can be upregulared and appear on 
other parenchymal cells in the setting of cyrokine release caused 
by an immune response or injury. 

The imponance of MHC gene products to transplantation 
stems &om d1eir polymorphism. Unlike most genes, which are 
identical in a given species, polymorphic gene products differ in 
derail while still conforming to d1e same basic structure. 'TI1us, 
polymorphic MHC proteins from one iJ1dividual are foreign 
a!Joantigens ro another iJldividual. Recombination widu n dle 
HLA locus is uncommon, occurring in approximately I o/o of 
molecules. Consequently, the HLA type of the offspring is pre
dictable. The unit of inheritance is the haplotype, whi.cl1 consists 
of one chromosome 6, aJld therefore one copy of each class T 
and clas..s ri loous (HLA-A, -B, -C. -DR, -DP. and -DQ). 'TI1us, 
donor-recipiem pairings d1at are marched at all HLA loci are 
referred to as HLA-idenrical allografts aJld those marched ar half 
of the HLA loci are referred ro as haploidentical. Note that 
HLA-idenrical allografts still differ genetically ar ori1er genetic 
loci and are distinct from isografts. Isografrs are organs trans
planted between identical rwins, are immunologically indistin
guishable, and thus do nor reject. 1l1e genetics of H LA is 
particularly im porrant in lmderstanding clinical living-related 
donor (LRD) transplantation. Each child inl1erits one haplotype 
&om each parent; therefore, ri1e chaJ1ce of siblings being HLA 
identical is 25%. Haploidentical siblings occur 50% of the time 
and completely nonidentical or HLA-distincr sibHngs 25% of 
rile time. Biologic parems are haploidentical wiili their children 
unless there bas been a rare recombination event. 'The degree of 
HLA march can also improve if the parents are homozygous for 
a given allele, trhus giving the same allele to aU children. Simi
larly, if the parcn ts share the saJDe allele, the Likelihood of that 
allele being inherited improves ro 50%. This is even more impor
tant in the field of bone marrow traJ1splamation, in which the 
risks of donor-mediated cywwxi.city and resultant graft-versus
host disease become:: a more relevaJH issue. 

Each class ] molecule is encoded by a single polymorphic 
gene that is combined wiri1 the nonpolymorpbic prorein Pr 
microglobulin (f}zM; chromo.~ome 15) for expression. 'TI1e poly
morphism of each class ] molecule is extreme, with 30 to 50 
alleles/locus. C lass ll molecules are made up of two chains, o: 
aJld p, and individuals differ nor only in dle alleles represented 
ar each locus, bur also in the number of loci prcsenr in the HLA 
class II region. 1he polymorphism of class II is thus increased 
by combinations of 0: and p cl1ains, as well as of hybrid assembly 
of chains from one class 11 locus ro anomer. As the HLA sequence 
varies, me ability of various peptides to bhld tO the molecule 
aJ1d be presented forT cell recogni tion changes. Teleologically, 
tllis extreme diversity is d1ought to improve the likelihood d1at 
a given pad1ogenic peptide will fir imo the binding sire of 
these antigen-presenting mo.leculcs, thus preventing a single 
viral agent from evading detection by T cells of an entire 
population.6 

Class I Major Histocompatibility Complex The riuee-din1ensiona\ 
strunure of class I molecules (HLA-A, -B, and -C) was first 
elucidated in 1987. · 'TI1e class I molecule is composed of a 
44-kDa transmembrane glycoprotein (CY. cl1ain) in a non covalent 
complex with a nonpolymorpllic 12-kDa polypeptide called 
Pz-M. 1l1e 0: chain has rhree domains, o:-1, CY.-2, and CY.-3. The 
critical strucmral feature of class I molecL~es is ri1e presence of 
a groove formed by two 0: heHces mounted on a ~-pleated sheet 
in ri1e CY.-1 and CY.-2 domains (Fig. 26-6). Within tllis groove, a 
nine-amino-acid peptide, formed from fragments of proteins 
being synthesized in me cell's endoplasmic reticulum, is mounted 
for presenration to T cells. Almost aU the significaJu sequence 
polymorphism of class I is located in the region of me pepdde
bindjng groove aJJd in areas of direct T cell contact. The assem
bly o f class I is dependenr on association of the CY. chain with 
f}z-M and native peptide within the groove. Incomplete mole
cules are nor expressed. [n general, all peptides made by a cell 
are candidates for presentation, although sequence alterations 
in this region favor certain seguences over others. 1l1e o:-3 
inmlUnoglobulin-like domaiJ1, which is dte domain closest to 
the men1brane and interacts with me CD8 molecule on the T 
cell, demonstrates limited polymorphism and is conserved to 
prese-rve interactions wiri1 CD8+ T cells. 

Human class ] presentation occurs on all nucleated cells 
and expression can be increased by certain cyrokines, thus allow
ing the immune system to inspect and approve of ongoing 
prorein synri1esis. Interferons (lFN-0., JFN-p , aJ1d IFN-y) 
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FIGURE 26-6 Structure of the MHC class I molecule. dass I molecules 
are composed of a polymorphic ex chain noncovalently attached to 
the nonpolymorphic [3,-microglobulin (f3,M). A. Schematic diagram. 
B. Ribbon diagram shows the extracellular structure of a class I mol
ecule with a bound peptide. (Adapted from Abbas AK, Lichtman AH. 
Pillai S: Cellular and molecular immunology, ed 6, Philadelphia, 2010. 
Saunders-Elsevier.) 
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induce an increase in the expression of class ] molecules on a 
given cell by increasi,ng levels of gene expression. T cell activa
tion occurs when a given T cell encoumers a class 1 M HC 
molecule carrying a peptide from a nonself protein presented in 
the proper context (e.g., viral pro tein is processed in an infected 
cell and the pepridc fragmems are presented on class I molecules 
for T cell recognition). So-called cross-presenration may also 
occur, in which certain antigen-presenting cells (APCs)
namdy, a subset of dendritic cells- have the ability tO take up 
and process exogenous antigen and presenr it on class L mole
cules tO CD8"" T cdls.8 In the case of transplantation, this activa
tion is not only possible when foreign peptide is identified after 
the donor MHC has been processed and presemed on recipient 
APCs, but more commonly occurs when a T cell interacts 
directly with the nonself cia.~~ I MHC, tl1e so-called direct 
alloresponse. 

Class II MHC The class Il molecules are products of me HLA-DR, 
HLA-DQ, and HLA-DP genes. The strucmral features of class 
lJ molecules are strikingly similar to those of class I molccuks. 

The three-dimensional structure of class II molecules was 
inferred by sequence homology to class I in 1988 and eventually 
proven by x-ray -crystallography in 1993 {Fig. 26-7).9 The class 
D molecules contain two polymorphic chains, one approxi
mately 32 kDa and the o ther approximately 30 kDa. The 
peptide-binding region is composed of the a.- I and ~- 1 domains. 
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FIGURE 26-7 Structure of the MHC class II molecule. d ass II mole
cules are composed of a polymorphic a chain noncovalent!y 
attached to a polymorphic f3 chain. A. Schematic diagram. 8, Ribbon 
diagram shoii\/S the extracellular structure of a class II molecule with 
a bound peptide. (Adapted from Abbas AI<, Lichtman AH, Pillai S: 
Cellular and mdlecular immunology, ed 6, Philadelphia, 2010, 

Saunders-Elsevier.) 

1l1e immunoglobulin-like domain is composed of the a.-2 and 
~-2 segments. Similar to the class [ immunoglobulin- like a.-3 
domain, tl1ere is lincited polymorphism in these segments and 
the ~-2 domain, in particular, is involved in the binding of the 
CD4 m olecule, helping to restricr class 11 interact ions to CD4+ 
T cells . Cia.<>.~ II molecule assembly requires a.~ociation of bod1 
tl1e a chain and ~ chains in combination wi th a temporary 
protein called the invariant chain.10 llus third protein covers the 
peptide-binding groove until the class 11 molecule is out of the 
endoplasmk reticulum and is SC<juestered in an endosome. Pro
teins tbar arc engulfed by a phagocytic cell are degraded at the 
same time as the invariant chain is removed, allowing peptides 
of exrernal sources ro be associated with and presented by class 
11. In d1.is way, the:: acquired immune system can inspect and 
approve of pro teins that arc present in circulation o r that have 
been liberated from foreign cells or pathogens through the 
phagocytic process. Accordingly, class II molecules, in contrast 
ro class I molecules, are conh11ed to cells related ro the immune 
re$pOnse, particularly APCs {e.g., macrophages, dendritic cells, 
B cells, and monocytes) . Class II expression can also be induced 
on otl1er cells, including endothelial cells under the appropriate 
conditions. After bin ding class H molecules, CD4+ T cells par
ticipate in APC-mediatcd activation of CD8' T cells and 
antibody-producing B cells. In the case of transplanted organs, 
ischemic injury at the time of transplantation accentuates the 
pocential forT cell activation by the upregulation of class I and 
class II molecules locally on the recipient. 1l1e trauma of surgery 
and ischemia also upregulate class II molecules on all cells of an 
allograft, mal<ing nonself-MHC more abundant. H ost CD4+ T 
cells may tl1en recogJuze donor MHC directly {direct allore
sponse) or after antigen processing (indirect alloresponse) and 
then proceed ro participate in rejection. 

HLA Typing: Implications for Transplantation 
For me reasons already discussed, closely matched transplants 
are less likely ro he recognized and rejected than are similar grafts 
differing by multiple alleles at me MHC. HLA matching has a 
clear influence on me prolongation of graft survival. Humans 
have two di fferent H LA-A, -B, and -DR alleles--one from each 
parent, six in rotal. Although dearly inlportant, the HLA-C, 
-DP, and -DQ loci are administratively dismissed in general 
organ allocation. Although current immunosuppressive regi
mens negate much of the impact of matching, tl1ere have been 
several studies that have den1onstrated improvements in renal 
allograft survival when the six prin1ary alleles are matched 
between donor and recipient, a so-called six-antigen match (Fig. 
26-8). Historically, MHC match h a.~ been defined using two 
cellular assays, the lymphocytotoxicity assay and d1e mixed lym
phocyte reaction (MLC). Born assays define MHC epitopes bur 
do not comprehensively define the entire antigen o r tl1e exact 
genetic disparity involved. Techniques now exist for precise 
genotyping via molccular techniques that distinguish the nucle
otide sequence of an individual's MHC. 

The MLC is performed by incubating recipienrT cells with 
irradiated donor cells in rhc presence of 3H-rhymidine; the irra
diation treatment ensures mat tile assay only measures the pro
liferation of recipient T cells. [f the cells differ at the class D 
MHC Incus, recipient CD4' T cells produce imerleukin-2 
(IL-2). which stimulates proliferation. Proliferating cells incor
porate d1e labeled nucleotide into their newly manufactured 
DNA, which can be detected and quantified. C lass T1 
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FIGURE 26-8 Influence of HLA matching on renal allograft survival. 
Matching HLA .alleles between donor and recipient significantly 
improves renal allograft survival. The data shown are for deceased 
donor renal allografts stratified by number of matched HLA alleles. 
(Data from US. Organ Procurement and Transplant Network and the 
Scientific Registry of Transplant Patients: 2008 OPTN/SRTP annual 
report: Transplant data 1998-2007 [http:/ /optn. transplant.hrsa.gov/ 
ar2008).) 

polymorphism can be detected by this assay, bm it takes several 
days ro complete one assay. 1l1Us, the use of MLC as a prospec
tive typing assay is limited to LRDs. The specific MHC alleles 
are not identified with this assay per s~; instead, they are inferred 
from a series of reactions. Although this assay has been extremely 
valuable historically, it bas now been largely supplanted by more 
modern molecular techniques. 1he lymphocytotoxicity assay 
involves taking serum &om individuals with anti-MHC anti
bodies of known specificity and mixing it with lymphocytes 
from the individual in question. Exogenous complement is 
added, as well as a vital dye that is not taken up by intact cells. 
lf the antibody binds to MHC, it activates the complement and 
leads ro cell membrane disruption, and the cell takes up the vital 
stain. Microscopic examination of cl1e cells can tl1en determine 
whether the MHC antigen was presem on the cells. This, roo, 
has been supplamed by more modern mecl1ods of MHC-speci6c 
antibody detect ion. 

The sequencing of the class I and class ll HLA loci has 
aUowed several genetic-based teclmiques to be used for histo
compatibility testing. These methods include restriction 
fragment length polymorphism (RFLP), oligonucleotide hybrid
ization, and polymorphism-specilic an1pHfication using the 
polymerase chain reaction and sequence-specific primers (PCR
SSP). Of these mecl1ods, the PCR-SSP technique is most com
monly used for class II typing. Serologic techniques are stiJI the 
predominant method for class I typing because of the complex
ity of class I sequence polymorphism. It is important to note 
cl1at sequence polymorpbisms mat do not alter cl1e TCR-MHC 
interface are unlikely to affect allograft survival; thus, the 
e11l1anced precision of molecular typing may provide more infor
mation cl1an is actually clinicaUy relevant. 

Cellular Components of the Acquired Immune System 
1he key cellular components of the immune system, T cells, B 
cells. and antigen-presenting cells, are hematopoietically derived 
and arise from a common progenitOr stem cell. 1l1e development 

of the lymphoid system begins with pluripotent stem cells in cl1e 
liver and bone marrow of me fetus. As the fetus matures, the 
bone marrow becomes me primary site of lymphopoiesis. B cells 
were named after the primary lymphoid organ that produces B 
cells in birds, the bursa of Fabricius. In humans and most other 
mammals, precursor B cells remain wirhin the bone marrow as 
they mature and fully develop. Although precursor T cells also 
origi_natc in me bone marrow, they soon migrate tO the thymus, 
cl1e primary site ofT cell maturation, where cl1ey become "edu
cated" to self and acquire cl1eir specific cell surface receprors and 
the ability ro generate effecror function. Marure lymphocytes are 
men released from me primary lymphoid organs, dle bone 
marrow and mymus, to populate cl1e secondary lymphoid 
organs, including lymph nodes, spleen, and gut, as weU as 
peripheral tissues. Each of these celL~ has a unique role in estab
lishing the immune response. The highly coordinated network 
is regulated in part through cl1e use of cytokines (Table 26-1). 

Both B and T cells are integral components of a highly 
specific response that musr be prepared to recognize a seeming!)' 
endless array of pathogens. This is accomplished d1rough a 
unique method that aUows for random generation of almost 
unlimited receptor specificity, yet controls the ultimate product 
by eliminating or suppressing tho.~e that might ultimately react 
against self and enable an autoi.nlmune response. 'TI1ere are fun
da.menral differences in the manner in which T and B cells 
recognize antigen. B cells are structured to respond to whole 
antigen and, in response, syncl1esize and secrete antibody that 
can i_nreract wirh anrigen ar dlstam sites. T cells, on the other 
hand, are responsible for cell-m~diated immunity and, of neces
sity, must interact with cells in the periphery ro neutralize and 
eliminate foreign antigens. From the peripheral blood, T cells 
emer the lymph nodes or spleen through highly speciali7..cd 
regions in me postcapillary vemJes. In the secondary lymphoid 
organ, T cells interact with specific APCs, where they receive the 
appropriate signals that in effect, Ucensc them for effector func
tion. They d1e.t1 exit cl1e lymphoid tissues through the effermt 
lymph, eventually percolating through the cl10racic duct and 
returning to me bloodstream. From there, they can return tO tlle 
sire of the immw1e response, where iliey encounter d1eir specific 
antigc11 and carry out cl1eir predefu1ed functions. 

T Cells 
T Cell Receptor Considerable progress has been made in defullng 
cl1e mechanisms ofT cell maturation and the development of a 
functional TCR. The formarion of d1e TCR is fundammtal to 
understanding its function. 11 When precursor T cells migrate 
from d1e feral liver and bone marrow to the thymus, they have 
yet to obtain their specialized TCR or accessory molecules. On 
arrival ro the thymus, T cells undergo a remarkable rearrange
ment of their DNA, wl1ich encodes the various chains of the 
TCR (a, p, "(,and O; Fig. 26-9). The order of genetic rearrange
ment recapitulates the evolution of the TCR. T cells first attempt 
to recombine the 'Y and 0 TCR genes and cl1en, if recombination 
fai ls ro yield a properly formed recepror, resort ro cl1e more 
diverse a and p TCR genes. The yo conliguration is typically 
not successful and thus most T cells are ap T cells. T cells 
expressing the yo TCR have more prinlitive functions, including 
recognition of heat shock proteins and activ.ity similar to natural 
killer (NK) cells, as well as MHC recognition, whereas apT 
cells are more typically limited to recognition of MHC com
plexed wim processed peptide. 

http://www.myuptodate.com


Table 26-1 Summary of Cytokines 
--~----------------------------------------------------------------------------

CYTOKINE 
Il-l 

ll-2 

ll-3 

IL-4 

ll-5 

ll-6 

ll-7 

TNF 

Type IIFNs 
(I FN-a. I FN-~) 

TGF-~ 

Lymffotoxin 
{l 

ll-S 

ll-9 

ll-10 

ll-1 1 

ll- 12 

IL-13 

ll-14 

ll-15 

ll- 17 

ll- 1S 

IL-23 

ll-27 

SOURCE 

Macrophages, endothelial 
cells, some epithelial cells 

T cells 

T cells 

CD4• T cells (Th2), mast cells 

CD4• T cells (Th2) 

Macrophages, endothelial 
cells, T cells 

Fibroblasts, bone marrow 
stromal cells 

Macrophages. T cells 

T cells (Thl , cos• T cells), 
NK cells 

Macrophages, IFN-a; 
fibroblasts, IFN-[3 

T cells, macrophages, other 
cell types 

T cells 

lymphocytes, monocytes 

Activated Th2 cel ls, 
lymphocytes 

Macrophages, T cells (mainly 
regulatory T cells) 

Bone marrow stromal cells 

Macrophages, dendritic cells 

CD4' T cells (Th2), NKT cells, 
mast cells 

T cells, some B cell tumors 

Macrophages, others 

T cells 

Macrophages 

Macrophages, dendritic cells 

Macrophages, dendritic cells 

PRINCIPAL CEUULAR TARGETS AND BIOLOGIC EFFECTS 

Endothelial cell: Activation Onflammation, coagulation) 
Hypothalamus; Fever 
liver: Synthesis of acute-phase proteins 

T cells: Proliferation, i cytokine synthesis, survival, potentiate Fas-mediated apoptosis, 
promote regulat~ry T ~I ~evelopment 

NK cells: Proliferation, acbvatJon 
B cells: Proliferation, antibody synthesis On vitro) 

Immature hematopoietic progenitor cells: Stimulate differentiation into myeloid lineage, 
proliferation of myeloid lineage cells 

B cells: lsotype switching to lgE 
T cells: Th2 "clifferentiation, proliferation 
Macrophages: Inhibit IFN"')' mediated activation 
Mast cells: Stimulate proliferation 

Eosinophils: Activation, 1' production 
B cells: Proliferation, lgA production 

liver: i synthesis of acute-phase proteins 
B cells: Proliferation of antibody-producing cells 

Immature hematopoietic progenitor cells: Stimulate differentiation into lymphoid lineage 
T and B cells: Important for survival during development as well as forT cell memory 

Endothelial cells: Activation (inflammation, coagulation) 
Neutrophils: Activation 
Hypothalamus: Fever 
liver: i synthesis of acute-phase proteins 
Muscle, fat: catabolism (cachexia) 
Many cell types: apoptosis 

Macrophages: Activation Ona eased microbicidal functions) 
B cells: l~otype switching to lgG subclasses, which facilitate complement fixation and 

opsomzallon 
T cells: Th 1 differentiation 
Various cells: 1' expression ol class I and class II MHC, i antigen processing and presentation 

to T cells 

All cells: Stimulate antiviral activity, including i dass I MHC expression 
NK cells: Activation 

T cells: Inhibit proliferation and effector functions 
B cells: Inhibit proliferation, f lgA production 
Macrophages: Inhibit activation, stimulates angiogenic factors 
Fibroblasts: Increased collagen synthesis 

Lymphoid organogenesis 
Neutrophils: lncreased recruitment and activation 

Stimulate granulocyte activity, chemotactic activity 

Enhance proliferation of T cells, mast cells 

Macrophages, dendritic cells: Inhibit l l -12 production, stimulate expression of costimulatory 
molecufes and class II MHC 

Megakaryocytes: Thrombopoiesis 
liver: Induces acute-phase proteins 
B cells: Stimulate T-dependent antibody production 
T cells: May skew toward Th2 phenotype 

T cells: Th 1 differentiation 
NK and T cells: I~ synthesis, increased cytotoxic activity 

B cells: lsotype switching to lgE 
Epithelial cells: Increased mucus production 
Fibroblasts and macrophages: Increased collagen synthesis 

B cells: Enhance prol iferation of activated B cells, stimulate immunoglobulin production 

NK cells: Proliferation 
T cells: Proliferation (memory cos· T cells) 

Endothelial cells: Increased chemokine production 
Macrophages: Increased chemokine, cytokine production 
Epithelial cells: GM-CSF and G-CSF production 

NK and T cells: IFN""f synthesis 

T cells: Maintenance of IL-17 producing T cells 

T cells: Inhibit production of l l-17/Th17 cells, promote Th 1 differentiation 
NK cells: IFN""f synthesis 

Adapted from Abbas AK,lichtman AH, Pillai S: Cellular and molecular immunology, ed 6, Philadelphia, 2010, Saunders-8sevier. 

G-CSF, Granulocyte-colony stimulating factor; GM-CSF, granulocyte-macrophage colony~mulating factor. 
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FIGURE 26-9 TCR recombination and expression (a and 13 loci shown here). There is an elaborate genetic rearrangement that leads to the 
formation of a diverse repertoire of T cell receptors. Genomic DNA is spliced urnder the direction of specific enzymes active during T cell devel
opment in the thymus. Random segments from regions known as variable 01), joining (J), diversity (D), and constant (C) are brought together 

to fom1 a unique gene responsible for a unique TCR chain. They and o loci recombine first and, if successful, a yo TCR is fonned. If unsuccess
ful, then a and f3 regions recombine to form an af3 TCR. Approximately 95% of T cells progress to express an cxj3 TCR. (Adapted from Abbas 
AI<, Lichtman AH, Pillai S: Cellular and molecular immunology, ed 6, Philadelphia, 2010, Saunders-Elsevier.) 

Regardless of the genes used, individual cells recombine 
to express a TCR with only a single specificity. The rearrange
ments occur randomly, resulting in a population of T cells 
capable of binding 10? different specificities, essentially all 
combinations uf MHC and peptide. As a result, the frequency 
of naive T cells available to respond to any given pathogen is 
relatively small, between 1 in 200,000 to 500,000. These 

developing T cells also express both CD4 and CD8, accessory 
mole.cules, which strengthen the TCR binding to MHC. These 
accessory molecules further increase rhe binding repertoire of 
the population to include class f or class I1 MHC molecules. If 
the process of T cell maturation ended at this stage, there 
would be a host ofT cells that could recognize self-MHC
peptide complexes, resulting in an uncontrolled global 
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FIGURE 26-10 T cell maturation. Initia lly, T cell precursors arrive in the thymic cor tex lacking CD4, CDS, or a TCR and are referred to as double
negative. The genes responsible for the expression of the TCR chains subsequently undergo a series recombination events, resulting in expres
sion of a yl) TCR or, more commonly (>90%), an a/3 TCR on the cell surface. yo T cells proceed through a distinct selection process that is 
independent of MHC restriction. <X{3 T cells acquire expression of both CD4 and CDS and are then referred to as double-positive. They then 
proceed to undergo the process of positive and negative selection and ultimately express only C04 or CDS, depending on which dass of 
MHC they restrict to. (Adapted from Abbas AK. uchtman AH, Pillai S: Cellular and molecular immunology, ed 6, Philadelphia, 2010, 
Saunders-Elsevier.) 

autoimmune response. To avoid the release of autoreactive T 
cells, developing cells Lmdergo a process following recombina
tion known as tthymic selection (Fig. 26-1 0). '' CeiJs initiaiJy 
imeract with the MHC-cxprcssing cortical thymic epithelium, 
which produces hormones (thymopoietin and rhymosin) as 
well as cytokines (e.g., IL-7), which are critical toT cell devel
opment. If binding doc..~ not occur to sclf-MHC, rbosc cells 
are useless to the individual- because they cannot bind self 
cells to assess for viral infection-and they undergo pro
grammed self-destruction via apoptosis, a process caUed posi
tive selection (Fig.. 26- 11 ). Cells surviving positive selection 
then move to the thymic meduiJa and, normaiJy, eventually 
Jose CD4 or COB. If binding to self-MHC in tbe medulla 
occurs with an unacceptably high affinity, programmed death 
agai11 results; this process is called negative selection. The 
precise nature of tllis affu1ity threshold remains a maner of 
intense investiga·tlon and involves interaction with hematopoi
etic cells tbat reside in the thymus. The only cells released into 

the periphery are thost" that can bind sdf-MHC and avoid 
activation. Whereas T cells are restricted to bind self-MHC
peptide complexes without activation, the selection process 
docs nor consider foreign MHC. 11llls, by random d1ance, 
some cells with appropriate affinity for self-MHC survive and 
have an inappropriately high affinity for the MHC molecules 
of other individuals. In the setting of transplantation, these 
recipient T cells are able to recognize donor MHC-peptide 
complexes because there arc sufficient conserved motifs shared 
between donor and self-MHC molecules. However, because 
donor MHC was not present du.ring the thymic education 
process, the binding of donor MHC by an alloreactive T cell 
leads to activation, and rejection ensues. The precursor fre
quency or the number of alloreacrive T cells is much higher 
than the I in 200,000 or 500,000 T cells available to react 
toward any given antigen. Because T cells arc selected to bind 
self..MHC, the frequency specific for a similar, nonself..MHC 
(i.e., alloreactive) is between 1 o/o and I 0% of all T cells. 
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FIGURE 26-11 Thymic selection. afl T cells must go through positive and negative selection within the thymus to become a functional T cell. 
A. 8, Positive selection. A. Double-positive thymocytes are required to interact with self MHC-endogenous peptide complexes expressed on 
mainly thymic epithelial cells to receive survival signals. 8, Thyrnocytes whose TCR does not recognize self-MHC fail to receive the essential 

survival signals and go on to be deleted from the repertoire via programmed cell death. This process ensures that all mature T cells are restricted 
to self-MHC C. Negative selection. T cells that are positively selected migrate through the thymic medulla to undergo negative selection. Nega
tive selection is the process whereby self-reactive T cells are eliminated. If thyrnocytes bind with high avidity (i.e. strongly) to self-MHC-peptide 
complexes on bone marrow-derived thymic dendritic cel ls, they receive signa~s that promote apoptosis. (Adapted from Abbas AK, Lichtman 
AH, Pillai S: Cellular and molecular immunology, ed 6, Philadelphia, 2010, Saunders-Elsevier.) 

[n additiOJl to thymic selection, it is now clear that medla
nlsms exist for peripheral modification of the T cell repertoire. 
Many of these mechanisms are in place for the removal ofT cells 
following an immune response and dowruegulation of activated 
clones. CD95, a molecule known a~ Fas, is a member of the 
TNF receptor superfamily and is expressed on activated T cel ls. 
Under appropriate condltions, binding of thls molecule to irs 
ligand, CD 178, promotes programmed cell death of a cohen of 

activated T cells. 'Tius method is dependent on TCR binding 
and the activation state of the T cell. Complementing rllis dele
rional method ro TCR repertoire control are nondeletional 
mechanisms rhat selectively anergize (make unreactive) speci.fic 
T ceiJ clones. ln addition to signaling through the TCR complex, 
T cel ls require additional costimulatory signals (sec later). TCR 
bindjng only leads to T cell activation if the costlmulatory 
signals are present, generally delivered via APCs. In the absence 
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of coscirnulation, the cell remains unable to proceed coward 
activation and, in some cases, becomes refractory to activation, 
even with the appropriate signals. Thus, TCR binding chat 
occurs co self in the absence of appropriate antigen presentation 
or active inBamn1ation results in an aborted activation and pre
vcnrs self-reactivity. 

T Cell Adivotion T cell activation is a sophisticated series of 
evencs that has only recently been more fully described. As 
noted, the TCR, unlike antibody, only recognizes its Ligand in 
the context of MHC. By requiring that T cells only respond 
co antigen encountered when it is physically embedded on 
self-cells, the system avoids constant acdvation by soluble 
molecules. 

T cells can then specifically recogni7-e and destroy cells that 
make peptide produces of mutation or viral infection. Because 
the number of potential antigens is high, and the Likelihood is 
that self-antigens vary minimally from foreign antigens, the 
namre of the TCR-binding event has evolved so that a single 
interaction with an MHC molecule is not sufficient to cause 
acrivacion. ln fact, aT cell must register a signal from approxi
mately 8000 TCR-Iigand interactions with the same antigen 
before a threshold of activation is rcached.'3 Each event results 
in the intemalization of the TCR. Because resting T cells have 
low TCR density, sequential binding and internalization over 
several hours .is required. Transient encounters are not sufficient. 
This threshold is reduced considerably by appropriate costimula
cion signals (see Iacer). 

As discussed in the previous section, most TCRs are hec
erodimers composed of cwo transmembrane polypeptide d1aiJ1s, 
a and p. The af3--TCR is noncovalencly associated with several 
other trru1smen1brane signaling proteins, indudi11g CD3 (com
posed of three separate chains, y, 8, and e), and ~ chain mole
cules, as well as the appropriate accessory molecule from the T 
cell. 1l1is is either CD4 or CD8, which associates with its respec
tive MHC molecule. Together, these proteins are known as the 
TCR complex. When the TCR is bow1d to an MHC molecule 
and the proper configuration of accessory molecules stabilize its 
bindi11g, a signal is initiated by intracytoplasmic protein tyrosine 
kinases (PTKs). 'These PTKs include p56lck (on CD4 or CD8), 
p59Fyn, and ZAP70; the latter cwo are associated with CD3. 
Repetitive binding signals combined with the appropriate 
costin1ulaclon eventually activate phosphokinase C-gan1ma 
(PLC-y1), whim in turn hydrolyzes the membrru1e lipid phos
phatidyl inositol biphosphate (PIP2), thereby releasing inositol 
triphosphate (IP3) and diacyl glycerol (DAG). IP3 binds to the 
endoplasmic reticulum, causing a release of calcium that induces 
calmodulin to bind to and activate calcineurin. Calcineurin 
dephosphorylates the critical cytokine transcription factor 
nuclear factor of activated T cells (NFAT), prompting it, with 
the crru1scription factor nuclear factor KB {NF-KB), to initiate 
the transcription of cytokines, including fl-2 and its receptor 
(Fig. 26-12). Resting T cells express only low levels of the IL-2 
receptor (Il.r2R; CD25) but, with activation, IL-2R expression 
is increased. As the activated T cell begins to produce fL..2 sec
ondary to events initiated by TCR activation, the cytokine 
begins to work in autocrine and paracrine fashions, potentiating 
DAG activation of protein kinase C (PKC). PKC is imporcanc 
in activating many gene regulatory steps critical for cell division. 
1l1is effect, however, is restricted only toT cells that have under
gone acrivation after encountering their specific antigen, leading 

co 1L-2R expression. Thus, the process limits proliferation and 
expansion to only those clones specific for the offending antigen. 
As the antigenic stimulus is removed, IL-2R density decreases 
and tb.e TCR complex is reexpressed on the cell surface. There 
is a negative feedback system between the TCR ru1d the Ilr2R, 
resulting in a highly regulated and efficient sysrem char is only 
reactive in the presence of antigen and cea~<; to function once 
ru1tigen is removed. Mru1y of these steps in T cell activation have 
been targeted in the development of immunosuppressive agents. 
These will be discussed in detail later in this chapter. 

Costimulotion As noted, recognition of the antigenic pepcide
MHC complex via TCR binding is usually nor sufficient alone 
to generate a response in a naive T cell. Additional signals, 
through so-called costimulatory pathways, are required for 
optimal T cell activation.14

'
15 In fac~ receipt ofTCR complex 

signaling, often referred to as signal 1, in the absence of 
costimulation, or signal 2, not only fails to achieve activation 
but can lead to a state of inaction, or anergy (Fig. 26-13). An 
anergic T cell is now unable to respond, even if given both 
appropriate stimuli.16 This characteristic of the inlmune system 
is thought to be one of the major mechanisms in tolerance to 
self-an'tigens in the periphery, crucial in the prevention of 
autoimmunity. Researchers have exploited this discovery using 
antibodies or receptor fusion proteins designed to block inter
actions between key costimulatory moleCLLies at the time of 
antigen exposure. Most research to date has focused on the 
interactions of two costimularoty pathways, the CD28-B7 
pathway (immunoglobulin-like superfamily mCillbt:rs) and 
CD40-CD 154 pathway (tumor necrosis factor [TNF]-TNFR 
superfamily members). There have been, however, many addi
tional pairings iJ1 these sa.Jlle fanlilies and others that have 
been found to have distinct roles in costimulatory fw1ction 
(Table 26-2). 

CD28, present on T cells, and the B7 molecules CD80 and 
CDR6 on APCs, were an1ong the fuse costimulatory molecules 
to be described. Ligation of CD28 is necessary for optimal IL-2 
production and can lead to the production of additional cyro
kines, such as IL-4 and rL-8, and d1emok.ines sud1 as RANTES, 
and protect T cells from activation-induced apoptosis through 
the upregulation of antiapoptotic factors such as Bd-x. CD28 
is expressed consti tutively on most T cells, whereas the expres
sion of CD80 ru1d CD86 is largely restricted to professional 
APCs (e.g., dendritic cells, monocytes, macrophages. The ltinet
ics of CD80-CD86 expression is complex but is typically 
increased with the induction of the immune response. Another 
ligand for CD80 and CD86 is CTLA-4 (CDJ52). 1lus mole
cule is upregulated and expressed on the surface ofT cells fol
lowing activation, ru1d it binds the B7 receptors with 10 to 20 
times greater affinity than CD28. CTLA-4 has been shown to 
have a negative regulatory effect on T cell activation and prolif
eration, an observation supported by the fact char CTLA-4 
deficient nlice develop a lymphoproliferative disorder. 'The thera
peutic potential of costimulation blockade was first made appar
ent through the use of ru1 engi"neered fusion protein composed 
of the extracellular portion of the CTLA-4 moleCllle and a 
portion of the humru1 immunoglobuliJl (Ig) molecule. 1l1is com
pound biJ1ds CD80 ru1d CD86 and prevents costimulacion via 
CD28. Several dinical trials in autoimmunity have demon
strated the efficacy of CTLA4-Ig (abatacept). More recently, a 
lugher affinity, second-generation versio11, LEA29Y (belacacepc), 
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FIGURE 26- 12 11' cell activation. On antigen recognition, there is a clustering of TCR complexes and coreceptors, which initiates a cascade of 
signaling events within the T cell. Tyrosine kinases associated with the coreceptors (e.g., lck) phosphorylate C03 and the ~ chain. ~-chain 
association protein kinase (Zap-70) subsequently associates with these regions and becomes activated. Zap-70 phosphorylates various adaptor 

and coreceptor proteins, ultimately activating numerous cellular enzymes, including calcineurin, PKC, and several MAP kinases. These enzymes 
then activate transcription factors that promote the expression of various genes involved in proliferation and T cell responses. (Adapted from 
Abbas AK, Lichtman AH, Pillai S: Cellular and molecular immunology, ed 6, Philadelphia, 2010, Saunders-8 sevier.) 

has been tested! in renal transplantation trials, with success a~ a 
replacement for calcineurin inhibitors. 

Closely related to the CD28-B7 pathway is the CD40-
CD l54 (CD40L) pathway. Evidence for the crucial role of the 
CD40-CD154 pathway in the immune response was seen fol
lowing the observation that hypcr-IgM syndrome results from a 
mutational defect in the gene encoding for CD154. [n addition 
to defects in the generation of T cell~ependent antibody 
responses, patients with hyper-IgM syndrome also have defects 
iJl T cell- mediated immuJle responses. CD40 is a ccU surface 
molecule expressed on endothelltm1, B cells, dendritic cells. and 
other APCs. Its ligand, CD I 54, is primarily found on activated 

T cells. Up regulation of CD 154 foUowi ng TCR signaliJlg aUows 
for signals to be sent to the APC via CD40; in particular, it is 
a critical signal for B cell activation and proliferation. CD40 
binding is required for APCs to stimulate a cytotoxic T ceU 
response. It leads to the release of activating cytokines, particu
larly lL-12, and the upregulation of B7 molecules. It also initi
ates innate functions of APCs, including nitric oxide synthesis 
aJld phagocytosis. Interestingly, CD154 is also released in soluble 
form by activated platelets. 1lms, sites of trauma that attract 
activated platelets simultru1cuusly recruit the ligru1d requjred to 
activate tissue-based APCs, providing a liJlk between innate and 
acquired immunity. Antibody preparations to CD 154 have 
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FIGURE 26-13 T cell costimulation. Na"ive T cells require multiple signals for eftident activation. A. Signal 1 occurs when the TCR recognizes 
its putative MHC-peptide combination. In the absence of any additional signals, there is an aborted response, or anergy, a state in which the 
cell is no longer avai lable for stimulation. 8 , TCR signaling in conjunction with signals received through costimulatory molecules, signal 2, 
promote effective T cell activation and function . (Adapted from Abbas AK, Lichtman AH, Pillai S: Cellular and molecular immunology, ed 6, 
Philadelphia, 2010, Saunders-Elsevier.) 

shown great promise in experimental models but clinical trials 
were halted over concern for unexpected tl1rombotic complica
tions. There con·tinues to be hope that anti-CD154 antibodies 
that bind distinct epitopes or antibodies directed toward CD40 
may circumvent this issue. 

Since earlier investigations, other pairings of molecules 
have been characterized and shown co demonstrate coscimuJa
cory activity. CD278 (inducible costimulator, or fCOS) is a 
CD28 superfamily expressed on activated T cells and irs ligand, 
CD275 (ICOSL, or B7-H2), is expressed on APCs. Unlike 
CD28, ICOS is not present on naive T cells but, instead, expres
sion is up regulated after T cell activation and persists on memory 
T cells. Several studies have demonstrated a unique role for 
!COS in the generation of helper T type 2 cell {1112) responses. 
A CTLA-4 homologue has also been identified, PD-1 (CD279), 
and its ligands, PD-Ll (CD274) and PD-L2 (CD273; both B7 
family members), have been shown to be involved in negative 
regulation of the immune response. Several members of the 
TNF-TNFR superfanilly have been shown to play important 
roles in T cell costimulation, including CD l34-CD252 (OX40-
0X40L), CD137-CD137L (41 BB-41BBL), CD27-C070, 
CD95-CD178 {Fas-FasL), CD30-CD153, and RANK
TRANCE. Also, many other adJ1esion molecuJes (e.g., intercel
lular adhesion molecule [ICAJ.'vf], selectins, integrins) control the 
movement of immune cells through the body, monitor their 
trafficking to specific areas of inflammation, and strengthen the 
TCR-MHC binding interaction nonspeci.lica1Jy. They differ 
from costimulation molecules in that they enhance the 

interaction of the T cell with its antigen without influencing the 
quality of the TCR response. Almost all are upregulated by 
cycokines released during T cell and endothelial activation. 

TCe/1 Effedorfundions As noted, during thymic education, most 
T cells initially express both CD4 and CD~ molecules, but T 
cells subsequemly become CD4+ or CD8\ depending on whlcb 
MHC class they restrict to. Thus, these accessory molecLLies 
govern which type of MHC and, by extension, whkh types of 
cells a given T cell can interact with and evaluate. Because there 
is almost ubiquitous expression of class I MHC, all cell types 
are surveyed. These class I molecules display peptides that are 
generated within the cell (e.g., peptides from normal cellular 
processes or from internal viral replication). T cells responsible 
for inspecting all cells express the accessory molecule CD8, 
which in turn binds to class I, and specifically stabilizes a TCR 
interaction with a da~s £- presented antigen. Thus, CD8+ T cells 
evaluate most cell types and mediate the destruction of altered 
cells. Appropriately, they have been termed cytotoxic T cells. 

APCs are the predominant cell type that expresses class II 
in addition to da~s I MHC molecules. Class TI molecules display 
peptides that have been sampled from surrounding extracellular 
spaces via phagocytosis and thus usually represent the presenta
tion of newly acquired antigen. Cells initiating an inmume 
response need to have access to this newly proces.~ed antigen. 
CD4 hinds class II MHC and stabilizes the interaction of the 
TCR with the class IT-peptide complex. 'TI1us, Lmder physiologic 
conditions, CD4+ T cells are first alerted to an invasion of the 
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_Table 26-2 Costimulatory Molecules 
REaPTOR DISTRIBUTION LIGAND DISTRIBUTION 

C028 T cells C080/CD86 Activated APCs 

C040 Dendritic cells, COl 54 T cells, soluble platelets 
B cells, macrophages, 

endothelial cells 

C027 T cells, NK cells CD70 Thymic epithelium, 
B cells activated T cells, 

activated B cells, 
mature dendritic cells 

C030 Activated T cells, COl 53 B cells, activated T cells 
activated B cells 

C095 (Fas) T cells, B cells CDI78 T cells, APCs, stromal 
APCs, stromal cells (Fasl) cells 

CD 134 (OX-40) Activated T cells CD252 Activated T cells mature 
CD4' > cos· (OX-40L) dendritic cells, 

activated B cells 

CDI37 (4-IBB) Activated T cells 4-1 BBL Mature dendritic cells, 
cos• > CD4' , activated B cells, 
Mono<Jrtes, follicular 

den ritic cells, 
activated macrophages 

NK cells 

CD152 (CTLA-4} Activated T cells CD80/CD86 Activated APCs 

HVEM T cells, monocytes, CD258 Activated lymJ:o~es. 
immature dendritic (LIGHT) immature endntic 
cells cells, NK cells 

co2n Activated T cells, 
(BTLA) B cells, dendritic cells 

CDI60 NK cells, cytolytic COB' T 
cells, ')'li T cells 

C0265 {RANK) Dendritic cells C02 54 Activated T <.ells 
(TRANCE) CD4' >COB' 

CD279 (PO-l) T cells CD274 T cells, B cells, 
(PO-Ll) APCs, some parenchymal 

cells 

CD273 Dendritic cells, 
(PD-l2) macrophages 

C0278 (ICOS) Activated T cells, CD275 Dendritic cells 
memory T cells (ICOSL) B cells, macrophages 

GITR Treg. cos• T cells, B GITR L B cells, dendritic cells, 
cells, macrophages macrophases 

endothelia cells 

PRINCIPAL EFFECTS AND FUNCTIONS 
lowers the threshold for T cell activation, promotes 

survival, i antiapoptotic factors, promotes Th I 
phenotype 

Induces CD80-CD86 expression on APCs 

Enhances T cell proliferation or survival, acts after 
CD28 to susta1n effector T cell survival, influences 
secondary responses more than primary, promotes B 
cell differentiation and memory formation 

Maintains survival of primed and memory T cells, 
promotes Th2 > Th I 

Involved in peripheral T cell homeostasis via fratricide, 
may deliver costimulatory signal 

Important for C04' T cell expansion, survival, i 
anti-apoptotic factors, functions after C028 to sustain 
CD4' T cell survival, enhances cytokine production, 
augments effector and memory CD4' T cell function, 
promotes Th2 > Th I 

Sustains rather than initiates CDS' T cells responses, 
functions after CD28 to sustain T cell survival, 
important in antiviral immunity, promotes COB' 
effector function and cell survival 

Higher affinity for CD80-CDB6 than CD28, inhibits T 
cell response 

Augments T cell responses, CDS' > CD4' , promotes 
dendritic cells maturation 

Negative costimulator, inhibits ll-2 production, BTLA 
remains expressed on Th I but not Th2 

Negative regulator of CD4' T cell activation, inhibits 
proliferation and cytokine production 

Enhanc;es dendritic c;ell survival, upregulates lkf-xl, (?) 
enhances I FN-"f production 

Inhibits activation, proliferation and acquisition of 
effector cell function 

Thl > Th2 

Inhibits activation, proliferation, and acquisition of 
effector cell function, Th2 > Th I 

Promotes survival and expansion of effector T cells, (?) 
promotes Th2 responses 

Marker for Treg. allows proliferation of Tregs 
Promotes T cell proliferation and cytokine production, 

negative regulator for NK function 

body by hematopoietically derived APCs that present d1eir 
newly acquired antigen in the form of processed peptide in a 
class II molecule. As a consequence of their MHC restriction, 
these suhpopulations ofT cells have several different functions. 
CD4• T cells typically contribute to m e response in a hdper or 
regulatory role. whereas cos+ T cells ace much more likely to 
play a pact in cell elimination via cytotoxic functions. 

Following activation, CD4+ T cells initially play a critical 
role in the expansion of the immune response. After encounter
iJlg an APC that expresses the specific antigenic peptide-MHC 
II pairing, the CD4+ T cell can d1en signal back w the APC to 
elicit factors that allow for cog+ T cell activation. This process 
is accomplished via expression of specific costimulatory m ole
cules and the release of certain cytokines. 1his so-called licensing 

of CDS+ T cells for cytotoxic function is a key step within the 
immune response. This partly describes how CD4+ T cells 
become helper ceUs. More recently, there bas been fu.rtber elu
cidation of their ceil ular differentiation into well-defined specific 
Th subsets. Two distinct Th populations have been described, 
based on their pattern of cytokine synthesis- Til l cells induce 
a cell-mediated response whereas 1h2 cells promote a hwnora1 
respo nse (Fig. 26-14). These two distinct populations differ in 
their pattern of cytokine synthesis. 

Tl1e main cytokines driving the 'TI1l response are 
interferon-'¥ (IFN-y) and tlllllor necrosis factor (TN F). The pre
dominant role of IFN-'Y is to enhance macrophage function and 
activity and promote cell-mediated immunity. Activated macro
phages then proceed to ingest and kill invading microbes and, 
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FIGURE 26-14 Helper T cell 
subsets. Na"ive CD4• T cells may 
differentiate into distinct lin
eages. such as Th 1 and Th2 cells. 
A. Th 1 cells produce IFN-'}1 which 
activates macrophages to kill 
intracellular microbes. 8, Th2 
cells produce cytokines (e.g., IL-4, 
IL-5), which stimulate lgE 
production and activate eosino
phils in response to parasitic 
infection. (Adapted from Abbas 
AK, Lichtman AH, Pillai 5: 
Cellular and molecular immunol
ogy, ed 6, Philadelphia, 2010, 
Saunders-Elsevier.) 
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at the same time, the acquired immune system is directed to 
produce antibodies that promote opsonization, thereby enhanc
iJlg the overaiJ process. 'TI12 cdJ differentiation, in colltrast, 
results in the release of IL-4 and IL-5, which ultimately inhibit 
macrophage activation and promote IgE production and eosino
phil activation. An imporrant feature of these co4·' Th cells is 
the ability of one subset to regulate the activity of the other. 
'TI1us, the iJlitial steps in differentiation depend greatly on the 
surrounding immunologic milieu, which ultimately influences 
the character of the immw1e response. 

Another subset of CD4+ T ceiJs that bas been described 
to play a criticaJ role in the ability of the inlmune system to 
temper its response is d1e regulatory T cell (Treg) population. 
'TI1ey cru1 downregttlate the immune response by acting on 
effector cells or APCs. These cells not only have the ability to 
suppress cytokines, adhesion molecules, and costimulatory 
signals, but can also focus this response by the expression of 
integrins, whicb allows Treg to home to the location of 
immune engagement. The most extensively studied population 
of Treg are those CD4"'" T cells that express CD25 (the rugh
affuuty a chain of the IL-2 receptor).17 These CD4+ CD25+ T 
cells have been the target of numerous attempts to alter 
immune function. Other molecules that bave been suggested 
to be Wlique to regulatory populations include glucocorticoid
induced TNFR family-related gene (GITR) and forkhead box 
P3 (FoxP3). It is now clear that Treg plays a crucial role in the 
control of day to day immune activation; absence of these 
cells bas led to lethal lymphoproliferative autoimmune syn
dromes in several rulimal models. 

Unlike CD4+ T cells, the fw1ction of cog-• T ceHs is pri
marily the e~mination of infected or defective cells. As noted, 
Licensing occurs via APC interactions and subsequent cell killing 
occurs by a Ca2+-dependem secretory mcchruusm or a Ca~+_ 
independent mechru1ism that requires direct cell contact. In the 
Ca2+-depcndent mechrulism, the rise in intracellular Ca2' · con
centration after activation triggers the exocytosis of cytolytic 
granules. These granules contain a lyric protein called perforin 
and serine proteases called granzymcs. Perforin polymerization 
forms defects in the target cell's membrane, allowing granzyme 
activity to lyse trhe cell. ln tile absence of Ca2

+ , T cells cru1 induce 
apoptosis of a target cell via a Pas-dependent mechanism. It 
occurs when surface CD95 (Fas) is bound by its ligru1d, CD 178 
(FasL). Cytotoxic T cells upregulate CD178 on activation, 
wlucll in turn binds CD95 on target cells and causes pro
grammed cell death. 

B Cells 1he primary lymphoid organ responsible for B cell dif. 
ferentiation is the bone marrow. Similar to all other cells in the 
immune system, B cells are derived from pluripotent bone 
marrow stem cells. IL-7, produced by bone marrow stromal 
cells, is a growth factor for pre-B cells. IL-4, IL-5, and IL-6 are 
cytokines that stimuJate the maturation and proliferation of 
mature prin1ed B cells. The principal function of B cells is to 
produce aJ1tibodies against foreign ru1tigens-that is, the 
humoral immune response--and be involved in antigen presen
tation. B cell development occurs through several stages, with 
each stage representing a change in the genomic content at the 
antibody Loci. During d1e differemiation process, there is aJl 
elegant series of nucleotide rearrangements that results in an 
almost unlimited array of specificities, allowing for a diverse 
recog1utlon repertoire. 

8 Cell Reaptor ond Antibody Sinillar to the T cell and irs receptor, 
each B cell has a unique membrane-bound receptor through 
which it recognizes specific antigen. ln the case of the B cell, 
tius inlmunoglobulin molecule may also be produced in a 
secreted form that can interact with ti1e extracellular environ
menr far from it celluJar origin. Only one anrigen-spec.ific anti
body is produced by each mature B cell. 

Each aJltibody is composed of two heavy chains ru1d two 
~ght chains. Five different heavy chain loci (Jl , y, a, £, and 8) 
are fow1d on chromosome 14 and two Light chain loci (K and 
/..) arc located on chromosome 2. Each chaiJ1 is composed of V, 
0 aJH:Lior J, and C regions, whlch are brought together randomly 
by the RAG-l ru1d RAG-2 complex ro form a funcdonal ruuigen 
receptor. Immunoglobulin has a basic structure of four cbai.ns, 
two of which arc identical heavy chains and two of which are 
identical light chains (Fig. 26-1 5). Both heavy and light chains 
have a constant region, as well as a variable antigen-binding 
regio:n. 'TI1e antigen-binding site is composed of the heavy- and 
light-chain variable regions. The ability of antibody to neutrali7-e 
microbes is entirely a fu11ction of this ru1tigen-bindiJ1g region. 

In humans, there arc nine different inlmunoglohul.U1 suh
cla~ses or isotypes-IgM. IgD, IgGl, IgG2, IgG3, IgG4, TgA1, 
IgA2 .• and lgE. Heavy chaiJl usage defines the subtype of ruw 
given antibody. Whereas the variable regions are involved in 
antigen binding, the constant regions have functionality as well. 
The fragment crystallizable region , or Fe region, is in the tail 
portion, composed of the two heavy chain constru1t regions. lt 
imeracts with Fe receptors on phagocytic cells of tile innate 
immune system to facilitate opsonization ru1d subsequent 
de.~truction of ti1e antigen to which the antibody is bound, as 
weiJ as to facilitate aJltigeJuc peptide processing. The Fe portion 
of lgM and some classes of IgG also serves to activate comple
ment. Distinct immune effector functions arc assigned to each 
isotype. IgM and IgG antibodies act in a pivotal role in the 
endogenous or intravascular immune response. IgA is primarily 
responsible for mucosal inlmwlity ru1d is largely confined to the 
gastrointestinal and respiratory tracts. Resting B cells that have 
not yet been exposed to antigen express IgD and IgM on their 
cell surfaces. Following interaction with antigen. the .first isotype 
produced is IgM, which is quite efficient at binding complement 
to facilitate phagocytosis or cell lysis. Further activation or dif
ferentiation of the B cell occurs after interactions with CD4 .. T 
cells. B cells w1dergo isocype switching, wluch results in a 
decrease in IgM titer, with a conconutant rise in JgG tite.r. 
Unlike the TCR. the !g loci undergo continued alteration after 
B cell stinlulation to improve the aflinjty and functionality of 
the secreted antibody. A primed B cell may undergo further 
mutation within the variable regions that leads to increased 
affinity of aJltibody, termed somatic hypermuttJtion. Sud1 B cells 
are retained to provide the ability to generate a more vigorous 
response if the antigen happens to he recncow1tered (Fig. 26-16). 

8 Cei/Adivotion When antigen is bow1d by two surface antibod
ies (or a multimeric form of ru1tibody), the ru1tibodies are 
brought togecl1er on the cell surface in a process known as cross 
Linking. 'TI1is is the event that stimulates B cell activation, pro
liferation, and differentiation into a plasma cell (rultibody
producing cell). Like the T cell, tile threshold forB cell activation 
is high. This can be lowered 100-fold by costimulation signals 
received by the transmembrane complex CD19-CD2l. B cells 
can also internalize antigens bound to surface ru1tibodies and 
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FIGURE 26-15 Structure of immunoglobulin. A. Representation of secreted lgG molecule. The antigen binding regions are formed by the vari
able regions of light 0/IJ and heavy 0/u) chains. The constant region of the heavy chain (C11} is responsible for the Fe receptor and complement 
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plasmic portions that anchor the molecule in the plasma membrane. C. X-ray crystallography representation of lgG molecule. Heavy chains are 
colored blue and red, light chains are colored green, and carbohydrates are shown in gray. (Adapted from Abbas AI<, Uchtman AH, Pillai S: 
Cellular and molecular immunology, ed 6, Philadelphia, 2010, saunders-Elsevier:) 

process them for presentation to T cells, thus participating in 
antigen presentation. As noted, B celts may provide and receive 
certain costimularory signals. For example, B ceiJs express CD40 
and, when bound by CD154 expressed on activated T cells, the 
result is upregulation of 87 molecules on the B cell and delivery 
of important costimulatory signals toT cells. 

Plasma ceiJs {activated B cells) are distinguished bjstologi
cally by their hypertrophied Golgi apparatus. They secrete large 
amounts of monoclonal {single-specificity) antibody. In addition 
to being secreted folJowing exposure to an antigen, antibody can 
be present as part of a natural repertoire in circulation for initial 
response to common pathogens. Antigen exposure generally 
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FIGURE 26-16 B cell differentiation. Naive B cells recognize their specific antigen as it binds to surface-bound antibody. Under the influence 
of helper T cells. costimulatory signals, and other stimuli, B cells become activated and clonally expand, producing many B cells of the same 
specificity. They also differentiate into antibody-secreting cells, plasma cells. Some of the activated B cells undergo heavy chain class switching 
and affinity maturation. Ultimately, a small subset becomes lo ng-lived memory cells, primed for future responses. (Adapted from Abbas AK, 
Lichtman AH, Pillai S: Cellular and molecular immunology, ed 6, Philadelphia, 2010, Saunders-Elsevier.) 

leads to B cell affinity maturation and isotype switching, and 
produces high-affinity [gG antibodies. Naturally occurring anti
bodies, however, are generally IgM amibodies, with low a£6.n.i ry, 
and are generally thought to respond to a broad array of carbo
hydrate epitopes found on many common bacterial pathogens. 
Natural antibody is responsible for ABO blood group antigen 
responses andi discordant xenograft rejection (see later, 
"Xenorransp lam tation"). 

Innate Immunity 
1l1e innate immune system is thought to be a holdover from an 
evolutionarily distant response to foreign pathogens. In contrast 
to the acquired immune system, wh.idJ uses an iJ111un1erable host 
of specificities to identify any possible antigen, the innate system 
uses a select number of protein receptors to identify specific 
motifs consistem with foreign, altered, or damaged tissues. These 
receptors can exist on cells, such as macropbagcs, neutrophiJs, 
a11d NK cells, or free in the circulation, as is the case for comple
ment. Although they fail to exhibit the specificity of the TCR 
or antibody, they are broadly reactive against common compo
nents of pathogenic orgaJcisms- for exaJnple, lipopolysacd1a
rides on gram-negative organisms or other glycoconjugates. 
11Jus, the receptors of innate imnmniry are the same from one 
individual to another within a species and, in general, do not 
play a role in the direct recognition of a transplanted organ. 1l1ey 
do, however, exert their effects indirectly through the identifica
tion of injured tissue (e.g., as is the case when aJ1 ischemic 
damaged organ is moved from one individual to aJ10ther). 

Once activated, the innate system performs two vital func
tions. lt initiates cytolytic pathways for the destruction of the 
offending organism, primarily through the complement cascade 
(Fig. 26-17). In addition, the innate system can convey the 
encow1ter to the acquired immune system for a more specific 
response through byproducts of complement activation via acti
vation of APCs. Macrophages aJld dendritic cells engulf not only 
foreign organisms that have been botmd by complement, but 
can also distinguish pathogens, because they can be identified 
through receptor~ for foreign carbohydrates (e.g., mannose 
receptors). Recently, a highly evolutionarily conserved family of 
proteins known as Toll-like receptors (TLRs) has been described 
as playing an important role as activation molecules for innate 
APC.oc;. They bind to pathogen-associated molecular patterns 
(PA1\1Ps) motifs common to pathogenic organisms. Some exam
ples ofTLR ligands indude lipopolysacd1aride (LPS), Aagellin 
(from bacterial Aagdla), double-stranded viral RNA, unmetbyl
ated CpG isla11ds of bacterial and viral DNA, zymosan (~-g.lucan 
fow1d iJ1 fungi), and numerous heat shock proteins (HSPs). 

Mon,ocytes 
Mononuclear phagocytes are also bone marrow-derived and ini
tially emerge as monocytes witllin peripheral blood. In the 
setting of certain inflammatory signals, they home to sites of 
injury or in6an1mation, where they mature and become macro
phages. Their function is to acquire, process, and present antigen 
as well a~ serve as effector cells in certa.in situations. Once acti
vated, they elaborate various cytokines that regulate the local 
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delphia, 2010, Saunders-Elsevier.) 

immune response. 1l1ey play a significant role in facilitating the 
acquired T cell response through antigen presentation and their 
cytok.ines induce substantial tissue dysfunction iJl sites of inflam
mation. llllls, their recruitment to sites of T cciJ activation, such 
as in transplant rejection, exacerbates the dysfLmction evoked by 
direct T cell cytotoxic mechanisms. 

Dendritic Cells 
Dendritic cells are speciali;r..ed macrophages that are regarded a.~ 
professional APCs. 1l1ey are the most potent cells that present 
antigen and are distributed throughout the lymphoid and non
lymphoid tissues of the body. Immature dendritic cells can be 
fotmd along the gut mucosa, withi.n the skin, and at other sites 
of antigen entry. Once they have encountered antigen in sites of 
injury, they undergo a process of maturation, including the 
upregulation of MHC class [ and class II molecules as well as 
various costimulatory molecLdes. They also begin to migrate 
toward peripberal lymphoid tissue (i.e., lympb nodes) where 
they can interact with antigen-specific T cells and potentiate 
their activation. The dendritic cell is involved in the licensing of 
CDS+ T cells for cytotoxic function, stimulates T cell d onal 
expaJ1Sion, and provides signals for 1h differentiation to a Thl 
or 1l12 response. There are also subsets of dendritic cells, which 
serve distinct functions in inducing and regulating the cellular 
response. For example, myeloid dendritic cells (DCl) are more 
immunogenic, whereas plasmacywid dendritic cells (pDCs) are 
more tolerogenic and may work to suppress the immune 
response. 

Natural Killer Cells 
NK cells arc large granular lymphocytes with potent cytolytic 
function that constitute a critical component of innate inmw
nity. 1l1ey were initially discovered duri.ng studies focused on 

tumor in1munology. There was a small subset of lymphocytes 
that exhibited the ability to lyse tun1or cells in the absence of 
prior sensitization, described as naturally reactive. These so-called 
naturaJ killer cells exhibited rapid cytolytic acciviry and existed 
in a relatively mature state (i.e., morphology characteristic of 
activated cytotoxic lymphocytes-large size, high protein syn
thesis activit)', with abundant endoplasmic reticulum, and rapid 
kilLing activity). Further studies have indicated that NK cells lyse 
cell targets that lack expression of self MHC class I, termed the 
missing self hypothesis, a situation that could arise because of viral 
infection with suppression of self class l molecules, or in rumors 
under strong selection pressure of killer T cells. Since those 
initial studies, NK cells have been found to express cell surface 
inhibitory receptors, which include killer inhibitory receptors 
(l<IRs). 1l1ese molecules fuJlction to deLiver inhibitory signals 
when they bind class I MHC molecules, thus preventing 
NK-mediated cytolysis on otherwise healthy host cells. NK cells 
produce various cytokines, including IFN-y; these may fw1ction 
to activate macrophages, which can in wrn eliminate host cells 
infected by intracellular microbes. Sinlilarly to macrophages, 
NK cells express cell surface Fe receptors tbat bind antibody and 
participate in antibody-dependent cclluJar cytotoxicit)' (ADCC). 
NK cells also play an important role in the immune response 
after bone marrow transplantation and xenotransplamation. 
1l1ei.r role in solid organ rransplamation is less well defined. 

Cytokines 
Cell surface receptors provide an interface through which adja
cent cclls can transfer signals vital to the inlmune response. 
Although this cell to cell contact is a critical component of cel
lular commu11ication, soluble mediators are also used extensively 
to accomplish similar tasks. 1l.1ese polypeptides, termed cyto
kines, are critical to the development ru1d function of the innate 
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and acquired immune processes. 'll1e actions of cytokines, also 
known as inrerleukins (see Table 26-1), may be autocrine (on 
the same cell) or paracrine (on adjacent cells) but are usually not 
endocrine. They are released by a number of cell types and may 
function to activate, suppress, or even an1plify the response of 
adjacenr cells. As noted, they are particularly fundamental ro the 
interactions bettween T cells and APCs. The prototypical cyto· 
kine ofT cell activation is IL-2. Once a given T cell encounters 
its specific antigen in the setting of appropriate costimulation, 
it will subsequently produce and relea~e IL-2 and other cyto
kines that will influence any cell within its vicinity. Th cellular 
subsets are differentiated based on me pattern of cytokine 
expression. Thl cells, which mediate cytotoxic response.~ such as 
delayed-type hypersensitivity, express IL-2, IL-12, IL-15, and 
IFN-y, whereas Th2 cells support the development of humoral 
or eosinophilic responses and consequently express IL-4, IL-5, 
IL-10, and IL-13. Cytokine receptors are now known to func
tion tluough Janus kinase OAK) signal transduction protciJlS. 
'TI1ey convey signals to signal transducers and activators of tran· 
scription (STAT), DNA binding proteins thar translocate to the 
nucleus to influence gene transcription. As is the case with most 
of the immune response this pamway is tightly regulated. For 
example, suppressors of cytokine signaling (SOCS) proteins act 
in a negative feedback loop to inhibit STAT phosphorylation by 
binding and inlhibitingJAKs or competing with STATs for phos
photyrosine binding sites on cytokine receptors. 'll1ere is evi
dence emerging for the involvement ofSOCS proteiJlS in human 
disease, which raises the possibility that therapeutic strategies 
based on me manipulation ofSOCS activity might be of clinical 
benefit. In addi tion to cytokines, there are a bose of other 
soluble, small-molecule mediators that are released during ru1 
immune response or with other types of inflrunmation. These 
ftulction to increase blood aow to the area aJld improve the 
exposure of the area to lymphocytes and the innate immune 
system. 

Tran.splantation Immunity 
'TI1e study of modern transplantation inlmunology is tradition
ally attributed t o the ex.periments of Sir Peter Medawar, fueled 
by attempts to use skin uansplru1tation as a treatment for burned 
aviators during World War ll. While monitoring the victims 
with autologous (syngeneic) ru1d homologous (allogeneic) sk.iJ1 
grafts, he noted that not only did all allogeneic grafts universally 
fail promptly, but also secondary grafts from the san1e donor 
were rejected eveJJ more vigorously, suggesting immune involve
ment. He pursued this hypothesis with extensive experiments in 
rabbits, wherein he confirmed his previous observation and 
noted the presence of a heavy lymphocyte in filrrace in the reject
ing graft. Ir was Mitchison, working in tl1e early 1950s, who 
definitively identified a role for lymphocytes i.n the rejection of 
foreign tissue. Subsequent studies in tun1or inlmunology, as well 
as work by Snell using strains of genetically identical mice, 
identified the genetic basis for graft rejection as the MHC, 
known in hun1aJ1s as HLA ru1d in mice as the H-2locus. These 
series of experiments, over a short period of several years, dem
onstrated that rejection of trru1splanted tissue was ru1 immuno· 
logic process, impUcated lymphocytes as the principal effector 
cells, and idemified the MHC as the source of the primary 
source of antigen in the rejection response. 1hese pivotal studies 
laid the grow1dwork for the transi tion of trru1splantation from 
the experimenral to the clinical realm. 

Ald10ugh the technical skill for d1e trrulsplantation of skin 
and o ther organs had been available for some time, the vigorous 
rejection of allografts had prevented its widespread use for many 
years .. It was not tmtil 1954, after Medawar's critical studies had 
been published, that the first successftu orgru1 transplantation 
was performed. Despite Medawar's claim char the biologic force 
responsible for rejection would "forever inhibit transplantation 
from one individual to ru1other," Joseph Murray, a surgeon sci
entist, persevered iJ1 his pursuit of making clinical rrrulsplruua
tion a reality. At that ti.nle, there was evidence to suggest that 
me overall immunologic barrier was lacking between identical 
twins ru1d, coincidentally, Murray was busily perfecting a surgi
cal technique for kidney transplantation in dogs. In 1954, the 
opporttmity presented itself to test tl1e bypomesis. Richard 
Herrick, who had incurable kidney dru11age, was the first candi
date ru1d his identical sibling, Ronald, was willing to donate a 
kidney for transplantation to his brother. UsiJ1g the technique 
tl1at he bad perfected in tl1e caniJ1e model, Murray performed 
tl1e first successful kidney transplantation between identical 
twins iJ1 December L954 (see Fig. 26-4).3 The operation pro
ceeded wimout complications and the kidney ftmctioned well, 
wimout the need for immunosuppressive tl1erapy. Despite this 
landmark advance in transplru1tation, the vasr majori ty of indi
viduals in need of a trru1splant were not identical twiJ1s and the 
focus of the field was appropriately directed toward the develop
ment of methods to control me rejection response. 

During the 1950s and 1960s, several discoveries were made 
tl1at were of the utmost importance for future successes in trans
plrultation. Following Gurer and Snell's description of the 
murine MHC system, Jean Dausset described the equivaleJH in 
humaJlS usiJ1g antibodies developed against HLA. 1his led to 
tl1e first serologically based typing system for human transplan
tation ru1tigens. Snell and Dausset shared the Nobel Prize in 
Medicine in 1980 for their observations. 

ln the late 1960s, Terasaki reported on tl1e significance of 
preformed antibody directed against donor MHC molecules and 
its impact on kidney graft survival. He developed the microlym
phocyre cytotoxicity test, allowing for pretransplantarion detec
tion of recipient-derived antidonor antibody. 'This formed the 
basis for the crossmatch assay tl1at is used today to screen poten
tial d onor-recipient pairiJ1gs. 'll1ese techniques, along witl1 the 
development of new immunosuppressive compow1ds, including 
6-mercapropuriJ1e (6-MP) and azathioprine, led to me first suc
cessful kidney transplantation betweeJ1 relatives wbo were not 
identical twins, and also to me fuse successful rransplrultation 
using a kidney from a deceased donor. 

Although early attempts at immunosuppression permitted 
extended allograft survival in select patients, both the reproduc
ibility ru1d durability of resul.ts were far from adequate. In the 
1970s, investigators sought novel treatments to improve the 
success rate for transplantation; these modalities iJ1cluded clw
racic duct drainage ru1d the use of antilymphocyte serun1. 
Despite these efforts, tl1e results for kidney trru1splantation 
remained poor, wim me best centers aclUeving 1-year survival 
rates of 70% for Living-related kidney grafts and 50% for 
deceased donor kidney transplants. lhen, a chance discovery of 
a promising agent from a fungal isolate drru11atically changed 
me outlook for kidney and other types of transplantarion. Borel 
identified an active metabolite, cyclospo.rin A (cyd osporine) , 
which showed selective in vitro inl1ibition of lymphocyte cul
tures but no significruH myelotoxic effects (see later for more 
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details). Promising results in dogs eventually led to cun.ical trials 
in humans, and the modern era of transplantation had begun. 

The introduction of cydosporine ushered in the most dra
matic improvement in the field of transplantation. Liver and 
heart transplantation survival rates doubled, and the improved 
immunosuppression encouraged transplantation rean1s around 
the world to begin broader investigational use, transplanting 
lung, small bowel, and pancreas. Now, witl1 the use of cydospo
rine and newer agents, l -year graft survival bas exceeded 90% 
for almost aU organs except the small intestine. Despite the 
discovery and clinical introduction of ever-increasingly potent 
immtmosupprt.'SSants, the field of transplantation has many areas 
in need of improvement. Drug-related side effects and the 
intractable problem of chronic rejection still plague physicians. 
1l1e focus of the current research is the development of a clini
cally applicable strategy to promote transplantation tolerance, 
thereby eliminating the pitfalls and shortcomings of current 
immunosuppressive therapy. 

REJEcnON 
There are three classic definitions of rejection that are based not 
only on the predominant mediator, but al.so the timing of the 
process (Fig. 26-1 8). 
1. Hyperacute rejection occurs within minutes to days after 

transplantation and is primarily mediated by preformed 
antibody. 

2. Acute rejection is a process mediated by T celJs, although 
it is often accompanied by an acquired antibody response, 
and generally occurs within the first few weeks to months 
of transplantation but can occur ar any time. 

3. Chronic rejection is the most common cause of long-term 
allograft loss and is an indolent fibrotic process that occurs 
over months to years. [t is thought co be secondary to T 

and B cell processes but is difficult to separate completely 
from nonimmune mechanisms of chronic organ damage 
(e.g., drug toxicity, cardiovascular comorhid diseases). 

Hyperacute Rejection 
Although essentially untreatable, hyperacute rejection is almost 
universalJy preventable with the proper use of the lymphocyto
toxiccrossmatch assay or otl1er means of detecting donor-specific 
antibodies before transplantation. This form of rejection occurs 
when donor-specific anribodies are present in the recipient's 
system prior to transplantation. These antibodies may be the 
result of natural processes, such as the formation of antibody to 
blood group antigens or the product of prior exposure to anti
gens with sinular enough specificities as those expressed by the 
donor that cross-reactivity can occur. In the latter case, prior 
sensitization is usually the result of prior transplantation, trans
fusion, or pregnancy, but may also be the result of prior envi
ronmental antigen exposure. As expected, a hyperacute rejection 
can occur within the first minutes to hours following graft 
reperfusion. Antibodies bind to the donor tissue, iJutiate 
complement-mediated lysis, endothelial cell activation, result
ing in a procoagulant state, and immediate graft thrombosis 
(Fig. 26-1 9). 

Similar to t he lymphocytotoxicity assay described earlier, 
which is used fo r MHC class I typiJ1g, the crossmarch assay is 
performed by mixing cells from the donor with senun from the 
recipient and adding complement, if needed. Lysis of ilie donor 
cells indicates tbat antibodies directed against the donor are 

present in the recipient serum; this is called a posmve cross
match. Thus, a negative crossmatch assay coupled with proper 
ABO matchjng wi iJ effectively prevent hyperacute rejection in 
99.5% of transplantations. Newer crossmaccb ceduuques have 
become increasiJ1gly sophisticated, including iliose directed at 
class I and class If antibodies, Row cyromerric techniques, and 
bead-based screening a~says to exclude non-HLA antibodies. 
Because a given patient's sensitivity status may change over time, 
a more conm1on technique for screeniJ1g a patient's sensitization 
status is to screen a potential recipient's serum against a panel 
of random donor cells representing the likely regional donor 
pool. Known as the panel-reactive antibody (PRA) assay, the 
resuhs are expressed as a percentage of the panel in the randomly 
selected cell set that lyses when recipient serum is added. Thus, 
a nonsensitized patient would be given a score of Oo/o and a 
highly sensitized patient might have a PRA up co 100%. These 
screening tests can now be performed wiiliout the need for cells 
by using polystyrene beads coated with HLA antigens. In this 
situation, the laboratory detects all anti-HLA antibodies and 
calculates a PRA based on d1e expected frequency of the HLA 
types in the donor pool. There are now cli.Jucal protocols to 
attempt desensitization that use plasmapheresis and/or intrave
nous immune globulin (IYig) to reduce circulating antihody. 18 

A more promising method is to avoid crossmatcb-positive 
donor-recipient pairs with paired donor exchange. 

Acute Rejection 
Of the three types of rejection, only acute rejection can be suc
cessfully reversed once it is established. T celJs constitute the core 
element responsible for acute rejection, ofren termed T ce~ 
mediated rejection (TCMR). There is also a form of acute rejec
tion that is particularly aggressive and involves vascular invasion 
by T cells, termed ncute vmculnr rejection. Finally, a mote recently 
recogni7.ed form of acute rejection mediated by the humoral 
immune system, termed 11ntibodJ'-medinted rejection (ABMR), 
will be discussed briefly. With tl1e advent of more effective 
immunosuppression. allograft loss from acute cellular rejection 
has become inc.reasiJ1gly rare. Acute rejection can occur at any 
time afte.r the first few postoperative days, the time needed to 
mount an acquired immune response, and most comlllonly 
occurs within the first 6 months after transplantation. Without 
adequate immunosuppression, the cellular response will progress 
over tl1e course of days co a few weeks, ultimately desuoyiJ1g the 
allograft. As noted, there are two main pathways through which 
rejectjon can proceed, the direct and .indirect alloresponses (Fig. 
26-20). In either case, aUospecific T cells encounter their appro
priate antigen, processed donor MHC peptides presented on 
self-MHC or via direct recognition of donor MHC, undergo 
activation, and promote sin1ilar responses. 1l1e precursor fre
quency of T cells specific for direct or indirect allorecognition 
dlffers. [ndirect allorecognition is sim.ilar to any given pathogen. 
D onor MHC protein is processed into peptides and presented 
on self-MHC. The number ofT cells specific for this antigen is 
approximately 1 in 200,000 to 500,000. Direct aUorecogniclon, 
however, has a much higher precursor frequency. These T cells 
recogn_izc donor MHC directly without processing (Fig. 26-21). 
Given mat the T cells are selected to recognize self-MHC mol
ecules and that there are similarities between donor and recipient 
MHC, it is no surprise that a substantial nulllber ofT cells are 
aUoreactive. Some estimates have suggested that approximately 
1 o/o co 1 Oo/o of all T celh are directly alloreactive. This bigh 
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A Hyperacute rejection 

Endothelial 
cell 

Alloantigen 
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C Chronic rejection 
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smooth ·o..'"' .-' o'-Jo-' 
muscle cell Cytokines 
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alloantigen
specific 
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Endothelial 
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intimal smooth 
muscle cell 
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FIGURE 26-18 Mechanisms of rejection. A. Hyperacute rejection occurs when preformed antibodies react with donor antigens on the vascular 
endothelium of the graft Subsequent complement activation triggers rapid intravascular thrombosis and graft necrosis. B. Acute rejection is 
predominantly mediated by a cellular infiltrate of alloreactive T cells, which attack donor cells in the organ parenchyma and occasionally donor 
vessels/endothd ium, termed acute vascular rejections. Alloreactive antibodies also develop and contribute to acute humoral or antibody
mediated rejection. C. Chronic rejection is characterized by graft arteriosclerosis and fibrosis. Immune- and nonimmune-mediated mechanisms 
are responsible for abnormal proliferation of cells within the intima and media of the vessels of the graft, eventually leading to luminal occlu
sion. (Adapted from Abbas AK, Lichtman AH, Pillai 5: Cellular and molecular immunology, ed 6, Philadelphia, 2010, Saunders-Elsevier.) 
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FIGURE 26-19 Histology of rejection. A, Hyperacute rejection of a kidney allograft, with characteristic endothelial damage, thrombus, and early 
neutrophil infiltrates. 8, Acute rejection of kidney, with inflammatory cells within the connective tissue around the tubules and between tubular 
epithelial cells. C. Acute rejection of a kidney allograft, with an inflammatory reaction within a graft vessel, resulting in endothelial disruption. 
D, Chronic rejection in a transplanted kidney with graft arteriosclerosis. The vascular lumen has been replaced with smooth muscle cel ls 
and a fibrotic response. (Adapted from Abbas AK. Lichtman AH, Pillai S: Cellular and molecular immunology, ed 6, Philadelphia, 2010. 
Saunders-Elsevier.) 

A Direct alloantigen recognition 

Allogeneic 
antigen
presenting 
cell in graft 

Allogeneic MHC 

B Indirect alloantigen recognition 

Allogeneic 
MHC 

Professional 
APC in recipient 

y \ ~Y 
=r.- ~) 
Self MHC 

Uptake and processing of 
allogeneic MHC molecules 

by recipient APC 

Peptide derived 
from allogeneic 
MHC molecule 

T cell recognizes 
unprocessed 

allogeneic 
MHC molecule 
on graftAPC 

Presentation of 
processed peptide 

of allogeneic 
MHC molecule bound 
to self MHC molecule 

FIGURE 26-20 Direct versus indirect allorecognition. A, Direct allorecognition occurs when recipient T cells bind diredly to donor MHC mol
ecules on graft cells. 8, Indirect allorecognition results when recipient antigen-presenting cel ls take up donor MHC and process the alloantigen. 
Allopeptides are then presented on recipient (self) MHC molecules in standard fashion to alloreactive T cells. (Adapted from Abbas AK. Licht
man AH, Pillai S: Cellular and molecular immunology. ed 6, Philadelphia, 2010, Saunders-Elsevier.) 
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A Normal 

T cell receptor 

SelfMHC 

Self MHC molecule presents foreign peptide 
to T cell selected to recognize self 

MHC weakly, but may recognize self 
MHC-foreign peptide complexes well 

8 Alloreoognition 

T cell receptor 

The self MHC-restricted T cell recognizes 
the allogeneic MHC molecule whose 

s tructure resembles a self MHC-foreign 
peptide complex 

C Allorecognition 

T cell receptor 

The self MHC-restricted T cell recognizes a 
structure formed by both the allogeneic 
MHC molecule and the bound peptide 

FIGURE 26-21 Molecular basis for direct allorecognition. Recipient T 

cells may recognize donor MHC molecules directfy because of the 
simila rities between MHC alleles but become activated because only 
T cells strongly reactive to self-MHC were deleted in the thymus via 
negat~ selection. A. Normally, T cells encounter self-MHC com
plexed with foreign peptide and become activated in the appropriate 
situation. B. T cells may encounter allogeneic MHC complexed with 
endogenous peptide and mistakenly react because the structure of 
the foreign MHC molecule itself resembles self-MHC bound with 
foreign peptide. C. Alternatively, the combination of self-peptide and 
allogeneic MHC may promote activation. (Adapted from Abbas AK, 
Lichtman AH, Pillai S: Cellula r and molecular immunology, ed 6, 
Philadelphia, 2010, Saunders-Elsevier.) 

precu rsor frequency likely overwhelms many of the regulatory 
processes in place to control the much lower cell frequencies 
involved in ph)'$iologic immune responses. Once act ivated , 
these allorcact ive T cells move to destroy the graft. Subsequen dy, 
there is massive infiltration ofT cells and monocyres into the 
allograft, resulting in destruction of the organ through direct 
cytolysis and a general inAan1marory mil ieu tha t leads to gener
alized parenchymal dysfunction and endothelial injury. result ing 
in rluombosis (sec Fig. 26-19). 

The bulk of current immunosuppressive agents are directed 
toward T cell$ themselves or interruption of pathways essentia1 
ro their activat ion or effector funct ions. In an effort to prevent 
acute cellular rejection, induction therapy may be used during 
the ini tial post-transplantation stages. These agents will be dis
cussed in the next section, bur often will be antibody rherapicli 
that serve to deplete or inactivate T cells globally during 
the immediate postoperative period of engraftment, when 
repcrfusion injury is most likely to promote immune recogni
tion. Immunosuppressive regimens are frequently scheduled 
in itially to favor an intense regimen in the immediate post
opera tive period and then tapered to lower, less roxie levels 
over time. 

T cell-specific t reatments lead to the prevention of acute 
rejection in appro>timatcly 70o/o of transplantations and, when 
it does occur, it can usually be reversed. Similar to hyperacute 
reject ion resulting from preformed antibody responses, T ceiJ 
presensiti7 .. ation will result in an accelerated form of cellular 
rejecl ion mediated by mcmoryT cells. It generally occurs within 
the first 2 to 3 days after transplantation and is often accompa
nied by a significant humoral response. 

The humoral equivalent to acute ceUular rejection ili 
ABM R. 1l1is occurs when offending antibodies specific for allo
anrigcn c>tis t in the circulation at levels un detectable by the 
crossmatch a~say, or D cell clones capable of producing donor
specific ant ibody arc activated and stimulated to produce de 
novo atlo antibodies. The former scenario is often seen in patients 
with a high PRA that has decreased over rime. Transplantation 
leads tO restimularion of memory 13 ceUs responsible for the 
donor-specifi c antibodies. 'TI1e result is initial graft fu nction, 
followed by rapid deterioration within the first few postoperative 
days. Implementat ion of a more aggressive inlJUunosuppressivc 
regimen, including higher doses of ste roids combined with non
specific anribody depletion via plasmapheresis or IVlg (nonspe
cific immunoglobulin) is occasionally successful in reversing 
ABMR. 

Prompt recognition of acute reject ion is essent ial to ensure 
prolonged graft survival. Untreated rejection leads to expansion 
of the immune response to involve multiple pathways, some of 
which arc less sensitive to T cell-specific therapies. In addition, 
damage to the allograft, particularly for the kidney, pancreas, 
and heart, is generally accompanied by a permanent loss of func
tion t hat is proportional to the magnitude of involvement. Most 
acute rejection episodes are initially asymptomatic until the sec
ondary effects of organ dysfLmction occur. By this time, the 
reject ion process has proceeded to a point that is often more 
difficult to reverse. Accordingly, monitoring for acute rejection 
is usually initially intense, particularly during the first year fol
lowing transplantation. In general, any unexplained graft dys
function should prompt biopsy and evaluation for the 
lymphocytic infi ltration. antibody deposition, and/or parenchy
mal necrosis characteristic of acute rejection. 
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Chronic Rejection 
Although the mechanisms of acute and hyperacute rejection 
have been weiJ described, chronic rejection remains poorly 
understood. True chronic rejection is an immune-based process 
derived from repeated or indolent TCMR or ABMR, but the 
clinical phenorype of chronic graft fibrosis and deterioration is 
often secondary to a combination of immune and non immune 
effects. Appropriately, the term chronic rejection has been 
replaced by more descriptive terms: interstitial fibrosis and 
tubul11r atrophy (IF-TA) or ch1·onir allograft nephropathy for the 
kidney, chronic coronary vasculopathy for the heart, vanishing 
bile duct syndrome foe the liver, and bronchiolitis oblitmms for 
the lungs}9 The process is insidious, usuaiJy occurring over a 
period of years, but can be accelerated and occur within the 
first year. Regardless of the organ involved, it is characterized by 
parenchymal replacement by fibrous tissue with a relatively 
sparse lymphocytic infiltrate, bur may contain macrophages or 
dendritic cells (see Fig. 26-19). Organs with epithelium show a 
disappearance of epithelial cells as weLl as endothelial destruc
tion. 'TI1e events that ultin1atdy trigger this response are cer
tai.Jliy related to the transplantation itself, including but not 
limited to the response to alloantigen and to the ischemia
reperfusion in.jtrry associated with the actual transfer of the 
orga.o itsel£ These events set the stage for expression of various 
soluble factors, including transforming growth factor-~ (TGF
~). leading to a remodeling of the parenchyma and ensuing 
fibrous replacement. Chronic inflammatory insults can also 
evoke a process of epithelial to mesenchymal dedifferentiation, 
leading to epithelial cells that regress into fibrocytes. To date, 
these processes remain essentiaiJy untreatable once ide11tified, 
but there are several factors that have been identified that pre
dispose toward the development of chronic rejection. The most 
irnporta.ot of these is prior acute rejection episodes. 1hus, the 
more effective immune control is exerted to limit acute rejec
tion episodes in the early post-transplantation stages, d1e !c..~ 
likely chronic rejection is to occur. 

IMMUNOSUPPRESSION 
Current immunosuppressive therapies in transplantation achieve 
excellent results, especiaiJy in terms of relatively short-term 
patient and aiJog.raft survival rates. Despite tremendous progress 
over the pas t 50 years, all agents designed to prevent rejection 
remai.J1 nonspecific to the aiJoin1mw1e response. Given the 
redtmdancy of the immune system, recipients almost always 
need a number of agents to control the normal in1mune response 
adequately. In addition, none of these therapies specificaiJy 
inhibit the response to the aiJograft; instead, most immunosup
pressants target the immune response globaiJy. [n ocher words, 
all drugs that prevent rejection do so at the cost of preventing 
the nonual host response to bacterial and viral infections, as well 
as mmor surveillance. Although some of the newer therapies are 
more precise in their mecilanisms, mru1y target not only the 
mediators of the inm1une response but also a.oy cells undergoing 
maturation or division. Consequently, there are many nonim
mune side effecl!s associated with immunosuppressive therapy 
that can directly or indirectly contribute to graft dysfunction. 
Also, tl1e social costs are not trivial, consideri.ng that trru1splrult 
recipients may have to take dozens of pills daily at an rumual 
cost of approximately $10,000 to $15,000. 

As noted, the most critical time period for immwlopro
tection is the fust few days to months post- trru1splantation. 

1he graft is fresh and there is a heightened state of inflamma
tion secondary to inevitable graft injmy from ischen1ia or 
reperfusion, as well as the physical transfer of the orgru1 itself. 
In addition, tllis is the time of initial antigen exposure, which 
will play a large role in establishing a lasting state of immune 
unresponsiveness. For rhis reason, immunosuppression is 
extremely intense in the early postoperative period and nor
mally tapered thereafter. 1his initial conditioning of the 
recipient's imnllme system is known as induction in1munosup
pression. lt usually involves complete deletion, or at least 
aggressive diminution of the T cell response, ru1d consequently 
is only tolerated for a short period of tin1e without lethal con
sequences. Mrer this initial period, tl1e agents used to prevent 
acute rejection for the remainder of the patient's life are caLled 
maintenance immunosuppressants. As noted. these medica
tions s'till carry with them ma.oy in1mtme and nonin1mune side 
effects that may also ultimately contribute to long-term graft 
fai lure. ln1munosuppressants used to reverse an acute rejection 
episode are called rescue agents. They are generally the same as 
those used for induction therapy. The mechanisms of action of 
the various immunosuppressants are described here a.od 
detailed in Table 26-3. 

Corti~osteroids 
Steroids, in particular glucocorticoids, remai.n one of the most 
commonly used medkations to prevent rejection. They are 
almost exclusively used in combination with other agents, witl1 
which they seem to act synergisticaiJy m in1prove graft survival. 
'TI1ey may also be used in higher doses as rescue therapy for acure 
rejection episodes. Although steroids possess potent immuno
suppressive properties, they can contribute significantly to the 
morbidlry of transplantation because of their effects on wound 
healing and propensity to cause diabetes, hypertension, and 
osteoporosis. More recently, because of these side effects, there 
has been an emphasis on developing steroid-minimizing or 
steroid-sparing protocols. 

Although the Nobel prize was awarded over 50 years 
ago for work on the hormones of rhe adrenal cortex, the 
mechanism of the immw10suppressive effect of glucocorti
coids was only elucidated.20 Sinlilar to other steroid hor
mont"S, glucocorticoids bind to an intracellular receptor after 
passing into the cytoplasm through nonspecific mechanisms. 
'TI1e receptor-steroid complex then enrers the nucleus, where 
it acts as a transcription factor. One of the most in1portant 
genes upregulated is lKB gene. This protein binds to and 
inhibits the function of NF-KB, a key activator of proinflanl
matory cyrokines and an important transcription factor 
involved in T cell activation. Through this mechanism, ste
roids also act to diminish the transcription of IL- l and 
TNF-a by APCs and to prevent the upregulation of MHC 
expression. Phospholipase A2, ru1d consequently the entire 
arachidonic acid cascade, is also inhibited. 'TI1ey decrease the 
leukocyte response to various cl1emokines and cl1en1otactins; 
by inhibiting vasodilators such as hista.tl1ioe ru1d prostacyclio, 
they consequently dan1pen the inflan1matory response glob
ally. This broad anti-inflammatory response quickly moiJifies 
the intragraft environment and thus substrultially improves 
graft fw1ction, long before rhe offending ceLls have 
actually lefr the graft. The most commonly used oral gluco
corticoid formulation is prednisone; its N equivalent is 
methylprednisolone. 
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_Table 26-3 Summary of Immunosuppressive Drugs 
DRUG 

Prednisone 

Cydosporine 

Tacrolimus 
(Prograf) 

Sirolimus 
(rapamydn) 

DESCRIPTION 
Corticosteroid 

11-amino-acid cyclic peptide 
from Tolypoclodium 
inflotum 

Macrolide antibiotic from 
Streptomyces 
tsukuboensis 

Triene macrolide antibiotic 
from Streptomyces 
hygroscopia;s from Easter 
Island {Rapa Nui) 

MECHANISM OF AatON 
Binds nuclear receptor and enhances 

transcription of IKB, which inhibits NF-KB 
and T cell activation 

Binds to cydophilin; complex inhibits 
calcineurin phosphatase and T cell 
activation 

Binds to FKBP12; complex inhibits caldneurin 
phosphatase and T cell activation 

Binds to FKBP12; complex inhibits target of 
rapamydn and ll-2-dependent T cell 
proliferation 

NONIMMUNE TOXICITY AND COMMENTS 
Diabetes, weight gain, psychological 

disturbances, osteoporosis. ulcers, 
wound healing, adrenal suppression 

Nephrotoxicity, hemolytic-uremic 
syndrome, hypertension, neurotoxicity, 
gmgival hyperplasia, skin changes, 
hirsutism, post-transplantation diabetes, 
hyperlipidemia 

Effects similar to cydosporine but with 
lower incidence of hypertension, 
hyperlipidemia, skin Changes, hirsutism, 
and gingival hyperplasia but higher 
incidence of post-transplantation 
diabetes and neurotOJocity 

Hyperlipidemia, increased toxicity of 
calcineurin inhibitors, thrombocytopenia, 
delayed wound healing. delayed graft 
function, mouth ulcers. pneumonitiS. 
interstitial lung disease 

Everolimus 

Mycophenolate 
mofetil 
(Cellcept) 

Derivative of sirolimus. similar mechanism and toxicities 

Azathioprine 
(lmuran) 

Antithymocyte 
globulin 

Muromonab-CD3 
{OKT3) 

Basiliximab 

Dacluzimab 

Rituximab 

Alemtuzumab 

FTmo 

Belatacept 
(LEA29Y) 

Mycophenolic add from 
Penicillium stoloniferum 

Prodrug that undergoes 
hepatic metabolism to 
form G;nercaptopurine 

Polyclonal lgG from rabbits 
or horses immunized with 
human thymocytes 

Anti-CD3 murine 
monoclonal antibody 

Anti-CD25 chimeric 
monoclonal antibody 

Anti-CD25 humanized 
monoclonal antibody 

Anti-CD20 chimeric 
monoclonal antibody 

Anti-CD52 humanized 
monoclonal antibody 

Sphingosine-like derivative 
of myriocin from the 
fungus lsorio sincloirii 

High-affinity homologue of 
CTLA-4 lg 

Inhibits synthesis of guanosine 
monophosphate nucleotides; blocks purine 
synthesis preventing prolif eration ofT and B 
cells 

Converts & mercaptopurine to 6-thioinosine-
5' -monophosphate, which is converted to 
thioguamne nucleotides that interfere with 
DNA and purine synthesis 

Blocks T cell membrane proteins (e·8·• C02, 
CD3, CD45), causing altered function, lysis, 
and prolonged T cen depletion 

Binds CD3 associated with the TCR, leading to 
initial activation and cytokine release, 
followed by blockade of function, lysis, T 
cell depletion 

Binds to high-affinity chain of l l -2R (CD25) on 
activated T cells, causing depletion and 
preventing ll-2-mediated activation 

Similar to that of basiliximab 

Binds to CD20 on B cells and causes 
depletion 

Binds to CD52 expressed on most T and B 
cells. monocytes, macrophages, NK cells, 
causing lysis and prolonged depletion 

Functions as antagonist for sphingosine-1-
phosphate receptors on lymphocytes, 
enhancing hom1ng to lymphoid llssues and 
preventing egress, causing lymphopenia 

Binds to CD80-CD86 and prevents 
costimulation via CD28 

Gastrointestinal symptoms (mainly 
diarrhea), neutropenia, m1ld anemia 

leukopenia, bone marrow depression, 
liver toxicity (uncommon) 

Cytokine release syndrome, 
thrombocytopenia, leukopenia, serum 
sickness 

Severe cytokine release syndrome, 
pulmonary edema, acute renal failure, 
CNS changes 

Hypersensitivity reaction, uncommon 

Hypersensitivity reaction, uncommon 

Infusion or hypersensitivity reactions. 
uncommon 

Mild cytokine release syndrome, 
neutropenia, anemia, autoimmune 
thrombocytopenia, thyroid disease 

Reversible first-dose bradycardia, 
potentiated by general anesthetics and 
beta blockers, nausea, vomiting. 
diarrhea, increased liver enzyme levels 

Clinical trials-preliminary results suggest 
equal efficacy to CsA but improvei:f 
glomerular filtration rate 

Adapted from Abbas AK, Uchtman AH, Pillai S: Cellular and molecular immunology, ed 6, Philadelphia, 2010, Saunders-8sevier. 

Antiproliferative Agents 

Azathioprine 
1he purine analogue azatllioprine was fi rst described in the 
1960s and remained a mainstay ofi mnmnosuppression for the 
next 30 years.11 It is stiiJ used today in organ transplantation and 
for the rreaonent of some autoimmune diseases. Similar to other 
amiproliferative agents, it is a nucleotide analogue that targets 
cells undergoing rapid division; in the case of an immune 

response, its goal is to limit the d onal expansion ofT and B 
cells. Azathioprine undergoes hepatic conversion to several 
active metabolites, including 6-MP and 6-thioinosine-5'
mono phosphate. 1hese derivatives inhibit DNA synthesis by 
alkylating DNA precursors and interfering with DNA repair 
mechanisms. [n addition, they inhibit the enzymatic conversion 
of inosine monophosphate (IMP) to adenosine monophosphate 
(AMP) and guanosine monophospbate (GMP), effectively 
depleting the cell of adenosine. 1 he effects of azathioprine are 
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relatively nonspeci£c and, like od1er antiproliferacive agents, it 
acts on atl rapidJy clivi ding cells that require nucleotide synthesis. 
Consequently, its predominant toxicities are seen in me bone 
marrow, gut mucosa, and liver. It is primarily used as a mainte
nance agent in combination with other medications, such as a 
corticosteroid and calcineurin inhibitor. 

Mycophenolate Mofetil 
Mycophenolate moferil (MMF) is an immunosuppressive agent 
wim a similar mechanism of action a~ azathioprine It is derived 
from the fungus Pmicillium stoloniferum. Once ingested, it is 
metabolized in the liver to the active moiety, mycophenolic acid. 
'The active compound inhibits IMP dehydrogenase, the enzyme 
that controls the rate of synthesis of GMP in me de novo 
pathway of purine synthesis, a critical step in RNA and DNA 
synthesis. Importantly, however, is d1e presence of a salvage 
pathway for GMP production in most cells except lymphocytes 
(hypoxanthine-guanine pbosphoribosyl. transferase-catalyzed 
GMP production directly from guanosine). Thus, MMF exploits 
a critical difference between lymphocytes and other body tissues, 
resulting in relatively lymphocyte-specific immunosuppressive 
effects. MMF blocks the proliferative response of bod1 T and B 
cells, inhibits antibody formation, and prevents the clonal 
expansion of cytotoxic T cells. 

1l1ere have been numerous clinical trials to evaluate MMF. 
Speci£cally, MM F has been shown to decrease the rate of biopsy
proven rejection and the need for rescue d1erapy compared with 
azadlloprine.21 Appropriately, MMF has replaced azadlioprine 
in most immtmosuppressive protocols as the third agent in the 
standard mree-drug regimen, although recent evidence has sug
gested that its therapeutic difference is less pronounced when 
used with more modern immw10suppressive regimens. It has 
also been used in combination with a calcineurin inhibitor or 
sirolimus by many centers in steroid-sparing protocols. However, 
MMF is not effective enough to use without steroids or calci
neurin inhibitors. The major clinical side effects include leuko
penia and diarrhea. 

Caldneurin Inhibitors 

Cyclosporine 
Jean-Francois Borel is credhed with the discovery of cyclosporin 
A (CsA; cydosporine) in 1972 while working as a nlicrobiologist 
for SandO't. Laboratories (now Novartis). He apparently was 
vacationing in Norway and collected soil san1ples for analysis in 
searcb of new antibiotics. Althougb the samples failed to show 
any significant antimicrobial activity, they did show potent 
immunosuppressive characteristics. Furtl1er studies demon
strated tl1at the active component is a cyclic, nonribosorual, 
peptide of 11 amino acids produced by the fungus Tolypocln
dium inflatum. 2..~ l11e mechanism of action of CsA is mediated 
prin1arily through its ability to bind the cytoplasmic protein 
cydophilin. TI1e CsA-cydophllin complex binds to the 
calcineurin-calmodulin complex within the cytoplasm and 
blocks calcium-dependent phosphorylation and activation of 
nuclear factor of activated T ceUs (NFAT), a critical transcrip
tion factor involved in T cell activation, including upregulation 
of d1e fL-2 transcript (Fig. 26-22). The result is blockade of IL-2 
production. Thus, CsA is used as a maintenance agent, blocking 
the ini tiation of an immune response, but is ineffective as a 
rescue agem onoe IL-2 has already been produced. ln addition, 

CsA acts to increase the transcription of TGF-P. a cytokine 
involved in me normal processes that limit the immune response 
by inhibiting T cell activation, reducing regional blood A ow and 
stimulating tissue remodelli1g and wow1d repair. As will be 
discussed later, the toxicity and side effects of CsA may in large 
parr be related ro rhe effects ofTGF-p. 

CsA has poor water solubility and consequently must be 
given as a suspension or emulsion. lllis becomes a particular 
concern ill liver transplantation because the oral absorption of 
C~A is dependent on bi.le flow; fortunately, this ha~ been 
addressed by the development of a nlicroemulsion form that is 
less bile--dependent. CsA is metabolized by the hepatic cyto
dtromc P-450 enzymes and blood levels are therefore i.Jilluenced 
by agents that affect the P-450 system. P-450 i.Jiliibitors, which 
include ketoconazole, erythromycin, calcium channel blockers, 
and grapefruit juice, result in higher CsA levels, whereas induc
ers ofP-450, including rifampin, phenobarbital, and phenytoin, 
result in lower C~A levels. 

1l1e discovery of CsA and its subse<juent development as 
an immunosuppressant contributed enormously to the advance
ment of organ transplantation. It was first approved for clinical 
use in 1983, d1en led to a substantial improvement in the 
outcome of deceased donor renal cransplantation, and permitted 
the widespread practice of heart and liver transplantation. 
Although its potent immunosuppressive activity was welcomed, 
its attendant toxicities were less d1an ideal. As noted, CsA 
induces the express.ion ofTGF-P and much of the toxicity of 
CsA can be linked to i11creased TGF-P acdvity. One of the most 
in1portanr side effects of CsA is renal toxkiry. CsA has a signifi
cant vasoconstrictor effect on proximal renal. arterioles, causing 
a 30% decrease in renal blood flow. 1his action is most likely 
mediated through increased TGF- P levels, which act to increase 
the transcription of endothelin, a potent vasoconstrictor, activat
ing the renin-angiotensin pathway and resulting in hyperten
sion.24 The remodeling effects of TGF- P also induce fibriJl 
deposition, which is thought to play a role in the fibrosis typi
catly seen during chronic atlograft nephropathy. Also, CsA fre
quently causes neurologic side effects, consisting of tremors, 
paresthesias, headache, depression, confusion, somnolence and, 
rarely, seizures. Hypertrid10sis (increased hair growth) is another 
frequent side effect, mainly occurri.J1g on the face, arms, and 
back in up to 50% of patients. Gingival hyperplasia may also 
occur, and CsA may promote malignant transformation of some 
cell types. The use of CsA in combi.J1ation with corticosteroids 
bas pernlitted a lowering of the CsA dose, resulting i.J1 decreased 
toxicity, particularly nephrotoxicity. 

Tacrolimus 
Tacroliruus was isolated from Japanese soil samples in 1984 as 
part of an effort to discover novel immunosuppressants. A mac
rolide, produced by the fungus Streptomyces tsukubaemis, tacro
limus was found to possess potent immunosuppressive 
propcrties.25 Similar to CsA, it blocks the effects of NFAT, pre
vents cytokine transcription, and arrests T cell activation.26 1he 
intracellular target is an immunophilin protein distinct from 
cydophilin, known a~ FK-binding protei.J1 (FK-BP). In vitro 
tacrollmus was found to be lOO times more potent in blocking 
fL-2 and IFN-y production than CsA. Tacrolimus,like CsA, also 
increases TGF-~ transcription, leading to the beneficial and 
toxic effects of th.is cytokine. 1l1e side effect profile for tacroli
mus is similar to d1at of CsA with regard to renal toxicity but 
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FIGURE 26-22 Molecular mechanisms of immunosuppression. Immunosuppressants may be small molecules. antibodies, or fusion proteins 
that block various pathways critical for T cell activation. TCR binding facilitates kinase activity by CD3 and the coreceptors (CD4 or CDS). The 
costimulatory molecules CD28, CD154, and others determine the relative pot ency of these signals. TCR signal transduction proceeds via a 
calcineurin-dependent pathway, resulting in dephosphorylation of NFAT, which subsequently enters the nucleus and acts in concert with NF-KB 
to facilitate cytokine gene expression. ll-2 functions in an autocrine fashion, binding to the ll-2R once the high-affinity chain (CD25} is expressed, 
to promote cell division. Cydosporine and tacrolimus block TCR signal transduction by inhibiting calcineurin. Sirolimus and everolimus target 
mTOR to block ll-2R signaling effectively. Azathioprine and MMF-MPA interrupt the cell cycle by interfering with nucleic acid metabolism. 
Monoclonal antibodies (e.g, OKT3, anti-ll-2R, alemtuzumab (Campath], anti-CD154} or fusion proteins (e.g., CTLA4-Ig. belatacept) function to 
deplete T cells or interrupt key surface interactions required for T cell function. (From Halloran PF: Immunosuppressive drugs for kidney trans
plantation. N Engl J Med 351:2715-2729, 2004.} 

the cosmetic slde effects, such as abnormal hair growth and 
gingival hyperplasia, are substantially reduced when compared 
with CsA. Neurotoxicity, including tremors and mental status 
changes, is more pronounced with tacro1im us as is its diabeto
genic effect. Tacrolimus has been shown to be extremely effective 
for Uver transplantation and has become the drug of choice for 
most centers. 

Lymphoc:yte Depletion Preparations 
Most of the current induction regimens involve the use of some 
antilymphocyte antibody preparation. Their mechanism of 
action is probably not fully understood but involves some com
bination of selective or nonselective depletion and/or inactiva
tion. They cause profound immunosuppression, placing the 
recipient at iJKreased risk for opportunistic tnfcctions or lym
phoma. and are consequently generally limited to short-term 
use, days to weeks. 

Antilymphocyte Globulin 
Antilymphocyte globulin preparations are produced by immu
nizing another species with an inoculum of human lymphocytes, 
followed by collection of the sera and purification of the gamma 
globuJin fraction. 1l1e result is a polyclonal antibody preparation 
that contains antibodies directed at a multitude of antigens on 
lymphocytes. More recently, preparations have used hun1an thy
mocytes as d1c in1munogen. The two most commonly used 
preparations are rabbit antithymocyte globulin (RATG) and 
horse antithymocyte globuJiJl (ATGAM). RATG seems to be 
more effective than ATGAM at reducing the i.ncidence of acute 
rejection episodes and consequently is the preferred preparation 
at most U .S. transplantation centersY The polyclonal prepara
tion consists of hundreds of antibodies that coat do1..ens of 
epitopes over the surface of the T ccll. The result is T cell clear
ance through complement-mediated lysis and opsonlzation. [n 

addition to simple depletion mechanisms, the antiserum also 
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interferes with e.ffective TCR signaling and can promote inap
propriate cross linking of key ceU surface molecules, including 
adhesion and costimulatory receptors, resulting in unresponsive
ness or anergy.28 

These preparations are used as induction agents and as 
rescue trearmem for acme rejection episodes. Most com
monly, RATG is used as part of a multidrug induction pro
tocol that includes a calcineurin inhibitor, an antiproliferative 
such as MMF, and prednisone. A frequent strategy in renal 
transplantation is the sequential use of RATG followed by a 
calcineurin inhibitor to avoid the nephrotoxic effects of the 
calcineurin inhibitor in the early post-transplantation period, 
and co maximize the effects of RATG by depleting or inacti
vating most T cells at the critical time of graft introduction. 
More recently, RATG has been used as a key component of 
newer steroid-minimizing or calcineurin inhibitor-free 
regimens.2?.30 

Many of the side effects associated with RATG administra
tion are related to its polyclonal composition. Surprisingly, only 
a small fraction of the known specificities are actually directed 
at defined T cell epitopes. One major side effect is profound 
thrombocytopenia secondary to platelet-specific antibodies 
within the polyclonal preparation. In addition toT cell deple
tion, leukopenia and anemia may result. Ovetimmunosuppres
sion is also a concern; given that these preparations are extremely 
effective at T ceLl! depletion, there is an increase in viral reactiva
tion and primary viral i.nfections, including cytomegalovirus 
(CMY), Epstein-Barr virus (EBV), herpes simplex virus (HSV), 
and variceUa-zosl[er virus (VZV). The effect on EBV-specific T 
cells also predisposes treated patients to a higher iJ1cidence of 
EBV-associated lymphoid malignancies. Overall, however, the 
drug is well tole·rated by most transplant recipients. 1l1c most 
common symptoms are the result of transiellt cytokine release 
following antibody binding. Chills and fevers occur in up to 
20% of patients, but this cytokine release S}'Jldrome is usually 
treatable with antipyretics and antihistamines. In addition, this 
response is ofren tempered in patients receiving corticosteroids 
as part of the induction regimen. 

Muromonab-CD3 
Muromonab-CD3 (OKT3), a murine monoclonal antibody 
directed against the human CD3 E chain {a component of the 
TCR signaling complex; see Fig. 26-12), was approved by 
the U.S. Food and Drug AdmiJustration {FDA) in 1986. lt was 
the first commercially available monoclonal antibody prepara
tion for use in orgru1 transplantation. Similar to the polydonal 
preparations, there arc several proposed mechanisms of action 
for OKT3. On binding to CD3, OKT3 triggers internalization 
of the TCR complex, preventing antigen recognition and sub
sequent signal transduction. It also labels cells for elimination 
via opsonization and phagocytosis. Adequate dosing is usually 
monitored by Aow cytometry and staining for CD3• T cells in 
recipients' blood samples; depletion to less thru1 LOo/o of baseline 
is considered an adequate response. Interestingly, several days 
after OKT3 administration, T cells reappear, as detected by 
co4+ or cos+ cells in the peripheral blood; however, these cells 
lack TCR expression and are w1able to generate an antigen
specific response. OKT3 not only funcdons to impair nai've T 
cell activation, but it is also effective during acute rejection 
episodes by in terfering wicl1 the function of primed antigen
specific T cells. OKT3 has been shown to be superior to 

conventional steroid therapy in reversing rejection and conse
quently improves allograft survival.31 

Unfortw1ately, because OKT3 is a mouse antibody, it can 
elicit an immune response itself and the recipient will generate 
aJltimurine antibodies directed against the structural regions of 
the anlibody or the actual binding site. 'TI1e presence of antimu
rille antibodies linuts the desired effect and eventually precludes 
further use of 0 KT3. In addition, the cytokine release syndrome 
associated with OKT3 administration carl be vigorous; resulting 
in hypotension, pulmonary edema, and myocardial depression. 
A high dose of a steroid is often given IV as premedication prior 
to the fust few administrations ofOKT3 in an attempt to mini
mize adverse reactions. Subsequent dosing is less likely to result 
in symptoms because most target cells available for degrrumla
tion have been removed from the periphery. Because of this 
vigorous response and its inlmlmogenicity, OKT3 has recently 
(2009} been withdrawn from production and is generally 
unavailable. 1l1ere are newer monoclonal antibodies, chimeric 
or humanized, wi th a similar mecl1anism of action and specific
ity as OKT3; these iJ1dude otelixizumab, tepllzumab, and visili
zumab. They are currently being investigated for the treatment 
of autoimmune conditions such as Crobn's disease, ulcerative 
colitis, and type 1 diabetes. 

Anti-lnterleukin-2 Receptor Antibodies 
As discussed earlier, the cytokine IL-2 plays a critical role il1 T 
cell activation and function. After antigCJ1 recognition and signal 
rransductio11 via the TCR complex, expression of IL-2 and its 
receptor are markedly up regulated. The receptor consists of three 
cl1ains, a (CD25), 13 (CD122), ru1d the common cytokine 
receptor 'Y chain (CD132). 'TI1ese chains associate in a noncova
lcnt manner to form the lL-2 receptor complex. The a chain, 
CD25, is a type I transmembrane protein responsible for the 
high-affinity binding of IL-2 on activated T cells; it is critical 
forT cell donal expansion (see Fig. 26-22). Given its impor
tance in the cellular response two monoclonal antibodies have 
been developed and are now a£proved for use in transplantation. 
daclizumab and basilixin1ab. 2.33 'TI1e two antibodies differ in 
their composition in that dadizumab is bumru1ized and basilix
i.mab is a mouse-human chimeric antibody. Both are directed 
against CD25 and function to block IL-2 binding. Because 
CD25 is preferentially expressed on recemly activated T cells, 
the ami bodies are semiselective in their effects, presumably only 
affecting T cells specific for the allograft that have been activated 
at the time of graft implantation. Once the T ceU response is 
well lmder way, effector T cells are much less dependent on 
CD25 expression and these antibodies are much less effective. 
Therefore, bod1 anti-CD25 antibodies are used during the 
induction phase only. Much like antithymocyte globuli11 {ATG), 
they have been shown to prevent or reduce the frequCJlcy of 
acute rejection when used in combu1ation wid1 cl1e ~tandard 
three-drug regimen. More recently, they have been used as part 
of regin1ens to reduce or eliminate calcineuriJ1 u1lubitors or 
within steroid minimization protocols. Both antibodies are weU 
tolerated clinically because they do not cause the same side 
effects as those seen with OKT3 or even ATG, such as the 
cytokine release syndrome. Unlike OKT3, both daclizumab and 
basiliximab are the products of generic engineering, with d1e 
structural components of the mouse antibody having been 
replaced with human lgG; thus, they are less likely to invoke a 
neutralizing antibody response themselves. 
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other Immunoglobulin lberapies 

Rituximab 
Rituximab is a murine amihLLman CD20 chimeric antibody that 
was initially developed for the treatment of B cell lymphoma 
and has since been used in rhe trearmem of posr-rransplanrarion 
lymphoprolifer:ative disorder (PTLD). CD20 is a cell surface 
protein expressed on all mature B cells but not on plasma 
cells. Rituximab binds to CD20 and facilitates ADCC and 
complement-dependent cytotoxicity of B cells, as well as pro
moting programmed cell death. More recently, rituximab has 
been used in a wide variety of autoitrumme disorders. It has also 
been used as a component in some investigational strategies 
designed as induction therapy in highly sensitized transplant 
recipients undergoing kidney transplantation, and even in ABO
incompatible pairings. CD20 is not expressed on antibody
producing plasma cells. As such, its role in limiting aggressive 
forms of rejection may relate to the role of B cells i11 antigen 
presentation. 

Alemtuzumab 
Similar to rituximab. alemtuzumab was originally developed in 
the oncology field for the treatment oflymphoma. It is a human
ized antibody agaiJlSt human CD52, a cell surface protein 
expressed on most mature lymphocytes and monocytes, but not 
tl1eir stem cell precursors. It has been used not only in patients 
with lymphoma but also for auroinm1une processes, such as 
multiple sclerosis and rheumatoid arthritis. Adminisuatlon of 
alemtuzumab is extremely effective at reducing tl1e number of 
T cells, both i11 the peripheral blood and in secondary lymphoid 
organs. In addjtion, it depletes, to a lesser extent, B cells and 
monocytes. Unlike other strategies, this depletion may last for 
weeks to months after dosing. lnvestigatlonal studies in trans
plantation using alemtuztmlab as an induction agent have 
allowed for the miJlimization of immunosuppression, particu
larly when combined with a calciJleurin inhibitor.34•3~ Its optimal 
usc in traJlSplantation remains to be established. 

Intravenous Immunoglobulin 
lVIg is composed of pooled plasma fractions from thousands of 
donors ru1d essentially contains a representative srunple of aU 
antibodies found in that population. It is used frequently in the 
treatment of several auroin1111une diseases, such as idiopathic 
thrombocytopenic purpura (ITP), Guillain-Barre syndrome, 
ru1d myasthenia gravis, as well as in patients with severe immu
nodeficiencies featuring low or absent antibody levels. IVIg is 
also used in orga11 transplantation, specifically for the treatment 
of humoral rejection or prior to transplantation m a bighly 
sensitized recipient in an attempt to reduce the PRA and poten
tial positlve cross-march. More recently, it has also been used as 
part of ABO-incompatible protocols. IV1g likely works duo ugh 
several mechru1.isms to alter the immune response, including 
neutralization of circulatlng auto ru1tibodics ru1d alloantibodies 
via anti-idiotypic antibodies ru1d selective downregulatlon of 
antibody production through Fc-mediated mechanisms.36 

Newer Immunosuppressive Agents 

Mammalian Target of Rapamycin Inhibitors 
Rapamycin (sirolimus) was isolated from a soil srunple taken 
from Easter Island, a Polynesiru1 island also known as Rapa 

Nul-hence, the nan1e Rapan1ycin. It is a macrolide derived 
from the bacterium Streptomyces hygroscopicus, with potent 
immunosuppressive properties. Everolimus is a derivative of 
rapamyciJ1 that possesses similar properties. Both are similar in 
structure to tacrolinlus and bind to the srune intracellular target, 
FK-BP, but nei ther agenr affects calcineurin activity and conse
quently does nor i.nl1ibit expression of NFAT or IL-2. Instead, 
tl1e sirolimus- FK-BP complex inhibits the mammalian target of 
rapamycin (roTOR), specifically the mTOR complex 1 (see Fig. 
26-22). mTOR is also called FRAP (FK-BP-rapamycin
associated protem) or RAFT (rapan1yciJ1 and FK-BP target)
RAFI-1 is a critlcal kinase involved m the IL-2 receptor signal
ing pathway. The result is inllibitlon of p70 S6 kinase activity; 
ru1 enzyme essential for ribosomal phosphorylation and arrest of 
cell cycle progression.37 Other receptors are also affected, includ
ing those for IL-4, IL-6, and platelet-derived growth factor 
(PDGF). 

Both sirolimus and everolimus are potent inhibitors of 
rejection in experimental models. Sirolimus and tacrolimus can 
act synergistically to m1pair rejection but tl1e combit1ation 
results in imolerable toxicity, specifically calcit1eurm inhibitor
mediated nephrotoxicity. More often, sirolimus is used as an 
alternative to calcineuriJ1 inhibitors in a nmltidrug regimen or 
combiJ1ed with other agents, allowing a reduction in the dose 
and minimizing side effects, including calcineurin inhibitor
related nephrotoxicity and steroid-specific side effects. In addi
tion to their immunosuppressive properties, mTOR inJ1ibitors 
also bave been shown tc• have promising antitumor effects. For 
exrunple, sirolimus has been shown to prom ore progranm1ed cell 
dcatll iJ1 B cell lymphomas and everolin1us bas demonstrated 
activi ty against EBY. Thus, both agents may play an in1portant 
role in the prevention ofPTLD. Sirolimus ru1d evcrolimus have 
also been used in the development of drug-eluting coronary 
stems and to limit the rate of in-stent restenosis because of their 
ru1tiproliferarive properties. There is an increased incidence of 
hypercholesterolemia and bypertriglyceridemia with both agents 
tl1at often require treatment wi th cholesterol-lowering agents or 
discontinuation of the drug. Oral ulcers, wound-healing com
plicat ions (in particular, an increased lllcidence oflymphoceles), 
ru1d elevated levels of proteinuria and thrombocytopenia remain 
frequent problems and limit lllliversal application. 

Beletacept 
Costiruulatlon is a critical component of naive T cell activation 
ru1d has been extensively studied as a potentlal target for manip
ulation in orgru1 transplantation. One of tbe most important 
pathways is the interaction between CD28 ru1d CD80-CD86. 
As described earlier, signaling duo ugh CD28 allows for effective 
IL-2 production and promotes cell survival through tl1e upregu
lation of antiapoptoticmolecules. CD152 (CTLA-4) is another 
cell surface molecule expressed oo actlvated T cells that is more 
effective in binding COSO and CD86 man CD28. O nce acti
vated , T cells begit1 to express CD152, whid1 interacts with 
CD80 and CD86 wirn a higher affulity ru1d effectively blocks 
CD28 binding. COl 52 then delivers an inhibitory signal to the 
T cell as part of a downregulatory mcchrulism for the immune 
response. A fusion protein consisting of the extracellular com
ponent of CTLA-4 and the heavy chain of human IgGl was 
developed to block CD28-CD80-CD86 interactions, and con
sequently impairs costimulation and T cell activation (see Fig. 
26-22). CTLA4-Ig (abatacept) is used clinically for severa\ 
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autoimmune indications, including rJ1eumatoid arthritis and 
psoriasis.38·~9 Funher efforts ro improve the efficacy ofCTLA4-Ig 
have resulted in a novel mutant form, LEA29Y (belatacept). 
LEA29Y is a second-generation CTLA4-lg molecuJe that differs 
by two amino acid residues within the binding domain, resuJting 
in increa..ed affiniry forCD80 and CD86.1l1e resulram improve
ment in binding affinity has led to more porent immunosup
pressive properties in vitro and in vivo.40 Bdatacept has since 
been used in preclinical nonhuman primate studies and phase 
HI clinical trials in human renal transplantation. It ha~ demon
strated efficacy equivalent to that of cydosporine .in renal trans
plant recipients receiving MMF and steroids and appears to 

promote superior renal function as a caldneurin inhibitor-free 
regin1en.41 One potential drawback .is that it must be adminis
tered parenterally. Instead of a few pills every day, the patient 
must come into the clinic or an infusion center every few weeks 
for his or her maintenance therapy. 'This requiremeJ1t to receive 
the drug in a health care environment may improve drug 
adJ1erence. 

Fingolimod 
Fingoli mod (FTY720) has a Lmique mechan.ism of action that 
results in d1e sequestration of lymphocytes in lymph nodes, 
thereby preventing them from participating in allograft rejection 
or autoimmunity. lt is derived from the fungus fsttria sinclairii 
and is an analogue of sphingosine. FTY720 requires phosphory
lation by sphingosine kinase 2 to become active, after which it 
binds to a sphingosu1e-l-phosphate receptor, specifically SlPRl 
(see Fig. 26-22). Binding ofS l PRl by FTY70-P resuJts in aber
rant internalization of d1e receptor. Lack of the receptor on the 
cell surface deprives lymphocytes of the signals necessary for 
egress from secondary lymphoid organs and functionally traps 
them within lymph nodes. Unfortunately, despite promising 
experimental data, FTY720 has failed to show an improvement 
iJ1 efficacy for the prevention of renal alJograft rejection iJ1 two 
large phase III studies. A common side effect was self-limited 
bradycardia, which had been documented in earlier safety trials. 
The phase III trials, however, revealed a surprising decrease in 
renal function in the FTY720 treatment arm. Also, there were 
a worrisome number of patients who developed macular edema. 
Given that there was no documented benefit in efficacy and new, 
unexpected side effects had appeared, clinicaJ trials were halted 
for renal rransplancation. Trials have continued in autoimmune 
conditions, such as muJtiple sclerosis. A recent phase III clinical 
trial has suggested that FTY720 is superior to IFN-a.la in the 
treatment of multiple sclerosis.-!.! 

Deoxysperguali n 
Deoxysperguali11 (DSG; Gusperimus) is a derivative of the ami
tumor antibiotic spergualin, which was isolated from Bttcillus 
!ttterosporus in 1981. DSG was found to have hoth anti
proliferative and immunosuppressive properties. Although the 
med1rulism of action for DSG is not completely understood, 
there is evidence mat it mediates its effect predominandy via 
modulation of the APC. It prevents the nuclear rranslocation of 
NF-KB, reportedly through i t~ interaction with the intracellular 
chaperones Hsp70 ru1d Hsp90.43 As noted earHer, NF-KB is a 
critical transcription facwr required by a number of cell types 
for an optimal immune response, .in particular T cell activation 
and survival. Similar to the effect of glucocorticoids, there is 
decreased trru1scription of IL-J and TN F-a. by APCs, reduction 

il1 MHC expression, ru1d diminished costimulation. DSG has 
effectively prolonged allograft survival i.n various experimental 
models. Disappointingly, early clinical studies have not been as 
promising; for now, DSG will likely have a minor role in the 
fieJd of transplantation.35 

Complications of Immunosuppression 
1l1e development of immunosuppressive agents was the key step 
iJ1 the advru1cement of the £cld of transplancation, but these 
same agents are also responsible for much of the morbidity 
associated with organ rrru1splantation. All current inlmunosup
pressants fw1ction to a greater or lesser degree in a nonspecilic 
fasllion-that is, global immunosuppression instead of donor
specific or allospeci£c immunosuppressio11. The consequence is 
occasional overzealous suppression of the immune system. 
resulting in infectious complications, prinlarily viral infections, 
ru1d an increased risk of malignancy. Also, many of these agents 
modif}' the fw1ction of proteins ru1d pathways required for 
normaJ cell function ru1d their inhibition consequently resuJts 
iJ1 undesired, nonimmune side effects, including direct orgaJ1 
injury. 

Risk of Infection 
1here is a fine balance between sufficient inlmunosuppression 
to prevent rejection and preservation of the host response to 

nontransplantation antigens and pathogens. Introduction of 
tissue from one individual to anotl1er always allows for the 
potenrial transfer of a new organism. Cur_rently, an extensive 
battery of testing is performed on the donor ru1d recipient prior 
to transplantation. 1l1ese examinations have greatly decreased 
the potential exposure to d1e recipient but no test is perfect, and 
testi11g can be linlited by available technology and the time 
ulterval between explant and implant. Some infections may still 
be transferred unknowingly for various reasons, including early 
uuection and lack of seropositivity. Lnfections may be donor
derived, such as a CMV-positive orgru1 placed into a CMV
negative recipient, or may arise from less commonly transferred 
viruses, resuJting in primary infections of human immunodefi
ciency virus (HIV), hepatitis C o.r B virus (HCY or HBV), 
tuberculosis, Tr:rpanosomtt cruzi, \'<fest Nile virus, lymphocytic 
choriomeningitis virus, or rabies.H 

1l1e threat comes not only from exposure to new pathogens 
but, more importru1tly, from d1ose ro whid1 the recipient has 
likely already been exposed and harbors iJ1 a dormant state. 
Normally, these pathogens are controlled after tl1e initial infec
tion and remain quiescent. After the immune system is rendered 
impotent by pharrnacologic suppression, these pathogens can be 
reactivated and quickly become tmcontrollable. Recipient
derived iluections are more common after transplantation thru1 
donor-derived infections. One common exan1ple is CMV reac
tivation. Most people have heen exposed to CMV at some point 
in their lives. On transplantation ru1d induction immunosup
pressive therapy. CMY reactivation can occur, resulting in pneu
monitis, hepatitis, pancreatitis, or colitis. CMV bas also been 
implicated in the lesions of heart transplant recipients with 
chronic rejection, highlighting the interplay between the 
immu.me response and chronic viral i11fections or the inflamma
tion t:hey may induce. Other recipient-derived infections 
include tuberct~osis, certain par~sires (e.g., Stro11gyloides sterco
ra/is, T. cruzz), viruses (e.g., CMV, EBV, HSV, VZV, HBV, HCV. 
and HIV), and endenlic fungi (e.g., Pneumocystis j irOT;eci, 
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Histop!trsma capsuftrtam, Coccidioides immitis, and Paracoccidioi
des brasiliensis). 

Fortunately, patterns of opportunistic iJ1fections after 
transplantation have been altered by the use of routine antiml
crobial prophylaxis. The risk for reactivation is rughest approxi
mately 6 ro 12 weeks after rransplantarion and again after 
periods of increa~d mmlllnosuppression for acute rejection epi
sodes. Transplantation programs use various prophylactic regi
mens, depending on the organs transplanted. Many regimens 
include pneumococcal vaccine, hepatitis B vaccine, trimethoprim
sulfamethoxazole for Pneumocystis pneumonja and uriJ1ary tract 
infections, ganciclovir or valgancidovil for CMV, and dotrima
zole troche or nystatin for oral and esophageal fungal iJlfecrions. 
As mlmlmosuppressive strategies have evolved, causmg incre.ases 
in allograft and patient survival, the specific pathogens and 
pattern of infection have also evolved. For example, the poly
omaviruses BK and JC have recently been recognized to play a 
more important role i.n transplantation than previously under
stood. Infectiorn with BK has been found in association with a 
progressive nephropathy and ureteral obstruction, and the JC 
virus has been as.~ociated with progressive mu1tifocal leukoen
cephalopathy. Detection of BK viral DNA in blood and uriJ1e 
has been useful for monitoring response to therapy, which 
mdudes minimizing immunosuppression and treatment with 
antiviral therapies. 

Risk for Malignancy 
The immune sysren1 not only plays a critical role in defending 
the host against attack from pathogens, it also plays an impor
tant role in the surveiUance and detection of cancer, particularly 
those driven by viral i11fcction. 'The consequence is an almost 
l0-fo1d increase iJ1 malignancy rates. Skin cancers, particularly 
squamous ceU cancers, are the most common malignant condi
tions in transplant recipients and account for substantial mor
bidity and mortality.45 As expected, virally mediated tumors tend 
t() ()CCur more frequently in transplant recipients. For exan1ple, 
human papiUomavirus is as.~ociated with cancer of the cervix, 
HBV and HCY with hepatoceUu1ar carciJ1oma. and human 
herpesvirus l:! with Kaposi's sarcoma. EBV, iJ1 particular, can be 
associated with tile development of PTLD, a broad term used 
to describe EBV-associated lymphomas that occur m transplant 
recipients. PTLD varies from asymptomatic to life- threatening; 
accordiJ1gly, treatment varies from simple reducdon or with
drawal of irnmunosuppression to vigorous chemotherapeutic 
regimens. More recently, patienrs have been treated with antivi
ral agents targeting EBV or even cl1emotherapy, including anti
body therapy against the tumor ceUs, such as rituximab. 

Nonimmune Side Effects 
Although cu.rrent immw1osuppressants have become increas
ingly more specific, tl1ey are generally still directed at pathways 
that play an important role in systems other than immunity. 
TilliS, inrubitiOJl of a pathway for d1e sake of iJlmlUI10SL1ppres
sion can also lead to unintended consequences if the target is 
critical to other processes. For example, calcineurin inl1ibitors 
arc potent suppressors of T cell activation but cl1eir activity not 
only decreases 11.-2 transcription, but also increases TGF-13 
expression. Elevated levels of TGF-13 result m an increase iJ1 
endothdm expression and eventually lead to hypertension. In 
addition, TGF-13 may play a critical role in the development of 
chronic allograft nephropathy, previously thougllt to be immuJle-

mediated but now likely to be at least partly secondary to non
immune side effects secondary to calcineurin inhibitor use. 

Histologic evidence of calcineurin inhibitor-associated 
nephrotoxicity is essentially uruversal in renal transplants by 10 
years .. Furthermore, these deleterious effects are not limited only 
ro renal rransplanr recipientS. 1l1e incidence of chronic renal 
failure in nonrenal transplant recipients is an astonishing 
16.5%.16 New-onset diabetes post-transplantation is also an 
important problem, particularly in those recelviJ1g tacrolmlus or 
steroids. 1l1e incidence of new-onset immunosuppressive-related 
diabetes mellitus approaches 30o/o iJ1 the first 2 years following 
renal transplantation, conferrmg a significantly higher risk of 
death. In addition to renal failure, hypertension, and diabetes, 
immunosuppressive therapy can also lead to hyperlipidernia, 
anemia, and accelerated cardiovascular disease, which is a leading 
cause of death in long-term transplantation survivors. TI1us, it 
appears that the very reagents tl1at ushered m a new era of 
success in organ transplantation have proven to be major con
tributors in the dClllise of the transplanted organ and/or recipi
ent. Clearly, there is a pressing diJlical need to develop novel 
immunosuppressive agents that are more specific yet less toxic, 
or to devise strategies to induce immune tolerance so that 
long-term inmlllllosuppression may eventually be eliminated 
altogether. 

TOLERANCE 
lmmw1ologic tolerance has been thought of as the holy grail of 
rransplanration biology. Self-tolerance (see earlier) mvolves regu
lation of the mm1une response to prevent undesired effectS 
toward host tissues or protdns. 1llis is established and m.am
talned through central (i.e., thymic selection and deletion) and 
peripheral mechanisms. 1l1e ability to inactive the host response 
selectively toward only the transplanted donor antigens whl1e 
main.taining immunocompetence would be highly desirable. 
1lus would avoid the need for lifelong immunosuppression. 
with its associated toxicities, and wou1d eliml.nate cllronic rejec
tion, the major cause of Late graft fai lure. 

It has been more than 50 years since the first reports of 
acquired tolerance. 1l1e discovery of neonatal transplant toler
ance has been credited to Ray Owen, a geneticist who studied 
the inheritance of red blood ceU antigens m. cattle. In 1945, he 
reported that dizygotic twins had mixtures of their own cells and 
d1eir rwin parmcr cells. Earlier observations had demonstrated 
d1at bovine dizygotic twillS develop a fusion of their placentas 
durirlg embryonic life. Til.is results m a common intrauterine 
circulation and the unabated passage of sex hormones, explain
ing tbe phenomenon of frecmartm cattle. Owen also recognized 
d1at trus common circulation allows for the exchange of hema
topoietic cells during embryonic life and the establishment of 
a chimeric state. Interestingly, these calves do not develop 
isoantibodies m their rwm, suggesting a stare of immunol()gic 
tolerance. 

Peter Medawar acknowledged d1e mlportance of Owen's 
observation and predicted that an exchange of skin grafts 
between dizygotic calves could verifY d1e tolerance hypothesis. 
Together with l1is postdoctoral fellow, Rupert BiWngl1an1, he 
performed a series of grafting experiments that provided direct 
support for the concept of neonatally acquired transplam toler
ance. Subsequent experiments by Billingham, Leslie Brent, and 
Medawar den1onstrated that neonatally acquired transplant tol
erance cou1d be adueved in mice by the mocu1ation of embryos 
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or IV injection of newborn mice with allogeneic cells. Medawar 
shared the Nobel Prize in Medicine in 1960 for the discovery of 
acquired in1munologic tolerance. 

just as there are a number of methods to provide for self
tolerance in any given individual, there have been many strate
gies proposed ro induce uansplamation rolerance exploiting 
these pathways. 1l1ese include clonal deletion or elimination of 
donor-reactive ccUs. clonal anergy- functional inactivation of 
donor-reactive ceUs, and regulation or suppression of donor
reactive cells. There are rare reports in which patients have dis
continued immunosuppression for various reasons and have not 
experienced rejecrion. Ongoing studies in this smaU patient 
population have sought ro determine which mechanisms are 
responsible for graft maintenance in the absence of immunosup
pression. There are numerous reports of tolerance in experimen
tal. models but most of these have not been substantiated when 
translated to higher animal models, such as nonhLUnan primates. 
Although there are several exciting avenues of research and even 
clinical trials in humans, there is currently no proven regimen 
to induce transplantation tolerance that would be widely appli
cable. Discussed here are some srrategies of particular interest 
that are now under investigation.47 

T Cell Ablation 
Most currently used immunosuppressive regimens involve the 
use of induction therapy. Many rely on some form of antilym
phocyte preparation, usually RATG, to eHminate or inactivate 
recipient cells at the time of rransplancation. They are used in 
the very early post- transplantation period, which corresponds 
to when ischemia and reperfusion of the graft, accompanied by 
the surgical trauma, significantly .increase immune recognition. 
1l1cse preparations successfully remove T cells from the circula
tion for several days and chose that arc present remain anergic 
for some time, Use of these agents has significantly reduced the 
rate of acute rejection and allowed for minimization of inlmu
nosuppression in several differenr protocols. Even more effective 
depleting agents have been tested in nonhuman primate models 
in attempts to reser the T cell repertoire and induce tolerance ro 
the allograft. AT cell- specific immunotoxin was developed that 
results in almostt complete depletion of all recipient T cells. 
ReconstitutiOJ1 does not occur for approximately 1 month. ln 
this model, approxinJately 50% of the animals developed toler
ance following pretransplantation T cell deplecion. There was no 
rejection and tile emerging T cell repertoire displayed donor
specific byporesponsiveness, with preserved responses to third 
parties. 

Based on these studies, a number of groups have under
taken clinical trials using early recipienr T cell deplerion. Several 
studies have used alen1tuzumab ro induce profound T cell deple
rion. Despire achieving depletion equivalent to that obrained 
using anti-CD3 immunotoxin with respect to kinetics, magni
tude, and effectiveness in the secondary lymphoid tissues, treat
ment with alemtuZunlab alone or in combination with 
deoxysperguali.n is not sufficient to induce tolerance in adult 
hun1ans.35 The failure of these T cell-centric approaches suggests 
that other components of the immune sysrem, such as B cells, 
NK cells, or monocytes, may need to be specifically targeted to 
achieve tolerance. Although depletion alone has not been able 
to establish tolerance, it has allowed for minimization of immu
nosuppression to single-agent monotherapy in some cases and 
likely facilitates other protolerant approaches. 

Costimulation Blockade 
As noted earlier, T cell activation requires not only interaction 
berween the TCR complex and MHC-bound peptide but also 
sufficient costimulatory signals to promote a successful response. 
TCR ligation in the absence of appropriate costimulation resulrs 
in T cell inactivation or anergy. This mechanism is used presum
ably a..<> a mechanism of peripheral tolerance to control any 
aberrant, self-reactive T cells that may have escaped the thymic 
selecrlon process. Re.~archers have tried to exploit this through 
the development of antibodies or fusion proteins designed to 
block these costimulatory interactions. Luerruption of costimu
larory pathways at the time of transplanrarlon should thus selec
tively inactivate or anergize only those cells specific for donor 
antigen, leaving nonreactive cells unaffected. Preexisting in1Jllu
nity and innate responses should be unaffected by this approach. 
1l1ere arc a number of animal models of transplantation in 
which this has proven to be the case, particularly with the simul
taneous blockade of the CD28 and CD40 pathways. 1l1is 
approach in rodents and primates bas resulted in prolonged 
survival of cardiac and renal allografts, without the need for any 
subsequent immuno.~uppression and witll no infecrlous or 
malignant side effects. The extrapolation of these results to clini
cal practice has so far been disappointing. In the only human 
tolerance trial of costimulation blockade, hu5C8, a humanized 
anti-CD 154 monoclonal antibody demonstrated limited effi
cacy and was associated witl1 potential thromboemboHc toxicity. 
As noted, newly developed agents that block tl1e CD28 pathway 
are now beiJ1g rested as maiJuenance agenrs, which may pave 
tl1e way for their use in future tolerance trials. 

Mixed Chimerism 
Mixed hen1atopoictic chin1erism is associated witll a particularly 
robusr form of donor-specific tolerance. This approach involves 
central and peripheral mechanisms for induction and mainte
nance of tolerance. Mixed el1imerism refers to a recipient who 
possesses self- and donor-derived hemaropoietic cells afrer hone 
marrow transplanration. Similar to the normal physiologic 
process, donor marrow elemenrs migrate to the thymus and 
participate in tl1ymic selectio.n, resulting in the central deletion 
of potentially donor-reactive T cells. PreslUUahly, similar events 
occur within the bone marrow for B cell selecrion. The periph
eral compartment can be pharmacologicaUy deleted in a non
specific fashion at the time of uansplanration or, alternatively, 
donor antigen delivered at the time of bone marrow infusion 
engages donor-reactive cells in the absence of appropriate 
costinmlation. 1l1is results in peripheral deletion, ane.rgy, or 
regulation, resulting iJ1 donor-specific nomesponsivencss. 

In humans, successful bone marrow transplanration allows 
for rhe acceptance of subsequent organ allografts from the same 
donor in rhe absence of immunosuppression. Conventional 
bone marrow transplanration regimens, however, are typically 
myeloablative in nature and the associated toxicities are too great 
to use as part of a solid organ tolerance trial. Newer advances in 
nomnyeloablative techniques with less toxicity have since led to 
the cljnical application and testing of mixed chimerism-based 
strategies. An iJ1itial trial to te.st the efficacy of a mixed chinle
rism strategy to induce tolerance was performed in highly 
selected patients suffering from end-stage renal failure and mul
tiple myeloma. These patients sin1ultaneously received bone 
marrow and a kidney from an HLA-identical sibling. 1l1e 
regin1en led to chimerism in all six patients; four had transient 
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chimerism and the remaining two progressed into full chimeras. 
1hree patients JiemaiJl operationally tolerant without any immu
nosuppression after a reported foUow-up of up to 7 years. 
Recently, the same group of investigators reported on a similar 
protocol in haploidentical ~ving-related donor-recipient pairs, 
which resulted in the successful induction of rransiem chime
rism and tolerance. None of these patients possessed concomi
tant indications for bone marrow transplantation. such as 
multiple myeloma, as was the case in the first triaL One allograft 
was lost to irreversible hwnoral rejection but, remarkably, the 
other four recipients have sustained stable renal allograft func
tion for up to 5 years after complete withdrawal of immunosup
pressive drugs. The condhioning regimen required resulted in 
profound T, B, and NK cell depletion and substaJltial myelosup
pression, leading to severe leukopenia a11d capillary leak syn
drome. Interestingly, the biologic phenomenon that inspired the 
protocol, mixed chimerism, was not achieved in any patient, 
suggesting that the predominant effect is one of intensive induc
tion. Although there is still a significant need to develop regi
mens to induce traJlsplantation toleraJlce, tllis effort will have 
to be balar1ced with the exceptional patient aJld allograft out
comes presently available with current immw10suppressive 
therapies. 

XENomRANSPLANTATION 
1he most pressing problem in di11ical transplantation is the 
shortage of organs available. More than 100,000 individuals 
are currently listed and are awaiting organ transplantation. 
Many more individuals could benefit from transplantation 
but, given the shortage of organs, are not currently considered. 
'!hose that arc placed on the transplaJltation list must often 
wait a long time before an organ becomes available, during 
which their clinical status can deteriorate, diminishing their 
ability to withstand surgery. An alternative source of organs 
could be from aJlother species, a process known as xenotrws
plaJltation. In addition to increasing the supply of available 
organs, xenotransplaJltation also offers some of the saJTie bene
fits realized wmtl1 liviJ1g donors, such a~ decreased isd1emic 
time and injury and optimization of the recipient's health 
status. There are potential novel disadvantages with xenotrans
plaJltation, sud1 as zoonotic viral traJlsmission. Xenografts 
may be concordaJu aJld discordant, depending on the proxim
ity of the particular species in evolution to humans. Tius prox
inlity markedly influences the immune response and the 
implications are discussed here. 

Concordant Xenografts 
Concordant xenografts refer to traJlsplants bet\veen closely 
related species; for humans, these include Old World monkeys 
and apes. The critical elen1ent defining aJ1 aJlimal as concordant 
is the assembly of carbohydrate antigens on the cell surface. 
Similar to humans, concordaJlt species lack galactosyl traJ1sferase 
and, as a result, their carbohydrates are the typical blood group 
aJltigens that lack the N-linked disaccharide galactose-a-1,3-
galactose (a -Gal). Thus, the natural aJltibodies present in the 
circulation of potential humaJ1 recipients can be predicted by 
straightforwardl blood group typing, thereby avoiding the 
problem of hyperacute rejection. Even though hyperacute rejec
tion is not a threat, the typical mechaJlisms of graft rejection 

remain, including acute cellular rejection, acute vascular rejec
tion and, presumably, chronic rejection. Surprisingly, most of 
the critical molecular elements responsible for antigen presenta
tion and T cell-mediated rejection are evolutionarily conserved 
in mammals. TI1at is, MHC molecules, adhesion proteins, and 
costimularory molecules are similar across species and are ade
quate for immune function. Consequently, concordant xeno
grafts undergo cellular and humoral rejection in a similar fashion 
as would a totally MHC mismatched allograft in the absence of 
immunosuppression. 

Several experimental models of concordaJlt xenograft trans
plantation, as well as occasional ventures iJ1to the clinical arena, 
have dearly demonstrated that concordant xenotransplantation 
is feasible. TI1e most fan1ous case occurred almost 25 years ago, 
when clinicians transplanted a baboon heart into an infant born 
with hypoplastic heart syndrome. The child survived for 20 days 
after traJlsplantation before eventually succumbing to primaril)' 
humoral-mediated rejection.48 This foray into the realm of clini
cal xenotransplantation highlighted tl1e ethical issues associated 
with primate to hwnan traJlsplantation. Widespread application 
of concordant xenografts would quickly deplete the supply of 
nonhumaJl primates, particularly when a loss rate extrapolated 
from poorly matched allografts is taken into consideration. In 
addition, tl1ere is signi£CaJlt concern thar zoonotic trar1sfer of 
disease-in particular, retroviral transmission-will put the 
patient and public at undue risk. Given these factors, It IS 
unlikely that concordant xenotransplantation will ever gain 
widespread application. 

Discordant Xenografts 
As noted, transplant concordance aJTiong species is predonli
naJltly determined based on the expression of the enzyme 
galactosyl transferase. This enzyme is responsible for differen
tial expression of carbohydrate moieties on the cell surface on 
discordaJlt species, prin1arily a-Gal expression. When consid
ering human recipients, discordaJlt xenograft donors would 
include New World monkeys and other manm1als but, for 
physiologic concerns {e.g., orgaJl size, availability), pigs wouJd 
be the preferred aJlimal donor. When organs from discordant 
species are transplanted into hLUnans, they rapidly undergo 
hyperacute rejection. TI1e primary mecl1anism relies on the 
presence of preformed IgM aJltibodles against cell surface car
bohydrate moieties, particularly ex-Gal. These so-called natural 
aJltibodies are sinillar to those antibodies that define the blood 
group antigens. On transplaJltation, they bind to the endothe
lial cells on the donor organ and, in concert with comple
ment, precipitate aJl irreversible reaction of cell damage, 
thrombosis, aJld immediate graft failure. As with concordant 
xenografts, the remainder of tl1e acquired and innate imnume 
responses may also play an important role in the rejection 
process. 

Despite the aggressive inunune response elicited by dis
cordant xenograft trwsplaJltation, enthusiasm and research 
continues toward establishing a xenogeneic source of donor 
organs. Several groups have now developed transgenic pigs 
that express human complement regulator proteins such as 
CD59, CD55 (DAF, decay-accelerating facror), and mem
brwe cofactor protein. Other groups have developed a-1 ,3-
galactosyltransferase knockout a11imals, which would elin1inate 
tl1e expression of a-Gal, removing the major target of 
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complement activation. Baboons transplanted with hearts 
from OAF transgenic pigs enjoy prolonged survival when 
compared with coJltrol pig donors. With additional treat
ments, including conventional immunosuppression, anti-C5 
monoclonal antibody, cobra venom factor, and soluble com
plemenr recepror rype 1, hyperacure rejecrion can be pre
vented and survival can be extended from minutes to weeks. 
Although there :are significant barriers before clinical app(jca
tion, genetic engineering may conceivably allow for an endless 
supply of made to order organs. 

NEW AREAS OF TRANSPLANTATION 

Islet Cell Transplantation 
1he concept of islet cell transplantation to treat diabetes is not 
new, bur re.Hable reversal of diabetes after islet transplantation is 
a relatively rece11t accomplishment. Techniques for islet isolation 
underwent refinement for most of the latter half of the 20th 
century. Clinical application of this technique, however, was 
largely han1pered by the lack of efficient isolation techniques and 
immunosuppressive regimens that included diabetogenic drugs 
such as steroids, which promoted diabetes themselves and 
resu.lted in poor outcomes (:== l Oo/o of recipients became insulin
independent after transplantation). In 2000, a group from 
Edmonton, Alberta, den10nstrated successful, consistent insuHn 
i11dependence after islet trallSplantation. 1l1e principal change 
was the development of a steroid-free immunosuppressive 
protocol, which included low-dose tacrolimus, sirolimus, and 
daclizumab. 

The initial report ignited incredible enthusiasm within the 
diabetes commlllnity, but tllis early optimism has since been 
tempered by less pronlising long-term results. ln a subsequent 
multicenter trial, less than half of 36 patients achieved insulin 
indepe11dence l year after transplantation and those who ini
tially did acllieve independence lost it over time. In addition to 
the questions of long-term efficacy, islet transplantation is asso
ciated with substantial costs and there are questions about its 
safety and ultimate usefulness. Despite these setbacks, there is 
tremendous pronlise for the field of islet transplantation, 
including researd1 focusing on ex vivo islet expansion, includ
iJlg the use of stem cells, newer and more effective but less 
toxic immunosuppressive prorocols, rolerance regimens, and 
xenotraJ1Splru1 ration. 

Composite Tissue Transplantation 
Composite tissue transplantation involves me cransfer of a 
number of tissue types within one graft, including skin, fat, 
muscle, nerves, b lood vessels, tendon, and bone. Annually, there 
are milliom of patients with lost limbs or extensive soft tissue 
injuries who colllld benefit from reconstruction with composite 
tissue transfer. Several of these cases have been high.lighted in 
the media over tthe last few years aJld the etllical debate over 
non-lifesaving trru1splru1tation has generated extensive discus
sion. 'The first successful hand transplantation was performed in 
Lyon, France, in 1998 ru1d since then a total of 40 hands have 
been aansplru1ted on 32 pariems worldwide. Many have recov
ered remaJ'kable levels of function, including being able to tie 
shoes, dial a cell phone, turn a door knob, and throw a ball, a~ 
well as sensitivity to hot and cold. Unfortunately, some patients 

have required runputation of tile transplanted hand(s) after 
uncontroUed rejection, most of which bas been attributed to 

noncompliance. Shortly after the early reports of hand trans
plru1tation, there have been numerous descriptions of other suc
cessfu.I composite tissue al.lografts, including larynx, tracbea,49 

and, more recently, face.' 0 

1l1e fi.rst successful face composite allograft was reported 
by a group of surgeons from France in 2005. Not long after, 
in 2008, tl1e fuse near-total humru1 face trru1splantation u1 the 
United States was performed on a patient with severe midface 
trauma after a gunshot wound. ln contrast to her condition 
prior I(O transplru1tation, after tl1e surgery she was able to 
breatlle tluough her nose, smell, caste, speak intelligibly, eat 
soHd foods, ru1d drink from a cup (Fig. 26-23).~ Unlike tradi
tional solid organ transplantation, many ca..cs of composite 
tissue transplantation provoke ethical, economic, and clinical 
diJemruas. Some have argued that subjecting recipients to the 
risks of surgery and Lifelong immunosuppression for a non
Life-sustaining trru1splanr may not be appropriate. Neverthe
less, these transplants can totally transform the Life of a 
severely disabled or disfigured patient, improving form and 
function. With the advent of increasingly less toxic immuno
suppressants and possible tolerance strategies, composite tissue 
transplantation will be become an ever-increasing part of stan
dard clinical treatment. 

CONCLUSION 
More than 50 years have passed since the first successful solid 
organ transplrult. Today, thousru1ds of patients with end-stage 
diseases undergo Lifesaving transplantation each year. 1he 
concept of replacing a diseased organ with a healthy one is 
simple in concept, yet the details of managing the rejection 
response can become complex. 1he immune system rypicatly 
generates a highly organized but regulated response when cllal
lenged. Many of the pru1cipal details of the normal inm1une 
response were described by researchers who were exan1ining the 
mechanisms of allograft rejection. ln fact, many surgeons earned 
a Nobel Pri7.e in Medicine for their significant contributions to 
the field. 

Aliliough short-term allograft survival rates have steadily 
improved, there are sti ll many issues that could be improved. 
1l1e availability of adequate donor organs remains the most 
pressing issue, restricting most potential recipients from receiv
ing a life-sustaining transplant. There continues to be progress 
in xenotransplantation and tissue engineeri11g; this may provide 
for an unlin1ited supply of safe transplantable organs. As noted, 
there are signi£cant drawbacks co nonselective immunosuppres
sive therapy, including increased risk of i11fections and malig
nancy, econonlic constraints, ru1d long-term effects (e.g., renal 
insufficiency, diabetes, hyperlipidenlia, cardiovascular disease). 
Targeted immunosuppressive agents continue to be developed 
ru1d tested. Ultimately, the goal would be risk-free, donor
specific immunosuppression. The development of a safe, widely 
appHcable regimen that produces transplant tolerance reliably 
would eliminate many problems currently a<>Sociated with organ 
traJlsplantation. The i11fancy and growth of organ transplanta
tion are one of tl1e medical miracles of the last century. Chal
lenges remain, but transplantation surgeons and scientists will 
undoubtedly be at the forefront of discovery and iru10vation as 
we move fonvard. 
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FIGURE 26-23 Human face transplantation. A. a scan of recipient before and 3 months after near-total face transplantation. B. Profiles of 
recipient before and 6 months after reconstruction. (From Siemionow M, Papay F. Alam D, et al: Near-total human face transplantation for a 
severely disfigured patient in the USA. Lancet 374:203-209, 2009.) 
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ROLE OF CEUUlAR TRANSPLANTATION IN LIVER REPLACEMENT 

HISTORY 
1l1e ability to replace the human liver successfully reflects the 
rid1 history of transplantation. Transplantation moved beyond 
the exchange of skin and tissue with the development of vascular 
techniques. Sewing blood vessels together, as described by Alexis 
Carrel at the outset of the 20th century, made it possible for 
researd1ers to imp.lant whole organs for the first time. 11tis 
development set the stage for the implantation of organs into 
humans. 

1l1e kidney was the first organ in which transplantation was 
attempted. Lack of dialysis provided the need and the produc
tion of urine was an immediate visible marker of transplantation 
success. Work was tmdertaken for the other solid organs, but the 
technical aspects were more cballenging than for kidney trans
plantation. Early progress iJl kidney traJlSplantation was related 
to the technical ease of the kidney transplantation surgery com
pared with that of others; the immunologic problems hampered 
progress until the development of the immwwsuppressive agent 
azathioprine. The first successft~ human kidney transplantation 
was in 1954.1 I t avoided the need for immunosuppression 
because it was a live donor kidney transplant exd1angcd between 
identical twins; this case was proof of concept that solid organ 
transplantation could successfully be achieved. The field of 
kid11ey transplantation was further fueled by the U.S. govern
ment underwriting the support of patients with end-stage renal 
disease, whid1 fostered advances in kidney transplantation and 
hemodialysis. The pamllel development of the concept of bmin 
death7 reslllted En a potential source of donor organs for the 
nascent field of transplantation. 

The first human liver transplantation was performed in 
1963 by Dr. 1l]omas Starzl. The patient suffered from biHary 
atresia, had coagulopathy, and did not survive cl1e Sllrgery.3 

Additional attempts in BerHn, Boston, and Paris were also 
unsuccessful. Subsequent initial successes in orthotopic liver 
transplantation were in patients with liver cancer. These patients 
bad less portal hypertension ru1d relatively straightforward 
surgery but were not long-term survivors seccmdary to recur
rent disease, technical problems, and lack of adequate 
immu.lilosuppression. 

In the early 1980s, Liver trru1splantation in the United 
States was Limited to a handful of progran1s; initial results were 
poor, with less thrul30o/o 1-year survival. A major advance came 
with the clinical introduction of cyclosporine for immunosup
pression in solid organ transplantation. 4 Its use iJ1 Hver trans
plrult red pients allowed for fttrcller developments iJ1 this field. 

As success in Hver transplantation iJ1creased, more centers 
initiated programs and increasing numbers of patients availed 
themselves of this therapy. In attempts to provide timely trans
plrultation to patients with the greatest need, local n:gional and 
national distribution schemes were developed and allocation to 
patients on the waiting list becan1e based on need rather cl1an 
on time on the list (see later, "Organ Shortage, Model for End
Stage Liver Disea~, and Liver Distribution"). 

1l1e increasing disparity between available brain dead 
deceased donor Hvers ru1d potential recipients bas led to a 
number of advru1ces that serve to increase the donor pool. 1l1ese 
iJ1clude split liver transplantation, live donor liver trrulsplrulta
tion, and the use of donors after cardiac deaili. These topics will 
be covered in detail. 

INDICAnONS AND CONTRAINDICAnONS 

Indications 
As cl1e outcome of liver transplantation bas improved, the indi
cations have expanded ro include any patient witb compromise 
uflife from d1ronic liver insufficiency, d1ronic liver disease with 
acute decompensation, acute liver failure, and enzyme deficien
cies (Table 27-1). Liver transplantation is also indicated to a 
limited degree for patients with prin1ary Hver tumors. 

The first issue regarding candidacy for trru1splantation is 
whether a given patient would benefit from liver replacement. 
1he second issue that must be addressed is whether the patient 
can withstand the d1allenge of a liver transplantation surgery. 
Compromise in cardiac or pwmonary fwKtion may prohibit the 
patient as a candidate. In some cases, failure of an additional 
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_Table 27-1 Indications for Liver Transplantation 
ADULTS 
Noncholestatic cirrhosis 

\Mal hepatitis B and C 

Alcoholic· 

Oyptogenic 

Cholestatic 

Primary biliary cirrhosis 

Primary sderosing 
cholangitis 

Autoimmune 

Malignant neoplasm 

Miscellaneous 

65 

14 

5 

2 

14 

CHILDREN 
Biliary atresia 

Inborn errors of 
metabolism 

Cholestatic 

Primary sderosing 
cholangitis 

Alagille syndrome 

Autoimmune 

Viral hepatitis 

Miscellaneous 

*Most alcoholic patients are coinfected with the hepatitis C virus. 

58 

11 

9 

4 

2 

16 

organ system may dictate combination transplantations. 
AlthQugh kidney-Liver transplantations are relatively common. 
heart-Liver and lung-llver transplantations are rarely perfmmed.5 

Regardless of the specific cause Qf Liver disease, patients 
with chronic liver disease who have deteriorated tend to present 
with common signs and symptoms. These include coagulopathy, 
thrombocytopenia, muscle wasting, gynecomastia, ascites, 
varices, encephalopathy, and renal insufficiency. These physio
logic perturbations may lead to life-threatening complications; 
patients with ascites are susceptible to spontaneous bacterial 
peritonitis or tthe development of a peritoneal-pleural fistula. 
Gastrointesrinal bleeding is the potential complication of varices. 

An acute exacerbation of chronic liver disease can be trig
gered by sepsis, gastrointestinal bleeding, or progressive renal 
insufficiency. Some diseases, such as \Vilson's disease or autoim
mwle hepatitis. may present with an acute decompensation 
without a prior diagnosis of liver disease. 

1l1e production of many essential proteins origiJlates in the 
liver. The inbom errors of metabolism reflect failure of produc
tion of crucial enzymes in the liver. Liver transplantatioiJ cures 
the d.isease by replacing the liver cells with competent metabolic 
pathways; it is recommended for those diseases iJ1 which there 
is no central nervous system compromise. 

Fulminant Hepatic Failure 
Fulminant hepatic failure refers to tbe acute onset of Hver failure 
with the absence of previous liver d.isease. The entity is defined 
as the presence of encephalopathy within 8 weeks of jaundice. 

In addition to encephalopathy, the disease is cl1aracterized 
hy jalmdice, coagulopathy, metabolic acidosis, and renal insuf
ficiency. Encephalopathy may progress to coma. Once a patient 
reaches stage 4 encephalopathy. the rate of successful treatment 
withQllt transplantation ranges from 5% to 20%, depending on 
the cause.6 Its most common cause in the United States and 
England is acetruninophen overdose,' either accidental or iJ1ten
tional. In Asia, acute hepatitis from hepatitis B viral i~nfection is 
the most common cause.8 In a significant number of cases the 
specific cause is unknown. Acetaminophen overdose carries a 
relatively good prognosis without transplrultation if the meta
bolic functions related to the liver are maintained. 

The key to successful Liver transplantation for fulminant 
hepatic failure is early recognition and listing for transplanta
t.ion, avoidru1Ce of cerebral edema, prevention of infection, ru1d 
timely transplantation. Brain death &om cerebral edema is a 
common cause of death in these patients. Depending on the 
cause ru1d potential for liver regeneration, the liver assist device 
or bepatocyte transplantation may be a.11 alternative to liver 
transplantation, but these modalities are experimental at this 
time. 

Hepatitis C and Liver Transplantation 
Chronic hepatitis C Wection is the most common mdication 
for trrulsplancation m the West. In the United States, it is esti
mated that 5 million .individuals are infected with hepatitis C. 
ln approximately 20% of these patients, a chronic injury state 
develops m the liver, with progression to cirrhosis and llver insuf
ficiency. Hepatitis C cru1 be subdivided into five groups or sere
types. 1he most common U.S. serotype is genotype I. Type I is 
less responsive to antiviral medication than genotype 2 or 3. 

Hepatitis C infection recurs after trru1splru1tation because 
the virus resides in tissues other than the liver. The aggressiveness 
of the recurrent hepatitis C after liver transplantation cannot be 
predicted; risk factors include donor age, treatment for acute 
rcjectiQn, and level of hepatitis C viremia at the time of trans
plantation.9 Another factor that predicts hepatitis C reinfection 
severity after transplru1tation is the treatment for rejection after 
transplantation (with additional steroids or a.Jlti lymphocyte 
preparations).10 Transplantation of a liver from a donor older 
than 40 years is associated with a greater risk of recurrent cir
rhosis than from a younger donor. Hepatitis C treatment with 
interferon and ribaviriJ1 is effective in approximately 50% of 
patie11ts prior to transplru1tation ru1d in 30% to 40% of patients 
post-transplrultation.11 It has been suggested that pretransplruua
tion treatment of patients for whom a live donor has been 
identified can be followed by planned transplantation as a rescue 
therapy. The success of pretransplantation treatment of hepatitis 
C depends on the level of viremia in the recipient. 1l1e .liJnita
tions to treatment with interferon and ribavirin are bone marmw 
suppression a.11d the systemic iJ1Aan1matory response associated 
with their administration. In cirrhotic patients, splenic seques
trati.on of platelets ru1d neutrophils limit preoperative therapy 
with interferon and ribavirin. 

Chronic hepatitis C ulfcction is also ru1 imponru1t risk 
factor for the development of hepatocellular carcinoma (HCC). 
It has been estimated that the current rise in the incidence of 
HCC reflects the United States hepatitis C epidemic of the 
196lis through 1970s.12 

Hepatitis B 
Chronic hepatitis B ulfection is the most common cause of 
chronic liver disease in endemic regions ()[Asia a.Jld Africa, and 
the most common cause of death from hepatitis worldwide}3 

The hepatitis B vaccine is effective m i11ducing the forma
tion of antibodies that will protect against hepatitis B exposure. 
As the use of hepatitis B vaccine spreads worldv.~de, one can 
look forward to a.11 overall decrease in the incidence of hepatitis 
B i•lfection over time. 

In the past, hepatitis B was a major problem after trans
plantation, with rapid reinfection of the graft. Effective tberap)' 
with antiviral agents and hyperin1mune globulin has largely 
eradicated disease recurrence after transplrultation. 
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Primary Biliary Cirrhosis 
Primary biliary cirrhosis is a form of autoimmune choles
tatic liver disease, with inflammatory injury to the bile 
ducts. It is a c:hronk cause of hepatic insufficiency and is 
characterized by autoimrnw1e markers and some response to 
immunosuppressams.14 "TI1is disease is more common in 
females. 1l1e disease may recur years after transplantation 
but its recurrence is unlikely to progress to the need for 
retransplantation. 

Primary Sderosing Cholangitis 
Th.is is an autoimmtme disease d1at is more frequent in males. 
It progresses over the years to a cholescatic picture associated 
with scarring of the intrahepatic and extrahepatic bile ducts. The 
disease is as.~oci ated with ulcerative colitis in approximately 90% 
of patients. In a small number of patients (<10%), the process 
is associated witb cholangiocarcinoma} 5 The bile duct involve
ment in primary sclerosing cl1olangitis dictates the use of cho
ledochojej tmostom y in patients undergoing liver transplantation. 
Primary sclerosing cholangitis may also recur after transplanta
tion, although its recurrence is rare. 

Alcoholic Liver Disease 
Chronic alcohol abuse may cause scarring in the liver, leading 
to cirrhosis with decompensation. Patients who stop the use of 
alcohol can prevent progression of the disease. Alcoholic liver 
disease may be seen in association with other cluonic insults to 
the liver, such as chronic hepatitis C and, in this setting, is more 
likdy ro progress to decompensation. Most transplantation 
centers require abstineJ1Ce from alcohol after transplantation and 
a period of abstinence (usually 6 months) prior to transplan
tation to demonstrate the patient's understanding of the 
contribution of alcohol to d1e disease and a commitment to 
abstinence. 

Nonalcoholic Steatohepatitis 
Nonalcoholic steatohepatitis16 reflects a pending epidenuc of 
liver disease associated with rhe epidemic of obesity and meta
bolic syndrome in the Uni ted States. Farry infiltration of the 
liver, with inflammation and subsequent injury and fibrosis, are 
the histologic features. 1l1e associated metabolic syndrome and 
diabetes dictate evaluation of the coronary arteries of these 
potential recipients. Nonalcoholic steatohepatitis may recur after 
transplantation. 

Biliary Atresia 
Biliary atresia is the most common indication for liver transplan
tation in the pediatric patient. The incidence is l in 40,000 live 
births and is a major concern iJl d1e infant with persistent jaun
dice after birth. Its diagnosis is made with liver biopsy and the 
finding of an absent extrahepatic bile duct at the time of lapa
rotomy. Its cause is unclear. 

Affected infants are treated with hepaticojejunostomy 
(Kasai procedure). The success of this procedure is dictated 
by surgery soon after birth and the size of the bile ducts in 
the bile duct plate. Post- Kasai cholangitis may hasten the 
need for transplantation. An early indication for transplanta
tion in children is a failure to grow. lnrervemion with trans
plantation at tJus stage may allow catch-up growth. At 
transplantation, the Roux-en-Y procedure is required for 
biliary drainage. 
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Contra indications 
Patients with .liver disease are extensively evaluated to determine 
their candidacy for transplantation. Cardiac, pulmonary, and 
renal functions are assessed. Patients are also seen by a social 
worker or oilier mental health profe.~ional for psychosocial 
evaluation. Each pariem is individually evaluated co determine 
the risk-benefit ratio. 1l1ere are generally accepted absolute and 
relative comraiJ1dications to transplantation. In general, contra
iJldications reflect the expectation of a poor outcome. 

Systemic infections are considered contraindications to 
transplantation and uncontrolled bacterial and fungal infections 
are absolute conrraindications to transplantation. Infections in 
the liver, such as cholangitis, may be an exception to this rule. 
HIV infection is considered by some groups to be a contraindi
cation but several studies have shown outcomes comparable to 
those of matched control patients if the virus is conrrolled. 17 

Failure of anod1er organ may be a contraindication to 
transplantation if that organ cannot be replaced or expected to 
recover. Kidney transplantation accompanies Bver transplanta
tion iJJ 5% of cases. On occasion, liver-heart transplantation is 
performed for diseases such as amyloidosis; combined liver-ltmg 
transplantation for diseases such as cystic fibrosis bas been per
formed in rare circumstances.5 

Patients wiili chronic Liver disease can develop pulmonary 
manifestations of their liver disease. Portopulmonary hyperten
sion is considered a contraindication with persistent pulmonary 
artery pressures higher than 50 mm Hg iJl the presence of ele
vated pulmonary vascular resistance.1

R Heparopulmonary syn
drome becomes a contraindication to transplantation when the 
Pao2 does not demonstrate marked in1provement with the 
administration of 1 OOo/o oxygen. 19 

Inabiliry to care for the transplanted organ adequately 
because of continued drug or alcohol abuse or lack of commit
ment to immunosuppressive drugs is considered a contraindica
tion to transplant. Continued commitment to immunosuppressive 
drugs is difficult to assess pretransplantation; in some series, 
noncompliance has been reported to be up to 35%.20 

Anatomic considerations may be relative contraindications 
to liver transplantation. 1l1e presence of portal vein thrombosis 
may be overcome by removal of the thrombose or jump graft to 
the superior mesenteric vein. With complete d1rombosis of the 
portal system, portal inflow from the infrahepatic vena cava has 
been used, aliliough use of this procedure is rare and morbidity 
is high. 

Metastatic H CC is considered an absolute contraindication 
to transplantation, related to poor outcome from metastatic 
disease. The risk of metastatic disease after liver rransplantation 
is dependenc on the size and number of HCC(s) in the liver. 
'TI1e Milan criteria for liver transplantation for HCC (siJ1glc 
nodule <5 em, or less than three nodules, the largest of which 
is <3 em) are used to predict the risk of recurrent disease after 
transplantation. Patients who meet these criteria have a risk of 
recurrence that is less than 20% whereas patients outside the 
criteria have a recurrence rate of approximately 60%? The 
Milan criteria are currently used to define acceptable cru1didates 
for transplru1tation in the United States; patients who meet 
Milru1 criteria are given extra prioriry for transplantation. There 
is a concroversy regarding transplantation for patiencs outside 
the Milan criteria and there is an interest in finding other 
methods of identifying those patients who have a low recurrence 
risk after transplantation. In the future, molecular biomarkers 
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may prove reliable for selecting patients who will benefit from 
transplantation. 

Organ Shortage, Model for End-Stage Liver 
Disease. and Liver Distribution 
l11e decision of whether a parienr is a candidate for uansplama
tion and what priority a given patient should have is dictated in 
part by the relative shortage of deceased donor donors. Despite 
substantial governmental and community efforts, d1e needs of 
the I5,?UU patients awaiting transr,lantation are not met by the 
approlillllatdy 5000 or so donors. 2 

Wim recognition of the improved outcomes of liver trans
plantation in the 1980s, transplantation programs proliferated. 
Livers were allocated to progran1s and teams rad1er than patients, 
with the transplantation center selecting the most appropriate 
recipient for a given donor. Because of the concept that the 
organs should be allocated to patients ramer man centers, lists 
of patients were created and ordered according to the patient's 
time waiting on the list and the organs offered to the patients. 

The current system of liver distribution in the United States 
depends first on the level of the local organ procurement orga
nization, then to the II United Network for Organ Sharing 
(UNOS) regions, and then shared on a national basis. A patient's 
priority on the waiting list is based on his or her medical status 
as determined lby the model for end-stage liver disease (MELD) 
score, which reflects the likelihood of death within 3 months. 
1l1e MELD score assigns point~ that reflect the severity of liver 
disease. The score is based on a formula that considers bilirubin 
and creatinine levels and the international normalized ratio 
(INR).2.~ 

Model for End-Stage Liver Disease Formula 

MELD score= (0.957X log. creatinine [mg/ dL])+ 
(0.378xlog. bilirubin [mg/ elL]) + 
(l.l20x log, LNR)+ 0.643 

1l1e components of the MELD score were chosen because they 
represent objective criteria that can be reviewed and verified as 
compared with asci tes and encephalopathy, whid1 were used 
previously (as part of the Childs-Pugh score) but are subjective 
and cannot be readily verified. The use of the MELD score to 
determine liver distribution has led to a significant decrease in 
the rate of death of potential recipients on the waiting list 
because it allows livers to be directed to the sickest patients. 
Patients with a high MELD score at me time of transplantation 
have slightly poorer survival following transplantation (Table 
27-2). 

For patients with low MELD scores, less man 15, the risk 
of death while waiting for transplantation is le.ss than d1e risk of 
death after transplantation.21 1l1e current allocation system 
therefore discourages transplantation C>f patients with MELD 

Table 27-2 Concordance With 3-Month Mortality_ 

SCORE 
MElD 

Childs-Turcote-Pugh 
(CTP) 

CONCORDANCE 
(") 

0.88 

0.79 

950At CONFIDENCE 
INTERVAL (" ) 

0.85, 0.90 

0.75, 0.83 

scores Jess than 15 by allocating a liver to all the higher MELD 
score patients in the region before allowing local use in patients 
with scores less than 15. These last two concepts, tl1at sicker 
patients have a greater risk of poor outcome after liver transplan
tation and tl1at relatively healthy patients, whose outcomes are 
worse with rransplamarion rhan if they ren1ained on the waiting 
list, suggest that both pretransplantation and posttransplanta
tion outcomes should be considered in the allocation of livers. 
Currently, the use of the MELD score only weighs me pretrans
plantation outcomes, and deam on the waiting list has been 
reduced since the initiation of MELD. It has been proposed that 
the MELD score be replaced as a means to distribute organs 
with a system that determines potential survival benefit after 
transplantation, or a combination of survival benefit prior to 
and after transplantation for patients with chronic liver disea'>C. 25 

For some patients, the risk of death or dropout from the 
list may not be reflected in me laboratory values in the MELD 
score. For example, patients with HCC benefit from transplan
tation, even when their laboratory test results are normal. To 
allow transplantation, an exception is made and additional 
MELD pC>ints are assigned to tl1ese patients.16 1his approach is 
used to tramplant these patients prior to their tumors becoming 
so extensive that patients fall outside the limits of criteria for 
liver transplantation. It is also used for diseases such as 
amyloidosis. 

Pediatric donors are distributed to pediatric patients pref
erentially. l11e scoring used in pediatric patients is referred to as 
tl1e pediatric end-stage liver disease (PELD) scoreY 

Patients with acute liver failure such as fulminant hepatic 
failure are given me highest priority (status l) for donor organs 
to avoid the development of cerebral edema and other fatal 
outcomes. Status 1 supersedes the MELD score in the organ 
allocation process. 

LIVE DONOR LIVER TRANSPLANTATION 
Regardless of the distribution scheme used for deceased donor 
transpl ant~. the need for potential liver transplant recipients fa:r 
exceeds the supply. As a consequence of this disparity, a number 
of alternatives have been used to increase the supply, including 
live donor liver transplantation. The basis for this approach 
includes the work of Otte and colleagues/ 8 who pared down 
adtdt-sized livers for use in pediatric patients, as well as the 
observation d1at the liver can regenerate after major liver resec
tion for cancer. 

Subsequently, Millis and associates29 at the University of 
Chicago tl1oughrfully raised the medical and ethical issues of 
pediatric patients dying while awaiting liver transplantation as 
tl1e foundation for the development of a live donor transplant 
program. lhis program yielded outstanding patient survival, 
greatly reduced death on the waiting list for the pediatric 
patients, and led tl1e way for the development of adult to adult 
live d onor liver transplantation. The development was further 
fueled in Asia by the absence of brain death legislation and the 
cultu.ral and religious reluctance to embrace the brain death 
concept. 

l11e long history of live donor kidJ1ey transplantation has 
provided the cultural, ethical, and medical framework on which 
ro build live donor liver transplantation, but the issues regarding 
live donor liver transplantation have been more c.omple.x. Long
term studies of kidney transplant donors showed low operative 
mortality and the san1e long-term morbidity as age-marched 
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controls, with no higher incidence of the need for dialysis over 
time.30 To date, t'here are no long-term evaluations of live donors 
but concern exists regarding their long-term course in terms of 
hepatic reserve and bile duct problems. 

It rapidly became clear that operative mortality for live 
donor liver rransplanration was significanr, with early death 
from pulmonary emboli iJl those who donated the lateral 
segment of their liver and the highly publicized death of a right 
lobe donor in the United States in 2002. Subsequem deaths 
throughout the world have underscored the concern for d1e risks 
of the procedure. Current estimates are that the risk of death 
from liver donation is 1 iJ1 500 to 1000 and the risk of death 
from kidney donation is 1 in 3000.31 

The balance between adequate liver mass for the recipient 
and risk to the donor underscores the challenges for progress in 
tllis field. 1he other major factor is that the perceived need for 
live donor Liver transplantation varies across the United States 
because there arc regional inequities in the avai lability of organs.22 

In the United States, live donor Liver transplantation for adult 
patients decreased sig•lificantly after the mstitution of the 
MELD system and has stayed low, constituting less than 5% of 
liver transplamati.ons carried out.22 In Asia, without the alterna
tive of deceased donor transplantation, an increasing number of 
live donor transplantations are performed, with expanding 
recipient indications, ru1d centers have experience with large 
numbers of Live donor liver transplantations.32 

A number of groups have been rethinking the use of left 
lobe grafts, largely because of concern over donor safety. 1l1e 
physiologic strains on the donor of the left lobe appear to be 
less: d1ere have !been no reports of a left lobe donor requiri11g 
liver transplantation after donation as compared with right lobe 
donation, for which the need for emergent donor trrulsplrulta
tion bas been reported.31 The reservation about using tile smaller 
piece ofliver from left lobe donation is that the high portaJ flow 
generated by the- enlarged spleen, ru1d other vascular manifesta
tions of porta1 hypertension, results iJ1 injlliy to the graft from 
hyperperfusion and endothelia] dan1age. It has been estimated 
that the weight of the graft should be more than 0.8% of the 
recipient's body weight to prevent injmy from hyperperfusion. 
The small left lobe grafts (generally, 30% to 40o/o of the totaJ 
liver mass) may be protected from harm by decreasing portal 
vein blood flow by performing porta cavaJ shuJlts, ligating the 
splenic artery, or performing splenecromy. fu1other strategy has 
been to use two left lobe donors for a siJ1gle recipient, a strategy 
that attenlpts to miJ:limize risk to the donor by usiJ1g the left 
lobe from two do nors while maximrzing liver mass in the recipi
ent.33 1l1e potenl{ial risk to two donors is the major concern to 
this approach. However, excellent outcomes have been reported 
with low live don or morbidity. 

Of live liver donors, 30% to 40% suffer one or more post
operative complications·14

; the most include pulmonary emboli, 
porraJ vein thrombosis, bile duct injury, and liver insufficiency 
secondary to a resection that is too extensive. 

The result of the potential for death among Live liver 
donors bas led to a more dearly delineated inforn1ed consent 
process in the transplant community, the usc of a donor advo
cate to ensure that the concern for donor safety is paran)ount, 
and the d ear separation of donor and recipient teams to ensure 
that the donor is treated without ulterior motives, which might 
occur if the san1e tean1 cared for both the donor and recipient. 
Long-teml folJow-up will be necessary ro determine whether 
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the long-term sequelae of Liver donors is as bCJlign as for Living 
kidney donors. 

TI1e recent application of hand-assisted laparoscopic tech
niques for living donor right hepatic lobectomy may have a 
sinlilar in1pact as laparoscopic donor nephrectomy in increasmg 
live liver donation. 1l1is technique, using a midline incision for 
the bru1d port, needs wider application to realize its potential 
impact.35 

There appears to be a leanling curve with live donor Liver 
transplantation. Centers with extensive experience note decreased 
rates of complications compared with iJ1experiCJ1ced centers. 
Additionally, groups iJl Asia with extCJlsive experiCJJCe have out
standing records of Jow complications iJ1 their Live donor 
experience. 

TI1e recipient outcomes from live liver donors are superior 
to those for patients waiting and those receivmg deceased donor 
transplants.36 These differences are primarily explained by the 
opportWlity to perform live donor liver trru1splru1tation when 
the recipient is in relatively good health, rather thru1 relying on 
the MEW system, wllich distributes deceased donor livers 
to the most gravely ill hosts. Controlling for recipient condition 
ru1d comparing recipients of live donor versus deceased donor 
transplants aJso favors outcomes in the recipients of live donor 
grafts; tllis may reflect the same factors tl1at are operative m Live 
donor kidney transplantation-the use of an organ that is free 
of preservation insult, avoidru1ce of the negative effects of brain 
death on organ viability, ru1.d the immw10logic advantage of a 
live donor graft (most often immunologically related). IJ1 the 
early days of adult to adult Live Liver donation, high MELD score 
recipients were found to have poor outcomes ru1d mru1y centers 
limited transplantation witb partial grafts to recipients with a 
MELD score less thru1 25. More recently, excellent outcomes 
have been reported ill high MELD score recipients of Live Liver 
donors.3? This is likely to result in increased live liver donor 
trru1splantation in this group of patients. 

Living donor transplantation, however, does suffer from 
the increased complications in the recipient related to the bile 
duct anastomosis. Because the branch rather than the trunk of 
the bile duct is used in living donor trmsplantation, as i11 
deceased donor transplantation, the rate ofbUiary complications 
is roughly twice as high in Living donor transplantation. 

TECHNICAL ASPECTS OF UVER TRANSPLANTATION 
Unlike the kidney transplant (placed in a heterotrophic position 
iJl the iliac fossa), the Liver is placed orthotopically-m its native 
position within the abdomen. The procedlJie involves removal 
of rhe host liver and replacement with a whole or partial 
graft. Figure 27 - l demonstrates a completed orthotopic liver 
transplantation. 

RemovaJ of the host liver is ofren challengiJ1g because of 
the portaJ hypertension and coagulopathy that frequently 
accompru1y cl1ronic Liver disease. After mobilization of the liver, 
the bUe duct is djvided and vascular dan1ps are placed on the 
supral1epatic vena cava, infraJJepatic VCJ1a cava, portaJ veiJ1, and 
hepatic artery. The ruiliepatic phase of the surgery relates to the 
period during whid1 the new liver is sewn iJl and the patient is 
without a liver. An alternative to the conventional in1plantation 
tecbruque in whicl1 the suprahepatic VCJla cava, infrahepatic vena 
cava, portaJ vein, and hepatic artery are sewn in sequence is the 
piggyback technique. TI1is tecluuque leaves the VCJla cava intact 
and involves an anastomosis between the donor suprahepatic 
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Hepatic artery 

The recipient 
procedure 

FIGURE 27-1 Orthotopic liver transplant. Left, A choledochochole
dochostomy (duct to duct) anastomosis. Inset, A choledocho
jejunostomy. 

cava and the conflue11ce of two or three hepatic veins, depending 
on the specific anatomy. In this technique, the donor infrahe
patic cava is oversewn. 1l1e piggyback method may shorten the 
anhepatic phase and has the potential for improved cardiovas
cular stability because it leaves the vena caval Aow intact during 
the anhepatic phase. 

Some centers use venovenous bypass, in which shunt 
tubing is placed in the host portal vein and i.nfrahepatic cava 
and returned to rhe central venous circulation to maintain vas
cular stability during the ru1hepatic phase. Centers that do not 
use the bypass teclmique rely more on ru1esthesia support of the 
blood pressure through volume administration ru1d pressers. 

The piggyback technique is necessary for patients undergo
ing Live donor liver or split ljver transplantation when a donor 
vena cava is not available. [n the case of a right lobe graft (seg
ments 5 to 8), ~the venous drainage is the right hepatic vein; the 
inflow is the right hepatic artery and right portal vein. 

The anheparic phase ends with reperfusion of the graft, 
with inflow from the portal vein ru1d outflow through the vena 
cava. Subsequently, arterial inflow is reestablished and biliary 
drainage is accomplished through a choledochocholedochos
tomy or choledocbojejunostomy (usually in the case of biliary 
atresia or sclerosing cholangitis, in whlch the host duct is unsuit
able), when appropriate. 

Split Liver Transplant 
The identification of separate units withi n the liver with unique 
blood supply, venous drainage and biliary drainage makes pos
sible the use of a single deceased donor Liver appl icable for two 
recipients. Figure 27-2 demonstrates tbc segments of Liver (1 to 
8) that can be defined by their separate venous ru1d arterial 
inflow, venous outflow, and biliary drainage. 

Usually, thesplitisdonebetween achild (receivingsegments 
2 ru1d 3 or segments 2, 3, ru1d 4) ru1d an adult {receiving segments 
l , 4, 5, 6, 7, an.d 8 or segments 1, 5, 6, 7, and 8). The right lobe 
graft most commonly includes the donor vena cava and right 
hepatic artery; the pediatric graft is based on the celiac tnlllk pro
viding the left hepatic artery, left portal vein, ru1d left hepatic vein. 

1l1e splitting of a deceased donor liver for usc in two adult 
patients has been lnfrequem. Inadequate left lobe mass may be 
a problem. 

FIGURE 27-2 Anatomic segments of the liver. 

RHO 

A 

GOA 
CBO 

FIGURE 27-3 Planes of dissection for the 2-3 hepatectomy (line A) 
and for a right-left lobe split (line B). 

Live Donor Operation 

Segment 2-3 Hepatectomy 
Figure 27-3 depicts the line of resection for a segment 2-3 
hepatectomy (Line A) in the setting of an adult to child live 
donor liver operation or for a cadaveric spli t for ru1 adult and 
cbild (line A). 

The use of segments 2 ru1d 3 is most appropriate for infru1ts 
ru1d small children (up to 5 y<.>ars of age). The operation can be 
performed through a midline incision. 1l1e round ligan1ent is 
divided, retracted, ru1d mobilized. 1he left triru1gular ligan1ent 
is taken down. The left hepatic artery and left portal vein are 
mobilized. Numerous brancl1es from the left port vein to seg
ments I ru1d 4 are ligated and divided. 1l1e left hepatic vein is 
mobilized. A resection Hne is drawn from the right edge of the 
left hepatic veln, coursing approximately 1 em to the right of 
the falciform ligan1ent to the bile duct plate, whicl1 sits 
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FIGURE 27-4 Plane of donor dissection for right and/or left live donor 
liver transplantation and for split liver ttransplantation. 

superiorly above the left portal vein as it enters segment 2-3. The 
liver parenchyma is carefully divided with dippi11g or ligature of 
large vessels and ducts. 1he plane just to the right of the falci
form is usually used because it usually yields a single 2-3 bile 
duct for reimplantation. After the parenchymal dissection medi
aiJy, the segment 2-3 is lifted superiorly and dissected free from 
segment 1. 1his. results in an isolated segment 2-3 with left 
hepatic artery, left portal vein, and left hepatic vein, along with 
the segment 2-3 duct. 1l1e segment 2-3 is flushed through the 
left portal vein and left hepatic artery. 

Right Lobe Dissedion for Live Donor 
Liver Transplantation 
1l1e right lobe (segments 5 to 8) is most commonly used for 
adult m adult live donor liver transplantation. 1l1e right lobe 
represents 60% to 80% uf the liver mass. A bilateral subcostal 
incision is made, or midline incision is done if laparoscopic 
division of the coronary Ugaments is used. A cholecystectomy is 
performed. 1l1e right hepatic artery and right portal vein are 
isolated and temporarily occluded to establish the line of demar
cation, which is used to plan the plane of resection (Fig. 27-4; 
also see Fig. 27-3, resection line B). 1llis line cypically runs at 
the left edge of the gallbladder fossa to the medial aspect of the 
right hepatic vein. The right lobe is mobilized by division of the 
right triangular ligaments and suture Ligation of the perforating 
veins between the right lobe and infrahepatic vena cava. 1l1e 
right hepatic vein and accessory right hepatic veins (>5 mm) are 
isolated. The riglht hepatic duct is mobilized; it may be divided 
prior to or after the parenchymal dissection. 

Various teclhniques may be used tn divide the parenchyma; 
preferred is the dissection with the Cavitron ultrasonic surgical 
aspirator (CUSA; Cooper Medical. Santa Clara, Calif), which 
allows for the identification of vessels and ducts for ligation. 
Venous branches from segments 5 and 8 may be preserved for 
reimplamation; there is controversy as to whether this is neces
sary to prevent venous outflow obstruction and congestion of 
the graft. Once the parenchymal dissection is complete and the 
right duct divided, vascular clan1ps are placed on the right 
hepatic artery, right portal vein and right hepatic vein for resec
tion of the right lobe. 
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Left Lobe Dissection for Live Donor Liver Transplantation 
The left lobe graft is based on segments 2, 3, 4, and 5, with 
inflow from the left hepatic artery ru1d left portal vein and 
outflow from the mi.ddJe and left hepatic veins, whicl1 frequently 
have a confluent trunk at the vena cava (see Fig. 27-3, resection 
line B) . 1l1e operation includes the parenchymal dissection along 
Cru1tlie's Line, the san1e .line as for the right hepatic lobectomy. 
1l1e middle and left hepatic veins may need to be taken sepa
rately or as a single trunk, depending on the level of confluence 
of these vessels. 1l1e parenchymal dissection is done in the same 
mrumer as for right hepatic lobectomy, with care to clip or 
suture-ligate large vessels and bile ducts. 

Implantation of Partial Liver Graft 
1l1e piggyback technique is the basis for implantation of a split 
liver graft or a graft from a live donor. If the split liver comes 
intact with a vena cava, a conventional trru1splantation proce
dure may be done. 

1l1e piggyback technique involves ligation and division of 
the perforating veins from the right lobe of the host liver to the 
vena cava. Accessory right hepatic veins are also sacrificed. The 
venous anastomosis is usually created between the graft bepati.c 
vein wd a wide cavotomy, typically using one of the recipient 
hepatic vein orifices. Depending on whether the donor graft is 
the right or left lobe, either the right or left hepatic artery 
branches from the recipient may be used for inflow. Similarly, 
inflow may be from the right or lefr portal vein branch. If a left 
lobe graft is used ru1d a portal caval shum is plrumed to decom
press the portal system to prevent portal hyperperfusion, the 
right portal vein branch may be used to create the shunt to the 
vena cava and the left portal vein branch used for inflow .into 
the donor portal veiJJ brru1ch. Biliary drainage is achieved 
through a duct to duct anastomosis or a Roux-en-Y ru1astomosis 
to the donor duct, depending on the duct sizes. Care must be 
used to avoid tension on this anastomosis. 

EARLY COMPLICAnONS OF 
LIVER TRANSPLANTATION 
Early signs that a newly implanted Liver is functioning are acid 
clearru1ce, normalization of clotting paran1eters, and bile pro
duction; these signs may be apparent within a few minutes afrer 
reperfusion. Primary nonfw1ction refers to a condition in whid1 
the transplanted liver does not work. It is rare (<2%), and is fatal 
without retransplantation. Ultrasonography with Doppler may 
be useful to elintinate vascular thromboses as a cause. Hepatic 
artery thrombosis occurs in 2% to 4o/o of adult transplantation 
procedures38 but have a threefold ro fourfold higher incidence in 
children. Although early thrombecromy of the hepatic artery 
may prevent retransplru1tation in some patients, most patients 
require retransplantation. Portal venous thrombosis may be 
unnoticed but may present with gastrointestinal bleeding or 
coagulopathy, and require therapy for new or persistent portal 
hypertension. Other complications include bleeding, inadequate 
production of dotting factors (poor initial function), and 
inadequate replacement of factors at the time of transplantation 
(e.g. platelet or fresh-frozen p lasma replacement). The need to 
reoperate on a given patient is dictated by card.iovaKular stabil
icy, liver function, presence of abdominal compartment syn
drome (which may be manife.st by acute or progressive renal 
failure), and total blood products used. Bile duct stricture or leak 
is a complication that may be seen early after trrulsplantation, 
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or later; its cause likely reflects compromised blood supply of the 
donor and/or recipient duct. The first line of therapy for an anas
tomotic stricture is dilation and stent placement performed 
through endoscopic retrograde cholangiopancrcatography 
(ERCP) or via a transhcpatic route. Strictures d1at persist or 
recur after dilarion or scenting are treated surgically, with conver
sion to a choledochojejunostomy. 

Outcome 
Progress in the techn ical and immw1ologic aspects of liver trans
plant has led to excellent graft and patient survival, with l- and 
5-year patient survival rates of 88% and 75%, respcctivcly.22 

Results depend on the specific disease for which cl1c transplanta
tion is performed. 

EXTENDED CRITERIA DONORS 
Although liver transplantation is successful using both live and 
deceased donors, it is increasingly difficult to find a perfect 
deceased dono:r. 1l1e ideal liver donor (young and otherwise 
completely healthy) is increasingly rare, because the cause of 
death for most donors has shifted from trauma to cerebrovascu
lar accidents. Using UNOS data, Feng and coworkers39 have 
defined the factors increasing the risk of failure after live trans
plantation into a formula called the donor risk index. Factors 
contributing to risk using livers from donation after brain death 
include advanced donor age, fatty infiltration, and ilie use of 
split livers from these donors. 1l1e donor risk issues must be 
taken in context of the recipient for wbom it is used. The use 
of an older donor is particularly hazardous in the hepatitis C 
virus (HCV)- positive recipient. 1l1e risk to cl1e recipient is more 
rapid development of cirrhosis after transplantation. This risk is 
apparent with a donor age older than 40 years and becomes 
more pronounced wim a donor age older than 60 years. Many 
transplantation progran1s balance the recipient's risk of death 
ba.~d on the MELD score to the risk of recurrent cirrhosis in 
H CV-positive patients. 

Another donor source, the use of which has increased sig
nificandy over the past 5 years, is me donor after cardiac death. 
These are donors who do not meet brain death criteria and 
become donors after they arc removed &om life support and 
experience cessation of cardiac function . Most centers use a 
30-minute cutoff from the tin1e of withdrawal of life support to 
the perfusion of me organ as a criterion for accepting such 
donors. Even with these criteria, the recipients of livers from 
cardiac death donors have increased mortality and significant 
morbidity, largely from bile duct complications.40 However, the 
increased risk from tbc use of any donor must be examined in 
the context of !POtential benefit to a given recipient. Recipients 
with high MELD scores and high likel.ihood of dying without 
transplantation show survival benefit from the usc of high-risk 
donors after hrain death, as well as from livers from donors after 
cardiac death. 

EVALUAnON OF ABNORMAL LIVER 
FUNcnON TEST RESULTS 
Abnormal liver function test results do not differentiate the 
specific problem that may be present in the liver; va.~cular occlu
sion, bile due£ srricture, preservation injury, recurrent hepatiris, 
and rejection may all present with nonspecific abnormalities. 
1l1e time after transplantation c:u1 be an important clue about 
the cause of tbe laboratory abnormalities. Preservation injury 

might be expected early after transplantation (within the first 
week) when recu.rrent hepatitis and rejection are unlikely. The 
nonspecificity of liver function test~ and the overlap iJl timing 
of cl1ese complications dictate an organized approach to the 
patient with perturbations in laboratory test results. The use of 
ultrasonography is recommended ro evaluate hepatic anery and 
portal vein Aow and bile duct caliber. If the ultrasound reveals 
intact inflow and absent bile duct dilation, a percutaneous liver 
biopsy is performed and used to make the diagnosis of acute 
rejection, recurrent hepatitis , or preservation injury. BiHary 
obstruction may be manifested by bile duct proliferation or 
pericholangitis on biopsy, but the diagnosis rests on cholangiog
raphy performed through ERCP or transhcpatic cholangiogra
phy. Treatment with stent and/or di.lation can be carried out at 
the s:arne time as the diagnosis is made. Preservation injury is 
manifested by vacuolization of hepatocytes around the central 
vein; no treatment is necessary because the process is self-limited 
and reversible. An ischemic pattern on biopsy with hepatocyte 
dropout or necrosis, combined with an abnormal ultrasow1d, 
may prompt hepatic angiography to evaluate d1e possibility of 
hepatic artery stenosis or median arcuate ligament syndrome. 
Hepatic artery stenosis may be treated with balloon dilation or 
stenting. with or without anticoagulation . 

Liver rejecrion is diagnosed by the presence of a portal 
inflammatory infiltrate, bile duct injury, and endothelial injury; 
known as endotheliitis. "TI1e portal infiltrate is usually a mixture 
oflymphocytes, neutrophiJs, and eosinophils. Rejection is gener
ally first ueared wich increased steroids or change in immuno
suppressive d1erapy. In patients with underlying hepatitis C, 
increased steroids are avoided in favor of increasi11g immunosup
pression to avoid enhanced viral replication induced by steroids. 
Typically, the increased immunosuppression would be an 
increase in d1e tacrolimus or mycophenolate dose. 

Recurrent hepatitis C generally occurs later than the c<>m
plications noted, but may be seen within a few weeks of trans
plantation. Distinguishing recurrent hepatitis C from rejection 
using ~ver biopsy can be difficult. 1l1e tin1e after transplantation 
can be an important clue to deciding whether it is rejection or 
recurrent hepatitis C, with recurrent hepatitis C usually occur
ring more than 6 weeks after transplantation and rejection 
usually occurring widun 6 weeks of transplantation. Recurrent 
hepat itis C may be treated with a combination of interferon and 
ribavirin. 

Hepatic artery occlusion is an indication for retransplanta
tion if it occurs in the early postoperative period. It is associated 
with progressive saccular dilation of the biliary tree secondary 
ro occlusion and the development of liver abscesses. lf the 
hepatic artery occludes slowly over rin1e, adequate collaterals 
may .develop and obviate the need for retransplantatio11. 

IMMUNOSUPPRESSION AFTER 
LIVER TRANSPLANTATION 
1l1e liver has been referred to as a privileged organ because, in 
general, the need for immunosuppression decreases over time 
and, unlike the sin.ation in kidney and heart transplantation, 
cllfonic rejection is uncommon. 

The mainstay of immunosuppression after liver transplan
tation is the use of a combination of a calcineurin inhibiror 
(tacrolim us or cyclosporine), steroids (methylprednisolone), and 
antiproliferative agent (e.g., mycophenolate mofetil). The calci
neurin inhibitors are used in 95% of transplantation centers, 

http://www.myuptodate.com


despite their known nephrotoxicity. These agenrs are also associ
ated with hypertension, diabetes, and neurologic effecrs, indud
ing seizure.s.41 The major advantages of the mycophenolate 
derivatives are their lack of renal toxicity, although their toxici
ties indude gastrointestinal irritation"-' and bone marrow sup
pression. Steroid-free prorocols may be useful in terms of a de 
novo diabetes mellitus, cytomegalovir us {CMY), cholesterol 
leveJs and, in HCV patients, the recurrence ofHCV hcpatitis.43 

Sirolimus {rapamycin) is a mammalian target of rapan1ycin 
{mTOR) inbibitor that effectiveJy decreases interleuk.in-2 {IL-2) 
production by a mechanism distinct from that of the calcineurin 
inhibitors. Irs antineoplastic effect makes it attractive for use in 
patienrs with HCC as an indication for uansplancadon.44 

Because sirolimus inbibits wound healing, some groups avoid irs 
use in the immediate postoperative period. 1l1e U.S. Food and 
Drug Administration (FDA) has a black box warning about the 
early use of sirolim us because .it has been associated with hepatic 
artery thrombosis. 

RETRANSPLANTAnON AND RECURRENT DISEASE 
Rejection, although frequent early after transplantation, is rarely 
the cause of graft fai lure. This is in contradistinction to otber 
types of solid organ transplantations in whid1 chronic rejection 
is a common cause of the need for retransplantation_ Recurrent 
disease is most frequen tly the cause of graft failure in patienrs 
with dlfonic hepatitis C infection. Recurrent disease may, rarely, 
be the cause of graft failure in patienrs witl1 chronic hepatitis B 
infection, primary biliary cirrhosis, sclerosing cholangitis, non
alcoholic steatohepatitis, and auroinmmne liver disease. Alco
holic liver disease may recur if the patient returns to alcohol. 
HCC may also recm, but its recurrence rarely causes graft failure 
and is not always lim ited solely to the graft. 

ROLE OF LIVER TRANSPLANTAnON FOR 
HEPATOCELLULAR CARCINOMA 
1l1ere is considerable conuoversy as to whether patients with 
HCC are better served witiJ liver transplantation versus liver 
resection. ln the early days of liver transplantation , a number of 
first transplantations were done iJ1 patienrs with cancer. The 
immediate postoperative success likely reflected less severe liver 
disease and absent portal hypertension. Although the operation 
and early posH:ransplamation course could be judged a~ a 
success in these patiems, d1ey succumbed with recurrent cancer. 
As a consequence, liver transplantation for HCC was not 
pursued on a large scale for many years. Mazzaferro and col
leagues~ ' have d early defined those patienrs with HCC who 
were Likely to have survival char matched other iJ1dications for 
transplantation. This group defined the Milan criteria, which 
selected candidates with good short- and long-term outcomes 
and a low rate of tumor recurrence. The Milan criteria dictate 
that transplaJHation he limited to patients with a single tumor 
smaller than 5 em or no more tl1an three rumors, the largest of 
which must be less than 3 em. "fl1cse criteria have been applied 
throughout the world and adapted by the central agency distrib
uting livers in the United States {UNOS) to provide the basis 
for additional points to modify the MELD score. "fl1e Milan 
criteria, based OIJJ the pathology of the explamed organ, ha5 been 
challenged because preoperative imaging may be inaccurate in 
as many as 30% of patients, both in overestimating and W1der
estimating the number and size of cancers. Additionally, the 
criteria have been challenged as being too restrictive by a number 
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of groups who have demonstrated excellent short- and long-term 
survival; they expanded the criteria to include bigger solitary 
tumors and/or an increase in the number of tumors.45.4<> 

HCC most commonly develops on the background of 
chronic scarring of the liver-cirrhosis. In the setting of cirrho
sis, the issue of hepatic reserve and pQ[ential for decompensation 
Limits tl1e suitability of resection as a first-Line approach to 
patients with cirrhosis and HCC. 1l1e other limitation of resec
tion as definitive treatment for HCC is the potential for recur
rence in tl1e remaining Liver. Because HCC occurs i.n the 
background of chronic liver disease, its occurrence rcflecrs a field 
effect and therefore the potential evolution to HCC in othe.r 
portions of the liver. 

Data from patient.5 followed after resection or radiofre
quency ablation have demonstrated that 40% to 50% of patient.5 
will have recurrence by 3 years.47 Although outcomes from resec
tion have im proved significantly over the past 20 years, with 
1-year patient survival that matches the outcomes of liver trans
plantation, the 5-year disease-free survival for resection is far 
lower than the outcomes for transplantation when treating 
tumors of the same size. 411 

1l1e major limitation in the use of transplantation as treat
ment for HCC is the limited number of donors. The disparity 
between the number of potential deceased donors and patien rs 
listed for transplantation is significant; HCC is increasingly the 
indication for transplantation, accounting for 25% of transplan
tations done in 2008Y "TI1e use of live donors or extended
criteria deceased donors has not yet met the continued need. 
Use of transplantation in a patient witl1 HCC removes from the 
donor pool a lifesaving organ from a patient who may not have 
an alternative therapy, such as resection. It is hoped that better 
patient selection using biologic markers of the tumor or of the 
remnant liver may predict tl1ose patienrs at highest risk of recur
rence after resection and fu1mel those patients toward transplan
tatioJl and tl1e remaining patienrs, at low risk for recurrence, 
would undergo resection. 

It has been suggested that liver resection be used as fi rst
line therapy for HCC, with salvage transplantation if and when 
the cancer recurs.4? One could consider this a "poor mru1~5" 
biologic marker using the remJlaJlt liver 's biology over time to 
delineate those patients at risk for recurrence. 1l1is approach 
would avoid lllll1ecessary transplru1tation ru1d unwarranted 
immunosuppression in patienrs in whom the tumor does not 
recur. However, tlus is hampered by the fact that many patienrs 
recur outside the criteria for transplru1tarion, with multiple 
intrahepatic rumors, and that transplru1tation after resection 
may be more difficult. 

The recurrence after resection may be more aggressive and 
likely to be outside of transplru1tation criteria, because of exten
sive tumor within the liver or as the result of metastatic disease. 
1l1ere are conflicting data in the literature in this rcgard.so.s t 

ROLE OF CELLULAR TRANSPLANTAnON IN 
LIVER REPLACEMENT 
The replacement of the Liver involves a major surgical procedme, 
with complex technical and immunologic aspecrs. 1l1e notion, 
therefore, of using ceUs instead of the entire orgru1 is ru1 attractive 
alternative. 

The use of hepatocyte transplantation makes the most 
logical sense for replacing missiJ1g enzymes in which only a 
small number of cells would be needed to correct deficiencies. 
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Examples of such d efects include urea cycle defects such as 
ornithine transcarbamylase deficiency and the defect in bilirubin 
conjugation, Crigler- Najjar syndrome. Animal models have 
demonstrated the possibility of at least temporary correction of 
enzyme deficits using hepatocyte transplantation.52 

Heparocyres could also be used in fulminanr hepatic failure 
i11 which the hepatic scaffoldiJ1g is left intact, and a few case 
reports have suggested its usefulness.52 H epatocyte transplanta
tion bas also been used in chronic liver disease but the results 
have not been convincing.52 When advanced liver disease is 
associated with portal hypertension, it is unlikdy to be o f 
benefit. 

The potential role for the use of hepatocytes or stem cells 
from the host has expanded with the:: reintroduction of these cclls 
ru1d is the hope for the future. 1l1is approach may avoid the 
need for liver replacement and may also obviate the need for 
immLmosu ppression. 53 
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CHAPTER 28 

KIDNEY AND PANCREAS 
TRANSPLANTATION 
YOLANDA BECKER 

HISTORICAL PERSPEcnVE 

KIDNEY TRANSPLANTAnON 

PANCREAS TRANSPLANTATION 

ISLET TRANSPLANTAnON 

HISTORICAL PERSPECTIVE 
Interest in transplanting organs into humans dates back to the 
early lYUOs. Floresco described anastomosis of the renal graft to 
the iliac fossa in 1905. In 1906, Jaboulay attempted to use a 
pig kidney to CLLCe a patient wi.th acute nephritis. He anasto
mosed the renal xenograft ro the brachial arteries of the paciem 
and urine was noted for 1 hour postreperfusion. Alexis Carrel 
was developing techniques of triangulation of vascular anasto
moses by performing various organ transplants in animals and 
received the Nobel Pri1.e in l Yl2. However, organ function was 
minimal and further attempts at organ transplantation were 
abandoned. However, in the early 1950s, Medawar and col
leagues described the prevemion of rejection in mice and 
human organ transplantation was again attempted. The first 
successful renal transplantation was performed by Murray in 
1954 between identical twins. Orher major milestones in trans
plantation hav;e included the discovery of cydosporine and 
other effective immunosuppressive medications, description of 
rhe histocompatibility antigens, and perfecting of preservation 
solutions (Table 28-1). 

The history of the discovery of diabetes and insulin is fas
cinating and well-documented. Pancreas transplantation bas also 
developed as a durable way to provide constant insulin to the 
type 1 diabetic. The first pancreas transplantation in an animal 
was performed by Hedon in I Yl3, who attempted placement of 
a pancreas allograft in rhe neck of pan.createctomired dogs. The 
first successful human pancreas transpiaJ1tation was performed 
by William Kelly and Richard Lillehei at the University of Min
nesota. They transplanted a duct-ligated segmental pancreas 
graft simultaneously with a kidney graft from the same deceased 
donor. 'TI1e pancreas wa.~ placed into the left iliac fossa but, 
wlfornmately, had to be removed on the seventh postoperative 
day. Management of rhe exocrine pancreas secretions remained 
problematic, with many revisions over the years from using a 
donor duodenal button technique, bladder drainage, duct abla
tiOJl via injection, and finally enteric drainage. 1llis chapter 
describes aspects of kidney and paJlcreas tral1splaJ1tation. Patient 
selection for transplantation with a kidney or pancreas is con
sidered first. Organ. procurement, preservation, transplant 
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tedmique, and outcomes of kidney and pancreas transplantation 
are discussed independently. 

KIDNEY TRANSPLANTAnON 

lndic:ations 
Kidney transplantation offers patients better long-term out
comes than dialysis. The quality of life is improved and survival 
is projected to be 10 years longer than if the patient remains on 
dialysis. ' Dming the past decade, the kidney waiting list has 
grown and the death of candidates who die whiJe waiting has 
doubled. This reflects a change in demographics in d1e recipient 
waiting lise, with parlems listed at older ages and an increasing 
number of patients being inactive on rhe waiting list.2 

The most common causes of renal disease have evolved 
over the last 10 years. Overall, the percentage of patients with 
diabetes and hypertension as d1e cause of failure has increased 
from 24% to 28% and rhe percentage of glomerular disease has 
declined from 42% to 21%.2 ln addition, the incidence of 
chronic kidney disease has also rapidly increased, from 209,000 
patients in 1991 to 472,000 in 2004. Coresh and associates3 

have noted rhat the higher prevalence of diabetes, hypertension, 
and higher body mass index (BMI) explains this trend. Sinli
larly, the waiting Ust for kidney transp.lantation continues to 
grow every year. Potential recipients are also older than in past 
decades, witl1 the group aged 50 to 64 years seeing tl1e greatest 
increase (Fig. 28-1) 1l1js change in demographics has certainly 
presented challenges in preparation of these patients for trans
plantation and immw10suppression. It is also estimated that by 
2015. the annual incidence of end-stage renal disease will be 
136,000 patients/year and the prevalence will be 712,000 
patients/year. 

Patient Seledion 
The evaluation of patients as appropriate candidates for trans
plantation can be an. arduous process. Patients with end-stage 
kidney disease have significant comorbidities and these must be 
taken into account when evaluating for transplantation. Guide
lines for evaluation of these patients have been established.4 

Emphasis should be placed on determining the original cause of 
renal disease so that the patient can be given reasonable expecta
tions for graft survival. A graded association has been reported 
between reduced glomerular filtration rare (GFR) and risk of 
death aJld cardiovascular events.5 Mortality rates are more than 
20%/year with dialysis. Long-term follow-up of kidney trans
plant recipients bas shown a clear survival advantage over 
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Table 28-t Major Milestones in the History of 
Transplantatio_n ______________ ----, 
YEAR MILESTONE 
1954 Dr. Joseph Murray performs the first successful kidney 

transplantation between identical twins. 

1966 Kelly and Ullihei perform the first pancreas 
transplantation. 

1967 First simultaneous kidney and pancreas transplantation. 

1970s Borel, Stahelin, caine, and White initiate trials of use of 
cydosporine in transplantation. 

1980s Belzer and Southard develop University of Wisconsin 
Solution (Viaspan). 

1990 Dr. Murray receives the Nobel Prize in Medicine. 

1990 Scharp and Lacy report the first successful human 
dimcal islet transplantation. 

60,000 -.-----------------....., 

50,000 

40,000 

30,000 

20,000 

10,000 

0 ~--~---~--~---~--~ 
2000 2002 2004 2006 2008 

FIGURE 28-1 Additions to the UNOS-OPTN (Organ Procurement and 
Transplantation Network) waiting list by age. (OPTN/UNOS Ethics 
Committee Report: Waiting list patient characteristics at end of year; 
kidney waiting list; active waitlist patients, 1999 to 2008 [http:// 
www.ustransplant.org/annual_reports/current/SOla_age_ki.htm]). 

remaining on dialysis.6 Studies have also shown significant 
improvements in quality of life measures. ' 

The first step in the evaluation process is referral to a trans
plantation cente r. Many factors may affect the ability of the 
patient to be seen for evaluation. Furth and coworkers8 have 
shown that lower socioeconomic status, female gender, and 
lower level of edl!.lcarion results in fewer referrals. 1l1cre has been 
concern that geographic distance to a transplantation center 
might negatively inl3uence access to care. However, a study of 
rural populaticms has shown that remote or rural residence is 
not associated with a longer waiting list time. 

Recipients must be careftilly evaluated for surgical risk as 
weU as their abiJjty to tolerate long-term immunosuppression. 
With improvements in perioperative management, the indica
dons for kidney transplantation have increased. 1l1e absolute 
and relative contraindications for transplantation are shown in 
Box 28- 1. HIV infection was once a contraindication to 
transplantation, !but select patients have good results with trans
plantation as a treatment modality for HfV-associated nephrop
athy.9 According to the National Kidney Fotmdation Kidney 
Disease Outcomes Quality lniriative (NKF KDOQI) 

Absolute 
Active malignancy 
Active infection 
Unreconstructable periphera l vascula r d isease 
Severe cardiac or pulmonary d isease 
Active IV drug abuse 

Relative 
life expectancy 
History of nonadherence to medication regimen 
History of noncompliance with d ialysis 
Financial barriers 
Psychiatric issues 
Renal disease with high recurrence rate 

Table 28-2 Primary Renal Diseases and Recurrence Rates 
RECURRENCE RATE 

DISEASE (%) GRAFT LOSS (%) 

Diabetes 100 Low until 10 ra:; 
post-transp ant 

Focal segmental 20-30, first 40-50 
glomerulosclerosis transplant; 80, 

second transplant 

Membranoproliferative 20-30 20-60 
glomerulonephritis 
(MPGN) type 1 

MPGN type 2 so-too 10 

lgA nephropathy 40-50 30 

Membranous 40 Up to so 
nephropathy 

Hemolytic uremic 30 20-30 
syndrome 

Systemic lupus 30 Rare 

Polycystic kidney disease 0 0 

guidelines, patients with a GFR of 30 mL/min/1.72 m2 or less, 
and/or chronic kidJ1ey disea~e (CKD), stage 3 or 4, should be 
referred w a nephrologist (http://www.kidney.org/profcssionals/ 
kdoqi/index.cfm). Patients whose GFR fails below 20 should be 
evaluated as possible kidney transplant recipients if they do not 
have an absolute contraindication. 

Common causes of renal failure leading to the need for 
replacement therapy include diabetes, hypertension, glomerular 
disease, interstitial disease, cystic disease, and chronic allograft 
nephropathy, with subsequent failure of a transplanted kidney. 
Kidney disease can recur in the allograft with varying frequency. 
Some dlseases may lead w transplant failure with an inability to 
retransplant, such as aggressive focal sclerosing glomerulone
phritis. Common primary renal diseases and their probability of 
recurrence are listed in Table 28-2.1

0-15 

Screening of potential recipients should begin wid1 a 
detailed history, paying particular attctltion to the original cause 
of disease. 1l1e lengd1 of time on dialysis has been noted to be 
an independent risk factor for poorer outcomes}6 1l1e past 
medical history should include exposures to infectious diseases 
(especially tuberculosis, cytomegalovirus, Epstein-Barr virus, 
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and hepatitis) as weU as malignancy. Cardiac risk factors should 
be evaluated. A family history of renal disease or other systemic 
illnesses should be documented. Routine screening examina
tions such as Pap smear, mammography, colonoscopy, dental 
prophylaxis, and bone density scanning should be carried out as 
recommended by clinical practice guidelines. Prostate-specific 
antigen levels should be checked in men older than 50 years. In 
addition, the patient should be questioned about thrombotic 
events such as miscarriages, multiple dialysis access events, deep 
venous thrombosis, or pulmonary embolus so that a hyperco
agulablc profile can be obtained. The ability of the patient to 
tolerate immunosuppression should be evaluated. This not only 
involves consideradon of the medical conditions, but also the 
ability to comply with a complex medical regimen and the 
financial ability to obtain the medicadons. 

As noted, end-stage kidney disease patients are at increased 
risk for cardiovascular disease.5 Hence, a careful preoperative 
cardiac screening must be completed. However, there is little 
consensus about the optimal screening algorithm. Patients 
should have a baseline clectrocardiogam (ECG) obtained, rec
ognizing that almost 75% will have evi.dence of left ventricular 
hypertrophy. The patient's risk profile should be assessed to see 
whether any risk factors can be modified (e.g., diet, weight 
management). Low-risk patiems include those who have good 
functional capacity and no previously identified cardiac disease. 
These are typically patients with isolated renal disease such as 
immunoglobulin A (IgA) nephropathy or polycystic kidney 
disease, and with little comorbidiry. Moderate-risk patients 
should undergo stress testing. lt is important to ensure that the 
stress is diagnosti.c and a reasonable heart rate is achieved. 
Moderate-risk patients include those without cardiac symptoms 
but who have diabetes, prior history of heart disease, or two or 
more other risk factors for coronary disease (e.g., smoking, 
strong family history, hyperlipidemia, hypercholesterolemia) . 
High-risk patients include those with a positive noninvasive test 
result, long-standing diabetes, or a history of severe congestive 
heart failure. 1l1ese patients require cardiac catheterization prior 
w being accepted for the transplant list. Cardiac revasculariza
tion should occur prior to transplantation. Lf the patient requires 
lifelong clopidogrel (Piavix), there will be an increased risk of 
bleeding. 17 Patients are required by federal guidelines to be 
reevaluated on a ye.arly basis. At any reevaluation, the patient's 
cardiac status should be routinely reviewed and updated. 

A full physical exanlinadon should be completed. Renal 
patients are at increased risk for cerebrovascular events18

; there
fore, if carotid bruits are discovered, patients should be screened 
for significant carotid stenosis. Atrial fibrillation can also be 
discovered on physical examination. The femoral, dorsalis pedis, 
and posterior tibial arteries should be palpated and any bruit~ 
documented. If the pulses are abnormal, or the patient has 
undergone previous amputation for vascular disease, noncon
trast abdominal and pelvic CT scans should be obtained to assess 
the level of peripheral vascular disease. lliac inflow might be 
significandy compromised, which would prevent the patient 
from having a successful outcome. If inflow is compromised, 
then one can consider whether a revascularization is warranted 
prior to or at the time of transplantation.19 

Kidney organs can be obtained from living or deceased 
donors. The demand for kidney transplant and appropriate 
organs has continually increased given the increase i11 the burden 
of ESRD. Although living related donor (LRD) and living 

unrelated donor (LURD) numbers have increased in recent 
years, expanding the deaased donor pool is crucial. [n 2003, 
the National Organ Breakthrough Collaborative was launched. 
The intent of this national effort was to increase the conversion 
rate (number of families consenting to donation i.n appropriate 
potential donors) ro 75%. An update in 2005 sought ro increase 
donors organs further by increasing the average organs 
transplanted/donor to 3.75.l0 Deceased donor kidneys are 
placed in three broad categories: extended-criteria donor (ECD), 
standard criteria donor (SCD), and donor after cardiac death 
(DCD). As part of the effort to increase the pool of potential 
kidney organs, an emphasis was placed OJJ ECD and DCD 
kidneys. In the past, these donor organs had a high rare of 
discard and there were no uniform DCD policies across the 
country. ECD kidneys are obtained from donors older than 60 
years or from donors aged 50 to 59 years with at least two of 
the foUowing criteria: cerebrovascular accident as cause of 
death, terminal creatinine higher than 1.5 mg/dL, or a history 
of hypertension. Kidneys from donors meeting the criteria for 
ECD have a 1.7 relative risk of graft loss when compared with 
kidneys from other donors? ' However, recipients of ECD 
kidneys clearly have a survival benefit when compared with 
those remaini11g on the waiting list.~~ 

In regard to donation after cardiac death, d1e health care 
team determines that the patient is unlikely to make a reasonable 
recovery and d1e patient is being maintained on mechanical 
ventilation. If the fan1 ily is interested in organ donadon, a 
request is made to consider donation afrer cardiac death. If the 
fanilly consents, d1e ventilator is disconnected in the operating 
room or .intensive care unit. [f the heart stops within a desig
nated time frame, whicl1 depends on the organ to be procured, 
the tcan1 waits several minutes to ensure cardiac standstill. 1he 
patient is then declared dead by the health care team (not a 
member of the organ recovery team) and the organs are procured 
en bloc. 

Living Donor selection 
The first successful living kidney donation was perfom1ed in 
1954. Since that time, data continue to show that Living kidney 
donation provides the best graft and patient survival results.23 

Donors may or may not be genetically related to their intended 
recipient. [n some cases, living donors are anonymous. There are 
now reports of extended altruistic donor chains. In d1csc cases, 
an initial donor-recipient pair carmot go forward with transplan
tation usuaUy because of ABO incompatibility or sensitization 
of tl1e recipient. A reciprocal exchange with another incompat
ible pair allows for a domino transplantation, witlJ multiple 
exchanges with as many as 10 kidney transplant chains reported.21 

The 5-year survival of an unrelated kidney transplant is the sanJe 
as that from a related donor. lnterestingly, the outcome from a 
completely mismatched donor and one wbo is haploidentical is 
also similar. 1he underlying premise of Living donation is thar 
the donor will not suffer any medical consequences from the 
donation and has minimal surgical risk. 

Currently accepted eligibility criteria include the following: 
age, 18 to 70 years, BMl less than 35, no cancer or active infec
tion, and adequate renal function. ABO compatibility is also a 
consideration. However, recipiems can undergo desensitization 
protocols and transplantation can be performed across ABO 
barriers. 1l1e donor should be informed in tl1ese circumstances 
of an. increased risk of rejection of the kidney by the recipient. 
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BMI > 40 
Diabetes 

Contraindic~tions. to .. livi~1g : Kidney Donation 

Active malignancy 
HIV-positive 
GFR < 70 
Significant albuminuria 
Hypertension requiring multiple medications 
Pelvic or horseshoe kidney 
Significant psychiatric impairment 
Nephrolithiasis with a high chance of recurrence (cystine, 

struvite) 

1l1ere is some individual variation among transplamation centers 
concerning acceptable GFR or BMI values. Relative contraindi
cations i11clude renal stones, impaired glucose tolerallce, with a 
family history of type 2 diabetes, GFR of70 to 80, hypertension, 
alld BMI higher than 35. Absolute cootraindications arc listed 
u1 Box 28-2. For screening, all donors should have a thorough 
history and physical exan1ination completed. Potential donors 
should be asked about nonsteroidal allti-inflammatory drug 
(NSAID) use in addition to questions about any medical ill
nesses. Potential donors should be made aware of the need to 

be away from work for a period of tiJne and their willingness to 
donate free of coercion should be ascertaiJ1ed. An ECG and 
chest x-ray should be obtained. Routine laboratory work should 
include urinalysis, complete blood count (CBC), liver function 
tests, determination of creatinine {Cr) Level, wi th estimated G FR 
(eGFR), lipid profile, microalbumiJ1 level, and oral glucose col
crane test. Prostate-specific al1tigen (PSA) levels should be 
obtained in men. Mammograms and Pap smears should be 
obtained in women of appropriate age. Radiographic evaluation 
of the allatomy of the renal arteries, veiJ1S, alld collectiJ1g system 
should he performed alld can be done via compuced tomogra
phy (CT) angiography, magnetic resonance imaging {MRI), or 
arteriography, based on local expertise. In addition, all donors 
must be evaluated by all independent donor advocate (IDA). 
The IDA is not influenced by a relat ionship with the intended 
recipient or the transp.lantation center. The donor and recipient 
pair must also adl1ere to the National Orgall TrallsplalH Act of 
1984, which stat:es that "It is unlawful for all}' person to know
ingly acquire, receive, or otherwise transfer any humal1 organ 
for valuable consideration for use in lmrnall transplantation." 
Mal1Y tral1splantation centers ask potential donors to undergo a 
psychological or psychiatric evaluation. 

Potential donors should be informed that the risk of peri
operative mortal:ity, regardless of surgical technique, is approxi
mately 0.03%.23 Matas and colleaguei 5 have surveyed 234 
United Network for Organ Sharing (UNOS)-Iisted kidney 
transplantation programs alld found that reoperation is required 
in 0.4% of patients undergoing open nephrectomy, l.O% in 
halld-assisted laparoscopic nephrectomy, alld 0.9% in totallapa
roscopic nephrectomy. 

Donor nephrectomy may be performed via open or lapa
roscopic techniques. The open technique is performed tluough 
a flank incision. Currently, over 50% of the donor nephrectomy 
procedures in the United States are performed laparoscopically. 
1l1ere are variations in tl1e technique of Laparoscopic donor 
nephrectomy. Some centers use a band-assisted approach whereas 

others perform the procedure entirely laparoscopically and make 
a Pfannenstiel incision to retrieve the kidney. Some centers 
perform a single-incision donor nephrectomy alld dissect the 
renal hilum using instruments placed through a GdPort, which 
is ultimately tl1e site of kidney retrieval. If Lmexpected anatomy 
or bleeding is encoumered, ir is imporralH ro convert ro open 
techniques promptly to prevent any donor complications or 
prolonged surgery. 

Laparoscopic Surgical Technique 
'The right or left kidney can be procured laparoscopically. The 
left renal anatomy is generally preferred because the renal vem 
is longer. Many srudies have shown that tbe right kidney can be 
procured safely.'3 A left kiru1ey dissection is described here 
because it is more commonly done. A 5-mm entry site is placed 
in the left lower quadrant and a Veress needle is used to insufflate 
the abdomen to a pressure of 10 to 15 mm Hg. A 12-rnm port 
is placed at the umbil icus. Two addi tional 5-mm ports are 
placed , one at the left costal margin al1d the last in th<:> midaxil
lary w1e to retract the kidney. 

The left colon and splenic flexure are taken down at the 
line ofToldt with the harmonic scalpel. The ureter and gonadal 
vein complex are identified at the pelvic brim alld isolated from 
surroundiJ1g tissue. The renal vein is identified by following the 
gonadal vein to its entry point. The artery is identified and 
lymphatic tissue overJying the artery and vein is divided usu1g 
tl1e harmonic scalpel. 

1l1e adrenal gland is visualized at the upper pole of the 
kidney and divided from that site. The adrenal vein is dissected 
free from surrou11ding tissue alld transected. The kidney is 
retracted medially and the posterior alld lateral attachments 
outside of Gerota's fascia are divided with the harmonk scalpel. 
A Pfalmenstiel iJlcision is made approxinlately three finger
breadths above the pubis. 1l1e rectus abdominis muscles are split 
at the midline alld a purse-stri11g 0 Vicryl suture is sewn in the 
peritoneum. Electrocautery is used to enter the peritoneum and 
all Endo Catch bag is introduced for retrieval of the kidney. The 
ureter alld gonadal vern are transected witl1 tl1e linear endo GIA 
white load stapler at tl1e pelvic brim. 1l1e artery is isolated and 
divided with an endo GIA white load linear cutting stapler. l he 
vern is also divided using the endo GIA stapler. The kidney is 
placed in tl1e Endo Catch bag, brought out through the Pfan
nenstiel u1cision, and given to the recipient surgeon for 
flushing. 

Open Surgical Technique 
1l1e patien t is placed in the lateral decubitus position. A subcos
tal incision is made from the tip of the 12d1 rib anteriorly, 
extending approximately 10 to 12 em. The latissrn1us do.rsi and 
posterior serratus are divided. The external and ulternal oblique 
muscles are divided, starting at d1e posterior border. The retro
peritoneal space is exposed alld Gerota's fascia is identified. The 
12th db may need to be resected to allow for better exposure. 
However, this will rncrease the risk of a postoperative pneumo
thorax (U.U~%).25 Gerota's fascia is then incised . The ureter is 
identified and dissected down to the iliac vessels, at which point 
it is dipped al1d divided, preserving an appropriate lengd1 for 
subsequent tral1splanration. Tissue overlying the renal artery and 
vern .is identified and divided. At this poult, the kidney is iso
lated on its vascular pedicle. W hen cl1e recipient team is ready, 
a right allgle clamp is placed on the renal artery alld the artery 
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is ruvided. A Satinsky damp is placed around the inferior vena 
cava for a right nephrectomy or on the renal vein for a left 
nephrectomy. l11e renal vein is divided and the kidney is given 
to the recipient team. TI1e renal artery stump is then suture
ligated. TI1e renal vein stump is oversevm with 5-0 Prolene 
surures in a running fashion. 

Postoperative Care and Follow-Up 
Postoperatively. d1e patient shottld be kept well-hydrated and 
carefitl attention paid to urine output. The diet can be advanced 
quickly in open or laparoscopic cases. The most common com
plications include urinary retention and ileus. Other less 
common complications include bleeding, deep venous throm
bosis or pulmonary embolus, rhabdomyolysis, and injmy to the 
bowel, bladder, or spleen. Patients who undergo laparoscopic 
donor nephrecwmy tend to have shorter hospital stays (2 to 4 
days) compared wim patients who have undergone open 
nephrectomy (3 to 7 days)?3 

1l1e long-term consequences of kidney donation have been 
carefully reviewed. However, a long-term donor registry bas still 
not been created. Survival and the development of end-stage 
kidney disease do not appear to be affected by living donation. 
In a study of3698 kidney donors from 1963 to 2007 at a single 
center, it was shown mat end-stage renal disease (ESRD) devel
oped in 180 ca~es/million persons/year in donors compared with 
268 cases/million persons/year in the general population.26 

Scores of physical and mental health in this population were 
significantly berter man those of the general u.s. population. 
In summary, living donation is a safe proced me that does not 
adversely affect the future health of carefully screened people. 
Previous living kidney donors enjoy an excellent quality of life 
and t11e rate of change in GFR has not been found to exceed 
that of me general popttlation. 

Deceased Donors 
As noted earlier, organs are procured from standard criteria or 
extended-criteria donors. Procurement occms after declaration 
of deam, either brain death (Box 28-3) or cardiac deam. The 
University of Wisconsin has created a tool to determine the 
likelihood of progression to cardiac death to allow centers to 
inform fanlllies bener (Fig. 28-2)Y A complete neurologic 
examination must first be completed when the patient has a core 
temperature above 32• C and there is no evidence of drug 
intoxication, poisoning, or nemomuscular blocking agents. 
There can be no oilier medical conditions that could confound 
the clinical assessment, such a~ severe electrolyte, acid-base, or 
endocrine d isturbances or hypotension. A complete clinical neu
rologic examination includes docLtmentarion of coma, the 
absence of braiJlStenl reflexes, and ap11ea. Confirmatory testing 
is also completed, as outlined in Box 28-3. 

A careful medical and social history is obtained from the 
medical record and fami ly. Potential donors are excluded if 
there is active infection or maHgnancy. Renal function and 
urine output are assessed. If a donor has high-risk behavior, as 
defined by the Centers for Disea~e Control and Prevention 
(CDC) for transmission of HTV, the donor may need to be 
excluded from consideration (Box 28-4). When managing a 
donor, it is important to monitor urine output carefully. Vaso
pressin may need to be given if djabetes insipidus develops. 
Many organ procurement specialists adm inister hormonal 
therapy to stabilize the donor after the catecholamine release 

Cerebral Angiography 
The contrast medium should be injected under high pressure 

in anterior and posterior ci rculation. 
No intracerebral filling should be detected at the level of entry 

of the carotid or vertebral artery to the skull. 
The external carotid circulation should be patent 
The filling of the superior longitudinal sinus may be delayed. 

Eledroencephalography 
A minimum of eight scalp electrodes should be used. 
lnterelectrode impedance should be between 100 and 

1o,ooo n. 
The integrity of the entire recording system should be tested. 
The distance between electrodes should be at least 10 em. 
The sensitivity should be increased to at least 2 ~tV for 30 min 

with the inclusion of appropriate calibrations. 
The high-frequency fi lter setting should not be set below 30 Hz 

and the low-frequency setting should not be above 1 Hz. 
Electroencephalography should demonstrate a lack of reactivity 

to intense somatosensory or audiovisual stimuli. 

Transcranial Doppler Ultrasonography 
There should be bilateral insonation. The probe should be 

placed at the temporal bone above the zygomatic arch or 
the vertebrobasilar arteries through the suboccipital tran
scranial window. 

The abnormalities should in dude a lack of diastolic or reverber
ating flow and documentation of small systolic peaks in eariy 
systole. A finding of a complete absence of flow may not be 
re liable because of inadequate transtemporal windows for 
insonation. 

Cerebral Scintigraphy (Tc-99m Hexametazime) 
The isotope should be injected within 30 min after its 

reconstitution. 
A static image of 500,000 counts should be obtained at several 

time points-immediately, between 30 and 60 min later, and 
at 2 hr. 

A correct IV injection may be confirmed with additional images 
of the liver demonstrating uptake (optional). 

From Wijdicks EF: The diagnosis of brain death. N Engl J Med 344:1215- 1221, 2001. 

that is common in acute brain death.28 This catecholamine 
release can result in significant decrease in thyroid hormone, 
cortisol, and insulin levels. 

Kidney Procurement and Preparation 
The retroperitoneum is fully exposed. 1he ureters are identilied 
and divided as close to the bladder as possible. W hen procuri11g 
the right kidney, it is important to preserve me vena cava cuff 
so t11at the renal vein can be lengmened, if needed, to facilitate 
the recipient operation. 

O n the back table, Gerota's fascia is removed. 1l1e renal 
artery and vein are identified. 1l1e ureter is idem ified and the 
periureteric tissue is preserved, as well as the tissue along ti1e 
lower pole of me kidney, to prevent ureter ischemia. If any lower 
pole renal arteries are identified, these must be reconstructed to 
ensure adequate blood supply to ti1e ureter. 
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DCD TOOL SCORE 

Points Expiration in Expiration in 
<60 minutes <120 minutes 

7-11 4-24% 1Q-40% 

12-17 34-87% 51-91% 

18-23 92- 98% 94- 98% 

UW DCD EVALUATION TOOL 

Criteria Assigned Points Pt. Score 

Spontaneous Respirations After 10 min. -
Rate >12 1 

Rate <12 3 

TV>200 cc 1 

TV <200 cc 3 

NIF >20 1 

NIF <20 3 

No Spontaneous Respirations 9 

BMI 

<25 1 

25-29 2 

>30 3 

Vasopressors 

No Vasopressors 1 

Single Vasopressor 2 

Multiple Vasopressors 3 

Patient Age 

o-30 1 

31-50 2 

51+ 3 

Intubation 

Endotracheal tube 3 

Tracheostomy 1 

Oxygenation After 10 minutes 

02 Sat>90% 1 

02 Sat 80-89% 2 

02 Sat<79% 3 

Rnal Score 

Date of Extubation Time of Extubation 

Date of Expiration Time of Expiration 

Total Time 

FIGURE 28-2 Tool for predicting progression to cardiac death (Adapted from Lewis J, Peltier J, Nelson H, et al: Development of the University 
of Wisconsin Donation After Cardiac Death Evaluation Tool. Prog Transplant 13:265-273, 2003.) 
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• Men who have had sex with another man in the pr&eding 
5 yr 

• Persons who report nonmedical IV, IM, or subsequence injec
tion of drugs in the preceding 5 yr 

• Persons with hemophilia or related clotting disorders who 
have received human-derived clotting factor concentrates 

• Men and women who have engaged in sex in exchange for 
money or drugs in the preceding 5 yr 

• Persons who have had sex in the preceding 12 mo with any 
person described in items 1 to 4 above or with a person 
known or suspected to have HIV infection 

• Persons who have been exposed in the last 12 mo to known 
or suspected HIV-infected blood 

• Inmates of correctional systems 

"for transmission of H IV, according to the Centers for Disease Control and 
Prevention. 

_Table 28-3 Composition of V~span Preservation Solution 
UNIVERSITY OF WISCONSIN (UW) 
SOLUTION (VIASPAN) CONCENTRATION 
lactobionic acid 100 mmol/liter 

KOH (5 M) 20 ml 

NaOH (5 M) 5 ml 

Adenosine 5 mmol/liter 

Allopurinol 3 mmol/liter 

KH2P04 25 mmol/liter 

HES 5 !flo 

Glutathione 3 mmol/liter 

Raffinose 30 mmol/liter 

MgS04 5 mmol/liter 

Insulin 40 U/liter 

Dexamethasone 8 mg/liter 

Bactrim 2 ml/liter 

Preservation and Storage 
Once the kidneys are procured, they must be transported to the 
respective t ransplantation centers by the organ procurement 
organization (OPO). During this time, the kidneys experience 
changes because of cold ischemia. The goal of preservation is to 
extend the period of organ viability. Delayed graft function 
(DGF) significantly increases at 24 hours. Various preservation 
solutions have !been developed over the years. The predominant 
storage solution used in the United State is Viaspan (DuPont 
Pharma, Dublin). 1he composition of Viaspan is shown in 
Table 28-3. 

Kidneys may be stored in a static cold solution. However, 
there is increasing evidence supporting the use of pulsatile 
machine perfusion in the preservation of kidJ1eys. Using this 
technology, flow is maintained throughout the kidney and vaso
constriction can be minimized. A recent study by Mom and 
associates29 has shown d1at machine perfusion significantly 
decreases the risk of DGF and the recipient's Cr level 

is significantly lower for the first 2 weeks foUowing transplama
tion. Interestingly, tl1ere was no difference seen when a subgroup 
ru1alysis of DCD, ECD and SCD kidneys was completed. 
However, if DGF did develop, the duration was 3 days shorter 
in machine-perfused kidneys (10 versus 13 days; P= .04). 

Recipient Operation 
The kidney is usually placed in a retroperitoneal position iJl the 
recipient. The donor renal vein is anastomosed to the common 
iliac vein and tl1e donor artery is anastomosed to the recipient 
common or external iliac artery. lr should be noted that if the 
recipient has significant upstream iliac atherosclerotic disease, 
ellis may affect crru1splru1tation outcomes. 1he ureter is then 
spatulated and ru1 end-to-side anastomosis is completed to the 
bladder mucosa. A ureteral stent is placed, which is then removed 
4 to 6 weeks postoperatively. 

Postoperative Surgical Complications 
The overall rate of technical complications in kidney transplan
tati011 is low (S% to 10%). Most complications present as a 
sudden decrease in urine output. However, some recipients expe
rience DGF, so urine output is not a reliable marker of a surgical 
complication. Daily monitoring of serum Cr ru1d hemoglobin 
levels is crucial in tl1e first days following kidney transplantation. 
Other parameters such a~ ~-microglobulin ([32M) can also be 
helpful to differentiate early rejection from a surgical com
plicat ion. The most common surgical complications are 
outlined here. 

Hemorrhage 
[f the kidney transplru1t was placed in the re troperitoneal space 
ru1d no window was created to the peritoneal cavity, bleeding 
will be limlted. Patients will commonly present wicl1 the acute 
onset of Aank pain and there may be a palpable ma~s at the 
incision site. An acute decrease in hematocrit or hemoglobin 
level may also be seen. Because of compression of the kidney 
parenchyma, patients will sometimes present witl1 hypertension 
rather thru1 expected hypotension . Mru1y patients are on beta 
blockers, so tachycardia is also not a reliable sign. The patient 
must be examined and a high clinical suspicion shoLJd be main
tained. Risk factors include obesity, antiplatelet agents, and aJJti
coagulation.30 An ultrasound can be helpful if time permits. 
Often, tl1e bleeding site cam1ot be identified and evacuation of 
a large hematoma is completed. The kidney should be biopsied 
because hyperacute rejection can lead to kidney swelling and 
disruption of the parend1yma a~ tl1e cause of the bleed (Fig. 
28-3). 

Venous Thrombosis 
Venous thrombosis occurs in O.So/o to 4% of eases and usual!)! 
presents within the first week postoperatively.31 The patient may 
develop sudden hematuria or decrease in urine output. Ultra
sound confirms the diagnosis. 1he transplru1ted renal vein nl.igbt 
be kinked at tl1e time of the original procedure because of com
pression in tl1e retroperitoneal position or possibly external com
pression for a lymphoccle or hematoma. Dialysis patient.~ also 
have a high incidence of hypercoagulable states. A preoperative 
hypcrcoagulable workup should be completed if the patient 
reports multiple dialysis access thromboses, especially of native 
fistulas. a history of deep venous thrombosis or pulmonary 
embolus, or a ll.igh incidence of miscarriages. 1he graft is usually 
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FIGURE 28-3 Acute rejection causing kidney parenchymal disruption 
and hemorrhage. 

unable co he salvaged. There are case reports of salvage if che 
pacienc is able co be taken to the operaacing room (OR) wiclun 
the hour after the diagnosis.31 However, this is rare, and usually 
a transplant nephrectomy is required. 

Arterial Thrombosis 
'This is a rare complication, occurring in less than I% of cases. 
1l1e patient may have sudden cessation of urine ourpur, or c:he 
failure of the !32M levels to decrease post-transplantation may 
herald the probl.em. Ultrasound is diagnostic. Jf there is normal 
anatomy and a single renal artery, the chance of salvage is 
minimal. The kidney wil l not tolerate warm ischemia and a 
transplant nephrectomy is warranted. Ln rare cases, if a segmen
tal artery or upper pole branch is a.ffected, the remaining renal 
mass may be able to sustain the patient for a period of time. 
However, if a lower pole artery is thrombosed, the ureter becomes 
ischemic and a urine leak may develop from ureteral necrosis. 

Arterial Stenosis 
Stenosis of d1e renal artery is a late complication. The .incidence 
varies from 1% to 23%. Patients usually present with an asymp
tomatic rise in 11:he creati11ine level. Some may have bilateral 
lower extrenliry edema and worsetling hypercension. MRI or CT 
angiography (CTA) can be performed to confum the diagnosis. 
Patients may have upstrean1 iliac disease, which will mimic 
transplantation renal artery stenosis because the transplant is still 
ischemic. Many modalities can be used ro treat the stenosis. If 
the native iliac artery is diseased, balloon angioplascy can be 
successful. Figure 28-4 demonstrates native iliac artery athero
sclerotic disease. ln this case, the renal artery was anastomosed 
co the recipient's hypogastric artery at the initial operation 
because of native ad1erosclerotic disease. Balloon ru1gioplascy of 
transplantation renal artery stenosis has success rates ranging 
from 20% to 80%. Another alternative is using an ABO
compatible deceased donor iliac artery as a bypass graft from che 
native iliac artery co a point beyond the renal artery scenosis.3J 

Urologic Complications 
1l1e blood supply to the ureter comes from a number of sources, 
including che gonadal artery, superior and irlferior vesicular 
arteries, and common iliac and hypogastric arteries. During 

FIGURE 28-4 Angiogram demonstrating native iliac disease limiting 
arterial inflow to the transplanted kidney. 

FIGURE 28-5 Ultrasound demonstrating hydronephrosis. 

procurement of che donor kidney, it is importrult co avoid injur
ing the periureteric tissue in the golden triru1gle-an ru1atonlic 
area defined by the renal artery, lower pole of the kidney, ru1d 
ureter. Approximately 15% co 20% of donors have a lower pole 
renal artery chat is a major source of arterial inflow co the ureter. 
Complications of the ureter include leak, obstruction, ru1d/or 
stenosis. Stenosis may occur early or late ru1d occurs in 2% to 
15% of rccipients.34 Early in the course of transplru1tation, ste
nosis may be caused by extrinsic compression from a lymphocele 
or acuiCe ischemia. Polyoma BK virus is a cause of lace multiple 
strictures. Patients usually present with ru1 asymptomatic rise in 
creatinine levels. If a leak is preseJ1t, patients may report signifi
cant pelvic pain. If the diagnosis is obstruction or stenosis, an 
ultrasound wiU demonstrate hydronephrosis (Fig. 28-5) and 
may also reveal a lymphoccle obstructing the ureter. 1l1e acute 
obstruction can be relieved by placing a percutaneous nephros
comy tube. A more definitive study cru1 then be performed to 
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FIGURE 28-6 Percutaneous nephrostogram demonstrating 
obstruction. 

demonstrate the exact location of the obstruction (Fig. 28-6). A 
very short distal obstruction or stenosis can be repaired by reim
planting the UJieter. A long stricture or very proximal stricture 
wi ll need to be repaired by performing an ureteropyelostomy 
and using the native ureter. It is very imponant to determine 
that the patient has a normal native ureter prior to dus 
reconstruction. 

Urine Lcalk can also develop. This occurs in 1 o/o of cases 
overall, but accounts for 25% of al l urologic complications.:!4 

Patients presen.t wid1 pain and swelling at the transplant sire, 
usually wi thin the fi rst week after transplantation. The creatinine 
level is also elevated. The diagnosis can be made by aspirating 
me perinephric fluid and checking d1e creatinine level. A nuclear 
medicine scan can also be performed. Delayed images will reveal 
d1e urine leak when d1e contrast is seen ourside d1e bladder. 
Placement of a double J stent at the time of transplantation may 
decrease the risk of this complication. Graft loss is rare with 
urologic complications. 

Lymphocele 
During me routine recipient operation, me lymphatics overlying 
me iliac vessels are divided. Approximately 1 o/o to 18% of recipi
ents can develop a lymphocele when these lymphatics leak.:1° 
Careful ligation ar the rime of transplantation can help decrease 
me incidence of tlus complication, bur it does not completely 
eliminate me risk. Many lympboceles are asymptomatic. 
However, some patienrs may present wi th a swollen leg and 
increased creatinine levels because of compression on the iliac 
vein or transplanted ureter. CT is diagnostic (Fig. 28-7). The 
treatment of symptomatic lymphoceles is Sltr!,>ical, with a peri
toneal commumication being established by an open technique 
or laparoscopicaUy. Percutaneous aspiration has poor resulrs with 
a high rate of recurrence and also carries the risk of infecting the 
fluid collection. A large single-center study at the University of 
California San Francisco has compared d1e two techniques.35 

The recurrence rate after surgical repair was 6.7% overall, regard
less of technique. With me open technique, a large peritoneal 
window can be created. However, laparoscopic techniques have 

FIGURE 28-7 a scan demonstrating a lymphocele. Yellow arrow, 
kidney transplant; white arrow, lymphocele. 

been successful, wid1 less poswperative pain and a slight decrease 
in length of hospital stay. Care must be taken not to injure d1e 
transplanted ureter when creating a window using eicl1er tech
nique. There has been an increased risk of this injury with lapa
roscopic methods. The lymphocele Auld should be sent for 
creatinine level determination at d1e time of surgery to ensure 
that there is no occult urine leak. 

Infections 
Infectious complications are common following transplantation, 
mainly because of dJe use of inll1llU10SUppressive merapy. Up to 
~Oo/o of redpienrs experience a urinary tract infection. ll1ere is 
a 1% to 10% chance of wound irlfections immediately following 
Sllfgery. As expected , diabetes, obesity. and rue use of steroids 
increases the risk. Viral iJJfecrions are also common in the first 
3 months following transplantation because this is when me 
patient is on me highest levels of maintenance inlmunosuppres
sion and d1e effects of induction therapy are the most pro
nounced. Common viral infections iJKiude cytomegalovirus 
(CMY), Epstein-Barr Virus (EBV), and polyomavirus BK
For this reason, many transplantation centers will treat 
patients in the early post- trru1splantation phase with antivirals, 
including gancid ovir, acyclovir, and valganciclovir. Another 
common opportunistic infection is Pneumocystis jiro11eci, and 
tri.med10prim-sulfamethoxazole (Bactri.m) or pentamidine is 
used as prophylaxis. 

Outcomes 
Transplantation offers patienrs a better quality of life when com
pared with dialysis. It is also a cost-effective form of kidney 
replacement therapy associated with improved survival, espe
cially if the patient can be transplanted prior to the i11itiation of 
dialysis.16 As noted by Womer and Kaplan,l0 d1e number of 
deceased donor kidneys has increased over me last decade_ 
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Table 28-4 Kidmey Graft Survival (years)_ 
Survival (%) 

DONOR 5 10 

Deceased donor, non-ECD 91.7 70.4 43.7 

ECD 84.8 54.8 26.3 

Living donor 95.7 80.8 57.9 

From U5. Departmellt of health and Human Services: OPTN/SRTR annual report. 
2009 (http:f /www.ustransplantorg/annual_repo~/currentfdefaulthtm). 

Living donation bas remained relatively stable. Pariem survival 
is excellent at l year, wid1 LRD recipients having a survival rate 
of 98% and recipients of decea5ed donor kidneys having a sur
vival rate of 95%. At 5 years, recipients of LRD or LURD 
kidneys have a survival rate of 90%, which exceeds that of 
non-ECD recipients, whose mrvival rate is 83%. Recipients of 
ECD kidneys have a 5-year survival rate of 69%. These figures 
can be affected by recipient selection. Grafe survival is shown in 
Table 2R-4. The most common cause of graft loss is progressive 
interstitial fibrosis that ultimately leads to kidney failure. 

PANCREAS TRANSPLANTATION 
Diabetes is a major health concern in the United States and is 
the single leading cause of ESRD. Diabetic retinopathy is a 
leading cause of blindnes.~. IJl 1999, the American Diabetes 
Association clinical glddelines advocated whole-orgru1 pancreas 
trru1splanration as a viable trearment option for type l diabetes. 
1l1e guidelines state that "pancreas transplantation should be 
considered an acceptable therapeutic alternative to continued 
insulin therapy in diabetic patients witb inmlinent or established 
ESRD who have had or plan to undergo kidney transplantation, 
because the successful addition of a pancreas does not jeopardi7.e 
patient survival, may improve kidney survival, and will restore 
normal glycemia" (www.guideline.gov). In the 2004 Inter
national Pancreas Transplant Registry, over 23,000 pru1ereas 
trru1splanrs were performed worldwide. Successful pru1ereas 
transplantation cru1 improve the quality of life of patients with 
type l diabetes by eliminating the need for frequenr glucclSe 
monitoriJ1g and decreasing the need for strict dietary monitor
ing. ln addition. patients and their families no l.onger need to 

monitor for life-·chreatening hypoglycemic events. 
The history of pancreas trru1splantation has been marked 

by the limitations of surgical complications ru1d rejection. In d1e 
early era of pancreas transplantation, 25% of grafts were lost 
because of tcclmical issues. With in1provemcnts in recb11ique 
ru1d immunosuppression, 1-year patient survival for pru1creas 
alone and simultaneous kidney and pru1ereas {SPK) transplanta
tion is over 95% in d1e current Scientific Registry ofTransplant 
Recipients (SRTR) report ru1d 1-year pancreas graft survival i.~ 
86o/o for kidney-pancreas transplantation national1y.36 Patients 
who undergo SPK transplantation have better renal graft func
tion when compared with patients receiving a kidney alone, 
without an increase in surgical complications.3~ 

Patient Selection 
Patients requiring pru1creas transplantation are usually type 1 
diabetics with a dear C-peptide deficiency. Given that insulin 
therapy can mitigate the complications of hyperglycemia, 
patients who are accepted as trru1splruu recipients must balance 

the effects of lifelong immunosuppression ru1d potential surgical 
risk with the opportunity to improve their quality of life and 
perhaps decrea~e the progression of microvascular complica
tions. Patients may undergo SPK trru1splantation, pancreas 
transplantation alone (PTA), or pancreas transplantation follow
ing kidney rransplanrarion from a different donor (pancrea~ after 
kidney [PAK]). For patients choosing PTA, there should be clear 
documentation of significrult hypoglycemic events as well as 
stable renal function. Because patients will require calcineuriJ1 
inhibitor therapy after PTA, a GFR higher than 70 to 80 and 
less than l g of proteinuria is required iJ1 our program. In addi
tion, these patients should be iJlformed that PTA has been 
shown to be an iJ1dependenr risk factor for renal failure.38 In 
PAK candidates, a GFR higher than 50 is reqLdred to maintaiJ1 
renal function, with a temporary increa5e in immunosuppres
sion. Patients with minimal secondary complications are d1e best 
candidates for pancreas transplantation. However, it has been 
shown that many of cl1e secondary complications of diabetes are 
ameliorated by a constant euglycemic state.39 

Diabetes is a major risk factor for atherosclerosis, so careful 
screening for cardiac disease ru1d peripheral vascular disease is 
neces.~ary. Cardiova~cular disease is rl1e leading cause of death 
among type 1 diabetics. The evaluation of d1e cardiac reserve of 
a pru1Creas trrulsplantation cru1didate is controversial. Bates and 
coworkers~0 have shown that noninvasive studies in this patient 
population are notoriously unreliable. Although concerns about 
preserving renal fllllction are important, correcting cardiac 
lesions prerrru1splamation is paramount to a successful outcome. 
Given d1e burden of disease in this population, cardiac catheter
ization is recommended for evaluation. A careful physical exami
nation., paying particular attention to the peripheral dorsalis 
pedis and posterior tibial pulses, and the presence of carotid 
bruits, can help determine whether furd1er screening studies are 
required. 

ll1ere have been case reports of patients with type 2 diabe
tes who have undergone pru1creas transplantation with successful 
outcomes. In a study at the University of Minnesota, 17 patients 
underwent SPK, PAK, or PTA transplantation for type 2 diabe
tes. The average age at onset of diabetes was 35.7 and the BMI 
at t ime of transplant was 27. In this cohort, d1ere was one early 
death. Four patients died, with a mean of 2.2 years from the 
time of transplantation to death. 1l1.ree of these patients were 
insulin-independem at the dme of death ru1d 11 of the 12 
remaining patients have remained insulin-free.41 In select 
patients, pancreas transplantation may be a reasonable treatment 
for insulin-resistant diabetes. 

Pancreas Donor 
1here are no clear-cut chemical criteria for the evaluation of a 
pancreas donor. A clil'tical judgment must be made at the time 
of procurement to determlne the quality of the pancreas. The 
ideal pancreas is neither fatty nor edematous (Fig. 28-8). Pan
creas transplru1tation can be safely procured from donors after 
cardiac death, with outcomes similar to donation after brain 
death. In DCD, I recommend warm ischemia times ofless than 
45 mimutes.39 llJc ideal age range is 10 to 45 minutes. Because 
of the increased risk of graft thrombosis, leaks, and decrea~d 
survival, caution should be used when using orgru1s from older 
donors.40 Pediatric donors cru1 be safely used. In a study at the 
University of Wisconsin, there were 142 pancreas donors 
younger d1an 18 years. 1l1e average donor weight was 24.5 ± 
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FIGURE 28-8 Photograph of the ideal pancreas for transplantation. 

5 kg. 1l1e aggregate outcome in the pediatric donors is com
pared with that of adult donors in Table 28-5. The lower limit 
of age in this study was 3 years old and the lower weight limit 
was 25 kg.4.' 

Pancreas Procurement, Preparation, 
and Transplantation 
During procurement, minimal handling of the pancreas is 
optimal. A generous midline incision is made and a median 
sternotomy is accomplished. It is most common to procure the 
liver and pancreas en bloc and then separate the organs in ice to 
minimize war.m isd1emia time. The right and left colon are 
mobiJiz.ed and a Kod1er maneuver is carried out to free cl1e 
duodenum and head of cl1e pancreas. 'The gastrohepatic Ligan1ent 
is carefully inspected to identify a replaced left hepatic artery. 
The gastrohepatic Ligament is divided, as well as cl1e omentum, 
along the greater curvature of the stomach. Tile pancreas is 
visuallzed and inspected for fibrosis or masses. The splenic 
attachments arc freed and the tail of the pancreas is mobilized 
from its attachments, taking care to stay away from the pancre
atic parenchyma. The left gastric artery is Ligated and divided. 
The pancreas is mobi.llzed to the level of the vena cava. The 
bowel mesentery is ligated and divided. Our center prefers silk 
ligantres racl1er cl1an stapled ligatures to ensure mar small mes
enteric vessels do not retract and cause a significant hematoma 
at the head of the pancreas transplant on reperfusion. The 
stomach is divided at the level of ilie pylorus using a TA stapler 
and the small bowel is divided using a GIA 55 or 75 stapler just 
distal to cl1e ligament ofTreitz. The superior mesenteric artery 
(SMA) root is identified. The aorta is cross-dan1ped and 2 liters 
of University o f Wisconsin (UW) solution (Viaspan) is flushed 
through the organs. The pancreas and liver block are removed. 

At the back table, the SMA is identified and care is taken 
to preserve a replaced right hepatic artery, if present. The splenic 
artery is identified and a small6-0 Prolene suture is used to mark 
cl1e splenic artery as it enters ilie pancreatic body. The splenic 
artery is then divided. Division of the portal vein must be done 
carefully to ensure adequate lengili for liver and pancreas trans
plant recipients. At least 1 em of portal vein shouJd be preserved 
for the pancreas anastomosis. Extension of the portal vein for 
pancreas transplantation results in an unacceptable risk of trans
plant thrombosis. 

O nce the pancreas and liver are separated, cl1e pancreas is 
bacl1ed in UW solution and furcl1er back table preparation is 
done. The spleen is removed from the tail of the pancreas. A probe 
is placed in the splenic artery and SMA to check patency. 'The 
duodenal segment is prepared. The segment is stapled wi cl1 a GIA 

Table 28-5 Pancreas Graft Outcomes 
Age (yr) 

OUTCOME <18 {N = 63) 

GFR 

5-yr Glc 

5-yr HbAlC 

5-yr kidney 

65.6 ± 16 

85.3 ± 13 

5.47 ± 0.98 

85.0% 

>18 {N = 237) 

58.3 ± 17* 

95.2 ± 29* 

5.86 ± 3.5' 

83.2% 

5-yr pancreas 85.3% 79.8% 

GFR, Glomerular filtration rate; Gk, glucose; HbA 1C, hemoglobin A 1 C. 

*P~ .002. 

'P=.013. 

55 stapler just distal to the pylorus, taking care to preserve the 
pancreatic duct drainage. The excess distal small bowel is also 
shortened using a GlA stapler. Bocl1 staple lines are oversewn 
using 3-0 silk in a Lembert fa~hion. 1l1e portal vein is dissected. 
There is usually one small peripancreatic venous branch that can 
he safely ligated and divided, cllereby lengcllening clle portal vein. 
1l1e splenic artery and SMA are clearly identified. The excess 
celiac plexus tissue between ilie arteries is carefuUy ligated and 
divided. Extreme care must be taken to prevent injury to the pan
creas at this point. Several figure-of-eight silk sutures are placed in 
iliis area to prevent bleeding after reperfusion. The vascular recon
struction is then completed. The Wac artery is used as a y-graftand 
an end-to-end anastomosis of clle external and imernal Hiac arter
ies to ilie pancreas splenic artery and SMA respectively is com
pleted using 6-0 Prolene sutures in a rwming fashion. 

The recipient is cllen prepared. A midline incision is made 
and the illac arteries arc exposed for systemic drainage. 1l1.e 
pancreas transplant is usually placed on the right side to prevent 
undue stretching of the venous anastomosis. For systemic venous 
drainage, the portal vein is anastomosed to the distal vena cava 
in an end-to-side fashion. The illac artery graft is sunLted to cl1e 
common iliac artery of rlle recipient. For portal drainage, cl1e 
donor portal vein is anastomosed to the recipient, proximal 
superior mesenteric vein. A path is created in cl1e small bowel 
mesentery so that clle arterial y-graft can be anastomosed to cl1e 
iliac artery, usua!Jy the right. 1l1e vascular damps are then 
removed. Slow sequential removal of the dan1ps is essential to 
prevent hematoma formation. 1l1e venous damp is slowly 
removed and venous bleeding is controlled. TI1e distal arterial 
damp is removed and hemorrhage controlled. The proximal 
arterial dan1p is removed. For enteric drainage of exocrine secre
tions" tbe bowel anastOmosis is then completed from the duo
denal transplant stump side to side to the recipient mid jejunum. 
If necessary, a Roux-en-Y drainage may also be performed, if 
needed, to prevent tension on d1e transplant duodeJlal stump. I 
prefer a band-sewn double layer anastomosis because stapled 
anastomoses are associated wiili an increased risk of bleeding. 
1l1e exocrine secretions may also be drained to the bladder. A 
4- to 5-cm cystostomy is made on the anterior dome of ilie 
bladder. A two-layer anastomosis is completed, wiili an outer 
layer of nonabso.rbable 3-0 or 4-0 sutures and the inner layer 
created using absorbable 4-0 to 5-0 sutures. 

After completion of ilie exocrine drainage anastomosis, 
another carefLJ inspection of ilie graft sbou]d be accomplished 
to identify any delayed bleeding that might have developed afrer 
warming of the transplant. 
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Drainage Techniques: Endocrine and 
Exocrine Secretions 

Bladder Drainage or Enteric Drainage 
Managing the exocrine secretions of the pancreas transplant 
remains a challenge. Many techniques have heen used over d1e 
years, including duct exclusion via injection, duct Ligation, and 
even open drainage to the peritoneal cavity. In the past. the 
duodenal stump was thought to be a cause for rejection and the 
size wa~ mi"nimized via a bunon technique, or the stump was 
eliminated altogether and a direct duct anastomosis was com
pleted. However, all these techniques were complicated by sig
nificant leak rates. The duodenal srump is now left imact and 
anastomosed to the bladder or bowel (see earlier). 

Bladder drainage offers the advantages of decreasing the 
risk of enteric content contamination from the native enterot
omy and allowimg monitoring of urinary amylase as an early 
diagnostic tool for determining transplant dysfunction or 
rejection. However, significant metabolic acidosis may develop, 
as well as urinary tract complications. There is a high inci
dence of urinary tract infections, dysuria, urethritis, and ure
thral disruption.39 Leaks can occur in the early postoperative 
course and patients may present with abdominal discomfort, 
or there may be an asymptomatic rise in the amylase or lipase 
level. Urinary anastomotic leaks are can be diagnosed with a 
bladder contrast CT with delayed images. If the CT scan does 
not show a significant amount of intra-abdominal Auid, a 
Foley catheter can be placed for 7 to lO days. In my experi
ence, a normal an1ylase level wicl1 normoglycemia represents 
clinical resolution of the leak and no further images studies 
are required. However, if a large amount of fluid is seen, the 
patient will require prompt laparotomy with consideration of 
transplantation pancreatectomy if tl1ere is significant compro
mise of the duodenal stump. 

Evidence ofbener outcomes has emerged after conversion 
of bladder drainage to enteric drainage in a subset of patients.43 

Given the good outcomes in patients who have undergone con
version of bladder to enteric drainage, and the fact that enteric 
drainage is more physiologic, i11terest was renewed in enteric 
drainage beginning in early 2000. Follow-up studies have shown 
that d1e enteric draiJ1age is not associated with significant 
increases i.n infection and, by using this tecbrtique, the complica
tions of bladder dtainage can be avoided. Currendy, d1e vast 
majority of pancreas transplantations are performed with enteric 
drainage of the exocrine secretions, wicl1 only 20% of programs 
reporting the use of bladder drainage to the International Pan
creas and Islet Transplant Association (IPITA) database. 

Systemic Drainage Versus Portal Drainage 
Hyperinsulinemia has been noted in pru1creas transplru1t recipi
ents who have systemic draiJ1age, Likely because of the loss nf 
the first-pass effect of hepatic degradation. Stratta and col
leagues~4 began tto champion portal drainage, whicl1 was pro
posed to be more physiologic ru1d would not resuJt b1 a 
proatherosclerotic state caused by hyperinsulinemia. In long
term studies comparing systemic drainage and portal dtainage, 
there ha~ been no dear advru1tage seen in portal drainage. 
Although theoretic.al concern exists abom acl1erosclerosis, no 
definitive metabolic advruuages of portal drainage have 
been proven. In a comprebensive review, Young noted that 
currendy, there is no incontrovertible evidence that systemic 

hyperinsulinemia is proad1erosclerotic, whereas recent metabolic 
studies on systemic drainage and portal drainage have shown 
cl1at there is no benefit to portal drainage.-14• At d1is point, the 
choice of systemic drainage or portal drainage lies witl1 the 
surgeon. 

Surgical Complications 

Leak 
Leak from the enteric anastomosis was the Acllilles heel of early 
attempts at pancreas transplantation. 'TI1e incidence varies from 
2% to 10%.45 Enteric leak presents with signs and symptoms 
similar to d1ose of b1testinal perforation, including abdominal 
pain, nausea and vomi.ting, fever, and tachycardia. Patients may 
have an elevated white blood cell (WBC) count, but this is often 
nonspecific because patients are receiving steroids. The amylase 
levels are not always affected. However, serun1 creatinine levels 
are ofren elevated and can signal ongoing infection. Tt is impor
taJ1t to note that as a consequence ofimmw1osuppression, trans
plru1t recipients may not display overt signs of brtection or leak, 
and a bigh b1dex of suspicion is critical for timely diagnosis and 
treatment. C linical suspicion may be sufficient to mandate reop
eration, but radiographic imaging can often provide conlirma
tory evidence in equivocal cases. The most useful imagb1g test 
in this setting is CT with oral contrast. Findings include free or 
loculated intraperitoneal Auid, extraluminal air, and contrast 
extravasation. 46 

Enteric leak almost always requires reoperation. Early leaks 
are most often anastomotic and treatment depends on the size 
of the leak and condition of the donor duodenum. Sin1ple 
oversewing may be sufficient for small leaks. [f part of cl1e duo
denum is compromised, that portion may be resected and d1e 
remaining duodenum shortened. 1f tl1e original anastomosis was 
performed in a side-to-side fashion, a Roux-en-Y Limb may be 
created to divert the intestinal stream away from the graft. In 
the case of significant leak witl1 sepsis or advanced peritonitis, 
or in the sening of devitalized tissue, graft pancreatectomy is the 
procedure of choice. 

Most leaks occur in the first several weeks post-transplan
tation. However, there is a subset of patients who experience 
leaks late in their trrulsplantation course. Predisposing factors 
include b.iopsy-proven rejection, CMV infection, blw1t abdom
inal trauma, ru1d obstructive uropathy. In a series of patients 
with bladder draiJ1age, 9 of25 cases ofleaks resolved with Foley 
catheter treatment only. Ln the remainder, direct suture repair 
or conversion to enteric drainage was successful.~? [n my experi
ence, when leak~ from the bladder ru1astomosis occur after I 0 
years, the duodenal stump cru1 be thin-walled and conversion is 
associated with a higher rare of aJla~tomotic leak from the 
newly created enteric anastomosis.3? 1hus, ] recommend that 
enteric cnnversion in transplrultation over 10 years be created 
with a Rottx-en-Y anastomosis to diverr tl1e intestinal srrean1. 
I also place periru1astomotic drains at the time of d1e 
conversion. 

Vascular Complications 
Thrombosis Graft thrombosis represents the most common non
immunologic cause of pru1creas traJ1splantation failure.49 AJ1 
analysis of UNOS data through June 2004 bas demonstrated 
graft loss rates caused by thrombosis ranging from 2.7% in 
bladder-drained SPK transplantation to 8% in enreric-draiJ1ed 
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PTA transplantation. The choice of exocrine drainage affected 
graft thrombosis rates only in SPK transplantation (2.7% for 
bladder drained versus 5.4o/o for enteric drained). Although 
thrombosis rates have improved considerably when compared 
with previous eras of analysis, it remains the most common cause 
of early technical graft loss. 

A number of risk factors have been identified for graft 
thrombosis. In the donor, advanced age, cerebrovascular cause 
of death, hemodynamic instabili ty, and massive resuscitation 
confer a high risk. Using a venous interposition grafr to extend 
the portal vein may also increase the risk for thrombosis.39 

Recipient factors likely also play a part in graft thrombosis. 
Coagulopathy related to uremia may confer protection from 
thrombosis in recipients of SPKs, while the diabetic state is 
known to be associated with hypercoagulability. At the Univer
sity of Wisconsin, I routinely use intraoperative IV heparin for 
PAK and PTA, but not for SPK transplantation. 

Most graft thromboses occur early after transplantation 
and are suspected in the setting of graft tenderness, hypergly
cemia, elevation in serum amylase and lipase levels, or decrease 
in urinary amylase levels for hladder-draincd pancreas trans
plants. Patients wirh arterial thrombosis may have an acute 
rise in glucose levels without pai n because the graft is not 
swollen after arterial thrombosis. Graft thrombosis leads to a 
rapid decline in the patient's clinical status, with hypotension 
and tachycardia developing soon after rhe rise in glucose level. 
Emergent exploratory laparotomy with transplantation pancre
atectomy is often necessary. [n the case of partial arterial 
thrombosis, the graft may occasionally be rescued wirh a com
bination of mechanical or pbarmacolog,ic thrombolysis and/or 
resection. The appearance of the graft 011 re exploration is crit
ical. It is usual~y obvious whether there is sufficient viable pan
creas to save. 

Pancreas transplantation ultrasound is the initial diagnostic 
test of choice. Doppler How imaging can provide an overall view 
of parenchymal vascularity and flow signals should he identified 
in the arterial and venous systems. Limjtations of ult rasonogra
phy include operator dependence and interference from sur
rounding structures and overlying bowel. 

Percutaneous thrombolysis or thrombectomy may be of 
benefit in selected patients, especially those with partial venous 
thrombosis.45 

Bleeding Immediate post-transplantation bleeding can occur 
from the pancreatic parcncl1yma, particularly near the SMA or 
splenic arteries. The patient presents with hypotension, tachy
cardia, and abdominal distention. It is my practice to place 
several figure-of- eight superficial silk sutures in the pcripancre
atic tissue lying between the SMA and splenk arteries to prevent 
bleeding in this difficLdt to approach area. 

Delayed gastrointestinal (GI) bleeding can also occur from 
the enteric anastomosis. This usually presents from postoperative 
days 6 to 10 and is self-limited. Patients present with a. sudden 
drop in hemoglobin level and are usually hemodynamically 
stable. lt is important to correct aJl}' coagulopathy that mjght 
be preexis tiJlg. Single doses of vasopressin, 0.3 J..lglkg, as well as 
iJutiation of an octreotide infusion, 25 J..Lg/hr, are also helpful in 
Limiting blood loss. Endoscopy or radiographic studies arc 
usually not diagnostic in tllis case. However, if the patient 
becomes hemodynamically unstable, another diagnosis, such a~ 
duodenal ulcer. should be considered. 

Late Gl bleeding can ensue as a result of CMY infection, 
duodenal ulcers of the duodenal stump from ischcmja, or rejec
tion. Arterioenteric fistulas may develop and cause massive Gl 
bleeding.48 

Other Considerations 
Infections, bowel obstruction, and pancreatitis can also occur 
following transplantation. Usually, these do not require open 
surgical therap)' but must be considered in the differential diag
nosis of t.ransplaJlt dysfunction. 

Infection Following pancreas transplantation, infection may 
develop in the superficial or deep wound spaces. The appropriate 
use of peri operative antibiotics can limit this complication. Pan
creas transplant recipients should be treated with 48 hours of 
gram-positive, gram-negative, and fungal coverage. 

Surgical site infection, most commonly from gran1-positive 
organisms, may occu.r in up to 50o/o of patients.45 Superficial 
wound infections are generally treated with local wound care 
aJld additional antibiotics. Deep space, or intra-abdominal, 
infections are less common, but carry a sjgnificantiy greater 
morbidity. Signs and symptoms of intra-abdominal infection are 
sin1ilar to those for enteric leak. UltrasouJld and CT are the 
mainstays of diagnosis. 

The stable patient with a locali7,.ed abscess CaJl generally 
be treated witb percutaneous abscess drainage. Patients with 
widespread infection or hemodynan1ic instability should be 
reexp lorcd. Cultures should be obtained to focus antimicrobial 
ti1erapy. Intra-abdominal infection , especially when in close 
proximity to the vascular aJla~tomosis, may predispose to 
pscudoaJ1eurysm formation. Unexplained intra-abdominal 
bleeding in a patient with a history of abdomiJlal 
abscess should raise the possibility of an anastomotic 
pseudoaneurysm. 

Panaeatitis Graft paJ1creatiris is common following transplaJlta
tion, occurring in as maJlY as 35% of patients.45 Early pancre
atitis is likely related to reperfusion injury to ti1e graft. TI1e 
diagnosis is made in the setting of abdominal pain and hyper
amylasenlia. It is important to rule out the possibility of acute 
rejection, although abdominal pain is less likely with rejection. 
CT in1aging of the graft reveals a swollen hypervascular organ, 
often wid1 a significam amouJ1t of surrounding fluid. My treat
ment of graft pancreatitis includes aggressive Auid resuscitation, 
withholding of enteral nutrition, with institution of total par
enteral nutrition (TPN), as required, treatment of superimposed 
or concurrent infection, and supportive management. Mo.~t 
cases of pancreatitis are self-limited. 

Bowel Obstrudion Signj ficant intra-abdonlinal dissection is 
required in paJ1creas transplantation. [n contrast to the retro
perito neal kidney transplantation alone, the intraperitoneal 
nature of the pancreas operation increases ti1e risk of bowel 
complications. Small bowel obstruction may be caused by post
surgical adhesions or intemal bcrnia formation. 

Patients typically present witb nausea, vomiting, obstipa
tion, and abdominal pain. Plain x-ra.ys demonstrate air Auid 
levels and CT confirms d1e diagnosis. In the stable paticm, 
resuscitation and nasogastric tube decompression may be suffi
cient. Unstable patients or those with peritonitis should be 
explored in the operating room. 
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Outcomes 
The total number of pancreas transplantations performed in the 
United States from 1966 to 2008 reported to the International 
Pancreas Transplant Registry (IPTR)-UNOS registry was 
22,618.36.45 Pancreas transplantationis a safe and reliable treat
ment for rype I diabetes. Nom10glycemia is rescored and patients 
demonstrate nom1al hemoglobin (Hg) A1C levels. Importantly, 
patients do not suffer from hypoglycemic unawareness. Early 
efforts at pancreas transplantation were hindered by surgical 
complications and difficulty with the diagnosis and treatment of 
rejection. However, with inlprovcments in surgical technique, 
immtmosupprt.'SSive therapy, and tissue typing, outcomes signifi
cantly improved &om 2000 co 2010. Graft survival is compa
rable to d1at for otller transplants with a 1-year patient survival 
rate of more than 95% and survival at 3 years of more than 
90%.49 I have found that patient survival at 1, 10, and 20 years 
is 97%, 80% and 58%, respectively, with pancreas graft survival 
of 88%, 63%, and 36% over tl1e san1e time frame. Acute rejec
tion rates have fallen to below 10% in the current era of immu
nosuppression with prednisone, mycophenolate mofetil, and 
tacroli.nlus:~'~ A major consideration for pancreas transplantation 
is tile potential for prevention of the secondary complications 
of diabetes. However, mere are no randomized clinkal trials 
comparing the efficacy of pancreas transplantation to tight gly
cemic control wi th insulin therapy. It has become increasingly 
apparent mat bemefits might not be seen until 5 to 10 years after 
transplantat ion.5«J Peripheral neuropatl1y improves after I year, 
as shown by increased nerve conduction velocity. ln addition, 
in a comparison of neuropailiy in patients 10 years post-trans
plantation, tl1ose with functioning pancreas grafts bad stable 
nerve action an1plirudes whereas those patients with failed grafrs 
showed a steady decline.511here has been debate about the effect 
of consistent normoglycemia on diabetic retinopathy. TI1e grade 
of disease pretransplantation may affect the response. Those with 
severe disease pretransplantation may still progress w blindness. 
However, in long-term follow-up studies, retinopatlly was found 
to stabilize and conjunctival microcirculation improve in patients 
tmdergoing successful transplantation. 52 

1he major cause of deaili in pancreas transplant recipients 
is cardiovascular disease. A careful preoperative screening is nec
essary in tllese patients to treat any silent cardiac disease prior 
to transplantation. Sollinger and and associates39 have found 
that 72o/o of precransplantation patients were screened with 
coronary angiography from 2005 to 2007. In addition to nor
malization of HgA1 C levels and near-normal fasting glucose 
levels, patients enjoy freedom from hypoglycemk events, which 
significantly improves tbe quality of life for the patients and their 
fanillies. 

ISLET TRANSPLANTATION 
TI1ere has heen renewed interest in islet transplantation since the 
report by Shapiro and coworkers53 of seven patients who were 
insulin-free 1 year after islet transplantation on a steroid-free 
protocol of inlmtmosuppression. The advantage of using islets 
is the avoidance of a complex intra-abdomin al surgical proce
dure. In patients with severe peripheral vascular disease, islet 
injection may offer their only hope of becoming insulin-free. 
Transplanting only the islets also obviates the need ro manage 
the complications secondary to the exocrine secretions of the 
pancreas. l11e patient and physician must consider the balance 
betweCJl the secondary complications of diabetes and IDe side 

effects ofinmllmosuppression.lnitial attempts at islet transplan
tation in tile early 1970s fai led, primarily because of difficulties 
in obtainiJlg sufficient yields. 

Isolation Techniques 
Pancreas organs rhar are nor ro be used for whole-organ crans
plantat ion are allocated for use in experimental islet isolation. 
ll1esc organs tend to be from fattier donors or iliose with 
complex vascular anatomy, and occasionall)' from trauma victims 
who have undergone splenectomy when tile tail of the pancreas 
was compromised. The organ is procured in standard fashion. 
Collagenase is infused to separate d1e islets and the preparation 
is purified using density gradient centrifugation. Special tech
niques for transport are used, including two-layer technique in 
which tile pancreas is sandwicl1ed between a layer of Viaspan 
(UW solution) and perfluorodecali.n infused with oxygen.s' 
Many different sites for implantation were rested in experimen
tal models. Infusion into tile portal vein has been found to be 
the most reliable in human clinical trials. Portal pressure is care
fully monitored during the infusion and many centers usc con
current heparin infusions to prevent portal vein thrombosis. 

Outcomes 
1he initial excitement over d1e Edmonton protocol has faded 
somewhat over the subsequent years. In recent studies, patients 
who received .islet cell cransplants had an acceleration of 
nephropatlly, likely because of side effect from immunosuppres
sion.'\() Unfornmately, all the commonly used inlmunosuppres
sants also have negative effect on the islets, including decreased 
insulin gene transcription, decreased synthesis ofinsulin in vivo 
and in vitro, and decreased stability of insulin messenger RNA. 
'TI1ere is no assay to predict islet quality reliably. There is also no 
reliable way to diagnose rejection until hyperglycemia occurs 
and, at that point, the islet allograft is usually lost. Since the 
original successful transplantation in 1990, approxin1ately 1500 
transplants have heen reported to d1e Collaborative Islet Trans
plant Registry (CITR). A total of 325 recipients have been 
transplanted, wid1 649 preparations from 7 12 donors.51 It is 
dear d1at multiple injections are required to obtain at least 6000 
islet cell equivalents/kg body weight. CITR data have shown 
that 70o/o of patients are insulin-independent after J year, but 
this is n ot durable, because onl.y 35o/o were euglycemic at 3 years. 
However, many padencs retain some allograft function, despite 
tbe need for insulin. These patients had a decrease in frequency 
of hypoglycenlic events. 

l11ere is guarded optimism about tile fumre of islet trans
plantat ion. It is dear that restoring euglycen1ia, even for short 
periods, and prevention of hypoglycemic events are inlporrant. 
W illi improvements in procurement and isolation teclmiques, 
as weU as refinements in inlmunosuppressi:ve combinations, 
mere may yet he a place for clinical islet transplantation. 
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SMALL BOWEL 
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EVALUATION 

ANATOMIC CONSIDERATIONS 

IMMUNOSUPPRESSION 

MONITORING AND REJECTION 

COMPUCATIONS 

OUTCOMES 

CONCLUSIONS 

HISTORY 
Disease procc.~scs that lead to an inability to sustain oneself via 
normal enteral nutrition remain a therapeutic challenge to 
patients and physicians alike. The terms short gut syndrome and 
short bowel syndrome are often used to describe patients who are 
dependent on total parenteral nutrition (TPN) because of sig
nificant loss of bowel length from a variety of causes, ranging 
from congenital malformations to traumatic injury to ischemic 
loss. Prior to the avai lability ofTPN, short bowel syndrome was 
almost always fatal and, even with current therapies, extremely 
short remnant bowel length, less than 50 em of jejunoileum in 
adults, is associated with a 43% 5-year mortality.' However. the 
term short bowel syndrome excludes a subset of patients who may 
have a normal or near-normal intestinal length. inflammatory 
ilL1esses such as Crohn's disease, motility disorders such as intes
tinal pseudo-obstruction, and diseases of the enterocytcs such as 
intestinal epithelial dysplasia share the same devastating conse
quence ofheing unable to sustain oneself via enteral means. For 
this reason, the term intestinal foilure represents a more accurate 
and fully inclusive term when describing patients who are unable 
to tolerate enteral feedings. 

Dudrick and associate.~' seminal work ' in the laboratory 
showing that puppies could achieve near-normal growth pat
terns while exclusively sustained via byperalimentation was one 
of the most significant medical breakthroughs of d1e century. 
Long-term TPN support increased patient survival, but also 
introduced a new set of problems, including potentially life
threatening infections and tedmical cli.fficulties for maimaining 
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access. As more patients were sustained for longer periods with 
TPN, cbolesta.~is leading to liver failure was increasingly recog
nized as a potentially fatal complication.3 Until recendy, 
transplantation or death appeared to be inevitable once a 
patient developed parenteral nutrition-associated liver disease 
(PNALD). However, a new investigational fish oil-based lipid 
formulation has been reported to prevent or even reverse TPN
induced cholestasis,4 and may be the next major breakthrough 
in tb:is field. 

Early investigational models of intestinal transplantation 
were being developed long before the advent ofTPN, but were 
doomed to failure because of a lack of understanding of immu
nology. The fust investigation of intestinal transplantation as 
novel therapy for intestinal failure is attributed to Alexis Carrel 
iJl 1905.5 Approximately 50 years later, in 1959, after the earli
est suco..>ssful kidney transplantation in Boston, Lillehei and 
collcagues6 at the University of Mi1u1esota published their suc
cessful work transplanting intestines using a canine model. 
Stard and associates

7 
in Pittsburgh reported transplanting a 

duster of organs, including the intestine, in dogs in 1960. 1he 
fust published human intestinal transplantation was performed 
by LiUehei and coworkers8 in 1967, but the patient Wlfortu
narely did not survive because of thromboembolic complica
tions.. Over the next few years, there were several other 
unsuccessful attempts in humans,9 prin1arily because of the 
inability to control rejection, resltlting in overwhelming infec
tions.. Given the apparent success of parenteral nutritional 
support, there was diminished enthusiasm for further clinical 
trials of intestinal transplantation. 

The advent of cydosporine immunosuppression in the 
early 1980s coincided with desc.riptions of life-threatening com
plications associated with long-term TPN and led to renewed 
interest in the field of intestinal transplantation. Cohen and 
coworkers10 iJl Toronto reported the fust isolated intestinal 
transplantation using cyclosporine in 1985 but, unfortunately, 
the 26-year-old recipient died on postoperative day 9. Over the 
next 5 years, several successful intestinal transplants procedures 
were performed by Ddtz,11 Stanl.' 2 and colleagues, resulting in 
patient survival ranging from 6 months to longer than 20 years.13 

ln the early 19YOs, substantial improvements in control of rejec
tion accompanied the introduction of racrolimus immunosup
pression, and individual ce11ters were able to demonstrate 
consistent successes.'4

•
15 ln d1e United States, over 1800 intesti

nal transplantation were performed through the end of 2009, 
based on Organ Procurement and Transplantation Network 
(OPTN} data (http://opm.transplant.hrsa.gov). 
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NONTRANSPLANTATION THERAPIES FOR 
SHORT BOWEL SYNDROME 
Although nontransplantation surgery is not the focus of tl1is 
chapter, several novel surgical approaches were developed witlJ 
the goal of maximizing fLmction of the remaining intestine in 
shon bowel syndrome. 1l1ese surgical therapies play an impor
tant role in the b.istory of the treatment of intestinal failure and 
arc therefore mentioned briefly here. As early as the 1950s, the 
surgical creation of segments of antiperistaltic loops of bowel 
was proposed in an attempt to slow transit time in patients with 
limited intcstinallcngtb.'6 Subsequently, it was recognized that 
the normal adaptive response to short bowel syndrome is to 

develop gradual dilation of d1e remnant segmem, but this can 
lead to substantial dysmotility and bacterial overgrowth. Over 
time, this practice has been abandoned because of resulting 
dysmotility and bacterial overgrowth in these antiperistaltic 
loops. Tapering of these dilated bowel segments by excision of 
a portion of the bowel along the antimesenteric border to 
produce a more normal diameter can d1en improve forward 
motion of chyme, thus avoiding the need for resection of tl1e 
dysmotile segment and furd1er loss oflength. ~' In 1980, Bianchi 18 

described a novel alternative to resection and simple tapering 
consisting of separating distended be>welloops longitudinally so 
that two smaUer diameter loops of bowel are created and reanas
tomosed in an isoperistaltic fashion. The resulting bowel is twice 
the length, but with only half of the original diameter (Fig. 
29-1). Given the technical challenges involved, when more 
potent immunosuppression became available, attention was 
largely refocused on intestinal transplantation. 

Kim and coworkers19 in Boston developed a technically 
simpler non transplantation alternative to the longitudinal taper
ing and lengthening called serial transverse enteroplasty (STEP). 
'This technique ls performed by alternate staple fuings from 

A 
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opposite directions across d1e distended loops of bowel in a 
1Jgzag pattern, resulting i.n a decreased final bowel diameter that 
allows for more normal motility and absorption (see Fig. 29- 1). 
An lntemational STEP Data Registry has been created to allow 
for tl1e assessment of long-term follow-up of the efficacy and 
safety of the STEP procedure; the most recent publication has 
described the results in tl1e first 38 patients undergoing tbe 
procedure at 19 ccntcrs.~0 Anotl1cr large single-center series has 
described 21 additional patients, which along with d1e registry 
demonstrate tl1at application of STEP in carefully selected intes
tinal failure patients can avoid the need for transplantation in 
50% to 60% of cases.21 Furthermore, iJl contrast to the Bianchi 
lengd1ening, STEP can be applled as a secondary lengthening 
procedure after primary Bianchi or STEP, witlJ success rates 
similar to those after the initial lengtl1ening.22 Clearly, a multi
disciplinary approach with expertise in TPN management, non
transplantation surgical procedures, and intestinal transplantation 
is necessary to optimize care of the individual patiem with 
intestinal failure. 

INDICATIONS FOR INTESTINAL TRANSPLANTATION 
1l1e Uflderlying causes of intestinal failure in pediatric patients 
referred for intestinal transplantation arc more likely to result 
from loss of length caused by congenital diseases when compared 
with adult patients (Table 2Y- I ). The intestinal Transplant Reg
istry (ITR) bas reported the three most common underlying 
disea..e states leading to transp.lantation in children as gastros
cllisis (21%), volvulus (17%), and necrotizing enterocolitis 
(12%) .. 23 [n contrast, the:: most common indications for intesti
nal transplantation in adults are ischemia (23%), Crohn's disea~e 
(14%), and trauma (10%). Although the most common indica
tions fall under tl1e category of short bowel syndrome, children 
and adults may suffer from diseases that result in dysmotility or 

B 

D 

FIGURE 29-1 A. !Distended bowel. B. Stepwise transverse enteroplasty, showirng alternating staple lines, thus reducing the diameter while 
increasing length. C. Bianchi enteroplasty, part 1. This is a longitudinal division of a loop of distended bov.tel so that the two leaves of the 
mesentery each supply one of the divided segments. D. Bianchi enteroplasty, part 2 The divided segments are anastomosed to create a loop 
of bowel that is twice the length of the original loop, but with only half the original diameter. 
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Table 29-1 Umderlying Indications for Intestinal Transplan-
tation 

INCIDENCE INCIDENCE 
PEDIATRIC (~) ADULT (~) 

Gastroschisis 21 Ischemia 23 

Volvulus 17 Crohn's disease 14 

Necrotizing 12 Trauma 10 
enterocolitis 

Pseudo-obstruction 9 Desmoid tumors 9 

Intestinal atresia 8 Motility disorders 8 

Retransplant 8 Volvulus 7 

Hirschsprung's 7 Short gut, other 7 
disease 

Microvillous 6 Retransplant 6 
inclusion disease 

Malabsorption. 4 Miscellaneous 5 
other 

Short gut, other 4 Other tumors 4 

Other 4 Gardner's 3 
syndrome 

Motility 2 

Tumor 

From Intestinal Transplant Association QTA): Intestine transplant registry: 25 years 
of follow;Jp results (http://intestinaltransplantassociation.com). 

malabsorption, resulting in poor enteral fw1ction. For patients 
with short bowel syndrome, the remnant intestinal length and 
presence or absence of an ileocecal valve have been identified 
as predictive factors as to whether rehabilitation will be 
successful.24 

Dependence on parenteral nutrition alone, however, is not 
considered an. indication for in testinal transplantation. To be 
considered for i.mestinal transplantation, patients must be depen
dent on TPN and have experienced life-threatening complica
tions of hyperalimentation. As early as 2000, the Center for 
Medicare and Medicaid Services recognized the foUowing indica
tions for transplantation of the intestine, with or without other 
organs, as standard of care for patiems with irreversible imestinal 
failure: (1) overt or impending liver failure caused by PNALD; 
(2) multiple thromboses of central veins limiting central venous 
access; (3) more than two episodes of catheter-related infection 
requiring bospittaHz.ation in any year; ( 4) a single episode offungal 
line infection; and/or (5) frequent severe dehydration, despite IV 
fluid supplememation and TPN. Chronic line infections, specifi
cally fungal line infections, can be difficult to clear and can lead 
to venous occlusion, loss of available acces.~ sites, or death. Throm
bosis can also occur outside the setting of infection, leading to 

loss of potential central venous access sites. In addition, apg roxi
mately 50% of all patients on TPN will develop PNALD, 5 thus 
potentially requiring liver transplantation in addition to .intesti
nal transplantation. 

lJ1 2001, the American Society ofTra.nsplantation issued a 
position paper concerni11g i11dicarions for pediauic imesrinal 
transplantation . Ln addition to the cri teria noted, they also pro
posed that intestinal transplantation be considered for patients 
with intestinal fai lure that almost always results in early death, 

Table 29-2 Some Diagnostic Studies for Pretransplantation 
Evaluation 

----
DIAGNOSTIC STUDIES EXAMPLES 

Laboratory evaluation 

Serologies for 
infectious diseases 

Endoscopy 

Pathology 

RadiograP.hic 
evaruabon 

Serum chemistries, liver function tests, 
complete blood count prothrombin 
time-international normalized ratio 
(PT-INR). partial thromboplastin time 
(Pm, platelet count, albumin, 
prealbumin 

CMV, EBV, hepatitis panel, HIV 

Upper gastrointestinal {UGI) series, 
colonoscopy with biopsies 

Percutaneous liver biopsy 

UGI with small bowel follow-through, cr of 
abdomen and pelvis. Doppler 
ultrasonography or magnetic resonance 
venograpny 

despite optimal nutrition, and for patients with high morbidity, 
poor quality of life, or Auid or electwlyte abnormalities who 
cannot be successfully managed on an outpatient basis.26 Despite 
establishment of these criteria a decade ago, many referrals for 
intestinal transplantation continue to occur late in the patient's 
clinical course. Currently, 75% of patients on the waiting list 
for imestinal uansplamation also require a liver, thus placing 
more strain on an already limited organ supply?:' 

EVALUAnON 

Recipient Evaluation 
After referral to an inte.stinal transplantation center, the patient 
undergoes evaluation to determiJ1e the extent of complications 
of intestinal faiJure and degree of comorbidities. Historical 
detaih and previous hospital records pertaining to surgical pro
cedwres performed, previous iJ1testinal rehabilitation attempts, 
and attempts at enteral feeding wiU be closely exanlined. 
Common diagnostic studies performed during the evaluation 
are listed in Table 29-2. Once a patient is deemed an appropriate 
candidate, he or sbe is placed on the waiting list wi thin their 
United Network for Organ Sharing (UNOS) region. Transpla.n
tatiol!l centers may indicate weight and age spans for which they 
would consider potential donors, and eacl1 patient is assigned a 
status level according to ber or his available venous access. Level 
1 recipients are those who no longer have adequate central 
venous access via the jugular, subclavian, or femoral vein and all 
others are classified as level 2 candidates. Potential recipients 
who also require a liver in addition to the intestine, are placed 
on the llver waiting list according to their model for end-stage 
liver disease (MELD) or pediatric end-stage liver disease (PELD) 
score (OPTN poHcy 3.11 on intestinal organ allocation). 

Donor Evaluation 
Potential cadaveric intestine donors arc matched to appropriate 
size- and blood type-compatible recipients according to UNOS 
policies-first locaUy, then regionaUy, and finaUy nationaUy. 
When centers are evaluating a potential donor, consideration is 
given to existing intestinal pathology or past surgical history, 
such as extensive resection or Roux-en-Y reconstruction. 
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Donors may be deemed inappropriate based on Epstein-Barr 
virus (EBV) and cytomegalovirus (CMV) serologies, wb.ich 
could lead to post-transplantation lymphoproliferarive disorder 
and severe enteritis in rhe recipients, respectively. Another con
sideration is the size of the donor compared with the recipient, 
because significanr loss of abdominal domain afrer extensive 
resection may nor allow accommodation of organs from larger 
or even size-matched donors. In these cases, an ideal donor 
should have a weight 50% to 75o/o that of the recipient. Fur
thermore, long cold ischemia times of the intestinal allograft 
may lead to loss of mucosal integrity and bacterial translocation 
or intestinal perforation in the donor organ. Therefore, consid
eration is given ro any factor that could potentially increase the 
cold ischemia rime, such as prior abdominal surgery in the 
donor and travel time between rhe recipient and donor medical 
centers. Close communication must occur between the donor 
and recipient teams ro optimize riming. As with all cadaveric 
organs, the final evaluation occurs during rhe procurement 
operation, during which the intestine is closely inspected for 
anatomic or perfusion defects that might preclude its use. 
Overall, intestine is recovered from potential donors less fre
quently than any other solid organ, but rates of recovery have 
been increasing over ti.me.1.s 

ANATOMIC CONSIDERATIONS 
Isolated intestinal transplants include the entire jejunum and 
ileum and their associated mesentery. Use of isolated intestine 
is limited to patients who lack or have reversible PNALD despite 
intestinal failure and TPN dependence. Unforrunately, because 
of rl1e frequency <>fend-stage liver disease in potential recipient~. 
most require a combined transplant of the intestine with the 
liver. 'The nomenclature of grafrs that include other organs with 
the intestine has been complicated by rl1e inconsistent use of 
terms among various centers. For example, a liver-intestine graft 
may refer to individual liver and imestine grafts from the same 
donor, but wicl1 each inlplanted separately. Tilis requires recon
struction of the biliary drainage and complex vascular anasto
moses. More commonly a liver-inrestine, or multivisceral graft, 
iJ1cludes the head or entire pancreas, whether or not the recipi
ent retains his or her native pancreas, because of the shared blood 
supply of the duodenum and pancreas with the liver and intes
tine grafts. Others use the term multivisceml or modified muti
visceral transpbmts only when the stomach, colon, and/or spleen 
are included as part of the graft. A more reliable and perhaps 
sin1pler approach would be sinlply to name the organs included 
in the graft. 

Decisions as ro which organs should be included arc made 
based on the recipient's underlying disease process and vary 
slightly based on individual center experience. Some centers 
have included stomach in the allograft for recipients suffering 
from gastroparesis preoperatively, with good functional results, 
whereas other centers have reported that rl1e transplanted 
stomach may also suffer from gastroparesis.~? Historically, rl1e 
right and transverse colon, which receive tl1eir arrerial supply 
based on the superior mesenteric artery, were included as part 
of the intestinal transplant. The colon was placed orthotopically 
and anastomosed to the recipienr colon or brought our as an 
end colostomy. An early series from Pittsburgh has described 
iJlcreased risk of graft loss14 and the practice was largely aban
doned. Recent reports dispute this finding and a few centers now 
include the colon routinely.;!() 
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Surgical Technique 

Isolated Intestinal Transplantation 
In adult and older pediatric donors without significant aberra
tions in anatomy, isolated intestine can be safely procured while 
still allowing for usc of the liver and pancreas from rhe san1e 
donor.3 1 Du.ring tbe donor operation for an isolated intestinal 
grafr, the jejunum is divided at the ligan1ent ofTreitz and the 
ileum at its terminus. Afrer a careful dissection of the mesentery 
from the retroperitoneal organs and colon and systemic flushing 
with preservation solution, the superior mesenteric artery (SMA) 
and superior mesenteric vein (SMV) art' dividt•d at the mesen
teric root just distal co the middle colic vessels. In rhe neonatal 
donor, or other situations in whicl1 the isolated pancreas is not 
placed separately for transplantation, the SMA is divided at the 
level of the aorta and the portal vein is divided at the superior 
border of the pancreas to provide longer vessels to the intestinal 
allograft. Carotid or iliac arteries and iliac or jugular veins are 
also procured from the cadaveric donor to aUow for vascular 
reconstruction. During the recipient operation, arterial inflow is 
established by direct anastomosis of the donor SMA to the 
recipient infrarenal aorta or by interposition of a donor arterial 
conduit. Venous outflow from the allograft is provided by anas
tomosis of the donor SMY to the recipient portal vein or inferior 
vena cava, with or without an interposition of donor venous 
conduit. The continuity of the bowel is established proximally 
and distally using standard techniques for enteric anastomoses. 
Finally, a distal ileostomy is created to allow for mutiJ:1e monitor
ing of the graft (Fig. 29-2). 

FIGURE 29-2 Isolated intestinal transplant. Arterial inflow is estab
lished through anastomosis with the infrarenal aorta. The donor 
superior mesenteric vein is anastomosed to the native portal vein. 
The proximal graft jejunum is anastomosed to the recipient duode
num and the distal ileum is brought out as an ileostomy. 
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Liver-Intestine-Pancreas Transplantation 
During procurement of a combined liver-intestine transplant, 
tl1e liver, duodenum, pancreas, spleen, and small bowel are gen
erally procured en bloc, thus avoiding any hiJar dissection. 1l1e 
celiac and SMA arteries are left on an aortic cuff or a conduit 
of donor aorra. 1l1e spleen is removed during back cable prepara
tion in most programs. During the recipient operation, the liver 
is excised, along with most of the remnant small bowel, to make 
room for the incestinal allograft. At tirnes, the recipient duode
num, pancreas, spleen, and a portion of the stomach may also 
be excised because of prior fistuJa or injury during liver cxplanta
tion, or to provide space for the donor organs in me recipient 
abdominal cavity. Using d1e donor dwracic aorta as a conduit, 
tl1e donor celiac trunk and SMA are anastomosed to the recipi
ent supraceliac or infrarenal aorta. 52 1l1e supral1epatic inferior 
vena cava anastomosis, either caval replacement or piggyback 
fashion, allows for venous drainage of aU transplanted organs 
because the donor portal system remains intact. When the recip
ient foregut is retained, a portocaval or splenorenal shunt pro
cedure must be performed to allow for venous drainage of the 
native stomach, pancreas, spleen, and duodenum to prevent 
formation of esophagogastric varices from venous outAow 
obstruction. As in isolated intestinal transplantation, bowel con
tinuity is reestablished tlllougb standard proximal and distal 
bowel anastomose.~ and an ileostomy is fashioned to allow for 
monitoring of ttbe graft {Fig. 29-3). 

IMMUNOSUPPRESSION 
1l1e increased lmmw10genicity of tl1e imesrine often requires 
more potent immunosuppression regimens than are typically 
used with other solid organs. Most centers use induction 
immunosuppression intraoperatively with a monoclonal {e.g., 
alerntuzumab [Carnpath], basiliximab [Simulect], dacliztm1ab 
[Zenapaxl) or polyclonal (e.g., Thymoglobulin) antibody prepa
ration. [nducrlon therapy has been associated with a substantial 
decrease in the incidence of early rejection, but no single agent 
has been proven superior. Tacrolimus {FK-506. Prograf) forms 
the basis for most maintenance immw1orherapy regimens, wiili 
cyclosporine {Sandimmune) use limited to patients tmable to 
tolerate the various side effects of racrolimus. Mycophenolate 
mofetil (CeUCept) usage varies among centers because of irs 
gastrointestinal side effects. Steroids are also widely used, 
although some cctuers have avoided meir routine use in an 
attempt to rninlrnlze maintenance in1munosuppression and 
decrease infectious cornplications.33 Sirolimus {Rapamw1e) has 
a black box warning for use in the first month afrer liver trans
plantation, but some centers have reported decreased rejection 
rates in intestinal aUografts, with or wimout the liver, when 
sirolimus is used in association with a calcineurin inhibitor.34 

Similar to the choice of induction agent, no specific mainte
nance regimen has proven to be superior to another, and centers 
continue to use regimens based on physician preference, experi
ence, and individual patient needs. 

MONITORING AND REJEOION 
Historically, rejection was seen frequently .in intestinal transplant 
recipients, with some series reporting a lOOo/o incidence.35 More 
recently, some centers have reported a decrease in the incidence 
of rejection associated with improved patient surviva1.33

·
36 Acute 

cellular rejection usually occurs within the fuse year post
transplantation bur can occur at any rime. The most frequent 

FIGURE 29-3 liver-intestine-pancreas transplant. The donor celiac 
and superior mesenteric arteries are left on an aortic conduit, which 
is anastomosed to the recipient aorta. Venous outflow is via the 
anastomosis between the donor hepatic veins and the recipient 
suprahepatic inferior vena cava (IVC). The donor duodenum and head 
of the pancreas (shown) or the entire donor pancreas are left intact 
to preserve the donor common bile duct. The donor jejunum is anas
tomosed to the native stomach, duodenum (shown), or proximal 
jejunum, depending on the natill(! remnant anatomy. 

clinical signs and symptoms of rejection may mimic tl1ose of 
viral gastroenteritis, including w1explained fever, abdominal 
pain and/or cramping, and increased stoma or stool output. 
Rejection remains closely associated widl rates of graft failure 
and morrality.33 Unlike hepatic or renal transplantation, no con
venient serochemical marker exists to monitor intestinal fw1c
tion. Swol calprotectin and serum citrulline levels have been 
proposed as potential markers of intestinal function, but none 
are widely used at this timeY Ueoscopies provide a method of 
visualizing the mucosa and obtaining tissue for pathologic exam
ination. Routine ileoscopy and biopsy typically begins between 
postoperative days 5 and 7. Most centers will repeat me ileos
copy once or twice weekJy for the first month, with the fre
quency decrcasiJlg the further from transplantation and in the 
absence of significant problems.38 

Histopathologically, acute cellular rejection is characterized 
by an inAan1marory response that is localized to tl1e lanlina 
propria and crypts. Ln mlld forms, the mucosa remains intacr 
but there arc increased numbers of apoptotic bodi.es seen in the 
crypts. Moderate acute cellular rejection shows markedly 
increased inflanllt1ation within the lanlina and an increase in 
apoptotic bodies within the crypts. 1l1e damage ro crypts is so 
marked iJ1 severe acute cellular rejection that the intestinal archi
tecture is lost and mucosal ulcerations are present. Although the 
mechanism is presently unclear, ilie liver appears to have a 
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protective effect for rejection of the intestine, with some centers 
reporting a higher incidence or severity of acute cellular rejection 
in isolated imest1Jlal transplams when compared with intestinal 
transplants iJ1 combiJ1ation with the liver.39 

O nce rejection has been established, treatment usually con
sists oflarge steroid doses and ensuring that maintenance immu
nosuppressive medications are at target levels. Repeat ileoscopy 
and bi.opsy will evaluate for resolution of rejection. Resistant 
cases may be treated with more intense immunosuppression, 
including inHiximab (a mu.riJ1e monoclonal antibody to tumor 
necrosis factor-a [TN F-a]; Remicade) or thymoglobuliJ1 (rabbit 
antithymocyte globulill), with or without additional mainte
nance immunosuppressanrs (e.g., sirolimus, mycophenolate 
mofetil). During treatment for rejection, the combination of 
increased immunosuppression and potential compromise of the 
gut mucosal barrier can lead to secondary infections, so a high 
iJ1dex of suspicion for infections must be maintained.39 

Chronic rejection in intestinal allografts leading to graft 
loss can lead to retransplantation in up to 13o/o of recipients.38.4° 

Most patients experience multiple episodes of acute cellular 
rejection prior to a diagnosis of chronic rejection. Clinically, 
these patients may have chronic diarrhea despite adequate treat
ment of their ac1.1te rejection or may develop obstructive symp
toms from graft scarring. On ileoscopy, the bowel ca11 have a 
variable appearance; the mucosa may appear normal, be replaced 
by granulation tissue, or may show evidence of ulcerations and 
fibrosis. Similar to other solid organs, an obliterative arteriopa
thy is a major feature, although this may nor be seen in cl1e 
mucosal biopsies from ileoscopy ru1d full-thickness biopsy may 
be required for a defiJlitive diagnosis. Comparable to acute cel
lular rejection, cruonic rejection rates appear to be higher for 
isolated intesti11al transplants than for intestines transplanted 
with other organs.r In severe cases, an allograft et1terectomy 
may be performed to reduce symptoms prior to retransplanta
tion. However, in patients receiving a liver and intestine, this is 
not always feasilile, because removing the iJltestine could 
adversely affect portal inflow to the liver. 

COMPLICATIONS 
Despite the advances iJ1 iJuestinal traJlsplantation, it rernaiJ1s an 
operation with h.igh morbidity, and reported complication rates 
approach 50%.38 Postoperative hemorrhage may caused by 
recipiem coagulopathy, aJnplified by che extetlsive dissection 
usually required as a result of multiple adhesions from previous 
surgeries. Biliary complications can be largely avoided m liver
intestine transplants by including: the duodenum and pancreas, 
thus avoiding any hilar dissection, but may stiJ1 be a factor i11 
procedures in which a bile duct anastomosis is required or from 
preservation inju.ry caused by prolonged cold ischemia. Vascular 
complications are rare, but thrombosis of arterial inflow or 
venous outflow conduits can lead to a sudden deterioration ill 
the patient and graft loss. Other technical complications, such 
as bowel aJlastomotic leaks and wound complications, CaJl be 
catastrophic, but are addressed ill me intestinal allograft recipi
ent using standard surgical principles. 

Infection is a serious risk in the short and long term and 
CaJl lead to signilficrult morbidity ru1d mortality. Bacterial infec
tions are prevaletJr, with one retrospective series reponing a 94o/o 
incidence of bacterial infection after intestinal transplantarion.41 

A number of p reoperative ru1d intraoperative factors contribute 
to a high rate of bacterial iJ1fection, iJ1cludiJ1g prolonged 
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operative tiole, preexisting Uver disease, preexistiJ1g infections, 
uniform need for chronic central venous access, ru1d multiple 
blood trru1sfusions. Jschen1ia reperfusion iJ1jury may also lead to 
loss of the gut mucosal barrier and bacterial traJlslocation ill the 
in1mediate postoperative period. Rejection leads to a similar 
impairmem of the gut mucosal barrier, bur later in the posrop
e.rative course. Bacterial infections can mru1ifest as intra
abdominal ulfection. catheter-related iJ1fections, pneumonia, or 
wound iJ1fections, with central lli1e infections beiJ1g the most 
common.42 Orgru1isms include typical gut Aora such as Esche
riehM coli, KkbsieLI.n, Ent.erobacter, ru1d enterococci ru1d, com
monly, polymicrobial infections. Special consideration should 
also be given co fungal iJ1fections; most centers use ar1tifungals 
as part of their routine peri operative antibiotics. 

Viral infections are also common in patients receiving 
intestinal transplants, with a~proximately two thirds of patients 
developing such infections. 1 CMV is a common pathogen 
post- intestinal transplru1tation, which often affect~ the allograft. 
The reported incidet1ce ranges from 25o/o in isolated intestine 
recipieJl ts to 40o/o iJ1 recipients who receive multiple orgru1s.41 

1l1e presentation of CMV infection ranges from fever, increased 
stoma or stool output, cran1ping, and abdominal pain to intes
tinal ulceration. bleeding, perforation. or frank ischemia. 
Because these symptoms may mimic those of rejection, biopsy 
of the allograft may be needed to differentiate the two. 1l1e 
preset1ce of CMV inclusion bodies on slides (with hematoxylm 
and eosin [H&E) stain) confirms the diagnosis of CMV enteri
ris, ru1d questionable findings can be confirmed with immwlo
histochemistry stains specific for CMV virus. Fortunately, with 
appropriate antiJnicrobial treatment, typically gancidovir (Cyto
vene) and/or CMV immw10globulin (CytoGaJn), and reduction 
in immunosuppression, graft loss can be avoided in most cases. 
Because of cl1c potential for severe sepsis or death &om primary 
CMV infections, some centers avoid transplantation of a CMV
positive donor intestiJ1e iJ1to a CMV-ncgative recipient. 

EBV also presents a unique challenge to iJltestmal 
transplant recipients because of the higher rates of post
transplantation lymphoproliferative disorder (PTLD) when 
compared with other solld orgru1 transplant recipients. ln intes
tinal trru1splru1t recipients, the reported iJ1cidence of PTLD is 
lOo/o to 20%43 compared with kidney recipients (1 o/o to 2o/o), 
Liver recipients (2o/o to 3o/o), and heart recipients (3o/o to 5o/o). 
PTLD has a variable presentation, rangiJ1g from lymphadenopa
thy to solid masses at extranodal si tes, such as the transplanted 
intestine or within the lung, liver. or central nervous system. 
EBV-associated PTLD usually presents within the fi rst year afrer 
intestinal transplantation and, therefore, some centers use a 
routiJ1e screening prograJD using a serum quantitative EBV poly
merase cl1ain reaction (PCR) assay for the first 6 to 12 months. 
Risk factors for the development of PTLD include an EBV
positive dClnor to EBV-ncgative recipient and the use of 
muromonab-CD3 (Orthoclone OKT3) as a rescue agent.43 No 
specific maintenance agent or protocol has been specifically 
implicated as a risk factor. Pediatric patients are also more likely 
to develop PTLD, with 15.3% of pediatric recipients developing: 
PTLD compared with only 5o/o of adult recipients.23 Although 
computed tomography (CT) scrumiJ1g is often used in evaluat
ing for PTLD when there is clliuca1 suspicioJl , diagnosis requires 
confirmation by biopsy of affected tissue. Reduction of inmlll
nomerapy is the first lme of treatment, but more resistant cases 
may require antivirals, chemotherapy, andlor anti-CD20 
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monoclonal antibodies (e.g., Ricuximab) that rarget the EBY
infected B cells. Despi.te these treatments, EBY-associated PTLD 
has a mortality rate of 25% to 60%.44 

Grafr-versus-hosr disease (GVHD) occurs when donor 
lymphoid cells !begin to target recipient tissues, most notably the 
epithelial cells in the skin and imestine. Because of the large 
amount of lymphoid tissue present in the intestine, it was pre
dicted that an intestine recipient migh t be at higher risk for 
GVHD but smprisingly, it has been relatively uncommon . .l5.45 

'TI1e reported i111cidence ranges from 0% to 14% and is most 
frequently associated with patients with concomitant severe 
combined immunodeficiency.J5•

46 Increasing immunosuppres
sion, mainly through the increase or addition of steroids or 
anti thymocyte globulin, has been the mainstay of treatment, but 
the ourcome varies according to severity; in many cases, chis 
proves fatal. 

OUTCOMES 

Patient and Graft Survival 
Since the earliest cases, survival rates for grafts and patients have 
steadily improved. In 1997, the 1-year adjusted graft survival for 
aU inresti11al tramplant patients was only 55.6% but improved 
co 69.6% in 2006Y Over the same period, 1-year adjusted 
patient survival improved from 60.4% in 1997 to 78.4% in 
2006.47 There were early differences noted in terms of patient 
and graft survival between recipiems of isolated intestinal t raJlS
plams and intestinal transplants that iJ1cluded a liver (Table 
29-3). Comparison data for deceased donor liver transplants are 
included in the table. The most common reason for death after 
intestinal transplantation is infection. Sepsis accounred for 46% 
of patient deal(hs in the ITR, followed by rejection (I I%), 
respiratory failure (6.6%), PTW (6.1 %), and rechnical compli
cations (6. I %).23 

In general, graft function after transplantation is good iJ1 
survivors. According to the 2003 reporr from the ITR, of the 
406 patients wbo survived longer than 6 months after tra11Splan
tation, 8 1% were completely weaned from TPN. Another 3.9% 
required onJy IV fluid supplementation and 6.4% required 
partial TPN supplementation to enteral feeds.40 According 
to the same darabase, graft loss occurred in 160 of 989 
patients (16.2%).40 1l1e most common reason for graft loss was 
rejection, occurring in 56.3% of patiems, followed by vascular 

_Table 29-3 Graft and Patient Survival {%)* 
TRANSPLANT 

Intestine 

Uver-intestine 

Uver (deceased donor) 

SURVIVAL 

Graft survival 

Patient survival 

Intestine graft survival 

Ullel' graft survival 

Patient survival 

Graft survival 

I YEAR (2005-2006)t 

68.3 

81.4 

73.1 

73.1 

73.4 

82.4 

complications (20.6%), other reasons (13.1 %), sepsis (8.8%), 
and Lymphoma (1.2%). When divided into the pediatric versus 
adul t patient population, children younger thru1 18 years were 
more likely to lose their grafts as a result of rejection (62.4% 
versus 47.8%) and lymphoma (2.2% versus 0%) tban adults?3 

Costs and Quality of Life 
Estimates of the annual cost for home TPN range from $75,000 
to $ 150,000, excluding rhe cost ofhospitalizarions for complica
tions from TPN, such a~ line sepsis or dysfw1ction.48 Despite 
the high iJtitial cost of the intestinal transplantation procedure 
and hospitalization, when average costs of immtmosuppressive 
medications and subsequent bospitalizat ions are considered, 
trru1splantation becomes cost-effective when compared with 
home TPN, usually between I and 3 years after transplanta
rion.48 ln addition to the assessment of cost-effectiveness, studies 
have atten1pred co evaluate potential improven1ents in quality of 
life after intestinal trru1splru1tation, but these are lim ited. 1l1e 
ITR has reported that of patients who survive longer than 6 
months post-trru1splruttation, 85% reported a Karnofsky score 
bigher than 90%, irnplyu1g a good to excellent quality of life, 
with mil1imal symptoms?3 DiMartin i and colleagues49 have 
reported that patients perceive an equal or better quality of life 
measures after transplantation, compared with remaiJung on 
home TPN. Studies in pediatric intestinal recipients are more 
dlfficulr to perform because of the young age of most recipients 
with illtestinal failure and the lack of appropriate and reliable 
cools for assessing tbis age group. Sudan ru1d associatesso have 
reported that parents of intestine recipients perceive a slightly 
worse quality of life measure than the patients themselves, but 
the children rare their quality of life similar to that of normal 
age-matched dtildrcn. Long-term studies of cogni.tive develop
ment and moror skills in pediatric intestinal recipients do not 
exist to date. 

CONCLUSIONS 
The field ofu1testinal transplantation has expanded greatly over 
the last several decades. The widespread use of home TPN has 
allowed for .longer lives for many patiCJlts, but has also led to 
the development of PNALD and catheter-related complications 
in a subset of patients for whom intestinal transplanration may 
hold the best hope of survivaL Since 2000, intestinal transplan
tation is no longer considered experimental; im.provemems iJ1 

3 YEARS (2003-2006)1 5 YEARS (2001-2006)t 10 YEARS (1996-2006t 

57.4 36.3 25.2 

70.6 56.2 46.4 

59.7 50.6 35.8 

60.0 51.1 36.3 

60.6 54.8 38.1 

73.4 67.6 53.4 

Patient survival 87.1 78.7 73.3 59.5 

Data from U5. Organ ProcureiTIEflt and Transplantation Network and the Scientific Registry of Transplant Recipients: 2008 OPTNfSRTR annual report Transplant data 19~ 
2007 (http:f{optn.transplanthrsa.gov{ar2008). 
*For intestin~ intestine-111/ef, atid liver transplants at 1. 3, s. and 10 ~ars post-tr.lnsplantation. 
'Years in parentheses represent years of treatment 
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morbidity and mortality have led to acceptance of intestinal 
transplantation as a stand ard treatment for intestinal failure. The 
current challenges in the fidd in clude the following: 
1. The need for multi-institutional studies to identify 

• Patients at the earliest possible time in their disease 
process who will inevitably require rransplamation 

• Factors associated with the most efficacious timing 
of performing intesti11al transplantation 

• The most effective induction and maintenance 
immunos.uppression strategie.~ 

• Biomarkers that can replace Ueoscopy and biopsy 
for routine monitori11g of the mtestinal allograft 

2. The lack of consistent nomenclature for the technical 
aspects of t11e various procedures 

3. The lack of dear indications and risks of inclusion or exclu
sion of other organs (e.g., stomach, colon, spleen) 
In addition, only a limited number of centers have estab

lished expertise in intestinal transplantation worldwide, leading 
to dilferential access to multidisciplinary management of intes
tillal failure based on location and extensive regulatory require
ments, which make it difficult for new programs to develop. 
1l1ese challenges are balanced by continued efforts at widespread 
education about the availabi)jty and outcomes of intestinal 
transplantation and the hard-working efforts of pioneers to 
expand clinical and scientific discoveries in the field. 
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CHAPTER 30 

TUMOR BIOLOGY AND 
TUMOR MARKERS 
MARcus C.B. TAN, S. PETER GoEDEGEnuuRE, 
AND TIMOTHY j. EBERLEIN 

EPIDEMIOLOGY 

TUMOR BIOLOGY 

CARCINOGENESIS 

TUMOR MARKERS 

Neoplasia (literally meaning "new growth") is the UJlcontroUed 
proliferation of transformed cells. The term tum01; which was 
originally used to describe the swelliJ1g caused by inflammation, 
is now used interchangeably with neoplasm. Transformation is 
the multistep process whereby normal cell.s acquire malignant 
characteristics . .Each step reflects a genetic alteration chat confers 
a growth advantage over nom1al cells. There are a number of 
essential alterations in cell physiology that collectively enable 
malignam growth '·2; self-sufficiency in growth signals, evasion 
of programmed cell death (apoptosis), evasion ofimmune detec
tion and destfluction, limitless replicative potential, sustained 
angiogenesis, and tissue invasion and metastasis. These charac
teristics arc shared by most, if not all, human tumors. 

EPIDEMIOLOGY 
Incidence is the number of new cases with.m a specified time 
frame, usually expressed as cases/100,000 people/year. Preva
leJlCC is the number of patients with the disease in the popula
tion. A person's risk of developiJ1g or dymg from cancer is usually 
expressed in terms of lifetime risk (risk over the course of a 
lifetime) or, when describing the relationship of specific risk 
factors with a particular cancer, the relative risk (comparing 
those with a certain exposure or trait to those who do not). 

Approximately 1.5 million new cases of cancer were 
expected to be diagnosed .iJ1 20 I 0, apart from the more than 1 
million new cases of basal and squamous cell cancers (Fig. 30-1). 
In men, the most common cancers are prostate, lung, colorectal, 
and urmary bladder cancers (Table 30-1). L1 women, the most 
common cancers are breast, hmg, colorectal, and uterine (cervi
cal and endometrial). 

Cancer is the second most common cause of death in the 
United States, accounting for one of every four deaths (Fig. 
30-2). In 2010, more than a half-milJion Americans will die of 
CaJ1CCf. 

Global Burden of Cancer 
Worldwide, cancer .is responsible for one in eight deaths. The 
distribution and types of caJlcer that occur continue tO change, 
being affected primarily by the folJowing: (I) the growth and 
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aging of populations; (2) the increasing encroachment of modi
fiable risk factors (e.g., cigarette smoking, Western diet, physical 
inactivity) in developing countries; and (3) the relatively slower 
decrease in infection-related cancers.3 By 2020, 70% of all 
cancer-related deaths will be in developing countries, in whid1 
survival rates (20% to 30%) are barely half those of developed 
countries.4 Indeed, 80% to 90% of people diagnosed with 
cancer in devclopmg countries present wid1 late-stage. termina\ 
cancer. It can therefore be seen that the vast majority of caJlcer 
deaths will occur in COLLntries least equipped to handle the 
burden. 

Aging and Cancer 
Cancer disproportionately affects people 65 years and older. In 
the United States, this age group comprises 56% of all newly 
diagnosed cancer patients and 71 o/o of aU cancer deaths.5 The 
mediru1 age of death for cru1cers common to both men and 
women (including hmg, colorectal, pancreas, stomach, and 
urinary bladder) cancers, ranges from 71 to 77 years. 'TI1e 
number of people in this age group will double to 70 million 
(or one in five people) over the next 25 years, driven by the Baby 
Boom cohort born between 1946 ru1d 1964. This is a recognized 
trend throughout the developed world. 

With an increasingly older population, the incidence of 
cancer will increase, thereby increasing the overall cru1cer burden 
on society. Additionally, cancer care will be of increasingly 
greater complexity. Reasons for this mdude that older people 
have more comorbidities of greater severity in the setting of 
declining physiologic reserve, difficulties with access to care, and 
lack of social support. 

Cancer treatment in older adults is less well-studied and it 
bas been shown that the older population is underrepresented 
in clinical trials. 6-8 There have been a mmtber of reports of rhe 
underuse of adjuvant therapy, chemotherapy ru1d radiotherapy, 
in the agmg population . O'Connell and colleagues" have studied 
the Surveillance, Epidemiology, and End Results (SEER) data
base (1988-1997), and found that although older patients with 
colorcctal or breast cancer had excellent rates of receiving cancer
direoted surgery, rates were variable for many other cancers, 
including lung, esophagus, stomach, liver, and pancreas cancers. 
Surgical intervention not being recommended was the most 
common reason. Clearly, the surgeon must more carefully weigh 
an individual's operative risk in the context of the difficulty; 
length and morbidity of the procedure, with greater consider
ation for quality of life a11d functional status, beyond just post
operative mortality and mortality and long-term survival. 
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FIGURE 30-1 Annual age-adjusted cancer incidence rates for males and females for selected cancers in the United States, 1975-2005. (From 
Jemal A, Siegel R, Ward E, et al: Cancer statistics, 2009. CA Cancer J Clin 59:225- 249, 2009.) 

Obesity and £ancer 
Prevalence of overweight (body mass index [BMI], 25 to 30) 
and obesity (BMI ;;::: 30) in most developed cowmies, and in 
urban areas of many less developed countries, has been increas
ing markedly over the past 25 years. L1 the United States, 
approximately one third of the population is now classified as 
obese. Although obesity has long been recognized as an impor
tant cause of diabetes and cardiovascular disease, the relationship 
between obesity and cancer has received less attention. Epide
miologic studies indicate that adiposity contributes to the 
i.ncreac:ed incidence and/or death from cancers of the colon, 
breast (in postmenopausal women), endometrium, kidney (renal 
cell), esophagus (adenocarcinoma), gastric cardia, pancreas, gall
bladder, and liver (hepatocellular carcinoma). It has been esti
mated that 15% to 20% of all cancer deaths in the United States 
can be attributed to overweight and obesity. 10 

'The mechanisms whereby obesity increases cancer risk 
appear to involve the metabolic and endocrine effects of obesity 
via their alterations in peptide and steroid hormone levels. For 
exan1ple, greater an10unts of adipose tissue lead to increased 
circulating levels. of free fat()' acids. This, in turn, causes liver, 
muscle and other tissues to increase their usage of futs for energy 
production, thereby reducing their need for uptake and 

metabolism of glucose and eventually leading to hyperglycemia. 
llus flLnctional insulin resistance force;.--s an increase in pancreatic 
insulin secretion. Epidemiologic and experimental evidence sug
gests that chronic hyperinsulinemia increases the risk of cancers 
of the colon and endometrium, and probably other tumors (e.g., 
those of the pancreas and kidney). 

Circulating levels of estrogens are strongly related to adi
posity. For cancers of the breast (in postmenopausal women) and 
endometrium, the effects of overweight and obesity on cancer 
risk are largely mediated by increased estrogen levels. For patients 
with breast cancer, adiposity has been as.~odated with poorer 
survival and increased Hkelihood of recurrence, an effect that 
persisted after adjustment for tumor stage and grade, hormone 
receptor status, and adjuvant therapy. 

TUMOR BIOLOGY 
Much has been learned about the multistep process of tumori
genesis. A weJJ-documenred example of tumor development is 
presentted in Table 30-2. 1J1e transformation of melanocytes into 
malignant melanoma can he divided histopathologically and 
clinically into five major identifiable steps. Successive genetic 
changes each confer a growth advantage, leading to the progres
sive conversion of nom1al cells into cancer cells. 1l1is process is 
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Table 3D-1 Ten Leading cancer Types for Men and Women by Incidence and Mortality* 
Men Women 

TYPE OF CANCER INODE.NC£ (%) TYPE OF CANCER 

Estimated New (ases 

Prostate 25 Breast 

lung and bronchus 15 lung and bronchus 

Colon and rectum 10 Colon and rectum 

Urinary bladder 7 Uterine corpus 

Melanoma of the skin 5 Non-Hodgkin's lymphoma 

Non-Hodgkin's lymphoma 5 Melanoma of the skin 

Kidney and rena1 pelvis 5 Thyroid 

Oral cavity and pharynx 3 Ovary 

Leukemia 3 Kidney and renal pelvis 

Pancreas 3 Pancreas 

All other sites 19 All other sites 

Estimated Deaths 
lung and bronchus 30 l ung and bronchus 

Colon and rectum 9 Breast 

Prostate 9 Colon and rectum 

Pancreas 6 Pancreas 

Leukemia 4 Ovary 

uver and intrahepatic bile duct 4 Non-Hodgkin's lymphoma 

Esophagus 4 l eukemia 

Non-Hodgkin's lymphoma 3 Uterine corpus 

Urinary bladder 3 liver and intrahepatic duct 

Kidney and rena1 pelvis 3 Brain and other nervous system 

All other sites 25 All other sites 

Adapted from Jemal A. Siegel R, ward E. et al: cancer statistics, 2009. CA cancer J din 59:225·- 249, 2009. 

•Exduding basal and squamous cell skin cancers, and in situ carcinomas except urinary bladder. 
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FIGURE 3G-2 Annual age-adjusted cancer mortality rates for males and females with selected cancers in the United States, 193Q-2005. (From 
Jemal A, Siegel R. Ward E. et al: Cancer statistics, 2009. CA Cancer J Clin 59:225- 249, 2009.) 
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Table 30-2 Stepwise Progression from Melanocyte to 
Metastatic Melanoma 

2 

3 

4 

---------------------------
CHARACTERISTICS 

Common melanocytic nevus 

Dysplastic nevus 

Radial growth phase of melanoma 

Vertical growth phase of melanoma 

5 Metastatic melanoma 

Adapted from Clark WH Jr, Elder DE, Guerry Dt. et al: A study of tumor progres
sion: the prec:ursor lesions of superficial spreading and nodular melanoma. Hum 
Pathol15:1147- 1165, 1984. 

*Common acquired and congenital nevi without cytologic atypia (step 1) may 
progress into dysplastic nevi with dear atypical histologic and cytologic features 
(step 2). Most of these lesions are stable, but a few may progress to a malignant 
melanoma that tends to grow outward along the radius of the plaque (step 3). 
Within the plaque, a nodule develops of fast~rowing cells that expand in a vertical 
dire<tion, invading the dermis and elevating the epidermis (step 4). Finally, the 
tumor metastasizes (step 5). 

associated with a number of distinct changes in cell physiology 
(Fig. 30-3),1

..: each of which is discussed in derail here. 

SeH-Sufftdency in Growth Signals 
Cells within nom1al tissues are Largely instructed to grow by 
neighboring cells (paracrine signals) or via rysremic (endocrine) 
signals. Similarly, cell to cell growth signaling also occurs in the 
vast majority of tumors. The immediate tumor cell environment 
(the stroma) contains resident nonmalignant cells such as paren
chymal cells, epithelial cells, fibroblasts, and endotbelial cells. L1 
addition , most tumors are characterized by infiltrating immune 
cells such as lymphocytes, polymorphonuclear cells, mast cells, 
and macrophages. In some rumors, these cooperad11g cells may 
eventually transform themselves, coevolving with tbe tumor cells 
to sustain the growth of the latter. Finally, basement membranes 
form the extracellular matrix (ECM), which provides a scaffold 
for pro liferation of fibroblast and endotbelial cells. Together, 
tumor cells and stroma produce factors (autocrine and paracrine 
factors) that in cell-botmd, matrix-bound, or soluble form 
direcdy or indirectly influence tumor development. AutocriJ1C 
factors secreted by tumor cells pwmote growth of tumor cells 
but may also stimuJate neighboring cells. In addition, tumor 
cells secrete paracrine factors that act on host cells or ECMs, 
genera·ting a supportive microenvironment. For example, 

and 
Tumor 

Expansion 

FIGURE 30-3 Changes in cell physiology associated with progressive conversion of normal cells into tumor cells. The indicated traits are common 
to the vast majority of human cancers, together conferring cell survival and/or tumor expansion. (Adapted from Hanahan 0, Weinberg RA: The 
hallmarks of cancer. Cell 100:57- 70, 2000.) 
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Mas1 cells 
Parenchymal cells 

Endothe lial cells 
Fibroblasls 

Kcratinocytcs 
ECM 

-+ Stroma ~Pl_ara_<'•_·m_c_ 8 - P-·ara- <'r_m_c,. 
lnUllnlle-

T lymphocytes 
B lympboc.yles 
MacrophagestmOIIOCyles 
Dendritic cells 
Nl<INl<T cell• 
Polymorphonuclear cells 
Pl:tleh;IS 

FIGURE 3Q-4 Paracrine and autocrine growth mechanisms .. Both stromal cells and infiltrate secrete paracrine factors that affect tumor develop
ment Additionally, tumor cells secrete autocrine as well as paracrine factors that, in tum, act on stromal cells and infiltrating cells. 

Table 3D-3 Cells and Soluble Fadors Affeding Tumor 
Development* 
CELLS 

Stroma 

Parenchymal cells 
Endothelial cells 
Fibroblasts 
Mast cells 
Extracellular matrix 
Keratinocytes 

Infiltrate 

T lymphocytes 
B lymphocytes 
Natural killer cells 
Natural killer T cells 
Macrophages, monocytes 
Dendntic cells 
Polymorphonudear cells 
Platelets 

SOLUBLE FACTORS 

Growth factors, growth inhibitors. 
nutritional factors. hormones, 
degradative enzymes, cytokines, 
angiogenesis factors 

cytokines, chemokines. cytolytic factors. 
angiogenesis factors. growth 
(lnhibttory) factors. degradative 
enzymes, cytostatic factors, antibodies 

Chemokines, cytokines, angiogenesis 
factors, degradative enzymes, growth 
(Inhibitory) factors 

"The list of cells and soluble factors is not meant to be complete but to illustrate 
the complexity of factors affecting tumor development 

transforming growth factor-~ (TGF)-~ may tnduce angiogene
sis, production of ECM molecules, and production of other 
cytokines by fibroblasts and endothelial cells. To state it simply, 
tumor growth is dependent on the response of tumor cells to 
paracrine and autocrine factors (Fig. 30-4, sud1 as angiogenesis 
facrors, growth factors, chemokines (polypeptide signaling mol
ecules originally characrerized by their ability to induce chemo
taxis}, cytokines, hormone.~, enzymes, and cytolytic factors, 
which may promote or reduce tumor growth (Table 30-3). 

Dming the evolution of a tumor, its responsiveness to 
growth signals changes. Paracrine growth mechanisms arc domi
nant during the early development of tumor. Tumors become 
resistant to paracrine growth inhibitors and gain responsiveness 
ro paracrine growth promoters. However, autocrine growth 
med1anisms become more prominent as tumors develop further. 
The observation that in late-stage tumors, metastatic tumor cells 
tend ro spread more randomly throughout the hody suggests 
that autocriJle growth mechanisms may be more domjnant than 
paracrine growth mechanisms. Advanced breast cancers, for 
exan1ple, lose hormone responsiveness. lt is even possible for a 

tumor to grow completely autonomously (acrine state} and be 
mdependcnt of growth factors and inhibitors (Fig. 30-5). 

To ad1ieve growth self-sufficiency, growth signaling path
ways are altered. This involves the alteration of extracellular 
growth signals, transmembrane transducers of those signals, or 
intracellular signaling pathways that translate those signals into 
action. Growth factor receptors are overexpressed in many 
cancers. Receptor overcxpression may enable the cancer cell to 
respond to low levels of growth factor that normally would not 
trigger proliferation. For example, the epidermal growth factor 
receptor (EGFR) and the Her2/neu receptor arc overexpressed 
in breast and other epithelial cancers. Additionally, gross over
expression of growth factor receptors can elicit growth factor
independent signaling. The latter can also be achieved through 
struocural alteration of receptors, such as rruncated versions of 
the EGFR that lack much of its cytoplasmic domain and are 
constitutively activated. 

Cancer cells can also modulate their stromal environment, 
mcluding the ECM, through secretion of factors such as basic 
fibroblast growth factor (bFG.F}, platelet-derived growth fact<>r, 
and TGF-~. ECM components, such as collagens, fibroncctins, 
laminins, and vitronectins, may bind to two or more receptors 
and may also bind other ECM molecules. The matrix molecule
receptor interaction induces signals that influence cell behavior, 
tnduding entrance i.nto the active cell cycle. Cancer cells can 
switch the types of ECM receptors (e.g., integrins, hcparan 
sulfate proteoglycans} that d1ey express, favoring ones that trans
mit progrowth signals. 

The third and most complex mechanism for acquisition of 
self-sufficiency in growth signals stem from d1anges m intracel
lular signaling pathways. Many of the oncogenes, such as activat
ing mutations in KRAS, mtmic normal growth signaling and 
induce mitogenic signals without stimulation from upstream 
regulators. 

Insensitivity to Antigrowth Signals 
Cell division is an ordered, tightly regulated process involving 
stimulatory and inhibitory signals. 111us, in addition to acquir
ing stimulatory growth signals, tumor cells need to overcome or 
neutralize growth inhibitory signals. 'TI1e.o;c signals include 
soluble growth inhibitors and imlllobilized inhibitors embedded 
m the ECM and on the surfaces of neighboring cells. Sinular to 
many of the stimulatory signals, the growth mlubitory signals 
are transduced by transmembrane receptors coupled to intracel
lular signaling pathways that target genes regulating the ceU 
cydc. 11Je cell cycle can be divided mto an imerphase and a 
mitoric (M) phase (Fig. 30-6).11 The interphase is further 
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Tumor 
ocR 

Tumor 
cell - r::r j - Tumor 

cell - :::., -
Unrespons1ve Mainly paracrine Mainly autocrine 

Paracrine Autocrine 

Progression 

p53, s_ / E2F, cycH" 01 

Terminal differentiation 

FIGURE 3o-6 Schematic overview of the cell cycle. Cell division is 
governed by cydin proteins and CDKs. After mitosis, a cell can termi
nally differentiate, enter a quiescent state, or reenter the cell cyde. A 

critical point in the cell cyde control is the transition from G, to S. 
After passing this ·Checkpoint, the cell is committed to division. Tumor 
suppressor genes such as the retinoblastoma (Rb) and p53 gene 
block G, to S transition, whereas oncogenes such as eye/in D 1 and 
E2F promote transition. 

subdivided into cwo gap phases (G1 and G2}, separated by a 
phase of DNA synthesis (S phase). The two gap phases involve 
crucial regulatory events that prepare the cell for DNA replica
tion and n<irosis. 

Cenrral to cell cycle progression are the cyclin-dependent 
k.inases (CDKs) ~that bind to the cyclin proteins. These proteins 
are regulated by numerous other proteins, including tumor 

Mainly acrine 

FIGURE 3o-5 Changes in contribution of 
growth mechanisms to tumor development 
During tumor progression, the contribution of 
paracrine growth mechanisms decreases and 
the tumor becomes more dependent on auto
crine growth mechanisms. At later stages, the 
tumor may even become independent of 
growth mechanisms (acrine state). 

suppressors and oncogenes that induce stimulatory or inhibitory 
signals. Antigrowth signals can block cell division by two distinct 
mecbarusms. Cells may be forced to exit the ceU cycle into a 
quiescent (G0) scare (Fig. 30-6). 

Alternatively, cells may be induced to enrcr a poscmicotic 
state, usually associated with terminal rufferentiation. Much of 
the signaling pathways that enable normal cells to respond to 
antigrowth signals are associated with the cell cycle block, spe
cifically with the components governing the restriction point in 
the G, phase of d1e ccU cycle. The restriction point marks the 
point between early and late G 1 phase passage that represents an 
irreversible commitment to undergo one ceU division. Cells 
monitor their external environment during this period and, on 
the basis of sensed signals, decide whether to proliferate, be 
quiescent, or encer into a postmitoric state. At the molecular 
level, many and perhaps aU antiproliferative signals involve the 
recinoblastoma protein (pRb) and its two family rnembers, p 107 
and pl30.11 pRb is a key negative regulator at the restriction 
point. Ln quiescent cells, pRb is hypophosphorylated and blocks 
cell &vision by bin&ng E2F cranscription factors char conuol 
the expression of many genes essential for progression from the 
G, into the S phase (see Fig. 30-6). In contrast, growd1 stimula
tory signals induce phosphorylation of pRb that does not bind 
E2F factors and is considered functionally inactive. Similarly, 
disruption of the pRb pathway liberates E2Fs and rhus allows 
cell proliferation, rendering ceiJs insensitive to antigrowth factors 
that normally operate along this pathway to block advance 
rl"tfough the G 1 phase of the cell cycle. For example, TGF-P 
prevents the phosphorylation of pRb that inactivates pRb and 
thereby blocks advance rl"lfough G 1• In some tumors, such as 
breast, colon, liver, and pancreatic cancers, TGF-P responsive
ness is lost through downregulation of TGF-P receptors or 
through the expression of mutant, dysfLmctional receptors. In 
others, such as colon , hmg, and liver cancers, the cytoplasmic 
Smad4 protein, which transduces signals from ligand-activated 
TGF-f3 receptors to downstream targets, may be eliminated 
through mutation of its encoding gene. Alternatively, in cervical 
carcino mas induced by human papillomavirus (HPV), the viral 
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oncoprotein E7 binds pRb and thereby induces dissociation of 
E2F and subsequent transcription of genes necessary for ceiJ 
cycle progression. In addition, cancer cells can also turn off tbe 
expression of integrins and other cell adhesion molecules that 
send antigrowth signals. ln summ ary, the antigrowth signaling 
pathway~ converging omo Rb and rhe cell cycle are disrupred in 
most human cancers. 

Cydin-CDK complexes, essential for cdl cycle progression, 
are regulated by rwo families of cyclin-CDK inhibitors in normal 
cells. However, in tumor cells, rhese regulatory proteins, such as 
the pl6 member of the lNK4 family, arc frequently deleted, 
allowing tumor ceUs to bypass cell cycle arrest. 

In addi cio11 to avoidiJ1g anti growth signals, mmor cells may 
also avoid terminal differentiation, sucl1 as through overexpres
sion of the oncogene c-myc, which encodes a transcription factor 
regulating the expression of cyclins and CDKs, or through 
upregulation of ID (inhibitor of DNA-binding and differentia
tion) family me mbers. Similarly, during human colon carcino
genesis, inactivation of the APC/j3-catenin pathway serves to 
block d1e egress of enterocytes in the colonic crypts into a dif
ferentiated postmitotic state. 

Evasion of Cell Death 
The growth of tumors is determined by the ability of tumor cells 
to proliferate, offset by cell death. Most, if not all , types of 
tumors are cl1aracterized by defects in cell death-signaling path
ways and are re~istant to cell death. Cell death in tumors is 
caused primari]y by programmed ceU death, or apoptosis, which 
is rhe most common and well-ddined form of cell death.12 

Apoptosis is a physiologic cell suicide program essential for 
embryonic development, functioning of the imnmne system, 
and maintenance of tissue homeostasis. Apoptosis is character
ized by disruption of membranes and chromosomal degradation 
in a matter of hours. The general apoptosis s.ignaling pathway 
involves the release of cytochrome c from mitochondria that 
activates various caspases (a family of at least 10 proteases) in 
sequence (Fig. 30-7). 

Apoptosis 

Activation of caspase cascades leads to DNA fragmentation 
and apoptosis. Induction of apoptosis is death receptor
depelldent (extrinsic pathway) or death receptor- independen£ 
(intrinsic pathway). The two best w1derstood dearn receptor 
pathways include me Fas receptor and death receptor (DR)-5 
that bind the cxrracellular Fas ligand and TRAfL, respecrively. 
Binding of the ligands triggers the activation of caspase 8 and 
promotes tbc cascade of procaspase activation, leading to the 
release of cytochrome c from mitochondria and eventually apop
tosis. The intrinsic parnway is triggered by various extracellular 
and intracellular stresses, sud1 as growth factor withdrawal, 
hypoxia, DNA damage, and oncogene induction. Receptor
independent pathways involve translocation of proapoptotic 
molecules from the cytoplasm to rhe mitochondria, causing 
mitochondrial damage and release of cytochrome c. Cytochrome 
cis directly involved in the activation of caspase 9, which acti
vates caspase 3, which then leads to apoptosis. 

The concept that apoptos.is forms a constraint to cancer was 
first put forrh in 1972, when massive apoptosis was observed in 
cells populating rapidly growing, hormone-dependent tumors 
following hormone withdrawal.'~ The discovery of the bcl-2 
oncogene as having antiapoptotic activity led to the investiga
tion of apoptosis in cancer at the molecular lcvcl.14 Bd-2 pro
motes the formation ofB ceU lymphomas through a chromosomal 
translocation linking the bcl-2 gene to an immunoglobulin 
locus:, which results in the constitutive activation of bcL2, driving 
lymphocyte survival. Further research has demonstrated that 
altering componenrs of the apoptotic machinery allows a cell to 
resist death signals, providing it with a selective growth advan
tage. For example, functional inactivation of the tumor suppres
sor p53 is observed in more than 50% of human cancers. p53 
is a key regulator of apoptosis by sensing DNA dan1agc tbat 
cannot be repaired and subsequent activation of the apoptotic 
pathway. Other abnormalities, such as hypoxia and oncogene 
ovcrcxprcssion, are also channeled, in part via p53 to the apop
totic machinery, and fail to elicit apoptosis when p53 ftmction 
is lost. Also, alterations in cell survival pathways can suppress or 

Extrinsic 
(1) 

\ 
Proapoptotic 
molecules 

Caspase cascade 

\ 
t 

Cytochrome c 

J 
FIGURE 30..7 Apoptotic pathways. Extracellular and 
intracellular stresses can induce apoptosis in tumor 
cells. Extracellular triggering can occur through a 
receptor-dependent (1) or receptor-independent 
(2) pathway. Both pathways induce the release of 
cytochrome c from mitochondria, which triggers the 
activation of various caspases in sequence, ulti
mately leading to apoptosis. 
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alter apoptosis. For example, the PI3 kinase-AKT pathway, 
which transmits antiapoptotic survival signals, is likely involved 
in inhibiting apoptosis in many human tumors. This signaling 
pathway can be activated by extraceUular factors such as insulin
W<e growth factor J (IGF-1), IGF-2, or interleukin-3 (IL-3}, 
inrracellular signals from Ras, or loss of the pTEN rumor sup
pressor that negatively regulates the PI3 kinase-AKT pathway. 
A final example is the discovery of a nonsignaling decoy receptor 
for Fas ligand in a high fraction of lung and colon carcinoma 
cell lines. Expression of this decoy receptor dilutes the death 
signal mediated through Fas. 

Nonapoptotic types of cell death include necrosis, autoph
agy, and mirotic catastrophe. Necrosis is normally induced by 
pathophysiologic conditions such as infection, in.Sammation, or 
ischemia. Necrosis is characterized by unregulated cell destruc
tion. Autophagy, on the other hand. is characterized by the 
proteolysis of lomg-lived proteins and organelle components in 
lysosomes.'5 Cells that undergo excessive autophagy undergo 
apoptosis. Autophagy is triggered by growth factor withdrawal, 
hypoxia, DNA damage, and differentiation and developmental 
triggers. 12 Finally, aberrant mitosis caused by failure of the G2 

checkpoint to block mitosis when DNA is damaged, can. lead 
to cell death, known as mitotic catastrophe. 1l1e signaling path
ways involved in these types of nonapoptotic cell death are less 
well defined compared with those that regulate apoptosis, but it 
is clear that defects in nonapoptotic cell death pathways have 
been linked to cancer. For example, amplification of the MDM2 
oncogene, which negatively regulates expression of p53, results 
in inadequate ex[pression of p53 and thereby loss of rumor sup
pressor fw1ction. Another exan1ple is the deletion of the 
autophagy-regulating gene becklin-1 in high percentages of 
ovarian, breast, and prostate cancers. L1 addition to cell death, 
cells can undergo permanent growth arrest, known as senes
cence, when repair of damaged DNA fails. Senescent cells lose 
their clonogenlci ty, but defects in the senescent program con
trihute to tlmlor development. 

Limitless Replication Potential 
Acquired disruption of cell to ceiJ signaling by itself does not 
ensure expansive tumor growth on its own. This is caused by the 
intrinsic programmed decline in replication potential that limits 
the multiplication of normal somatic cells. 1l1is program must 
be disrupted in order for a done of cells ro develop into a mac
roscopic ttmlOr. Normal cells have a finite replicative potential. 
Once a cell poplll.lation has progressed through a certain mmtber 
of doublings, they stop growing, a process termed senescence. 

With rhe e;xception of stem cells, activated lymphocytes, 
and germline cells, normal cells have a limited replicative 
potential. Stem cells give rise to progenitor cells that can prog
ress through a certain mm1ber of doublings, with an increas
ing degree of differentiation. Fully differentiated cells do not 
have replicative potential. The number of doublings is con
trolled by telomeres. the ends of chromosomes that are com
posed of several thousand repeats of a short 6-bp sequence 
element. 16 Telorneres prevent end to end chromosomal fusion. 
However, each DNA replication is associated with a loss of 50 
to 100 base pairs of telomeric DNA from the ends of every 
chromosome. 1be progressive shortening of relomeres through 
successive cycles of replication eventually causes them to lose 
their ability to protect the ends of duomosomal DNA When 
the critical length is bridged, the unprotected chromosomal 

ends participate in end to end cllfomosomal fusions, yie.lding 
a karyotype disarray that almost inevitably results in the death 
of the affected cell. Telomeric attrition is negated by the 
enzyme telomerase, whlcl1 elongates telomeric DNA Telomer
ase activity is high during embryonic development and in 
certain cell populations, such as adult stem cells. However, 
many tumors are characterized by elevated telomerase 
activity. Ahernatively, telomcres are maintained through 
recombination-based interchromosomal excl1anges of sequence 
information. 1lms, by maintaining a telomere length above a 
criticalt threshold, the tumor cells have unlimited proliferative 
potential and are considered immortal. 

Recently, evidence has been obtained for the existence of 
cancer stem cells or cancer-initiating cells that give rise to tissue
specific progenitor cells and phenotypically diverse cancer cells 
with limited replicative potential. 17 Unlike mature, terminally 
differentiated tissue cells, cells with the capacity for self-renewal 
would live long enough for the stepwise accumulation of genetic 
mutati.ons over time. Small populations of putative cancer stem 
cells have now been identified in many of the common cancers 
based on their ahili ty to replicate, whereas most cancer cells have 
no or limited ability to proliferate. 1l1e most likely origi11 of 
cancer stem cells is normal adult stem cells that replace short
lived mature cells in tissues sucl1 as skin, gut, and blood. When 
normal stem cells divide, one of the daughter cells inherits stem 
cell capabilities, whereas the other cell is launched along the 
differentiation pathway. In cancer stem cells, the genes regulat
ing self-renewal, such as Bmi-1, are overexpressed, thereby sup
pressing the default pathway of differentiation. 

Sustained Angiogenesis 
Based on the observation that many individuals who died of 
non-cancer-related causes had in situ n m10rs at the time of 
autopsy, physicians and scientists have concluded these micro
scopic tumors are il1 a dormant state. Tumor dormancy occurs 
because the body blocks the tumor from recruiting its own blood 
supply to provide tumor cells with the reCjtLired oxygen and 
nutrients. The growth of new blood vessels, angiogenesis, is a 
bjghly regulated process to ensure supply to all cells in an organ. 
Surprisil1gly, the microscopic tumors lack the ability to induce 
angiogenesis, and only an estin1ated I in 600 acqujre angiogenic 
activity. Research pioneered by ]udal1 Folkmru1 has demon
strated that naturally occurril1g endogenous angiogenesis inlubi
tors prevent twuors from expanding. 18 The angiogenesis 
inhibitors keep the tumors in cl1eck by counterbalancing the 
ru1giogenic sjgnals. These signals are mediated by soluble factors 
and their receptors on cndotheHal cells, as well as integrins and 
adhesion molecules mediating cell-matrix and cell-cell interac
tions. Angiogenic activity is induced by growth factors such as 
vascular endothelial growth facror (VEGF), basic and acidic 
fibroblast growth factor (FGF), and platelet-derived growth 
factor. Each binds to transmembrane tyrosine kinase receptors 
djsplayed prin1arily by endothelial cells connected to ilmacel
lular signaling pathways. Angiogenesis inhibitors are associated 
with specific tissues or circulate in the blood. The fi.rs t inhibitor, 
ilnerfcron-<X (IFN-<X) , wa~ reported in 1980, ru1d an addjtional 
26 endogenous i11hibitors have been idemified since then. 1l1ese 
include thrombospondin, nm1starin, canstatin, endostatin, and 
angiostatin. 

Evidence for the importance of il1duci.ng ru1d sustaining 
angiogenesis in tumors is overwhelming. For example, tbe switch 
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of dormant human tumors into fast-growing rumors in immu
nocompromised mice is associated with an angiogenesis gene 
signature. Most telling are the results of cllnical studies with the 
anti-VEGF antibody, bevacizumab (Avastin), the fust angiogen
esis inhibitor approved by the U.S. Food and Drug Administra
tion (FDA) for rhe rrearment of colon cancer. Bevacizumab 
significantly prolongs the survival of patients with advanced 
cancer. Similarly, a dominant-interfering version of the VEGF 
receptor 2 bas been shown to impair neovascularization and 
growth of subcutaneous tumors in mice. 

The ability to induce and sustain angiogenesis seems to be 
acquired in a ruscrete step (or steps) during tumor development 
via a switch co the angiogenic phenotype.18

•
1
q Tumors appear to 

activate tl1e angiogenic swi.tch by changing the balance between 
total angiogenic stimulation and total angiogenic inhibition.~0 

lhis usually occurs when the angiogenesis stimulators over
whelm the angiogenesis inhibitors. L1 some tumors, these 
changes may be linked. It is Bkely that such disruption in the 
angiogenic balance is under control of the genetic makeup of 
the individual tumor cell and its microenvironment. Angiogen
esis inducers and inhibitors may be genetically controlled by 
tumor suppressor genes such as p53, whereas oncogenes such as 
rtts may downrcgulare transcription of endogenous inhibitors or 
activate induce:rs. For example, bcl2 activation leads to signifi
cantly increased expression ofVEGF and angiogenesis. Another 
dimension of regulation is tb:rough proteases, whicb can control 
the bioavailabiUty of angiogenic activators and inhibitors. 1l1us, 
a variety of proreases can release bFGF stored in the ECM, 
whereas plasmin, a proangiogenic component of the clotting 
system, can cleave itself into an angiogenesis inhibitor form 
called angiostatin. Another angiogenesis inhibitor, endostatin, is 
an internal fragment of the basement membrane collagen XV11l. 
Finally, hypoxia and other metabolic stressors, mechanical stress 
from proliferating cells, or inflammatory immtme responses can 
trigger angiogenesis. The coordiJlated expression of proangio
genic and antiangiogenic signaling molecules and their modula
tion by proteo.lysis appear to reflect the complex homeostatic 
regulation of normal tissue angiogenesis and vascular integrity. 
Different types of tumors use distinct molecular strategies to 
activate the angiogenic switch. 

Key in tl1e formation of new blood vessels are endothelial 
cells via the production or expression of angiogenesis-promoting 
factors. 1l1ese factors include proinflammatory cytokines such 
as IL-6, VEG F, and hematopoietic growth factors suru as 
colony-stimulating factors that recruit and activate bone 
marrow-derived progenitor ceiJs. Among the progenitor cells are 
myeloid precursors that further promote the proinflammatory 
responses at the tumor and actively contribute to angiogenesis 
by producing matrix metalloprotease-9 (MMP-9), a critical 
regulator of tumor angiogenesis through the induced release of 
VEGE Bone marrow-derived endothe.Bal precursors foster 
tumor blood vessel assembly. 

Tissue Invasion and Metastasis 
Progressing tumors give rise to distant metastases that are the 
cause of 90% of human cancer deaths. The formation of tumor 
meta~ta<;es is characterized by the detachment of some tumor 
cells from the primary rumor and infiltration into the blood
stream or lymphatics (intravasation). 11Je reciprocal process 
occurs at other locations iJl the body {extravasation). Both 
intravasation and extravasation are characterized by cl1anges in 

ECMs and their interactions with tumor cells. The cell-cell and 
cell-matrix interactions are mediated th:rough cell adhesion mol
ecules (CAMs), primarily by members of the immuJ1oglobulin 
and calcium-dependent cadherin families/ 1 hyaluronan receptor 
CD44, selectins, and integrins,22 which Bnk cells to ECM sub
strates. Srudies have shown char the molecules mediaring adhe
sion are also capable of signal transduction. As sucl1, changes in 
expression of adhesion molecules will alter signaling pathways 
and, conversely, signaling molecules can direcdy affect the ftmc
tion of adhesion molecules i.n tumor cells. 

Epithelial (E)-cadberin is the prototype cadherin respon
sible for cell polarity and organization ofepithe.Bum. E-cadherin 
function is lose in mosc epithelial rumors du:ring progression co 
tumor malignancy, and may in fact be a prerequisite for tumor 
cell inva~ion and metasta~is formation. Tn normal cells, extracel
lular domains of E-cadherin on opposing cells couple and form 
cell-cell junctions (Fig. 30-8). The cytoplasmic cell-adhesion 
complex is linked to tl1e actin cytoskeleton tb:rough cateniJlS (0:, 
f3, y) .. Mechanisms that include mutational inactivation of the 
E-cadberin or 13-catenin genes, rranscriptional repression, or 
proteases of the extracellular cadherin domain induce loss of 
E-cadherin function.21 This prevents catenins from binding and 
leads to their accumulation in the cytoplasm. lnactivation of 
nonsequestered 13- and r -catenin is dependent on the presence 
of the ntmor suppressor gene APC and an inactive Wnr signaling 
pathway (Fig. 30-8). However, when APC function is lost, as is 
tl1e case in many colon cancers or in case of Wnt activation, 
~-carenin is not degraded bur instead uanslocaces co the nucleus; 
here nanscription is activated of genes involved in cell prolifera
tion and tumor progression, such as c-myc, cyclin Dl, CD#. 
and others. 

Changes in expression of CAMs in the immunoglobulin 
superfamily also appear to play critical roles in the processes of 
invasion and metastasis?~ • Neuronal (N)-CAM, for example, 
undergoes a switch in cxpressio11 from a highly adhesive isoform 
to poorly adhesive (or even repulsive) forms in Wtlms' tumor, 
neuroblastoma, and small ceiJ lung cancer. [n invasive pancreatic 
cancer and colorectal cancers, the overall expression of N-CAM 
is reduced. 

Selectins are a family of transmembrane molecules consist
ing of E-, L- (leukocyte), and P (platelet)-selectin, t!Jat normally 
mediate blood cell-endothelial cell interactions. However, alter
ations in the expressio11 level of selectins and/ or their ligands, 
suru as the E- and L-selectin ligand, CD44, have been associated 
with increased invasiveness and poor survival in several mwg
nancies (e.g., breast cancer, colorectal cancer). 

Change.~ in inrcgrin expression are also evident in invasive 
and metastatic cells. For invading and metastasizing cells to be 
successful, they need to adapt to changing tissue microenviron
ments. This is accomplished tluough shifts in the spectrum of 
integrin 0: and 13 subunits displayed on the cell su:rface by the 
migrating cells. The large extracellular domain of integrins can 
bind to ECM molecules such as collagens, laminin. and fibro
necti:n,ligands associated with vascular and coagulation physio l
ogy, such as thrombospondin and factor X, or with other CAMs. 
Each integrin molecule consists of an 0: subunit and ~ subunit, 
but a particular ~ subunit can dimerize with several different 0: 
subunits. These novel pe:rmutations result in differenc imegrin 
subty pes-24 combinations have now been described-having 
distinct substrate preferences. Also, integrins may exhibit differ
ent specificities when expressed on different cell types. Thus 
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FIGURE 3()..8 loss of E-cadherin permits tumor progression. Functional loss of E'adherin to sequester 13-catenin leads to the acrurnulation of 
jkatenin in the cytoplasm. Similarly, Wnt signaling inactivates GSK-313, which leads to the stabilization of 13-catenin instead of its degradation. 
Also, loss of APC function may result in the accumulation of jkatenin in the cytoplasm. This leads to the translocation of j3-catenin to the 
nudeus, where it binds the T cell-specific transaiption factor/lymphoid enhancer factor- I (TCF/LEF-1), inducing a genetic program that leads 
to tumor progression. ~ cx-Catenin; APC, adenomatous polyposis coli; f3, 13-catenin; Frz, friuled (transmembrane receptor for Wnt growth 
factors); DSH, disheveled; GSK-3{3, glycogen synthase kinase 3j3. 

carcinoma cells facilitate invasion by shifting their expression of 
integrins from those that favor ECM preseJ1t in normal epithe
lium to other integrins that preferentially bind the degraded 
stromal compo11cnrs produced by extracellular protea,o;cs.2 For 
example, expression of <X4f31, which binds fibronectin, correlates 
with the progression of melanoma. The changes are incom
pletely understood because of the large number of distinct inte
grin genes, by the even larger number of heterodimeric receptors 
resulting from combinatorial expression of various a and [3 
recepcor subunits, and by increasing evidence of complex signals 
emitted by the cytoplasmic domains of these receptors. Changes 
in integrin expression may also be essential for the expansion of 
the rumor stem ceU compartment by innibiting differentiation 
or apoptosis.23 

1he second! general parameter of the invasive and meta
static capability involves extracellular proteases that regulate 
ECM n1rnover. It has become clear that tlmlor progression may 
involve an increased expression of proteases, decreased expres
sion of protease inhibirors, and inactive zymogen forms of pro
teases that are converted into active enzymes. Expression of the 
protease tenascin, which neutralizes adhesion to fibronectin, is 
iJ1creased 10-fold iJ1 invasive breast carcinoma compared with 
normal breast tissue. MMPs are overexpressed in melanoma, 
invasive breast carcinoma, and invasive squamous cell carci
noma. Matrix-degrading proteases are characteristically associ
ated with the cell surface by synthesis with a transmembrane 
domain, binding to specific protease receptors, or association 
with integrins. Itr is possible that docking of active proteases on 
the ceU surface can facilitate invasion by cancer cells into nearby 
stroma, across Mood vessel walls, and through normal epithe
]jum celJ layers. Nevertheless, it is difficult to ascribe unambigu
ously the functions of particular pro teases solely to this capability. 
given their evident roles in other hallmark capabilities, including 

angiogenesis and growth signaling, whicl1 in tum contribute 
directly or indi recrly to rl1eir invasive or metastatic capability. A 
further complexity derives from the many cell types involved in 
protease expression and display, including stromal and inflam
matory cells. 

ll1e activation of extracellular protea.'ies and altered binding 
specificities of cadberins, CAMs, sdectins, ru1d integrins are 
dearly central to the acquisition of invasiveness and metastatic 
potentiaL The clonal and genetic diversity of rumors permits 
adhesion ru1d detachment from the same matrix. Some rumor 
cells in a primary tumor may have the correct genotype and 
phenotype to permit detachment from the surrounding tissue 
ru1d entry into blood vessels or lymphatic vessels. Similarly, 
extravasation may be mediated by a few rumor cells that express 
the required receptors for certain ECM molecules. L1 general, 
those mutations that confer escape from homeostatic control 
mechanisms in the host or that give tl1e tumor cell a growth 
advantage over others are favorably selected. Thus, ntmor clones 
that best complement the environment with the expression of 
particular ECM receptors may thrive because this provides an 
advantage over other clones. However, the regulatory pathways 
and molecular mechanisms that govern these d1angcs arc incom
pletely understood, and appear to differ from one tissue environ
ment to ru1othcr. 

Outgrowth at Preferred Sites 
Invasion ru1d metastatic spread of rumor cells do nor appear to 
be random processes. ln 1889, Paget observed that breast carci
noma often metastasized to the liver, lungs, bone, adrenals, or 
brain. He hypothesized that tumor cells (the seed) would grow 
only in selective environments (the soil), in wbkh conditions 
supported tumor growth-hence, the so-called seed-and-soil 
hypothesis. Since then, additional studies have confirmed rl1is. 
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For example, malignant melanoma metastasizes to the brain, but 
ocular malignant melanoma frequently metastasizes to the liver. 
Prostate cancer metastasizes to the bone and colon carcinoma to 
the liver. 

Although metastatic spread is in part determined by circu
lation panerns, the retenrion of dis.<;eminated rumor cells in 
distant organs suggests the existence of specific molecular inter
actions. Molecular analysis bas provided several theories to 
explain the preferential outgrowth of tumor cells. One theory, 
the growth factor theory, proposes that twnor cells in the blood 
or lymphatics invade organs at a similar frequency, but only 
those that find favorable growth factors multiply. Transferrins, 
for example, are iron-transferring ferroproteins required for cell 
growth that have additional mitogenic properties beyond their 
iron-t ransporting function . Increased concentrations of transfer
rin are found itn lung, bone, and the brain and are associated 
with elevated levels of transferrin receptors on metastasizing 
tumor cells. 

Another theory, the adhesion theory, proposes that endo
thelial cells lining the blood vessels in certain organs express 
adhesion molecules that bind tumor cells and permit extravasa
tion. A thi rd theory is that chemokines secreted by the target 
organ can enter the circulation and selectively attract tumor cells 
that express receptors for the chemokines. Evidence for the 
importance of chemokines in tumor progression has been 
obtained for breast cancer cells preferentially metastasizing in 
bone marrow, liver, lymph nodes, and lung.21 These organs were 
fotmd to secrete CXCL12, which is the ligand for the chemokine 
receptor, CXCR4, enriched on breast cancer cells compared with 
normal breast epithelial cells. A similar phenomenon was 
observed for melanoma cells that were found to express elevated 
levels of the receptors CXCR4, CCR7, and CCRlO compared 
with normal melanocytes. Lymph nodes, lung, liver, bone 
marrow, and skin express the highest levels of the ligands for 
these receptors and are the preferred sites for metastatic spread 
of melanomas. Because cbemokines are now known ro affect 
angiogenesis and expression of cytokines, adhesion molecules, 
and proteases, in addition to inducing migration, it appears that 
chemokines and their receptors play an essential role in the suc
cessful outgrowth of tumors at preferential sites. 

Detailed analyses of prin1aT)' tlmlors have indicated that 
gene functions mediating metastatic activities are present early 
in the disease. l hese functions result from genetic or epigenetic 
alterations. lhe genes can be grouped into classes such as 
metastasis-initiating genes, which control invasion, arlgiogene
sis, circulation, and bone marrow mobilization. Sinularly, meta.~
tasis progression genes control extravasation, survival, and 
reinitiation, whereas metastasis virulence genes regulate organ
specific colonization. 1hese intrinsic properties of the tumor, 
together with itts cellular origin, determine the organ speci£city 
and temporal cotuse of metastasis formation. 

Central to the mechanisms dictating metastatic predisposi
tion are bone marrow-derived progenitor cells expressi11g the 
VEGF receptor 1 (VEGFRl) and VLA-4, which are prompted 
by the primary mmor to establish f remetastatic niches before 
arrival of metastatic tumor cells? Tumor-secreted humoral 
factors induce f.ibronectin (a VLA-4 ligand) expression on fibro
blasts and fibroblast-like cells in speci£c distant organs. Simul
taneously, the VEGFRJ +, VLA-4+ cells leave the bone marrow 
ru1d migrate to the pren1etas tatic niche, where they form cellular 
dusters that permit the development of metastases. 

lmmunosurveillance and lmmunoediting 

lmmunosurveillance 
In the early 1900s, Paul Ehrlkh proposed that the frequency of 
cancerous transformations would be very high if it were not for 
the defense system of the host. 1l1is concept was later substanti
ated in the 1950s and 1960s, and the term immunosurveillance 
was introduced by Burnet iJl 1970. Burnet hypothesized that 
the d evelopment ofT lymphocyte-mediated immtu:tity during 
evolution was specific for the elimination of transformed cells. 
He further proposed that there is a continuous survcillru1ce of 
the body for transformed cells-hence, the term immunosurtJeiL
Iance. During the subsequent years, experimems in immunosup
pressed and immtmode6cient mice demonstrated that T 
cell- mediated immunity provides protection against virally 
induced tumors. However, no conclusive evidence was obtained 
for the immunosurveillance of cancer. More recent discoveries 
have made it clear that the earlier studies were performed in mice 
erroneously assumed to be immu.nodeficient. When tested in 
truly immunoincompetent mice, evidence for immune surveil
lrulce of cancer was obtained; immunodeficient mice were sig
nificantly more susceptible to the formation of chemically 
induced tumors ru1d spontaneous tumors thru1 immunocompe
tent mice.1 lhis suggests that the unmanipu.lated immune 
system is capable of recognizing and eliminating primary tumors. 

Does immunosurveillance of cancer ex.ist in humans? Eval
uation of long-term studies in transplant patients who were 
immunosuppressed and patiems with immunodeficiencies bas 
shown an increased incidence of virally induced tumors, such as 
non-H odgkin's lymphoma, Kaposi's sarcoma, and carcinomas of 
the genitourinary and anogenital regions. However, they also 
showed a higher incidence of tumors with no apparent vira\ 
cause, such as malignant melanoma, ltmg cancer, pancreatic 
cancer, colon cancer, and kidney cancer. More conclusive were 
observations from patients with paraneoplastic neurologic 
degenerations (PNDs).26 lhese patients develop autoimmune 
neurologic disease in discrete regions of the nervous system, 
mediated through ru1tibodies and cytotoxic T cells against neu
ronal antigens. Clinical examination reveals systemic malignan
cies, usually breast or ovariru1 adenocarcinoma or small cell hmg 
cancer that are generally small, show linlited spread, and are 
sensitive to trcam1ent. lmportruuly, the presence of ru1ti11euronal 
T cdls and antibodies in all PND patients studied is associated 
with clinical and pathologic evidence of suppression of tlll11or 
growth. Some cancex patients mount a PND immune response 
but do not develop neurologic disease. These patients have 
smaller tumors and longer survival than those witbour such 
immune responses. Finally, extensive studies on immune infil
trate in primary human cancers have established that the pres
ence of memory T cells, particularly of the T helper 1 subtype, 
and cytotoxic T cells are prognostic factors for disease-free and 
overall survival at all stages of clinical diseaseY The data from 
mouse and human studies combined suggest that immunosur
veillance of cancer does exist, mediated through immune cells 
ru1d soluble factors. Although the in-m1une system may elim inate 
most trru1sformed cells, some cells manage to escape and may 
develop i11to tumors. 

lmmunoediting 
1l1e continuous pressure of the immune systen1 in an immuno
competent host determines to a great degree if ru1d how tumors 

http://www.myuptodate.com


TUMOR BIOLOGY AND TUMOR MARKERS CHAPTER 30 703 

A. Elimination B. Equilibrium C. Escape 

FIGURE 3G-9 Schematic overview of immunoediting. When developing tumors disrupt local tissue structures, proinflammatory cytokines are 
released and, together with secreted chemokines, attract innate immune cells. such as maaophages, NK cells, NKT cells, and yl) cells. Innate 
immune cells can recognize and lyse tumor cells directly, but can also induce an adaptive immune response mediated by T and B lymphocytes. 
Although most tumor cells are eliminated (elimination phase, A), tumor cell variants may survive and expand. However, the activated immune 
system keeps the tumor in check by eliminating those tumor cells that are sufficiently immunogenic (equilibrium phase, B). The immunologic 
pressure may cause selection toward tumor cell variants with reduced immunogenicity that are capable of escaping from immune recognition 
(escape phase, C). These variants can expand in an immuno logically intact environment. (Ffom Dunn GP, Old U, Schreiber RD: The three Es 
of cancer immunoediting. Annu Rev lmmunol 22:329-360, 2004.) 

evolve, a process termed immunoediting (Fig. 30-9).' In this 
process, the immune system plays a dual role in the interactions 
between the tumor and host. On one band, the immune system 
effectively eliminates highly immunogenic tumor cells. At the 
same time, however, the immune system fails to din1i11ate tumor 
cells with reduced immunogenicity, thereby selecting for tumor 
variants that have acquired immune evasion mecha11isms. Over 
tin1e, this selection leads to the outgrowth of tumor cells that 
fail to induce an effective in1mune response. As such, the inter
actions between an intact immttne system aJld tumor cells 
evolve through three phases-the elimination phase, equilib
rium phase, and escape phase. The recognition a11d eljmination 
of craJlsformed cells is a concerted effort between innate and 
adaptive immunity, representing the two arms of the inlmune 
systenl. Local disruption of tissue that occurs as a result of 
expansion of transformed cells is associated with the release of 
cbemokines a11d proinflammarory cytokines such as IFNs, IL- l, 
IL-6, and tumor necrosis factor-a. (TNF-a.) that trigger innate 
immunity. 

The innate in111mne system represents the 6rst Me of 
defense against transformed cells (and microorgaJlisms). The 
most important o utcome of these initial events is the production 
of IFN-'Y by activated innate inmume cells. IFN-y has direct 
aJltitumor effects aJtd further boosts tumor cell lysis by innate 
immune cel.ls. The resulting availability of tumor aJltigen triggers 
an adaptive immune response. Key in this process is the uptake 
of tumor aJltigen by antigen-presentiJlg ceiJs, primarily dendritic 
cells. 1he dendritic cells migrate co rumor-draining lymph nodes 
and stimulate T and B lymphocytes. The development of adap
tive U11111Wli ty represen ts the second line of defense against 
tumors a11d, together with innate immunity, could completely 

ellrninate the tumor. However, this does not always occur, and 
may lead to what is referred to as the equilibrium phase. This 
phase is cl1aracterized by a balance between tumor growth and 
tumor elimination, as the .name suggests. Antitumor immunity 
leads to destruction of immunogenic tumor cells, whereas tumor 
cells with reduced immunity go uJ1110ticed. 

Over time, genetic instabil ity and heterogeneity of the 
tumor cells may give rise to tumor variaJlts better able to with
stand the iJnmLulologic pressure. Contributing to the failure of 
the immune system are tumor-induced immwte suppressor 
mechanisms. Once this point has been reached, referred to as 
the escape phase, tbe immune system can no longer contain the 
cumor, and the tumor grows progressively. In d1e lase 15 years, 
a number of mecl1anisms have been identi.6ed through which 
tumors escape from elintination by the immune system. These 
mechaJlisms include host-related factors, tumor-related factors, 
a11d a combination of both. Among host-related factors are 
treatment-related immunosuppression, acquired or inherited 
immunodeficienqr, a11d aging. The list of tumor-related escape 
mecbrulisms includes loss of major histocompatibility complex 
(MHC) alleles, reduced aJltigen proce.~sing and/or presentation, 
decreased expression of costimulatory molecules required forT 
cell recognition. secretion of in1111unosupprcssive factors (TGF
p, IL-10), stinllllation of suppressor cells, and mechaJlisms that 
actively induce tolera11ce or apoprosis i11 activated in1111une cells. 

CARCINOGENESIS 

Cancer Genetics 
As stated at the begi11ning of this chapter. malignant transforma
tion is the process whereby a donal population of cells acquires 
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FIGURE 30-10 Genetic model for colorectal tumorigenesis. Tumorigenesis proceeds through a series of genetic alterations involving oncogenes 
(ras) and tumor suppressor genes (particularly those on chromosomes Sq, 12p, 17p, and 18q). In general. the three stages of adenomas 
represent tumors of increasing size, dysplasia, and villous content In patients with FAP. a mutation on chromosome Sq (APC gene) is inherited_ 
This alteration may be responsible for the hypoproliferative epithelium present in these patients. Hypomethylation is present in very small 
adenomas in patients with or without polyposis, and this alteration may lead to aneuploidy, resulting in the loss of suppressor gene alleles.. 
The ras gene mutation appears to occur in one cell of a preexisting small adenoma and, through donal expansion, produces a larger and more 
dysplastic tumor. Allelic deletions of chromosome 17p and 18q usually occur at a later stage of tumorigenesis than deletions of chromosome 
Sq or ras gene mutations. The order of these changes is not invariant, however, and accumulation of these changes, rather than their order 
with respect to one another, seems most important. Tumors continue to progress once cardnomas have formed and the accumulated loss of 
suppressor genes on additional chromosomes correlates with the ability of the cardnomas to metastasize and cause death. (From Fearon ER: 
A genetic model! for colorectal tumorigenesis. Cell 61:759-767, 1990.) 

alterations that confer a growth advantage over normal cells. 
Many of these alterations occur at the genetic level, involving 
the gain of functi on by oncogenes or the loss of function by 
tumor suppressor genes. A multistep model for colorectal 
tumorigenesis has b~n described (Fig. 30-10). Designation as 
an oncogene o r tumor suppressor gene relates to the d irectional
ity of effect, without implications about molecular detaiL The 
original name for what came to be known as tumor suppressor 
genes was, in fact, antioncogenes. 

Genetic mutatiom inherited from one's parents and present 
in all cells of the body arc called gcrmlinc (or constitutional) 
mutations; in contrast, somatic mutations are acquired during 
an individual's lifetime and cannot be passed on to one's chil
dren. Somatic mutations, which accotmr for most mutations in 
cancer, may be caused by exposure to carcinogens in the form 
of radiation, cb.cmicals, or chronic inflan1.mation (see later). 

A tumor tthat arises in an individual may be classified as 
hereditary o r sporadic. In hereditary cases, a germJinc mutation 
is responsible fo r the predisposition co neoplasia. The index case, 
or proband, is the individual who is first diagnosed as having 
the syndrome, even if earlier generations are later recognized as 
also having the syndrome. If the patient wi th a tumor does not 
have an inherited predisposi tion, and the rumor's generic muta
tions are ali somatic, the rumor is classified as sporadic. In some 
hereditary cancer syndromes, the germline mutation causes a 
tendency fo r the cciJ to accum ulate somatic mutations. 

Although hereditary cancer syndromes are rare, their study 
has provided powerful insights into more common forms of 
cancer (Table 30-4). Key germfu1e mutations in hereditary 
cancers are ofren the san1e as somatic mutations present in spo
radic cancers. p53 is the most commonly mutated gene in 
human cancer and, if il1herired il1 a mutant form, causes 
Li-Frattmeni syndrome. Familial adenomatous polyposis (FAP) 
is caused by a germJine mutation in the adenomatous polyposis 
gene (APC) gene. More than 80% of sporadic colorectal cancers 
also have a somatic mutation of this same gene. Similarly, a 
mutation in the RET proto-oncogene is responsible for the 

predisposition to develop the fan1.ilial form of medullary thyroid 
cancer (MTC). Somatic mutati.ons of RET are found ill approxi
mate ly 50% of sporadic MTCs. 

Predisposi tion in fan1ilial cancer syndromes is generally 
inherired il1 an autosomal dominant fashion. Exceptions include 
ataxia-telangiectasia and xeroderma pign1entosa, which are 
transmitted in an autosomal recessive maru1er. Not aU inherited 
genetic mutations have complete penctrancc. There is almost 
complete penerrance of colorectal cancer in FAP and of medul
lary thyroid cancer in multiple endocrine neoplasia type 2 
(MEN2). In contrast, penetrance is less than 50% for pheochro
mocytoma in neurofibromatosis. Penetrance can also vary con
siderably for different characteristics of the san1e syndrome. 
However, the factors determining penerrance remain largely 
unknown. 

There are a number of features of hereditary cancers that 
distinguish them phenotypically from their sporadic counter
parts_ 1l1e former tend to cause the development of multifoca1 
bilateral cancer at an early age, whereas in the latter, cancer 
occurs later and is usually unilateraL Hereditary cancers will 
display clustering of the same cancer type in relatives and may 
be associated wi th other conditions, such as mental retardation 
and pathognomonic skin lesions. 

Familial Cancer Syndromes 

Retinoblastoma 
Retinoblastoma is a pediatric retil1al tumor that holds an impor
tant place in the histo ry of cancer genetics because the causative 
gene, RBI, was the first tumor suppressor gene to be cloned. 
Most cases are detected by age 7 years, but bilateral disease 
presents earlier, usually within the firs t year of life. It is associated 
with extraocular malignancies, including sarcomas, melanomas, 
and central nervous system tumors. Distinct sporadic and 
hereditary forms of retinoblastoma have long been recognized, 
with predisposition conferred by a germline mutation in approx
imate ly 40o/o of cases. Knudson reasoned that the germline 
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_Table 3D-4 Familial cancer Syndromes 
SYNDROME GENES LOCATIONS CANCER SITES AND ASSOCIATED TRAITS 

Breast, ovarian syndrome BRCAI 17q21 Cancers of the breast, ovary, colon, prostate 
BRCA2 13q12.3 Cancers of the breast ovary, colon, prostate, gallbladder and biliary 

tree, pancreas, stomach; melanoma 

Cowden disease PTEN 10q23.3 Cancer of the breast. endometrium, and thyroid 

Familial adenomatous polyposis APC 17q21 Colorectal carcinoma, duodenal and gastric neoplasms, 
(FAP) medulloblastomas, osteomas 

Familial melanoma pi6;CDK4 9p21; 12q14 Mel.anoma, pancreatic cancer, dysplastic nevi, atypical moles 

Hereditary diffuse gastric cancer CDHI 16q22 Gastric cancer 

Hereditary nonpolyposis hMLH I; hMSH2; 3p21; 2p22-21; Colorectal cancer, endometrial cancer, transitional cell cardnoma of 
colorectal cancer hMSH6; hPMS1; 2p16; 2q31.1; the ureter and renaldolvis, cardnomas of the stomach, small 

hPMS2 7p22.2 bowel, pancreas, an ovary 

Hered~tary papillary renal cell MET 7q31 Renal cell cancer 
carc1noma 

Hereditary paraganglioma and SDHB;SDHC; 
pheochromocytoma SDHD 

1 p36.1-p35; 
1q21; 11q23 

Paraganglioma, pheochromocytoma 

Juvenile polyposis coli BMPR/A 
SMAD4/DPC4 

10q21-q22 
1Bq21.1 

Juvenile polyps of the gastrointestinal tract, gastrointestinal 
malignancies 

Li-Fraumeni syndrome p53 17p13 Breast cancer, sofl tissue sarcoma, osteosarcoma, brain tumors, 
hCHK2 22ql2.1 adrenocortical carcinoma, Wilms' tumor, phy11odes tumor 

(breast), pancreatic cancer, leukemia, neuroblastoma 

Multiple endocrine neoplasia MEN I llql3 Pancreatic islet cell tumors, parathyroid hyperplasia, pituitary 
type I (MEN!) adenomas 

Multiple endocrine neoplasia RET 10qll.2 Medulla~ thyroid cancer, pheochromocytoma, parathyroid 
type 2 (MEN2) hyperp asia 

MYH-assodated adenomatous MYH 1 p34.3-p32.1 Cancer of the colon, rectum, breast, stomach 
polyposis 

Neurofibromatosis type 1 NFI 17qll Neurofibromas, neurofibrosarcoma. acute myelogenous leukemia. 
brain tumors 

Neurofibromatosis type 2 NF2 22ql2 Acoustic neuromas, meningiomas. gliomas, ependymomas 

Nevoid basal cell carcinoma PTC 9q22.3 Basal cell carcinoma 

Peutz-Jeghers syndrome STKII 19pl3.3 Gastrointestinal carcinomas, breast cancer, testicular cancer, 
pancreatic cancer, benign pigmentation of the skin and mucosa 

Retinoblastoma RB 13ql4 Retinoblastoma, sarcomas. melanoma, malignant neoplasms of the 
brain and meninges 

Tuberous sderosis TSCI; TSC2 9q34; 16pl3 Multiple hamartomas. renal cell carcinoma, astrocytoma 

von Hippei-Lindau syndrome VHL 3p25 Renal cell cardnoma, hemangioblastomas of the retina and central 
nervous system, pheochromocytoma 

Wilms' tumor WT 11 p 13 Wilms' tumor, aniridia, genitourinary abnormalities, mental 
retardation 

From Marsh 0, Zori R: Genetic insights into familial cancers-update and recent discoveries. Cancer Lett 181:125-164, 2002. 

mutation is necessary but not by itself sufficient for tumorigen
esis, because some children with an affected parent do not 
develop a tumor, but later produce an affected d lild, indicating 
that they are carriers of the germline mutation. Most affected 
children with an affected parent develop tumors bilaterally. It 
was further hypo thesi.zed that hereditary retinoblastoma req ui.res 
rwo mutations, one of which is germline and the other somatic. 
ln children with unilateral disease and no fan1 ily history, both 
mutations are somatic. The hereditary and nonhereditary forms 
of rhe rumor require the same number of evems, the rwo-hir 
hypothesis (Fig. 30-11). The RBI protein product is a key regu
lator of the cell cycle and its loss re.mlts iJ1 failure of retinoblasts 
to differentiate properly. 

Li-Fraumeni Syndrome 
In 1969, Li and Fraumeni reported a new familial syndrome 
iJwolving sarcomas of soft tissue and bone, brea~t cancers (the 
most common malignancy in this syndrome), brain tumors, 
leukemias, adrenocortical carcinomas, and other cancers. 'Ihe 
syndrome that now bears their name has been defined as (1) a 
proband diagnosed with sarcoma before the age of 45 years, with 
(2) a first-degree relative with any cancer diagnosed before the 
age of 45 years, plus (3) an additional flrst- or second-degree 
relative with a sarcoma at any age or with any cancer in someone 
younger than 45 years. Half ofli-Frawneni kindreds have muta
tions in the TP53 gene, which produces the protein p53. Inheri
tance is iJ1 an autosomal dominant fashion. Penetrance is 50% 
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FIGURE 30..11 Two genetic hits to cancer. In hereditary retinoblastoma, all retinoblasts are heterozygous for the mutant allele (X); they all have 
already sustained one hit In contrast, the preneoplastic done in nonhereditary retinoblastoma must acquire this mutation before sustaining 
the second hit to complete malignant transformation. (Adapted from Knudson AG: Two genetic hits [more or less] to cancer. Nat Rev Cancer 
1:157- 162, 2001.) 

by age 40 and 90% by age 60. Patients exhibit increased sensitiv
ity to radiation; the irradiated field is susceptible to the develop
ment of new malignancies. For kindreds that lack germline. 
TP53 mutations, a number of candidate genes have been pro
posed, including the cell cycle checkpoint kinases CHKJ and 
CHK2, wbich phosphorylate p53 directly. It is likely that other 
such causative genes serve similar tumor suppressive fw1ctions 
to p53 or are involved in the reguJation of p53. 

Familial Aden·omatous Polyposis 
FAP account$ for I o/o of the total colorectal cancer burden. lt is 
an autosomal dominant condition caused by mutation in the 
APC gene, located on chromosome 5q21. Penetrance is extremely 
high, with more than 90o/o of affected individuals developing 
colorectal cancer. It is characteriY..ed clinically by the develop
ment of 300 or 400 to more rban 1 000 adenomatous polyps 
that carpet the colon. The first dear FAP kindreds were described 
in 1925 by the surgeon Lockhart-Mummery. The phenotype 
usually emerges during the second and third decades of life. The 
polyps are macroscopically and microscopically indistinguish
able from sporadic adenomatous polyps; each individual polyp 
does not have a greater propensity to undergo malignant degen
eration than a sporadic polyp. Rather, it is me sheer number of 
polyps that makes the collective risk of malignancy so high. 
Untreated individuals typically present with colorectal cancer at 
35 to 40 years of age, approximately 30 years earlier than the 
median age for sporadic colorenal cancer. Extracolonic manifes
tations of FAP include upper gastrointestinal polyps, dcsmoid 
tumors (15o/o), and thyroid cancer (1 o/o to 2o/o; usually papil
lary). Polyps of me stomach and duodenum are present in more 

than 90% of patients by age 70, with two thirds of duodenal 
polyps located in the periampullary region. Duodenal adenocar
cinoma is the third leading cause of death in FAP, after meta
static colorccral carcinoma and desmoid rumors. Dcsmoid 
tLUnors are locally invasive fibromatoses that occur within the 
abdomen or abdominal wall. Patient.~ with FAP have a relative 
risk of developing desmoid disease 850 times greater than mat 
of the general population. 

The APC gene was first localized in 1987 and cloned in 
1991, after mutation analyses of FAP kindreds. It encodes a 
300-kDa protein, expres.~ed in various ccll types, whose major 
flmction is as a scaffolding protein, affecting cell adhesion and 
migration. It is part of a protein complex, moduJated by tl1e 
Wnt signaling pathway, which regulates the phosphorylation 
and degradation of ~-catenin. When APC is mutated, ~-catenin 
is not phosphorylated and accumulates in the cytoplasm, where 
it binds to the T cf family of transcription factors, altering the 
expres.~ion of various genes involved in ceiJ proliferation, migra
tion, differentiation, and apoprosis. More than 700 diseasc
causi:ng mutations in the APC gene have been reported. 1l1e 
most common of these involve a frameslUft mutation (68o/o), 
nonsense mutation (30%) or large deletion (2o/o). Most of these 
mutations are located in what is referred to as the mutation 
cLuster region, at the 5' end of exon 15. 

The location of the mutation plays a role in determining 
the phenotype. Mutations between 976 and 1067 are associated 
with a threefold ro fourfold increased risk of developing duode
nal adenomas. Congenital hypertrophy of the retinal pigment 
epithelium is associated with mutations between codons 463 
and 1387. Gardner's syndrome is associated with mutations 
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between codons 1403 and 157818 and, in addition to colorectal 
cancer (CRC), manifests osteomas of the mandible or skuU, 
epidermal cysts, and multiple skin and soft tissue tumors, espe
cia.Uy desmoids and thyroid tumors. Attenuated FAP is a phe
notypicaUy distinct variant of FAP in which (!) affected 
individuals have fewer rhan 100 adenomas, (2) rhe polyps are 
more proximally distributed i11 the colon, and (3) the onset of 
CRC is about 15 years later than in patients with FAP. Muta
tions responsible for this variant occur in the extreme upstrean1 
or downstream portions of the APC gene. 

MYH-associated polyposis (MAP) is a syndrome caused by 
mutations in the human MutY homologue (MYH) gene. It 
accoums for about one clllrd of patiems who have attenuated 
polyposis but who test negative for APC mutations. Unlike FAP, 
MAP is inherited in an autosomal recessive manner. Phenotypi
ca.Uy, MAP-associated colorectal cancer is indistinguishable from 
attenuated FAP although it presents later, at about the age of 50 
years. 'TI1e polyps are distributed throughout the colon, although 
there are conflicting data about right- a11d left-sided tumor 
predominaJlce. Extracolonic maJufestations include breast 
ca11cer (18%) a11d upper gastrointestinal polyps (one thi.rd).29 

The MYH gene encodes a DNA glycosylase involved in the base 
excision repair pathway, important in preventing mutations 
caused by oxidative damage. YJ65C and C382D mutations 
account for more than 8Uo/o of all mutations discovered thus far. 
Penetrance is est imated at 50%. Homozygotes or compound 
heterozygotes for germ line mutations of the MYH gene have a 
93-fold increased risk of colorecral CaJ1cer:10 Mutation leads w 
chromosomal instability, in which there is a11 accelerated rate of 
chromosomal misaggregat.ion during cell division. This leads to 
aJleuploidy, whid1 has been recognized as an early genetic change 
in the stepwise carcinogenesis of FAP and MAP tumors. Polyps
bearing MYH mutations have nvice the overa.U incidence of 
aneuploidy compared with those in patients with FAP. Evidence 
suggests that carriers of single mutated alleles are unlikely ro have 
more than a 500/i) increased risk of colorectal cancer. 

Hereditary Nonpolyposis Colorectal cancer 
Also known as Lyncl1 syndrome, hereditary nonpolyposis 
colorectal cancer (HNPCC) accounts for 291o of aU colorectal 
CaJ1Cers.lt is an autosomal dominant condhion, caused by muta
tions in DNA mismatch repair genes. When origina.Uy described 
by Lynch, kindreds were subclassified inro types I and II based 
on whether they only developed colorectal cancer (type l) or 
whether extracolonic cancers were present (type II). Penetrance 
is bigh. 'TI1e broad phenotype of HNPCC is of right-sided pre
dominance of colonic cancers (70% proximal to the splenic 
flexure) that appear at an earlier age (median age of diagnosis, 
45 years), with increased likeW1ood of synchronous and meta
chronous cancers. Extracolonic malignancies occur, especia.Uy of 
the endometrium and ovary. Although the actual incidence nf 
adenomatous polyps is the same as for those who develop spo
radic colorectal cancer, once a tumor develops. there is an 
increased rate of ttunor progression (accelerated carcinogenesis). 
'TI1is is because tll:te rate of genetic mutation in HNPCC rumors 
is nvo to three times higher than in normal cells. A colonic 
adenoma may progress to carcinoma withiJ1 2 to 3 years, in 
contrast to the 8 ro Hl years typical of sporadic cases. 

Mutations iin DNA mismatcl1 repair genes cause mjcrosat
ellite instability. MicrosateUites are genomic regions in which 
short DNA sequences are repeated. During replication of these 

sequences, slippage of the DNA polymerase complex can occur, 
resulting in the formation of daughter strands that contain too 
maJJy or too few copies of these sequences. Mutations may occur 
when these microsatellites are misaligned. The mutations then 
persist when the DNA mismatch repair proteins fail to correct 
the errors. 'TI1is causes inacrivation of rumor suppressor genes, 
such as TCF-{3 R!J, ICFR!l, and BAX. Mutations in a number 
of DNA mismatd1 repair genes have been identified in patients 
with HNPCC. Mutations in MSH2 and MLHJ account for 
about two thirds of cases. MSH6 mutations account for a further 
lOo/o of cases. Other mismatch repair genes in which mutations 
lead to HNPCC include PMSJ and PMS2. It should be noted 
that 15% of sporadic colorecral CaJ1ccrs have microsarellite insta
bility, but this occurs through methylation silencing of the 
hMLH I gene, rather than through mutation, as in HNPCC. 

BRCA 1 and BRCA2 
About 5% to 10% of al l breast cancers are hereditary and attrib
utable to mutations in high-penetrance susceptibility genes. 
However, only nvo of these have been idemified, BRCAJ and 
BRCA2. In hlglJ-risk kindreds, 25% have mutations in either 
of these genes. Although the estimated risk of breast cancer is 
80% for a 70-year-old woman with a germliJ1e mutation i11 
BRCAJ or BRCA2, different mutations vary in their risk of 
malignancy. 

Carriers are at risk for other cancers, especially of the ovary. 
The risk of ovaria11 cancer in a patient who is a carrier for BRCAJ 
or BRCA2 is 60% aJld 27%, respectively. Approximately 5% of 
all ovarian cancers are attributed to BRCAJ germline mutations. 
'TI1e risk of ovaria11 cancer for patients with BRCA2 mutations 
is lower, approximately 15% to 20%. Male carriers are at greater 
risk for prostate cance.r. BRCA2 mutation is also associated with 
aJ) increased risk of melanoma and cancers of the pancreas, 
stomach, gaLlbladder, and biliary system. 

The BRCAJ gene is located on the long arm of clliomo
some 17. It is a large gene of approximately 100,000 nucleic 
acids and more than 250 different mutations have been reported. 
'l11e sheer number of mutations makes the task of identifying 
the specific mutation in a new kindred very difficult. 'TI1e BRCA2 
gene is an even larger gene then BRCAJ and about 100 muta
tions have been reported. As for BRCAJ, the vast majority of 
alterations are fran1esbift or nonsense mutations, which produce 
a trtmcated protein. Both BRCAJ ru1d BRCA2 are rumor sup
pressor genes; they are nonfunctional in malignant cells as a 
result of combined germline mutation followed by inactivation 
of the :second allele in the tumor (the Knudson nvo-hit hypoth
esis). These genes bave key roles iJ1 DNA da111age repair, regula
tion of gene expression, and cell cycle control. 

Multiple Endocrine Neoplasia 
Type 1 MEN 1 is an autosomal dominant condition character
ized phenotypically by tumors of the parathyroid gland (leading 
to hyperparathyroidism), pancreatic islet cells, and pituitary 
gla11d. Affected individuals can also develop lipomas, adenomas 
of the adrenal and thyroid glands, cutaneous angiofibromas, and 
carcinoid tumors. 

Mutations in the tumor suppressor gene, caUed MENJ, 
located on clliomosome Llq13, are responsible for this syn
dwme; 80% of mutations identified result in the loss of function 
of th.e gene product, called menin. Meni11 is a 67-kDa protein 
predomiJ1aJ1tly found in the nucleus. lt binds with a variety of 
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proteins active in the regulation of transcription, DNA repair, 
and organization of the cytoskeleton. None of these menin 
pathways has been found to be critical in MEN! tumorigenesis, 
although a number of candidates, sud1 as Jwill, have been 
proposed. 

Type 2 AJI affected individuals wi th MEN 2 develop MTC, 
subclassified into types A and B. MEN2A is characterized by 
pheochromocyroma (50%) and hyperparathyroicUsm (25o/o). ln 
addition to MTC and pheochromocytoma, MEN2B is charac
terized by mucosal neuromas on the tongue, lips, and subcon
junctival areas, intestinal ganglioneuromatosis and a Marfanoid 
body habiws. Most cases of MEN 2B are the result of spontane
ous, new RET mutations. 

Both type.~ are caused by germline mutations in the RET 
(rearranged during transfection) proto-oncogene, located on 
chromosome l Oqll. It encodes a transmembrane tyrosine 
kinase receptor; whid1 is expressed on a wide variety of neuro
endocrine and neural cells, including thyroid C, adrenal medul
lary, and autonomic ganglion cells. Once mutated, the receptOr 
constitutively activates various signaling pathways, including 
p38-MAPK and JNK pathways. 

Von Hippei-Lindau Syndrome 
Von Hippei-Lindau syndrome is a rare autosomal dominant 
syndrome characteri7..ed by the development of highly vascular
ized tumors in a number of organs. 'These include hemangio
blastomas of the retina and central nervous system, renal cysts 
that develop into dear cell renal cell cancer, and pheochromo
cytomas. Ir is caused by mutations in tbe VHL gene. Pe.netrance 
is 90o/o by the age of 65 years; the mean age of cUagnosis 26 
years. Since the discovery of the role of the VHL gene in this 
syndrome, mutations of dlis same gene have been fow1d in most 
sporadic dear cell renal cell carcinomas. 1l1e l.oss of VHL flmc
tion is a critical event during renal cell carcinogenesis, as sup
ported by experiments in which the introduction of wild-type 
VHL into VHLdeficient renal cancer ceU lines resulted in sup
pression of tumor growth. 

The protein product of the VHL gene, p VHL, functions as 
a tumor suppressor and is part of the cell's response mechanism 
to hypoxia. Under conditions of low cellu]ar oxygen tension, 
hypoxia inducible factor (HIF)-1 and HIF-2 regulate genes 
involved in metabolism, angiogenesis, erythropoiesis, and cell 
proliferation. pVHL targets the a. subunit of HlF for oxygen
dependent proteolysis. 'll1erefore, lack of pVHL results in per
sistence of the HIF complex, with increased HIF transcriptional 
activity and upregulation of H1F target genes, inducting VECF. 
GLUT-1, and the erythropoietin gene (Epo), independent of 
cellu]ar oxygen levels. pVHL also h as roles iJ1 regu1aring extracel
lular matrix turnover and microtubule stability. 

Cancer Epigenetits 
Epigenetic inheritance is de.fined as cellular information, other 
than the nucleotide sequence, that is heritable duriJ1g cell cUvi
sion. There are three main interrelated forms-DNA methyla
tion, genomic in1printing, and histone modification. 1l1ese 
epigenetic templates control gene expression and can be trans
mitted to dauglner cells independently of the DNA sequence. 

One of the best studied types of epigenetic changes is the 
cytosine methylation at CpG cUnudeotides. CpG islands (CGls) 
are approximately 1-kb stretches of DNA containing dusters of 

CpG dinucleotides that are usually urunethylated in normal cells 
and are often located near the 5' ends of genes. Methylation of 
promoter CGls is associated with a closed cl1romatiJ1 structure 
and transcriptional sUencing of the associated gene. 'This has 
been shown to be a common event in carciJwgenesis. Tunlor
suppressor genes such as CDKN2A, RB, VHL, and BRCAI are 
inactivated by hypermetl1ylation of their promoter CGis. 

Conversely, genes that arc hypomethylated, leading to 
increased transcription, have been identified. For example, pro
moter CpG demethylation has been shown to lead to overex
pression of cyclin D2 and maspiJ1 in gastric caJJCerY DNA 
hypo methylation has also been associated with genomic instabil
ity. Loss of methylation is particu1arly severe in pericentromeric 
satellite sequences, and cancers of tl1e ovary and breast fre
quently contain unbalanced chromosomal t ranslocations, with 
breakpoiJ1ts in the pericemromeric regions of dlromosomes I. 
and 16. The demetbylation of these satellite sequences may 
predispose to their breakage and recombination. 

Genomic imprinting refers to the conditioning of maternal 
and paternal genomes during gamerogenesis, so that a specilic 
parental allele is more abundantly (or exclusively) expres.~ed in 
the offspring. [n Wilms' tumors, loss of imprinting has been 
demonstrated to lead to pathologic biallelic expression of !GF2. 
'This appears to occur in combiJ1ation with hypermethylation of 
regio:ns of the reciprocally imprinted H/9 gene. 1l1ese two phe
nomena are the earliest detectable genetic changes in this cancer, 
strongly suggesting a gatekeeper role for epigenetic alterations 
iJ1 cancer. 

CCI methylation is associated "vith a condensed dlromatin 
structure. which blocks the access of transcription factors to 
DNA promoter sites, leading to transcriptional silencing. The 
modification of histones, sud1 as by acetylation, methylation, or 
phosphorylation, is important in the compaction of cl1romati.J1 
structure. Studies of colorectal cancer have suggested that the 
combination of DNA hypermethylation, together with hiswne 
modifications, play a critical role in the maintenance of gene 
silendng.32 This is a new area of research. 

Cardnogens 
Any agent that can contribute to tlllllor formation is referred to 
as a carcinogen; it can be chemical, physical, or biologic. The 
Inter.national Agency for Research on Cancer (lARC) maintains 
a registry of human carcinogens available on the !mernet 
(www.iarc.fr). 1l1e compOLmds are categorized into five groups 
based on epidemiologic stucUes, animal models. and short-term 
mutagenesis tests. Group I contains what are considered to be 
proven human carciJ10gens. Group 2A agents arc probable 
hlUllan carcinogens; there is limited. evidence of carciJ1ogenidty 
in humans but sufficient evidence to prove carcinogenicity iJ1 
experimental anin1als. The group 2B category includes agents 
that are possibly carcinogenic to humans, in which there is 
limited evidence of carcinogenicity in humans and less than 
sufficient evidence of carci.Jwgenicity in experimental animals. 
There is inadequate evidence for carcinogenicity in humans or 
experimental animals for agents included in group 3. Group 4 
agents are probably not carci.J1ogenic to humans. 

Chemical Agents 
Chemicals that initiate carcinogenesis are extremely diverse iJ1 
struc{ure and function, and i11clude natural and symhetic prod
ucts (Tables 30-5 and 30-6). 'll1ey fall into one of two categories: 
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_Table 3G-5 International Agency for Research on cancer: Selected Group 1 Chemical carcinogens 
CHEMICAL 
CARONOCEN MEANS OF EXPOSURE PREDOMINANT TUMOR TYPE 

Ingestion of contaminated maize and peanuts grown in hot, humid 
climates 

Alta toxins Hepatocellular carcinoma 

Arsenic Ingestion; also inhalation by smelter workers 

Inhalation 

Skin cancer 

Asbestos 

Benzene Inhalation, espedally in gasoline-related industries or in the 
production of other chemicals from benzene 

Mesothelioma, lung cancer 

Leukemia 

Benzidine Inhalation by workers in the dye industry 

Beryllium Inhalation by workers in the refining of the metal and production of 
beryllium-containing products; also those in the aircraft, aerospace, 
electronics, and nuclear industries 

Cancer of the urinary bladder 

Lung cancer 

Cadmium Inhalation by workers in cadmium production and refining. nickel
cadmium battery manufacturing. other cadmium-related industries 

Lung cancer 

dlromium compounds 

Ethylene oxide 

Inhalation during chromium plating. chromate production, welding 

Inhalation during production of various industrial chemicals (e.g., 
ethylene glycol) 

Lung cancer 

Leukemia, lymphoma 

Nickel Inhalation, ingestion or skin contact in nickel or nickel alloy 
production plants, welding. or electroplating operations 

Lung cancer, nasal cancer 

Radon Inhalation in underground mines Lung cancer 

Vinyl chloride Inhalation during production of polyvinyl chloride (PVC) Hepatic angiosarcoma, HCC. brain tumors, lung 
cancer, hematopoietic malignancies 

Coal tars Inhalation, transcutaneous absorption in a variety of industrial 
settings 

Skin cancer, scrotal cancer 

Tobacco smoke Inhalation Lung cancer, oral cancer, pharyngeal cancer, 
laryngeal cancer, esophageal cancer 

Adapted from International Agency for Research on Cancer: IARC monographs on the evaluation of carcinogenic risks to humans, 2011 (http://monographs.iarc.fr/ENG/ 
Monographs/PDFs/ index.php). 

Table 30-6 International Agency for Research on cancer: 
Selected Group 1 Pharmaceutical carcino~ns 
PHARMACEUTICAL 
CARONOCENS 
Azathioprine 

Cyclophosphamide 

Chlorambucil 

Tamoxifeo 

Estrogens (OCP, H RT) 

PREDOMINANT TUMOR TYPE 
Non-Hodgkin's lymphoma, squamous cell skin 

cancer, HCC, cholangiocarc1noma 

Cancer of the urinary bladder, leukemia 

Leukemia 

Endometrial cancer 

Cancer of the breast and endometrium 

HRT, Honnone replacement therapy; OCP, oral contraceptive pill. 
Adapted from International Agency for Research on Cancer: IARC monographs on 
the evaluation of carcinogenic risks to humans, 2011 (http://nnonographs.iarc.fr/ 
ENG/Monographs/PDFsjindex.php). 

(1) direct-act ing compounds, which do not require chemical 
transformation for their carcinogenicity; and (2) indirect-acting 
compotrnds, or procarcinogens, which require metabolic con ver
sion in vivo for thei.r carcinogenic effects. All these compounds, 
or their active metabolites in the latter category, share the essen
tial property ofbeing highly reactive electrophiJes (have electron
def:iciem awms) that can react wi th nucleophilic (electron-rich) 
sites in the cell. These reactions are nonenzymatic and result in 
the formation of covalent adduct~ between the chemical carcino
gens and, almost always, DNA 

The vast majority of chemical carcinogens require meta
bolic activation for their carcinogenic effects. 1 he metabolic 
pathway that produces the active metabolite may be only one of 
a number of metabolic pathways required for the degradation 
of the parent compound. Thus, the carcinogenic potency of the 
carcinogen is determined not just by the reactivity of the clec
trophiJk derivative(s), but also by the balance between the meta
bolic activation and inactivation reactions. Most of the known 
carcinogens are metabolized by cytochrome P-450--clependent 
monooxygenases. Because these enzymes are essential for the 
activation of procarcinogens, individual susceptibility to carci
nogenesis is regulated in part by polymorphisms in the genes 
that encode these enzymes. For exan1ple, the product of the 
P-450 gene CYPIAJ metabolizes polycyclic aromatic hydrocar
bons such as benzo( a) pyrene. Approximately 1 Oo/o of whites have 
a highJy in ducible form of this enzyme that is associated wid1 
an increased risk oflung cancer in smokers. Light smokers with 
the susceptible genotype of CYPJQJ have a sevenfold higher 
risk of developing lung cancer as compared with smokers 
without the permissive genotype. Age, gender, and nutritional 
status also have an effect on the m etabolism of carcinogens and 
thus thei.r probability of inducing malignancy. 

DNA is the primary target of chemical carcinogens. 'TI1e 
ability of these compounds to induce mutations is termed m uta
gmic potmtial The Ames test is the most commo11 method for 
evaluating mutagenic potential and measures the ability of a 
chemical to induce mutations in the bacterium Salmone!ftt 
typhimurium. Most known chemical carcinogens score positive 
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on the Ames test, so it is a useful screening test. However, not 
all compounds with mutagenic potential in vitro also have in 
vivo effects. Although there is no one mutation unique to all 
chemical carcinogens, individual compounds have been fow1d 
to i11duce characteristic changes in DNA. For example, aflatoxin 
B 1 induces a G : C ~ T : A rransconversion in codon 249 of the 
TP53 gene (249ser p53 mutation). Individuals from areas in 
which there is a high level of exposure to aflatoxi11 Bl develop 
hepatocellular carcinoma (HCC) with this characteristic muta
tion. TI:Us mutation is an otherwise uncommon occurrence in 
HCC caused by other agents, such as the hepatitis B virus. 

The carcinogenicity of some chemicals is augmented by the 
subsequent admlnistrarion of other agents, called promoters, 
which are by themselves nontumorigenic. These include phorbol 
esters, hormones, and phenols. Their fundamental characteristic 
is their abili ty to induce cell prollferation. Promotion may 
iDvolve a munber of compotmds acting as promoters, which act 
on different regulatory pathways. 1l1e end result is the clonal 
expansion of initiated cells. 

Radiation carcinogens 
Tl1e two most :important forms of radiation causing malignant 
change in humans arc ultraviolet (UV) and ionizing radiation 
(IR). Although IR has been found to cause a variety of cancers, 
UV radiation is principally implicated as a cause of skin cancers. 
TIJere is typically a long latency period between radiation expo
sure and the dirtical development of cancer. 

UV radi<U:ion is a known risk factor for squamous ceU 
carcinoma, bas,al ceU carcinoma, and possibly malignant mela
noma. 1l1e degree of risk depends on the type of UV rays, 
intensity of exposure, and quantity of melanin present in the 
skin. The UV portion of the electromagnetic spectrum caJl be 
divided illto three wavelength ranges-UVA (320 to 400 nm), 
UVB (280 to 320 nm), and UVC (200 to 280 nm). Of these, 
UVB is the most important. VVC, also a potent mutagen, is 
filtered out by tthe planetary ozone layer. 1l1e carcinoget:Ucity of 
VVB is caused by its formation of pyrimidine dimers in DNA. 
llus damage may be repaired by the nucleotide excision repair 
pathway. 1l1is is a multistep process involving recognition of the 
damaged DNA strands, their incision ru1d removal, ru1d synthe
sis of a patch contai1ling the correct nucleotide seque11ce, whicl1 
is then an11ealed to the DNA structure. With excessive sun 
exposure, it i!' poswlated that the capacity of tllis pathway is 
overwhelmed, and some DNA that is damaged remains unre
paired. Xeroderma pigmentosa, a family of autosomal recessive 
disorders characterized by extreme photosensitivity and a 2000-
fold iJ1creased risk of skin cancer, is caused by mutations in rhe 
genes involved in nucleotide excision repair. Mutations in the 
rtts and p53 genes occur early ill skin cru1cers, mainly at dipy
rirnirune sequences. 

lR includes electromagnetic (x-rays, gamma rays) ru1d par
ticulate (alpha particles, beta particles, p rotons, neutrons) forms. 
Ionizing radiation is a carcinogen and therapeutic agent- low
dose exposme caD increase an individual's risk of developing 
cancer but, when given at high doses, it can slow or stop tumor 
growth. JR has many effects on tissues, a.ffccti11g cells and their 
microenvironment. IR leads to a rapid, global, and persistent 
activation of the microenvironment. [nflammation leads to the 
production of reactive oxygen species (ROS) and/or reactive 
nitrogen species (RNS) by t issue macrophages or neutrophils. 
Long-term sublethal exposure to these inflanunatory products 

may cause genomic instability iJ1 parenchymal cells, eventually 
leading to chromosomal abnormalities and/or gene mutations. 
IJ1 addi tion, has become apparent that irradiated stroma has a 
persistent activated phenotype. Irradiated stroma has been 
shown to contribute to the selection and prolife,ration of malig
nant clones in animal models. 

Survivors of the atomic bombs dropped on Hiroshima and 
Nagasaki in 1945 developed leukemias after an average latency 
period of7 years, but have also suffered aJl increased illcidence 
of solid orgru1 rumors (e.g., breast, colon, thyroid, lung). Irradia
tion of the head and neck iJ1 chi.ldhood is associated with a high 
incidence of thyroid caDcer in adulthood. 

There is a defu1ed vulnerability of different tissues to 
raruation-iJ1duced carcinogenesis. Most vuiJlerable are the 
hematopoietic cell line, causing leukemias (except chronic lym
phocytic leukenlia), followed by the thyroid gland. In the inter
mediate category are breast, lung, and salivary glands. The skin, 
bone, and gastrointesti.nal tract are relatively radioresistant. 

Infectious Carcinogens 
One of the first observations that cancer may he caused by 
trru1s:missible agents was by Peyton Rous in 1911, when he 
demonstrated that cell-free extracts from sarcomas in chickens 
could uansnlit sarcomas to ocher animals injected with these 
extracts. This was subsequently discovered to represent the viral 
transmission of cancer by the Rous sarcoma virus. 

infectious agents (Table 30-7) may cause or increase the 
risk of maHgnancy via a number of mechru1isms, including dlrecl 
trru1sformation, expression of oncogenes that interfere with cell 
cycle cl1eckpoints or DNA repair. expression of cytokines or 
other growth factors, ru1d alteration of the immune system. 

Viral Carcinogenesis Approximately 15o/o of all human tun1ors 
worldwide are caused by viruses. This number reflects predomi
nantly two malignru1cies, cervical cancer caused by HPY, and 

Table 30-7 International Agency for Research on cancer: 
Selected Group 1 Infectious carcinogens __ 
INFECTIOUS CARCINOGENS 
Epstein-Barr virus 

Hepatitis B 

Hepatitis C 

Human immunodeficiency 
virus type I 

Human papillomavirus 
types 16 and 18 

Human T celllymphotropic 
virus type I (HTLV-1) 

Helicobacter pylori 

PREDOMINANT TUMOR TYPE 
Burkitt's lymphoma, Hodgkin's 

disease, immunosuppression
related lymphoma, nasopharyngeal 
carcinoma 

Hepatocellular carcinoma 

Hepatocellular carcinoma 

Kaposi's sarcoma 

Cervical cancer, anal cancer 

Adult T-cellleukemia 

Gastric adenocarcinoma 

Opisthorchis vive"ini Cholangiocarcinoma, HCC 

Schistosoma haematobium Cancer of the urinary bladder 
Adapted from International Agency for Research on Cancer: IARC monographs on 
the evaluation of carcinogenic risks to humans, 2011 (http://monographs.iarc.fr/ 
ENG/Monographs/PDFs/index.php). 

http://www.myuptodate.com


TUMOR BIOLOGY AND TUMOR MARKERS CHAPTER 30 711 

HCC, caused by hepatitis B virus (HBV, a DNA virus) and 
HCV. 

Principles of Viral Carcinogenesis Human tumor viruses display 
different mechanisms of cell transfom1ation and fall into direct
and indirect-acting categories (Box 30-1). Direct-acting viruses 
carry one or more oncogenes, whereas indirect-acting agents 
appear not to possess an oncogene. Both types establish long
term persistent infections in their target cell types. 

Small DNA Tumor Viruses Because of their linli ted genetic content, 
small DNA tumor viruses (e.g., HPV) are dependent on the host 
cell machinery to replicate the viral genome. Virus-encoded 
nonstructural proteins stimulate resting cells to enter the S phase 
to provide the enzymes and environment conducive to viral 
DNA replication. Because of this ability to usurp cell cycle 
control, these proteins are also responsible for cell transforma
tion. 1l1e binding of viral oncoproteins to cellular tumor sup
pressor protei11s p53 and pRh is fu.ndamental to the effect.~ of 
the small DNA tumor viruses on host cells. For cxan1plc, the E6 
oncoprotein ofHPV forms a complex with p53, targeting it for 
ubiguitin-mediated degradation. 

Hepatitis B Virus The development of HCC after HBV infection 
probably involves a combination of indirect and direct mecha
nisms (Fig. 30-12). Chronic Li ver injury secondary to persistent 
viral infection leads to necrosi.s, inflammation, and hepatocyte 
regeneration. The conscirutive induction ofliver cell progression 
into the cell cycle overwhelms DNA repair mechanisms in the 
presence of mutational event.~ . 1llis may iJ1duce fixed DNA 
mutations and chromosomal rearrangements, which are major 
determinants of cell tra11Sformation; concurren cly, fibrosis dis
rupts the normal lobular structure and modi£es cell-cell and 

cell-exnacellular matrix interactions, with further loss of control 
over cell growth. integration ofHBV DNA into the host genome 
occurs in 90% ofHBV-relatcd HCC cases and has been postu
lated as an early event in chronic viral infection. 1l1us far, no 
specific genes have been identined to be the preferential target 
for HBV inscrrion. However, the insertion itself may induce 
genera:l genomic instabilj ty. Dysregulation of cellulru· genes con
trolUJlg immortalizadon (hTERT), proliferation (MAPKJ. cycliJl 
A), a11d viabiliry (TNF receptor-associated protein l) has been 

• Viruses can cause neoplasia in animals and humans. 
• Tumor viruses frequently establish persistent infections in 

natural hosts. 
• Viral infections are more common than virus-related tumor 

formation. 
• Long latent periods usually elapse between initial viral infec

tion and tumor appearance. 
• Host factors are important determinants of virus-induced 

tumorigenesis. 
• Viruses may be direct- or indirect-acting carcinogenic agents. 
• Viruses are seldom complete carcinogens. 
• Viral strains may differ in oncogenic potential. 
• Oncogenic vi ruses modulate growth control pathways in 

cells. 
• In tumors affected by viral carcinogenesis, viral mari<ers are 

usually present in neoplastic cells. 
• One virus may be associated with more than one type of 

neoplasia. 

Adapted from Butel JS: Viral carcinogenesis: Revelation of molecular mechanisms 
and etiology of human disease. Carcinogenesis 21 :405-426, 2000. 

Chronic HBV ____ D_in_ec_t_pa_ th_w_a_y ____ Cell surface proteins 
infection X protein 

• Insertional mutagenesis 
• Cellular gene transactivation 
• Oxidative stress 

Regeneration 
/ (mitogenesis) "'-

Chronic hepatitis Cirrhosis - Transfonnation .-Clonal expansion - Hepatocellular carcinoma 

'-Genetic alteration / 
(mutagenesis) 

• Oxidative stress 
• Inhibition of apoptosis 

• Chemical carcinogens 
• Aflatoxin 81 

• Oysregulation of cell signaling 
• Immune suppression 

• Alcohol, tobacco 

Core protein 
Chronic HCV Direct pathway E2 protein 

infection ---------------- NS3 protein 
NS5A protein 

FIGURE 30-12 Mechanisms of viral-induced hepatic carcinogenesis. (Adapted from Fung J, lai CL. Yuen MF: Hepatitis B and C virus-related 
carcinogenesis. din Microbiollnfect 15:964-970, 2009.) 
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observed.33 HBY cell surface proteins have been shown to 
increase hepatocyte proliferation and may contribute to carcino
genesis by accumulatiJlg iJl the endoplasmic reticulum (ER), 
thereby inducing ER stress. The HBV X protein (H Bx) may also 
act as a potential viral oncoprotein. It is a potent transcriptional 
activator, acting on a number of viral and cellular promoters. It 
influences sign·al transduction pathways in the cytoplasm and 
mitochondrion. HBx also biJ1ds p53 and inhibits several critical 
p53-mediated processes, including DNA sequence-specific 
binding, transcriptional transactivation and apoptosis. 

RNA Viuses: Human T Cell Lymphotropic Vhls Type I and Hepatitis 
C Virus After viral infection, the single-stranded RNA viral 
genome is transcribed .into a double-stranded DNA copy, which 
is then integrated into the chromosomal DNA of the cell. Ret
roviral infection is permanent. Oncogenic retroviruses carry 
oncogenes derived from cellular genes, which for the most part 
are involved in mitogenic signaling and growth control. Exanl
ples of such proto-oncogenes are protein kinases, G proteins, 
growth factors and transcription facrors. Alternatively, retrovi
ruses that do not possess oncogenes may cause tumors during 
integration into the cellular genome. If this occurs near normal 
cellular proto-oncogenes, the strong promoter and enhancer 
sequences of the provirus, which allow viral replication, will also 
affect the expre..~ion of proto-oncogenes. This mechanism is 
termed proviml insertional mutagenesis. 

Hepatitis C Virus Unlike retroviruses, HCV (an RNA flavivirus) 
does not appear to cause integration of its DNA into the cellular 
genome:14 The predominant mechanism of HCV iJl the devel
opment of HCC appears to be indirect-that is, by the induc
tion of chronic hepatocellular injury, combined with 
inflammation and liver cell regeneration. However, a number of 
HCV proteins have been implicated in its carcinogenicactivity.35 

Both the HCV core protein and NS3 protein modulate the 
expression of the cyclin-dependent inhibitor p21 WAF l and 
affect the activ~ty of p53. The E2 protein interacts with CD82, 
iJiliibiting T and natural killer (NK) cells. The NS5A protein 
acts as a transcription factor and interact~ with cellular signaling 
pathways and various ceU cycle regulatory kiJ1ases to block the 
apoptotic cellular response to persistent HCV infection. 

Helicobader pylori H. pylori infection is che most important risk 
factor for the development of gastric cru1eer. It was the first 
bacterium linked to human cancer and was classified as a group 
l carcinogen by cl1e IARC in 1996. The mechanisms whereby 
H. pylori causes cancer remain largely unknown, but are thought 
to involve host and bacterial characteristics. The chronic in.flam
matory response to the infection elicited by H. pylori is consid
ered an importru1t med1anism whereby infection may eventually 
lead to neoplasia. However, it is unknown why and how the 
infection and Fesulting inflammation select certain individuals, 
but not others, to enter the neoplastic cascade. 1he gastric 
microenvironment, such as acid secretion, may play a key role. 
IL-l f3 is a potent inbibitor of acid secretion. Polymorphisms of 
the gene encod ing this cytokine and also the gene encoding the 
IL- l f3 receptor antagonist gene, part of the san1e gene duster, 
have been associated with iJ1creased risk for gamic cancer. 

Infection with strains of H pylori that carry the cytotoxin
associated antigen A gene (e11gA) is associated with gastric carci
noma. 1he cagA gene product, CagA, is delivered imo gastric 

epithelial cells by the bacterial type lV secretion system-in 
essence, a molecular syringe. Once intracellular, CagA is tyrosine
phosphorylated by SRC family kinases and then can specifically 
bind and activate the cellular oncoprotein SHP2. Thus, it can 
be seen that CagA deregulation of SHP2 mimics a situation in 
which SHP2 acquires a gain-of-function muradon. CagA is 
thought to be important during the early pha~s of gastri.c 
carcinogenesis- in particular, the progression from superficial 
gastritis to atrophic gastritis to intestinal metaplasia. However, 
the presence of CagA alone is not sufficient for the transforma
tion of gastric epithelial cells into a malignant phenotype. 

Chronic Inflammation 
Chronic inflammation in the absence of infection has long been 
linked with the development of cancer. Examples include the 
development of squamous cell carciJ10ma of the skin in areas of 
chronic ulceration (Marjolin's ulcer) and the high risk for 
colorectal cru1cer in patients with ulcerative colitis. However, the 
exact mechanistic change.~ that occur during dtrOtliC inflamma
tion that lead ro malignam transformation have begun w be 
elucidated. For example, in ulcerative colitis-associated colorec
tal cancer, a dual mechanism bas been proposed. lJlceration of 
the epithelium exposes underlying cell layers to the contents of 
the bowel lumen. The intestinal Bora triggers the nuclear factor 
KB (NF-KB) pathway in macrophages, causing them to release 
proutfl.ammatory agents sucb as prostaglandins, cl1emokines, 
and interleu.kins that indirectly promote survival of transformed 
epithelial cells. 

TUMOR MARKERS 
Tumor markers are iJ1dicators of cellular, biochemical, molecu
lar, or genetic alterations whereby neoplasia cru1 be recogni7.ed. 
They are surrogate measures of clte biology of the cancer, provid
ing insight into the clinical behavior of the tumor. This is par
ticularly useful when the cancer is nor clli1ically derecrable. 1hc 
information provided may do the following: 
• Be diagnostic, distinguishing benign from malignant disease 
• Correlate with an1ount of twnor present {tumor burden) 
• Allow subtype classification to stage patients more accurately 
• Be prognostic., either by the presence or absence of tbe marker 

or by its concentration 
• Guide d1oice of therapy 
• Predict response to therapy 

The ideal tumor marker bas tl1ree defining cl1aracteristics. 
First, the marker should be expressed exclusively by the particu
lar tumor. Second, collection of the specimen for the tumor 
marker assay should be easy. 1hird, the assay itself should be 
reproducible, rapid, and inexpensive. Currently, there is no one 
marker that fulfilJs aU these criteria for ru1y cru1cer, nor is there 
any specific cancer for wb.id1 there are biomarkers that com
pletely describe its behavinr. 

Tumor markers fall into three broad categories-proteins, 
genetic mutations, ru1d epigenetic changes (Box 30-2). All tluec 
may befoulld in che tumor tissueitscl£ Tumor markers fowtd in 
bodily fluids, particularly blood and urine, have rhe greatest 
potential for clinical application because of the eao;e of access to 
tl1ese ALlids for ru1alysis, and because repeated san1pling allows for 
in vivo monitoring of the malignancy-for exan1ple, for disease 
progression or recurrence, metastasis, and response to therapy. 

Rather than provide an exl1austive review of all tw110r 
markers, this section wUI outline the major categories of tumor 
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RNA-based markers 
Overexpressed or unde rexpressed transcripts 
Regulatory RNAs (e.g., miao-RNAs) 

DNA-based markers 
Single-nucleotide polymorphisms (SNPs) 
Chromosomal translocations-bcr-ab/ (Philadelphia) 
Changes in DNA copy number 
Microsatellite instability 
Epigenetic changes (e .g., differential promoter-region 

methylation) 

From Ludwig JA. Weinstein JN: Biomarkers in cancer staging. prognosis and treat
ment selection. Nat Rev Cancer 5:845-856, 2005. 

markers and focus on the evi.dence for the tumor markers in 
clinkal use. 

Protein Tumor Markers 
Proteins were the first type of tumor marker identified and hence 
are considered t he classic tumor markers. However, despite 
decades of research, few are in clinical use. Those routinely used 
are often limited by poor sensitivity and specificity. Their serum 
or plasma levels ,generally correlate with tumor burden because 
they are shed !Tom the expanding neoplasm. 

carcinoembryonic Antigen 
Carcinoembryonk antigen {CEA) is probably the most studied 
cancer tumor marker and its maiJ1 clinical use is for patients 
with cancer of the colon and rectum. lt is an oncofetal proteiJ1 
that is normally present during fetal life but can be present in 
low concentrations in healthy adults. Structurally, it is a glyco
protein with a molecular weight of 200 kDa; it is a component 
of the glycocalyx, located on the luminal side of the cell mem
brane of normal epithelial intestinal cells. CEA is a member of 
a large fan1ily of proteins related to the immunoglobulin gene 
superfamily. 1l1e molecule itself is secreted iJ1to the circulation 
and is also found! iJl the mucous secretions of the stomach, small 
intestine, and biliary tree. Although its exact function is 
unknown, CEA has been shown to be involved in cell adhesion 
ru1d can inhibit apoptosis induced by loss of ru1chorage to 

the ECM. 

Testing lmmunoa~ay kits allow determination of serum CEA 
levels accurately, reproducibly, and relatively inexpensively. 
Normal serum levels are lower than 2.5 ng/mL, borderline if2.5 
to 5.0 ng/mL, rund elevated if higher than 5.0 ng/mL. Border
line levels occur with benign rusorders such as inflammatory 
bowel disease {IBD), pancreatitis, cirrhosis, chronic obstructive 
pulmonary disease (COPD), and smoking can also increase 
CEA; the upper limit of normal in smokers should be considered 
as being 5 ng/ruL. 

Saeenitlg CEA is not usefu l as a screening test because of its low 
sensitivity in early-stage rusea~. Elevated CEA levels occur in 
only 5o/o to 40% of patients with localized disease. 

Prognosis Elevated CEA levels reflect the burden of tumor 
present. 1l1e degree of CEA elevation correlates with increasing 

stage of disease; therefore, CEA levels have prognostic value. 
Preoperative serum CEA is an independent predictor of 
survival-the higher the preoperative serum level, the poorer the 
prognosis. This effect persists even after patients are stratified for 
resectability and extent of local tumor invasion. The 5-year 
survival is significandy worse in patienrs with elevared preopera
tive CEA levels compared with those with a normal preoperative 
CEA level. Furthermore, 5-ycar survival is higher in those 
patients whose elevated preoperative CEAlevelnormalized post
operatively. Finally, patients with elevated preoperative CEA 
levels have higher recurrence rates compared with those with 
normal CEA levels. 

Monitoring TI1e most common application ofCEA is monitoring 
patients for recurrent disease. CEA is most sensitive for hepatic 
or retroperitoneal metastasis and relatively insensitive for local, 
pulmonary, or peritoneal involvement. Approximately 75% of 
patients with recmrent CRC have an elevated serum CEA level 
before developing symptoms. However, the pattern or magni
tude of the rise in the CEA level is of no value in rustinguishing 
localized recurrence from rustant disease. However, because 
elevations of CEA levels may be transient, repeat measurement 
should be performed as confirmation of the trend. A confirmed 
rising trend in CEA level should prompt evaluation for recurrent 
disease. 

Because CEA reflects tumor burden, it is usefu.l for moni
toring response to chemotherapy in patients with metastatic 
cru1cer. An elevated CEA level is an independent factor associ
ated with poor survival and progression on 5-fluorouracil clle
mothe:rapy in patients with metastatic colorectal cancer. Patients 
with advru1ced cru1cer whose CEA levels fall dur.ing dlemo
therapy su.rvive significantly longer than those whose CEA levels 
do not change or increase. 

a-Fetoprotein 
a - Fetoprotein {AFP) is used in the detection and management 
of HCC. It is an oncofetal antigen, consisting of a single-chain 
polypeptide with a molecular weight of 700 kDa. Levels are 
elevated in the fetus, fall to low levels after birth, ru1d are elevated 
during pregnru1cy. It is synthesized by hepatocytes and endoder
mal.ly derived gastrointestinal tissues. 

Testing AFP is measured using immunoassay kits, ru1 enzyme
linked immunoassay {ELISA) or radioimmunoassay {RIA). The 
upper limit of normal for a healthy nonpregnru1t adult is Jess 
tban 25 ng/mL. TI1ere are no detectable levels of AFP in 10% 
to 20% of HCCs. Levels are also raised in nonscmlnomatous 
testicular cancer, for which it is valuable tumor marker {see 
later). significant elevations {>5 ng/mL) of serum AFP levels are 
seen in 200A> of patients with gastric or pru1creatic cancer and 
5% of patients with colorectal or lung cru1cer. Elevated levels are 
also seen in hepatitis, rBD, ru1d cirrhosis. 

Saeening AFP has an estimated sensitivity of 25% to 75%, 
specificity of76o/o to 94%, and positive predictive value {PPV) 
of 9% to 50%. However, it should be noted that the sensitiv
ity and specificity vary with the cutoff value chosen. If set at 
20 ngfmL, the sensitivity and specificity are 30% and 87%, 
respectively, but if raised to 100 and 400 ng/ml, sensitivity 
and specificity vary from 72% to 56% and 70% to 94%, 
respective! y. 

Vl c 
;:>:J 
C) 

Q 
r-
0 z 
8 
5 
Q 

http://www.myuptodate.com


714 SECTION V SURGICAL ONCOLOGY 

The combination of AFP and ultrasound improves screen
ing efficacy. One survei1lance study of 1125 patients with HCV 
has reported a seJ1Sitivity of 100% with a combination AFP and 
ultrasound compared with a sensitivity of 75% for AFP alone 
and 87% for ultrasound alone.36 Cost-effectiveness analysis cal
culates the cosrs of each additional life year gained, in rerms of 
quality-adjusted life-years (QALYs). A QALY less than $50,000 
is considered cost-effective. In the United States, sturues have 
suggested that surveillance of patients with HCV-related cir
rhosis with a combination of AFP and an imaging modality 
(ultrasound or en would gain QALYs at an acceptable 
costY -39 

Prognosis AFP concentration reflects tumor size, with levels 
higher than 400 ng/mL associated with larger tumors. As a 
result, it has been shown that AFP Level correlates with stage and 
prognosis. The rate of increase, expressed as AFP doubling time, 
has also been associated with a poorer prognosis. 

Monitoring The- AFP Level has been shown to decline after resec
tion or ablation. Following complete resection, AFP levels 
should decrease and remain lower than 10 ng/mL Shirabe and 
colleagues40 have found that in patients with HCC whose pre
operative AFP level was higher than 100 ng/mL and in whom 
the postoperative AFP d id not fall below 20 ng/mL, early recur
rence in the first postoperative year should be strongly suspected. 
For those patients whose AFP levels normalize postoperatively, 
a subsequent rise in AFP level over the course of serial serum 
measurements has been found to be the best indicator of recur
rene disease. It was the first measured abnormality in 34% of 
these patients. However, in some patients who bad elevated 
serum levels of AFP with their original HCC, postoperative 
levels of AFP were unreliable in detecting recurrence. Five 
patients (l2o/o) did not have elevated serum levels despite the 
presence of recurrent disease. 

Tumor regrnwth after treatment with chemoembolization 
does not correlate with the rate of AFP level increase or tumor 
burden. AFP levels usually decline in response to effective che
motherapy. Monitori11g of the AFP level, therefore, avoi.ds pro
longed use of lineffective and potentially toxic chemotherapy. 

Carbohydrate Antigen 19-9 
Carbohydrate antigen 19-9 (CA 19-9) is widely used as a serum 
marker of pancreatic cancer, but its use is limited to monitoring 
responses to therapy, not as a diagnostic marker. It is a mucin
type glycoprotein expressed on the surface of pancreatic cancer 
cells and was initially detected by monoclonal antibodies raised 
against colon cancer cell lines in a mouse modet TheCA 19-9 
epitope is normally present within the biliary tree. Biliary tract 
disease, acute and chronic, can elevate serum CA 19-9 levels. 

Testing CA 19-9 is detected using an immunoassay, with the 
upper limit of normal for a healthy adult beiJ1g 37 U/mL. Sen
sitivities of CA 19-9 in the ruagnosis of pancreatic caJlCer rrulge 
from 67% to 92%, with specificities ranging from 68% ton%. 
1he usefulness of CA 19-9 as a ruagnostic marker is limited in 
a nun1ber of ways. First, patients with a negative Lewis a (Le") 
blood group aJ1tigen cruu1ot synthesize CA 19-9, and therefore 
it should not be used as a serologic marker in these inruviduals, 
who make up approxin1atdy LOo/o of the population. Second, 
patients with benign biliary tract rusease can have levels of up 

to 400 U/mL, with 87% having concentrations higher than 
70 U/mL. Significant numbers of patients with pancreatitis, 
acute or chronic, also have elevated Levels. 1hird, iJ1 addition to 
pancreas cancer, CA 19-9 levels are also elevated in patients with 
other cancers, including those of the biliary tree (95%), stomach 
{5%), colon {15%), liver {HCC, 7%) and (lung 13%). For the 
latter, CA L 9-9 levels add little clinically useful information to 
the determination of CEA levels. 

Saee11ing CA 1 ~-~ is not useful as a screer1ing modality because 
of its low sensitivity in ea.cly-stage rusease. With incrcasiJ1g levels 
of CA 19-9, the ruagnosis of pru1ereatic cancer becomes more 
accurate. Wben a cutoff level of 100 U/mL is used, a number 
of sturues have demonstrated that ald10ugh seJlSitivity ranges 
from 60% to 84%, specificity for pancreas cancer is 95% or 
higher. Levels higher than 1000 U/mL are almost diagnostic of 
pancreatic cancer. Because of .its frequent elevation in benign 
biliary tract disease, CA 19-9 is not useful for distinguishing 
benign from malignant distal CBD strictures. 

Prognosis In patients with pancreatic cancer who have CA 19-9 
detectable in their serum, the level has been shown to correlate 
with tumor burden. For example. higher CA 19-9 levels typically 
correlate with higher tumor stage and more than 95% of patients 
with unresectable disease have levels higher than 1000 U/mL. 
Of patients who tmdergo curative resection, those whose CA 
19-9 levels returned to normal survived longer than those whose 
levels fell but never normalized. 

Monitoring Serial measurement of CA 19-9 is used to monitor 
response to therapy. A rise inCA 19-9 level after curative resec
tion has been shown to precede clinical or CT evidence of 
recurrence by 2 to 9 months. ln patients with uruesectable or 
metastatic disease, fai l.ure of CA 19-9 levels to fal l with chemo
therapy reflects poor mmor response. However, in both settings, 
the lack of alternative effective therapies limits the usefulness of 
serial monitoring of CA 19-9. 

Prostate-Specific Antigen 
Prostate-specific antigen (PSA) is a serine protease formed in 
the p rostatic epithelium ru1d secreted into d1e prostatic ducts. 
Its function is to digest the gel that is formed in seminal fl uid 
after ejaculation. Under normal circumstances, only small 
an1ounts of PSA leak into the circulation. With enlargement of 
the gland (e.g .. in patients with benign prostatic hyperplasia 
[BPH1) or distortion of its architecture, serun1 PSA levels 
increase. Thus, PSA is considered a tissue-specific rather rhan a 
prostate cancer-specific marker; patients who have undergone 
curative radical prostatectomy, and women, have no detectable 
PSA. 

Testing PSA level is detected with an immunoas.~ay. In adrution 
to BPH, other situations in which serum PSA levels may be 
elevated include prostatitis, prostatic massage, prostatic biopsy; 
ru1d digital rectal examination. Initial studies set the upper limit 
of normal for PSA at 4 ng/mL, with levels higher than 10 ng/ 
mLsuspidous for malignancy ru1d levels of 4 to 10 ng/mL being 
indeterminate. Since then, it has been found that the upper limit 
of the nom1al range of PSA increases with age. Tht:' Limit is 
2.5 ng/mL for those aged 40 to 49 years, 3.5 ng/mL for those 
50 to 59, 4.5 ng/mL for those 60 to 69, and 6.5 ng/mL for 
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those 70 and older. The rate of increase of PSA in a normal 
60-year-old man is 0.04 nglmUyear. 

Expressing PSA relative to prostatic volume and tin1e have 
also helped discrinlinate cancer from benign conditions when 
the PSA level is lower than 1 0 ng/ml. but higher than the upper 
limit of normal for the patiem's age. PSA densiry is defined a~ 
the ratio of PSA to prostatic volume, as measured by transrectal 
ultrasound or magnetic resonance imaging (MRl). Higher PSA 
densities are more suggestive of malignancy compared with BPH 
because the amow1t ofPSA released per gram of prostate cancer 
is significantly bighcr than iliat released from normal prostatic 
tissue. 

The ratio of free ro total PSA has also been fOLmd to 

improve the specificity of prostate cancer diagnosis in the PSA 
range of 4 to 10 ng/mL. PSA slope (also known as PSA veloc
ity) is the rate of change of the concentration of PSA over 
time. For individuals with initial levels lower than 4.0 ng/mi., 
a PSA slope greater than 0.75 ng/mL/ycar is considered signif
icant; for patients whose baseline level is higher than 4.0 ng/ 
mL, a slope of higher than 0.4 ng/mL is considered 
significant. 

Saeening PSA is widely used as a screening tool for prostate 
cancer, enabling early detection and diagnosis of tllls disease. 
However, its use has been called into question by the results of 
two recent trials.4 1 The European Randomized Study ofScreen
iJlg for Prostate Cancer (ERSPC) rru1domized 162,387 men to 
screening with PSA or no screening. With a median follow-up 
of 9 years, there were 214 prostate cancer deaths in the screeniJ1g 
group ru1d 326 in the control group, resulting in an adjusted 
rate ratio for death of 0.8 for the screeniJ1g group. In other 
words, to prevent one death from prostate cancer, more than 
1400 men need to be screened and 48 men treated. In ilie 
Prostate, Lung, Colorectal, and Ovary Cancer (PLCO) trial, 
76,693 U.S. men were randomized; with ru1 average of7 years 
of follow-up, mortality between tl1e screened and comrol groups 
did not differ (rate ratio for death, 1.1). These data have added 
to concerns regarding overdiagnosis and overtrearment of tllls 
disease, with me associated effects on the patient's quaUty of life. 
Autopsy studies have found that prostate cancer can be found 
in 55% of men in their fifth decade of life and 64% in their 
seventh decade, indicating that a significant proportion of tl1ese 
cru1cers are not Ieilia!. Only one in eight screen-detected cancers 
is Ukely to kill its host if left untreated. 

Monitoring Response to Therapy After operative resection, the 
PSA level is expected ro normalize after 2 to 3 weeks. Patients 
whose PSA level remained elevated 6 months after radical pros
tatectomy eventually developed recurrent disease. In contrast, it 
tal<es 3 to 5 months for the PSA level to normalize after radio
therapy. However, failure of tlle PSA level to normalize after 
radiotllerapy also predicts relapse. An increase in the serum PSA 
levd is usually the first sign of local recurrence or metastatic 
progression. In patients with advanced disease, PSA levels are 
also used to monitor response to systemic therapy. 

Carbohydrate Antigen 125 
Carbohydrate antigen 125 (CA 125) is a carbohydrate epirope 
on a glycoprotein cardnoma antigen. [t is present in the fetus 
and in derivatives of tl1e coelomic epithelium, including the 
peritoneum, pleura, pericardium, ru1d amnion. In healthy adults, 

CA 125 bas been detected by inlffiunohistochemistry in the 
epithelium of the fallopian tubes, endometrium, ru1d endocer
vix. However, neither adult nor fetal ovarian epithelium expresses 
CA 125. 

Testing CA 125 levels are measured using an immunoassay, with 
the upper limit of norn1al set at 35 U/mL. Elevated levels are 
detected in 80% of patients with ovariru1 canccr.lJ1 patients with 
ovarian masses, an elevated CA l25level has a sensitivity of75% 
and a specificity of approximately 90% for malignancy. It is also 
detectable ill a high percentage of patients with cancer of the 
fallopian tube, endometrium, ru1d cervix, as well as .in nongyne
cologic malignancies of the pancreas, colon, lung, ru1d liver. 
Benign conditions in whkh theCA 125 level .is elevated indude 
endometriosis, adenomyosis, uterine fibroids. pelvic inflamma
tory disease, cirrhosis, ru1d ascites. As for CA 19-9 in patients 
witll pancreas cancer, CA 125 is an adjunct to diagnosis, rather 
than being diagnostic itself. 

Saeening By itself, CA 125 is not useful as a screening tool for 
ovarian cancer because of its poor specificity. However, tlle 
United Kingdom Collaborative Trial of Ovarian Cru1cer Screen
ing has evaluated the effectiveness of CA 125 iJ1 postmeno
pausal women. In this study, women classified as high risk 
according to their CA 125 level have been further screened 
witll transvaginal ultrasound. Final results from tllls trial are 
expected iJl 2014. 

Prognosis Patients with elevated CA 125 levels at tl1e time of 
diagnosis bave a worse prognosis compared with patients with 
normal levels. Absolute levels ofCA 125 do not correlate dearly 
witl1 tumor stage, although with increasiJlg stage, a greater per
centages of patients has elevated CA 115 levels-50% of stage 
I patients, 70% of stage IT patients, 90% of stage 111 patients, 
aJ1d 98% of stage IV patients. 

Monitoring Response to Therapy CA 125 is of value in moni toring 
disease course. Partial or complete response to therapy is associ
ated w ith a decrease in theCA 125 level in more thru1 95% of 
patienrs.lncreasing levels ofCA 125 correlate with disease recur
rence and precede clinical or in1aging evidence of recurrence by 
a median of 3 months. When rising CA 125 levels are used as 
an indication for second-look laparotomies, recurrent disease is 
fotmd iJ1 approximately 90% of patients. 

CA 125 levels in peritoneal Buid may be more sensitive 
than serum levels. Thus, in patients whose serum CA 125 level 
normalizes during therapy, peritoneal fluid CA 125 levels may 
be betrer able to distinguish patients with residual disease from 
those without. The upper limit of normal for peritoneal Auid 
CA 125 is 200 U/mL. 

a-Fetoprotein and Human Chorionic Gonadotropin in 
Testicular Germ Cell Tumors 
Nonscmi.nomatous testicular cancers comprise several different 
histologic types, including embryonal carcinoma, syncytiotro
phoblasts (choriocarcinoma), yolk sac tumors, and teratomas. 
Marker expression cru1 be predicted on the basis of the predomi
nant histologic type. Human chorionic gonadotropin (hCG) is 
detected in more tl1aJ1 90o/o of choriocarcinomas, whereas AFP 
is expressed by 90% to 95% of yolk sac mmors, 20% of terato
mas, and 10% of embryonal carcinomas. 
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Diagnosis Of patients wi th proven nonseminomatous testicular 
germ cell tumors, approximately 50% will have elevated senm1 
levels ofhCG and 60% of AFP, whereas either marker is elevated 
in 90% of cases. The determination of both marker levels is 
important, because almost 50% of these tumors secrete on.ly one 
of these substances. In addition to the high rate of marker posi
tivity, there have been few cases of spuriously elevated serum 
levels of hCG o r AFP i11 patients without testicular cancer. The 
presence of a testicular tumor in combination with an elevated 
level of AFP or hCG is suspicious for testicular caJKer, without 
being diagnostic. Elevated levels of these markers in a maJl 
yotmger than 40 years without signs of a testicular rumor may 
indicate extratesticu.lar germ cell cancer. 

Prognosis An absolute AFP concentration higher than 500 ng/ 
ml or hCG level higher than 1000 ng/ml predicts a poor 
prognosis. These tumor markers are useful in identifying biologi
cally distinct categories of morphologically similar tumors. In 
one swdy that studied pretreatment levels of AFP and hCG, 
92% of patienl(s with normal levels of both markers achieved 
complete remission, compared with 26% of those with elevated 
AFP levels only, 46% of those with elevated hCG levels only, 
aJld 35% of those with elevations of both. Similarly, when corn
paring groups of patients with sinillar disease burdens, those 
with elevated marker levels have a worse prognosis compared 
with those with normal marker levels.4.' 

Monitoring L1 most patients with nonseminomarous germ cell 
tu.mors, tumor marker levels correlate with response to chemo
therapy. 1l1e rate of marker decline (half-life), calculated from 
weekly determinations after the initiation of chemotherapy, CaJl 

be used to identify early those patients who respc>nd poorly to 
chemotherapy. Half-Jives longer than 3.5 days for hCG or longer 
than 7 days for AFP suggest that patients require aggressive 
therapy, such as high-dose chemotherapy in combination with 
stem cell transplantation. However, there is a significant percent
age of patients whose levels of tumor markers faU despite failu.re 
of their CLU110rs to regress with therapy. 

After completion of prin1ary therapy, increasing marker 
concentrations, even in the absence of other features of recur
rence, may lead to salvage chemotherapy. Therefore, it is impor
tant to exclude false-positive results. 'TI1e level of hCG should 
be measured in the urine, in which the concencration should be 
similar to that of senuu. In contrast, interfering substaJJ.ces are 
not excreted into the urine. Intensive chemotherapy may induce 
hypogonadism, with associated hCG levels of up to 5 to 10 IU/ 
Liter. It can be differentiated from relapse by the measurement 
of luteinizing hormone (LH) aJld follicle-stimulating hormone 
(FSH) levels; like the postmenopausal state in women, levels 
higher tha11 30 to 50 IU/Liter indicate that the hCG is derived 
from the pituitary. 

DNA-Based Markers 
Specific mutations in oncogenes, tumor suppressor genes, and 
mismatch repailr genes can serve as biomarkers. These mutations 
may be germline mutations, such as the RET proto-oncogene of 
MEN2 and the APC gene of .FAP, or somatic mutations, such 
as the occurrence of p53 mutations in a wide variety of tumors. 
Chromosomal abnormalities, sum as the 9:22 translocation 
that creates the bcr-abl oncogene, are also useful biomarkers. 
Specific single-nucleotide polymorphisms have been identified 

that are associated with increased risk for specific cancers, and 
haplotype assessment has been shown to predict susceptibiljry 
to several cancers, including prostate, breast, lung, and colon. 

DNA-based markers are beguuling to have a profound 
influence on clinical practice. For exan1ple, HER-2/neu ampli
fication statu.s i.s now being routinely used ro guide treatment 
with tram.w..u.mab in patients with breast cancer. ln April 2009, 
the American Society of Clinical Oncology released a provisiona1 
clinical opinion (PC0)13 addressiJ1g the usefulness of KRAS gene 
mutation testing in patients with metastatic colorectal carci
noma to predict response to aJlti-EGFR monoclonal antibody 
(MoAb) therapy with cetuximab or paJlitu.mumab. In summa
rizing the results of five randomized trials and another five 
single-arm studies, they recommended that all patients with 
metastatic colorectal carcinoma who are CaJldidates for aJlti
EGFR antibody therapy should have their tumor tested for the 
KRAS mutation. [f the KRAS mutation in codon 12 or 13 is 
detected, these patients should not reccive anti-EGFR antibody 
therapy as part of their treatment. This represents the first major 
step toward individualized treatment for patients with metastatic 
colorectal cancer. 

In a similar fashion, somatic EGFR mutations have been 
found to represent an important mecl1anism of resistance to 
tyrosine kinase inhibitors (TKis) in non-small cell lung cancer 
(NSCLC). Deletions in exon 19 and L858R are associated with 
the response of NSCLC to gefitinib or erlotinib monotherapy, 
whereas mutations in exon 20 (particttlar.ly the T790M point 
mutation) confer resistaJlce to erlotinib and gefitinib.44 As a 
result, EGFR mutation analysis is being used to identify patients 
who are likely to respond to monotherapy with TKls. 

Epigenetic Changes 
Testing for epigenetic chaJlges is still at an early stage and bas 
not yet reached the dinic. However, it has great potential for a 
number of reasons. First, DNA assays for aberrant methylation 
are e.asier and more sensitive thaJl chose for point mutations. 
Second, cancer-specific DNA methylation patterns CaJ1 be 
detected in tumor-derived free DNA in the bloodstreanJ aJld in 
epithelial tumor cells shed into the lumen. 'TI1is ease of access to 
the saJUple medium may facilitate efforts at detection aJld mo1li
toriJ1g of cancer. Third, DNA methylation profiles are more 
cbemically and biologically stable than RNA or most proteins. 
Thus, they may be more reliably detected iJ1 diverse biologic 
fluids. Methylation biomarker studies have been performed in a 
variety of cancers, including breast, esopbagea.l, gastric, colorec
tal, and prostate. The sources of the DNA have included pla~ma, 
serum, urine, sputum, and saliva. A number of general observa
dons have been made. Targeted biologic fluid sou.rces of DNA, 
such as uriJ1e for bladder cancer, tend to have higher clinical 
sensitivities than serum or plasma analysis. In contrast, d1e speci
ficity of plasma or serum detection of tumor-specific markers 
has been found to be extremely high, approximately 100%. 
Combining DNA methylation assays may complement ex.isting 
screening methods of high sensitivity but low specificity, sucb as 
PSA for prostate Ca.JKer. Use of methylation target panels in 
these studies improved tl1e clinical sensitivity of the assay. 

Potential Applications 
Early Detection Although abnormal epigenetic s~encing of genes 
can occur at any time during carcinogenesis, it appears to occur 
most frequently early in the tra11sformation process. Aberrant 
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crypt foci, wb.icb contain preneoplastic hyperplastic colonic epi
thelial cells, have been found w comain abnormal methylation 
in promoter regions of genes involved in the abnormal activation 
of the Wnt signaling pathway.45 Detection of abnormal methyla
tion patterns in histologically normal cells may emerge as useful 
markers for cancer risk assessmenr. 

Predict Respon.se to Therapy Methylation of specific genes can be 
linked to the biologic behavior of the tumor. A number of 
studies have reported an association between DNA methylation 
markers and response to chemotherapy. The most extensive work 
has been done on CpG hypermethylation of the 0 -6-metbyl
guanine DNA methyltransferase (MGMT) gene, which appears 
to confer sens.itivity to various alkylating chemotherapeutic 
agents. MGMT methylation was ao;sociated with prolonged sur
vival in glioma patients treated with carmustine and in patients 
with large, diffuse B cell lymphoma who were treated with 
cyd ophosphan1ide as part of multidrug regimens.46 Wid
schwendter and colleagues47 have studied the correlation between 
methylation profiles and hormone receptor status in breast 
cancer. In particular, they foLmd that methylation of the ESRJ 
gene and the PGR gene were the best predictors of progesterone 
and estrogen receptor status, respectively. Furthermore, ESRJ 
methylation outperformed hormone receptor status as a predic
tor of clinical response in patients treated with tamoxifen. Indi
vidual methylation markers, such as of the E-cadherin promoter, 
have also been linked to breast cancer metastasis. 

Prognostication Abnormal methylation of combinations of genes 
has been associatred with a poor outcome. 

Conversely, it should be noted that loss of methylation is 
being increasingly recognjzed as an important event in carcino
genesis.31 Hypometbylated CpG islands have been associated 
with the activation of nearby genes. For example, hypomethyl
ation of the promoter for the cancer- testis antigen CAGE cor
relates with the gene's increased expression; it is found in 
premalignant lesions of the stomach.48 Similar examples of 
demetbylated promoters activating their downstrean1 genes have 
been found in a number of other cancers, including those of the 
colon, pancreas, liver, uterus, lung, and cervix. In a study of 
ovarian carcinogenesis,49 the bypomethylation of centromeric 
and juxtacentromeric satelnte DNA was found to be increased 
in tumors of advanced stage or high grade, and this strong 
bypomethylation was an independent marker of poor prognosis. 
Furthermore, genome-wide bypometbylation bas also been 
detected in caJllcer cells, and may contribute to genomic 
instability.45 

DNA methylation profiles, examining hypermethylation 
and bypomethylation, may provide greater insights into tumor 
behavior than either profile alone. 

RNA-Based Markers 
RNA-based markers have been identified in the context of global 
mRNA expression using high-throughput technologies. These 
microarrays (gene chips) allow the expression of 30,000 ro 
40,000 hun1an genes to be measured in a single experiment. 
Statistical modeling then allows the selection of groups of genes, 
fingerprints, chat best distinguish disease states. 

Sparano and Paik50 have described an algorithm to predict 
the Likelihood of distant recurrence in patients with node
negative, tan1oxlfen-treated breast cancer, based on the 

expression of ll genes in tumor tissue. 1his multigene assay, 
known as Oncotype DX, includes 16 tumor-associated genes 
and 5 reference genes, with the result expressed as a recurrence 
score (RS). Higher expression levels of favorable genes result in 
a lower RS, whereas higher expression levels of unfavorable genes 
result in a higher RS. Validation studies have demonstrated that 
tbis assay is more accurate in predicting clinical outcome in 
ER-positive, lymph node-negative breast cancer patients treated 
with tamoxifen than traditional clinicopathologic characteris
tics. Several studies have found that use of this test has altered 
the treatment choice .in. approximately 25% of patients. ln a11 
effort to integrate genetic testing into clinical testing further, the 
Trial Assigning L1dividualized Options for Treatment (Rx), or 
TAILORx, will use this 21-gene assay to assign treatment based 
on whether patients have a low RS (hormonal therapy alone) or 
b.igh RS (chen1ohormonal therapy), with those having a mid
range RS being randomly assigned to chemohormonal therapy 
(standard treatment arm) or hormonal therapy alone (experi
mental arm). Patient accrual is expected to be completed by the 
end of2009. 

The MarnmaPrint assay is another multigene assay, using 
70 genes, designed ro individualize treatment for patients with 
estrogen receptor- positive or estrogen receptor- negative, lymph 
node-negative breast cancer. Its accuracy to select early-stage 
breast cancer patients who are highly likely to develop distant 
metastases and therefore may benefit most from adjuvant che
motherapy is being tested prospectively in the M[NDACT 
(Microarray L1 Node-Negative Disease May Avoid ChemoTher
apy) clinical trial. 51 

Proteomic Profiling 
Proteomics is the study of all the proteim expressed by the 
genome. Ultimately, genetic mutations are manifested at the 
protein level, involving derangements of proteiJl func-tion and 
communication within diseased cells and with their microenvi
ronment. Execution of the disease proces.~ occurs through altered 
protein function. Protein tumor biomarkers are thought to be 
low-abundance proteins (of concentrations in the nanomolar 
range). shed from tumor cells or from the tun1or-host interface 
into the circulation. Detection and measurement of these pro
teins provide information about the clinical behavi.or of the 
cancer. Proteomic profiling using mass spectrometry tecl1nolo
gies generate complex fu1gerprints of ion peaks corresponding 
to protein concentrations, which can be correlated with disease 
states. A number of studies, using samples from blood (plasma 
or serum), urine, and pancreatic juice, have demonstrated the 
feasibility of this technology for biomarker discovery and for the 
early detection of ovarian, breast, prostate, and pancreatic 
cancers. Identification of reproducible protein signatures of spe
cific diseases bas the potential to achieve much higher diagnostic 
sensitivity and specificity than currently available biomarkers. 
Proteomic profiling lacks a standardized methodology and 
remains time- and labor-intensive. However, these technologies 
are still not ready for routine clinical use. 1heir principal role is 
in protein biomarker discovery. Candidate biomarkers dis
covered tluough this process can be validated using standard 
immwnometric techniques after the development of specific 
antibodies. 

Clearly, the future holds great promise for the greater use 
ofbiomarkers in the dinical management of patients with cancer 
(Table 30-8). It is expected that combinations of tumor markers, 
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_Table 3o-8 Biomarkers and Biologically Targeted Therapies 
CANCER BIOMARKER THERAPY 
Breast Estrogen receptor, Tamoxifen, 

progesterone aromatase 
receptor inhibitors 

lymphoma CD20 Rituximab 

Chronic myel~enous Bcr-obl lmatinib 
leukemia ( l ) 

Gastrointestinal stromal tumor c-kit lmatinib 
(GIST) 

Non~mall cell lung cancer EGFR mutation Geftinib 

Breast HER2/neu Trastuzumab 

From ludwig JA. Weinstein JN: Biomarkers in cancer staging. prognosis and treat
ment SElection. Nat Rev Cancer 5:845-856, 2005. 
Biomarker expression is being increasingly used, independently of formal staging 
criteria, to decide which patients receive biologically targeted therapies. 

and of differentt types of tumor markers, will be developed and 
then incorporated into formal staging cri teria. 1l1ere will also be 
funher delineation of the role of tumor markers in predicting 
the response to biologic and other types of therapies. 
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CHAPTER 31 

TUMOR IMMUNOLOGY AND 
IMMUNOTHERAPY 
]AMES S. ECONOMOU, jAMES c. YANG, AND ]AMES s. TOMLINSON 

OVERVIEW OF TUMOR IMMUNOLOGY 

STRATEGIES FOR CLINICAL TUMOR IMMUNOTHERAPY 

CONCLUSION 

111e immune system is our most powerfu.l defense against infec
tious disease1 and the mediator of rejection in transplantation. 
In a small subset of patients, modern immune-based therapies 
can also effect d ramatic and durable rejection of bulky metastatic 
melanoma and rena.! cell cancer. This attests to the capacity of 
the adaptive, and perhaps innate, immune system to recognize 
and destroy malignancies. 111ese complete responses, however 
few, are durable, and patients rarely relapse, which is even more 
remarkable. Perhaps the most important observation, whicl1 has 
been confirmed repeated.ly over the last 2 decades, is that the 
human immune system recognizes se.lf-antigcns expressed iJ1 
the context of major histocompatibility complex (MHCs) on 
the cell surface. Almost ha.lf of the human T cell repertoire 
recognizes se.lf- these generally low-affinity self-reactive T cells 
having escaped thymic deletion-which underscores the rea.licy 
that antitumor immune responses are frequently autoimmune 
in nature. The immune system has evolved mechanisms of 
immunologic tolerance which allow for discrimination between 
self and nonself. TI1erefore, there is a wea.ltb of potentia.! in1roune 
targets for solid and hematopoietic malignancies, which include 
norma.! self-proteins and tumor-specific mutations, against 
which human T cells can be activated, expanded, and become 
specifica.l.ly cytotoxic. Genome-based scientific advances have 
provided promising recombinant immunomodulatory mole
cules as well.2 Thus, there is broad potentia.! in human cancer 
iJnmunothcrapy, if we could only understand all the biologic 
rules. 

OVERVIEW OF TUMOR IMMUNOLOGY 

T Lymphocytes and Natural Killer Cells 
Bone marrow-derived progenitor cells enter the thymus, from 
whicl1 T cells eventually emerge. In the thymus, an enormous 
repertoire ofT cell receptors is randomly generated by recom
binations and mutations iJ1 a and ~ chains of the T cell receptor 
(TCR). Progenitors with TCRs of high affi11ity for self-antigens 
undergo deletion (negative selection). Some of those with low 
affinity for self-antigens survive and are positively selected, so 
that a significant percentage of self-reactive T cells emerge from 
the thymus. Only a very small percentage of the cells entering 
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and proliferating within the thymus survive this education 
process. Severa.! types ofT cells emerge iJ1to the periphery. CDS .. 
T cells recognize antigen in the context of MHC class I mole
cules, express 0.~ TCR, have cytotoxic activity, and produce 
cytokines. CD4+ T cells recognize antigen ill the context of 
MHC class IT molecules. There are several subsets of CD4+ T 
cells (Fig. 31-1). Among the better recognhed are Th 1 cells 
(helper type 1 T cells) that secrete interleukin-2 (IL-2), tumor 
necrosis factor a (TNF-a), and interferon-'¥ (IFN--y) and 1h2 
cells, which produce IL-4, !L-5, IL-6, fL-10, and IL-13. 1111 
cells promote cytotoxicity and inflanm1ation whereas 1112 cells 
assist in the stimulation ofB cells to produce antibody. T helper 
cells will favor a 1111 (cell-mediated) or Th2 (humora.l) inliDune 
response, but a subset of regularory cells (Treg cells) plays a 
critica.l role in dampening autoiJ1ll11lU1ity. 111ese Treg constitute 
5% to 10% of CD4.,. cells and express the transcription factor 
Foxp3. Mutation of the Foxp3 gene in humans and mice leads 
ro multiorgan auroinlmune disease. A fourth type ofT cell 
subtype is the so-called Thl7 cell, whjch preferentially produces 
fL-17, lL-21, and IL-22 and is important iJ1 the pathogenesis 
of autoiJnmwle diseases. 

CD4+ T cells a.lso play an important role in the initiation 
and maintenance of CD8+ T cell responscs.3 They may do clus 
through a variety of mechanisms. Activated CD4.,. T cells can 
interact with dendritic cells (DCs), professiona.l antigen
presenting cells, through an interaction bet\veeJ1 the CD40 
receptor and its ligand, CD40L. This activation, or lkensing, of 
DCs allows these antigen-presenting cells to promote the dif
ferentiation of CD8+ T cells and establish a durable memory T 
cell response. CD4+T cells a.lso produce IL-2 and IFN--y, which 
could potentia.lly support CD8 fu.nction. Thus, the importance 
of CD4+ T cells in shaping a productive antitumor response 
has been incorporated into many twnor inliDunotherapy 
strategies. 

Another T cell subset (-yo) represents a minor population 
(1% to 10%) of CD3+ T cells that is even more enriched iJ1 
mucosa.! epithelitml, which expresses TCRs that recogni'l..e bacte
ria.! and vira.l antigens. Natural killer T (N Kn cells express 
phenotypic markers ofT and NK cells and express a speci£c 
family ofTCRs that recognize glycolipid antigens presented by 
CDld molecules. These NKT cells are thought to help initiate 
T cell re.~ponses through the production of large amounts of the 
cyrokines IFN-'Y and IL-4. 

Mature T cells have a broad repertoire of a~ TCR, with 
diverse antigen specificity. This diverse TCR repertoire is gener
ated during T cell differentiation by a process of gene 
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Glossary of Terms 

1 MT - 1-methyltryptophan 
ADCC-antibody-dependent cellular cytotoxicity 
BCG- Bacille calmette-Guerin 
CAR- chimeric antigen receptor 
CCL- cc chemokine 
CCR- cc chemokine receptor 
CDC-complement-dependent cytotoxicity 
CDR-complementarity-determining region 
CEA- carcinoembryonic antigen 
cGy- centigray 
COX-2-cyclooxygenase-2 
CpG-unmethylated CG dinudeotides 
G l -cytotoxic T lymphocytes 
GLA-4 cytotoxic T lymphocyte-associated antigen-4 
De-dendritic cell 
EGFR-epidermal growth factor receptor 
FDA-U.S. Food and Drug Administration 
Foxp3-forkhead box P3 
GM-CSF granulocyte macrophage-colony stimulating factor 
HAMA- human antimouse antibody 
HIV-human immunodeficiency vi rus 
HLA- human leukocyte antigen 
hTERT- human telomerase reverse transcriptase 
I 00-indoleamine 2,3-dioxygenase 
I FN- interferon 
lg-immunoglobulin 
ll- interleukin 

Th2 

~ 
Th1 

TI-P If. 

Ill~ 
Th17 

~ 
' 

Treg 

IL-4 
- IL-5 -

IL-13 

Defense against 
extracellular parasites 

Allergy, asthma 

IFN I Defense against 
- TNF!u- intracellular pa~ogens 

Cancer s urveillance 

IL-17 
IL-6 

- TNF -
IL-22 

Defense against 
extracellular bacteria 

Autoimmunity 
Anti-cancer activity 

- TGF-!3 - r Immunosuppression 

FIGURE 31-1 CD4+ T cell subsets and their properties. 

rearrangement ofvariahle (V), joining 0), and diversity (D) gene 
segments. TCRs are composed of a and P chains; it is estimated 
that recombination events could po tentially yield a repertoire 
exceeding 1011 unique T CRs. These T CRs recognize antigen in 
the context of MHC proteins found on the surface of ceUs. 
Proteins within the cell are digested it1 the proteasome complex 
iMo short pepti.de fragments (R- to 12-amino-acid residues), 
which are transported to the cell surface bound in the groove of 
MHC class molecules; the specific peptide sequence presented 
is determined by the MHC (in humans, also called H LA (human 

LAK-lymphokine-activated killer cell 
mAb-m onoclonal antibody 
MDSC- myeloid-derived suppressor cell 
MHC- major histocompatibility complex 
NH L- non-Hodgkin's lymphoma 
NK- natural killer 
PARP- poly (ADP-ribose) polymerase 
PO-l - programmed death-1 
PO-ll-programmed death receptor ligand-1 
PGE2- prostaglandin E2 
PRR-pattern recognition receptor 
PSA- prostate-specific antigen 
PSMA-prostate-specific membrane antigen 
RAfT -radioimmunotherapy 
RCC- renal cell cancer 
SEREX- serologic expressive cloning 
sacs- suppressor of cytokine signaling 
TCR-T cell receptor 
TGF-~transforming growth factor ~ 
Th- T helper cell 
TLR- Toll-like receptor 
TNF-tumor necrosis factor 
TRAIL- TNF-related apoptosis-inducing ligand 
Treg cell- T regulatory cell 
VEGF-vascular endothelial growth factor 
VEGFR-vascular endothelial growth factor receptor 

leukocyte antigen]) allele. These class !- restricted peptides are 
recognized by CDs+ T cells. This provides the immune system 
with a continuous surveiUance system for intracellular patho
gens, such as viruses, so that itlfected cells can be quickly recog
ni:z.ed and killed. The activation of resting T cells requi res 
engagemenr of the correct MHC-peptide complex by rhe TCR 
(so-called signal 1) and additional costimulatory signals (signal 
2). Professional antigen-presenting ceUs (DCs) provide the mol
ecule B7 (either CD80 or C D86), which engages the CD28 
recepto r on the T cell, a requi rement for T cell activation. T cells 
then upregulate another receptor, cytocoxic T lymphocyte
associa ted antigen 4 (CTLA-4) , which also binds B7 but wi th a 
higher affinity than CD 28. Engagement of CTLA-4 it1duces an 
inhibitory signal that downregulates T cell activation. This is a 
natural immunomodulato ry mechanism for dampening immune 
responses. Monoclonal antibodies that bmd ro CTLA-4 can 
block this interaction and inhibi t the negative regulatory signal
ing. Studks iJ1 human subjects have demonstrated that CTLA-4 
blockade can breal< peripheral tolerance to self-an tigens and 
induce antitumor and antiself autoimmune responses. Other 
examples of poten tial signaDng in teract ions between DCs and 
T cells are shown in Figure 31-2 (see later). 

Although much emphasis in antitumor immunity bas been 
focused on adaptive responses (T lymphocytes and antibodies), 
effectOI cells of the innate immune system, specificaUy NK cells, 
can act alone o r in concert v.<i th adaptive immunity.2•4 NK cells 
arc iJmate immune cells because they can recognize and kiJI 
target ceUs without prior sensitization . These cells contain acti
vating and inhibitory cell surface receptors and, when thei r 
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DC/COSO T Cell Interaction 
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FIGURE 31-2 Potential receptor-ligand interactions between den
dritic cells and cos+ T cells. 

activating receptors are engaged without concomitant ligation 
of their inhibitory receptors, can kill targets directly. NK cells 
have been traditionally viewed as providing a first Line of defense, 
attacking virally infected ceHs. NK cells can also inceract wid1 
the adaptive immune system. 1hey can modulate the function 
of professional antigen-presenting cells (e.g., DCs), promote tbe 
generation of 1hl responses, and potentially dampen autoim
mune immunopathology. Because their inhibitory receptors 
engage MHC molecules, NK cells specifically recognize cells 
that have lost MHC class r molecules; this can occur during viral 
infections or malignant transformation. NK cells are strongly 
activated by exogenous cytokines such as incerleukin 2 (IL-2) 
and are ilien termed lymphoki17e-t1Ctivrrted killer cells (LAK cells). 
LAK cells have gready enhanced cytotoxicity for a much broader 
range of target cells. 

The cytotoxic pathways initiated by the activation of CTLs 
(cytotoxic T lymphocytes) and NK cells are the granule
exocytosis pathway, releasing membrane-destructive perforin 
and granzymes, and the death receptor pathways mediated by 
TNF-a, TRAIL, and FasL on binding their cognate receptors 
on the target cell surface (Fig. 31-3).5 These receptors activate 
the ca.~pase cascade involving caspase-8 autoprocessing, activa
tion of caspase-3, and cleavage of deaclJ substrates (e.g., 
poly[ADP-ribose] polymerase, PARP), with subsequent induc
tion of apopcosis. Another mechanism inducing apoptosis, 
which is more typical for some chemotherapeutic drugs, uses a 
mitochondrial !Pathway involviJlg permeabilization of the mito
chondrial membrane and mitochondrial collapse. Mitochon
drial integrity is preserved by a balance between antiapoptotic 
(e.g., Bd-2, Bd-xL, BA- 1/AJ, Md-1) and proapoptotic Bcl-2 
fanlily members (e.g., Bax, Bid, Bad, Bik, Bcl-xS). Mitochon
drial destabilization will faciJicate d1e cytosolic release of apop
togenic molecules, which expedites caspase-9 activation and in 
turn activates caspase-3, leading to apoptosis. The expression of 
these gene products is tightly regulated by the activity of survival 
signaling pathways (nuclear factor KB [NF-KB], AKT/PI3K, 
ERKl/2, p38, and JNK). 

Tumor cell 

Peplides • 
•• • 

• • MCH·1.. " 

• • Caspases/ 

T-cell 

• 1 ~ Trail 

~ =~ 

Apop~IDS• ~: l 
MAPK Cell survival signal 
P13K/AKT transduction pathways 
Others 

FIGURE 31-3 Mechanisms of target cell killing by cytotoxic 
lymphocytes. 

Antigen-Presenting Cells 
DCs are professional antigen-presenting cells; their role is to cake 
up, process, and present antigen to ilie immune syscem,6 and 
they are essential during the initial activation of resting T cells. 
There are different subtypes of DCs, with specialized functions 
that depend on their ru1aromic location. DCs are fOtmd in lym
phoid tissues, in the skin, and on ilie mucosal surfaces of many 
organs. DCs in the gastrointestinal tract can sample bacteria in 
the intestinal lumen ru1d .in itiate secretory iaJmunoglobulin A 
(IgA) responses. In the lung, DCs help maintain tolerance co 
inhaled allergCJls. In the peripheral blood, DC precursors can 
migrate to si tes of inAammati<m and initiate immune responses. 
DC functiOJl is powerfully modulated by a variety of receptors 
including Toll-like receptors (TLRs) ru1d surface C-type lectin 
receptors. DCs at different stages in differentiation vary in thei.r 
ability ro migrate, take up antigen by phagocytosis, and effec
tively stimLLiate T cells. Immature DCs patrol cl1eir environ
ment, sampling by pinocytosis and receptor-mediated 
endocytosis. Extracellular ru1tigens are taken up into endosomes, 
which fuse with protease-contaiJ1ing lysosome.~. 

Wiiliin iliese compartments, antigens arc cleaved imo pep
tides, which can bind to MHC class II molecules ru1d be deliv
ered co the cell surface. Proteins in the cytoplasmic compartment 
of antigen-presenting cells are degraded by the proteosome and 
actively transported into the endoplasmic reticulum, where they 
are loaded onto MHC class I molecules and delivered co the cell 
surface. Some exogenous or environmental antigens can also 
find their way into cl1e MHC class I antigen presentation 
pathway; this is termed cross-presentation and is an important 
mecbruusm for generating cos+ class !-restricted T cell 
responses (Fig. 3 1-4). DCs caJl acquire antigen in tbe periphery 
ru1d travel tO lymph nodes, where tl1ey iJ1tcract with T cells and 
prescm antigen. DCs originate from pluripotent sten1 cells from 
bone marrow, enter tl1e blood, and localize to almost all tissues 
and lymphoid orgru1s. There are a number of differem subsets 
of DCs, including myeloid DCs (these include DC~ found in 
deep epithelial tissues ru1d Langcrhans cells present .in the epi
dermis) ru1d plasmacytoid DCs, which are a major source of type 
I IFN. 
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FIGURE 31-4 Tumor antigen acquisition and processing by dendritic 
cells. 

DCs have ceiJ surface receptors termed pattern recognition 
receptors (PRRs) that screen the environment for pathogens. The 
TLR famjJy is the best characterized; these can recognize bacte
rial products (e.g., lipopolysaccharide [LPS], Hagellin), viral 
products such as. double-stranded RNA, and specific CpG-rich 
DNA motifs, more common iJl microbial genomes. 1l1ese 
signals, along with various proinflammatory cytokiJles, can 
deliver a danger signal to DC~ that establishes the context within 
which they see and present antigens. TLR signaling drives 
immature DCs into a more mature phenotype, with much 
higher expression of MHC, costimulatory molecules, and 
DC-derived cytoki.nes, such as IL-l2.lmmature DCs are migra
tory and highly efficient in antigen capture. whereas mature DCs 
are less mobile but more efficient in processing and presenting 
antigen in an inl!munostimulatory context. 

Distinct sets of molecules govern migration of DCs to and 
from the periphery and to lymph nodes. Prominent among these 
signals include a variety of chemokines and their receptors (e.g., 
CCR7, CCL19, CCUI). Signals that induce maturation of 
immature DCs include CD40 ligand delivered by T cells, as well 
as signals by NK cells, a variety of proinflarnmatory cytokines 
(e.g., IL-l, TNF, IL-6), ru1d engagement ofTLR and C type 
lectins. 'The context of antigen presentation and rhe matura
tional phenotype of DCs will determine and shape the type of 
T cell response. llmmature DCs have the potential to be tolero
genic, perhaps because they present antigen without an appro
priate costimulatory second signal. Activated mature DCs have 
greater potency in activating ru1d expanding aJJtigen-reactive T 
cells. 11Jis is an oversimplified overview of the complex central 
role of various DC subset in regard to orchestrati ng adaptive and 
innate antitumor responses. 

Antibody 
Cell surface aJJd circulating aJltigens caJJ be recognized by lgs 
(amibody molecules). Igs serve as membrane-associated recep
tors on the surface of B cells, which CaJl then be secreted as 
soluble molecules as these cells differentiate into plasma cells. 

1l1ere are five distinct classes of .inmlllnoglobulin molecules: 
IgG. IgA, lgM, IgD, and IgE. 1l1ere are several isorypes oflgG 
and lgA. The basic structure of ru1tibody molecules include two 
identical light and two identical heavy polypeptide chains linked 
by interchain disulfide bridges. Variable regions within the heavy 
ru1d lighr chains create a so-called hypervariable region respon
sible for antigen binding. Antibody binding to antigen is revers
ible ru1d of variable avidity. 1l1e C terminal portion of certain 
aJ1tibody classes can bind to Fe receptors, which are expressed 
among a range of mononuclear ceiJs. Antibody binding to 
antigen ru1d engagement of one of these cells cru1 trigger phago
cytosis or aJltlbody-dependent cell-mediated cytotoxicity 
(ADCC). 

1l1e complement system is composed of a seri.es of plasma 
proteins, many of which exist a.~ procnzymes that require cleav
age for activation. Surface-bound IgG and IgM aJltibodies can 
activate complement through the so-called classical pathway, a 
byproduct of which is the assembly of complement proteins that 
effect trru1smembrru1e pore formation in target cells. Comple
ment byproducts CaJl also promote chemotaxis of mononuclear 
cells that release cytoki.nes. Thus, complement activation can 
only not kill targets, but can label them as pathogens for elimina
tion. 'The alternative pathway allows complement activation 
without aJJtibody. 

Tumor Antigens 
A molecular understanding of tumor recogmnon has been 
achieved only recently. 1l1e first molecularly defined ru1tigen 
recognized by a rumor-reactive T cell was only discovered in 
1991.;r 1l1ls advance first required elucidation of rl1e biology of 
ru1tigen processing ru1d presentation ru1d irs interaction with 
MHC molecules, wblcb occurred in the late 1980s. 1l1ese dis
coveries showed rl1ar when ru1tigens were presented by MHC 
class I molecules, they were largely derived from intrinsic cyto
plasmic proteins. These were degraded (predomiJ1antly in the 
proteosome) to specific 8- to 12-amino-acid peptides, which 
were actively transported into the endoplasmic reticulum, where 
they were loaded onro nascent MHC class I molecules, specifi
cally binding to the antigen groove of a particular presenting 
MHC allele. 1l1ese MHC-peptide complexes are then exported 
to rl1e cell surface aJJd are rl1e actual entities that engage a specific 
TCR. Antigens presented by class II MHC molecules are often 
environmental proteins taken up by professional antigen
presenting ceiJs (DCs) by endocytosis; these endosomes fuse 
with lysosomes, which mediate degradation of those exogenous 
proteins into short amino acid fragments that are loaded onto 
class I1 molecules and again displayed on the cell surface as 
pepride-MHC complexes. One cannot discern from its sequence 
or structure whether a particular TCR recognizes a da.~ I- or 
class II- restricted antigen. Mature T cells also express rhe CD8 
or CD4 coreceptor and these bind to invariant portions on all 
class I or class ll MHC molecules, respectively. This additional 
ligation increases the affinity of the T cell interaction with the 
antigen-presenting cell. 1l1erefore, T cells expressiJ1g CD4 typi
cally recognize antigens presented by MHC cla.~ II molecules 
and CD8+ T cells usually recognize class !-presented antigens. 

Cancer cells can overexpress or abnormally express a variety 
of self-ru1tigens, including some with sequence mutations. 
Because of the abiHty of the human T cell repertoire to recognize 
self. most of these could potentially serve as targets for caJJcer 
vaccines. 1l1e characteristics of an ideal cancer antigen include 
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immunogetuctty, with elicitation ofT cell and/or antibody 
responses. A gene product associated with the neoplastic process 
(e.g., an oncogene) and with a high degree of specificity and 
level of expression could also serve as a good antigen candidate. 
It is generally beUeved that optimally designed cancer vaccines 
using and incorporating such rumor antigens would carry the 
highest Hkelihood of therapeutic efficacy. 

A comprehensive analysis of human cancer antigens has 
identified 46 th at are immunogenic in clinical trials, with 20 
having suggestive therapeutic efficacy.8 Examples of general 
classes of tumor antigens include the foUowing: (1) MAGE-l, 
-2, and -3, BAGE, and RAGE, which are nonmutated antigens 
expressed in a variety of tumor cells; (2) lineage-specific tumor 
antigens, such as tl1c:: melanocyte-melanoma Hneage antigens 
MART-1/Mela:n-A (MART- i), gp l OO protein, mda 7 protein, 
tyrosinase, and tyrosinase-related-protein (TRP-1 and -2), 
and the prostate antigens-prostate-specific membrane antigen 
(PSMA) and prostate-specific antigen (PSA); (3) epitopes 
derived from genes mutated in tumor cells and/or genes expressed 
at different levels in tumor compared with normal ceUs, such as 
mutated rns, bcrlabl rearrangement, and p53; (4) epitopes derived 
from oncoviral proce.~s, such as bun1an papiUomavirus (HPV), 
and proteins E6 and E?; and (5) nonmutated proteim with a 
tumor-selective expression, including carcinoembryonic antigen 
(CEA), PSA, Her2/neu, and o.-fetoprotein, among a rapidly 
growing Hst. Although the i.mmtme systern has been widely 
exposed to some of these in fetal Life or later, responses can stiU 
be generated to these proteins when adequately presented to the 
immtme system (Box 31 -1). 

• Tissue differentiation antigens: Specialized proteins with a 
functional role in the tumor's tissue of origin. 
• Melanoma and melanocytes-proteins involved in 

pigment production (e.g., tyrosinase, gplOO, and 
MART-1) 

• Tumor-testis antigens: Family of proteins expressed by tumors 
and germline tissues, but not other normal tissues 
• Some identified by cloning antigens using native 

T-cells with tumor reactivity 
• Others found by serologic expression cloning (SEREX) 

using high-affinity lgGs in serum of some cancer 
patients (leading to discovery of T cell epitopes in 
these proteins) 

• Examples are the MAGE fami ly of proteins and 
NY-ES0-1 

• Proteins overexpressed after transformation: Often contribute 
to malignant transformation or growth but are also normal 
proteins witlh conventional functions 
• Examples-normal p53 molecule (overexpressed when 

a mutant a llele is present), erbB-2, and hTERT (from 
telomerase) 

• Tumor-speciific mutations 
• Mutation occurs in normal protein within a peptide 

naturally processed and presented from that protein 
• Mutations contributing to transformation or tumor 

growth most significant (immune evasion by mutation 
loss less likely) 

• Examples are CDK4, f}-catenin, HLA-A*l lOl (all in 
melanoma) 

The recent idetltification of the specific molecular targets 
on tumor cells that provoke immune responses opened the door 
to new approaches to the age-old concept of vaccinating patients 
against cancer. TI1e concept is to generate new T cell or antibody 
responses to these defined targets that would induce the regres
sion or rejection of anrigen-expre.'>sing rumors. Some investiga
tors 'have tried targeting known epitopes on proven antigens 
(found by cloning the antigen recognized by an empirically 
procured tumor-reactive T ceU clone), whereas others have 
explored generating T cells against unproven candidate antigens 
chosen by a favorable pattern of differential expression on 
tumors and normal tissues. Prominent among the former are tl1e 
pigment pathway proteins in melanoma and the cancer testis 
fami.ly of antigens. As noted, TCRs engage small, cleaved, pro
cessed peptides bound to specific MHC molecules. From the 
thousands of potential antigenic proteins and millions of pos
sible anlino acid fragments within these proteins, only a select 
few are actually liberated enzymatically, transported into the 
correct MHC-Ioading compartment within the cell, and suc
cessfully bind with good affinity to an MHC molecule to be 
exported and displayed on the cell surface. Beginning antigen 
discovery and selection with a tumor-reactive T cell ensures that 
there is a successfuiJy processed and presented pep tide epitope 
involved, but cannot ensure that the antigen from which it is 
derived will be well expressed on tumors but not on normal 
tissues. On the other hand, selecting an attractive candidate 
ttm1or antigen based on known expression data does not guar
antee chat protein will contain a peptide epitope that wW be 
processed and presented and be immunogenic. 

Immunosuppressive Tumor Microenvironment 
There is abundant evidence that cancer cells have acquired an 
array of defense mechanisms to thwart destruction by the 
immune system.9 These are summarir~d in Box 31-2. M (>St 
human cancers present peptide epitopcs in the conte.xt of MHC 
molecules that can be recognized by antigen-reactive T cells, but 
tun1o r cells themselves do not present antigen i:n an immwlOS
rimulatory context. The human T cell repertoire tl1at recognizes 
tun1or self-antigens generally have TCRs of low affinity and 
require additional signaling through costimu1atory molecules, 
such as B7-l/B7-2 (CD80-CD86) for optimal T cell activation 
and expansion. Without these other signals, T cells can become 
anergic. Tumor cell~ can also downregulate amigen expression 
by a variety of mechanisms, such as epigenetic silencing, loss of 
MHC expression, and loss of function of the intracellular 
machinery that processes and transports peptides to the cell 
surface. These antigen loss variants and lack of costimulatocy 
signaling impose Hmltations on tumor cells, autonomously ini
tia ting antitumor im mtme responses. 

The immune system also bas complex and generally fine
tuned dowruegulatory signaling so d1at immune responses can 
be appropriately modulated.10 Shutting down an acute immw1e 
response after 1 to 2 weeks may be appropriate for a viral infec
tion, but can be an impedimetlt to rejecting a large mass of 
malignant tissue. Many autoimmune processes and transplant 
rejection, which can serve to model tumor rejection, are chronic 
ongoing events and tumor immunotherapy will require the cir
cumvention of the normal protective mechanisms that prevent 
these occLUTences. 

In addition to CfLA-4 signaling (see earlier), negative 
signaling can also be transduced through programmed deatb 
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• T regulatory (Treg) cells: CD4•-CD25' T cell population, which 
inhibits T cell function and proliferation 
• In mice, deletion of these cells can induce 

autoimmunity 
• Shown to affect tumor rejection by T cells in mice 

adversely 
• Circumstantial evidence for a role in humans 

• CTLA-4 (CD152): Inhibitory receptor induced by T cell activa
tion that binds to COSO and CD86 ligands 
• Blockade can induce tumor regression in some patients 

• P0 -1 (C0279; programmed death-1): Another inhibitory 
receptor on T cells, prevalent on lymphocytes in the tumor 
microenvironment 
• Binds to ligand PO-ll (C0274); also present on some 

human tumors 
• SOCS (suppressors of cytokine signaling): Family of proteins 

that binds and inhibits kinases in the JAK/STAT pathway 
through whiclil a number of cytokines signal 

• Myeloid suppressor cells: Cells of myeloid lineage that inhibit 
T cells 
• Inhibit by a variety of putative mechanisms, induding 

effects on DCs and modulation of arginine and nitric 
oxide metabolism 

• Accumulate in tumor-bearing state 
• TGF-f3: Multifunctional and complex cytokine with many 

effects on the immune response, some of which are 
inhibitory 

receptor 1 (PD-1). DCs express the progran1med death receptor 
ligand (PD-Ll o r B7-H l ); its expression by DCs can skew T 
cells toward an unresponsive phenotype. DCs found witl1in the 
tumor microenvironment have been shown to express high levels 
of PD-Ll , which contribute to decreased T cell function in the 
tumor microenvironment. Some n m1or cells themselves can 
present this inJ1ibitory ligand and expression of PD-Ll by rCJlal 
ca11cer is associated with a poorer clinical outcome. Blockade of 
this PD-LJ- PD-1 interaction using decoy receptors or antibod
ies is effective in improving immun.e therapies in animal models 
and is currently undergoiJ1g cillucal testing. 

A small subpopulation of CD4+ T cells (5% to 10%) con
stitutively express the a cham of the IL-2 receptor, CD25; most 
of these cells also express a transcription factor Foxp3 (a 
forkbead-winged helix family member), GITR (glucocorticoid
induced tumor necrosis factor receptor), as well as CTLA-4. 
'TI1ese cells, Treg, produce immunosuppressive cytokiJ1es such as 
IL-10 and TGF-~ ru1d can also inhibit through cell contact
dependent med1anisms. Mice or patient~ with a genetic muta
tion in Foxp3 lack these Treg cells and develop a fulminant and 
lethal automJmunc disorder. Murine data have clearly shown 
that Treg cells are responsible for suppressiJJg tbe self-reactive T 
cell repertoire and the clinical manifestations from genetic loss 
of Foxp3 suggest tl1is may also be true i.n humans. H uman Treg 
are enriched in tumor specimens ru1d in draini11g lymph nodes 
of many solid rumors and there is emergu1g evidence supporriJ1g 
a dominru1t role in suppressing self-reactive antitumor imnume 
responses. Moderating Treg cell function could potentially favor 
antitumor immune responses. The use of lymphodepletiJ1g 

strategies prior to adoptive cell therapy, which clearly enhances 
the antitumor biology of adoptively transferred T cells, may be 
caused in part by the depletion of host resident Treg cells. 

Myeloid-derived suppressor cells (MDSCs) and tumor
associated macrophages are found in increased numbers in the 
bone marrow, blood, and lymphoid organs of mmor-bearing 
mice. 'These MDSCs include granulocytes and immature myelu
monocytic precursors. 'TI1ey dearly suppress T cell function 
through a variety of mechanisms. Although not as well sturued 
in human solid tumors, MDSCs have been isolated and have an 
immtuaosuppressive phenotype. 

Tumors themselves, and at times cumor stroma, can 
produce immw10suppressive substances; a prominent facror is 
transforming growth factor-~ (TGF-~). TGF-~ directly .inhibits 
cytotoxic T cell activation, cytokine production, helper T cell 
responses, and activation of DCs and can promote the differen
tiation of Treg cells. Inhibition of TGF-~ can have a salutary 
effect on anti tumor inli11UJ1ity. T cells rendered U1SCJ1Sitive to 
TGF-f3 signaling using a dominam-negative receptor have 
enhanced function in vivo. Neutralizing alltibodies, small mol
ecules inhibitors, and engineered T cells are currently tmde.r 
study in clinical trials. Vascular endothelial growth factor 
(VEGF) is important ill angiogenesis but can also in11lbit the 
function of DC. 1l1us, anti-VEGF therapy could also fw1ction 
through an immune mechanism . An isoform of the enzyme 
cyclooxygenase-2 (COX-2) is overexpressed m many twnors and 
catalyzes the synthesis of p rostaglandin E2 (PGE2) . PGE2 has 
a generally adverse impact on the immune system, particularly 
on DC and T cell function. Clinical trials combining selective 
COX-2 inhibitors with antitwnor vaccines are supported by 
preclinical sturues and are undergoing clinical testing. 

AmiJ10 acid metabolism can profoundly affect immune cdJ 
function; two key anlino acids in this respect are argiJune and 
tryptophan . lndolcamine 2, 3-dioxygenase (rDO) metabolizes 
tbe essential amino acid L-tryptophan and arginase metabolizes 
argiJune. High levels of either enzyme are associated with func
tional inl1ibition ofT cells and other cell populations, such as 
DCs. !DO overexpression has been observed in a variety of 
hwnaD cancers and can be an independent adverse prognostic 
factor. IDO can also be induced in DCs and macrophages .in 
the tumor nucroenvironment by Treg cells. A specific small 
molecule inl1 ibitor of !DO, !-methyl-tryptophan (1MT) and a 
similar iJiliibitor for argiJ1ase, N-methylargiJline, are bemg 
sturued preclinically and clinically. 

Animal Models of Tumor Immunotherapy 
Realistic murme models of tumor immunology require the 
establishment of syngeneic mouse straiJ1s in which over 20 gen
erations of sibling or parent-offspring marings resul t m a stable 
genome, in which every locus is homozygous. Fully autologous 
tumors from these strams had to be established to ensure that 
tun1or rejection was not caused by allorejecrion. EvCJl now, slow 
mutational drift m murme strams or extensively passaged rumor 
tines can corrupt the biology of immune tumor rejection; ruJi
gent efforts are needed to ensure tbc integrity and provCJlance 
of the mice and the ttm10rs used. In tl1e 1950s, these strams of 
nlice allowed Preru1 ru1d Mam11 co use carcinogen-induced syn
geneic sarcomas; they have shown that unjque and shared 
tw11or-specific transplantation ru1tigens exist Ul immunization 
challenge experiments. 
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Accurate modelli1g of immune tumor rejection is critical. 
The vast majority of early tumor rejection data were generated 
using tumor prevention models or treating very early microme
tastases within a few days of tumor inoculation, when there is 
not yet invasion, stroma, or angiogenesis. In some cases, essen
tially an in vivo rumor lysis assay was done, with rumor cells 
and tumor-reactive immune cells mixed and coinjected, evaluat
ing subsequent tumor outgrowth. lt is now apparent that many 
immune mechanisms that can kill circulating tumor cells or 
prevent in1plan ration and invasion will not induce regression of 
an established vascularized tumor. A striking example is the use 
of lymphokine-activated killer cells (LAK cells; NK cells acti
vated in vitro with high levels of interleukin-2}, which have 
shown active lysis of human and murine tumors in vitro. By 
adoptive transfer in mice. they are highly effective 1 to 3 days 
after rv tumor inoculation but completely ineffective 4 days 
after ttunor injection. Subsequent dinical trials with high 
numbers of LAK cells generated in vitro have confirmed that 
they do not contribute to tumor rejection in patients. However, 
in contradistinction, murine models transferring activated 
rumor reacrive T cells can cause regression of tlunors as large as 
I em in diameter, and the same approach has been highly effec
tive in early clinical trials. 

STRATEGIES FOR CLINICAL 
TUMOR IMMUNOTHERAPY 
Evaluation of rumor immune therapies cmrencly lack response 
criteria and accurate biomarkers that adequately describe the 
antitumor biologic events taking place.12 The clliucal trial end
poims that have been well established for cytotoxic chemothera
pies are viewed as being inadequate. For example, some patients 
with apparently progressive disease undergoing CfLA-4 block
ade still experience long-term survival. Also, some patients 
achieving a complete or partial response by the usual criteria 
may require many months to evolve. Moreover, commonly used 
surrogate immunologic endpoints of immunotherapy, which 
generally involve serial san1pling and assays of immunologic 
reactivity of peripheral blood T cell flmction or measmement of 
antibody responses, are generally considered inadequate for 
reflecting the events taking place in the tumor microenviron
ment. Investigators studying cancer immunotherapies are con
tinually refiniJlg biomarkers to predict immune responsiveness, 
define underlying mecha11isms, and predict clliucaJ benefit. 

Autoimmune responses are characterized by a phenome
non know11 as epitope or determinant spreading. Self-reactive 
driver T cell dones attack nom1al tissues, wluch release their 
iJltraceiJular contents and are then taken up a11d presented by 
professional antigen-presenting cells (DCs). In a prolnflaroma
tory environment, this promotes the progressive accumulation 
of effector cells recognizing antigenic epitopes on different por
tions of the oritginal inciting protein antigen and to other pro
teins expressed by that cell. This phenomenon of intramolecular 
and intermolecular determinant spreading has been observed in 
a number of cliJucaJ in1IDlUlotherapy trials in patients who have 
achieved a complete clinical response. It is still not clear whether 
cpitopc spreading is causal,ly in1portant to tumor rejection or is 
a simple reflection of a particularly immunocompetent patient 
or innately immunogenic rumor. However, these observations 
suggest that a broad oligoclonal T cell response may be advanta
geous for a number of reasons, induding mitigating the risk of 
antigen loss variants in a heterogenous tumor population. 

Cytokine lberapy 
The cellular immune system often communicates among its 
component cells or exerts its effector functions using secreted 
proteins that bind to specific receptors, which then activate or 
inhibit other cell populations. These secreted proteins are 
referred ro as cyrokines and, most often, they act in a paracrine 
fashion, exerting their action on cells in their local environment. 
Thus, the family of interleukins, which currently includes 35 
members, was originally thought to be used for communication 
among leukocytes and the interferons were first thought to be 
targeting viraJJy infected cells and disrupting replication. It is 
now clear that these initial concepts were simplistic and exces
sively constrained, and cl1e true scope of interactions for the 
cytokines is protean. In the cllillcal arena, several cytokines .bave 
been demonstrated to be of use but are often administered in 
pharmacologic doses as systen1ic agents. 

1l1e first agent to be used as a ilierapeutic agent was IFN-a. 
Currently, there are more than l2 species ofinterferons, grouped 
into IFN-a, IFN-~. and lFN-y. and tl1ese differ in regard to 
which cells produce them and to which receptors they bind. On 
the other hand, aJJ the IFN-0.. agents have slnlllar activities and 
are also somewhat similar to IFN-~, so that these are collectivel)' 
referred to as type I interferons. There is only 011e species of 
IFN-y, which is made only by T cells, type II interferon, and is 
thought to have a central iJl vivo role in tumor immunotherap}' 
and rejection. The first source ofiFN-a for clliJical use was from 
stimulated blood bank-<lerived leul<ecytes from whicb a mixed 
preparation of IFN-o.. was purified. Tlus was iJutiaJJy used in 
attempts to treat viral diseases, but was soon applied to patients 
with cancer. 1l1e first evidence for anticancer activity was seen 
in patients with renal cancer and chronic myelogenous leuken1ia 
(CM L). Subsequently, activity was seen against hairy cellleukc
n1iaand HN-associated Kaposi's sarcoma. The objective response 
rate.s seen with advanced renal cancer were approximately 10% 
and complete responses were rare. 1hese findings served primar
ily to show that cytokine therapy could be acrive against cancer, 
but IFN for all these diseases has largely been superseded by 
otl1er, more effective approad1es. 

IL-2 was the first cytokine to demonstrate curative out
comes consistently from immunotherapy in patients with widely 
metastatic cancer. 1l1e advent of protein production from 
recombinant DNA technology has provided the means to test 
large amounts of tl1is cytokine given systen1icaJJy. Multiorgan 
toxicity is observed with !ugh-dose administration, including 
hypotension. capillary leak, transient hepatic and renal insuffi
ciency, and mental status changes, which are in many ways 
reminiscent of events in sepsis. Toxicity is managed by judicious 
llinitations on IL-2 dosing, fluid management, and supportive 
care, because these toxicities are almost always self-LimitiJ1g and 
fully reversible. In experienced hands, tl1e treatment-related 
mort:ality of high-dose IL-2 should he no more than 1%, with 
some investigators describing more than 800 consecutive comses 
given, witb no dcaths.13 Initial studies of IL-2 included tumors 
of many histologic types, but it soon became apparent that cl1e 
two most consistently responsive cancers were melanoma and 
renal cell cancer {RCC). For patients with metastatic disease, tbe 
objective response rates (partial and complete} for melanoma 
and RCC were approxin1ately 15% and 20%, respectively.14·15 

The fxequency of response was not remarkable, but it became 
dear that some of these patients {4% to 7%) would ad1ieve 
complete regression of widespread disease that have proven to 
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FIGURE 31-5 Complete responses to high-dose interleukin-2. A. Patient with diffuse metastatic melanoma by computed tomography (CT) (left) 
and PET scanning who received high-dose ll-2 therapy and had complete regression of all measurable disease, whid1 is still ongoing 2 years 
later. 8, Patient with multiple bone metastases from RCC, with a complete response sustained 5 years late r. 

be durable more than 20 years later (Fig. 31 -5).16
•
1
' The ability 

ro cure widely metastatic solid rumors with any systemic treat
ment is rare, with a few exceptions. However, for patients with 
RCC and melanoma, those achieving a complete response rarely 
relapsed (Fig. 31 -6). Despite much investigation, there arc few 
predictors of patients who will respond to lL-2. For patients 
with metastatic clear cell renal cancer, two randomized studies 
have suggested that high dose IL-2 regimens produce higher 
response rates (21 o/o to 23% partial and complete responses wi tb 
high-dose treatments versus 10% to 13% with lower dose regi
mens) and more durable responses than low-dose regimens, but 
were underpowered to evaluate differences in overall survival.18 

1l1ere have heen numerous attempts to combine cytoklnes 
with other biologic or chemotherapeutic agents to improve effi
cacy. One in common use is melanoma-specific chemotherapy 
followed by U.-2, often termed biochemotheraPJ•. Using 

combinations of cisplatin, vinblastine, and dacarbazine (OTIC) 
with ll-2 and IFN-(Y.., investigators reported early phase If data 
sugges·ring an augmented response rate over IL-2 or chemo
therapy alone i.n patients with metastatic melanoma. Subsequent 
randomized trials against !L-2 alone or chemotherapy alone have 
varied on whether response rates are augmented with biochemo
tberapy but, in general, have failed to show any survival benefit 
and demonstrated increased toxicity from the combination. 
Combinations of IL-2 and lFN had a similar history, with 
increased toxicity and possibly augmented responses in phase ri 
trials, but without confirmation of synergy with these two agents 
in subsequent randomized studies. 

Use of biologic therapies in the adjuvant setting after com
plete resection of high-risk local regional melanoma remains 
controversial. 'll1e U.S. Food and Drug Administration (FDA) 
has approved the use of high-dose TFN-o. (I month of maximal 
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FIGURE 31 -6 Overall survival with long·tenn follow-up of patients w ith metastatic melanoma (A) and renal cancer (B) responding to IL-2. 
Complete responses to high-dose interteukin-2 in these two malignancies are very durable, whereas partially responding patients typically 
relapse, although many experience substantial benefit. 

dose IV therapy followed by 11 months of lower dose SC treat
ment) after resection of node-positive rnelanoma, based on a 
randomit~d prospective study showing a delay i11 time to pro
gression and borderline improved overall survivaL In subsequent 
follow-up, the survival benefit in the original study was no 
longer significant and a larger randomizt:d study showed delayed 
time to progression, with no survival henefit.19 Underpowered 
attempts to demonstrate a benefit of adjuvant IL-2 adminjsrra
tioJ1 for high-risk melanoma have never suggested a benefit. This 
may not be surprising, because a drug that ad1ieves dramatic 

regressions in a small minority of patients in the metastatic 
setting may require enormous studies to evaluate it properly in 
the adjuvant setting. 

Several other cytokines arc bigWy promising. IL-15 is a T 
cell growth factor, but it also inhibits antigen-induced ceU death 
ofT cells, in contrast to IL-2. It is made by DCs and macro
phages and is necessary for the maintenance of CDR+ memory 
cells and NK cell development. IL-15 could potentially be used 
as an adjuvru1t for vaccines and to support adoptive T cell 
therapy. IL-7 is another T cell growth factor; T cells expanding 
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in a lymphopenic environment require LL-7 for homeostatic 
expansion. IL-7 is required forT ceiJ development and causes 
dramatic increases in total body CD4+ and cog• T cells when 
administered to human subjects. IL-7 could potentially be used 
as a vaccine adjuvant and in support of adoptive ceiJ therapy. Fit 
3 ligand {Fit3L) is a hemaropoietic growth facror that induces 
the expansi.on and differentiation of DC progenitors. Adminis
tration of Flt3L to human subjects increases DC numbers in 
peripheral blood, lymph nodes, and even tumors. Flt3L could 
potentially be used in combi11ation with vaccines, adoptive cell 
therapy, and DC mobilization. IL-12 promotes cytokine release, 
particularly IFN-y, from T cells and NK cells and induces TH1 
polarization. As a stand-alone drug, IL-12 has significant toxicity 
and only modest antitumor activity, but may prove to be an 
effective vaccine adjuvant or enhancer ofT cell transfer. 

Vacdnes 
Successful presentation of a peptide epitope on an MHC mol
ecule does not automatically result in a brisk T cell response. To 
initiate a good T cell response, aJl antigen must be presented to 
the immune system along with appropriate costimulatory mol
ecules (signal 2, where the peptide MHC complex is signal 1) 
or they may be rendered anergic instead of reactive. 1l1e CD28 
receptor usually serves this coreceptor fLUlction, ald10ugh other 
mechanisms exist. Another important principle is that even well
presented w1mutated self-proteins are weak immunogens 
because of the presence of central tolerance. 1l1is is a protective 
mechrulism wherein irnrow1e responses to these proteins arc 
attenuated by deletion of rlle most avid self-reactive T cell clones 
iJl the thymus during T cell development, presumably to avoid 
autoimmwlity. 1l1us, the proteins of greatest usefulness in 
general vaccine approaches (shared, unmutated, tumor
associated antigens) may be the weakest immunogens because 
high-avidity T cells against these normal cellular proteins have 
been deleted on the thymus. 

Early cancer vaccine strategies used autologous or alloge
neic cell-based vaccines. These efforts were based on science 
generated in rlle early 1950s using carcinogen-induced murine 
tlLIUor models. \X!hole-ceU vaccines contain multiple aJltigens, 
which could be cross-presemed by host aJltigen-presenting cells 
(DCs) whose function could be fmilier enhanced wirll an adju
vant. Vaccine formulations generally incorporated nonspecific 
imroune-activatu1g adjuvruu agents. Older adjuvams iJ1cludc 
alum and the tuberculosis vaccine BCG (Bacille Calmette
Guerin). Other adjuvants such as irniquin10d or unmethylated 
CG dinucleotides (CpG ODN) activate pattern recognition 
receptors such asTLRs, found on professional antigen-presenting 
cells (DCs). Ano·ther effect of these adjuvants was the prolonged 
release of amigen from a tissue depot to provide a chronic source 
of immune stimulation. The results of iliese whole tumor cell 
vacciJ1es trials have been disappointing. The largest study to dare 
involved an allogeneic cancer vaccine using rllree melanoma cell 
lines (Canvaxin) iJ1 patients with stage III or resected stage IV 
melru1oma. More than 1000 patients were randontized to receive 
allogeneic melanoma cells incorporated in BCG or BCG alone 
after surgery. 1l1.e study wa.~ closed prematurely; not only was 
there no improv;ement i_n survival, but there appeared to be a 
borderline survival disadvruuage in d1e experimental melru10ma 
vaccine arm. 

A modificat ion of whole cell rumor vaccines is the use of 
rumor cells genetically engineered to produce cyrokines with the 

goal of dran1atically in1proving irnm unogenkity. The use of viral 
vectors to introduce granulocyte macrophage-colony stimulat
ing factor {GM-CSF; or perhaps other cytokines sucl1 as IL-7 
or IL- 12) into rumor cells provides a tumor cell vaccine that 
attracts professional antigen-presenting cells to the vaccine injec
tion site. 1l1ese recruited DCs have enhanced antigen uptake 
with cross-presentation to both T and B cells. Autologous and 
allogeneic GM-CSF modified tumor vaccines have been studied 
ru1d have been found to be safe ru1d effective in eliciting T cell 
and antibody responses to define rumor antigens. However, an 
improvement in survival iJ1 metastatic disease when compared 
with or added to standard therapy was not observed in recendy 
conducted randomized trials. 

11Je identification of twnor rejection antigens has allowed 
epitope mapping to determine specific peptide sequences pre
sented by MHC class I and class II molecules to antigen-reactive 
cos+ and CD4+T cells, respectively. Presenting these individual 
peptides to the immune system incorporated with adjuvants or 
pulsed onto ex vivo prepared DCs represents the next refinement 
in vaccine strategies. 1l1e former strategy, using adjuvru1ts, 
requires that these peptides find their way to antigen-presenting 
cel.ls in vivo, where rlley can be presented in aJl immunostimula
tory context. A number of clu1lcal trials, primarily in patients 
with melanoma, but also with breast, colon, lung, or hepatocel
lular cancer, have shown that these peptide-based vaccines can 
expru1d tumor antigen peptide epitope-reactive T ceiJs and 
produce occasional clinical responses. 

Because the proximal event in the induction of ru1 adap
tive a11titumor inm1une response is antigen presemation 
through DCs, d1ere has been considerable clinical trial activity 
using ex vivo generated DC populations loaded with tumor 
antigen and then admiJ1isrered as a cell-based vaccine. 1he most 
common strategy has been to load tumor peptlde antigens onto 
the surface of DCs by using high peptide concentrations to 
displace endogenous peptide on DC surface MHC molecules. 
1l1ese DCs are generated from hlLillan subjects by retrieving 
peripheral blood mononuclear cells and differentiating them in 
cell cu lture usiJ1g GM-CSF and fL-4. Afre.r 1 week of culrme, 
these monocyte precursors differentiate inro inm1arme DCs, 
which have a high capacity to take up ru1tigen. 1l1ese DCs can 
be further differentiated using additional maturation signals, 
such as endotoxin, CD40L or TNF-<X, where they have much 
higher imrounostinlulatory properties. Mru1y cllitical trials have 
been c<>nducted wiili peptide-loaded DCs, both illllllature and 
mature, ru1d have consistently demonstrated expansion of 
aJl tigen-reacrive T cells with a low but reproducible clinical 
response rare. 

Other strategies for delivering nunor antigen to DC popu
lations have been studied experimentally and in clinical trial 
sertings.20 These include providing DCs with whole protein, 
apoprotic rumor cells or DNA or RNA-based vectors encoding 
rumor-associated antigens {see Fig. 31-4). Although all these 
approacl1es have the potential to allow DCs to process and 
present a number of aJltigenic epitopes to the immune system 
in the context of class I and class II with enhanced immwlOge
nicity, improvement in the low baseline clinical response rate 
(5% to 7%) ha.~ not been observed. 

Prostate cancer has ltistorically nor been viewed as ru1 
immunologically responsive tLm1or. Several phase III inlmuno
therapy trials have been conducted in patients with metastatic 
castrate-resistant prostate cru1cer using an autologous 
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monocyte-based vaccine loaded with a prostatic acid 
phospharase-GM-CSF fusion protein. This cell-based vaccine 
appeared to improve median survival to a level of statistical 
significance and will undoubtedly renew interest in DC-based 
clinical vaccine approaches. 

DNA-based vaccines represem another way ro stimulate 
immune responses in patients.21 The simplest method is the 
direct injection of plasmid DNA. with a promoter-enhancer 
sequence driving expression of the tumor antigen. IM injection 
of plasmid DNA results in its being taken up by myocytes. In 
animals, plasmid DNA has been shown to reside episomally for 
extended periods and to express low levels of tumor antigen 
protein. The local tissue damage creates danger signals, which 
attract professional antigen-preseJ1ting cdls. These rake up the 
tumor antigen being expressed, which is then processed and 
cross-presented to the inunune system. Weak inm1wlity to self
antigens cru1 be significantly enhanced with the incorporation 
of certain cytokines or chemokine genes whose paracrine pro
duction attracts larger numbers of antigen-presenting cells and 
provides for their further maturation. 

However, tl1e most effective DNA vaccines that have been 
studied clinically involve the incorporation of genes encoding 
tumor-associated antigens into recombinant viral vectors. Usc of 
recombinru1t poxviruses such as vaccinia ru1d adenoviral vectors 
generate significantly higher levels of transgene expression, creat
ing a more robust proinAarnmatory environmenr and resulting 
in higher levels of activation of antigen-reactive T cells. These 
two viruses can be hampered by preexisting inlmuJlity ro the 
viral vector because of remote exposme, so other studies have 
been using avian poxviruses nor typically seen before and not 
replication-competent in humans. StiJJ, ru1y immunogenic 
vector crumot lbe used repeatedly, so prime boost vaccination 
strategies, incorporating plasmid or DC priming to generate 
starting populations of specific T cells and then switching to a 
recombinant viral boost, may prove more effective. 

Ideally, antigen should be delivered to DC cells in a spe
cific mru1ner, which can be accomplished with antibodies (that 
target specific DC receptors} or recombinru1t viral vectors (that 
have altered tropism achieved by pseudotyping their enve
lopes). 1l1ese DC-specific in vivo DNA vaccines could include 
more than one cumor antigen and potenrially proinflanliDa
wry or costimulatory genes in their payload. DNA cancer 
vaccines d1at cru1 be directly adnlinistered ro humru1 subjects 
have the obvious advantage of being off the shelf reagents, 
wltich obviates the labor-intensive step of ex vivo ceU 
mrulipulation. 

'TI1e vigorous application of vaccination against cancer
associated antigens has led to modest success in causing cancer 
regression. Dozens of vaccine approaches against dozens of 
target ru1tigcns in hundreds of diJ1ical trials have largely been 
w1successful against measmable metastatic disease. Many trials 
have reported infrequent ru1ecdotal responses, primarily in 
patients with melanoma confined to the skin ru1d nodal sites, 
which appear to be somewhat more amenable to immwlOther
apy in general. A review of over 1200 patients vaccinated for 
cancer reported an overall objective response rate of 3 .6%. ~ ln 
many cases, analyses of these trials have shown that there is little 
evidence for rl1e generation of significant numbers of new 
rumor-reactive T cells. Even in cases in which large populations 
of antigen-reactive T cells were generated by vigorous vacciJ1a
tion schedules in patients with no documented recurrence, 

patients still relapsed with rumors that continued to express 
antigen and the appropriate MHC molecule. This broad clinical 
experience reinforces the view that a better understanding of 
basic in1111une biology is needed to overcome these limitations 
of cancer vaccine therapies. 

lmmunomodulatory Strategies 
Recent clinical experience has validated that some tumors survive 
inununologic rejection because of ceU inU11lUlOsuppressive 
facto:rs. Mmine data have demonstrated that a wealth of mecha
IUSills exist ro suppress or curtail immune responses appropri
ately to avoid toxicity (e.g., autoinm1wliry} or conserve 
immunologic resources. 1l1ese include a requiremem for twc, 
signals to initiate most inll11Lme responses successfully, the exis
tence ofTreg cells, ru1d a host of inhibitory receptors on T ccUs 
tl1at are induced by chrotlic or maxin1al stimuli. Mice with 
genetic knockouts for many of these patlnvays show fatal or 
debilitating autoimmw1ity or lymphoproliferation. It has also 
been recently shown that within the tumor microenvironment, 
with its chr01lic ru1tige~lic stimuli, mru1y of these mcchrulisms 
are active. 

However, the first compelling data that such factors have 
clinical significance was only obtained in 2003. when a blocking 
ru1tibody to me inhibitory receptor CTLA~4 was first give~1 ro 
patiems with metastatic melanoma. This receptor binds to the 
san1e ligru1ds (B7) as a positive T cell costinmlarory receptor, 
CD28, yet its function is to inhibitT cell responses {Fig. 31 -7}
CTLA-4 expression is induced in response to successful T cell 
stin1Ulation and nlice congenitally Lacking CTLA-4 die of over
whelming Lymphocytosis. ln a proportion of patients with mela
noma, CTLA-4 blocking ru1tibody induced objective t1.1mor 
regression, with some patients aclticving complete responses, 
now maintained beyond 5 years (Figs. 31-8 and 31-9). A subset 

Antigen 

DENDRITIC CELL TCELL 

FIGURE 31-7 Interruption of CTLA-4 downregulatory signaling by 

CTLA-4 blocking antibody. 
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FIGURE 31-8 Regression of lung and brain metastases from melanoma in a patient treated with ipilimumab (anti-CTLA-4 antibody). A. Patient 
with lung. subcutaneous. and brain metastases received ipilimumab and showed tumor progression at 6 weeks. B. He then developed immune
mediated hypopitwitarism and had a complete regression of all disease, which is ongoing 7 years later. 
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FIGURE 31·9 Partial regression of metastatic melanoma induced by CTLA-4 blockade accompanied by dense infiltration of immune effector 
cells. (Adapted from Ribas A, Comin-Anduix B, Economou JS, et at: lntratumoral immune cell infiltrates, FoxP3, and indoleamine 2,3-dioxygenase 
in patients with melanoma undergoing CTLA4 blockade. Clin Cancer Res 15:390-399, 2009.) 

Vl c 
"' C) 

Q 
r-
0 z 
8 
5 
Q 

http://www.myuptodate.com


732 SECTION V SURGICAL ONCOLOGY 

of patients given CTLA-4 blocking antibody developed autoim
mune adverse events, including colitis, dermatitis, and endocri
nopathies, and there was an association bet\veen the development 
of these adverse evenrs and the likelihood of an objective tumor 
response. l.n 139 patients with melanoma given CTLA-4 anti
body, most in combination wirh a peptide vaccination, the 
overall response rate {partial responses and complete responses 
[PR + CR)) was 17%; there was a 28% response rate among 
those 50 patients experiencing a severe grade 3 or 4 adverse 
event, including all complete responders, versus a 2% response 
rate in 53 patients who had no immune-related adverse event.13 

ln a small phase [l trial, responses were also seen in patients with 
renal cancer, bur consistent objective rumor regressions have yet 
to be documented for other tumor types. Therefore, in cancers 
with proven immunogenicity, immunologic inhibition mediated 
by CTLA-4 seems to be one mechanism preventing tumor rejec
tion in some patients. W.ith the wealth of new inhibitory mecha
nisms purported to be capable of constraining antitumor 
immunity, tnis field seems poised for progress, particularly using 
combinations of agents to overcome redundant tolerogenlc 
pathways. 

Immune moduJation can also be positively manipulated 
by stimulation of coreceptors, which enhances immunity. 
4-lBB (CDI37) is a receptor-like protein expressed on CD4+ 
and CDS+ T cells after activation; cross linking 4-1BB with a 
ligand or antibody delivers a costimulatory signal to the T ceU. 
Preclinical animal studies have demonstrated enhanced tumor 
rejection in esrablished rumor models. This strategy for immu
nomoduJation using an agonist anti-CD137 htunan monoclo
nal antibody is undergoing trials in human subjects. Another 
early clinical trial using an agonist antibody to CD40, an acti
vating receptor on DCs, showed objective tumor regressions, 
again all in patients with melanoma. Combining such activat
ing stratq~i es, with blocking of inhibitory receptors and perhaps 
adding vaccines, may be needed to ad1ieve more consistent 
clinical regressions. 

T Cell Adoptive Therapy 
Murine models have indicated that the main effectors of tumor 
rejection are T lymphocytes, so subsequeJH research in patients 
focused on idenrifying populations of tmnor reactive T lym
phocyte.5 from patients with IL-2 responsive cancers. Again, 
d1e unexplained tendency for human melanoma to stimulate T 
cell responses led to early progress. The fundan1ental concept 
was to isolate, expand, and readminister tumor-reactive T cells 
as the means to overcome the weak inducti.on of sud1 cells in 
vivo by vaccination. !Jl patients w.ith melanoma, it was found 
that metastatic lesions were often enriched with such tumor
reactive T cells; they could be activated and expanded in vitro 
simply by adding IL-2 to the culture medium. Two thirds of 
resected lesions contained tumor-in6ltrati.ng lymphocytes 
(TILs) , which could be expanded into T ceU cultures, cleared 
all cocultured tumor cells, and showed recognition of autolo
gous tumor or allogeneic melanomas sharing the appropriate 
presenting MHC molecule {Fig. 31-10}. TILs, a rid1 source of 
polydonal tumor-reactive T cells, not only allowed the discov
ery of numerous antigens iJl human melanoma, but couJd be 
used directly fo r adoptive transfer of autologous T cell popula
tions for therapy. The initial attempt at such an approach used 
huge numbers of cells grown in vitro {a median of 2 X 10 11 

cells was given) and concomitant high-dose systemic IL-2 was 

FIGURE 31-1 o Outgrowth of Tlls from reseaed metastatic mela
noma in culture with ll-2. Photomicrograph of fresh melanoma after 
enzymatic dispersal (left) showing tumor cells and small infiltrating 
lymphocytes. After several weeks of culture in ll-2, there is T cell 
outgrowth and lysis of all tumor cells (right), with most cultures then 
demonstrating immunologic recognition of HLA-appropriate tumor 
cells on in vitro assay. 

administered to support TIL survival and in vivo funcrion.24 

Some patients also received a si11gle preparatory dose of cyclo
phosphamide based on empirical murine data. An overall 
objective response rate of 33% was seen, and was not influ
enced by prior IL-2 failure. However, the major shortcoming 
of this study was that most responses were of short duration 
(median, 7 months). 

The first protocol administering genetically modified cells 
to patients was used to track TILs after administration using a 
marker gene and it showed that almost aU infused TILs had 
disappeared from the circulation within days.25.z6 1he nexl 
advance was the finding cl1at lymphodepleting the recipienl 
before adoptive transfer could enhance lymphocyte survival and 
improve T cell persistence. Murine models suggest that this 
could be caused by the following: (1) removal of suppressive Treg 
cells; (2) stimulation of T cell growth factors in response to 
lymphodeplerion (homeostatic proliferation); (3) reduction in 
competition for these homeostatic cytokines; and (4) increased 
immunostinllllarory microbial factors, such as LPS. ln clinical 
protocols, a reduced intensity, nonmyeloablative allotransplanl 
regimen was used, consisting of high-dose cyclophosphamide 
and fludarabine. When peripheral leukocyte counts were essen
tially zero, a median of 5 X 1010 cultured TILs were given, again 
followed by systemic IL-2 support. In 43 patients with meta
static mdanoma, an overall response rate of 49% was seen, and 
updated results have shown a median duration of response of 
13 months; 14% of responses were sustained at 4 years.r Two 
subsequent cohorts of 25 patients each added 200 or 1200 cGy 
of total body irradiation {with autologous stem ceU support) to 
the preparative regimen prior to TIL infusion and objective 
response rates of 52% and 72% were seen28 (Figs. 31-11 and 
31 -12). In cl1ese 93 total patients, of whom 86% had metastatic 
visceral tumor involvement and 84% bad prior IL-2, tbe 

http://www.myuptodate.com


TUMOR IMMUNOLOGY AND IMMUNOTHERAPY CHAPTER 31 733 

FIGURE 31-11 d inic.al responses in patients with metastatic melanoma to adoptive transfer of in vitro expanded Tlls with systemic IL-2. fol
lowing preparative lymphodepletion. Responses can be durable and rapid. A, Patient with extensive liver disease remains free of disease over 
5 years after one T cell transfer. B, Another patient showed rapid regression of bulky subcutaneous disease only 12 days after cell transfer. 
sustaining a complete response, currently at 4 years. 

estimated 3-yea.r actuarial survival was 34%, with 22% of aU 
patients achieving complete regressions (Fig. 31-13). Another 
report of the transfer of a CD4"' T cell clone, generated in vitro 
from peripheral b lood and reactive with the tumor testis antigen 
NY-ES0-1 , to a patient with mdanoma described a complete 
response of over 2 years' duration, documenting that other T 
cell populations may also bave efficacy in adoptive transfer. 

Ongoing efforts in T cell adoptive transfer include the 
genetic engineering ofT cells to express high-affinity TCRs 
specific for defined tumor antigens?9 This can be accomplished 
using retroviral vectors encoding the a. and P TCR chains, or 
single chimeric receptors (CARs). Preliminary clinical trials (Fig. 
31-14) have demonstrated that objective tumor regressions can 
be achieved with these genetically engineered T ce1Js.30.31 

Monoclonal Antibody lberapy 
The concept of the immune system providing targeted therapy 
in the treatment of disease has its origim in experiments per
formed in 1890 by von Bebring and Ki tasato. They determined 
that immunity to infectious diseases could be transferred from 
one rat to tbe next througb a serlll1l transfusion; they coined the 
term passive serotherllPJI. The first application of passive sero
therapy in the treatment of cancer was performed in 1895 by 
Herico urt and Richer wben tbey immunized dogs with hlll1lan 
sarcoma and transferred the serum to patients in an attempt to 
provide cancer immunity. After almost 100 years since the first 
cancer immunotherapy trial, the FDA approved the first mono
clonal amibody (mAb) to be used in the treatmenc of cancer. 
Today, therapeutic mAbs are considered to be the fastest growing 
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FIGURE 31-12 Almost all sites of metastatic melanoma can respond to adoptive cell transfer. Single adoptive transfers into two patients with 
liver and adrenal metastases (A) and nodal and intramuscular metastases (B) have resulted in ongoing complete regressions at 38 and 33 
months, respectively. 

class of new therapeutic agents. Although many bad predicted 
the therapeutic potential of mAbs over the past century, it wam't 
until mouse hybridoma teclu1ology was developed by Kohler 
and Milstein in 1975 that the ability to produce mAbs directed 
against a specific target antigen became a reality.32

•
33 

Unfortwlately, mAbs created from mouse hybridoma tech
nology were specific but limited in their therapeutic potential 
secondary to xenogeneic reasons. First. they are recognized by the 
immune system as foreign and stimulate the production of human 

anti-mouse a ntibodies, conuuonJy referred to as the HAMA 
response. This immunogenic response usually limits murine 
mAbs to a single dose. Secondly, murine mAbs are unable to 
activate other effector functions (e.g., complement, NK ceUs, 
phagocytes) of the human immune system. FinaUy, murine mAbs 
suffer from a much reduced serum half-life when compared with 
human antibodies, resulting in decreased time of exposure to the 
target antigen. To overcome many of these limitations, molecular 
engineering techniques were developed to generate antibodies in 
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FIGURE 31 -13 Overall survival of 93 patients with metastatic melanoma (86o/o with visceral metastases) given Tlls and ll-2 after preparative 
lymphodepletion. Estimated actuarial survival at 3 and 5 years are 36o/o and 32o/o, respectively. 
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FIGURE 31-14 P:atient with metastatic melanoma responding to MART melanoma antigen TCR-engineered T cell adoptive immunotherapy. 

which the murine sequences were partially or fully replaced by 
human protein sequences. A chimeric mAb refers to a murine 
antibody in which the variable regions responsible for the antigen 
specificity remain murine and the constant region (Fe) is replaced 
by human sequences. A humanized mAb refers to an mAb created 
by engrafring murine complementariry-detem1ining regions 

(CDRs) onto a human mAb variable region. Most recently, fuUy 
human antibodies have been produced via human hybridomas 
and transgenic mice expressing human immunoglobulin genes.YI 
Also, engineered mAb fragments have been developed and char
acterized that have unique pharmacokinetic and therapeutic 
properties (Fig. 3 1-15).35.36 
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Murine variable regions -
Human constant regions -

Intact chimeric Ab scFv-Fc 
150 kDa 105 kDa 

Mini body 
80kDa 

10-20 days 10 days 10-15 hrs 
*16 hrs 

SERUM HALF LIFE 

Diabody scFv 
55 kDa 27 kDa 

2-4 hrs 1 hr 

FIGURE 31-15 Chimeric mAb and engineered Ab fragments. A chi
meric intact mAb is depicted, showing the retained murine domains 
(green) and human domains (purple). Engineered antibody frag
ments are depicted to the right of the intact chimeric antibody. These 
fragments are listed in decreasing size from right to left, with their 
corresponding serum half-life. Note d1at the 105-kDa fragment (scFv
Fc) normally has a half-life of 10 days. However, when a point muta
tion is introduced (red star), the fragment has a half-life of 16 hours, 
comparable to the much smaller 80-kDa minibody fragment. This is 
the result of a point mutation introduced into the FeRn binding region 
in the C.U domain, which decreases the fragments affinity for the 
FeRn, resulting in a much decreased serum half-life. 

mAbs accow1t for approximately 25% of new biotech 
(genetically-engineered) drugs in development. To date, the 
FDA has approved over 21 rnAb fragments to treat various 
diseases, such as cancer, autoimmune diseases, and transplant 
rejection, with many more currently in clinical trials (Table 
31-l). The U.S. Adopted Name Council, in collaboration with 
rhe World Health Organization (WHO) International Nonpro
prietary Names Committee, has established guidelines for the 
naming of new mABs. Each name is comprised of four syllables, 
with each syllable providiJlg information. 1l1e first syllable is a 
unique prefix; 1the second syllable describes the indication. For 
exan1ple, all mAbs intended to treat tumors will have the second 
syllable of -tu- for tumor. 1l1e third syllable identifies the source 
of the antibody (murine, -n-; chimeric, -xl-; human, -u-). 1he 
last syllable is always -mab identifYing the therapeutic agent as 
a monoclonal antibody. 

To highligbt the clinical potential and challenges to mAb 
therapeutics, the remaining portion of this section will describe 
mAb therapy as it pertains to cancerF·38 'The mechanism of 
action used by mAbs in the fight against cancer can be divided 
imo two types. The first results from the physical binding of the 
m.Ab to the specific tumor antigen. Many antigenic targets are 
cell surface receptors connected to signaling pathways, which are 
important in cancer progression. The best example of this is 
trastuzumab {Herceptin), wbich blocks signaling through an 
overexpressed growth factor receptor (Her2/neu) in a subset of 
breast cru1cers. Second, ru1d perhaps more important, a mAb 
directed against( a tumor antigen can activate the patient's own 
immune system to attack the rumor tissue. This mechanism is 
mediated tl1rough imeractions of the Fe region of the antibody 
ru1d effector cells of the immune system bearing the Fey receptor, 
such as natural killer cells, phagocytes, and neurrophils. 

Activation of these professional phagocytes leads to tumor cell 
destruction and is referred to as ADCC.39 Also, the Fe domain 
of tl1.e ru1tibody can activate the complement system through 
interactions with complement-activating protein (Clq), result
ing in the formation of the membrane attack complex, wbicb 
causes cell lysis. 1l1is is referred w as complemenr-dependem 
cytotoxicity (CDC). Furthermore, there is mounting evidence 
that mAbs are likely to enhance tumor antigen (TA) prcsema
tion by professional antigen-presemi.ng cells such as DC~. which 
may ultimately lead to the induction ofT A-specific cytotoxic T 
cell r-esponses ru1d result in lasting in.ununity. Arnplifi.cation of 
the immune response to otber tumor antigens may also occur 
because it is likely after ADCC or CDC char many tumor pep
tides have the opportw1ity to undergo professional aJltigen pre
sentation, with the potential of also inciting a cytotoxic T ceU 
response. 40.41 

Factors Governing the Therapeutic Potential of 
Monoclonal Antibodies 
Endogenous lgG has a half-life of approximately 3 weeks. Tius 
relatively long serwn persistence is a result of its interaction with 
the FeRn (neonatal, or Bran1bell. receptor) on endothelial cells. 
Most serum proteins are pinocytosed, followed by progressive 
acidi£cation of the endosome, whicb eventually fuses with a 
lysosome and results in the destruction of entrapped proteins_ 
IgG, however, binds the FeRn of the endosomal membrane 
under acidic conditions and is thus protected from lysosoma\ 
degradation; it is shutcled back to the serum and released from 
FeRn under a physiologic pH (7.4). Site-specific mutagenesis 
has identified the specific amino acid residues responsible for the 
Fe-FeRn interaction that leads to the long serum half-life oflgG 
aJltibodics. Thus, by introducing specific amino acid dlrulges 
into the Fe region of aJ1 engineered ru1tibody, one can tailor the 
pharmacokinetic properties to fit tht> clinical or therapeutic indi
cation.41 For example, by substitution of one amino acid 
(H310A), the serum half-life of aJl engineered dl.i.meric mAb 
fragment wa.~ reduced by 90o/o. from I 0 days to 16 hours. One 
cru1 imagine therapeutic applications in which a shorter serum 
half-life would be beneficia,[ such as a conjugated mAb with 
toxin. or radionuclide in which rapid clearru1ce would serve co 
decrease cl1e exposure of the normal tissues of rhe body to the 
toxin. 

Monoclonal antibodies of the lgG subtype arc large (150-
kDa) proteins. 'TI1eir relatively large size may limit their ability 
to penetrate tissues to b.i.nd the targeted rumor aJltigen. [t is 
estimated that the average .intervessel distance in tumors is 
approximately 40 to 100 J..IM. Obviously, iJl hypoxic area~ of a 
tumor, cll.is distaJlce is probably increased. TI1erefore, a smaller 
molecule will be able to diffuse or penetrate further and more 
qukkly. Also, small molecules have different clearance mecha
nisms. It is generally accepted that molecules smaller than 
80 kDa are below the renal threshold ru1d are able to clear solely 
througb the kidney. To this end, protein engineers have been 
able to create very small aJltibody fragments that retain cl1e 
ru1tigen-binding specificity but no longer retain the ability to 
bind the FeRn. The smallest of these entities is the single-dJain 
Fv, with a molecular weight of 27 Iilla. Many of these frag
ments, with ultrashort half-Lives, are being tested in mouse 
models for the ability to target tumors for imaging, diagnostics, 
and potential trrulSport of larger toxic molecules and chemo
therapeutic agents to the rumor. 
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Table 31-1 FDA-Approved MOnodonal Antibody-Based Therapeutics 
FDA APPROVAl 

GENERIC NAME TRADE NAME DESCRIPTION YEAR 

Muromonab- Orthoctone Murine mAb used to deplete T cells to treat transplant rejection 1986 
CD3 OKT3 

Abciximab ReoPRo Chimeric mAb targeting ant-GPIIbflla to inhibit platelet aggregation 1994 

lmciromab Myoscint Murine Fab fragment against myosin; this mAb fragment is conjugated to 1996 
pentetate diethylenetriamine pentaacetlc acid and a radionuctide, indium-Ill, which is used in 

nuclear imaging of damaged cardiac muscle. 

Arcitumomab CEA-Scan Murine mAb fraftment (Fab) targetinJ CEA expressed on tumor cells and conjugated to 1996 
radionuclide technetium-99) use fomucfear imaging of colorectal cancer cells 

Rituximab Rituxan Chimer mAb against CD20 expressed on non-1-todgkin's lymphoma cells 1997 

Dadizumab Zenapax Humanized mAb targeting anti-CD25 1997 

Basiliximab Sumlect Chimeric mAb targeting anti-CD25 1998 

Palivizumab Synagis Humanized mAb targeting RSV 1998 

lnfliximab Remicade Chimeric mAb targeting TNF-o: 1998 

Trastuzumab Herceptin Humanized mAb targeting HER2/neu 1998 

Gemtuzumab- My1otarg Humanized mAb targeting CD33 on tumor cells with conjugated immunotoxin targeting 2000 
ozgamicin 

Alemtuzumab Campath-IH Humanized mAb targeting CD52 of tumor cells 2001 

lbritumomab- Zevalin Murine mAb targeting CD20 with conjugated radionuclide (Yttrium-90) 2002 
tiuxetan 

Adalimumab Hum ira Human mAb targeting TNF-o: in the treatment of autoimmune diseases 2002 

Omalizumab Xolair Humanized mAb targeting lgE in the treatment of allergic asthma 2003 

Tositumomab- Bexxar Anti-CD20 murine mAb targeting lgG2a antibodies conjugated with radionuclide 2003 
iodine-131 (iodine-131) used to treat non-Hodgkin's lymphoma 

Efalizumab Raptiva Humanized mAb targeting COll a in the treatment of moderate to severe psoriasis 2003 
{Immunosuppressant) 

Cetuximab Erbitux Chimeric mAb targeting the EGFR expressed on tumor cells 2004 

Bevacizumab Avastin Humanized mAb targeting VEGF to decrease angiogenic signaling in tumors 2004 

Natalizumab Tysabri Humanized mAb targeting the a4 integrin sub~.mit in the treatment of multiple sclerosis 2004 
and Crohn's disease 

Ranibizumab Lucentis Humanized mAb targeting VEGF-a in the treatment of age-related macular degeneration 2006 

Panitumumab Vectibix Human mAb targeting EGFR expressed on tumor cells 2006 

Eculizumab Sol iris Humanized mAb targeting complement protein CS in the treatment of paroxysmal 
nocturnal hemoglobinuria 

2007 

Ustekinumab Slellara Human mAb targeting cytokines IL-12 and IL-23 in the treatment of plaque psoriasis 2009 

Ofatumumab Arzerra Human mAb tar~eting CD20 and used in the treatment of chronic lymphocytic leukemia 2009 
and follicular ymphomas 

Tocilizumab Actemra Humanized mAb targeting the IL-6 receptor used in the treatment of rheumatoid arthritis 
(RA) 

2010 

Compared with tradi tional chemotherapy, the side effect 
profile nf noncnnjugated mAb immunotherapy is rather mild. 
Most of the toxicity is related to hypersensitivity reactions caused 
by the protein sequences of mouse origin. Although fatal infu
sion reactions are rare, they have been reported. l11ese reactions 
usually occur during or just after the first dose of the mAb. 
Other side effects may occur as a result of the binding of the 
mAb to its cognate A g. For example, cetuximab, a chi meric mAb 
that binds rh" e pidermal grnwtb facror receptor, is associated 
with skin eruptions secondary to the blockade of epidermal 
growth factor receptor signaling. Also, bevacizumab {Avastin), 
an mAb wbk h binds the VEGF, is associated with hemorrhagic 

and thrombotic events associated with the decreased signaling 
through the VEGF receptnr (VEGFR). 

Unconjugated Antibodies 
As noted, the treatment of disease with UJ1conjugated mAbs 
became popular in the IY80s, after murine mAbs became avail
able secondary to hybrid om a tedtnology. l11cse early therapeutic 
mAbs suffered from poor cUnjcal efficacy and inm1unogenicity 
secondary ro HAMA, leading to the termination of most clinical 
mAb studies. It wasn't until the development of chin1eric, 
humaDized, and fuJly human therapeutic mAbs that clinical 
efficacy was routinely witnessed in mAb studies. Although many 
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therapeutic mAbs start as murine mAbs, much of the murine 
antibody is replaced by human IgG protein sequences. For 
example, a chimeric IgG molecule is approximately 75% human 
and 25% murine. A humanized murine mAb is approximately 
95% human, with only the CDRs of the variable region remain
ing murine. 

Riruximab is an excellent example of the development of 
an mAb clinicalJy effective against a cancer after transi tioning to 
the chimeric fo:rm of the antibody from the parent murine mAb. 
Rituximab, but not its parent murine mAb, has demonstrated 
cytotoxicity in experimental systems. Rutiximab is a chimeric 
mAb directed against a cell surface antigen found on mature B 
cells of non-Hodgkin's lymphoma (NHL) and was the first mAb 
to be approved by the FDA, in 1997, for use i.n the treatment 
of a human malignancy. Initially, rituximab was used a~ a single
agent therapy for recurrent or refractory low-grade B cell lym
phomas and demonstrated an overall response rate of 48% and 
a complete response rate of 10%.43 The cytotoxic activity of 
rituximab is thought to be a combination of CDC and ADCC; 
this clarifies the inactivity of the parent murine mAb, which 
lacks the htUnan Fe region to interact with the serum comple
ment protein (Clq) and the Fey receptor of the professional 
phagocytes to elicit ADCC. Evidence in support of ADCC as 
the mechanism of action was the finding that Fey receptor 
polymorphisms predict response rates in patients with follicular 
lymphoma treated with rituxlmab. W.ith high response rates and 
limited toxicity in the setting of recurrent or refractory NHL, 
studies were undertaken w investigate riruximab as a first-line 
therapy. Initially, rituximab was shown to increase the sensitivity 
of chemotherapy-resistant cell Lines, which spawned a trial of 
rituximab added to first-Line chemotherapy regimen of cyclo
phosphamide, doxorubicin, vincristine, and prednisolone 
(CHOP). The addition of rituximab to CHOP, commonly 
referred to as R-CHOP, resul.ted in a 95% overall response rate, 
including a 55% complete response rate. Long-term follow-up 
revealed a statistically improved survival without significant dif
ferences in toxicity. 

Trastuzumab is a humanized antibody derived from a 
murine mAb directed against HER-2/neu. 'This receptor tyro
sine kinase is a member of the epidermal growth factor receptor 
(EGFR) fan:Uly, which was noted to be overexpressed because of 
gene an1p1i.ficalion in approximately 25% of breast cancers. 
'Therefore, th.e strategy was undertaken to target chis overex
pressed cell surface receptor that was associated with a more 
aggressive biology in an attempt to disrupt the cancer
promoting mitogenic signaling through antibody blockade of 
ellis receptor. Initial phase II trials, conducted iJ1 tbe setting of 
metastatic HER-2/neu-positive breast cancers, demonstrated 
modest objective response rates of 12% to 16%. Given the 
evidence for single-agent activity, fmther trials were conducted 
with trastuzumab in combination with standard chemotherapy 
regimens, which demonstrated a doubling of the response rates 
(25% to 57%) compared with chemotherapy alone. Addition
ally, in the adjruvant setting, trastuzumab bas been associated 
with a 5Uo/o reduction in 1-year recurrence rates in phase Ill 
trials.44

•
45 1l1e mechanism of action responsible for the response 

rates of trastuz.umab in the treatment of breaH cancer has not 
been fully elucidated. Although some studies have provided 
evidence that the interruption of intracellular signaling by 
H ER2/neu plays a major role in its antitumor activity; others 
consider ADCC to be a major component of the antitumor 

acnvtty of trastuzumab. Cardiomyopathy is the major side 
effect of trastuzumab therapy, especialJy when combined with 
taxanes and anthracyclines. 

Cetuximab (Erbitux) also targets a receptor tyrosine kinase, 
EGFR. lbis chimeric mAb binds to the receptor in a nonactivat
ing manner with a much higher affinity than the naruralligands. 
This causes receptor blockade and eventual internalization of the 
receptor. leading to an overall decrease iJ1 receptor signaling. 
Cetuximab was approved for use in the treatment of colorectal 
cance r in 2004 based on a trial that compared cetuximab witb 
cetuximab plus irinotccan in patients with metastatic disease. 
The addition of cetuximab to itinotecan demonstrated superior 
activi ty. Interestingly, ceruximab demonsuared moderate 
response rates in previously cbemoresistant patients and appeared 
to be synergistic when combined with chemotherapy.46 Recently, 
cetuximab has been approved for use in squamous cell head and 
neck cancers in combination with radiotherapy.47 The addition 
of cetuX.inlab to radiotl1erapy has decreased local regional recur
rence by 32% and significantly in1proved overall survival. Toxic
ity associated with cetuximab th.erapy is an acneform skin rash.. 
There is some evidence that the severity of the skin rash is associ
ated with improved anti tumor activity. Moreover, some medical 
onco]ogists are proposing that dosing should be escalated until 
a rasln forms. 

Bevadzumab (Avastin) is a humanized mAb that targets 
VEGF, the soluble ligand of tl1e VEGFR expressed on endothe
Lial cells. Signaling through VEGFR is thought to play a major 
role in the development of new vessels or angiogenesis. Many 
rumors are known to be associated with increased production of 
VEG F, leading to increased tumor angiogenesis, which is 
thought to play an important role iJJ cancer progression and 
metastases. Bevacizumab has been ap/srovcd for use iJ1 the treat
ment of metastatic colorectal cancer. 8 Currently, it is combined 
with fluorouracil and oxaliplatin or irinotecan as first-line 
therapy for metastatic colorcctal cancer. A proposed mechanism 
of action is actually m normalize tumor vasculature, which helps 
in the delivery of cytotoxic chemotherapy. Also, bevacizumab 
has received FDA approval for use in some patients witl1 other 
cancers, sucb as RCC {combined with IFN-a), non- small cell 
lung cancer, breast cancer, and glioblastoma. Associated toxici
ties reported are delayed wound healing and hemorrhagic events. 
It is customary to delay elective surgical procedures unti l 6 weeks 
after the last dose of bevacizumab. 

lmmunoconjugates 
Antibodies conjugated to radionuclides were among tl1e fi rst 
immunoconjugates. External bean1 radiation delivers focused 
high-dose radiation delivered over several weeks to treat local 
areas of disease. Targeted radioimmtmotherapy (RAlT) such as 
that provided by an inmmnoconjugate could be delivered IV as 
a systemic therapy to treat tumors throughout the body. Another 
important difference berween external beam radiation is that the 
radiation energy source is delivered to th.e site of the tumor; thus, 
the tumor is continually exposed to the radiation. Radionuclides 
can be categorized with respect to the characteristics of the 
energy emitted on nuclear decay. Some radjonuclidcs are con
sidered high-energy beta en1itters (yttriun1-90 and rheniunl-
188) and the patb lengtb of cyroroxic radiation can penetrate a 
tumor up to a distance of J em. This relatively long path length 
of cytotoxic radjation could overcome some of the limitations 
of radioimmunoconjugates, such as poor tumor penetration or 
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heterogenous antigen expression by achieving a large bystander 
effect. Radionuclides such as lutetium- 177 and iodine- 131 are 
considered medium-energy beta emltters whose energy can tra
verse approximattdy 1 mm. If one considers the diameter of a 
cell to be approximately 10 J.lm, then the bystander effect should 
encompass approximately 100 cel ls in all directions. One could 
imagine tl1at radioimmunoconjugates transporting medium 
CJ1ergy beta emitters could be used in the treatment of micro
metastatic d1sease. Using these radionudldes may limit the 
radiation dose to the normal tissue surrow1ding the small tumor 
deposits. 

Two anti CD-20 lgG radioimmunoconjugates are cur
rently FDA-approved for the uearmenr ofNHL. Ibritumomab 
{Zevalin) is conjugated to yttrium-90 and tositumomab {Bexxar) 
is conjugated to iodine- 131. Interestingly, both are murine 
mAbs, yet the feared HAMA response rarely occurs. The lack of 
this inmwnogenlc response is thought ro be related to the 
destruction of the CD2U-positive B cell population, whlch 
would elicit the HAMA response. Both of these radioimmuno
conjugates are associated with blgh response rates. Patients 
treated with tositumomab had aJl overall response rate of 67 and 
patients w ith bulky disease a lso demonstrated a significar1t clini
cal response. Also . in a bead ro head comparison of tositumomab 
conjugated to I-131 versus the unconjugated antibody, the addi
tion of the radionudide improved overall response rates and 
complete response rates were tripled.49 Moreover, these complete 
responses proved to be durable when compared with responses 
adlleved by ritux1mab, an unconjugared aJ1ti-CD20 mAb. 1l1e 
primary roxicity associated with RAIT is the exposure of the 
highly sensitive bone marrow to radioactivity, resulting in dose 
llmlting myelosuppression. 

CONCLUSION 
Future work in human tumor immunotherapy wi ll need to 
define and then address the underlying mechanlsms that Unlit a 
productive antitumor response (Fig. 31 - 16). 1hese include 

v 

2. Umited CDS+ 
CTL activation 
and expansion 
(CTLA4, PD1) 

' 

1. Suboptimal T cell 
activation (tolerant seH 
antigens in tumors) 

cos\m 4. Immune suppressive 
tumor milieu (Treg, 
100, VEGF, ll-10, 
PGE2, TGF-{3) 

3. lack of antigen 
recognition (low 
TAP, MHC) 

5. Insensitivity to pro-apoptocic 
signals from immune cells 

FIGURE 31- 16 Steps required to achieve a productive antitumor 
immune response. 

strategies to optimize the delivery of defined tun1or antigens to 

professional ar1tigen- presenring cells, such as DCs, and in an 
immunostimulatory context to initiate a robust cos·' and 
CD4+ T cell response. Provision of adequate precursors, through 
genetic engineering ofT cells or hematopoietic stem cells, may 
also be needed. T cell acrivation and expansion can be prommed 
in vivo thro ugh a variety of strategies that include blocking of 
negative regulatory signaling and provision o f cytokines. As 
ar1tigen-reactive effector T cells enter a rwnor, they encounter 
a hosti le immunosuppressive microenvironment. Tumor ceiJ 
targets have also frequently acquired constitutively active sur
vival pathways. However, there are pronusing strategies being 
developed to addres~ each of tl1ese limiting steps, as evidenced 
by ilie:: progressive improvement .in clinical tun1or immwlo
therapy occasioned by ou.r better understar1ding of the underly
ing basic science. 
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A groundbreaking description of the first molecular characterization of a 
tumor-associated antigen recognized by a T ceiL This was an impressive 
accomplishment. follolilling so quickly after the first understanding of haN 
antigens are processed, presented by MHC, and recognized by T cells. 
It proved to be the MAGE-1 antigen on a melanoma, presented by 
HI..A-A 1. 
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CHAPTER 32 

MELANOMA AND 
CUTANEOUS MALIGNANCIES 
KELLY M. McMASTERS AND MARSHALL M. UrusT 

CUTANEOUS MELANOMA 

CUTANEOUS MALIGNANCIES: NONMELANOMA SKIN CANCER 

CUTANEOUS MELANOMA 
In 1787, Hunter published one of the first accounts of a patient 
with melanoma. Laennec, who found metastatic melanoma 
deposits in distant viscera, described melanoma as cancer noire, 
or the black cancer, in 1806. He subsequently named the disease 
melanosis in 1812.1 

Epidemiology and Causes 
Skin cancer is the most common form of cancer, accounting for 
at least half of all malignancies. Melanoma is a cancer of mela
nocytes, cells of neural crest origin that migrate during fetal 
development to several organs and tissues, bur predominantly 
to the skin. Melanocytes in the skin are positioned along the 
basement membrane at the dermal-epidermal junction. 

Melanoma is now the fifth most common cancer in men 
and the sixth most common cancer in women in the United 
States. Although melanoma accounts for less than 5o/o of skin 
cancer cases, it causes the vast majority of skin cancer deaths.2 

The incidence is greatest in Australia and lowest in Japan among 
developed countries (Fig. 32-1).3 1he American Cancer Society 
has estimated d1at approximately 70,230 new melanomas were 
diagnosed in me United States in 2010. The incidence of mela
noma has risen sharply in the past few decades (Fig. 32-2).4 

During the 1970s, irs incidence rose at a rare of about 6%/year. 
Fortunately, the increase slowed to less than 3%/year during the 
l~80s and 1 ~~Os and, since 2000, it has been relatively stable. 
It is estimated that there were 8790 deaths from melanoma in 
2010 in the United States. The death rate has been stable since 
1990, although it continues to rise gradually for men aged 65 
years or older (Fig. 32-3). 

C utaneous melanoma is predominantly a disease of whites. 
The degree of pigmentation in the skin is a relative protective 
factor against cutaneous melanoma. Risk factors for melanoma 
include high-risk skin type (e.g., those witl1 blue eyes, blond or 
red hair, fair complex_ion), reaction to sun exposure (e.g., freck
ling, inability to tan, propensity for sunburn), a history of severe 
blistering sunburns, intense intermi([em sun exposure, upper 
socioeconomic status, family history of melanoma, large number 
of nevi, gi.ant congenital nevi, presence of dyspla~tic nevi, immu
nosuppression, history of prior melanoma or other skin cancers, 
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and xeroderma pigmentosum. The average annual age-adjusted 
melanoma incidence/100,000 persons is 18.4 for whites com
pared with 2.3 for Hispanics, 1.6 for Asians, 1.0 for Native 
Americans, and 0.8 for African Americans. Melanoma is slightly 
more common in males than in females.5•6 

Melanoma affects patients at all stages of life. Although the 
median age of melanoma patients is about 50 years, it occurs in 
a wide age distribution. 'The incidence is greatest in older 
patients, but it is one of the most common cancers in young 
adults and adolescents. Because of the relatively young median 
age of melanoma patients, melanoma ranks an10ng the worst 
cancers in terms of years of life lost per malignancy. 

The causes of melanoma are not completely defined, bur it 
is clear that exposure to ultraviolet (UV) radiation is a key caus
ative factor. UV wavelengths are classified as UVA or UVB; UVA 
has the longer wavelength, 320 to 400 n, and UVB ranges from 
2~U to 320 nm. UVA, the predominant UV wavelength in 
tanning beds and lights, penetrates more deeply into tl1e skin 
than UVB. Although UVA radiation has long been known to 
play a major role in skin aging and wrinkling, growing evidence 
has implicated UVA radiation in the cause of nonmelanoma skin 
cancers as well as melanomas. In melanoma centers arotmd the 
country, teenagers and young adults are often found with mela
noma, predominantly young women who almost universally 
have been tanning bed users. UV radiation exposure from the 
sun is a major risk factor, especially among those with fair skin 
who are more susceptible to sunburns. As compared with non
melanoma skin cancers, which appear to be related more to 
chronic repeated stm exposure, melanoma might be related more 
to intermittent sun or UV radiation exposure. UVB damages 
the skin's more superficial epidermal layers and is the chief cause 
of sunburn; it has long been implicated in the development of 
melanoma.~ 

Precursor Lesions 
Although melanomas frequently arise de novo, they can develop 
within precursor lesions, such as dysplastic nevi and congenital 
nevi. In general, a dysplastic nevus is a 6- to 15-mm macular 
(flat) pigmented skin lesion with indistinct margins and variable 
color, although the clinical distinction between a nevus with or 
without dysplasia is often difficult. Dysplastic nevi are typically 
described a~ having mild, moderate, or severe dysplasia. Those 
with moderate or severe dysplasia should be excised with nega
tive rnargi.ns; wide local excision (WLE) .is Lmnecessary. Those 
with mild dysplasia usually do not require excision with negative 
margins and can be observed. 
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FIGURE 32-1 Age-standardized (world standard population) incidence rates from 17 countries worldwide for the year 2002. (From Garbe C, 
Ulrike L: Melanoma epidemiology and trends. din Dermatol 27:3- 9, 2009.) 
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Year of diagnosis 

- Men 65+ -+- Women 65+ 
-- Men 0-64 -+- Women 0-64 

FIGURE 32-2 Age-adjusted incidenceofmalignantmelanoma/1 00,000 
according to age and gender, 1992-2004. They axis is a logarithmic 
scale. (From Linos E. Swetter SM, Cockburn MG, et al: Increasing 
burden of melanoma in the United States. J Invest Dermatol 129: 
1666-1674, 2009.) 

100 ~--------------------------~ 

1990 1994 1998 

Date of death 

2002 

- Men 65+ -+- Women 65+ 
- Men 0-64 -+- Women 0-64 

FIGURE 32-3 Age-adjusted mortality rates from melanoma/100,000 
according to age and gender, 1990-2004. (From Linos E. Swetter SM, 
Cockburn MG. et al: Increasing burden of melanoma in the United 
States. J Invest Dermatol 129:1666-1674, 2009.) 
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FIGURE 32-4 Giant congenital nevus of tf1e trunk with a melanoma 
(arrow) on tf1e lower back. 

The risk of those with congenital nevi is proportional to 
the size and number of nevi. Small congenital nevi represent a 
low risk and are therefore observed unless they change in appear
ance. Giant congenital nevi (>20 em in diameter) are rare (1 in 
20,000 newboms), hut carry an increased lifetin1e risk for 
the development of melanoma of up to 10%. Complete 
excision should be considered, when possible (Fig. 32-4). Ar a 
min.inmm, these patients should undergo reguJar dermatologic 
evaluation.8 

Spitz nevus (juvenile melanoma, spindle cell melanoma, 
epithelioid cell melanoma) is a rapidly growing, pink or brown, 
benign skin lesion arising most often in children, although adult 
skin lesions may also have spitw id features. Spitz nevus may be 
difficult to distinguish histologically from melanoma. Consulta
tion w.irh an expert dermatopatbologist is recommended; 
however, even the best pathologists may have difficulty in deter
mining the malignant potential of Spirzoid rumors. Although 
complete excision with negative margins is adequate for an 
unequivocal Spitz nevus, often the diagnosis is not so clear-cut. 
If there i.s any concern that the lesion may be melanoma, WLE 
with margins appropriate for melanoma is performed. Sentinel 
lymph node (SLN) biopsy has been proposed as a mechanism 
to clarifY the malignant potential in indeterminate cases, 
although this is controversial.9 

Familial Melanoma 
A hereditary basis has been established for a minority of patients 
with melanoma. Variously termed dysplastic nevus syndrome, 
fomilittl atypical multipLe moie-melttnomn (FAMMM) syndrome, 
and B-K mole synd1·ome, an1ong others, these syndromes include 

patients with melanoma in one or more fuse- or second-degree 
relatives and large numbers of melanocytic nevi (often 50 to 100 
or more), some of which are clinically and hisrologica!Jy atyp.ica\ 
or dysplastic. There may also be a family history of other malig
nancies, especially pancreatic cancer. These patients require 
deraiaed dermarologic evaluation several rimes annually, wi th 
periodic biopsies of the most suspicious lesions. Mutations in 
the gene CDKN2A in the 9p21 region have been demonstrated 
in familial melanoma kindreds. The CDKN2A gene is complex 
and codes for p16 and pl4ARP, which both function to suppress 
ceiJular proliferation. Mutations iJ1 cyclin-dcpendent kinase 4 
(CDK4) and cyclin-dependent kinase inhibitor 2A (CDKN2A) 
have also been implicated.5

•
10 

Prevention 
Much excessive UV radiation exposure, in the form sunbathing 
and tanning bed use, is intentional and completely preventable. 
Recommendations for reducing UY radiation exposure include 
avoiding these activities, use of protective clothing, and use of 
sunscreens. Although most experts believe that the usc of sun
screens will reduce the risk of melanoma, this topic is contro
versial, because some have suggested that sunscreens may 
provide a false sense of security and allow persons at risk to 
experience more prolonged sun exposure. However, a meta
analysis of 18 srudies11 has found no evidence that use of sun
screens increased the incidence of melanoma.5 Regular 
dermatologic evaluation of patients with suspicious pign1enred 
skiJ1 lesions is prudem. 

Diagnosis 
Melanoma presents most commonly as an irreguJar pign1e11ted 
skin lesion that has grown or char1gcd over time. Melanomas 
most commonly arise de novo, but may also arise within a con
genital or acquired nevus. The distinction between a benign 
nevus and an early melanoma can be difficult, even for experi
enced clinicians. Benign pigmented lesions are so prevalem that 
it is challenging to detect an early melanoma an1ung many 
benign lesions. 'TI1e most common pigmented skin lesions are 
seborrheic keratoses, known as the barnacles of life because of 
the propensity for patients to acquire them with iJKreasing age 
(Fig. 32-5). These are typically scaly, waxy, raised lesions with a 
stuck-on appearance that seem as if they could be scraped off 
with a fingernail; the cl1aracceristic appearance usually is com
pletely diagnostic and these lesions do not need to be removed. 
However, even the most experienced dermatologists have been 
fooled by what appeared to be an irritated seborrheic keratosis 
and turned out co be melanoma. 

Specialized tools such as dermoscopy have emerged to help 
distinguish benign from malignant skin lesions, bur the over
whelming majority of melanomas are diagnosed by history and 
physical examination. 'TI1e history shou.ld include eliciting the 
risk factors described earlier, as well as any change in skin lesions, 
including itching and bleeding. TI1e physical examiJ1ation 
requires only the simplest of preparations; the patient must 
undress. Although it is widely recognized that skin examination 
should be part of the routine physical examination by primary 
care physicians and others, it · is rarely performed. It may rake 
only 1 minute to perform a complete skin survey, which admit
tedly is not the same as a detailed dcrmatologic examination, 
but many lives have been saved by early detection of melanomas 
by physicians who rook the rime to evaluate the skin. 
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The ABCD Es of melanoma are used to guide the decision 
about performing a biopsy-asymmetrical irregular borders, 
variable shades of color, diameter greater than 6 mm, and evolu
tion, or change over time. However, many melanomas do not 
foUow these rules. Amelanotic melanomas are not pigmented 
and may present as a raised pink or flesh-colored skin lesion. A 
high index of clinical suspicion is needed, and particular atten
tion should be paid to any history of change in a lesio11. If a 
patient presents with a skin lesion that has changed in size, color, 
or shape, and/or is itching or bleeding, a biopsy sbould be per
formed. To tell a patient that it will just be observed means that 

FIGURE 32-5 Seborrheic keratosis. 

it will be ignored. There should be a low threshold for perfor
mance of biopsy. Fortunately, locaHy advanced melanomas are 
now infrequently encountered, given the increased awareness of 
this disease (Fig. 32-6). 

Biopsy 
Primary care physicians, as well as dermatologists and surgeons. 
should be trained to perform a skin biopsy. There arc three basic 
types of skin biopsy--excisional, indsional (including pw1ch 
biopsy), and shave biopsy. An excisional biopsy is the most 
appropriate and prudent method of diagnosing and completely 
removing a pigmented skin lesion in most cases. Most patients 
who have a pigmemed lesion that is of concern want .it com
pletely removed in any case, even if it is benign. Using local 
anesthesia, a narrow margin excision is performed, which 
includes subcutaneous fat to get a fuU-thickness biopsy, and the 
defect is d osed with sutures. Attention should be paid to the 
orientation of the excision, because a fusiform excision should 
be oriented in such a way as to prepare for the possibility that 
the lesion is a melanoma and may require WLE. Specifically, a 
longitudinal orientation on the extremities is best and, in othe.r 
areas, consideration should be given to the orientation that 
would allow closure with the least tension and best cosmetic 
outcome in case wide excision is needed. 1herefore, excisional 
biopsy is best for most small pigmented lesions. 

For larger lesions, it may be appropriate first to get a tissue 
diagnosis prior to performing complete excision; thjs is accom
plished by a fuH-thlckness incisional biopsy. 1he simplest way 
to perform an incisiunal biopsy is by use of a punch biopsy. A 
pund1 biopsy is performed usiJ1g a disposable instrument that 
removes a cylinder of skin and subcutaneous tissue (2 to 8 mrn 
in diameter) by sim ply twisting the instrument ulto the anes
thetized skin, foUowed by closure with one or two simple sutures 
(Fig. 32-7). Punch biopsies of at least 4 111111 should be per
formed, because a 2-ml11 puncl1 often does not provide adequate 
tissue for pad1ologic evaluation. The punch hiopsy should he 

FIGURE 32-6 locally advanced melanomas. 
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FIGURE 32-7 Disposable instrument used for punch biopsy. 

performed through the thickest area(s) of the lesion, and mul
tiple punch biopsies can be perfom1ed to sample larger lesions. 
Shave biopsies are frequently performed by dermatologists and 
are appropriate for many nonpigmented skin lesions. Th.is is a 
good way to diagnose squamous cell and basal cell carcinoma 
A shave biopsy is performed by elevating the skin lesion with 
forceps or inseliting a small needle beneath the lesion, followed 
by shaving the lesion with a razor blade or scalpeL Hemostasis 
is achieved using topical agents such as ammonium chloride or 
by electrocautery. The patient then treats the area with topical 
antibiotic oimment and it is allowed to beal by secondary inten
tion. Because a shave biopsy is quick and simple to perfom1 and 
does not require sutures, it is a popular method of biopsy. 
However, shave biopsy should generally be discouraged for pig
mented lesions, because if a melanoma is diagnosed, a shave 
biopsy may transect directly through the melanoma and not 
allow an accurate assessment of tumor thickness as the base of 
the lesion is cauterized. Therefore, shave biopsy should not be 
used when melanoma is suspected. To circumvent this problem, 
dermatologists often perform deep shave or saucerization biop
sies, which completely renlove the lesion down to subcutaneous 
fat if there is aJJ1.Y concern for melanoma. L1 the hands of expe
rienced clinicians, this can be an effective biopsy technique. All 
pigmented lesions should be sent for pathologic evaluation.12 

Ablation of pigmented skin lesions using cryotherapy, cautery, 
or lasers should be specifically discouraged; there are many 
examples of disastrous delays in diagnosis as a result of sud1 
practices. 

Pathology 
Over the past several years, there has been a dramatic increase 
in the diagnosis of equivocal lesions whose biologic behavior 
cannot be predicted with absolme certainty. 11Jere is a spectrum 
that ranges from mild to severe dysplasia to atypical melanocytic 
proliferation to melanoma in situ to early inva~ive melanoma 
Part of the increase in the incidence of melanoma almost 

certainly results from a lower threshold on the part of patholo
gists to diagnose such equivocal lesions as melanoma because of 
the potential consequences of a missed diagnosis of melanoma. 
It is now common for a pathology report to contain a long 
descriptio11 that essentially states that tile lesion may be anytlllng 
from a severely dysplastic nevus w early invasive melanoma In 
such cases, the prudent decision is to treat such lesions as an 
early invasive melanoma with a 1-cm margin WLE. Melanoma 
in situ is considered a premalignant precursor lesion that has a 
significant likelihood of progression to invasive melanoma. 
Because it docs not invade beyond the basement membrane, it 
does not have access to blood vessels and lymphatics and docs 
not generally have metastatic potential. 

H istologically, invasive cutaneous melanoma is divided 
into four major types ba~cd on growth pattern and location. 
These forms arc lentigo maligna melanoma, superficial spreading 
melanoma, acrallentiginous melanoma, and nodular melanoma. 
Melanomas arise as proliferations of melanocytes in the basa\ 
layer of the skin. As they multiply, these cells expand radially in 
the epidermis and superficial dermal layer, termed the radial 
growth phase. Witll time, me growth begins in a vertical direction 
a~ the skin lesion may become palpable, the so-called vertical 
growth phase. Nodular melanomas arc an exception to this 
pattern, wherein the vertical growth phase is present early in 
tumor development. The vertical growth phase allows invasion 
into the deeper layers of the skin, where the tumor may achieve 
metastatic potential by invasion of blood and lymphatic vesse]s.13 

The histologic subtype of melanoma is not, in general, a 
major factor in prognosis; tumor thickness, ulceration, and other 
factors determine the prognosis. However, some histologic sub
types are more likely to be detected at a more advanced stage. 
Lentigo maligna melanoma occurs most commonly on the face 
of older individuals with sun-damaged skin and presents as a 
Aat, dark, variably pigmented lesion, wi th irregular borders and 
a history of slow development (Fig. 32-8). Lentigo maligna 
melanomas may become large prior to diagnosis, because the 
slow progression may escape the patient's notice. Overall, the 
prognosis of lentigo maligna melanomas is better than for 
the o ther histopathologic types because of the often superficial 
nature of these tumors. However, lentigo maligna melanomas 
can pose challenging management problems because of their 
propensity to develop in cosmetically challenging areas (e.g., 
face), and the fact that the histologic extent of the lesion may 
extend well beyond the clinically apparent borders of the pig
mented lesion. Thus, adlleving negative margins may be chal
lenging. Before embarking on complex tissue Aaps for closure, 
it is prudent to ensure negative margins. 111is may necessitate 
delaying the closure until the final pathology report indicates 
negative margins of excision. 

The most common histologic type is superficial spreading 
melanoma (Fig. 32-9). It is not necessarily associated with swl
exposed skin. As the name suggests, superficial spreading mela
noma iJlitially appears as a flat pigmented lesion growing in the 
radial dimension. [f allowed to progress, these melanomas 
develop a vertical growth phase and invade more deeply into 
the skiJ1. 

Acral lentiginous mdanoma (ALM) is dassified by its ana
tomic site of origin. These tumors develop in the subungual 
areas, beneath the fingernails and toenails, and on the palms of 
the band and soles of the feet (Fig. 32- I 0). 1l1is is the mosr 
common type of melanoma in black patients. lhe llistologic 
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appearance of ALMs is similar to melanomas arising on tbe 
mucous membranes. The diagnosis is often made at an advanced 
stage, which accounts for the poor prognosis of these tumors in 
general. Subtmgual acral lemiginous melanomas are often mis
taken for a subungual hematomas, leading to a delay in diagno
sis. A key feature distinguishing a subungual melanoma &om a 
subungual hematoma is that for subungual hematoma, the 
pigment should migrate distaUy with gro\vth of the nail Biopsy 
of subungual melanomas can be accomplished by performing a 
digital block wi~th local anesthesia and removing d1e nail or 
performing a punch biopsy through the nail itself. 

Nodular melanomas are raised papular lesions that develop 
a vertical growth pattern early in their course (Fig. 32-11). These 

FIGURE 32-8 l entigo maligna melanomas. 

FIGURE 32-9 Superficial spreading 
melanomas. 

melanomas often have a poor prognosis because of greater 
average tumor thickness and frequent ulceration. 

Desmoplastic melanoma is a specific type of an1danotic 
melanoma, which commonly arises on the head and neck. Des
moplastic melanomas often exhibit neurotropism and have a 
greater propenshy for local recurrence, with a decreased risk of 
nodal metastasis. 

Prognostic Fadors 
Most patients with newly-diagnosed melanoma are anxious and 
concerned that they may die of this disease. However, it must 
be recognized that approximately 87% of melanoma patients are 
cured of their cancer, largely because of early detection. It is 
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FIGURE 32-10 Acrallentiginous melanoma. 

I. I. • 

FIGURE 32-11 Nodular melanoma. 

therefore of substantial importance to stratifY risk and predict 
prognosis to guide appropriate management decisions. 

In 1969, Dr. Wallace C lark described a classification of 
melanoma based 011 the level ofinvasion into the anatomic layers 
of the skin. Henceforth known as Clark's level of invasion, this 
classification scheme correlated with survival (Fig. 32- L2).14 

Clark level [tumors represent melanoma in situ and are limited 
to the epidermis: therefore, these lesions do not have metastatic 
potemial. Clark level II melanomas extend into the papillary 
dermis, level m fill the papillary dermis, level rv to the reticular 
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FIGURE 32-12 dark's level of invasion. 

dermis, and level V extend to the subcutaneous fat. In 1970, Dr. 
Alexander Breslow described a simpler system based on measure
ment of the vertical thickness of the melanoma in millimeters, 
now known a.~ Breslow's thickness.15 As the tl1ickness of the 
melanoma increases, the prognosis worsens. 

Melanomas are commonly considered to be thin (<1-rnm 
Breslow thickness), intermediate cluckness (>I to 4 mm), and 
thick (>4 mm). Over time, Breslow thickness has largely sup
planted Clark level, because it has been shown to be a more 
accurate method of predicting prognosis. Clark level continues 
to be reported routinely, even though it is a weak prognostic 
factor. It is not uncommon that confusion arises among patients 
and referring physicians regarding the significance of Clark level 
and melanoma stage; there is obviously a large difference between 
a Clark level IV melanoma, which may have a very good prog
nosis, and stage IV melanoma, indicating distant metastatic 
disease. 

The status of the regional lymph nodes is the single most 
important prognostic factor predicting survival. Metastasis to 
tl1e regional lymph nodes increases the chances of mortality from 
melanoma substantially. TI1e other major prognostic factors, in 
order of importance, are Breslow thickness, ulceration, age, ana
tomic location of the primary tumor, and gender. Mitotic rate 
is a more recendy validated prognostic factor that may also be 
important to consider, especially among patients witl1 thin mela
nomas. Ulceration has emerged as a robust predictor of progno
sis. Ulceration is defined pathologically as the absence of an 
intact cpitheliLUn overlying the melanoma. Patients with ulcer
aced melanomas have a worse prognosis than those with nonul
cerated melanomas, even an1ong patients with regional nodal 
metastasis. Why patients with ulcerated melanomas have a worse 
prognosis is unclear, but ulceration appears to be a phenotypic 
marker for worse rumor biology and greater propensity for inva
sion :and metastasis. Older patients have a greater risk of mela
noma mortality tl1an younger patients, despite the fact that 
younger patients are more Likely to have nodal metastasis. 
Patients with ax.ial (tru.nk, head, and neck) melanomas have a 
worse prognosis than those witb extrenllt}' tumors. Regression 
has 11.0t been shown to be an important factor predicting nodal 
metastasis or survival. \Vomen have a better prognosis tl1a11 men, 
for reasons that are un.clear.16 

In an ongoing effort, the American Joint Committee on 
Cancer (AJCC) Melanoma Staging Committee, led by Dr. 
Charles Balch, has analyzed multi-institutional data from North 
America, Europe, and Australia, which an evidence-based staging 
system to be developed that predicts prognosis with exquisite 
accuracy. 
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Staging 
Staging for cutaneous melanoma uses the tumor-node-metasta
sis (TNM) system of classification as defined by the AJCC 
(Tables 32- l and 32-2). TI1e 2009 version (seventh) of the 
staging system is based on analysis of a database of over 30,000 
pariems .. ' 1l1e important prognostic facrors in rhe staging 
system include Breslow thickness, ulceration, nodal status, and 
presence of other manifestations oflymphatic spread (e.g., satel
lite lesions, in-transit disease), as well as the presence of dista11t 
metastatic disease. The principal change from the previous 
(sixth) version is that a mitotic rate of one mitosis/mm2 or more 
is now used, instead of Clark level, to discriminate Tla from 
Tlb rumors based on the finding that rhe mitotic rare is a more 
powerful predictor ofprognosis (Table 32-3). TI1.is system pro
vides excellent d!iscrimination of survival among various stages 
of disease (Fig. 32-13). Based on the work of Balch, collaborarors 
from the AJCC staging committee developed an online tool for 
the assessment of prognosis based on iJldividual patient charac
teristics ( www.melanomaprognosis.org). 

Initial Evaluation 
Most melanoma patients who seek su.rgical consultation will 
have already be.en diagnosed with melanoma. The first and 
most important evalua6on of a patient diagnosed with mela
noma is a thorough history and physical examination. The 
history should elicit factors related ro the primary melanoma 
(e.g., duration, change over time, symptoms sucl1 as itching 
aJld bleeding) and other factors, such as sun exposure, rruming 
bed use, imnmnosuppression, prior history of cancer, and 

family history. Melanoma may be localized or may metastasize 
to regional or distant sites. Regional metastasis refers to the 
lymphatic spread of tumor to the regional lymph node.s, cl1ose 
in the immediate lymphatic drainage pathway &om the site of 
the primary tumor. In-transit melanoma is a form of regional 
lymphatic metastasis in which rhe rumor spreads within rhe 
draining lymphatic channels and becomes evident as cutaJleous 
or subcu£aJ1eous nodules between the site of the primary tumor 
aJld regional lymph nodes (Fig. 32-14). DistaJlt metastasis 
refers to the hematogenous spread of melanoma to distant 
orgaJ1s . Although uncommon at the time ofinitial diagnosis, it 
is also importaJlt to elicit symptoms of metastatic disease, such 
as any masses, neurologic symptoms or headaches, anorexia, 
weight loss, bone pain, or respiratory symptoms. A detailed 
physical examination should specifically include a complete 
skin examination, with inspection and palpation of the skin to 
detect any ocl1er suspicious skin lesions, including detection of 
in-transit disease. Palpation of the cervical, axillary, and ingui
nal lymph nodes should be perfom1ed, and palpation of the 
epitrochlear or popliteal nodes, as appropriate for distal upper 
or lower extremity melanomas, respectively. When present, all 
symptoms aJld s.igns of metastasis require further radiologic 
evaluation. 

The Na6onal Comprehensive Cancer Network 
(NCCN), a consortium of oncologists from National Cancer 
Institu re-designated caJlcer centers, provides consensus-based 
guidelines for cancer treatment. 1l1ese guidelines for the 
management of primary melanoma are available online 
(www.nccn.org). 

_Table 32·1 TNM Staging Catego_ri_es_fo_r_Cut_ a_neo_ us_ M_e_la_no_ma ____________________ _ 
T CLASSIACATION THICKNESS 
T1 

T2 

T3 

T4 

N CLASSIFICAOON 

Nl 

N2 

N3 

:!>1.0 mm 

1.01-2.0 mm 

2.01-4.0 mm 

>4.0mm 

NO. OF MOASTATIC NODES 

One node 

Two or three nodes 

Four or more metastatic nodes, or matted nodes, or in-transit 
metastases~tellite(s) with metastatic node(s) 

M CLASSIFICATION SITE 

Mla Distant skin, subcutaneous, or nodal mets 

ULCERATION STATUS AND MITOSES 
a: Without ulceration and mit05is <1/mm2 

b: With ulceration or mitoses 2:1/mm1 

a: Without ulceration 
b: With ulceration 

a: Without ulceration 
b: With ulceration 

a: Without ulceration 
b: With ulceration 

NODAL MOASTATIC M.ASS 

a: Micrometastasis* 
b: Macrometastasis1 

a: Micrometastasis* 
b: Macrometastasis1 
c: In-transit met(s)jsatellite(s) without metastatic nodes 

SERUM LDH LEVEL 

Normal 

Mlb Lung metastases Normal 

Ml c All other visceral metastases Normal 
Any distant metastasis Elevated 

From Balch CM, Gershenwald JE, Soong SJ, et al: Final version of 2009 AJCC melanoma staging and classification. J din Oncol 27:619!Hi206, 2009. 

*Micrometastases are diagnosed after sentinel lymph node biopsy and completion lymphadenectomy (if performed). 

tMacrometastases are defined as dinically detectable nodal metastases confirmed by therapeutic lymphadenectomy or when nodal metastasis exhibits gross extracapsular 
extension. 
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Table 32-2 Stage Groupings for Cutaneous Melanoma 
Clinical Staging• 

T N 
0 TIS NO 

lA Tla NO 

IB Tlb NO 
l2a NO 

IIA l2b NO 
T3a NO 

liB T3b NO 
T4a NO 

IIC T4b NO 

Ill Any T Any N 

IV AnyT Any N 

Pathologic Staging1 

M T N 
MO o Tis 

MO lA Tla 

MO IB Tlb 
MO T2a 

MO IIA T2b 
MO T3a 

MO liB T3b 
MO T4a 

MO IIC T4b 

MO lilA Tl-4a 
Tl-4a 

IIIB Tl-4b 
T1-4b 
Tl -4a 
Tl-4a 
Tl-4a 

IIIC Tl-4b 
Tl-4b 
Tl-4b 
AnyT 

Any M IV Any T 

NO 

NO 

NO 
NO 

NO 
NO 

NO 
NO 

NO 

Nla 
N2a 
Nla 
N2a 
Ni b 
N2b 
N2c 
Nib 
N2b 
N2c 
N3 

AnyN 

M 

MO 

MO 

MO 
MO 

MO 
MO 

MO 
MO 

MO 

MO 
MO 
MO 
MO 
MO 
MO 
MO 
MO 
MO 
MO 
MO 

AnyM 

From Balch CM, Gershenwald JE, Soong SJ, et al: Final version of 2009 AJCC mela
noma staging and dassification. J Clio Oncol 27:61~206, 2009. 
*Oinical staging includes microstaging of the primary melanoma and clinical and/ 
or radiologic evaluation for metastases. By convention, it should be used after 
complete excision elf the primary melanoma, with clinical assessment for regional 
and distant metastases. 
'Pathologic staging includes microstaging of the primary melanoma and pathologic 
infonmation about the regional lymph nodes after partial or complete lymphad
enectomy. Pathologic stage o or stage lA patients are the exception; they do not 
require pathologic evaluation of their lymph nodes. 

Table 32-3 Multivariate Cox Regression Analysis of Patho-
_logic Fartors by T Category for Stages I and II Melanoma* 
T BRESLOW MITOTIC ClARK 
CATEGORY THICKNESS ULCERATION RATE LEVEL 
Tl 12.8 3.8 20.8 1.9 

(P = .0003) (P = .05) (P < .0001) (P = .17) 

T2 4.9 16.2 15.9 0.2 
(P = .03) (P < .0001) (P < .0001) (P = .65) 

T3 4.1 15.4 12.2 1.4 
(P = .04) (P < .0001) (P = .0005) (P = .24) 

T4 0.2 14.2 9.1 2.7 
(P = .69) {P =.0002) (P = .003) (P = .10) 

From Bakh CM, Gershenwald JE, S~ SJ, et al: Final version of 2009 AJCC mela
noma staging and dassification. J Clin Oncol 27:61~206, 2009. 

*With mitotic rate data available. When mitotic rate is considered in the multivari
ate moclel, the d ark level is no longer a significant factor predicting overall sur
vival. Data are chi~uare values and P values. 

Extent of Disease Evaluation 
Clinical stages 0 and [patients do not require any further tests. 
Stage U patients may undergo chest x-ray, although it is consid
ered optional. Formerly, liver function tests such as lactate dehy
drogenase (LDH) levels were commonly performed; however, 
there is no evidence that blood tests arc helpful for detecting 

metastatic disease and need not be performed for patient.~ with 
clinically localized melanoma. 

There is controversy regarding the extent of imaging evalu
ation appropriate for patients with melanoma. For most stages 
I and II patients, additional imaging studies are unnecessary; 
although imaging evaluation may be appropriate in parienrs 
with thick primary tumors (stage HC). The role of imagiJ1g tests 
for stage [[[ patients with disease detected by sentinel node 
biopsy is controversial. Because the probability of detecting true
positive findings on studies such as positron emission tomogra
phy (PET) and computed tomography (CT) scamung is 
extraordinarily low in patients with microscopic nodal metasta
sis; d1ere is a real danger of false-positive results, but these 
imaging tests should be ordered and interpreted with caution. 
Patients with clinically detectable nodal mcta.~tasis should 
undergo imaging studies to evaluate for the presence of distant 
metastatic disease, because the distinction between stages Ill and 
IV disease is important in determining the appropriate treat
ment options. Funhem1ore, for patients with stage IV mela
noma, imaging evaluation is necessary to determine the extent 
of disease and whether resection is appropriate. In such cases, 
PET, CT, and magnetic resonance imaging (MRI) of the brain 
arc generally recommended. 18 

Treabnent 

Surgical Ma nageme nt 
Wide Local Excision The operation to resect the primary mela
noma is known as WLE. The appropriate margins for excision 
have long been a topic of controversy. In 1857, Norris suggested 
WLE for a primary melanoma to prevent local recurrence and 
advocated a 5-cm margin, a recommendatlon that would be 
followed for over a century.'9 Until the 1960s, all melanomas 
were considered to be aggressive tumors and were often treated 
with very wide margin excision. Current guidelines for WLE are 
given in Table 32-4. 

Melanoma in situ is generally adequately treated by a 
0.5-cm margin excision; this is not based on any randomized 
data, but on clinical experience with this disease entity. 
However, given thar there is significant interobserver variability 
among pathologists in its diagnosis/ 0 and that early invasive 
melanoma may be diagnosed after WLE if the entire lesion was 
not ren1oved during the initial biopsy, it is often prudent to 
perform a 1-cm WLE for melanoma in situ that occurs in ana
tonuc areas that easily allow a 1-cm margin with primary 
closure (e.g., the trunk). 

Several randomized studies have been performed to assess 
the margin width for intermediate-thickness melanomas? ' ..'2 
The fuse trial, conducted by the World Health Organization, 
randomized 612 patients with melanomas 2-mm thick or less 
to WLE using a 1- or 3-cm margin. Local recurrence as a site 
of first recurrence was observed in four patients, aU with mela
nomas larger than 1 to 2 mm thick who were in the l-cm 
margin group; however, this did nor significantly affect overall 
survival. 1l1c Intergroup Melanoma Trial randomized 462 
patients wicl1 melanomas of the trunk or proximal extremjties 
between 1 -mm and 4-mm Breslow tb.ickness co receive WLE 
with a 2-cm or 4-cm margin. After a median foUow-up of 10 
years, the incidence oflocal recurrence was the same for patients 
w1dergoing 2-cm or 4-cm margin excision (2.1 o/o versus 2.6%, 
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FIGURE 32- 13 Survival curves from the AJCC Melanoma Staging Database comparing the different T categories (A) and stage groupings for 
stages I and II (B) melanoma. For patients with stage Ill disease, survival curves are shown comparing the different N categories (C) and stage 
groupings (D). (From Balch CM, Gershenwald JE, Soong SJ, et al: Final version of 2009 AJCC melanoma staging and dassification. J Clin Oncol 
27:6199-6206, 2009.) 

respectively); there was no significant difference in overall sur
vival. Factors signiflcantly associated wi th local recmrence were 
ulceration, thickness, and anatomic location of the primary 
melanoma; head and neck melanomas had a much greater risk 
oflocal recurrence. The Swedish Melanoma Trial and the French 

FIGURE 32- 14 In-transit melanoma. 

Melanoma Trial compared 2-cm versus 5-cm WLE in patients 
with melanomas less than 2-mm Bre.~low thickness. Neither trial 
showed an advantage for a 5-cm margin excision in terms 
of local recurrence, disease-free survival, or overall survival. 
l11e British Collaborative Trial randomized 900 patients with 
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Table 32-4 Recommended Margins of Wide Local Excision 
-~Lfj __________________________ _ 
THICKNESS (MM) WlE MARGIN (CM)* 

In situ 0.5 

<1 

1-2 1-21 

>2-4 2 

>4 2' 

From Balch CM, Gershenwald JE, Soong SJ, et al: Final version of 2009 AJCC mela
noma staging and dassification. J Clin Oncol 27:6199-6206, 2009. 
*Smaller margins may be justified in specific cases to achieve better functional or 
cosmetic outcome. 
'A H:m margin may be associated with a slightly greater risk of local recurrence 
in this Breslow thickness category. 
1There is no evidence that margins >2 em are beneficial; however, larger margins 
may be considered for advanced melanomas when local recurrence risk is high. 

melanomas 2 mm thick or larger to a 1-cm versus 3-cm margin 
excision; elective lymph node dissection and sentinel nude 
biopsy were not permitted. 1hcre were no significant differences 
in local and in-transit recurrence, disease-free survival, or overall 
survival. However, there was a marginally significant increase in 
locoregional recurrence in the group that Lmderwent a 1-cm 
WLE when local, in-transit, and regional nodal recurrence were 
considered together. Therefore, for patients with melanomas 
2 mm thick or larger, a 1-cm margin is considered inadequate. 

Taken together, these studies suggest that a 1-cm margin is 
sufficient for melanomas 1 mm thick or smaller. For melanomas 
more than 1 to 2 rom thick, a 1-cm margin may be acceptable, 
but a 2-cm margin will likely reduce the small risk of local recur
rence and is preferred when feasible. For patients with melano
mas more than 2 mm thick, a 2-cm margin is appropriate. 1here 
are no data to conclude that a 3-cm margin is better than a 2-cm 
margin. Appropriate margins of excision for thkk melanomas 
(>4 mm thick) have not been studied in the context of random
ized trials; however, retrospective analysis has suggested that 
there is no advantage for margins more than 2 em. Nonetheless, 
it may be appropriate to perform wider margin excision for 
locally advanced melanomas when the risk of recurrence is 
high.21.u 

WLE calli be performed under local anesthesia in most 
cases, although general anesthesia is preferred for patients who 
Lmdergo concomitant sentinel node biopsy or lymphadenec
tomy. 1l1e appropriate margins of excision are measured from 
the edge of the lesion or previous biopsy scar. Usually, this rep
resents a fusiform incision that encompasses the margins of 
excision to aU ow primary closure (Fig. 32- 15). \ViE is per
fomled to remove the skin and subcutaneous tissue down to the 
muscular fascia. Excision of the fascia is not necessary in most 
cases, but may be performed for patients with thick primary 
tumors. The specimen is submitted for permanent section 
pathology; frozen section analysis of margins is not performed. 
Ln most cases, the incision is closed by mobilizing the skin 
without the need for complex tissue ct.-arrangement or skiJ1 grafT
ing. Complex tissue flaps or skin grafts are rarely necessary, 
except for melanomas of the head and neck and distal extremi
ties (f ig. 32-16). Tumors arisi11g in prOJdmity to structures such 
as the nose, eye, and ear may require a compromise of the 

FIGURE 32-15 Fusiform incision and closure. 

FIGURE 32-16 Unnecessarily complex closure. 

conventional margins to avoid deformities or disabilities. Sub
ungual melanomas arc treated with amputation of the distal 
digit to provide a 1-cm margin from the tumor. For fingers, ray 
amputations are unnecessary because the melanoma commonly 
involves onJy the distal phalanx; usuaUy, amputation at the distal 
interphalangeal joiJlt is sufficient. ln aU ca~s, resection should 
acbkve histologically negarive margins. [t should be noted char 
the recommended margins of excision are the clinically measured 
margins: it is wcnecessary to re-excise the melanoma if the final 
pathology report indicates that tbe measured distance from the 
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melanoma to the edge of the excised skin is less than the recom
mended margin, unless the margin is involved or almost involved 
by tumor. 

Mohs mlcrographic surgery involves the sequential tangen
tial excision of skin cancers with immediate pathologic margin 
assessment. It is used most often for skin cancers such a~ squa
mous cell and basal cell carcinomas, with good results. Mohs 
surgery is used in some centers for melanoma in situ, especi.ally 
on the face, to minimize the cosmetic defect while still adueving 
negative margins of excision. Although there have been several 
single-institution reports indicating that Mobs surgery results in 
low local recurrence rates for melanoma in situ, it remains con
troversial. Mobs surgery for invasive melanoma should be dis
couraged, because there are no randomized prospective trials to 
compare it to conventional WLE.~1 

Management of the Regional Lymph Nodes 
lt is in1porrant to w1derstand the proper terminology regarding 
the operations performed for regional lymph nodes. Lymph 
node dissection is described as elective if performed for patients 
without clinical evidence of nodal metastasis-that is, those 
without palpable nodes or imaging studies to suggest regional 
nodal disease. Therapeutic lymph node dissectio11 refers to 
lymphadenectomy performed for palpable or clinically evident 
disease. Completion lymph node dissection is the operation 
performed after finding nodal metastasis by SLN biopsy. 

Elective Lymph Node Dissedion In 1892, Herben Snow reponed 
the propensity for melanoma to metastasize to the regional 
lymph nodes and advocated tbat treatment of melanoma with 
curative intent should include elective lymph node d issection. 1 

Snow's manuscript sparked controversy over elective lymph node 
dissection that fasted for an entire century. As described by 
Snow, melanoma commonly metastasit".es initially to the regional 
lymph nodes. Ln fact, patients rarely develop distant metastases 
without ever developing nodal metastasis. Most patients with 
melru1oma present witbout clinjcal evidence of nodal meta~tasi s, 
although approxjmately 20% of patients with melanomas 1 mm 
thick or largerwiU develop palpable nodal d isease iflefr untreated. 
The rationale for elective lymph node dissection stemmed from 
the concept that regional nodal metastases might metastasize in 
turn to distant sites, and that the greater the tun1or burden in 
the regional nodes, the greater the cbru1ce for distant metastasis. 
Early removal of nucroscopic nodal metastases was therefore 
thought to improve survival. This argument was bolstered by the 
fact that remains true today: some patients with nodal metastasis 
are cured by regional lymph node dissection, and the likeliJ1ood 
of cure is proportional to the djsease burden in the nodes. Ret
rospective studies have provided suppo.rt for this concept. 

This controversy Jed to several randomized prospective 
trials, none ()f whicl1 has demonstrated aJl overall survival henefit 
for elective lymph node dissection.22.23 In the Intergroup Mela
noma Trial, 740 patien ts with melanoma 1 to 4 mm tl1ick were 
randomized to dective lymph node dissection or nodal observa
tion. Although [here was no survival difference between the 
groups overall, subgroup analysis bas suggested that some 
patients may benefit from elective lymph node dissection, spe
cifically; patients younger than 60 years, those without ulcerated 
melanomas, those with melanomas 1- to 2-mm Breslow thick
ness, ru1d tbose with extremity melanomas. Ln 1998, a World 
Health Organization (WHO) study evaluated 240 patients with 

truncal melanomas 1.5 mm truck or larger randomized to elec
tive lymph node dissection or nodal observation and fOLmd no 
survival advantage for elective ~'mph node dissection. However, 
subgroup analysis revealed a significant improvement in 5-year 
survival when the patients with occult nodal metastasis detected 
ar elective lymph node dissection were compared with chose in 
tbe observation arm. 1l1ese patients developed nodal metastasis 
ru1d underwent therapeutic lymph node dissection (48% versus 
27%, respective!)'; P= .04). This provided some support for the 
notion that early removal of nodal metastasis is more efficacious 
than waiting for the patients to develop large palpable nodes. 
Two other studies have failed to demonstrate a survival bene£t 
for elective lymph node dissection. 

1l1e problem with elective lymph node dissection is that 
only approximately 20% of patients with melanoma~ I mm 
duck or larger have nodal metastases at the tin1e of presentation. 
Therefore, 80% of patients (tiJose without nodal metastases) 
crumot possibly benefit from lymphadenectomy. Because the 
morbidity of lymph node dissection can be substantial, includ
ing wound complications, chronic pain, ru1d lymphedema, there 
was little enthusiasm for elective lymph node dissection in the 
absence of a demonstrable survival benefit. 1l1e entire contro
versy regarding elective lymph node biopsy, however, evaporated 
with the advent of SLN biopsy. 

Sentinel Lymph Node Biopsy Ln 1977, Robinson and colleague? 1 

publisbed a study on the use of cutaneous lymphosdntigraphy 
to identify the lymph nodes draiJung truncal melru10mas with 
aJnbiguous drainage patterns. Because truncal melanomas can 
potentiaUy drain to cervical, axillary, or inguinal. lymph nodes. 
the decision regarding which nodal basin(s) should tmdergo 
elective lymph node dissection was based on Sappey's classic 
aJlatomlc studies (performed in the 19th century). Lymphoscin
tigraphy involves the use of a radioactive agent that is injected 
into the skin around the melru1oma. The radioactive tracer par
tides are taken up by the lymphatic channels a11d captured in 
tbe draining lymph nodes. Although it now seems obvious that 
the first node(s) in the nodal basin to receive the radioactive 
tracer should also be the first nodes to receive metastatic tumor 
cells, the concept of a sentinel node was not actually established 
until the pioneering work of Dr. Donald Morton. An SLN is 
the first lymph node(s) to receive lymphatic drainage from the 
site of the primary rumor. In 1992, Morton ru1d coworkers25 

published the first report of SLN biopsy for melru10ma and 
found that the sentinel node accurately deternili1es the presence 
or absence of microscopic nodal metastasis. 

Since that time, th<Jusands of articles have been published 
to validate the SLN hypothesis in a variety of malignancies, and 
SLN biopsy has become a standard method of staging the 
regional nodes in melanoma ru1d breast cancer.26 A lru1dmark 
study by Gershenwald a11d associates2

' at M.D. Anderson Cru1cer 
Center has demonstrated that SLN biopsy is the single most 
important factor predicting prognosis in melanoma patients 
without clinical evidence of nodal metastasis. Because sentinel 
node biopsy is a minimally invasive procedure that usually 
iJwolves removal of one or two lymph nodes, it has been shown 
to be a~sociated with fewer complications thru1 a complete 
lymph node dissection.28 

lndicotions SLN biopsy is a staging procedure to determine the 
nodal status of patiems wid1 melanoma. Although SLN biopsy 
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is a minimally iJwasive procedure, it is not without morbidity 
and certainly not without cost. Like other staging tests (e.g., 
PET, CT), it should not be overused in low-risk patients. 
Because of the significant risk of nodal metastasis, there is 
general agreement that SLN biopsy is appropriate for patients 
with imermediate thickness melanomas (1- ro 4-mm Breslow 
rl1ickness). Patients with thin melanomas (<1-mm thick) have a 
low risk of nodal metastasis overall (<5o/o), but this subgroup 
represents about 65o/o of all melanoma patients; therefore, a 
substantial number of node-positive patients may be missed if 
SLN biopsy is never performed. A thorough analysis of the llt
erature has idemi.fied ulceration and mitotic rate as important 
factors co consider in the decision co perform SLN biopsy for 
patients with thin mdanomas.29 Although ulceration is infre
quently identified in patients with thin melanomas (4o/o to 9o/o) 
and llnlitcd datra are available to determine the impact of ulcer
ation on the risk of nodal metastasis in this population, tbe 
powerful prognostic significance of u.lceration overatl suggests 
that SLN biopsy should be considered for all ulcerated melano
mas, regardless of thickness. A mitotic rate of l/mm2 or higher 
has been shown to be an important predictor of nodal metastasis 
in thin melanoma patients. Conveniently, ulceration and mitotic 
rate are now used in the most recent edition of the AJCC mela
noma staging system to discriminate Tla &om Tlb melano
mas.1? Therefore, SLN biopsy for Tlb melanomas is 
recommended. Breslow thickness should also be considered in 
rl1e rl1in melanoma category. The incidence of SLN metastasis 
among patients with melanomas 0.75 mm thick or smaller was 
2.7o/o and 6.2% for those with melanomas 0.75 to l mm thick. 
Whether all patients with melanomas 0.75 to 1.0 mm thick 
should undergo SLN biopsy is controversial; the high-risk group 
might be better discriminated by considering ulceration and 
nlitotic rate. Factors that have not been universally demon
strated to increase the risk of nodal metastasis include age, 
gender, regression, Clark level, vertical growth phase, and tumor
infiltrating lymphocytes. Kesmodel and coworkersJO have used 
tumor mitotic rate to develop a risk classification tree for patients 
with thin vertical growth phase melanomas (Fig. 32-17). This 
model provides a useful framework for consideriJlg the risk of 
nodal metastasis as well. 

The role of SLN biopsy for patients with thick melanomas 
(>4 mm) has a.!so been questioned. Patients wirl1 thick melano
mas arc at high risk for systenlic metastases. This has led to the 
dogma that no patients with thick melanoma could ever benefit 
from SLN biopsy or lymph node dissection. However. a number 
of studies have shown cl1at thick melru10ma patients with tumor
negative SLN have a better prognosis chan those with rumor
positive SLN. Because there is a cominuum of risk that does not 
abruptly end at 4-mm Breslow thickJ1ess and because some thick 
mclru10ma patients with nodal metastases can be cured by resec
tion of nodal metasta">Cs, SLN biopsy should be performed in 
dl.is popuJationY 

Although rl1e benefit remains unproven, there are also 
intriguing reports of SLN biopsy for patients with locally recur
rent or in-transit melanoma. 

TechniaJI Details The tecluucal details of proper SLN biopsy are 
worrl1y of attention. First, al l patients should Lmdcrgo preopera
tive lymphoscintigraphy, typically performed on the same day 
astheoperationroperformSLNbiopsyrutdWLE.Technetium-99 
sulfur colloid (0.5 mCi) should be injected into the dermis, 
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FIGURE 32-17 Risk classification tree for patients with thin vertical 
growth phase melanomas. (From Kesmodel SB, Karakousis GC. Botbyl 
JO, et al: Mitotic rate as a predictor of sentinel lymph node positivity 
in patients with thin melanomas. Ann Surg Oncol1 2:449-458, 2005.) 

raising a wheal, in four allquots around the mclru1oma or biopsy 
site. lt is important to inject the tracer into the normal skin 
approximately 0.5 em away from tne melanoma or scar from 
the biopsy, not into the melanoma or biopsy scar. A common 
nlistake is to inject the radioactive tracer too deeply, int<> the 
subcutaneous tissue, which will result in failure to detect a sen
tinel node. If no sentinel nodes are identified after the initiai 
injection, repeat injection should be performed with the proper 
tedmique by an experienced clinician. In almost all cases, this 
will result in identification of sentinel nodes. lmaging is per
formed with a gamma can1era, with dynamic and static in1ages 
that allow identification of lymphatic channels and sentinel 
nodes (Fig. 32-18). Although patterns of lymphatic drainage 
may be generaUy predicted by the anatonlic studies of Sappey; 
lymphoscintigraphy often identifies lymph nodes in locations 
rl1at might not be anticipated. This is especially true for mela
nomas in ambiguous lymphatic drainage areas, such as the 
trunk, head, or neck, where ru1atonlic predictions of nodal 
spread are unreliable. [n such cases, it is pos.~ible to identify 
sentinel nodes in more tbru1 one nodal basin. Furthermore, it is 
not w1common to identify sentinel nodes outside the traditional 
cervical, axillary, and u1gulnal nodal basu1s. So-called interval, 
intercalated, or in-transit nodes may be found in subcutaneous 
locations or between muscle groups. For distal upper or lowe.r 
extremity melanomas, it is important to assess the presence of 
epitrochlear or popliteal sentinel nodes, respectively (Fig. 32- 19). 
These interval nodes have the same risk of harboring melanoma 
cells as sentinel nodes in traditional nodal hasins; therefore, it is 
recommended that they be removed at the time of sentinel node 
biopsy.32 In addition. 85o/o of the time tne u1tervallymph node 
is the only positive node, even for those patients with other SLN 
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FIGURE 32-19 Popliteal SLN lymphoscintigram. 

identified in traditional basins. Therefore, all sentinel nodes 
identi.fied by preoperative lymphoscintigraphy should be 
removed. 

At operation, which is generally performed Lmder general 
anesthesia, a vital blue dye (e.g., isosulfan blue) is injected into 
the dermis aroui1Jd the melanoma site in a manner similar to that 
for injection of the radioactive tracer (Fig. 32-20). This com
bined lymphatic mapping technique allows for the identi£cation 
of the sentinel nodes in 99% of patients.33 Because the blue dye 
wi ll not persist in the sentinel nodes for prolonged periods, it is 
injected just before the operation. One to 5 mL of blue dye is 
used, depending on the size of the melanoma site. Because the 
blue dye will persist in the skin for many months after injection, 
it is best to inject it within the margins of the planned WLE. A 
hand-held gamma probe is used to identify the location of the 
sentinel node(s). and dissection is performed to identify blue 
lymphatic channels entering into a blue, radioactive lympb 
node, which is removed (Fig. 32-21). A sentinel node, in practi
cal terms, is defined as any lymph node that is the most radioac
tive node in the nodal basin, any node that is blue, which 
indicates a direct lymphatic drainage pathway from the primary 
tumor. any node that bas a radioactive count of lOo/o or higher 
of the most radioactive node in that basin, or any node tl1at is 
palpably suspicious for tumor. Following these guidelines will 

FIGURE 32-18 Lymphoscintigraphy is used to deter
mine the location of the sentinel nodes. A. Melanoma 
of the back with lymphatic channels leading to the 
axilla. B. Periumbilical melanoma with lymphatic drain
age to the left groin. 

FIGURE 32-20 Vital blue dye (e.g., isosulfan blue) injected into the 
dermis around the melanoma. 

minimize the false-negative rate of sentinel node biopsy.34 The 
average number of sentinel nodes identified is two per nodal 
basin. Although multiple radioactive lymph nodes may be 
evident witbln a nodal basin on lymphoscintigraphy, many of 
these represent second-echelon nodes that are more likely to be 
imaged; there is often a poor correlation between the number 
of nodes visualized on the:- lymphoscintigram and the number 
of SLNs identi£ed. SLN(s) should be sent for permanent section 
histopathology with imm unohistod1emical stains for melanoma 
markers (e.g., S-100, HMB-45); immedjate fro'l.en section his
tology should be avoided because even expert pathologists have 
dif!iculry diagnosing micrometastatic melanoma in the SLN on 
frozen sections. 

SLN biopsy is more challenging in the head and neck than 
for other regions, Ukely because of the rich lymphatic drainage 
network in thls location. Correspondingly, the false-negative rate 
for SLN biopsy is generally higher for melanomas in these 
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FIGURE 32-21 Dissection showing blue lymphatic channels entering 
into a blue radioactive lymph node. 

locations.35 Precise knowledge of the anatomy in this region is 
essential to avoid inadvertent neurologic injury. Parotid SLN can 
be identified and removed, usually without the need for super
ficial parotidectomy. However, if there is any concern for facial 
nerve injury, superficial parotidectomy may be a safer option. A 
common site for cervical SLN is directly adjacent to the spinal 
accessory nerve, which should be visualized and preserved. 

Multicenter Selective Lymphadenedomy Trial 
In 1994, the first Multicenter Selective Lymphadenectomy Trial 
(MSLT-1) was initiated by Dr. Morton. I.n this study, 1347 
patients with melanomas 1.2 to 3.5 mm wide were randomized 
to receive WLE alone or WLE with sentinel node biopsy to 
determine whether sentinel node biopsy, with completion lymph 
node dissection for those that bad metastatic disease in the 
sentinel nodes, improved disease-free and overall survival com
pared with nodal observation.36 1he 5-year disease-free survival 
rate for the sentinel node group was significantly improved 
(78.3%) compared with the nodal observation group (78.3% 
versus 73.1 %, respectively: P = .009); however, the 5-year 
melanoma-specific survival rates were similar {87.1 versus 86.6, 
respectively). In a subgroup analysis considering only patients 
with nodal metastasis, there was a significant difference in 5-year 
survival, 72.3% versus 52.4% {P = .004) compari11g those with 
sentinel node metastao;es to tbose who developed palpable nodal 
disease in the observation group, respectively. Some have sug
gested that sentinel node:: biopsy may detect tiny nodal micro
meta~tases tbat have no dUlical significance, but the fact that 
the same number of patients in each group (16%) were found 

to have nodal metastasis suggests that microscopic tumor depos
its found at sentinel node biopsy will likely become clinically 
evident if not resected. 

Lymph Node Dissection 
Completion Parients wirh senrinel node merasrasis should 
undergo completion lymph node dissection. Some have ques
tioned the need for completion lymph node dissection for 
patients 'vlith SLN metastases because nodal metastasis is often 
not found beyond the SLN. [n two large prospective random
ized trials, MSLT-I and the Sunbclt Melanoma Trial, the rate of 
tumor-positive nonsentinel nodes among patients who wlder
wenr- completion lymph node dissection for tumor-positive sen
tinel nodes was 16%.3637 In a retrospective multi-institutional 
study by Wong and colleagues38 of 134 patients with sentine1 
node metastases who did not undergo completion lymph node 
dissection, regional nodal recurrence was a component of first 
recurrence in 15% of patients. 1herefore, the risk of nodal recur
rence if completion lymph node dissection is not performed may 
be estimated as at least 15o/o. Several studies have tried to iden
tify subgroups of sentinel node-positive patients who may be at 
low risk of nonsentinelnode metastasis. Although tumor burden 
within tbe SLN appears to affect tbe risk of nonsentinel node 
metastasis, there is curremly no consensus regarding wbidJ 
patients may safely avoid completion lymphadenectomy.39 If a 
patient has SLN identified in more than one nodal basin (e.g., 
axilla and groin) ru1d is found to have a tumor-positive SLN in 
only one of those nodal basins, completion lymph node dissec
tion should only be performed for the basin in which metastatic 
disease is identified. 

The goals of completion lymph node dissection are two

cure ru1d regional disease controL Regional disease control is an 
important goal of therapy, because some patients may develop 
unresectable nodal metastases that cause pain ru1d Sllffering. In 
MSLT-I, the rate of regional nodal recurrence after completion 
lymph node dissection was 4.2%36; in the Sunhelt Melanoma 
Trial, it was 4.9%. Therefore, although it remains w1certa.in 
whether completion lymph node dissection cures more patients 
or .improves ove,rall survival, it does appear to provide excellent 
regional disease controL UntU the results of MSLT-ll are avail
able, it recommended that patients with metastatic disease in 
tl1e SLN undergo completion lymphadenectomy. 

Therapeutic Lymph Node Dissedion Patients with nodal metastasis 
suspected by palpation or imaging studies should undergo con
firmation with fine-needle aspiration (FNA) biopsy in most 
cases. In some cases, palpable nodes may be benign; lymph node 
dissection for patients who have benign lymphadeJlopathy 
should be avoided. If necessary, excisional biopsy may confirm 
the diagnosis. After imaging evaluation to assess for the presence 
of distant metastatic disease (brain MRI and/or PET-CT scan
ning are appropriate), therapeutic lymph node dissection will 
result in long-term survival and potential cu.re of a significant 
fraction of patie.nrs. Prognosis depends on the extent of the 
nodal disease. The number of uwolved lymph nodes appears to 
have greater prognostic signi1icrulCe than the size of cl1e nodes, 
but there is a clear range of prognoses, depending on whether 
the nodes have microscopic versus macroscopic evidence of 
melanoma as well. 1he survival of stage III mdanoma patients 
who w1dergo lymph node dissection rru1ges from approximately 
25% to 75%, depending on the nodal tumor burden. 1c.,* 
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Extent Because of the lack of effective adjuvant therapy agents, 
lymphadenectomy should be as complete as possible. 1l1ere is a 
marked difference, for example, in the axillary lymph node dis
section performed for breast cancer as compared with mela
noma. In breast cancer, a level I or li lymph node dk~ction is 
performed ro gain important sraging information, bur effective 
hormonal therapy, chemotherapy, and radiation therapy make 
regional recurrence uncommon. For melanoma patients, a thor
ough level I, II, or ill axillary dissection should be performed, 
which will reduce the Likelihood of nodal recurrence. Level li 
nodes exist in a fat pad that extends cephalad to the axillary vein. 
The conventional wisdom in breast cancer is not to extend the 
lymph node dissection cephalad ro the axillary vein, and nor to 

remove level ill nodes, because of the supposed increased risk 
of lymphedema. However, failure to clear these level fl and 1Il 
nodes completely is not an infrequent cause of nodal recurrence 
in melanoma patients after axillary lymphadenectomy. 1l1ere
fore, complete removal of all fibrofatty tissue around the axillary 
vein, thoracodor:sal and medial pectoral neurovascular bundles, 
and long thoracic nerve should be performed. lf necessary to 
dear bulky level II and III nodes, the pectoralis minor muscle 
may be divided near its insertion on the coracoid process; rarely, 
the pectoralis major muscle may need to be divided. lf a tumor 
involves the axillary vein, it may be ligated and divided, often 
with less conseguence iJl terms of edema than one might 
anticipate. 

inguinal lymph node dissection includes the superficial 
inguinal (femoral) lymph node.~ and deep or pdvic (internal 
iliac, external iliac, and obturator) nodes. In most cases oflower 
extremity melanoma metastatic to inguinal sentinel nodes. a 
superficial inguinal Lymph node dissection is suffidem. Some 
surgeons prefer to include a deep dissection for patients with 
buttock or tnmcal primary tumors that metastasize to superficial 
inguinal SLN. For patients with palpable nodal disease, the deep 
nodes should be dissected in most cases. Metastasis to Cloquet's 
node, the most proximal femoral lymph node that lies beneath 
the inguinal ligament medial to the common femoral vein, has 
been used by some to determine the need for pelvic lymph node 
dissection. Surveillance with imaging studies after finding 
involved inguinal nodes is recommended, because pelvic nodal 
recurrence is difficult to detect by palpation Lmtil it is butky and 
extensive. Once this has occurred, regional disease control is lost 
and patients may suffer the consequences. 

A functional neck dissection, sparing the internal jugular 
vein and spinal accessory nerve, is usually sufficient. The need 
for superficial parotidectomy may be guided by the lymphoscin
tigraphy and SLN results. Epitrochlear or popliteal lymphade
nectomy is infrequently necessary, but requires careful attention 
to the particular anatomy in these regions (Fig. 32-22).40

•
41 

Adjuvant Thera;py 
systemic Therapy 1l1e only adjuvant therapy approved by the 
U.S. Food and Drug Administration (FDA) is high-dose inter
feron alfa-2b. Interferon alfa-2b is adlllinistered at a dose near 
the maximally tolerated dose, with I month of IV therapy fol
lowed by ll months of subcutaneous injections three times 
weekly. High-dose iJlterferon has substantial adverse effects, 
including flu-like symptoms, fatigue, malaise, anorexia, neuro
psychiatric side effects, and potential hepatic toxicity. The benefit 
of high-dose interferon alfa-2b has been evaluated in four pro
spective randomized trials.42 'TI1e first trial, conducted by the 

FIGURE 32-22 A. Popliteal lymphadenectomy. B. Popliteal lymphad
enectomy closure. 

Eastern Cooperative Oncology Group (ECOG) in conj unction 
with o ther cooperative groups, was E-1684, started in 1984, 
which demonstrated a disease-free ru1d overall survival benefit 
for treaunem with imerferon. Most of the high-risk melru10ma 
patients enrolled in this study had palpable nodal disease (stage 
III). However. a second larger trial, El690, demonstrated a 
marginal improvement in disease-free survival but no difference 
in overall survival. A third study, EI 694, randomized patients 
to high-dose interferon versus a ganglioside vaccine (GM2). 1his 
study was stopped early because of the clear superiority of illter
feron compared with the vaccine in terms of disease-free and 
overall survival, whid1 was initially interpreted as evidence of a 
beneficial effect of interferon rather than a detrimental effect of 
the vaccine. However, a prospective randomized trial with tlus 
GM2 vaccine conducted by the Europeru1 Organization for 
Research and Treatment of Cru1cer (EO RTC) has demonstrated 
a significant detrimental effect of this vaccine compared with a 
placebo group. This casts significam doubt regarding the inter
prerarion of tl1e results of rhe srudy of El694. 11Je EORTC trial 
18991 randomized patients to 5 years of pegylated IFN-a2b 
(PEG-lFN) versus observation. In tlus trial, the PEG-IFN 
dosing schedule was comparable to that of the Lugh-dose 
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interferon regimen. This study demonstrated improvement in 
cUsease-free survival, but nO benefit in termS of a distant 
metastasis-free interval or overall survival. Finally, the Sunbelt 
Melanoma Trial randomized patients with a single positive sen
tinel node (aU of whom underwent completion lymph node 
dissection) ro observation versus high-dose imerferon alfa-2b. 
Although somewhat underpowered to detect small differences 
in disease-free or overall survival, this study showed neither 
trends nor significant differences to suggest a benefit from high
dose in terferon in this population. The 5-year survival rate for 
sentinel node-positive patients (without interferon) in the 
Sunbelt MelaJ]oma Trial and MSLT-I were 67% and 72%, 
respectively, indicating that such patients with clinically occult 
nodal metastasis have an intermediate, rather than bigb, risk of 
mortality. 

Intermediate doses of interferon were evaluated in patients 
with stage llB or III disease in EORTC trial18952, demonstrat
ing in1provement in disease-free survival, but no improvement 
in distant metastasis-free interval or overall survival for patients 
who received imerferon. Seven clinical trials have evaluated low
dose interferon; four demonstrated an improvement in rusease
free survival bm only one demonstrated in1provemenr in overall 
survival.47 

Taken together, the results of these studies suggest that 
adjuvant interferon therapy may prolong the time to recurrence, 
but is tmlikely to cure more patients. Lower doses may provide 
the same disease-free survival advantage as high-dose in.terferon. 
Given the cost and toxicity of bigb-dose interferon alfa-2b, use 
of this adjuvant therapy has become controversial and is not used 
in many centers around the world. However, it is the only 
current FDA-approved treatment option outside of clinical 
trials. A number of clinical trials have investigated other adju
vant therapies, including melanoma vaccines. The results to date 
have not identified any additional beneficial adjuvant therapy 
agents, and some appear to be frankly harmful. Participation in 
clinical trials of novel agents is encouraged to identify more 
effective, less tox.ic therapies. Observation for patients with 
tun1or-positive SLN after completion lymphadenectomy is also 
a reasonable option. 

Radiation Therapy 
Adjuvant radiation therapy for melanoma is not used routinely, 
because melanoma is generally considered to be relatively resis
tant to irraruation. However, radiation therapy is used in many 
centers in an attempt to improve locoregional disease control. 
e.~pecially for high-r.isk bead and neck melanomas, in which the 
risk of local recurrence and iJ1-transit rusease is greater than for 
other sites. Retrospective data have also suggested there may be 
a benefit of radiation therapy for regional rusease control iJ1 
patients with multiple tumor-involved lymph node.s or extracap
sular extension after lymph node dissection. A recent Australian 
prospective trial43 randomi7.ed 217 patients with a significant 
risk of regional recurrence after lymphadenectomy to adjuvant 
raruotherapy versus observation. The risk factors included the 
number of positive nodes {at least one for parotid, two for neck 
and ax.~la, and three for groin), lymph node s.ize (30 mm or 
larger for parotid, neck, and axHia; 40 mm or larger for groin), 
or extracapsular extension of tumor. Wicl1 a median follow-up 
of 27 months, there was a significant im provement in regional 
recu.rrence in the radiation therapy versus observation group 
(19% versus 31%, respectively), although there was no 

difference iJ1 overall survival. 'This is the first prospective ran
domized trial to demonstrate a benefit for adjuvant radiation 
therapy for patients with nodal metastasis. Further sturues are 
necessary to define the subgroups of patients who may benefit 
from radiotherapy. 

Follow-Up After Treatment of Melanoma 
There is no consensus on the best way to monitor patients for 
recurrence after treatment of melanoma. However, some general 
principles should be considered. All patients who have been 
diagnosed with melanoma have a lifetime risk of developing a 
second primary melanoma that is approximately 8%, as well as 
an increased risk of other skin cancers. Therefore, all melanoma 
patients should undergo at least an rumual complete dermato
logic exru11ination for life. In general, most recurrences are 
detected by the patient, fewer by routine history and physical 
exan1lnation, and fewer still by routine laboratory or in1aging 
tests. Most recurrences (75%) will be detected in tbe first 3 years 
after treatment of the primary melanoma, although it is possible 
to detect metastatic disease decades afterward. There is litrle 
evidence that early detection of distant metastatic disease will 
alter the patient's outcome. Therefore, the follow-up strategy 
should be taUorcd to the iJ1dividual patient's risk of metastasis. 
Stage 0, I, and llA patients are at low risk of recurrence and 
should be followed by history and physical exan1ination at least 
every 6 months for the first 3 years and at Least annually there
after. Although laboratory tests such as hematocrit and lactate 
dehydrogenase (LDH) levels, and routine chest x-ray have been 
used iJ1 some centers, there is no evidence that these tests are 
useful for the early detection of metastatic disease; these tests are 
not required. A carefltl history to elicit symptoms such as new 
cutaneous or subcutru1eous lesions, nodal masses, pain, head
aches, neurologic changes, weight loss, and gastroiJuestinal and 
pulmonary symptoms, is essential. Patients should be informed 
about the common symptoms and signs of recurrence so that 
they can report important changes arising between scheduled 
exan1lnations. Physical examination should include a complete 
skin inspection and palpation ro detect regional nodal or 
i11-transit recurrence. For stage UB, IIC, ru1d III melanoma 
patients, a reasonable follow-up schedule would be a history and 
physical examination every 3 or 4 months for the first 3 years, 
every 6 months for the next 2 years, ru1d annually thereafter. 1l1e 
use of laboratory tests a11d lmagiJ1g tests such as CT, MRl, or 
PET-CT is controversial but, for patients with stage liB, TIC, or 
III melanoma, is not tuueasonable. Patients with stage IV mela
noma will have regular dinical, laboratory, ru1d radiologic evalu
ations to monitor the response ro ueatment.18 

Treatment of Recurrent or Metastatic Disease 
Local Recurrence Local recurrence is defined as a tumor appear
ing in the skin or suhcutaneous tissues within 2 em of the scar 
or skin graft of the WLE site. Local recurrence risk increases 
with tumor thickness and has been reported to be 0.2%. 2%, 
6%, :and 13% for melru10mas 0.75 mm or smaller, larger rhru1 
0.75 to 1.5 mm, larger than 1.5 to 4 mm, and larger than 4 mm, 
respectively. Local recurrence reflects aggressive biologic behav
ior of the melanoma ru1d portends a poor prognosis; long-term 
survival is less than 20% for patients who experience local recur
rence. The treatment of local recurrence is surgical resection, 
with histologically negative margins. Although WLE guidelines 
for primary tumors do not apply to local recurrences, it is 
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prudent to attempt at least a 1-cm margin of excision around 
the recurrence and even to resect the entire prior wide excision 
scar. SLN biopsy for local recurrence may detect regional nodal 
metastasis, but its value in this situation is unclear. 

In-Transit Disease I n-rransit recurrence represenrs endolympharic 
disease manifested by cutaneous or subcutaneous tumor nodules 
between the primary tumor site and regional nodal basin(s). 
In-transit lesions may be palpable but not visible, and are fre
quently not pigmented; they may be pink or Aesh-colored. Such 
patients should have an imaging evaluation to detecc distant 
metastatic disease, although many patients with in-transit disease 
may live for many years without developing metastasis beyond 
locoregional sites. Limited in-transit disease is adequately treated 
by resection. As with local recurrence, SLN biopsy is of unclear 
value but may be considered. Although recurrence of in-transit 
clisease after resection is the rule rather than the exception, many 
patients with limited in-transit disease may be managed for years 
with sequential excision of in-transit lesions, and with good 
quality of llfe. Radiation therapy for in-transit clisease is gener
ally futile and .may he harmful. Local injection of refractory 
in-transit disease with agents such as Bacille Calmette-Guerin 
(BCG), interferon. and interleukin-2 may, in some cases. result 
in complete response. Laser and other ablative therapies may be 
considered. However, the evidence to support such treatments 
is largely anecdotal. 

More extensive or recurrent in-transit disease, when con
fined co the upper or lower extremity, may be created by hyper
thermic isolated limb perfusion (HILP) with L-phenylalanine 
mustard (melphalan). Creed1 and colleagues first performed 
HILP at Tulane University in the 1950s. 1l1e concept is that 
higher chemotherapeutic drug concentrations may be achieved 
regionally while limiting systemic toxicity. HILP is performed 
by cannulation of the major extremity artery and vein, with 
hyperthermic (40° to 42° C) perfusion using a pump oxygenator 
after tourniquet isolation of the proximal extremity. Several 
siJ1gle-institution studies have demonstrated overall response 
rates of arproximately 80%, with 40% to 60% complete 
responses.1 Unfortunately, complete responses may be short
lived, because many patients will experience recurrence withiJ1 
approximately! year. However, complete response appears to 
predict a better prognosis. ln a study by Kroon and 1l1ompson45 

in the Sydney Melanoma Unit, the 5-ycar survival rate for non
responders and partial responders was 7%, whereas the 1 0-year 
survival rate for complete responders was 49%. HILP achieved 
long-term control of in-transit disease in 57% of complete 
responders. 

Repeat perfusion can be performed in patients who recur, 
but should only be attempted in patients who responded well 
to the initial perfusion. 1l1e toxicity of HILP can be substantial, 
iJlduding compartment syndrome, neuropathy, skin reaction, 
blistering, and lymphedema; toxicity resulting in a111putation 
may occur in 1% to 3% of patients. Thompson and coworkers16 

have also pioneered the use of isolated limb infusion (TLD, which 
is a less ilwasive method of delivering regional chemotherapy, in 
wh.ich percutaneous catheters are placed i!Jstead of open opera
tive i11sertion of cannulas into the major artery and vein supply
ing the extremity, followed hy pneumatic tourniquet isolation 
(Fig. 32-23). Perfusion with ILl is accomplished by manual 
circulation using a syringe. ILl is therefore less resource-iiHensive 
than HILP, because it does not require use of a pump oxygenator 

Drug in 
p re-warmed 
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25cc Syringe 
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FIGURE 32-23 Schematic illustration of the circuit used for isolated 
infusion of a lower limb. (From Kroon HM. Thompson JF: Isolated 
limb infusion: A review. J Surg Oncol 100:169-177, 2009.) 

and perfusion team; it appears to be associated with response 
rates that are almost comparahle w that of HILP. However, limb 
toxicity is no less than with HILP (Fig. 32-24). fLI is especially 
appealing for treatment of patients with i11- transit disease who 
do not require regional lymphadenectomy or who have under
gone prior HTLP. 

Based on encouraging results using therapeutic HILP, a 
randomir~d trial was designed to test the value of perfusion in 
patients with high-risk melanoma (>1.5 mm thickncss).46 Over 
800 patients participated in this trial comparing WLE to WLE 
with HILP. After more than a 6-year median follow-up. there 
was no in1provernent in overall survival, although rhe number 
of in-transit metastases was reduced from 6.6% to 3.3%. 1llere
fore, HILP is recommended only for patients with established 
in-transit metastases. 

Some nonrandomized studies have suggested that the addi
tion of tumor necrosis factor-0. (TNF-o.) to melphalan may 
improve the response to HILP. A study conducted by the Ameri
can College of Surgeons Oncology Group (ACOSOG) random
ized 124 patients with extremity in-transit melanoma to receive 
melphalan alone or melphalan plus TNF-o.. 1l1e study revealed 
no benefit to the addition ofTNF-o. to melphalan in HILP. At 
3 months after treatment, overall response rate.~ were 64% versus 
69%; complete response rates were 25% versus 26% in the 
groups treated with melphalan versus melphalan plus TNF-0., 
respectively. Lin1b toxicity was greater in the TNF-0.-treated 
group. 1l1erefore, this study found no benefit for the inclusion 
ofTNF-o..46 

Amputation for extensive regional recurrence is seldom 
indkated. These patients carry a high risk of having other clistant 
metastases; therefore, long-term disease-free survival is not 
achieved by resection. 

Regional Nodal Reamence Regional nodal recurrence is treated 
by lymphadenectomy (see earlier, "Therapeutic Lymph Node 
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FIGURE 32-24 A. Recurrent in-transit melanoma. B. Recurrent in-transit leg erythema after hyperthennic isolated limb perfusion (HILP). 
C. Recurrent in-transit leg blisters after HILP. 

Dissection"); consideration should be given to adjuvant systemic 
and radiation therapy based on the extent of disease. Advanced 
regional nodal disease can pose a serious threat to loss of regional 
disease control (Fig. 32-25). Sud1 nodal metastases may invade 
and encase neurovascular strucmres and may ulcerate through 
the skin, causing pain, bleeding, infection, and decreased quality 
of life. 

Distant Metastases The most common sites of initial distant 
metastases are in the brain, lung, liver and, less commonly, the 
skin, distant lymph nodes, bone, and gastrointestinal tract. Tile 
median survival of patients with stage IV melanoma is approxi
mately 7 months. Most patients will develop multiple sites of 
distant metastasis not an1enable to resection. However, resection 
should be considered, when possible, for patients with stage IV 
melanoma, including brain metastases. Several studies have 
documented 5-year survival rates of 20% to 40% after resection 
of selected patients with distant metastases. Because these sur
vival rates are similar to those of patients who undergo thera
peutic lymph node dissection for palpable nodal disease, 
resection should be considered as first-line therapy whenever 
complete extirpation of all disease can be reasonably accom
plished. In fact, the best treatment for melanoma at any stage is 

FIGURE 32-25 Advanced nodal disease. 

complete resection of all sites of disease. One should never 
overlook the opportunity to render a melanoma patient surgi
cally free of cancer; some patients at every stage will enjoy long
term survivaiY 

Patiencs with unreseccablc metastatic disease should be 
considered for systemic therapy or palliative care. Melanoma is 
generally resistant to conventionai chemotherapeutic agents. 
Two agents are approved by the FDA for stage IV melanoma, 
dacarbazine (DTIC) and high-dose interlcukin-2 (IL-2). DTIC 
resulrs in response rates of approximately 15 but no studies have 
demonstrated that DTIC prolongs survival. Combination cyto
toxic cben10therapy has not been shown to be superior to single 
agent therapy. High-dose JL.2 is associated with substantial 
roxidty, is administered in an intensive care unit setting, and 
results in complete response rates of approximately 6%. However, 
complete response rates may be durable and some patients are 
presumably cured. Combination biochemotherapy. which typi
cally combines three chemotherapeutic agents (clsplatin, vin
blastiJ1e, dacarbazine) with interferon and TL-2, is a<;sociated 
with substantial toxicity bur may result in overall response rates 
of up to 50o/o and complete response rates of up to l5o/o. 
However, biochemotherapy has not been shown to improve 
overall survival in randomized trials.48 
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Radiation therapy may provide useful palliation of bone 
and central nervous system metastases. Stereotactic radiation 
therapy benefits some patients with brain metastases. In general, 
however, radiation therapy provides little benefit for metastatic 
melanoma in other sites. 

Special Situations and Noncutaneous Melanoma 

Unknown Primary Melanoma 
In some cases, melanoma is detected in lymph nodes or other 
organs without evidence of a primary melanoma; w1known 
primary melanoma is most common in lymph nodes. This 
occurs in less tluUl 2o/o of all melanoma cases and less than 5% 
of all patients who present with metastatic melanoma. In such 
cases, investigation should be carried out to search for a primary 
melanoma. Some believe that melanoma may sometimes arise 
primarily in benign nevus cells that are found in lymph nodes; 
this would account for some cases of nodal melanoma when no 
primary melanoma is ever found. However, cutaneous mela
noma is known to undergo spontaneous regression in rare cases, 
preswnahly as a result of an inlmune response to the ptin1ary 
tumor. Therefore, a history of a prior pigmented skin lesion that 
has disappeared or dinkal evidence of vitiligo should be sought. 
Not infrequently, patients will provide a history of prior skin 
lesions that have been excised, cauteriz.ed, or treated with lasers. 
Pathology review of any prior skin lesions excised should be 
performed. A complete skjn examination should be performed, 
including tbe scalp, external auditory canal, nail beds, external 
genitalia, and perianal area. Mucosal melanomas may be sought 
by examination and endoscopic evaluation of the oral cavity and 
nasopharynx, as well as the anus and rectwn. Women should 
undergo a thorough pelvic exan1ination. An ophthalmology 
examination shOLLid be performed to evaluate for ocular 
melanomas. 

!11 the case of a lymph node metastasis, therapeutic 
lymph node dissection is performed with the assumption that 
it represents stage ITI, rather than stage IV, disease. The prog
nosis of patients witl1 tmknown primary melanomas who 
present with lymph node involvement is no worse than, and 
perhaps better than, those with known primary melanomas of 
sinillar stage. 

Melanoma During Pregnancy 
Melanoma that presents during pregnancy poses d.iffiCLLit clinical 
issues. It is possible tl1at the growth rate of the tumor is affected 
by hormonal changes during pregnaJKy. The prognosis for 
patients treated during pregnancy is no different from nonpreg
nant patients of a similar stage. SLN biopsy can be consid.e.red 
with caution. Although there is obvious concern for radiation 
exposure, data from patients with breast cancer have indicated 
that there is little risk to the fews from lymphosciJ1tigraphy. 
Because of the unknown risk to the fetus from isostLifan blue 
dye injection, as well as an approximately 1 in 10,000 risk of 
anaphylactic reaction, vital blue dye probably should not be used 
during pregnancy. General anesthesia is best avoided during the 
first trimester of pregnancy. One cautious approach for imerme
diate or thick melanoma~ during pregna11cy is to perform WLE 
with a 1-crn margin under local aJ1esthesia, await delivery, and 
then perform an additional 1-cm margin excision with SLN 
biopsy. There is no therapeutic benefit for the early termination 
of pregnaJ1cy. 

Noncutaneous Melanomas 
In embryogenesis, melanocytes arise in the neural crest area and 
migrate to many sites other than the skin. Less tha11 LOo/o of 
mela11omas arise in tl1ese areas, which include the eye, mucosal 
surfaces, and unknown prin1ary sites. 

Ocular melanoma is the most common malignancy arising 
in the eye. [n the eye, melanocytes are found in the retina and 
uveal tract (iris, ciliary body, and cboroids). The options for 
treatment are photocoagulation, partial resection, radiation, or 
enucleation. Although ocular and cutaneous melanomas have 
several common histologic features, their cliJlical course is dif
ferent. Ocular melanoma rarely metastasizes to lymph nodes 
because the uveal cract has no lymphatic vessels. Ocular mela
nomas have a pectiliar pattern of metastasis-almost always, and 
often exclusively, to the liver. Surgical resection of liver metasta
ses from ocular melanoma is rarely possible. Although a Cf scan 
may sometin1es suggest a single liver metastasis from octdar 
mdaJ10ma, this imaging modality may vastly underestimate the 
burden of disease. MRI of the liver is a more sensitive test, which 
will often demonstrate hundreds of small metastases. There arc 
no accepted effective treatments for octLiar melanoma metastatic 
to the liver. 

'The most common sites of origin for melanomas arising on 
the mucous membranes are the head and neck (oral cavity, 
oropharynx, nasopharynx, and paranasal sinuses), anal canal, 
rectwn, and fen1ale genitalia. Compared with mela110mas arising 
on the skin, mucosal melanomas are more adva11ced a11d have a 
uniformly poor prognosis. These rumors should be excised to 

negative margins. Extensive local resections do not affect sur
vival, although locoregional control may be improved. For ano
rectal melanomas, abdominoperineal resection may reduce the 
incidence of locoregional recurrence but docs not improve sur
vival. ln general, lymph node dissection is not indicated tmless 
patients have clinically evident lymphadenopathy. SLN biopsy 
is being iJwestigated for patients with vulvar and anal melanoma, 
although the benefit is tU1clear. The overall prognosis for patients 
with mucosal melanomas is tmiformly poor, with less tha11 a 
l Oo/o 5-year survival. 

CUTANEOUS MALIGNANCIES: NONMELANOMA 
SKIN CANCER 

Squamous Cell Carcinoma and 
Basal Cell Carcinoma 
Squamous cell carcinoma (SCC) and basal cell carcinoma (BCC) 
are the most common types of malignant neoplasms in the 
world. Just as with melanoma, the incidence of these cancers is 
rising each year. Current predictions are that this disease will 
develop in one in five Americans during their Lifetime. Fortu
nately, mortality rates for nonmelaJwma skin cancer (NMSC) 
are declining, and. this decrease is attributed. to early detection 
and effective treatment. Patients in whom a11y type of skin 
cancer develops undergo long-term periodk surveillance. After 
the ulitial diagnosis of BCC or SCC, the risk for development 
of an additional skiJ1 cancer is estinlated to be 35% in 3 years 
and 50% in 5 years. In addition, there is a risk for other common 
malignancies such a~ lung cancer. 

Squamous Cell Carcinoma 
By some estimates, NMSC develops in more than I million 
people annually; however, accurate statistics are problematic for 
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a disease that is often treated without a histologic diagnosis. 
Although BCC is the most common type of NMSC, SCC has 
a higher mortality rate. As is true with other types of skin cancer, 
the incidence of sec is increasing. There is a disproportionate 
increasing risk for women as opposed to men.49 

Causes of SCC include the following: sunlight, susceptible 
phenotype. and compromised immunity, in addition to environ
mental conditions and diseases. Sunlight is thought to be the 
major causative factor because most sees occur on sun-exposed 
surfaces of the head and neck. In susceptible individuals (those 
with fair skin, blonde hair, and blue eyes), increasing sun expo
sure carries a growing risk for the development of SCC. Indi
viduals with dark complexions have a lower risk, even with 
prolonged sun exposure. Specifically, UVB is thought to be the 
form of UY radiation that causes this disease. Most of the evi
dence for UV radiation comes from population-based studies in 
Australia, where individuals of Celtic origin moved to a geo
graphic area in which they were subjected to higher sun expo
sure. TI1e pattern of skin cancer appearing in this population 
indicated that exposure to UV radiation earlier in life was a 
major risk factor hecause individuals who moved to Australia 
after adolescence had a lower incidence of skin cancer than those 
who moved during their childhood . TI1e risk for skin cancer 
increases with occupational or recreational sun exposure, advanc
ing age, and proximity to the equator. The amotmt of sun expo
sure is also proportional to the incidence of precursor skin 
changes for SCC- nan1ely, nevi, atrophy, and actinic keratosis. 

It is posrulated that UV radiation affects the skin in rwo 
ways that result in an increased incidence of SCC. First, there 
is a direct carciJ1ogenic effect on frequently dividing keratino
cytes in the basilar layer of the epidermis. Unrepaired mutations 
result in tumor promotion and growth. 1l1e second mcd1anism 
relates to depression of the cutaneous in1111une surveillance 
response, which in turn inhibits tumor rejection. The p53 tumor 
suppressor gene is mutated in more than 90% of SCes.50 

O ccupational and environmental exposures to arsenic, 
organic hydrocarbon, ionizing radiation, and cigarette smoke 
have been associated vvith increasing risk for sees. Genetic 
disorders, including xeroderma pigmentosum and albinism., are 
associated with iJ1creased risk for mall}' types of skin cancer. 
Chronic condi t ions of the skin, such as burn scars (Marjolin's 
ulcer), drai11ing sinuses, infections, and ulcers, cru1 predate the 
devclopmem of sees. Previously healed wow1ds that break 
down or chronic wounds that will not heal tmdergo biopsy for 
the presence of sec. 

Impaired immunity, especially cell-mediated immtmity, is 
a well-established cause of sees of the skin. It was found that 
the largest population of chronically in111lunosuppressed patients 
had tmdergone organ trru1splamation (Fig. 32-26).51 lmmuJlO
suppressive drugs such as azathioprine, cyclosporine, and pred
nisone have been linked to a more than 50% increase in the risk 
for sec. The intensity of immunosuppression and duration of 
cl1erapy are associated with the risk for development of malig
nancies. After 10 years of in1111unosuppression, malignancies 
develop in 1 Uo/o of patients and this fi gure increases to 40% after 
20 years. Conditions associated wi th acquired impaired cell
mediated immu11ity, i11duding lymphomas, leukemias, and 
autoimmune dliscases, all increase the risk for sees. Humru1 
papillomavirus, an infection associated with inlmunosuppres
sion, is proposed as a causative factor for the development of 
sees. 

FIGURE 32-26 Multiple squamous cell carcinomas on the upper 
extremity of a patient 11 years after kidney transplantation. 

Most SCCs begin with a proliferation of keratin cells in 
the basal layer of the epidermis that appear as red or pink areas, 
clinically termed actinic keratoses (solar keratoses).52 Local symp
toms may wax and wane over a period of mru1y months. Lesions 
arc scaling, with an uneven surface and an erythematous base. 
Individual lesions are usually smaller than 1 em in dian1eter and 
appear in chronically sun-dan1aged skin. The diagnosis is clinical 
ru1d histologic hecatiSC actinic keratoses have many features iJt 
common with SCC in situ microscopically. The overall risk for 
malignant conversion to invasive sec is low and estimated to 
be in the rru1ge of I in I 000 lesions/year. When the reddened 
area begins to develop a plaquelike thickening, it is termed 
Bowen's disease, which appears histologically as SCC in situ and 
may vary from small lesions (<1 em) to large areas, especially in 
the ru1ogluteal region. 

Lwasive SCCs are palpable scaling lesions that become 
ulcerated centrally and have elevated edges (Fig. 32-27). They 
may be confused with keratoacanthoma, a benign lesion that 
can also thicken and ukerate. Biopsy may be required to dif
ferentiate between these rwo conditions. 

Most SCes can be treated locally with excellent results (see 
later, "Treatment O ptions for Squan10us ru1d Basal Cell Carci
noma"). Recurrence is associated with tumor si7..e, degree of 
differentiation, depth of invasion, perineural involvement, 
immune status of the patient, and anatomic site. Local recur
rence is associated with aJl increased risk for regional ru1d distant 
metastases. The first site of metastasis is usually the regional 
lymph nodes. 

Basal Cell Carcinoma 
In contrast to sees and actinic keratoses, there is no precursor 
skin lesion for BCes. These lesions may have an appearance that 
varies from nodules iJ1 the skin to a large nonJ1ealing sore, witb 
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FIGURE !2-27 Squamous cell carcinoma appearing as areas of thick
ened, red, scaling skin. 

FIGURE 32-28 Nodular basal cell carcinoma. 

drainage and crusting. In comparison to SCCs, they have a slow 
growth rate, which can lead to a delay in diagnosis. 53 

BCCs grow in distinct patrerns, described as nodular, pig
mented, cystic, and superficial. TI1e nodular growth pattern is 
characterized by a well-defined elevated lesion with a waxy 
appearance {Fig. 32-28). As the lesion grows, pearly opalescent 
nodules develop along the margins. A central depression with 
umbilication is a classic sign. Distinct blood vessels {telangiec
tasia) may be seen across the surface of the tumor mass. Although 
most BCCs are pink or skin-colored, they may also have shades 
of brown or black pigmentation, thereby mimicking a benign 
mole or melanoma. Cystic BCCs are less common but have a 
distinctive appearance. 1l1eir surface is translucent, and they 
may appear blue or gray and be confused with a blue nevus. 
Superficial BCCs (20%) are more macular than other growth 
patterns and may extend over the surface of the skin in a mul
ticentric pattern. The center can ulcerate and the margins can 

become ill defined. 1l1ese lesions may appear very sinlilar to 
those of psoriasis, tinea, or ectema. They may also be multiple, 
pink or red, small, slightly elevated lesions that pepper the skin. 
1l1is more aggressive growth pattern is associated with extension 
weiJ beyond visible changes in the skin surface, and lesions can 
penetrate deep into the Lmderlying subdermis. The white scar
ring varieties of this growth pattern are termed morpheaform 
BCC (Fig. 32-29). 

FIGURE 32-29 Basal cell carcinoma growing in a morpheaform 
pattern. 

BCC~ commonly infiltrate locally but rarely metastasize. 
Metastases are associated with advanced patient age and neglected 
large lesions. TI1e primary site has often been resected on mul
tiple occasions before metastases appear. The median survival 
time for the rare patients wid1 metastatic disease is less than 1 
year. 

Treatment Options for Squamous and 
Basal Cell Carcinoma 
NMSC is staged by different cri teria than melanoma. 1l1e T 
stage is determined by the largest diameter of the lesion on the 
skin surface and by invasion of extradermal strucn1res.54 The:: 
overall favorable prognosis and the fact that a number of primary 
skin cancers develop in many patients make this staging system 
less useful in planning treatment compared with the melanoma 
staging system. 

Actinic keratoses and the precursor lesions of SCC are 
usually treated with cryotherapy; however, alternative treatments 
include topical 5-fluorouracil, electrodessication and curettage, 
C02 laser, dermabrasion. and chemkal peel. Tissue biopsy is 
indicated when the actinic keratosis is raised or recurrent after 
topical therapy. 

Because a number of teellJliques are available, the strategy 
for surgical treatment of SCCs and BCCs begins with an assess
ment for high-risk factors {Table 32-5). Considerations include 
size, location, primary versus recurrent, histology, and individual 
patient factors. All appropriate options are reviewed with the 
patient, in addition to making a specific recommendation. Sur
gical resection techniques include histopathologic analysis to 
define the margins of resection. ln contrast, field therapies treat 
a generalized area but do not define the status of margins. Such 
approad1es include radiation therapy, cryosurgery, curettage, 
and electrodessication. 

Standard surgical excision is the preferred treatment for 
most SCCs and BCCs. l11is procedure is usually performed 
under local anesthesia. The width of the margin for resection is 
not as well defined as in the treatment of melanoma. A minimum 
acceptable margin is one that is fow1d to be fi:ee of carcinoma 
histologically, commonly a 3- to 4-mm area of normal-appearing 
skin. 1l1e risk for local recurrence is less when wider marg,ins are 
obtained, especially in the presence of micronodular, infiltrative, 
and m<Jrpheaform histologic patterns. With these methods, the 
local cure rate is greater than 90%. An alternative surgical 
approach is the use of Mobs' micrographic excision (MME), 
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Table 32-5 Nonmelanoma Skin (an(er: Risk Factors for Lo(al 
Returren(e Based on Characteristics of the Primary Tumor 

Risk 
FACTOR LOW HIGH 
location 

Trunk and extremities <20mm "'20mm 

Forehead and neck <10mm 310mm 

Central part of the face <6mm JGmm 

Borders Well defined Poorly defined 

Incidence Primary Recurrent 

Immunosuppression Negative Positive 

Previous radiation therapy, Negative Positive 
chronic inflammation 

Rapid growth rate Negative Positive 

Neurologic symptoms Negative Positive 

Differentiation Well Moderate or poorly 

Perineural/vascular invasion Negative Positive 

Adapted with pennission from the NCCN Oinical Practice Guidelines in Oncology (NCCN 
Guidelines·li•) for Basal and Squamous Cell Skin cancers v.1.2012. .P 2011 National 
Comprehensive cancer Network. Inc. All rights reserved The NCCN Guidelines"" and 
illustrations herein may not be reproduced in any form for any purpose without the 
express written permission of the NCCN. To view the most recent and complete version 
of the NCCN Guidelines, go online to NCCN.org_ NATIONAL COMPREHENSIVE CANCER 
NETWORK•"6., NCC~·~. NCCN GUIDELINES·~. and all other NCCN Content are 
trademarks owned ti>y the National Comprehensive cancer Network. Inc. 

whlch has a hjgh rate of local tumor control with the use of 
horizontal frozen sections. 1he high success rate of MME is 
attributed to examjnation of a greater proportion of the margin 
of excisjoo, in :ad&tion to mapping the precise location of any 
margins found to be positive. Excisions in positive areas con
tinue until cle:ar margins are obtained. MME is ideal under 
high-risk con&tions and for anatomic areas in which it is impor
tant to preserve as much tissue as possible, such as around the 
eye, nose, motrth, and e:ar.55 

Although field therapy teclmiques (e.g., cryotherapy, 
topical fluorouracil, electrodessication) do not define the margins 
of treatment histologically, they may still be effective for local 
tun1or control. Cryotherapy is best suited for small superficial 
lesions and cam be expected w a®eve local control rates of 
greater than 90%. Treated areas may heal slowly by secondary 
intention and leave pale scars. 

Radiation therapy is highly effective for the treatment of 
BCC and SCC, especially for preserving wide areas of skin in 
the head and neck region. Ra&ation is also useful in treating 
areas at hjgh risk for recurrence after extensive surgical 
excision. 

Untommon Cutaneous Malignancies 
Among the httndreds of specific types of skin condjtions and 
tun1ors, four tmcommon skm malignancies are important for 
the general surgeon to understand and be prepared to manage. 
Cutaneous angiosarcoma is a rare, aggressive, soft tissue sarcoma 
derived from blood or lymphatic vessel endothelium. It is most 
often seen on the face and scalp of older wrute men. In ad&tion, 
angiosarcoma has been observed as a consequence of chronic 
lymphedema after axillary djssection for breast cancer {Stewart
Treves syndrome). Angiosarcoma may also arise in irra&ated 

tissues after intervals of 10 to 20 years. The typical fin&ng is a 
Aat, painless, often pruritic macule or plaque with a red, blue, 
or purple color that develops into a mass and ulcerates if left in 
place. Histologically, angiosarcomas are high grade and often 
multifoca1, with skip areas of normal-appearing skin. When 
compared with other sarcomas, there is a lugh incidence of 
lymph node metastasis(~ 15%). Treatment consists of resection 
with histologically negative margins and irra&ation of the 
involved field. Lymph node dissection is in&cated if adenopathy 
appears before distant metastases are identified. 1l1ere is no 
consensus about the role of adjuvant chemotherapy. The 5-year 
survival rate is less than 40%. 

Dermatofibrosarcoma proruberans is a low-grade sarcoma 
arising from dermal fibroblasts. Lesions appear as smooth 
nodules in or in1mediately beneath the skin {trunk, 40%: head
neck, 40%) in mjdadult life. Because of their slow growth, 
lesions are commonly l to 2 em at diagnosis. 1l1eir external 
appearance belies their true character because tumor cells fre
quently invade the w1derlying soft tissues, thereby leading to 
incomplete excision and local recurrence. Treatment consists of 
WLE, with a 3-cm margin. Specimen orientation and patho
logic analysis of margins are required. Distant meta~tases are 
uJ1conm1on and are preceded by two or more local recurrences. 
Ra&ation therapy has been used effectively after resection of 
recurrences. 

Extramarnmary Paget's disease (EMPD) is a rare form of 
adenocarcinoma that arises from apocrine glands of the skin, 
most commonly in the perianal area, vulva, and scrotum. 1l1e 
clinical appe:arance is that of an erythematous plaque, but wlute 
or de pigmented areas with crusts and scaling may also be present. 
The size is variable, from smaller than 1 em to an entire area in 
the anogenital region. Because EMPD can have many c[injca\ 
characteristics in common wirh eczema, bacterial and fungal 
infections, and nonspecific dermatitis, the diagnosis is often 
made by biopsy of lesions not responding to standard therapies. 
In most cases, EMPD is confined to the epidermis and is well 
controlled with excision. When invasion of the deeper structures 
occurs, the disease becomes increasingly difficult to control and 
the mortality rate increases to about 50%. Because EMPD is 
also associated with an increased risk for sin1ultaneous internal 
malignancies in the genitourinary and gastrointestinal tracts 
(~40%), a complete workup includes a survey of these locations. 
Standard treatment is surgical resection extending to histologi
cally cle:ar margins, whlcl1 may require a number of procedures 
because the histologic changes are best seen on permanent 
section. Patients reqwre close clinical follow-up because local 
recurrences are common.47 Radjation therapy bas been reported 
to reduce the incidence of local recurrence after excision. 

Kaposi's sarcoma, a low-grade soft tissue malignancy, arises 
from lymphatic vascular endothelial cells .in the skin. The inci
dence js increasing because it is most often seen in patients with 
acquired immunodeficiency syndrome (AIDS) and other immu
nosuppressed states, sucl1 as organ transplantation. In patients 
infected with human immunodeficiency virus (HIV), human 
herpesvirus-8 has been identified as the causative agent of Kapo
si's sarcoma. There is also a classic variant seen on the lower 
extremities of older men of Eastern European and Medjterra
nean descent. 1l1e clinical picture is variable; asymptomatic 
pu.rple to brown bruises develop and progress to spots, plaques, 
or nodules on both lower extremities. Local symptoms appear 
late as the tumors become advanced. ln AIDS patients, skin 
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changes respond best to aggressive antiretroviral therapy. Symp
tomatic skin lesions can be treated with radiation therapy, intra
lesional injection of chemotherapeutic agents, cryotherapy, or 
excision. 

Merkel cell cardnoma, derived from neuroendocrine cells, 
is indistinguishable histologically from small cell carcinoma 
arising in the lung or any other site. l11e initial workup includes 
a d1est radiograph to rule out a pulmonary primary. From any 
site of origin, smaiJ cell carcinoma is a highly malignant tumor 
with a prope nsity to spread locally and regionally to nodes and 
distant sites. ln the skin, it appears as a rapidly growing, red-blue 
nodule, most frequently in me head and neck area of older 
individuals. The diagnosis is confirmed by biopsy, and rhe 
primary treatmemt is WLE (2 to 3 em), with histologically con
firmed negative margins. SLN biopsy has been used successfully 
to identify patients with occult regional lymphatic metastases 
(10% to 30%}, but there is no evidence mat patients benelit 
other than by improved regional tumor cont rol. SLN biopsy
negative patients have significantly better survival than biopsy
positive patients.48 lnvolved-ficld irradiation has been shown to 
reduce the local recurrence rate and some reports have suggested 
a survival benefi t; however, aiJ studies have been too small and 
uncontrolled to draw definitive condusions.56 Although metas
tases may be responsive to chemotherapy, there is little evidence 
to support adjuvant system ic therapy. Overall, the f: rognosis is 
poor, with variable mortality rates of 55% to 79%. 7 

Many other cutaneoi.IS lesions and conditions are associated 
wim malignancy but are beyond the scope of this chapter. 
However, tl1e important principles in the management of these 
entities are the same as those reviewed earlier: 
l. Clinicians must have a low ilireshold for biopsy of new or 

changing skin lesions. 
2. The diagnosis is made by biopsy and histologic analysis. 
3. [f appropriate, surgical excision is performed, with histo

logically defiJ1ed negative margins. 
4. Further treatment and follow-up schedules will he deter

mined by the specific diagnosis. 
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SUMMARY 

Soft tissue sarcomas are rare and unusual neoplasms, accouJlting 
for approximately 1% of adult human cancers and 15% of 
pediatric malignancies. Sarcomas affect more than l 0,600 
patiencs/year in the United States ru1d approximately 4000 
patients wiJJ die each year from inoperable forms of soft tissue 
sarcoma. 1 Sarcomas continue to carry biologic and clinical inter
est and significance disproportionate to their clinical frequency 
because of their often dearly defined molecular genetics and the 
vast expansion of cytogenetic and molecular genetic information 
that has been discovered over the past lO years. Soft tissue sar
comas may develop in any anatomic site and d1is feantre, 
together wiili the more ilian 50 histologic types and subtypes, 
contin ues to pose a challenge in diagnosis and management. 
Our understanding of the nistology-specific natural rustory and 
of the most important clinicopathologic factors that predk t 
outcome and response to therapy has in1proved our ability tO 

seleet ru1 optimal trearment plan for the patient diagnosed with 
soft tissue sarcoma. Most sarcoma types remain resistant to 
conventional chenlotherapy. which means mat approximately 
40% of newly d iagnosed patients wiiJ eventually die of disease. 
l11erefore, there exists an urgent unmet need for new therapies 
targeting the underlying genetic aberrations driving sarcomagen
esis. 1lus chapter focuses on the biology, epidemiology, molecu
lar genetics, histopathology, clinical features, ru1d management 
of soft tissue sarcoma.~ runong adults (older d1an 16 years). 

DISTRIBunON. AGE. AND CAUSES 
Aliliough soft tissue sarcomas may OCCltr in any anatomic site, 
45% occur in the extremity, most conunonly in the thigh, fol
lowed iJl order of frequency by visceral {20%), re troperitoneal 
(15%), tmncal or thoracic (10%), ru1d o ther locations {I 0%). 
Soft tissue sarcomas become more common wid1 i11creasing age, 
with the translocation-associated sarcomas having a median age 
of onset in the 1930s and the complex sarcoma types having a 
median age of onset in me 1950s or 1960s. 
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Most cases of soft tissue sarcoma are thought to be sporadic 
ru1d their cause is unknown. In rare cases, genetic factors, envi
ronmental faccors, prior radiation therapy, viral infections, and 
immunodeficiency have been associated with ilie development 
of sarcoma. In addition, sarcomas have been reponed ro arise in 
scar ttissue, fracture sites, or anatomic regions associated wiili 
prior soft tissue trauma. Genetic syndromes such as neurofibro
matosis, famHial adenomarous polyposis, and d1e Li-Fraumeni 
syndrome have all been shown to be a.~sociated with the develop
ment of soft tissue sarcoma. Desmoid tumors occur in patients 
wiili fanlllial adenomatous polyposis, a disorder caused by the 
germline adenomatous polyposis coli (APC) gene mutation_ 
Malignant peripheral nerve sheath mmors develop in a be1ugn 
nerve sheaili in approximately 2% of patients wiili neurofibro
matosis. The Li-Fraun1eni syndrome is a rare, highly penetrant, 
familial cancer phenotype usually associated with germline 
mutations in d1e p53 tumor suppressor gene.2 Of patients with 
rlus syndrome, 80% develop cancer by age 45 ru1d soft tissue or 
bone sarcomas of diverse histology arise as the index tumor in 
36% of patients. Heritable retinoblastoma gene (RBI) muta
tions are associated with ru1 increased risk of bone md soft tissue 
sarcoma. For example, patients with RBI mutations have a 36% 
cumulative incidence over 50 years of developing sarcoma in 
previously irradiated tissue.3 Most of the excess cancer risks in 
hereditary retinoblastoma survivors cru1 be prevented by linliting 
exposures to DNA drunaging agents such as radioilierapy; 
tobacco, and uJtraviolet {UV) light,4 emphasizing ilie inlpor
tance of avoiding the use of radiation in sarcoma patients wiili 
a known germline mutation ln RBI. 

A soft tissue sarcoma (STS) is one of the most common 
types of radiation-associated tumors in the general popula
tion.5 AJd10ugh a clear dose-response relat ionship for 
radiation-associated malignancies is not established, it is gener
ally accepted d1at carcinomas arise in tissues exposed to lower 
doses, whereas sarcomas are induced in heavily radiated tissues 
(most patients have received 50 Gy or more) in or close co the 
radiation fields. l11e median interval between radiation expo
sure and d1e development of sarcoma is 10 years (range. 1.3 to 
74 years) ru1d iliis varies by histologic type, with the shortest 
latency observed in liposarcoma {median, 4.3 years; range, 
3 to 17 years), and the longest i11 leiomyosarcoma {mcdiru1, 
23.5 years; rru1ge, 7.0 to 74.0 years).6 Radiation-a.~sociated 
sarcomas are associated wid1 inferior survival compared wiili 
sporadic soft tissue sarcoma, even if one adjus ts fur known 
prognostic factors such as histologic type, size, age, margin 
status, and site.6 
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Several studies have reported an increased incidence of 
soft tissue sarcoma after relatively high level occupational expo
sure ro phenoxyacetic herbicides, chlorophenols, and dioxins. 
However, more recent case-control studies have not confumed 
this association and have shown no positive correlation between 
dioxin concentrations and soft tissue sarcoma risk. rn fact, 
sarcoma risk was highest among those having the lowest dioxin 
level ~.s 

MOLECULAR GENmCS 
Knowledge of tl1e genomi.c alterations in soft tissue sarcoma is 
limi.ted to only the most recurrent alterations. 1hese alterations 
segregate sarcoma into two major groups. The first group con
sists of sarcoma types with near-diploid, simple karyotypcs that 
bear few chromosomal rearrangements but have patl10gnomonic 
alterations, such as the translocations in myxoid round cell 
liposarcoma (MRC) [t(l2;16)(ql3;pll) , t(l2;22)(ql3;ql2)] 
and synovial sarcomas (SSs) lt(X;l8)(pll;qll)J, APC/{3-ctttenin 
mutations in de.~moid tumors, and activating mutations in KIT 
or PDGFRA in gastrointestinal stromal tumors (GISTs).9·

11 Dis
covery of these last mutations has led to the clinical deployment 
of imatinib for the treatment of GIST, 12 providing a model for 
genotype-directe-d therapies in molecularly defi11ed sarcoma sub
types. Conversely, the second group consists of sarcomas with 
complex karyotypes, including dedifferentiated and pleomor
pl:Uc liposarcomas, leiomyosarcomas, pleomorphic malignant 
fibrous histiocyto ma, and myxofibrosarcomas. Sarcomas in this 
group have no known characteristic mutations or fusion genes, 
although abnormalities are frequently observed in the Rb, p53, 
ru1d specific growth factor signaw1g pathways. 1l1us, a significant 
subset of soft tissue sarcoma is characterized by recurrent and 
specific chromosomal aberrations tl1at can be diagnostically and, 
occasionally, prognosticaUy usefLJ (Table 33-1). The fusion gene 
translocations illlclude 13 different gene fusions involviJ1g the 
EWS gene or EWS fanlily members (TLS, TAF2N) found in five 
different sarcomas and J 1 nther types of fusions in eight other 
sarcoma types. 

If conventional cywgenetics is not available, molecular 
genetic teclmiques {e.g., reverse transcription polymerase cl1ain 
reaction ru1d fluorescence in situ hybridization) are useful as 
diagnostic adjuncts. [n addition, investigation of molecular 
changes of genes at the sites of cluomosomal alterations has led 
to the identification of novel genes and the characterization nf 
their mecl1anisms of deregulation. 'The tumor suppressor genes 
best studied in sarcoma are p53. RBI, and NFJ. Inactivation of 
tl1ese genes is involved in tl1e tumorigenesis of several sarcomas. 
1l1e major mecl1anisms of p53 pathway inactivation in sarcomas 
include p53 point mutations, homozygous deletion of CDKN2A, 
wllicb encodes both pl4ARF ru1d pl6, ru1d MDM2 anlpli.fi
cation. In sarcomas with specific reciprocal translocations, 
p53 pathway alteration is a rare event but, when present, is a 
strong prognostic factor, associated with significantly decreased 
survival in synovial sarcoma,13 myxoid Uposarcoma,14 and 
Ewing's sarcoma-peripheral neuroectodermal tumor (PNET).15 

Decreased survival and poor response to chemotl1erapy in 
Ewing's sarcoma- PNET was associated with deletion of 
CDKN2A, representing a type of p53 pathway alteration through 
loss of the CDKN2A alternative product pl4ARF.15 In contrast, 
in sarcomas with nonspecific genetic alterations and complex 
karyotypes, p53 pathway alteration is more common and ha.~ 
weaker prognostic value, often requiring large numbers of 
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patients to achieve statistical significru1ce, as demonstrated in 
several studies of mi.xed adlJt soft tissue sarcoma. Its high preva
lence in this class of sarcomas may accowu for its limited ability 
to define distinct clinical prognostic subsets in these tumors. 

In addition to serving a.~ specific and powerful diagnostic 
markers, fusion genes resulting from rranslocations encode chi
meric proteiJ1s tl1at are importrult determinants of tumor biology, 
acting as abnormal transcription factors that alter the transcrip
tion of a number of downstream genes and pathways. The struc
tures of these chimeric proteins play a prominent role in the 
pathogenesis of sarcoma; tills has been shown by the impact of 
relatively minor cyrogenetic variability, as a result of variant 
molecular breakpoints, on rumor phenotype and clinical bebav
ior.16·1 ~ AI though the diagnostic significance of sarcoma genomic 
aberrations ha.~ been known for more than 20 years, these san1e 
aberrations have only recently become useful as potential thera
peutic targets. For example, the identification of the COLJAJ
PDGFBI gene fusion leading tO constitutive expression of the 
platelet-derived growth factor (and its receptor, presumably 
through an autocrine or paracrinc loop) in dermatofibrosarcoma 
proruberans (DFSP) has paved the way for targeted tl1erapy with 
imatinjb in patients witl1 advru1ced disease.18'1? 1l1e recent 
discovery that angiosarcomas show distinct uprcgulatlon of 
vascular-specific receptor tyrosine kinases, including TIEl , 
KDR, SNRK, TEK, and FLTJ, by expression profiling ru1d that 
10% of patients harbor KDR mutations with evidence for 
ligand-dependent kinase activation provides a basis for treating 
angiosarcoma patients with vascular endothelial growth factor 
receptor (VEGFR) tyrosine kinase inhibitors.20 In a multicenter 
phase 11 trial of sorafenib, a small-molecule B-raf ru1d VEGFR 
inhibitor, in a cohort of patients with metastatic or recurrent 
sarcoma, only patients with angiosarcoma showed a significant 
response to therapy, with 5 of37 pariems (14%) having a partial 
response?1 

EVALUATION 

dinical Evaluation and Diagnosis 
Benign soft tissue tumors outnumber sarcomas by at least J ()() 
to 1, with most benign lesions located superficially to the fascia. 
The most frequent benign lesion is a lipoma, which frequently 
goes Wltreated. Because excisional biopsy may often cause dif
ficulties with furd1er patient mru1agement, it is generally recom
mended to obtain a diagnostic biopsy prior to definitive 
treatment for aU soft tissue masses larger than 5 em, unless ru1 
obvioLL~ subcutaneous lipoma, and for all subfascial or deep
seated masses, almost irrespective of size. 

Patients with extremi.ty sarcoma usually present witl1 a 
painless mass, often with no functional impact, although pain 
is noted at presentation in up to 33% of patients. Delay in 
diagnosis is common, with the most common differential diag
nosis for extremity and trunk lesions being a hematoma or a 
pulled muscle. Physical examination should include assessment 
of tl1e size of the mass, its depth in relation to superficial fascia, 
and i t.~ relationship to neurovascular and bony structmes. Gen
erally, in ru1 adult, ru1y soft tissue mass that is symptomatic or 
enlargiJlg, any superfici.al ma.~s that is larger than 5 em, and aU 
deep-seated masses irrespective of size should be sampled. Biopsy 
technique is irnportam. For most sofr rissue masst:s, an open 
iJ1cisi.o:nal biopsy or core needle biopsy is usually preferred. 
Ideally, the initial diagnostic procedure should be performed at 
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Table 33-1 Cytogenetic and Molecular Abnormalities in Sarcomas 
GENE REARRANGEMENT OR FREQUENCY 

HISTOLOGIC TYPE CYTOGENETIC EVENT MOLECULAR ABNORMALITY (%) DIAGNOSTIC 
Synovial sarcoma I(X;18}{p11;q11} >90 Yes 

SYT-SSXI fusion 66 Yes 
SYT-SSX2 fusion 33 Yes 
SYT-SSX4 fusion <1 Yes 

Myxoid, round cell liposarcoma 1( 1 2;16~(q13;p11~ TLS-CHOP fusion >90 Yes 
1(12;22 (q13;q12 EWS-CHOP fusion <5 Yes 

Ewing's sarcoma 1(11 ;22~(q24;q 12~ EWS-FL/1 fusion >80 Yes 
1(21 ;22 (q22;q12 EWS-ERG fusion 1o-15 Yes 
1(7;22}{p22;q12) EWS-ETVI fusion <2 Yes 
1(17;22}(q12;q12} EWS-EIAFfusion <2 Yes 
1(2;22)(q33;q 12) EWS-FEV fusion <2 Yes 
inv(22}(q12q12} EWS-ZSG fusion <2 Yes 

Alveolar rhabdomyosarcoma 1~2;13~~35;q14~ PAX3-FKHR fusion >75 Yes 
I 1 ;13 36;q14 PAX7-FKHR fusion 1o-20 Yes 

Embryonal rhabdomyosarcoma Trisomies 2q, 8, and 20 >75 Yes 
LOH at 11p15 >75 Yes 

Extraskeletal myxoid chondrosarcoma t(9;22r q22;q 1 2~ EWS-NR4A3 fusion >75 Yes 
t(9; 17 (q22;q 11 TAF2N-NR4A3fusion <10 Yes 
t(9;15 (q22;q21 TCF12-NR4A3 fusion <10 Yes 

Endometrial stromal tumor 1(7;17)(p 15;q21) JAZF1-JJAZ1 30 Yes 

Dermatofibrosarcoma protuberans Rings derived from t(17;22) COL1A1-PDGFB1 fusion >75 Yes 
t( 17;22}(q22;q 13.1) COLJAI-PDGFBI fusion 10 Yes 

Desmoplastic small round cell tumor t(11 ;22}{p13;q12) EWS-WTI fusion >75 Yes 

Oear cell sarcoma t(12;22)(q13;q12) EWS-ATFI fusion >75 Yes 

Infantile fibrosarcoma t(12;15)(p 13;q25) ETV6-NTRK3 fusion >75 Yes 

Alveolar soft part sarcoma t(X;17){p11 ;q25) ASPL-TFE3 fusion >90 Yes 

Inflammatory myotibroblastic tumor 2p23 rearrangement AL.K fusion genes 50 Yes 

Gastrointestinal stromal tumor Monosomies 14 and 22 >75 Yes 
Deletion of 1 p >25 No 

KIT or PDGFRA mutation >90 Yes 

Desmoid fibromatosis Trisomies 8 and 20 30 Yes 
Deletion of 5q APC inactivation by mutation/ 10 Yes 

deletion 
fj-Catenin mutations 85 Yes 

Well-differentiated or dedifferentiated 12q rings and giant markers MDM2 and CDK4 amplification >85 Yes 
liposarcoma 

Leiomyosarcoma Complex• >90 No 
Deletions of 1 p >50 No 

RB 1 point mutations, deletions ? No 

Pleomorphic liposarcoma Complex* >90 No 

Pleomorphic malignant fibrous Complex* >90 No 
histiocytoma and myxofibrosarcoma 

Malignant peripheral nerve sheath tumor Complex* 90 No 
NF-I mutation, loss, or >50 No 

deletion 

•complex karyotypes containing multiple numeric and structural chromosomal aberrations. 

the cemer at which the patient will be treated. Th.is facilitates 
proper placement of the biopsy site (or incision) and also avoids 
the complications and diagnostic difficulties that can arise jf 
such biopsy samples are handled infrequently. Limb masses are 
generally best sampled through a longitudi.nal incision so that 
the entire biopsy tract can be excised at the time of defiJlitivc 
resection . The i11cision should be centered over the mass in its 
most superficial location. No tissue flap should be raised, and 
meticulous hemostasis should be ensured ro prevent cellular 
dissemination by hematoma. Excisional biopsy is recommended 
only for small cutaneous or subcutaneous tumors, usually smaller 

than 5 em, in which a wide reexcision (if required) is usually 
straightforward. Fine-needle aspiration biopsy has a limited role 
in diagnosing extremity soft tissue tumors but may be of value 
in d1e documentation of recurrence. An analysis of 164 soft 
tissue masses for the value of core needle biopsy has suggested 
that 83% of specimens obtained at initial biopsy are adequate 
for diagnosis. Of the adequate biopsy specimens, 95% correlated 
with the final resection diagnosis for malignancy, 88% for 
histologic grade, and 75% for hjsrologic subtype. Core 
needle biopsy can be then advocated as the first step in the 
diagnostic armamentarium. 1he high diagnostic accuracy, ease 
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of performance, low cost, and low complication rate make this 
technique attractive. If tissue is inadequate or there is any indeci
sion, repeat core biopsy w1der image guidance or an open, lin
early placed incisional biopsy is then indicated. Tumor histologic 
type and grade are correctly identified in most patients and can 
be used ro define rhe oprimal rrearn1enr plan and exrem of 
surgery required for definitive therapy. 

Patients with intra-abdomi11al or retroperitoneal sarcomas 
often experience nonspecific abdominal discomfort and gastro
intestinal symptoms before diagnosis. The diagnosis is usually 
suspected on finding a soft tissue mass on abdominal computed 
tomography (CI) or magnetic resonance imag:U1g (MRI). Fine
needle aspiration biopsy or Cf-guided core biopsy has a limited 
role in the routine diagnostic evaluation of these patients. 
CT-guided core biopsy is indicated if abdominal lymphoma, 
germ cell tumor, or carcinoma is strongly suspected as part of 
the differential diagnosis. Preoperative percutaneous biopsy is 
also indicated for patients who present wi th distant metastasis 
or advanced local disease that on abdominal or pelvic imaging 
appears to be surgically difficult to remove completely without 
substantial morbidity. In most patients, exploratory laparotomy 
should be performed and the diagnosis made at operation, unless 
tl1e patient's tumor is dearly unresectable or the patient wilJ be 
tmdergoing preoperative investigational treatment. 

Evaluation of· Extent of Disease 
All patients require a thorough history and physical exanlina
tion. MRJ examination is usually the preferred procedure for 
imaging extremiey soft tissue masses. MRI enhances ilie contrast 
between tumor and adjacent structures and provides excellent 
three-dimensional defu1ltion of fascial planes. Also, it aids in 
guidi11g biopsies, plarming surgery, evaluating response to 
therapy, and restaging and in ilie long-term follow-up for local 
recurrence. MRI accurately defines tumor si7.e, multiplicity, and 
locatiOJl but only infrequently can predict nistologic diagnosis 
and biologic behavior reliably. CT is a predominantly anatomic 
imaging modality. It is limited in the differentiation of subtle 
soft tissue differences. TI1erefore, CT plays mainly a complen1en
tary role tO MRI i11 evaluation of the extent of twnor. MRI, with 
its superior soft tissue contrast resolution, is the dominant 
imag:Ulg modality for the evaluation of extremity sarcomas. CT 
is useful for eval1..1ation of the tumor matrix, especialJy for small 
calcifications and ilie evaluation of subclc cortical involvement. 
MRI is limjted in the detection of smalJ calcifications within a 
mass because calcium distorts the magnetic field. CT may also 
be useftLI in patients for whom MRl is contraindicated or cannot 
be rolerated. 

Once the diagnosis and grade arc known, evaluation for 
sites of potential metastasis can be performed. Lymph node 
metastases occur i.J1 less tl1an 3% of adult soft tissue sarcomas. 
For extremity lesions, ilie lung is ilic pri.J1cipal site for metastasis; 
for visceral lesions and some histologic types of retroperitoneal 
sarcoma, me liver is the principal site. TI1Us, patients with low
grade extremity lesions require a chest radiograph ru1d most of 
those with high-grade lesions require a chest CT scan. CT is the 
most commonly used modality to evaluate pulmonary metasta
ses. However, i.t is more expensive thru1 radiographs, delivers a 
higher radiation dose, and may give false-positive results because 
of smalJ, indeterminate pulmonary nodules. One study has cor
related tl1oracoromy with CT ru1d found that only 60% of 
nodules smaller thru1 6 mm were malignant.~ It is unclear 
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whether there is a better imag:U1g modality to evaluate metastases 
smaller thru1 1 em. Patients with visceral and retroperitoneal 
lesions should have their liver imaged as part of the initial 
abdominal CT or MRI. Newer techniques, such as 18F
fluorodeoxyglucose positr011 emission tomography (FDG-PET), 
are being used to evaluate distant metastases and, when com
bined with CT and conventional imaging, may improve the 
diagnostic accuracy of preoperative staging. However, ovcrstag
ing remains a problem in 12% of patients and PET-CT remains 
Limited for evaluating pulmonary meta~tases smaller tl1an 
1 cm.23 FDG-PET lacks specificity in its ability to help distin
guish between low-grade malignancies ru1d benign entities. An 
additional concern is that several high-grade sarcoma types, such 
as round cell liposarcoma and mru1y low-grade sarcomas, do not 
reliably show uptake for FDG, further limiting its routine use 
for staging sarcoma paticms. 

Pathologic Evaluation 
There are more tl1an 50 histologic types of soft tissue sarcoma, 
many of which arc associated with distinctive clinical, therapeu
tic, or prognostic features. Detailed descriptions of tl1e histo
pathologic classification and guidelines for the histologic 
reporting of soft tissue sarcoma have been published elsewhere? ' 
To summarize, ilie most commonly found are liposarcoma, 
leiomyosarcoma, pleomorphic malignant fibrous histiocytoma 
(pMFH), GIST, desmoids, myxofibrosarcoma, and synovial 
sarcoma (Fig. 33-1). HistOpathology is anatomic site-dependent. 
1be common subtypes ill the extremities arc liposarcoma, 
pMFH, myxofibrosarcoma, and synovial sarcoma; in retroperi
toneal and intra-abdominal sites, liposarcoma ru1d leiomyosar
coma are the most common hisciotypes, whereas i.J1 the visceral 
location, gastroi.J1tcstinal stromal tumors, leiomyosarcoma, and 
desmoids are found almost exclusively (Fig. 33-2). Liposarcoma 
is further classified into three biologic groups encompassing five 
histologic subtypes, based on strict morphologic features and 
cytogenetic aherrations-well-diffcrentiatcd, dcdifferen tiatcd, 
myxuid, row1d cell, and pleomorphic.24 The well-differentiated 
and dedifferentiated subtypes account for 42% and 21% of 
liposarcomas, respectively, and are more commonly found in the 
retroperitoneal location; tl1c rnyxoid, round ceiJ, ru1d pleomor
phic subtypes account for 25% and 8% of liposarcomas, respec
tively, and are usually located tn the extremity {Fig. 33-3). 

Age is also a factor in hisropathology, wicl1 the trrulslocation
associatcd sarcomas often presenting at an age approximately 2 
decades earlier thru1 the more complex sarcoma types. In child
hood, embryonal rhabdomyosarcoma is most common, synovial 
sarcoma has a peak iJ1cidencc among u1dividuals in their lOs and 
30s, myxoid ru1d round cell liposarcomas have a peak incidence 
among those in their 30s, ru1d well-differentiated or dedifferenti
ated li.posarcoma, leiomyosarcoma, pMFH, ru1d myxofibrosar
coma arc the predominant types in the older population, witl1 a 
peak incidence among tl10se in their 50s to 60s (Fig. 33-4). The 
designation MFH is currently beu1g reevaluated, with mru1y of 
these tumors being reclassified as myofibrosarcoma, pleomor
phic sarcoma, or dedifferentiated Liposarcoma 

Because none of the existing grading systems are ideal and 
applicable to alJ tumor types, sarcoma histologic type and lipo
sarcoma subtype are gencralJy in1ponam determinants of prog
nosis and predictors of distinctive patterns of behavior. Biologic 
bd1avior is currently best predicted based on histologic type. 
histo.logic grade, tumor size, and depth. Although 111311}' 
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FIGURE 33-1 Histology distribution of 8135 patients 
with soft tissue sarcoma treated at Memorial Sloan
Kettering Cancer Center from July 1, 1982. through 
June 30, 2009. These data indude extremity, trunk.. 
visceral, and retroperitoneal tumors. GIST, Gastrointes
tinal stromal tumor; MFH, malignant fibrous histiocy
toma; MPNST, malignant peripheral nerve sheath 
tumor. 
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FIGURE 33-2 Site-specific histology distribution for 4841 patients 
with soft tissue sarcoma treated at Memorial Sloan-Kettering 
Cancer Center from July 1, 1982, through June 30, 2009 . 
Yellow, pleomorphic MFH/sarcoma NOS; green, liposarcoma; 
red, leiomyosarcoma; blue, synovial sarcoma; brown, GIST. 
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published series have combined all the histologic types of 
sarcoma, tbe significance of such subtyping is exemplified by 
liposarcoma, in whid1 the five subsets (well-differentiated, 
dedifferentiated, myxoid, round cell, and pleomorphic) have 
totally different biology, patterns of behavior, and response to 
d1emotherapy.2 1

"
27 A further dear demonstration is the impor

tance of myogenic differentiation in pleomorphic sarcomas, 
which is associated with a substantially increased risk of metas
tasis.28 [n a postoperative nomogram based on a database of 
2136 adult patients from Memorial Sloan-Kettering Cancer 
Center (MSKCC), histologic type was found to be one of the 
most important predictors of sarcoma-specific death, with 
malignant peripheral nerve sheath tumors having the highest 
risk of monality.29 A more recent liposarcoma-based nomogran1 
has further highlighted the importance of histologic subtype in 
enhancing a~se.ssment of disease-specific survival for the indi
vidual patiem.JO 

HISTOLOGIC GRADING AND PROGNOSnC 
FAOORS FOR OUTCOME 
1he histologic type of sarcoma docs not always provide sufficient 
information for predicting the clinical outcome and. therefore, 
may be inadequate to inform therapeutic decisions completely. 

Grading, based on histologic parameters only, evaluates the 
degree of malignancy and probability of distant metastasis. 
Several grading systems based on various histologic parameters 
have been published and proved to correlate with prognosis. 'The 
rwo most important parameters appear ro be mitotic index and 
the extent of tumor necrosis. In general, the two most widely used 
grading systems are the National Cancer Institute (NCI) system 
developed by Costa and coiJeagues and the FNCLCC system 
developed by the French Federation of Cancer Centers Sarcoma 
Group. Both are three-tier systems (high, intermediate, and low). 
A comparative study of these three-tier systems has shown a 
slightly increased ability of rhe FNCLCC system to predict 
distant metastaSis development and tumor mortality compared 
with the NCI system.31 However, studies evaluating the interob
serve.r reproducibility of the FNCLCC system bave shown a 60% 
to 75 o/o agreement for tumor grade and a 61 o/o to 75% agreemem 
for histologic typeY 1l1ls high level of disagreement (25% ro 
40%), even among expert sarcoma pathologists, emphasizes the 
importance of histologic peer review and d1e need for developing 
more objective systems for sarcoma grading and classification. In 
fact, neither the FNCLCC system nor the NCJ system has been 
formally endorsed by the World Health Organ.ization74 or Asso
ciation of Directors of Anatomic and Surgical Pathology. 
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MSKCC has had a long-standing interest and expertise in 
the staging and prognosis of soft tissue sarcoma and has devel
oped a staging system that is highly predictive of systemic relapse 
based on size, grade, and rumor depth. In the MSKCC system, 
grade is classified as high or low based on degree of tumor dif
ferentiation, cellularity, necrosis, and mjrotic activity. The use of 
these rigorous criteria has resulted in an excellent correlation 
with clinkal outcome iJl many lustologic types (e.g., liposar
coma, myxofibrosarcoma, malignam peripheral nerve sheath 
tumor [MPNST]) among patients in our prospective sarcoma 
database. In addition, trus system avoids the management 
dilemma of an intermediate grade, which in most institutions 
would be lumped with and treated as a high-grade sarcoma. I 
recognize that in certain situations (approximately 5% to 10% 
of cases), the distinction between low- aJld high-grade rumors 
can be difficult, and therefore an intermediate grade would seem 

FIGURE 33-3 Patients with liposarcoma treated at 
Memorial Sloan-Kettering Cancer Center from July I, 

1982, through June 30, 2009. A. Histologic subtype 
distribution of 1508 patients with liposarcoma. These 
data ind ude extremity, trunk, visceral, and retroperito
neal tumors. B. Site-specific histologic subtype distribu
tion for 1508 patients with liposarcoma. 

rl1e most suitable. ll1ese difficult cases can be graded most 
appropriately by using systematic sampling and rl1orough exanu
nation .. With a rllree-tier system, a larger subgroup of tumors 
will faJI into rlle intermediate category, whkh could result in 
potential overtreatment of patients whose grade 2 tumors might 
be treated as high-grade tumors. 

MSKCC researchers have developed a nomogram that adds 
to the prognostic value of size, grade {low versus high), and 
tumor depth, with the addition of age, site, and histopathology 
to refine predictions further of probability of sarcoma-specific 
survival.~? Although there is widespread use of some form of 
grading system in the diagnosis and management of sarcomas, 
there is also agreement that currently no grading system per
forms weU for every type of sarcoma. For a number of reasons, 
certain histologic types of sarcoma do not lend themselves well 
to grading. To address some of these issues, my group has 
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FIGURE 33-4 Distribution by age at presentation and diagnosis for patients with synovial sarcoma (n = 451), myxoid- round cell liposarcoma 
(n = 403), leiomyosarcoma (n = 11 57), well-differentiated o r dedifferentiated liposarcoma (n = 992), a nd pleomorphic malignant fibrous his
tiocytoma or myxofibrosarcoma (n = 1484) seen at Memorial Sloan-Kettering Cancer Cente r from July 1, 1982, through June 30, 2009. 

recently developed histology-spc::ci£c nomograms for liposar
coma,30 synovial sarcoma,33 and GIST!-~ that emphasize the 
importance of assessing clinical and histologic parameters to 
improve prognostic accuracy for the individual patient. The 
limitations of me present grading systems emphasize the need 
to develop histology-specific molecular or genetic biomarkers 
that can be combined with conventional cHnicopathologic vari
ables to improve objective and accurate assessment of sarcoma 
prognosis for the individual patient. This wou.ld enable the treat
ing physician ro design a treatment strategy tailored w an indi
vidual patient's risk of relapse and potential for an aggressive 
clinical course. 

STAGING 
Current staging S)'Stems are based on hisrologic and cHrucal 
information. 1be major staging system used for soft tissue 
sarcoma was developed by the American Joim Committee on 
Cancer (AJCC) and appears to be clinically usefu.l and of prog
nostic value. 'lihis TNM system incorporates hjstologic type, 
histologic grade, rumor size, depth, regional lymph node involve
ment, and distant metastasis. It accommodates two-, three-, and 
four-tiered grading systems. The present 2010 A]CC soft tissue 
sarcoma gradjng system (Table 33-2) incorporates four major 
changes compared with the previous 2002 A]CC grading 
system35: 

I. lt now excludes the following hisrologic types: GIST, fibro
matosis (desmoid tumor), Kaposi's sarcoma and infantUe 
fibrosarcoma. 

2. Angiosarcoma, extraskeletal Ewing's sarcoma, and derma
tofibrosarcoma protuherans have heen added to the list of 
histologic types. 

3. N 1 disease has been reclassified as stage Ill rather than stage 
IV disease. 

4. Grading has been reformatted from a four-grade to a three
grade system. 
Histologic grade is one of the most important parameters 

of the staging system and requires an adequate biopsy san1ple 
for optimal evaluation of grade. Unequivocal characterization of 
grade is difficult in large lesions, especially in tumors that can 
reach 2 or 3 kg or in tumors such as myxoid- round cell Hpo
sarcoma, in which d1e presence of just a greater than or equal 
to 5% round cell componam predicts a more aggressive clinicai 
behavior associated with more than a 50% risk of distant metas
tasis. Conversely, very small, high-grade lesions smaller than 
5 em in maximal dian1eter have limited risk for metastatic 
disea.~ if treated appropriately at the first encounter. 

The staging system continues to undergo evolution and stiU 
fails to accnum adequately for sarcomas located in the retroperi
toneum. Analysis of the primary extremity soft tissue sarcomas 
seen at Memorial Sloan-Kettering Cancer Center from ] uly L 
1982 to jw1e 30,2009 suggests that the probability of metastasis 
by stage is best discriminated i11 the new AJCC 2Ul0 staging 
S)'Stem (Table 33-3). Figure 33-5 shows the excellent discrimina
tion by stage for distant recurrence-free survival using tbe AJCC 
2010 system. It is important to emphasi7..e that staging systems 
(I) apply to risk of metastasis or disease-specific survival or 
overall survival and (2) are almost exclusively confined to extrem
ity lesions. There is as yet no adequate staging system for retro
peritoneal or iJltra-abdominal lesions. 

MANAGEMENT 

E~HyandSu~~aiT~nkSaKo~ 
Although surgery remains the principal therapeutic modality for 
soft tissue sarcoma, the extent of sllfgery required, along with 
the optimum combination of radiotherapy and chemotherapy, 
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Table 33-2 American Joint Committee on cancer 2010 Staging 
System for Soft Tissue Sarcoma 
HISTOLOCIC CRADE (C) FEATURES 

GX 

Gl 

G2 

G3 

G4 (!??) 

PRIMARY TUMOR (T) 

TX 

TO 

T1 

Tla 

Tlb 

T2 

T2a 

T2b 

REGIONAL LYMPH 
NODES (N) 

NX 

NO 

NJ1 

Distant MetastasiS (M) 

MO 

Ml 

Grade cannot be assessed 

Grade 1 

Grade 2 

Grade 3 

FEATURES 

Primary tumor cannot be assessed 

No evidence of primary tumor 

Tumor s.S em in greatest dimension• 

Superficial tumor 

Deep tumor 

Tumor >5 em in greatest dimension* 

Superficial tumor 

Deep tumor 

FEATURES 

Regional lymph nodes cannot be assessed 

No regional lymph node metastasis 

Regional lymph node metastasis 

No distant metastasis 

Distant metastasis present 

Anatomic Stage and Prognostic Croups 

Prognostic Croup 

STACE T N M c 
lA Tla NO MO Gl , GX 

Tlb NO MO Gl, GX 

IB T2a NO MO Gl, GX 
T2b NO MO Gl. GX 

IIA Tla NO MO G2,G3 
Tlb NO MO G2,G3 

liB T2a NO MO G2 
T2b NO MO G2 

Ill T2a, T2b NO MO G3 
AnyT Nl MO AnyG 

IV AnyT AnyN Ml AnyG 

From EdgeS, Byrd D: Compton C, et al (eds): AJCC Cancer Staging Manual. ed 7, 
New York. 2010, Springer. 
*Superficial tumor is located exclusively above the superficial fascia without inva
sion of the fascia; deep tumor is located exclusively beneath the superficial fascia, 
superficial to the fascia with invasion of or through the fascia. or both superficial 
yet beneath the fascia. 
'Presence of positive nodes (Nl) in MO tumors is considered stage Ill. 

remains controversial. 'TI1e important clinical and patl1ologic 
prognostic variables should be used by the surgeon w design the 
most effective treatment plan for the individual patient based on 
the predicted patterns of spread for certain sarcoma histologic 
types, wid1 the aim of minimizing local recurrence, maximizing 
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Table 33-3 Primary Extremity Soft Tissue Sarcoma: Distant 
Metastases by American Joint Committee on cancer Stage* 
-- -- - -
STACE TOTAL NO. OF PATIENTS DISTANT METASTASES (4Vo) 

stag~~~, System (1991) 

lA 136 2 (1%) 

IB 28 3 (11%) 

2A 224 28 (13%) 

2B 362 72 (20%) 

2( 33 13 (40%) 

3A 302 105 (35%) 

38 325 156 (480/o) 

stagtnx System (2002) 

388 33 (9%) 

2 395 85 (22%) 

3 627 261 (42%) 

Staginl System (lito)• 

739 49 (7%) 

2 507 99 (20%) 

3 1022 467 (46%) 

From Memorial Sloan..l(ettering Cancer Center, July 1, 1982 to June 30, 2009. 

-Excludes desmoid and dermatofibrosarcoma protuberans. 

function, and improvin g overall survival. An algorithm for the 
management of soft tissue sarcoma of the extremity and trunk 
is shown in Figure 33-6. Surgical excision remains the dominam 
modality of curative therapy. Whenever possible, functi on- and 
limb-sp aring procedures should be performed. As long as the 
entire llJmor is removed, less radical procedures have not been 
demonstrated to affect local recurrence or outcome adversely.36 

'TI1e surgical objective should be complete removal of the nm1or, 
with negative margins and maximal preservation of function. 
Also, when possible, tumors should be excised with 1 to 2 ern 
of normal tissue because of the propensity for local, unappreci
ated spread. Conversely, deliberate sacrifice of major neurovas
cular s tructures can generally be avoided, provided tl1e surgeon 
pays meticulous at tention to dissection and the preservation of 
intact fascial barriers. 

Resection of bone is rarely n:'quired given the low inci
dence of direct bone in vasion for soft tissue sarcoma. For 
sarcoma that closely approximates bone, the periosteum, if 
removed intact, can serve as a sufficient in tact fascial margin. 
1l1e extent of resection is often determined by the histologic 
type. For example, histologic types such as myxofibrosarcoma 
(forn1ally myxoid MFH), a tumor that predominates in the 
extremities of older patients, are often multifocal and may 
spread considerable distances along fascial planes. Thus, the 
surgical plan should be designed to encompass al.l suspicious 
regions of enhancement on M RI and these areas should be 
excised with extensive lateral (2- to 3-cm} margins and 1- to 
2-cm deep soft tissue margins if this can be accomplished with 
minimal functional loss. The m ost extensive resection is clearly 
amputation. 'TI1is is rarely indicated in soft tissue sarcoma 
because, at present, Um b-sparing operations are possible in 
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FIGURE 33-5 Distant recurrence-free survival for patients with primary extremity soft tissue sarcoma (N = 2263) by AJCC 2010 stage seen 
at Memorial Sloan-Kettering Cancer Center from July 1, 1982, through June 30, 2009 (excludes desmoid and dennatofibrosarcorna 
protuberans). 

95% of patients. Experience over the last 27 years at MSKCC 
has indicated tlhat the 50% amputation rate in the late 1960s is 
now less than 5%. Amputation should mainly be reserved for 
patients with tumors that cam1ot be completely resected by any 
other means, who are without evidence of metastatic disease, 
and who have the propensity for good long-term fw1ctional 
rehabilitation. Often, these are patients with large, low-grade 
tumors causing considerable cosmetic and functional deformity 
that can be rendered symptom- and disease-free by a major 
amputation. 

1l1e effectiveness of adjuvant radiation for improving local 
control has been clearly shown, not only through retrospective 
data,3:· but also by two prospective randomized trials that have 
compared surgery alone with surgery and radiation.3839 This 
includes using brachytherapy for high-grade lesions or external 
beam radiation therapy for large (>5 em} higb- or low-grade 
lesions. For subcutaneous or intramuscular high-grade sarcomas 
smaller than 5 em, or any size low-grade sarcoma, surgery alone 
should be considered if adequate wide excision with a good 1-
cm cuff of surrounding fut and muscle can be acl1ieved. For 
certain low-grade histologic types, 1-cm margins are not 
required for excellent local control. In the case of atypical 
lipomas or well-differentiated liposarcoma of the extremities, 
only complete ,excision, with a minimal surrounding margin is 
required, because most of these patients will not recm follow
ing a linuted or nlicroscopic positive margin excision as long as 
the excision is complete. 1lms, radiation therapy is rarely indi
cated for this histologic type Ulllcss there is a significant scleros
ing component combined with a nlicroscopk positive margin.:6 

For most deep, high-grade sarcoma types, larger than 5 em, if 

the excision margin is dose, particularly with extramuscular 
involvement, or if a local recurrence would result in the sacri
fice of a major neurovascular bundle or amputation, then adju
vant radiation therapy should be added to the surgical resection 
co reduce tbe probability oflocal failure:19 Irrespective of grade, 
postoperative irradiation is probably used more than is strictly 
necessary. Several studies have shown that a sig1uficant subset of 
subcutaneous and intramuscular sarcomas can be treated by 
wide excision alone, with a local recurrence rate of only 8o/o to 
20%.40-42 

The value of chemotherapy depends on the histologic type 
of sarcoma. Neoadjuvant chemotherapy is almost always indi
cated for the treatment of Ewing's sarcoma-PNET and rhabdo
myosarcoma. because of the high risk of nlicroscopic metastasis 
at diagnosis and high response rate with ch.is therapy. The poten
tial for cure in these chemotherapy-sensitive, small, blue round 
cell tumor types is inversely proportional to the volume and 
spread of disease at initial diagnosis. For patients wi th otha 
histologic types of high-grade sarcoma, the role of chemotherapy 
remains controversial. This is because, given the rarity of these 
mmors, the randomized trials have enrolled relatively small 
patient populations with heterogeneous groups of histologic 
types or subtypes. Fourteen randomized phase m trials have 
examined the effectiveness of postoperative adjuvant chemo
therapy versus no treatment to increase survival in high-risk soft 
tissue sarcoma patients presenting wid1 localized disease. Mosr 
of these trials were performed between 1977 and 2000, and alJ 
used combinations of anthracycliJ1CS with dacarbazine or ifos
fanlide or used doxorubicin as a single agent.43•

14 L1 most trials, 
a lower risk for local recurrence was observed in patients 
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FIGURE 33-6 Algorithm tor the management of primary (with no metastases) extremity or trunk soft tissue sarcoma, using a biologic rationale 
(I.e., size and grade of tumor). BRT, Brachytherapy; EB/lT, external beam radiation therapy; RC/Pieo LS, round cell-pleomorphic liposarcoma. 

reccivi11g adjuvanr chemotherapy. Some trials showed a lower 
risk for metastatic progression, but only a few reported longer 
survival times. 

A meta-analysis of aU published studies has confirmed a 
significantly lower risk for relapse, local or metastatic, but with 
only a 4% (nonsignificant) lower risk for death.43 A more recent 
trial from the ltalian Sarcoma Group bas shown a significantly 
longer overall survival duration for patients with high-risk 
sarcoma of the extremities receiving adjuvant chemotherapy 
with ifosfamide,4 4 but the overall survival benefit was not sus
taiJ1ed with additional follow-up. Thus, in an unsclected popula
tion of patients with high-grade soft tissue sarcoma, adjuvant 
d1emotherapy has not reproducibly demonstrated its capacity to 
improve overall survival or relapse-free survival and is rarely 
indicated, except in a clinical trial. Presently, there is an urgent 
need to select pa(icnts with sarcoma types most Bkely to benefit 
from cl1emotherapy and tben test this subgroup of patients 
prospectively with a control arm. The preoperative usc of nco
adjuvant combiJ1ation chemotherapy {usually with doxoruhicin 
[Adriamycin] and ifosfamide) for adult soft tissue sarcoma has 
several potential advamages, particularly for rhe treatment of 
locally advanced tumors: 

1. It can make subsequent surgery easier. 
2. It may treat micrometastatic disease early before the 

acquisition of resistance. 
3. It leaves the vasculature intact for iJnprovcd drug 

delivery. 
4. It enables assessment of therapeutic response or resis

tance to therapy. 
A retrospective analysis of patients with high-grade extrem

ity sarcoma from prospectively acquired databases of patients 
from MSKCC and Dru1a Farber Cancer Institute (DFCI) was 
used to determjne the in1pact of neoadjuvant cl1emotherapy on 
outcome.45 A stratified Cox proportional hazards model was 
used to compare the disease-specific survival of 74 patients 
treated with neoadjuvant chemotherapy ru1d surgery with 282 
patients treated with surgery alone and to account for differences 
iJ1 known prognostic factors (e.g., size, histology, age). Neoad
juvant chemotherapy was associated with an overall improve
ment in disease-specific survival for the complete cohort of 
patients; this improvement appeared robe driven by the benefit 
of neoadjuvant chemotherapy ,in patients with extremity sarco
mas larger than 10 em. In this high-risk group. there was a 21% 
improvement in disease-specific survival at 3 years. Conversely, 
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no association was seen between improved disease-speci£c sur
vival in patients with extremity sarcomas between 5 and 10 em. 
1here was also a trend toward improvement in recurrence-free 
survival in patients with tumors larger than 10 em treated with 
neoadjuvant chemotherapy. Doxorubicin- and ifosfamide-based 
chemotherapy has been found w be associated with improved 
disease-specific survival in patients wi th large, high-grade 
extremity Liposarcoma25 and, more recently, with synovial 
sarcoma.46Taken together, these results suggest tl1at neoadjuvant 
chemotherapy may be justified for carefully selected high-risk 
patients with large high-grade tumors. 

Retroperitoneal and Visceral Sarcoma 
Most patients present with an asymptomatic abdominal mass 
although, on occasion, pain is present. Less common symptoms 
include gastrointestinal bleeding, incomplete obstruction, and 
neurologic symptoms related to retroperitoneal invasion or pres
sure on neurovascular structures. Weight loss is uncommon and 
incidental diagnosis is often the norm. Lmportant issues of dif
ferential diagnosis, particularly in the young, arc the presence of 
a germ cell tumor, lymphoma, or primary retroperitoneal tumor 
arising from the adrenal gland. Most lesions, however, wUI be 
tumors of mesend1ymal origin, benign or malignant. CT 
remains the primary modality for evaluation of retroperitoneal 
and visceral sarcomas. Retroperitoneal and visceral sarcomas 
account for about 35% of all sarcomas. The most common 
histopathologic types in the retroperitoneu.m are liposarcoma, 
leiomyosarcoma, and MPNST. In the visceral location, GIST, 
leiomyosarcoma, and desmoid are the most common histologic 
types (Fig. 33-2). Approxin1ately 55% of retroperitoneal Liposar
comas wUI be welJ-dlfferent.iated and low grade, with approxi
mately 40% of patients showing dedifferentiated, high-grade 
histology at priunary presentation. 

For retroperitoneal and visceral lesions, surgery remains the 
dominant therapeutic modality/~·4' with the most important 
prognostic factors for survival in retroperitoneal sarcoma being 
completeness of resection, histologic subtype, and grade. 
Although resection of adjacent organs is common,2~ proof that 
a more extensive resection of adjacent organs has an impact on 
long-term survival seems limited. Despite an aggressive surgical 
approach, local. control is stiJJ a major problem, and muJtifocal 
u.nresectable tumors recur in many patients, particularly those 
with liposarcoma. 1he role of radiation therapy for reuoperito
neal sarcoma is not well defined and is .in need of further inves
tigation. In theory, preoperative or postoperative irradiation to 
this site is desirable but, in reality, it is often not possible to 
deliver fulJ-dosc radiation therapy (60 to 66 Gy) to areas at risk 
because the dose is limited by the large treatment volume 
required and sensitivities of adjacent normal tissues, such as 
bowel, kidney, Li ver, and spinal cord. 

Brachytherapy or intraoperative radiation tl1erapy at the 
time of surgicaJ resection may be used to treat a localized area 
at high risk of microscopic or gross residual disease when further 
surgical excision is not possible. However, care must be taken to 
avoid excessive morbidity and mortality that could result from 
aggressive brad1ytherapy, particularly when combined with 
external beam radiation therapy. 1l1erefore, the ideal .radiation 
approach is the one that could dose-escalate preoperative radia
tion. With conventional radiation, it is impossible to escalate 
preoperative radiation beyond 5040 cGy without incurring 
excessive toxicltty. However, with a dose-painting, preoperative, 

intensity-modulated radiation therapy (IMRT) approad1, tar
geted dose escaJation to areas at highest risk is achievable. The 
whole tumor vo.lume will receive 5040 cGy, thus respecting the 
tolerance; at the same time, the posterior structures, where there 
are no intestiJ1es, wUI receive 6000 cGy. It remains to be deter
mined whether preoperative IMRT in addi£ion w resection 
improves local control, and hence survival, compared with resec
tion alone iJ1 patients with primary retroperitoneal sarcoma. 

The bistologic types prevalent in retroperitoneal and vis
ceral locations (e.g., welJ-differentiated or dedifferentiated Lipo
sarcoma, leiomyosarcoma, MPNST, GIST) typicalJy have very 
low rates of response to traditional cytotoxic chemotherapy. 
Thus, traditional chemotherapy is rarely indicated for operable 
retroperitoneal and visceral sarcomas. Given the Limitations 
and toxicities associated with cytotoxic d1emotherapy, current 
emphasis has been to develop novel drugs against rationaJ drug 
targets, such as the KIT or PDGFRA receptor tyrosine kinase, 
which is constitutively activated iJl most GISTs. GISTs are 
mesenchymal neoplasms showing differentiation toward the 
interstitial celJs of Cajal and arc typically d1aracterized by the 
expression of the receptor tyrosine kinase KIT (CD117). Studies 
have established that activating mutations of KIT or PDGFRA. 
arc present in up to 92% of GISTs and likely play a key role in 
the development of these tu.mors.9•

10 Along with mitotic activity. 
histo.logic subtype, and size, the type and location of the KIT 
mutation are prognostic for survival in patients with GIST.48 

In1atinib is a competitive inl1ibitor ofBCR-ABL, KJT, and 
PDGFR tyrosine kinases. In preclinical studies, imati.nib was 
active against mutant isofom1s of KIT commonJy fow1d in 
GlST. 11 A phase II trial has shown substantial response rates and 
clinical benefit ofimatinib in patients with advanced and meta
static GIST, 12 a group typicalJy highly resistant to conventionaJ 
doxorubidn-ifosfamide-based chemotherapy. A total of 147 
patients were randomly assigned to receive 400 or 600 mg of 
imatinib dally. OveralJ, 79 patients (53.7%) had a partia1 
response and 41 patients (27.9%) had stable disease. No patient 
had a complete response to the treatment. Early resistance to 
imatinib was noted in 20 patients (13.6%). Therapy was well 
tolerated, although mild to moderate edema, diarrhea, and 
fatigue were common. Gastrointestinal or intra-abdominal hem
orrhage occurred in approximately 5% of patients. 1here were 
no significant differences iJl toxic effects or response between the 
two doses. Thus, inhibition of the KIT signal transduction 
pathway with tyrosine kinase inhibitors benefits over 80o/o of 
patients with advanced GIST. Studies have consistendy shown 
d1at patients wid1 GISTs harboring KIT exon ll mutations 
achieve the best responses to in1atinib therapy and longer median 
overaJJ and progression-free survival compared wim other GIST 
mutations. For exan1ple, the presence of KIT exon 9-activating 
mutations is an adverse prognostic factor for response to inla
tinlb, increasing the relative risk of progression by 171% and 
d1e relative risk of death by l 90o/o, compared with exon 11 
mutations in an analysis of 377 GISTs from patients in a phase 
LII tdal.49 In patients with KIT exon 9 mutations, treatment 
with higher dose in1ati.n.ib (800 mg/day) resulted in a signifi
cantly superior median progression-free survival relative to treat
ment with imatinlb 400 m~/day, with a 61% reduction in the 
relative risk of progression. 9 TI1ese results support the notion 
that patients with KIT exon 9 mutations may gain particular 
benefit from high-dose imatil1ib compared witl1 patients wim 
other mutations, and highlight the importance of mutational 
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testing for patients with GIST before the initiation of tyrosine 
kinase inhibitor therapy. 

The role of imatinib therapy in the adjuvant sening for the 
treatment of GIST has been evaluated in a randomized phase 
ill, double-blind, placebo-controlled multicenter trial.50 Eligible 
patiems had complete gross resection of a primary GIST, which 
was at least 3 em in size and positive for the KIT protein by 
immunohistochemistry. Patients were randomJy assigned to 
imatlnib 400 mg (n = 359) or to placebo (n = 354) daily for 1 
year after surgica'l resection. With a median follow-up for surviv
ing patients of 19.7 months, the estimated 1 -year recurrence-free 
survival was 98% (95% confidence index [CI] , 96 to 1 00) in 
the imatinib group versus 83% (95% CI, 78 ro 88) in the 
placebo group. At this time, there is no difference in overalJ 
survival. Longer patient follow-up is necessary to establish 
whether adjuvant irnatinib increases the cure rate of surgery 
alone for localized primary GIST. Acquired resistance is a fre
quent event in patients witb metastatic GlST who initially 
respond to imatinib. GIST progression occurs at a median of 18 
to 24 months, 51 usualJy from the development of a secondary 
mutation in the KIT gene. 52 Once clinical progression develops, 
increased doses of imatinib or sunirinib (a multitarget tyrosine 
kinase inJ1ibitor) can restore GIST response in some patients, at 
least temporarily.53 

Given the problems with the development of acquired 
resistance in the setting of advanced disease, it remains to be 
determined if early treatment with imatinib therapy in the adju
vant setting will also lead ro the development of resistant clones 
or to complete eradication of subclinical microscopic disease. 
11ms, the role of adjuvant imatinib for tbe treatmem oflocatized 
primary GIST and optimal duratio11 of treatment remains a 
subject of debate. UntiJ additional follow-up data are avaiJable 
it is prudent to suggest that adjuvanc imatinib therapy should 
onJy be administered within clinical trials. 

Treatment of Recurrent Disease 
Despite optimum multin10dality limb-sparing treatment for 
extremity soft tissue sarcoma, a significant number of patients 
wiJI develop distant metastasis. For extremity lesions, the most 
common site of metastasis is the lung. It is the only site of recur
rence in approximately 50% of alJ patients. Extrapulmonary 
metastasis is relatively uncommon and usually occurs a~ a late 
manifestation of widely disseminated disease. Patients whose 
prin1ary tumors are controlled or controllable, who have no 
extrathoracic disease. who are medically fit for thoracotomy, and 
for whom complete resection of alJ. lung disease appears possible 
should undergo thoracotomy with the intent of resecting alJ 
disease. Patients with Lmre.sectable puJmonary metastases or 
extrapulmonary metastatic sarcoma in more than a single si te 
have a uniformly poor prognosis and are best treated with sys
temic chemotherapy. The role of chemotherapy ill advanced 
sarcoma is controversial and, at present, the treatment of meta
static sarcoma represents palliative, not curative, therapy. 

Current active drugs that have significant response rates 
include doxorubicin, ifosfamide, and dacarbazine, but none has 
had a major impact on long-term survival. The combination of 
mesna, ifosfamide, doxorubicin, and dacarbazine (MAJD) has 
been shown to have a 47% response rare and a 10% complete 
response rate. Randomized prospective clinical trials 011 com
bination cl1emotherapy regimens such as MAID and other 
ifosfamide-doxorubicin combiJ1ations with cytokine support 
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have shown statistically in1proved rates of antitumor response. 
However, these do nor translate into improvements in survival 
and come at the cost of increased toxicity and a decrease in 
quality of life. In an analysis of 1897 patients with primary 
extremity soft tissue sarcomas, isolated distant metastasis to ILmg 
developed in 508 patients (27%) and 138 (7%) underwent 
pulmonary metastasectomy.54 Five-year postmetastasis disease
specific survival for patients undergoing pulmonary resection for 
metastatic soft tissue sarcoma of the extrenlity was 29% com
pared with 6% for the patients with clinicalJy unresectable 
disease who were treated with chemotherapy alone. In the group 
undergoing pulmonary metastasectomy, preoperative chemo
therapy was found to have no impact on the disease-specific 
survival or progression-free survival of patients undergoing pul
monary resection for metastatic extremity soft tissue sarcoma 
compared with patients treated with metastasecromy alone. 1he 
independent factors found on multivariate analysis to be statisti
cally associated with prolonged, postmetastasis, disease-specific 
survival were complete pulmonary metastasectomy (P = .026; 
hazard ratio [HR] = 0.52) and disease-free interval longer tha11 
1 year (P = .OJ 4; HR = 0.53). Therefore, pulmonary resection 
alone, without conventional chemotherapy, should be consid
ered a valid and evidence-based approach for patients with meta
static extremity sarcoma. 

Despite improvements in imaging and surgical techn iques 
and the use of multimodality therapy, local recurrence remains 
a significant problem for patients wi.th extrentity soft tissue 
sarcoma. The local recurrence rate after rreatmenr of primary 
extrenl ity sarcoma ranges from 6% to 20% in published 
series.~7.40 Local recurrence in an extremity often presents as a 
nodular mass or series of nodules arising in the surgical scar. 
Treatment of these local recurrences may be particularly chal
lenging, because it may be difficult to design a surgical plan that 
encompasses the entire previously resected tumor bed and main
tains sufficient function. In general, approximately 80o/o of 
patients presenting with a local recurrence can he effectively 
treated with Limb-sparing surgery. ln an analysis of 142 1 patients 
who underwent surgical treatment for primary extrenlity 
sarcoma at MSKCC between 19!>2 and 2002, a total of 179 
(1 3%) subsequently developed an isolated local recurrence and 
underwent complete surgical resection.55 The median interval to 

initial local recurrence was 16 months; 65% developed a local 
recurrence by 2 years and 90% by 4 years. L1dependent prog
nostic factors for disease-specific survival after local recurrence 
were a high histologic grade. large local recurrence nunor size, 
and short local recurrence-free interval. Patients who developed 
a local recurrence larger than 5 em il1 less than I 6 months bad 
a 4-year disease-specific survival of 18%, compared with 81% 
for patients who developed a local recurrence smaller d1an 5 ern 
in more than 16 months. A patient who presents with a large 
local recurrence d1at develops in a short interval should be con
sidered to have a biologically aggressive tumor, wi th a high 
tumor-specific mortality. These high-risk patients, depending on 
their histologic type, may be excellent candidates for systemic 
neoadjuvant therapy trials. 

Local recurrence following complete resection of primary 
retroperi toneal liposarcoma is common, with 50% of well
differentiated and 80o/o of dedifferentiated tumors recurril1g 
within 5 years.2? Retroperitoneal recurrences are often detected 
on routine screening witb imaging or patients may present with 
pain or nonspecific symptoms. After a workup to determine the 
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extent of disease, patients with isolated local recurrence should 
be carefully evaluated for rercsection. 

Current cl1emothcrapy is ineffective for most patients and 
toxicity limits adequate dosing by radiation therapy. so complete 
surgical resection remains the most effective treatment modali~. 
1l1e most difficult decision in retroperironeaJ liposarcoma 1s 
selecting d10se patients most likely to benefit from reoperation 
and the timing of the reoperation; a period ofwatchfuJ monitor
ing is often appropriate. A recent analysis of 105 patients who 
had at least one local recurrence following complete resection 
of a primary retroperitoneal liposarcoma at MSKCC was per
formed to determine factors that determine survival and would 
assist with sd ecti ng pari ems most likely to benefit &om surgery. 56 

Of these I 05 patients, 6 1 underwent com plete resection of thei.r 
first l.ocal recurrence. Local recurrence size, primary histologic 
variant and grade, and local recurrence growth rate were found 
to be independent predictors of disease-specific survival. Despite 
aggressive operative management, pat ients with a local recur
rence growth rate more than I cn1/month were associated with 
poor outcomes, similar to those of patients who were not treated 
with resection. Only patients with local recurrence growth rates 
less than 0.9 em/month were associated with improved survival 
following aggressive resection of the local recurrence. 

Based on these results, for patients presenting with asymp
tomatic local recurrence and growth rates exceeding or equal 
to 1 em/month, I now recommend treatment with systemic 
chemotherapy or novel targeted d1erapy trials. Surgery is only 
considered for this subgroup if patients develop symptoms unre
sponsive to medical management, sud1 as obstruction or bleed
ing. For patients wid1 local recurrence growth rates less than 
I em/month, immediare surgery is recommended for all symp
tomatic patients and for asymptomatic patients whose local 
recurrence is iJllpinging on critical structures, particularly if 
further growth may result in the need to sacrifice critical 
organs or the tumor has a solid appearance on ~ sc_an (sus~i
cious for dedifferentiation). Many asymptomatic panents w1tb 
a well-differentiated-appeari ng local recu.rrence that is well away 
from critical structures may be safely followed off any therapy 
and monitored to determine whether they develop other sites of 
disease before complete surgical resection is recommended. 
Such an approach can extend the inte rval berween surgical resec
tions and enables the surgeon to be more confident that aJJ 
known disease sites arc being encompassed with the planned 
procedure. 

SUMMARY 
Soft t issue sarcomas are relatively rare, with an annual incidence 
of about 10,600 cases in the Uni ted States. Primary therapy is 
predicated on surgical resection with an adequate margin of 
normal tissue. For high-risk patients, local control is improved 
with postoperative adjuvant radiation therapy. L">cal recurrence 
rates vary, depending on anatomic site. In extremity lesions, 
15% of paticn rs will develop locally recurrent disease, with a 
median disease-free inte rval of 18 months. Treatment resul ts for 
localized extremity recurrence may approad1 those for primary 
disease. Isolated pulmonary metastases may be resected, with 
30% 5-year suii"Vival rates after complete resection. Adjuvant or 
ncoadjuvant chemotherapy has not been proven to result in 
longer overall survival times after optimal resectjon of the 
primary sarcom a. In pat ients wi th retroperitoneal and visceral 
sarcoma, complete resection remains the domlnarlt factor for the 

outcome. As opposed to extremity sjtes, local recurrence in this 
site is a common cause of death. Patients with unresectable 
pulmonary metastases or extrapulmonary metastatic sarcoma 
have a uniformly poor prognosis and are best treated with sys
temic chemotherapy, re....erving surgical resection for meaningful 
palliation. There is an urgent need ro develop novel r~eted 
d1erapies that are histologically and molecular type-speafic for 
the more than 4000 pacients who wi ll die each year from inoper
able forms of soft tissue sarcoma. 
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CHAPTER 34 1 

BONE TUMORS 
HERBERT S. ScHWARTZ AND GrNGER E. HoLT 

ONCOLOGIC RESECTION 

SKELETAL RECONSTRUCTION 

GENETICS 

BENIGN BONE TUMORS 

SKELETAL SARCOMAS 

SKELETAL METASTASES 

FUTURE CONSIDERATIONS 

Orthopedic oncology is a complex surgical discipline that 
involves the care and management of individuals with primary 
and secondary neoplasms of the musculoskeletal system. 'TI1e 
neoplasms may be benign or malignant. 'Tius chapter deals with 
bone tumors onlly. 

Managememt of bone tumors is more difficult d1an treat
ment of neoplasms in other organ sites because of the need for 
skeletal stability. Adequate oncologic resection must be followed 
by skeletal reconstruction and restoration of function. With 
benign lesions, the process of reconstruction may be facilitated 
by bone's unique property of regenerating, even in adults. For 
malignant lesions, bone carmot be relied on to heal and aggres
sive unconventional reconstruction is requi.red. Care must be 
taken, from biopsy to definitive treatment. An inappropriately 
placed skeletal biropsy may result in a fracture. Bone biopsy may 
be extensive and require cement along with internal fixation to 
prevent an iatrogenic fracrure. 

Biopsy is a complex cognitive skill in the skeleton. Fine
needle, core, or surgical biopsy tracts harbor malignant cells. 
Therefore, definiitive surgical resection of cancer requires remov
ing the biopsy tract, all iatrogenic contan1ination, and the bone 
tumor in an en bloc resection. This requires extensive exposure 
with wide flaps and nwbilization of neurovascular structures. 
Inappropriately placed biopsy or needle puncture sites can com
plicate placement of the definitive surgical incision or require 
multiple incisions, thereby jeopardizing Limb salvage. Key struc
tures may be contanlinated by the biopsy tract. It has been 
conclusively shown in several studies that surgeons inexperi
enced in musculoskeletal oncology principles have a three to 
four times increased rate of complications from a poorly placed 
biopsy site.1

-
3 UnfortLUlatdy, this results in wmecessarily complex 

revision surgery and, in some cases, ampurarion instead of limb 
salvage. 

Staging of skeletal sarcomas is straightforward and ha.~ 
remained relatively unchanged since its original description by 

Enneking and colleagues.4 Roman numeral I refers to a low
grade skeletal sarcoma as interpreted by the pathologist. Roman 
numeral II is high grade. Roman numeral I U signifies metastasis, 
whether regional or distant. The letter A refers to intracompart
mental tumor localization, whereas the letter B refers to extra
compartmental growth of the primary skeletal sarcoma. A bone 
tUlllor that begins in the femur and grows into the quadriceps 
musculature is extracompartmental because it has grown out of 
its original compartment into another. Pathologic fractures can 
be thought of as extracompartmental tumors. The Enneking 
system has five stages, IA, IB, IIA, JIB, and III. Stage liB tumors 
are high risk. Stage UJ represents metastases of any type. 'TI1e 
staging system of the American Joint Committee on Cancer bas 
not been universally adopted for skeletal sarcomas. 

Bone tumor management can best be sun1marized by three 
factors. 'TI1e fuse is the adequacy of oncologic resection. 'Tile 
second is the type and extent of skeletal reconstruction. 'TI1e 
third is the fLmctional outcome anticipated by the specific type 
of skeletal reconstruction. All three factors must be weighed and 
discussed with the patient and caregivers to decide on the 
optimal management for a particular individual. Adequacy of 
the surgical oncologic margin is not always the prime consider
ation; surgical resection for palliation is often important. 

ONCOLOGIC RESECTION 
'TI1ere are four types of surgical resection, each of which is 
defined by their margin. 'TI1e margin represents the surgical dis
section plane relative tO the pseudocapsule and the neoplasm 
itself. Intralesional resections are exemplified by curettage. The 
surgical dissection plane goes through the tumor itself and 
potentially leaves gross tUlllor behind. Marginal resections gen
erate a dissection plane at the periphery of the tumor through 
its pseudocapsule (e.g., subperiosteal long bone dissection). 
'TI1eoretically, microscopic tumor may be left behind. Wide sur
gical margins have a dissection plane through a cuff of normal 
tissue. The cuff of normal tissue may be 1 em or I m distant to 
the tumor. Theoretically, only satellite malignant cells may be 
left bdUnd. With radical resection margins, d1e entire compart
ment in which the tumor resides is resected. For example, a 
tUlllOr that originates in the distal end of the femur would 
undergo radical resection if the entire femur were removed, from 
the hip joint to the knee joint. Local recurrence rates are iJwersely 
proportional tO bow radical the surgical procedure is. lt is 
common for a limb salvage procedure to achieve a more radical 
margin than amputation. For example, limb salvage resection of 
a distal femoral sarcoma can adlieve a wide surgical margin that 
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spares d1e popliteal vessels and most of the extensor mechanism 
and calf musculature. ln contrast, an an1putati.on that goes 
through the tumor of a distal femoral sarcoma ad1ieves only an 
in tralesional resection margin.. 

SKELETAL RECONSTRUCTION 
1l1e skeleton is a dynamic organ chat receives 20o/o of the cardiac 
output and em often heal itself. Surgi.cal care and preparation 
of the resection bed optimize the chance for skeletal regenera
tion. Children regenerate bone at a higher rate than adults. Small 
bone defects of approximately 5 em or smaller arc often. bone
grafted with autogenous bone obtained from the iliac crest, 
allograft bone obtained from bone banks, or a combination. 
Growth factors such as bone morphogenetic protein 2 (BMP2) 
and BMP7 are being used to potentiate osteoinduction. Demin
eralized bone matrix is a commercially derived allograft product 
that retains the noncellular protein constituents of normal bone 
and may facilitate osteogenesis. 

Larger skeletal defects require more complex reconstruc
tion strategies. If a joint is dose by, reconstruction often involves 
the use of an arthroplasty or arthrodesis. These two options 
frequently require the application of a metal or structu.ral bone 
aHe>graft spacer. Occasionally, a vascularized au to graft sud1 as a 
fibula may be used by itself or in ce>njunction with skeletal 
reconstruction. AJ1 intercalary segmental defect involves the 
shaft of a long bone and does not require joint reconstruction. 
ln mese cases, structural bone allografts and metal spacers are 
used along with imernal fixation, such as imramedullary rods or 
plates and screws. 

Function 
1l1e long-term functional outcome after skeletal reconstruction 
is directly related to the durability of the implant. Metallic 
implants offer good immediate function, but suffer from metal 
fatigue after millions of repetitive loading cycles, and long-term 

Table 34-1 Genetic Alterations for Some Bone Tumors 

failure eventually occurs. [n contrast, bone autografts or allografts 
provide short- term partial stability (protected weight bearing) 
but have the potential long-term advantage of permanent osteo
genic ingrowd1 along with revascularization, leading to intact 
viable bone. The weight-bearing needs of the lower extremities 
are differem from d1ose of the high-demand, non- weighr-bear
ing functions of the upper extremities. The axial skeleton has a 
mixture of bigb-den1and and load-bearing requirements. Skel
etal reconstruction in dilldren requires calculation for limb 
growth. 1l1e more complicated the reconstruction, the higher 
the infection rate. Infections of metallic cndoproschcses or large 
structural aJJografts can often be devastating and resuJt in ampu
tation. Terminal cancer patients who require skeletal reconstruc
tion have different fwlCtional needs, immediate fw1ctional use 
with inconseguential long-term demands. 

GENmCS 
Alterations in DNA by inheritance, carcinogen exposure, spo
radic replication or housekeeping e rror, mutation, chromosomal 
rearrangement, amplification, deletion, or change in expression 
can be oncogenic. Neoplastic cells that acquire such a genetic 
change may begin a multistep process that confers a potential 
growth advantage. Further genetic change leads to more muta
tions and the creation of clones of cells chat acquire malignant 
characteristics. 

Benign and malignant skeletal neoplasms have a host of 
DNA alteratie>ns catalogued by cl1e absence o r presence of sup
pressor genes, oncogenes, translocations, and chromosome gains 
or losses. Table 34-1 Lists these genetic alterations for some 
selected bone tumors5; dtis table is meant to be a sununary 
rad1er than an exhaustive list. 

ln contrast, skeletal metastases (e.g., carcinomas) manipu
late ·the normal bone microenvironment to create osteolytic 
bone de,struction whiJe promoting the growth and spread of 
cancer ccUs.6.7 CeU adhesion molecules are used for botb cell co 

-----
Neoplasia 
SUPPRESSOR 

SKELETAL TUMOR GENE ONCOGENE 

Osteosarcoma 

Ewing's sarcoma 

010ndrosarcoma 

Osteochondroma 

Endochondroma 

Aneurysmal bone 
cyst 

Fibrous dysplasia 

Giant cell tumor 

RB, p53, INK4A, CDK4, FOS, cMYC, 
INK2A MDM2, MET 

KCMFI 

EXTI, EXT2 

CD99 

GNASI 

TPX2 

DNA Alterations 

CHROMOSOME CHROMOSOME 
TRANSLOCATION$ LOSS GAIN PROTEIN CHANGE 

t(ll ;22)(q24;q12) 
EWS-FL/1 

t(21 ;22)(q22;q12) 
EWS·ERG 

t(16;17)(q22;p13) 
CHDII-USP6 

Telomeric fusions 

6q, 13q, ISq, 
17p, 18q 

I q, Sp, 6p, 7q, 
Bq, 12q, 17p, 
19q, 7p, 12q, 
2lq 

lp, Sq, 6p, 9p, 7p, 12q, 21q 
14q, 22q 

12q 

20q 

20q 

IHH-PTHrP (Indian 
hedgehog-parathyroid 
hormone-related 
protein) 

GS 

RANKL 
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cell and celJ to matrix binding. Deregulation of matrix metal
loproteinases disrupts the delicate balance of matrix homeostasis 
by increasing proteolytic activity. Degradation of the extracel
lular matrix results in cancer cdJ invasion. Angiogenesis stimula
tors such as vascular endothelial growth factor, fibroblast growth 
factor, and rransforming grmvrh factor-P are triggered by cancer 
cells to promote their own growth. Parathyroid hormone-related 
protein is released by certain tumor ceUs acting on the same 
receptors for parathyroid hormones co promote osteoclast
mediated bone r;esorption. Osteoclastogenesis is also promoted 
by i.nterlcukin-6. i.nterlcuki.n-8, and RANKL {receptor activator 
of nuclear factor Kl3 ligand). There is a complex interaction 
among many cell receptors, cytokines, growth facrors, and pro
teases in the metastatic bone mkroenviroJ1ment. 

BENIGN BONE tUMORS 

Incidence 
The incidence of benign bone tumors far exceeds that of skeletal 
sarcomas. Ln our clinical experience, there are at least five benign 
bone tumors for every primary malignant bone neoplasm. Unni 
and Inwards8 have found that approximately 54% of benign 
bone tumors arc chondrogenic. Osteochondroma and enchon
droma are the most common benign tumors. Both can be poly
ostotic. Osteochondromas are surface neoplasms of bone, 
whereas encl10.ndromas are located intraosseously. The true prev
alence of these tumors is unknown because many go undetected 
and unreported. 

Overview 
The significance of benign bone tumors is that they occur more 
frequently in the pediatric population than in adults. Fractures 
are often the initial mode of expression. A pathologic &a.cnare 
may occur during rw1ning or other activities, with pain being 
the initial symptom. Frequently, bCJ1ign bone tumors are 
detected in the !Pediatric or adult population as an incidental 
radiographic discovery. A patient with rotator cuff tendinitis 
may complain of shoulder pain and a plain radiograph identi£es 
an incidental abnormality in the proximal humeral metaphysis, 
which by itself is asymptomatic. Benign bone tumors grow with 
the ciJi!d and generally stop growing when the child reaches 
skeletal marurity. Ln children and adults, surgical indications 
include deformitty (angular or limb length inequality), pain, 
pathologic fracture, and malignant transformation. 

Surgical Oncology 
Most benign bome rumors can be resected safely with an imra
lesionaJ resection margin. 'These procedures typically consist of 
intralesionaJ curettage. The goal is a local recurrence rate between 
10% and 20%. In tl1e skeletally immature patient, physeaJ 
injury m ust be avoided. 

Reconstruction of benign bone tumors after curettage is 
often accomplished with a combination of bone grafting and 
stabilization of impending or completed fractures. Bone grafting 
can be perfom1ed with autogenous bone or al lograft. Many 
allograft preparations are commercially available, .including 
demineralized bone matrix from an American Association of 
Tissue Banks-approved bone ba.nk.Q Adequate curettage 
demands a large bone portal to access the intrausseous cavity, 
which, however, severely compromises the biomecl1anical integ
rit:y of the bone and requires operative stabilization. Stabilization 
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can be done extracorporeaUy, such as with a cast or splint. Inter
nal bone stabilization can be accomplished wi th a combination 
of rods, plates, pins, or screws. 1l1e goal is to acltieve osteogen
esis, preserve skeletal growth, and gain strengcl1 within weeks. 

Function 
1l1e functional outcome after iJltralesionaJ resection, fixation, 
and bone grafting, especially in a child, is excellent. Limb length 
inequalities, especia.Uy overgrowth, may occur when the proce
dure is performed in a young child. The younger the child, the 
more conservative are the internal fixation techniques. Casting 
is preferred because joint stiffi1ess is seldom a. problem in tl:tis 
patiem population. 

Examples 

Enchondroma 
Enchondroma {Fig. 34-1) is a benign proliferation of hyaline 
cartilage typi.cally found in long bones, but it may also occur i.n 
the axial skeleton. Cartilage anlage or islands retain chondroid 
features and continue to grow w1til skeletal maturity, when they 
begin to w1dergo calcification. Their long-term physiologic 
activity is why tl1ey remain scintigraphically active decades later 
on a bone scan. An enchondroma typically begins in the 
metaphysis and extends into the diaphysis. It seldom occurs in 
the epiphysis of long bones. Polyostotic syndromes may occLLr, 
often with unilateral predominance. O ilier's disease is the 
eponym associated with muldple skeletal encl10ndromas. 
Maffucci's syndrome is Oilier's disease associated with multi
ple subcutaneous hemangiomas. In the pediatric population, 
management involves maintaining a strong, straight, and 

FIGURE 34·1 Plain radiograph of an enchondroma of the distal end 
of the femu r, lateral projection. Note the heavy calcification of the 
benign chondroid matrix. 
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symmetrical bone of appropriate length. Mter skeletal maturity, 
malignant transformation is rare. However, the greater the 
tumor burden, the greater the late malignant transformation 
rate. Therefore, patients with Oilier's disease often have a higher 
incidence of chondrosarcoma fom1ation than those with solitary 
disease. The more axially located rumors of the pelvis, spine, and 
scapula have rthe worst prognosis. Interestingly, individuals 
with Maffucci's syndrome have the same elevated incidence of 
chondrosarcoma formation; however, this unique patient popu
lation frequently succumbs to the development of occLLit 
carcinomas.10 

Treatment of enchondromas is conservative and serial 
radiographic evaluation remains the mainstay of treatmem. 
When necessary, albeit rare, intralesional cmettage and bone 
grafting result in excellent outcomes. Enchondromas are par
ticularly common in the small bones of the hands and feet. 
Histopathologic interpretation of benign cartilage twnors is dif
ficult because it is extremely dependent on the di11ical findings 
and plain radiograplcic appearance of the tumor. Rarely, cytoge
netic abnormalities are identified in enchondromas. lt appears 
that abnom1alities in l2q13-15 appear to he common in benign 
and malignant cartilaginous neop.lasms.5 

Fibrous Dysplasia 
Fibrous dysplasia (Fig. 34-2) is not a true neoplasm but repre
sents dysplasia in the 6bro-osseous proliferation of bone. lt may 
be monostotic or polyostotic. 1l1e cause appears to be a postfer
tilization mutation in the gene encoding the 0:-acdvating subunit 
of the G (guanine nucleotide binding) protein that participates 
in guanosine triphosphatase activity. 'TI1e mutation occms on 
chromosome 20 at location 20ql3.2. It appears to be a missense 

FIGURE 34·2 Fibrous dysplasia shown on a plain anteroposterior 
(AP) radiograph of the right hip. Note the partially ossified matrix of 
the tumor with loss of normal bone trabeculae. 

point mutation at the arginine 201 amino acid that leads to 
constitutive acrivation of the formation of cyclic adenosine 
monophosphate. 11

'
11 Fibrous dysplasia may be monostotic, poly

ostotic, or associated with an endocrinopathy syndrome known 
as McCune-Albright syndrome. This disorder occLLrS more often 
in females and is characterized by the rriad of polyosrotic fibrous 
dysplasia predominating on one side, precocious puberty (may 
be manifested as vaginal bleeding within the first few months of 
life), and large macules, often overlying the involved bone. Treat
ment is similar to that for other benign bone tumors but it is 
important to realize that complete extirpation of the tumor is 
unnecessary. The bone is biomechanically weak, and therefore 
treatment is aimed at structllral stabilization. Rarely, lace sarco
mato us transformation occms. The incidence of fibrous dyspla
sia parallels that of giant cell [llmor. 

Giant Cell Tumor 
Giant celJ tumor (Fig. 34-3) represents approximately 2Uo/o of 
benign bone tumors. Tt is the most aggressive benign tumor and 
threatens the true definition of a benign cancer because benign 
pulmonary metastases develop in approximately 1% to 2% of 
giant cell tumors.13 In these cases, the metastatic focus in the 
lung does not meet the histopathologic criteria for malignancy 
and is identical in appearance to the benign bone rumor in the 
skeleton. Survival rates are approximately 8Uo/o with aggressive 
treatment. Local recurrence rates after treatment of giant cell 
tumor in a bone can be as high as 40o/o but can be halved 
through aggressive surgical treatment, often with the use of local 
adjuvants}1 including high-speed turbine bmring, polymethyl
meth.acrylate bone cement, liquid nitrogen , phenol, and argon 
beam laser. 'This tumor typically develops in the epiphysis oflong 
bones, although it may occur in the flat bones of the pelvis, often 
between the ages of 20 and 40 years, and is manifested as an 
intra-articular displaced pathologic fractu re. Management 
involves radiographic pulmonary exancination, aggressive local 
treatment with a large surgical approach and exposure of the 
bone cavity, and aggressive local inttalesional resection, wicl1 or 
without adjuvant therapy. Reconstruction demru1ds stability and 
bone grafting alone i.s frequently inadequate. Cement provides 

FIGURE 34·3 Giant cell tumor of bone involving the proximal tibia, 
seen <>n magnetic resonance imaging (MRI) scan (A) and indicated 
by arrows on a plain radiograph (B). 
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immediate stability but is associated wid1 the potential for late 
arthritic development in the adjacent joint. 

The tumor often extends to subchondral bone under the 
articular cartilage. The spectmm of biologic behavior of this 
capricious nuuor is not well understood. The cytogenetics of 
gianr cell rumor is fascinating bur does nor belie its rrue biologic 
potential. The presence of telomere to telomere chromosomal 
t ranslocations (tdomeric associations) in giant cell tumor is a 
rarel)' reported cytogenetic phenomenon in human neoplasia.15 

Giant cell tttmor also has the tmique ability to grow in a variety 
of microenvironmcnts and therefore represents a d1allenge to 
the surgeon, inasmuch as iatrogenic implantation and metastases 
are distinctly common occurrences. 

Patients require long-term follow-up because recmrences 
may develop several years postoperatively. G iant cell rumors in 
the spine, sacrum, and pelvis present greater surgical challenges. 
Preoperative embolization is often required because intraopera
tive tumor hemorrhage is significant. Radiation treatment may 
have a role in primary giant cell tumors of cl1e axial skeleton or 
in recurrent refractory giant cell tumors in a long bone. TI1ere 
is strong evidence, however, that irradiation of giant cell tumors 
increases cl1e chance for malignant transformation to a frank 
giant edt sarcom a decades later.16 New systemic treatment 
options include a ftilly lmman monoclonal antibody to RANKL 
which has shown significant positive response rates when treat
ing unresectable disease. 17 

SKELETAL SARCOMAS 

lnddence 
Approximately 2300 skeletal sarcomas are diagnosed each year 
in the United States. 18 This incidence translates imo approxi
mately one new case/100,000 population/year. O steosarcoma is 
the most common primary malignant neoplasm of bone; it 
represents one tliird of cases and often occurs in tee11agers. Chon
drosarcoma accounts for 25% of skeletal sarcomas, followed by 
Ewing's sarcoma at 16%. The incidence of skeletal sarcoma~ is 
approximately equal in the pediatric and adul t populations. 

Overview 
The need for complex skeletal reconstruction, often using large 
metall ic endoprostheti.c implaHts, structural allografts, or both, 
ushered in the era of neoadjuvam dtemocherapy and limb salvage 
{Fig. 34-4). Many skeletal sarcomas are sensitive to chemoilier
apy. In the 1970s, iJHensive chemodterapy was administered to 
many teenagers with nonmetastatic osteosarcoma of the extren:U
tics after biopsy.19 While a custom endoprosthesis was being 
fabricated, treatment continued with systemic cytotoxic chemo
therapy. After several moncl1s, ilie tumor was surgically ren10ved 
and the implant inserted to preserve the Limb. 1he resected bone 
tumor was then examined histopathologically for me necrotic 
effect of preoperative or neoadjuvant chemotherapy. 

Surgical Oncology 
Wide surgical margins are preferred for the treatment of skeletal 
sarcomas. For many skeletal sarcomas, resection follows neoad
juvant chemotherapy. Chemotherapy facilitates limb salvage by 
allowing easier djsscction and mobili7..ation of critical neurovas
cular structures. The surgical goal is a local recurrence rare of 
less than 7%. Early studies by Sirnon,10 Link,21 and their associ
ates documented equivalent local recurrence and survival rates 
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FIGURE 34-4 Limb salvage resection and reconstruction with allograft 
tibia and prosthetic knee arthroplasty. A. Anterior-posterior projection. 
B. Lateral projection. The arrows point to the sutured patellar tendons 
of the host and allograft. 

with limb salvage and amputation for distal femoral osteosar
coma. Cure rates are approximately 67% for extremity sarcomas. 
whereas axial tumors in the pelvis or sr,ine have a worse prog
nosis (33%) for a similar tissue type.a-3 

Reconstruction of large skeletal defects requires the usc of 
metallic endoprostheses, structural allografts, or combinations 
called allograft-proscltesis composites. Reconstruction st rategies 
are more complicated in the pediatric population because future 
growth must be predicted and accounted fo r. 

Function 
It has been demonstrated that limb salvage is more cost-effective 
over a period of decades than in1medlate amputation in the 
teenage population.24 Implant survival is complicated in the 
short cem1 by infection (allografts) and in the long term by 
aseptic loosening (metal).25 Te11-year implant survival rates for 
metallic prostheses range from 50% to 80% in the proximal 
tibia, distal femur, a11d proximal femur.:u; Wound heali11g, espe
cially whi le administering chemotherapy, is enhanced with 
healthy local flaps. This is especially true around the knee, where 
gastrocnemius Aaps are necessary to cover the prosthesis and 
restore fu nction to the extensor mechanism. 

Examples 

Osteosarcoma (Osteogenic Sarcoma) 
Osteosarcoma, or osteogenic sarcoma (Fig. 34-5), is defined as 
a malignant tumor that produces neoplastic osteoid. Neoplastic 
cartilage or fibrous tissue may be present. There are many types 
of osteosarcoma; they vary by location (intraosseous, surface, or 
cxtraskcletal), grade, or cause. Spontaneous osteosarcomas are 
most common, but some osteosarcomas occtlf in the genetic 
syndromes of Li-Fratrmeni, hereditary re tinoblastoma, a11d in 
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FIGURE 34-5 Osteosarcoma. AP (A) and lateral (B) radiographs show malignant intramedullary and extramedullary bone formation. T2-weighted 
(C) a nd Tl-weighted (D) MRI scans demonstrate a large circumferential soft tissue mass, with extension into the posterio r compartment (C:. 
arrow). E. Coronal MRI scan shows tumor extending from the diaphysial femur to the distal physis (arrow). 

FIGURE 34-6 Ewing's sarcoma. A. AP plain radiograph of the pelvis. Note the destructive and permeative changes in the left pelvis (Ilium). 
B, Axial 12-weighted MRI scan demonstrating the white tumor infiltrating the left ilium and breaking out into the musculature as an extraos
seous soft tissue mass. 

postradiation scenarios.27
.
29 TI1ere is a bimodal age of tumor 

occurrence. Conventional osteosarcomas occur in the first 2 
decades of Life, whereas post- treatment or secondary (malign am 
transformation) osteosarcomas occur much later. Postradiation 
skeletal sarcomas of the chest wall have become more common 
with the gaining popularity of hunpectomy and radiation treat
ment for mammary carcinoma.30 

Survival is best predicted b)' the degree of chemotherapy
induced necros1s.31 Nonmetastatic extremity osteosarcoma with 
more than 90% chemotherapy-induced necrosis has a survival 

rate of 80% at 5 years; pelvic osteosarcoma with less than 90% 
chemotherapy-induced necrosis bas a survival rate of approxi
mately 30%.22

..!3 

Ewing's Sarcoma 
Ewing's sarcoma (Fig. 34-6) and pnmmve neuroectodermal 
tumors are small, blue cell (microscopic appearance) malignan
cies of bone that cytogenetically represent the same entity. They 
share a common translocation, t(ll:22)(q24;ql2). in 85% of 
cases. Molecular cloning of the nanslocation reveals fusion 
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berwee11 the 5' end of d1e EWS gene from the 22ql2 chromo
some and the 3' end of the llq24 FLIJ geneY ·34 This tumor is 
exquisitely sensitive to chemotherapy and radiation treatment. 
Neither modality alone or in combination is sufficient to maxi
mize the cure rate, however. Surgical extirpation in conjunction 
with chemotherapy is the preferred rrearmenr. Reconsrrucdon 
options follow those for other skeletal sarcomas. 

Chondrosarcoma 
Chondrosarcoma (Fig. 34-7) is a malignant skeletal neoplasm 
that produces hyaline cartilage. Several pad10logic subtypes exist 
u1 which the neoplastic cells produce unusual matrices. Histo
pathology alone does not predict biologic bd1avior. Rather, a 
combination of histopathology, age, location, ru1d radiographic 
appeafaJlce yields the best predictor of tumor aggressiveness. A 
low-grade cartllage cumor of the phalrulX may have the saJne 
microscopic appearruKe as a pelvic chondrosarcoma. It would 
be exceedingly rare to die of a phalanx cartilage nunor; however, 
local control is notoriously difficuJt to achieve in pelvic chon
drosarcomas, ru1d long-term cure rates require massive resection. 
Secondary chondrosarcomas occur after malignant transforma
tion of a benign cartilage tumor, such as enchondroma or osteo
d1ondroma.35 'TI1cre is increasing molecular evidence that growth 
plate chondrocyte signaling pathways are recapitulated in carti
lage neoplasia (l111dian hedgehog-parathyroid hormone-related 
protein axis). 

SKELETAL METASTASES 

Incidence 
Skeletal metastases are approximately 500 tinles more common 
than skeletal sarcomas.18 Approximately 1.2 miiUon new cases 
of carcinoma are diagnosed each year in the United States. 
Osteophytes indude prostate, thyroid, breast, lung, and kidney 
CaJlCCT. 

Overview 
Adults are more commonly affijcted with skeletal metastases 
than children. 'U1e prevalence of individuals with skeletal metas
tases continues m rise as cancer therapies inlprove with time. 
Pathologic fractures ru1d impending pathologic fractures repre
sent common problems for the orthopedic oncologist. 'U1e 
workup for a mel(astatic skeletal carcinoma of unknown prm1ary 
origin consists only of a computed tomography CT scaJl of the 
chest, abdomen. and pelvis. a bone scan. serum l,rotein electro
phoresis, and assay for prostate-specific antigen.3 Physical exaJll
iJ1ation of the breast and prostate is mandatory. Bisphosphonate 
therapy diminishes osteoclast resorption of bone and preserves 
the biomechankal integrity of the skeleton. 

Surgical Oncology 
Inrralesional resection after tissue confirmation of d1e diagnosis 
minimizes the chance of local recurrence. Treatment goals 
include whole-bone prophylaxis with intramedullary locked 
nails, plates, and cement or a combu1ation of these. Postopera
tive radiation therapy must mclude delivery to the entire bone 
from joint to joint. A surgical goal of a local recurrence rate less 
than 15% is preferred. holared metastases, such as from renal 
cdl carcinoma or melanoma, can be treated aggressively if they 
are u1deed isolated and occur after a long hiatus (several years) 
after the primary. Cures, in such cases, are nor rare. 
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FIGURE 34-7 Chondrosarcoma. A. AP plain radiograph ot the right 
proximal femur showing expansion ot the bone from the poorly 
mineralized malignant chondroid matrix. 8, Coronal MRI scan dem
onstrating the extent ot the tumor into the intramedullary space. 

Reconstructive goals consist of choosing an iJnplant durable 
enough to outlive the patient. The hone cannot he expected to heal 
after tumor resection and chemuradiation rherapy. Therefore. 
cemen't ru1d metal must be used to preserve biomechanical integ
rity, especially in weighr-bearingjoints (Fig. 34-8) ru1d the spine. 
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FIGURE 34-8 Carcinoma metastatic to the left acetabulum. After 
resection, reconstruction was accomplished with cement, screws. and 
total hip arthroplasty. 

A variety of surgical tedlJ1iques are used to reconstruct a 
skeleton that is symptomatic and has metastatic carcinoma. 
Examples requiring different techniques include a weight
bearing long bone such as the femur, a non-weight-bearing long 
bone such as d1e humerus, and a Aat bone such as the pelvis. 
Aggressive surgical management of premyeloparhic isolated 
spinal metastases in conjw1ction with radiotherapy is preferred 
over radiation therapy alone.37 

Function 
Palliative relief of pain and maximization of function are the 
goals of surgery. The goal is to keep the patient pain-free, mobile, 
and independent. Bisphosphonates significantly dinlinish osteo
clast ftmction and therefore bone resorption. 1l1ey have hecome 
an important tool in preventing pathologic fractures in patients 
with metastatic disease while preserving function. 

FUTURE CONSIDERAnONS 
Advances in the treatment of skeletal malignancies will require 
better understanding of the molecular causes of the disease. 
Implants will improve, but material and biomechanical princi
ples are still at a plateau in development. In contras t, knowledge 
of the genetic causes of sarcomas and the microenvironment 
surrounding them has been growing rapidly. Identifying skeletal 
sarcoma biomarkers of high-risk biologic behavior may at some 
point stratify patients by metastatic potential early in the cancer 
treatment course. Examining the microenvironment of bone 
may identifY molecular triggers of matrix lysis and endorbeual 
invasion. Targeted therapies that downgrade the growth and 
invasive potential of cancers offer the hope of prolonged survival 
through new treatment paradigms. 
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NORMAL HISTOLOGY 
1lle normal histology of the upper aerodigestive tract varies in 
ead1 site. A complete review of the thyroid and parathyroid 
glands is beyond the scope of this chapter. 1l1e nasal vestibule 
is considered a cutaneous structure and is lined by keratinizing 
squamous epithelium. The limen nasi, or mucocutaneous junc
tion, is where the epithelium changes to a ciliated pseudostrati
fied columnar (respiratory) epithelium ro line the nasal cavities. 
The exception is the olfactory epithelium at the roof of the nasal 
cavity, which is composed of bipolar, spindle-shaped olfactory 
neural cells wi th surrounding supporting cells. The paranasal 
slrluses are also lined by respiratory epithelium, but it tends to 
be thinner and less vascular than that of the nasal cavity. The 
nasopharyngeal l!ining varies from squamous to respiratory epi
thelium in an lnconsistem ma1mer. 'TI1e adenoidal pad is com
posed of lymphoid tissue containlrlg germinal centers without 
capsules or sinusoids. The oral cavity is lined by nonkeratiolzed 
stratified SCjuamous epithelium with mi.nor salivary glands 
throughout the :submucosa and withiJl the muscular tissue of 
the tongue. Altlhough the oropharynx is lined by SCjuamous 
epithelium, Waldeyer's ring is formed by lymphoid tissues of the 
palatine tonsils, :adenoids, lingual tonsils, and adjacent submu
cosal lymphatics. The tonsils contain germinal centers without 
capsules or sinusoids but, unlike the adenoids, the tonsils have 
crypts lined by stratified squamous epithelium. 

The hypopharynx is lined by nonkeratlnlzing, srrati£ed 
SCjUamous epithe:l ium. Seromucous glands are found throughout 
the submucosa of the hypopharynx, in the lower two thirds of 
the epiglottis, and in the potential space between the true and 
false vocal folds lknown as the ventricle. Nonkeratinizing strati
fied squamous epithelium lines the epiglottis and true vocal fold. 
Pseudosrratified, clUated respiratory epithelium Lines the false 
vocal fold, ventricle, and subglottis. The thyroid, cricoid, and 

arytenoid cartilages are composed of hyaline cartilage, whereas 
the epiglottis, cuneiform, and cornicL~ate cartilages are com
posed of elastic-type cartilage. The external ear is a cutaneous 
structure l.ined with keratinizing squamous epithelium and asso
ciated adnexal structures. The external third of the external 
auditory cru1al is unique iJ1 that it contains modi£ed apocrine 
glru1ds that produce cerumen. 1l1e middle ear is lined with 
respiratory epithelium. 

Numerous noncancerous changes in squan1ous epithelium 
can be seen in the upper aerodigestive tract. Leukoplakia, which 
describes any white mucosal lesion, ru1d erythroplasia, whid1 
describes any red mucosal lesion, are both clinical descriptions 
and should not be used as diagnostic terms (Fig. 35-1). Eryth
roplakia is more often indicative of an llllderlying malignant 
lesion. Hyperplasia refers to thickening of the epithelilllll sec
ondary to aJ1 increase in the total number of cells. Parakeratosis 
is an abnormal presence of nuclei in the keratin layers, whereas 
dyskeratosis refers to aJl}' abnormal keratinization of epithelial 
cells and is found in dysplastic lesions. Koilocytosis is a descrip
tive term for the vacuolization of squamous cells ru1d is sugges
tive of viral infection, especially hLUUaJ1 papilloma virus (HPV). 

EPIDEMIOLOGY 
1l1e American Joint Committee on Cancer (AJCC) staging 
system divides sites of malignru1cy origiJ1atiJ1g in the head ru1d 
neck irlto six major groups: lip and oral cavity, pharynx, larynx, 
nasal cavity and parru1asal sinuses, major salivary glands, and 
thyroid. 1 Of the sites arising from the aerodigestive tract, laryn
geal cancer remains the most common cause of death {Table 
35-1), whereas pharyngeal cancer has emerged as exhibiting the 
highest incidence over d1e past several years. Although there 
clearly remains a male preponderance in aerodigestive tract 
malignru1des, the male-to-female ratio has been steadily decreas
ing because of the direct association between tobacco as a caus
ative agent and the increased incidence of female smokers. 
Tobacco abuse increases the odds ratio for the development of 
laryngeal cancer by 15: 1, whereas alcohol abuse carries an odds 
ratio of 2: 1. Combmed abuse of alcohol and tobacco is not 
additive iJ1 terms of the odds ratio but multiplicative. More 
recent studies have suggested that the epidemiology of head and 
neck cancer is shifting to mirror a change .in the cause? In the 
United States, during the period from 1973 to 2003, the inci
dence rate for cru1cer sites causally related w HPV infection 
significand}' increased (tongue base ru1d tonsil subsites of the 
oropharynx), whereas significant declines in incidence were 
observed for oral cancers not causally related to HPV. In 
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Table 35-1 Head and Neck cancer, 2009 Statistics: Upper Aerodigestive Tract 
Estimated Incidence Estimated Deaths 

SITE BOTH GENDERS MALE FEMALE BOTH GENDERS MALE FEMALE 

Tongue 10,530 7470 3060 1910 1240 670 

Mouth 10,750 6450 4300 1810 1110 700 

Pharynx 12,610 10,020 2590 2230 1640 590 

Other oral cavity 1830 1300 530 1650 1250 400 

Larynx 12.290 9920 2370 3660 2900 760 

From Jemal A. Siegel R, Ward E. et al: Cancer statistics. 2009. CA Cancer J din 59:225-249, 2009. 

FIGURE 35-1 Leukoplakic lesion on the left mobile tongue. On 
biopsy, this lesion was determined to be hyperkeratosis without 
invasive cancer. 

addition, HPV-associated cancers tended to be yow1ger in age 
by 3 to 5 years and were less likely to be associated with alcohol 
or tobacco use. Worldwide, the highest incidence rates in males 
exceeded 30/100,000 i11 areas of France, Hong Kong, India, 
Spain, Italy, and Brazil, as well as in U.S. blacks, with dramatic 
increase.s in oral cancer being seen in Central and Eastern 
Europe. most notably Hungary, Poland, Slovakia, and Romanla.3 

1l1e highest female rates are higher rhru1 101100,000 ru1d are 
found in India, where chewing of betel quid and tobacco is 
common. Although aggregate rates are slowly declining in 
certain areas, such as India, Hong Kong, and Brazil, as well as 
in U.S. whites, rates are increasing in most other regions of the 
world. In addition to alcohol ru1d cnbacco consumption as caus
ative factors, other risk factors include HPV ru1d Epstein-Barr 
virus infection, Pltmuner-Vinson syndrome, metabolic poly
morphisms, maL1utrition, and occupational exposure to muta
genic agents. According to the National Cru1cer Database, 
squamous cell carcinoma (SCC) is the most conm1on head and 
neck tumor of the major head and neck sites (88.9%), adeno
carcinoma is tile most common of the major salivary glands 
(56.4o/o), sec is the most common of the sinonasal tract 
(43.6%), and lymphoma is the most common of the sites das
si6ed as other (82.5o/o).4 

CARCINOGENESIS 
HPV infection is now recogni7..ed as a causative agent for oro
pharyngeal carcinoma. Based on the molecular cause, HPV
positlve and HPY-ncgative head and neck SCCs (HNSCCs) 
may be considered as two distinct cru1cers.5 High-risk HPV 
strains (subtypes 16 and 18) suppress apoptosis and activate cell 
growth when the HPV E6 and E7 proteins disrupt regulatory 
cell cycle and DNA repair pathways. Malignant transformation 
begins with inactivation of the p53 tumor suppre.ssor gene by 
E6, whereas E7 inactivates the retinoblastoma tumor suppressor 
protein (Rb). E6 targets the cellular ubiquitin-protein Hgase 
E6-AP, which then targets p53 for ubiquitination and degrada
tion; this results in unregulated cell growth. E7 associates with 
Rb and p21 by blocking the interaction of Rb v.rith E2F, which 
initiates uncontrolled cell proliferation.5 Viruses such as HPV 
can usurp cellular processes, but often the development of car
cinoma is the result of a stepwise accumulation of genetic altera
tions .. 6 Tobacco, a well-known risk factor, was one of the fi rst 
carcinogens to be linked with p53 mutations. One tobacco 
carcinogen, benzo[o:]pyrene diol epoxide, induces genetic 
daJUage by forming covalently bound DNA adduces throughout 
the genome, including p53. Dalllage induced by benzo[o:] 
pyrene diol epoxide and other carci11ogens is repaired with the 
nucleotide excision .repair system. Several studies have demon
strated that sequence variations in nucleotide excision repair 
genes contribute to HNSCC susceptibility.' 

Mru1y years after Slaughter proposed field cru1cerization, 
Califano and colleagues described the molecular basis for histo
pathologic chru1ges in HNSCC.8 Samples of dysplastic mucosa 
ru1d benign hyperplastic lesions displayed loss of heterozygosity 
at specific loci (9p21, 3p21, l7pl3). L1 particular, loss of het
erozygosity at 9p21 or 3p21 is one of the earliest detectable 
events leading to dysplasia in this rumor progression model. 
From dysplasia, further genetic alteration in llq, 13q, and 14q 
resulrs in carcinoma in siru. The high rate of recurrence of 
HNSCC is believed to result from histopathologically benign 
squamous ceiJ epithelium harbo.riJ1g a clonal population with 
genetic alterations.8 Studie.s using tnicrosatellice analysis ru1d X 
chromosome inactivation have verified that metachronous and 
synchronous lesions from distinct anatomic sites in HNSCC 
often originate from a common clone. 111is evidence confirms 
that genetically altered mucosa is difficult co cure iJ1 the HNSCC 
patient because it is on the path to tumorigenesis, as predicted 
by this model. Indeed, HNSCC patients have a 3o/o to 7% 
rumual iJ1cidence of secondary lesions in the upper ae.rodigestive 
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tract, esophagus, or lw1g. A synchronous second primary lesion 
is defined as a rumor detected within 6 months of the index 
tumor. The occl!Irence of a second primary lesion more than 6 
months after the initlalleslon is referred to as metachronous. A 
second primary wiU develop in the aerodigestive tract of 14o/o 
of patients with HNSCC over the course of their lifetime, with 
mvre than half o f these lesions occurring within the first 2 years 
of the index tumor. 

There is also evidence to suggest that changes in the pro
gramming of ceiJs, including stem cells, may also be involved in 
tumorigenesis in HNSCC because of the epithelial to mesen
chymal transition.? Abnormalities in cadhe.rins, tight jtmctions, 
and desmosomes lead ro a decrease in cell-cell adherence and 
loss of polarity, increasing the mobility of these cells. As epithe
lial cells disassemble their junctional structures, undergo extra
cellular matrix remodeling, and begin expressing proteins of 
mesencl1ymal origin, they become migratory. When the process 
of epitheHal to mesenchymal transition becomes pathologic, 
regulatory checkpoints are deficient. llms, in the carcinogenic 
process, epithelial to mesenchymal transition may cause changes 
that contribute ro tumor invasion and metastasis, enabling 
cancer cell dissemination.9 

Epidermal ,growtb factor receptor (EGFR) signaling has 
been strongly in1plicated in tumor progression in HNSCC. 1l1e 
ErbB fam ily is comprised of four structurally related receptor 
tyrosine kinases. EGFR mRNA and protein are preferentiaiJy 
expressed in HNSCC compared with surrounding normal 
tissues, suggesting a significant role in carcinogenesis. EGFR is 
overexpressed in up to 80o/o ro l OOo/o ofHNSCC tumors, with 
advanced-stage and poorly differentiated carcinomas more fre
quently demonstrating overexpression.10 TI1e most common 
mutation, EGFRvf!l, occurs in up to 40o/o of HNSCCs. Tius 
mutant receptor js only found in cancer cells and has an in-&ame 
deletion of exons 2 to 7, which results in a constitutively active 
receptor. 1l1e fact that EGFRvf!I is not fouJld iJl normal tissues 
makes this an attractive target for therapy. The two classes of 
therapies are monoclonal antibodies to EGFR receptor subunits 
and small-molecule EGFR tyrosine kinase inlubitors (TKis). 
When ligands bi11d to one of the ErbB receptors, a dimer forms 
and the receptor's intracellular tyrosine residues then undergoes 
ATP-dependent autophosphorylation. Once phosphorylated, 
the receptor has the potential to trigger many different intracel
lular downstream pathways. TI1e Janus kinase-signal transducers 
and activators of transcription OAK-STAT), along with the 
phospholipase-Oy-protein kinase C (PLC-y-PKC) pathways are 
activated in association with EGFR phosphorylation. 

An emerging potential target for molecular-based cancer 
therapy is the insulin-like growth factor- I receptor (IGF-lR) and 
its ligru1ds, insufu1 growth factor-! (IGF-1) and insuHn growd1 
factor-2 (IGF-2).11 With activation of the receptor, downstreanl 
signaling events include phosphorylation of insulin receptor 
substrate-! ( fRS-1), activation of mitogen-activated protein 
kinases (MAPKs), ru1d stimulation of the phosphatidyHnositol-3 
kinase (PI3K) pathway. This activation of both the Ras-MAPK
ERK and Pl3K-Akt pathways is similar to the downstream signal
ing seen with EGFR autopbosphorylation. 

With the advent of incrca~ingly sophisticated molecular 
detection tech11lques, such as DNA microarrays, large numbers 
of genetic markers can now be tested with greater ease. As single 
molecular markers, most studied to date have failed to demon
strate sufficient predktive potential in terms of incidence or 
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prognosis. However, although single markers may not prove to 

have enougb clinical applicability, panels of different molecular 
markers may offer more promising diagnostic ru1d prognostic 
value. 

STAGING 
Staging of head ru1d neck cancer follows the TNM classification 
established by the AJCC.1 The T classification refers to the 
extent of d1e primary tlllllor and is specific to each of d1e six 
sites of o rigin, with subclassifications within eadl site. The N 
classification refers to the pattern oflymphatic spread within the 
neck nodes and is the same for most head and neck sites, except 
thyroid, nasopharynx, mucosal melanoma, ru1d skin (Table 
35-2). In the new seventh edition of the AJCC Cancer Staging 
Manual,' a descriptor has been added a~ ECS+ or ECS- , 
depending on the presence or absence of nodal extracapsular 
spread (ECS). Clinical staging of d1e neck is based primarily on 
palpation, although radiographic snadies, including computed 
tomography (CT) and magnetic resonance imag.ing (MRO, have 
been sllown to be accurate in detecting positive nodes. If the CT 
criteria of nodes with central necrosis or size larger than 1.0 em 
are used to determine positivity, only 7o/o of pathologically posi
tive lymph nodes would be missed, and these smaller nodes are 
most often found in necks with more extensive disease. Meta
static disease is reported simply as Mx (caJmot be assessed), MO 
(no distant metastases are present), or Ml (metastases present). 
The most common sites of distru1t spread are the lungs and 
bones, whereas hepat ic ru1d brain metastases occur less fre
quendy. The risk for distant metastases is more dependent on 
nodal staging than on primary rumor si7_e. 

After complete resection of the primary and nodal disease, 
pathologic stagi11g may be reported. This is designated by a 
precediJ1g ''p,'" as in pTNM. It must be remembered when 

Table 35-2 Metastatic Staging of Regional Lymph Nodes (N) 
STACE 

NX 

NO 
Nl* 

N2* 

N2a* 

DESCRIPTION 
Regional lymph nodes cannot be assessed 

No regional lymph node metastasis 

Metastasis in a single ipsilateral lymph node, !>3 em in 
greatest dimension 

Metastasis in a single ipsilateral lymph node, >3 em but not 
>6 em in greatest dimension, or in multiple ipsilateral 
lymph nodes, none >6 em in greatest dimension, or in 
bilateral or contralateral lymph nodes, none >6 em in 
greatest dimension 

Metastasis in single ipsilateral lymph node >3 an but not 
>6 em in greatest dimension 

N2b* Metastasis in multiple ipsilateral lymph nodes, none >6 em 
in greatest dimension 

N2c* Metastasis in bilateral or contralateral lymph nodes, none 
>6 em in greatest dimension 

N3* Metastasis in a lymph node >6 em in greatest dimension 

From Edge SB, Byrd OR, Compton CC, et al [eds]: AJCC cancer staging manual, 
ed 7. New York. 2010. Springer-Verlag. 

*A designation of U or l may be used for any N stage to indicate metastasis above 
the lower border of the cricoid (U) or below the lower border of the cricoid (l). 
Similarly, clinical or radiologic extracapsular spread (ECS) should be recorded as 
E- orE+, and histopathologic ECS should be designated as En {none), Em (micro
scopic), or Eg (gross). 
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measuring a pathologic mucosal specimen that tumor size may 
decrease up to 30% after resection. Although clinical T staging 
is of primary concern, parhologic N staging aUows detection of 
occult microscopic disease and is useful in determining progno
sis. Site-specific staging systems are discussed according to the 
primary site. The major change in the 2010 edition of the AJCC 
staging system for HNSCC sites, in addition to the ECS + or 
- descriptor, is the addition of a separate classification for 
mucosal melanoma of the head and neck, a very rare tumor.1 

CLINICAL OVERVIEW 

Evaluation 
Proper treatment of HNSCC requin:-s careful evaluation and 
accurate staging, both clinically and radiographicaiJy. Patients 
with HNSCC are initia1ly evaluated in a similar mruu1er, regard
less of the site of tumor. Patient histories focus on symptomatol
ogy of the tLUllOr, including the duration of symptoms, detection 
of ma..ses, location of pain, and presence of referred pain. Special 
attention is paid to numbness, cr:uual nerve weakness, dyspha
gia, odynophagia, hoarseness, disarticulation, airway compro
mise, trismus, nasal obstruction, epistaxis, ru1d hemoptysis. 
Alcohol and tobacco use histories are elicited. Office examina
tion includes nasopharyngeal and laryngeal visualization with a 
mirror or fiberoptic endoscope. The ex:uniner should be espe
cially vigilant for second primary twnors and not be preoccupied 
by tl1e obvious primary lesion. Contrast-enhanced CT and MRJ 
of the head and neck may be performed for evaluation of the 
tumor and detection of occult lymphadenopathy. CT sc:uming 
is best at evaluating bony destruction, whereas MRJ can deter
mine soft tlssJUe involvement and is exceiJent at evaluating 
parotid and paliapharyngeal space tumors. Chest radiography or 
chest CT is performed to rule out synchronous lung lesions. 
Levels of serum tumor markers such as alkaline phosphatase ru1d 
calcium may be determined, but sud1 tests arc not standard. 

Direct laryngoscopy and exanlination under ru1esthesia are 
commonly perfom1ed as part of the evaluation of HNSCC. 
1l1ese proceduves allow the physiciru1 to evaluate tumors without 
patie11t discomfort ru1d with muscle paralysis, as well as evaluate 
the oropharynx, hypopharynx, ru1d larynx ru1d obtain biopsy 
s:uuples. Pathologic confirmation of cancer is mandatory before 
initiating treatment. Concurrent bronchoscopy and esophagos
copy have historically been recommended for the detection of 
synchronous second primaries of the aerodigestive tract, which 
occur in 4% to 8% of patients who bave one head and neck 
malignru1cy. With a normal d1est radiograpb or CT scan, bron
cho.~copy bas a low yield for discovering bronchial tree second 
primaries. A barium esophagogr:un may substitute for esopha
goscopy in patients at low risk for the development of esophageal 
twnors. 

Positron Emission Tomography 
18F-£1uorodeoxyglucose is a glucose ru1alogue that is preferen
tially absorbed by neoplastic cells ru1d c:u1 be detected by posi
tron emission tomography (PET). The role of PET has been 
investigated in the initial evaluation of patients with HNSCC}1 

PET is more sensitive thru1 CT in identifying the primary lesion, 
but cruu1ot detect unknown primary tumors with more rhru1 
50% sensitivity. More thru1 one third of patients have a chru1ge 
in their TNM score based on PET nndiJlgs, and 14% of patients 
are assigned a different stage when it is added to the diagnostic 

workup. PET evaluates neck metastases with sensitivity equal to 
that ofCT but with fewer false-positive results. PET can detect 
a higher percentage of lung meta~tases than dlest radiography; 
bronchoscopy, or CT, but the specificity ranges from 50% to 
80%, ru1d how to treat a patient with a positive PET and an 
otherwise negative lung workup is srill in question. In approxi
mately 10% of patients, a synchronous second primary cru1eer 
is detected in various sites, including the stomad1, pancreas, 
colon, and thyroid. Patients with tumors that demonstrate high 
uptake on PET have a worse prognosis thru1 patients with less 
avid tumors ru1d also have less response to radiation therapy. The 
exact role of PET in the initial evaluation of HNSCC is still 
under investigation and its use is becoming more routine, but 
is not witl:Un the current standard of care. 

Lymphatic Spread 
The cervical lymphatic nodal basins contain between 50 and 
70 lymph nodes per side and are divided into seven levels 
(Figs. 35-2 and 35-3). 
1. Level 1 is subdivided: 

• Level IA is hounded hy the :Ulterior belly of the 
digastric muscle, hyoid bone, and midline. 

• Level IB is bOLmded by the anterior ru1d posterior 
bellies of the digastric muscle and the inferior 
border of the mandible. Level TB contains the sub
mandibular gland. 

2. Level ll is bounded superiorly by the skull base, anteriorly 
by the stylohyoid muscle, inferiorly by a horizoncal plru1e 
extending posteriorly from the hyoid bone, and posteriorly 
by the posterior edge of the sternocleidoma~toid muscle. 
Level II is further subdivided: 
• Level liA is anterior to the spinal accessory nerve. 
• Level liB, or the so-called submuscular triangle, is 

posterior to the nerve. 
3. Level 1U begins at the inferior edge of level II and is 

hounded by the laryngeal strap muscles anteriorly, by 

FIGURE 35-2 Diagram ot cervical lymph node levels I through V. Level 
II is divided into regions A and B by the spinal accessory nerve. 
(Courtesy Cleveland Clinic Foundation, 2003.) 
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FIGURE 35-3 Diagram of anterior lymph node levels I, VI, and VII. 
Although large in area, most level VI lymph nodes are confined to the 
paratracheal region. (Courtesy Cleveland dinic Foundation, 2003.) 

the posterior border of the sternocleidomastoid muscle 
posteriorly, and by a horizontal plane extending posteriorly 
from the inferior border of the cricoid cartilage. 

4. Level IV begins at the inferior border of level Ill and is 
bounded anteriorly by the strap muscles, posteriorly by the 
posterior edge of the sternocleidomastoid muscle, and infe
riorly by the clavicle. 

5. Level V is posterior to rhe posterior edge of rhe sterno
cleidomastoid muscle, anterior to the trape-.t.ius muscle, 
superior to the clavicle, and inferior to the base of skull. 

6. Level VI is bounded by the hyoid bone superiorly, the 
common carotid arteries laterally, and the sternum inferi
orly. Although level Vl is large in area, the few lymph nodes 
that it contains are mostly in the paratracl1eal regions near 
the thyroid gland. 

7. Level VII (superior mediastinum) lies betwc::w the:: common 
carotid arteries and is superior to rhe aortic arcl1 and infe
rior to the upper border of rhe sternum. 
Lymphatic drainage usually occurs in a superior to inferior 

direction and foUows predictable patterns based on the primary 
site. Primary twnors of the lip and oral cavity generally metas
tasize to nodes in levels I, II, and Ill, although skip metastases 
may occur in lower levels. 1he upper ljp primarily metastasizes 
ipsilaterally, whereas the lower lip has ipsilateral and contralat
eral drainage. Tumors in the oropharynx, hypopharynx, and 
larynx usually metastasize to levels II, liT, and IV. Tumors of the 
nasopharynx spread to the retropharyngeal and parapharyngeal 
lymph nodes, as well as to levels II through V. Other sites that 
metastasize to the retropharyngeal lyn1ph nodes are the soft 
palate, posterior and lateral oropharynx, and hypopharynx. 
Tumors of the subglottis, thyroid, hypopharynx, and cervical 
esophagus spread to levels VI and VII. In addition to th<:! lower 
lip, the supraglonis, base of the tongue, and soft palate have a 
high incidence of bilateral metastases. 
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lberapeutic Options 
Therapeutic options for patients with HNSCC include surgery, 
radiation therapy, chemotherapy, and combination regimens. In 
general, early-stage disease (stage [or II) is treated by surgery or 
radiation therapy. Late-stage disease (stage m or IV) is best 
treated by a combination of surgery and radiation therapy or 
chemotherapy and radiation therapy, or aU three modalities, 
depending on the site of the primary. Because surgery was the 
fust therapeutic option available to physicians, it has the longest 
track record of the cl1ree and established the head and neck 
surgeon as the leader of the treatment team for HNSCC. Photon 
irradiation is superior to surgery for eradicating microscopic 
disease and is an excellent alternative to surgery for early lesions. 
Tonsil, tongue base, and nasopharyngeal primary tLUnors are 
especially responsive to photon irradiation. Neutron and proton 
irradiation are used much less often in the head and neck, 
although experience has grown with their role in salivary gland 
malignancies and skull base cancers, respectively. Electrons are 
not commonly used in the head and neck for noncutaneous 
tumors. With the advent of intensity-modulated radiation 
therapy, wbicl1 can reduce the photon dosage to surwlmding 
normal tissue througb computer three-dimensional plam1ing, 
the dogma that patients may not receive more than 7200 cGy 
to tissue of the head and neck bas been called into question. 
Hyperfractionation is the practice of administering radiation 
more than once daily, and results of the European Organization 
for Research and Treatment of Cancer have determined that 
hyperfractionation for HNSCC produces greater locoregional 
control than conventional once-daily regimens.13 Radiation 
therapy i.s not as effective iJ1 treating large-volume, low-grade 
neoplasms or tumors in close proximity to the mandible because 
of the risk for osteoradionecrosis. lhe loss of salivary fuJlction 
with irradiation of the oral and oropharyngeal cavity can be 
disabling to patients, and its impact should not be minimir.ed 
in the decision making process. 

A landmark chemotherapy trial for HNSCC was the Vet
erans Affairs larynx trial, published in 1991.14 AJthough chemo
therapy alone is not curative in HNSCC, its role as a radiation 
sensitizer was established in this study. Two thirds of patients 
treated with radiation therapy and chemotherapy were able to 
keep their larynx, and survival was equal to cl1at of patients 
treated wicl1 laryngectomy and radiation therapy. Recurrences 
after radiation therapy have been shown to be multifocal in the 
bed of the original tumor and the salvage surgeon should be 
familiar with the original tumor location and volume. Chemo
therapy is commonly used in the treatment ofincurable HNSCC, 
such as u11resectable and metastatic disease, and can provide 
excellent symptom control in these patients. 

Data from two large-scale, independent trials have exam
ined the benefit of adding chemocl1erapy to postoperative irra
diation for HNSCC.15

•
16 Born the European Organization for 

Research and Treatment of Cancer Trial and the Radiation 
'TI1erapy Oncology Group 9501/Intergroup treated advanced
stage, high-risk patients with cisplatin concurrently wirh post
operative radiation therapy and compared the outcomes with 
those of patients undergoing postoperative irradiation alone. In 
the Radiation 1l1erapy Oncology Group, the 2-year locorcegional 
control rate was 82% for the group receiving chemoradiation 
therapy versus 72% for the radiation therapy-alone group. 
Disease-free survival was significantly longer in the cbemor
adiation cl1erapy patients, although overall survival was not 
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significantly different between the groups. Not unexpectedly, 
significantly more toxicity and tream1enr morbidity were seen 
in the combined-treatment group, and furtl1er prognostic indi
cators about which patients are at high risk for failure are needed 
to predict which groups warrant tlus more intensive adjuvant 
therapy. 

The neck shuLLid be treated when there are clinically posi
tive nodes or tltc risk for occult disease is more than 20%, based 
on the location and stage of the primary lesion. The decision to 
perform neck dissection or irradiate me neck is related to treat
.ment of the prin1ary lesion. If the index tumor is being treated 
with radiation and the neck is NO (no clinically detectable 
disease) or Nl, me nodes are usually ueared with irradiation. 
For smgically treated primary lesions, NO or Nl neck disease 
may also be treated surgically. Negative prognostic factors such 
as extracapsular spread of tumor, perineural invasion, vascular 
invasion, fixation to surrounding structures, and multiple posi
tive nodes are indicators for postoperative adjuvant radiation 
therapy. For N2 or N3 neck disease, neck dissection with 
planned postoperative radiation therapy is performed. When 
chemoradiation therapy protocols are used in treating the 
primary lesion and there is a complete response in the primary 
tumor and an N2 or N3 neck. planned neck dissection 8 weeks 
after chemoradliation therapy will contain cancer in up to one 
third of specimens.•·· If the neck mass persists, the percentage of 
residual disease increases to two thirds. When patients have 
advanced neck disease tl1at involves the carotid artery or deep 
neck musculature, radiation or chemoradiation merapy is given 
preoperatively iin the hope cl1at the rumor will reduce in size and 
become resectable. CT scans notoriously carry a higb false
positive rate for determining carotid encasement. When carotid 
resection is necessary, the associated morbidity is high (major 
neurologic injLLT)' in 17%), with a 22% 2-year survival rate, and 
the decision to resect should be weighed carefuJiy. 

Radical neck dissection (RND) was attributed to Crile iJ1 
1906 and was considered the gold standard for the removal of 
nodal metastases (Fig. 35-4). Through asubse'luent dose reading 

FIGURE 35-4 Proper appearance ofthe right neck after a radical neck 
dissection. In addition to all lymphatic tissue, the three structures of 
the internal jugular vein, sternodeidomastoid muscle, and spinal 
accessory nerve have been resected. A, Anterior; P, posterior; S, 
superior. 

of Cri1c's surgical notes, it was found that he bad begun to 
modify his surgical technique to remove only selected regions of 
the neck, depending on the si te of the primary tumor. Today; 
tllis has become common surgical practice fo r HNSCC. All 
modifications of neck dissection are described in relation to tbe 
standard RND, which removes nodal levels I through V and the 
sternocleidomastoid muscle, internal jugular vein, cranial nerve 
XJ, cervical plexus, and submandibular gland. Preservation of 
the sternocleidomastoid muscle, internal jugular vein, or crruual 
nerve XJ in ru1y combination is refe rred to as a modified RND 
(MRND), ru1d the structures preserved arc specified for nomen
clature. A modified neck dissection may also be referred to as a 
Bocca neck dissection, named after the surgeon who demon
strated mat not only is MRND equally as effective in controlling 
neck disease as RND when structures are preserved that arc not 
directly involved in tumor, but the functional outcomes of 
patients after MRND are also superior to those after RND.18 

Although resection of tl1e sternocleidomastoid muscle or one 
internal jugular vein is relatively non morbid, loss of cranial nerve 
Xl leaves a denervated trapezius muscle, which cru1 cause a 
painful chronic &oze11 shoulder. 

RND or MRND can be perforn1ed for removal of detect
able nodal disease. Preservation of any of levels I through V 
during neck dissection is referred to as selective neck dissection 
and is based on knowledge of the patterns of spread to neck 
regiom. Selective neck dissection is performed on a clinically 
negative (NO) neck, with preservation of nodal groups carrying 
less tl1an a 20% chance of being involved wid1 metastatic disease. 
Regional control has b<:en shown co be as effective after selective 
neck dissection as after MRND in patients wim a clinically 
negative neck. Recent studies evaluating treatment of an NO 
neck have investigated the usc of sentinel lymph node biopsy; 
which attempts to predict the disease status of me neck based 
on the first echelon of nodes that drain the tumor.' 9 Al though 
sentinel lymph node biopsy bas been used extensively with mela
noma, its use in HNSCC has come about more gradually. Early 
results using isosulfan blue dye alone bave suggested that this 
teclmiCjue crumot consistently identify the sentinel node in 
HNSCC. More recent results using a gamma probe have been 
more encouragiJ1g, although the .isolated node should be seriat 
step-sectioned at a thickness of 150 nm and be examined 
tluough pem1anent processing. The current recommendations 
are that the rccluu<:jue should be restricted w early-stage (Tl or 
T2) o ral and oropharyngeal cancers, witl1 cli•ucally NO necks; 
tlus continues to be an investigational tool pending validation 
by large randomized clinical trials. 

ANATOMIC SITES 

Lip 
Anatomically, the lip is considered a subsit<: of the oral cavity. 
The lip begins at the junction of the vermilion border ru1d skin 
ru1d is composed of the vermilion smface, wllich refers to tl1e 
mucosa that contacts the opposing lip. It is divided into tl1e 
upper lip, lower lip, and oral commissures. Most l.ip cancers 
occur on the lower lip (90% to 95%) and less often on the upper 
lip (2% to 7%) and comnlissures (I%). White men 50 to 80 
years of age are tbe most common group in which lip cru1cer 
develops. Sun exposure and pipe smoki11g are associated with lip 
cancer. Although SCC is the most COJ11J11011 lip CaJ1Cer (90%), 
the most common cancer of the upper lip is basal ceU carcinoma. 
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FIGURE 35-5 A. Squamous cell carcinoma resected from the lovver lip, leaving approximately 25% of normal tissue. B. Abbe flap uses upper 
lip tissue pedided on the labial artery. C. Prior to division of the flap after 6 weeks of healing. D. Appearance after pedide division. 

Other lip cancers include variants of SCC (e.g., spindle cell and 
adenoid squamous carcinoma), as well as mucosal melanoma 
and minor saHvary gland cancers. 

The most common clinical manifestation of Hp cancer is 
an ulcerative lesion on the vermilion or skin surface. Palpation 
is necessary to determine the submucosal extent of the lesion 
and possible fixation to underlying bone. Sensation of the chin 
should be tested to determine involvemem of the mental nerve. 
Poor prognostic indicators include nerve involvement, fixation 
to the maxilla or mandible, cancer arising on the upper lip or 
commissure, positive nodal disease, and age younger than 40 
years at diagnosis. TI1e most frequently involved nodal basins are 
the submental and submandibular levels. A depth of tumor 
invasion of 4 nll!n has been shown to be a cutoff above which 
the incidence of cervical nodal disease is significantly increased?0 

Similar to i!he rest of the oral cavity, lip cancer staging is 
based on size at initial evaluation. Early-stage disease may be 
treated by surgery or radiation therapy with equal success. Local 
surgery {wide local excision) with negative margin control of at 
least 3 mm is the preferred tream1ent, with supraomohyoid neck 
dissection performed for tumors witl1 cHnically negative necks 
but deeper prin1ary invasion or size larger than 3 em. Neck dis
section with postoperative radiation therapy for patients with 
din ically evident neck disease has an acceptable 91% regional 
control rate in the neck.21 'TI1e overaU 5-year cure rate of 90% 
drops w 50% in the presence of neck metastases. Poswperative 
irracliation is also inclicated for advanced-stage primary disease, 
tumors with perineural involvement, or close or positive margins 
at the time of resection. 

The goals oflip reconstruction include reinstitution of oral 
competence, cosmesis, and maintenance of dynamic function 
while allowi11g adequate access for oral hygiene. Fortunately, the 
surgeon can remove up to half of the lip and still close the defect 
primarily, particularly defects in the lower lip, which contains 
more excess tissue than the upper lip. A lower lip wedge excision 
should not be carried below the mental crease unless the tumor 
dktates its excision. Care is taken to achieve dose approximation 
of the white line on either side of the defect at the vemlilion 
border because the eye is drawn to any mismatch that exists at 
this critical aesthetic location. 

Defects encompassing between half and two thirds of the 
lip require augmentation. The Esdander and Abbe flaps are Hp 
switch Saps based on the sublabial or superior labial arte1y. TI1e 
Estlander flap is used when the defect involves the commissure, 
whereas the Abbe flap is used for more midline defects and 
requires second-stage division of the pedicle {Fig. 35-5). TI1e 
Karapandzic Sap consists of circumoral incisions with circular 
rotation of the skin flaps while maintaining innervation of the 
orbicularis oris musculature. This one-stage procedure is used 
for defects involving more than two thirds of the Lip. Microsto
mia is a potential complication from these types of flap recon
structions, and denn1re use may not be possible. For defects 
larger than two thirds, the Webster, Gillies, or Bernard types of 
repairs may also be used. 

Oral Cavity 
Because the oral cavity begins at the skin-vermilion junction. 
the Ups are considered part of the oral cavity for staging 
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purposes. Other subsites in the oral cavity include the buccal 
mucosa, upper and lower alveolar ridges, retromolar trigone, 
floor of mouth, hard palate, and oral tongue. "TI1e tongue is 
divided into ·the oral tongue (two thirds of the tongue 
volume), anterior to the circumvallate papillae, and the base of 
tongue, which is nor considered parr of rhe oral cavity bur 
rather the oropharynx. Staging of the oral cavity is based on 
size: Tl, 0 to 2 em; T2, 2 to 4 ern; T3, 4 to 6 em; and T4, 
rumors larger than 6 em or invading adjacent structures, 
including bone (cortical bone of the mandible or maxilla, not 
superficial erosion or tooth sockets), deep tongue musculature, 
or facial skin. sec accounts for 90% of tumors located in 
these subsitcs, with a male preponderance in the fifth and 
sixth decades of life. 1here is a close association with alcohol 
and tobacco abuse. 

Oral Tongue 
'TI1e oral tongue begins at the junction between the tongue and 
floor of mouth and extends posteriorly to the circumvallate 
papillae. Tumors appear as exophytic, ulcerative, or submucosal 
masses that may be associated with tenderness or irritation with 
mastication. Benign tumors tend to be submucosal and include 
lciomyomas, neurofibromas, and granular cell tumors. Although 
granLtlar cell tumors can arise in the larynx, they occur more 
frequently in tne tongue and can be confused with sec because 
of overlying pseudoepitheliomarous hyperplasia. Complete exci
sion is curative. bur hisrologic borders arc nororious for extend
ing beyond gross disease, and negative intraoperative margins 
are mandatory. 

sec is the most common type of malignancy, but leio
myosarcomas and rhabdomyosarcomas are also encow1tered 
(rarely). Neurotropic malignancies may involve the lingual or 
hypoglossal nerves, so tongue deviation or loss of sensation 
should be exanLined closely. Treatment of oral tongue cancer is 
primarily surgical, with wide local excision and negative margin 
control. 1l1e development of cervical metastases is related to the 
depth of invasion, perineural spread, advanced T stage, and 
rumor differenttiarion. l.nfi ltration of more than 4 to 5 mm into 
the tongue musculature .increases the h1cidence of occult cervical 
metastases. Metastases from the anterior of me tongue most 
frequently spread to the submental and submandibular regions. 
Tumors located more posteriorly often metastasize to levels II 
and Ill. lnd.ications for postoperative .radiation therapy include 
evidence of perineural or angiolymphatic spread and/or positive 
nodal disease. 

Small rumors may be removed by wide local excision and 
primary closure or closure by secondary intention. Excision of 
larger tumors requires partial glossecromy or hemiglossectomy. 
Extirpation may result in significant dysfw1ction in terms of 
disarticulation and dysphagia from an i11ability to contact the 
palare, sense oral contents, or manipulate the tongue against the 
alveolus or lips. Reconstructive efforts should focus on maintain
ing tongue mobility without excess bulk. Split-thickness ski.r1 
grafts, primary closure, or healmg by secondary intention of 
larger tongue defects often results in tongue tetheriJlg. Thin, 
pUable fasciocuta.neous flaps (e.g., the radial forearm free flap) 
arc me preferred reconstructive technique for such defects. A 
palatal augmenttation prosthesis may assist in maint:ain.ing palatal 
contact, important for speech and posterior propulsion of food 
boluses. 

FIGUIRE 35-6 62-year-old man with squamous cell carcinoma of the 
anterior floor of mouth invading the mandible. 

Floor of the Mouth 
"TI1e fl oor of the mouth extends from the inner surface of the 
mandible medialJy to the ventral surface of the tongue and from 
the anteriormost &enulum posteriorly to the anterior tonsillar 
pillars. The mucosa of the floor of the mouth contains the open
ings of the subl.ingual gland and submandibular gland (via 
Wharton's ducts). 1l1e muscular floor is composed of the genio
glossus, mylohyoid, and hyoglossus muscles, with the lingua\ 
nerve located immediately submucosally. 

Bimanual palpation can often derermh1.e fixation of tumors 
of the floor of tl1e mouth to the mandible. CT demonstrates the 
depth of mandibular bony invasion, and widenh1g of the crania.\ 
neural foramen, such as the foramen ovalc, suggests neurotropic 
intracranial spread in advanced tumors. Determining mandibu
lar invasion is of utmost importance for preoperative planning 
(Fig. 35-6). Invasion into the tongue m usculature necessitates 
partial glossectomy concurrently with removal of the lesion on 
the floor of the mouth. 

Treatment of lesions on the floor of tl1e mouth is primarily 
surgical, with excision of the involved tongue or mandible as 
necessary to obtain negative margins. Removal of bone with soft 
tissue in continuity is commonly referred to as a commando or 
composite resection. Involvemem of d1c neck may occur by 
direct extension of tumor through the floor of me mouth mus
culature or by lymphatic spread. The primary lesion and neck 
specimen should be taken .in continuity so that accompanying 
lymphatic charu1cls are resected. Adjuvant radiation therapy bas 
sinlilar indications as in oral tongue cancers. The primary goal 
of rcconstructiotl is separation of the oral cavity from the neck 
by creating a watertight oral closure. 1b.is prevents orocutaneous 
salivary fistula formation. Secondary goals arc mahltaining 
tongue mobility, creating a Lingual-alveolar sulcus, and preserv
ing mandibular continuity. Local flaps for soft tissue reconstruc
tion include the platysma! and submental myocuraneous 
pedicled flaps. Larger defects, including mandibular resection, 
require complex reconstruction, which is most often performed 
with free flaps. 

Alveolus 
"TI1e alveolus and its accompanying gingiva constitute the den tat 
surfaces of the maxi.Ua and mandible and extend from the 
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gingivobuccal sulcus laterally to the Boor of the mouth and hard 
palate medially. Posteriorly, the alveolus extends to the pterygo
palatine arch and ascending ramus of the mandible, also referred 
to as the retromolar trigone. Because of the tight attachment 
berween the mucosa and tmderlying bone, treatment of alveolar 
SCC often involves uearmenr of the maxilla or mandible. Of 
gingival carcinomas, 70% occur on the lower gum. 'Tile perios
teum of the mandible is a strong tumor barrier, and tumors that 
abut the bone may often be resected along with the adjacent 
periosteum only:. TtLmors adherent to the periosteum shouJd 
undergo excision with marginal mandibulectomy, which involves 
resection of the superior or inner cortical portions of the man
dible, with preservation of a continuous rim. Even superficial 
tumors that invade the outem10st part of the mandible may be 
resected with a marginal mandibulectomy, although this is not 
oncologically sotmd if the tumor is a recurrence after radiation 
therapy. Segmental mandibulectomy entails excision of the full 
thickness of the mandible, thus interrupting mandibular conti
nuity, and is indicated for patients with gross bone inva~ion by 
tumor. Primary radiation therapy for mandibular tumors is not 
a viable trearment option because of the high Ukelihood of 
osteoradionecrosis and poor response of involved bone to radia
tiOJl therapy. 

Buccal Mucosa 
The buccal mucosa extends from the inner surface of the oppos
iJlg surfaces of the lips to the alveolar ridges and pterygoman
dibular raphe. Buccal cancer is uncommon and represems 5% 
of all oral cavity carcinomas. Smoking, alcohol abuse, lid1en 
planus, dental trauma, snuff dipping, and tobacco d1ewing are 
causative factors associated with buccal cancer. Approximately 
65% of patients with buccal cancer are .initially found to have 
extension beyond the cheek mucosa. Lymphatic drainage is to 

the submandibular lymph nodes; however, tumors in the poste
rior aspect of the d1eek may spread to level II initially. Stage l 
cancers have historically heen treated by surgery and did not 
involve elective neck dissection because of the low rate of occult 
metastases. More recent studies, however, have suggested high 
rates of local recurrence for lesions treated by surgery alone, and 
adjuvant radiation therapy bas been suggested, even for early
stage lesions.~ Deep invasion may require through and through 
excision of d1eek skiJ1, thus necessitating internal and external 
linings, usually with a fasciocucaneous free flap. 

Palate 
The hard palate is defined as the area medial to the maxillary 
alveolar ridges ru1d extending posterior to the edge of the pala
tine bone. Chronic inBanunatory lesions such as viral lesions, 
zoster, ru1d pemphigoid cru1 mimic neoplasms, and biopsy is 
indicated for persistent lesions. Necrotr.dng sialometaplasia is a 
benign, self-limited process of the minor salivary glru1ds that has 
a predilection for the palate and can clinically mimic malig
nancy. The most conm1on intraoral site for Kaposi's sarcoma is 
the palate in im.mw1osuppressed patients. Torus palati.J1us is a 
benign exostosis of the midline hard palate and may require 
surgery if it interferes with denture wearing. 

Minor salivary gland tumors, along with SCC, make up 
most hard palate rumors. Adenoid cystic carcinoma, mucoepi
dermoid carcinoma, adenocarcinoma, and polymorphous low
grade adenocarcinoma are common malignancies of salivary 
gland origin that tend to arise at the junction of the hard and 
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soft palate. Malignru1cies of the hard palate are treated by local 
excision, if found early, but most commonly require resection of 
bone because of dose adherence of the mucosa to the palate. 
Inferior maxillectomy, subtotal maxillectomy, or total maxillec
tomy is indicated for progressively destructive ttm1ors extending 
imo rhe maxillary amrum. Adjuvant radiation rherapy is given 
for advanced lesions. Reconstruction may be accomplished with 
soft tissue flaps for small defects, obturation with a demal pros
thesis for defects with some remaining hard palate, or bony free 
tissue t ransfer for extensive palatal resections. 

Oropharynx 
'TI1e borders of the oropharynx include the circumvallate papillae 
ru1teriorly, plane of the superior surface of the soft palate supe
riorly, plane of the hyoid bone inferiorly, pharyngeal constrictors 
laterally and posteriorly, and medial aspect of the mru1dible later
ally. The oropharynx il1dudes the base of the tongue, inferior 
surface of the soft palate and uvula, anterior and posterior tonsil
lar pillars, glossotonsillar sulci, pharyngeal tonsils, ru1d lateral 
and posterior pharyngeal walls. Similar to the oral cavity, T 
staging il1 the oropharynx is dependent on size. T4 tumors may 
extend out of the oropharynx posteriorly into the parapharyn
gcal sp ace, inferiorly imo the larynx, or laterally into the 
mandible. 

Of tttmors of the oropharynx, ~U% are SCCs. Other 
tumors include lymphoma of the tonsils or tongue base or sali
vary gland neoplasms arising from minor salivary glands in the 
soft palate or tongue base. Initial symptoms il1dude sore throat, 
bleeding, dysphagia and odynophagia, referred otalgia, and voice 
d1angcs, induding a muffled quality or hot potato voice. Trismus 
suggests involvement of the pterygoid musculature. Imaging 
studies should focus on invasion through the pharyngeal con
strictors, bony involvement of the pterygoid plates or mandible, 
invasio n of the parapharyngeal space or carotid artery, involve
ment of the prevertebral fascia, and extension into the larynx. 
Lymph node metastases generally occur in the upper jugular 
chain (levels 11 to LV), although lesions may skip to lower levels 
and spread to level V; sucl1 lesions are more common with oro
pharyngeal tumors than with tumors of the oral cavity. Bilateral 
metastases are more conuno11 with tongue base and soft palate 
lesions, especially those with midline lesions. 

Treatment of oropharyngeal sec has focused i11creasingly 
on conservation therapy with chemotherapy ru1d radiation 
therapy. Many tumors of the oropharynx are poorly differenti
ated ru1d respond well to radiation. Chemotherapy bas been used 
as a radiation sensitizer in a number of studies and the local 
control rate achieved has been ~Uo/o, even in stage TV disease, 
although overall survival has not improved over more traditional 
surgery and radiation therapy?3 A recent study of the cause of 
tonsil and tongue base cancers has suggested that when the 
disease is associated with HPV infection, the prognosis is sig
nificantly improved over non-HPV tumors. In a phase II t rial 
of illVestigational therapy in patients with oropharyngeal and 
laryngeal cancers (ECOG 2399), patients with HPV positive 
tumors had a 73% reduction .i n risk of progression and a 64o/o 
reduction in risk of dearh when compared with HPV-negative 
patients.24 'TI1is landmark study was the first to demonstrate that 
rumor HPV scams is a strong and favorable prognostic marker 
in uniform patient populations with similar treatment protocols. 
Many physicians are advising that tumor HPV status should 
be il1corporated as a stratification factor Ul patients with 
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oropharyngeal cancer, although basing treamlent protocols on 
HPY status has yet to be definitively investigated. 

Surgery is necessary for primary disease that involves the 
mandible, for resectable recurrent disease, and it bas a role in 
very early superficial tumors that do not justify a full course of 
radiation therapy. Extensive surgery of the tongue base signifi
cantly alters a patient's ability to swallow. Reconstruction of the 
tongue with preservation of the larynx requires surgical tech
niques that maintain tongue mobility and suspend the larynx 
and neotongue to prevent aspiration. 

Resectio11 or contracture after irradiation of the soft palate 
may result in velopharyngeal insufficiency, which is manifested 
clinically as nasal regurgitation of liquids and solids and hyper
nasal speech. Augmentation of the soft palate may be performed 
surgically or via palatal obturation. Although a palatal obturator 
requires cleaning and is not permanent, patients can remove it 
for sleep. With surgical augmentation of the palate, a balance 
between reduciJlg velopharyngeal insufficiency and causing 
obstructive sleep apnea is difficult to achieve. After tongue ba~ 
resection, an inferiorly directed palatal obturator assists in 
achieving the conract at the tongue base that is necessary for the 
projection of food posteriorly during the oral and pharyngeal 
phases of swallowing. 

Hypopharynx 
The hypopharynx is the portion of the pharynx that extends 
inferiorly from the hori7-0ntal plane of the top of the hyoid bone 
to a horizomal plane extending posteriorly from the inferior 
border of the cricoid cartilage. The hypopharynx includes both 
piriform sinuses, lateral and posterior hypopharyngeal walls, and 
postcricoid region. The postcricoid area extends inferiorly from 
the two arytenoid cartilages to the inferior border of the cricoid 
cartilage, thereby connecting the piriform sinuses and forming 
the anterior hypopharyngeal wall. The piriform sinuses are 
inverted, pyramid-shaped potential spaces medial to the thyroid 
lamina; they begin at the pharyngoepiglottic folds and extend 
to the cervical esophagus at the inferior border of the cricoid 
cartilage. 

Hypopharyngeal cancer is more common i11 men 55 to 70 
years of age with a history of alcohol abuse and smoking. The 
exception is in the postcricoid area, in whid1 cancers are more 
common worldwide in women. 111is is directly related to 
Plummer-Vinson syndrome, a combination of dysphagia, hypo
pharyngeal and esophageal webs, weight loss, and iron deficiency 
anemia, usually occurring in middle-aged women. In patients 
who fail to w1dergo treatment consisting of dilation, iron 
replacement, and vitamin therapy, postcricoid carcinoma may 
develop just proximal to the web. 

Hypopharyngeal tumors are manifested as a chronic sore 
throat, dysphagia, referred otalgia, and a foreign body sensation 
in the throat. A high index of suspicion should be maintained 
because similar symptoms may be seen with the more common 
gastroesophageal reflux disease. In advanced disease, hoarseness 
may develop from direct i.nvolven1ent of the arytenoid, recurrent 
laryngeal nerve, or paraglottic space. The rich lymphatics that 
drain the hypopharyngeal region contribute to the fact that 70% 
of patients with hypopharyngeal cancer are initially seen with 
palpable lymphadenopathy. Patients with hypopharyngeal 
cancer have the highest rate of synchronous malignancies and 
the highest rate of development of second HNSCC primaries of 
any of the head ru1d neck sites. Staging for hypopharyngeal 

cancer is based on the number of involved subsites or size of 
the rumor. 

Physical examination for hypopharyngeal lesions includes 
6beroptlc endoscopy. Having the patient blow against dosed lips 
ru1d pinching the nose closed will inflate the potential spaces of 
the piriformis and a')SiSt in visualization of the tumor. Palpation 
of th.e larynx may demonstrate a loss of laryngeal crepitus. A 
fixed larynx suggests posterior extension into the prevertebrat 
fascia and umesectability. Barium swallow may demonstrate 
mucosal abnormalities a')Sociated with an exophytic tumor and 
is useful for determining the extent of involvement of the cervi
cal esophagus. It also assists in determining the presence and 
amount of aspiration present. cr can be used to determine the 
presence of thyroid cartilage invasion, direct extension into the 
neck, and pathologic lymphadenopathy. Biopsy of the hypo
pharynx usually requires direct laryngoscopy under general 
ru1esthesia. 

'TI-1e most common area for lymphatic spread is the upper 
jugular nodes, even with inferior tumors. Other regions include 
the paratracheal ru1d retropharyngeal nodes. The presence of 
contralateral cervical metastases or level V involvement is a grave 
prognostic indicator. Treatment ofhypopharyngeal cancer yields 
poor results in comparison to other sites .in the head and neck, 
presumably because of the late stage of the disease at diagnosis. 
For early lesions confi11ed to the medial wall of the piriform or 
posterior pharyngeal wall, radiation or cilemoradiation therapy 
is effective as a prin1ary treatment modality. Seldom is laryngeal
sparing partial pharyngectomy possible. Small rumors of the 
medial piriform wall or pharyngoepiglortic fold may be anle
nable to conservation surgery, but they must not involve the 
piriform apex ru1d tl1e patient must have mobile vocal cords and 
adequate pulmonary reserve. 

The most common treatment of hypopharyngeal cancer is 
laryngopharyngectomy and bilateral neck dissection, including 
the paratracheal compartments, along with adjuvant radiation 
therapy. Trials of neoadjuvant chemntherapy fnllnwed by con
con:lltant chen1otherapy and radiation therapy have shown 
promise in organ preservation in hypopharyngeal cancer.~5 'TI1e 
estimated 5-year laryngeal preservation rate is 35%, and induc
tion chemotherapy appears to decrease the rate of death from 
distant metastases. 

After total laryngectomy and partial pharyngectomy, 
primary closure may be possible if at least 4 em of viable pha
ryngeal mucosa remains. Primary closure using less than 4 em 
of mucosa generally leads to stricture ru1d an inability to swallow 
effectively. A pedicled cutaneous Aap such as a pectoralis myo
cutaneous flap can be used to augment any remaining mucosa 
in these cases. When total laryngopharyngectomy with esopha
gectomy has been performed, a gastric pull-up may be used for 
reconstruction. More recently, free flap reconstruction with 
enteric flaps nr tubed cutaneous flaps, sud1 as radial fnrearm or 
anterolateral thigh flaps, has been used to reconstruct the totai 
pharyngectomy defect. 

Larynx 
1he three-dimensional boundaries of the larynx are complex, 
and exacting definitions are necessary before understru1ding the 
pathologic conditions affecting this organ system. 'TI1e anterior 
border of the larynx is composed of the Lingual surface of the 
epiglortis, thyrohyoid men1brane, anterior commissure, and 
aJlterior wall of the subglottis, wbkh cons.ists of the thyroid 

http://www.myuptodate.com


cartilage, cricothyroid membrane, and anterior arch of the 
cricoid cartilage. The posterior and lateral Limits of the larynx 
are the arytenoids and iJlterarytenoid region, aryepiglottic folds, 
and posterior wall of the subglottis, which is composed of the 
mucosa covering the cricoid cartilage. The superior limits are the 
tip and lateral borders of the epiglottis. The inferior limit is made 
up of the plane passing through the inferior edge of the cricoid 
cartilage. 

For staging purposes, the larynx is divided into three 
regions~upraglottis, glottis, and subglottis. 1l1e supraglottis is 
composed of the epiglottis, laryngeal surfaces of the aryepiglottic 
folds, arytenoids, and false vocal folds. In addition to these 
supraglonic subsites, the epiglottis is divided inro the suprahyoid 
and infrabyoid epiglottis, for a total of five supraglottic subsites. 
1l1e inferior limitr of the supraglottis is a hori7-ental plane through 
the ventricles, whid1 is the lateral recess between the true and 
false vocal folds. This plane is also the superior border of the 
glottis; this is composed of the superior and inferior surfaces of 
tbe true vocal folds, extends inferiorly from the true vocal folds, 
and is 1 em thick. Also included in the glottis are the anterior 
and posterior commissures. The subglottis extends from the 
lower border of the glottis to the lower margin of the cricoid 
cartilage. 

lnncrvation of the larynx includes the superior laryngeal 
nerve, which supplies the cricothyroid and inferior constrictor 
muscles and contains afferent sensory fibers from the mucosa of 
the false vocal folds and piriform sinuses. 1l1e recurrent laryngeal 
nerve supplies moror innervation to aU the in.trinsic muscles nf 
the larynx and sensation to the mucosa of the true vocal folds, 
subglottic region, and adjacent esophageal mucosa. 1he normal 
functions of the larynx are to provide airway patency, protect 
the tracheobronchial tree from aspiration, provide resistance for 
Valsalva maneuvers and coughing, and facilitate phonation. 
Tumors that involve the larynx impair these functions to a 
variable degree, depending on location, size, and depth of 
invasion. 

Glottic tumors arc often manifested early as hoarsene~ 
because the vibratory edge of the true vocal fold is normally 
responsible for the quality of the voice and is sensitive to even 
small lesions. Signs of airway compromise occur later .in disease 
progression, when tumor bulk obstructs the glottic opening. 
Impaired movement of the vocal fold may cause hoarseness, 
aspiration, impaired cough, or obstructive symptoms. Impaired 
movement is caused by tumor bulk, direct invasion of the thy
roarytenoid muscle, invasion of the cricoarytenoid joint, or inva
sion of the recurrent nerve. Hemoptysis occurs with hemorrhagic 
lesions. 

When compared with glottic tumors, supraglottic lesions 
are relatively indolent and are irutlally seen at a later stage of 
disease (Fig. 35-7). Patients often complain of a sore throat or 
odynophagia. Referred otalgia is caused by Arnold's nerve, the 
vagal branch that supplies part of the car sensation. Bulky 
tumors of the epiglottis are often associated with a hot potato 
or muffied voice quality because of airway compromise. Dys
phagia may cause weight loss and malnutrition. Subglottic 
tumors arc rare and most often manifest a.~ airway obstruction, 
vocal fold immo!bility, or pain. 

The respiratory and squamous epithelia of che larynx are 
most often the cause of laryngeal neoplasms, benign and malig
nant. Laryngealjpapillomatosis is a benign exophytic growth of 
squamous epithelium with a tendency to recur, despite surgical 
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FIGURE 35-7 Pathologic specimen from a supracricoid laryngectomy 
for squamous cell carcinoma. The tumor involves almost the entire 
larynge.al surface of the epiglottis, as well as the anterior commissure 
of the true vocal folds. Both vocal folds have been resected back to 
the vocal processes of the arytenoids, which are preserved to con
tinue phonation and protect the airway from aspiration. 

excision. It has a bimodal distribution, referred to as the juvenile 
type and adult type. Granular cell tumors are also benign but 
may be confused with sec because of a characteristic pseudo
epitheliomatous hyperplasia that overlies this subepithelial 
lesion. Less frequent benign lesions include chondromas and 
rhabdomyomas. Non-neoplastic lesions of the larynx include 
vocal fold nodules and polyps, contact ulcers, subglottic stenosis, 
amyloidosis, and sarcoidosis. Finally, with exposure to carcino
gens (e.g., tobacco), the epithelium of the larynx may undergo 
a series of precancerous changes, clinically referred to as leuko
plakia (any white lesion of the mucosa) or erythroplakia (a red 
lesion), that consist of hyperplasia, metaplasia, or variable 
degrees of dysplasia. 

llle most common malignant lesion of the larynx is sec, 
which is often classified as sec in situ, mkroinvasive sec, or 
invasive SCC. Spindle cell carcinoma and basaloid SCC are rare 
and represent more aggressive variants of SCC. Verrucous carci
noma is a highly differentiated variant of SCC that is Locally 
destructive but does not metastasize and should respond to 

complete surgical excision. 1l1e nonepithelial components of the 
larynx may also undergo malignant transformation, leading to 
tumors of salivary origin such as adenocarcinoma, adenoid cystic 
carcinoma, and mucoepidermoid carcinoma. Other rumors 
include nemocndocrine carcinoma, adenosquamous carcinoma, 
chondrosarcoma, synovial sarcoma, and distant metastases from 
ocher organ systems. 

The staging system for laryngeal cancers is based on subsite 
involvement and vocal fold mobility. Office examiJlation 
includes flexible laryngoscopy to assess the location and 
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ftmctional impairment. Stroboscopic laryngoscopy can detect 
subtle impairment of true fold mucosal waves that suggest sig
nificant tumor penetration. Direct laryngoscopy under anesthe
sia allows examination of all laryngeal subshes, along with the 
ability to perfo rm biopsy. Specific sites that are important to 
examine in supraglottic rumor~ include the venuicle, amerior 
commissure, vallecula, base of the tongue, piriform sinus, and 
preepiglottic sp ace. Key areas of glottic involvement include the 
false vocal fold, ventricle, anterior commissure, arytenoids, sub
glottis, and posterior commissure or postcricoid mucosa. Under 
general anesthesia, paralysis of the vocal fold is differentiated 
from arytenoid fixation by palpation of the vocal process portion 
of the arytenoid. 

cr is routinely performed for laryngeal lesions and images 
the preepiglottic and parag]ottic regions and extent of cartilage 
involvement, as well as determining direct extension into the 
deep neck structures. For the n atural barriers and pathways of 
direct tumor spread, see the landmark histopathologic work of 
Kirchner.26 CT exan1ination should be performed with contrast 
agents and thllli (1.5-mm) cuts through the larynx. Lymph node 
metastases are also identified by CT. 'The lymphatic drainage of 
the larynx differs in the supraglottic and glottic regions. Supra
glottic epidermoid cancers metastasize early, with up to 50% of 
lesions having positive nodes. Contralateral and bilateral nodal 
metastases are common with supraglottic lesions because of the 
embryologic development of the supraglottis as a midline struc
ture. Lymphatic drainage exits along the course of the superior 
laryngeal neurovascular pedicle and pierces the thyrohyoid 
membrane to drain to the subdigastric and superior jugular 
groups of nodes (levels II and III). Lymphatic drainage of tumors 
in the glottic and subglottic areas exits via the cricothyroid liga
ment and drains to the prclaryngeal (delphian) node, paratra
cheal nodes, and deep cervical nodes in the region of the inferior 
thyroid artery. Tumors confined to the glottis are only rarely 
associated witb regional disease (4%), and positive nodes, when 
present, are most often ipsilateral. 

Decision making in the treatment of laryngeal cancer is 
governed by rumor location and characteristics of tumor aggres
siveness, as weiJ as the patient's overall constitution and li festyle. 
Poor prognostic factors include size, nodal metastasis, perineural 
invasion, and extracapsular spread. Low-grade epidermoid 
lesions of the larynx, such as dysplasia and carciJloma in situ, 
can be managed with local excision , such as microscopic excision 
of the mucosa. Concm.rent denuding of the mucosa of both 
vocal folds near the anterior commissure can lead to the forma
tion of an anterior web, which reduces voice quality and is a 
difficult complication to correct. Successful treatment of low
grade lesions includes dose follow-up, with repeat office or 
operative laryngoscopy, as well as strict smoking cessation. For 
invasive disease, multiple treatment options are available, includ
ing conservation surgery and aggressive surgery, radiation 
therapy, and chemoradiation therapy. In general, conservation 
of the larynx in early-stage disease is key and can be accom
plished with la.tryngeal preservation surgery or radiation therapy. 
Later stage disease that is still confined to the larynx is generally 
treated by d1emoradiation therapy, wi th total laryngectomy used 
for salvage. 

Laryngeal preservation surgery includes endoscopic surgery 
with cold steel, endoscopic laser resection, and open surgery, 
wi th preservation of some portion of the larynx to maintain the 
ability to talk. Transoral laser microsurgery, promoted by 

Amb:rosch and colleagucs'7 in Germany, has been used to treat 
not only all stages of laryngeal cancer but also oropharyngeaJ 
and hypopharyngeal tumors. ChallengiJlg the dogma that 
non~n bloc resection of tumors promotes locoregional recur
rence, they have demonstrated comparable cancer survival while 
decreasing perioperarive morbidiry. In supraglorric cancers, rhis 
group reported 100% 5-year control rates for T 1 and 89% for 
T2, with excellent functional outcomes, including minimal aspi
ration and short recovery periods.2' 

In recurrent glottic tumors after failure of radiation therapy, 
transorallaser microsurgery has demonstrated an overall 3-year 
survival rate of? 4%, comparable to that of totallaryngectomy.28 

Alrhougl1 laser microsurgery requires significant technical 
expertise, acceptance of this oncologic tedmique has been 
increasing, changing the approach to upper aerodigestive tract 
malignancies. 

Open conservat io11 laryngeal surgery entai ls maintaining a 
conduit for ai r A ow through the remnant of the larynx to permit 
the ability to talk without aspiration. W hen deciding whether a 
patient is a candidate for laryngeal preservation surgery, factors 
such as pulmonary function and cardiovascular status must be 
examined, because these patients will often have tO tolerate some 
amount of aspiration or air way compromise. 

Pulmonary function testing, such as spirometry and arterial 
blood ga~ analysis, is performed preoperatively. An excellent 
functional test is to have cl1e patient clin1b two flights of stairs 
successively without becoming short of breath. 1l1e least invasive 
of the open procedures is open cordectomy, which is indicated 
for small midfold lesions and for which l 00% and 97% 5-year 
control rates for T 1 and T2 lesions, .respectively, have been 
reported.29 Reconstruction is performed with a false vocal fold 
flap. For lesions involving the anterior commissure with less than 
10 mm of inferior extension, an anterior frontal partial laryn
gectomy may be performed. 

Conservation surgery options for more extensive tumors 
include vertical partial laryngectomy, su pracricoid laryngectomy, 
and supraglottic laryngectomy. For Tl or T2 glottic lesions, 
vertical partial laryngectomy plus reconstruction with a faL~ 
vocal cord pull-down or local muscle flap is indicated, as long 
as the cartilage is not involved. For T3 lesions not involving the 
preepiglottic space or arytenoid cartilage, supracricoid laryngec
tomy with cricohyoidopexy or cricohyoidoepiglottopexy is pos
sible (Fig. 35-8). Excellent disease control has been adueved 
wi th this tecluuque, largely because of removal of the paraglottic 
space and thyroid cartilage. Naudo and coworkers have shown 
that removal of feeding tubes and respiration without a trache
otomy can be ad1ieved in 98% of patients. 30 1he standard supra
glottic laryngectomy preserves both true vocal folds, both 
arytcnoids, the tongue base, and the hyoid bone (Fig. 35-9). 
Because there are numerous extensions of this operation, in 
which more than the standard structmes are resected, cure rates 
are dHficult to compare but, in general, T l and T2 local control 
rates range from 85% to 100%, with decreased control for 
higher stage lesions. 

If a decision has been made to undergo nonsurgical therapy, 
tbe patient must be able to complete the full course of radjation 
cllerapy, wbid1 usually includes 5 to 7 weeks of continuous daily 
therapy visits. Previous irradiation is a contraindication to 

further radiation therapy. Finally, the pa6ent must be reliable in 
adhering to follow-up for years after treatment because recur
rences may be indolent and difficult to detect. 
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FIGURE ~5-8 A. Lesion of the glottis deemed removable by supracricoid laryngectomy. The dotted line demonstrates resection of the true vocal 
fold to the arytenoid cartilages, induding the entire laryngeal cartilage and paragfottic spaces laterally. 8 , Reconstruction by cricohyoidoepiglot
topexy, with the cricoid cartilage sutured directly to the epiglottic remnant and hyoid bone, or cricohyoidopexy (C), with the cricoid sutured to 
the hyoid bone and tongue base directly. (Courtesy Cleveland Clinic Foundation, 2004.) 

For neoadjuvant or concurrent chemotherapy, the patient 
must have sufficient constitutional health to withstand the che
motherapeutic agents. For early laryngeal cancer (Tl or T2), 
irradiation provides excellent disease control, with good to 
excellent post-therapy voice quality. For professional voice 
users with early lesions, irradiation is usually the choice of 
therapy. 

The combln.ation of chemotherapy and radiation therapy 
for advanced-stage disease (stages Ill and IV) was first brought 

into the mainstream with the Veterans Affairs larynx trial in 
1991.14 Lnduction chemotherapy followed by radiation therapy 
was found to provide 2-year survival equa1 to that after total 
laryngectomy with postoperative radiation therapy, in addition 
to being able to preserve the larynx in 64% of patients. More 
recently, trials with concurrent chemotherapy and radiation 
therapy bave demonstrated even bencr local control of advanced 
laryngeal cancers. Pretreamlent voca1 cord fixation does not 
preclude conservative nonsurgical therapy, but persistent 
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FIGURE 35-9 A. Supraglottic lesion, resectable by supraglottic laryngectomy. Shown are the borders of resection (dotted line), including the 
false vocal folds, hyoid bone, and preepigfottic space. B. Reconstruction of the remaining inferior segment of the thyroid cartilage sutured to 
the tongue base. (Courtesy Cleveland d inic Foundation, 2004.) 

immobility postrreatment is a poor prognostic sign and early 
surgical intervention should be considered.31 

In patients who have disease extending outside the larynx, 
who fail conservative therapy (although some failures may still 
be amenable to conservation surgery), or who are not otherwise 
candidates for organ-preserving strategies, total laryngectomy is 
still commonly performed. It involves a pem1anent tracheos
toma and loss of the voice, with permanem separation of the 
upper respiratory and digestive tracts. 

Patients may experience a period of depression or social 
withdrawal after becoming aphonic. Speech an.d swallowing 
rehabWration have become an integral part of laryngeal cancer 
treatment and should begin preoperatively. Speech rehabilitation 
options includespeed1 with an electrolarynx, esophageal speech, 
and tracheoesophageal puncture. The eleccrolarynx is considered 
the easiest of the three methods to use and consists of a vibratory 
sound wave generator that is usually placed directly on the sub
mandibular area or cheek. The patient mouths words to produce 
a monotone, elecuonic-sounding speech. Becoming under
standable can take considerable time and patience. 

Esophageal speech is produced by swallowing air into the 
esophagus and expulsing the air back rhrough the pharynx, 
which vibrates as the air passes. The ability to master esophageal 
speech takes a motivated patient to be able to control the release 
of air through d1e upper esophageal sphincter, which occurs in 
only 20% of laryngectomized patients. 

Finally, tracheoesophageal puncture is a surgically created 
conduit between the tracheal stoma and pharynx that is made 
at the rin1e of laryngectomy or secondarily. This conduit is fitted 
with a one-way valve that allows passage of air posteriorly from 
the trachea to the pharynx but prevents food and liquid from 
entering anteriorly into the ai.rway. By occluding the stomal 
opening with the thumb during exhalation, the patient can pass 
air into the pharynx, which vibrates and allows remarkable 
clarity of speech. Patients who are good candidates for trarueo
esopbageal puncture have an 80o/o success rate of achieving 
Auent speech. 

Swallowing rehabilitation is a second role of the speech 
therapist when rehabilitating a laryngeal cancer patient, whed1er 
treated surgically or nonsurgically. Partial laryngectomy patients 
may have impaired pharyngeal movement and sensation, 
impaired vocal fold movement, decreased laryngeal devation, 
and decreased subglottic pressure with poor cough, all contribut
ing to possible aspiration. 

Specially designed swallowing maneuvers and training in 
regard to food consistency are offered by the speecl1 therapist to 
maintain an oral diet, aliliougb some patients may require 
gastric feeding or conversion ro total laryngectomy if aspiration 
persists. Even laryngectonm.ed patients have difficulty relearning 
the act of swallowing. Radiation therapy and chemotherapy; 
although organ-preserving, cause fibrosis, decreased sensation 
and movement, and decreased lubrication, whid1 have a 
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negative impact on swallowing. Furthermore, because of the 
exposed circumferential ulcerated mucosa of the pharynx that 
occurs with chemoradiation therapy, pharyngeal stenosis may 
develop during the recovery phase and necessitate dilation and 
even pharyngeal augmentation surgery with healthy nonirradi
ated dssue. 1l1Us, the speech therapist and surgeon must work 
a~ a team to rehabilitate a larynx cancer patient. 

Nasal Cavity and Paranasal Sinuses 
The nasal cavity consists of the nares, vestibule, septum, lateral 
nasal wall, and roof. The paranasal sinuses include the frontal, 
maxillary, etlunoid, and sphenoid sinuses. 1l1e lateral nasal wall 
includes the highly vascular inferior, middle, superior and, occa
sionally, supreme tLtrbinates, as weiJ as the ostiomeatal complex 
and nasolacrimal duct and orifice. 1l1e frontal sinuses are two 
asynunerrical air cavities withi11 the frontal bone that drait1 into 
the nasal cavity via the frontal recesses. The ethmoid sinuses are 
a complex bony labyrinth directly beneath the anterior cranial 
fossa. The lamina papyracea is tl1e paper-thin lateral wall of the 
ethmoid sinus d1at constitutes the medial wall of the orbit. 1he 
anterior ethmoids drain into the middle meatus (irlferior to the 
middle turbinate), whereas the posterior ethmoids drain via the 
sphenoetl1moidal recess. The sphenoid sinus lies in the middle 
of the sphenoid bone and also drains via the sphenoethmoidal 
recess. 1l1e vital structures of the optic nerves, carotid arteries, 
and cavernous sinuses are contained within the lateral walls of 
the sphenoid siJ1J us, whereas the selJa turcica and optic chiasm 
lie superiorly withm the roof. The maxillary sinuses drain into 
the middle meatrus and are bOLmd posteriorly by the pterygo
palatine and infratemporal fossae. 

Tumors of d1e nasal cavity and paranasal sinuses tend to be 
seen initially at a late stage because d1eir symptoms are often 
attributed to more mw1dane causes. Symptoms mdude epi
staxis, nasal congestion, headache, and facial pain . O rbital 
itwolvement produces proptosis, orbital pain, diplopia, 
epiphora, and even vision loss. Nerve itwolvement is heralded 
by nwubness in the distribution of the infraorbital nerve. A 
variety of benign rumors occur in the nasal region. Sinonasal 
papilloma (or schneiderian papilloma) is classified into three 
groups: 

l. Septal papillomas (50%) arise on the septum. 1l1ey 
are exophytic and not associated with malignant 
degeneration. 

2. Lnverted papilloma (47%). 
3. Cylli1drical ceJJ papillomas (3%) arise on the lateral 

nasal waH or from the paranasal sinuses and are asso
ciated witlh malignant degeneration (10% w 15%), 
usually into sec. 

Previously believed to require radical extirpation, sinonasal pap
illomas require only local surgical excision with negative margins. 

Other benign nasal lesions i11clude hemangioma, benign 
fibrous histiocytoma, fibromatosis, leiomyoma, ameloblastoma, 
myxoma, heman,giopericytoma (a benign, aggressive lesion with 
a tendency to metastasize), fibromyxoma, and fibro-osseous and 
osseous lesions, such as fibrous dysplasia, os~ifying fibroma, 
and osteoma. Intracran ial tissues may extend mto the na~al area 
and give rise to encepbaloceles, meningocdes, and pitui tary 
twnors. CT and MRl demonstrate tile mtracranial corulection, 
and biopsy without previous imaging is uJ1warranted because of 
the risk for cerebrospinal fluid (CSF) leakage or unconrrollable 
bleeding from vascular tumors. 
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Malignancies of tl1e sinonasal tract represent only 1 o/o of 
al.l cartcers or 3% of upper respiratory traer malignancies and 
have a 2 : 1 male-to-female ratio. Because re.~piratory epithelium 
can differentiate into squamous or glandular histology, sec and 
adenocarcinoma represent two of the most common smona~al 
cancers.4 Sinonasal carcinoma is related ro exposure ro nickel, 
1l1ororrast (used as a radiographic contrast agent in the United 
States from about 1930 to the mid-1950s), and softwood dust. 
Chronic exposure to hardwood dust or leatherworking has been 
associated with adenocarcinoma of the smonasal tract. Other 
malignancies include olfactory neuroblastoma, malignant 
fibrous histiocytoma, midline malignant reticulosis (also known 
as lethal midline granuloma or polymorphic reticulosis), osteo
sarcoma, chondrosarcoma, mucosal melanoma, lymphoma, 
fibrosarcoma, leiomyosarcoma, angiosarcoma, teratocarcinoma, 
and metastases from other organ systems, especially renal cell 
carcinoma. 

Si.nce the publication of the 2002 AJCC stagmg manual, 
the na~al cavity and ethmoid sinuses have been considered as 
separate primary sites, in addition to the maxillary sinus. ' The 
staging system is only for carcinomatous malignancies and does 
not include the fromal or sphenoid sinuses as separate sites 
becaus·e of the rarity of tumors arising m tiJcse sites. Staging is 
pardy dependent on local spread of the tumor. Ohngren's line 
extends from the medial canthus to the mandibular angle. Max
illary rumors superior to Ohngren's line have a poorer prognosis 
than cl1ose inferior to the line because of the proximity to the 
orbit and cranial cavity. Local spread of tumors may occur along 
nerves or vessels or directly through bone. Advanced tumors of 
tl1e maxillary sil1uses commonly involve the pterygopalatine and 
infratemporal fossae. Widening of the foramen rotundum (V2) 
or foramen ovale (V3) on imaging suggests neural spread with 
ilmacranial itwolvement (Fig. 35-10). Because olfactory neuro
blastomas are believed to arise from the olfactory neuroepithe
lium, these tumors commonly mvolve the cribriform plate and 
spread intracranially toward the frontal lobes. Sphenoidal twnors 
may include extension to the cavernous sinuses, carotid arteries, 
optic neives, or the ophthalmic or maxillary branches of tl1e 
trigCI1linalnerves. Lymph node metastases are in general uncom
mon (15o/o), and elective neck dissection or irradiation of a 

FIGURE :55-1 o CT scan of 38-year-old woman with adenoid cystic 
carcinoma demonstrating perineural spread along V3 and widening 
of the foramen ovale (affowhead). (Courtesy Dr. J. Netterville.) 
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cHnkally negative neck is most often unwarranted. Involved 
nodal groups include the retropharyngeal, parapbaryngeal, sub
mental, and upper jugulodigastric nodes. 

The standard treatment of sinonasal malignancies is surgi
cal resection, with postoperative radiation or chemoradiation 
therapy used for high-grade hisrology or advanced local disease. 
Because these cancers can involve the dentition, orbits, or brain, 
treatment requires a multidisciplinary team, including a head 
and neck surgeon, neurosurgeon, ophthalmologist, prosthodon
tist, oral surgeon, and reconstructive surgeon. After a preopera
tive workup consisting of imaging, endoscopy, and biopsy, a 
tumor map and operative plan are formulated. Vascular tumors 
are emboHzed by an interventional radiologist, preferably within 
24 hours of smgery. Patients with tumors requiring skull base 
exploration may need a lumbar drain to decompress the dura 
from the cranium and reduce the risk for postoperative CSF 
leakage. Routine propbylactic use of a tracheotomy for cranio
facial surgery to reduce the risk for postoperative pneumocepha
lus is controversial. 

Low-grade tumors limited to the lateral nasal wall, ethmoid 
sinuses, or septum have increasingly been removed with endo
scopic techniques. A lateral rhinotomy incision is the classic 
open approach for a medial maxillectomy and enrails removal 
of the lateral nasal wall. If the tumor involve..~ the inferior maxilla, 
an inferior maxil lectomy, including removal of the hard palate 
and the medial, lateral, and posterior maxillary sinus walls, is 
perfom1ed. For tumors more superior in the maxillary sinus, a 
total maxillectomy, including excision of the roof. is performed. 
If the bone of the Aoor of the orbit is involved, removal with 
postoperative reconstruction is indicated. If the orbital perios
teum is involved with tumor, it may be resected with preserva
tion of the orbit, although more extensive iJwolvement of fat or 
muscle necessitates orbital exenteration (Fig. 35- 11) .32 

If the anterior cranial Aoor is involved with tumor, as it 
often is in olfactory neuroblastomas, craniofacial resection is 
indicated. 1ltis procedure combines a craniotomy approacb with 
a transfacial approach. Surgical disruption of the cribrifom1 
region causes postoperative anosnlia. Reconsuuction of the 

anterior cranial fossa requires separation of the crrulial vault from 
the nasal cavity with a pericranial Aap, temporoparietal fascial 
Aap, fascia lata free graft or, when extensive resection ha.~ been 
performed, a microvascular free flap. Unresectable lesions 
include tbose with brain involvement, carotid artery encase
ment, or bilateral optic nerve involvement. 

Radiation therapy and chemotherapy for sinonasal malig
nancies arc being used with increasing frequency. Sinonasal 
undifferentiated carcinoma, rhabdomyosarcoma, and midline 
reticulocytosis are examples of aggressive cancers in wltich nco
adjuvant chemotherapy ru1d radiation therapy play an integral 
role. Combining chemotherapy with radiation therapy and 
surgery for treatment of advru1ced sinonasal sec has met widl 
variable success. 

Nasopharynx 
The nasopharynx begins at the posterior nasal cl1oana and ends 
at d1e horizontal plane between the posterior edge of the hard 
palate and posterior pharyngeal wall. The nasopharynx includes 
the vault, lateral walls, which con rain d1e eustachian tube orifices 
ru1d the fossae of Rosenmiiller, roof, whicl1 is made up of d1e 
sphenoid rostrum, and posterior waiJ, which consists of d1e 
basioccipur or clivus. Both malignant and benign tumors of 
the oasopharyllX are usually related to the normal histology, 
which includes squamous and respiratory epithelium, the lym
phoid tissues of the adenoids, and deeper tissues, including 
fascia, cartilage, bone, and muscle. Benign tumors of the naso
pharynx are rare ru1d include fibromyxomarous polyps, papil
lomas, teratomas, and pedlmculated fibromas. Angiofibroma, a 
benign tumor d1at affects young males, is d1e most common 
benign rumor of the nasopharynx. Rathke's pouch cysts arise 
high in the nasopharynx at the sphenovomerian junction. 'The 
cyst develops from a relllJlant of ectoderm that normally invagi
nates to form the anterior pituitary and may become infected 
later in life. 1l10rnwaldt's bursa is located more iJ1feriorly and 
arises from a remnant of the caudal notochord; it cru1 contain a 
jclly-:Jike material. lt may also become infected in later Hfe, and 
marsupialization is most often all that is required to uear it and 

FIGURE 35-11 A. Axial MRI scan of patient with adenosquamous carcinoma of the ethmoids involving the orbital fat Orbital exenteration was 
necessary. B. Coronal MRI scan of the same patient demonstrating tumor extension to the floor of the anterior cranial fossa. (Courtesy Dr. J. 
Netterville.) 
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Rathke's pouch cysts. Craniopharyngiomas, extracranial menin
giomas, encephaloceles, hemangiomas, paragangliomas, chordo
ma~ (which can cause extensive destruction), and antral-choanal 
polyps can also be seen in the nasopharynx. 

The clinical findings in patients with nasopharyngeal 
rumors include symproms of na~al obstruction, serous otitis with 
effusion and associated conductive bearing loss, epistaxis, and 
nasal drainage. Findings such as a cervical mass, headache, 
otalgia, trismus, and cranial nerve involvement suggest malig
nancy. Exan1ination of the nasopharynx was bhtorically per
formed with a mirror and bas greatly been improved with the 
use of a rigid or flexible nasopharyngoscope in d1e office. CT is 
excellent for determining bony destruction and widening nf 
foramina. MRJ is used to assess soft tissue involvement and 
intracranial extension, as well a~ nerve, cavernous sinus, and 
carotid involvement. 

Angiofibromas are vascular lesions fow1d exclusively in 
males, usually develop during puberty, and are commonly 
referred to as juvenile nasopharyngeal angiofibromas. Ald1ough 
they arc benign tumors, angiofibromas often erode bone and 
cause significant Structural and fw1ctional dysfunction, as well 
a~ bleeding. cr fi ndings of a nasopharyngeal mass, anterior 
bowing of d1e posterior wall of the antrum, erosion of d1e sphe
noid bone, erosion of me hard palace, erosion of the medial wall 
of me maxil lary :sinus, and displacement of the nasal septLLm in 
an adolescent male are highly suggestive of angiofibroma (Fig. 
35-12). Surgery after embolization is the primary treatment 
modality and understanding the location of origin is critical for 
complete tumor extirpation. Tumors originate at the posterolat
eral wall of me :roof of the nasal cavity, at the sphenopalatine 
foramen. Whetker performed endoscopically or via an open 
approach, such as lateral rhinotomy or the CaldweU-Luc opera
tion, complete removal of aU twnor and bone in me spheno
palatine region is crucial to decrease the possibility of recurrence. 
Radiation has been successfully used as treatment for mese 
tumors hut, given me young age at diagnosis and me lifelong 

FIGURE 35-12 MRI scan of a 16-year--old boy with a left-sided juve
nile angiofibroma. The tumor arose in the pterygomaxillary region and 
has extended into the nasopharynx and infratemporal fossa. (Cour
tesy Dr. J. Nettervi'lle.) 
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risks associated with radiation exposure, is usually reserved for 
unresectable angiofibromas and recurrences. 

Possible malignancies include nasopharyngeal carcinoma, 
low-grade nasopharyngeal papillary adenocarcinoma, lym
phoma, rhabdomyosarcoma, malignant schwarmoma, liposar
coma, :and aggressive chordoma. 'The staging system of malign am 
tumors of me nasopharynx is for epimelial tumors only and is 
based on confinement to the nasopharynx or spread to sur
rounding structures. Almougb nasopharyngeal carcinoma 
accounts for only 0.25% of al l cancers in North An1erica, it 
represents approximately L8o/o of all malignancies in China.33 

1l1ere is a strong correlation wim Epstein-Barr virus, which has 
been demonstrated .in all hisrologic subtypes of nasopharyngeal 
carcinoma. The World Heald, Organization has divided naso
pharyngeal carcinoma into three histologic variants- keratinizing 
(25%), nonkeratinizing (15%), and undifferentiated (60%) 
-almough more recent classifications combine nonkeratinizing 
and w1differentiated twuors.33 1he most common initial sign is 
neck node metastases, especially to the posterior cervical trian
gle, and inferiorly positioned positive nodes predict poor out
comes. Treatment is ba~ed on radiation merapy to me primary 
site and bilaterally in me neck. With the addi tion of cisplatin 
and 5-Auorouracil. the rate of distant metasta~es decreases and 
disease-f_ree and overall survival increase.3~ Intracavitary irradia
tion is used to provide a boost at the primary site for advanced 
twnors and is used in cases of reirradiation. Surgery is reserved 
for persistent neck disease or for selected ca~es of local recur
rence. It is unique mat the risk for recurrence with nonkeratiniz
ing and undifferentiated carcinoma appears ro be chronic and 
does not level off at 5 years, as it does with most orher cancers. 
Rhabdomyosarcoma is the most frequent soft tissue sarcoma 
in the pediatric population and is the most common 
sarcoma occurring in me head and neck. Excluding me 
orbit, the most common site in me head and neck is the naso
pharynx. Treatment is based on multimodality merapy consist
ing of noruadical surgery and radiomerapy, plus multiagent 
chemotherapy. 

Alrllough surgery of me nasopharynx is used primarily for 
benign pamologies, a number of approaches have been described, 
bocl1 endoscopic and open, for the surrow1ding skuU base 
region. The recent development of endoscopic skull base tumor 
resection has gained significantly in popularity, although tbe 
Umits of the technique have yet ro be clearly defined.35 Endo
scopic techniques not onJy avoid facial incisions but also allow 
shorter hospital stays. The most commonly described tumor 
removed via transnasal techniques is an inverting papiiJoma, 
which is excised in piecemeal fashion. Success has also been 
reported wim the endoscopic removal of mucoceles. Numerous 
open surgical approaches have been described to obtain access 
tO the central skull base. For CLunors of me nasopharynx, tl1e 
transp:alatal approach offers excellent visualization. The transfa
cial approach of lateral rhinotomy wim unilateral or bilateral 
medial maxillectomy creates a facial .incision but offers greater 
lateral exposure. The midfacial degloving procedure allows excel
lent bilateral exposure of me maxillae, paranasal sinuses, and 
na~opharynx without facial incisions. The posterior wall of the 
maxillary sinus may be removed to allow access to cl1e pterygo
maxillary fossa and deeper infratemporal fossa For disease 
located more lateraUy, the transmastoid, transcochlcar, and 
translabyrinthine approaches described by Fisch are used alone 
or in combination wid1 more anterior approaches. 
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FIGURE 35- 13 A. MRI scan of a 42-year-old man with a midline fibromyxoid sarcoma. B. Bicoronal incision with a combined subfrontal bar 
and craniotomy, allowing full access to the central anterior skull base. C. Replacement of the cranial bone along with a pericranial flap harvested 
from deep surface of bicoronal flap for reconstructing of skull base. 

More extensive approaches include the lateral facial split and 
mandibular swing, frontal-orbital or frontal-orbital-zygomatic 
approach, and maxillary swing and, for disease uf the high naso
pharynx, d1e subfrontal approach affords exccUent medial expo
sure (Fig. 35-13). 

Pituitary Surgery 
Although neurosurgery maintains the discipline responsible for 
the comprebensive management of hypophyseal disease, a col
laboration between otolaryngologists with endoscopic sinus 
surgery skills and neurosurgeons has resulted in the development 
of minima!Jy invasive pituitary surgery.35 The endoscopic trans
nasal rranssphenoidal approach provides excellent visualization 
of the operative field and avoids intraoral or anterior nasal inci
sions, nasal packing, and postoperative complications, such as 
septal deviation and lip anesthesia. Length of hospital stay, usc 
of lumbar drains, and the need for nasal packing bave been 
demonstrated to be significantly reduced with minimally inva
sive pituitary surgery as compared with open traditional 
approaches. Reconstruction of tl1e sella by minimally invasive 
endoscopic repair has demonstrated that nom1al sphenoidal 
function can be maintained while obtaining excellent results in 
terms of a low iJ1.cidence of CSF leakage and harvest site morbid
ity {Fig. 35-14).36 

Ear and Temporal Bone 
When referring to tumors of the ear, the structures commonly 
iJwolved include the external ear, middle ear, and inner car. 'TI1e 
external ear consists of the auricle or pinna and the external 
auditory canal to the tympanic membrane. 'TI1e middle ear con
tains ilie tympanic cavity proper, ossides, eustacllian tube, epi
tympanic recess, and mastoid cavity. The herders of the middle 
ear include tl1e tympanic membrane and squan10us portion of 
tl1e temporal bone lateraUy, petrous temporal bone medially, 
tegmen tympa:nj or roof superiorly, carotid canal anteriorly, 
mastoid posteriorly, and Aoor of the tympanjc bone inferiorly. 
1he inner ear is contained within the petrous portion of the 
temporal bone and consists of the membranous and osseous 
labyrinth and internal auditory canal. 

Evaluation of ear and temporal bone neoplasms requires 
appropriate physical examjnation and audiologic and vestibular 
testiJlg, as well as radiologic assessment. Findings of hearing loss, 

FIGURE 35-14 After endoscopically opening the sphenoid sinus in 
the minimally invasive hypophysectomy technique and resecting the 
pituitary tumor, sellar reconstruction is performed in a layered fashion. 
The sellar defect is partially filled with Gelfoam or fat, followed by 
layers of acellular human dermis, cartilage, acellular human dermis, 
mucosa, and fibrin glue. (From lorenz RR, Dean RL. Chuang J, Citardi 
MJ: Endoscopic reconstruction of anterior and middle cranial fossa 
defects using acellular dermal allograft. laryngoscope 113:496-501, 
2003.) 

vertigo, eustacllian tube dysfunction with serous otitis media, 
cranial nerve deficits, pulsatile tinnitus, drainage, and deep 
boru1g pain are often associated with tumors and must be ilior
oughly evaluated. CT plays a crucial role in evaluati11g tbe 
temporal bone because of the complex anatomy contained 
within bony confu1es. MRl with gadolinium contrast is comple
mentary and is used to define soft tissue anatomy (Fig. 35-15). 

Neoplasms of me pi11na are most often related to sun 
exposure and include basal cell carcinoma and sec. 
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FIGURE 35-15 A. CT scan of a 19-year-old woman with osteosarcoma of the left temporal bone and bony destruction of the mastoid. 8, MRI 
is useful for determining the extent of the tumor and the lack of brain invasion. (Courtesy Dr. J. Netterville.) 

Keratoacanthoma is a benlgn rumor characterized by rapid 
growth and spontaneous involution and may be confused with 
sec. [n the external auditory canal, ceruminal gland adenocar
cinomas, adenoid cystic carcinoma, and atypical fibroxanthoma~ 
may arise. Within the rempo.ral bone, benign neoplasms include 
adenoma, paraganglioma (at d1e tympanic membrane and at the 
jugular bulb), acoustic neuroma, and meningioma. sec is the 
most common cancer of the temporal bone; others include 
adenocarcinoma of middle ear or cndolymphatic sac origin. ln 
the pediatric population, soft tissue sarcomas such as rhabdo
myosarcoma predominate. Metastases are an underrecognized 
cause of petrous bone tumors. 

Malignancies of the pinna are treated similarly to skin 
cancers elsewhere on the face. Mohs microsurgery with fro7..en 
section control of margins nlininlizes rhe amount of normal 
tissue resected with the cutaneous malignancy. [nvolvement of 
underlying cartilage leads to more disseminated growth, neces
sitating partial or total auriculecromy. If the extent of disease is 
great, lateral temporal bone resection may be indicated, with 
attempted preservation of the facial nerve and inner ear. When 
d1e facial nerve or parotid gland is involved, lateral temporal 
bone resection with parotidectomy is performed. Radiation 
therapy may be used uncommonly for primary treatment or, 
more commonly. for adjuvant treatment in the case of perineural 
spread or poorly differentiated rumors. 

Trearmenr of rumors involving the middle ear and bony 
canal consists of en bloc resection of structures at risk for iJwolve
ment. Rarely, when d1e tumor iJwolves only the external canal 
without bony destruction, sleeve resection of the canal can be 
performed. Lateral temporal bone resection removes the bony 
and cartilaginous canal, tympanic membrane, and ossicles. Sub
total temporal bcme resection involves removal of the ear canal, 
middle ear, petrous bone, temporomandibular joint, and facial 
nerve. Involvement of the petrous ape.x necessitates total tempo
ral hone resection, wi th removal of the carotid artery. sec 
within the perrous apex is considered incurable, although 
adenoid cystic carcinoma and select low-grade sarcomas may be 
excised with to tal temporal bone resection. The goals of 

reconstruction of temporal bone defects are protection from 
CSF leaks and coverage of vital srrucn1res and remaining bone 
to prepare for postoperative radiation therapy. Techniques for 
facial nerve rehabili tation are covered below in the section on 
salivary gland malignancies. A prosrhedc ear provides acceptable 
rehabilitation when a total auriculecromy has been performed. 

Salivary Gland Neoplasms 
1l1e major salivary glands include the parotid glands, subman
dibular glands, and sublingual glands. 1 here are also approxi
mately 750 minor sa.livary glands scattered throughout the 
submucosa of the oral cavity, oropharynx, hypopharynx, larynx, 
parapharyngeal space, and nasopharynx. Salivary gland neo
plasms are rare and constitute 3o/o to 4o/o of head and neck 
neoplasms. Most neoplasms arise in the parotid gland (70%), 
whereas tumors of the submandibular glru1d (22%) and sublin
gual ru1d minor salivary glands (8o/o) are less common. The ratio 
of malignant to benign tumors varies by site as well-parotid 
gland, 80o/o benign and 20o/o malignant; submandibular glru1d 
and sublingual glru1d, 50% benign ru1d 50% malignru1t; ru1d 
minor salivary glands, 25% benign and 75% malignant. 

The parotid gland is the largest salivary gland ru1d is divided 
into the superficial lobe ru1d deep lobe by the facial nerve. On 
imaging, the lobes can be differentiated by cbe retromru1dibular 
vein, which is commonly found at d1e division of the lobes. 
Deep lobe tumors lie within the parapha.ryngeal space. Stensen's 
duct is approximately 5 em long; it pierces the buccal fat pad 
and opens in d1e oral cavity, opposite d1e second maxillary 
molar. The submru1dibular glands are closely associated with the 
lingua1 nerve in the submru1dibular triru1gle and empty via 
Wharton's duct into the papilla, just lateral to d1e frenulum. 1l1e 
sublingual gland lies on the inner table of the mandible ru1d 
secretes via tiny openings (ducts of Rivinus) directly into the 
Boor of d1e mouth or via several ducts that unlte to form the 
common sublingual duct (Bartholin), which then merges with 
Wharton's duct. 

Numerous non-neoplastic diseases commonly affect the 
salivary glru1ds. Sialadenitis is ru1 acute, subacute, or chronic 
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inflammation of a salivary gland. Acute sialadenltis commonly 
affects the parotid and submandibular glands and can be caused 
by bacterial (usually Staphylococcus aureus) or viral (mumps) 
infection. Chronic sialadenitis results from granulomatous 
inflammation of the glands and is commonly associated with 
sarcoidosis, actinomycosis, tuberculosis, and cat scratch disease. 
Sialo.lithiasis is the accumulation of obstructive calcifications 
within d1e glandular ductal system, more common in the sub
mandibular gland (90%) than in the parotid (10%). When the 
calculi become obstructive, sta~i s of saliva may cause infection 
and create a painful, acutely swollen gland. Benign lymphoepi
thellallesions of the salivary glands are nOJl-neoplastic glandular 
enlargements associated with autoimmune diseases, such as 
Sjogren's syndrome. 

Salivary gland neoplasms are most often manifested as 
slow-growing, well-circumscribed masses. Symptoms such as 
pain, rapid growth, nerve weakness, and paresthesias a11d signs 
of cervical lympl1adenopatby and fixation to skin or w1derlying 
muscles suggest malignancy. When the initial symptom is com
plete unilateral facial paralysis, Bell's palsy may be misdiagnosed 
as the cause, and it is important to ren1ember that aU patients 
with Bell's palsy will show some improven1ent in facial move
ment within 6 months of the onset of weakness. Trismus is 
associated with involven1ent of the p terygoid musculature by 
deep parotid lo!be malignancies. Bimanual palpation of submaJ1-
dibular masses assists in determini11g fixation to surrounding 
structures. Cf and MRI tend to show irregular tun1or borders 
and obliteration of fat planes in the parapbaryngeal space with 
deep parotid lobe CaJ1cers. The accuracy of fine-needle aspiration 
cytology of the salivary gl.ands has been well established. 'The 
sensitivity, sped£ city, and accuracy of parotid gland aspirates in 
one series were 92%, lOOo/o, and 98%, respectively.37 Excision 
of the gla11d is used co confirm the £nal diagnosis. 

Benign tumors of the salivary gla11ds include pleomorphic 
adenomas, various monomorphk adenomas (e.g., Warthi.n's 
tumor, oncocytomas, basal cell adenomas, canalicular adenomas, 
and myoepitheliomas), various ductal papiiJomas. and capillary 
hemangiomas. Pleomorphic adenomas accounr for 40% to 70% 
of all tumors of the salivary glands and usually occur in the tail 
of the parotid. Like aU benign parotid tumors, the treatment of 
d1oice is surgical excision with a margin of normal tissue (e.g., 
superficial parotidectomy). ln the parotid gla11d, if excision is 
possible without complete removal of the affected lobe, the 
postoperative cosmetic appearance will be superior to that in 
patients in whom a complete lobe is removed. Shelling out of 
pleomorphic adenomas is to be avoided because it has been 
shown to correlate with i11creased rates of recurrence.38 1he facial 
nerve should not be sacrificed when removing a benign lesion 
(Fig. 35-16). Warthln's tumor, or papillary cystadenoma lym
phomatosum, is the second most common benign parotid 
tumor and occurs most often in older white men. Because of 
the high mitoclhondrial content within oncocytes, tl1e oncocyte
rich Warthln twnor and oncocytomas will incorporate 
technetium-99m and appear as hot spots on radionucllde scans. 
If fine-needle aspiration suggests a slow-growing Warthin tumor 
with confirmat<Ory tecbnetiun1 scanning iJ1 a patient witl1 con
traiJ1dications to surgery, the tumor may be closely monitored 
because it has no malignant potential. 

Malignant salivary tumors are staged according to size; Tl 
is smaller than 2 em, T2 is 2 to 4 em, T3 is larger tl1a11 4 em 
(or any tumor witb macroscopic extraparencbymal extension), 

FIGURE 35-16 A. 32-year-old woman with a deep parotid lobe pleo
morphic adenoma. The facial nerve is displaced laterally. B. Once the 
mass is separated from the prestyloid space, it is delivered around 
the facial nerve, emptying the compressed parapharyngeal space and 
avoiding facial nerve injury. 

and T 4 involves invasion of surrounding tissues. Malignant sali
vary tumors are Listed in Box 35-1. Mucoepidermoid carcinoma 
is the most common malignant tumor of the parotid gland and 
CaJ1 be divided into low-grade and high-grade tumors. High
grade lesions have a propensity for both regional and distant 
metastases and corresponding shorter survival rates than low
grade mucoepidermoid carcinomas. Adenoid cystic carcinoma 
constitutes 10% of all salivary neoplasms, with two thirds occur
ring in the minor salivary glands. 1l1e histologic types of adenoid 
cystic carcinoma are tubular, cribrifom1, and solid, listed in 
order from best to worst prognosis. An indolent growth pattern 
and a relentless propensity for perineural invasion characterize 
adenoid cystic carcinoma. Regional lymphatic spread is uncom
mon, although distaJ1 t mcta~tascs occur within the first 5 years 
after diagnosis a11d may remaiJ1 asymptomatic for decades. 
MalignaJu mixed tumors include cancers origu1adng from pleo
morphic adenomas, termed cnrcinomn ex pleomorphic ndl!llomn. 
a11d de novo malignaJlt mixed tun1ors. 1l1e risk for malignaJll 
transformation of benign pleomorphic adenomas is 1.5% withi11 
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BOX 35-1 Tumors of the Major and Minor Salivary Glands 

Benign 
Pleomorphic adenoma 
Warthin's tumor 
Capillary hemangioma 
Oncocytoma 
Basal cell adenoma 
Canalicular adenoma 
Myoepithelioma 
Sialadenoma papilliferum 
Intraductal papilloma 
Inverted ductal papilloma 

Malignant 
Acinic cell carcinoma 
Mucoepidermoid carcinoma 
Adenoid cystic carcinoma 
Polymorphous low-grade adenocarcinoma 
Epithelial-myoepithelial carcinoma 
Basal cell adenocarcinoma 
Sebaceous card noma 
Papillary cystadenocarcinoma 
Mucinous adenocarcinoma 
Oncocytic carcinoma 
Salivary duct carcinoma 
Adenocarcinoma 
Myoepithelial carcinoma 
Malignant mixed tumor 
Squamous cell carcinoma 
Small cell carcinoma 
Lymphoma 
Metastatic carcinoma 
Carcinoma ex pleomorphic adenoma 

tl1e first 5 years but increases to 9.5% once tlle benign tumor 
has been present for more man 15 years.39 Most salivary gland 
lymphomas are of the non-Hodgkin's variety (85%). The risk 
for malignant lym phoma in patients with Sjogren's syndrome is 
44-fold higher tlJlan in tl1e normal population. Metastatic rumors 
are most often derived from cutaneous carcinoma~ and melano
mas from the scalp, temporal area, and ear. Distant metastatic 
tumors are rare but may arise from tl1e lung, kicL1eys, and 
breasts. 

Treatment o f salivary gland malignancies is en bloc surgical 
excision. Radiation therapy is administered postoperatively for 
high-grade malignancies demonsrrating extraglandular disease, 
perineural invasion, direct invasion of surroundi11g tissue, or 
regional metastases. For tumors confined to the superficial lobe 
of the parotid gland, lateral lobectomy with preservation of the 
facial nerve may be performed. Gross tumor should not be left 
in situ but, if me facial nerve can be preserved by peeling tumor 
off the nerve, the nerve should be preserved and radiation 
therapy used for microscopic residual disease. For cancers of the 
deep lobe, total parotidectomy is performed. Elective neck dis
sections are performed for high-grade maUgnancies, such as 
high-grade mucoepidermoid carcinoma. In patients wid1 gross 
facial nerve involvement, temporal bone resection is performed 
and the nerve is sacrificed proximally to obtain a negative 
margin. When the facial nerve is removed, rehabilitation with a 
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simultru1eous nerve graft may be performed in the hope of pro
ducing facial muscular tone. Although the primary goal of facial 
nerve rehabiJjtarion is protection of the cornea from cluonic 
exposure, otber concerns include oral competency, nasal valve 
maintenance, and cosmesis. Upper lid gold weights, lateral tar
sorrhaphies, static fascial slings, dynamic muscular slings, and 
delayed reinnervation procedures are also used for facial reha
bilitation. Submandibular gland and minor salivary gland malig
nancies are treated similarly to parotid gland cancers, by en bloc 
resection. Submandibular gland malignancies aTe removed with 
level I contents and accompanying MRND. Gross involvement 
of tl1e hypoglossal or lingual nerves requires sacrificing them and 
obtaining a negative margin by following the nerves toward the 
shill base. Adenoid cystic cancers are highly neurotropi.c; treat
ment consists of removal of gross tumor with radiation therapy 
for tl1e microscopic disease tl1at is assumed to exist at the periph
ery of the tumor. 

Neck and Unknown Primary 
1he workup of a neck mass is different in dUldren than in adults 
hecause of differing causes. Cervical masses are common in 
cl1ildren and most uften represent inflammatory processes or 
congenital abnormalities. Of pediatric neck masses tl1at arc per
sistent, 2% to l5o/o that are removed will be malignant. Pediatric 
evaluation requires thorough head and neck examination, 
including endoscopy of the nasopharynx and larynx. The most 
common cause of cervical adenopathy is viral upper respiratory 
traer infections. The associated lympbadenopamy generally sub
sides within 2 weeks, although mononucleosis-rdated lymph
adenopathy may persist for 4 to 6 weeks. 'TI1e location of the 
mass, as weU as its character, most often leads to the diagnosis. 
Lymphadenopathy not attributable to viral u1fections may rep
resent :a less common infecrious process. Bacterial cervical adeni
tis is most often caused by group A beta-hemolytic streptococci 
or S. aureus. Scrofula is cervical adenitis secondary to tubercu
losis and is relatively uncommon iJ1 industrialized counrries, 
altl1ough atypical mycobacteria may also cause cervical adenitis. 
Cat scratch disease should be suspected if tl1ere is a history of 
cat contact, and indirect fluorescence antibody testing for Bar
tone!M hemelne should be performed. Midline masses include 
tl1yroglossal duct cysts, enlarged lymph nodes, dem1oid cysts, 
hemangiomas, and pyran1idal lobes of d1e thyroid. Nonlym
phoid masses anterior to the sternocleidomastoid muscle are 
usually branchial cleft cysts. A soft compressible mass of the 
posterior triangle may represent a lymphangioma (or cystic 
hygroma), which usually develops before dle age of 2 years. 
Cervical teratomas are present at birth and may iJwolve com
pression of tl1e airway or esophagus. Malignancies most com
monly encountered in pediatric neck masses include sarcomas, 
lympho mas, and metastatic tllyroid carcinoma. 

In adults, neck masses represent malignancies more often 
tl1ru1 in children. It should be emphasized that persistent masses 
larger tl1ru1 2 em represent cancer in 80% of cases. [n addition 
to head and neck examination, CT assists in evaluating not only 
dle masses but also potential primary s.ites. Fine-needle aspira
tion (<22-gauge needle) is performed as one of the initial steps 
in the workup of neck masses; it has an overall accuracy of 95% 
for benign neck masses and 87% for malignru1 t masses (Fig. 
35-17).40 As in children, the location of the mass has a bearing 
on the likelil1ood of diagnosis: midline masses may represent 
tl1yroglossal duct cysts, dermoid tttmors, delphian nodes, thyroid 
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Physical exam: 
Oral cavity, oropharynx, nasopharynx, hypopharynx, 

larynx, thyroid, salivary gland, skin 

FNA and imaging: 
CXR and CT neck FNA: Negative 

FNA: Positive SCC 
~,........----""'-----....,, -

Panendoscopy: Open biopsy 
No obvious lesion: bx 
nasopharynx, tongue 
base, tonsillectomy sec, melanoma, upper 

aerodigestive tract 
adenocarcinoma: neck dissection 

Lymphoma: close, stage 
systemic disease and treat 

accordingly 

Granuloma or infectious: culture, 
close, work up systemic disease 

and treat accordingly 

FIGURE 35- 17 Workup of an asymp
tomatic unilateral neck mass in adults .. 
CXR, Chest x-ray; FNA, fine-needle 
aspiration. 

masses, Lipomas, or sebaceous cysts. TI1}1foglossal duct cysts rep
resent the vestigial cract of descent that the thyroid followed 
&om the foramen cecum to its normal location below the 
cricoid. The cyst may become enlarged later in life concurrent 
with an upper respiratory tract infection. Surgical excision 
should include the cemral portion of the hyoid hone (Sist:rLmk 
procedure), or recurrence is more likely. 

Persistent lateral neck masses in adulrs may represent 
enlarged benign or malignant lymph nodes, neuromas or neu
rofibromas, carotid body tumors, branchial cleft cysts, lipomas, 
sebaceous cysts, parathyroid cysts, or a primary soft tissue tumor. 
Enlarged lymph nodes may be have an infectious cause, similar 
to those in the pediacric population, lymphoma, regional metaS
tases from sec. melanoma, thyroid carcinoma, or salivary gland 
tumors, or distant metastases. Usually, lymphadenopathy in an 
adult is indicative of metastatic HNSCC, with lymphoma being 
less likely. Meta.~tatic SCC is most frequently from the nasophar
ynx, oropharynx, or hypopharynx and its presence is a negative 
prognostic indkator. Tn all cases of metastases to the neck, 
lymphadenectomy as treatment is valuable only i11 cases of SCC, 
salivary gland tumors, melanoma, and thyroid carcinoma. Oth
erwise, removal of metastatic lymph nodes is indicated for diag
nosis only, and systemic creatment must be initiated. Ln cases of 
multiple lymph node enlargement, a diagnosis ofH TV infection, 
toxoplasmosis, or fungal infection should be investigated. 

Less &equ.ently, benign neck masses can develop in adults. 
The branchial cleft apparatus that persists after birth may give 
rise to a nu.mlber of neck masses. First branchial cleft cysts 
develop in the preauricular or submandibular area, arc inti
mately associated wim the external auditory canal and parotid 
gland, and may fe<jUire dissection of me facial nerve during 

exctsaon. Second and d1ird brandual deft cysts and cracts 
develop anterior to the sternocleidomastoid muscle and often 
become symptomatic after upper respiratory cract infections_ 
Altho ugh the second branchial cleft communicates with the 
ipsilateral tonsillar fossa, the third communicates with the piri
form sinus. Removal of the cyst and tract necessitates dissection 
along the course of embryologic descent. Second brandual deft 
cracts course between the internal and external carotid arteries_ 
1l1ird branclual d efr cracts course posterior to bocl1 brand1es 
of the carotid artery. Occasionally, a carcinoma may be found 
within the cyst. Debate continues about whetl1er the carcinoma 
represents a cystic metastaSis from the tongue base or tonsil 
or whether cancer may occur de novo within a branchial 
cleft cyst.11 

Carotid body tumors or chemodectomas are more properly 
referred [()as paragrulgliomas and arise from me branchiomeric 
paraganglia at the carotid body. 1l1ese tumors are usually benign, 
unifocal, and nonhereditary; they are manifested as a non painful 
mass at me carotid bifmcation aJld have a characteristic lyre sign 
on carotid arteriography (Fig. 35-18). Because of d1cir Lughly 
vascular nature, biopsy is contraindicated. Preoperative emboli
zation is performed for wmors larger thru1 3 em. TI1e most 
fre'luent se<juela from resection is cranial nerve injmy, most 
commonly of the superior laryngeal nerve, but also the vagal 
nerve or hypoglossal nerve wicl1 large tumors.11 Tumors larger 
thru1 5 em are associated with a need for concurrent carotid 
artery replacement. 1l1e term jim-bite syndrome was coined to 

describe the phenomenon of pain with me initiation of mastica
tion: it is bcUcvcd to be caused by removal of the sympathetic 
nerves surrolmding the carotid bifurcation ru1d reinnervation of 
the parotid secretory glands by parasympathetic fibers. Excision 
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FIGURE 35-18 A. Characteristic lyre sign on an a rte riogram of a carotid body paraganglioma demonstrating splaying ot the internal and external 
carotid a rteries. B. The tumor lies between the arteries, superficial to the vagus nerve (arrow) and deep to the hypoglossal nerve (arrowhead). 
C. MR angiography scan of a d ifferent patient demonstrating bilateral carotid body tumors in addition to a separate, more superior, left vagal 
paraganglioma (arrow). (Courtesy Dr. J. Netterville.) 

of bilateral carotid body tumors may lead to baroreceptor failure, 
with wide fluctuations in blood pressure. 

Tumors of the parapharyngeal space arc distinguished by 
their location; they are prestyloid, usually of salivary gland 
origin, or poststyloid, usually vascular or neurogenic in origin. 
lrtitial symptoms may consist of a superior neck mass, fulli1css 
of the parotid gland or tonsillar fossa, trismus, dysphagia, Horn
er's syndrome. or cran ial nerve impaimJent. Tumors mclude 
paraganglioma, salivary gland neoplasms, schwa.nnoma or neu
rilemoma, lipoma, sarcoma, and lymphadenopathy. Acces.~ to 
these tumors is usually performed transcervically and care must 
be taken to preserve uninvolved structures, such as the carotid 
artery and major cranial nerves (Fig. 35- 19). A mandibulotomy 
approach is rarely required. 

TRACHEOTOMY 
Tracheotomy is generally used for patients requiring prolonged 
mechanical ventiJation to reduce the risk of damage ro the 
larynx, assist ventilation and pLJmonary hygiene, and .improve 
patient comfort and oral care. There is no hard rule about how 
long a translaryngcal endotracheal tube can be left iJ1 place. 
Some laryngologists recommend conversion to a tracheotomy 
after 3 days of intubation, although most use 2 to 3 weeks as a 
limit. Other common reasons for tracheotomy mclude chronic 
aspiration, acute airway obstruction secondary to facial or laryn
geal trauma or o:ral or deep neck space Wections, or pcriopcra
tively durmg radlical cancer ablation. 

The term tiYicheotomy .implies formation of an opening that 
will close spontaneously once the tracheotomy tube has been 
decannulated. Closure via secondary intention ge11eraUy occurs 
over a period of 5 to 7 days and the healmg process should not 
be hastened by suturing the overlying skin closed, or an abscess 

FIGURE 35-19 Left poststyloid space after removal of a parapharyn
geal space tumor and lateral temporal bone resection. The carotid is 
seen anteriorly (black arrowhead) where it enters the sku ll base, 
whereas the internal jugular vein (large white arrowhead) is retracted 
posteriorly. The vagus nerve (large black arrowhead) is intimate ly asso
ciated with the hypoglossal nerve (small white arrowhead), and sepa
ration of the two nerves at this level often leads to vocal cord paralysis. 
The glossopharyngeal nerve is seen anteriorly (large white arrow). 

may form in this highly contammated wound. The term tt11che
oston1J' implies the formation of a permanent openi ng that 
remains open after removal of the tube. The surgeon can form 
a tracheostomy by suturing an inferiorly based rrad1eal ring flap 
to the skin at the time of surgery. Although this flap al lows safer 
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replacement of the tracheal tube should it become accidentally 
decannulated, once the mucocutaneous junction forms, a surgi
cal procedure with rotational skin flaps is required to dose the 
tracheostomy. A pem1anent tracheostomy should be considered 
for patients with extended mechanical ventilation, chronic aspi
ration, obstructive sleep apnea, and/or uncorrecrable upper 
airway obstruction. 

Preoperative assessment should include a history of previ
ous trad1eotomy or neck surgery, laryngeal patholog)'• bleeding 
difficulties, or cervical spine injuries. Perioperative complica
tions of tracheotomy include bleeding, aspiration, pneumotho
rax and pnetUnomediastinum, recurrent laryngeal nerve injury, 
and hypoxia. Long-rerm problems include the formation of 
granLJation tissue at the skin and within the trad1ea, collapse of 
tracheal cartilage and airway obstruction, and tracheoinnomi
nate artery and! tracheoesophageal fistulas. 

Although the traditional open tracheotomy tecl1J1ique is 
sti ll primarily used and preferred, percutaneous tracheotomy is 
being done more often. There have been reports of increased and 
decreased compljcation rates with the percutaneous technique 
versus the open technique.43

·4<1 Although one might suspect that 
the tralll11a from dilating the tracheal rings in the percutaneous 
technique might be associated with a substantial increase in 
long-term tracheal stenosis, thls does not always seem to be the 
case; percutaneous tracheotomies have become common in 

'm~i\m~l.l-- Cricothyroid 
membrane 

A 

many intensive care units in patients with favorable anatom}' 
and supportive clinical settings. 

VOCAL CORD PARALYSIS 
More appropriately tem1ed vocttl fold immobi!it)l loss of vocal 
cord function remains a common occurrence. 1l1e recurrcn£ 
laryngeal nerve supplies all the laryngeal musculature except for 
the cricothyroid muscle, which is supplied by the superior laryn
geal n erve. Paralysis of rhe laryngeal muscles may occur from a 
lesion in the central nervous system or, usually, with peripheral 
nerve involvement (90%). Once the vagus nerve exits the jugular 
foramen, the superior laryngeal nerve divides superiorly in tlJe 
parapbaryngeal space and passes deep ro the carotid artery. On 
the left side, the recurrent laryngeal nerve separates from tbe 
vagus nerve in the thorax, passes around the aortic arch at the 
ductus arteriosus, and travels superiorly in the tracheoesophageal 
groove to the cricothyroid joint. Probably as a result of the left 
recurrent nerve's longer course, left vocal cord paralysis is more 
common than on the right. The right recurrent nerve separates 
from the vagus and passes around the right subclavian artery and 
back to the larynx (Fig. 35-20). A nonrecurrent recurrent laryn
geal nerve is a rare finding (0.5% to l.Oo/o) on the right side: 
when present, the nerve separates from the vagus before descend
ing into the chest, passes directly to the larynx, and is associated 
with a retroesophageal right subclavian artery. Approaches to the 

Superi<>rto 
clavicle----+""~~~~\ 

8 

FIGURE 35-20 Anatomy of the right (A) and left (B) recurrent laryngeal nerves. The more diagonal course on the right side predisposes patients 
to traction injury during anterior cervical neck surgery. (From Netterville Jl., Koriwchak MJ, Winkle M, et al: Vocal fold paralysis following the 
anterior approach to the cervical spine. Ann Otol Rhino! Laryngol 105:85-91, 1996.) 
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cervical spine should generally be performed from the left to 
reduce traction imj ury on the recurrent nerve because right-sided 
approaches have been associated with a higher rate of laryngeal 
nerve injury.45 

DysfLmction of the superior laryngeal nerve usually occurs 
after thyroidectomy because the nerve is in close proximity to 
the superior thyroid vascular pedicle and affected patients may 
have difficulty ad1icving precision in pitch, noticeable usuaUy in 
professional voice users. Injmy to the recurrent laryngeal nerve 
results .in vocal fold paresis or paralysis. Patients with w1ilateral 
vocal cord inlmobiliry may have hoarseness, ineffective cough, 
dysphagia. aspiration, or airway compromise or may be com
pletely asymptomatic because of their ability to compensate. 
Definitive diagnosis is made via laryngoscopy and subtle weak
ness may require stroboscopic examination. Causes of paralysis 
include surgical trauma {usually thyroidectomy), malignancies 
of the thyroid, mediastinum, esophagus, or larynx, mediastinal 
compression, viral neuropathy, collagen vascular disease, sarcoid
osis, diabetic neuropathy, and other reported factors. 1l1e cause 
remains unknown in 20% of patients. Because re-creating voli
tional abduction and adduction of the vocal cord is not currencly 
feasible, the goal of treatment entails creating sufficient medial
ization of the involved vocal cord to allow efficient voicing and 
cough, as well as reduce hoarseness and aspiration. Medialization 
may be accomplished with intracordal injection of various sub
stances, including fat, Gelfoam, and hlLillan cadaveric collagen 
preparations. Because of the risk for granuloma formation, 
Teflon injection is rarely used today. MedializacioJJ thyroplasry, 
with or without concurrent arytenoid adduction, consists of a 
surgically created window in the thyroid cartilage with the inser
tion of Silastic, hydroxyapatite, or Gore-Tex and has shown 
excellent results. Laryngeal rcilmervation via an ansa cervicalis
recurrenr laryngeal nerve anastomosis provides medialization 
with tone to the paral)"l.ed cord but takes several months to 
become effective. 46 Bilateral vocal fold paralysis is an uncommon 
scenario manifested by both vocal folds remainillg near the 
midline position. Patients maintain a strong voice because the 
vocal folds continue to vibrate, bur they might suffer life
threatening airway obstruction and stridor and require immedi
ate reintubation or tracheotomy. 

RECONSTRUCTION 
Perhaps d1e area of bead and neck surgery that bas undergone 
the most advancement in the past 25 years is reconstruction, 
fueled largely by d1e advent of microvascular free flaps. Today, 
there is almost no defect tl1at canJlOt be repaired, which this has 
afforded the ablative surgeon more leeway il1 obtaining tumor
free margins. The head and neck region is unique ill the ilmicacy 
of its form and function, and careful reconstruction is needed 
to return patients back to their preruorbid condition. Focus is 
usually on speech, swallowil1g, and cosmesis when considering 
rehabilitative goals. Swallowing may be impaired by resection of 
local tissues of the oral cavity, oropharynx, hypopharynx, larynx, 
and cervical esophagus. Loss of innervation, sensory or motor, 
locally or at the skull base, can severely impair swallowing. Irra
diation leads to :fibrosis of local tissues, as well as loss of saliva 
and taste, and may cause stenosis years after treatment is fiJl· 
ished. Speech rehabilitarion of speech has been discussed earlier 
(see "Larynx"). Because of the proximity and complexity of the 
airway and digestive tracts at the oral cavity, oropharynx, larynx, 
and hypopharynx, the ability to maimain the two functions is 
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closely related. Frequently, aspiration occurs when the swallow
ing process is impeded. Aliliough a tracheotomy tube helps 
protect tl1e airway somewhat from aspiration and allows increased 
pulmonary suctioning, it also tethers the larynx to the skin and 
often exacerbates dysphagia Once dysfunction has occurred, the 
physician is hampered by trying ro maimain balance among 
ainvay, speech. and swallowing, and one function may have to 
be further impaired to improve another. ln a severely dysfw1c· 
tional upper airway, total sacrifice of one function may have to 
be accepted, and laryngectomy or a permanent gastric tube may 
be required. 

Cosmetic deformities are most obvious in the bead and 
neck area. FLulctional deficits not only occur in speed1 and swal
lowing but also affect eyelid ftmction, oral competence, and 
maintenance of a nasal and oral airway. General principles of 
facial restoration iJ1clude reconstructing the underlyil1g bony 
fran1ework, replacing skin with skin of matching quality, mini
mizing scar visibility and contracture, and reconstructing in 
zones of facial Lmi.ts. Skin should be matched by color, thickness, 
and hair-bearing units, when possible. 1l1e aesthetic facial units 
il1clude the forehead, eyes and periorbital area, midface, nose 
(which itself contains several subw1its), and lips and mentunl. 
A spectrum of reconstructive options exists, with bealing by 
secondary iluention and primary closure at one end and exten
sive reconstruction such as microvascular free flaps at the other. 
The option iliat is selected depends on the location and severity 
of the defect, overall bealth of the patient, available donor sites 
for flaps, status of the tissue adjacent to the defect (irradiated, 
infected, previously operated), and functionality of the area to 

be reconstructed. Not only must the reconstructive surgeon 
choose which option is best for a given defect, but secondary 
and tertiary options should be also planned in case of flap failure 
or recurrent disease. 

Healing by secondary intention is an excellent option in 
several clinical scenarios. Mucosal defects with an underlyi11g 
layer of vascularized muscle or bone that will not contract to the 
point of impeding function may be left to dose by secondary 
intention. Exan1ples include small tonsillectomy defects, tongue 
resections, and some Laryngeal mucosal defects. Primacy closure 
is likely to be the most commonJy used option for closure of 
cutaneous defects. Attempts sbould be made to keep incisions 
within the lines of relaxed skin tension. 1l1ese liJJes are caused 
by muscular il1sertion illto the skin and form when there is 
minletic motion. In.cisions that parallel tl1e lines of relaxed skin 
tension not onJy respect the aesthetic units of the face but also 
have tbe least amount of tension along them, whiclJ decreases 
scarring. A Z-plasty may be used to reorient an unfavorable H11e 
of closure into a relaxed skin tension line. 

Skin grafts are generally used for oral caviry, ear, or maxiJ
lectomy defects, and for coverage of donor sites, sucb as the 
radial forearm and fibular free flaps and delropectoral flap. Skin 
grafts are completely dependent for nutrition on the tissue over 
whicl1 they are placed and can heal well over muscle, perichon
drium, and periostetllll. They do not take well over bone or 
cartilage, nor on tissue that has been irradiated or infected or is 
hypovascular. Split-thkkness ski11 grafts contail1 the epidermis 
and a portion of the dermis and are harvested with a dermatome 
at approximately 0.0 12- ro 0.0 18-il1ch thickness. Thinner grafts 
require less nutrients to remain viable but wilJ also contract more 
when healing. Grafts may be meshed to allow greater surface 
coverage, but these types of grafts are generally restricted to the 
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scalp or over muscle because of a less cosmetic result. A nonad
herent antibiotic-impregnated bolster is commonly used to 
maiJ1tain stabiBty between the split-thickness skiJl graft and 
recipient bed for 5 days to allow transmission of nutrients and 
capillary ingrowth while healing. Harvest sites include the ante
rior and lateral aspects of the rhighs and buttocks. 

Full-thickness skin grafts are characterized by a better color 
match, texture. and contour and less contracture but success 
rate.s lower than with split-thickness skin grafts. Commonly used 
donor sites include the postauricttlar, upper eyelid, and supra
clavicular fossa skin. Composite grafts arc occasionally needed 
for cartilage and skiJ1 reconstruction of the nasal ala and may be 
harvested from the conchal bowl without significantly affecting 
the appearance of the pinna. Acellular cadaveric human dermis 
that ha~ been prepared by removing immunogenic cells while 
leaving the collagen matrix intact has grown in popularity as a 
skin graft substitute and avoids the need for a donor site. 

Local skin Aaps have an excellent tissue match because of 
their proximity to the defect. Commonly used designs include 
advancement, rotation, transposition, rhomboid, and bilobed 
Raps. Similar to primary closure, local flaps should be designed 
to be incorporated into the lines of relaxed skin tension. Although 
local flaps depend on the subdermal plexus of capillaries, regional 
flaps have an axial blood supply. 'This latter vascular pedicle is 
necessary for flap viability because greater distances are spanned 
by the flap and it is contained within the subcutaneous fascia, 
as in a fasciocutaneous Aap, or within an underlying muscle, as 
in a myocutaneou~ flap. The ddtopectoral, or Bakamjian, flap 
was one of the early regional flaps and was used extensively in 
head and neck reconstruction. Based on the iJltercostal 
perforating branches from the internal mammary artery, the flap 
is based medially and is designed over the upper pectoralis 
and deltoid regions. Because of the pliability of the transferred 
skin, it can be swung upward for skin defects or pharyngeal 
reconstruction. 

Perhaps the development with the most significant impact 
on head and neck reconstruction was introduction of the pec
toralis myocutaneous flap in 1978. Based on the pectoral branch 
of the thoracoacromial artery, the artery pierces the pectoraUs 
muscle from the deep surface. A skin paddle designed over the 
muscle, or simply the muscle itself, may be transferred to recon
struct defects up to the nasopharynx. Historically, the pectoralis 
muscle was tunneled under the imervening skin to preserve the 
ipsilateral deltopectoral flap in case it was needed for future 
coverage. Division of the pectoral nerve branches ensures atrophy 
of the muscle and reduces the bulge over the clavicle. [n addition 
to reconstruction of mucosal defects with d1e vascularized skin, 
coverage of an exposed carotid artery is an excellent use of the 
myogenous flap. 1he trapezius muscle offers multiple soft tissue 
flaps that may be rotated into bead and neck defects. The lower 
trapC?..ius myocutaneous flap, based on the dorsal scapular artery, 
has already been referred to as an excellent choice for lateral 
ten1poral bone defects. Finally, the submental and platysmal 
flaps are based on ilie facial artery and provide excellent local 
flap coverage for oral and oropharyngeal defects. 

A free flap entails removal of composite tissue from a 
distant si te, along wi th its blood supply, and reimplantation of 
the vasculature in the reconstructive field. Although the first 
successful human microvasculature transfer was a jejunal inter
position flap in 1959, the modern era of microva~culature recon
struction did not arise until the 1970s, with in1provements in 

instrumentation and teclulique. The current selection of donor 
sites allows the benefit of choosing an1ong sites with large
caliber, long vascular pedicle.~ that are anatomically consistent. 
[n addition to favorable vascularity, optimal donor sites allow a 
simultaneous two-team approach of ablation and harvesting, 
possibility of a sensate Aap, composite transfer of bone stock 
capable of accepting osseointegrared implants, transfer of secre
tory mucosa, or any combiJlations of these options. Patient 
selection for free flap reconstruction is of critical in1portru1ce. 
Advru1ced age is not a contraindication to microva~cular recon
struction , although previous recipient bed irradiation, contrac
tion of tissues after secondary reconstruction, or previous free 
flap failure should raise concern in the reconstructive surgeon. 
Complete loss of a free tissue transfer sbould occur in le.ss than 
5% of cases. 

The radial aspect of the forearm has en1crged as the work
horse of soft tissue free Haps in head and neck reconstruction. 
A fasciocutaneous flap with sensate capabilities, rne radia\ 
forearm flap is based on the radial artery and its venae comitan
tes, cephalic vein, or both for drainage. Variations of the flap 
include harvest of partial radius bone or palmaris longus tendon 
for bony or suspensory reconstruction, respectively. 1l1e main 
advantage of the radial forearm flap is the thinness and pliability 
of the harvested skin, whlch makes it ideal not only for external 
cutaneous defects but also for reconstruction of the floor of the 
moutb or tongue (Fig. 35-21), soft palate and oropharyngeal 
wall, and pharynx, and for skull base reconstruction. Although 
the donor site is more cosmetically obvious than other donor 
sires, long-term morbidity of the harvest is minimal. Other soft 
tissue Haps include the lateral arm flap, anterolateral thigh and 
lateral thigh flaps, latissimus dorsi flap, and rectus abdominis 
flap. The lateral arm flap is an excellent al ternative to the radia\ 
forearm Rap when the patient exhibits a dominant radial artery 
supply to the hand, which is a contraindication to use of the 
forearm site. The lateral arm Aap is based on the posterior 
branches of the radial collateral vessels. It offers slightly more 
bulk than d1e radial foream1 flap does but is compromised to 
some extent by vessels iliac are smaller in caliber. Experience with 
thigh flaps has shown excellent results in tubed reconstruction 
of the pharynx. Both the latissimus dorsi and rectus abdominis 
flaps cru1 be transferred as myogenous or myocutaneous flaps. 
Although skin match is not ideal, rnese flaps are best sui ted to 
large defects, including skull base repair or maxillectomy defects 
with orbital exenteration (Fig. 35-22). Harvest of the rectus 
abdominis may lead to the complication of postoperative hernia 
formation. 

Enteric flaps include the gastro-omental flap and the jejunal 
flap. Disadvantages of these donor sites include the need for a 
laparotomy, which may preclude a two-team approach. ln addi
tion, the acceptable ischemia time is shortest with the enteric 
flaps because of their high tissue oxygen ru1d nutrient den1ru1d. 
Unlike other donor si tes, the pedicle of these flaps cannot be 
divided even years postoperatively because the flap tissues do not 
incorporate blood supply from the surrounding tissue bed. The 
main advantages of enteric flaps are their pliabiUty and ability 
to co11tinue secreting mucus. [nan irradiated patient who suffers 
from xerostomia, enteric reconstruction of recurre11t oral or 
oropharyngeal rumors affords ilie oppornmity w improve bis or 
her quality of life significantly. The omentum of the gastro
omental fl ap may be draped into the neck to provide contour 
ru1d bulk to a neck that has previously been dissected. 
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FIGURE 35-21 A. Harvest of a radial forearm fasciocutaneous free flap based 
on the radial artery. B, Right hemiglossectomy for squamous cell carcinoma of 
the right mobile tongue reconstructed with a radial foreann flap. C. Postopera
tive result 1 year later demonstrating excellent contour and tongue mobility. 

FIGURE 35-22 A. Resection of a recurrent skin squamous cell carcinoma invading the 
left orbit, para nasal sinuses, and frontal lobe dura. B. A rectus abdominis myocutaneous 
free flap has been revascularized with microvascular techniques into the recipient 
vessels of the neck, with the flap inset into place (C) for cutaneous and skull base 
reconstruction. 
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The most commonly used osseous free Haps include the 
fibula, scapula, and iliac crest. The fibular free Hap is based on 
the peroneal artery and vein, and the blood supf,ly to the foot 
should be investigated before harvesting this flap. 

7 
Up to 25 em 

of fibula may be harvested for mandibular or maxillary recon
struction with an osseous or osteocmaneous graft, and donor 
site morbidity is minimal (Fig. 35-23). 1l1e bone stock of the 
fibula is sufficient to allow osseointegrated implantation for 
dentition or prosthetic anchors. 1he iliac crest osteocutaneous 
free Aap allows even greater bone stock and is already naturally 
shaped in the form of a mandibular angle. Like the rectus 
abdominis Hap, the iliac crest is hampered by the potential for 
postoperative hernias and has a relatively short vascular pedicle. 
Although the scapular free Aap ba.~ the least bone stock of 
the three osseous flaps, it offers the advantage of simultaneous 
muscular, cutaneous, and bony reconstntction based on 
separate pedicles, thus allowing tremendous versatility in flap 

orientation. The megaflap includes the lateral border of the 
scapuJa based on the angular artery or the periosteal branch of 
the circumflex scapular artery, scapular or parascapular skin 
paddle based on cutaneous branches of the circumflex scapular 
artery, and latissimus dorsi and serratus anterior muscles sup
plied by the rhoracodorsal artery. All arterial branches lead ro 
the subscapular artery where it branches from the axillary artery, 
and revascularization of all segments may be accomplished with 
a single arterial anastomosis. 

Perhaps the ultimate in head and neck reconstruction lies 
in the possibility of replacing ablated tissue with identical cadav
eric donor tissue. ln 1998, the first successful human laryngeal 
transplantation was performed with microvascular reconstruc
tion (Fig. 35-24).48 Not only the larynx but also tbe pharynx, 
thyroid, parathyroids, and trachea were transplanted. Since the 
initial laryngeal transplant, further transplants of both the larynx 
and trachea have been performed successfully, but until nontoxic 

FIGURE 35-23 A. Immediate postoperative radiograph of a 35-year-old man after resection of an osteosarcoma of the mandibular ramus and 
reconstruction with a fibular osseocutaneous free flap. B, At 6 months postoperatively, the patient's dental occlusion has been preserved, along 
with excellent facial contour. 

FIGURE 35-24 Schematic of the first successful laryngeal transplantation, perfonned in 1998. Not only was the larynx transplanted, but the 
thyroid, parathyroids, pharynx, and five rings of trachea accompanied the vascularized and innervated organ. (From Strome M, Stein J, Esclarnado 
R, et al: Laryngeal transplantation and 48-rnonth follow-up. N Engl J Med 344:1676-1679, 2001.) 
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immunosuppressive drugs and protection against fostering 
tumor recurrence have been d eveloped, nonvital o rgan trans
plantation are unlikely to become commonplace. 
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ANATOMY 
The breast lies between the subdermal layer of adipose tissue and 
the superficial pectoral fascia (Fig. 36- l). The breast parenchyma 
is composed of lobes that in turn are comprised of multiple 
lobules. There are fibrous bands that provide structural suppon 
and insert perpendicularly into the dermis, termed the suspemory 
ligaments of Cooper. Between the breast and pectoralis major 
muscle lies the retroman1mary space, a thin layer ofloose areolar 
tissue that conttains lymphatics and small vessels. 

Located deep to the pectoralis major muscle, the pectoralis 
minor muscle is enclosed in the clavipectoral fascia, which 
extends laterally to fuse with the axillary fascia. 1l1e axillary 
lymph nodes, grouped as shown i.n Figme 36-2, are found 
within the loose areolar fat of the axilla; the number of lymph 
nodes is variable, depending on the size of the paticm. 'TI1e 
munber of lymtph nodes recovered from pathologic examination 
of Halsted-type radical mastectomy specimens is approximately 
50 nodes. 

The axillary nodes are typicaUy described as tluee anatomic 
levels defined by their relationship to the pectoralis minor 
muscle. Level r nudes are located lateral to the lateral border of 
the pectoralis minor muscle. Level II nodes are located posterior 
to the pectoralis minor muscle. level III nodes include the 
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subdavicular nodes medial to the pectoralis minor muscle. 1l1e 
level III nodes are easier to visualize and remove when the pec
toralis minor muscle is divided. 1l1e apex of the axiUa is defined 
by the costoclavicular ligament (Halsted's ligament), at which 
point the axillary vein passes into the thorax and becomes the 
suhclavian vein. Lymph nodes in the space between the pecto
ralis major and mjnor muscles are termed the interpectoral group. 
or Rotter's nodes, as described by Grossman and Rorrer. Unless 
tllis group is specificaUy exposed, they are not encompassed in 
surgical procedures that preserve the pectoral muscles. 

Lymphatic channels are abundant in the breast parenchyma 
and dermis. Specialized lymphatic channels collect under the 
rlipple and areola and form Sappey's plexus, named for the 
anatomist who described them in 1885. Lymph flows from 
the skin to the subareolar plexus and then into the interlobular 
lymphatics of the breast parenchyma. Appreciation of lymphatic 
A ow 'is important for performing successful sentinel lymph node 
surgery (see later). Of lymphatic Bow from the breast, 75% is 
directed into the axillary lymph nodes. A minor amount goes 
through tl1e pectoralis muscle and into more medial lymph node 
groups, as shown in Figure 36-2. Lymphatic drainage also (>CCUrs 

through the internal rnammary lymph nodes as the predominant 
drainage in up to 5% of patients and as a secondary route in 
combination with axUlary drainage in approximately 20%. A 
major route of breast cancer metastasis is t!Jrougb lymphatic 
channels; the regional spread of cancer is important to under
stand to provide optimal locoregional control of the disease. 

Coursing dose co the chest wall on the medial side of the 
axilla is the long d10racic nerve, or the external respiratory nerve 
of Bell, which innervates the serratus anterior muscle. 111is 
muscle is important for fixing the scapula to the chest wall 
during adduction of the shoulder and extension of tbe arm, and 
division of the nerve may result in the winged scapula deformity. 
For cllis reason, the l.ong thoracic nerve is preserved during axil
lary smgery. The second major nerve encountered during axillar>' 
dissection is the thoracodorsal nerve, which innervates the latis
simus dorsi muscle. This nerve arises from the posterior cord of 
tl1e bradlial plexus and enters the axillary space under the axil
lary vein, dose co the en trance of the long thoracic nerve. It then 
crosses the axilla to the medial surface of the latissimus dorsi 
muscle. 'TI1e thoracodorsalnerve and vessels are preserved during 
dissection of the axillary lymph node.~. The medial pectoral nerve 
ilmervates the pecroralis major muscle and lies within a neuro
vascular bundle that wraps around the lateral border of the 
pectoralis minor muscle. The pectoral neurova~cu.lar bw1dle is a 
good landmark in that it indicates the position of the axillary 
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FIGURE 36-1 Cut-away diagram of a mature resting breast The breast lies cushioned in fat between the overlying skin and pectoralis major 
muscle. Both the :skin and retromammary space under the breast are rich with lymphatic channels. Coope(s ligaments, the suspensory liga
ments of the breast, fuse with the overlying superficial fascia just under the denn is, coalesce as the inter1obular fascia in the breast parenchyma, 
and then join with the deep fascia of breast over the pectoralis muscle. The system of ducts in the breast is configured like an inverted tree, 
with the largest d~t~cts just under the nipple and successively smaller ducts in the periphery. After several branching generations, small ducts at 
the periphery enter the breast lobule, which is the milk-forming glandular unit of the breast. 

Cephalic Central Subclavicular 
vein axillary group 

Internal jugular vein 

Pectoralis minor muscle 

Pectoralis major muscle 

FIGURE 36-2 Contents of the axilla. In this diagram, there are fiVe named and contiguous groupings of lymph nodes in the full axilla. Complete 
axillary dissection, as done in the historical radical mastectomy, removes all these nodes. However, note that the subclavicular nodes in the 
axilla are continuous with the supraclavicular nodes in the neck and nodes between the pectoralis major and minor muscles, called the inter
pedorol nodes in !this diagram (also known as Rotter's lymph nodes). The sentinel lymph node is functionally the first node in the axillary chain 
and, anatomically,. is usually found in the external mammary group. (From Donegan WL., Spratt JS: Cancer of the breast, ed 3, Philadelphia, 
1988, WB Saunders, p 19.) 
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vein, wb.ich is just cephalad and deep {superior and posterior) 
to the bundle. This neurovascular bundle should be preserved 
during standard axillary dissection. 

The large sensory intercostal brachial or brachlal cutaneous 
nerves span the- axillary space and supply sensation to the under
surface of the upper parr of the arm and skin of the chest wall 
along the posterior margin of the axilla. Dividing these nerves 
results in cutaneous anesthesia in these areas and should be 
explained to patiems bt-fore axillary dissecrion. Denervation of 
the areas supplied by these sensory nerves can cause chronic and 
uncomfortable pain syndromes .in a small percentage of patients. 
Preservation of the superiormost nerve maintains sensation to 
the posterior aspecr of the upper parr of the arm inracr without 
compromising the axillary dissection in most patients. 

MICROSCOPIC ANATOMY 
1l1e mature breast is composed of three principal tissue types: 
{I) glandular epithelium; (2) fibrous stroma and supporting 
structures; and (3) adipose tissue. Lymphocytes and macro
phages arc also found within the breast. In adolescents, the 
predominant tissues are epithelium and stroma. In postmeno
pausal women, the glandular structures involute and are largely 
replaced by adipose tissue. Cooper's ligaments provide shape and 
structure to the breast as they course from the overlying skin to 
the underlying deep fascia. Because they are anchored into the 
skin, in£ltration of these ligaments by carcinoma commonly 
produces tethering which can cause dimpling or subtle deformi
ties on the otherwise smooth surface of the breast. 

1l1e glandular apparatus of the breast is composed of a 
branching system of ducts, roughly organi1.ed in a radial pattern 
spreading outward and downward from the nipple-areolar 
complex (see Fig. 36-l). It is possible to cannulate individual 
ducts and visu:alize the lactiferous ducts with contrast agents. 
Figure 36-3 demonstrates the arborir.ation of branching ducts, 
which end in terminal lobules. 1l1c contrast dye opacifies only 
a single ductal system and does not emer adjacent and inter
twined branches from functionally independent ductal branches. 
Each major duct has a dilated portion (lactiferous sinus) below 
the nipple-areolar complex. l11ese ducts converge through a 
constricted orifice into the ampulla of the 11ipple. 

Eacb of the major ducts has progressive generations of 
branching and ultimately ends in the termi11al ductules or acini 
{Fig. 36-4). These acini arc the milk-forming glands of the lactat
ing breast and, together with their small efferent ducts or duct
ules, are knowm as lobuiAI' units or lobules. As shown in Figure 

36-4, the tcmlinal ductules are iJWested in a specialized loose 
connective tissue that contains capillaries, lymphocytes, and 
other migratory mononuclear cells. ll1is intralobular stroma is 
clearly distinguished from the denser and less cellular interlobu
lar stroma and from tbe adipose tissue within the breast. 

The emire ductal system is lined by epid1elial cells, which 
are surrounded by special ired myoepithelial cells that have con
tractile properties and serve to propel milk formed in tbc 
lobules toward the nipple. Outside the epithelial and myoepi
thelial layers, tbe ducts of the breast are surrounded by a con
tinuous basement membrane containing lami11in, type IV 
collagen, and proteoglycans. The basement membrane layer is 
an important botmdary Ln differemiating in siw from invasive 
breast cancer. Continttity of this layer is maintained in ductal 
carcinoma in situ (DCfS), also termed noninvasive breast cancer 
(sec later, "Pathology"). [nvasive breast cancer is defined by 
penetration of the basement membrane by malignant cells 
invadi11g the stroma. 

FIGURE 36-3 Injection of contrast into a single ductal system 
(ductQgram). Occasionally used to evaluate surgically significant 
nipple discharge, ductography is performed by cannulation of an 
individual duct orifice and injection of contrast material. This duc
togram opacifies d1e entire ductal tree, &om the retroareolar duct to 
the lobules at the end of d1e tree. It also demonstrate.~ the functional 
independence of eadl duct system; there is no cross-communication 
between independent systems. 

FIGURE 36-4 Mature resting lobular unit. At the distal end 
of the ductal system is the lobule, which is fonned by multiple 

Lobular brandling events ar the end of terminal ducts, ead1 ending 
acinus in a blind sac or acini, and is invested with specialized stroma. 

The lobule is a three-dimensional structure but is seen in two 
dimensions in a histologic thin section, shown in d1e lower 
right. 1l1e intralobular terminal ductule and acini are irwe.~ed 
in loose connective rissue containing a modest number of 
infilt rating lymphocytes and plasma cells. The lobule is dis
tinct fi·om the denser interlobular stroma, which contains 
larger breast ducts, blood vessels, and F.tt. 
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BREAST DEVELOPMENT AND PHYSIOLOGY 

Normal Development and Physiology 
Prior to puberty, the breast is composed primarily of dense 
fibrous stroma and scattered ducts lined with epithelillJU. In the 
United Stares, puberry, as measured by breast development and 
the growth of pubic hair, begins between the ages of 9 and 12 
years, and menarche (onset of menstrual cycles) bcgim at 
approximately 12 to 13 years of age. These events arc initiated 
by low-amplitude pulses of pituitary gonadotropins, which raise 
serum estradiol concentrations. L1 the breast, thls hormone
dependent matu.ration (thelarche) entails increased deposition 
of far, the formation of new ducts by branchlng and elongation, 
and the fisst appearance of lobular units. This process of growth 
and cell division is under the control of estrogen. progesterone, 
adrenal hormones, pituitary hormones, and the trophic effects 
of insulin and thyroid hormone. 1here is evidence thar local 
growth factor networks are also important. 1l1e exact timing of 
these events and the coordinated development of both breast 
buds may vary from the average in individual patients. TI1e term 
prepubertal gynecomastia refers to symmetrical enlargement and 
projection of the breast bud in a young gi rl before the average 
age of 12 years, unaccompanied by the other changes of puberty. 
1his process, which may be unilateral, shoLLid not be confused 
with neoplastic growth and is not an indication for biopsy.' 

The postpubertal mature or resting breast contains fat, 
stroma, lactiferous ducts, and lobular w1its. During phases of 
the menstrual cycle or in response ro exogenous hormones, the 
breast epithelium and lobular stroma undergo cyclic stinlula
tion. It appears !that the dominant process is hypertrophy and 
alteration of morphology rather than hyperplasia. In the late 
luteal (premenstrual) phase, there is an accumulation of fluid 
and intralobular edema. This accumulation of edema can 
produce pain and breast engorgement. 

TI1ese physiologic changes can lead to increased nodularity 
and may be mistaken for a malignant tumor. W-defu1ed masses 
in premenopausal women are generally observed through the 
course of the menstrual cycle prior to intervention. \Vtth preg
nancy, there is dimunution of the fibrous stroma and the forma
tion of new acini or lobules, termed the ndenosis of pregnancy. 
After birth, there is a sudden loss of placental hormones, which, 
combined with continued high levels of prolactin, is the princi
pal trigger for lactation. Tile actual expulsion of milk is under 
hormonal control and is caused by contraction of the myoepi
thelial cells that surround the breast ducts and tcrminal ducrules. 
There is no evidence for innervation of these myoepithelial cells; 
their contraction appears to occur in response to the pituitary
derived peptide oxytocin. Stimulation of the nipple appears to 
be the physiologic signal for continued pituitary secretion of 
prolactin and acute release of oxytocin. When breastfeeding 
ceases, there is a fall in the prolactin level and no stimulus for 
release uf oxytocin. The breast then returns to a resting state and 
to the cyclic changes induced when menstruation resumes. 

Menopause is defined by cessation in menstrual flow for at 
least I year; in the United States, it usually occurs between the 
ages of 40 and 55 years, with a median age of 51 years. Meno
pause may be accompanjed by symptoms such as vasomotor 
disturbances (hot flashes), vaginal dryness, urinary tract infec
tions, and cognitive impairment (possibly secondary to interrup
tion of sleep by hot flashes). Menopause results in involution 
and a general decrease in the epithelial elements of the resting 
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breast. These changes include increased fat deposition, dimin
ished co1mective tissue, and the disappearance of lobular units. 
1he persistence oflobules, hyperplasia of the ducral epithelium, 
and even cyst formation can aU occur under the in.Buence of 
exogenous ovarian hormones, usually in the form of postmeno
pausal hormone replacemem therapy (HRT). Physicians should 
inquire about the menstrual history, onset of menses, and ces
sation of menses in postmenopausal women and record tbc use 
of HRT. HRT can lead to increased breast density, whlch may 
lower the sensitivity of mammography. 

Fibrocystic Changes and Breast Pain 
1l1e condition previously referred ro as fibrocystic disense repre
sents a spectrllJU of cliJucal, mammographic, and histologic 
findings and is common during the fourth and fifth decades of 
life, generally lasting until menopause. An exaggerated response 
of breast stroma and epithelium to a variety of circulating and 
locally produced hormones and growth factors is frequently 
characterized by the constellation of breast pain, tenderness, and 
nodlJarity. Symptomatically, the condition is manifested as pre
menstmal cyclic mastalgia, with pain and tenderness to touch. 
1lus can be worrisome to many women: however, breast pain is 
not usually a symptom of breast cancer. Haagenscn1 has recorded 
the symptoms of women with breast carcinoma and folmd pain 
as an u.nprompted symptom in 5.4% of patients. In women with 
breast pain and an associated palpable mass, the presence of the 
mass is tl1e focus of evaluation and treatment. Normal ovarian 
hormonal influences on breast glandular elemems frequently 
produce cyclic mastalgia, generally pain in phase \vith the men
strual cycle. Noncyclic mastalgia is more likely idiopathic and 
difficult to treat. Women 30 years and older with noncyclic 
mastalgia should undergo breast imaging with man1mography 
in addition to a physical examination. If examination reveals a 
mass, this should become the focus of subsequent evaluation. 
Occasionally, a simple cyst may cause noncydic breast pain, and 
aspiration of the cyst will usually resolve the pain. Most patients 
with simple cysts do not reguire any further evaluation w1Jess it 
is a complex cyst with soHd intrac:ystic components. 

Patients with fibrocystic changes have clinical breast find
inb>s that range &om mild alterations in texture to dense, firm 
breast tissue with palpable masses. 1l1e appearance of large pal
pable cysts completes the picture. Mammographically, fibrocys
tic changes are usually seen as diffuse or focal radiologically 
dense tissue. By ultrasound, cysts exist in up to one third of aU 
women 35 to 50 years of age. with most of them being non pal
pable. However, palpable cysts or multiple small cysts are typical 
of fibrocystic disca'IC. Cysts, with or without fibrocystic disease, 
are uncommon in women older than 60 and yoLmger than 
30 years. 

Histologically, in addition to macrocysts and microcysts, 
identified solid elements include adenosis, sclerosis, apocrine 
metaplasia, stromal fibrosis, and epithelial metaplasia and hyper
plasia Depending on the presence of epithelial hyperplasia, 
fibrocystic change is classified as nonproliferative, proliferative 
without atypia, or proliferative with atypia All three alterations 
can occur alone or in combination and to a variable degree and, 
in the :absence of epithelial atypia, represent the histologic spec
trum of normal breast tissue. However, arypical epithelial hyper
plasia (at}'pical ductal hyperplasia [AD H)) is a risk factor for the 
development of breast cancer. Atypical proliferations of ductal 
epithelial cells confer increased risk for breast cancer; however, 
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fibrocystic d1ange is not itself a risk factor for the development 
of breast malignancy. 

Abnormal Development and Physiology 

Absent or Accessory Breast Tissue 
Absence of breast tissue {amastia} and absence of the nipple 
{athelia) are rare anomalies. Unilateral rudimentary breast devel
opment is more common, as is adolescent hypertrophy of one 
breast with lesser development of the other. ln contrast, acces
sory breast tissue (polymastia) and accessory nipples (supernu
merary nipples) are both common. Supernumerary nipples are 
usually rudimentary and occur along rhe milk line from the 
axiiJa to the pubis in males and females. TI1ey may be mistaken 
for a small mole; however, accessory nipples are usually only 
removed for cosmetic reasons. True polythelia refers to more 
than one nipple serving a single breast, which is rare. Accessory 
breast tissue is commonly located above the breast in the axiUa. 
Rudimentary nipple development may be present, and lactation 
is possible with more complete development. Accessory breast 
tissue may be seen as an enlarging mass in the axiUa during 
pregnancy and persists as excess tissue in the axilla after lactation 
is complete. The accessory mammary tissue may be removed 
surgically if it is large or cosmetically deforming or to prevent 
enlargement during future pregnancy. 

Gynecomastia 
Hypertrophy of breast tissue in men is a clinical entity for which 
there is &equemly no identi6able cause. Pubertal hypertrophy 
occurs in boys between the ages of 13 years and early adulthood 
and senescent l1ypertrophy is diagnosed .in men older than 50 
years. Gynecomastia in teenage boys is common and may be 
bilateral or unilateral. Unless it is unilateral or painful, it may 
pass unnoticed and regress with adulthood. Pubertal hypertro
phy is generally treated by observation without surgery. Surgical 
excision may be discus.~d if the enlargement is unilateral, fails 
to regress, or is cosmetically unacceptable. Hypertrophy in older 
men is also relatively common. n,e enlargement is frequently 
willateral, although the contralateral breast may enlarge w:itb 
time. A nwuber of commonly used medications, such as digoxin, 
tlllazides, estrogens, phenothiazines, and theophylline, may 
exacerbate senescent gynecomastia. In addition, gynecomastia 
may be a syst:emic manifestation of hepatic cirrhosis, renal 
failure, and maL1utrition. ln both age groups, the mass is 
smooth. fum. and symmetrically distributed beneath the areola. 
It is &equently tender, which is often tl1e reason for seeking 
medical attention. Both pubertal and senescent gynecomastia 
may be managed nonoperatively and can be fully characterized 
with ultrasonography. There is little confusion with carcinoma 
occurring in the male breast. Carcinoma is not usually tender, 
is asymmetrically located beneath or beside the areola, and may 
be fixed to me overlying dermis or to the deep fa.~cia. A domi
nant mass suspected of being carcinoma should be examined 
with core needle biopsy. MaJl)Jllography and ultrasound can also 
be useful tools to discriminate between gynecomastia and a 
suspected malignancy of the brea~t in older men. 

Nipple Discharge 
1l1e appearance of dischar-ge from the nipple of a nonlactating 
woman is a relatively common condition and is rarely associated 
with an lUlderlying carcinoma. In one review of 270 subareolar 

biopsies for discharge coming from one identifiable duct and 
without an associated breast mass, carcinoma was found in only 
16 patients {5.9o/o). In these cases, the Auid was bloody or tested 
strongly positive for occult hemoglobin. ln another series of 249 
patients, breast carcinoma was found in 10 (4o/o}. ln 8 of these 
pariems, a mass lesion was identified in addition to the dis
charge. ln the absence of a palpable mass or a suspicious mam
mogram. discharge is rarely associated with cancer. 

It is important co establish whether the disd1arge comes 
&om one breast or &om both breasts, whether it comes &om 
multiple duct orifices or from just one, and whether the dis
d1arge is grossly bloody or contains blood. A milky discharge 
from both breasrs is termed galnctorrhea. In the absence oflacta
tion or a history of recent lactation, galactorrhea may be associ
ated with increased production of prolactin. Radioimmunoassay 
for serwu prolactin is diagnostic. However, true galactorrhea is 
rare and is diagnosed only when the discharge is milky {contains 
lactose, fat, and milk-specific proteins}. Unilateral discharge 
comi_ng from one duct orifice is often treated surgically when 
there is a significant amount of disd1arge (Fig. 36-5). However, 
the underlying cause is rarely a hreast malignancy. 

The most common cause of spontaneous nipple discharge 
from a single duct is a solitary intraductal papilloma in one of 
me large subareolar ducts w1der the nipple. Subareolar duct 
ectasia producing inflammation and di lation of large collecting 
ducts under me nipple is common and usually involves dis
charge from mLLitiple ducts. Cancer is a very Lumsual cause of 
discharge in the absence of other signs. L1 summary, nipple 
discharge that is bilateral and comes from multiple ducts is not 
usually a surgical problem. Bloody discharge from a si11gle duct 
often requires surgical excision to establish a diagnosis and 
comrol tl1e discl1arge. A diagnosis of intraductal papUloma is 
folUld in most of these cases. 

Galadocele 
A galactocele is a milk-6.11ed cyst that is round, well circum
scribed, and easily movable witl1in the breast. ft generally occurs 
afrer the cessation of lactation or when feeding frequency has 
curtailed significantly. Haagensen1 has reported that galactoceles 
may occur up to 6 to lU months after breastfeeding has ceased. 
The pathogenesis of galactocele is unknown, bur it is thought 
that iJ1Spissared milk wid1in ducts is responsible. The tumor is 
usually located in the ccnual portion of the breast or under tl1e 
nipple. Needle aspiration produces thick creamy material that 
may be tinged dark green or brown. Although it appears puru
lent, the Auid is sterile. Treatment is needle aspiration, and 
withdrawal of rhick milky secretion confirms the diagnosis; 
surgery is reserved for cysts that cannot be aspirated or those 
that become infected. 

DIACiNOSIS OF BREAST DISEASE 

Patient History 
It is important for the examiner to determine the patient's age 
and obtain a reproductive history, including age at menarche, 
age at menopause, and history of pregnancies, including age at 
first full-term pregnancy. A previous history of breast biopsies 
should be obtained, including the pathologic findings, especially 
proliferative breast disease. If the patient has had a h}'Sterectomy, 
it is important to determi11e whether the ovaries were removed. 
ln .premenopausal women, a recent bistory of pregnallC}' and 
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FIGURE 36-5 Common physical findings during breast examination. A, Paget's disease of the nipple. Malignant ductal cells invade the epidermis 
without traversing the basement membrane of the subareolar duct or epidermis. The disease appears as a psoriatic rash that begins on the 
nipple and spreads off onto the areola and into the skin of the breast 8, Skin d impling. Traction on Coope( s ligaments by a scirrhous tumor 
is distorting the surface of the breast and producing a dimple best seen with angled indirect lighting during a bduction of the arms upward. 
c. Nipple discharge. Discharge from multiple ducts or bi lateral discharge is a common finding in healthy breasts. In this case, the discharge is 
from a single duct orifice and may signify underlying disease in the discharging duct. In this patie nt, a papilloma was the source of her symp
toms. D. Peau d'orange (skin of the orange) o r edema of the skin of the breast. This find ing may be caused by dependency of the breast, 
lymphatic blockage (from surgery or radiation), or mastitis. The most feared cause is inflammatory carcinoma, in which malignant cells plug 
the dermal lymphatics- the pathologic hallmark of the disease. 

lactation should be noted. The h istory should include any use 
ofHRT or hormones used for contraception. 1l1e family history 
should detail any cancer of the breast and ovaries and the meno
pausal status of any affected relatives. 

With respect to the specific breast complaint, questioning 
should include histo ry of a mass, breast pain, nipple discharge, 
and any skin changes. If a mass is present. one should inquire 
as to how lo ng it has been present and whether it d1anges with 
the menstrual cycle. lf a cancer diagnosis is suspected, inquiry 
about constitutional symptoms, bone pain, weight loss, respira
tory changes, and similar clinical indications can direct investi
gations that could reveal evidence of metastatic disease. 

Physical Examination 
The examination begins with the patient in the upright sitting 
position with careful visual inspectio n for obvious masses, 

asymmetries, and skin changes. The nipples are inspected and 
compared for the presence of retraction, nipple inversion, or 
excoriation of the superficial epidermis such as that seen with 
Paget's disease (see Fig. 36-5A). The use of indirect lighting can 
unmask subtle din1pling of the skin or nipple caused by a car
cinoma that places Cooper's ligamen ts under tension (see Fig. 
36-5B). Simple maneuvers such as stretching the arms high 
above the head or tensing the pectoralis muscles may accentuate 
asymmetries and dimpling. ff carefully sought, dimpling o f the 
skin or nipple retraction is a sensitive and specific sign of under
lying cancer. 

Edema of the skin produces a clinical sign known as peau 
d'ortmge (see Fig. 36-5D). When combined wi.th tenderness, 
wam1th and swclliJlg of the breast, these signs and symptoms 
are the hallmark of inBan1n1ator}' carcinoma and may be mis
taken for acute mastitis. The inflammatory changes and edema 
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arc caused by obstruction of dermal lymphatic channels with 
emboU of carcinoma cells. Occasionally, a bulky tumor may 
produce obstruction of lymph chanJlels that results iJl overlying 
skin edema. 1bls is not typically the case with inflammatory 
carcinoma, where there is usually no discrete palpable mass but 
diffuse changes throughout the brea~r parenchyma. In 40 
patients with inflammatory carcinoma described by Haagensen, 1 

erythema and edema of the skin were present in all cases, a 
palpable mass or localized induration was noted in 19 patients, 
a11d no localized tumor was present in 21 patients. 

Involvement of tl1e nipple aJld areola can occur with car
cinoma of the breast, especially when the primary tumor is 
located in the subareolar position. Direct involvement may 
result in retraction of the nipple. Flattening or inversion of the 
nipple can be caused by fibrosis in certain benign conditions, 
especially subareolar ducr ectasia. In these cases, the finding is 
frequently bilateral aJld rue history confirms that rue condition 
has been present for many years. U11ilateral retraction or retrac
tion that develops over a period of weeks or months is more 
suggestive of carcinoma Centrally located tumors that go unde
tected for a long period of time may directly invade and ulcerate 
the skin of the areola or nipple. Peripheral tumors may distort 
the normal symmetry of rue nipples by traction on Cooper's 
ligarnems. 

A condition of the nipple that .is commonly associated with 
an underlying !breast cancer is Paget's disease. First described by 
Sir James Paget in 1874, Paget's disease has histologically distinct 
changes within the dermis of tl1e nipple. 1here is often aJl 
underlying intraductal carcinoma in the large sinuses just tmder 
the nipple (see Fig. 36-SA). CarciJ1oma cells invade across the 
junction of epidermal and ductal epithelial cells and enter the 
epidermal layer of the skin of the nipple. Clinically, tllis pro
duces a dermatitis that may appear eczematoid and moist or dry 
and psoriatic. It begins in the nipple, although it can spread to 
the skin of the areola Ma11y benign skin conditions sucl1 as 
eczema frequently begin on the arcola, whereas Paget's disease 
originates un tbc nipple and secondarily involves the areola. 

Palpation of the breast tissue and regional lymph nodes 
follows visual inspection. While the patient is still iJl d1e sitting 
position, the examiner supports the patient's arm and palpates 
each axilla to detect tiJe presence of enlarged axillary lymph 
nodes. 1l1e supraclavicular and infraclavicular spaces are simi
larly palpated for enlarged nodes. Palpation of the breast is 
always done with the patient lying supine on a solid exarniJling 
surface. with the arm stretched above the head. Palpation of the 
breast while the patient is sitting is often inaccurate because the 
overlapping breast tissue may fed like a mass or a mass may go 
undetected within the breast tissue. 1l1e breast is best exanlined 
with compression of the tissue toward the chest wall, with palpa
tion of each quadrant and the tissue under the nipple-areolar 
complex. Palpable masses are cl1aracterized accordiJ1g to their 
size, shape, consistency, and location and whether they are fixed 
to the skin or l!lnderlying musculature. Benign tumors, sud1 as 
fibroadenomas and cysts, can be as fum as carcinoma; usually, 
these benign entities are distinct, well circumscribed, and 
movable. CarciJ1oma is typically firm but less circumscribed, and 
moving it produces a drag of adjacent tissue. Cysts a11d fibre
cystic changes can be tender with palpation of the breast; 
however, tenderness is rarely a belpfLLI cliagnostic sign. Most 
palpable masses are self-discovered by patients during casual or 
intentional self-cxanlination. 

Biopsy 

Fine-Needle Aspiration Biopsy 
Fine-needle aspiration (FNA) biopsy is a common tool used in 
the diagnosis of breast masses. It can be done with a 22-gauge 
needle, aJ1 appropriate-sized syringe, and an alcohol preparation 
pad. 1 he aspirate must be properly prepared on a slide for cyto
logic exan1ination to be clinically useful. The main. usefulness of 
FNA biopsy is differentiation of solid from cystic masses, but it 
may be performed whenever a new, dominant, unexplained mass 
is fou11d in the breast. The routine performance of FNA to 
distinguish solid from cystic breast masses has largely been 
replaced by ultrasonography. With a marnmographically identi
fied mass or a palpable mass, ultrasonography can quickly dis
criminate solid from cystic masses, which this may often obviate 
the need for aspiration. Cyst fluid is usually turbid and dark 
green or amber and can be discarded if the mass totally disap
pears and the fluid is not bloody. If the FNA of a suspected cyst 
does not reveal cyst fluid, the next step to consider is a core 
needle biopsy, usually with mammograpllic or ultrasonograpllic 
guidance. If the cyst aspiration reveals hlood-tinged fluid or fluid 
is produced but the mass fails to resolve completely, consider
ation should be given to pneumocystography or image-guided 
core needle biopsy. It is not tmcomn1on for cysts to reaccumulate 
fluid after initial aspiration. [f the cyst is demonstrated to be a 
simple cyst on breast inlaging, no further .intervention is required. 
If the cyst is classified as a complex cyst, further imaging and 
evaluation should be considered co rule out an tmderlying 
carcu10ma. 

If the mass is solid aJld the clinical situation is consistent 
with carcinoma, cytologic examination of the aspirated material 
is performed. 1l1e needle is repeatedly iJ1Serted into the mass 
while constant negative pressure is applied to the syringe. Suction 
is released and the needle is withdrawn. The scanty fluid and 
cellular material withiJl the needle are submitted iJl physiologi
cally buffered saline (Normosol) or fixed in1mediately on slides 
in 95o/o ethyl alcohoL Because the cytologic evaluation will not 
discriminate between noninvasive and invasive breast cancers, 
most clinicians recommend core needle biopsy for definitive 
histologic diagnosis prior to surgical intervention. A positive 
result on FNA biopsy allows the surgeon to begin informed 
discussions with the patient; however, definite pla11s for treat
ment should be based on the llisroiogic cliagnosis from a core 
needle biopsy. 

Core Needle Biopsy 
Core needle biopsy is the method of choice to sample nonpal
pable, inlage-detected breast abnormalities. 1bls technique is 
also preferred for the diagnosis of palpable lesions. Core needle 
biopsy can be performed under mammographic (stereotactic), 
ultrasonograpllic, or magnetic resonance imaging (MRI) guid
ance. Mass lesions that are visuali7.ed on ultrasonography can be 
san1pled under ultrasonographic guida11ce; calcifications and 
densities that are best seen on mammography are sampled w1der 
stereotactic guidance. During stereotactic core needle biopsy, the 
breast is compressed, most often with tbc patient lying prone 
on the stereotactic core biopsy table. A robotic arm and biopsy 
device are positioned by computed a11alysis of triangulated 
marnmographic images. After local anesthetic is injected, a small 
skiJ1 incision is made aJld an 11 -gauge core biopsy needle is 
insened into the lesion to obtain the tissue sample with vacuum 
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assistance. There are standards for the appropriate number of 
core samples to be obtained based on the type of abnormality 
being sampled and a clip should be placed to mark the site of 
the lesion, particularly for small lesions that may be difficult to 
find after extensive sampling. The specimens should be placed 
in a Perri dish a:nd imaged to confirm that the targeted lesion 
ha~ been adequately sampled. A similar approach is used for 
ultrasonographic and MRI-guided biopsy of lesions. 

Specimen radiography of excised cores is performed to 
confirm that tbe targeted lesion ha~ been sampled and to direct 
pathologic assessment of the tissue. A postbiopsy mammogram 
confirms that a defect has been created within the target lesion 
and that the marking dip is in the correct position. Wire local
ization and surgical excision are required if the lesion cannot be 
adequately sampled by core biopsy approaches, or if there is 
discordance between the imaging abnormality and pathologic 
findings. 

Interpretation of Core Needle Biopsy Results 1l1e limited san1ple 
size obtained by core biopsy techniques requires proper inter
pretation of the pathology results. Most patients undergoing 
core biopsy will have benign fi ndings and may return to routine 
screening, wi th no other imervention required. If a malignancy 
is detected, histologic subtype, grade, and receptor status should 
be determined from the core biopsy sample. 1l1e patient may 
proceed to definl tive treatment of tbe cancer if it is an early-stage 
breast cancer. Patients with locally advanced or inflammatory 
breast cancer should be treated with systemic chen10therapy 
prior to surgical intervention. Depending on the size of the 
imaging abnormality, approximately 10% to 20% of patients 
with a diagnosis of DCIS on core biopsy will be found to have 
some invasive carcinoma at definitive surgery. 

The diagnosis of breast lesions using a minimally invasive 
procedure, such as core needle biopsy, is the prtferred approach. 
1he use of excisional breast biopsy as a diagnostic procedure 
increases costs and results in delays to definitive surgery for 
patients with cancer? Fewer than l Oo/o of patients who lllldergo 
core biopsy will have inconclusive results and require wire
localized surgical biopsy for defin itive diagnosis. Biopsy results 
that are not concordant witl1 the targeted lesion (e.g., a spicu
lated mass on imaging and normal breast tissue on core bio psy) 
also require surgical excision. When ADH is found on core 
biopsy, surgical excision will reveal DCIS or invasive carcinoma 
in up to 20o/o of cases because of difficulty distinguishing ADH 
and DCIS in a lirni ted tissue san1ple. A finding of a cellular 
fibroadenoma on core biopsy requires excision to rule out a 
phyllodes tumor. 

BREAST IMAGING 
Breast imaging techniques are used to detect small, non palpable 
breast abnormalities, evaluate clinical findings, and guide diag
nostic procedures. Man1mography is the primary imaging 
modality for screening asymptomatic women. During mam
mography, the breast is compressed between Plexiglas plates to 
reduce the thiclmess of the tissue through which the radiation 
must pass, separate adjacent stntctures, and in1prove resolution. 
Two views of eacb brea~t are obtained on a screeniJ1g 
mammogran1, mediolateral oblique and craniocaudal. A diag
nostic mammogram is indicated for further evaluation of 
abnormalities idemified on a screening man1mogram or of 
clinical findings or symptoms. Magnification views are obtained 
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to evaluate calcifications and compression views arc used to 
provide addi tional detai l when a mass lesion is suspected. Mam
mographic sensitivity is limited by breast density, wi th as many 
as 10% to 15% of clinically evident breast cancers having no 
associated man1mographic abnormali ty. Digital mammography 
acquires digital images and scores them electronically, thereby 
allowing manipulation and enhancement of images to facilitate 
interpretation. Digital manm10graphy appears to be superior to 
traditional film-screen manJIDography for detecting cancer in 
yoLmger women and those with dense breasts. Mammography 
iJ1 women younger than 30 years, whose breast tissue is dense 
with stroma and epithelium, may produce an image without 
much definitiort. As women age, the breast tissue involutes and 
is replaced by fatty tissue. On mammography, fat absorbs rela
tively little radiation and provides a contrasting background that 
favors detection of small lesions. Computer-assisted diagnosis 
(CAD) has been shown to increase the sensitivity and specificity 
of mammography and ultrasound over review by the radiologist 
alone. 

Screening Mammography 
Screeni ng mammography is performed in asymptomatic women 
with tbe goal of detecting breast cancer that is not yet clinically 
evident. 'Illis approach assumes that breast cancers identified 
through screening will be smaller, have a better prognosis, and 
require less aggressive treatment than cancers identified by pal
pation .. 1he potential benefits of screening are weighed agaiJlSt 
the cost of screening and the number nf false-positive studies 
tl1at prompt addi tional workup, biopsies, and patient anxiety. 

Eight p rospective randomized trials of screening manunog
raphy have been performed, with almost 500,000 women par
ticipating. The impact of mammographic screening on breast 
cancer mortality has been assessed by age group at specific inter
vals by the U.S. Preventive Services Task Force and the most 
recent report resulted in a change in recommendations for breast 
cancer screening. Based on the review of eight trials in women 
aged 39 to 49 years, screening mammography reduced the risk 
for breast cancer death by l5o/o (relative risk [RR], 0.85; credible 
interval [Crl], 0.75 to 0.96). In tl1e six trials that iJ1cluded 
women aged 50 to 59, there was a reduction in risk of 14o/o (RR, 
0.86; C rl, 0.75 to 0.99). There were two trials that included 
women aged 60 to 69 and, iJl this age group, there was a reduc
tion in risk of 32o/o (RR, 0.68; Crl, 0.54 to 0.87). There was 
only one trial that included women older than 70 years, and it 
was concluded that tl1ere were insufficient data to recommend 
routine screening in this age group. Based on these results, the 
most recent U.S. Preventive Services Task Force report recom
mended biennial screening mammography for women aged 50 
to 74 years and recommended against screening for those aged 
40 to 49 and women older than 75 years of age.2 1he recom
mendations were based on the risk reduction, number of women 
needed to invite for screening to prevent one breast cancer death, 
and potential for harm from additional tcstiJ1g and biopsies 
(Table 36-1). 

At present, the American Cancer Society contin ues to rec
ommend annual screening mammography for women older 
than 40 years and suggests that this practice should continue a~ 
long as the woman is in good health. Younger women with a 
significant fanlily history, histologic risk factors, or bistory of 
previous breast cancer may also benefit from screening with 
MRI. Although the randomized trials did not enroU women 
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Table 36-1 Effect on Breast cancer Mortality and False-Positive Mammograms by Age Group in Breast cancer Screening Trials 
BREAST CANCER NO. NEEDED TO INVITE FOR FALSE-POSITIVE 

AGE GROUP NO. OF MORTALITY, SCREENING TO PREVENT ONE MAMMOGRAMS/ 
(YR) TRIALS RR (95~ CRI) BREAST CANCER DEATH (95~ CRI) SCREENING ROUND• 
39-49 8 0.85 (0.75-().96) 1904 (929-6378) 97.8 

50-59 6 0.86 (0.75-().99) 1339 (322-7455) 86.6 

60-69 2 0.68 (0.54-().87) 3n (230-1050) 79.0 

70·74 1.12 (0.73· l.n) Not available 68.8 

~ted from Nelson HD, Tyne K, Naik A, et al; US. Preventive Services Task Force: Screening for breast cancer: Systemaic: evidence review update for the US. Preventive 
Services Task Force. Ann Intern Med 151:727, 2009. 

~er 1000 screened. 

older than 74 years, breast cancer risk increases with advancing 
age, and d1e sensitivity and specificity of mammography are 
highest in older women, whose breast tissue has usually been 
replaced by fat. [t is reasonable to continue mammographic 
screening in older women who are in good general health who 
would otherwise be considered appropriate Sllrgical candidates. 

Ultrasonography 
Ultrasonography is useful in determining whether a lesion 
detected by mammography is soHd or cystic. Ultrasonograpl1y 
can be useful for discriminating lesions in the patient with dense 
breasts. However, it has not been found ro be a useful screening 
tool because it is bighly dependent on the operator performing 
the freehand screening and there is a lack of standardized screen
ing protocols. 1he American CoUege of Radiology [maging 
Network (ACRIN) has performed a trial (ACRIN 6666) in 
high-risk women in whom man1mography and ul t rasonography 
were performed in randomized order to compare the sensitivity, 
specificity, and diagnostic yield of ultrasonography plus mam
mography compared with man1mography alone.3 The investiga
tors foi.Lild that the combination of ultrasonography and 
manJm.ography aUowed for an increased diagnostic yield of 4.2 
cancers/1000 women. However, the use of ultrasonography 
resulted in more false-positive events and required more call
backs and biopsies. 1here are no data avai lable showing that tbe 
use of screening ultrasonography can reduce monality caused by 
breast cancer. 

Magnetic Resonance Imaging 
MRJ is increasingly being used for the evaluation of breast 
abnormalities. It is useful for identifying the primary tumor in 
the breast in patients who present witb axillary lymph node 
metastases without manJmograpbic evidence of a primary 
breast rumor (I!.Ul.known primary). MRI may also he useful for 
assessing the extent of the primary rumor, particularly in young 
women with dense breast tissue, and for evaluatiJ1g invasive 
lobular cancers. Some surgeons will use MRJ preoperatively to 
determine eligibility for breast conservation; however, there is 
no level l evidence to support its routiJlC use for this purpose. 
MRJ has shown usefuL1ess as a screening tool in patients with 
known BRCA gene mutations and for detecriJ1g comralateral 
breast cancers in women diagnosed with a wlilateral cancer on 
mammography. 1l1e sensitivity of MRl for invasive cancer is 
higher than 90%, but is only 60% or less for DCIS. The 

specificity of MRJ is only moderate, with significant overlap in 
the appearance of benign and malignant lesions. A meta
analysis of 22 studies reporting the detection of contralateral 
hreast cancer by MRJ has revealed a mean incremental cancer 
detection rate of 4.1 o/o and a positive predictive value (PPV) of 
47.9%. 1lus bigh rate of detection may be partially the result 
of selection bias; however, it is of significant concem that more 
than 50% of the abnormalities detected on MRJ are false- pos
itives, resulting in the need for additional imaging studies and 
biopsies. The comparative effectiveness of MRJ in breast cancer 
(COMICE) trial was a multicemer trial that recruited 1623 
women aged 18 years or older with newly diagnosed breast 
cancer to assess the clinical efficacy of contrast-enl1anced MRI.4 

Patients bad standard c.lliucai and radiological examination and 
then were randomi7..ed to undergo MRJ or no further in1aging. 
The primary end point was reexcision rates or need for mastec
tomy within 6 months. There was no statistically significant 
difference in reoperative rates between patients who did or did 
not undergo MRJ. Of note, the contralateral breast cancer 
detection rate in the COMJCE trial was 1.6%, significantly 
lower tlm1 that reported in other trials. This trial has been 
critic.i7..ed because MRl-guided biopsy was not available at aU 
centers to assess suspicious findings identified on MRl. This 
led to a number of mastectonues without pathologic verifica
tion o f additional disease, whid1 would have precluded breast
conserving therapy. 

Nonpalpable Mammographic Abnormalities 
Man1mographic abnormali ties that cannot be detected by physi
cal exanunarion include clustered microcalcifications and area~ 
of abnom1al density (e.g., masses, architectural distortions, 
asymmetries) that have not produced a palpable finding (Fig. 
36-6) . 1he Breast Imaging Reporting and Data System (BI
RADS) is used to categorize the degree of suspicion of malig
nancy for a mammographic abnormality (Table 36-2). To avoid 
unnecessary biopsies for low-suspicion mammographic findings, 
probably benign lesions are designated BI-RADS 3 and are 
monitored with a schedule of short-interval mammograms over 
a 2-year period. Biopsy is performed only for lesions that prog
ress during follow-up. 

Diagnostic biopsy of a non palpable mammographic lesion 
should be performed by image-guided core needle biopsy. 
Because 75% to 80% of patients for whom biopsy is recom
mended will have benign findings, the less invasive and less 
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FIGURE 36-6 Mammographic, ultrasonographic, and MRI findings in breast disease. A. Stellate mass in the breast. The combination of a density 
with spia!lated borders and distortion of surrounding breast architecture suggests a malignancy. B, dustered microcalcifi cations. Fine, pleo
morphic, and linear calcifications that cluster together suggest the diagnosis of d uctal carcinoma in situ. C. Ultrasound image of breast cancer. 
The mass is solid, ·contains internal echoes, and displays an irregular border. Most malignant lesions are taller than they are wide. D. Ultrasound 
image of a simple cyst. By ultrasound, the cyst is round with smooth borders, there is a paucity of internal sound echoes. and there is increased 
through-transmission of sound, with enhanced posterior echoes. E. Breast MRI showing gadolinium enhancement of a breast cancer. Rapid 
and intense gadolinium enhancement reflects increased tumor vascularity. Lesion contour and size may also be assessed by MRI. 

costly image-guided core needle biopsy approach is preferred 
whenever feasible. 

Wire-Localized Surgical Excision 
Nonpalpable b reast lesions should be assessed with image-guided 
core biopsy, as appropriate, based on the type of abnormality. lf 
the diagnosis is not concordant with imaging findings or there 
is ADH in a field of microcalcifications that may represent 

DCIS, most patients should proceed to excisional biopsy for 
definitive diagnosis. To ensure that the abnormalhy is com
pletely excised , a localizing wire is placed adjacent to the lesion 
under mammographic or ultrasonographlc guidance. The wire 
is placed though an intro ducer need le and has a hook that 
engages within the breast parenchyma at or ncar the abnormality 
to hold it in position after the introducer is withdrawn. Images 
with the wire in place are made available in the operating room 
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Table 36-2 Breast Imaging Reporting and Data System 
(81-RADS): Final Assessment Category 

- --
CATEGORY 
0 

2 

3 

4 

5 

DERNITION 
Incomplete assessment-need additional imaging 

evaluation or prior mammograms for comparison 

INegative-nothing to comment on; usually recommend 
annual screening 

Benign finding-usually recommend annual screening 

Probably benign finding (<20/o malignant)-initial 
short-1nterval follow-up suggested 

Suspicious abnormality (20fo-950fo malignant)-biopsy 
should be considered 

Highly suggestive of malignancy (>950/o malignant)
appropriate action should be taken 

6 Known biopsy-proven malignancy 

Adapted from Liberman l , Abramson AF, Squires FB, et ~: The breast imaging 
reporting and data system: Positive predictive values of mammographic feaure 
and fin~ assessment categories. AJR Am J Roentgenol171 :35, 1998; and Liberman 
l., Menell JH: Breast imaging reporting and data systems {81-RADS). Radial Clin 
North Am 40:409, 2002. 

to guide the surgeon. It is generally recommended that the surgi
cal incision be placed directly over the lesion that is marked by 
the hook of the localizi11g wire, and not where tile wire enters 
the skin. Depending 011 the size of the breast and length of the 
localization wire, the hook may be a long distru1ce from the skin 
entry site. PlaciJlg the surgical incision over tile site of the hook 
wire will minimize the amount of normal breast tissue excised 
during the biopsy procedure. Depending on the size of the lesion 
and the suspicion of malignancy, it is generally wise to excise a 
border of normal tissue around the lesion to ensure complete 
removal, with a negative margin. After excision, tile specimen is 
sent for specimen radiography to confirm tl1at the targeted 
lesion has been excised. Patients who have a diagnosis of benign 
findings on excision should undergo a new baseline man1111og
raphy 4 to 6 months fo llowing the surgical procedure. 

IDENTIFICAliiON AND MANAGEMENT OF 
HIGH-RISK PATIENTS 

Identification of High-Risk Patients 

Risk Fadors for Breast Cancer 
Identification of factors associated with an increased incidence 
of breast cancer development is im portant in general health 
screeniJ1g for women {Box 36-1). Risk factors for breast cancer 
can be divided into seven broad categories-age, fanilly history 
of breast cancer, hormonal factors, proliferative breast disease, 
irradiation of the breast or chest wall at an early age, personal 
history of malignru1cy, ru1d lifestyle factors. 

Age and Gender Age is probably the most importru1t risk factor 
for breast cancer development. 1hc age-adjusted incidence of 
breast cancer continue.~ to increase wi th advancing age of the 
female population. Breast cancer is rare in persons younger thaJ1 
20 years, and cases in these women constitute less than l% of 
the to tal cases. Thereafter, the incidence increases to 1 i11 233 
from ages 30 to 39 years, 1 in 69 from ages 40 to 49, 1 in 42 

Risk Fadors That Cannot be Modified 
Increasing age 
Female gender 
Menstrual factors 
Early age at menarche (onset of menses prior to age 12 yr) 

Older age at menopause (onset beyond age 55 yr) 
Nulliparity 
Family history of breast cancer 
Genetic predisposition (BRCA 1 and BRCA2 mutation carriers) 
Personal history of breast cancer 
Race, e thnicity (white women have increased risk compared 

with others) 
History of radiation exposure 

Risk Fadors That Could be Modified 
Reproductive factors 
Age at first live birth (full-term pregnancy after age 30 yr) 
Parity 
lack of breast-feeding 
Obesity 
Alcohol consumption 
Tobacco smoking 
Use of hormone replacement therapy 
Decreased physical activity 
Shift work (night shifts) 

Histologic Risk Fadors 
Proliferative breast disease 
ADH 
ALH 
LCIS 

from ages 50 to 59, 1 in 29 &om ages 60 to 69, and 1 in 8 b)l 
age 80 years. Al ternatively stated, women now have an average 
risk of 12.2% of being diagnosed wiili breast cancer at some 
time during their lives. Gender is also an importaJl t risk factor 
because the vast majority of breast cancers occur in women. 
Breast cancer does occur in men, however, althougJ1 it is less 
tl1an I o/o of the incidence in females, with 1970 ca~s ofinvasive 
breast cancer having been ruuidpated in 2010 {out of a total 

burden of 209,060 estimated cases). Lumps in the male breast 
are more likely to be benign ru1d the result of gynecomastia (see 
earlie r) o r other noncancerous tumors. 

Personal History of Breast cancer A history of man1111ary cru1cer 
in one breast increases the likelihood of a second primary cru1cer 
in the contralateral breast. 1he magnitude of risk depends on 
the age at diagnosis of ilie fust primary cancer, estrogen receptor 
status of the initial breast cancer, and use of adjuvant systemic 
chen1otherapy and bormonal therapy. 1n absolute terms, the 
actual risk varies from 0.5% to l %/year in younger patients to 
0.2% in o lder patients.'-5 

Histologic Risk Factors Histologic abnormalities diagnosed by 
breast biopsy represent an important category of breast cancer 
risk factors. Lobular carcinoma in situ (LCIS) is a relative!}' 
uncommon condition that is observed predominantly in younger 
premenopausal women. It is typically an incidental finding at 
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biopsy for another condition and does not present as a palpable 
mass or suspicious microcalcifications on mammography. Haa
gensen1 reported that LCIS was found in 3.6% of more than 
5000 biopsies performed for benign disease. L1 a review of 297 
patients with LC IS treated by biopsy and careful observation, it 
was determined that the actuarial probability of carcinoma 
developing at the end of 35 years was 21.4%. W hen compared 
with the Connecticut Tumor Registry data, a risk ratio (ratio of 
observed to expected cases) of7 : 1 was calculated. Significantly, 
4U% of the carcinomas that subsequently developed were purely 
in situ lesions, the invasive cancers mat developed were predomi
nantly ductal and not lobular in histology, and 50% of tl1e 
carcinomas occurred in me contralateral breast. Thus, LCIS is 
not considered a breast cancer but rather a histologic marker for 
increased breast cancer susceptibility, which is estimated at 
slightly less than 1 o/o/year longitudinally. 

A conservative approach is favored for most patients with 
a diagnosis of LCIS. The three options that can be discussed 
with the patient are close observation, chemoprevention with 
tamoxifen or raloxifene, and bilateral mastectomy. LCIS predis
poses to subsequent carcinoma and the risk is lifelong and equal 
for both breasts. A 5-year course of tamoxifen provides a 56% 
reduction in breast cancer risk.6 For tl10se who elect surgery in 
preference to observation, bilateral total mastectomy remains me 
procedure of choice. 

Benign breast disease produces a spectrum of histologic 
changes and is broadly divided into histologic lesions that 
display proliferative epithelial alterations and mose mat display 
nonproliferative epithelial alterations. Nonproliferative changes 
iJ1clude mild to moderate hyperplasia of lumiJ1al cells within 
breast d ucts; these changes do not significantly increase a 
woman's lifetime risk for development of breast cancer. Prolifera
tive changes within me breast ductal system are associated with 
an increased risk of developing breast cancer. Dupont and Page 
have divided proliferative lesions into those with epithelial 
hyperplasia with atypia and mose wiiliout atypia; proliferative 
lesions without atypia sometimes are termed severe hyperplttsia. 

Subsequent studies have adhered to t!Us classification 
scheme--nonproliferative lesions, proliferative breast epithe
lium without atypia (severe hyperplasia), and proliferative 
chru1ges with atypia. ADH and atypical lobular hyperplasia 
(ALH) are bod1 categorized as proliferative changes with atypia. 
The risk ratio for breast cancer in women with ADH or ALH is 
approximately four to five times the risk for development of 
breast cancer in tl1e geneial population. A family history of 
breast cancer and atypical hyperplasia increases the risk to almost 
nine tin1es that of the general population. 1l1us, the am1Llal risk 
for development of breast cancer in a woman witl1 LCIS is 
slightly less thru1 1 %/year ru1d, wi th ADH or ALH, it is between 
0.5% and 1 %/year. These estimates are influenced by age at 
diagnosis, menopausal status, and family history. An overview 
of histologic risk factors is presented in Table 36-3.! 

Family History and Genetic Risk Factors Mru1y studies have exam
ined the relationship of fan1ily history and the risk for breast 
crulCer. First-degree relatives (mothers, sisters, and daughters} of 
patients with breast cancer have a twofold to threefold excess 
risk for development of the disease. Risk is much higher if 
affected first-degree relatives had premenopausal onset and bilat
eral brea~t cancer. Risk is not significantly increased in women 
with distant relatives affected with breast cancer (cousins, aunts, 
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Table 36-3 Histologic Risk Factors for Development of Breast 
cancer 

-------
HISTOLOGIC DIAGNOSIS ESTIMATES, RR* 
Nonproliferative disease1 1.0 

Proliferative disease withoot atypial 1.3-1.9 

Proliferative disease with atypia§ 3.7-4.2 

and a strong family history 4-9 

lobular carcinoma in situ >7 

Data from Hartm,.m LC, Sellers TA, Frost MH, et al: Benign breast disease and the 
risk of breast cancer. N Engl J Med 353:229, 2005; london SJ, Connolly Jl, Schnitt 
SJ, Colditz GA: A prospective study of benign breast disease illd the risk of breast 
cancer.JAMA267:1780, 1992; illd DupontWD, Part FF, Hartmann WH, et al: Breast 
cancer risk associated with prolifentive breast disease and atypical hyperplasia. 
cancer 11:1258, 1993. 

*Ritio of observed incidence over the incidence in women without proliferaive 
disease. 
'Fibrocystic chillge with no, usual, or mild hyperplasia 
lfibrocystic change with hyperplasia greater than mild or usual, papilloma, papiJ. 
lomaosis, sclerosing adenosis. radial scar. and other findings. 
1Any diagnosis of atypical ductal or lobular hyperplasia, or both. 

grandn1orl1ers), although breast cancer iJ1 paternal aunts may be 
a55ociated witl1 a genetic predisposition. In fami lies with mul
riple affected members, particularly witiJ bilateral and early
onset cancer, rile absolute risk in first-degree relatives approacl1es 
50%, consistent with an autosomal dominru1 t mode of inheri
tance i_n these families. 

Genetic factors arc estimated to be responsible for 5% to 
1 Oo/o of all breast cancer cases, but they may account for 25% 
of cases in women younger rllan 30 years. [n 1990, King and 
colleagues idcm i6ed a region on the long arm of chromosome 
17 (17q21) rllat contained a cancer ~usceptibility gene. The 
BRCAI gene wa~ discovered in 1994; it is now known that 
mutations in BRCA J account for up to 40% of familial breast 
cancers. One year later, a second susceptibility gene, BRCA2, 
was discovered. [n addition to increased breast cru1cer risk, 
women wiili mutations in BRCAJ or BRCA2 are at increased 
risk for ovari ru1 cancer {45% lifetime risk fo r BRCAJ carriers}. 

Deleterious m utations iJ1 BRCAJ or BRCA2 are rare iJ1 me 
general population. The freq uency of mutations is approxi
mately 1 in 1000 (0.1 o/o) in the American population . Certain 
relatively closed populations may have higher prevalence rates 
and sbow preference for certain mutations, termed founder 
m utati.o11S, including the 185dclAG and 5382insC mutations in 
BRCAJ, which are found in up to l.Oo/o of the Ashkenazi Jewish 
population Oews of Eastern Europeru1 descent), and tl,e C4446T 
mutation in French Canadian fanlil.ies. BRCAJ is a large gene 
with 22 coding exons and more than 500 mutations: many of 
these arc unique and limited to a given fanlily, which makes 
genetic testing technically difficult. BRCAJ is a tumor suppres
sor gene with disease susceptibility inherited in an autosomal 
dominant fashion. Germ line mutations inactivate a su1gle inher
ited allele of BRCA J in every cell and tl1is precedes a somatic 
event in breast epithelial cells, which ellminates the rcmainiJ1g 
allele and causes the cancer. The gene product may provide nega
tive regulation of cell growth ru1d is also involved in recognition 
and repair of genetic damage. 

!X) 
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The BRCA2 gene is located on chromosome 13 and 
accounts for up to 30% of familial breast cancers; tmlike BRCAJ, 
it is associated with increased brea~t cancer risk in males. Women 
with a mutation in BRCA2 also have a 20% to 30% Lifelong risk 
for ovarian cancer. Fotmder mutations of BRCA2 include the 
617deiT mutarion presem in 1.4% of the Ashkenazi population, 
8765delAG mutation in the French Canadian population, and 
999dell5 mutation .in the Icelandic population. In Iceland, 7% 
of unselected female breast cancer patients and 0.6% of the 
general popuJat ion carry the 999del15 mutation. 

The penetrancc of BRCAI and BRCA2 refers to the chance 
that carriers of mutations in these genes will actually develop 
breast cancer. The initial estimates of this chance were high, bur 
a more recent estimate has placed the penetrance of BRCAJ 
and BRCA2 ml\Jtations at 56% (95% confidence interval [Cn, 
40% to 73%). It is reasonable to quote lifelong rates of breast 
cancer between 50% and 70% for carriers of BRCAJ or BRCA2 
mutations. 

1l1e histopathology of BRCAJ-associated breast cancer is 
unfavorable when compared with BRCA2-associated cancer and 
includes tumors that are high grade, hormone receptor-negative, 
and aneuploid. with an increased S phase &action. 1l1ere is a 
strong association between d1e basal-like breast cancer subtype 
and BRCAJ mutations. Women who carry a BRCAJ mutation 
and contract breast cancer are .highly likely to have a basal-Like 
breast cancer; up to 10% of basal-like tumors arise in women 
found to have a mutation. 1he same is not true for BRCA2-
assodated cancers, which are more commonly hormone 
receptor-positive. Overall mortality rates in patients with 
BRCAJ- or BRCA2-associated breast cancer are similar to those 
in women with sporadic breast cancer. Because the risk for 
development of breast cancer is high in carriers of a BRCA gene 
mutation, the use of prophylactic surgery is considered to be the 
most rational approach. The use of MRI is encouraged for 
women who prefer to undergo an intensive screening program. 
The efficacy of chemoprevention in BRCA mutation carriers is 
unclear, especially in those with BRCAJ mutations who tend to 
develop estrogen receptor-negarive breast cancers. 

Reproductive Risk Fadors Reproductive milestones that increase 
a woman's lifetime estrogen exposure are thought to increase her 
breast cancer risk. These include onset of menarche before 12 
years of age, fuse Uve childbirth after age 30, nulliparity, and 
menopause after age 55 years. There is a 10% reduction in breast 
cancer risk for each 2-year delay in menarche; the risk doubles 
with menopause after age 55. 1l1ose having a full-term first 
pregnancy before age 18 have half the risk for development of 
breast cancer than women whose first pregnancy is after age 30. 
There is no increased risk associated with induced abortion. 
Breastfeeding has been reported to reduce breast cancer risk and 
tbis may be secondary to a decrease in the number of Lifetime 
menstrual cycles. When compared with gender, age, histologic 
risk factors, and genetics, reproductive risk factors are relatively 
mild in terms of their contribution to risk (RR, 0.5 to 2.0). 
However, these factors, unlike family history or histologic 
factors, have a large infl uence on breast cancer prevalence in 
populations: 

Exogeoous Hormone USe Therapeutic ur supplemental estrogen 
and progesterone are taken for a variety of conditions, with 
the two most commo11 scenarios being contraception in 

premenopausal women and HRT in postmenopausal women. 
Other indications for use include menstrual irreguJarities, poly
cystic ovaries, fertility treatment, and hormone insufficiency 
states. Studies have suggested that breast cancer risk is increased 
in cu:rrent or past users of oral contraceptives, a risk that decreases 
as rhe imerval after cessation of use increases.8'q 

1l1e use ofH RT was studied by the Women's Health Initia
tive,8 a prospective, randomized controlled trial in which healthy 
postr.nenopausal women 50 to 79 years of age received various 
dietary and vitan1in supplements and postmenopausal HRT. 
The study assessed the benefits and risks associated with HRT, 
a low-fat diet, and calcium and vitamin D supplementation and 
their effects on rates of cancer, cardiovascular disease, and 
osteoporosis-related fractures. A total of 16,608 women were 
randomized to receive combined conjugated equine estrogens 
(e.g., Premarin, 0.625 mg/day) plus medroxyprogesterone 
acetate (2.5 mg/day) or placebo from 1993 to 1998 at 40 centers 
in the United States. Screening mammography and clinica\ 
breast examiJ1ations were performed at baseline and yearly there
after. TI1e study reached a stopping rule at 5.2 years of follow-up. 
at wbich time there were 245 cases of breast cancer (invasive and 
noninvasive) in the combined HRT group versus 185 cases in 
the placebo group. When compared with placebo, tbe combina
tion of estrogen and progesterone, specifically PremPro, increased 
the risk of developing breast cancer in postmenopausal women 
with an intact uterus. Of greater concern was that women on 
estrogen plus progesterone were more likely to be diagnosed 
with a breast cancer at a more advanced stage, and there was a 
substantial increase in the number of women with abnom1al 
ma111mograms. Women who had a hysterectomy were random
ized to estrogen only versus placebo and, after 7 years of 
follow-up, 10,739 women receiving conjugated equine estrogens 
(e.g., Premarin) at a dose of 0.625 mg daily or a placebo had 
equivalent rates of breast cancer (RR, 0.80; 95% CI, 0 .62 to 
1.04) .'~ There was a statistically significant difference between the 
treatment and control groups in the need for short-interval 
mammographic follow-up examinations, which was higher in 
the group that received Premarin (36.2% versus 28.1 o/o). These 
data show that wo1uen receiving combination HRT with estro
gen and progesterone for 5 years have approximately a 20% 
increased risk for the devdopment of breast cancer. Women who 
take estrogen-only formulations (because of previous hysterec
tomy) do not appear to suffer an increased incidence of breasl 
cancer. 

Risk Assessment Tools 
A model for assessing breast cancer risk was developed from 
case-control data in the Breast Cancer Detecrion Demonstration 
Project (available for clinical use at http://canccr.gov/bc tisktool; 
also known as the GaiL modeL). It was detemuned that age, race, 
age at: menarche, age at fust Live birth, number of previous hreast 
biopsies, presence of proliferative disease with atypia, and 
number of first-degree female relatives with breast cancer influ
enced the risk for breast cancer. lhe model does not include 
detailed information about genetic factors and may ttnderesti
mate the risk for a BRCAJ or BRCA2 mutation carrier and 
overestimate the risk iJl a noncarrier. It should not be used in 
women with a diagnosis of LCIS or DCIS. 1l1e Gail model for 
breast cancer risk was used in the design of the Breast Cancer 
Prevention Trial, which randomly assigned women at high risk 
(> 1.67%) to receive ramoxifen or a placebo, and in the Study 
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of Tamoxifen and Raloxifene (STAR),10 which randomly 
assigned women at high risk to receive tamoxifen or raloxifene. 
1he Gail model asses.-;es population risk using nongenetic factors, 
whereas the hereditary and familial models assess genetic and 
familial risk of breast cancer. 1l1e Claus model is another risk 
as.~essment model, which is based on as.mmprions about rhe 
prevalence of high-penetrance brea~t cancer SlL~ceptibility genes. 
1l1e Claus model incorporates more information about family 
history and provides individual estimates of breast cancer risk 
according to decade of life based on knowledge of first- and 
second-degree relatives with breast cancer and their age at 
diagnosis. 

There have been several models designed ro assess the risk 
for an individual harboring a mutation in BRCAJ or BRCA2. 
1l1is can be useful in determining the need for genetic testing. 
1l1e Couch model predicts risk for a mutation in the BRCAJ 
gene. 1l1e BRCAPro model was developed by Myriad Generics 
Laboratories and provides estimates for the risk of BRCA I and 
BRCA2 mutations. The Tyrer model incorporates personal risk 
factors and genetic analysis to give a more comprehensive and 
individual risk assessment. Sucb models have estinlated that the 
incidence of clinically significant BRCAJ or BRCA2 mutations 
in the general population is approxin1atcly I in 300 to 500. 
Indications for consideration of genetic testing include a per
sonal history of young age at diagnosis {<50 years), bilateral 
breast cancer, breast and ovarian cancer in the same individual, 
and male breast cancer. Other factors that may be an indication 
for resting arc a fanllly history (maternal or paternal) of rwn or 
more individuals. with breast and ovarian cancer, dose male rela
tive with breast cancer, dose relative with early-onset breast 
or ovarian cancer (<50 years), and known BRCAJ or BRCA2 
mutation. 

Management of High-Risk Patients 
In pracrice, dinjcians assess risk factors and consider those that 
are important to individual patients in making recommenda
tions about screening and intervention. [ncrcascd risk for breast 
cancer is defined as a 5-year calculated risk of 1.7% or higher 
using the National Cancer Institute (NCI) risk calculator. lhis 
is the average risk for a woman who is 60 years old; it has been 
used in the design of the U.S. prevention trials. This risk calcu
lator is not applicable to women with a history of invasive 
breast cancer, DCIS, or LCIS. l11e model does not make adjust
ments for a first-degree relative with premenopausal or bilateral 
breast cancer and genetic mutations are not considered in the 
calculation. 1l1e clinician must understand that risk may be 
significantly underestimated if these factors are present and, 
therefore, the risk calculation should be made within the 
context of the patient's overall personal and family history. 
However, even witl1 these limitations, the Gail model provides 
a valuable starting point for the evaluation of breast cancer risk 
assessment. Ths risk assessment can provide a context for rec
ommendations for primary prevention strategies and screening 
appropriate to the individual's risk level. For women fow1d ro 
be at high risk for the development of breast cancer, options 
include close surveillance with dinkal breast examination, 
mammography, and breast MRI (depending on the lifetime 
risk), or interventions to reduce risk, such as chenJoprevention 
with tan1oxifen or raloxifene or a bilateral prophylactic mastec
tomy or oophorectomy. 
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Close Surveillance 
Surveillance guidelines for individuals at high risk for breast 
cancer were established in 2002 by the National Comprehensive 
Cancer Network and the Cancer Genetics Studies Consortium. 
l11ese guidelines are based primarily on expert opinion; screen
ing guidelines for high-risk individuals are not established by 
prospective trials. 

Recommendations for women in a family wid1 a breast and 
ovarian cancer syndrome include montllly breast self-examination 
beginning at 18 to 20 years of age, semiannual clinical breast 
examination beginning at age 25, and annual manllllography 
beginning at age 25, or 10 years before the earliest age at onset 
of breast cancer in a fanllly member. Nonetheless, studies of 
women with known BRCAJ or BRCA2 mutations have found 
tl1at 50% of the detected breast cancers were diagnosed as inter
val car1ccrs; that is, they occurred between screening episodes 
and not during the course of routine screening. Ths observation 
has prompted many groups to add annual sereCJ1iJ1g MRI to 
mammography, with some doing both simultaneously and 
others staggering the two examinations. If not done previously, 
genetic cow1seling is offered ro those with a strong family history 
of early-onset breast and ovarian cancer, including a discussion 
of genetic testing for BRCAI and BRCA2 mutations. 

Chemoprevention for Breast Cancer 
The drugs currently approved for reducing breast cancer risk are 
tan1oxifen and ra.loxifene. Tan1oxifen is an estrogen antagonist 
with proven benefit for the ueam1ent of est.rogen receptor (ER)
positive breast cancer. Raloxifene is a selective ER modulator 
{SERM). Tan1oxifen has bee11 used in tl1e adjuvant setting for 
breast cancer for several decades and is known to reduce the 
incidence of a second primary breast cancer in the contralateral 
breast of women who received the drug as adjuvant d1erapy for 
a first breast cancer. Findjngs from the ove.rview analysis of the 
Early Breast Cancer Trialists' CoiJaborative Group (EBCTCG) 
have demonstrated that adjuvant tamoxifen reduces d1c risk for 
a second breast cancer in the unaffected breast by 47%. Four 
prospective randomized trials have been completed evaluating 
tan1oxifen as chCJnoprevention in healthy women known to be 
at increased risk for breast cancer. TI1e National Surgical Adju
vant Breast and Bowel Project (NSABP) recently reported fi nd
ings of the STAR trial, which compared tamoxifen versus 
raloxifene.10 Trials arc ongoing assessing the role of aromarase 
inhibitors (Als) as chemoprevention in postmenopausal women. 

The NSABP P-1 trial randomized 13.388 women aged 35 
to 59 years with a diagnosis of LCIS, women whose risk for 
breast cancer was moderately increased (RR, 1.66 over a 5-year 
period), and women 60 years or older to tamoxifen or placebo. 
1l1c risk estin1ates were based on the Gail model of risk (see 
earlier). In this study, tamoxifen reduced the risk for invasive 
breast cancer by 49% through 69 months of foUow-up, with a 
risk reduction of 59% in the subgroup with LCIS and 86% in 
those with ADH or ALH. 1l1e reduction in risk was noted only 
for ER-positive cancers. Tamoxifen treatmellt for 5 years was not 
without side effects and complications. In the tamoxifen treat
ment arm, endometrial cancers resultiJlg from estrogen-like 
effects of the drug on the endometrium were i,ncrea~d by a 
factor of approxin1atcly 2.5. Pulmonary embolism (RR, 3) and 
deep venous thrombosis (RR, 1.7) were also more common in 
women who received tamoxifen. Data on the efficacy of tamoxi
fcn for reduction of breast cancer risk in BRCAJ and BRCA2 

http://www.myuptodate.com


838 SECTION VII BREAST 

mutation carriers are limited because mutation testing was not 
routinely performed on P-1 study participants. Tamoxifen is 
most effective at reducing the incidence of ER-positive breast 
cancers, so its role in BRCAJ mutation carriers (who more often 
develop ER-negative breast cancers) is questionable. Several 
other ramoxifel!l prevention trials were conducted at around the 
san1e time as the NSABP P-1 trial. indudlng the Italian Tanloxi
fen Prevention Study. Royal Marsden Hospital Tamoxlfcn Pre
vention PilotTiiial, and InternatiOJ1al Breast Cancer Intervention 
Study (IBIS-1). The Italian and Royal Marsden studies did not 
show any benefit of tamoxlfen over placebo in terms of reduced 
incidence of blieast cancer. There were some differences in the 
study populatioJl and trial designs, wbich may explain the nega
tive results a.~ compared with the P-1 trial. The IBIS-1 trial 
showed a 33% reduction in the incidence of breast cancer, 
slightly lower tlhan thar in P-1 but confirming the risk reduction 
benelit of tamoxifen. Subsequently, a meta-analysis of all the 
tan1oxifen prevention trials found thar tamoxifen reduced 
tl1e risk of breast cru1cer by 38%. 1l1is analysis also con6rn1ed 
tl1e increased risks of eJldometrial cancer ru1d venous thrombo
emholic events seen with tamoxlfen use. 

1l1e NSABP P-2 trial {STAR tria\) 10 compared tamoxifen 
wid1 raloxifene in postmenopausal women. This comparison was 
based on the findings from tl1e MORE trial, which included 
more thru1 10,000 women who received placebo versus raloxi
fene for the prevention and treatment of osteoporosis. At an 
average 3 years of follow-up, there was a 54% reduction in the 
incidence of breast cancer and no increase in uterine cancer. The 
STAR trial enroiJed 19,747 women at increased risk for breast 
cru1cer and demonstrated that tan1oxifen and raloxifene reduced 
the risk for invasive breast cru1cer by approximately 50%. Ral
oxifene had a more favorable toxicity profile, the number of 
uterine cancers was reduced by 36% compared with tamoxlfen, 
and women taking raloxifene had 29% fewer episodes of venous 
thrombosis and a reduced incidence of pulmonary embolism. 

Prophylactic Mastecto my 
Prophylactic mastectomy has been shown to reduce the chance 
of developing breast cancer in high-risk women by 90%. Hart-
111arlll and coworkers11 have reported on a retrospective review 
of 639 women with a family bistory of breast cancer who under
went prophylactic mastectomy. 1l1e women were divided into 
high-risk {n = 2 14) and moderate-risk (n = 425) groups, with 
high-risk patierlts defined as those with a fanilly history sugges
tive of aJl autosomal domb1ant predisposition to breast cancer. 
For women of moderate risk, the number of expected brea.~t 
cancers was calculated according ro the Gail model. Based on 
tbis model, 37..4 breast cancers were expected to have developed 
and 4 cancers actually did, for ru1 incidence risk reduction of 
89%. For women in the high-risk cohort, the Gail model would 
underestinlate the risk for the development of breast cancer. 
llms, the expected number of breast cancers was calculated by 
usiJ1g three different statistical models from a control study of 
the high-risk probands (sisters). Three breast cru1cers developed 
after prophylactic mastectomy, for an incident risk reduction of 
at least 90%. 

Several groups have reported on prospective studie.~ in 
BRCAJ and BRCA2 mutation carriers rreated with prophylactic 
mastectomy versus surveillance and have shown that mastec
tomy is highJy effective in preventing breast cruKers compared 
witl1 a significant number of events in women not choosing 

preventive mastectomy. More recently, results of risk-reduciJ1g 
mastectomy (RRM) and risk-reducing salpingo-oophorectomy 
(RRSO) were reported in BRCAI ru1d BRCA2 mutation carriers 
followed in 22 centers as part of the PROSE consortium.12 None 
of the participants who w1derwent RRM developed a subse
quent breast cancer compared with 7% of the women who did 
not undergo Rfu'vL 1l1e use of RRSO reduced the incidence of 
ovarian cancers from 5.8% to 1.1% ru1d the incidence ofbreast 
cancers from 19.2% to 11.4%. RRSO was associated with a 
significant reduction in breast cancer-specific mortality, ovarian 
cancer- speci6c mortality, ru1d all-cause mortallty. The available 
data .suggest that BRCA mutation carriers should be counseled 
to consider risk-reducing surgeries as a strategy to reduce cancer 
incidence ru1d improve survival. 

Women who undergo annual mammographic screening 
have an overall 80% chru1ce of surviving the breast cancer once 
it has beeJl detected. Coupled wid1 penetrance 6gure.s in the 
range of 50% to 60% for mutation carriers, the chance of 
BRCAJ or BRCA2 mutation carriers dyi11g from brea.H cancer is 
approximately 100..{, if they choose not to undergo risk-reducing 
surgery. 11 

The use of risk-reducing surgery in women who are not 
known to have deleterious mutations in BRCAI or BRCA2 
remains controversial. Recent trends have suggested that more 
women with newly diagnosed brea.st cancer are choosing to 
undergo contralateral prophylactic mastectomy as a risk reduc
tion strategy for contralateral brea.~t cancer. Determining which 
pacicms may benefit from tbis approad1 has been challenging. 
Bedrosian and colleagues13 used tl1e Surveillance, Epidemiology, 
ru1.d End Results {SEER) database to study this ru1d fow1d that 
there was an improvement in breast cru1cer-specific mortality of 
4.8% at 5 years in women with stage T or II breast cancer with 
ER-negative disease who underwent contralateral prophylactic 
mastectomy. There was a lower incidence of contralateral breast 
cancers in women witb ER-positive disease who did not undergo 
prophylactic masteccnmy compared wid1 tl1eir ER-negative 
cow1te.rparts. 

Summary: Risk Assessment and Management 
Understanding risk factors for the development of disease 
provide clues to pathogenesis and identifies patients likely to 
benefit from risk-reducing strategies. Although breast cancer can 
develop iJ1 both genders, women are at greatly iJ1creased risk ru1d 
breast cancer in men is uncommon. Age is a strong determinant 
of risk and is part of the NCI risk assessment cooL Family history 
is most signilicant when breast cancer affects young first-degree 
relatives (mothers, sisters, and daughters) and when cases of 
ovarian cancer are found in the same side of the fanilly, and may 
preclude d1e use of the NCI tool for accurate risk assessment. 
The most signi6cant bistologic risk factors for the development 
nf breast cancer are ADH, ALH, and LCIS. A persnnal bistory 
of breast cancer predisposes to contralateral breast cru1cer. 

BENIGN BREAST TUMORS AND 
RELATED DISEASES 

Breast Cysts 
Cysts within the breast parenchyma are fluid-611ed, epithelial
lined cavities that may vary in size from microscopic to large 
palpable masses containing as mud1 as 20 to 30 mL of Auid. A 
palpable cyst develops in at least 1 in every 14 women, ru1d 50% 
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of cysts are multiple or recurrent. TI1e pathogenesis of cyst for
mation is not well understood ; however, cysts appear to arise 
from destruction and dilation of Lobules and terminal ductules. 
Microscopic studies have shown that fibrosis at or near the 
lobule, combined with continued secretion, results in tmfolding 
of rhe lobule and expansion nf an epithelial-lined cavity contain
ing Auid.15 

Cysts arc influenced by ovarian hormones, a fact d1at 
explains their variation with the menstrual cycle. Most cysts 
occur in women older d1an 35 years; the incidence steadily 
increases until menopause and sharply declines mereafter. New 
cyst formation in older women is generally associated with exog
enous hormone replacemem. 

lnt.racystic carcinoma is excL-'t'dingly rare. Rosemond has 
reported that only three cancers were identified in more d1an 
3000 cyst aspirations (0.1 o/o). Other investigators have con
firmed this low incidence. There is no evidence of increased risk 
for breast cancer associated with cyst formation. 

A palpable mass can be confirmed to be a cyst by direct 
aspiration or ultrasonography. Cyst fluid can be straw-colored, 
opaque, or dark green and may contain debris. Given the low 
risk for malignancy within a cyst, if tl1e mass resolves following 
aspi ration and the cyst contents are not grossly bloody, the fluid 
does not need to be sent for cytologic analysis. If the cyst recurs 
multiple time.~ (more than twice is a reasonable rule), pneumo
cystography should be perfom1ed to evaluate for a sold compo
nent and core or FNA biopsy should be performed to evaluate 
the solid elemems. Surgical removal of a cyst is usually not 
indicated but may be required if me cyst reCllrS multiple times, 
or based on d1e needle biopsy results. 

Fibroadenoma and other Benign Tumors 
. Fibroadenomas are benign solid tumors composed of stromal 
and epithelial dements. Fibroadenoma is the second most 
common tumor in the breast (after carcinoma) and is me most 
common tumor in women younger than 30 years. ln contrast 
to cysts, fibroadenomas most often arise in ilie late teens and in 
women during their early reproductive years. Fibroadenomas are 
rarely seen as new masses in wome11 after the age of 40 or 45 
years. Clinically. they present as firm masses iliat are easily 
movable and may increase in si7~ over a period of seve.ral montl1s. 
They slide easily under the examining fingers and may be 
lobulated or smootl1. On excision, fibroadenomas are well
encapsulated masses that may detach easily from surrounding 
breast tissue. Mammography is of Little help in discriminating 
between cysts and fibroadenomas; however, ultrasonography can 
readily distinguish between them because each has specific char
acteristics. FNA biopsy can also be used to confirm the imaging 
findings. 

Fibroadenomas are benign rumors, although neoplasia may 
develop in the epithelial elements within tl1em. Cancer in a 
newly discovered! fibroadenoma is exceedingly rare; 50% of neo
plasias mat involve fibroadenomas are LCIS, 35% are infiltrating 
carcinomas, and 15% are intraductal carcinoma. 

Once a tissllle diagnosis confirms tl1at the breast mass is a 
fibroadenoma, the patient can be rea~ured without the need for 
surgical excision_ If tbe padem is homered by the mass or it 
continues to increase in si2e, d1e mass can be excised or 
treated with cryoablation under ultrasonographk guidance. 'TI1e 
mass may remain palpable foUowing cryoablation or, in other 
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cases, the mass may calcify, causing it to feel more fum on 
palpation. 

Two subtypes of fibroadenoma are recogn iz~d. Giant fibro
adenoma is a descriptive te.rm applied to a fibroadenoma tl1at 
attains an unusually large size, typically greater than 5 em. TI1e 
term juvenile fibroadenoma refers co the occasional large fibro
adenoma that occurs in adolescents and young adults and his
tologically is more ceUular than the usual fibroadenoma. 
Although these lesions may displa)' remarkably rapid growth, 
surgical removal is curative. 

Hamartoma and Adenoma 
TI1ese lesions are benign proliferations of variable amounts of 
epithelium and stromal supporting tissue. A hamartoma is a 
discrete nodule that contains closely packed lobules and promi
nent, cctaticextralobular ducts. On physical exanunation, mam
mography, and gross inspection, a ban1artoma is indistinguishable 
from fibroadenoma. Page and Anderson have described an 
adenoma or tubular adenoma as a benign cellular neoplasm of 
ductules packed closely toged1er so that they form a sheet of tiny 
glands without supporting stroma. During pregnancy and lacta
tion, tl1ese tumors may increase in size, and histologic examina
tion shows secretory differentiation. Biopsy is required to 
establish the diagnosis. 

Breast Abscess and Infections 
lnfections of the breast fall into tvto general categories, lacta
rional infections and chroruc subareolar infections associated 
with duct ectasia. Lactational infections are iliought to arise 
from entry of bacte.ria through tlle nipple imo me duct system 
and are characterized by fever, leukocytosis, erythema, and ten
derness. lnfections are most often caused by Staphylococcus 
ttureus and may be manifested as cellulitis with breast parenchy
mal inflammation and swelling, termed mmtitii, or as abscesses . 
Treatment reqttires antibiotics and frequent emptying of the 
breast. True ahscesses require surgical drainage hecause they are 
generally multiloculated. 

In women who are not lactating, a chronic relapsing form 
of infection may develop in the subareolar ducts of tl1e breast 
that is variously known as periductttl mastitis or duct ectasia. This 
condi tion appears to be associated witb smoking and diabetes. 
TI1e infections that arise are most often mixed infections that 
include aerobic and anaerobic skin flora. A series of irtfcctions 
with resulti11g inflammatory changes and scarring may lead to 
retraction or inversion of the nipple, masses in the subareolar 
area and, occasionally, a chronic fistula from the subareolar ducts 
to the periareolar skin. Palpable masses and mammographic 
changes may result from ilie infection and scarring; these can 
make surveiUance for breast cancer more challenging. 

Subareolar infections may initially be manifested as sub
areolar pain and mild erythema. If treated at this stage, warm 
soaks and oral antibiotics may be effective. Antibiotic treatment 
generally requires coverage for aerobic and anaerobic organisms. 
lf an abscess has developed, incision and drainage are required, 
in addition to antibiotics. Repeated infections are treated by 
excision of the entire subareolar duct complex after tl1e acute 
infection has resolved completely, togetl1er with IV antibiotic 
coverage. Rarely, patiems wi iJ have recurrent infections requiring 
excision of the nipple and areola. 

A presumed infection of tl1e breast generally clears promptly 
and completely wid1 antibiotic therapy. If erythema or edema 
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persists, a cliagnosis of inflammatory carcinoma should be 
considered. 

Papillomas and Papillomatosis 
Solitary intraductal papillomas are true polyps of epithelial-lined 
breast ducts. Solitary papillomas are most often located close tO 

the areola but may be present in peripheral locations. Most 
papillomas are smaller than 1 em but can grow to as large as 4 
or 5 em in size. Larger papillomas may appear to arise within a 
cystic structure, probably representing a greatly expanded duct. 
Papillomas are not associated with an increased risk for breast 
cancer. 

Papillomas located close co the nipple are often accompa
nied by bloody nipple clischarge. Less frequently, they are ells
covered as a palpable mass under the areola or as a density seen 
on a mammogram. Treatmenr is excision through a circuroareo
lar incision. For peripheral papillomas, the differential diagnosis 
is between papilloma and invasive papillary carcinoma 

It is important to distinguish papillomatosis from soJjtary 
or multiple papillomas. Papillomatosis refers to epithelial hyper
plasia, which commonly occurs in younger women or is associ
ated with flbrocystic change. Papillomatosis is not composed of 
true papil1omas but bas hyperplastic epithelium that may fill 
inclividual ducts like a true polyp but bas no stalk of fihrovas
cular tissue. 

Sclerosing Adenosis 
Adenosis refers to an increased number of srnaU terminal duct
ules or acini. It is freq uently associated witl1 a proliferation of 
stromal tissue producing a histologic lesion, sclerosing adenosis, 
which can be confused with carcinoma both grossly and histo
logically. These lesions can be associated witl1 deposi tion of 
calcium, whid1 can be seen on a mammogram in a pattern 
indistinguishable from the microcalcifications of intraductal car
cinoma. Sclerosing adenosis is the most common pathologic 
diagnosis in patients undergomg needle-directed biopsy of 
microcalcifications in many series. Sclerosing adenosis is fre
quently listed as one of tl1e component lesions of flbrocystic 
disease; it is common and has no significant malignant 
potencial 

Radial Scar 
Raclialscars belong to a group of abnormalities known as complex 
sclerosing lesions. They can appear similar to carcinomas mam
mographically because they create irregular spiculations in the 
surrounding stroma. These lesions contain microcysts, epithelial 
hyperplasia, adenosis, and a prominent clisplay of central sclero
sis. The gross abnormality is rarely more than 1 em in diameter. 
Larger lesions may form palpable tumors and appear as a spicu
lated mass with prominent archi tectural clistortion on a mam
mogram. These tumors can even result ir1 skin rumpling by 
producing traction on surrounding tissues. They generally 
require excision to rule out an underlying carcinoma. Radial 
scars are associated with a modestly ir1creased risk for breast 
cancer. 

fat Necrosis 
Fat necrosis can mimic cancer by producing a palpable mass or 
density on a mammogram that may contain calcifications. Fat 
necrosis may foUow an episode of trauma to the breast or be 
related to a prior surgical procedure or racliation treatment. The 

calcifications are characteristic of fat necrosis and can often be 
imaged on ultrasonography as well. Histologically, the lesion is 
composed of lipid-laden macrophages, scar tissue, and cluonic 
inflammatory cells. This lesion has no malignant potential. 

EPIDEMIOLOGY AND PATHOLOGY Of 
BREAST CANCER 

Epidemiology 
In 20 I 0, a total of 209,060 cases of inva~ive breast cancer and 
almost 54,010 cases of in situ breast cancer were cliagnosed ir1 
me United States. Breast cancer conrinut.'S to be me second 
leading cause of cancer-related deaths. second to lung cancer, 
with approximately 40,000 deailis caused by breast cancer annu
al1y. Brea~t cancer is also a global health problem, with more 
than J million cases of breast cancer cliagnosed worldwide each 
year. The overall incidence of breast cancer was rising until 
approxinlatdy 1.999 because of increases in the average life span, 
lifestyle changes that increase the risk for breast cancer, and 
improved survival from other diseases. The rates began to 
decrease from 1999 to 2006 by approximately 2%/year. This 
decrease ha~ been attributed to a reduction in the use of HRT 
after tl1e iJJitial results of the Women's Health Initiative were 
published bur may also be tl1e result of a reduction in the use 
of screening mammography (70.1 o/o of women 4tl years and 
older were screened in 2000 versus 66.4% in 2005). Survival 
rates in women with breast cancer have steadily improved over 
tl1e last several decades, wim 5-year survival rates of 63% in the 
early 1960s, 75% from 1975 to 1977, 79% from 1984 ro 1986 
and 90% from 1995 to 2005. 1he largest decrease in death rates 
caused by breast cancer have been in women yotmger than 50 
years (3.2%/year), aliliougb tl1ey have also decreased in women 
older than 50 (2%/year). The decreased mortality from breast 
cancer is thought to be the remit of earlier detection via mam
mographic screening, ir11provements in tl1erapy, and a decreased 
incidence nf breast cancer. The current treatment of breast 
cancer is guided by pathology, staging, and recent insights into 
breast cancer biology. There is an increased emphasis on defining 
disea~ biology and status in inclividual patients, with the sub
sequent tailoring of tl1erapies toward that inclividual. 

Pathology 

Noninvasive Breast Cancer 
Noninvasive neoplasms are broadly clivided ir1to rvvo major 
types, LCIS and DCIS (Box 36-2). LCIS was initially believed 
ro be a malignant lesion, but is now regarded more as a risk 
factor for the development of breast cancer. LCIS is recognized 
by its conformity to tbe outline of the normal lobule, with 
expanded and filled acini (Fig. 36-7). DCIS is a more heteroge
neous lesion morphologically, and pathologists recognize four 
broad categories-papiUary, cribriform, solid, and comedo 
types; the latter three types are shown in Figure 36-7. DCIS is 
recognized as cliscrete spaces filled with malignant cells, usually 
with a recognizable basal cell layer made up of presumably 
nonnal myoepithelial cells. The four morphologic categories of 
DCIS arc rarely seen as pure lesions, but in reality are often 
mixed. 1l1e papillary and cribriform types ofDCIS are generally 
oflower grade and may rake a longer period of rime to transform 
to i rwa~ive cancer. The solid and comedo types of DCTS are 
generally higher grade lesions. 
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BOX 36-2 Classification of Primary Breast Cancer 

Noninvasive Epithelial Cancers 
LCIS 
DCIS or intraductal carcinoma 

• Papillary, crilbriform, solid, and comedo types 

Invasive Epithelial Cancers (percentage of total) 
Invasive lobular carcinoma (10%) 
Invasive ductal carcinoma 

• Invasive ductal carcinoma, NOS (50%-70%) 
• Tubular carcinoma (2o/o-3%) 
• Mucinous or colloid carcinoma (2%-3%} 
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• Medullary carcinoma (5%} 
• Invasive cribriform carcinoma (1%-3%} 
• Invasive papillary carcinoma (1%-2%) 
• Adenoid cystic carcinoma (1%) 
• Metaplastic carcinoma (1 %} 

Mixed Connective and Epithelial Tumors 
Phyllodes tumors, benign and malignant 
Carcinosarcoma 
Angiosarcoma 
Adenocarcinoma 

FIGURE 36-7 Noninvasive breast cancer. A. LCIS. The neoplastic cells are small with compact, bland nudei and are distending the acini but 
preserving the cross-sectional architecture of the lobular unit. B. DCIS, solid type. The cells are larger than in LCIS and are filling the ductal 
rather than the lobular spaces. However, the cells are contained within the basement membrane of the duct and do not invade the breast 
stroma. C. DCIS, comedo type. In comedo DCIS, the malignant cells in the center undergo necrosis, coagulation, and calcification. D. DCIS, 
cribriform type. In this type, bridges of tumor cells span the ductal space and leave round, punched-out spaces. 
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As the cells inside the ductal membrane grow, they have a 
tendency to undergo central necrosis, perhaps because the blood 
supply to these cells is located outside the basement membrane. 
The necrotic debris in the center of the duct undergoes coagula
tion an.d 6J1ally cald.6es, thereby leading to the tiny, pleomor
phic, and frequemly linear forms of microcalcifications seen on 
mammograms. In some patients, an entire ductal tree may be 
involved iJ1 the malignancy, ru1d the mammogram shows typical 
calci.6cations from the nipple extending posteriorly .into the 
interior of the breast (termed segmental calcifications). For reasons 
that are not completely understood, DCIS transforms into aJl 

invasive CaJlcer, usually recapitulating the morphology of the 
cells inside the duct. In other words, low-grade cribriform DCIS 
tends to be associated with a low-grade invasive lesion that 
retains some cribriform features. l11ere is no tendency for the 
grade to advance with invasion . DCIS frequently coexists with 
otherwise invasive cancers and, again, the two phases of the 
malignancy arc i_n step with ead1 other morphologically. 

Invasive Breast Cancer 
Invasive cancers arc recognized by their lack of overall architec
ture, infiltration of ceUs haphazardly into a variable amount of 
stroma, or formation of sheets of continuous and monotonous 
cells witl1out respect for form and function of a glruldular organ. 
Pathologists broadly divide invasive breast cancer into lobular 
and ductal histologic types, which probably does not reflect 
histogenesis and only impe.rfectly predicts clinical behavior. 
Invasive lobular cru1cer tends to permeate the breast in a siJ1gle
file nature, which explains why it remains clinically occult and 
often escapes detection on man1mography or physical examina
tion until ilie extent of the disease is large. Ductal cancers tend 
to grow as a more cohesive mass; they form discrete abnormali
ties on manlffiograms and are often palpable as a discrete lump 
in the breast at a smaller si41'.e compared with lobular cancers. 
l11e growth pattern of tl1cse lesions is shown in Figure 36-8, 
invasive ductal cancer in Figure 36-RA and invasive lobular 
cancer in Figure 36-8B. 

Invasive ductal cancer, also known as infiltmting ductal 
carcinoma, is cl1e most common form ofbreast cancer; it accounts 
for 50% to 70% of invasive breast cancers. When this cru1cer 
does not take on spedal features, it is caUed infiltrating ductttL 
carcinoma. Invasive lobular carcinoma accounts for up to I Oo/o 
of breast CaJlcers, and mixed ductal ru1d lobular cru1cers have 
been mcreasingly recognized ru1d described in patl1ology reports. 
When in.61crating ductal carcinomas cake on differentiated fea
tures, they are nanJed according to the features that they display. 
If the in.6Jtrating cells form small glands lined by a single row 
of bland epithelium, they are called infiltrating tubulnr carcinoma 
{see Fig. 36-8D). 1he in.6JtratiJ1g cells may secrete copious 
an1ounts of lllllldn and appear to float in this material. These 
lesions are called mudnous or colloid tumors (see Fig. 36-8(). 
Both tubular and mucinous nm10rs are usually low grade (grade 
I) lesions and represent about 2% or 3% ead1 of invasive breast 
carciJ1omas. 

In contrast, bi:larre invasive cells with high-grade nuclear 
features, many mi toses, and lack of an in si tu component char
acterize medullary cru1cer. The malignancy forms sheets of cells 
in aJl almost syncytial fashion, surrounded by an in6Jtrate of 
small mononuclear lymphocytes. The borders of the rumor 
push into tl1e surrounding breast ratl1er than iJ1filtrate or per
meate the stroma. 1his wmor is shown in Figure 36-8£, which 

demonstrates roe bizarre and pleomorphic nudcar features of 
the cells. Ln its pme form, it accounts for only approximately 
So/o of breast cancers; however, some patl1ologists have described 
a so-called medullnr_y varillnt char has some features of the pure 
form of the cancer. These tumors are uniformly high grade, ER
and progesterone recepror (PR)-negative, and negarive for the 
human epidermal growtl1. factor receptor 2 (HER-2/neu; 
HER-2) cell surface receptor. Tumors tl1at lack expression of 
ER, PR and HER-2 are often called triple-negative breast cancers. 
Gene expression profiling and microarray analysis of breast 
cancers bave revealed that triple-negative breast cancers are dis
tinctly different from other ductal breast cru1cers and may also 
express molecular markers found iJ1 basal or myoepithelial cells. 
The tern1 basal-like breast cancer describes a specific subtype of 
breaH cru1cer as defined by microarray analysis, whereas triple
negative breast cancer is a definition determined by the lack of 
immunohiscochcnlical detection of ER, PR and HER-2. 
Altho ugh there may be some overlap between triple-negative 
ru1d basal-like breast cancers, the categories were developed 
usiJ1g differing ceclmologies and they arc not always the saJUe 
entity. 

The different histologic subtypes of breast cancer have some 
relacionsllip with prognosis, although this is influenced by 
rumor size, histologic grade, hormone receptor status, HER-2 
status, lymph node status, and other prognostic variables. rnfil
trating ductal carcinoma, not otherwise speci.6ed (NOS), is the 
most common form of brea~t cancer. Its prognosis is variable, 
modified by histologic grade and expression of molecular 
markers. Basal-like cancer, or medullary cancer in older classifi
cations, is commonly aJl aggressive form of breast cancer and, 
because it is triple receptor-negative, d1ere are no targeted treat
ments for tl1is form of cancer. Infiltrating lobul.ar breast cancers 
carry an intermediate prognosis, whereas tubular and muciJ10us 
cance rs have the best overall prognosis. 1l1ese generalizati<ms, 
based on histologic subtype, are useful only in the context of 
tumor size, grade, ru1d receptor status. Modern classification 
schemes are replacing these older morphologic descriptions with 
the determination of molecular markers and breast cancer 
subtype by microarray analysis. 

MoleaJiar Markers and Breast cancer Subtypes There are numerous 
pathways ru1d molecular markers cl1at have been reported to 
affect: breast cancer outcomes, including steroid hormone recep
tor patllway (ER and PR), humru1 epidermal growth factor 
receptor patlnvay (HER fanilly), angiogenesis, cell cycle (e.g., 
cydin-dependent kinases [CDKsJ), apoptosis modulators, pro
teasomc, cyclooxygcnase-2 (COX-2), peroxisome proliferator
activated receptor-'¥ (PPAR--y), insulin-like growth factors (IGF 
family), transforming growtl1 factor--y (TGF- -y), platelet-derived 
growth factor (PDGF), ru1d p53. Most these markers are nor 
routinely tested nn breast cancer specimens ac the time of diag
nosis nor would it be feasible to do so. 

Incorporating predictive markers into the routine testing of 
breast cancers could help predict which patients would be most 
likely to benefit from therapies directed at that marker. l11e best 
example of this is the ER. Before the discovery of the ER, all 
breast cancers were considered potentially sensitive to endocrine 
therapy. Now, pathologic assessment of ER is performed on all 
primary tumors and predicts whid1 patients should receive 
tl1erapy directed at ER with endocrine tl1erapy. Patients whose 
tun1ors arc ER negative can be spared 5 years of endocrine 
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FIGURE 36-8 Invasive breast cancer. A. Invasive ductal carcinoma, NOS. The malignant cells invade in haphazard groups and singly into the 
stroma. B. Invasive lobular carcinoma. The malignant cells invade the stroma in a characteristic single-file pattern and may form concentric 
ci rdes of single-file cells around normal ducts (targetoid pattern). C. Mucinous or colloid carcinoma. The bland tumor cells float like islands in 
lakes of mucin. D, Invasive tubular carcinoma. The cancer invades as small tubules, lined by a single layer of well-differentiated cells. E. Medul
lary carcinoma. The tumor cells are large and very undifferentiated, with pleomorphic nudei. The distinctive features of this tumor are the 
infiltrate of lymphocytes and the syncytium-appearing sheets of tumor cells. 
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therapy. A second important predictive factor in breast cancer, 
discovered in 1985, is HER-2 or erb-B2/neu protein. This 
protein is the product of the erb-B2 gene and is amplified in 
approximately 20o/o of human breast cancers. 1he extracellular 
domain of the receptor is present on the surface of breast cancer 
cells and an inrracellular tyrosine kinase enzyme links rhe recep
tor co the intemal machinery of the cell. The tyrosine kinase of 
HER-2 is activated by growth factors binding to partners and 
cross-stimulating the HER-2 kinase. Amplificario11 leads to 
protein overexpression, generally measured clinically by immu
nohistochemistry and scored on a scale from 0 to 3+. Alterna
tively, fluorescent in situ hybridization (FISH) directly detects 
the quantity ofHER-2 gene copies; there are normally rwo copy 
numbers. Research has shown that inhibition of the function of 
the HER-2 rcccpcor- like protein slows the growth of HER-2-
amplified tumors in laboratory models and in clinical trials. 
Trastuzumab is a humani7..ed antibody directed against the extra
cellular domain of tl1e surface receptor and is effective treatment 
for HER-2-positive breast cancer (see later). HER-2 testing is 
now a standard part of pathologic reporting on the prin1ary 
tumor and is a predictive marker for HER-2-directed therapies. 

A logical das.~ification scheme for invasive breast cancer is 
based on the expression of ER status and HER-2 proteins. [t has 
the advantage of directing treatment choices. ER-positivc tumors 
receive endocrine therapies and HER-2-positive cancers are 
treated with HJER-2 inhibitors. However, breast cancer is a het
erogeneous disease, and different breast cancers behave in differ
ent ways. For example, some ER-positive rumors are indolent 
and not life-threatening, whereas other ER-positive tumors are 
very aggressive. In an attempt to subclassify tl1e disease further, 
investigators are turning to global assessmenr of gene expression 
by using microarrays; these arc composed of oligo11ucleotide 
probes to almost every known expressed sequence of DNA in 
the human gem1me. Similar technologies based on single
nucleotide polymorphisms (SNPs) in the cancer DNA and pro
files of expressed proteins are heing developed to subclassify 
cancers and direct treatment. 

A rypical microarray experiment is shown in Figure 36-9, 
commonly known as a heat mttp; the colors indicate levels of 
gene expression. Such a portrayal of the disease shows how dif
ferent ER-positive tumors are from ER-negative tumors and 
w1derscores the modern concept that subclassification needs not 
only ro define differcnr groups of breast cancer bur also ro guide 
treatrnent.14 In Figure 36-9, HER-2-positive tumors form two 
clusters (in green at me top). almough these clusters are fused 
together in many depictions. HER-2-positive tumors duster 
similarly and are responsive ro inhibitors of the HER-2 ryrosine 
kinase-linked surface receptor (e.g., trastuzumab). An unex
pected findin g, en1phasi1..ed recently, is the uniqueness of tumors 
that are both ER-ncgativc and HER-2- negative. 1hcsc cancers, 
also negative for PR, are called triple-negative cancers. They 
express proteins in common with myoepimelial cells at the base 
of mammary ducts and are also called bttsttl-like cancers (see 
earlier). Because they do not express ER or H ER-2, new treat
ments are required. Women who carry a deleterious mutation 
in BRCAJ (but not BRCA2) are much more Likely to contract a 
basal-Like cancer than another subtype. [n summary, categoriz
ing breast cancer according to the expression of molecu lar targets 
of treatments is practical and appears to agree with nonbiascd 
classifications based on gene expression. Classification schen1es 
reflect biology and predict treatment efficacy. 
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FIGURE 36-9 Microarray representation of human breast cancer. This 
portrayal of global gene expression is called a heat map, with shades 
of red indicating high gene expression and shades of blue indicating 
low gene expression relative to a mean across tissue samples. Tissue 
samples are present across the top in columns and individual genes 
are in rows down the side; the intersection is an individual gene in 
a particular sample. A computer-clustering algorithm aligns samples 
with similar gene expression and genes with similar expression pat
tems in the samples (two-way clustering). This illustration provides 
an unbiased look at breast cancer according to gene expression. The 
dendrogram at the top depicts the degree of similarity of the tissue 
samples.: yellow, normal breast epithelium; blue, predominantly 
ER-positive cancers; red, basal-like or triple-negative cancers; and 
green, HER-2-positive cancers (In two clusters defined by the degree 
of lymphocytic infiltrate). The stripes at the top indicate grade (shades 
of darker purple are higher grades), ER expression (purple is positive; 
green is negative), and HER-2 (purple is positive; green is negative)
BRCAI mutation was determined for other reasons in this experi
ment. (Courtesy Dr. Andrea Richardson, Department of Pathology. 
Brigham and Women's Hospital, Boston.) 

In addition to classification, molecular markers arc used to 
select patients for systemic treatment (e.g., memo therapy, endo
crine therapy) and to predkt tbe response of patients to these 
pharmacologic treatments. 11Je sin1plest example is the usc of 
ER or HER-2 status to predict the response to endocrine treat
ment or trastuzumab. Multiple gene products may be used in 
combination for these determinations. Microarray experiments 
usc thousands of gene transcripts (mRNAs) to provide a snap
shot of an individual cancer's molecular phenotype. To adapt 
this technology for clinical application, investigators have 
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selected critical assemblies of gene products d1at provide cbc 
same predictive ability as a nonbiased, genome-wide analysis. 
1he most advanced is a 21-gene test that can be used on paraffin
embedded tumor material from breast surgical specimens 
(Oncotype DX assay, a 21-gene recurrence score assay).15 Origi
nally designed ro predict the recurrence of ER-positive, node
negative breast cancer treated with adjuvant endocrine therapy, 
cbe 21-gene recurrence score assay provides a recurrence score 
for ER-positivc b reast cancer that is used clinically to determine 
whether women with high-risk ER-positive brea~t cancer shouJd 
receive adjuvant cbcmocberapy in addition to tamoxifen (an 
endocrine therapy; see later). Another muhigene assay for deter
mining prognosis is the MammaPrinr assay. The MammaPrint 
assay uses fresh tissue pri.or to formalin fixation and analyzes data 
from 70 genes to develop a risk profile. 1l1e test provides a 
simple readout of low-risk or high-risk disease. 11us cool can be 
used for risk assessment in patients with ER-positive and 
ER-negative tumors. It is likely that tests based on critical com
binations of genes will increasingly be used to assist clinical 
decision making when treating breast cancer. 

other Tumors of the Breast 
Phyllodes Tumors Tumors of mixed connective tissue and epi the
lium constitute an important group of unusual primary breast 
tumors. On one end of the spectrum is the benign fibroade
noma, which is characterized by a proliferation of connective 
tissue and a variable component of ductal elements that may 
appear compressed by the swirls of fibroblastic growth. Clliu
cally more challenging are the phyllodes tumors, which contain 
a biphasic proliferation of stroma and man1111ary epithelium. 
First called cystosarcoma phyllodes, the name has been d1anged to 
phyiJodes tumor in recognition of its usually benign course. 
However, with iu1creasing ceUularity, an invasive margin, and 
sarcomatous appearance, these tumors may be classified as 
malignant phyllodes tumors. Benign phyllodes tumors arc rec
ognized as firm lobulated mas.~es that can range in size, wicb an 
average size of approximately 5 em (larger than average fibroad
enomas). Histologically, these tumors are sinlllar to fibroadeno
mas, but the whorled stroma forms larger clefts lined by 
epicbelium that resemble dusters of leaflike structures. 1l1e 
stroma is more ceUular than a fibroadenoma, but the fibroblastic 
cells are bland and mitoses are infrequent. 

Mmograplllcally, these lesions are seen as round densi
ties with smooth borders and are indistinguishable from fib ro
adenomas. Ultrasonography may reveal a discrete structure with 
cystic space.~. The diagnosis is sugge.~ted by the larger size, history 
of rapid growth, and occurrence in older patients. Cytologic 
analysis is unrellable in differentiating a low-grade phyllodes 
tumor from a fibroadenoma. Core needle biopsy is preferred, 
although it is difficult to classify phyllodes tumors with beJugn 
or intermediate malignant potential based on a limited sam
pling. Thus, the final diagnosis is best made by excisional biopsy, 
followed by careful pathologic review. 

Local excision of a benign phyllodes ttunor is curative, 
similar to that for a fibroadenoma. The intermediate tumors, 
also called borderline phyllodes tumo1-s, are those in which it is 
difficult to assign a benign .label. 1l1ese tumors are treated by 
excision, with margins of ar least 1 em ro prevent local recur
rence. Affected patients are at some risk for local recurrence, 
most ofren within the first 2 years afrer excision, and d ose 
follow-up wid1 examination and imaging allows early detection 
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of recurrence. Finally, frankly malignant stromal. sarcomas arc at 
the other end of the spectrum. Malignant phyllodes tumors are 
treated similar to soft tissue sarcomas that occur on the trunk 
or extremities. Complete surgical excision of the entire tumor 
with a margin of normal tissue is advised. When the tumor is 
large with respect ro the size of the brea~t, this may require total 
mastectomy. Sinular to other soft tissue sarcomas, regional 
lymph node dissection is not required for staging or locorcgional 
control. 

Metastases from malignant phyllodes tumors occur via 
hematogenous spread; common sites include lung, bone, 
abdominal viscera, and mediastinum. The optimal palliative 
treatment of patients wi th metastatic phyllodes tumors has not 
been determi11ed. The systemic therapeutic agents used for sar
comas have resulted in minimal success. 

Angiosarcoma 1his vascular tumor may occur de novo in the 
breast or within the dermis of the breast after irradiation for 
breast cancer. Angiosarcoma ha~ also been seen to develop in the 
upper extremity of patients with lymphedema, lllstorically after 
radical mastectomy. Angiosarcoma arising in the absence of pre
vious radiation therapy or surgery generally forms an ill-defined 
mass within the parenchyma of the breast. ln contrast, angio· 
sarcomas caused by prior radiation therapy arise in cbe irradiated 
skin as purplish vascular proliferations that may go unrecogni7,ed 
for a period of time. The differential diagnosis is frequently 
bet\veen malignant angiosarcoma and atypical vascular prolifera
tions i:n irradiated skin. Histologically, cbe rumor is composed 
of an anasromosing tangle of blood vessels in the dermis and 
superficial subcutaneous fat. The atypical and crowded vessels 
invade through cbe dernlis and into subcutaneous fat. These 
tumors are graded by the appearance and behavior of the associ
ated endotl1elial ceUs. Pleomorplllcnuclci, frequent mitoses, and 
stacking of tbe endothelial cells lining neoplastic vessels are 
features seen in bigher grade lesions. Rarely seen in hemangio
mas, necrosis is common in rugh-grade angiosarcomas. Cli.Ju
cally, radiation-induced angiosarcoma is identified as a reddish 
brown to purple raised rash within the radiation portals and on 
cl1e skin of the breast. As the disease progresses, tumors protrud
ing from the surface of the skin may predominate. 

Man1111ography is unrevealing in most cases of angiosar
coma. l11 the absence of metastatic disease at initial evaluation, 
surgery is performed to secure negative skin margins and 
usually involves a total mastectomy. A split-thickness skin 
graft or myocutaneous flap may be needed to replace a large 
skin defect created by the resection. Metastasis to regional 
nodes is extraordinarily rare and axiJlary dissection is not 
required. 

Patients remain at high risk for local recurrence after 
resection of angiosarcoma. For patients who present wicb 
primary angiosarcoma of the breast, radiation therapy is of 
benefit in the locoregional treatment. Patients wicl1 radiation
related angiosarcoma are not candidates for further radio
cberapy. Metastatic spread occurs hematogenously, most 
commonly to the lungs and bone and less frequently to 
abdominal viscera, brain, and even the contralateral breast. 
Chemotherapy is generally recommended in the adjuvant 
setting and may improve outcomes of patiems with angiosar
coma. For those fret: of metastatic disease at itlitial evaluation, 
the median time to recurrence afrer mastectomy is 8 months 
and cl1e median survival is 2 years. 
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STAGING OF BREAST CANCER 
Breast cancer stage is determined prior to any treatment with 
physical examiJllation and imaging studies (dirucal staging) and 
on definitive surgical treatment by pathologic examination of 
the primary tttmor and regional lymph nodes (pathologic 
staging). Staging is performed w group patiems into risk catego
ries that define prognosis and guide treatment recommendations 
for patients with a similar prognosis. Breast cancer is classified 
with theTNM classification system, wbkh groups patients into 
four stage groupings based on the size of the primary tLLmOr (T), 
status of the regional lymph nodes (N), and presence or absence 
of distant metastasis (M). The most widely used system is that 
of d1e .American Joint Committee on Cancer (AJCC). This 
system is updated every 6 to 8 years to reflect ctment under
standing of tumor behavior. Some of the most significant 
changes in the most recent update (sevend1 edition) include a 
more stringent classification of isolated tltmor cells based on the 
number of cells and whether the cells are almost confluent or 
nonconfluent; s tage I breast cancers have been subdivided to IA 
and IB, with lB classifying T1 tumors associated with microme
tastasis (N1mi) in the lymph nodes, and a new category of 
MO(i+) for patients wid1 circulating run1or cells, disseminated 
tumor cells (bone marrow micrometastascs), or cells found inci
dentally in other tissues that do not exceed 0.2 mm. Table 36-4 
presents the TNM working guide; stage groupings are shown in 
Table 36-5. 

Metastasis to ipsilateral axillary nodes predicts outcome 
after slLCgical treatment more powerfully than rumor size. Prior 
to the incorporation of systemic therapies in the managen1ent 
of breast cancer patients, treatment with surgery alone revealed 
an almost linear decrement in survival rate with .increasing nodal 
involven1ent. Although staging is an in1portant part of the initial 
assessment of breast cancer patiems, it is largely based on ana
tomic variables and does not incorp<>rate other important prog
nostic factors. 11Je new staging form has a place to record other 
variables, including tumor grade, ER status, PR status, HER-2/ 
neu status. circulating mmor cells, disseminated tumor cells 
(bone marrow), multigene recurrence score, and response to 
chemotherapy. These variables are not currently part of the 
staging system but it is hoped mat future versions will incorpo
rate the most important biologic variables in order for the stage 
groupings to reflect expected outcomes more accurately. Some 
prefixes and suffixes are used with the cTNM (clinical) and 
pTNM (pathologic) staging systems to designate special cases. 
These do not affect the stage group but indicate d1at they must 
be analyzed separately. They include the ··m" suffix, which signi
fies multiple primary tumors, pT(m) NM, the 'Y' prefix, which 
denotes patientrs who have received systemic therapy, }'pTNM, 
and the "r" prefix, which indicates a reclLCrent tumor, rTNM. 
In clinical practice, physicians use ilie anatomic stage grouping 
in addition to important biologic facmrs to determine risk and 
guide tream1ent recommendations. 

SURGICAL TREATMENT OF BREAST CANCER 

Historical Perspedive 
'n1rough d1e mid-20th century, breast cancer was thought to 
arise in d1e breast and progress ro other si tes largely via centrifu
gal spread. In this model, more extensive surgical procedures 
were expected to reduce mortality by resecting locoregional 
disease before it could spread to distant sites. This model was 

supported, in part, by d1e results of the Halsted radical mastec
tomy, which was the first procedme that den10nstrated improve
ments iJl breast cancer survival relative to me local excision of 
tumors. Introduced in the 1890s, the radical mastectomy 
included removal of the breast, overlying skin, and underlying 
peC£oraHs muscles in continuity with the regional lymph nodes 
along the axiUary vein to the costoclavicular ligament. 'n1e pro
cedure often required a skin graft to cover the large skin defect 
that was created. This approach was well suited to breast cancer 
biology of the time, when most tumors were locally advanced, 
frequent!}' with chest wall or skin involvement and extensive 
axillary nodal disease. Radical mastectomy provided improved 
local conuol and led to an increasing population of long-term 
survivors. Radical mastectomy continued as the mai11stay of 
slLCgical d1erapy into the 1970s. 

A large number of women continued to die of metastatic 
breast cancer after radical mastectomy and even more extensive 
slLCgical procedures, including en bloc resection of the interna\ 
mammary and supraclavicular nodes, were used bur failed to 
improve survival. 'nlis eventually led to a shift in the theory 
of primary cemrifugal spread to the more modern theory 
that breast cancer spreads both centrifugally to adjacent struc
tures and embolicaUy via lymphatics and blood vessels to 
distant sites. 

In the modern era, breast cancer treatment includes local 
and regional approaches (smgery and radiation ilierapy) in addi
tion to medical therapies designed to treat systemic disease. 
Multimodality ueam1e11t approaches were the first to show sig
rtificant in1provements in both locoregional control and survival. 
As breast cancer was being recognized at earlier stages, the radical 
mastectomy was abandoned for more conservative approaches 
in combination with radiation therapy. 1his has allowed for 
dramatic reductions in the extent of smgery required for local 
control of breast cancer, with decreases in treatment-related 
morbidity. It is recognized that breast cancer is a heterogeneous 
disease and current treatment strategies take into accowlt prop
erties of the individual patient's tumor, as well as the size and 
location of tumor, ro guide treatment. 

Initial Surgical Trials of Local Therapy for 
Ope:rable Breast Cancer 
For further information about clinical trials and their signjfi
cance, see later section, "Interpreting Results of Clinical Trials." 

Radical Mastectomy Versus Total Mastectomy, 
With or Without Radiation Therapy 
'n1e NSABP B-04 trial randomized patients with clinically nega
tive nodes to radical mastectomy, total mastectomy with irradia
tion of the chest wall and regional nodes, or total mastectomy 
alone wid1 delayed axillary dissection if nodes became clinicall)' 
enlarged. Patients with clinically positive nodes were random
ized to radical ma~tectomy or total mastectomy with irradiation 
of the chest wall and regional lymphatics. At 25 years of 
follow-up, overall survival and disease-free survival were equiva
lent i:n all treatment arms between the node-positive and node
negative groups.16 Ln the clinically node-negative patients who 
w1derwent radical maHecromy, 38% were found to have nodal 
metastases at surgery, yet only 18% of patient~ undergoing total 
mastectomy without dissection or radiation therapy developed 
axiiJary recurrence requiring delayed dissection. Despite the dif
ferences in the timing of their treatment, these patients had 
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_Table 36-4 TNM Classification for Breast cancer (Pathologic Staging.,_) ______________ _ 
Primary TUmor {1!) 

TX 

TO 

Tis 

Tis (DCIS) 

Tis (LCIS) 

Tis (Paget's) 

T1 

Tlmi 

Tla 

Tlb 

T1c 

T2 

T3 

T4 

T4a 

T4b 

T4c 

T4d 

Primary tumor cannot be assessed 

No evidence of primary tumor 

Carcinoma in situ 

Ductal carcinoma in situ 

Lobular carcinoma in situ 

Paget's disease of the nipple not associated with invasive carcinoma or carcinoma in situ (DCIS and/or LCIS) in the underlying 
breast parenchyma. 

Tumor !>20 mm in greatest dimension 

Tumor Sl mm in greatest dimension 

Tumor >1 mm but !>5 mm in greatest dimension 

Tumor >5 mm but !>10 mm in greatest dimension 

Tumor > 10 mm but !>20 mm in greatest dimension 

Tumor >20 mm but !>50 mm in greatest dimension 

Tumor >50 mm in greatest dimension 

Tumor of any size with direct extension to the chest wall and/or to the skin 

Extension to the chest wall, not including only pectoralis muscle adherence or invasion 

Ulceration and/or ipsilateral satellite nodules and/or edema of the skin 

Both T 4a and T 4b 

Inflammatory carcinoma 

Re&ional Lymph Nodes (N) 

pNX 

pNO 

pNO(i-) 

pNO(i+) 

pNO(mol-) 

pNO(mol+) 

pNl 

pN1mi 

pNla 

pNlb 

pN1c 

pN2 

pN2a 

pN2b 

pN3 

Regional lymph nodes cannot be assessed 

No regional lymph node metastasis 

No regional lymph node metastasis histologically, negative lHC 

Malignant cells in regional lymph node(s) no greater than 0.2 mm 

No regional lymph node metastasis histologically, negative molecular findings (IHC) 

Positive molecular findings (RT-PCR), but no metastasis detected by histology or IHC 

Miaometastases; or metastases in one to three axillary nodes; and/or in internal mammary nodes with metastases detected by 
sentinel lymph node biopsy but not clinically detected 

Micrometastases (>0.2 mm and/or >200 cells but none >2.0 mm) 

Metastases in one to three axillary nodes; at least one metastasis >2.0 mm 

Metastases in internal mammary nodes with miaometastasis or macrometastases detected by sentinel lymph node biopsy (not 
clinically detected) 

Metastases in one to three axillary nodes and in internal mammary nodes with micrometastases or maaometastases detected by 
sentinel lymph node biopsy but not clinically detected 

Metastases in four to nine axillary nodes; or in clinically detected internal mammary lymph nodes in the absence of axillary lymph 
node metastases 

Metastases in four to nine axillary nodes (at least one tumor deposit >2.0 mm) 

Metastases in clinically detected internal mammary lymph nodes in the absence of axillary lymph node metastases 

Metastases in ten or more axillary nodes; or in infraclavicular Qevel Ill axillary nodes); or in clinically detected ipsilateral internal 
mammary lymph nodes in the presence of one or more positive level I, II axillary nodes; or in more than three axillary lymph 
nodes and 1nternal mammary lymph nodes, with miaometastases or maaometastases detected by sentinel lymph node b1opsy 
but not clinically detected; or in ipsilateral supraclavicular lymph nodes 

Distant Metastases (M) 

MO 

cMO(i+) 

Ml 

No clinical or radiographic evidence of distant metastases 

No clinical or radiographic evidence of distant metastases, but deposits of molecularly or microscopically detected tumor cells in 
circulating blood, bone marrow, or other nonregional nodal tissue that are no larger than 0.2 mm in a patient without 
symptoms or signs of metastases 

Distant detectable metastases as determined by classic clinical and radiographic means and/or histologically proven larger than 
0.2mm 

From Edge SB, Byrd DR, Compton CC, et al (eds): AJCC cancer staging manual. ed 7, New York. 2010, Springer-Verlag. 
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equivalent survival with delayed axillary dissection. The results 
of this trial led to the conclusion that rhe mode and time of 
treatment of axillary nodes does not alter disease-free survival or 
overall survival. Immediate removal, delayed removal, or irradia
tion produced equivalent d inkal results. 

_Table 36-S Stage Groupings for Breast cancer ____ _ 
ANATOMIC STAGE 

0 

lA 

IB 

I lA 

liB 

lilA 

I liB 

IIIC 

IV 

PROGNOSTIC GROUP 

Tis NO MO 

Tl NO MO 

TO N1 mi MO 
Tl N1mi MO 

TO N1 MO 
Tl N1 MO 
T2 NO MO 

T2 N1 MO 
T3 NO MO 

TO N2 MO 
Tl N2 MO 
T2 N2 MO 
T3 N1 MO 
T3 N2 MO 

T4 NO MO 
T4 N1 MO 
T4 N2 MO 

AnyT N3 MO 

AnyT Any N M1 

Clinical Trials Comparing Breast-Conserving 
Therapy With Mastectomy 
Sh prospective clinical trials have randomized more than 4500 
patients to mastectomy versus breast-conserving therapy (Table 
36-6). In all these trials, there was no survival advantage for the 
use of masre.cromy over breast preservation. Ipsilateral breast 
recurrence rates were higher in patients undergoing brea~ t
conserving surgery, but local recurrences could be salvaged by 
mastectomy at the time of recurrence, with no significant detri
ment in survival rates. Data from these trials have served to 
define predictors of local recurrence after lumpectomy and have 
led ro modifications in surgical and radiation techniques to 
reduce local recurrence. 

NSABP B-o6: Mastectomy Versus Lumpedomy Wrth Irradiation Versus 
Lumpedomy Alone A total of 1851 patients with tumors up to 
4 em in dian1eter and d ln icalJy negative lymph nodes were 
randomhed in B-06 to receive modified radical mastectomy; 
lumpectomy alone, or lumpectomy with postoperative irradia
tion of the breast without an extra boost to the lumpectomy 
site.'=' All patients with histologicalJy positive axillary nodes 
received chemotherapy. At 20 years offollow-up, overal.l survival 
and disease-free survival were the same in all three treatment 
arms (Fig. 36-10). 

NSABP B-06 provided valuable information about rates of 
ipsilate.ral breast cancer recurren ce after lumpectomy, with or 
witho ut breast irradiation. At 20 years of follow-up, local recur
rence rate.~ were J 4.3% in women ueated with lumpectomy and 
radiation therapy and 39.2% in women treated with 

Table 36-6 Randomized Trials Comparing Breast Conservation vs Mastedofll! ______________ _ 
% SURVIVAL LOCAL 

NO. OF MAX TUMOR SYSTEMIC FOLLOW-UP LUMPECTOMY % SURVIVAL RECURRENCE 
TRIAL PATIENTS SIZE (CM) THERAPY (YR) + XRT MASTECTOMY (BCT) (%) 

NSABP 8-()6" 1851 4 Yes 20 47 46 14* 

Milan cancer lnstituteh 701 2 Yes 20 44 43 8.8* 

Institute Gustave-Roussy< 179 2 No 73 65 13 

National cancer Institute" 237 5 Yes 10 77 75 16 

EORTC• 868 5 Yes 10 65 66 17.6 

Danish Breast Cancer Group1 905 None Yes 6 79 82 3 

sa; Breast-<onserving therapy; EORTC, European Organization for Research and Treatment of Cancer; NSABP, National Surgical Adjuvant Breast and Bowel Project; XRT, 
radiation therapy. 
*Includes only women whose excision margins were negative. 

Data from the following sources: 

'Fisher B, Anderson S, Bryant J, et al: Twenty-year follow-up of a randomized trial comparing total mastectomy, lumpectomy, and lumpectomy plus irradiation for the 
treatment of invasive breast cancer. N Engl J Med 347:1233, 2002. 

'Veronesi U, cascimelli N, Mariani L. et al: Twenty-year follow-up of a randomized study comparing breast-conserving surgery with radical mastectomy for early breast 
cancer. N Engl J Med 347:1227, 2002. 
'Arriagada R, Le M, Rochard F, et al: Conservative treatment versus mastectomy in earty breast cancer. Patterns of failure with 15 years of follow-up data. J Clin Oncol 
14:1558, 1996. 
dJacobson J, Danforth D, Cowan K, et al: Ten-year results of a comparison of conservation with m~tectomy in the treatment of stage I and II breast cancer. N Engl J Med 
332:907, 1995. 

<van Dongen J, Voogd A. Fentiman I, et al: Long-term results of a randomized trial comparing breast-conserving therapy with mastectomy: European Organization for 
Research and Treatment of Cancer 10801 Trial. J Natl Cancer lnst 92:1143, 2000. 

'Biichert-Toft M, Rose C, Andersen J, et al: Danish randomized trial comparing breast conservation therapy with mastectomy: S"IX years of life-table analysis. Danish Breast 
Cancer Cooperative Group. J Natl Cancer lnst Monogr 11 :19, 1992 
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DISEASE-FREE SURVIVAL DISTANT DISEASE-FREE SURVIVAL OVERALL SURVIVAL 
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- Total mastectomy 
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- Total mastectomy 
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{391 events, P= .41) 

{331 events, P = .21) {338 events, P = .51) 
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- Lumpectomy + irradiation 

{309 events, P= .95) c 
..... Lumpectomy + irradiation 

{317 events, P = .74) 

FIGURE 36-10 Disease-free survival (A). distant disease-free survival (B), and overall survival (C) after 20 years of follow-up in the NSABP 
protocol B..06. There were no significant differences in the three randomized arms of this trial. (From Fisher B, Anderson S, Bryant J, et al: 
Twenty-year follow-up of a randomized trial comparing total mastectomy, lumpectomy, and lumpectomy plus irradiation for the treatment of 
invasive breast cancer. N Eng! J Med 347:1233-1241, 2002.) 

lumpectomy alone (P < .001; fig. 36-11). For patients with 
positive nodes w ho received chemotherapy, the local recurrence 
rate was 44.2% for lumpectomy alone as opposed to 8.8% for 
lumpectomy plus radiation therapy. 

Milan I Trial 1he Milan I trial enrolled patients with smaller 
tumors and used more extensive surgery and radiation therapy 
than the NSABP B-06 trial. 1he Milan trial randomized 701 
women with tumors up to 2 em in size and d lnicalJy negative 
n odes to receive radical mastectomy versus quadran tecto my with 
axillary dissection and postoperative irradiation. Patients with 
pathologically positive nodes received chemotherapy. O verall 
survival ac 20 years was not differenc ln che cwo groups. Locore
gional failures were different between groups with chest wall 
recurrence after radical mastectomy ln 2.3% of women and 
ipsilateral breast tumor recurrence after CJUadrantectomy and 
radiation therapy in 8.8% of women (20-year follow-up). Con
tralateral breast cancer rates were identical, approximately 
0.66%/year for all women, refuting the hypothesis that irradia
tion increases the incidence of contralateral breas t cancers. Local 
failure rates were higher in younger women afrer quadrantec
tomy, with cates of 1 o/o/year in womc11 younger than 45 years 
and only 0.5%/year in older women. 

Other Trials of Breast Conservation Three other randomized trials 
iJJ patients with operable breast cancer found no survival benefit 
of mastectomy over breast-conserving therapy. The European 
Organization for Research and Treatment of Cancer (EORTC) 
Trial 10801 randomized 868 women to modified radical mas
tectomy or lumpectomy and irradiation and fotmd no difference 
in survival at 10 years. [mportantly, this rrial included tumors 

up to 5 em, and 80o/o of women enrolled bad tumors larger than 
2.0 em. Positive margms were allowed, and the results showed 
lower rates of local recurrence witb dear versus iJwolved margiJ1s. 

1l1e lnstitut G ustave-Roussy trial randomized 179 women 
with tumors smaller than 2 em to modified radical mastectomy 
versus lum pectomy wid1 a 2-cm margm of normal tissue around 
the cancer. No differences were observed between tbe nvo surgi
cal groups iJ1 risk for death, metastases, contralateral breast 
cancer, or locoregional recurrence at 15 years of follow-up. 

1l1e NCl (United States) trial randomized 237 women 
with tumors 5 em or smaller to compare lumpectomy with axil
lary dissection and radiation therapy versus modified radical 
mastectomy. 1here were no differences SCCJl m overall sur vival 
or disease-free survival rates at I 0 years. 

Planning Surgical Treabnents 
It is critical ro establish the diagnosis ofbrea~t cancer fi rmly prior 
to iJutiatmg definitive surgical treatment. Biopsy of a palpable 
or image-detected lesion with core needle biopsy is the approach 
of d1oice for diagnosis. Open surgical biopsy is reserved fClr 
lesions. not amenable to core biopsy or when core biopsy has 
proved nondiagnostic. f NA biopsy can be useful for diagnosmg 
breast lesions, although its high false-negative rate means that a 
negative resulr requires additional workup. FNA biopsy is also 
unable to distingttish invasive from iJ1 situ lesions reliably. Exam
ination of biopsy material shmud provide iJtlClrmation about 
tumor lustologic type and grade, ER and PR status, HER-2 
status, and pre.~ence of lymphovascular iJwasion. 

A hjstory and physical examination, in addition to appro
priate iJnaging studies, are important to establish the extent of 
disease and assign a clinical stage. 1l1e most common si tes of 
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FIGURE 36-11 Cumulative incidence of a first recurrence of cancer 
in the treated conserved breast during 20 years of follow-up in the 
NSABP protocol B-06. The data presented here are for patients 
achieving a pathologically tumor-free margin after lurnpectomy. There 
were 570 women treated by lurnpectorny alone and 567 treated by 
lumpectomy and ipsilateral breast irradiation. (Ffom Fisher B, Ander
son S, Bryant J, et al: Twenty-year follow-up of a randomized trial 
comparing total mastectomy, lurnpectorny, and lurnpectomy plus irra
diation for the treatment of invasive breast cancer. N Engl J Med 
347:1233- 1241, 2002.) 

distant metastases from breast cancer are the liver, lungs. and 
bones. The National Comprehensive Cancer Network provides 
guidelines for rhe use of laboratory and radjoJogic resting in 
patients at initial diagnosis based on clinical stage. Computed 
tomography (CT) scans, bone scans, and other imaging studies 
are generally reserved for patients with abnormalities on blood 
chemistry tests or chest radiograpbs and for patients with locally 
advanced or in.flan1matory breast cancer. Thorough imaging of 
the ipsilateral and contralateral breast is performed to look for 
additional area.~ of concern other than the index lesion. Breast 
MRI may be used in select cases to define tbe extent of tumor 
and look for additional breast lesions. 

In the absence of metastatic disease, the first intervention 
for patients with early-srage breast cancer is surgery to excise the 
rumor and sllligically stage the regional lymph nodes, when 
appropriate. Assessment of d1e primary tumor size and regional 
lymph nodes defines the pathologic stage and provides an 

estimate of the prognosis to inform systemic therapy decisions. 
Patients with locally advanced and inflammatory breast cancers 
should receive systemic therapy before surgery (see later, "Nco
adjuvant Systemic Therapy for Operable Breast Cancer''). 

The selection of surgical procedures takes into accotmt 
pariem characreristics and orher clinical and parhologic vari
ables. Patient characteristics, including age, family history, 
menopausal status, and overal l health, are assessed. Some patients 
may undergo genetic testing for BRCA gene mutations at the 
time of diagnosis. Patients with a known mutation are generally 
counseled toward bilateral mastectomy for treatment of the 
index breast and risk reducrion of the contralateral breast. The 
Location of rbe rumor wiclili1 the breast and rumor size relative 
to breast size are evaluated. Patient preferences for breast pres
ervation versus mastectomy are determined. For patients con
sidering mastectomy, options for in1mediate reconstruction are 
discussed. 

Selection of Surgicallberapy 
Mastectomy and breast conservation therapy have been shown 
to be equivalent in terms of patient survival; therefore, d1e 
choice of surgical treatment for patients with stage I or II disease 
is individualized. Patients who desire breast-conserving surgery 
must be willing to attend postoperadve radiation treatment ses
sions and to undergo postoperative surveillance of the treated 
breast. Consideration should be made for consultation wirll a 
radiation oncologist before the planned surgery. Patients are 
advised about the risks and Long-term sequelae of radiation 
d1erapy. A mastectomy is generally recommended for parienrs 
who have contraindications ro radiation therapy. 

A significant factor in determining whed1er breast conser
vation therapy is feasible is d1e relationshjp between rumor size 
and breast size. In general, tbe tumor must be small enough in 
relation to the breast size so that the tumor can be resected with 
adequate margins and acceptable cosmesis. Inpatients wid1 large 
tlunors for whom systemic chemotherapy will likely be recom
mended in the postoperative (adjuvant) setting, d1e use of pre
operative d1emorherapy may be considered because it can 
significantly reduce the size of d1e tumor, allowing more patients 
to undergo breast-conserving surgery. If chemotherapy is admin
istered prior to surgery, it may decrease d1e ttm1or size suffi
ciently to permit breast-conserving surgery in patients who 
would not otherwise appear to be good candidates. Another 
strategy is to consider local tissue rearrangement or pedicled 
myocutaneous Raps (latissimus dorsi) to fill the defect resulting 
from breast-conserving surgery. Patients with multicentric 
tumors are usually served best by ma~tectomy because ir is dif
ficult to perform more than one breast-conserving surgery in the 
same breast with acceptable cosmesis. Although high nuclear 
grade, presence of lymphovascular invasion, and negative steroid 
hormone receptor status have all been linked to increa~ed local 
recurrence rates, none of these factors are considered absolute 
contraindications to breast conservation. 

Eligibility for Breast Conservation 
Randomized trials have demonstrated me efficacy of breast
conserving surgery for a wide variety of breast cancers and have 
defined eligibility for breast conservation. With rllese criteria 
ru1d current surgical ru1d radiation approad1es, local recurrence 
rates after llunpecromy and radiation therapy are now less than 
5o/o at 10 years in many large centers. 
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Tumor Size Tumors up to 5 em in size, ntmors with cHnically 
positive nodes, and tumors with both lobular and ductal histol
ogy were included in the randomi1-ed trials. Ln current practice, 
lumpectomy is considered in cases in which the tumor can be 
excised to clear margins and leave an acceptable cosmetic result. 

Margins Local recurrence rates are reduced when 2- to 3-mm 
microscopically clear margins arc obtained on all aspects of the 
lumpectom)' specimen. Margins should be clear for invasive 
cancer and DCIS. 

Histology lnvasive lobular cancers and cancers with an extensive 
intraductal component are eligible for lumpecromy if clear 
margins are achieved. Atypical hyperplasia and LCIS at resection 
margins do not increase local recurrence ra tes. 

Patient Age Local recurrence rates are somewhat higher for 
yow1ger versus o lder women. Local recurrence rates are reduced 
in patients of all ages with the use of radiation therapy. A radia
tion boost to the rumor bed has been shown to reduce local 
failures after lumpectomy, particularly in younger women. 

Surgical Procedures for Breast Cancer 

Breast-Conserving Surgery 
Technical Aspects Excision of the prin1ary rumor with preserva
tion of the breast bas been referred to by many rcm1s, including 
lumpectOnTJI partinl mttstectonlJI segmental mttstectonl)l segmentec
tOnT)I tylectonl): and wide Local excision. Breast-conserving surgery 
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removes the malignancy with a surrow1ding rim of grossly 
normal breast parenchyma. 1l1is procedure is depicted in Figure 
36- 12, which shows the completed lumpectomy and skin inci
sion for the axillary component of d1e procedure. A more exten
sive local procedure, quadrantectomy, used in some European 
trials of breast conservation, removes 2 to 3 em of adjacem 
breast and skin over the tumor. 1l1cse more extensive margins 
and skin excision have not been shown to improve survival and 
are not used in current approaches to breast conservation. 

TI1e breast conservation specimen that is removed is ori
ented and its edges iJlked prior to sectioning. Specimen radiog
raphy should be performed for all nonpalpable lesions or if there 
are mkrocalcifications associated wid1 the palpable rumor. Lf a 
margin appears to be close or is positive histologically on intra
operative assessment, reexcision to remove more tissue wiJI fre
quently achieve a clear margin and allow conservation of the 
breast. Orientation of the surgical specimen allows focal reexci
sion of involved margins rather than global reexcision and 
improves the cosmetic result by reducing the an1ow1t of normal 
breast parenchyma that is excised. 

TI1e surgical defect created after lumpectomy is dosed iJ1 
cosmetk fashion. 1l1ere is increa~ing interest in the use of 
advancement Aap closure and other oncoplastic surgical tech
niques to maximize the cosmetic result. 

Smgical staging of the axilla is usually performed through 
a separate incision in most patients undergoing breast conserva
tion. Sentinel lymph node dissection {see Fig. 36-128) has 
largely replaced anaromic axillary node dissection in patients 
with clinically negative axillary nodes. For patien ts who require 
axillary dissection , the extent of the dis.~ction is identical to the 

B 

FIGURE 36-12 Breast-conserving surgery. A. Incisions to remove malignant tumors are placed directly over the tumor, without tunneling. A 
transverse incision in the low axillary region is used for sentinel node biopsy or axillary dissection. The axillary dissection is identical to the 
procedure for a modified radical mastectomy. The boundaries of the operation ar·e the axillary vein superiorly, the latissimus dorsi muscle later
ally, and the chest wall medially. The inferior dissection enters the tail of Spence (the axillary tail of the breast). Inset, Excision cavity of the 
lumpectomy. B. ln. sentinel node biopsy, a similar transverse incision is made, which may be located by percutaneous mapping with the gamma 
probe if radiolabeled colloid is used. It is extended through the clavipectoral fascia and the true axilla is entered. The sentinel node is located 
by its staining with dye, radioactivity, or both, and dissected free as a single specimen. 
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axlUary component of the modified radical masteccomy (see Fig. 
36- 12A). 

Cosmetic Olallenges 1he term oncoplnstic su,gery has been popu
larized in recent years to stress the importance of achieving the 
besr possible aesrheric result in rhe conrexr of resecting the 
tumor with adequate oncologic margins. l11e goal is to retain as 
much of the natural breast size and contour as possible to 
provide optimal cosmesis and symmetry with the opposite 
breast. When the primary tumor is resected using an incision 
directly over the tumor and then dosing the skin without reap
proximating any breast tissue, several deformities can occur. 
These include volumetric deformity from a large parenchymal 
resection, retraction deformity when the seroma resorbs at the 
operative si te, skin-pectoral muscle adherence deformity, in 
whid1 the skin adheres to the underlying pectoral muscle, and 
lower pole defomuty with downward turning of the nipple 
caused by excision of a tumor in the lower hemisphere of the 
breast. 1l1ese deformities can make it diffirult for patients to 
wear athletic clothing or bathing suhs because significant asym
metry may be evident. It is important to correct these deforn1i
ties prior to radiation therapy because the irradiation may 
further accentuate any asymmetry and make it more challenging 
to correct the defect in the future. 

l11e surgeon shottld consider oncoplastic techniques when 
the following situations occur: (1) a significant area of skin will 
be resected with the tumor; (2) a large-vol.ume resection is 
expected; (3) rue rumor is in an area associated with poor cos
metic outcomes (e.g., lower henusphere below the nipple); or 
(4) resection may lead to nipple malposition. 

Extent of Breast Resedion It is not the absolute breast volume 
that will be resected but rather the ratio of the anticipated 
defect to the volume of the remaining breast parenchyma 
that is in1portant when considering oncoplastic surgery tcch
Juques. In gerteral, oncoplastic surgery should be considered 
when the surgical defect is likely to be greater than 20o/o to 
30% of the breast volume and for any rumor resection in 
the lower breast. 

Breost Size and Body Habitus Patients with large breasts are often 
good candidates for twnor resection and bilateral reduction 
mammaplasty. Breast reduction strategies can allow for improved 
aesthetic outcomes after resection of large volumes of breast 
tissue at any location. Obese patients should be considered for 
this approach because they are often poor candidates for autolo
gous tissue reconstruction after mastectomy and in1plants arc 
often nor large enough to recreate a proportional breast size. 
Breast reduction surgery is a good option because tills cru1 relieve 
the symptoms of macromastia and allow for in1proved outcomes 
after breast irradiation. 

Tumor Locotion Tumors lying directly under the 1upple-areolar 
complex ru1d those located between the nipple-areolar complex 
and infran1an1.mary fold require special attention to avoid 
nipple-areolar complex distortion ru1d contour deformity. In 
general, there must beru1 adjustme.nt ofskin ru1d well-vascttlarized 
breast parenchyma to correct for the removal of breast tissue in 
these areas. As noted, deformities in the contour will be exacer
bated by radiation and may be more challenging to correct at a 
later date. 

Timing of Oncoplastic Surgery Immediate reconstrucrion of the 
partial mastectomy defect is almost always preferred to a delayed 
approach. Oncoplastic techniques sucl1 as tissue advancemenr 
aJld local tissue rearrrulgemem at the uutial surgical procedure 
tend to provide the optimal solution. 'This approach has not 
been associ.ared with delay in delivery of adjuvam systemic 
tl1erapy or radiation delivery. In general, local tissue transfer and 
breast reduction surgery cannot be performed on the irradiated 
breast; thus, it is preferable to perform the procedure prior to 
radiation. Tissue expru1ders and implru1ts are not recommended 
to fill partial mastectomy defects because radiation may lead to 
capsular contractme, distortion, and infection. 

If a cosmetic defect occurs following breast-conserving 
smgery and radiation, reconstruction of the treated breast is 
generally not recommended for up to 1 to 2 years after radiation 
therapy has been completed. In irradiated tissue, there is a hlgher 
rate of tissue necrosis, seroma formation, ru1d infection. The use 
of vascularized tissue from outside the radiation field is the 
favored approach. If the main deformity is caused by asymmetry 
with the contralateral breast, a mastopexy of the contralateral 
breast can he considered. In general, surgical procedures on tl1e 
irradiated breast should be minimized because healing and 
recovery are in1paired, even when tl1e skin appears healthy. 

Mastectomy 
Indications Certain tumors still reqttire mastectomy, includiJig 
those tl1at are large relative to breast size, those with extensive 
calcifications on manlffiography, rumors for which clear margins 
carmor be obtained on wide local excision, and patients with 
contraindications to breast irradiation. Contraindications to the 
usc of radiation therapy include previous breast or chest wall 
irradiation, active lupus or scleroderma, ru1d pregnancy, altl10ugh 
mru1y patients pregnant at diagnosis can complete their preg
nancy and receive radiation therapy after delivery. Patient prefer
ence for mastectomy or a desire to avoid radiation is also a valid 
indication for mastectomy. 

Breast Reconstruction Breast reconstruction may be performed as 
immediate reconstruction- that is, tl1esame day as mastectomy
or as delayed reconstruction, momhs or years later. Immediate 
reconstruction has the advrultages of preservi11g the maxlmmn 
ruuount of breast ski11 for use in reconstructiOJl, combining the 
recovery period for both procedures, and avoiding a period of 
tin1e without a breast mound. Immediate reconstruction does 
not have a detrimental effect on long-term survival, local recur
rence rates, or detection of local recurrence. Reconstruction may 
be delayed i11 patients who might require postmastecromy radia
tion tl1erapy and is usually delayed in patients with locally 
advanced cancer. Reconstruction options include tissue cxpru1dcr 
ru1d implru1t ru1d autologous tissue reconstructions, most often 
with transverse rectus abdominis muscle (TRAM) fiaps, latissi
mus d orsi Aaps and, more recently, muscle-preserving perforator 
abdominal flaps. 

Tedlnical Details 
Simple ond Modified Rodklll Mostedomy Simple or total mastec
tomy refers to complete removal of the man1mary glru1d, includ
ing rhe nipple and arcola. Sentinel lymph node surgery for 
axillary staging may be performed through the mastectomy inci
sion or through a separate axillary incision. Modified radicat 
mastectomy refers to ren10val of the mammary gland, 1upple, 
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FIGURE 36-13 Total mastectomy with and without axillary dissection. A. Skin incisions are generally transverse and surround the central breast 
and nipple-areolar complex. B, Skin flaps are raised sharply to separate the gland from the overlying skin and then the gland from the underly
ing muscle. Simple mastectomy divides the breast from the axillary contents and stops at the davipectoral fascia. C. In modified radical mas
tectomy. dissection continues into the axilla and generally extends up to the axillary vein, with removal of level I and II nodes. Division of a 
branch of the axi'llary vein is shown, with separation of the node-bearing axillary fat from the axillary vein at the superior aspect of the 
dissection. 

and areola, with the addition uf a complete axillary lymph node 
dissection (Fig. 36-13). 

An elHptical skin incision is planned to include the nipple 
and areola and usually any previous excisional biopsy scars (see 
Fig. 36-l3A). Skin Raps are raised to separate the underlying 
gland from the overlying skin along the subdermal plexus (see 
Figs. 36- l3B and q . [fimmediate reconstruction is not planned, 
sufficient skin is taken to allow smooch closure of skin Raps 
without redundant skin folds. This will facilitate comfortable use 
of a breast prosthesis iJ1 the future. Lf immediate reconstruction 
is planned, a skin-sparing mastectomy may be performed in 
which only the nipple-arcola complex is removed and the 
maximum amotult of skin is left for use in the reconstruction. 
Nipple-areola-sparing mastectomy has been used with Lncreas
iJ1g frequency for patients undergoing propl1ylactic mastectomy 
for risk reduction. There are also some early reports suggesting 
that it may be appropriate for some select patients with a diag
nosis of breast cancer. 

Breast tisstLe is separated from the underlyi11g pectoralis 
muscle and the pectoral fascia is generally taken with the breast 
specimen. In a total mastectomy (see Fig. 36-13B), breast tissue 
is separated from the axil lary contents and all breast tissue super
ficial to the fascia of the axilla is removed. In a modified radical 
mastectomy, the levels I and II axillary lymph nodes are taken 
with the axillary breast tissue (see Fig. 36-13Q. Level I nodes 
are those inferior to the axillary vein and lateral to the pectoralis 
mi11or muscle and level fJ nodes are those posterior to the pee
toraHs minor. 

Lymph Node Staging 
The pathologic staws of the axillary lymph nodes is one of the 
most important prognostic factors in patients with breast cancer. 
Identification of metastatic tumor deposits in the ax.Ulary nodes 
indicates a poorer prognosis and often prompts a recommenda
tion for more aggressive systemic and locoregional therapies. 

Axillary lymph node dissection has long been a routine 
component of the smgical management of breast cancer patients. 
It provides prog111ostic information about axillary nodal status 
and also plays a therapeutic role in removing axiJJary disease in 
patients with positive nodes. The surgical procedure includes 
clearance of node-bearing tissue between the pectoralis major 

and latissimus dorsi muscles from the edge of the breast tissue 
in the low axillary region to the axillary vein and removal of the 
nodes posterior to the pectoralis minor muscle. Unfortunately, 
axillary dissection is ofren the main source of morbidity in 
patients with early-stage breast cancer. The immediate problems 
include acute pain and paresthesias, need for hospitalization, 
reduced range of motion at the shoulder joint, and need for a 
drain in the surgical bed for a period of 2 weeks or more. Long
term problems resulting from axillary dissection include lymph
edema of the ipsilateral arm, numbness, d1ronic pain, and 
reduced range of motion at the shoulder joint. 

The technique of sentinel lymph node dissection was devel
oped co reduce the morbidity associated with axillary surgery 
while still providing accurate staging information. Because many 
patients now present with clinically node-negative disease, sen
tinel lymph node dissection can identify those with proven 
node-positive disease who may benefit from completion axillary 
dissection. Those patients with a negative sentinel lymph node 
can avoid the morbidity of axillary dissection. Identification of 
the first, or sentinel, node(s) draining the area of the primary 
tumor in the breast allows for this more selective approach to 
the axi Ita. The sentiJ1el node(s) is the most likely node to contain 
metastatic disease, if present, and therefore the pathologist can 
focus the examination on the se11tinelnode(s) without the added 
cost and time required to examine the full axillary contents. In 
sentinel lymph node surgery, radiolabeled colloid and/or blue 
dye is injected into breast tissue at the site of the primary wmor; 
this then passes through the lymphatics to the first draining 
node, where the material accumulates. 'TI1e procedure can also 
be performed with injection of the mapping agents at tbc sub
areolar position or in a subdermal location overlying the site of 
the primary tumor. The sentinel node is identified as a blue 
node, radioactive node or both. rf the pathologic analysis of the 
sentinel node is negative for evidence of metastasis, the likeli
hood chat other nodes are iJwolved is sufficiently low thar axil
lary lymph node dissection is not required. Published studies 
have confirmed the proof of concept and numerous subsequent 
studies have shown that the technique is accurate. 

Identification of the sentinel node(s) allows for a more 
detaile-d analysi~ of the lymph node most likely to have a positive 
yield. In general, pathologists will section the sentinel node 
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along it$ short axis and submit all the sections for paraffin 
embedding of the tissues. The paraffin blocks can the11 be sec
tioned and exami11ed with hematoxylin and eosi11 staining of 
sections from each block. Some pathologists will perform more 
detailed analysis of the sentu1el nodes with step-sectioning of 
the paraffin blocks and immunohistochemical staining for cyro
keratul, which enhances sensitivity by allowing detection of 
micrometastases. However. the clinical relevance of these micro
metastases and small tumor deposits detected by immunohisto
chemical techniques has been questioned.18 

Sentinel Node Technique 
Lymphatic mapping can be performed with a combmation of 
technetium-labeled sulfur colloid and a vital blue dye (isosulfan 
blue [Lymphazurin]) or with a single agent for localization of 
the se,ntinellymph node. A number of studies have shown that 
using the combination tedutique results in the lowest possible 
false-negative rate. Preoperative lymphoscintigrapby can provide 
ulformation 011 the specific nodal basins drainUlg the primary 
tumor and can also demonstrate the number of sentinel nodes 
in each nodal basin. Using a peritumoral injection technique, 
approximately 70o/o of patients will have drainage to the axilla, 
2Qo/o will have draiJ1age tO both the axilla and mternal IDanlffiar}' 
nodal ba~in, 2o/o to 3% will have drainage to the internal 
manlffiary nodal basm alone, and approximately 8o/o will not 
show any drainage to the regional nodal basins. Jf a subareolar 
or subdermal injection technique is used, drainage is seen only 
to the axillary nodal basins. If preoperative lymphosciJ1tigraphy 
demonstrates draiJ1age to the internal man1mary lymph nodes, 
an internal mammary sentinel node biopsy can be considered. 
lhe inability to demonstrate a sentinel lymph node on preopera
tive lymphoscilntigraphy does not preclude the success of iden
tifying a sentinel node intraoperatively but may indicate a hjgher 
chance of identifying positive lymph nodes. A dose of 2.5 mCi 
of technetilllll-laheled sulfur colloid can he injected on the day 
prior to surgery for the preoperative lymphoscintigraphy. This 
allows for adequate activity to remam iJ1 the sentmel nodes for 
the u1traoperative lymphatic mappmg procedure the following 
day, without the need for reiJ1jection. 

In the operatmg suite, 3 to 5 mL of blue dye is injected 
peritumorally and the injection site is massaged to facill tate 
passage of the dye through the lymphatics. A handheld ganlffia 
probe is used to transcutaneously localize the area of mcreased 
radioactivi ty and trus helps to guide placement of the mcision 
for the sentinel node procedure. After the incision is made, 
localization of an area of u1creased radioactivity is made with the 
hand-held gamma probe and the surgeon visualizes blue lym
phatic channels leading to the sentinel node. Dissection is per
formed to avo.id prematurely disrupting the afferent lymphatics. 
lf a blue-stamed lymphatic cha1U1el or a specific area of radio
activity ("hot spot") cannot be identified, resection of the 
prm1ary tumor can be performed to remove the site ofmjection, 
decreasu1g the background shiJ1e-through radioactivity. The sen
tinel node may then be identifi ed and removed and the nodal 
basin is checked again to confirm that the level of radioactivity 
has decreased. If the level of radioactivity remains l1igh, addi
tional sentinel nodes may remain in the nodal basm and addi
tional dissection should be completed to remove all sentinel 
nodes. Published studies have demonstrated an average of two 
or three senrinel nodes per patient. 

Surgeons experienced in sentinel lymph node surgery can 
identify a sentmel node in more than 95% of patients. The false
negative rate for sentinel lymph node surgery ranges from Oo/o 
to up to 1 Oo/o, as reported iJ1 the NSABP B-32 trial.19 Surgeons 
should be tramed m the technique of sentinel lymph node 
surgery prior ro using thi~ procedure as a staging wol. Parienrs 
who present with cliJucally palpable lymph nodes should be 
evaluated with axUlary ultrasonography and FNA biopsy of the 
nodes. If axillary metastasis is confirmed, patients can proceed 
directly to staJ1dard axillary node dissection or be considered for 
preoperative chemotherapy. lf axillary metastasis is not con-
6rmed by FNA biopsy, patients can proceed to sentmel lymph 
node surgery for staging. 

Some studies have shown that patiems who have Lmder
gone previous excisional biopsy of the primary tumor are more 
likely to have a false-negative sentmel lymph node.19 The lym
phatics may be disrupted by the biopsy, which can affect dram
age patterns of the area surrow1ding the excisional biopsy site. 
To avoid tbjs scenario, core needle biopsy is the preferred d iag
nostic approach in patients suspected of having breast cancer. 

Sentinel lymph node surgery was reported m older studies 
to be less accurate in patients treated with preoperative chemo
therapy. A meta-analysis of the published studies 011 sentinel 
node surgery after chemotherapy has suggested that this tech
nique is accurate; a recent comparison has shown that false
negative rates after chemotherapy compare favorably with those 
observed in patients who undergo surgery first.20 Patients with 
documented metastasis prior to the iJ:titiation of chemotherapy 
should undergo standard axillary node dissection on completion 
of clcemotherapy. 

Morbidity rates are substantially lower with sentmel node 
dissection compared with axillary dissection. Another advantage 
is that sentinel lymph node dissection can be performed as an 
outpatient procedure and does not require a drain. Patients have 
more rapid rcntrn to full mobillty and arc able to return to work 
aJld other activities weeks sooner than after axillary dissection. 
Long-term morbidity, including lymphedema. numbness, and 
chronic paiJ1, is greatly reduced. 

SentiJ1el node dissection has bee11 shown to provide reliable 
pathologic staging of the axilla, with false-negative rates gener
ally lower than 5% m experienced ha11ds. Axillary recurrence 
rates have been shown to be extremely low after a negative sen
tinel node biopsy without axillary dissection. A negative semiJ1el 
node biopsy is now widely accepted as sufficient to establish a 
patient as node-negative, with no further axillary treatment 
requi red.19 

When the sentinel node contains metastatic disease, the 
likelihood of additional mvolved nodes is directly proportional 
to the size of the breast primary, presence of lymphatic vascular 
in vas ion, and size of the lymph node metastasis. In approximately 
50% of patients with positive sentinel nodes, the sentmel node is 
the only positive node. In the presence of a positivesentinel node, 
treatment guidelines have dictated completion axillary lymph 
node dissection (ALND) as the sta11dard. This is most commonly 
achieved with a completion level I and II axillary dissection. 
Although ALND has been sta11dard practice for patients with 
positive SLNs, the need for ALND in all patient~ with a positive 
SLN bas come into question because many patients have small
volLmle metastases and d1e sentinel node is often d1e only positive 
node. A meta-analysis of studies evaluating patients wicl1 positive 
sentinel nodes has shown that 53o/o of patients have additional 

http://www.myuptodate.com


positive nodes at ALND ?1 In the case of micrometastatic disease 
in the sentinel nodes, the rate of nonsentinel node involvement 
is as low a~ 20% and, for patients with isolated tumor ceUs, it is 
below 12%. This has led to a trend of omitting ALND in selected 
patients with positive sentinel nodes. An analysis of the SEER 
data from 1998 m 2004 revealed d1at up m 16% of sentinel 
node-positive patients did not undergo ALND. "This was seen 
more commonly in older patients with low-grade, ER-positive 
twnors. During chis time frame, the munber of patients with 
micrometasta~is in the sentinel node who did not undergo ALND 
increased from 21% to 38%. A review of the National Cancer 
Data Base (NCDB) data from 1998 to 2005 revealed similar 
fu1dings, with 20.8% of sentinel-node positive patients avoiding 
ALND. There were no differences seen in axillary recurrence rates 
or survival for patients who had sentinel node surgery only versus 
those who underwent ALND. 

One factor that may have contributed to the decrease in 
ALND for patients with positive sentinel nodes is the emergence 
of the use of nomogranlS, which can predkt the probability of 
disease burden in the undissected nonsentind nodes. For patients 
with micrometastasis in one of several sentinel nodes, or those 
with disease detected by inlffiunohistochemistry only, the esti
mated risk of additional positive nodes remaining in the axilla 
is low. 1he fust nomogram developed was published by 
researchers from the Memorial Sloan Kettering Cancer Center 
(MSKCC) and is available to clinicians on the Internet (http:// 
nomograms.mskcc.org/Breasdindex.aspx). A more recent tool, 
developed at the M.D. Anderson Cancer Cemer, includes 
the important variable of sentinel node metastasis size. 1his 
nomogran1 is also available on the Internet (http://www3. 
rod anderson.org/ app/ medcalc/bc_n omogram2/ index.cfm? 
pagename=nsln). Both these nomograms have been validated to 
estimate the degree of additional nodal involvement based on 
characteristics of the patient, primary tumor, number of sentinel 
nodes, and other factors. 1l1ese and other nomogran1s can be 
used by the surgeon, in combination with clinical judgment and 
other available information, to estimate the risk of additional 
positive nonsentinel nodes in an individual patient. 

1l1e American College of Surgeons Oncology Group 
(ACOSOG) initiated a prospective randomized trial in 1999 
designed specificaUy to evaluate the impact of ALND on locore
gional recurrence and survival .in patients with early-stage breast 
cancer.22 1l1e ACOSOG Z0011 trial enrolled patients with clini
cal T1 or T2 breast cancer with one or two positive sentinel 
nodes who were planned for breast-conserving surgery and 
whole-breast irradiation and then randomized them to undergo 
completion ALND or no further surgery (sentinel node surgery 
alone). The primary end point of ZOOll was overall survival 
with locoregional recurrence as a secondary end point. Patients 
who participatedl in Z0011 had relatively favorable disease char
acteristics; median age was 55 years, 70% had T1 nlffiors, 82% 
had ER-positive tumors, 71 o/o had only one positive sentinel 
node, and 44% had micrometastases. At a median follow-up of 
6.3 years, local recurrence was seen in 3.6% (n = 29) of the 
ALND group versus 1.8% (n = 8) of the sentinel node only 
group. Axillary recurrences were reponed iJl 0.5% (n = 2) of 
patients in the ALND group versus 0.9% (n = 4) in the sentinel 
node only group. 1l1ere were no differences in overall survival 
(91.9% af[er ALND ver"Sus 92.5% af[er sentinel node only; P == 
.24) or disease-free survival at 5 years (82.2% after ALND versus 
83.8% after sentinel node only). The Z0011 study investigators 
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concluded that the routine use of ALND was not j usti.fied in all 
patients with early-stage breast cancer found to have a positive 
sentiJ1elnode. The results of this study are practice-changing. It 
is now widely believed that ALND may be safely omitted in 
select patients with clin.icaUy node-negative dise.a~e who have a 
positive sentinel node and are similar ro the participants in the 
ZOOll trial-women with Tl or T2. clinically node-negative 
brea~t cancer who undergo breast-conserving surgery and whole
breast irradiation who have one or two positive sentinel nodes 
and are planned for adjuvant systemic therapy. Patients with a 
positive sentinel node undergoing mastectomy and those under
going breast-conserving surgery who are planned for accelerated 
partial-breast irradiation (APBI) should continue m undergo 
ALND as standard practice. 

Axillary lymph node dissection remains the standard of 
care for patients with locally advanced breast cancer or inflam
matory breast cancer, for those with a positive sentinel node who 
are plaru1ed for maHectomy, and for those with a positive sen
tinel n.ode after neoadjuvant chemotherapy. 

TREATMENT OF DUCTAL CARCINOMA IN SITU 
(INTRADUCTAL CARCINOMA) 
DCIS. or intraductal cancer, currently accounts for approxi
mately 25% of all newly diagnosed breast cancers, with more 
than 54,000 new cases diagnosed in 2010. Most DCIS is char
acterized by an area of clustered calcifications on a screening 
man1mogram, without an associated palpable abnormality. 
Rarely, DCIS will be manifested as a palpable mas~ or as tmilac
eral, single-duct nipple discl1arge. 

Man1mographic findings in patients with DCIS include 
clustered calcifications without an associated density in 75% of 
patients, calcifications coexisting with an associated density iJl 
15%, and a density alone in 10%. 1l1e calcifications seen on a 
mammogram generally correspond to areas within the central 
involved duct in which there is often necrosis and deb.ris. DCIS 
calcifications tend to cluster closely together, are pleomorphic, 
and may be linear or branching, thus suggesting their ductal 
origin. 

DCIS is viewed as a precursor of invasive ductal cancer and 
treatmeJ1t aims to ren10ve the DCIS to prevent progression to 
invasive disea~e. Because the risk for metastatic disease in patients 
with DClS without demonstrable invasion is rare ( <1 o/o), sys
temic cl1emotherapy is not required. Hormonal therapy may 
be used for prevention of new primary tumors and to improve 
local control after breast-conserving therapy but is generally 
only recommended when the DCIS is positive for ER on 
immunohistochemistry. 

Treatment recoJ11nlendations for an individual patient with 
DCIS are based on the extent of disease withiJl the breast, his
tologic grade, ER status, and presence of microinvasion, as weU 
as patienr age and preference. Treatment options for DCIS 
include mastectomy, breast-conserving surgery with irradiation. 
and breast-conserving surgery alone. When the patient is treated 
with breast conservation or unilateral mastectomy, there is also 
the option of adjuvant hormonal therapy with tamoxifen as risk 
reduction for future breast cancers?3 

Mastectomy 
Breast cancer mortality after trt-atment of DCIS by total mas
tectomy is 1 o/o, which is the standard against which breast
conserving approaches are compared (Table 36-7). Local 
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Table 36-7 Recurrence and Mortality Rates After Mastectomy for Ductal carcinoma in Situ 
DATES OF NO. OF NONCUNJCAL NO. OF NO. DEAD 

STUDY (YEAR) STUDY PATIENTS FOLLOW-UP (YR) (o/o) RECURRENCES OF DISEASE 
Farrow {1970)" 1949-1967 181 5-20 0 6 4 

Brown et al (1976)b 1952-1975 39 1-15 10 0 0 

Carter and Smith {1977)' 1960-1975 28 1-14 

Sunshine et al {1985)d 1960-1980 73 1o-year minimum 0 4 3 

Von Rueden and Wilson {1984)• 1960-1981 45 Not reported 8 0 

Ashikari et al {1971)1 1960-1969 92 11 year maximum 40 0 0 

Schuh et al (1986)' 1965-1984 49 5.5 mean 33 

Kinne et al (1989)h 1970-1976 101 11.5 median 58 

Lagios et al (1982}1 1975-1980 42 Not reported 0 0 

Fisher et al ( 1986)1 1976-1984 27 5 

Arnesson et al {1989)k 1978-1984 28 6.4 median 100 0 0 

Ward et al ( 1992)' 1979-1983 123 10 11 ? 

Silverstein (1997)m 1979-1990 98 4.9 median 62 0 

Total 926 17 (2%) 11(1%} 

Data from the following sources: 

'Farrow JH: Current concepts in the detection and treatment of the earliest of the early breast cancers. Cancer 25:468, 1970. 

'Brown PW, Silverman J, Owens E. et al: Intraductal •noninfiltrating" carcinoma of the breast Arch Surg 111 :1063, 1976. 

'Carter D, Smith RL: Carcinoma in situ of the breast cancer 40:1189, 19n. 

"sunshine JA. Moseley MS, Aetcher WS, et al: Breast carcinoma in situ: A retrospective review of 112 cases with a minimum Jo-year follow-up. Am J Surg 150:44, 1985. 

'Von Rueden DG, Wilson RE: Intraductal carcinoma of the breast Surg Gynecol Obstet 158:105 .• 1984. 

'Ashikari R, Hajdu 51, Robbins GF: Intraductal carcinoma of the breast (196o-1969). Cancer 28:1182, 1971. 

gSchuh ME, Nemoto T, Penetrante R, et al: Intraductal carcinoma: Analysis of presentation, pathologic findings. and outcome of disease. Arch Surg 121:1303, 1986. 

"Kinne OW, Petrek JA. Osborne MP, et al: Breast carcinoma in situ. Arch Surg 124:33, 1989. 
1Lagios MD, Westdahl PR, Margolin FR, et al: Duct carcinoma in situ: Relationship of extent of noninvasive disease to the frequency of occult invasion, multicentricity, lymph 
node metastases, and short-term treatment failures. Cancer so: 1309, 1982. 

lf'ISher ER. Sass R, Fisher B, et al: Pathologic findings from the National Surgical Adjuvant Breast Project (Protocol6).1: Intraductal carcinoma (OCIS). cancer 57:197, 1986. 
kAmesson LG, Smeds S, Fagerberg G, et al: Follow-up of two treatment modalities for ductal cancer in situ of the breast. Br J Surg 76:672, 1989. 

Ward BA, McKhann CF, Ravikumar TS: Ten-year follow-up of breast carcinoma in situ in Connecticut Arch Surg 127:1392, 1992. 

"'Silverstein MJ (ed1): Ductal carcinoma in situ of the breast Baltimore, 1997, Williams & Wilkins, p 443. 

recu.rrences are rare and suggest malignant transformation of 
residual glandular tissue.. Metastatic disease in patients with pure 
DCIS is suggestive of a histologically unrecognized invasive 
carcinoma in the mastectomy specimen or the development of 
a contralateral [primary. 

Reasons tO select total mastectomy for treatment of DCIS 
iJ1clude the foiJowing: 

1. Diffuse suspicious mammographic calci.fications sug
gestive of extensive disease 

2. Inability to obtain d ear margins with breast
conserving surgery 

3. Likelihood of a poor cosmetic result after breast
conserving surgery 

4. Patient not motivated to preserve her breast 
5. Contraindications to racliation therapy 

Contraindications to breast irradiation include the 
foUowing: 

1. Previous irradiatiOJl of the breast or chest wall 
2. Collagen vascular disease (sclerodem1a or active 

lupus) 
3. First- or second-trimester pregnancy 

Breast Conservation nterapy 
As in the case of invasive breast cancer, breast conservation for 
DCIS requires resection to microscopically clear margins. The 
use of adjuvant whole-breast radiation therapy has been demon
strated in prospective randomized trials to decrease the risk for 
local recurrence. Tl1e use of hormonal therapy in ER-positive 
DCIS can further decrease the risk for local recurrence and also 
reduces the risk for development of new contralateral and ipsi
lateral breast cancers. 

The use of racliation after lumpectomy bas been investi
gated in four prospective randomized trials and the results of 
these studies have been remarkably consistent. Tl1e NSABP B-17 
trial randomized 818 women with DClS to lumpectomy alone 
versus lumpectomy plus 50 Gy of postoperative whole-breast 
irradiation, and 12-year actuarial recl!Irence data showed that 
the addition of racliation decreased the ipsilateral recurrence rate 
from 30.8% in patients undergoing excision alone to 14.9% in 
patients undergoing excision with irracliation (P < .000005).z4 

The use of radiation thempy resulted in a decrease in the inci
dence of invasive breast cancer (L6.4%versus7.1 %: P< .00001), 
with a smaller decrease in the incidence of in situ tecunence 
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Table 36-8 Randomized Trials of Lumpectomy for Ductal carcinoma in Situ: Impact of Radiation Therapy and Tamoxifen 
Local Recurrence Rates (Ofo) 

NO. OF FOLLOW-UP LUMPECTOMY LUMPECTOMY + 
TRIAL PATIENTS (YR) LUMPECTOMY + XRT XRT + TAMOXIFEN PVALUE 
NSABP B-1 7" 818 12 30.8 14.9 <.000005 

EORTC 10853° 1010 4.25 16 9 <.005 

UK ANI. 1701 5 20 8 6 <.0001 

SweDClS 1067 5 7 22 <.0001 

NSABP B-24< 1804 7 9 6 0.04 

EORTC, European Organization for Research and Treabnem of Cancer; NSABP, National Surgical! h!juvant Breast and Bowel Project; SWeDC/5, Swedish ductal carcinoma 
in situ trial; UK ANZ, United Kingd0111, Australia and New Zealand; XRT, Radiation therapy. 

Data from the following sources: 
'F"tSher B, Dignam J, Wolmark N, et al: lumpectomy and radiation therapy for the treatment of intraductal breast cancer: Findings fr0111 National Surgical Adjuvant Breast 
and Bowel Project 8-17. J din Oncol 16:441, 1998. 
bJulien JP, Bijker N, FEntiman IS, et al: Radiotherapy in breast-<onserving treatment for ductal carcinoma in situ: First results of the EORTC randomised phase Ill trial 10853. 
EORTC Breast Cancer Cooperative Group and EORTC Radiotherapy Group. lancet 355:528, 2000. 
<fisher B. land S, Mamounas E. et al: Prevention of invasive breast cancer in women with ductal carcinoma in situ: An update of the National Surgical J!(ljuvant Breast and 
Bowel Project experience. Semin Oncol 28:400, 2001. 

(14.1% versus 7.:8%; P< .001; Table 36-8). The EORTC 10853 
trial randomized lUI 0 women with DC!S to lumpectomy alone 
versus lumpcctomy plus 50 Gy of radiation therapy.25 Radiation 
use improved the 10-year rates of breast recurrence from 26% 
to 15% (P < .0001) and rhe rates of invasive recurrences from 
13% to 8% (P = .0011). The UK ANZ (United Kingdom, 
Australia, and New Zealand) trial was a third large randomized 
trial that simultaneously evaluated the benefit of radiation 
therapy and tanlo:Kifen after breast conservation surgery for 
patients wirl1 DCIS.26 This trial, wbicb enrolled 1701 patients, 
also demonstrated that radiation therapy reduced the risk of 
overall breast cancer recurrence (hazard ratio [HR], 0.38; P < 
.0001) and invasive breast cancer recurrence (HR, 0.45; P = 
.01). Finally, the SweDICS trial enrolled l067 patients with 
DCIS; after a median follow-up of 5 years, a cumulative inci
dence of breast recurrence of22% in the group that underwent 
surgery only versus 7o/o in the group that received surgery plus 
radiation (P < .0001) was reported. 

Attempts have been made to identify subsets of DCIS for 
which wide excision without irradiation would provide sufficient 
local control. Silvcrsteinz:- derived the Van Nuys criteria &om a 
series of DCIS patients treated by wide excision, with and 
without radiation therapy. 1l1ey proposed a system tO identify 
patients who do not need radiation therapy based on low DCIS 
nuclear grade, small size of the lesion, age of the patient, and 
width of d1c surgical margin. They have reported low breast 
recurrence rates with surgery alone for patients with favorable 
Van Nuys scores. However, in a prospective trial testing thi~ 
approach, investigators &om Harvard enrolled 158 patients 
from the most favorable Van Nuys subset (low- or intermediate
grade DCIS <2.5 em, with a minimum 1-cm margin on exci
sion) and were not able to reproduce their results; they stopped 
the trial early be.cause the rates of recurrence exceeded the pre
defined stoppi11g rules. Most recently, the first result of a rela
tively large prospective single-arm study investigating surgery 
that achieved a 3 mm or greater negative margin without radia
tion for favorable subsets of patients with OCIS ha~ been 
reported by Eastern Cooperative Oncology Group (ECOG) 

i.Jwcstigators.28 Patients with low- or intermediate-grade DCIS 
measuring 2.5 em or smaller had a 5-year rate of ipsilateral 
breast recurrence of only 6.1 o/o. In contrast, patients with high
grade disease had a much higher 5-year rate of recurrence, 
15.3%. In summary, these data suggest that most patients with 
DCIS should be recommended to receive whole-breast irradia
tion followi.J1g l.umpectomy. 1l1e one subgroup who appears to 
have favorable outcome arc those patients with small-, Low-, or 
intermediate-grade lesions. 

Role of Tamoxifen 
1l1e use of tamorifen has been shown to reduce the risk for 
development of new breast cancers in high-risk women, includ
u1g those with previous breast cancer (see earlier, "Chemopre
vention for Breast Cancer"). To evaluate the benefit of tan10xifen 
for DCIS, the NSABP B-24 protocol randomized 1804 women 
who underwent lumpectomy and radiation clJerapy for DCIS to 
5 years of tan1oxifen versus placebo.23 Study criteria allowed 
cnroilmem of patients with positive margins, and ER measure
ments were not performed. At 7 years of follow-up, the addition 
of tamorifen to Iumpectomy and radiation tl1erapy decreased 
the incidence of recurrent ipsilateral breast cancers from 9o/o to 
6o/o and the risk for a new contralateral breast cancer was reduced 
by 47% (an absolute reduction of 2o/o; see Table 36-8). 

Combining clJe results ofNSABP B-17 and NSABP B-24 
at 7 years of follow-up, the total ipsilateral and contralateral 
breast cancer recurrence rate was 30% for excision alone, 170,4, 
for exdsion with radiation therapy, and 1 Oo/o for excision, irra
diation, and tanlorifen. Subsequent analyses have demonstrated 
that the benefit from tamoxifen is seen only in women whose 
DCIS js ER-positive. Patients at highest risk for local recurrence, 
and therefore those most likely to benefit from tan1orifen, were 
patients with positive margins, comedo necrosis, a ma'>S on 
physical exanlination, and age younger chan 50 years. For uldi
vidual patients, the benefits of tamoxifen are weighed against its 
side effects, including risk for endometrial carcinoma, thrombo
embolic events, hot £\ashes, and cataracts. 
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Sentinel Node Biopsy 
DCIS, by definition, represents breast cancer contained within 
an intact basement membrane and without access to lymphatic 
or vascular channels. However, when axillary dissection is per
formed during mastectomy for .intraductal disease, positive 
nodes can be seen in up ro 3.6% of cases, as identified in a review 
of more than 10,000 patients iJ1 the National Cancer Database. 
1hese positive nodes probably result from the presence of micro
invasion in the primary tumor that was not detected on routine 
pathologic aJ1alysis. 

Patients with small, mammographically detected areas of 
DCIS have very low rates of occult invasion, so surgical staging 
of d1e axilla is nor necessary. However, in women undergoing 
breast-conserving surgery for larger areas of DCIS, particularly 
those with hjgh-grade histology or when the suspicion for 
mjcroinvasion is high, sentinel node surgery to evaluate the 
lymph nodes may be considered. 

Sentinel node surgery is currently recommended when 
mastectomy is performed for DCIS because up to 20% of 
patients with DCIS on a diagnostic core needle biopsy will be 
found to have invasive cancer on detailed evaluation of the 
mastectomy specimen. The addition of sentinel node surgery to 
mastectomy adds mi.njmal morbidity and, because sentinel node 
mapping is no longer possible after mastectomy, avoids the need 
for axillary dissection if i nva~ive cancer is identified. 

RADIAnON THERAPY FOR BREAST CANCER 

After Breast-Conserving Surgery 
For patients with invasive breast cancer treated with breast
conserving surgery, adjuvant radiation to the breast ha~ been 
conclusively demonstrated to reduce the probability of a breast 
recurrence and improve outcome. The EBCTCG has published 
a meta-analysis of the data from 7300 women wh<> participated 
in randomized trials of breast-conserving surgery, with or 
wi thout radiation therapy.29 In this analysis, radiation wa~ found 
to reduce tl1c 10-year rate of in-breast recurrence from 29% to 
10% for patients with negative lymph nodes and from 47% to 
13% for patients with positive lymph nodes. Importantly, this 
i.mproven1ent in local control led to a reduction in the 15-year 
breast cancer mortality and overall death rate. O n the basis of 
these data, radiation treamtents should be considered as a staJl
dard. Most trials attempting to define subgroups who could 
potentially avoid radiation after ltunpectomy have been tmsuc
cessful, with the one potential exception of patients older than 
70 years who undergo lumpectomy aJld adjuvant hormonal 
therapy for a stage I ER-positive breast cancer.30 

Historically, radiation treatments after lumpectomy have 
consisted of a 6- to 8-wcek treatment course, which CaJl be a 
hardship for patients. An importaJlt CanadiaJl trial was suc
cessful in comparing a more abbreviated whole-breast irradia
tion treatment schedule. Based on long-term outcome results 
from this study, it is reasonable to treat a postmenopausal 
patient with a non- high-grade, estrogen receptor-positive, 
stage I breast cancer wim a 16-fraction course of treatment, 
shortening the overall treatment time to approximately 3 
weeks. In addit ion to this approach, there has been signifiCaJH 
interest in shortening the rreatment comse to J week or less 
but focu.~iJ1g the radiation treatment exclusively to the area 
around the tumor bed. This approach, called partitll-brenst 

irrnd1Ation, may be performed with brachytherapy catheters, 
balloon catheters, or external bean1 radiation. Results from 
large phase III clinical trials comparing this approad1 with 
conventional whole breast treatment have yet to mature. None
theless, the approach bas proven to be popular with physicians 
and patients. Recendy, rhe American Society for Radiation 
Oncology (ASTRO) published a consensus statement ltigh
Ughting appropriate selection criteria that should be considered 
if patients arc to be treated with this approach outside the 
context of a clinical trial.31 

Posbnastectomy Radiation lberapy 
For patients with TlNO or T2NO breast cancer, mastectomy and 
sentinel lymph node dissection provide effective local control 
and radiation therapy is not required.32 In contrast, it is clear 
that patients with stage III breast cancer have high rates of 
locoregional recurrence after treatment with a modified radica\ 
mastectomy and adjuvaJlt or neoadjuvant chemotherapy. Clini
cal trial data indicate that postmastcctomy radiation can signifi
canrly improve the outcome of patients who have a 20% to 40% 
risk of locoregional recurrence. 

wee prospective raJldomized trials have addressed the role 
of postmastcctomy irradiation. In the Danish Trials, premeno
pausal women with stage II or liT breast cancer were randomir.ed 
to chemotherapy alone or chemotherapy plus chest wall and 
nodal irradiation (protocol 82b); postmenopausal women were 
raJtdomized to camoxifen alone or tamoxifen plus radiation 
therapy (protocol 82c).33 In the British Columbia study, pre
menopausal women with node-positive breast cancer were ran
domized to chemotherapy alone or chemotherapy plus chest 
wall and nodal irradiation:w [n addition to the expected benefit 
in reducing locoregional recurrences, postmastcctomy irradia
tion also resulted in a significant improvement in overall survival 
in all three trials (Table 36-9). L1 2005, the EBCTCG pubJished 
the results of their meta-analysis of postmastectomy radiation 
trials, which included data from 9933 patients treated wim 
mastectomy or axillary clearance, with or without postmastec
tomy radiation.32 Postmastectomy radiation tl1erapy decreased 
the 15-year isolated locoregional recurrence rate for patients 
with lymph node-positive disc..oase from 29% to 8% and reduced 
the 15-year breast cancer mortality rate from 60% (no radiation) 
to 55% (radiation). 1he most recent aJlalysis from this group 
has suggested tl1at similar benefits are noted for patients with 
one to three positive lymph nodes as those with four or more 
positive lymph nodes. 

There is consensus thar patients with four or more positive 
lymph nodes, or other features that lead. to stage m disease. 
should be recommended to receive radiation. However, the use 
of postmastcctomy radiation for patients with Stage ll disease is 
controversial. TI1is is because a number ClfU.S. series have indi
cated that locoregional recurrence rates after a standard modified 
radical mastectomy and adjuvant chemotherapy are only 12% 
to 15%, mucl1 lowcr d1an that reported in the clinical trials and 
the EBCTCG meta-analysis. Based on this disparity, it is reason
able to consider postmastectomy radiation only for selected 
patients wi th stage rr disease, such a~ those with extracapsular 
extension, lymphovascular space invasion, age 40 years or 
younger, dose smgical margins, a nodal positivity r"3.tio of 20% 
or greater, and tl10se patients who have undergone less thaJl a 
StaJldard axillary level I or rr dissectiOil. 
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Table 36-9 Trials of Systemic Therapy With or Without Irradiation After Mastectomy ,._ __ _ 
No. of Patients Local Recurrence Rate (%) Overall Survival (%) 

SYSTE.MIC 
THERAPY + 
XRT 

SYSTEMIC 
THERAPY 
ALONE 

SYSTE.MIC SYSTIMIC SYSTEMIC SYSTEMIC 
THERAPY + THERAPY THERAPY + THERAPY 

TRIAL 
DBCG 82b 

{10 yr; 
chemo)" 

TOTAL 
1708 

XRT ALONE P VALUE XRT ALONE PVALUE 
<0.001 

DBCG 82c 
{10 yr; 
tamoxifen)~> 

DBCG 82c 
(combined 
18 yr) 

British 
Columbia 
Trial 
(20 yr)< 

852 

686 

1538 

164 

856 

689 1375 

1545 3083 

154 318 

9 32 <0.001 54 45 

35 <0.001 45 38 0.03 

14 49 <0.001 37 27 

13 25 64 54 0.003* 

chemo, Chemotherapy; DBCC, Danish Breast Cancer Group; XRT, radiation therapy. 
*Aggregate P value for comparisons at various follow-up intervals; this is the 1o-year result 
Data from the following sources: 
"'vergaard M, Hansen Per S, Overgaard J. et al: Postoperative radiotherapy in high-risk premenopausal women with breast cancer who receive adjuvant chemotherapy. 
N Engl J Med 337:949, 1997. 
"overgaard M, Jensen M-8, Overgaard J, et al: Postoperative radiotherapy in high-risk postmenopausal breast cancer patients given adjuvant tamoxifen: Danish Breast 
Cancer Cooperative Group DBCG 82c randomized trial. Lancet 353:1641, 1999. 
'Ragaz J, Jackson S, Le N, et al: Adjuvant radiotherapy and chemotherapy in node-positive premenopausal women with breast cancer. N Engl J Med 337:956, 1997. 

SYSTEMIC THERAPY FOR BREAST CANCER 
Despite advances in locoregional therapy, a significant propor
tion of women with breast cancer will develop metastatic disease 
within 5 to lO years after diagnosis. For most patients who 
develop metastatic breast cancer, this is a fatal condition. A 
systemic approach of treatment with medications is used to treat 
and prevent recurrence of possible microscopic metastatic 
disease. For women with advanced stage IV breast cancer, sys
temic therapy is given i.n efforts to palliate symptoms from 
cancer and potentially to prolong survival. Currenr thinking 
places the metastatic event early in the progression of breast 
cancer, probably before initial dini.cal evaluatio11 in most 
patients. This concept argues for a systemic approach to breast 
cancer, administered in concert with local treatment. The 
missing link is the ability m detect occult merastatic disease 
accurately and select appropriate patients to receive systemic 
treatment. 

Goals of Therapy and Determination of 
Risk of Harm 
For stages l to ill invasive breast cancer, the goals of treatment 
for patients are curative. Treatment is considered in the context 
of the potential benefits of therapy based on reduction of risk 
of recurrence, as well as the potential harm of treatment. In 
addition, patient preferences are strongly considered when deter
mining adjuvant therapy use. For some patients, their personal 
belief is that the reduction in risk of recurrence with therapy is 
not worth the adverse effects of the treatment, in particular for 
chemotherapy. Often, several long discussions regarding therapy 
are essemial when determining the treatment that best suirs an 
individual patient. 

With increasing stage of disea~e is an associated increased 
ris.k in d1e development of systenuc recurrence. Not only does 

the volume (extent) of disease present at diagnosis affect the risk 
of cancer recurrence, the biologic characteristics of an individual 
tumor also influence the risk of recurrence. The most commonly 
used biomarkers- ER, PR, and HER-2-affect prognC>sis and 
are also predictive of respC>nse to different therapies. [n very 
general terms, tumors that have low levels of expression of estro
gen and PR, as weU as tumors with high levels of HER-2, are 
associated with worse cancer outcomes wben compared with 
tumors that are strongly estrogen- and PR-positive and HER-
2-negative or normal. For most patients, risk of recurrence is 
estimated based on population-based statistics. Current federal 
and international guldelli1es use stage and biologic characteris
tics in the development of treatment recommendations (Table 
36-10). 

Recemly, multigene assays (e.g., 21-gene recurrence score 
assay and MammaPrint assay) have been developed in an attempt 
to identify a specific molecular phenotype of an individual 
patient 's tumor and then to use ti:Us phenotype in predicting the 
res~onse to therapy or provide information regarding progno
sis. 5 For example, the Oncotype DX assay was developed from 
a candidate pool of 250 genes and narrowed to a specific 21-gene 
panel based on three independenr studies of the candidate 
genes. ' ~ This assay was validated .first in a patient population 
with ER-positive, lymph node-negative breast cancer (NSABP 
B-14). It was fow1d to be prognostic in terms of estimating 
overall survival and predictive for benefits from differing thera
pies, with higher recurrence scores estimating increased benefit 
from chemotherapy and lower scores estimating lesser benefit 
from chemotherapy and increased benefit from endocriJle 
therapy. This assay was also validated in subsequent studies. The 
Oncorype DX (21-gene recurrence score) assay is a tool available 
to assist clinicians in estimating the benefits of therapy for 
paclenrs wid1 lymph node-negative, ER-positive breast cancer. 
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Table 36-10 Decision Making for Medical Therapy 
STAGE 

I (<lan) 

Hormone receptor-positive 

Hormone receptor- negative 

HER-2-positive 

I (>Jan) 

Hormone receptor- positive 

Hormone receptor- negative 

HER-2-positive 

II (LN negative) 

Hormone receptor- positive 

Hormone receptor-negative 

HER-2- positive 

II (LN positive), Ill 

Hormone receptor- positive 

Hormone receptor-negative 

HER-2-positive 

LN, Lymph node. 

MEDICAL THERAPY 

Endocrine therapy ± chemotherapy 

Consider chemotherapy 

Strongly consider trastuzumab based 
chemotherapy 

Endocrine therapy ± chemotherapy 

Chemotherapy 

Trastuzumab based chemotherapy 

Endocrine therapy ± chemotherapy 

Chemotherapy 

Trastuzumab-based chemotherapy 

Chemotherapy• +endocrine therapy 

Chemotherapy 

Trastuzumab based chemotherapy 

COMMENTS 

Consider genomic testing 

Consider genomic testing 

Consider genomic testing 

*Consider tumor grade; extent of disease; OJb HR positive; markers 
of proliferation (Ki67); patient health 

•The decision to use chemotherapy in patients with hormone receptor-positive disease is multifactorial. Consideration should be given to grade, percent of cells that are 
hormone receptor positive, proliferative rate and overall patient health and cCHnOrbidities. 

There are areas of uncertainty regarding irs use that are scm under 
investigation. For patients with low-risk recurrence scores, che
modlerapy appears to add marginal benefit on reducing ilie risk 
of distant recurrence, whereas high-risk recurrence scores are 
associated with marked benefit from chemotherapy. The magni
tude of benefit from chemotherapy is uncertain, however, for 
the group with intermediate- risk scores and was the subject of 
a recently completed cooperative group trial (TAILORx). These 
assays are used in the context of patient characteristics (e.g., 
general health, age) and extent of disease (e.g., tumor size) and 
are not the sole determinants of the type of medkal therapy 
prescribed. It is expected that as assays (currently available or 
under developmem) are evaluated further in clinical swdies, 
their ability to tailor medical therapy to an individual will 
improve. 

Adjuvant! Online (www.adjuvantonline.com) is an online 
tool that bas been designed to help physicians determiJ1e the 
1 0-year risk of recurrence and death caused by breast cancer for 
an individual patient. TJtis validated tool also informs d1e clini
cian about how specific interventions, such as chemotherapy, 
hormone therapy, or a combination of the two, are expected to 

affect survival.36 Tl1ese estimates of prognosis are based largely 
on the SEER registry estimates. Tl1e prinlaf)' factors iJJcorpo
rated in. this model iJ1clude age, comorbidity, estrogen receptor 
status, grade, tumor size, and nodal status. HER-2 stan1s is not 
currently in the model bur is expected to be added i.n future 
updated versions. Once the clinician inputs patient and tumor
related information, this onliJ1e rool provides graphics to depict 
1 0-year recurrence-free and overall survival estimates for an indi
vidual patient, as wdl as estimates adjusted for the use of cl1e
motherapy and!/ or endocrine therapy. 

The Adjuvant! Online progran1 does have limitations 
because it is based on registry information and relapse data, and 
cause of deatl1 may be inaccurate from these registries. Also, it 
does not incorporate information about HER-2 positivity or 
risk-stratify for breast cancer in women younger thru1 35 years. 
In some cases, estimating recurrence and breast cancer-related 
death information with estimates of survival may be distressing 
to patients. However, tl1e design does allow the physician and 
patient to bave aJ1 interactive discussion regarding the risks and 
benefits of therapies, and how these therapies may affect risk of 
recurrence and death caused by breast cancer. Some newer addi
tions to the website include diagrams and patient education 
tools iliat may enhance this dialogue. 

Chemothsapy 
Metastatic disease is the principal cause of death from breast 
cancer. Patients who benefit from chemotherapy or hormonal 
therapy do so because metastasis is prevented, cured, or delayed. 
Tl1e first prospective trials of systemic treatment combined 
oophorectomy, to deprive patients of estrogens, with radical 
mastectomy. SiJ1ce these early trials, hundreds of prospective 
studies have involved thousands of women. 

Medications used to treat early breast cancer have their 
foundation as treatment of advanced disease. [n general, treat
ments that are used effectively to improve outcome for patients 
with incurable breast cancer are estimated to have increased 
impact on outcomes for patients with earlier stages of breast 
cancer, in whom smaller volumes of disease, and potentially less 
resistance to therapy, will be present. When medications are 
identified that improve outcomes for patients with incurable 
stage IV breast cancer, they are often brought forward into 
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clinical studies for earlier stages of disease. Chemotherapy is 
generally used with combinations of medications in an effort to 
take advantage of nonoverlapping toxicities and maximize dif
ferent mechanisms of action in targeting tumor cells. The 
concept of using non-cross-resistant therapies {i.e., drugs with 
different mechanisms of action ro overcome cancer cell resis
tance to therapy) bas dominated the development of adjuvant 
(after surgery) and neoadjuvant {before surgery) chemotherapy 
regimens. The duration of therapy is usually somewhere between 
four and eight cycles of treatment, depending on whicb regimen 
is used. Longer dlurations of chemotherapy with the same agents 
(>6 months) have not improved survival and are no longer used. 

The largest comprehensive analysis of tbe benefits of d1e
morherapy is from the EBCTCG. 1his group meets every 5 years 
to review outcome data from breast cancer trials conducted 
worldwide. The most recently available data regarding adjuvant 
chemotherapy was published in 200537 and summarizes data 
from randomized trials that were initiated by 1995. The authors 
presented data from trials evaluating adjuvant chemotherapy 
versus no chemotherapy (60 trials) as well as cydopbosphanude, 
methotrexate, and 5-Buorouracil (CMF)-type chemotherapy 
versus anthracydiJle-based chemotherapy (17 trials). For younger 
women (<50 years), polychemotherapy reduces the risk of death 
by 30% and tbe risk of relapse by 37% compared with che use 
of no cbemotherapy . . For women older than 50 years, a reduction 
iJ1 the risk of death (12%) and relapse (19%) was also seen, even 
though the magnitude of benefic was less. 

The mam classes of chemotherapeutics used ro creac early
stage breast include anrhracydines (e.g., doxorubiciJ1, epirubi
cin) and taxanes (e.g., paclitaxd, docetaxd). The anthracyclines, 
whose activity is via action as both a copoisomerase II inhibitor 
and antinletabolite, have high levels of activity iJ1 the treatment 
of breast cancer. When used for me treatment of metastatic 
breast CaJlcer as a single agent, responses to therapy are generally 
seen iJ1 from 45% to 80% of patients. The EBCTCG analysis37 

noted that aniliracydines add additional benefit when compared 
with nonanthracycline, CMF-type therapies, with a 16% reduc
tion of death and 11 o/o reduction in the risk of recurrence. 
AnthracycUnes are associated with the potential long-term toxic
ity of cardiomyopathy, which may lead to congestive heart 
failure, often many years after treatment. The risk of cardiac 
dysftmction from anthracyclines is dose-dependent and current 
aJlthracycline-comaiJung chemotherapy regiJnens have a risk nf 
cardiac dysfw1ction from 1.5% to 3%. An addit ional dangerous 
risk from aJ1rhracycline-based chemoilierapy is the risk of the 
development of leukemia (<lo/o). 

Taxanes {microtubule inhibitors) have significant activity iJ1 
che treatment of metastatic breast cancer and are active nor only 
iJ1 tumors previously unexposed to cl1emoilierapy, but also active 
in anthracycline-resistaJlt tumors. A number of clinical trials have 
evaluated tl1e use of raxanes a~ treatment of early-stage hreast 
eaJ1cer. A meta-analysis regarding the use of taxanes .in 13 different 
studies has described improvement in both DFS (hazard ratio 
[HR], 0.83; 95% confidence iJuerval [CI], 0.79 to 0.87; P < 
.OUUl) and OS (HR 0.85; ~5% CI 0.79-0.91; P< .U001).38 The 
antitumor activity of pacUtaxel is dependent on the timing of 
delivery of therapy-that is, more frequeJlt administration of 
paclitaxd improves ourcomes.39 The activity of doceraxd is less 
dependent on timing of treatment and is generally used on an 
every 3-week sclhedule of administration. Both taxanes, when 
given at their optin1al dose aJ1d schedule, have shown equivalence 
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Non-Trastuzumab-Based Regimens 
AC (doxorubicin, cyclophosphamide) 
TC (docetaxel, cyclophosphamide) 
TAC (docetaxel, doxorubicin, cyclophosphamide) 
Dose-dense chemotherapy: AC followed by paclitaxel, admin-

istration every 2 wk 
AC followed by paclitaxel administered weekly 
AC followed by docetaxel 
FAC {5-fluorouracil, doxorubicin, cyclophosphamide) 
FEC (5-fluorouracil, epirubicin, cyclophosphamide) 
CMF (cyclophosphamide, methotrexate, 5-fluorouracil) 
FAC or FEC followed by paclitaxel weekly or docetaxel 

Trastuzumab-Based Regimens 
AC followed by paclitaxel weekly + trastuzumab --t trastu

zumab maintenance 
AC followed by docetaxel + trastuzumab --t trastuzumab 

maintenance 
TCH {docetaxel, carboplatin, trastuzumab) --t trastuzumab 

maintenance 
Chemotherapy followed by trastuzumab maintenance ERA 

Neoadjuvant Therapy 
Paclitaxel weekly + trastuzumab followed by FEC + 

trastuzumab 

Adapted from Carlson RW, Allred DC, Anderson BO, et al: Breast cancer. dinical 
practke guidelines in oncology. J Nat! Compr Cane Netw 7:122, 2009. 

in outcome, as noted in the ECOG 1199 trial. 1his study ran
donuzed patients with lymph node-positive breast cancer to 
receive pacUraxd or docetaxd weekly or every 3 weeks after 
completion of an anthracycline based regimen. Weekly paclitaxel 
and every 3-week docctaxel were associated with the most favor
able outcomes in terms of disease control and adverse effects when 
compared with every 3-week administration of paclitaxel. The 
taxanes are associated with the potential permanent toxicity of 
peripheral neuropathy but do not cause long-term increased risk 
of second cancers and/or cardiac dysfunction. 

A variety of chemotherapy regimens are used in the United 
States in the systemic treatment of breast cancer patients {Box 
36-3). Selection of a specific d1en1otherapy regiJnen is based on 
the potential risks of the regimen in context of the benefits of 
therapy. For exaJUple. the third-generation anthracycline- or 
taxane-contaiJung chemotherapy regimens are associated with 
aJ1 approximately 50% to 60% reduction in the risk of relapse. 
Each of these regiJllens has variable toxicities and clinicians tailor 
the regiJnen prescribed in an attempt to maximize benefit and 
nllninlize harm. Most chemotherapy regiJnens used in routine 
practice were iJJVestigaced for patients with lymph node-positive 
disease; however, the proportional reduction in risk of recur
rence is thought to be sm1ilar for patients with high-risk, lymph 
node-negative breast cancer. Several studies have specifically 
targeted this popLLiation aJld found benefit from chemotherapy. 
Retrospective aJ1alyses of clinical studies have suggested that 
aJlthracyclli1es may have limited benefi t when used a~ treatment 
in hormone-receptor positive, HER-2 normal breast cancers. A 
recent cli11ical trial evaluated a raxane-only-based chen10therapy 
regimen {docetaxel, cyclophosphaJTiide) in comparison to an 
antbracycline-based regiJnen (doxorubicin, cyclophosphan1lde) 
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in efforcs to lower long-term wxidty risks to patients while 
maintaining anticancer activity.40 The taxane-based regimen, 
TC, improved DFS and OS when compared with an 
antluacycline-based regimen, AC (DFS 86% TC versus 80% 
AC; HR, 0.67; 95% CI, 0.50 to 0.94; P= .015). In an ongoing 
clinical trial, the NSABP (B-46-I/ 07132) is comparing taxane
only based regimens against an anthracycline-taxane regimen 
and may further clarify the role of ambracyclines in more 
modern systemic therapy for breast cancer. 

Chemotherapy is most commonly administered in the 
adjuvant setting following completion of surgery. There are theo
retical advantages regarding delivery of chemotherapy prior to 
surgery (11eoadjuvant setting), including the potential for 
encow1tering lower volurne of microscopic metastatic disease, 
potential decrease in drug resistance by treating tumors before 
resistance has developed, intact vascular system, improved rates 
ofbreast conservation, and ability to evaluate the in vivo response 
to treatment. In theory, d1e ability to evaluate response to 

therapy may he.lp avoid administration of ineffective therapy and 
allow the clilucian to tailor individual therapy. Neoadjuvant 
chemotherapy does have potential disadvantages in terms ofloss 
of prechemotherapy prognostic information (e.g., axillary lymph 
node status, actual invasive tumor size) as weU as potential 
impact for decision making with respect to postmastectomy 
radiation therapy. Overall, however, a number of clinical trials 
have shown equivalence in survival for administration of therapy 
in the neoadjuvam setting versLL~ the adjuvant setting. A meta
analysis of June randomized swdies (N = 3946) has sbow11 
equivalence in survival as well as locoregional recurrence for 
neoadjuvant versus adjuvant therapy.41 In routine practice, nco
adjuvant chemotherapy is used outside of clinical trials for 
patients with locally advanced or inoperable breast cancer, 
patients with inflammatory breast cancer, or those who might 
benefit from reduction of tumor size in an effort to enhruKe the 
abili ty to perfOJrm breast conservation. In general, chemotherapy 
regimens that are routinely used in the adj uvrult setting may also 
be used in the neoadjuvant setting. 

Trastuzumab-Based Chemotherapy Regimens 
Trastuzumab is a htllllaJllzed monoclonal antibody developed to 
target the extracellular domain of the HER-2 receptor. HER-2 
gene a111pllfication or protein overexpression occurs in approxi
mately 25% to 30% of breast cancers. Amplification leads to 

protein overexpression, measured clinically by immunohisto
chemistry and scored on a scale from 0 to 3+. Alternatively, 
FISH directly detects the quruuity of HER-2 gene copies, with 
a normal copy number of two. Research has shown that inhibi
tion of the function of the HER-2 receptor-like protein slows 
the growth of H ER-2-an1pllfied tumors in laboratory models 
and in clinical trials. When used as a single agent for treatment 
of metastatic breast cru1cer, response is seen in approximately 
30% of patients. 

Combined with chemotherapy. trastuzumab is even more 
powerful in the preclinical setting, with biologic synergy seen 
with multiple agents. Trastuzumab-ba.~d chemotherapy regi
mens improve disease-free and overall survival for patients with 
meta.~tatic disease. Given the promising activity seen for meta
static disease, a number of adjuvruH studies and neoadjuvrult 
studies were conducted a11d have demonstrated improved out
comes for patients with stages I to III breast cancer. The HER
cepti.n Adjuvant (HERA) trial (N= 5090) enrolled patients with 

HER-2-positive breast cancers and rru1domized patients to 
trastuzumab (for 1 or 2 years) versus observation after comple
tion of chemotherapy.42 Data regarding 2 years of therapy is nor 
yet available; however, when comparing 1 year of trastuzumab 
versus observation, trastuzumab reduced the risk of a breast 
cancer- related event by 46% (HR, 0.54; 95% Cl, 0.43 ro 0.67; 
P < .001) ru1d improved overall survival by 34% (HR, 0.66: 
95% CI. 0.47 to 0.91; P< .0115). 

The NSABP B-31 and NCCTG-N9831 adjuvant trials 
were similar in study design; the results from both studies were 
combined for initial ru1alysis.43 Patients in the control arm of 
these sntdies received A.C followed by paclitaxel. Trastuzumab 
wa~ added in the experin1enral groups, either concurrently with 
pacliraxel or sequentially after the paclitaxel. 'The patients who 
received tras tuzumab had a reduction in breast cru1cer- related 
events by 52% (DFS HR. 0.48; 95% CI, 0.39 to 0.61; P 
< .001). 1l1ere was toxidty noted with the addition of trastu
zumab and patients receiving rrastll'tumab-ba.~d therapy in 
NSABP B-3 1 (AC followed by paclitaxel-trastuztunab) had an 
increased risk of cardiac dysfunction, wicl1 a 3-year event rate of 
4.1 o/o versus a control arm rate of 0.8%. Patients who initiated 
therapy with lower ejection fractions, who were older and/ or bad 
hypertension, were at highest risk of cardiac dysfu nction. 1l1.e 
BCIRG 006 trial used a uonanthracycline-comaining regimen 
a.s olile of its treatment groups and showed equivalence in 
outcome between AC followed by docetaxel-trasttr.-;umab 
(AC~ TH) versus docetaxel combined with carboplatiJl and 
trasn•zumab (TCH).14 Both treatment groups were superior in 
terms ofDFS to the control group treatmenr of AC followed by 
docetaxel, with a HR of0.61 (95% CI, 0.48 to 0.76; P< .001) 
for the AC~TH arm and a HR of 0.67 for the TCH group 
(95% CI, 0.54 to 0 .83). Patients receiving TCH had markedly 
reduced cardiac toxicity (0.37%) versus the AC~TH arm 
(1 .87%). Current and ongoing studies for patients with HER-
2- positive disease arc evaluating the ryrosine kinase inhibitor 
lapatinlb as well as the trastuzumall-drug conjugate TDML 
Trastuzumab-bascd therapy has significantly cbru1ged outcomes 
for patients with what is considered an aggressive biologic 
subtype of breast cancer, and ongoing efforts to identify other 
targe·ts to enhance therapy are underway. 

Endocrine Therapy 
One of tl1e original targeted therapy approaches was the use of 
oophorectomy to reduce systemic estrogen production as a treat
ment for breast cancer. Most breast cancers (>60%) have the 
presence of the ER and/or PR; interruption of the production 
of estrogen or the ability of estrogen to interact with the ER has 
been associated with improved disease-free and overall survival 
for women with metastatic breast cancer. TI1is therapeutic 
approach is associated with a generally favorable side effect 
profile with each class of agents when contrasted with the adverse 
effects from chen1otherapy. 

Tamoxifen 
Ta111oxifen is a selective estrogen receptor moduJator that has 
antagonistic and weak agonjstic effects. Clinical trials using 
tanloxifen as treatment for early-stage breast cancer began in the 
1970s. L1 2005, the EBCTCG meta-analysis reported data of 
more than 80,000 women treated in clinical studies.37 Tanloxi
feJ1 administered for 5 years was found co improve outcomes by 
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reducing the risk of recurrence of breast cancer for patiems with 
hormone receptor-positive disease by 41 o/o (recurrence rate 
ratio, 0.59; standard error [SE], 0.03). The risk of death from 
breast cancer was reduced by approximately one third (death rate 
ratio, 0.66; SE, 0 .04). Tamoxifen was shown to be of benefit for 
premenopausal and postmenopausal women and has a similar 
magnitude of benefit for patients with lymph node-positive 
versus lymph node-negative disease. The duration of therapy 
with tamoxifen was also evaluated; 5 years of therapy were found 
to be superior to only 1 to 2 years of therapy in terms of breast 
cancer recurrence (15.2% proportionate reduction; P < .001) 
and death from breast cancer (7.9% proportionate reduction; P 
= .0 l). There is uncertain bene£t oflonger durations of tamoxi
fen beyond 5 years because the agonistic effects of tamoxifen 
become more profound and there is an increasing risk of adverse 
events. Results from NSABP B-14 have shown no improvement 
in disease-free or overall survival for 1 0 years of therapy with 
tan1oxifen versus 5 years of tamoxifen treatment. 

Tan10xifen causes reduction of cell proliferation and has 
direct antagonistic effects when combined with chemotherapy. 
SWOG 8814 has found that patients who receive concurrent 
tamoxifen with amhracycline-based chemotherapy have numeric 
but nonsignificant reductions in disease-free and overaiJ sur
vival.45 TamoxifCJl is generally a well-tolerated medication, with 
the most common side effect being hot Aashes or vasomotor 
symptoms, occurring in less than 50% of patients treated. ln 
postmenopausal women, the estrogen-like agonist effect of 
tamoxifro will improve bone density, whereas in premenopausal 
women the agem is antagonistic to bone health. Potentially 
serious but rare effects include increased risk of thromboembolic 
disease and uterine cancer. 

OVarian Ablation 
T11e EBCTCG meta-analysis evaluated premenopausal women 
who were treated with ovarian ablation or suppression and 
fotmd that this treatment ap~roach redua:'S cl1c risk of relapse 
and death from breast cancer. · \'V'hen compared with the use of 
CMF chen1ocl1erapy. the use of ovarian ablation with goserelin 
a~ treatment for lymph node-pos.itive, premenopausal stage rr 
breast cancer resuJted in equivalent outcome in terms of DFS 
(HR. 1.01; P = .94) and OS (HR. 0.99; P = .94). Even with 
this high level of activity, the optimal role for the use of the 
addition of ovarian ablatio11 in addido11 co modern chemo
therapy and/or other antihormone therapies is controversial and 
is the subject of ongoing clinical trials. 

Aromatase Inhibitors 
Als block the conversion of the hormone androstenedione into 
estrone by inJlibi tion of cl1e aromatase enzyme. This enzyme is 
present in adipose tissue, breast tissue, breast tumor cells, and 
other sites. MuJtiple generations of medications that block cl1e 
aromatase enzyme have been evaluated; however, less specific 
agents such as aminoglutethinllde also suppress production of 
other hormones. and this is associated with unacceptable side 
effects. Selective or third-generation Als purely block the final 
step conversion of hormones into estrogen and are not associated 
with the broad hormone suppression seen with earlier Als. These 
agents, whicl1 include anasrrozole, exen1escane, and lerrozole, are 
not able to suppress ovarian fLmction completely in a premeno
pausal or perimenopausal woman and are restricted for use in 
postmenopausal women. 
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Several different trial designs have been used to evaluate 
Als in the adjuvant setting. Direct comparisons of 5 years of a 
selective AI versus 5 years of tan1ox.ifen have demonstrated 
improvement in cancer outcomes for anastrozole and letr0'£ole.46 

1l1e ATAC (arirn.idex, tamoxifen, alone or in combination) trial 
has demonstrated rhar 5 years of anasrrozole significancly 
improve DFS by l7o/o when compared with 5 years of tan10xifen 
(HR, 0.83; 95% CI. 0.73 to 94; P = .05). ln addition to reduc
ing me risk of distant recurrence (distant DFS HR, 0.86; 95% 
CI, 0.7 4 to 0.99; P = 0.04), anastrozole reduced the risk of the 
devdopment of contralateral breast cancers by 42%.'6 

The selective Als have also been evaluated when given 
sequentially for 2 to 3 years after the use of ran10xifen for 2 to 
3 years compared wirn 5 years of tamoxifen treatment.4? The use 
of all three modern Als after 2 to 3 years of tan10xifen ha~ shown 
improved cancer outcomes when compared with the use of 
tan1oxifen alone. In addition, extended adjuvant therapy with 5 
years of the AI letrozole after 5 years of tamoxifen was shown 
to improve outcome when compared with placebo. The use of 
letrozole versus placebo reduced the risk of breast cancer events 
by 43% (P < .008). 

l11e ideaJ use of Ais in the treatment of postmenopausal 
breast cancer patients with ER-positive disease is not known. 
1he tisk of recurrence of ER-positive breast cancer persists 
beyond 5 years after diagnosis and there is significant imerest in 
evaluating the extended use of antiestrogen the.rapy to lower the 
risk of recurrence. Ongoing studies are evaluating the extended 
usc of Als beyond 5 years, and evCJl beyond 10 years. In addi
tion, iris not dear whether tan1oxifen is an essentiaJ component 
in the adjuvant treatment for the postmenopausal patient popu
lation. Given the multiple studies demonstrating consistently 
improved outcomes wicl1 the sdectiveAls, the American Society 
of Cfulical Oncology (ASCO) released a clinical practice guide
line in 2010, which stated that postmenopausal women should 
receive a selective AI at some point during their cancer therapy.48 

Selective Als as a group have similar adverse e.ffecrs, including 
hot Aashes, va~omotor symptoms, joint symptoms, myalgias. 
bone loss, and vaginal dryness. 

Summary of Medical Therapy for Earty-Stage 
Breast Cancer 
Most patients diagnosed with early stage (I to Ill) i~nvasive brea~t 
cancer will be offered medical therapy in an effort w improve 
disease-free and overall survival. ln addition, the use of anties
trogen therapy as treatment of hormone receptor-positive breast 
cancer will also act to help lower the risk of new breast cancers. 
1l1e use of medical therapy is guided by tumor characteristics 
(e.g., stage, molecular markers), patient characteristics (e.g., age, 
gcneraJ health, personal preferences), and a careful balance of 
benefits of therapy versus potential risks of treatment. As 
advances in molecular analysis of tumors progress, it is likely 
that treatment recommendations and options will be refined 
toward a patirot's tumor profile and more general guidelines, as 
are currently used, will not be implCJllentcd as oftCJl. 

Neoadjuvant Systemic Therapy for 
Operable Breast Cancer 
Administration of systemic chemotherapy or hormonal therapy 
before surgery can result in a significant reduction in tumor size 
in 50% to 80% of patients with locally advanced brea~t 
cancer. This preoperative, or neoadjuva.nt, therapy can convert 
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inoperable tumors to operable ones, convert tumors that would 
require mastectomy to eligibility for lumpectomy, and shrink 
larger rumors to allow an improved cosmetic outcome with 
breast-conserving surgery. This approach also allows for the 
study of tumor biology via serial analysis of tumor tissue before, 
during, and after rrearmenr and has been used ro srudy the 
efficacy and mechanism of action of systemic therapy agents. 

Several prospective randomized trials have evaluated the 
efficacy of chemotherapy and hormonal therapy administered 
before {neoadjlllvant) versus after {adjuvant) definitive surgery. 
1hese studies aU demonstrated increased rates of breast conserva
tion with the use of systemic therapy before surgery. The NSABP 
B-18 trial included 1523 patients and found no survival advan
tage {or detriment) .in patients who received preoperative doxo
rubicin and cydophosphan1ide chemotherapy versus the same 
rcgin1en delivered postoperatively. 1he breast conservation rate 
was higher in women completing preoperative chemotherapy, 
and in-breast recurrence after preoperative therapy wa~ not sig
nificantly different from that in women who underwent lumpec
torny before adjuvant chemotherapy. Response to preoperative 
therapy was fo und to correlate with prngnosis. At 9 years of 
foUow-up, the disease-free survival rate in patients achieving a 
complete patho logic response in the preoperative arm (no evi
dence of tumor at surgery) was 75%, as opposed to 58% in 
patients who had any residual invasive disease left after 
chemotherapy. 

The neoadjuvant approach is now conu11only used for 
operable patients who would require mastectomy but could 
become candidates for breast conservation if their primary 
rumor si7-C couJd be reduced before surgery. By the end of sys
temic therapy, 1 Oo/o to 15% of such patients will have complete 
resolution of their tumors by clinical examination and imaging 
but might have microscopic residual disease.. Consequently, a 
metallic clip is placed at the primary tumor site under image 
guidance before initiating chemotherapy to allow identification 
of the original ttunor site for excision. 

Management of the axilla in patients undergoing neoadju
vanr therapy has evolved. Some centers perform sentinel node 
surgery before neoadjuvant therapy in patients with clinically 
negative nodes to inform systemic and radiation rl1erapy deci
sions. Advocates of sentinel node surgery before neoadjuvant 
chemotherapy cite concerns about lower rates of successful 
mapping and higher false-negative rates after neoadjuvam 
therapy. Other centers now favor sentinel node surgery after 
neoadjuvant therapy for any patient whose axilla is clinically 
negative after therapy to obtain more information about the 
status of the nodes after neoadjuvant therapy. Studies have now 
shown the status of the axillary nodes after chemotherapy to be 
the strongest predictor of outcome. In addition, the chemo
therapy can eradicate microscopic disease in the regional nodes 
in up to 40% of patients, reducing the need for complete axillary 
lymph node dissection at the time of surgical intervention. 
Complete axillary dissection ren1ains the standard for aU patients 
receiving neoadjuvant therapy who have biopsy-proven, node
positive disease at initial presentation. 

In practice, the neoadjuvant approach is used routinely for 
patients with inoperable locatly advanced breast cancer, includ
ing those with inflanunawry breast cancer, those with large, 
fixed, or erosive lesions not amenable to mastectomy, and those 
with advanced nodal disease that is fixed, bulky, or causing arm 
edema. Most of these patiems will then undergo mastectomy, 

radiation therapy. and possibly additional system.ic therapy. [n 

this setting, neoadjuvant chemotherapy serves as a remarkable 
research platform, in which it is possible to learn more about 
tumor biology and drug responses in an expedited time frame 
as compared with the adjuvant approach, in which long-term 
survival is the end poinr. More recendy, rhere has been much 
interest in treating operable patients Ul the neoadjuvant setting 
because the response to systemic therapy can result in in1prove
ments in the clinical management of these patients. Patient 
selection is based on tumor characteristics beyond ttm1or si7,.e 
alone and therapies are targeted to specilic subtypes with the 
greatest potential for affecting locoregional and systemic out
comes. Patients are monirored carefully during treatmem and 
the pathologic assessment of the regional nodes can guide clini
cians in determining how much additional therapy is warranted 
after a complete response or residual disease. 

1l1ere are some key concepts that have been gleaned from 
rl1e results of neoadjuvant therapy trials completed over rl1e last 
few years. Hrst, the use of neoadjuvant chemotherapy as a 
research platform has led to the identification of patient and 
tumor characteristics that can predict response to therapy. This 
allows clinicians to define better the population of patients wbo 
arc most likely to benefit from the use of neoadjuvant chemo
therapy. 1l1e use of targeted therapies, such as trastuzumab, in 
combination with chemotherapy can be safely administered in 
the neoadjuvant setting in HER-2-positive breast cancer 
patients, resulting in markedly increa~d rates of pacl1ologic 
complete response. In the context of targeted therapy, patients 
with ER-positive disease can be treated with endocrine therapy 
iJl th.e neoadjuvant setting wicl1 significant response rates and 
incrC3sed rates of breast-conserving surgery. This approach is 
optimal in postmenopausal women with ER-positive tumors for 
whom endocrine therapy provides more protection against risk 
of recurrence and of death caused by breast cancer over standard 
chemocl1erapy. Finally, as new and more targeted regimens have 
led to an increasing population of patients with a clinical com
plete response to neoadjuvant therapy, accurately assessing the 
residual tun1or burden in rl1e breast and regional nodes will 
become increasingly important in terms of defining prognosis 
and determining further therapy that is needed. 

TREATMENT OF LOCALLY ADVANCED AND 
INFLAMMATORY BREAST CANCER 
Patients with locally advanced breast cancer include those with 
large primary tumors (>5 em), ttunors involving the chest waU, 
skin involvement, ulceration or satellite skin nodules, inflanlma
rory carcinoma, bulky or fixed axillary nodes, and clinically 
apparent internal man1t11ary or supraclavicular nodal involve
ment (stages llB, IliA, and fiB disease). Central to treatment 
is the concept that the disease is advanced on the chest waU, in 
regional lymph nodes, or both, with no evidence of metastasis 
to distant sites. These patients are recognized to be at significant 
risk for the development of subsequent metastases, and treat
ment must address the risk for local and systemic relapse. Experi
ence before the I ~70s demonstrated that surgery alone provided 
poor local control, with local relapse rates in the range of 30% 
to 50% and mortali ty rates of?Oo/o. Similar results were reported 
when radiation therapy was the sole modaliry of aeam1em. 
Current management includes surgery, radiation therapy. and 
systemic therapy, with the sequence an.d extent of treatment 
determined by specifics of the patient's circumstance. 
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Inflammatory breast cancer remains the most aggressive 
subtype of breast cancer but fortunately is rare, constituting 
approximately 5% of all breast tumors. The hallmark of inHam
matory breast cancer is diffuse tumor involvement of the dermal 
lymphatic channels within the breast and overlying skin, often 
withom an underlying rumor mass. Inflammarory breast cancer 
is clinically manifested as erythema, edema, and warmth of the 
breast as a result of lymphatic obstruction. There may be no 
mammographic abnormality beyond skin thickening, and a pal
pable mass is not re<Juired for the diagnosis. The term peau 
d'orange is used to describe the orange peel appearance of the 
skin resulting from edema and dimpling at sites of hair follicles 
(see Fig. 36-5D). The history should describe a rapid onset of 
the disease, with progression over a period of weeks to 3 months. 
Neglected breast cancer primaries that lead to secondary inflan1-
matory changes within the breast should not be categorized as 
inflammatory breast cancer. Inflammatory cancer is a clinical 
diagnosis and cam occllf with tumors of ductal or lobular histol
ogy. The pathol<Jgic hallmark of inflammatory cancer is the 
presence of tumor cells within dermal lymphatics, but this can 
be often missed because of sampling error and therefore is not 
a prere<Juisite to diagnosis. Axi llary nodal metastases are 
common, and there is a significant risk for distant metastases. 

Current treatment approaches emphasize aggressive use of 
combined-modality treatment, including neoadjuvant chemo
therapy, mastectomy, and radiation therapy, with hormonal 
therapy in ER-positive tumors and trastuzumab for HER-2-
positive tumors. The results of this multimodality treatmem now 
show relapse-free survival rates of 50% or higher at 5 years as 
compared with a single-institution historical se.ries showing a 
7% 5-year survival rate in patients receiving less aggressive 
treatnlCJ1 t. 49 

TREATMENT OF SPECIAL CONDinONS 

Breast Canc:er in Older Aduhs 
Several studies have explored options that reduce the extent of 
surgery and radiation therapy for older women with breast 
cancer. Two recent tri.als randomized older women to lumpec
tomy with or without irradiation. L1 the Cancer ru1d Leukemia 
Group B (CALGB) 9343 trial,30 647 women 70 years or older 
with ER-positive tumors 2 em or smaller ru1d clinically negative 
nodes received lumpectomy ru1d tamoxifen and were random
ized to irradiation or no irradiation . At 5 years' follow-up, sur
vival was identical, and the in-breast recurrence rate was only 
4% in the no-radiation arm versus lo/o in the radiation arm. The 
death rate from breast cancer was I o/o at 5 years in this popula
tion, with a 17% death rate from other causes. 

Fyles aJld associates have reported the results of a Canadian 
trial with more inclusive eligibility criteria in which 769 women 
aged 50 years or older with tumors up to 5 em and positive or 
negative ER status were enrolled. All patients underwent wide 
excision, received tan10xifen, and were randomized to irradiation 
or no irradiation. Recurrence rates were significru1tly higher 
overall in patients who did not receive radiation therapy. 
However, in an unplanned ru1alysis of a subset of 193 women 
older than 60, the local recurrence rate was only l.2o/o without 
radiation versus no recurrences with radiation therapy. 

These low rates of local recurrence md the significant rates 
of death from other comorbid condi tions have led to the accep
taJ1Ce of wide excision and hormonal therapy without irradiation 
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for selected older patients with small ER-positive tumors and 
clinically negative axillary nodes. Axillary surgery has been 
omitted in such patients in the past; however, sentinel node 
surgery CaJl easily be incorporated, with minimal morbidity. 

Paget's Disease 
Paget's disease accounts for I o/o or less of breast malignru1cies. It 
is characterized clinically by nipple erythema and .irritation with 
associated prmitus ru1d may progress to crustb1g ru1d ulceration. 
The condition may spread outward from the nipple and 
onto the arcola and smrounding skin of the breast (see Fig. 
36-5). The differential diagnosis of scaling skin and erythema of 
the nipple-areola complex includes eczema, contact dermatitis, 
postradiation dermatitis, ru1d Paget's disease. A biopsy of tl1e skin 
of the n ipple should be performed: a specimen containing Paget 
cells secures the diagnosis. 

Pathologically, a Paget cell is a large, pale-stairling cell with 
round or oval nuclei ru1d large nucleoli located between the 
normal keratinocytes of the nipple epiderrn.is. Paget cells spread 
into the lactiferous sinuses under the nipple and upward to 
invade the overlying epidermis of the nipple. Paget cells do not 
invade through the dermal basement men1brane ru1d therefore 
are categorized as carcinoma in situ. 

More tl1an 95% of patients with Paget's disease have an 
underlying breast carcinoma. Paget's disease may be accompa
nied by a palpable mass in just over 50% of patients. Lwasive 
breast cancer will be identified in patients with a palpable mass 
and Pager's disease in over 90% of patients. 

Treatment of Paget's disc::ase includes mastectomy with axil
lary staging or wide local excision of the nipple and areola to 
achieve dear margins, axillary staging, and radiation therapy. For 
many patients, lumpectomy and irradiation will provide an 
acceptable cosmetic appearance and avoid the more extensive 
surgery of mastectom)' and reconstruction. Nipple-areolar 
reconstruction can be performed 4 to 6 months following radia
tion therapy. For patients considerb1g lumpecromy, thorough 
preoperative evaluation is required to rule out occult multicen
tric disease. 

Male Breast Canc:er 
Breast cancer occurring in the man1111ary gland of men is infre
quent; it accounts for 0.8% of all breast cancers, less thru1 I o/o 
of all newly diagnosed male cruJCers, ru1d 0.2% of male cancer 
deaths. Annually, in the United States, 1500 new cases and 400 
deaths are reported. The mediru1 age at diagnosis is 68 years. 5 
years older than in women. 

Risk factors include increasi~ng age, radiation exposure, and 
factors related to abnormalities in estrogen and androgen 
balance, including testicular d isease, infertility, <lbesity, aJld cir
rhosis. Risk factors related to a genetic predisposition include 
Klinefelter's syndrome (47,XXY karyotype), family history, and 
BRCA gene mutations, particularly BRCA2 mutations. Gyneco
mastia is not a risk factor. 

Histologically, 90% of male breast cancers are invasive 
ductal carcinomas. Approximately 80o/o are ER-positive, 75% 
are PR-positive, and 35% overcxpress HER-2. 'The remaining 
10% are DCJS. Given the absence of termjnal lobules in the 
normal male breast, lobular carcinoma, both invasive and in situ, 
is rarely seen. 

Most men with breast cancer have a breast mass. TI1e dif
ferential diagnosis includes gynecomastia, prin1ary breast 

http://www.myuptodate.com


866 SECTION VII BREAST 

en 
c 
Q) 

~ 
a. 
0 
c 
0 
e 
0 
a. 
e 

a... 

8 

c 

Time 

carcinoma, metastatic carcinoma to the hreast, sarcoma, and 
breast abscess. ln addition to local pain and axiUary adenopathy, 
other initial symptoms may include nipple retraction, ulcer
ation, bleeding, and discharge. Evaluation includes breast 
imaging studies and diagnostic needle core biopsy. 

Prognostic factors in male breast cancer are d1e same as in 
female breast cancer and include nodal involvement, tumor size, 
histologic grade, and hormone receptor status. When matched 
for age and stage, survival is similar to that in women. 

Treatment of carcinoma in the male breast depends on the 
stage and local extent of the tumor, with treatment choices 
similar w those for women. Small tumors may be treated by 
local excision and irradiation or by mastectomy. Sentinel node 
biopsy has been shown to be effective for staging male breast 
cancer. Breast tumors in men more comn1o1UY involve the pec
toralis major muscle, probably because breast tissue in men is 
scant. Lf the underlying pectoral muscle is involved, modified 
radical mastectomy with excision of the involved portion of 
muscle is adequate treatment and may be combined with post
operative radiation rherapy. 

Adjuvant systemic therapy for male breast cancer is used as 
for female breast cancer. Most male breast cancers are hormone 
receptor-positive. Adjuvant hormonal therapy with tamoxifen 
orAls is indicated for node-positive and high-risk, node-negarive 
patients. Adjuvant chemotherapy is used in men at substantial 
risk for metastatic disease. 

INTERPREnNG RESULTS OF CLINICAL TRIALS 
Survival curves are the most familiar method of comparing 
groups of patients in randomized trials involving differem thera
pies. To estimate the survival cmve for any group of individuals, 
investigators use the life table method, also called the actuarial 
method. Kaplan and Meier proposed a popular modification of 
d1ese general methods that suirs clinical trials, and d1e resultLng 
curves are often called Kaplnn-Meie1· curt;es. This method tabu
lates the mtmber of patients surviving as a proportion of the 
total number of patients reaching the interval of time in ques
tion after entering the trial. Survival or death is only one outcome 
that Cll1 be expressed tn actuarial terms. Others include disease
free survival, event-free survival, and freedom &om local failure, 
which can all be expressed in actuarial terms. 

FIGURE 36-14 Interpretation of actuarial curves used 
in clinical trials comparing two groups of patients. See 
text for details. 

Comparisons between group~ (e.g., treated versus 
control) can be described in several ways, each of which has 
limitations and ambiguities. As shown in Figure 36-14. the 
simp!est way is to measure the absolute difference between the 
curves at any specified interval of time during follow-up, as 
demonstrated by ilie vertical dashed lines between the Kaplan
Meier curves. Alternatively, for any specific proportion of 
patients, there is a differenr time until relapse or death 
between the rwo curves, as shown by the horizontal dashed 
line in the figure. For exan1ple, the median smvival time is the 
lengtl1 of survival free of relapse or death for 50% of patients. 
Differences in median survival times between treated and 
control patients may be significant, even though absolute dif
feren<:es are small. For most treatment comparisons, there are 
three groups to consider. Some patients will remain free of 
recurrence or death with the control trearment, shown as the 
area under the lower curve (C). Od1er patients are destined to 

fail both rhe experin1ental and control treatments, shown as 
the area above the experimental curve (upper curve, A). [t is 
only the patients falling between the two curves (B) who 
benefit (or are harmed) by the experimental treatment. The 
concept of proportional benefit is important when evaluating 
adjuvant chemotherapy or hormonal therapy for breast cancer; 
only a small proportion of treated patients benefit from receiv
ing postoperative adjuvant trearments. 

A popular way to express the difference between control 
and experimemal groups is to eire the proportional reduction 
in treatment failures. For example, the proportional reduction 
in mortality is the difference in su.rvival between d1e two 
groups at an interval divided by the percentage of patients 
who have died in the control group in the same interval. For 
the same proportional reduction in mortality, the absolute dif
feren<:e in survival varies gready; it is generally larger for 
groups of patients with a higher risk of dying (e.g., node
positive versus node-negative patients). To calculate rhe pro
portional increase in survival, the absolute differeJ1ce between 
the control and experimental curves in a specified interval is 
divided by the total surviving in the experin1ental group 
(assumi11g that it is larger). For groups with poor survival, 
small absolute differences lead to larger estimates of the 
percent increase in survival. 
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ROLE OF THE GENERAL SURGEON IN 
BREAST RECONSTRUCTION 
Breast cancer is an extremely emotional topic because of irs 
anatomic locat1on and d1e importance of d1e female breast iJ1 
today's society. Therefore, it is imperative for surgeons perform
ing breast surgery to have a basic understanding of which 
patients arc candidates for breast reconstruction and of rhe 
reconstructive options. Most patients Start their mquiry al1out 
breast reconstr1llction with the surgeon who will be performing 
the mastectomy. They might ask, "What will it look like when 
you are done?" or "Will I have to live without a breast?" [t is at 
this point that a general surgeon greatly influences a woman's 
decision to pursue breast reconstruction. 

Although the reconstructive surgeon goes iJuo detail about 
rhe surgical options, risks, and expecred outcomes, ablative sur
geons must be prepared for at least a basic discussion witb 
patients. Whed1er breast implants versus autogenous tissue will 
be used, where the scars will be, and how long the recovery will 
take are all questions chat most patients want answered. 1l1e 
decision about whether they lmdergo breast reconstruction can 
be in fluenced by the bias of ablative surgeons. Oncologic sur
geons are trained to place priority on ablation of the tllmor; 
however, care standards now dicrate d1at we also be sensitive to 

the resultmg deformity. Only through a close alliance between 
the surgical oncologist and reconstructive surgeon can the 
patient's emotioJlal, physical, and oncologic needs be addressed. 

HISTORY 
In the late 1800s, the prognosis of patients wi th brea'>t cancer 
was poor. Notable surgeons sucl1 as Yolkmrum, Czerny, and 
Billroth reported local recurrence rates ranging from 52% co 
85%. Withjn 2 decades of these reports, Willirun Halsted 
presented his successful treatment of breast cancer, with only a 
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6o/o recurrence race. The halstedian theory of breast cancer treat
ment would remain the mainstay of breast cancer surgery for 
the next 60 years. He believed that "the sBgbtest inattention to 
detail ru1d or attempts to hasten convalescence by such plastic 
operations as arc feasible only when a restricted amount of skirt 
is removed may sacrifice his patient co the disease." So, con
cerned with the possibility of mad equate skin excision. Halsted 
went on to say that uTo attempt to dose the breast wound more 
or less regularly by any plastic med1od is hazardous, ru1d in my 
opinion, to be vigorously discounted." Therefore, true attempts 
at breast reconstruction would have to wait for almost 50 yeats. 

Despite Halsted's condemnation of reconstructive proce
dures, it was recognized that the sizable defeC£s left after this 
radical surgery did need to be closed. Although primary closure 
was ofteJ1 used, skin grafting of larger wou.nds was acceptable. 
Even though plastic procedures had been reported by Legueu 
and Graeve of Frru1ce and Warren of the United States, these 
were merely chest waU closure techniques and not true breast 
mound reconstructions. 

The first attempt at true breast reconstruction occurred in 
1895, when Vincent Czemy transplruued a large lipoma from 
his patieJ1t:~ Aa11k to the mastectomy site. In recounting this ca'>C, 
Dr. Robert Goldwyn noted iliac 1 year after surgery, the patient 
was doing well ru1.d had good breast symmetry. In this particular 
case, me mastectomy was performed for fibrocystic disease and 
not cancer. Tansinl. described the first use of the latissm1Us dorsi 
myocutaneous Aap m 1906. U•ttonunarely, this ren1arkable 
operation would not gain acceptance for ru1other 70 years. 

In l 942, Sir Harold Gillies of England Started usmg a 
tubed pedicle technique of breast reconstruction. In this opera
tion, he would "walt-l' a Aap from the abdomen to the chest to 
reconstruct the breast. Although rhis ccdmique was succes.~ful, 
d1e multiple procedures and prolonged treatment course pre
cluded its widespread application. 

Since approximately 1970, many advances iJ1 reconstruc
tive surgery have occurred ru1d been applied ro breast reconstruc
tion. 1l1e development of breast implants was rhe first of these 
revolutions. In 1963, the silicone breast implrult was introduced 
for breast augmentation ru1d was quickly adopted for breast 
reconstruction. In 1963, CroniJ1 and Gerow1 preseJ1ted a series 
of patients who received iJ11plants for reconstruction of mastec
tomy defects. For the first time, the plastic surgeon had a pro
cedure d1at could simulate the missing breast wimout the need 
for multiple procedures and a prolonged treatment course. [n 
mru1y ways, it wa~ the simplicity ru1d safety of brea~t impl.ants 
that ignited mtercst .i11 breast reconstruction. By me Iacer 1970s, 

http://www.myuptodate.com


reconstruction was being performed immediately after breast 
ablation.1-4 

'TI1e development of muscle, musculocutaneous, and fas
ciocutaneous flaps and microsurgical transplantation has had a 
tremendous impact on breast reconstruction. 'TI1e ideal material 
to reconsrrucr any defect is similar to tissue. Umil the early 
1970s, such tissue was available only in Limited quantities for 
breast reconstruction. 1l1e landmark work by Mancl1ot5 on vas
cular territories of the body was rediscovered, and surgeons were 
then able to exp]oit this basic knowledge to design Aaps based 
on the axial pat(erns of named blood vessels. These tcclutical 
developments allowed surgeons to rearrange tissues reliably and 
more precisely reconstruct all types of defects, including those 
of the breast.6 

PAnENT SELEOION 
Women have a number of reasons for d1oosing to undergo 
breast reconstruction, including no need for an external pros
thesis, fewer Limitations with regard to clothing, regaining femi
ninity, and feeling whole again. Others choose not tO w1dergo 
reconstruction because they feel too old for the procedure or are 
afraid of complications. ?.S Given the myriad of options in breast 
reconstruction, the surgery should be tailored tO the patient's 
wishes as well as her underlying health. There are a small number 
of relative contraindications to breast reconstruction. Extreme 
age, severe cardiovascular disease or other comorbidities, extreme 
obesity, and advanced breast disease are possible reasons why 
breast rcconsrruction may not be reasonable. 

Often, women are faced with the choice, in early disease, 
ofbrea~t conservation therapy (BCf) versus mastectomy. Studies 
have shown equjvalem survival outcomes when comparing the 
modalities of BCf with radiation and mastectomy. 1l1ese deci
sions are often made in conjunction with the ablative surgeon. 
Patient satisfaction with these two modalities is varied. Pusic and 
collcagues9 have surveyed women who underwent lumpecromy/ 
XRT, mastectomy, and mastecromy with reconstruction. Sinlilar 
to Reaby's repon , 7 women who d1ose reconstruction were 
younger, white, and more educated. Interestingly, comfort with 
nudity was much lower in the mastectomy-alone group and 
quality of life varied with age. Younger women (<55 years) were 
least happy with mastectomy alone, whereas those older than 
55 years were lea~t satisfied with lumpectomy. Ultimately, 
the choice is that of the breast cancer patient and must be 
individualized. 

After the advent of BCT, many women cl1ose this option 
to preserve as much of their native breast as possible. 1l1e current 
paradigm has shifted, and more women are choosing to undergo 
mastectomy. This shift is multifactorial and includes dissatisfac
tion with the cosmesis ofBCT -extemal radiation therapy (XRn 
breasts, skin preservation mastectorrties (nipple-sparing and 
areolar-sparing), in1proved reconstructive options (silicone gel 
prostheses and perforator Aap reconstructions), genetic testing 
for BRCA-1 and BRCA -2 genes, necessitating bilateral mastec
torrties, increase in contralateral prophylactic mastectomy, and 
bilateral reconstn1ction in younger women. ln addition, women 
who are now often diagnosed at younger ages, with higher 
lifetime risks, may have more aggressive disea~e or multifocal 
tumors. 

Similarly, BCT is also evolving. It is now possible to mini
mize the effects of radiation on the breast after lumpectomy via 
oncoplastic teclmiques. 'TI1ese include breast reduction strategies 
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to obliterate the dead space of lumpectomy-scgmental mastec
tomy and to counteract the contractile forces seen after radiation 
cl1erapy. These techniques are used by a brea~t surgeon or pla~tic 
surgeon. AlJ these techniques will be discussed further.10·11 

nMING 
'TI1e timing of breast reconstruction after mastectomy bas pro
gressed from delayed to inunediatc because of advances and 
refinements in breast reconstructive techniques and recognition 
of beneficial psychological effects.7

•9•
10·12 Because studies have 

shown a psychological benefit, cost-effectiveness, cosmetic 
advantage, and no increased risk for complications or oncologic 
risk with immediate breast reconstruction, it has become the 
preferred timing of reconstruction. In 1990, d1c American 
Society of Plastic and Reconstructive Surgeons reported that 
members performed 38% inunediate versus 62% delayed recon
structions. In a more recent study, 75% of reconstructions were 
performed immediately.13 

Because most local tumor recurrences are in the skin and/ 
or subcutaneous adipose tissue or in the axilla, there arc few 
reasons to delay reconstruction. Therefore, immediate recon
struction ha~ become commonplace in America 14 It affords 
psychological benefits to women and is cl1e opportune tin1e to 
preserve the normal footplate of cl1e breast-most importantly, 
the iJ1framammary fold. This can be more difficult in a delayed 
reconstruction setting. Skin Aaps are also more pliable in tbe 
immediate setting. Currently, most women with stage I or 11 
cancer are candidates for immediate reconstruction. 1l1ere are 
caveats to this with certain chemotherapeutic agents and the 
need for adjuvant radiotl1erapy, in whid1 in1mediate reconstruc
tion is not possible. These can interfere with postoperative 
healing ru1d aesthetic outcome, respectively. 

One must also consider, however, d1e possibility of com
plications with immediate reconstruction. fJ1 patients in whom 
reconstructions have complications such as delayed wotmd 
healing, infection, mastectomy flap loss, and flap necrosis, the 
initiation of chemotherapy and radiation therapy may require 
delay, and rhus compromise, in cancer treatment. AlJ these must 
be considered by the ablative and reconstructive surgeons, as 
well as the patient, to determine d1e appropriate tinllng of 
reconstruction. 

PROCEDURE SELEOION AND 
SURGICAL PLANNING 
1l1e options for surgical breast reconsrruction are varied and 
include partial and total reconstruction. Total breast reconstruc
tion involves two common modalities, the use of an expander 
or implant, autologous tissue, and some combination of the two. 
Any of these procedures must not delay adjuvant cancer thera
pies. The most common procedures performed are the following 
(Box 37- l): 
• Tissue expander placement, with later exchange for an implant 
• lnmtediate permanent in1plant placement 
• Latissimus dorsi with implant 
• Autologous tissue (pedicled) 
• Autologous tissue (free) 

The choice anwng these therapies must take into account 
the need for skin resection, adjuvant radiation rberapy, patient 
size and aesthetic desires, ru1d activity leveL Consideration of the 
opposite breast, and of available donor tiS.Hie, must be deter
mined. Idea1Jy, reconstructive surgeons would merely be filling 
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Autogenous 
• Abdominal-based flaps 

•TRAM 
• Single ~dide 
• Double pedicle 
• Free flap* 
• Deep inferior epigastric perforator flap* 

• Upper abdominal horizontal flap 
• Vertical abdominal flap 
• Tubed abdominal flap 

Latissimus dorsi musculocutaneous flap 
Gluteal flap* 

• Superiorly based 
• Inferiorly !based 

Rubens flap* 
Thoracoepigastric flap 
Lateral thigh flap* 
Breast-splitting proceduret 
Alloplastic 

• Silicone gel implant 
• Silicone ilillplant with saline fi ll 

• Smooth wall 
• Textured wall 
• Round 
• Anatomic shaped 

• Silicone injectiont 
Combination procedures 

• Latissimus dorsi flap with implant 
• TRAM flap with implant 

"Requires microsurgical procedure. 
1Historical note only. 

the empty space left after removal of the gland, with preservation 
of the normal fuotp l.are of the breast. !his is not always the case. 
Usually, except for advanced and inflammatory disease, some 
version of skin-sparing mastectomy can be performed . Breast 
surgeons also offer njpple- and areolar-sparing mastectomjes. 
These allow for more aesthetically pleasing reconstructions 
because they confine d1e scar to the area around the skin paddle 
of a flap. if used. There is no increased cancer risk or recurrence 
with skin-sparing mastectomy, as long as the skin flaps are not 
too thick. Conversely, the thickness of the skin determines flap 
survival, and very thin flaps often become necrotic. In large
breasted women, the skin incisions for mastectomy may be 
modified to allow easy access for the general surgeon and the 
ability to have scar symmetry for d1e reconstructive surgeon. 
Breast reduction patterns can be used for the mastectomy, as well 
as the conrralaceral symmetry procedure. 

Breast reconstruction is more than just providing a motmd 
on the chest wall. O f utmost importance is the ability to create 
symmetry. Nice reconstructions can be a great disappointment 
if they do not match the contralateral native breast. For d1e most 
part, autologous reconstruction provides better symmetry. llis 
is less of an issue in d1e case of bilateral .reconstruction. In plan
ni11g reconstructions, one must consider not only d1e sh.e and 
sl1ape of the opposite breast, but also the position on d1e chest 

Implant Reconstruction - - .. -· . 

Indications 
Bilateral reconstruction 
Patient requesting augmentation in addition to 

reconstruction 
Patient not suited for long surgery 
lack of adequate abdominal tissue 
Patient unwilling to have additional scars on her back or 

abdomen 
Small breast mound, with minimal ptosis 

Relative Contraindications 
Young age (may need an implant replaced multiple times) 
Patient unwilling to adhere to follow-up 
Very large breast 
Very ptotic breast 

Silicon allergy 
Implant fear 
Previous failed implants 
Need for adjuvant radiation therapy 

wall, location of me infranJammary fold, height, size, and color 
of d1e nipple-areolar complex, and amow1t of breast ptosis. 

Implant-Based Reconstructions 
Implant reconstructions are performed in those women who 
have a reasonable amount of good-quali ty skin after mastectomy, 
enough to cover an implant completely and provide a natura\ 
shape. They arc advantageous in that mey are relatively quick 
procedures, wi th minimal morbidi ty to the patient. Implant 
reconstruction is best used for a bilateral reconstruction because 
it is the best oppon unjty for symmetry. With implant-only 
reconstructions, it is difficult to mim.ic rlle natural ptosis and 
contour of d1e contralateral breast, except in rlle cases of you11g 
women wid1 relatively small, youthful-appearing breasts (Box 
37-2). 

lnjtially, rllese reconstructive procedures were performed 
with placement of the im plant in the subcutaneous poc.ket. !his 
fell o~.1t of favor because of visible rippling of the in1planr beneath 
a rll in layer of skin and a greater complication risk of capsular 
contracture. Currendy. these implants arc placed in a submus
cular pocket benead1 the pectoral is major. Some surgeons 
provide for full muscle coverage, with the assistance of the ser
ratus anterior and rectus abdominis fascia inferiorly. Others 
provide coverage of d1e inferior pole of the implant with bio
prosthetic material (e.g., hun1an, porcine, bovine dermal 
allografts) to help create a natural inframannnary fold and con
toured reconstruction and provide an additional layer between 
the implant and inferior mastectomy skin flap. 'This material is 
sumrcd to me pectoralis major muscle superiorly and then infe
riorly to the previously marked or designated inframanll11ary 
fold (Figs. 37-1 and 37-2).'3•

15
'
16 Either med1od helps fix the 

pectoraLis major and keeps it from migrating superiorly, expos
ing more of the inlplam. 

O ften, these forms of reconstruction are begun with place
ment of a tissue expander at rlle time of mastectomy. This is to 
allow for little stress on tbe tenuous mastectomy flaps initially 
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~J 
Anatomic/ f '' 

implant 

FIGURE 37- 1 Schematic repre

sentation of implant position, 
pectoralis position, and chest 
wall. The pectoralis muscle can
not cover the inferior pole of the 
breast; thus, bioprosthetic materi
al is needed in the area of greatest 
expansion. (Breuing KH, Warren 
SM: Immediate bilateral breast 
reconstruction with implants and 
inferolateral AlloDerm slings. Ann 
Plast Surg 55:232-239, 2005.) A 

A 

8 

Pectoralis 
major muscle 

Inferior 
suspension 

8 

FIGURE 37-2 Schematic representation of chest wall, breast, pecto
ralis muscle, bioprosthetic sling. and implant. Bioprosthetic material 
is sutured to the inferior border of the pectoralis muscle superiorly, 
the inframarnmary fold inferiorly, and curved laterally along the chest 
wall to re-aeate the footprint of the breast for expansion. (Breuing 
KH, Warren SM: Immediate bilateral breast reconstruction with 
implants and inferolateral AlloDerm slings. Ann Plast Surg 55:232-
239, 2005.) 

or for progressive stretching of the skin to place a larger imp lane 
than would have been safe at the time of mastectomy. Expanders 
are silicone sheU prostheses that have an integrated or remote 
port for the injection of saline in the clinical setting. Most su.r
geons expand the skiJl to a slighdy larger size to provide for a 
large pocket with some ptosis. TI1ere is a period of 4 to 8 weeks 
prior co exchange of the expru1ders for implrum ro allow for 
maturation of the capsule and limit the rapid shrinkage of 
expanded skin. 

In general, implant-based reconstructions provide for a 
round-shaped, youthful breast mound without ptosis (Fig. 
37-3). Some would refer to this as less natural. It requires mul
tiple clinic visits to provide for expansion and then a subsequent 
procedure ro place the permanent implru1ts, which requires a 
time commitment from the patient. Over time, implru1t recon
structions tend to change because of the effects of gravi ty, the 
body's response co foreign objects (capsule formation), and aging 
of the implants d1emselves. This occurs linearly with time, so 
that 86% of women are pleased wid1 their results at 2 years 
versus 54% at 5 years.17 

Combination Reconstruction 
Use of autologous tissue in conjunction with an implant was 
first done in the 1970s. There is often a need for additional tissue 
after mastectomy to create a sizable breast and a natural breast 
drape ro prevent the development of ptosis. 1his form of recon
struction generally uses myocutaneous latissimus dorsi muscle 
bared on d1e d1oracodorsa\ artery pedicle, as described by Sch
neider and associatcs.'8 It is a broad Aat muscle thar spans dJe 
back from the tip of the scapula superiorly tO the spine medially 
ru1d the iliac crest inferiorly. Usually, d1e muscle is taken with 
ru1 overlying skin paddle to replace the removed nipple-areolar 
complex or larger deficits in the case of traditional mastectomy, 
as popularized by Bostwick and coworkcrs. 19 The skin paddle is 
centered over the muscle and attempts are made to hide tbe 
donor sire scar within the bra line. In smaller breasted women, 
entire reconstructions can be made of the latissimus dorsi, its 
overlying fat, and the subscapular fat pad (known as the extended 
latissimus Sap); od1erwise. an implru1t is added. The latissimus 
dorsi serves as a sling inferiorly, attached to d1e superior 
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FIGURE 37-3 41-year-old woman with left breast cancer who underwent bilateral mastectomy with immediate placement of bilateral tissue 
expanders with bioprosthetic slings. Final reconstruction was carried out with the exchange of expanders for 533-ml silicone gel breast pros
theses. (From Roehl KR: Breast reconstruction. Open Breast cancer J 2:25- 37, 2010. Photos courtesy John D. Bauer, M D.) 

8 c 

pectoralis to provide full muscle coverage of the implant 
(Fig. 37-4). 

1lu s Aap, performed in a single-stage fashion, is ideal for 
relatively small-breasted women with some ptosis, but can be 
used to create larger reconstructed breasts in a staged fashion. It 
is also used for the reconstruction of lateral partial masteccomy 
defects. lhe latissimus Aap is advantageous because of its prox
imity to the breast and reliable circulation. ft is the workhorse 
for reconstruct ion of unilateral defects in thin women with 
nunimal donor sites and .in smaller breasted women, and as 
salvage for any fai led brea~t reconstruction. Its disadvan tages, 
however, are a large scar on the back and d1e likelihood of donor 
site complications (see later; Box 37-3). 

Indications 
Small breast 

FIGURE 37-4 Schematic representation of latissi
mus dorsi flap. A. Rap elevation. B, Rap transposi
tion. C, Rap inset. 

Minor breast ptosis 
Abdominal donor site unavailable (e.g., scars, lack of tissue) 
Salvage of previous breast reconstruction 

Relative contraindications 
Planned postopera tive radiation therapy 
Bilateral reconstruction 
Significant breast ptosis 

Contraindications 
Previous late ral thoracotomy 
Very la rge breast in a patient who does not desire reduction 
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Autologous Reconstruction 

Pedicled Flap 
Today, the gold :standard in breast reconstruction with autoge
nous tissue is the transverse rectus abdomin.is myocutaneous 
(TRAM) Aap because of the lower abdominal tissue's similari
ties in consistency with breast tissue. The fi rst description of the 
RA.i\11 fl ap used .in breast reconstruction, by Robbins in l979, 
was with a wrtical skin island. The TRAM Hap as we know it, 
with a horizontal lower abdominal skin paddle, was first 
described by Hartrampf in 1982.~0 1his orients the donor scar 
imo a more acceptable abdom.inoplasty location. Although tb.is 
location of the skin paddle provides for a better arc of rotation, 
the ensu.ing blood supply to this large volume of tissue is more 
distal and therefore tenuous. This donor area of skin and 
adipose tissue has a dual blood supply for the superior and 
inferior epigastric systems. Ped.ided Aaps are thus supplied by 
the proximal superior epigastric vessels and the inferior system 
must be divided for transfer. The small vessels connecting the 
superior and inferior systems, known as d1oke vessels, arc then 
dilated to increase perfusion once the deep system is ligated. 
Srud.ies by Moon and Taylor1 have further elucidated the per
fusion zones of the lower abdomen skin tcrrirory. They found 
rich perforating blood vessels that arise out of the rectus to 

supply the overlying skin and fat. Perfusion is best overlying the 
rectus muscle (zone I) on the side (ped.icle) used, followed by 
tl1e region overlying the contralateral rectus muscle (zone II). 
Next is the ipsiJateral omer region of tissue (zone ill), and rbe 
region perfused tthe least is the fariliest from the rectus pedicle 
(zone rY; Fig. 37-5). 

1his type of reconstruction is advantageous in that it 
replaces Bke with like tissue and provides an acceptable donor 
scar and improvement of abdominal contour. TI1e lim.itations 
include the following: 

Deep inferior 
epigastric 
artery and vein 

FIGURE 37-5 VaS£ular territories of the abdominal wall provided by 
a unilateral TRAM flap (as determined by Moon and Taylor" ). Blood 
flow is best in zone I, followed by zones II, Ill, and IV, respectively. 
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l. 'This tissue bas high metabolic demands that are 
sometimes not met, so that portions of the Aap go 
on to form fat necrosis or die. 

2. There is a longer recovery period after this surgery, 
with increased abdominal discomfort and tl1e risk for 
abdominal weakness and/or hern.ia formation. 

Its use can also be limited by previous abdominal opera
tions and scars. Women who arc obese, smokers, or have medical 
comorlbidities (especially diabetes) are at greater risk for tl1ese 
complications (Box 37-4). 

Abdominal-Based, Gluteal-Based, and 
Inner Thigh-Based Flaps 
Abdominal-Based Flaps As noted, d1c dominant blood supply to 
the lower abdomen i!: the deep inferior epigastric system. Perfu
sion of the skin and far based on tb.is system is thus more reliable. 
It becan1e evident that performing this £lap as a free tissue trans
fer would be beneficial. Free abdominal-based Aaps have less 
partial £lap and fat necrosis than pedicled Aaps and avoid the 
epigastric bulge of the muscle that occurs in ped.idcd flaps. In 
free TRAM flaps, tl1e skin and fat of tl1e lower abdomen are 
connected via the deep inferior epigastric artery and vein tO the 
blood supply in the axilla (tl1oracodorsal vessels, originally) or, 
more recently, wid1 the internal mammary artery and vein. 1his 
procedure is often done in conjunction with the mastectomy, 
except in advanced disease, for which adjuvant rad.iation may be 
required (Figs. 37-6 to 37-8). 

Holmstrom/~ in 1979, was the first ro perform this rypc 
of reconstruction. Since tl1en, rh.is and its further refined Aaps 
have become the gold standard for microvascular autologous 
breast reconstruction. Original reports from this procedure 
revealed a partial Aap lc,ss rate of 7.1 %, total flap loss rate of 
1.4%, and fat necrosis u1 12% of smokers, but only 3% in 
nonsmokers. Abdominal bulge occurred in about 5% initially 
bur became less as smaller amounts of rectus muscle were bar
vested, transitioning to the muscle-sparing (ms) TRAMY 
Further refinements of this operation have been made to pre
serve abdominal wall srrengd1. 

Tl1e <juest to minimize abdominal wall morbidity led to d1e 
development of the rosTRA.i\11 flap, in which only the muscle 
surrotmding the perforating vessels is takm, the DIEP (deep 

BOX 37-4 Transverse Rectus Abdominis Muscle Flap 
Reconstruction 

Indications 
Breasts of all sizes 
Breas!l: ptosis 

Relative Contraindic.ations 
Smoking 
Abdominal liposuction 
Previous abdominal surge ry 
Pulmonary disease 
Obesity 

Contraindications 
Previous abdominoplasty 
Patient unable to tolerate a 4- to 6-week recovery period 
Patient unable to tolerate a longer procedure 
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'--~r------t- Deep inferior 
epigastric 
artery 

FIGURE 37-6 Schematic of lower abdomen markings for autologous 
reconstruction based on the medial and lateral row of perforators, 
which are based on the deep inferior epigastric artery system. 

Rectus 
muscle 

Lateral branch 
of deep inferior 
epigastric artery 

Medial 
branch 

FIGURE 37-7 Anatomy of the deep inferior epigastric artery flap. 
Shown are perforating vessels of the lateral row, after splitting the 
rectus abdominis musde, as they enter the skin and subcutaneous 
tissue. 

FIGURE 37-8 A. B, Preoperative views of patient with right breast cancer for mastectomy and DIEP reconstruction. C, D, Patient approximately 
3 months after breast revision, nipple creation, and tattooing. (Granzow JW. l evine JL.. Chiu ES, et al: Breast reconstruction with the deep inferior 
epigastric perforator flap: history and an update on current technique. J Plast Reconstr Aesthet Surg 59:571-579, 2006.) 
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\ 
SIEA Muscle sparing DIEP 

(superficial inferior TRAM (deep inferior 
A epigastric artery) B C epigastric perforator) 

FIGURE 37-9 Schematic representation of the SIEA flap in which abdominal wall fascia is undisturbed (A), DIEP flap, in which all muscle is 
spared (B), and msTRAM flap, in which a small window of musde is taken around the supplying perforators (C). (© 2009 The University of 
Texas M.D. Anderson Cancer Center.) 

inferior epigastrk artery perlorator) flap, in whiciJ no muscle is 
taken and the perforating vessels are dissected out in a chain, 
and the SIEA (superficial inferior epigastric artery) flap. when 
a suitable SIEA is available (about 30o/o) provides a pedicle 
that does not peilletrate the rectus muscle at all (and thus there 
is no abdominal wall morbidity and shorter recovery time; 
Fig. 37-9).24'26 

The d10ice of Aap is often determined by the patient's 
anatomy. \Xlhen the SIEA flap is available and of reasonable 
caliber, ofren more than 1.5 mm, it is ofren cl1osen because it 
results in the Least amount of abdominal morbidity. Difficulties 
with this flap can occur because the artery is small and there 
may be some discrepancy between the SIEA and internal 
mammary artery. In addition, the SIEA wil l only support half 
of the abdominal skin and fat so it is favorable for small breast 
reconstructions and for bilateral ca~es. The cl1oice between DIEP 
and msTRAM is by the surgeon. \'<i'hen the anatomy is favorable 
and reasonable caliber perforawrs are available in a formation 
that allows for minimal disruption of rectus mLLscle, a DIEP flap 
is chosen. When the vessels are smaller or their orientation is 
not favorable for muscular dissection, an msTRAM flap is used. 
Flap perfusion is ofren better with an msTRAM. DIEP rates of 
partial flap loss and fat necrosis are often higher, and thus 
abdominal wall p reservation is sometimes at the expense of flap 
perfusion and overall breast outcome.27 Often, preoperative 
imaging studies are used to evaluate rl1e vascular system of the 
anterior abdominal wall. Computed tomography (Cf) angiog
raphy, conventional angiography, and even staging CT scans 
performed during cancer workup have been used to visuali'le the 
perforators supplying the anterior abdominal skin and subcuta
neous tissue. These can provide some guidance for perforator 
selection and often decrease dissection times. 

Gluteal-Based Flaps Breast reconstruction can also be performed 
using tissue from the gluteal region based on the superior or 
the inferior gluteal arteries and their overlying skin and sub
cutaneous tissue. This is commonly performed in women who 
desire autologous breast reconstruction but have little adiposity 
in d1e lower abdomen. The buttock provides a reasonable 
amount of fat that is fum and provides sufficient volume and 
projection in breast reconstruction. Originally described as a 

Piriformis 
muscle 

Inferior 
gluteal artery 

and vein 

Superior gluteal 
artery and vein 

Skin island 
for superior 
gluteal flap 

Skin island 
with inferior 
gluteal 
muscle flap 

FIGURE 37- 10 Skin island location of the SGAP and IGAP flaps. The 
skin paddle can be oriented over the superior or inferior gluteal artery. 

muscuJocutaneous flap, gluteal artery perforator (GAP) flaps 
(superior GAP [SGAP] and inferior GAP [IGAP] flaps) had 
a number of donor site complications, including significant 
seroma, contour deformity, and sciatica from nerve compres
sion. They have evolved into a perforator flap design, similar to 
the evolution of the TRAM flap to the DIEP. Perforator design 
limits ![he deformity ar the donor site and lessens the incidence 
of sciatica. 1he disadvantages of these flaps include difficulty of 
dissection, short pedicle length, and size discrepancy of the 
gluteal vein when anastomosing it with the internal mammary 
vein. These flaps are technically challenging but provide a good 
amount of autologous tissue for reconstruction of one or even 
both breasts (Figs. 37-10 to 37- 13).~8•31 

Inner Thigh-Based Flaps Additionally, breast reconstruction can 
be performed using the upper inner thigh tissue. This is ideal 
for women without abdominal or gluteal tissue to use as a donor 
site. Similarly, some women are opposed to the donor scar on 
the buttock or abdomen and would prefer reduction in tbc 
excess fat or skin in the inner thigh region. The transverse upper 
gracilis (TUG) flap is based on the ascending branch of the 
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medlal circumfkx femoral artery and includes the gracilis muscle 
and the overlying .horizontal paddle of skin or fat. l11e scar is 
camouflaged i11 the groin and gluteal fold and a reasonable 
amount of tissue can be obtained to reconstruct small to 

moderate-sized breasts in the immediate setting. Because these 
flaps arc slightly smaller rhan their abdominal or glmeal coun
terparts with regard to skin, they are less useful for delayed 
reconstruction. This flap is rather straightforward and dissection 
is somewhat easier than the perforator flaps of the abdomen and 
buttock. Minimal to no morbidity is noticed with sacrifice of 
the gracilis muscle. The disadvantages of this Hap include a 
shorter pedicle length, smaller skin island, possible contour 
deformity of d1e medial thigh, and widened donor si te scar. 

FIGURE 37- 11 Superior gluteal vessel dissection through the retracted 
gluteus maximus musde. 

TUG flaps are ideal for women in whom the abdominal donor 
site is not available or as a salvage procedure after reconstruction 
faiJure (Figs. 37-14 and37- 15).32··~'~ 

Oncoplastic Surgery 
Breast conservadon has comparable outcomes in cru1ccr rreat
ment, and up to 40% of women chose this option in 1991, 
increasing to 60% by 2002. BCT is a reasonable choice for many 
women because they preserve m uch of their native breast and 
often the nipple-areola complex, which is the most disappoint
ing phase of total breast reconstruction. However, the adjunctive 
radia'tion that accompru1ies lumpectomy is not without conse
quence. At least 30% of women who choose BCT require some 
form of reconstructive surgery to achieve better symmetry and 
86% observe asymmetry.35 Breast revision cru1 be difficult after 
radia-tion therapy, with complicatio11 rates of 50% in the radi
ated breast. Thus, women were fom1erly offered reduction of the 
normal breast for symmetry in clothing ru1d minimal to no 
surgery on the radiated side. In an attempt to improve cosmetic 
outcomes, we now cru1 provide preemptive treatment at the time 
ofl umpectomy to improve conrour and aesthetic deformity after 
the effects of radiation. l11is is done in the form of breast rear
rru1gcmcnt after the cancerous tissue is removed. These types of 
procedures are ideal for the large-breasted woman, when resec
tion is 20% of breast voiLmle, when mmor location is central, 
medial, or inferior, when she desires smaUer breasts, or when she 
has significant breast ptosis and/or asymmetry (Fig. 37-16). 

Oncoplastic procedures are performed immediately or 1 to 
2 wt:t:ks after 1Lm1pectomy, once final pathology is available. 
They include rearrangement of the remaining breast tissue 
through a variety of techniques, often adhering to breast reduc
tion principles. ln addition, more tissue cru1 be brought into the 
breast to correct the volume deficit, often in the form of a latis
simus dorsi Aap. Lndications for these procedures depend on the 
patient's preoperative breast size, available remaining breast 
tissue, and overall goals for ultimate breast size and shape. All 
these procedures are done prior to radiation to preveJlt the 

lntemal 
mammary 
artery 

Superior 
gluteal 
a rtery 

\ 

FIGURE 37-12 Sdlematic of the gluteal perforator flap, inset into the defect via the internal mammary vessels, and donor site dosure. (Granzow 
JW, levine Jl, Chiu ES, et al: Breast reconstruction with gluteal artery perforato:r flaps. J Plast Reconstr Aesthet Surg 59:614-621, 2006.) 
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FIGURE 37- 13 A. 8 , Preoperative view and markings. C. D, Intraoperative views of flap and superior gluteal artery perforator vessels. E, F, 
Postoperative views (anterior and posterior) 21 months after surgery. (Granzow JW, levine Jl, Chiu ES, et al: Breast reconstruction with gluteal 
artery perforator flaps. J Plast Reconstr Aesthet Surg 59:614-621, 2006.) 

contracture of the lumpectomy defect and distortion of the 
nipple-areolar complex. Although this technique is rather new, 
recem outcomes arc judged ro be good. In many cases, these 
women still reqtLire contralateral balancing procedures after the 
completion of radiation.:\6-38 

COMPLICAnONS 
Complications can be encountered with any fo rm of breast 
reconstruction and may cause delay in adjuvam chemotherapy. 
11ley include partial or total flap loss, mastectomy Rap loss, 
wound breakdown, and infection. Complications are known to 
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FIGURE 37-14 A. Top left, Typical marking of the TUG flap. B. Top, right, The anterior portion of the flap is dissected first of the underlying 
adductor longus. The pedicle, medial cirrumflex femoral artery, is identified at the dorsal border of this muscle. C. Center, left, Posterior portion 
of the skin island is lifted off the underlying muscle. The overlying skin is supplied by multiple perforators arising from within the gracilis. 
D and E, Center, right and bottom, After complete skin dissection, the gracilis muscle is cut at its tendinous junction. (Schoeller T. Huemer GM. 
Wechselberger G: The transverse musrulocutaneous gracilis flap for breast reconstruction: Guidelines for flap and patient selection. Plast Reconstr 
Surg 122:29-38, 2008.) 

FIGURE 37-15 A. Patient with right breast cancer before (left) and after (right) unilateral right breast reconstruction using TUG flap. 8 , 33 
months after reconstruction. (Schoeller T. Huemer GM, Wechselberger G: The transverse musculocutaneous gracilis flap for breast reconstruc
tion: Guidelines for flap and patient selection. Plast Reconstr Surg 122:29- 38, 2008.) 
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FIGURE 37-16 Guidelines for design of the nipple pedicle to repair a partial mastectomy defect using the breast reduction technique by tumor 
location (pink). A. (Above, left) Upper inner quadrant, showing the inferomedial pedicle (white). The retained medial component (yellow) fills 
the defect on closure of the Wise skin pattern and maintains the cleavage of the breast B, (Above, second from left) lower inner quadrant, 
showing the inferolatera l pedicle. The retained lateral component provides additional blood supply to the nipple-areola complex. A thick layer 
of subcutaneous t issue is maintained on the medial aspect of the Wise skin pattern flap to fi ll the defect on closure of the Wise skin pattern 
and maintain cleavage of the breast. C:. (Above, second from right) Upper central quadrant, showing the inferomedial pedicle. The retained 
medial component provides a cosmetic advantage and additional blood supply to the nipple-areola complex in patients with very large ptotic 
breasts. D, (Above, right) Middle central quadrant, showing the amputative design with a free nipple graft and maintenance of a thick layer of 
subcutaneous tissue on the central aspect of the Wase skin pattern flap (yellow). E. (Below, left) Lower central quadrant, showing the vertical 
scar reduction mammaplasty. F, (Below, center) Upper outer quadrant. showing the inferomediolateral pedicle. The retained lateral component 
fi lls the defect on closure of the Wise skin pattern. G, (Below, right) lower outer quadrant, showing the inferomedial pedicle. The retained 
medial component provides a cosmetic advantage and additional blood supply to the nipple-areola complex. A thick layer of subcutaneous 
tissue is maintained on the late ral aspect of the Wise skin pattern flap to fi ll the defect (yellow). (Kronowitz SJ, Kuerer HM, Buchholz TA. et al: 
A management algorithm and practical oncoplastic surgical techniques for repairing partial mastectomy defects. Plast Reconstr Surg 122:1631-
1647, 2008.) 

be higher in women who require adjuvant radiation therapy and, 
more commonly, with implam-based reconstructions (15% 
without radiation and up to 42% with rad.iation)} 739

•
40 Sym

metry is also affected by radiation therapy; thus, implant-based 
reconstructions are not the best option for women requiring 
radiation therapy. 

The most common complication with implant-based 
reconstructions is capsular contracture, which can occur regard
less of implant type or placement position. Treatment may 
require capsuJectomy, capsulotomy, cl1ange in implant position 
or type, and/or implant removal, with some other form of recon
struction. Additional complications include infection, seroma, 
skin slough, necrosis, deflation, and w1acceprable appearance. 

Satisfaction with this modality of reconstruction tends to 
decline over time regardless of type, volwue, patient age, or [)'pe 
of mastectomy. ' ~ Thus, implant-based reconstruction is best 
suited for thin patients with inadequate autologous donor sites 
or for women who opt not to undergo more lengd1y procedures. 
Implants can also be used to enhance autologous reconstructions 
to improve symmetry and women's aesthetic wishes. 

Complications associated with Aap reconstruction Lnclude 
mastectomy flap issues, parcial or total flap loss, and problems 
related to the flap donor sire. For the latissimus dorsi flap, back 
seroma is the most common complication. In addition, many 
women require the addition of an implant to acl1ieve adequate 
volume and thus accrue all the possible implant-related compli
cations. Abdomen-based reconstructions have possible partial 
flap loss, total flap loss, and fat necrosis, whicb can present later 
as a firm suspicious nodule. Fat necrosis occurs b1 approxi
mately 50% of pedicled TRAMs versus 17% in those proce
dures performed in a free fash.ion.41 Complications associated 
with the abdominal donor site include flap necrosis, abdominal 
weal(ness, bulge, and hernia. Partial Rap loss is more common 
with pedicled reconstructions and total Aap loss is more 
common with free transfer of the abdominal tissue. Partial flap 
loss rates for free tissue transfers are approximately 2% for 
msTRAM, 7% for DIEP, 3% for SIEA, and 4% for GAP flaps. 
Fat necrosis also occurs in about 3% of msTRAM and 7o/o and 
9% for SIEA and DIEP flaps, respectively. Abdominal weakness 
and bulge have been reported to occur less in the DIEP setting, 
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especially with bilateral breast reconstruction. Scudles have 
revealed that bulge or hernia formation occurs in approximately 
l5o/o of pedicled TRAMs versus less than 5o/o in DIEP 
£laps.4tM 

Complications of mastectomy Aaps and the abdominal 
wall in aurol.ogous reconsrructions are much higher in 
smokers. Smoking is believed to cut down on the microvascu
lar distal circulation of flaps and has little impact on the anas
tomosis of free flaps. Similar complications are seen .in obese 
and morbidly obese women. They also have higher mastec
tomy flap loss and abdominal donor site complications. Che
motherapy has litde effect on the outcomes of breast 
reconstruction, as long as surgical procedures arc delayed after 
neoadjuvant chemotherapy, with return of immlmologic fwlc
tion, and little intervention is performed during the course of 
adjuvant chemotherapy. 

Radlation therapy, however, can have some impact on 
reconstruction. lt limits the options for reconstruction in that 
implant-based procedures have high failure rates. lfimplants are 
used, addltional and larger surgeries are often required to 
salvage the breast reconstruction. Similarly, complications asso
ciated with irradiated autologous reconstructions are higher. 
Early complications are similar in delayed and immediate recon
struction with adjuvant radlation therapy. Immedlatc recon
struction foUowed by radiation has complication rates of 87% 
versus 8.6% in those that have delayed reconstruction after 
radiation therapy. In those who have immediate reconstruction, 
28% require additional flap surgery to correct contour 
defomuties.15 

NIPPLE-AREOLAR RECONSTRUcnON 
1he focus of all the procedures described is creation of a breast 
mound. 1bls provides the woman with symmetry in clothing 
and a bra . . For many women, this is satisfactory and they want 
no furd1er operative intervention. Other women would like 
completion of their reconstruction to niliror the normal contra
lateral breast, which requires the creation of a nipple and areolar 
complex. Often, these procedures are done some months after 
the initial mound reconstruction to allow for settling of the 
reconstruction. This allows for symmetrical positioning of tbe 
created nipple. In additi011, a period of time after radiation 
should be allotted because the breast reconstruaion will undergo 
some amollllt of concraction. 1bls is usually 2 co 3 months after 
creation of the breast mound or completion of adjuvant therapy. 

The nipple itself can be created via a myriad of local flap 
techniques using cl1e skin of the reconstructed breast mound. A 
number of local Aap designs have been proposed and all have 
relatively sinillar results. Over the first year, they liJldergo some 
amount of contraction, up to 50%, so all are initially made 
rather large, accordingly. The areolar reconstruction can be per
formed in one of two ways. Some surgeons opt to use a fuU
thickness skin graft, usually from the groin for the native darker 
pigmentation. Others d10ose to use medical tattoo pigments 
that are chosen from a color wheel to match d1c contralateral 
native areola. Creation of the areola usually occurs 4 to 6 weeks 
after creation of tbe nipple. Nipple tattoo tends to fade over tin1c 
and requires occasional touchup. 

In general, nipple areolar rcconsuucdon is the least satisl}r
ing portion of the;: overall breast reconstruction experience. Tht: 
reconstructed 11.ipple and areola have little projection compared 
with normal and is insensate and less than the aesthetic normal. 

1bls has led surgical oncologist.~ and plastic surgeons to attempt 
to preserve the areola or the entire nipple areolar complex. This 
is somewhat controversial because tl1e ducts in tl1e nipple can 
harbor residual cancer and blood supply can be tenuous after 
mastectomy; nipple-areolar complex survival is not gtraranteed. 
Nonetheless, cancer is found in few nipple specimens, especially 
when tun1ors are smaiJ, peripherally located, and have a negative 
nodal status. This procedure may be applicable to early-stage 
peripheral breast cancers and is even more valuable in prophy
lactic mastectomies. 

MANAGEMENT OF THE 
CONTRALATERAL BREAST 
1l1e goal in any breast reconstruction is symmetry, most inlpor
tantly in clothing, but plastic surgeons strive for symmetry, even 
out of clothing. In many cases, some revision of the breast 
mound reconstruction is warranted to improve shape and sur
geries on the native contralateral breast are also necessary. Mas
tectomy and reconstruction often meet the patient's desires with 
regard to breast size, whether smaller or larger. Complete recon
struclion of very ptotic or a large breast is often difficult with 
any of reconstructive tecluuques. Thus, the teduuques used are 
augmentation mammaplasty, mastopexy (lifting), and reduaion 
mammaplasty. 

The incidence of contralateral cancer is rather low, but is 
approxin1atdy I %/year. Therefore, young women often cl10ose 
a prophylactic mastectomy. Also, BRCA-positive women are 
encouraged to undergo bilateral masteaomies because their inci
dence of breast cancer is 80% or higher in their lifetin1e. fn the 
case of bilateral mastectomies, reconstruction is best when the 
same procedure is performed o.n both sides. 

SURVEILLANCE 
Reconstructed breasts are easy to monitor for local recurrence 
because it is most often within the skin. Any firm or suspicious 
mass shotJd be biops.ied without delay. The result is often fat 
necrosis in autologous tissue reconstructions. Routine mam
mography of breast reconstructions is not necessary. Ultrasound 
and magnetic resonance imaging (MRI) are the most commonly 
used radiographic modalities. Recurrence is usuaUy managed 
with surgical excision, adjuvant chemotherapy, and/or radiation 
therapy. The reconstruction infrequently has to be removed in 
its entirety--only in cl1e case of multifocal recurrence or involve
ment of the flap pedicle itself. 

CONCLUSIONS 
Breast reconstruaion is a vital component in the treatment of 
breast cancer for many women. lt is ofren the optimistic portion 
of a devastating diagnosis. Reconstruction lessens cl1e psydlo
logical and physical burden of the diagnosis for many women. 
When possible, immediate reconstruction is preferred because it 
has not been shown to increase oncologic risk or delay adjuvant 
therapy, provides for better aesthetic outcomes, and results in 
less depression. [t is also more cost-effective. Planning and deci
sion making for reconstruction must be individuall7..ed to each 
patient to achieve her desires in the safest and most reasonable 
fasluon. 11lere are advantages and dlsadvantages of each proce
dme; decision making should be individualized for the patient 
and her reconstructive surgeon to deternune the most rationat 
radlotherapy. 
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CHAPTER 38 

THYROID 
PHILIP w. SMITH, LESLIE J. SALOMONE, AND jOHN B. HANKS 

HISTORICAL PERSPEcnVE 

ANATOMY 

PHYSIOLOGY OF THE THYROID GLAND 

DISORDERS OF THYROID METABOLISM- BENIGN THYROID 

DISEASE 

WORKUP AND DIAGNOSIS OF A SOLITARY THYROID NODULE 

THYROID MALIGNANCIES 

SURGICAL APPiROACHES TO THE THYROID 

HISTORICAL PERSPECTIVE 
1l1e name thyroid is derived from the Greek description of a 
shield-shaped gland in the anterior aspect of the neck (thyroide:s). 
Classic anatomic descriptions of the thyroid were available in 
the I 6th and 17th centuries, but the function of the gland was 
not weiJ understood. By d1e 19th century, pad10logic enlarge
ment of the thyroid, or goiter, was described. Iodine-rich seaweed 
was used to treat this condition. Direct surgical approaches to 
myroid masses had frighteningly high complication and mortal
ity rates. 

In the late 19rll century, two surgeon-physiologists revolu
tionized the understanding and treatment of thyroid diseases. 
1l1eodor Billroth and Emil 1heodor Kocher established large 
dinics in Europe and, through d1e development of skilled surgi
cal techniques combined wid1 newer anesthetic and antiseptic 
principles, provided surgical results dlat proved dle safety and 
efficacy of thyroid surgery for benign and mallgnant problems. 
As a result ofhls pioneering developments in me understanding 
of thyroid physiology, Kocher received the Nobel Priz.e in 1909. 

1l1e 20th century began wiili the contributions of Kod1er 
and Billroth. In rapid succession, the understanding of altered 
physiology, including hypothyroidism, hyperthyroidism, and 
thyroid cancer, and advances in imaging, epidemiology and, 
most recently, minimally bwasive diagnostic and surgical tech
niques, have taken place. These advances have allowed the diag
nosis and treatment of thyroid diseases to become rapid, 
cost-effective, and low-morbidity procedures. 

ANATOMY 

Embryology 
1l1e tissue bud that ultimately becomes the thyroid gland arises 
initially as a midline diverticulum in the Aoor of the pharynx. 
1l1is tissue originates in the primitive alimentary tract and 
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consists of cells of endodermal origin. The main portion of this 
cellular structtLre descends into the neck and develops into a 
bilobed solid organ. The original attad1ment in the pharynx is 
in the buccal cavity at the foramen cecum. This structure 
becomes the thyroglossal duct, which is usually reabsorbed after 
6 weeks of age. The very distal end of clli~ remnant may he 
retained and mature as a pyramidal lobe in the adult thyroid. 

Microscopic thyroid follicles first appear as the lateral lobes 
develop. When the embryo is about 6 em b1 length, these fol
licles begin to develop colloid. [n the third month, the follicular 
ceiJs first demonstrate iodine trapping and thyroid hormone 
secretion begins. Calcitonin-producing C cells arise from the 
fourth pharyngeal pouch and mlgrare from the neural crest into 
d1e lateral aspects of the thyroid lobes. These cells migrate into 
d1e lateral and posterior upper two thirds of the thyroid lobes 
and are distributed among the follicles. In adults, they remain 
lbnltcd to the upper and middle areas of the gland, usually in 
d1e posterior and medial aspects. These C cells are the only 
component of the adult gland that is not of endodermal origin. 

Knowledge of basic en1bryology is essential for understand
ing certain embryologic congenital malfoonations, including 
d1yroglossal duct cysts and fistulae, which result from retained 
tissue along the path of descent of cl1e thyroid. A lingual thyroid 
is another anomaly that occurs when the median thyroid anlage 
does not descend in a normal fashion. In unusual circumstances, 
ectopic thyroid tissue can be found in the central compartment 
of the neck. Small an10unts of ectopic tissue may be located 
under the lower poles of a normal thyroid and, occasionally, in 
the anterior mediastbmm. Historically, me thyroid tissue 
described in lateral neck compartments was known as lateral 
aberrant iliyroid tissue and was explained as an en1bryologic 
variation. 111is concept bas essentially been disproved, and it is 
believed that thyroid tissue found in the neck lateral to the 
j ugularvein represents metastaticdeposi ts from well-differemiated 
thyroid carcinoma, typically papillary cancer, and may be the 
initial presentation of cllls disease. Small thyroid follicles located 
at the periphery of central neck lymph nodes may occasionally 
occur in the absence of thyroid cancer. 

Adult Surgical Anatomy 
A normally developed adult thyroid weighs 10 to 20 g; it is a 
bilob-ed structure that lies next to the thyroid cartilage in a posi
tion anterior and lateral to the junction of the larynx and trachea. 
In this position, the thyroid encircles approximately 75% of the 
diameter of the junction of the larynx and upper part of the 
trachea. The lobes lie lateral to the trachea and esophagus, 
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anteromedial to the carotid sheath and posteromedial to the 
sternocleidomastoid, sternohyoid, and sternothyroid muscles. 
The two lateral lobes are joined at the midline by an isthmus, 
whose superior edge is situated at or just below the cricoid car
tilage. A pyramidal lobe is present in about 30% ofpatients and 
represents the most distal portion of the thyroglossal duct. In an 
adult, it may be a prominent structure that can extend from the 
mjdlinc of the is thmus as far cephalad as the hyoid bone. 

A thin layer of connective tissue SLLITOllllds the thyroid. 
This tissue is part of the fascial layer that invests the trachea. 
This fascia is different from the thyroid capsule and, during 
sUJgery, can easily be separated from the capsule, whereas the 
true capsule of the thyroid cannot. This fascia coalesces with the 
thyroid capsule posteriorly and laterally to fom1 a suspensory 
ligament known as the ligament of Berry, which is the primary 
point of fixation of the thyroid to surrounding strucwres. The 
ligan1ent of Berry is closely attached to the cricoid cartilage and 
has important surgical implications because of its rdationship 
to the recurrent laryngeal nerve. 

Laryngeal Nerves 

Recurrent Laryngeal Nerve 
The recurrent laryngeal nerves (Fig. 38-1) ascend on either side 
of the trachea and each lies just lateral to the ligament of Berry 
as it enters the larynx. 1l1ere are a number of important varia
tions. In about 25% of patients, the recurrent laryngeal nerve is 
contained within the ligament as it enters the larynx. On the 
right side, the recurrent laryngeal nerve originates from the 
vagus nerve as it crosses the subclavian artery; it then passes 
posterior to the subclavian artery and ascends in a position 
lateral to the trachea along the tracheoesophageal groove. During 
neck dissection, the right recurrent laryngeal nerve can usually 
be found no further than l em lateral to or within the tracheo
esophageal groove, at the level of the lower border of the thyroid. 
As it ascends m the midportio.n of the thyroid, however, the 
nerve assumes its position witl1jn the tracheoesophageal groove. 
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At this Location, the nerve might divide into one, two, or more 
branches as it enters the first or second ring of the trachea, with 
the most important branch disappearing beneath the inferior 
border of the cricothyroid muscle. The nerve can usually be 
fotmd immediately anterior or posterior to a main arterial trunk 
of the inferior thyroid artery at this level. Unusually, a nonrecur
rent right laryngeal nerve can arise directly from the vagus and 
course medially into the larynx. This nonrecurrent anatomy is 
fotmd in 0.5% to 1.5% of patients and occurs in the setting of 
arterial anomalies, most commonly an aberrant right subclavian 
artery (arteria lusoria), whicl1 could potentially be predicted 
from vascular findings on preoperative neck ultrasound pdor to 
cervical explo.ratio.n.1 There have also been reports of patients 
who b:ave both a recurrent and nonrecurrent laryngeal nerve on 
the right. These two nerves usually would join in a position 
beneath the lower border of the rhyroid.2 

On the left side, the recurrent laryngeal nerve separates 
from the vagus as tl1at nerve traverses the arch of the aorta. The 
left recurrent laryngeal nerve then pao;ses inferiorly and medially 
to the aorta at the ligamentum arteriosum and begins to ascend 
toward the larynx, where it enters the tracheoesophageal groove 
as it ascends to tl1e level of the lower lobe of the tl1yroid. A 
nonrecurrent left laryngeal nerve is associated with more exten
sive and less common arch and great vessel anomalies than those 
associated with nonrecurrent right laryngeal nerves and is there
fore rare.1 

Both recurrent laryngeal nerves are consistently fotmd 
within the tracheoesophageal groove when they arc within 
2.5 em of their entrance into the larynx. 1l1ese nerves pass infe
rior or posterior to an arterial branch of tl1e inferior thyroid 
artery and evemually enter the larynx at the level of the crico
thyroid articulation, on tl1.e caudal bClrder of the cricothyroid 
muscle. At this level, tbe nerve courses immediately adjacent to 
the superior parathyroid gland, inferior thyroid artery, and pos
tcriormost aspect of the thyroid. Great care is needed during 
smgical dissection in this area hecause the nerve is essentially 
tethered a~ it dives beneatl1 the cricothyroid muscle and can be 

FIGURE 38- 1 Anomalous variations in the course of the right recurrent laryngeal nente. A. A nonrecurrent laryngeal nente arises from the vagus 
and courses medially into the larynx in the setting of an aberrant origin of the right subclavian artery. B. The normal course of the recurrent 
laryngeal nente arises from the vagus after it passes beneath the subclavian artery. c. The unusual coexistence of the nonrecurrent and the 
recurrent laryngeal nente join to form a common distal nente. 
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stretched by overly vigorous dissection. A small branch of rhe 
inferior laryngeal artery crosses the nerve at the level of the liga
ment of Berry, ,~o bleedi11g in tlus area should be addressed with 
great caution to avoid nerve injury. 

'I11e recurrent laryngeal nerve has mixed motor, sensory, 
ru1d auronomic functions ru1d innervates rhe imrinsic laryngeal 
muscles. Damage to a recurrent laryngeal nerve results in mixed 
pathology, the most importaJ1t of wluch is paralysis of the vocal 
cord on the side affected. Such damage might result in a cord 
that remains illl a medial position or just lateral to the midline. 
A normal voice, albeit weakened, cru1 still be present if the 
remaining fLmctioning contralateral cord is able to approximate 
the paralyzed cord. lf tl1e vocal cord remains paralyzed in aJl 

abducted position and closure cannot occur, a severely impaired 
voice ru1d ineffective cough can result. If the recurrent laryngeal 
nerves are dan1aged bilaterally, complete loss of voice or airway 
obstruction may occur and possibly require emergency intuba
tion and tracheostomy. Occasionally, bilateral damage can result 
in cords taking an abducted position, which, although allowing 
airway movem~ent, may result in upper respiratory infection 
because of ineffective cough and aspiration.' 

Superior Laryngeal Nerve 
The superior laryngeal nerve (Fig. 38-2) separates &om the vagus 
nerve at the base of the skull and descends toward the superior 
pole of rhe tbylioid along tl1e internal carotid artery. At the level 
of tl1e hyoid cornu, it divides illto two brruKhes. 'TI1e larger 
inrernal brand1 has sensory function and enters the thyrohyoid 
membrru1e, where it innervates ilie larynx. 'TI1e smaller external 
brru1d1 continues to travel along tl1e lateral surface of the inferior 
pharyngeal constrictor muscle and usually descends anteriorly 
and medially, along with the superior thyroid artery. Within 

FIGURE 38-2 Relationship between the external branch of the supe
rior laryngeal neliVe (yellow) and the superior thyroid artery. The nerve 
can course inferiorly and medially and may run partly along with or 
around the artery or branches of the artery as they enter the superior 
lobe of the thyroid. (From Duh QY: Surgical anatomy and embryology 
of the thyroid and parathyroid glands and recurrent and external 
laryngeal nerves. In Clark OH, Duh QY [eds]: Textbook of endocrine 
surgery, Philadelphia, 1997, WB Saunders, p 11.) 

I em of the entrance of the superior tl1yroid artery into the 
thyroid capsule, the nerve generally takes a medial course and 
enters ilie cricothyroid muscle, whicb it innervates. This rela
tionship is in1porcant because during thyroid lobectomy, the 
external branch is not usually visualized because it bas already 
entered rhe inferior pharyngeal muscle fascia. 'TI1is nerve is at 
risk of being severed or entrapped, however, if the superior pole 
vessels arc ligated at too great a distance above the superior pole 
of the thyroid. Damage co the external branch CaJ1 result in 
severe loss of voice quality or strength. Although such loss may 
not be as clinically devastating as recurrent laryngeal nerve 
damage, it is extremely bothersome to patienrs whose occupa
tion demands good voice quality? 

Blood Supply 
The arterial supply to the thyroid gland consists of four main 
arteries, two superior and two inferior. The superior thyroid 
artery is tlJe first branch of tl1e external carotid artery and arises 
immediately above tl1e bifurcation of the common carotid artery. 
'TI1c superior thyroid artery gives off the superior laryngeal artery, 
courses medially onto the surface of me inferior pharyngeal 
constrictor muscle, and enters the apex of the superior pole. As 
the superior thyroid artery pwceeds medially, it is adjacent to 
the external brru1ch of the superior laryngeal nerve, and thus care 
must be taken to not damage it when controlling the artery (see 
Fig. 38-2). 

'I11e inferior thyroid artery takes its origin from the tl1yro
cervical trunk. Tills artery originates from the subclavian artel)' 
ru1d ascends into d1e neck on eid1er side behind the carotid 
sheath, arches medially, ru1d enters the thyroid glru1d posteriorly, 
usually near the ligament of Berry. There is generally no direct 
arterial supply that enters the thyroid inferiorly. However, a 
tl1yroidea ima artery may be present in less than 5o/o of patients 
and usually arises directly from the innominate artery or from 
the aorta. 

The inferior thyroid artery has important anatomic rela
tions.hips. 'TI1e recurrent laryngeal nerve is usually directly adja
cent (in an anterior or posterior position) to the inferior thyroid 
artery, witlun l em of its entrance into the larynx. Careful dis
section of the artery is mandatory and cannot be completed w1til 
knowledge of the position of the recurrent laryngeal nerve is 
absol utdy defined. AJso, the inferior thyroid artery almost 
always supplies the superior ru1d inferior parathyroid glands, and 
care must be taken to evaluate ilie pararhyroids after division of 
me inferior thyroid artery. 

Three pairs of venous systen1s drain tl1e tl1yroid. Superior 
venous drainage is immediately adjacent to the superior arteries 
and joins the internal jugular vein at rhe level of the carotid 
bifurcation. Middle thyroid veins exist in more than 50o/o of 
patients and course immediately laterally into the iJltcrnal 
jugular vein. 'I11ere are usually two or iliree inferior thyroid veins 
aJld descend directly from me lower pole of the glruld into the 
iJUlOminate and brachiocephalk veins; they veins often descend 
into ttl1e tai l of tl1e tlJymus gland. 

Lymphatic System 
The relationship of the thyroid gland to its lymphatic drainage 
is most imporcru1t when considering surgical treatment of 
thyroid carcinoma. The thyroid gland and its neighboring struc
tures have rich lymphatics that drain the thyroid in almost every 
direction. Within the glru1d, lymphatic channels are present 
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immediately beneath the capsule and communicate between 
lobes through the isthmus. This drainage connects to structures 
di rectly adjacent to the thyroid, with numerous lymphatic chan
nels into the regional lymph nodes. Clinically, it is useflLI to 
divide the lymph nodes between the central and lateral neck; 
the boundary berween them is marked by rhe carotid sheath. 
The lateral neck zones are flLTther subdivided (Fig. 38-3). Most 
thyroid cancers drain directly to central nodal basins {level VI), 
except those in the superior third of the gland, which may drain 
di rectly to the lateral compartment. 1l1ese regional lymph nodes 
occupy a pretracbeal position immediately superior to the 
isthmus, paratracheal nodes, tracheoesophageal groove lymph 
nodes, mediastinal nodes in the anterior and superior position, 
jugular lympb nodes in the upper, middle, and lower distribu
tion, and retropharyngeal and esophageal lymph nodes. later
ally, cervical lymph nodes within the posterior triangle may be 
involved in patients with widespread thyroid cancer (levels II, 
Ill, lV). Also, lymph nodes within the submaxillary triangle may 
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FIGURE 38-3 Lymph node compartments separated into levels and 
sublevels. Level VI contains the thyroid gland and the adjacent nodes 
bordered superiorly by the hyoid bone, inferiorly by the innominate 
(brachiocephalic) artery, and laterally on each side by the carotid 
sheaths. The level II, Ill, and IV nodes are arrayed along the jugular 
veins on each side, bordered anteromedially by level VI and laterally 
by the poste rior border of the stemocleidomastoid muscle. The level 
Ill nodes are bounded superiorly by the level of the hyoid bone, and 
inferiorly by the cricoid cartilage; levels II and IV are above and below 
level Ill, respectively. The level I node compartment indudes the 
submental and submandibular nodes. above the hyoid bone, and 
anterior to the posterior edge of the submandibular gland. Finally, the 
level V nodes are in the posterior triangle, lateral to the lateral edge 
of the stemodeidornastoid muscle. Levels I, I ~ and V can be further 
subdivided as noted in the figure. The inferior extent of level VI is 
defined as the suprasternal notch. Many authors also ind ude the 
pretracheal and paratracheal superior mediastinal lymph nodes 
above the level of the innominate artery (sometimes referred to as 
level VII) in central neck dissection. 
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be inv-olved. Papillary carcinoma of the thyroid is commoJJly 
associated with adjacent nodal metastasis and medullary carci
noma has a strong predilection for metastatic lymphatic involve
ment, generally within the central compartment (level VI) . 

Parathyroid Glands 
1l1e thyroid sheath enca~es the lateral and posterior portion of 
each thyroid lobe and, as such, frequently provides a covering 
for the superior parathyroid gland. When the superior portion 
of the thyroid lobe is dissected and rolled medially, an area 
containing fat beneath this fascia is apparent. The superior para
thyroid gland almost always lies within tl:Us fatty area, beneatl1 
the thyroid sheath in a posterior position relative rn the superior 
part of the tl1yroid lobe. 1l1e inferior parathyroid gland may also 
be located within the thyroid sheath on the posterior a~pect of 
the lower portion of the lobe and, like the superior gland, is 
usually encased in a small amount of far. The position of the 
inferior parathyroid is more variable, however, and can be 
located along the branches of the inferior thyroid vein lateral or 
inferior to the lowermost portion of the myroid lobe. Because 
of the .similar consistency and color of the parathyroids and the 
fat that surrow1ds them, parathyroids in both positions are most 
easily found by following the smaller branches of tbc inferiQr 
thyroid artery into the parathyroid substance. 

l11e superior and inferior parathyroid glands have a single 
end artery that supplies them medially from the inferior thyroid 
artery. If the maiJl trunk of the i11ferior thyroid artery is sacri
ficed for dissection, both parathyroids on that side become 
devascularized because there is usually no collateral blood supply 
to maintain viabillty. Careful dissection should attempt to divide 
only the branches of the inferior thyroid entering the myroid 
capsule during excision. With careful technique, good vascular 
supply to the superior and inferior parathyroid can be main
tained, even when total thyroidectomy is performed. In some 
cases, there may be arterial supply to the superior parathyroid 
from rhe superior thyroid artery, although tllis generally does 
not occur. 

PHYSIOLOGY OF THE THYROID GLAND 
l11e thyroid gland weighs 10 to 20 g in normal adults and is 
responsible for tl1e production of two families of metabolic 
hormones, the thyroid hormones, thyroxine (T4) and triiodo
thyronine (T 3), and the calcium-regulating hormone, calcitonin. 
111e spherical tllyroid follicular unh is me important site of 
thyroid hormone production. TI1e follicular unit is made up of 
a single layer of cuboidal follicular cells that encompass a central 
depository of colloid filled mostly with thyroglobulin (Tg), the 
protem in which T1 and T~ are synthesized and stored. 

Iodine Metabolism 
Iodi ne is essential for the production of thyroid hormones. It 
can be efficiently absorbed from the gastrointestinal (GI) tract 
in tl1e form of inorganic iodide and rapidly enters the extracel
lular iodide pool. 1l1e thyroid gland is responsible for storing 
~Oo/o of total body iodide at any given time, with less than L U% 
existing in the extracellular pooL Iodide is stored in the thyroid 
as preformed thyroid hormone or as an iodinated amino acid. 

Iodide is transported from the extracellular space into the 
follicular cells against a chemical and electrical gradient via an 
intrinsic transmembrane protein located in the basolateral mem
brane of the thyroid follicular cells.3 Once inside the cells, iodide 
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rapidly diffuses to the apical surface, where it is quickly moved 
to exocytic veskk'S. Here, it is rapidly oxidized and bound to 
Tg. Transport of iodide into foWcular cells is regulated by 
thyroid-stimulating hormone (TSH) from the pituirary gland, 
a~ well as by d1e follkular content of iodide. 

The relationship between iodine ingestion and thyroid 
disease has beem known for more than 100 years. At the turn of 
the 20th century, the practice of iodine supplementation of food 
and water canJ:e about as a restJt of careful study in areas in 
which iodine insufficiency was found and Bnked to endemic 
goi ter. Significant iodine deficiency still occurs in various unde
veloped parts of the world. Surprisingly, an evaluation of urinary 
iodine excretion in the U.S. population iJl 1998 indlcated that 
a substantial number of people were currently iodine-deficient 
here as well.4 Iodine deficiency can result in nodular goiter, 
hypothyroidlsm, and cretinism, and possibly me development 
of foiBcular myroid carcinoma (FTC). The World Health Orga
nization has been involved in providing dletary iodine supple
mentation to treat entire populations in certain areas of the 
world. In situations in which iodine excess occurs, dlsorders such 
as Grave~· dlscase and Hashimoto's thyroiditis can occur. 

Thyroid Hormone Synthesis 
Once organic iodlde is efficiently oxidlzed and bound, it couples 
to Tg with tyrosine moieties to form iodotyrosines in a single 
conformation (monoiodotyrosine [MIT]) or a coupled cotlfor
mation {diiodotyrosine [DIT]; Fig. 38-4). The formation of 
DlT and MIT is dependent on an imponam imraceUular cata
lytic agent, thyroid peroxidase, which has been well character
ized and is an integral part of the initial process of organification 
and storage of inorganic iodide. Th.is enzyme, along with Tg, is 

0 Lumen 

remarkably specific to the d1yroid follicular cells, making both 
important in the diagnosis and management of autoimmtme 
tl1yroid disease and well-differentiated tl1yroid cancer. 

MIT and DIT are biologicaJJy inert. Coupling of these two 
residues gives rise to tl1e two biologically active thyroid hor
mones, T 4 and T 3• T 4 is formed by rhc coupling of two molecules 
of D.IT, whereas T3 is forn1ed by the coupling of one molecule 
of M IT with one molecule of DIT. ln normal circumstru1ces, 
formation ofT1 predominates. Both T 3 and T4 are bound to Tg 
ru1d stored in the colloid in the center of the foiBctJar unit, 
which allows qukker secretion of the hormones thru1 if they bad 
to be synthesized de novo. Th.is rapid ru1d metabolically active 
process normally results in d1e storage of about 2 weeks' worm 
of iliyroid hormone in the organism under norrnal circum
stances.5 Most thyroid hormone released from the thyroid gland 
is T 4, which is deiodinared in peripheral extrathyroidal tissues 
ru1d converted to T 3• 

Rdea~e ofT. and T3 is regulated by the apical membrane 
of the follictJar cell via lysosomal hydrolysis of me colloid that 
contains the Tg-bound hormones. 1he apical membrane of the 
thyroid cell form~ multiple pseudopodla and incorporates Tg 
into small vesicles, which are then brought into the cell appara
tus. Within the vesicles, lysosomal hydrolysis results in the 
reduction of me &sulfide bonds and T3 and T 1 arc then free co 
pa~s through the basement membrane ru1d be absorbed into the 
circulation, where more than 99% of each hormone is bound 
to serum proteins. This metabolic process is efficiem in releasing 
T 3 and T4 willie maintaining the storage components, Tg and 
colloid, witl1in the follicular apparatus. Although sensitive assays 
of peripheral blood can meamre Tg, peripheral Tg represents 
aJl extremely small fraction of total body stores. Residual 

Follicle 
cell 

FIGURE 38-4 Diagrammatic scheme of thyroid hormone 
formation and secretion. 1, Tg and protein synthesis in 
the rough endoplasmic reticulum. 2, Coupling of the Tg 
carbohydrate units in the smooth endoplasmic reticulum 
and Golgi apparatus. 3, Formation of exocytotic vesicles .. 
4, Transport of exocytotic vesicles with noniodinated Tg 
to the apical surface of the follicle cell and into the fol-
licular lumen. 5, Iodide transport at the basal cell mem
brane. 6, Iodide oxidation, Tg iodination, and coupling 
of iodotyrosyl to iodothyronyl residues. 7, Storage of 
iodinated Tg in the follicular lumen. 8, Endocytosis by 
micropinocytosis. 9, Endocytosis by macropinocytosis 
(pseudopods). 10, Colloid droplets. 11, lysosome migrat
ing to the apical pole. 12. Fusion of lysosomes with 
colloid droplets. 13, Phagolysosomes with Tg hydrolysis. 
14, T5 and T4 secretion. 15, MIT and DIT deiodination. 
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iodotyrosines undergo peripheral breakdown, deioclination, and 
recycling and can then be added to the recently absorbed iodide 
stores and become available for the synthesis of new thyroid 
hormone (Fig. 3:8-5).5 

Thyroglobulin 
Tg is a 660-kDa glycoprotein specific to the follicular cell that 
is the primary wmponcnt of the colloid matrix necessary for 
iodination and hormonogenesis. T g facilitates the conversion of 
MIT and DlT into T 1 and T4• This process is accompanied by 
the escape of small amounts ofTg imo the peripheral blood
stream, where it can be assayed. TSH enhances the whole process 
of endocytosis, [proreolysis, and release through an adenylate 
cyclase system. Excess peripheral levels of iodine inhibit further 
release by enhancing Tg resistance to proteolysis. 

Peripheral T g can be measured to evaluate benign or malig
nant thyroid neoplasms. Measurement of peripheral Tg has pre
dictive value for the recurrence of well-differentiated thyroid 
carcinoma, locaUy or in metastatic deposits after initial total 
thyroidecromy.6 However, the usefulness of measuring serum T g 
leveJs prior to the initial resection of a known or suspected well
differentiated thyroid cancer is unknown and its routine mea
suremenr is nor recommended. 

Calcitonin 
Calcitonin is a 32-amino acid polypeptide secreted by the para
follicu lar cells, or C cells, located superolaterally in each thyroid 
lobe. Calcitonin acts principally to inhibit calcium absorptlon 
by osteoclasts and thereby to lower peripheral serum calcium 
levels. Increased peripheral levels of serum calcium stimulate 
calcitonin secretion. Calcitonin secretion can be stimulated 
clinically by the infusion of calcium, pentagastrin, and alcohol. 

Cytoplasm 
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The specific action of calcitonin takes place on tbe surface 
receptors of osteoclasts but its effect does not result in a clinically 
apparent marked decrease in calcium levels. (n fact, patients 
with clinical calcitonin excess syndromes, such as medullary 
carcinoma of the thyroid (MTC), usually bave little alteration 
in peripheral calcium merabnlism. Basal or stimulated calcitonin 
levels are sensitive markers for primary or recurrent MTC. 

Regulation of Thyroid Hormone Secretion 
The hypothalamic-pituitary-thyroid axis regulates thyroid 
hormone production and release in a classic endocrine feedback 
systenL The major regularor nf thyroid gland activi[}' is che 
glycopmtein TSH, wbich is a major growth factor for tbe 
thyroid. TSH stimulates thyroid cell growth and djfferentiarion, 
as well as iodine uptake and organification and release ofT3 and 
T 4 &om T g. Also, TSH has been shown to stimulate the growth 
and invasive characteristics of some well-differentiated thyroid 
cancer ceU ~nes in vitro. 

TSH is a 28-kDa glycoprotein secreted in a pulsatile 
fashion by the anterior pituitary gland. It has twn components; 
the a subunit is common to other anterior pituitary hormones 
but the ~subunit is unique to TSH and determines the hor
mone's biologic specificity. Once TSH activates the receptor 
(TSH-R), it interacts with a guanine nucleotid~binding protein 
(G protein), stimulating the production of cyclic adenosine 
monophosphate (cA.l'v1P). Tlcis cAMP pathway is an important 
hom1one-synthesizing event. Receptors coupled with G proteins 
have seven transmembrane-spanning domains, with cytoplasmic 
and extracellular loops. Tl1e first three of these cytoplasmic loops 
have important relationships in mediatlng the TSH-dependenc 
increase in cAMP production and therefore in stimulating 

Nucleus 

TR TR RXR~R 
homodimer monomer heterodimer 

T3 T3 ------- ala a RXR (<XIPI'Y)/a 
PtP P RXR ( <X113t'Y)tp 

5'-Deiodinase, 5'-Deiodinase, 
a.tp 

type I type II 
(liver (pituitary, 
and the brain, 
kidneys) and 

brown fat) 

T4 T4 

Protein 
9-cis RA=9-cis-retinoic acid 

Cell membrane 

FIGURE 38-5 Cellular and molecular events involved in thyroid honnone function. T. is converted in the periphery and in the cytoplasm of the 
cell into T3• T, travels to the nucleus, where it binds to the thyroid hormone receptor (TR; homodimer, monomer, or heterodimer). TR binding 
leads to RNA transcription in association with other transcription factors; messenger RNA is subsequently expressed and then translated into 
protein. 
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thyroid hormone production. 1l1e receptors that respond to 
TSH have been identified and cloned. Specific mutations in the 
genetics of this system have been identified and are associated 
with follicular thyroid neoplasms.8 

The feedback loop is an important regulator ofTSH secre
tion. lncrea~ed thyrotropin-releasing hormone (TRH) from the 
paraventricular nucleus of the hypothalanms and reduced levels 
ofT 3 stimulate release ofTSH from the anterior pituitary. TRH 
is a three-amino acid peptide that passes through the hypotha
lamic portal system into the median eminence and through the 
pituitary stalk to the anterior pituitary. Peripheral thyroid 
hormone levels may, in addition to stimulating release ofTSH 
from the anteriror piwlcary, enhance TRH secretion. 

Many pathologic states result in increased peripheral levels 
ofT 3 and T4, which decrease TSH secretion by a negative feed
back loop. Perirpheral T 4 is locally dciodinated in the pituitary 
and converted ro T 3, which then directly inhibits the release and 
synthesis of TSH. The condition that usually decrea~es TSH 
secretion is classified as primary hyperthyroidism. lt has many 
causes, including many types of thyroiditis, Graves' disease, 
autonomously functioning myroid nodules, and conditions mat 
increase human chorionic gonadotrophin (bCG) levels, such as 
gynecologic malignancies and overuse of exogeJwus thyroid 
hormone. Decreased levels ofTSH can also be caused by abnor
malities at the level of the pituitary and/or hypothalamus, which 
are collectively termed central hypothyroidism. These conditions 
are much rarer than primary hyperthyroidism. 

Although TSH is the primary regulator of thyroid hormone 
synthesis, intrinsic autoregulatory mechanisms are alternative 
routes whereby the thyroid can control intraglandular stores of 
thyroid hormones. In areas in which dietary iodide is excessive, 
the thyroid gland has an autoregulated process that Lnhibits the 
uptake of iodide into follicular cells. The reverse is true in iodide 
deficiency. Excessively large doses of iodide have complex effects. 
1hese il1clude an increase in organlfication followed by cessation 
of production, a syndrome known as the Wolff- Chaikoff effect. 

Peripheral Action of Thyroid Hormones 
In the periphery, T3 is significantly more potent than T 4• Most 
T4 is converted to T3, which has a high affinity for the peripheral 
nuclear thyroid hormone receptor (TR), a men1ber of the steroid 
hormone receptor fan:tUy. 1l1erefore, the action of thyroid hor
mones ill me periphery consists predominantly of the imerac
tion ofT3 witl:t the nuclear TR, which then binds to regulatory 
regions in various gene-regulated processes. Two genes regulate 
TR production and activity, the <X and ~ forms, which are 
located on chromosomes 17 and 3 {see Fig. 38-5). 1l1e ~form 
ofTR is contairned within the liver; the central nervous system 
contail1s predominantly an <X form ofTR. 1l1e clinical result of 
thyroid hormone action is regulated through TR and its effect 
on various genes, expressions of whicll are tl1en regulated in the 
nucleus via the production of polypeptides. For exan1ple, T3 acts 
on the pituitary by regulatiJlg transcription of the genes for the 
<X and ~ subunits ofTSH, which results ill TSH secretion. T 3 
affects cardiac contractility by regulating the tran.scription of 
myosin heavy d1ai11 production in cardiac muscle. 

O f drculatiJ1g T 3 and T4, 80% is bound to thyroxine
binding globuw1 (TBG) i.n the periphery. A number of medica
tions and clinical scenarios alter serum levels of TBG or the 
affinity of TBG for circulating thyroid hormone (Box 38-1). 
Also, T4 is bound to prealbumin and albumin. [n pregnancy and 

Increased TBG Concentration 
Estrvgen 
Heroin, methadone 
dofibrate 
5-Ruorouracil 
Tamoxifen 

Decreased TBG Concentration 
Androgens and anabolic steroids 
Glucocorticoids 
Nicotinic acid 

Interfere with Binding to TBG 
Salicylates 
Carbamazepine 
Diazepam 
Furosemide 
Sulfonytureas 
NSAIDs 
Heparin (IV) 
Enoxaparin 

Adapted from Degroot U, Jameson Jl: Endocrinology, ed 5, Philadelphia, 2005, 
Bsevier Saunders. 

other clinical situations with elevated estrogen levels, such as oral 
contraceptives, menopausal estrogen replacement therapy, and 
tan1oxifen or raloxifene use (selective estrogen receptor modula
tors) , TBG levels are significantly increased , thereby resulting in 
higher levels of bound T 1 (total) in me periphery. Other causes 
of increased TBG concentrations include heroine or methadone 
use, clofibrate, and 5-Aurouracil (chemotherapeutic agent). ln 
contrast, decreased TBG levels are caused by agents sucl1 as 
anabolic steroids (testosterone), nicotinic acid, and corticoste
roids .. Such states are clinically euthyroid, however, because free 
T 4 levels are not altered. 

Most T3 and T4 are bound to the extent that free T4 con
stitutes less tl1an l o/o of peripheral hormone. 1he bound form 
of thyroid hormone cannot pass from tl1e extracellular space and 
must be i"n the free form to diffuse iJ1to extracellular tissues to 
affecr major metabolic activity. T 3 is especially iln porcanc in this 
regard. The process wbereby T 3 and T4 dissodate from bil1ding 
protein and diffuse into extracellular tissues is an efficient process 
that allows tight control of peripheral metabolic activities. Most 
T 3 is peripherally derived from the deiodlnation ofT4, which 
takes place largely in the plasma and liver. Other deiodination 
processes are fou11d in the central nervous system, especially tbe 
pituitary gland and brain tissues, as well as in brown adipose 
tissue. Peripheral conversion of T4 to T3 can be in1paired in 
many clinical circumstances, such as overwhelming sepsis and 
malnutrition, thionamide (propylthiou.racil) use, high-dose cor
ticosteroids, beta blockers, iodinated contrast agents, and amio
darone use (Box 38-2). 

The half-Life ofT3 is approximately 8 to 12 hours and free 
levels disappear rapidly from the peripheral circulation. In 
adults, the balf-life ofT 4 is approximately 7 days because of tbe 
efficient and significant degree of binding to carrier proteins. 
1l1erefore, thyro.id hormones general ly have a slow turnover time 
in the peripheral circulation and the body is ensured of at least 
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Inhibit Conversion ofT. to T3 

Propylthiouracil (PTU) 
Glucocorticoids 
Propranolol 
lnterleukin-6 
Iodinated contrast agents 
Amiodarone 
Oomipramine 

Stimulate Thyroid Hormone Degradation 
Diphenylhydantoin 
carbamazepine 
Phenobarbital 
Rifampin 
Ritonavir 
Sertraline 

Decrease Gl Absorption of Thyroid Hormone 
Cholestyramine 
Calcium carbonate 
Ferrous dulfate 
Sucralfate 
Aluminum hydroxide 

Adapted from Degroot LJ, Jameson JL: Endocrinology, ed 5, Philadelphia. 2005, 
Elsevier Saunders. 

a 7- to 1 0-day supply ofT4 available for peripheral metabolism. 
A number of medications are known to stimulate the degrada
tion of thyroid hormone (see Box 38-2). 

Inhibition of Thyroid Synthesis 
Drugs Antithyroid medications arc an option for the treatment 
of thyroid excess states. The thionam.ide class of antithyroid 
drugs iJJcludes propylthiouracil (PTU) and methimazole (Tapa
zoic). This class of drugs acts by inhibiting the organification 
and oxidation of inorganic iodine, as weiJ as by inhibiting 
lli1kage of the initial iodotyrosine molecules MIT and DIT. In 
addition to tl1ese effects, PTU inhibits the peripheral conversion 
ofT4 to T 3. Because of this added capabilit}~ PTU is a popular 
choice for the rapid treatment of hyperthyroid conditions. 
Methimazole has longer activit}' and requires a single daily dose; 
it is the preferred agent in nonpregnant individuals. Both drugs 
can cause agnmulocytosis but this occurs in less than 1 o/o of 
cases. Other side effects include rash, arthralgias, neuritis, and 
liver dysfunction (potentiaiJy worse with PTU). 

Exogenous glucoconicoids can effectively suppress the 
pituitary-tl1yroidl axis. Also, they can act in the periphery to 
ulhibit the peripheral conversion of T4 to T 3• This effectively 
lowers serum T 3 levels, thus allowing steroids to be used as a 
rapid inhibitory agent for hyperthyroid conditions. Steroids can 
also lower serum TSH concentration. The rapid action of ste
roids makes them a potentially important primary treatment of 
severe, previously untreated, or resistant hyperthyroidism; 
however, tl1ey are not without potential side effects. 

Patients with thyrotoxicosis have increased adrenergic stim
ulation. Although beta blockers do not directly inhibit thyroid 
hormone synthesis per se, they are valuable in controlling 
peripheral sensitivity to catccbolamines by blockiJlg their effects. 
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1herefore, cardiovascular symptoms such as an increased pulse 
rate, tremor, and anxiet)' caJ1 be improved, but the hypermeta
bolic state can remain or progress with this treatment alone. 

Iodine Iodine, given in large doses afrer me adrnillistration of an 
antithyroid medication, can inhibit thyroid hormone release by 
altering the orgru1ic binding process (Wolff-Chaikoff effect). 
'TI1is stunni11g effect is trru1sient, but iodine supplementation can 
be used to treat hyperactivity of tl1e glru1d in preparation for 
surgery. 

Tests of Thyroid Function 

Evaluation of the Pituitary-Thyroid Feedback Loop 
Measurement of serum TSH by an ultrasensitive radioimmuno
assay (RIA) is an important screening test for the diagnosis of 
thyroid dysfLmction. 1l1is assay is especially important for the 
delineation of hypothyroidism and hyperthyroidism from 
euthyroid states. Because of its sensitivity, TSH values can detect 
thyroid dysfunction before clinical manifestations arc noted 
(e.g., subcliJucal hypothyroidism or hyperthyroidism). The sen
sitivity of the TSH assay is less affecte.d by nonrhyroidal disease 
processes and remains UJ1affccted by d1anges iJ1 thyroid 
hormone-binding proteins. 

Serum Triiodothyronine and Thyroxine Levels 
'TI1yroid production is initial ly screened by measuring serum free 
T 4 and T 3 levels directly by RJA. Assays for total T4 and T 3, 

which measure free and protein-bound hormone, can be affected 
by changes in hormone production or hormone binding to 
serun1 proteiJ1s; therefore, accurate evaluation of cl1yroid func
tion requires measurement of free T1 and T3 levels. 

Calcitonin 
ln patients with thyroid masses and in whom multiple CJ1docrine 
neoplasia type 2 (MEN2) syndrome or isolated medullary car
cinoma is suspected , a baseline calcitonin level can be obtained. 
If there is doubt about the diagnosis, pentagastrin- or calcium
stimulated calcitonin eval.uation, a 4- to 5-hour test, can be 
performed. Also, calcitoni11 caJ1 be used as a screening test .in 
families witl1 MEN2 syndrome to document cliJucaiJy inappar
ent disease. 'TI1e routine use of calcitonin determination in the 
workup of thyroid nodules in otl1erwise nonsuspicious clinical 
scenarios is not cost-effective and is not recomroCJ1ded. 

Radioactive Iodine Uptake 
Radioactive iodine uptake directly evaluates thyroid gland func
tion; however, it has become less widely used because of more 
precise biochemical measurements of T3, T ,, and TSH and 
improved thyroid ultrasonography. This test has involved the 
oral aclmiJustration of iodiJle-123 (' 231) and calculated uptake 
with radioscintigraphy. A normal result is 15% to 30% uptake 
of the radionuclide after about 24 hours. A number of clinical 
situatlons alter the 24-hour uptake of radioiodine, leading to an 
abnom1al result (Box 38-3). Use of 123

[ is preferable because of 
its shorter half- life and lesser radiation exposure than with the 
use of 1

3
1
[, which is used to radioablate thyroid neoplasms. 

Indications for the usc of radioscintigrapby include the evalua
tion of a solitary thyroid nodLJe, thyroid rcnmant survey afrer 
surgery, detection of function ing thyroid cru1cer metastases, and 
evaluation of focal functional thyroid abnormalities. 
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BOX 38-3 Factors Affecting 24-Hour Radioiodine Uptake 

Increased Uptake 
Hyperthyroidism, including Graves' disease, toxic nodule, 

thyroid hormone resistance 
Nontoxic goiter-Hashirnoto's thyroiditis 
Decreased renal clearance of iodine (renal insufficiency, severe 

heart failure) 
Iodine defi ciency (endemic or sporadic dietary, pregnancy) 
TSH administration 

Decreased Uptake 
Hypothyroidism (primary or secondary) 
TSH resistance 
Thyroid hormone replacement, suppression 
Iodine excess (dietary, drugs) 

Adapted from Degroot U, Jameson JL: Endocrinology, ed 5, Philadelphia, 2005, 
Bsevier Saunders. 

Thyroid Autoantibody Levels 
1hyroid antigens are produced in autoimmune thyroid disorders 
(thyroid-stimuhting immunoglobulin [TSl], antimicrosomal 
and antithyroid peroxidase antibodies), including Graves' disease 
and Hashimoto's thyroiditis. Detection of autoantibodies can be 
extremely important if either of these autoimmw1e conditions 
is suspected. About 95% of patients with Hash.imoro's thyroid
itis and 80% with Graves' disease have detectable antimicro
somal antibodies. ln Graves' disease, circulating antibodies have 
a high affinity for TSH-R on thyroid folticular cells. Assays now 
have greater sensitivity and may allow ear Her detection of Graves' 
disease and more accurate monitoring of the effects of thyroid 
medication. 

DISORDERS OF THYROID METABOLISM
BENIGN THYROID DISEASE 

Hypothyroidism 
A delicate balance between central productio11 and peripheral 
action of T 3 and T 4 .is required for a euthyroid state in the 
periphery. Clin.ical hypothyroidjsm is usually a result of failure 
of the thyroid to produce sufficient hormone (i.e., primary 
hypothyroidism), although states oflirnited activity or resistance 
to thyroid hormone in the periphery can also occur, although 
these are extremely rare. In many underdeveloped countries, lack 
of sufficient iodine intake results in a large proportion of hypo
thyroid conditions. ln more developed countries, most cases of 
adult hypothyroidism are caused by Hashin10co's thyroiditis, 
radioactive iodine therapy, or surgical removal. An increasing 
munber of commonly used pharmacnlogic agents also cause 
primary hypothyroidism. 

Metabolic Consequences of Iodine Deficiency 
The chronic physiologic changes that result from a lifetime of 
iodjne deficiency involve anatomic and metabolic alterations of 
varying significance. As a resul.t of chronic deficient iodine 
intake, production ofT4 and T 3 is decreased, thereby resulting 
in gradually increasing thyroid clearance of iodiDe and decreased 
renal excretion . Chronic preferential production <>f T 3 rather 
than T 4 occurs, as weU as enhanced peripheral conversion ofT1 

to T 3• By making the production of T 3 and clearance of the 
metabolically active hormone as efficient as possible, clinical 
hypothyroidism is largely avoided by a biochemical pattern of 
low serum T1 levels with elevated TSH levels and normal or 
above-normal levels of T 3. L1 the most severe cases, serum T 3 
and T4 concenrrarions are low and the serum TSH level is ele
vated. Iodine deficiency can lead to a preventable disease referred 
to as endemic goiter, wlucb in its most severe form results in 
endemic cretilusm. 1his cHnical scenario includes neurologic 
impairment, stunted growth, mental deficiency, and overt hypo
thyroidism caused by profow1d iodine deficiency in utero. 

Although countries iJ1 Southeast Asia, including India, 
Indonesia, and China, account for mosr of the roral population 
of the world at risk for iodine deficiency (approximately 12 
million), mild to moderate iodine deficiency can still be seen in 
a number of European countries, including Italy, Spain, Hungary. 
Poland, and Yugoslavia. In areas \vi th the most severe iodine 
deficiency, cHnical sjgJlS and symptoms of goiter appear at an 
earlier age. 

The prevalence increases dramatically in the later childhood 
years, with a peak at puberty. The incidence of goiter decreases 
during adulthood but remains slightly rugher in women. Diffuse 
enlargement of tbe thyroid gland often occurs, accompanying 
the pl1ysiologic changes in response to iodine deficiency. 'TI1yroid 
follicles demonstrate a hypertrophic response, with a reduction 
in folticular spaces. As the iodine denciency becomes more 
severe, follicles can become inactive and distended with colloid_ 
Focal areas of nodular hyperplasia may develop and form 
nodules, some of which may bt:come bot nodules and have an 
autonomous function. Others become inactive and inert. Necro
sis, scarring, and hemorrhage can occur and result in fibrous 
ingrowth; all these disorders are accompanied by marked enlarge
ment of the gland, often in an asymmetric pattern. 

Postradiation Hypothyroidism 
Planned cHnical hypothyroidism can be the result of treatment 
of certain disorders by 1311. 1l1is treatment has become increas
ingly popular for patients with hyperthyroid conditions, espe
cially Graves' disease and toxic multinodular goiter. Between 
50% and 70% of patients who receive more than 10 mCi are at 
risk of becoming clinically hypothyroid. For patients undergo
ing this type of treatment, continued thyroid monjtoring is 
necessary, at least on an annual basis. 

Extemal beam mediastinal radiation for lymphoma or for 
head and neck cancer is associated with subclinical hypothyroid
ism. This becomes particularly important for patients who have 
previ-ously undergone thyroid resection for a benign or malig
nant disease process. 

Postsurgical Hypothyroidism 
If 1311 therapy is not available for patiems with hyperthyroidism 
or G raves' disease, subtotal or total thyroidectomy effectively 
produces hypothyroidism. The incidence of permanent postop
erative hypothyroidism varies with the skill of the operating 
surgeon and an1ount of thyroid that is ablated. 1he rate of 
complications, however, such as recurrent laryngeal nerve 
dan1age and hypocalcemia, is iJlcrea~ed with more aggressive 
surgical ablation. Other factors affecting the postoperative devel
opment of hypothyroidism .include antithyroid drug administra
tion, dietary iodine availability, and lymphocytic infiltratiOJl of 
the remaining tissue. 
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Pharmacologic Hypothyroidism 
Antitflyroid Drugs lf administered in excess, methimazole and 
PTU call cause hypothyroidism. Careful monitoring of patients 
taking these drugs and Wlderstandffig the rusease proceSS for 
which they are given are mandatory when managing these 
patiems. 

Arnioclarone, Lithium, Cytokines Most drugs cause hypothyroid
ism by interfering with thyroid hormone release from the gland 
and/or direct tox:icity to the thyroid itself. The commonly used 
antiarrythmlc, anuodarone, is iodine-rich, containing 37o/o 
iodine by weight. Patients on anliodarone receive a 50- to tOO
fold excess of iodine daily. In 14% co 18% of patients treated 
with arniodarone, there is clinically apparent thyroid dysflmc
tion. which can lbe a hyperthyroid or hypothyroid state. Amio
darone induced. thyrotox:icosis occurs more frequently in 
populations that are iodine-depletes at baseline, whereas in the 
United States, an area of higher iodine intake, hypothyroirusm 
predominates.9 

Amiodaronc effects hypothyroirusm via several mecha
nisms. It lnhlb~ts 5'-deiodmase activity, which results in a 
decreased conversion ufT4 to T 3, inbibits the entry of thyroid 
hormone into peripheral tissues. and has a direct cytotoxic 
effect on follicular ce!Js. Patients with preexisting Hashimoto's 
thyroiditis are at particular risk for an1iodarone-induced 
hypothyroirusm and the large iodine load may cause an acute 
Wolff-Chaikoff effect. The presentation is that of clinical hypo
thyroidism; creaument consists of exogenous tl1yroid hormone 
adrninistration.9 

Although an1iodarone-induced thyrotoxicosis is rare in the 
United States, it represents a clinical challenge when it occurs. 
1l1e presentation often is not of typical hyperthyroidism, but 
rather may present as an exacerbation of the carruac rusease that 
is being treated with amiodarone. Depending on the specific 
presentation, treatment of anuodarone-induced thyrotox:icosis 
may include ruscontinuation of arniodarone, administration of 
methin1azo.le or glucocorticoids, and potassium perchlorate. In 
patients for whom antiodarone withdrawal is not feasible and 
medical therapy is not successful, total thyroidectomy may be 
indicated.9 

Lithium, still used to treat bipolar rusorder, inhibits the 
c.ANIP-depCJldent pathway of hormone formation and may 
thereby inhibit the formation of thyroid hormone. Hypothy
roidism in patients taking lithiwn is seen more frequently in 
those with underlying Hashimoto's thyroirutis, although i.t can 
occur in patients with normal thyroid function . 

lhc effects of cytokines on the development of hypothy
roirusm may be the aggravation of an lmderlying thyroiditis. lhe 
exact nature of the effects of cytokincs on the development of 
Hashin1oto's thpoirutis is unc.lear. It is known that hypothyroid
ism call develop in patients w1dergoing treatment with 
interferon-alfa or imerleukin-2 for hepatitis or certain malignant 
diseases; in such cases, the hypothyroirusm is reversible with 
discontinuation of tltese drugs. This is particularly important for 
patients with underlying Hashimoto's thyroiditis, and taking a 
careful lustory is essential. 

Diagnosis 
If primary hypothyroidism is suspected based on the clinical 
scenario, serUill TSH and free T 4 levels should be assessed. These 
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laboratory tests will demonstrate Low free T 4 and elevated TSH 
levels. 

Treatment 
Levothyroxine is a safe and effective treatment for hypothyroid
ism once the diagnosis has been made. It is available in oral, 
intramuscular, and IV preparations. 1l1e va~t majori ty of patients 
can be treated with oral medication once daily. lhe initial dose 
is calculated according to the patient's weight. Patients with 
severe clinical hypothyroidism are monitored c.losely and gradu
ally started on increasing doses because of sensitivity to the 
hormone as a result of chro1uc depletion of catecl1olanlines in 
the myocarruun1, especially in older patients and those with a 
cardiac history. 

thyroiditis 

Hashimoto's Thyroiditis 
The major cause of hypothyroidism in the adult population is 
Hashimoto's thyroiditis, autoimmune-meruated destruction of 
thyrocytes. The disorder predominates in womCJl ( 4 to l 0: 1 
female preponderance). A complex immunologic phenomenon 
results in the formation ofin1mune complexes and complement 
in the basCJllent membrane of follicular ce!Js. This leads to al tera
tions in thyroid cell function that impair T3 and T4 production. 
These cellular reactions ultimately result in the infiltration of 
lymphocytes and resultam fibrosis, which decreases the number 
and efficiency of individual follicles. As this immune phenom
enon continues, the presence of TSH-blocking antibodies can 
be detected. 1l1yroid peroxidase antibodies (anti-TPO Abs) are 
produced that are probably key meruators in the ilutial comple
ment fixation process. As the immune process continues, cl1anges 
in thyroid function can be altered by levels of these antibodies. 
Ultimately, a clinical hypothyroid state can occur in patients 
with persistent TSH-blocklng antiborues. 

Acute Suppurative Thyroiditis 
Acute suppurative thyroirutis is extrCJnely rare and is usually the 
resul.t of a severe pyogenic infection of tlte upper airway. 1l1e 
process results i11 severe localized pain and is generally lulliateral. 
Abscess drainage followed by the adnUnistration of antibiotics 
is effective, and long-term deleterious effects on thyroid fw1ction 
are rare. 

Subacute Thyroiditis 
Subacute thyroiditis occurs predominantly in women (2 : I) in 
the United States, England, and Japan. 1l1c mean age of patients 
is in the 40s in most series. The exact cause is not known, 
although it is believed to have a viral or autoimmune origin. In 
the vast majority of patients, a history of an upper respiratory 
infection before the onset of thyroirutis can he elicited. Patients 
have diffuse swelling in the cervical area and a sudden increase 
in pain. Approx:imately two thirds of patients den1onstrate fever, 
weight loss, and severe fatigue. Fine-needle aspiration (FNA) can 
be diagnostic if it demonstrates giant cells of an epithelioid 
foreign body type, which cl1aractcrize the lesion. Microscopic 
pathology sbows large follicles iJ1fiJtrated by mononuclear cells, 
neutrophils, and lymphocytes. Treatment with cordcosreroids or 
nonsteroidal anti-inflammatory drugs (NSAIDs) is effective in 
relieving symptoms. However, the djscase process generally con
tinues, Wlaffected by these merucations. 
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Riedel's Struma 
Riedel's thyroiditis {struma) is a rare entity characterized by a 
firm thyroid secondary to a chronic inAammatory process 
involving the entire gland. Symptoms of severe discomfort can 
occur because of extension into the trachea, esophagus, and 
laryngeal nerve. As a result:, patienrs may have impending airway 
obstruction or dysphagia. Unilateral iJwolvement of symptoms 
may suggest a malignancy and lead to surgical imervention. The 
findings at surgery can also be impressive because the process 
can extend into the trachea and esophagus, with the obliteration 
of anatomic planes and landmarks. Surgical pathology reveals 
dense fibrous tissue and almost total obliteration of normal fol
Licular archltec~ture. Grossly, direct involvemem of the process 
can result in severe tracheal and esophageal obstruction. 

Treatmentr with thyroid hormone replacement, corticoste
roids, or tarnoxifen may be effective. Immediate tracheal or 
esophageal obstruction may require a surgical approach to relieve 
symptoms. Sud1 surgery should be performed by an experienced 
thyroid surgeon. No consensus exists on the surgical maJ1age
ment of this rare disease but, in general, only the constricting 
portion of the ·thyroid is removed.10 

Hyperthyroidism 
Disease processes associated with incre.ased thyroid secretion 
result in a predictable hypermetabolic state. Increased thyroid 
secretion can be caused by primary alterations within the gland 
{e.g., Graves' disease, toxic nodular goiter, toxic thyroid 
adenoma) or central nervous system disorders and increased 
TSH-producedl stimulation of the thyroid. Most hyperthyroid 
states occur because of primary malfunction. Even more unusual 
hyperthyroid states can result from mismanaged exogenous 
thyroid ingestion, molar pregnaJlC}' with increased release of 
human chorionic gonadotropin and, very unusually, thyroid 
malignancy with overproduction of thyroid hormone. C lassi.c 
symptoms of hyperthyroidism or thyrotoxicosis include sweat
ing, unintentional weight loss despite increased appetite, heat 
intolerance, increased thirst, menstrual disturbance, anxiety, 
diarrhea, palpittations, hair loss, and sleep disturbance. More 
severe signs of thyrotoxicosis are high-output cardiac faUu.re, 
congestive heart failure with peripheral edema, and arrhythmias 
such as ventricular tacl1ycardia aJ1d atrial fibrillation . 

Hyperthyroid Disorders 
Graves' Disease Grave's disease is the most common cause of 
hyperthyroidism {diffuse toxic goiter). This disease entity was 
originally described by aJ1 lrish physician, Dr. Robert Graves, in 
1835. Women between the ages of 20 and 4U years are most 
commonly affected. The hyperthyroidism in Graves' disease is 
caused by stinlltlatory autoantibodies to TSH-R. Although 
several theories about the stimulus that initiates production of 
these antibodies have been proposed, there is no universal agree
ment about the cause of the process. Genetic susceptibility to 
dus disease is possible, as evidenced by the increased probability 
of Graves' disease in monozygotic twins.11 Graves' disease gener
ally presents with the classic triad of complaints: {1) signs and 
symptoms of thyrotoxicosis; (2) a visibly enlarged neck mass 
consistent with. a goiter that may demonstrate an audible bruit 
secondary to i_ncreased vascular flow; (aJ1d 3) exophthalmos. 
Tracheal compression can result in symptoms of airway obstruc
tion, although acute compression with respiratory distress is 
exceedingly rare. 

The ocular consequences of prolonged and untreated thy
rotoxicosis, such as proptosis, supraorbital and infraorbital swell
ing, and conjunctival swelling and edema, can be severe. 1l1e 
ophthalmopad1y is believed to be caused by sdmulation of the 
overexpressed TSH-R in the retro-orbital tissues of Graves• 
patients. In its most severe form, spasm of the upper eyelid, 
resultiJ1g in retraction and visuali7~tion of a large,r an10unt of 
sclera thaJ1 normal, can lead to lid lag and exacerbation of the 
already swollen conjunctiva. All these pressure-related phenom
ena can progress to decrea~ed oculomuscu.lar movements, oph
thalmoplegia, aJ1d diplopia. Optic nerve damage and blindness 
can be a long-term consequence if the underlying condition is 
not corrected. Currently, however, this is rarely seen with 
improved screening assays d1at detect Graves' disease at early 
stages. Sustained hyperthyroidism is treated aggressively to 
remove the stimulus to the retro-orbital tissues. 

Toxic: Nodular Goiter and Toxic: Adenoma Toxic nodular goiter, also 
known as Plun1mer's disease, refers to a nodule contained in an 
otherwise goitrous thyroid glaJld that has autonomous function. 
increased thyroid hormone production occurs independently of 
TSH control. Such patients generally have a milder course and 
arc older than those with Graves' disease. The thyroid in these 
patients may be diffusely enlarged or associated with retrosternaJ 
goiters. [nitial symptoms are mild, peripheral thyroid hormone 
levels are elevated, and TSH levels are suppressed. Antithyroid 
aJ1tibody levels are usually not detected. The diagnosis is gener
ally confirmed after clinical suspicion, and an 131 I radionuclide 
scan is performed to localize one or rwo autonomous areas of 
function while the rest of the gland is suppressed (Fig. 38-6)
Toxic nodular goiter can be treated with thionamides, radioio
dine therapy, or surgery; however, the latter two are preferred 
because these nodules rarely resolve with prolonged tluonamide 

FIGURE 38-6 1311 scan demonstrating an area of increased uptake 
in the right lobe of a 32-year-old woman with increased thyroid func
tion test values and a palpable nodule. This scan is consistent with a 
toxic o r hyperfunctioning nodule. 

http://www.myuptodate.com


therapy. Radioiodine is widely used for patients with roxlc ade
nomas, although it is nor a~ effective as for those wi th Graves' 
disease.17 Most patients are euthyroid afrer radioiodine therapy 
because the radioiodine preferentially accumulates in hyperfunc
tioning nodules. 'The surgical approach is lobectomy or near
roral thyroidectomy, particularly when clinical symproms are 
pronounced. In t he case of a single hyperfunctioning adenoma, 
lobecwmy is generally curative. 

Diagnosis 
An enlarged smooth thyroid mass and signs and symptoms of 
thyrotoxicosis suggest the diagnosis of hyperthyroidism. A cost
effecdve workup can include an extensive bisrory, physical exam
ination, and thyroid function tests. [n addition to elevated levels 
ofT3 and T4, a decreased or undetectable level ofTSH is dem
onstrated. 1l1yroid antibodies are usually elevated. In most cases, 
an 1231 radionuclide scan demonstrates elevated uptake through
out an enlarged gland. Ultrasound or computed tomography 
{CT) of the neck can be used to evaluate cLnical landmarks 
{Fig. 38-7). However, the absolute requirement ofCT and ultra
sound for preoperative assessment is nor universally accepted. 
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Treatment 
When a diagnosis of hyperthyroidism has been made, therapy 
is in itiated rapidly to an1eliorate symptoms and decrease thyroid 
hormone synthesis. Tllis is particularly crucial for patients with 
vision-threatening exophthalmos usually seen only with Graves' 
disease. Beta blocker therapy can lessen the adrenergic {excit
atory) symptoms of thyrotoxicosis. PTU or methimazole effec
tively block synthesis of thyroid hormone. Radioactive iodi11e 
ablation therapy and surgical ablation are also effective for nor
malizing serum thyroid hormone levels. Proper patient educa
tion about the risks and benefits of each treatment option is 
advisable. 

PTU and methimazole inhlbit the organificarion of intra
thyroid iodine, as weU as the coupling of iodoryrosine molecules 
to form T 3 and T4. PTU has the additive effect of blocking 
peripheral conversion of T 4 to T3• Tllis is important because 
pCJ·ipheral access ro T 3 and T 4 has a number of hyperdynanlic 
and hypermctabolic effects. Also, the peripheral adrenergic 
effects of thyrotoxicosis CaJl be modulated by the use of beta 
blocking agents such as propranoloL Corticosteroids iJl combi
nation with beta blockers can help gain rapid control of the 

FIGURE 38-7 A. a scan at the level of the thoracic inlet demonstrating a heterogeneous, large thyroid mass that has involved both lobes of 
the thyroid and displaced the trachea. It has extended into the anterior mediastinum. This patient ultimately proved to have a large multinodular 
goiter. 8, Gross picture of the resected multinodular goiter. 

m z 
0 
0 

~ 
z 
m 

http://www.myuptodate.com


898 SECTION VIII ENDOCRINE 

hypermetabolic e.ffects ofincreased peripheral T4 and T 3• Patients 
may choose a trial of antithyroid medication over radioactive 
iodine therapy. The goal of this therapy is to attain euthyroidism; 
however, hypothyroidism may result and necessitate thyroid 
hormone replacement. Anticl1yroid medication is effective for 
gaining rapid conrrol of thyrotoxicosis, bur the relapse rare after 
discontinuation of medication approaches 50% within 12 to 18 
months after cessation. AJso, patients need co be monitored for 
side effects of the drugs, which may include granulocytopenia 
and, in rare cases, aplastic anemia. Other side effects include 
fever, polyarteritis, and rash. 

Radioiodi<le ablation with 1311 is the therapy of choice in 
the United States for Graves' disease. It is also a good option for 
the treatment o f toxic adenoma and toxic multinodular goiter. 
It ablates the thyroid within 6 to 18 week~. 1 2 Patients with mild, 
well-tolerated hyperthyroidism can safely proceed to radioactive 
iodine ablatio111 immediately. However, those who are older or 
severely thyrotoxic may require pretreatment with a thionamide. 
'TI1e overall cure rate with radioactive iodine is 90%. Hypothy
roidism will develop in cured individuals-hence cl1e need for 
careful measurement of thyroid hormone and TSH levels at 
regular intervals after therapy. Most patients are candidates for 
radioactive iodine; exceptions i11clude women who are pregnant 
or lactating or those with a suspicious nodule. 

Advantages of131 I therapy include avoidance of sttrgery and 
the associated risks of recurrent laryngeal nerve damage, hypo
parathyroidism, or postsurgical recurrence. The use of 131 J 
therapy might be more cost-effective over time, bm the financial 
advantage is not as clear if repeated 1311 therapy is needed. Addi
tional disadvantages include exacerbation of cardiac arrhyth
mias, particularly in older patients, possible fetal damage in 
pregnant women, worsening ophthalmic problems, and rare but 
possibly life-threatening thyroid stomt. 

Over the last 20 years, surgical ablation for Graves' disease 
has been advocated Jess frequently in tbe United States. It is 
primarily indicated for patients who have an obstructive goiter 
with compressive symptoms, bave a fear of radioactivity, are 
noncompliant, have had an adverse effect with thionamide 
drugs, or there i.s concern for concomitant malignancy. Addi
tional candidates are pregnant patients. Advantages of surgical 
ablation of the thyroid include rapid, effective treatment of 
thyrotoxicosis without the necessity for long-term anti-thyroid 
medications and their potencial side effects. The amotult of 
residual tissue is a subject of debate. Complete ablation of 
thyroid tissue requires total thyroidectomy, which is associated 
with the higbest rates of hypoparathyroidism and recurrent 
laryngeal nerve damage. Some groups have reported that rota! 
thyroidectomy is the most effective way to treat patients with 
severe Graves' disease because it offers the lowest rate of relapse. 
It may be that patients, particularly those with ophthalmopathy, 
are stabilized most succt-ssfully by total thyroidectomy. Removal 
of the entire amigenic focus is the most likely explanation for 
tbls observation. Other subtotal resections include near-total 
thyroidectomy or subtotal thyroidectomy. 

Careful documentation of euthyroid status before surgery 
in all hyperthyroid patients is mandatory. [f the patient is not 
properly treated preoperatively, thyroid storm cru1 be life threat
ening. Fonunarely, this complication is rarely encountered if 
appropriately anticipated. 'TI1yroid storm is manifested by severe 
tacl1ycardia, fe\•er, confusion. vomiting to the point of dehydra
tion, and adrenergic overstinlulation to the point of mruua and 

coma after thyroid resection in an uncontrolled hyperd1yroid 
patient. Treatment of a patient with overt thyroid storm includes 
rapid Auid replacement ru1d institution of aJltithyroid drugs, 
beta blockers, iodine solutions, and steroids. In life-threatening 
drcumstrulces, peritoneal dialysis or hemodialysis may be effec
tive in lowering T4 and T3 levels. 

Nonfunctioning Goiter 

Multinodular Goiter 
The term multinodufttr goiter describes ru1 enlarged, diffusely 
heterogeneous thyroid gland. lnitial findings may include diffuse 
enlargement, but asymmetrical nodulariry of the mass often 
develops. The cause of this mass is usually iodine deficiency:. 
lnitiaUy, the mass is euthyroid, but with increa.~ing size, eleva
tions in T 3 and T 4 levels can occur and gradually progress to 
clinical hyperthyroidism. Workup and diagnosis involve evalu
ation of thyroid function test results. Ultrasound and radioiso
topic scanning demonstrate heterogeneous thyroid substaJ1ce. 
Nodules with poor uptake can appear as lesions suggestive of 
malignancy. The incidence of carcinoma in multu10dular goiter 
has been reported to be 5% to I 0%. 'TI1erefore, FNA for diag
nosis and resection for suspicious lesions should be strongly 
considered. 

Substernal Goiter 
A substernal goiter is an unusual mru1ifestation of iJltrathoracic 
extension of an enlarged thyroid that generaUy occurs as a result 
of multinodular goiter. Most intrathoracic or substernal goiters 
are termed secondary because they are enlargements or extensions 
of multinodular goiters based on the inferior thyroid vascula
ture. 'TI1ey expand downward into the ru1terior mediastinum. 
The extremely rare (~ 1 o/o) primary substernal goiter arises as 
aberrant thyroid tissue within the anterior or posterior medias
tinum; .it is based on the intrathoracic vasculature and not sup
plied by the inferior thyroid artery. 

Special Considerations for Patients With Goiter 
Patients with an enlarged thyroid mass {>5 ern) can have a 
spectrum of symptoms ranging from minimal to severe dyspha
gia, choking, ru1d pain. Occasionally, the diagnosis is suggested 
by the presence of an ru1terior mediastinal mass on chest radi
ography. ln 1 Oo/o to 20% of cases, an asymptomatic patient may 
have no palpable abnormality in the cervical area and a com
pletely intrathoracic lesion. 

cr is the preferred imaging study and full neck and chest 
CT scans should be obtaiJ1ed {sec Fig. 38-7). Benign goiters have 
rowt<led smootb borders. Thyroid malignancies generally have 
more ill-defined borders aJld may have evidence of invasion. cr 
also allows the evaluation of regional lymph nodes and metas
tasis. Jf the patient has a history of cervical pain and night 
sweaL~, a diagnosis of lymphoma should be considered. 'TI1e use 
of FNA with CT guidance is in1portant to secure a tissue diag
nosis. Magnetic resonance imaging (MRJ) does not usually add 
significant information to a well-perforn1ed CT scan. For 
patients with ru1 intrathoracic lesion and a history of coughing, 
preoperative bronchoscopy can provide importrult information 
abouT vocal cord. status and possible luminal invasion by a 
malignancy. 

Almost all goiters and other thyroid masses are initially 
approached surgically through a cervical incision. Goiters are 
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usually mobilized easily, even when they are substernal. 1he 
blood supply is generally based on the inferior thyroid artery, 
which is in its normal position and allows even large substernal 
masses co be mobilized into the neck. Careful attention must be 
di.rected to the location of the esophagus, trachea, and recurrent 
laryngeal nerves. 1l1c e.~ophagus can be injured by overaggressive 
manipulation of the thyroid mass. 1l1e recurrent laryngeal nerve 
is usually displaced posteriorly and inferiorly; however, it can be 
draped anteriorly over the mass and damaged in that position. 
Great care must be exercised in mobiliz.ation of the mass until 
the nerve is identified. 1he cervical incision is extended co a 
median sternotomy if there is significant bleeding from the 
anterior mediastinum, if the anatomy and location of the recur
rent laryngeal nerve are in doubt, or if the mass carmot be 
mobilized through the surgical field. 

WORKUP AND DIAGNOSIS OF A SOLITARY 
THYROID NODULE 
The ultimate decision to proceed to surgical intervention after 
detection of a solitary nodule depends on the findings of a 
structured and cost-effective workup and predicted prognosis 
(Fig. 38-8). Ultimately, this evaluation focuses on determining 
the presence or absence of a disorder of function or malignancy. 
Most patients with a solitary thyroid nodule will have a non
functioning benign lesion; however, thyroid cancer must be 
considered in all patients. Deciding between conservative man
agement and surgical therapy relies on careful analysis of the 
clinical findings, risk a~essment, imaging, and diagnostic 
testing. 7•1 ~ 
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Incidence 
Increasing numbers of thyroid nodLtles are being found inciden
tally, possibly because of the increasing availability and sophis
tication of imaging techniques. Palpable thyroid nodules are 
presem: in l o/o of men and 5o/o of women, and ultrasound
detectable thyroid nodules arc present in 19% co 67o/o of 
unselected patients. The frequency of both palpable and non pal
pable thyroid nodules rises with age. Most of these nodules arc 
benign but, overall, 5o/o to 15o/o are thyroid cancers (Fig. 38-9). 

Initial Evaluation 
1l1e workup of a patient with a solitary nodule begins with a 
careful hisrory and physical cxan1ination. Clinical evidence of 
hyperthyroidism should be evaluated. An important part of tbe 
evaluation focuses on risk factors for malignancy. The highest 
risk for malignancy in a thyroid nodule exists in children, males, 
adults younger than 30 or older than 60 years, and those exposed 
to radiation. The examiner should seek a thorough history of 
exposure to radiation, !Tom occupational sources or !Tom thera
peutic radiation of the head or neck, especially during child
hood. A personal and fanllly histnry should be assessed for 
specific endocrine disorders, including familial medullary carci
noma, MEN2. or papillary thyroid cancer, a history of polypo
sis, including Gardner's syndrome, or Cowden's syndrome. 

On physical examination, it is important to include thor
ough palpation of tl1e tl1yroid, as well as the anterior and pos
terior cervical triangles, witl1 attention to associated 
lymphadenopathy. The size and consistency of the nodule should 
be determined. Multiple nodules or diffuse nodulariry are more 

FIGURE 38-8 Workup of a solitary thyroid nodule. 
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FIGURE 38-9 This solid 2- x 2.5-an solid nodule was confirmed as 
a benign follicular adenoma on permanent section pathology. 

associated with a benign diagnosis, whereas a firm soli tary 
nodule, particularly in older men, is more suggestive of malig
nancy. Nodules that are prese.nt on ultrasound, but not palpable 
on physical examination have the same size-adjusted risk of 
malignancy as those that are palpable. Rapid growth and clinical 
indicators of potential invasion, such as pain or hoarseness, are 
suggestive, but not diagnostic of mal.ignancy. 

Laboratory Evaluation 
Thyroid function tests can idemi~' patients with unsuspected 
hyperthyroid state-s and dictate the appropriate workup (sec Fig. 
38-8). lf a 1-cm or larger thyroid noduJe is identified, serum 
TSH levels sbould be determined. A low serum TSH .level 
denotes overt or subclinical hyperthyroidism and a radioisotope 
scan is generally indicated. A low serum TS H level also correlates 
with a lower likelihood of malignancy in a thyroid nodu1e.14 .A 
high semm TSH level suggests hypothyroidism, most com
monly the result of Hashimoto's thyroiditis. 

Serum Tg is importam in the followup of patients after 
initial treatment of thyroid cancer, but should not routinely be 
checked in the initial evaluation of a thyroid nodule. When there 
is clinical suspucion of medullary carcinoma, by family history 
or by FNA, rhc serum calcitonin level can be measured; however 
there is little evidence supporting the routine use of a calcitonin 
level determination for the workup of a thyroid noduJe.7

•
13 

Thyroid Imaging 

Ultrasound 
Ultrasound is an in1portant component of evaluation of most 
thyroid nodules. AU non thyrotoxic nodules should be evaluated 
with diagnostic ultrasound (see Fig. 38-8). Ultrasound uses a 
high-frequency probe in the 7.5- co 16-MHz range. These 
devices are portable and available to use in the clinic and operat
iJlg room, i.n addition to the r11diology suite. B-mode ultraso
nography can be used preoperatively or intraoperatively. 
Ultrasound is increasingly being used to assist in FNA. 

FIGURE 38-10 Preoperative ultrasound demonstrating a large left 
thyroid nodule that has solid and cystic components. This lesion was 
a collo id nodule and was treated by lobectomy. 

FIGURE 38-11 Preoperative ultrasound of a single, solid homoge
neous dominant nodule in the right lobe of the thyroid (affow). These 
findings are suspicious for malignancy, which was confirmed by 
surgery. 

Advantages of ultrasound include portability, cost
effectiveness, and lack ofionizing radiation. Ic is extremely useful 
for patients who are being managed conservatively because it 
can reproducibly determine whether a nodule has increased in 
size or has suspicious characteristics. lt has proved highly effec
tive in determining location and characteristics (cystic versus 
solid), but bas a limited ability to predict the diagnosis of solid 
nodules accurately (Figs. 38- 10 and 38-1 1). 1l1e finding of a 
purdy cystic lesion may be reassuring, but such lesions represent 
a small minority of thyroid nodules (1% to 5%). Also, well
differentiated thyroid cancers may have cystic components or be 
associated with cystic or solid noduJes. Ultrasound findings in a 
nodule that are considered suspicious for malignancy include 
mlcrocalcificacions, hypervascularity, infiltrative margins, being 
hypoechoic compared with surrounding parenchyma, and 

http://www.myuptodate.com


THYROID CHAPTER 38 901 

Table 38-1 Ultrasonographic Features of Thyroid cancer 
Predictive Value (%) 

IMAGING FEATURE SENSITIVITY (%) SPECIFICITY (%) POSITM NEGATIVE 
Microcalcifications 26-59 86-95 24-71 42-94 

Hypoechogenicity 2H37 43-94 11-68 74-94 

lrtegular margins or no halo 17-78 39-85 9-60 39-98 

Solid 69-75 53-56 16-27 88-92 

lntranodular vascularity 54-74 79-81 24-42 86-97 

More tall than wide 33 93 67 75 

Data from Frates MC, Benson CB, Charboneau NV, et al: Management of thyroid nodules detected at US: Society of Radiologists in Ultrasound consensus conference state
ment Radiology 237:794-800, 2005. 

having a shape that is taller than its width on transverse view 
(Table 38-1)_1 5 

'TI1e size of a nodule on ultrasound is important in deter
mining the need for further evaluation, such as needle biopsy. 
In general nodules that are smaller than I em in greatest dimen
sion are not further evaluated (see Fig. 38-8). Further workup 
of nodules smaller than l em may be indicated for nodules such 
as those with suspicious characteristics on ultrasOlmd and those 
associated with suspicious lymphadenopathy by ultrasound or 
clinical examination, patients with a family history of papillary 
thyroid cancer, history of radiation exposure, prior personal 
hisrory of thyroid cancer, and 18F-Buorodeoxyglucose (FDG)/ 
positron emission tomography (PED-positive lesions. 

Radioisotope Scanning 
Whereas ultrasound allows anatomic evaluation, radionudide 
scans allow assessment of thyroid function. If a dominant 
thyroid nodule larger than 1 em is found to be associated with 
a suppressed serum TSH level, a radionuclide scan using 
technetiwn-99m pertechnetate (i9"'Tc) or 1231 should be obtained 
to determine whether the nodule is byperfunctioning (see Figs. 
38-6 and 38-8). 7 In eutbyroid or hypothyroid patients with 
thyroid nodules, radioisotope scanning is not routinely 
indicated. 

99"'T cis taken up rapidly by the normal activity of follicular 
cells. It is trapped by follicular cells, but not organified. 99n'Tc 
has a shore half-life and low radiation dose. k~ rapid absorption 
allows quick evaluation of increased uptake (hot) or hypo
ftmctioning (cold) areas of the thyroid. Because screening 
with 99n'T c shows uptake in the salivary glands and major vas
cular structures, interpretation of thyroid pathology requires 
expertise. 

1231 and 1311 iodine scintigraphy is also used to eva.luate the 
ftmctional status of the gland (see Fig. 38-6). Both are trapped 
by active follicular cells and organi£ed. Advantages of ~canning 
with 1231 include a low dose of radiation (1 00 J..tCi) and short 
half-life (12 to 13 hours). 1231 is a good d10ice for evaluating 
suspected lingual thyroids or subsremal goiters. 1311 has a longer 
half-life (8 days} and emits higher levels of ~-radiation . 1311 is 
optimal for imaging thyroid carcinoma and is the screening 
modality of choice for the evaluation of distant meta~tasis. 
Malignancy bas been shown ro occur in 15% to 20% of cold 
nodules and in So/o to 9% of warm or bot nodules. Therefore, 
although suggestive, malignancy of a nodule can nei ther be 
confirmed nor excluded based on radionuclide uptake. 

PET with 18F-£1uorodeoxyglucose can be used to provide 
three-dimensional reconstruction images. There has been 
increasing enthusiasm for its use in detecting primary and meta
static thyroid cancer. Interestingly, l% to 2% of PET scans 
identifY so-called thyroid i.ncidentalomas when evaluating othei 
solid malignancies. Although most PET-avid incidentalomas in 
the thyroid are benign, the incidence of malignancy i11 those that 
have progressed to resection has been reported to be as high as 
33%.1

& The appropriateness of PET in the workup or fol low-up 
of thyroid nodules remains debatable. 

Computed Tomography and Magnetic Resonance Imaging 
It is fairly well agreed that CT and MRI do not add significantly 
to the workup of uncomplicated d1yroid nodules that are oth
erwise well characterized by ultrasound. Either modality, 
however, may be helpful for evaluating for local extension i11 
more advanced stages of thyroid cancer. CT or MRI is particu
larly appropriate for a suspicious mass (or biopsy-proven cancer) 
with palpable cervical lymph nodes. Also, either can be used for 
postoperative follow-up, particularly for suspicion of recurrent 
disease. CT or MRI is advisable in preoperative planning for 
larger thyroid masses that show significant tracheal deviation 
suggestive of a substemal goiter on d1est radiographs. 

Cf and MRl are both equally sensitive and specific for the 
evaluation of thyroid masses. Consideration must be given to 

the use of N contrast for cr evaluation of a possible CaJlCer. 
Although the use of IV contrast improves anatomic definition, 
the large iodine load may interfere with subsequent plans for 
radioactive iodine imaging or therapy.? 

Fine-Needle Aspiration Biopsy 
FNA with a small-gauge needle (23 to 27 gauge) is a cost
effective and valuable tool and is now aJl accepted key modality 
for the evaluation of patients with thyroid nodules. Essentially 
all dominant nonfunctioning d1yroid nodules that are J em or 
larger should be evaluated by FNA biopsy if a decision for opera
tive intervention has not already been made (see Fig. 38-8). 
Lesions that are smaller than 1 em but that may still warrant 
FNA have been described earlier. Use of small gauge needles has 
allowed a marked drop in the complication rate associated with 
the use of large-bore or core needle biopsies while maintaini ng 
diagnostic accuracy. Also, experience in performi11g the biopsy 
and interpreting the results are important to the success of this 
technique. JJl a series of 561 patients, FNA wa~ found to have 
a sensitivity of 86% and a specificity of 9 1 % .' 7 Another series 
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FIGURE 31H2 FNA ot a thyroid mass allows determination of indi
vidual cellular morphology. Cells in this aspirate demonstrate intra
nuclear grooving (fat a"ow), as well as ground-glass qtoplasmic 
inclusions (thin o"ow) (so-called Orphan Annie eyes). These cellular 
features confinn the diagnosis of papillary carcinoma of the thyroid. 

of 240 patients found a 4o/o rate of false-positive and false
negative FNA results.18 Accurate diagnosis of benign lesions has 
significantly decreased rates of surgery in patients with thyroid 
nodules. Currently, preoperative FNA is replacing tl1e use of 
intraoperative, frozen section pathologic analysis. 

For palpable nodules, FNA biopsy may be performed 
without image guidance. However, ultrasound guidance may be 
used for FNA biopsy of palpable lesions, especia.lly heterogenous 
lesions. Ultrasound guidance is recommended for nonpalpable, 
posteriorly located, or cystic nodules and results in a lower rate 
of nondiagnostic cytology and sampling errors. 

Results of FNA biopsy may be broadly grouped in several 
ways, including the folJowing: (1) malignant, (2) indeterminate 
or suspicious, (3) henign, and (4) nondiagnostic. In cases of 
nondiagnostic cytology, repeat FNA using ultrasound guidance 
is indicated and yields diagnostic cytology in 50% to 75% of 
cases.19 Lesions in which FNA is persistently nondiagnostic are 
known to have a significant rate of malignancy and therefore 
must continue to be followed closely or excised. 1l1e finding of 
a malignant diagnosis on FNA is a-;sociated with a high rate of 
accuracy, approaching 100%, and tllis finding should prompt 
resection. Certain discrete cytologic characteristics of papillary 
carcinoma a.Uow the use of FNA to be extremely accurate in 
securing this particular diagnosis (Fig. 38-1 2). If FNA biopsy 
demonstrates suspicion of papillary carciJ10ma or Hurthlc cell 
neoplasm, no radionuclide scan is needed and resection should 
be planned, particularly for higher risk patients or those witl1 a 
prior history of radiation exposure. The secure FNA diagnosis 
of medullary or anaplastic carcinoma may require interpretation 
by an experienced cytopathologist. 

Diagnosis of follicular cancer is based on the demonstra
tion of capsular or vascular .invasion by follicular cells, not on 
cellular cytology alone. When FNA reveals follicular cells, 
although most of these cases are benign (follicular adenoma), 
the diagnosis or exclusion of follicular carcinoma ultimately 
depends on complete histologic examination of the resecred 
specimen. Large series have shown malignancy in 6% to 20% 
of thyroid lesions when foUicular cells are demonstrated on 
FNA.20 Whem FNA demonstrates follicular neoplasm, 

lobectomy or total thyroidectomy should be considered unless 
a concordant autonomously functioning nodule is demonstrated 
on 123luptake scan (see Fig. 38-6 and 38-8). When FNA results 
are suspicious but not confirmatory of malignancy, it appears 
that more than 50% of such FNA results are associated with 
malignancy. If the FNA findings are indeterminate, repeat aspi
ration, resection, or close conservative follow-up of the nodule 
is suggested.18 1l1c use of molecular markers such as BRAF, 
galectin, and others to predict malignancy iJ1 the settillg of 
indeterminate .FNA will likely play a significant role in decision 
making for these patients in the future.2 1 

The presence of colJoid and macrophages in the aspirate 
strongly suggests a benign lesion. The patient must undersra11d, 
however, that this diagnosis depends only on the aspirated mate
rial. T issue immediately adjacent to or contained within another 
part of the nodule may harbor malignant cells. The false-negative 
rate of FNA has been reported to be between 1% and 6%} 3 

l11erefore, benign nodules diagnosed by FNA are monitored 
sequentially with ultrasound to ensure that their characteristics 
do not change. A repeat ultrasound should be performed 6 to 
18 months after the iJlltial FNA. If cllis shows stable ultrasound 
findings, further ultrasound examinations should be performed 
every 3 to 5 years. However, if ultrasound shows more than a 
50% change ill voltmle, or a 20% increase in two dimensions, 
FNA should be repeated under ttltrasow1d guidance.7 

FNA can also be used for lesions that are deternlined to be 
cystic by ultrasound. A larger bore needle can be used to aspirate 
cl1e g rstic fluid. Exa.nllnation of most cystic fluid results in 
benign cytologic findings; however, an occasional papillary car
cinoma can be manifested as a cyst and diagnosed by cytologic 
examination of cystic fluid. Cysts that have a residual palpable 
mass after aspiration and those aspirated with benign cytology 
but then recur should be considered for resection. ' 

Patients with multiple thyroid nodules have an equivalent 
risk of harboring malignancy as those with a solitary nodule, but 
each individual nodule bas a lower risk than a solitary nodule. 
A reasonable approach for those patients wirn multiple thyroid 
nodules larger tl1an 1 em is preferential FNA biopsy of those 
nodules with suspicious ultrasonographic features. Furthermore, 
if radion uclide scanning demonstrates a hypofunctioniJ1g nodule 
in a patient with multiple nodules, FNA shottld be considered 
for the cold nodules.7 

Decision Making and Treabnent 
Decision ma.kiJ1g about thyroid nodules depends on the struc
tured use of tbe modalities described and consideration of the 
clinical settiJ1g (Table 38-2; also see Fig. 38-8). All patients wid1 
a thyroid nodule undergo thyroid function tests (at least for 
serum TSH). If the patient is hyperthyroid, a radiouptake scan 
is used to confirm a hot nodule. If this is the case, the patient 
is carefully moJlitored with thyroid suppression and seen again 
after 6 months for confirmation of successful suppression and 
reevaluation. If suppressive therapy fails, surgery (usually lobec
tomy) is highly effective, but not genera.Uy required (see earlier, 
"Toxic Nodular Goiter aJld Toxic Adenoma"). 

In a patient with a thyroid nodule and normal thyroid 
function test results, ultrasow1d is performed. Cystic lesio ns on 
ultrasound arc usua.Uy bCJlign; however, cystic papillary carcino
mas, although rare, do occur. Cystic lesions are aspirated; blood}' 
or suspicious aspirates CaJ1 be SCJlt for cytologic examination. 
Mter aspiration, these patients are seen again in 6 months. 
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Table 38-2 Thyroid Nodules 
FACTORS ASSOCIATED WITH 

DIAGNOSIS DIAGNOSIS 

Benign 

Colloid Multinodular ~ter; FNA shows colloid 
and macrop ges 

Hyperfunctioning nodule Hyperthyroidism 

Mallpant 
Papillary carcinoma Radiation exposure; previous surgery for 

papillary carcinoma 

Follicular carcinoma Follicular cells by FNA 

Medullary carcinoma MEN2A and MEN2B; elevated calcitonin 
level 

Anaplastic carcinoma Ra~id progression of tumor mass; pain, 
oarseness 

Patients with recurrent cysts are considered surgical 
candidates. 

For patients whose nodules on ultrasoun d are solid or have 
mixed so lid-cystic components, decision making depends on 
additional information. D epending on the history, examination, 
and imaging risk facto rs for malignancy, some patients wUI 
choose excision, regardless of further workup. ln most patiem s, 
FNA is indicated if a decision fo r surgery has not already been 
made. FNA can be used to diagnose papiiJary cancer and is 
strongly suggestive of medullary cancer o r anaplastic cancer. It 
cannot confirm fo lli.cular cancer, nor can it confir m a completely 
benign diagnosis . Therefore, risk assessment is crucial when 
advising patients wi th a solid nodule fo r whom the diagnosis is 
not secure with FNA. Colloid nodules are usuaiJy suggested by 
a mixed solid-cystic appearance on ultrasound, and FNA shows 
colloid and macrophages. ff not otherwise suspicious, these 
lesions can be moni tored closely with serial ultrasonography 
every 6 months tto establish stability. Alterations in the appear
ance of the suspjcious lesion indicate a need for surgery (Figs. 
38- 13 and 38- 14) .1'

13 

'TI1e increa.-;ed availability of ultrasound appears to have 
affected the incidence of small thyroid cancers in the United 
States. Most seem to be asymptomatic papillary carcinomas 
smaller than 1 em. The fact that these lesions are highly curable 
and associated with almost nonexistent mortality needs to be 
taken into account when deciding whether to perform FNA and 
proceed to surgery.22 

The practice of using exogenous thyroid replacement to 

suppress endogenous TSH to suppress a thyroid nodule is losing 
favor. Ir previously was believed that nodules that grew on sup
pressive therapy were Likely malignant, whereas those that shrank 
were likely benign . This is neither sensitive nor specific. because 
only 20% to 30% of nodules were foun d to shrink on suppres
sive therapy and up to 13% of proven papillary cancers in one 
series decreased iJl size on suppressive therapy? 3 

'TI1e finding of a thyroid nodule in a child or pregnant 
patient can be of particular concern to d1e patient, family, and 
referring clinicians. Although the frequency of malignanc}' ma}' 
be higher in children than in adults, the evaluation should gener
ally proceed in t he san1e fashi on as fo r an adu1t.7 In pregnant 
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FACTORS THAT CONFIRM FACTORS ASSOOATED WITH 
THE DIAGNOSIS WORSE PROGNOSIS 

Surgery 

1311 scan 

FNA or surgery Male gender; age > 40 yr; size > 3 em; 
tall cell variant 

Permanent section pathology Male gender; age > 40 yr; size > 3 em; 
poorly differentiated cell type 

Surgery; FNA; calcitonin levels; ret MEN2B and sporadic 
oncogene 

FNA; surgery Diagnosis 

FIGURE 38-13 CT findings of a 4-cm mass in the left lobe of a 
40-year-old man suggesting an infradavicular or substemal location. 
The mass ultimately proved to be papillary carcinoma. 

FIGURE 38-14 This 4- to 5-an right lobe mass was removed as part 
of total' thyroidectomy. Permanent section pathology revealed papil
lary carcinoma. 
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Hot thyroid 
nodule Occult PTC PTC ..--1 Poorty differentiated 

I 
,,/ ,.--' PTC 

ras _,'*"' _,.., 
TRK --' -------

TSH-R RET/PTC ---:::.------- --------------1 gsp MET ===------------ p53 
myc ras 

PTEN 
Normal fos Follicular PAXBIPPARy p53 

follicular FTC Anaplastic 

~yroid oe/1 ··-,'-::::::::::::':.: ................. ----/ thy••J'"''" 
----~~---------------------,,, ~3 

', 
HGrthle cell ' HCC 
adenoma 

Grow1h factors and signal transduction protein also influence 
the Initiation and/or progression of thyroid neoplasm 

EGF I TGFI3 1----.,_ 
IGF 

FIGURE 38-15 Genetic events that occur in thyroid oncogenesis (the main genetic events are in boldface). The dashed lines for each histologic 
type of thyroid cancer indicate that an adenoma to carcinoma progression is not necessarily always the sequence of progression in carcino
genesis. EGF, Epidermal growth factor; FTC, follicular thyroid carcinoma; HCC, Hurthle cell carcinoma; IGF, insulin-like growth factor; PPARJ: 
peroxisome prol'iferator-activated receptor-y; PTC, papillary thyroid carcinoma; TGF{J, transforming growth factor-13; TSH-R, thyroid-simulating 
hormone receptor. (From Kebebew E: Thyroid oncogenesis. In Clark OH [ed]: Textbook of endocrine surgery, ed 2, Philadelphia, 2005, Elsevier 
Saunders. p 289.) 

patients, it is nor clear whether the incidence of malignancy for 
a given nodule is different than that iJ1 nonpregnaJ1t patients. 
The evaluation of a thyroid nodu1e discovered in pregnancy is 
the same as in £he nonpregnant patient except that radionuclide 
scans arc contraindicated. if a nodule is found to represent papil
lary cancer during pregnancy and remains stable by midgesta
tion or is diagnosed in the second half of pregnancy, surgery may 
be deferred until the patiem is postpartum. This practice is 
believed not to affect the oncologic outcome.? 

THYROID MALIGNANCIES 
1l1yroid cancer represents approximately 3% of all malignancies 
in the United States, with about 48,020 cases in the United 
States annually. These cases were predicred to result in 1740 
deaths in the United Scates in20 11.i4 Almost 75% of cases occur 
in women, making this the sixrh most common malignancy in 
women. 1l1c incidence of papillary thyroid cancer ha.~ been 
increasing rapidly in men and women, increasing 189% in the 
United States between J 973 and 2003.25 

Of thyroid cancers, 90% to 95% arc categorized as well
differentiated tumors arising from the follicular cells. Papillary, 
follicular, ru1d Hiirtble cell carcinomas arc included iJ1 this cat
egory. Medullary thyroid cancer accow1ts for about 6% of 
cl1yroid cancers (20% to 30% of which occur on a fanulial 
basis, including MEN2A and MEN2B). Anaplastic carcinoma 
is an aggressive malignancy responsible for less thru1 1 o/o of 
thyroid carcinomas in the United States. Prognosis mirrors inci
dence in that papillary cancer, which is the most common 
thyroid malignancy, also gcncraUy carries a good prognosis, 
whereas anaplastic cancer is far less common and bears a grim 
prognosis. 

lbyroid Oncogenesis 

Genetic Alterations 
Genetic processes that lead to thyroid neoplasia include two 
important categories, mutated proto-oncogenes, which result in 
altered protein production and in accelerated growth, ru1d loss 
of function in growth suppression genes, allowing unregulated 
cell growth. Most of these genetic abnormalities are acquired, 
but between 5% and l 0% of papillary thyroid cru1cers are 
believed to be fan1ilial:' 1 Several known oncogenes have been 
assoc.iated with thyroid rumors but few are limited to specific 
cl1yroid malignancies. 1l1e working model for oncogenes causi11g 
papillary ru1d follicular cancer is noc as well understood; it 
appears that at least cl1ree gene categories of locations or actions 
are important (Fig. 38-15; Table 38-3). 

Genetic alterations that lead to constitutive activation of 
the mitogen-activated protei11 kinase (MAPK) pathway are 
common in papillary carcinoma. 111is is a downstream effect of 
a pathway that includes the RET and NTRKJ transmembrane 
proteins. Mutations in the RET ru1d NTRKl tyrosine kinases 
resul t in chimeric products known as RET-VIC ru1d TRK, 
respectively. TI1esc rearrru1gements occur in up to 4091o of spo
radic papillary carcinomas and may be associated with a less 
favorable prognosis.26 

The PTC-RET proto-oncogene has received perhaps the 
most attention .in thyroid tumorigenesis studies and has been 
well characterized?~ The PTC-RET proto-oncogene encodes for 
a membrane receptor tyrosine kinase ru1d is the most frequent 
genetic alteration in papUlary thyroid cancer (PTC), despite the 
absence of the RET protein product in normal thyroid follicular 
cells. 1l1is proto-oncogene may well be involved in the normal 
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_Table 38-3 Main Genes Involved in Thyroid Oncogenesis: Classification, Tumor Types. and Prevalence 
GENES HISTOLOGIC TYPE PREVALENCE (o/o) COMMENT 

Receptor 

TSH Autonomous follicular 
adenoma 

3-82 TSH activation mutations not oncogenic 

TRK PTC 6-20 Tyrosine kinase receptor, somatic mutation absent in benign thyroid 
neoplasms 

RET-PTC PTC 2.5-85, higher with 
radiation exposure 

Tyrosine kinase receptor, somatic mutation; higher prevalence with radiation 
exposure; possibly associated with more aggressrve tumors; five chimeric 
subtypes have been identified 

Met PTC, FTC -75 PTC 

-25 FTC 

Tyrosine kinase receptor, somatic mutation 

Possibly associated with aggressive tumors 

c-erb-2 PTC -50 PTC 

Overexpressed mostly in PTC and poorly differentiated DTC 

Tyrosine kinase activity, similar to epidermal growth factor receptor 

Overexpressed in PTC, but oncogene is not overamplified 

ras PTC, FTC, HCC. autonomous 7-92 (-30 overall) 
follicular adenoma 

Early event in carcinogenesis; may be associated with aggressive PTC 

Autonomous follicular 7-28 
adenoma 

gsp Early event in carcinogenesis; similar frequency in benign and malignant 
thyroid neoplasms; coexisting ros and gsp mutations in same tumor may 
be associated with aggressive DTC 

TUmor Suppressor Genes and Nude• Oncogenes 

PAXB-PPARr FTC 75 Presence of this fusion oncoprotein may be used to differentiate follicular 
adenoma from carcinoma 

p53 Poorly DTC. ATC -75 p53 immunohistochemistry may be predictive of tumor aggressiveness; 
believed to occur as a late genetic event in thyroid caranogenesis 

PTEN Benign follicular adenoma, 26 of benign,6 of Higher rate in benign than malignant tumor questions presence of a strict 
infrequently in DTC malignant adenomatocarcinoma sequence 

From Kebebew E: Thyroid oncogenesis. In Clark OH (ed): Textbook of endocrine surgery, ed 2, Philadelphia, 2005, Elsevier Saunders, p 289. 

differentiation of neuronal cells. CelJs of neural crest ongm 
appear to have increased expression of this gene because it has 
been found in neurobla~toma, pheochromocytoma, and MTC 
tissue. Alterations in this system have been shown co result in 
developmental abnormalities in a number of other neuronal 
tissues, as well as in patients with Hirschsprung's disease. Expres
sion of the RET oncogene is predomlnanrly found in malignant 
tissue. It has no t been detected to any substantial degree in 
nonmalignant thyroid disease processes. 1hyroid malignancies 
expressing this oncogene may have a predilection for distant 
metastasis. In addition, rl1e RET proto-oncogene is associated 
with a high frequency of missense mutations in patients with 
MEN2A and genetic aJlalysis for this mutation allows a secure 
diagnosis in children before the clinical appearance of MTC. 

The downst ream pathway of the RET and NTRKI muta
tions includes RAS, BRAF, MEK, and ultimately activation of 
MAPK Of all the isoforms of RAF kinase, the B type (BRAF) 
is the most potent stimulator of MAPK signaling. BRAF is 
implicated in PTC, and has been seen in anaplastic thyroid 
cancer, but not FTC. The prevalence of BRAF mutations is 
highest in tall ceiJ variant PTC. Activating mutations of BRAF 
induce the MAPK pathway and initiate malignant transforma
tion. Several groups have reported that BRAF mutations are 
found in as many as 70% ofPTC operative specimens. Cohen 
and coUeague~8 have found a 94% concordance in evaluating 
preoperative FNA specimens with the postoperative result i.n 
documented papillary cancer cases. Xing and associates29 have 

found that the BRAF gene is associated with an increased likeli
hond of postoperative nm1or recurrence, extrathyroidal invasion, 
and lymph node metastases. Interestingly, BRAF mutations 
appear to be less common in childhood PTC, which also gener
ally have a more favorable prognosis.30 Recently, an experience 
of testing preoperative FNA specimens for BRAF m utations .in 
patients with PTC has demonstrated a significant association of 
BRAF mutation with poorer clinicopathologic outcomes of 
PTCY 1his may prove useful in tailoring the exrem of surgery 
based on preoperative risk strati£cation. 

The ras gene family encodes signal transduction G proteins 
tbat play an important role in the regulation of ceiJ growth and 
differentiation. Mutational activation of this oncogene results in 
the production of an inactive form of an enzyme (guanosine 
triphosphatase) that is ineffective in inactivating protein degra
dation .. As many as 40% of d1yroid tumors may bave one of 
three ms gene point mutations (H-ras, K-rns, or N-ras) and rns 
mutations may occur in benign and malignant thyroid neo
plasms, including follicular adenomas. follicular cancers. and 
follicular variant papillary cancers.32 Patien ts who live in iodine
deficient areas may have an incidence of ms mutations that is 
slightly decreased in comparison to those in iodine-sufficiem 
areas. K-ras mutations appear more frequenrly in radiation
induced papiJlary cancers. Follicular cancers with rns mucariom 
are more aggressive than those without ras mutations, and rns 
mutations may also be found in undifferentiated and anaplastic 
thyroid cancers.33 It appears that tumor oncogenesis may be 
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related not only to the prevalence of certain mutations, but also 
to other genetic factors, as well as environmental factors, such 
as iodine availability. 

Tumor suppressor genes also play a role in thyroid malig
nancy. Loss of fLUlction of the p53 tLU11or suppressor gene is one 
of the most common generic alterarions seen across all human 
cancers and is associated with radiation exposure. 'TI1e p53 gene 
product plays an important role in cell cycle progression. L1ac
tivaring mutations of p53 appear to be associated with more 
aggressive PTC and FTC and are a late event in thyroid cancer 
progression; they have been associated with the development of 
anaplastic thyroid cancer:11 

Ionizing Radiation 
Ionizing radiation can cause genetic mutations leading to malig
nant transformation. 'Tills association is mucl1 stronger for 
thyroid cancer than for other malignancies, and radiation is the 
only well-established environmental risk factor for thyroid 
malignancy. Th.e risk of developing thyroid cancer after exposure 
to radiation is greater in those exposed during clllid.hood and 
increases with higher doses of rad.iatio11 delivered to the thyroid. 
'TI1is is true for exposure to ionizing radiation given for medical 
purposes and for environmental exposures. The association with 
radiation is much stronger for papillary than for follicular cancer. 

1l1e use of external beam radiation in children and young 
adLLits in the 1950s and 1960s for acne and tonsillitis has been 
shown to resnlt in an increased incidence of well-differentiated 
carcinoma {usually papillary) at any time, generally 5 years after 
exposnre. Also, patients who receive external radiation for a sofr 
tissue malignancy, such as Hodgkin's lymphoma, have an 
increased incidence of thyroid nodules and cancer (as many as 
30% to 35% of those exposed} . Acute environmental exposnres, 
such as those seen following the Chernobyl nuclear event, also 
have significant impact. 'TI1e incidence of thyroid cancer in chil
dren in some areas affected by Chernobyl peaked at 1 00 times 
that seen prior to the accident.35 

Papillary Cardnoma 
Papillary carcinoma is the most common of the thyroid neo
plasms and is usually associated with an excellent prognosis, 
particularly in yolUlg female patiems. Of thyroid carcinomas, 
70% to 80% are diagnosed are papillary carcinoma. 1l1e inci
dence of well-differentiated thyroid carcinoma, particularly 
PTC, increased 189% in the United States between 1973 and 
2003; this is the most rapid increase in incidence of any malig
nancy in the Umited States.25 This increased incidence is believed 
to be at least pa:rrly the result of enhanced detection of previously 
unknown small papillary cancers, although other facrors such as 
environmental exposnre caru1ot be excluded. Papillary cancer 
may actually occnr mucl1 more commonly than it is diagnosed, 
with autopsy series finding small (<1 em) papillary cancers in as 
many of 30% of people who have died of other causes. 1l1is 
suggests that small papUlary cancers may be of minimal clinical 
significance. 

The most important risk factor for papillary cancer is 
childhood radiation exposure from medical or environmental 
sonrces. Other important risk factors for papiUary thyroid 
cancer include a hisrory of thyroid cancer in a first-degree rela
tive and the presence of a fan1ilial syndrome that indudes 
thyroid cancer, such as Werner syndrome, Carney complex, 
and familial polyposis. Papillary cancer occnrs iJ1 a 2.5 : 1 

female-to-male ratio and the peak incidence occurs between the 
ages of 30 and 50 years. 

Pathologic Classification 
The pathologic diagnosis of papillary carcinoma depends on the 
findings of well-recognized papillary cytomorphology. Individ
ual cdlnlar morphology may be used to make the diagnosis of 
papillary carcinoma and, for this reason, the diagnosis of papil
lary cancer may be made definitive!)' based on FNA cytology. 
Findings of papillary cancer on FNA include intranuclear inclu
sion bodies and ceUular grooviJ1g (see Fig. 38-12). Also, the 
finding of calcified dumps of cells, known as psammoma bodies 
and most likely caused by sloughed papillary projections, is 
diagnostic of papillary cancer. Alternately, the neoplasm may 
form well-defiJled follicles, with only minimal papillary archi
tecture. The latter group is classified as the follicular variant of 
papillary carcinoma and constitutes about 10% of papillary 
cancers. Classic papiiJary carcinoma and the foUicular variant of 
papillary carcinoma have similar prognostic implications. 

Other subtypes of papillary carcinoma iJ1dude insular, 
columnar, and tall cell carcinomas which are more unpredictably 
aggressive in their biologic behavior. Although these subtypes 
are rare, they tend to occur in older patients, and the prognosis 
is less favorable. These larcer groups represent perhaps less than 
1% of all papillary carcinomas (Fig. 38-16). 

Clinical Features 
Papillary cancer most t:ypically presents as a thyroid nodule; its 
evaluation has been described earlier. However, an increasing 
number of thyroid nodules are now being discovered inciden
tally on imaging. Clinical features suspicious for malignancy 
include painless and firm masses, fixation to surrou11ding struc
tnres, associated hoarseness, presence of ipsilateral adenopathy; 
and presence of the risk factors described. Papitlary cancers may 
be partially cystic on ultrasound. Occasionally, a metastatic pap
illary cancer will present as a painless lateral neck mass that i<; 
confi rmed to be nodal metastatic thyroid cancer, even with a 
normal thyroid examination. Thorough head and neck exanlina
tion, often ai.ded by office-based ultrasound, allows cl1aracreriza
tion of the mass, and FNA is generaUy indicated. 

Most patients with pap mary carcinoma can expect an excel
lent prognosis, with the 10-year survival rate above 95% for the 
most favorable stages. Various factors in the cwlical fu1dings and 
pathologic staging, however, may alter the excellent prognosis 
(Table 38-4). In 1979. Cady and coworkers36 first evaluated a 
clinical scoring system and reported a 30-year study of a group 
of patients ill which the investigators attempted to place the 
patients into risk stratification groups. These studies described 
the AMES cli1lical scoring system, which is based on age, distant 
metastasis, extent of rl1e primary tumor, and size of the primar)l 
tumor. Hay and associates37 reported the Mayo Cwlic experi
ence and developed their own scoring scale, the AGES clinicai 
scoring system, based on age. pathologic grade of tumor, and 
extent and size of the primary tLLIDor. Both the AMES and 
AGES clinical scoring systems have proved beneficial in 
predicting the prognosis of papillary and follicu lar cancer (see 
Table 38-4). 

Age at diagnosis is the most important prognostic facror in 
weiJ-differentiated thyroid cancer. Diagnosis at an age younger 
than 40 years is associated with excellent survival. In women, 
this age benefit is extended to 50 years. Also, absence of distant 
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FIGURE 38-16 A. Thyroid mass showing papillary projections consis
tent with papillary carcinoma (H&E stain, x lOO). B. Papillary carci
noma with cells with an increased height-to-width ratio in a single 
row. This is the so-called tall cell variant of papillary carcinoma, which 
is associated with a poorer prognosis than well-differentiated papil
lary cancer (H&E stain, x400). 

Table 38-4 Prognostic Risk Oassification for Patients With 
Well-Differentiated Thyroid cancer (AMES or AGES) 

Risk 

PARAMETER LOW HIGH 
Age (yr) <40 >40 

Gender Female Male 

Extent No local extension, Capsular invasion, 
intrathyroidal, no extrathyroidal 
capsular invasion extension 

Metastasis None Regional or distant 

Size <2 em >4cm 

Grade Well differentiated Poorly differentiated 

AGES, Age, pathologic grade of tumor, extent and size of the primary tumor; 
AMES, oge, distant metastasis, t'Xtent of primary tumor, size of primary tumor. 

metastasis at the time of initial treatment and size smaller than 
4 em are important positive predictors. Even those patients with 
distant spread to the lungs still bave significant survival of up to 
50% at 10 years; however, those with bra.i.n metastases have a 
median 1-year survival. Tumor size larger than 4 em and 
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extension of the primary tumor through the capsule of the lesion 
and into surrotmding soft tissue increase the risk for mortality. 
Small tumors generally have excellent prognoses, but may still 
presenlt with clinically evident recurrence. TI1e impact of lym
phatic metastases on prognosis depends on patient age. In a large 
series in younger parients (<45 years), the presence of lymph 
node metastases had no effect on the excellent overall survival, 
but in those patients older than 45 years. tbc presence oflymph 
node metastases increased the risk of death by 46%.38 

Multicentricity can be anticipated in as many a~ 70% of 
patients with papillary cancer and may represent intraglandular 
metastasis or multiple primary twnors. Also, cervical lymph 
node metastases are common, particularly in children, who have 
up to a 50% incidence of cl.inkally detectable nodal disease and 
up to a 90% rate of microscopically detectable nodal disease at 
the time of initial presentation; however, this does not apprecia
bly affect mortality. The presence of lymph node metastasis in 
patients with contained intrathyroidal primary papillary carci
noma also does not affect long-temJ survival. If there is gross or 
microscopic extension of a pr.inlaf}' papillary carcinoma through 
the thyroid capsule, a poor prognosis and possibly a higher rate 
of lymph node metastasis may be anticipa.ted.39.4° Because mul
ticentricity and lymph node metastases arc common, complete 
ultrasound of the thyroid and central and lateral neck nodal 
basins should be performed prior to thyroidectomy for known 
or suspected malignancy.? Although papillary cancer typically 
disseminates via lymphatic spread, distant metastases do occur 
and are present in 3o/o co 5% of patients at the time of diagnosis. 
'TI1e two most common sites of spread are to the lungs and 
bones. 

Swdy of DNA ploidy bas been used to evaluate clinical 
prognosis. Increased nuclear DNA (aneuploidy) was believed to 
incr~c;c the risk for mortality. Universal agreement about this 
concept does not exist, however. Information on DNA ploidy 
may have some implications for prognosis but has had no defi
nite impact on therapeutics. 

Treatment 
TI1e primary treatment of differentiated thyroid cancer, includ
ing papillary and follicular thyroid cancer, is surgical ablation. 
Several factors enter into surgical decision making. As noted, 
although well-differentiated cancers generally have a good prog
nosis, lthere arc high rates of multicemricity within the thyroid 
and high rates of lymph node metastases, and recurrence is not 
infrequent. Furthermore, although more aggressive resections of 
the tl1yroid and lymphatic beds expose the patient to more 
potcnrial morbidity, they facilitate radioiodine therapy, thyrox
.i.ne suppression, and surveillance. With these considerations in 
mind, the objectives of ini.tial therapy include the following: (1) 
remove the primary rumor and involved cervical lymph nodes; 
(2) minimize treatment related morbidity; (3) stage the disease 
accurately; (4) facilitate postoperative radioiodine therapy, if 
appropriate; (5) permit acCLLrate long term surveillance; and (6) 
minimize risk of recurrence or metastas is. · 

Appropriate surgical options and terminology for known 
or suspected thyroid malignancy include the following: (1) 
hemithyroidectomy or thyroid lobectomy, with or without isth
musectomy; (2) near-total tl1yroidectomy, defined by leaving less 
than l g of tissue adjacent to the recurrent laryngcaJ nerve at 
the Ligament of Berry on one side; and (3) total thyroidectomy, 
defined by removal of all visible thyroid tissue. Nodulectomy or 
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leaving more than J g of thyroid tissue in a subtotal thyroidec
to my is no t considered an appropriate surgical option for thyroid 
malignancy (Table 38-5}.7 The advantages of total or near-to tal 
thyroidectomy indude the efficient use of radioiodine postop
erative treatment. Radioablatio n is much less effective and 
requires a large r dosage if residual thyro id exisrs. Advanrages of 
a procedure less than total or near-total thyroidecto my are 
decreased rates of bilateral recurrent laryngeal nerve damage and 
hypoparathyroidism. 

For patiel!lts who do no t have a biopsy-proven thyroid 
malignancy, the surgical option selected should balance the like
lihood of cancer with potential morbidity. Because of the higher 
like W1ood of malignancy, the following patients whh lmdiag
nosed nodules should undergo a to tal or near-total thyro idec
to my as their initial resection: patients with larger than 4-cm 
tumors, those with marked atypia on biopsy, those with FNA 
results suspicious fo r papillary cancer, those with a family history 
of thyroid cancer, patiem s with a history o f radiation exposure, 
and men older than 50 years. l.n patients without these high-risk 
findings and without a diagnosis of malignancy, thyro id lobec
to my is an appro priate initial resection and serves as a diagnostic 
biopsy.7 

Papilla ry cancers smaller than 1 em in diameter are defined 
as mkrocarcino ma. In patients who have cytologic and imaging 
diagnosis of a so litary intrathyroidal papillary microcarcinoma, 
n o clinically imvolved cervical lymph nodes, and no history 
of head and neck radiation, a w1ilateral d1yroid lobecto my 
and isthm usecromy is an appropria te resection. Patiencs with a 
diagnosed thyroid cancer larger than 1 em or a smaller than 
1 em papillary cancer with dinicaiJy positive nodal disease, 

Table 38-5 Indications for lnterventional Procedures 

multicentricity, or a history o f bead and neck radiation, the 
initia l thyroid resectio n sho uld be a total or near-total thyroidec
to my, which will most likely be followed with radioablation.7 

The management o f central and lateral neck lym ph nodal 
basins has been a topic of active debate in. the multidisciplinary 
lirerarure. 1l1e anatomically defined nodal regio ns of rhe cenrral 
and lateral neck are shown in Figure 38-3. Although some 
patient groups. particularly those younger than 45 years. appear 
not to have significant prognostic impact of lymphatic spread, 
large registry studies have shown that in all patients with papiJ
Iary thyro id cancer, there is a small but statistically significant 
decrease in long-term survival in those with lymphatic metasta
ses compared with those witbo uc.41 Therefore, it is curre ntly 
recommended that all patients with known or suspected papil
lary cancer undergo a thoro ugh physical exan1ination and com
plete ultrasow1d of the central and lateral neck prior to resection 
of the thyroid lesion. If clinically positive adenopacl1y is detected 
in the central neck, a therapeutic level VI o r central neck lympb 
node dissection should be perfom1ed at the time o f tOtal or 
near- to tal thyroidectomy. There is an emerging hypothesis that 
prophylactic level VI dissection should be routinely performed, 
even in those patients with clinically llllinvolved nodes, but this 
remains a topic of debate. Those who support this pract ice have 
noted that there is a high frequency of pathologically positive 
but clinically negative nodal spread, and that some studies report 
lower rates of recurrent disease following ro utine central neck 
dissection.42 Co nversely, o thers studk s find a higher rate of 
transient hypocalcemia, permanent hypoparathyroidism and 
nerve injury, and no evidence of benefit following prophylactic 
central neck dissectio n. 7• 

43 

-----------------------------------------------------------------------
PROCEDURE 
FNA 

Open biopsy 

Nodulectomy (less than a 
lobectomy) 

Lobectomy 
(with isthmectomy) 

Near-total thyroidectomy 

Total thyroidectomy 

Modified radical lymph 
node dissection 

Median sternotomy 

Central neck (level VI) 
lymph node dissection 

ADVANTAGE 
Accurate diagnosis of malignancy 

Direct visualization 

None 

Lower rates of hypocalcemia and 
nerve damage 

Lower rates of hypocalcemia and 
nerve damage 

Use of postoperative '~'I most 
efficacious; use of post
thyroglobulin levels for 
recurrence 

Decreased rate of recurrence 

Exposure of mediastinal contents 

Decreased risk for recurrence 

DISADVANTAGES AND COMPLICATIONS 
Cannot confirm benign diagnosis; 

capsular hemorrhage 

Requires an operating room, possibly 
general aneSthesia 

Difficult second operation to complete 
lobectomy if cancer is diagnosed 

May require completion thyroidectomy if 
cancer is diagnosed 

Possible recurrence in residual thyroid 
tissue 

Higher rate of hypocalcemia and nerve 
oamage 

Cranial nerve XII injury; loss of sensation 
over the ear and lateral cervical area; 
Oeft) thoracic duct leak and 
lymphocele; Homer's syndrome 

Bleeding; nonunion of sternum (if 
complete sternotomy); increased 
hospital stay 

Increased risk for hypocalcemia and 
nerve damage 

INDICATION 
Tissue diagnosis of ultrasound

determined solid nodule; prior 
nondiagnostic result 

Complex case in which FNA has 
failed to give a diagnosis 

None 

Strong s~cion of benign disease; 
well-differentiated. low-risk PTC. 
<1 an 

Benign multinodular disease; small 
noi::lule on side of complete 
lobectomy; hyperthyroidism 

Extensive multinodular disease; 
hyperthyroidism; > 1 an thyroid 
cancer (nonpalpable lymph nodes) 

Palpable or ultrasound-positive 
adenopathy with diagnosis of PTC. 
FTC. or medullary cancer 

Extension of malignancy into anterior 
mediastinum; inability to mobilize 
a large substernal gorter 

Medullary carcinoma; palpable or 
ultrasound-positive adenopathy 
with diagnosis of PTC or F'fC 
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The management of lateral neck lym ph node basins has 
similarly been a topic of debate. Currently, consensus supports 
a practice of ipsilateral therapeutic lateral neck dissection for 
patients who have biopsy-proven metastatic lateral cervical 
disease. This should be undertaken as a formal clearance of a 
defined lymph node level, rather than isolated ~section of d1e 
involved node, or berry picking.? Studies have shown that 
despite an almost 30o/o rate of micrometastases in lateral lymph 
nodes, there is little benefit of prophylactic lateral neck dissec
tion for clinically negative nodes.43 

It is not infrequent to diag~1ose well-differentiated thyroid 
cancer or mtLiticentricity after completing a diagnostic thyroid 
lobectomy or total thyroidectomy performed for what was 
believed to be benign disease, such as symptomatic multinodular 
goiter. This presents the clinical quesrion of whether completion 
thyroidectomy and/or lymphadenectomy should be carried out. 
Completion thyroidectomy offers the benefit of complete clear
ance of multifocal disease, facilitating radioiodine therapy, and 
enabling surveillance with determination of a serum Tg level. 
The downside involves a reoperative iJ1tervenrion, whidJ carries 
a risk of technical complications. Current recommendations are 
that completion thyroidectomy should be performed if the origi
nal recommendation would have been total or near-total thy
roidectomy if the pathology were known preoperatively. ln other 
words, completion thyroidectomy should be performed, except 
in those patients with small (<l em), unifocal, intrathyroidal, 
node-negative and otherwise low-ri.sk papillary cancers. Ln 
patients that meet these low-risk criteria, thyroid lobectomy may 
be considered an adequate resection and no further surgical 
iJ1tervention is required.· 

For patients with lower stage disease, surgical resection 
generally results in excellent 5- to 10-year survival rates, excccd
iJJg 90o/o. Witb larger lesions, survival may decrease, especially 
in older men, and postoperative 13 11 therapy has been advocated 
for those with known metastases, extrathyroidal extension, and 
tumors larger than 4 cm:'-~5 Recurrence in local or regional 
lymph nodes after initial surgery is treated by completion thy
roidectomy, if residual tissue exists, plus regional lymph node 
dissection. Radioiodine therapy is used as adjunctive therapy. 
Distallt metastases are rare but have a poor prognosis (Fig. 
38-17). Patients who have undergone thyroidectomy will require 
exogenous thyroid hormone replacement, whid1 also provides 
the benefit of suppressing TSH and therefore suppressing a 
stimulus ttl further growth of differentiated thyroid cancers. 

The Mayo Clinic has published a follow-up series of 
patients with papillary cancer dating back to 1940.37 ln the first 
10 years of the study (1940- 1949), lobecromy was the primary 
procedure and was performed in almost 70o/o of cases. Smce 
1950, near-total or total thyroidectomy ha~ essentially been the 
standard procedme and resulted iJ1 significantly improved sur
vi val in com paris on to the earlier gwup. Cause-specific mortality 
and local recurrence rates have remained stable smce then and 
over the last 50 years of the study, despite tbe more frequent use 
of postoperative radiation. Other studies have shown a benefit 
to postoperative 131 I tl1erapy. 

The presence of distant metastatic disease may be evaluated 
with chest radiography, radionuclide scanning, CT, and other 
modali ties, as gwded by clinical suspicion. In patiems after total 
thyroidectomy, tpostoperative Tg levels may be followed to 
monitor for recmrence, altl1ough preoperative Tg levels are not 
needed.6·?·35 
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FIGURE 38-17 Survival rates of 1701 patients with papillary or follicu
lar carcinoma (no distant metastasis at time of diagnosis). Overall 
survival rates were 82% at 10 years, 72% at 20 years. and 60% at 30 
years. Patients were followed at the lnstitut Gustav-Roussy in France. 
A. Effect of age at diagnosis on mortality for combined groups. 
B, Survival rate according to histologic subtype. (From Schlumberger 
ML: Medical progress: Papillary and follicular thyroid carcinoma. 
N Engl J Med 338:297- 306, 1998.) 

Folliwlar Carcinoma 
Follicular thyroid cancer is the second category of well
differentiated thyroid cancer and constitutes about lOo/o of aU 
thyroid malignancies. Follicular cancer is a disease of an older 
poptdation compared with papillary cancer, with a peak inci
dence bct\veen ages 40 and 60 years. lr occurs more commonly 
in women, witb a ratio of approximately 3: l . A subtype of fol
licular cancer, kJ1own as Hurthle cell carcinoma, consists of 
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oxyphilic cells and tends to occur in older patients, usually 60 
to 75 years of age.35.40 1l1ere appears to be an increased incidence 
of follicular cancer in geographic distributions associated with 
iodine deficiency. Unlike papillary cancer, follicular cancer is not 
strongly associated with radiation exposure. 

Pathologic Classification 
Follicular cancer is a malignant neoplasm of the thyroid epithe
Liwn rhat ctn have a wide spectrum of microscopic changes, 
anywhere from almost normal follicular architecture and fwlc
tiOJJ to severely altered cellular architecture. Histologic diagnosis 
of follicular cancer depends on the demonstration of follicular 
cells occupying abnormal positions, including capsular, lym
phatic, and vascular invasion (Fig. 38-18). If these 6.ndi11gs are 
absent, rhe diagnosis is benign follicular adenoma. Using these 
criteria, two types of follicular carcinoma are usually described, 
minimally invasive and widely invasive. 1l1ere is increasing evi
dence that microscopic angioinvasion is an important prognos
tic finding.''" Lymph node involvement is unusual in follicular 
cancer and occurs in less than 1 Oo/o of cases. 1llls is in contra
distincrion to papillary carcinoma, which is cl1aracterized by a 
higher rate of lymph node involvement at the time of initial 
evaluation. ln patients with widely invasive follicular cancer, 
distant spread is more common, and lw1f, bone, and other solid 
organs are often involved (Fig. 38-19).4 

Clinical Features 
Follicular cancer, like papillary cancer, typically manifests as a 
painless thyroid mass, which is evaluated as described earlier. 
Follicular cancer and multinodular goiter can coexist in as many 
as !Oo/o of cases. Although the findings of hoarseness and firm 

FIGURE 38-18 Foll icular lesion. This high-power examination reveals 
capsular invasion by follicular cells and allows the diagnosis of follicu
lar cancer (H&E stain, xlOO). 

FIGURE 38-19 Metastatic follicular cancer. All images are of the same patient. A. Preoperative ultrasound demonstrates a 6.7-crn mass in the 
left lobe of the thyroid; pathology demonstrates follicular cancer. B. a scan of the chest demonstrates multiple pulmonary metastases. t. a 
scan of the head demonstrates left parietal bone metastasis. D. MRI scan of the head demonstrates left parietal bone metastasis with an 
epidural compoment and mass effect on the brain. 
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FIGURE 38-20 A. B. Rapidly enlarging thyroid mass in a 70-year-old 
man. The CT scan {A) demonstrates displacement of the larynx and 
lateral involvement of both jugular veins. This patient died within 6 

months of rapidly progressing follicular cancer. 

fixation of tbe mass on clinical evaluation suggest advanced 
disease and a poor prognosis, these circumstances are again 
fow1d in a minority of cases. In such cases, a diligent search for 
aggressive exteHSion into the trachea and for distant metastasis, 
particularly in older patients, is carried out with Cf or MRI of 
the neck and chest (Fig. 38-20).39 

Laboratory workup usually reveals a euthyroid state. 1he 
incidence of thyrotoxicosis in association with a thyroid malig
nancy. including follicular cancer, is approximately 2%. Preop
erative imaging may be of some assistance in assessing the extent 
of a palpable mass. U ltrasound can determine the size and nwl
ticentricity of the malignancy; however, follicular cancer is 
usually manifested as a solitary mass. Radionuclide scanning can 
determine whether a mass is functioning or is cold, although a 
miJloriry of cold nodules acn.ally prove to be malignant. 

Although FNA cytology is important in the workup of 
thyroid nodules, it is of limited value in the preoperative diag
nosis of follicular cancer. Diagnosis of follicular cancer requires 
demonstration of cellular invasion of the capsule or vascular or 
lymphatic channels. These ultrastructural characteristics cannot 
be determined on FNA. Also, intraoperative &ozen section has 
been notoriously ineffective in making a definitive diagnosis of 
folllcular cancer.1 

?.
20 

Unlike papillary cancer, follicular thyroid cancer typically 
spreads via hematogenous routes, which occurs in 10% to 15% 
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of cases. 1l1e most common sites for metastatic deposits are lyric 
bone lesions and .lung (see Fig. 38-19). 

Prognosis is le.~s favorable for follicular than for papillary 
cancer and is best in young patients with limited capsular or 
vascular invasion. As with papiUary cancer, age is the most 
imporranr predkror of survival, with a 95% I 0-year survival in 
those younger than 40 years and an 80% 10-year survival 
between 40 and 60 years. Follicular cancers in older patients also 
are less likely to respond to radioiodine therapy. Size of the 
primary tumor is aJl importrult prognostic indicator although, 
UJUike papillary crulcer, even small follicular cru1cers should be 
considered clinlca.lly significru1t. 

Treatment 
Treatment of follicular carcinoma is primarily surgical. TI1e diag
nosis of the carcinoma crumot be determined by preoperative 
FNA or intraoperative &ozen section diagnosis of a folliCLLiar 
lesion. The surgeon is left to select the most efficacious treatment 
of a follicular lesion, which, lacking the obvious gross character
istics of malignancy ru1d widely invasive follicular cancer, is most 
likely a benign lesion. If the lesion is 2 em or smaller and well 
contained within one thyroid lobe, an argument may be made 
for thyroid lobectomy and isthmusectomy. If the lesion is larger 
than 2 em, the surgeon may well proceed with total thyroidec
tomy. lf the follicular le.~ion is larger than 4 em, the risk for 
cru1cer is higher than 50%, and total thyroidectomy is an obvious 
choice. l11 general, the recommendations for surgical manage
mem of follicular cru1cer mirror those of papiUary cancer (see 
earlier). Also, as noted, follicular neoplasms excised by thyroid 
lobectomy may turn out to be follicular cru1eers on final pathol
ogy. Current recommendations support performing completion 
thyroidectomy if total t.l1yroidectomy would have been offered 
if the diagnosis had been secured preoperatively.

7 

TI1e prognosis after treatment of follicular cru1ccr depends 
on age. Patients younger than 40 years have the best prognosis, 
with survival rates approaching 950A) at 5 ru1d 10 years. Series 
comparing follicular cru1cer with PTC have shown a poorer 
prognosis for follicular cancer, although this disparity is more 
prominent after 10 to 15 years. Poorly differentiated follicular 
cancer and well-differentiated follicular cancer have 60% and 
80% 10-yea.r survival rates, respectively (see Fig. 38-17) _3? 

Postoperative Treatment 
Accepted postsurgical management of well-differentiated papil
lary and follicular t.l1yroid cancers involves the use of radioiodine 
ablation and long-term monitoring ofTg. 13 11 contains high
energy (ganm1a rays) ru1d medium-energy (beta particles), which 
enhances the therapeutic effect. Patients are usually withheld 
&om thyroid replacement therapy so that TSH levels may 
become elevated, rendering the thyroid iodine avid ru1d thus 
maximi.zing the effect of 131 I. Several studies have suggested that 
1311 ablation reduces disease-specific mortality in patients with 
primary tumors measuring at least 1 cm.35 

lf a patient has undergone complete thyroid ablation, Tg 
levels should be undetectable. Tile recenr development ofhumru1 
recombinant TSH bas redefined the efficacy of monitori11g 
stimulated T g levels as evidence of recurrence. It is possible that 
the use of human recombinant TSH can detect tumor recur
rence at earlier and altow earlier treatmenr. Despite these 
advrulCl'S, the use of Tg to monitor tumor recurrence remains 
imperfect." As many as 15o/o to 30o/o of patients with thyroid 
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carcinoma have anti-Tg antibodies, which seriously compro
mises the use ofTg as a tumor marker.45 

Hiirthle Cell Cardnoma 
Hiirthle cell ca:rcinoma is a subtype of FTC that closely resem
bles FTC, botb grossly and on mkroscopic exan1inarion. The 
tumor contains an abundance of oxyphilic cells, or oncocytes. 
1l1csc cells arc derived from fo.llicular cells and have abundant 
granular acidophilic cytoplasm. Some studies have suggested 
that Hiirthle cell carcinoma may have a worse clinical prognosis 
than standard FTC; however, there is no uniform agreement on 
these findings. Hiirtble cell carcinoma appears in an older age 
group and is very unusual in children. 

Prognosis and Treatment 
Hurtble cell carcinoma is manifested in much d1e same fashion 
as folliCLLiar cell neoplasms. The use of preoperative FNA raises 
many of the same issues; the finding of H iirtble cells leaves open 
the question of invasiveness and the diagnosis of malignancy. 
Treatment is surgical, following the same general principles as 
for the workup of a follicular neoplasm. 1l1ere is dehate as to 
whether patiem:s with a predominance ofHiirthle cells on FNA 
of a dominant thyroid nodule should underio total thyroidec
tomy, or if lobectomy may be appropriate.46

• ' 

Unlike pap illary and follicular cancer, spread to locally mph 
nodes in Hiirdtle cell carcinoma is a poor prognostic event, 
a'>Sociated with almost 70o/o mortality. Hurthle cell carcinoma is 
associated with a worse prognosis than FTC, which may be in 
part be caused! by its pour uptake of iodine, thus rendering 
radioiodine ablation less effective. There is a significantly higher 
rate of recurren~ce than that seen in FTC. 

Medullary Cardnoma 
Medullary card noma of the thyroid accounts for 4% to I Oo/o of 
thyroid cancers. 1hc malignancy originates in the parafoiJicular 
or C cells, which reside in the upper poles of the thyroid lobes 
and are of nemal crest origin. MTC occurs most commonly in 
a sporadic form {80o/o) and the remainder as an autosomal 
dominant inherited disorder, such as MEN2A, MEN2B, and 
familial medullary thyroid cancer (FMTC). FMTC is a variant 

of MEN 2A, wb.icb includes MTC, but not the other features 
ofMEN2A. MTCs arising in MEN2A usually bas a more favor
able long-term outcome than those arising in MEN2B or spo
radic MTC.35.48 

Clinical Features 
A patient with a sporadic medullary carcinoma typically has 
either of two manifestations: {l) a palpable mass in the thyroid 
that is present in most cases and for which a diagnosis can be 
made with FNA with immunohistochemistry; or {2) the findi ng 
of an elevated calcitonin leveL Excess secretion of calcitonin has 
been demonstrated to be an effective marker for the presence of 
MTC and the presence ofbod1 a mas.~ and an elevated calcitonin 
level is almost diagnostic of MTC. However, the finding of an 
elevated basal calcitonin level in the absence of a thyroid mass 
might requjre further workup, including repeat basal calcitonin 
measurement and a calcium-stimulated or gastrin-stimulated 
test. This calcitonin excess is not clinically associated witl1 hypo
calcemia, but may, rarely, result in symptoms of diarrhea and 
flushing in patients with advanced disease. Carcinocmbryonic 
antigen (CEA) may also he elevated in some MTCs. 

The MEN2 and FMTC syndromes involve differenr 
germ line-activating mutations in the RET protooncogene. Also, 
40o/o to 50o/o of sporadic MTC specimens have acquired RET 
mutations. Patients with inherited MTC syndromes ini tially 
develop C cell hyperplasia, wl1ich is a preneoplastic lesion in 
tl1cse patients, altl1ough C cell hyperplasia has little to no malig
nant potential in patients without RET mutations. Because of 
tl1e h igh penetrance of MTC and the early development of C 
cell hyperplasia and MTC, family members of patients with 
MEN2 should be screened at an early age for the RET proto
oncogene. ln MEN2B kindrcds, RET testing should be per
formed shortly after birth and before age 5 years in FMTC and 
MEN2A kindreds.48 The workup of these patients includes 
a detailed and in-depth family history to inquire about the 
characteristics of MEN2 in the patient and family memhers 
{Fig. 38-21 ). If MTC is suspected, the presence of otl1er 
components of MEN2 syndrome must be considered; serum 
calcium and urinary catechoJan1iJ1e levels must be measured to 
evaluate for hyperparathyroidism and pheochromocytoma. 

FIGURE 38-21 A. This 4-<m solitary mass in a thyroid lobe was removed by total thyroidectomy. 8, Cells consistent with medullary carcinoma 
with amyloid infiltrate (H&E stain, x400). 
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Pheochromocytoma, in particular, must be excluded prior to 
considering interventions in patients with MTC. 

Treatment 
Most patients with MTC or asyndrornic predisposition to MTC 
should undergo a t least a rota! thyroidecromy. Total thyroidec
tomy allows complete removal of the gland and a search for 
multicentricity. Whereas in sporadic MTC the lesion is generally 
contained within one lobe, in MEN2 the malignancy involves 
the upper halves of both lobes. Patients with the MEN2B RET 
mutation are recommended to tmdergo prophylactic total thy
roidectomy within the first year of life. Other patients with 
germlli1e RET mutations should undergo prophylactic total thy
roidectomy before age 5 years, although it may be appropriate 
to wait beyond 5 years with particular RET mutations. Level V1 
nodal dissection may be omitted in MEN2B patients younger 
than 1 year and MEN2A and FMTC patients younger than 5 
years who are undergoiJlg prophylactic thyroidectomy unless 
there are thyroid nodules larger thru1 5 mm, elevated calcitonin 
levds, or evidence of lymph node metastasis.48 

Even in the absence of germline RET mutations, patients 
with known or suspected MTC without evidence of advanced 
disease should undergo total thyroidectomy with prophylactic 
level V1 nodal dissection. The presence of nodal metastasis in 
the central neck mandates bilateral level Vl nodal dissection; 
opinion varies regarding the addition of a lateral neck dissection 
on the side ipsilateral to the level VI disease. The presence of 
cllitically or ultrasound-detectable disease in the lateral neck 
warrants total thyroidectomy and level VI ru1d lateral compart
ment nodal dissection. If preoperative evaluation reveals distmt 
metastatic disease, less aggressive surgery in the neck may be 
warrru1ted to decrease the risk of morbidity caused by potential 
laryngeal nerve injury and hypoparad1yroidism. However, pal
liative surgery may be indicated for patients with neck pain or 
airway compromise.48 

If MTC is diagnosed postoperatively in a patient undergo
ing less than total thyroidectomy, further operative intervention 
is indicated to complete therapy as though the diagnosis were 
known preoperatively, including completion thyroidectomy and 
nodal dissection,. as indicated. An exception to this are patients 
with aJl incidental finding of MTC in a thyroid lobectomy in 
which the MTC is sporadic and unifocal, there is no C cell 
hyperplasia, and an otherwise normal ultrasound of the neck, 
negative surgical margin, and normal serum calcitonin level are 
all confumed.48 

AU prophylactic thyroidectomies for patients \vith RET 
mutations shouEd be performed in experienced centers and 
attention should be given to preserving recurrent laryngeal nerve 
and parathyroid function. Dissection of the central lymph node 
compartment allows appropriate staging of this process. A suc
cessful operation with a good prognosis is predicted for patients 
with smaller masses and in whom calcitonin levels are undetect
able after surgery. The literature has described the use of basal 
and stimulated calcitonin tests to monitor for recurrence because 
stimulated calcitonin values may rise before ba~al calcitonin 
levels. Unfortunately, documentation of recurrent MTC by bio
chemical meru1s is often associated with UTlfesectable recurrence 
iJ1 distant metastatic locations, includiJlg the ltmg and Liver.35 

Recent reports have suggested that radioactive iodine scanning 
ru1d therapy have little role in MTC, unless tl1ere is a concomi
tant PTC or FTC.48 
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Anaplastic Thyroid Cancer 
Anaplastic thyroid carcinoma represents approximately 1% of 
aU thyroid malignancies. ln contrast to a fre<juencly positive 
prognosis in well-differentiated thyroid cancers, it is the most 
aggressive form of thyroid cancer, with a disease-specific mortal
ity approaching IOOo/o. A rypical mru1ifestation is an older 
patient with dysphagia, cervical tenderness, and a painfuL 
rapidly enlarging neck mass. Patients frequently have a history 
of prior or coexistent differentiated thyroid cancer, and up to 
5Uo/o have a history of goiter. Superior vena cava syndrome can 
also be part of the findings. The cllitical situation deteriorates 
rapidly into tracheal obstruction and rapid local invasion of 
surrotmdi.ng srrucrures. 

Pathology 
Grossly, the tumor is locally iJwasive, with a fum whitish appear
aJ1Ce. On microscopic evaluation, giru1t cells \vith intranuclear 
cytoplasmic invaginations CaJl be seen. There is a wide variety of 
cell types, rangiJ1g from moderately differentiated to extremely 
poorly differentiated cells (Fig. 38-22). Occasionally, squamous 
cell clements or islands of more recognizable differentiated 
thyroid carcinoma, such as papillary carcinoma, CaJl be identi
fied within the locus of the tumor. This has led to speculation 
that anaplastic carcinoma might arise from more well
differentiated carcinoma; however, there ha~ been no solid proof 
of this theory.35 

Treatment 
1l1e results of any surgical treatmtnt of anaplastic thyroid carci
noma are tempered by its rapidly progressive clli1ical course. 
Distant spread is present iJ1 90o/o of patients at the time of 
diagnosis, usually to the lungs, and most reports of resection are 
not optimistic. FNA is accurate in 90o/o of cases, thus making 
open biopsy aJl uncommon surgical indication. Three types of 
cell populations have been classified-small spindle cell, giant 
cell, and squamous. All have a poor prognosis. p53 mutations 
are found in 15o/o of tumors, a mucb higher rate than noted 
with well-differentiated cru1cers. Postoperative external beam 
radiation or adjunctive chemotherapy adds little to the overaU 
prognosis, but should be considered.49 

FIGURE 38-22 Thyroid mass with a population of poorly differenti
ated cells, many of which are multinudeated. This is consistent with 
anaplastic carcinoma of the thyroid (H&E stain, x200). 
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FIGURE 38-23 B cell lymphoma of the thyroid. All images are of the same patient. Coronal (A) and axial (B) CT projections demonstrate a 
diffuse thyroid rmass encasing the trachea, with necrotic components. Abnormal FDG-PET activity is demonstrated within this mass by PET-CT 
fusion imaging in coronal (C) and axial projections (D). 

It appears that if anaplastic carcinoma is initially confirmed 
to be resectable, some small improvement in survival may be 
seen following resection. The finding of distant metastasis or 
invasion into locally wuesectable structures, sud1 as the tradlea 
or vasculature of the anterior mediastinum, leads to a more 
conservative sl!Lfgical approach, such as tracheostomy. Because 
the prognosis is so grim in this disease, end-of-life planning and 
consideration of palliation must be part of the very early man
agement and cmmseling of these patients. 

Lymphoma 
Primary thyroid lymphoma. although rare, has been recognized 
more freq uently. The diagnosis is considered in patients with a 
goiter, espedalEy one that has apparently grown significantly iJ1 
a short period. Otl1er mitial symptoms include hoarseness, dys
phagia, and fever. lhyroid lymphoma occurs four times more 
frequently in women man in men. Approximately 50% of 
primary thyroid Lymphomas occur m the settmg of preexisting 
Hashimoto's thyroiditis. 

Workup and Diagnosis 
Patients wi th Lymphoma undergo the standard workup for a 
thyroid mass or goiter. Suspicious signs are rapid enlargement 
and diffuse pain. l11e physical exanlination demonstrates a firm, 
slightly tender, fixed mass, frequently with substernal extension. 
ll1ere may be Local symptoms, including vocal cord paralysis. A 

minority of patients have symptoms of lymphoma. Ultrasound 
may demonstrate a classic pseudocystic pattern. FNA can be 
diagnostic in mis situation using flow cytometry for monoclo
nal,ity to confirm the diagnosis. Thyroid lymphomas are almost 
all non- Hodgkin's lymphomas and most are B cell in origin. A 
subgroup of mucosa-associated lymphoid tissue (MALT) .lym
phomas occur in 6% to 27% of patients in some series. 50 Jf FNA 
is nondiagnostlc, core needle biopsy or open biopsy can be 
considered. If tl1e diagnosis is confirmed or highly suspicious, 
addi tional evaluation includes neck. chest. and abdominal CT 
or MRI to assess for extrathyroidal disease and may demonstrate 
disease completely encircling the rrachea. ll1e addi tion of PET 
imaging may be considered (Fig. 38-23). Approximately 50% 
of patients will have disease confined to the tl1yroid, 5o/o will 
bave disease on both sides of the diaphragm or diffuse organ 
iJlvolvement, and tl1e remamder will have locoregional nodal 
disease. 

Treatment 
Patients wim impending airway compromise wHI frequendy 
have rapid reUef with the iJUtiation of chemotherapy, particu
larly the glucocorticoid component, potentially avoiding the 
need for a surgical airway. Treacmem philosophies differ with 
regard to chemotherapy or surgical ablation. Use of the CHOP 
regimen (cyclophosphamide, hydroxydaunomycin [doxorubi
cin], vincristine, and prednisolone) bas been associated with 
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excellent survival. Surgical resection, including near-total or 
total thyroidectomy, is believed to enhance these results, particu
larly for MALT Uymphomas, but likely has little role in patients 
with extrathyroidal disease. There can be a significant amount 
of pericapsular edema and swelling, with loss of normal tissue 
planes. 1l1ere is likely no role for aggressive resections that might 
increase operative morbidity in the neck. 

MALT lymphomas are usually diagnosed at an earlier stage 
and have an indolent course. Diffuse and mixed large cell lym
phomas behave more aggressively and are often initially found 
to have widespread involvement. Five-year survival rates for 
MALT lymphomas approach 100%, whereas rates for large 
cell and mixed large cell lymphoma are 71% and 78%, 
respectively. 

SURGICAL APPROACHES TO THE THYROID 

Cervical Approach 
Before any cervical exploration, the patient must be approp.ri
atdy positioned, with the ned< extended. We favor full muscle 
relaxation, whid1 allows optimal positioning and facilitates 
exposure through limited incisions. After positioning, and before 
skiJ1 preparation, an excellent opportunity ro perform neck 
ultrasolmd is available. A transverse incision is made about two 
fingerbreadths above the clavicular heads. The incision is placed 
so that it provides a direct approach to the thyroid gland and its 
adjacent structures while allowing optimal postoperative cos
metic results. [f [pOSsible, the incision incorporates normal skin 
lines to aid in optimal cosmetic healing. 1l1e lateral borders of 
the incision can approach the medial borders of the sternocleido
mastoid muscle but cru1 be lengthened if the lateral aspect of the 
neck is to be investigated. l11e skin incision is carried through 
subcutaJleous fat and the platysma! muscle, and superior and 
inferior Aaps are dissected in a bloodless plane beneath the pla
tysma] layer. The anterior jugular veins are identified, ru1d any 
that are crossing or running along the midline CaJl he divided 
{Fig. 38-24). 

The midline raphe can be identified between the sternohy
oid muscles; this raphe is divided in a bloodless plane from the 
thyroid cartilage superiorly to the sternal notch inferiorly. As the 
plane immediately ben(-ath ti1e sternohyoid muscles is entered, 
one encounters the isthmus of the thyroid in the midline and 
ead1 of the lobes laterally. Above ru1d below the isthmus are rhe 
cartilaginous rings of the trachea. Blunt finger dissection can 
separate the sternohyoid muscle from the thyroid capsule medi
ally and identify the sternoti1yroid muscles in a deep and lateral 
posi.tion. 1l1e sternothyroid muscles do not meet in the midline 
and must be separated off the thyroid capsule to gain lateral 
exposure to the thyroid. In patients who have previously under
gone FNA, it may be that the planes under the sternothyroid 
muscle are obliterated by recent hemorrhage or scarring. [f the 
patient has previously had thyroid surgery, these muscle groups 
will be densely adherent to the trachea and perhaps ti1e tracheo
esophageal groove. Great care must be used in this case to 
identify ti1e paratil}'roids and recurrent laryngeal nerve. 

\Vhen the recurrent laryngeal nerve has been identified on 
either side, it is mandatory ro track it through any scar tissue or 
thyroid carcinoma. Every effort must be made to avoid sacrific
iJlg the nerve. In rare situations, such as ru1aplastic thyroid car
cinoma, aggressive well-differentiated carcinoma, or obvious 
involvement with other head and neck tumors, the nerve may 

Mobilization of 
right lobe with 
ligation of 
middle thyroid 
vein 
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FIGURE 38-24 A Mahomer retractor is inserted, and towels (not 
shown) are placed so that only the incision is exposed. The strap 
musdes (sternohyoid and sternothyroid) are then separated by divid
ing the tissues in the avascular midline plane from the thyroid carti
lage to the suprasternal notch. The thyroid lobe is exposed by 
mobilizing the strap musdes away from the lobe by means of lateral 
retraction on the musdes. The middle vein is exposed, divided, and 
ligated_ (From Sabiston DC Jr [edJ: Atlas of general surgery, Philadel
phia, 1995, WB Saunders.) 

be sacrificed. [fa recurrent laryngeal nerve is found to have been 
injured during the course of an o therwise w1complicated opera
tion, every attempt is made to repair it initially with microscope
aided visualization ru1d a microvascular technique {8-0 or 9-0 
monofilan1ent sutures). 

Dissection between the sternohyoid ru1d sternothyroid 
muscles gains exposure to the lateral and deeper structures. 
Exposure of these lateral structures is enhanced by placing 
medial traction on the thyroid lobe on the side being dissected. 
Care must be taken to divide the middle thyroid vein before it 
is placed under excessive traction by this maneuver. With lateral 
retraction of rhe muscles and medial retraction of the thyroid 
lobe, the common carotid is quickly defined. On the left side, 
the esophagus is more prominent because of its more lateral 
position at this level in the neck. Definition of this area CaJ1 be 
enhanced by placement of an esophageal stethoscope, which 
allows easier palpation of the esophagus. 

In the case of complicated lateral thyroid masses, lymph
adenopati1y, or previous surgery, it may be necessary to gain 
exposure laterally by dividiJ1g the sternohyoid and sternothyroid 
muscles. It is rarely necessary to divide these two muscles, 
however, because lateral traction generally provides good expo
sure. If transection of the sternohyoid or sternothyroid muscle 
is necessary, ir is done superiorly ro miJlimize dcnervarion 
because both these muscle groups are innervated &om a caudal 
direction ti1rough the ansa hypoglossi nerves. 
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Mobilization of thyroid near inferior thyroid artery 
and recurrent laryngeal nerve 

B 

FIGURE 38-25 A. B. The thyroid lobe is retracted medially to expose the area where the parathyroid glands and recurrent laryngeal nerve are 
located. (From Sabiston DC Jr (ed): Atlas of General Surgery. Philadelphia, WB Saunders, 1995.} 

By gaining access to the plane immediately above tbe 
thyroid sheath and placing lateral traction on the strap muscles 
of the neck, the nperacing surgeon should be able to visualize 
the entirety of tthe anterior surface of the dJyroid, even in reop
erative cases. Traction on the thyroid lobes in a medial direction 
helps identify a dissection plane for gruJling access to the supe
rior pole vessds (Figs. 38-25 and 38-26). To skeletonize the 
superior pole vessels, one needs to have good exposure laterally 
between the common carotid artery and superior aspect of the. 
ipsUateral thyroid lobe. One can then enter behind or posterior 
to the superior tthyroid pole, adjacent to the cricothyroid muscle. 
Careful dissection in this area avoids injury to the external 
laryngeal nerve. Most patients (75o/o to 80o/o) have external 
laryngeal nerves cl1at run on the cricothyroid muscle and are 
separate from the superior vessels; however, this leaves a signifi
cant number of patients in whom d1e nerve rw1s in dose prox
imity to the superior pole vessels ru1d could be divided if care is 
not exercised. After the superior pole vessels are carefully dis
sected and identified, d1ey can be double-ligated adjacent to 
d1eir entrance into the thyroid lobe. After the superior cl1yroid 
vessels and middle thyroid veins have been divided, continued 
medial retraction of the thyroid lobe allows the posterior aspect 
of the cl1yroid lobe to be visualized. The superior parathyroids 
are usually found lying in small deposits of fat in this area, within 
the thyroid sheath (.Figs. 38-27 and 38-28). 

Further mobilization of the thyroid lobe allows exposure 
of the trad1eoesophageal groove ru1d recurrent laryngeal nerve 
(Figs. 38-29 to 38-33). Minimal dissection of the lower vessels 
entering the thyroid is undertaken ru1d no division is carried out 
untiJ the recurrent la ryngeal nerve is seen and positivdy identi
fied. On clK· right side, care is taken when dissecting in the 
posterolateral aspects of the trachea because the esophagus is not 
well palpated i111 th.is area. fl1 patients undergoing thyroid reop
erations, dlis area is extremely treacherous because of scar tissue. 
It is generally advisable, if the recurrent laryngeal nerve is not 
immediately visible at the level of the thyroid lobe, to proceed 

Ligation of superior 
thyroid vessels - Dissection should stay 

close to thyroid to avoid 
nerve damage 

External branch of 
superior laryngeal 
nerve 

FIGURE 38-26 Downward traction exposes the superior pole vessels, 
including branches of the superior thyroid artery. The external laryn
geal nerve courses along the cricothyroid muscle, just medial to the 
superior pole vessels. To avoid injury to this nerve, which controls 
tension of the vocal cords, the superior pole vessels are divided indi
vidua11y as close as possible to the point at which they enter the 
thyroid gland. (From Sabiston DC Jr (edj: Atlas of general surgery, 
Philadelphia, 1995, WB Saunders.) 
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Recurrent laryngeal nerve 

FIGURE 38-27 As the thyroid is retracted medially, gentle dissection 
is used to expose the parathyroid glands, inferior thyroid artery, and 
recurrent laryngeal nerve. The recurrent nerve usually passes behind 
the inferior thyroid but occasionally lies anterior to it It is best found 
by careful dissection just inferior to the artery. The nerve can then 
be traced upward, and its position in relation to the thyroid can be 
deterrnined. Parathyroid glands that lie on the thyroid surface can be 
mobilized with their vascular supply and thus preserved. (From Sabis
ton DC Jr (ed] : Atlas of general surgery, Philadelphia, 1995, WB 
Saunders.) 

Ligation and division of distal branches 
of inferior thyroid artery for total thyroidectomy 

Parathyroid 

Inferior thyroid 
artery 

Recurrent laryngeal 
nerve 

FIGURE 38-28 To perforrn a total lobectomy. branches of the inferior 
thyroid artery are divided at the surface of the thyroid gland. The 
interior thyroid veins can now be ligated and divided. Superiorly. 
the connective tissue (ligament of Berry), which binds the thyroid to 
the tracheal rings, is carefully divided. Several small accompanying 
vessels are usually present; the recurrent nerve is closest to the 
thyroid and most vulnerable at this point. Division of the ligament 
allows the thyroid to be mobilized medially. (From Sabiston DC Jr 
[ed]: Atlas of general surgery, Philadelphia, 1995, WB Saunders.) 

FIGURE 38-29 Dissection of the thyroid from the trachea can be 
performed with the cautery by division of the loose connective tissue 
between these structures. Dissection is extended under the isthmus 
and the specimen is divided so that the isthmus is included with the 
resecte<l lobe. The pyramidal lobe is also included, if present (From 
Sabiston DC Jr [ed]: Atlas of general surgery, Philadelphia, 1995, WB 
Saunders.) 

Line of transection for 
subtotal thyroidectomy 

Recurrent 
laryngeal 

nerve 

FIGURE 38-30 Subtotal lobectomy necessitates identification of the 
parathyroid glands, inferior thyroid artery, and recurrent laryngeal 
nerve, as described earlier. The line of resection is selected to preserve 
the parathyroid glands and their blood supply and to protect the 
recurrent laryngeal nerve. This is based on the inferior thyroid artery 
or its major branches. (From Sabiston DC Jr (ed]: Atlas of general 
surgery. Philadelphia, 1995, WB Saunders.) 
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Thyroid tissue divided 
using hannonic scalpel 

FIGURE 38-31 A. B, The thyroid gland is divided with a harmonic scalpel. (From Sabiston OC Jr [ed]: Atlas of general surgery, Philadelphia, 
1995, WB Saunders.) 

Division of isthmus 
from left lobe for 
right lobectomy 

FIGURE 38-32 The thyroid can now be divided with the harmonic 
scalpel so that the isthmus is induded in the specimen. (From Sabis
ton OC Jr [ed]: Atlas of general surgery, Philadelphia, 1995, WB 
Saunders.) 

lower in the neck tissue in previously undissected areas to gain 
access to the recurrent laryngeal nerve. 

After the recurrent laryngeal nerve is seen on either side, 
the pace of the operation may be increased; the inferior ve$sels 
may be divided while the course of the recurrent laryngeal nerve 
is visualized directly. Continued medial traction on the lobe then 
identifies the cephalad course of the nerve ro the point at which 
it dlsap pears underrhe ligament of Berry or into its final destina
tion, the caudal border of the cricothyroid muscle. 'TI1e ligament 

of Berry is in a position just anterior and slightly medial to the 
nerve's entrance tmderneath the cricothyroid muscle; this struc
ture, with a small rim of thyroid tissue, can be ligated with silk 
suture or a harmonic scalpel. After division of the ligament of 
Berry, the attachment of the thyroid medially on the trachea can 
be divided with low-energy Bovie dissection or a harmonic 
scalpel (see Fig. 38-29). 

Tem1inology for thyroid surgery is inconsistent in the lit
erature. Total cl1yroidectomy involves division of all thyroid 
tissue between the entrance of the recurrent laryngeal nerves 
bilaterally at the ligament of Berry, and results in complete 
removal of all visible thyroid tissue. Near-total thyroidectomy 
involves complete dissection on one side while leaving a remnant 
of thyroid tissue laterally on the contralateral side, whid1 incor
porates the parathyroids and leaves less than 1 g of tissue adja
cent to the recurrenr laryngeal nerve at the ligament of Berry. 
Subtotal thyroidectomy leaves a rin1 of thyroid tissue bilaterally 
to ensme parathyroid viability and avoid entrance of the recur
rent laryngeal nerves imo the larynx (see Figs. 38-28 to 38-32). 

Level VI is bounded superiorly by tbe hyoid bone, laterally 
by the carotid arteries, and inferiorly by the level of the innomi
nate ar[Cfy on the right, and lies between the superficial and 
deep layers of tl1e deep cervical fascia (see Fig. 38-3).51 Centrai 
lymph node dlssection can be carried out under direct vision, 
with removal of all lymph nodes immediately adjacent to the 
thyroid, especially in the tracheoesophageal groove in patient<; 
with well-differentiated carcinoma {level VI). By consensus 
statement, a level VI lymph node dissection should include the 
prdaryngeal or delphian nodes superiorly, prctrachcal nodes 
inferiorly, and paratracbeal nodes laterally in the trad1eoesopha
geal groove on one or both sides.51 If a patient has palpable 
lymph node$ in the lateral aspect of the neck, a more complete 
modified radical neck dissection is performed. 

Postoperative monitoring of cl1yroid and parathyroid func
tion is extremely in1portant. The smgeon is obligated to evaluate 
and inform the patient and referring physician of the details of 
the resection and its expected impact on postoperative function. 
A calcium assa}' is performed within 24 bours of surgery. If 
no signs of hypocalcemia are present, particularly if the 
surgeon has visualized the glands during surgery, no calcium 
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Recurrent laryngeal nerve -~!OAr 

Common carotid artery -~r~~~~~-..... ~-~;;::::::=~\ 
Interior jugular vein 

A 

Superior thyroid 
artery/vein 

Esophagus 
Middle thyroid vein 

FIGURE 38-33 A. During thyroidectomy, the recurrent laryngeal nerve is at greatest risk tor injury at the ligament of Berry (1 ), during l igation 
of branches of the inferior thyroid artery (2), and at the thoracic inlet (3). 8, Intraoperative photograph of the recurrent laryngeal nerve in the 
tracheoesophageal groove (white arrow). (A from Kahky MP, Weber RS: Intraoperative problems: Complications of surgery of the thyroid and 
parathyroid glands. Surg din North Am 73:307-321, 1993.) 

supplementation may be necessary. If symptoms occur or if the 
surgeon is concerned about the patient's parathyroid status, daily 
supplements of 1500 tO 3000 mg of elemental calciwn may be 
started. 

If the patient was euthyroid before surgery, i.t is reasonable 
to expect that replacement may not be needed for at least 10 
days, even after total thyroidectomy. This allows time for 
complete evaluation of the specimen by pathology. 1l1yroid 
replacement generally requires a dally dose of 1.6 Jlg/kg of !eve
thyroxine (Syntbroid). Most endocrinologists believe that the 
levothyroxine dose needs to be adjusted to keep TSH levels 
at low-normal v:alues after resection for cancer or suppressive 
therapy. 

Modified Radical Neck Dissection 
'There is some controversy about when to perform a modified 
radical neck russection for thyroid carcinoma. However, it is safe 
to say that this operation is most widely performed in patients 

with documented disease in whom obvious and palpable lymph
adenopathy lateral to the carotid sheath exists at the time of the 
original diagnosis or occurs after preceding thyroid surgery. 
Current consensus recommendations have been reviewed {sec 
earlier) and the use of selected removal of palpable nodes in the 
lateral compartment {so-called berry picking) has largely been 
abandoned. ln our practice, modified rarucal neck dissection is 
primariJy reserved for patients with thyroid carcinoma and clini
cally palpable cervical lymph node metastases. This can be 
accom!Plished with an en bloc russection that removes all the 
lymphatic and adipose tissue in the lateral neck compartment 
while :avoiding the cosmetic or functional abnormality associ
ated wjth the removal of muscle groups that is used in the classic 
radical neck dissection. 1he sternocleidomastoid muscle and 
spinal accessory nerve are sparedY 

A cervical skin iJlcision is used for the operation, which is 
standard for most thyroid surgeries. It is extended laterally and 
superiorly along the border of the sternocleidomastoid muscle. 
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Occasionally, it is necessary to make a higher incision parallel to 
the previous surgical incision if higher lymph nodes are palpable. 
In initiating the neck dissecti.on, the surgeon must gain access 
deep to the sternocleidomastoid muscle and remain anterior to 
the carotid sheath above the clavicle. Laterally, the phrenic nerve 
is identified and preserved in the prevercebral fascia on the 
anterior scalene muscle. On the left side, the phrenic nerve is 
immediately adjacent to the thoracic duct at the level of the 
junction of the internal jugular and subclavian veins. The dis
section begiJ1S j ust above the clavicle in this area. The goal of 
dissection is removal of all tissue between the superficial and 
prevertebral fascia, except for the carotid artery, jugular vein, 
vagus, and phrenic and spinal accessory nerves. Also, the sym
pathetic cl1ain and sternocleidomastoid muscle must be pre
served. Dissection continues in the cephalad direction, where 
the spinal accessory nerve is identified at the deep and lateral 
surface of the sternocleidomastoid muscle. The nerve ruJ1S infe
riorly in the lateral aspect of the posterior triangle of the neck. 
'TI1e nerve can be traced because it gives a branch to the sterno
cleidomastoid muscle at this level and then passes adjacent and 
posterior to the digasrric muscle. 

As the dissection proceeds in a more cephalad direction, 
the hypoglossal nerve is encountered; it crosses anteriorly to the 
internal carotid artery and internal jugular vein but deep to the 
anterior facial vein. [r follows the stylohyoid muscle into 
the submandibular triangle and innervates the muscles of the 
tongue. lf one chooses to Ligate the internal jugular vein, care 
must be taken not to injure the hypoglossal nerve as it crosses 
in this area. 

Medially, the surgeon must take care not to injure the cervi
cal sympathetic chain, which lies deep to the carotid sheath, just 
anterior to the prevertebral fascia. TI1e retropharyngcal lymphat
ics connect with the cervical and jugular lymphatics across the 
chain in this area and may have metastatic deposits of thyroid 
cancer. Injury to the sympathetic chain in this area results in 
Horner's syndrome, which includes ptosis, miosis, anhidrosis, 
and increased skin temperature on the involved side. 

On completion of a modified radical dissection, a triangle 
of fibrofany tissue, whicl1 may or may not include the internal 
jugular vein, is: dissected free and oriented for pathology. It is 
not usually necessary to extend dissection into the suprahyoid 
area w1less there is extensive lymph node involvement, which 
occurs only in a few patient.~ with well-differemiated thyroid 
carcinoma(~ 1 o/o). Great care is taken when dissecting structures 
in the lateral aspect of the neck, including the sympathetic main 
and recurrent laryngeal and spinal accessory nerves, unless they 
are obviously a11d grossly involved with w mor. 

Median sternotomy 
Exploration of ttbe anterior mediastinal space is within the arma
mentarium of an experienced thyroid surgeon. Almost every 
benign and malignant thyroid wmor can be removed through 
cervical exploration. Occasionally, a median sternotomy may be 
necessary for patients who need a reoperation, have large inva
sive tumors, have low-lying thyroid glands and a large tumor, or 
have previously undergone radioiodine ablation or external 
bean1 radiation. 

Initial exploration usually iJwolvcs a cervical incision. If a 
median sternotomy is then required, a midline iJ1cision is made 
from the middle of the cervical wound and extended inferiorly 
and onto the manubrium. Before dividing the sternum, access 

is gained on the superior border of the manubrium and all 
tissues deep to the sternum are swept away blwuly with cotton 
sponges or finger dissection. The midline sternal iJ1cision is made 
with a saw or splitting device and carried to the level of the 
second, third, or fourth intercostal space, as needed. We prefer 
a sternal split of the cephalad half of the sternum, which usually 
provides excellent exposure and avoids the possible instability 
associated with full sternotomy. Substernal thyroid masses, 
including goiters or extension of malignancies, as well as ectopic 
parathyroid adenomatous tissue, can be approached through this 
incision. The anteromedial fat pad and thymus can be dissected 
to gain visualization of the pericardiwn superiorly. As one pro
ceeds laterally in this dissection, care must be taken to avoid 
injuring the pleura and the phrenic nerves. The innominate vein 
is deep to the thymus. Almost all low-lying thyroid masses can 
be approamed through this incision. 

New Directions in Thyroid Surgery 
Although the techniques described here remain the standard of 
care in the surgical management of thyroid pathology, a number 
of new avenues of surgical intervention are being investigated_ 
Many surgeons, including ourselves, have found that traditional 
surgical technique may be accomplished through more limited 
skin incisions. 11us requires careful positioning and appropriate 
use of self-retaining retractors, and is facilitated by paralysis_ 
Other techniques aUow even more linlited cervical incisions or 
relocation of the incision away from the neck and, in one case, 
the skin incision was entirely eliminated. 'The appropriate appli
cation and safety profile of all these techniques is srill being 
defined and must be measured against traditional thyroidec
tomy, which is well tolerated and has a low rate of morbidity. 

Minimally invasive video-assisted thyroidectomy (MIVAn 
involves the use of a 1.5- to 2-cm anterior cervical incision, an 
endoscopic camera placed into tht' wound for visualization, self
retainiJlg retractors, and dedicated surgical instruments. 'This 
technique is generally applied to lohectomy for henign disease, 
but has been used for small, well-differentiated thyroid cancers 
and even to total thyroidectomy for malignancy, although total 
thyroidectomy requires a bilateral approach. Tlus approach does 
result in longer operative times, which improve after a learning 
curve, and is believed to have the san1e rate of tedmical com
plication as traditional thyroidectomy. Prior neck surgery, large
volume thyroid (>25 mL), large lesion, and lymphatic metastasis 
are considered contraindications to this technique.5154 

Kang and c.o1Jeagues,55 in South Korea, have mampioned 
the use of a transaxillary, gasless, robotically assisted approach 
ro thyroidectomy. A 5- to 6-cm incision is made in the axiUa 
and a subcutaneous plane is created anterior co the pectoralis, 
between d1e heads of the sternocleidomastoid muscle, and deep 
to the strap muscles. A second incision (<1 em) is also required 
on the anterior chest. Using these incisions, a self-retaining 
retractor, and robotic surgical system, total thyroidectomy may 
be performed. 'This approacl1 has been applied to benign disease 
and small malignancies. TI1e authors iJlclude an ipsilateral level 
VI nodal dissection in all cases. 'TI1ey reported a 1% rate of 
permanent recurrent laryngeal nerve injury and a 3-day mean 
hospital stay. 

There is a single reported case of thyroid lobectomy per
formed with no skin incision. 'This technique involved several 
incisions in the floor of the mouth, through which iJlstruments 
were tunneled to a subplatysmal plane, the neck insufflated, and 
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endoscopic thyroidectomy undertaken. With the exception of a 
small hematoma, the patient reported to have undergone this 
procedure had a good recovery, but no series is yet available to 
establish efficacy and safe[)•.56 

Complications of Surgery 
The advantage of complete removal of disease-bearing tissue and 
efficient subsequent application of postproccdurc radioiodine 
ablation after total thyroidectomy must be weighed against 
lesser procedures, such as lobectomy, in terms of surgical 
complications. l11e most significant complications are post
procedure hypocalcemia secondary to devascularization of the 
parathyroid and significant hoarseness caused by recurrem 
laryngeal nerve injury, induced by traction or division (see 
Fig. 38-33). 

Hypocalcemia 
Rates of postprocedurc hypocalcemia arc approximate!>_; 5o/o; it 
resolves in 800A> of cases in approximately 12 montbs.s. 111ere
fore, every effort is made to evaluate the parathyroid tissue 
intraoperatively. For glands that appear to be devascularized, the 
use of immediate parathyroid autotransplantation of 1-mm frag
ments of saline-chilled tissue into pockets made in the sterno
cleidomastoid or brachioradialis muscle is extremely effective for 
avoiding hypocalcemia. 

Nerve Injury 
SUperior Laryngeal Henle The superior laryngeal nerve has cwo 
branches, an internal branch that supplies stnsory fibers to the 
larynx and an ex:ternal branch that supplies motor fibers to the 
cricothyroid muscles and tenses the vocal cords. The external 
branch can run closely adherent to the superior thyroid artery, 
and care must be exercised during dissection in this area. Injury 
to the branch causes voice changes, huskiness, poor volume 
voice fatigue, and an inability to sing at higher ranges.z.58 

Recurrent Laryngeal Nerve As noted, the recurrent laryngeal nerve 
arises from the vagus and is a mixed motor, sensory, and autono
mous nerve that innervates the adductor and abductor muscles 
(see Fig. 38-33). Unilateral injury is classically described as a 
paralyzed vocal cord, with los.~ of movement from the midline. 
A wide spectrum of injuries to the voice, swallowing mecha
nisms, or both can occur because of the mixed fibers contained 
within the nerve.' A temporary or permanent voice change can 
result, which is extremely distressing to the patient. 

Bleeding 
Other complications such as bleeding and wound hematomas 
may require immediate recxploration, which is done in the 
operating room unless airway compromise dictates othenvise. 
These complications can be avoided by meticulous hemostasis 
at closing, which results in less than a I% rate of occurrence. 58 

Complication rates appear to be affected by surgeon experi
ence. A study iJ1 Maryland of 5860 patients reported the lowest 
complication rates in patients of surgeons who performed more 
than I 00 neck explorations annually. 59 
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A dassic paper exploring the important progn<:6tic factors in well
differentiated thyroid cancers, particularly highlighting the importance of 
age and gender. 

Cooper OS, Doherty GM, Haugen BR, et al: Revised American 
Thyroid Association management guidel ines for patients with thyroid 
nodules and differentiated thyroid ca.ncer. Thyroid 19:11()7-1214, 
2009. 

A thorough update of the original 2006 consensus statement of the 
American Thyroid Association on the management of thyroid nodules 
and differentiated thyroid cancer; must be read by anyone managing 
thyroid pathologies. 

Hartl OM, Tmvagli JP, Lcboulleux S, et al: Oinical review: Current 
concepts in clu: management of unilateral recurrent laryngeal nerve 
paralysis after thyroid surgery. J Clin Endocrinol Metab 90:3084-
3088, 2005. 

As1 excellent discussion of the pathophysiology of surgically induced 
damage to the external branch of the superior laryngeal and rerurrent 
laryngeal nerves; must be read by all thyroid surgeons. 

Hay 10, Thompson GB, Grant CS, et al: Papillary thyroid carcinoma 
managed at the Mayo Oinic during six decades (1940-1999): Tem
poral t rends in initial therapy and long-term outcome in 2444 con
secutively t reated patients. World J Surg 26:87~85, 2002. 

Another excellent Mayo d inic contribution in the area of thyroid cancer 
that possibly represents the longest study of this cancer. It confirms the 
use of m()(e extensive resection and postoperative radioablation and 
substantiates the data with SO years of foll~up. 

Schlumbergcr MJ: Papillary and follicular thyroid cancer. N Eng! J 
Med 338:297- 306, 1998. 

As1 excellent update on rl1e top1c, with 93 references. Modem controver
sies and dassic observations are well discussed and presented. The 
authofs experience with 1700 patients is included in the discussion. 
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CHAPTER 39 

THE PARATHYROID GLANDS~~~~~~ 
Ju u E ANN SosA AND RoBERT UoELSMAN 

HISTORY 

CALCIU M PHYSIOLOGY 

ANATOMY 

DIAGNOSIS AND CUNICAL FEATURES 

HYPERCALCEM IC CRISIS 

HYPOPARATHYROIDISM 

HYPERPARATHYROIDISM 

INHERITED PARATHYROID DISEASE 

PARATHYROID CARCINOMA 

1l1c:: clinical features, diagnosis, and treatment of parathyroid 
disease have changed radkally over the past 25 years as a resul t 
of technologic advances in the fields of laboratory medicine, 
radiology, medicine, and surgery. l11 particular, there have been 
many technical advances in the surgical managemem of primary 
hyperparathyroidism (HPT) . 

HISTORY 
Advances in parathyroid surgery have been colorful and inter
nationaL Although the Swedish medical student Ivar Sandstrom 
is credited with first describing the "glandularae parathyrtreoi
dae" in 1880! Sir Richard Owen made the original description 
in 1850.2 Understanding of parathyroid function predated 
appreciation of the glands themselves; tetany was described in 
1879 in a patiem who underwem rhyroidecmmy {and incidental 
parathyroidectomy), and the:: coru1ection between the parathy
roids and tetany was identified in 1891.3 Famous patients with 
H PT in dude Albert Gaime, a Viennese tram car conductor who 
underwent two separate parathyroid resections in the 1920s by 
Felix Mandl for what was most likely parathyroid carcinoma,4 

and Captain Charles Martell, a Merchant MariJle captain who 
w1derwent seven operations and was evenn.ally found to have a 
mediastinal parathyroid adenoma.5 Both men succumbed to 

their disease and the consequences of its treatment. 
The relationship between chronic renal disease and HPT 

was first suggested by Albright and colleagues in 1934.6 Castle
man and Mallory7 described the pathologic finding of parathy
roid hyperplasia of chief ceiJs with marked gland enlargement. 
Stru1bury and associates8 described renal rickets, azotemic osteo
malacia, ru1d azotemic HPT and also performed the first submtal 
parathyroidectomy as definitive therapy for renal osteitis fibrosa. 
Rasmussen and Craii ru1d, independently, Berson ru1d cowork
ers, 10 extracted a stable homogeneous parathyroid polypeptide 

924 

and demonstrated that hypercalcemia and phosphaturic proper
ties reside in parathyroid hormone (PTH). Berson and Yalow 
won the Nobel prize in 1977 for developing an immunoa~say 
for the measurement ofPTH, and Reiss and CaJ1terbury11 devel
oped an assay to measure the C-tcrminal and later the midmol
ecule portion of PTH. 

Introduction of the serum channel autoanalyzer in the 
mid-1960s ushered in a new eta of parathyroid surgery in that 
it facilitated earlier diagnosis of primary HPT. 1l1ere was aJl 

increase in incidence of the disease:: and asymptomatic patients 
became COJ111110nplace. Additional technical advances have 
included improved preoperative localization with sestaJllibi 
scans, often using single-photon emission computed mmogra
phy (SPECT), the rapid intraoperative PTH assay, and the use 
of minimally invasive paramyroidectomy (MIP) with unilateral 
neck exploration through a small incision and regional anesthe
sia in the ambulatory setting. 

CALCIUM PHYSIOLOGY 
Calcium exists in extracellular plasma in a free ionized state, as 
well as hound to other molecules. So-called normal plasma levels 
of total calcium vary aJllong laboratories, but the range of 
(bound and unbOtmd) calcium is usually between 8.5 and 
10.2 mg/dL (2.2 and 2.5 mmollliter). The biologically inert 
bound fraction (55% of the total) binds to proteins. Changes in 
alburnin alter total calcium levels significantly because most 
protein-bound calcium associates with albumiJ1 (80%). A small 
percemage of calcium is associated with ocl1er proteins, such as 
~-globulins, or with nonprotein molecules, sud1 as phosphate 
ru1d citrate. Mathematical formulas correcting for disparate 
albun1in levels (e.g., corrected calciun1 = 0.8-mg/dL decrease for 
every 1.0-mg/dL decrease in albumin; ltotal calcium + 0.025] 
X [40- albunun]) are notoriously inaccurate. Consequently~ 
i01lized calcium levels are measured when required. Forty-five 
percent of the total calcium is biologically active and exists in 
the ionized fom1, with a normal level of 4.5 to 5.0 mg/dL 
loni7.ed calciwn levels are inversely affected by the pH of blood; 
a 1-unit rise iJl pH will decrease the ionized calcium level by 
0.36 mmollliter.'2 Accordingly, patients who are hypocalcemic 
ru1d hyperventilate can enhance their hypocalcemic symptoms, 
including perioral paresthesia, ti11gling in the fingers and toes, 
muscle craJ11piJ1g, and seizures. 

Levels of calcium are highly modulated through a delicate 
interplay among PTH, calcitonin, ru1d vitamin D acting on 
target organs such as bone, kidney, and the gastrointestinal (GI) 
tract (Table 39-1; Fig. 39- l ). Chief cells in d1e parathyroid 
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_!able 39-1 Actions of Major calcium-Regulating Hormones 
HORMONE 

Parathyroid hormone 

Vitamin D 

BONE 

Stimulates resorption of calcium 
and phosphate 

Stimulates transport of calcium 
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KIDNEY 

Stimulates resorption of calcium and 
conversion of 25(0H)D1; inhibits resorption 
of phosphate and bicarbonate 

Inhibits resorption of calcium 

INTESTINE 

No direct effects 

Stimulates calcium and 
phosphate absorption 

Calcitonin Inhibits resorption of calcium and 
phosphate 

Inhibits resorption of calcium and phosphate No direct effects 

Bone 
resorption 

PTH 
stimulates 

Increases 
serum calcium 

Tubular 
reabsorption 

FIGURE 39-1 Calcium homeostasis and PTH. 

glands secrete PTH, an 84-amino acid protein, whenever serum 
calcium levels fall. PTH binds to its peripheral receptors and 
stimulates osteoclasts to increase bone resorption, w the kidney 
to increase calcium resorption and renal production of 
1,25-dlhydroxyv.itan1in 0 3 (1,25[0HhD~, and to the imestine 
to increase absorption of calcium and phosphate. Together, these 
processes raise the serum calcium level. TI1e recemly cloned 
calcium-sensing receptors (CaSRs) in the parathyroid glands 
detect changes in calcium levels, which results in a negative 
feedback loop that decreases PTH production. 

Calcitonin is a 32-arnino acid protein secreted by the 
parafollicular ceUs of the thyroid gland in response to hlgh 
calcium levels. Its actions oppose those of PTH. Calcitonin 
rapidly inhibits lbone resorption, thereby leading ro a transient 
decrease in serum calcium levels. Although calcitonin plays a 
significant homeostatic fw1ction in other species, its effects on 
calcium metabolism in humans is not significant when a person 
is exposed to chron ically elevated calci tonin levels. Accordingly, 
patients with extensive medullary carcinoma of the thyroid who 
have extraordinarily high serum calcitonin levels are usually 
eucalcemic. 

Vitamin D is ingested or synthesized iJ1 precursor fom1, 
which then undergoes two hydroxylation steps before becom!J1g 
biologically active. The first hydroxylatlon at carbon 25 occurs 
in the liver and tthe second hydroxylation at carhon 1 occurs in 
the kidney in respome to increased PTH levels. l,25(0HhD3 
increases calcium and phosphate resorptlon from the GI tract 
and stimulates bone resorption, which raises calcium levels. As 

JT . .A-~'--~r-- Left superior 
retroesophageaJ 
parathyroid adenoma 

Internal jugular vein 

Inferior thyroid artery 

Recurrent laryngeal nerve 

FIGURE 39-2 Anatomic relationship of a left superior parathyroid 
adenoma to nearby structures, induding the recurrent laryngeal 
nerve, <:arotid sheath, and its blood supply from the inferior thyroid 
artery. Aberrantfy located parathyroid glands can be found behind the 
esophagus and in the carotid sheath, thymus, and mediastinum. 

a resu.lt, patients who are deficient in 1,25(0HhD3 have an 
impaired ability ro absorb calcium from their GI tract. 

ANAliOMY 
1l1erc arc usually four parathyroid glands, which lie on the 
posterior surface of the thyroid. 1l1e superior glands are nor
mally Jlocated on the posteromedial aspect of the thyroid ncar 
the tracheoesophageal groove, whereas the inferior parathyroids 
are more widely distributed in the region below the inferior 
thyroid artery (Fig. 39-2). Common sites for ectopic parathy
roids are the thyrotbymic ligament, superior thyroid poles, 
tracheoesophageal groove, retroesophageal space, and carotid 
sheath (Fig. 39-3).13 The percentage of individuals with super
numerary glands varies in published series from 2.5% to 22%.14 

TI1e average weight of a normal parathyroid gland is 35 to 
40 mg; in adttlts, its color turns to yellow as the fat content 
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B 

FIGURE 39-3 Possible locations of enlarged parathyroid glands in the neck and superior mediastinum with the use of an anteroposterior 
projection (A) and a lateral projection (B). (From Udelsman R, Donovan PI: Remedial parathyroid surgery: Changing trends in 130 consecutive 
cases. Ann Surg 244:471-479, 2006.) 

increases. "TI1e inferior parathyroids ongmate from the third 
branchial pouch, whereas the superior parathyroids descend 
from the fourth branchial pouch. "TI1e superior and inferior 
parathyroid glands receive their blood supply from the inferior 
thyroid artery i11 80% of cases. Each parathyroid gland generally 
receives a single cnd~artery blood supply that is vulnerable to 
injury during surgical manipulation. The glands arc made up of 
chief and oxyphil cells, as well as fibrovascular stroma and 
adipose tissue. 

Primary HPT can be produced by three different patho
logic lesions. A parathyroid adenoma is a benign encapsulated 
neoplasm responsible for 80% to 90% of cases. It usually affects 
a single gland, but 2% to 5% of patients with primary HPT 
have adenomas in cwo glands (double adenomas). Hyperplasia 
is a proliferation of parenchymal cells that affects all the para
thyroid glands; it accounts for 10% ro 15% of cases of primary 
HPT and aU cases of secondary HPT. Most patients with 
primary HPT caused by multigland hyperplasia have sporadic 
disease. It is also associated with multiple endocrine neoplasia 
(MEN) rype 1 (primary HPT combined with lesions of the 
pancreas and pituitary) and type 2A (primary HPT, mcduiJary 
thyroid cancer,. and pheochromocytoma) syndromes. Parathy
roid carcinoma is a slow-growing, invasive neoplasm of paren
d1ymal cells responsible for less than l% of cases of primary 
HPT. Although fibrosis and mitotic activity are common, they 
are not specific for malignancy. "TI1e diagnosis of carcinoma is 
restricted to tLLmors that show invasion of blood vessels, peri
neural spaces, soft tissues, thyroid gland, or other adjacent struc
tures, or to tlllmors with documented metastases. It is often 
difficult for the pathologist to make this diagnosis, cspeciaUy if 
there is only a frozen section analysis of a resected parathyroid 
gland. 

DIAGNOSIS AND CUNICAL FEATURES 
Prinlary HPT is the tb i.rd most common endocrine disorder, 
after diabetes mellltus and thyroid disease. Middle-aged and 
older women arc most commonly affected by the disease. It is 
characteri7.ed by hypersecretion of PTH, leading to hypercalce
mia. Box 39-1 lists the differential diagnosis for hypercalcemia. 
The diagnosis is made by demonstrating elevated senun calcium 
and intact PTH (iPTH) levels and normal or increased urinary 
calcium levels in the setting of normal renal ftmction. ln up to 
15% of patients, serum PTH levels fall within the upper normal 
range, but these levels are inappropriate relative to the elevated 
semm calcium levels. A 24-hour urine collection can help 
exclude the diagnosis of benign familial hypoca.lciuric hypercal
cemia (BFHH), which results in mild increases in blood calcium 
and iPTH levels but low urinary calcium. Whereas the cakium
to-creatinine (Ca/Cr) clearance ratio is typically less than 0.01 
in patients with BFHH, the ratio is usually more than 0.02 in 
primary HJYf. BFHH is a generally benign condition transmit
ted in an autosomal dominant fashion that cannot be corrected 
by parathyroidectomy. 

The dinical entity termed normocalcemic primary hyper
pnrnthyroidism has recently been described.'~ It appears to be an 
early form of primary HPT in which patients have scwm 
calcium levels in the high-normal range associated with an ele
vated serum PTH level. ·when these patients are symptomatic, 
surgical intervention is appropriate. 

Whe11 HPT is seen in the setting of chronic renal 
failure, it is termed secondary HPT. This is a discrete clinica\ 
entiry from primary HPT." Other less common causes of 
secondary HPT include malabsorptive and other metabolic 
disorders. Renal failure leads to hyperphosphatemia and 
decreased renal conversion of 25-hydroxycholecalciferol to 
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Nonparathyroiid Endocrine 
Thyrotoxicosis 
Pheochromocytoma 
Acute adrenal insufficiency 
Vasointestinal polypeptide hormone-producing tumor (VI Porn a) 
Malignancy 
Solid tumors 
Lytic bone metastases 
Lymphoma and leukemia 
Parathyroid hormone-related peptide 
Excess production of 1,25(0H)203 
Other factors (cytokines, growth factors) 

Granulomatous Diseases 
Sarcoidosis 
Tuberculosis 
Histoplasmosis 
Coccidiomycosis 
Leprosy 

Medications 
Calcium supplellllentation 
Thiazide diuretics 
Lithium 
Estrogens, antiestrogens, testosterone in breast cancer 
Vitamin A or D intoxication 

Other 
Benign familial hypocalciuric hypercalcemia 
Milk-alka li syndrome 
Immobilization 
Paget's disease 
Acute and chronic renal insufficiency 
Aluminum excess 
Parenteral nutrition 

Adapted from Mulder JE, Bilezikian JP: Acute management of hypercalcemia. In 
Bilezikian JP, Marcus R, Levine MA (eds): The parathyroids, ed 2, San Diego, Calif, 
2001, Academic Press, p 730. 
*Malignancy is the most common cause of hypercalcemia in the inpatient setting; 
primary hyperparathyroidism is the most common cause in the outpatient setting. 

1,25-dihydroxycholecalciferol, thereby resulting in diminished 
intestinal calcium absorption. Both these effects lead to chronic 
hypocalcemia, which stimulates PTH secretion and parathyroid 
hyperplasia. As many as 90% of patients wid1 chronic renal 
failure have evidence of secondary HPT. W ith prolonged stimu
lation of the parathyroids, a disorder termed tertittr_y HPT can 
develop in patients with chronic renal failure or those with long
standillg secondary HPT who undergo kidney transplantation. 
Autonomous hyperfunction develops and the parathyroids no 
longer respond to calcium feedback inhibition, which results in 
hypercalcemia. 

Before advent of the serum channel autoanaly:ter, patients 
with primary HPT were typically seen with the clil1ical mani
festations of hypercalcemia, tneluding painftd bones, kidney 
stones, abdominal groans, "psychic moans," and fatigue over
tones. Until the 1970s, 75% of patients presented with 
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nephrolithiasis. Today, however, a biochemical diagnosis is 
usually made before the appearance of symptoms, and many 
patients are asymptomatic or minimalJy symptomatic. Less than 
20% of primary HPT patients have renal symptoms and Jess 
than 5% have evidence of osteitis fibrosis cystica. Bone turnover 
is increased in up w 80% of patients with primary HPT, and 
serial measurements den1onstrate a rapid fa!J in bone resorption 
within 2 weeks of parathyroidectomy. 

Most contemporary series, however, demonstrate that at 
least 50% of patients today have a noruenal nonos.~eous mani
festation, and several series have demonstrated that 30% to 40% 
of patients are asymptomatic. Nonspecific complaints such as 
fatigue, lethargy, and depression are most commonly cited. 
Hypertension has been noted in approxin1ately one third of 
patients with HPT, and a significant inverse relationship between 
mean arterial pressure and the glomerular 6Jtration rate has been 
noted il1 these patients. 

HYPERCALCEMIC CRISIS 
Occasiona!Jy, patients with primary HPT arc initially seen after 
symproms and extremely high serum calcium levels have devel
oped. Management of a so-called hypercalcemic crisis involves 
urgent medical and surgical strategies. Pharmacologic agents 
associated with or adversely affected by hypercalcemia need to 
be discontinued; specifically, digoxin potentiates arrhythmias in 
the setting of hypercalcemia. These patients are almost always 
severely del1ydrated, and initial management requires hydration 
with normal saill1e. Medical management promotes the renal 
txcretion of calcium. Once a patient with primary HPT is sta
bUized and serum calcium levels have been reduced to levels 
acceptable for induction of anesthesia (general or locoregional, 
if a minin1ally invasive surgical technique is anticipated), expedi
ent efforts are made to localize the parathyroid disease in antici
pation of urgent parathyroidectomy. 

IV fluids, preferably normal saline, are administered at a 
rapid rate (200 to 300 mUhr) to reverse the intravascular 
volume contraction and promote the renal excretion of calcium. 
Bedside vigilance to prevent fluid overload is essendal. Loop 
diuretics are added to the regin1en to reduce the risk for volume 
overload and inhibit calcium resorption in the loop of Henle. 
Patients with renal failure often ca1mot tolerate such large
volume resuscitation; instead, they undergo dialysis with a low
calcium dialysate. 

G lucocorticoids lower calcium by inhibiting the effects of 
vitamin D. They also have been shown to decrease illtestinal 
absorption of calcium, increase renal calcium excretion, and 
i11hibic osteoclast-activating factor. Glucocorticoids are particu
larly effective in the setting of hypercalcemia secondary to granu
lomatous disease, in whid1 the hypercalcemia stems from 
vitan1in D toxicity. The ilutial dose of hydrocortisone is 200 to 
400 mg/day IV for 3 to 5 days. G lucocorticoids are ineffective 
in most cases of hypercalcen1ia associated with malignancy. 

Hypercalcemia of malignancy occurs by two mechanisms: 
(1) as a direct result of extensive osseous metastases; and (2) 
indirectly by release of parathyroid hormone-related peptide 
(PTHrP) by some tumors. Treatment of hypercalcemia of malig
nancy il1eludes surgery, chemotherapy, or radiation therapy, or 
any combination of these, to rrear the underlying cancer, as well 
as the administration of pharmacologic agents. Gallium nitrate, 
a compound that inhibits osteodast resorption and lowers 
calcium levels, can be used at 200 mg/m2 daily rv for 5 days. 
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In this setting, gallium nitrate and panlidronate, a bisphospbo
nate {see later), have been equivalent in controlling hypercalce
mia in small stllldies. 

Calcitonin acts quickly {within 24 to 48 hours) to lower 
serum calcium levels and is more effective when used in combi
nation with glucocorricoids. In a small, double-blind random
ized trial of 50 cancer patients, however. calcitonin {up to 8 IU/ 
kg SC or 1M for 5 days) was less effective than gallium ni trate. 
Because preparations of calcitonin are extracted from salmon, 
patients with preformed antibodies or those with previous expo
sure to calcitonin can demonstrate an allergic reaction consisting 
of respiratory distress, flushing, nausea, vonliting, and tingling 
in the exrrenlities. 

Bisphospbonates are pyrophosphate analogues that have a 
high affinity fo r hydroxyapatite in bone. 'TI1ey potently inhibit 
osteoclast activity for up to l month. In hypercalcenlia of malig
nancy, pamidronate (90 mg IV) or zoledronk acid (4 mg IV as 
initial treatment, 8 mg on retreatment) normali7,.es calcium 
levels in most patients. Although a single dose of pamidronate 
lowers calcium levels, evidence has suggested that zoledrotlic 
acid might become the bisphosphonate of choice because of its 
rapid onset of action and ability to lengthen the time to relapse 
by twofold. However, zoledronic acid also has been associated 
with compronlised renal function. 

HYPOPARATHYROIDISM 
Hypoparathyroidism is an endocrine disorder in which hypocal
cemia and hyperphospharenlia are the result of a deficiency in 
PTH secretion or action. 1l1e most common cause of hypopara
thyroidism is damage to the parathyroid glands during thyroid
ectomy, but it can also occur after parathyroid exploration (see 
later, "Postoperative Complications"). The signs and sympton1s 
of hypocalcemia are caused by neuromuscular excitability from 
reduced plasma ionized calcium. Early manifestations include 
perioral numbness and tingling in the fingers. Anxiety or confu
sion can foUow, and it is important for the surgical team to 

reassure patients early to reduce psyclliatric and neurocognitive 
symptoms. Anxiety often results in hyperventilation, which can 
then lead to respiratory alkalosis and a fLtither reduction iJl the 
serum calcium level. Tetany, marked by carpopedal spasm, con
vulsions, or laryngospasm (or any combination of rhe three), 
may foUow and can be fatal .. Physical examination includes 
tes ting for a Chvostek sign, whicl1 is comraction of the facial 
muscles after tapping on the facial nerve anterior to the ear. 
Approximately 15% of normal individuals have a positive 
Chvostek sign, however. 

There are also inherited forms of hypoparathyroidism. It 
can occur as part of a multiglandular endocrine deficiency syn
drome {type 1), usually characterized by hypoparathyroidism, 
adrenal insufficiency, and mucocutaneous candidiasis. Tllis syn
drome generaUy develops in childhood, and not all patients 
express the classic triad. Idiopathic hypoparathyroidism also 
occurs sporadically in adults and is associated with antiparathy
roid antibodies. Some cases might be related to incomplete 
penetrance of familial multiglandular syndrome type I. 

Disorders in which there is abnormal or absent formation 
of the parathyroid glands are associated with hypocalcemia. For 
example, DiGeorge's syndrome occurs when the thlrd and 
fourth branchlal poud1es develop abnormally. Transient 
neonatal hypocalcemia, a self-Limited disorder, is more 
common than the genetic disorders that lead to permanent 

hypoparathyroidism. Parathyroid gland function can be im paired 
by infiltrative involvement of the glands in diseases such as 
hemochromatosis, Wilson's disease, sarcoidosis, tuberculosis, or 
amyloidosis. Exposure to external radiation or very large doses 
of mr for Graves' disease or well-differentiated thyroid cancer 
has rarely been associated with hypocalcemia. Finally, abnor
malities in magnesium levels are associated with a reversible 
abnormali ty of PTH secretion. 

Pseudohypoparathyroidism is an uncommon metabolic 
disorder characterized by biochemical hypoparathyroidism, 
increased PTH secretion, and target tissue unresponsiveness to 
the biologic action ofPTH. In addition to fw1ctional hypopara
thyroidism, many of these patients exhibit a distinctive constel
lation of developmental an.d skeletal defects, collectively termed 
Albright's hereditary osteodystrophy, including a ro und face, short 
stature, obesity, brachydactyly, heterotopic ossification, and 
mental retardation . Several forms of pseudohypoparathyroidism 
have been described and a diagnostic classification system has 
been developed {types I a to I c and 2). 

HYPERPARATHYROIDISM 

Primary Hyperparathyroidism 

Effects of Surgery 
Even though a National Institutes of Health (NIH) consensus 
conference was conducted in 1990, another workshop was held 
in 2002, and an imernational workshop was held in 2008 on 
the management of asymptomatic primary HPT, there is still no 
conse11sus an1ong endocrinologists and endocrine surgeons 
abou·t whether to adnlinister nonoperative medical therapy and 
monj tor patients or to refer them for early parathyroidectomy:. 
Criteria for surgery have been established according to the best 
evidence to date (Box 39-2).'6 To some extent, the role of para
thyroidectomy in asymptomatic patients with mlld ro moderate 
hypercalcemia is debated hecause the natural lustory of the 
disease is still. not well tlllderstood. Overall , rapid increases in 
the serun1 calcitm1 level, progression of symptoms of complica
tions, or both are uncommon iJl patients with borderline hyper
calcerllia. However, because of the long-term deleterious effects 
on bone nlineralization, the pendulum has sblfted to surgical 
intervention. 17 

Neuromuscular symptoms of prinlaty HPT vary in expres
sion and response to parathyroidectomy an1ong series. However, 
proximal muscle weakness detected by examination of the iso
ki.netic strength of knee extension and flexion appears to have a 

Serum calcium concentration >1 mg/dl (>0.25 mM/Iiter) above 
the upper limits of normal 

Bone density at the lumbar spine, hip, or distal end of the radius 
that is >2 SO below peak bone mass (T-score <-2.5) 

All individuals with primary hyperparathyroidism and <50 yr 
Patie nts for whom medical surveillance is undesirable or 

impossible 

Adapted from Bilezikian JP, Khan AA. Potts JT Jr. Third International Workshop on 
the Management of Asymptomatic Primary Hyperthyroidism: Guidelines for the 
management of asymptomatic primary hyperparathyroidism: summary statement 
from the third international workshop. J Clin Endocrinol Metab 94:335-339, 2009. 
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_Table 39-2 Preoperative Imaging in Patients With Primary Hyperparathyroidism 
IMAGING MODALITY SENSITMTY SPEOFICITY COST SAFETY 

NoninvasiVe 

Sestamibi Moderate Moderate Moderate Safe 

Sestamibi SPEO High High Moderate Safe 

Ultrasound Moderate Moderate l ow Safe 

40-0 High High High Radiation 

MRI low Moderate Moderate Safe 

PET-0 ? ? High Radiation 

llnvasive 

Angiography Moderate Moderate Very high Hematoma, 0/A. nephropathy" 

Venous localizatio~r~ High High Very high Hematoma, nephropathy" 

Ultrasound, biopsy High High Moderate Hematoma, infection 

40-CT, Four-<limensional CT; CVA. cerebrovascular accident (stroke); PET, positron emission tomography; SPECT, single-photon emission CT. 
*IV contrast nephropathy. 

higher prevalence and good response to parathyroidectomy, as 
does respiratory muscle capacity. Psychiatric symptoms such as 
mental dullness, confusion, and depression are a focus of ongoing 
investigations. In a study by Roman and coworkers, 18 55 patients 
with primary HPT and benign euthyroid thyroid disease referred 
for surgery were evaluated preoperatively and postoperatively 
with validated psychometric and neurocognitlve instruments. 
Patients with primary HPT reported more symptoms of depres
sion preoperatively that improved postoperatively. Preopera
tively, patients with primary HPT also showed greater delays in 
spatial learni11g. All subjects learned across the neurocognitive 
trials, but primary HPT patients were more delayed. After 
surgery, primary HPT patients improved and functioned at a 
level equivalent to that of patients with thyroid disease. 1he 
authors concluded that primary HPT may he associated with a 
deficit in spatial learning and processing that improves after 
parathyroidectomy. Several other studies have supported the 
possibility that p atients with primary HPT may exhibit neuro
cog:nltive d1anges, and that these traits may show some improve
ment after parathyroidectomy. 

Significant increases in bone mineral density i11 the lumbar 
spine and hip occur after parathyroidecwmy, and these improve
ments are durable. Changes in bone remodeling and density are 
apparent within 6 months of surgery. Cohort studies have shown 
that fracture risk declines after parathyroidectomy. No effect of 
successful surgery has been noted on hypertension or renal 
impairment. Urinary calcium excretion and the incidence of 
nephrolithiasis are reduced by surgery. Cmrcntly, there are still 
no conviJ1cing data proving that surgical cure increases life 
expectancy. A Swedish case-comrol sn.dy conducted retrospec
tively demonstrated that 23 patients who underwent parathy
roidectomy had :a hazard ratio for death of 0.89 in comparison 
to matched controls in the normal population, but the numbers 
were too small to achieve statistical significance.'9 

Noninvasive Preoperative Localization 
A major advance has been improvemems in imaging tecluuqucs. 
1bis has led to the development of more localized surgery, 
with the opportunity for short operation times, the use of local 
or regional anesthesia, and limited or no hospital stay. There is 

now consensus-as marked by the recommendation of the 
2002 N IH workshop and the 2008 international workshop
that preoperative localization is imperative before primary 
exploration if unilateral exploration is desired. Localization con
tinues to be essential before all remedial parathyroidectomies 
(Table 39-2). 

Several noninvasive prcoperarive localization modalities are 
available, includiJ1g technetiun1-99m f>w Tc) sestamibi scintig
raphy, ultrasonography, computed tomography (CT), magnetic 
resonance imaging (MRl), and tballous ch.loride-201 f!''Tl) -
??m'fc-pertechnetate subtraction scanning. Most recently, four· 
dimensional CT and posiuon emission tomography (PET)-CT 
fusion studies have also been used with success for parathyroid 
localization. There is general consensus that the single best study 
is sestamibi, especially when combined with SPECT, and it is 
now the most common nuclear medicine sn.dy perfom1ed. ln 
1989, 99"'Tc, used for cardiac in1ag:ing, also was noted to be 
avidly taken up by parathyroid tissue. The study works by 
mitochondrial uptake of 9?rn'f c-sestamib i, and parathyroid cells 
typically have a large number of mitochondria. Sestamibi, a 
monovalent lipophilic cation, djffuses passively across cell menl
branes and concemrares i11 mitochondria. Hence, it is preferen
tially concentrated in adenomatous and hyperplastic parathyroid 
tissue because of increased blood supply, higher metabolic activ
ity, and absence of P-glycoprotein on the cell membrane (Fig. 
39-4). Sesramibi in1aging can be performed preoperatively for 
MIP plaruling or on the morning of surgery in the operating 
room in conjunction with the use of a gamma probe to guide 
the surgeon during surgery.20 

A meta-analysis of d1e sensitivity and specificity of sesta
mibi scanning in 6331 cases has den10nstrated values of 91% 
and 99%, respectively, and suggested that 87% of patients with 
sporadic primary HPT would be candidates for tulllateral explo
ration. Routine preoperative screening becomes cost-effective 
when more than 5lo/o of patients are suitable for a wulateral 
operati.on. 1 he sensitivity of sestamjbi is limited in multiglan
dular clisease. In one large study, scinrigraphy localized at least 
one gland in all patients, but only 62o/o of the total number of 
hyperplastic glands. SPECT, which allows localization of struc
tures in the anteroposterior plane, is particularly helpful in 
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FIGURE 39-4 Sestamibi scan demonstrating a left inferior parathyroid 
adenoma (arrow). Physiologic areas of increased tracer uptake 
include the thyroid, salivary glands, heart, and liver. 

detecting smaller lesions and adenomas located bdund the 
thyroid. The overall sensitivity for localizing adenomas smaller 
than 500 mg ranges considerably, from 53% to Y2o/o. 

A significant limitation of sestamibi scans is related to the 
coexistence of thyroid pathology or other metabolically active 
tissue (e.g., lymph nodes or thyroid cancer) that can mimic 
parathyroid adenomas by causing false-positive results on sesta
mibi scans. This limitation can be overcome in part by using the 
double-tracer subtraction technique of sestamibi, .in which botb 
thyroid and parathyroid nodular abnormalhies can be diagnosed 
simultaneously, or in combination with neck ultrasonography 
to distinguish thyroid lesions and parathyroid adenomas preop· 
erativcly. Sestamibi scans are now being performed with simul
taneous CT imaging to yield correlative functional and anatomic 
localization. 

Ultrasound is effective, noninvasive, and inexpensive, but 
its limitations include operator dependency and restriction to 
application in the neck because it caru10t image mediastinal 
parathyroid lesions (Fig. 39-5).2 1 Tt has a 48% to 74% true
positive rate. U ltrasound often is used in combination with 
sestarnibi, ln whid1 case the combined true-positive race rises to 

90%. CT and MRI provide cross-sectional imaging and are 
useful for visualizing mediastinal rumors and glands within the 
trad1eoesophageal groove. MRI does nor i1wolve the use of 
radiation, and parathyroid adenomas often appear intense on 
T2-weighted images. CT is less expensive and has a sensitivity 
of70o/o and a specificity of nearly 100%. [n a study of 42 surgi
cal patients with primary HPT i11 which alternative preoperative 
localization strategies were compared, sensitivity was highest for 
sestarnibi using the 99m'f c subtraction technique (95%), followed 
by 201TV""T c subtraction (86%), CT (83%), ru1d ultrasotmd 
(81 o/o).~~ 

Four-dimensional CT (4D-CT), a novel imaging modality 
similar to CT angiography, is derived from three-dimensional 
(3D)-CT scanning with an added dimension from the d1anges 
in perfusion of contrast over tin1e. It generates detailed multi· 
plru1ar images of the neck and allows the visualization of differ
ences u1 the perfusion characteristics of hyperfunctioning 
parathyroid glands (i.e., rapid uptake and washout). 1l1erefore, 

FIGURE 39-5 Ultrasound image of a hypoechoicparathyroid adenoma 
(with tumor perimeter marked). 

FIGURE 39-6 40-CT showing increased uptake on delayed phase 
imaging of a parathyroid adenoma (arrow). 

4D-CT images provide anatomic and functional infom1ation 
(Fig. 39-6). In a study of75 patients with primary HPT, 4D-CT 
demonstrated improved sensitivity (88%) over sestamibi (65%) 
ru1d ultrasonography (57%) when the imaging studies were used 
to lateralize hyperfunctioniJ1g parathyroid glands to one side of 
the neck.23 
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FIGURE 39-7 A. venous localization mapping PTH levels at different cervical sampling sites. The 1049 level is consistent with a right posterior 
parathyroid adenoma. B, Corresponding angiogram showing the adenoma as a dassic blush in the right posterior position (arrows). (From 
Udelsman R. Aruny JE, Donovan PI, et al: Rapid parathyroid hormone analysis during venous localization. Ann Surg 237:714-719, 2003.) 

Localization 
Invasive Preoperative Localization A subset of patients who re<Juire 
reexploration will have negative, discordant, or nonconvinclng 
no.ninvasive localization studies. Current guidelines recommend 
that these patients undergo invasive localization in the form of 
selective arteriogtraphy in conjunction with venous sampling for 
JYTH (Fig. 39-7). 1l1is technique requires catheterization of 
multiple veins in che neck and mediastinum, from which blood 
samples are obtained. In the past, samples were collected, stored 
on ice, and sent to the laboratory. and the serum was later ana
lyzed by immunoradiometric assay (IRMA) for iJYTH. Rapid 
JYTH measurement is now being performed in the angiography 
suite. Resulcs are available <J ulckly, so intervencional radiologists 
can obtain additional samples from a region in which a subtle, 
but potentially significant, JYTH gradlcnt is detected. Because 
parathyroid adenomas have iJ1creased vascularity, they have a 
d1aracteristic blush on arteriography. Although these studies 
have a sensitivity of only 60%, they yield few false-positive 
results. This use of interventional radiology rarely causes serious 
complications such as visual field defects or other cerebrovascu
lar events, but such sn1dies are time-consllfniJ1g and expensive 
ru1d must be performed only at centers with expertise. 

In the remedial setting, ultrasound localization cru1 be used 
to guide fine-needle aspiration of a lesion suspicious for a para
thyroid adenoma.'4 This techni<jue CaJ1 be used with rapid PTH 
measllfement of the parathyroid aspirate iJ1 the ultrasound suite 

to give ultra$onographers inlmediate feedback so that they can 
contin ue searching for aJ1 abnom1al parathyroid gland if the 
aspirate of the suspicious lesion is negative. 

Intraoperative Localization The rapid intraoperative JYTH assay 
cru1 be used to confum adC<Juate removal of hypersecreting 
parathyroids and predict a curative procedllfe. Its use is associ
ated with reduced operating cunc. The first reponed application 
of the assay was u1 1988, but it has been refined su1ce then, 
largely because of the work of Boggs and associates.25 The rapid 
JYTH assay is an IRMA that uses chemiJuminescent acridinium 
esters as a label. In the presence of hydrogen peroxide and 
sodium hydroxide triggers, the acridU1ium esters are oxidized to 
an excited state, ru1d subse<Juent rerum to the ground state 
causes ru1 emission of light that can be quantified. The an1ount 
of botmd labeled ru1tibody is directly proportional to the con
centration of PTH u1 the sa111ple. A certified clinical laboratory 
tedmician ideally performs the assay inside the operating room 
or in its proximity; results of the assay are available in as little 
as 9 minutes. 

A peripheral blood specime11 is obtained immediately 
before s~•rgery. Repeat blood sa111ples are then drawn intraop
eratively m1mediarely afrer resection of tl1e enlarged gland(s) 
to capture a potential hormone spike caused by manipulation 
of the gland during extirpation, and then 5 and. lO millutes 
after excision (Fig. 39-8). These protocols have been designed 
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FIGURE 39-8 Intraoperative PTH values of patients with primary hyperparathyroidism undergoing minimally invasive parathyroidectomy. Patient 
1 demonstrates classic PTH degradation, patient 2 shows a spike in PTH at excision as a result of surgical manipulation of the adenoma, and 
patient 3 shows failure of PTH to decline after excision of the first gland and adequate decline after excision of the second adenoma (double 
adenoma). The lavender region represents the nonnal range of the rapid PTH assay (10-65 pg/ml). 

to account for the half-Ufe of ITH, which is approximately 
3.5 to 4 minutes. A 50o/o reduction in the PTH level from 
ba.o;cline is used as an indication that the exploration has been 
successful, and this ha~ proved to oe predictive of cure in 96% 
of cases.26 

'TI1e rapid PTH assay is especially helpful when the surgeon 
ha~ difficulty distinguishing between thyroid tissue, lymph 
nodes, or a parathyroid adenoma. Aspiration of parathyroid 
tissue yields substantially higher hormone values than the upper 
Limit of the strandard curve; levels higher than 1500 pg/ml 
confirm the tissue diagnosis. Intraoperative ex vivo PTH aspira
tion has become a usefttl alternative to frozen section for iden
tification of the parathyroid gland. It is also much faster and less 
expensive. 

Operative failure rates for initial and remedial parathyroid
ectomy appear to have decreased significantly in centers that use 
this intraoperative adjunct. lrvin.'i has demonstrated that opera
tive failure rates from iJ1itial parathyroidectomy have decreased 
significantly with the use of the rapid PTH assay, from 6% to 
1.5%; long-term recurrence is 4.8%. Although experience seems 
to vary, even in the more difficult field of reoperation, the use 
of intraoperative PTH testing has been reported to i ncrea.~e 
success rates to 89%.28 Critics have emphasized that false
negative predictions from the test lead to w1necessary explora
tion and that surgeons who depend on hormone measurement 
for intraoperative decisions cease to be cost-effective. Overall, 
although there continues to be some controversy, the largest 
endocru1e surgery centers use the assay as an important adjunct 
to MIP. ln patients with multigland disease in particular, 

intraoperative PTH testing has been show11 to be essential; in a 
recent review of 519 patients, the assay changed operative man
agement in 17% of all patients and in 82% of patients who had 
incorrect or negative preoperative imaging.29 

In radioguided parathyroidectomy, developed in 1996, lO 
to 20 mCi of99m'f c-sesrarnibi is injected IV 2 to 4 hours before 
surgery, and the adenoma is localized intraoperatively with a 
hand-held quantitative gamma counter with a 9- to 14-mm 
probe.30 Gan1ma counts are obtained at the start of the operation 
in all four quadrants of cl1e neck, through the skin, and after the 
incision, w1der the strap muscles. Care is taken not to incerpre£ 
radioactivity emitted by the heart. Exploration in which cow1ts 
are highest focuses surgery and reduces operative time. 'TI1e activ
ity of the ren1oved paracl1yroid is ched<ed with tl1e gan1ma probe 
to co:nJirm cure. TI1e excised adenoma emits radioactivity at leas£ 
20% and often 50% in excess of the postexcision background. 
Final ly, the postexcision radioactivity in all four quad rams of the 
neck should equalize. 

Theoretically, use of the gamma probe can expedite some 
of the u1traopcrative decision malting associated with routine 
parathyroidectomy by providing functional feedback to the 
surgeon. Tills has been shown to be particularly helpful in rl1e 
setting of false-positive sestamibi scans, ectopic parathyroid 
adenomas, and remedial pararl1yroidectomy in which attempts 
at locallzation have been suboptimal. Still, intraoperative use of 
rl1e ganm1a prohe has not heen emhraced hy most experienced 
endocrine surgeons because it yields Dttle additional iJlformation 
over that obtained by adequate preoperative locallzation ru1d the 
intraoperative PTH assay. 
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Bilateral Neck Exploration 1l1e classic approach to the surgical 
management of primary HPT traditionally has been biJareral 
neck exploration under general anesthesia, with intraoperative, 
histopathologic frozen section examination of excised parathy
roid tissue. Ideally, all the parathyroid glands are identified, and 
the surgeon removes the pathologically enlarged gland or glands. 
Historically, patients were admitted to the hospital for 1 or 2 
days and failure rates in the best series were consistently less than 
3% to 5%. Standard bilateral neck exploration is stiiJ considered 
an excellent operation, with a complication rate in the 1 o/o to 
2o/o range and a cure rate (defined as nom1ocalcemia 6 months 
postoperatively) higher than 95%. 

Parathyroidedomy 
Minimally Invasive Parathyroidectomy Because 85o/o of primary 
HPT resu.lts from a single adenoma and is cured by excision of 
the culprit gland, directed surgery after accmare preoperative 
localization has been used with increased frequency. MIP 
involves the use of unilateral neck exploration tmder regional or 
local anesthesia in the an1bulatory setting. 

The initial approach to unilateral surgery for primary HPT 
was advocated by Roth and colleagues31 in 1975, with selection 
of the side to be explored based on palpation or imaging, includ
iJlg esophagography, venography, or angiography. [fan enlarged 
and normal gland were fow1d on the initial side, contralateral 
exploration was deferred. Intraoperative staining with Sudan 
black was performed. Wang'2 advocated a simi lar approach and 
argued that biJateral exploration increased the risk, cost, and 
morbidity associated with parathyroidectomy for primary HPT. 
Tibblin and associates,33 in 1982, advocated wUlateral parathy
roidectomy, which they defined as removal of both the adenoma 
and normal gland from one side. Excised tissue stained with oil 
red 0 , whkh staiJJS fat droplets, was studied under tl1c mkro
scope during smgery. and the decision to stop the operation was 
based on demonstration of a reduction in intracytoplasmic fat 
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FIGURE 39-9 Organization of an ambulatory oper
ating room used for minimally invasive parathyroid
ectomy. A large-bore IV line facilitates sedation and 
performance of the rapid parathyroid hormone 
assay. At the head of the bed, cool air blows over 
the patient to minimize claustrophobia. (From 
Udelsrnan R: Unilateral neck exploration under local 
or regional anesthesia. In Gagner M, lnabnet W 
[eds]: Textbook of minimally invasive endocrine 
surgery, Philadelphia, 2002, JB lippincott.) 

droplets i11 the excised adenomatous parathyroid tissue. Both 
techniques would fail, however, in the serring of double adeno
mas on the contralateral side if the random choice of which side 
to explore wa~ in error. 

Bergcnfelz and coworker~ have reported the results of a 
prospective, randomized controlled trial comparing unilateral 
with bilateral neck exploration. In this study of 91 patients, 
comparisons were made among patients assigned to preoperative 
sestam ibi localization, uniJatcral neck exploration, and usc of the 
rapid PTH assay (cases) and patiel1ts assigned to bilateral neck 
exploration {controls). Patients who w1derwent unilateral neck 
exploration had a lower incidence of early postoperative hypo
calcemia requiring the administration of supplemental calcium. 
l11ere were no statistical differences among complication rates, 
cost, and operative rime between tl1e two treatment groups. 1l1e 
study was not blinded and was Aawed by a high crossover rate; 
only 62% of padcms assigned to wlilaceral neck exploration 
actually underwent the assigned operation. The rest w1derwent 
bilateral neck exploration, probably because sestamibi had a 
sensitivity of only 71% in the study. 

Today, MIP requires preoperative localization (typically 
with sesrarnibi, combined with SPECT) followed by limited 
exploration, often using cervical block anesthesia and the intra
operative PTH assay to confirm the adequacy of resection (Fig. 
39-9). Patients with kJ1own mulrigland hyperplasia are not gen
erally offered MIP. However, if such a patient is encountered 
during MIP, biJateral neck exploration can often be accom
plished with the teclmique or the procedure can be converted 
to general ru1esthesia, if necessary. 1l1e vast majori ty of patients 
undergoing MIP are discharged on the day of surgery. They are 
monitored carefully as outpatients, and semm calcitlm and 
iPTH levels are measmed "vitl1in the fi rst week of follow-up. 

1l1c skin incision is small, typically 2 to 4 em. A super
ficial cervical block is administered posterior ru1d deep to the 
sternocleidomastoid muscle on the ipsilateral side of the 
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FIGURE 39-1 o Cervical block performed by a surgeon during minimally invasive parathyroidectomy. A, A superficial cervical block is adminis
tered posterior and deep to the sternocleidomastoid muscle on the ipsilateral side of the parathyroid adenoma. 8 , Local anesthetic infiltrated 
along the anterior border of the ipsilateral sternocleidomastoid muscle, along with a field block at the incision site. (From Udelsman R: Unilateral 
neck exploration under local or regional anesthesia. In Gagner M. lnabnet W [e<ls]: Textbook of minimally invasive endocrine surgery, Philadel

phia, 2002, JB Lippincott.) 

sestamibi-localnzed adenoma (Fig. 3Y- I OA and B). In most 
patients, I o/o Lidocaine with or without I : 100,000 epinephrine 
is used; it can be supplemented dming the operation, if required. 
Care is always taken ro aspirate before deJjvering the anesthetic 
to avoid intravascular administration. \Xfe have found that by 
also infiJttating along the anterior border of the sternocleido
mastoid muscle, as well as performing a local field block, excel
lent analgesia is obtained in almost all cases. The total volume 
ondocaine required is typicaUy 18 w 25 mL. 

The regional block is performed in the operatiJlg room and 
N supplementarion is administered by the anesthesia staff. Pro
pofol is disconttinued at least 5 minutes before PTH sampling 
because it may interfere with the PTH a..say. Sedation with 
fentanyl, midazolam, or both is used w minimize patient anxiety 
while maintaining an awake conscious patient who can phonate. 
Bilateral neck exploration under regional anesthesia, first shown 
by LoGerfo, can be performed safely and effectively.35 ln a series 
of 236 patients undergoing MIP, 62% had a non localizing ses
tamibi scan preoperatively or no scan at all, but only 4 required 
conversion to general ru1esthesia. A simultaneous procedure was 
performed u1 23% and 85% tmderwent bilateral neck explora
tion. The average operating time in the series was 43 minutes 
for parathyroid procedures and 66 minutes for combined 
parathyroid/thyroid procedures. 

A focused exploration is performed according to the results 
of the preoperative imaging study, and the intraoperative PTH 
assay is used to confirm the adequacy of re.-;ection in the operat
ulg room (Fig. 39-11). The success of MIP has been confirmed 
by evidence of cme and complication rates that are at least as 
good as those achieved with conventional bilateral exploration. 
Specifically, in a series of 656 consecutive parathyroidectomies 
{401 of wb.ich were performed in standard fashion ru1d 255 with 
MIP) between 1990 ru1d 2001, there were no significant differ
ences in complication rates {3% and 1.2%, respectively) or cure 
rates (97o/o andl99o/o, respectively).36 MIP was associated with a 
50% reduction u1 operating time {1.3 hours for MIP versus 2.4 
homs for the standard operation), a sevenfold reduction in 

length of hospital stay {0.24 versus 1.64 days, respectively), and 
a mean savings of $2693/procedure, which represents a reduc
tion iJl total hospital charges by almost 50%. 

Video-Assisted Parathyroidectomy The technique of video-assisted 
parathyroidectomy was introduced and pioneered by Miccoli 
ru1d coUeaguesY It does not require steady gas fl ow, but rather 
a brief insufflation of carbon dioxide to establish the operative 
space, which is then maintained by external retraction. Preopera
tive localization is essential and general anesthesia is typically 
used, although local anesthesia migbt be feasible. 

A 15-mm skin incision is created 1 em above the sternal 
notch tO accommodate tactile assessment, suction irrigation, and 
dissection and retraction equipment. The incision can be moved, 
depending on the location of the adenoma Anocl1er 10-mm 
trocar site is made vertically i.n the midline below tl1e strap 
muscles and above the thyroid gland on the ipsilateral side of 
tl1e suspected adenoma to accommodate the insufflator at the 
starr of the case; a 30-degree, 5-mnl endoscope is then inserred 
with two retractors for moving the tl1yroid medially and cl1e 
strap muscles laterally. Suction irrigation is feasible because con
tinuous insufflation is not required. 

A multi-instirution series from Italy, Germany, the United 
States, and Turkey included 123 patients enrolled between 1997 
ru1d 1999 who were successfLLLI}' evaluated with preoperative 
localization studies and bad no evidence of multiglandular 
disea'iC, thyroid malignancy, large cl1yroid mass, or previous neck 
surgery or irradiation.38 The rapid PTH assay was used as rut 
adjunct. All patients were cured by tl1e video-assisted technique. 
Conversion to open parathyroidectomy occmred in 11% of 
patients, and 2 patients experienced recurrent laryngeaJ nerve 
palsy. 1l1e operating time was 55 minutes {average), with a 
median hospital stay of 1.5 days. 

Endoscopic Parathyroidedomy Advances in laparoscopy and 
endoscopy have been applied to parathyroidectomy. Patients 
with mediastinal parathyroid adenomas can undergo 
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thoracoscopic removal. In one study,~9 after preoperative imaging 
localized the disease to rhe mediasrimun. the patients were 
placed in the rig:ht lateral decubitus position, and parathyroid
ectOmies were performed through tl1ree thoracoscopic porrs in 
less than 3.5 hours, with no morbidity. One patient's rumor 
recurred, however. 

'TI1e first endoscopic removal of a parathyroid in the neck 
was 1·eported by Gagner in 1996. ln a patient with familial 
hypercalcemia, tlhe neck was explored with the usc of four 5-mm 
ports and carbon dioxide insufflation; 3.5 glands were excised, 
and the patient was cured. However, the operation took 5 hours 
and was complicated by intraoperative bypercapnea and po.~top
erative subcutan{'Ous emphysema. 

Endoscopic parathyroidectomy has since been modified. It 
is generally reserved for patient~ with single-gland disease and 
requires preoperative imaging to localize the culprit parathyroid 
adenoma and guide the operation. GeneralJy, access for the 
endoscope is obtained at the manubrium and two additional 
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FIGURE 39-11 Technique of minimally invasive para
thyroidectomy. A, A small transverse cervical skin inci
sion is made, the platysma is divided, and the anterior 
jugular veins are preserved. B, The raphe between the 
strap musdes is divided in the midline. c. The parathy
roid adenoma is excised, with care taken to preserve 
the recurrent laryngeal nerve and minimize manipula
tion of the tumor during ligation of the end artery. 
(From Udelsman R: Unilateral neck exploration under 
local or regional anesthesia. In Gagner M, lnabnet W 
(eds]: Textbook of minimally invasive endocrine surgery, 
Philadelphia, 2002, JB Lippincott.) 

ports are inserted lateralJy in the neck, anterior to the sterno
cleidomastoid muscle and ipsilateral co the parathyroid tumor. 
In this way, it is sintiJar to the lateral approach used for com•en
tional remedial neck exploration. 'The operative space is created 
between rhe platysma and strap muscles by using insufflation at 
low pressure (5 to 8 mm Hg), and cl1e strap muscles and thyroid 
arc mobilized to expClsc the parathyroid. 

Variations on this technique exist. Henry suggested that aU 
three trocars can be inserted along the anterior border of the 
sternocleidomastoid muscle on the ipsilateral side of the 
adenoma, thus reducing the need for constant insufRation. 
Dulucq described excellent results with insertion of the endo
scope at the manubrium and the other two trocars on opposite 
sides of the neck. RegardJess of technlque, there is a signlficant 
learning curve associated with endoscopic paracl1yroidecromy. 
Even with low insufflation pressure, there can still be problems 
with smalJ an1owus of blood obscuring the field Clf view. meta
bolic disturbances from carbon dioxide absorption, and 
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subcutaneous emphysema. Finally, the operative space can be 
lost during suction, and there is no opportLmity for tactile 
assessment. 

Remedial Paralflyroidectomy Remedial parathyroidectomy is often 
requi red for sympromatic persisrem and recurrenr HPT. 
However, the threshold for surgical intervention should be 
higher, given the complex nature of these reexplorations. Persis
tent HPT is defined by an inability to achieve normalization of 
the serum calciwn level after initial exploration and represents 
an immediate technical failure. Recurrent disease is defined by 
initial nom1aliz:ation of the serum calciwn level but then delayed 
hypercalcemia after 6 months of eucalcemia. 

Preoperatilve localization and use of the rapid intraoperative 
PTH assay are important adjuncts for enhancing success rates 
during remedial parathyroid surgery. Perhaps the best indication 
for 40-CT is in the setting of remedial 11eck surgery. In a study 
of 45 patients who underwent reoperative parathyroidectomy 
after preoperative localization using 4D-CT, the sensitivity of 
40-CT for localization was 88% compared with 54% for scs
tamibi; it more often correctly localized (P < .0003) and lateral
i;r..ed (P< .005) lhyperfunctional parathyroid tissue than sestamibi. 
Reoperative neck exploration is more difficult because of scar 
tissue and distortion of normal tissue planes. It is more danger
ous because of a greater chance of injury to the recurrent and 
superior laryngeal nerves. 1l1erefore, reviewing the data from the 
init ial exploration (no ting the location of d1e parathyroids 
encountered, biopsied, or excised from the operadve and pathol
ogy reports) and obtainlJ1g adequate preoperative in1aging are 
e.ssential for guided surgical exploration.ln ca~s of reexploratioJl, 
it can be useful to have cryopreservation available because the 
only remaining: parathyroid tissue might be the site of persistent 
or recurrent disease. 

Many surgeons have shown that radioguided resection of 
parathyroid glands can facilitate intraoperative localization in 
selected patients with primary HPT, especially in the reoperatlve 
setting. In a recent study of 769 patients who had sesramibi 
scarming and then surgery, radioguided parathyroidectomy was 
equally effective in patients with negative (nonJocalizing) sesta
mibi scans undergoing smgery, and use of the gamma probe led 
to d1e detectiom of al.l parathyroid glands, including ectopically 
located ones.40 

Experience with parathyroid surgery is still the most impor
tant predi.ctor of success in reoperative parathyroidectomy. The 
lateral approach to parathyroidectomy, first described by Feind
specifically, dissection between tbe anterior border of the sterno
cleidomastoid muscle and the posterior border of the strap 
muscles-can be invaluable. 11us approach provides a dissection 
plane more likely to be free of scar tissue from the previous 
exploration than the traditional anterior approach. It is some
times necessary to perform a partial or {rarely) complete median 
sternotomy at the time of reexploration for parathyroids located 
in the mediast inum. Success rates of 85% to 95% can be 
achieved by experienced endocrine surgeons in the remedial 
setting. 

Postoperative Complications 
1l1ere is good evidence that clinical outcomes are related ro the 
experience of the surgeon performing the parathyroidectomy; 
high-volume e11docrine surgeons have higher cure rates and 
lower complication rates. The rate of persistenr HPT can be as 

FIGURE 39-12 Parathyroid adenoma with the thyroid gland above 
and the recurrent laryngeal nerve splayed around it (tip of the 
forceps). 

high as 30% iJl less experienced hands. Operative complications 
include injury to the recurrent laryngeal nerve or nerves, leading 
to hoarseness or frank ai rway compronuse if both nerves are 
injured (Fig. 39- 12). Reported rates of nerve injury range from 
I% to 1 Oo/o. Superior laryngeal nerve injury results in subcle 
voice changes, wlucb ca11 have profound deleterious effects in 
professional singers or speakers. Intraoperative monitoring of 
the recurrent laryngeal nerve using speciali:z..ed equipment allow
ing for recording and documenting of electromyograpluc signals 
of vocal cord function have been iJl troduced in the last few years, 
and are being used in practice with varying frequency. Thls 
teclm.ique has been used mostly in thyroid surgery. A recent 
systematic review of the existing Literature on tlus topic by Dralle 
and colleagues41 ha~ concluded that visualization of the recurrent 
laryrtgeal nerve remains of utmost importance and that in traop
erative nerve monitoring could provide an adjunct modality. 
However, more studies are necessary to explain its low and vari
able positive predictive value (PPV; 10% to 90%), which limits 
its usefulness for intraoperative nerve management. 

Hematomas and wow1d i.nfections are uncommon. 1l1e 
risk for these complications is theoretically less when exploration 
is confined to one side of the neck. 

Hypoparathyroidism &om injury to or removal or devas
cularization of the remaining parathyroids can occm and result 
in hypocalcemia (sec earlier, "Hypoparathyroidism"). Transient 
postoperative hypocalcemia is not uncommon. Risk factors for 
the development of hypocalcenua after parathyroidectomy 
include subtotal or 3.5-gland parathyroidectomy, bilateral neck 
exploration, removal of the parathyroids together with the 
thyroid gland. or history of previous neck dissection. For such 
patients, a calcium gluconate infusion needs to be available to 
facilitate rapid administration. 1he drip is prepared by diluting 
10 an1pules of calcium gluconate in l liter of normal saline. 1l1e 
i11itial rate of infusion is 30 mL/hr, which needs to be titrated 
according to symptoms and serial serum calcium levels. Coinci
dent electrolyte abnormalities, such as hypomagnesemia, need 
to be corrected to facilitate correction of the hypocalcen1ia. 
Oral calcium and vitamin D analogues are used for long-term 
management. 
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Treatment Controversies 
The optimal clinical treatment of patients with asymptomatic 
primary HPT has not yet been established. 'TI1e principal debate 
is whether patients should be treated with early surgery or 
whether surveillance or medical therapy can be used safely w1til 
symptoms devdop. Although consensus-based recommenda
tions have existed for more than 15 years regarding optimal 
management of the disea_~. there continues to be substantial 
variation in the practice patterns of endocrine surgeons and 
endocrinologists. A cross-sectional survey of North American 
members of the American Association of Endocrine Surgeons 
has demonstrated that even among a group of highly experi
enced surgeons, criteria for parathyroidectomy vary widely and 
appear to be associated with su.rgeon experience. High-volume 
surgeons (>50 cases/year) had significantly lower thresholds for 
surgery with respect to abnormalities in preoperative creatinine 
clearance, bone densitometry changes, and levels of iPTH and 
urinary calcium than their low-volume colleagues (I to 15 cases/ 
year). In addition, their criteria for surgery diverged from NIH 
guidelines. It is interesting to note that there was a statistically 
significant association herween several self-reported surgical out
comes and surgeon volume, a finding that bas been shown with 
administrative data for several complex procedures. 

A national survey of endocrinologists in the United States 
was conducted to examine the treatment of patients with 
prin1ary HPT and awareness of NIH recommendations.4~ Data 
regarding practice demographics and annual primary HPT case 
volume were also collected. High-volume physicians were more 
aware of the NTH guidelines than low-volume physicians. 
Marked variations in treatment were noted, with 7o/o of all 
physicians referring more than 90o/o of their asymptomatic 
patients for surgery and 3 I% referring less than 10%. Adherence 
to monitoring recommendations for nonoperatively treated 
patients ranged widely, depending on the indication. Surgical 
referral practices varied as well, with 25o/o of endocrinologists 
referring patients because of mild hypercalcemia, 39% because 
of moderate hypercalcemia, 31 o/o because of severe hypercalce
mia, and 4o/o reporting that hypercalcemia by itself was not a 
sufficient reason to refer for parathyroidectomy. 1l1ese results 
challenged the endocrine community to examine the evidential 
basis for decisions made in the treatment of primary HPT. 

As awareness of the importance of skeletal health has 
increased, some commwlity physicians and bone specialists have 
begw1 to measure PTH levels in the context of an evaluation for 
low bone density. 'TI1ere has been some difficulty in clarifying a 
diagnosis of prumary HPT in patients with normal serum 
calcium levels but variable PTH levels. Mild elevation of JYTH 
concentrations has been observed in several scenarios, such as in 
older individuals, blacks relative to whites, those with low 
calcium intake, obese individuals, and those with vitanlin D 
deficiency or insufficiency. Serum levels of 25-hydroxyviramin 
D should also be measured in patients with elevated serwn PTH 
levels and, if vitamin D insufficiency is present, it should be 
treated. Serum calcium and iPTH levels should be reevaluated 
after vitamin D ~repletion.43 

Patients with elevated JYTH levels and consistently normal 
serum calcium levels, iJ1 whom secondary causes of hyperpara
thyroidism have been excluded, may represent the earliest pre
sentation of primary HPT. It is believed that during tllis early 
phase, termed normoeiJlcemic hyperparathyroidism, elevated 
serum PTH levels cause a reduction in cortical bone density. 
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Data on this early entity are sparse but, in a longitudinal cohort 
study of 37 patients with normocal.cemic HPT followed with 
annual, physical examinations, biochen1ical indices, and bone 
mineral density studies, Lowe and associates15 have found that 
many o f these patients had a history of kidney stones (14%), 
fragility fracrures (II%), and osreoporosis (57%) over rhe course 
of up to 8 years. During follow-up, 40o/o developed further signs 
of primary HPT, such as hypercalcemia, renal stones, fractures, 
or bone loss. The authors concluded that normocalcemic HPT 
can have substantial skeletal involvement and may represent an 
early form of symptomatic, rather than asymptomatic, primary 
HPT. 

Medical Alternatives 
l11ere are no long-term medical therapies for which data are 
convincing regarding their efficacy or safety in the treatment of 
primary HPT. Three classes of agents-bisphosphonates, selec
tive estrogen receptor modulators, and calcimimetics-have 
shown preliminary efficacy on surrogate markers of severity of 
disease, including serum calcium and bone density, but these 
effects have not been veri£ed based on clinical outcomes. 

Bisphosphonates such as etidronate, alendronate, and 
pamidronate have been used in the treatment of Paget's disease, 
osteoporosis, and hypercalcemia of malignancy (see earlier). rv 
pamidronate appears to be the most effective for the acute treat
ment of hypercalcemia associated with primary HPT. Limita
tions of long-term treatment include poor Gl dwg absorption, 
a rise in PTH levels with increased renal tubular resorption and 
GI absorption of calcium, and their expense. 

Bone miJ1eral density has been a prin1ary end point in 
studies of hormonal therapy in patients with primary HPT. 'TI1e 
risk-benefit equation for determining the usefulness of hormone 
replacement therapy is complex, however, because estrogen 
replacement therapy does not reduce PTH concentrations in 
patients with primary HPT. In addition, unopposed estrogen 
increases the risk for endometrial hyperplasia and carcinoma, as 
well as the risk for venous thromboembolism, and it may cause 
vaginal bleeding or increase the risk for breast cancer. As a result, 
selective estrogen receptor inhibitors sud1 as raloxifene and 
tan1oxifen have been used in a prelinlinary fashion. L1 one report 
of 11 postmenopausal women with mild primary HPT, the 
mean serum calcium level declined 0.7 mg/dl over a 7-month 
follow-up. 

Discovery of the CaSR and its molecular role in mineral 
metabolism represented a major scientific advance. The CaSR is 
a low-affinity, G protein-coupled receptor found in high con
centrations on rhe surface of parathyroid cells, as well as on 
thyroid C cells secreting calcitonin, and in the nephron, brain, 
bone, and other tissues. Activation of the CaSR by small 
changes in extracellular ionized calcium accounts for the steep 
iJwerse relationship between PTH and small changes in the 
blood calcium level, as weU as the sharp comcomitanr rise in 
the urinary calcium Level. Alterations of the receptor are respon
sible for BFHH, severe infantile HPT, and hereditary forms 
of hypoparathyroidism. Acquired alterations in CaSR might 
play a role in the pathophysiologic features of primary and 
secondary HPT. Parathyroids obtained from uremic patients 
with secondary HPT have been shown to exhibit reduced 
expression of CaSR on the Sliiface of parathyroid cells; data 
from patients with parathyroid adenoma~ or carcinomas are 
more inconsistent. 
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The CaSR became the target for the development of com
pounds that enhance the affinity of the CaSR for calcium and 
reduce PTH secretion. Experience with the compound R-568 
in patients wim primary or secondary HPT demonstrated a 
dose-dependent reduction in PTH and blood calcium levels, 
with larger doses causing more sustained effects. The long-term 
role of calcimimetic agents such as cinacalcet has yet to be 
determined for the treatment of primary HPT. bur it has become 
established as a mainstay in the management of secondary HPT 
(see later}. 

A cost-effectiveness analysis has shown that parathyroidec
tomy is more cost-effective than observation for managing 
asymptomatic primary HPT patients who do not meet NfH 
criteria for parathyroidectomy.44 Treatment outcomes, their 
probabilities, and costs (in 2005 dollars} were identified based 
on literature and cost database review, and outcomes were 
weighted using quali ty of life usefulness factors. The incremental 
cost-effectivene,ss ratio for parathyroidectomy was $4778/ 
quality-adjusted Life-year (QALY) gained. Operation remained 
cost-effective untlJ the average cost of parathyroidectomy 
increased from the estimated value of $4778 to $14,650. Phar
macologic therapy was not cost-effective unless the annual cost 
of therapy decreased from an estimated $7 406 (for cinacalcet} 
to $221. Although the NfH guidelines recommended surgery 
for patients younger than 50 years, an additional cost-effectiveness 
analysis with Markov modeling has demonstrated that parathy
roidectomy is the optimal strategy for many patients with 
asymptomatic prin1ary HPT who are older than 50 years. Cost
effectiveness was optimal when life expectancy reached 5 years 
for outpatient parad1yroidectomy and 6.5 years for inpatient 
surgery. Observation was the optin1al strategy at all shorter life 
expectancies. Pharmacologic management was not optimal at 
any life expectancy. 

Secondary Hyperparathyroidism in Renal Failure 

Pathogenesis 
Although renal osteodystrophy was recognized for many years, 
Slatopol.sky and Bricker first postulated in 1973 that uremic 
hyperpbosphatemia leads to hypocalcemia, whid1 in turn leads 
to HPT. This tlhen becomes a compensatory mechanism serving 
to maintain plhosphate balance in uremia. The trade-off was 
normalization of calcium and phosphate levels at the cost of 
sustained high PTH levels. It is now beJjeved d1at the pathogen
esis of secondary HPT bas multiple contributing factors, includ
ing possible genetic mutations, altered vitamin D metabolism 
and resi.sta11ce, :impaired calcemic response to PTH, retention of 
phosphorus, and altered metabolism of PTH. In all cases of 
secondary HPT, the failing kidney is unable to hydroxylate 
vitamin D2 to active vitamin D 3 {calcitriol). 

The pathways leading to secondary HPT seem to have dif
ferent predominating factors, depending on the severity of the 
renal failure. In early renal failure, possible mutations .in CaSR 
and a generalized defect in calcltriol receptors could lead to 
incipient secondary HPT. Subtle changes in calcitriol and serum 
phosphate levels and the direct action of phosphate on the 
parathyroids may further potentiate HPT. Altered calcitriol 
levels and receptor binding seem to begin to alter PTH secre
tion. [n progressing renal failme, calcitriol deficiency becomes 
more important and phosphate retention plays a major role in 
worsening secondary HPT. Changes in calcium set points, 

increasing skeletal resistance to PTH, and decreased metabolic 
clearance ofPTH contribute to the clinical syndrome of second
ary HIT. 

Indications for Surgery 
Although secondary HPT is typically managed initially with 
nonoperative strategies, there are pathophysiologic sequelae of 
chronic renal failure that serve as indications for parathyroidec
tomy. Renal osteod_vstrophy is a term used to describe the multiple 
skeletal complications of ESRD, i11cluding osteitis fibrosa 
cystica, osteomalacia, and adynanuc bone disease. It is a disorder 
of bone remodeling and is affected by HPT. Osteitis fibrosa 
cystlca is marked by marrow fibrosis with increased bone renlod
eling as a result of the increased number and activity of osteo
cla.~ts, as well as higher rates of bone formation. Ir is associated 
with osteopenia, bone cysts, brown n•mors, and decreased bone 
strength, resulting in long bone fractures because of dystrophic 
bone formation. High levels of PTH coupled with increa...ed 
cytokine production and low calcitriol levels cause this condi
tion. Osteomal.acia is characterized by lower bone turnover, min
eralization deficiency, and accumulation of uruninerallzed 
osteoid. Deposition of aluminum and other heavy metals associ
ated with ESRD leads to defective mineralization. 1l1e incidence 
has declined, although the disease has not disappeared com
pletely. Osteomalacia is marked by skeletal deformity, fractures, 
and pain. It is refractory to vitamin D administration. Adynamic 
bone disease is characterized by bypocellular bone surfaces wid1 
Jjctle or no evidence of remodeling; it is common in patients 
with normal or low PTH levels or severe diabetes and aluminum 
iJltox:ication. It ha~ been associated witl1 long-term peritoneal 
dialysis. It can cause fractures and microfractures leading to 
bone pain. 

The diagnosis of bone complications from secondary HPT 
can be established by bone biopsy, along with measurement of 
serum alkaline phosphatase, PTH, and serum aluminum con
centrations, as well as hone scintigraphy. Radiographic examina
tion o f the hands. skull, and long bones will show osteopenia, 
periosteal bone resorption and, occasionally, cysts. Medical 
control of osteodystrophy includes a low-phosphate diet, addi
tion of calcium-based phosphate binders, and Limitation of mag
nesitrnl intake because magnesium inhibits minerali7..ation. 
Maintaining positive calcium balance and aiming for a serum 
concentration on the high end of normal to suppress overactiviry 
of the parad1yroids are also beneficial. 

Administration of vitamin D analogues has been used to 

treat secondary H PT and correct the endogenous deficiency of 
chronic renal failure. 1l1e calcin1lmetic agents (e.g., cinacalcet) 
have revolutionized the medical management of secondary H PT 
in cluonic renal faUure patients undergoing dialysis. 1l1ese drugs 
directly lower PTH levels by increasing tl1e sensitivity of the 
CaSR co extracellular calcium.4~ The starting dose of the drug is 
30 mg/day; it is titrated every 2 to 4 weeks to a maximum of 
180 mg/day in divided doses to aclueve a target PTH level. 

Uremic pruritus, or severe itching witl1 end-stage renal 
fai lure, has been postulated to occur as a result of increased 
calcium salt deposition in the dermis without visible skin lesions_ 
Parathyroidectomy appears to relieve these symptoms withiJl a 
few d ays. General weakness is common in uremic patients, 
particularly in those with secondary HPT. Chou a11d cowork
ers46 have described a series of 56 patients wi th ESRD and 
secondary HPT who were evaluated by muscle strength flexion 
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and extension, as. well as overall activity. Patients then underwent 
parathyroidectomy, with resolution of the secondary HPT. At 3 
months, all patients showed an increase in muscle force measure
ments and improvement in physical activity. Finally, anemia is 
common in uremic patients. lt is believed that PTH may directly 
inhibit renal and exrrarenal production of erythropoielin. Excess 
PTH secretion in secondary HPT can lead to marrow fibrosis, 
thereby potentiating anemia. There are more complex effects 
mediated by PTH that affect hemoglobin levels, including intra
cellular and extracellular calcium and phosphate levels, osteo
clast resorption, and erythropoietic progenitor cdJ response to 
exogenous erythropoietin. Improvements in anemia have been 
reported after parathyroidectomy. 

Calciphylaxis is a rare, severe, and life-threatening compli
cation of secondary HPT characteri7.ed by calcification of the 
media of small to medium-sized arteries; it results in ischemic 
damage in dermal and epidermal structures. Calcification can 
lead to nonbealing ulcers, gangrene, sepsis, and death. Women 
maintained on hemodialysis are almost three times as likely to 
develop the disease as men. The diagnosis of calciphylaxis is 
usually hased on clinical findings of characteristic skin lesions 
and can be supported by microscopic examination of ski n biopsy 
samples. Lesions are mottled and painful and advance to hard 
tender plaques that develop central ulceration and then eschar. 
Serum calcium and PTH levels can be normal or slightly ele
vated. Parathyroidectomy .is effective for some patients in slowing 
progression of the disease and allowing eventual healing of the 
wounds, with intensive local therapy. Overall, calciphylaxis 
involving the tmnk, shoulder, buttock, or thigh has a poorer 
prognosis than in patients wi th distal exrremity disease. 

Surgical Strategie s 
Generally, preoperative imaging before initial parathyroidec
tomy for secondary HPT is not indicated because bilateral neck 
exploration is required for identification of all glands, given d1at 
the underlying pathology is parathyroid hyperplasia. Imaging 
techniques are indicated for reoperative parathyroidectomy 
when heterotopic or supernumerary glands cannot be identified, 
despite adequate first-tin1c surgical exploration. The sensitivity 
and specificity of imaging are lin1ited in patients with ESRD, 
perhaps because of variations in size and function among the 
different glands, despite iJ1crea<;ed metabolic activity overall. 

After the first successful surgical intervention by Stanbury 
in I 960, subtotal parathyroidectomy becan1e the standard oper
ative strategy. In 1975, with d1e demonstration by PTH assay 
of paratl1yroid autograft function after forearm autotransplanta
tion, total parathyroidectomy with heterotopic autotransplanta
tion becan1e popular.17 Total parathyroidectomy without 
autotransplantation has been described but is not widely used 
because it appear.s to have long-term detrimental effects on bone. 
1l1e debate over whlch procedure is better has been long
standing. Both approaches require tl1orough neck exploration 
through a cervical incision. When performing subtotal parathy
roidectomy, it is well advised to choose the most easily accessible 
gland for the vascularized remnant. Usually, this will be an 
i11fcrior gland because of its more anterior location. If the 
remnant appears ischemic, a second gland is chosen. Surgery 
consists of removal of three {or more, if supernumerary glands 
are identified) glands in toto and 50% to 75% removal of one 
gland with preservation of a viable, hi.stologicalJy confirmed 
remnant. Markin~g the remnant with a titanium clip enables later 
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identification if recurrence develops in the remnant. Use of 
intraoperative PTH level measurements can help ensure that 
adequate tissue has been resected. Cervical tl1ymectomy should 
be performed in all patients undergoing surgery for secondary 
HPT because supernumerary, intrathymic parathyroid glands 
are a cQmmon cause of persistenr or recurrent disease. 

Subtotal parathyroidectomy has several advantages. A well
vascularized eutopic gland will maintain function, in contrast to 
an autotransplanted gland, which would need to undergo neo
vasCLdarization. This might be particularly important in a non
compuant patient who is less likely to take calcium and vitarnin 
D supplementation faithfully postoperatively. Choosing an 
accessible gland and marking it wid1 a clip for potential identi
fication make reexploration easier. Finally, avoiding an arm inci
sion allows easier hemodialysis access. Its disadvantages are that 
a second neck surgery is necessary ifHPT recurs, and hypopara
thyroidism with significant hypocalcemia may develop if the 
remnant is not well vasculari7.ed. However, because i.t is advanta
geous to avoid remedial cervical exploration, heterotopic para
thyroid transplantation is attractive. 

Total parathyroidectomy with autotransplantation removes 
aU identified glands and uses an easily accessible area, most com
monly the forearm or the sternocleidomastoid muscle, as the site 
for implantation. The gland to be transplanted is minced into 
1-mm pieces and 12 to 18 pieces are embedded in well
vascularized muscle and marked with a stitch or clip. Some 
groups use a technique of injection into subcutaneous tissue. 
Neovascularizatio11 occurs over a period of several weeks. The 
principal advantage of this technique is that residual parathyroid 
function is easily monitored and recurrences can be created by 
partial resection under local anesthesia without the need for 
cervical reexploration. There arc several disadvantages. More 
aggressive medical treatment is necessary postoperatively to 
maintain adequate serum calcium levels and avoid serious hypo
calcemic complications. Autograft failure can lead to hypopara
thyroidism, whlch can be profound. Retrieval of all small grafts 
may be difficult at reoperation. ln1plantation into muscle may 
interfere with hemodialysis access in the future; invasive growd1 
of autografts into muscle and adjacent tissue requiring radical 
resection has been described. Finally, supernumerary glands may 
still be present in the neck, d1ereby resulting in two potential 
sites of recurrence. 

Subtotal parathyroidectomy seems to be the preferred sur
gical approach in most but not all patients. 1l1e recurrence rate 
of secondary HPT varies from 5% to 17%, and d1e incidence 
is directly related to the length of patient survival. The residual 
parathyroid tissue in the neck or forearm will grow and cause 
recurrent disease if survival is prolonged and patients do not 
receive a renal transplant. Nodular proliferation in glands seems 
to predispose to recurrence more often than homogeneous gland 
hyperplasia. Cryopreservation of excised tissue (if available) is a 
good strategy when total parathyroidectomy with autotransplan
tation is planned in case tl1e autograft is nonfw1ctional. 

Tertiary Hyperparathyroidism 
Tertiary HPT occurs in two settings. 1l1e first is in a subset of 
patients with secondary HPT in whom the paratl1yroid glands 
become autonomous and hypercalcemia develops. 1l1e second 
was first recognized by St. Goar, who described how secon
dary HPT can persist, even after patients underwent renal 
transplantation and postulated that the parathyroids became 
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autonomous. Theoretically, reversal of parathyroid hyperplasia 
should be expected after successful renal transplantation. Nev
ertheless, studies have shown that hypercalcemia can persist in 
8.5% to 53% of transplant recipients. Of these, less than 1 o/o 
requires parathyroidectomy for tertiary HPT. Transplant patients 
may have additional facmrs rhar can comribure ro persistent 
tertiary HPT; glucocorticoids, cyclosporine, thiazide diuretics, 
and alterations in the glomerular filtration rate as a result of 
tubular injury or rejection episodes can influence parathyroid 
function and bone response. Accordingly, patients with severe 
secondary HPT should not undergo renal transplantation until 
their secondary HPT has been treated. 

It is known that hypercalcemia may adversely affect renal 
graft function . Therefore, calciwu levels rugher than I I mgldL 
may need to be addressed more aggressively. Patiems with symp
tomatic bone disease or other serious sequelae of uremic HPT 
may beJ1e1ir from surgery. Od1erwise, given the finding that 
HPT wiJJ resolve after transplantation in most cases, medkal 
treatment may be indkated. Surgical treatment of tertiary HPT 
after renal transplantation is not common and is reserved for 
patients without resolution of symptoms, for those with hor
monal and chemical abnormalities such as elevated or increasing 
iPTH levels and an increase in serum calcium levels to higher 
than 12.0 mgldL that persists more than 1 year after transplan
tation, and for those with acute hypercalcemia (calcium level > 
12.5 mg/dL) in the immediate post-transplantation period. 

INHERITED PARATHYROID DISEASE 
Surgical management of HPT in rl1e setting of inherited para
rl1yroid disease differs depending on the specific syndromes, and 
the complexity is magnified by the patient's predisposition to 
persistent or recurrent HPT. 'The basic principles of surgery are 
to acrueve and maintain normocalcemia for as long as possible, 
avoid iatrogenic hypocalcemia and other perioperative com~li
cations, and facilitate future surgery, should it be indicated. 8 

Multiple Endocrine Neoplasia 

Type 1 
MENl syndrome consists of prinlaf)' HPT resulting from para
thyroid hyperplasia associated with lesions of the pru1creas and 
pituitary. HPT is rl1e most common ru1d usually rl1e first glan
dular mrulliestacion; it typically occurs in the third to fifth 
decades of life. The parathyroid glands are asymmetrically 
enlarged and there is a rugh incidence of supernumerary glands 
(up to 20%). Parathyroid surgery in patients with MEN I is 
thought of as a debulkiJ1g or palliative procedure because recur
rence is inevitable if survival is unlimited; it is indicated to treat 
and prevent the complications of HPT. Controversy exists 
regarding the timing of rl1e procedure. Although early parad1y
roidectomy may reduce the exposure to long-term HPT and the 
associated osteopenia, it also might predispose to aJ1 earlier 
recurrence of HPT and rl1e possibility of difficult reoperations. 

The initial surgical procedure of choice in a patient with 
MEN I and HiJYT is subtotal parathyroidectomy or total para
thyroidectomy with heterotopic autotransplantation of resected 
parad1yro.id tissue; t raJ1Scervical thymectomy is also performed 
at the initial operation. Subtotal parathyroidectomy requires 
identification uf all parathyroids, and a remnant the size of a 
normal parad1yroid is left in situ and marked with a surgical dip 
to facilitate remedial surgery. Total parad1yroidectomy is 

accompanied by immediate heterotopic rransplruuation of 12 to 
18 1- mm pieces of fresh parathyroid into individual pockets 
typicaiJy created in the brachioradialis muscle of the nondomi
llaJlt forearm. Reoperative debulking surgery of the forearm 
graft CaJl then be performed, when necCSSaf)', under local anes
thesia. Because parathyroid remnru1rs can become ischemic or 
necrose and result iJ1 pern1ru1ent hypoparathyroidism. cryo
preservation of parathyroid tissue is performed at the time of 
total parathyroidectomy whenever possible. 

Type lA 
MEN2A is marked by the findings of medullary thyroid cancer, 
pheochromocytoma, and primary HPT. HPT in MEN2A is the 
least common manifestation and occurs i.n 20% to 30% of 
patients. HPT in MEN2A differs from MEN I in several impor
tant features, and the indications for parathyroidectomy and 
diagnostic criteria are more similar to mose of sporadic primary 
HPT. When compared with HPT in MEN!, HPT iJ1 MEN2A 
tends to be milder and more often asymptomatic because of a 
single adenoma, although multiglandular hyperplasia does 
occur. 'TI1erefore, curative resection can he less aggressive. 
Enlarged parad1yroids encotmtered during thyroidectomy for 
meduUa.ry thyroid cru1ccr iJ1 a normocalccmic patient are 
resected. Most but not all endocrine surgeons leave normal
appearing parathyroids in situ, although total parathyroidec
tomy with autotraJ1splru1tation to the forearm has been advocated 
by some. 

Familial Hyperparathyroidism 
Od1er less conunon forms of fan1ilial HPT include the HPT
jaw tumor syndrome (HPT-JT), familial isolated hyperparathy
roidism (FIHPT), and a number of syndromes marked by 
mutations in CaSR, including autosomal dominant mild HPT 
(ADMH), familial hypercalcemia with hypercalciuria, and neo
natal severe HPT (NSHPT). Recommendations for parathyroid 
surgery in rl1ese settings are still evolving, ald1otagh some general 
principles exist. HPT is the most common feature of HPT-JT 
and is associated with a high incidence of severe hypercalcemia 
an.d a risk for parathyroid carcinoma. L1 general, HPT may be 
treated similarly to MEN2A, with resection of grossly enlarged 
parathyroids unless parad1yroid cru1cer is suspected. An alterna
tive but rarely used strategy is total parathyroidectomy to achieve 
a theoretically lower risk for carcinoma. 

ln FrHPT, if uniglru1dular disease is encotmtered, adenoma 
resection can be performed, whereas multiglandular hyperplasia 
is treated by subtotal parad1yroidectomy. ln this setting, rl1e 
rapid intraoperative PTH assay can be helpful to ensure that an 
adequate re.secdon is performed. Parathyroid surgery for syn
dromes associated with CaSR abnormalities has variable results. 
NSHPT is manifested in neonates as severe hypercalcenua and 
is typically lethal unless ental parad1yroidectomy is performed in 
the first monms of life. For patients with ADMH, radical sub
total parathyroid resection or total parathyroidectomy with 
autotransplruuation CaJl be performed. Diffuse to nodular neo
plasia was found on pad1ologic exrunination and, in one study, 
persistent hypercalcen1ia was noted in 60% ofpatients undergo
ing the less radical procedure. 

PARATHYROID CARCINOMA 
Parathyroid carcinoma is rare. It tends to occur a decade earlier 
than adenomas, and d1e gender ratio is approximately equal, in 
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concrasr to the female preponderance wi tl1 adenomas.4? A history 
of previous neck radiation is a risk facror for the development 
of parathyroid ad enomas, b ut the role of radiation in the devel
opment o f parathyroid carcinoma is less clear. Parathyroid car
cinoma has also been reported rarely in patients with secondary 
HPT. 

Most patients with carcinomas have marked hypercalcemia 
(> 14 mg/dL) and arc m ore Likely to have associated bo ne and 
renal disease than those with adenomas. Hypercalcemia is 
usually manifested as muscle weakness, fatigue, depressio n, 
nausea, and polyur ia. Suspicion also is raised by an extremely 
high iPTH level, a palpable neck mass on physical ex~ation, 
significant uptake on sesram.ibi scan , o r u l trasou~d ev1dencc _of 
invasio n with loss of planes between the parathyrOid and thyro1d, 
occasionally with lymphadenopathy. 

rf a large, gray-white, locally invasive parathyroid carci
noma is suspected on explo ration , an initial aggressive surgical 
approach involving en bloc tumor resection, ipsilateral thyro id 
lobectomy, and resection of adjacent soft tissues is perfo rmed 
because th is is the only po tentially curative treatment. lf the 
procedure is being performed with a minimally ~~asive tech
nique, the surgery is co nverted to general anesmes1a if necessary 
to facilitate a tho rough o ncologic operatio n. A frozen section 
bio psy is not performed before resection because it could lead 
to capsular rupture and potentially spread tumor cells within 
tl1e neck. 

En bloc resection is a'>Sociatcd with a 40o/o local recurrence 
rare and an overall survival rate o f 89% (mean follow-up, L 19 
monms).50 Param yroid carcinomas tend to recur locally after 
incomplete excision. Distant metastases generally develop in 
the lungs, liver, and bone; they can occasionally be treated by 
resection of individual tumor deposits. Generally, control o f 
hypercalcemia b)' surgical resection of metastases or local recur
rence is m ore effective than medical treatment. Overall, adverse 
prognostic facto rs for survival arc simplc parathyroidectomy 
alone, the presence of nodal Qr distant metastases at initial 
eva.luation , nonfunctional status of the tumo r, and a h igh index 
Clf the cancer ancigen Ki-67 (> 1 0%). There are no e ffective 
chemotherape utic agen ts, altl10L1gh dnacalcet (the calcimimetic 
agent described earlier) bas been approved by the U.S. Food 
and D rug Administratio n for symptomatic control of hypercal
cemia. In select patients, adjuvant external beam radiation 
appears to decrease the rate of local recurrence and may improve 
disease-free surYival, particularly in high-risk patients. Most 
patients with metastatic or locally unresectable disease die o f 
the metabolic effects o f uncontro lled hypercalcemia. There are 
sti ll no generally accepted staging systems for parathyroid 
carcinoma. 
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CHAPTER 40 

ENDOCRINE PANCREAS 
TAYLORS. RIALLAND CouRTNEY M. TowNSEND, ]R. 

HISTOMORPHOLOGY OF ISLETS 

EMBRYOLOGY OF TliE ENDOCRINE PANCREAS 

ENDOCRINE PHYSIOLOGY 

SURGICAl TREATMENT OF DIABETES 

ISLET CEll TUMORS 

SUMMARY 

11Je pancreas is a digestive organ located in the retroperitoneum 
(Fig. 40-1) that has endocrine and exocrine fw1ction. llJe endo
crine cells are organized in discrete clumps throughout the 
pancreas, called islets of Langerhans. The primary physiologic 
function of the endocrine pancreas can be summarized as regula
tion of body energy, largely through hormonal control of carbo
hydrate metabolism. The islets secrete hormones directly imo 
the bloodstream in endocrine fashion. Insulin .is the hormone 
of energy storage, while glucagon is the hormone of energy 
release. Additional pancreatic endocrine hormones, such as 
somatostatin, play a role in the complex regulation of pancreatic 
exocrine secretilon and digestion. 

The pancreas was first identified by a Greek anatomist and 
surgeon, Herophllus (335-280 DC). Ln medieval Persia, in 1025, 
Avicenna provided the first detailed account of diabetes melli.tus 
in the Ctmon of Medicine. He described a patient with an abnor
mal appetite, collapse of sexual function, and the sweet taste of 
diabetic urine. In 1889, Minkowski and von Mering, who were 
studying fat absorption in dogs after pancreatectomy, noted that 
the urine attracted flies. On analysis of the urine, they docu
mented glucosuria and ketonuria 1l1ey also no ted that surgical 
removal of the pancreas led to eventual coma and death. ln 
1869, while a medical student, PalJ Langerhans described col
lections of pale staining cells within the pancreas, the islets that 
now bear Ius name (see Fig. 40-1). Eugene Opie was the first to 
associate diabetes with microscopic hyaline changes in the islets 
of Langerhans. Frederick Banring and Charles Best in Toronto 
discovered insulin in 1922. Banting and Best surgically ligated 
the pancreas of one set of dogs, leading to atrophy of the exo
crine pancreas. 1l1ey then removed and homogenized the pan
creas and injected the homogetuzed extract into a diabetic dog, 
temporarily reversing this condition; a few iJljections each day 
could keep it heald1y and free of symproms. Banting and Best 
were awarded a Nobel Prize for this work. 

Adult human pancreatic islets contain multiple cell types 
(Table 40-1). Alpha (A) cells secrete glucagon, beta (B) cells 
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secrete insulin, delta (D) cells secrete somatostatin and vasoac
tive i:ntestinal peptide (VIP), and F cells secrete pancreatic poly
peptide (PP). Gastrin-producing cells are normally present in 
d1e fetal pancreas only. [slet cell rumors may secrete one o r more 
of these hormones. 1l1e resulting syndromes are named for the 
peptide whose dirJ.ical symptoms predominate. 

ln this chapter, we will cover d1e histomorphology, enlhry
ology, and physiology of the endocrine pancreas. We will brieAy 
highlight new technologies, including autologous islet cell trans
plantation for chmnic. pancreatitis and allogeneic islet cell trans
plan ration for type l diabetes. Our focus will be on the diagnosis 
and management of endocrine tumors of the pancreas. 

HISTOMORPHOLOGY OF ISLETS 
ln the human fetus, pancreatic islets comprise approximately 
one third of d1e pancreatic mass. In the adult pancreas, there 
arc approximately l oc. islets in d1e adult pancreas, accounting 
for less than 2o/o of the overall pancreatic mass. The average 
islet contains approximately 3000 cells and ranges in diameter 
from 40 to 900 J.lm. Each pancreatic islet should be considered 
a microorgruJ.ism with a complex and defuJ.ite o rganization, 
with only intact islet architecture enabling normal et1docrine 
flmction. 

The islet cell types are not distributed evenly within the 
islets. B cells constitute approximately 70% of d1e islet cell mass 
ru1d are located centrally wi.d1in d1e islet. 1 Insulin is the main 
secretory product of B cells, but they have also been shown to 
secrete amylin ru1d cholecysrokinin (CCK; see Table 40-1).' 1l1e 
A cells, located in the periphery, secrete glucagon and constitute 
approxlnlately l Oo/o of the .islet cell mass. The D cells are evenly 
distributed throughout the islet and constitute approximately 
5% of the islet cell mass. D cells secrete somatostatin ru1d D2 
cells secrete VIP. Also located peripherally, F cells secrete PP. B 
and D cells are concentrated in the body and tail of the pancreas 
ru1d F cells are concentrated in the head and uncinate process. 
This distribution is important clinically, because resection of 
different parts of the pancreas will have varying endocrine effects. 

Pancreatic islets have a ricl1 portal nJ.icrocirculation d1at has 
sign.ificru1ce in Clldocrine to endocrine cell signaling. Afferent 
arterioles enter the islet in an area of discontinuity in the 
peripheral, non-B cell mande of cells. 1l1c order of islet cellular 
perfusion and interaction is from the B ce!J core outward to 
the mande, and the mru]{le is further subordered with most 
D cells downstream or distal to most A cells. 1llis allows B 
cells to inhibit A cell secretion and A ceUs to stimulate D cell 
secretion.3 
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FIGURE 40-1 A. The pancreas is noted in its retroperitoneal position 
at the level of the second lumbar vertebra. B. Relationship of the 
head of the pancreas in the C loop of the duodenum, with the pan
creatic duct and common bile duct emptying into the ampulla of 
Vater. C:. On microscopic view, the endocrine cells are located in nests, 
called islets of langerhans, which are distributed throughout the 
pancreas (Trichrome stain, x l 0). 

Pancreatic endocrine secretion also regulatc::s pancreatic 
exocrine secretiOJ1 through the is.let-acinar axis of the pancreas. 
Insulin stimulates pancreatic exocrine secretion, amino acid 
transport, and synthesis of protein and enzymes, whereas gluca
gon acts in a counteiiegulatory fashion, i.Jili.ibitiJ1g the same 
processes. The role of somatostatin is controversial . Somatostatin 
may have a direct inhibitory effect on pancreatic aci.nar cells, 
which possess somatostatin receptors. It may also act duough. 
an inhibitory effect on islet B cells. 

EMBRYOLOGY OF THE ENDOCRINE PANCREAS 
During d1e fifth week of gestation, ilie pancreas begins forming 
at the junction of the foregut and midgut. It begi.J1s as rwo 
endodermal pancreatic buds, the dorsal bud and ventral bud, 
which eventually fuse to form the pancreas. The acinar cells and 
islet cells differentiate from the endodermal cells found in the 
embryonic buds. In humans. the first glucagon-producing cells 
are seen in 3-week-old embryos and the first islets of endocrine 
tissue appear at approximately I 0 weeks. During this early devel
opmental period, predominantly glucagon-positive islet cells 
initially appear im the tall of the pancreas. Subsequently, d1ere is 
a major amplification of endocrine cell numbers, particularly B 
cells. 1l1e matu.re pancreas consists of the endocrine islets of 
Langerhans, digestive enzyme-secreti.J1g acinar cells contained b1 
clusters of acini, and aci.J1ar-dralni.J1g ducts, wiili accompanyi.J1g 
blood vessels and lymphatics. 

Islet cells were initially believed to arise from neural crest 
cells. Gittes and Rutter4 have studied the patterns of expression 
of hormonal messenger RNA and concluded that both endo
crine and exocrine cell~ of the pancreas arise from ilie foregut 
endoderm, a view that is now generally accepted. Early glucagon
positive endocrine cells convert to nonepid1elial cells and 
lose connection with ilie lumen and tight junctions. This 
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FIGURE 40-2 Diagram of insulin synthesis. Proinsulin, synthesized by 
the endoplasmic reticulum, is packaged within secretory granules of 
the beta cell, where it is cleaved to insulin and C-peptide. Equimolar 
amounts of insulin and C-peptide are secreted into the bloodstream. 
(From Andersen OK, Brunicardi FC: Pancreatic anatomy and physiol
ogy. In Greenfield U, Mulholland MW, Oldham KT, et al [eds]: Surgery: 
Scientific principles and practice, ed 2, Philadelphia, 1997, lippincott
Raven, p 869.) 

conversion to a nonepithclial location of endocrine cells has 
been postulated to entail a change in cell division polarity, from 
perpendicular to the basement membrane to parallel to tl1e base
ment membrane. There also appears to be down.regulation of 
pd>r!, a key marker of early pancreatic progenitor cells, in these 
endocrine progeniwr cells as rhey become nonepithcl.ial. This 
conversion process has been postulated to parallel mesenchymal 
to mesencl1yme transformation. 

ENDOCRINE PHYSIOLOGY 
1he primary function of the endocrme pancreas is regulation of 
body energy. This is achieved primarily through control of car
bohydrate metabolism. [nsulin secreted by the endocrine pan
creas functions ro story energy by decreasing blood glucose levels 
and increasing glucose transport into cells, except beta cells, 
hepatocytes, and cells of the central ne.rvous systen1. lnsuli.J1 also 
stimu.lates protein syniliesis and inl1ibits the b.rcakdown of gly
cogen and fat stores. Glucagon functions antagonistically to 
insulin, increasi.J1g blood glucose levels through stimLJation of 
glycogenolysis, lipolysis, and gluconeogenesis. 

Insulin 
Insulin is a 5Hmino acid polypeptide wiili a molecular weight 
of 6 kDa. It consists of two polypeptide chains (A and B) joined 
by rwo disulfide bridges. Although the amino acid sequence 
varies among species, ilie locations of d1e disulfide bridges are 
highly conserved and are critical for its biologic activity. Insulin 
is synthesized as a precursor peptide, cal led proi.nsulin; the rwo 
polypeptide chains are joined by means of connecting peptide 
(C peptide). In response to pru1creatic B cell sti.Jnulation by 
glucose, proinsulin is syniliesized ill the endoplasmic reticulum 
and transported to the Golgi complex, where it is cleaved into 
insulin and the residual C peptide (Fig. 40-2). lnsulin is then 
moved via mkrorubules into secretory granules, where it is 
.released directly into ilie bloodstream via exocytosis. C peptide 
and insuli11 arc secreted in equimolar amounts. 

There is sig11ificant secretory reserve of insulin within the 
pancreas. Destruction or removal of 80o/o of the pancreatic islet 
cell mass is necessary before endocrine dysfunction becomes 
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Table 40-t Endocrine Cells of the Pancreas and Tumor Syndromes 
ISLET SECRETORY AT SURCERY: 
CELLS CRANULE DIACNOSTIC HORMONE MALICNANT MULTIPLE ~ IDENTIFIED/ 

CELL CONTENT (~) SIZE TUMOR SYNDROMES aiNICAL FEATURES LEVELS (~) (~) MEN I ~ RESECTABLE 
A Glucagon, 15 225 Glucagonoma Necrolytic mi~ratory Normal= <150 pg/ml Nearly all Rare Few 98/35 

glicentin (TRH, eryth~ma, iabetes, Tumor = 200-2000 pg/ml 
CCK, anem1a 
endorphin, 
PYY, 
pancreastatin) 

B Insulin (TRH, 65 300 lnsulinoma HY(coglycemic symptoms >5 J.LU/ml in the face of 10 10 10% 80-100/>90 
CGRP, amylin, catecholamine release) hypoglycemia 
pancreastatin, plus mental confusion 
prolactin) 

D Somatostatin 5 200-235 Somatostati noma Diabetes, gallstones, Normal= 10-25 pg/ml Nearly all 0 - 100/60 
(met- steatorrhea Tumor= 100-400 pg/ml 
encephalon) 

02 VIP <1 120 VIPoma (watery High-volume secretory Normal = <200 pg/ml 50 Rare Few 100/70 
diarrhea, diarrhea, hypokalemia, Tumor = 225-2000 pg/ml 
h~okal emia, metabolic acidosis, 
a lorhydria (WDHA] hypochlorhydria 
[Verner-Morrison]) 

EC Substance P and <1 325 ? 
serotonin 

c• Gastrin - 300 Gastrinoma (Zollin~er- Abdominal pain with ulcer Normal = <100 pg/ml 70 - 250/o 50-85/79 Of 
(ACTH-related Ellison syndrome disease, massive gastric Su~icous = > 1000 pg/ml the 70% 
peptides) hypersecretion, Wi secretin text, f pancreatic, <20 

secretory diarrhea that >200 pg/ml diagnostic duodenal, all 
can be h~l ted by . ectopic, 80 
nasogastnc asporatlon 

pp Pancreatic 15 140 Tumors (PPomas) are - - - - Frequent 
(F) polypeptide without endocrine 

(met- symptoms 
enkephalin, 
PH I) 

Prob Ghrelinl ? ? None Known N/A 
B 

Adapted from Bonner-WeirS: Anatomy of the islet of Langerhans. In Samols E (ed): The endocrine pancreas, New York, 1991, Raven Press, p 16; and Marx M, Newman JB. Guice KS, et al: Clinical significance of gastrointestinal 
hormones. In Thompson JC, Greeley GH Jr, Rayford PL. Townsend CM Jr (eds): Gastrointestinal endo<rinology, New York, 1987, McGraw-Hill, p 416. 

CCRP, calcitonin gene-related peptide; PHl peptide histidine isoleucine; TRH, thyrotropin-releasing hormone. 
*Gastrin is present in fetal but not in normal adult pancreatic islets. 

'Broglie F. Gottero C, Benso A. et al: Ghrelin and the endocrine pancreas. Endocrine 22:19-24:2003. 
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clinically apparent in the form of type J (insulin-dependent) 
diabetes. Defects in the synthesis and cleavage of insulin can lead 
to rare forms of diabetes mellitus, such as Wakayama syndrome 
and proinsulin syndrome.~ 

The B cell is sensitive to even small cl1anges in glucose 
concentration and is maximally stimulated ar concemrations of 
400 to 500 mg/dL. In response to glucose, the endocrine pan
creas in1mediatdy reacts with a short burst of stored insulin (4 
to6 minutes), followed by a sustained secretion ofinsul.in, wh.icl1 
requires active synthesis of the hormone within the islet cell. 
L1sulin has a 7- to 10-minute half-life and is primarily metabo
lized by the live.r. Excess insulin is then slowly metabolized by 
the liver, kidneys, and skeletal muscles. Brain cells and red blood 
cells do not take up insulin. 

fnsulin binds to a specific 300-kDa glycoprotein cell surface 
receptor, which has been isolated and well cl1aracterized. After 
receptor stimulation, glucose is actively transported across cell 
membranes throughout the body by 55-kDa membrane-bound 
glucose transporters. There are several classes of glucose trans
porters, with varying affinities for glucose. Stimulation of the 
insulin receptor is dependent on insulin concentration. L1sulin 
resistance, present in type 2 diabetes, can be the result of 
decreased numbers of receptors or a decreased affinity of recep
wrs for insulin. Sulfonylurea compounds, which act indepen
dently of glucose concentration, also stimulate insulin secretion 
and are used in the treatment of type 2 diabetes, in whicl1 the 
primary defect is peripheral insulin resistance. 

Orally adm.inistered glucose has a greater effect on insulin 
secretion tl1an an equivalent amow1t of glucose administered IV, 
even though blood glucose levels might be the same. 1his effect 
is called the enteroinsular axis and is related to the release of 
enteric peptide hormones from the proximal gastrointestinal 
tract, which augment nutriem-induced insulin secretion. These 
insulinotropic factors, called incretins, act directly on the B cells 
and include gastric inhibitory polypeptide (GIP), glucagon, 
glucagon-like peptide-1, CCK, aJllio(> acids (arginine, lysine, 
and leucine), and free fatty acids. Humoral inhibitors of 
insulin secretion include somatostatin, an1ylin, leptin, and 
pancreastatiJ1. 

Llsulin secretion is also under neuronal control. Vagal 
(cholinergic) stimulation leads to the release of insuliJ1. Alpha
sympatlletic stimulation strongly inhibits insulin release, whereas 
beta-sympathetic fibers stimulate it. Llsulin release is stimulated 
by the peptidergic nerve release of gastrin-releasing peptide 
(GRP), CCK, gastrin, enkephalin, and VIP, whereas insulin 
release is iJ1hibited by neurotensin, substance P, and somatosta
tin. A los.~ of pancreatic innervation in the setting of pancreatic 
transplantation or islet cell transplantation can result in changes 
in the pattem and quality of imulin secretion. 

Glucagon 
Glucagon is a 29-amino acid, straight chain polypeptide witl1 a 
molecular weight of 3.5 kDa. Secreted by the A cells, the primary 
flmction of glucagon is to elevate blood glucose levels duough 
stimulation of g~ycogenolysis and gluconeogenesis in the hepa
tocytes. Glucagon secretion is tightly controlled by neural, hor
monal, and nutrient factors. A and B cells respond primarily to 

serum glucose concemrarion, but in a reciprocal fashion. Insulin 
and glucagon are countenegulatory hormones and fllllction 
rogetl1er to maintain glucose homeostasis. Dysfunctional secre
tion of glucagon may play a role iJ1 the elevation of blood glucose 

ENDOCRINE PANCREAS CHAPTER 40 947 

levels in diabetes. 1he diabetes resulting from total pancreatec
tomy is very brittle and difficult to control because of the lack 
of endogenous glucagon to balance exogenously administered 
insulin. Like epinepluine, cortisol, and growth hormone, gluca
gon is considered a stres.~ hormone because it increases metabolic 
fuel in the form of glucose during srress. Glucagon secretion is 
stimulated by sympathetic neural transmitters, epinephrine, and 
the amino acids arginine and alanine. Llsulin and somatostatiJ1 
have a suppressive effect on glucagon secretion. 

Somatostatin 
Somatostatin, secreted by islet D cells, is a 14-amino acid poly
peptide weighing 1.6 kDa. Although it is logical to think that 
somatostatin modulates the secretion of otber islet hormones, 
its actual function within the pancrea~ remains unknown. 
Although exogenous administration of somatostatin has been 
shown to inhibit the release of insulin, glucagon, and PP, and to 
inl1ibit gastric, pancreatic, and biliary sea·etion, endogenous 
somatostatin has not been proven to influence the secretion of 
other islet hormones directly. 

A synthetic octapeptide, octreotide, has been developed, 
which mimics tl1e pharmacologic action of somatostatin. [t has 
a longer half-Life in tl1e serum than endogenous somatostatiJ1 
and is a more potent inh.ibitor of growth hormone, glucagon, 
and insulin secretion than the natural hormone. The potent 
inhibitory effect of octreotide has been used to treat exocrine 
and endocrine disorders of the pancreas, including secretory 
diarrhea, bowel fistulas, pancreatic fistulas, and endocrine hyper
secretory syndromes. 

Panueatic Polypeptide 
PP is a 36- amino acid, 4.2-kDa polypeptide secreted by the F 
cells of d1e pancreatic islet. The physiologic role of PP remains 
unclear; its clinical usefulness is limited to its role as a marker 
for other a1docrine rumors <>f the pancreas. Chol.inergic inner
vation predominantly regulates PP secretion. As a result, surgical 
vagotomy ablates the increased PP response normally observed 
after meals. In diabetes and nom1al aging, PP secretion is 
increased, resu.lting in increased circulating PP levels. Absence 
of PP may play a role in the diabetes observed after total pan
createctomy or after chronic atrophic pancreatitis. 

Other Peptide Hormones 
Other pep tides are secreted by the pan.creadc islets. 1l1ese include 
neuropeptides such as VIP, amylin. galani.n, and serotonin. VIP 
i~ a 28-amino acid, 3.3-kDa polypeptide that stimulates insulin 
release and inhibits gastric secretion. It is found not only 
throughout the gastrointestinal tract, but in the respiratory tract, 
where it causes vasodilation and bronchodilation. A.mylin, a 
3~no acid polypeptide, is secreted by B cells and inlubits 
the secretion and uptake of insulin. Amylin deposits ill the 
pancreas of patients witl1 type 2 diabetes have been implicated 
in the pathogenesis of the disease. Pancreastatin is part of a larger 
ubiquitous molecule, cllromogranln A, which inhibits insulin 
secretion. Gastrin-producing cells are present in the fetal pan
creas, but not iJl the normal adult pancreas. Many additional 
peptide.~, including tl1yrotropin-relea~ing hormone, glicentin, 
CCK, peptide YY, GRF, calcitonin gene-related peptide, pro
lactin, adrenocorticotropic hormone (ACTH), parathyroid 
hormone- related protein, ru1d ghrdin have been reported in 
normal islets ru1d in islet cell tumors. 
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SURGICAL TREATMENT OF DIABETES 

Autologous Islet Cell Transplantation 
Autologous islet cell transplantation has a role in patients with 
severe chronic pancreatitis. Surgical resection of all or part of the 
pancreas for this disease can significamly improve quality of life 
by eradicating or reducing intractable pain, a llowing the return 
of a normal appetite with subsequent needed weight gain, and 
reducing the number of hospital admissions. A major disadvan
tage of a total pancreatectomy, however, is that it renders the 
patient a brittle diabetic. Partial resections can also greatly reduce 
the insulin-secreting capacity of the already compromised pan
creas, sometimes necessitating exogenous insulin after surgery. 
Regardless, even without pancreatic resection a significant 
number of patients wi th chronic pancreatitis wi ll progre.~s to 
develop diabetes or impaired glucose tolerance. Because of the 
loss ofinsuli11, glucagon, and PP, the type of diabetes that devel
ops in patients with chronic pancreatitis is similar to that fol
lowing pancreatic resection. 

Total or partial pancreatectomy with islet autotransplanta
tion is heing offered in several centers in the United States. This 
option has the potential to treat the symptoms of chmnic pan
creatitis de6J1itivcly while preventing the onset of diabetes in 
certain patients. Other patients remain or become insulin
dependent but retain significant insulin and glucagon secretion 
and tl1e benefits of endogenous C peptide production, thus 
making the resulting diabetes easier to control. O ur dedicated 
islet isolation facility and a diagrammatic represemation of the 
process are shown in Figure 40-3. PatieJlts undergo pancreatec
tomy; the pancreatic tissue is immediately digested with the use 
of enzyme soluttions containing collagenase and neutral pro teases 
and the islet cells arc purified. 'TI1c islet cells are then returned 
to the patient via infusion into the portal vein. The islet cells 
engraft in the liver and produce insulin and C peptide and 
glucose levels are measured to evaluate the function of tl1c trans
plan ted islets. 

Depending on center expertise and experience, variable 
results following pancreatic islet autotransplantation have been 
reported. lnsuliJl iJ1dependence is as high as 40% to 50% ini
tially in some patients,G-S but there is a notable decline in islet 
function over time, with increased insulln requirements in the 
10 years following transplantation, with only about 10% of 
patiems remaining insulin-independent. Although insulin
independence is not always achieved, most patients are C peptide 
positive and have diabetes that is more manageable. In addition, 
all studies have demonstrated improven1ent in pain and other 
symptoms of chronic pancrcatiris.9

•
10 Success rates depend on 

the n umber of isolated and transplanted islets and transplanted 
islets as well a~ the cause of the pancreatic disease. Patients who 
are not diabetic before autotraJlSplantation ru1d younger paticms 
(especially preadolescents) acl1it:ve the best results. 1l1e most 
feared procedure-related complication is thrombosis of the 
portal vein, occurring in less thru1 I% of cases. 

Immune Therapy. Pancreatic Transplantation, 
and Islet Allotransplantation 
Type 1 diabetes results from autoimmune destruction of pan
creatic islets. Immu.ne tream1ent for type 1 diabetes is currently 
being iJwestigated. There is a growing body of evidence to 
suggest that the autoimmunity observed in patients witll type 1 
diabetes is the r:esul t of aJl imbalru1ce between autoaggressive and 

FIGURE 40-3 A. Dedicated islet isolation facility at our center (Uni
versity of Texas Medical Branch). B. The screen in the upper right hand 
comer shows isolated islets stained red from a patient undergoing 
total pancreatectomy and islet autotransplantation. C. Pancreatic islet 
autotransplantation. The patient undergoes partial or total pancre
atectomy. The pancreatic tissue is immediate ly digested with using 
enzyme solutions containing collagenase and neutral proteases and 
the is let cells are purified. The islet cells are then retumed to the 
patient via infusion into the portal vein. 

regulatory T cell subsets.11
'
12 Vaccination with selected T ceU 

receptor autoru1tigens ha~ been shown to generate autoantibod
ies and the auroaggressive T cell clones, which are reacting ro 
beta cells. l11e induction of a lasting, robust irnrotme response 
generating autoru1tigen-speci.6c regulatory T cells provides 
strong justification for further testing of tlus therapy for type l 
diabetes. 

The current smgical treatment for type 1 diabetes is trans
plrultation of allogeneic islet cell tissue by means of whole organ 
transplantation or trru1splantation of isolated islets, usually 
infused into the portal vein. Pancreatic trru1splru1tation was first 
performed in 1966 by Kelly ru1d colleagues. From 1966 through 
2008, over 30,000 pancreas trru1Splantations have been reported 
to the fnternational Pancreas Transplant Registry, induding 
more than 22,000 from the United States}3 Whole orgru1 pan
creas trru1splru1ts restore euglycemia almost immediately foUow
ing transplantation, and 1-year graft survival rates in the United 
States have improved to 85% for simultaneous pancreas-kidney 
transplants, 78% for pancreas after kidney transplants, and 76% 
for pru1creas-only transplants. Recipients experience inln1ediate 
normal fasting and postprandial glucose levels, and hemoglobin 
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Ale levels rerum to normal. \Vith the observed decrease in 
morbidity and mortality, recipients who become insul.in
independent report a better quality of life, despite the need for 
immunosuppression. They also experience stabilization or 
improvements in retinopathy, nephropathy, neuropathy, and 
microvascular and macrovascular diseases normally associated 
with poor glucose control. 'Therefore, for the select group of 
patients with labile diabetes who do not respond well to con
ventional approaches or insulin pumps, whole pancreas trans
plantation remains the gold standard for treatment. 

Allogeneic islet cell transplantation is the other option. 
Currently, long-term insulin independence remains elusive for 
patienrs undergoing allogeneic islet aansplamation. The data 
show that even with patients who receive multiple infusions, few 
remain nom1oglycemic over time. Data from the Collaborative 
[slet Transplant Registry (CITR) have demonstrated that 70% 
of patients ach.ieve insulin independence within the first year 
(includiJ1g patiems with multiple infusions) but, by the third 
year, the percentage of patients who remain euglycemic is closer 
to 35%,.'3• 1he partial pancreatic endocrine function confers 
some benefit, with decreased occurrence of severe hypoglycemk 
events, abatement of hypoglycemic unawareness, persistent C 
peptide levels, improvement in glycemic control, and stabiliza
tion of diabetic compl.ications. 

Whole pancreas traJ1splantation procedures currently out
number islet transplaJ1tation procedures. Pancreas transplanta
tion is associated with a higher surgical morbidity, whereas islet 
transplantation is a less invasive method of achieving insulin 
independence. However, paJ1creas transplaJ1tation is associated 
with a higher success rate. ln addition, islet cell transplantation 
requires two donors per recipient to maintain graft function. 14 

Stem cell therapy offers the potential of produciJ1g aJl unlinutcd 
source of cells, and a growing number of studies have demon
strated successful in vitro differentiation and expansion of 
embryonic cells of murine aJ1d humaJ1 origin from pancreatic 
ducts that express iJ1Sulin and respond to glucose stimulation. 

ISLET CELL TUMORS 

OVerview and History 
Endocri11e tumo:rs of the paJ1creas iJ1 the Urtited States are rare, 
with an estimated iJ1cidence of 5 to 10 cases/ 1 million popula
tion aJmually. These tumors are 1000 to 2000 times more 
common iJ1 autopsy statistics, indicating that most are beJUgn 
and nonfunctional. Endocrine tumors of the pancreas vary 
greatly in the mode of onset, severity of symptoms, location, 
functionality, and malignant potencial.15 The incidence of malig
nancy in these tumors varies from approximately 10% in insu
WlOmas to almost l 00% iJ1 glucagonomas aJld somatostatinomas 
(see Table 40-1). On hematoxyw1 and eosin-stained sections, all 
pancreatic endocrine tumors look similar. MalignaJ1C)' is deter
mined by the presence or absence of metastases and immw1os
taiJung allows for the identification of the endocrine content of 
the cells (Fig. 40-4). Over time, they may vary significantly in 
secretion of hormone products and biologic aggressiveness. 
Although the tumor syndromes are classically attributed to pan
creatic islet ntmors, rumors are often found in extrapancreatic 
locations, such as the duodenum and peri pancreatic soft tissue. 
Almost all insulinomas, glucagonomas, aJld VTPomas arise from 
the pancreas, whereas most gastrinomas occur ill the duodenum. 
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FIGURE 40-4 Pathology of a pancreatic endocrine tumor stained 
positive for chromogranin, a neuroendocrine tumor marker. The chro
mogranin is cystoplasmic and stains brown. (Courtesy Dr. Christine 
lacobuzio-Donahue, Johns Hopkins University School of Medicine, 
Baltimore.) 

Stomatostatinomas are equally divided between the paJKreas 
aJ1d proximal small bowel. 

1l1e morbidity from paJlcreatic endocrine tumors is a result 
of both secretion of active gasaoimestinal hormones and the 
malignaJ1t potential. Secretion of hormones by functional 
tumors leads to the characteristic syndromes and physiologic 
derangements associated wid1 these rare neoplasms. Although 
multiple hormones may be produced by a single tumor, the 
syndrome is recognized and named for the clinical signs and 
symptoms associated with the predominaJlt endocrine agent. 

In 1908, Nichols described a paJ1creatic adenoma consist
ing of islet cell tissue. ln 1935, Whipple and Frantz were the 
first to report aJ1 association between a clinical syndrome and an 
islet cell tumor. They described hyperinsulinism and the associ
ated symptoms that became known as Whipple's triad- the 
appearance during fasting of neuroglycopenic symptoms of 
hypoglycenua, low blood glucose (<45 mg/dL), aJld relief of 
symptoms by the administration of glucose. Over the next 25 
years, additional syndromes associated with islet cell tumors 
were d escribed. ln 1942, Becker described a patient with severe 
dermatitis, aJlemia, and diabetes who also had an islet cell 
tumor; McGarvan later identified the cause of the syndrome as 
glucagon-secreti ng islet cdJ carcinoma of rhe pancreas. ln 1955, 
Zollinger and Ellison described rwo patients with a fulminant 
peptic ulcer diathesis, add l'Z'persecretion, and non-beta islet 
cell rumors of the pancreas. ' It was later detem"llned tl1ar the 
secretagogue was gas am. The fusr description of watery diarrhea 
and hypokalemia related to an islet cell nm1or was by Priest and 
Alexander inl957. In 1958, Verner and Morrison described two 
patients who died from refractory watery diarrhea and hypoka
lemia and an associated islet cell rumor. Later, this syndrome 
was clearly defined when patients witb this constellation of 
symptoms and islet cell tumors were fow1d to have high circulat
ing levels ofVTP. The development and refinement of sensitive 
radioirnmunoassay technjques in 1956 allowed for the detection 
of micromolar concentrations of circulating pep tides aJld greatly 
contributed to our understanding of these syndromes. 

m z 
0 
0 
Q 
z 
m 

http://www.myuptodate.com


950 SECTION VIII ENDOCRINE 

Transformation 
proliferatio n 

Malignant 
evolution 

Metastasis 

Growth factors ? 
++++ NGF, TGF-a 

bFGF, VEGF Large ILOHs 
3p-, 1p-, 18q-, 17p-, 8p
Loss of suppressor loci 
Apoptosis gene(s) 
Chromosomal instability 

Loss of adhesion 
(CD44, N-CAMs) 
Oncogene activation 
VEGF induction? 

Neuroendocrine cells 

t 
Inactivation of 
-MEN1 
-VHL 
- NF1? 
- TSC1 , TSC2 ? 
-Other genes (3p, 1 q) 

Loss of .. ? 
-WT-1 
-11q13 genes(s) 
- gene(s) on 3p 
- C-JUN 
- HER21NEU 
- Rb, HST-1 

Activation of RET 
in MEN2-related lesions Activation of 

INITIATION 

RET .. ? 
Other oncogene(s) 

metastatic 
endocrine cancer 

l 
Others 

FIGURE 40..5 Summary of the major events involved in tumor initiation, progression, and pathogenic mechanisms involved in metastasis. bFGF. 
Basic fibroblast growth factor; FHIT; fragile histidine triad; MEN 1, multiple endocrine neoplasia type 1; NF1, neurofibromatosis type 1 (neuro
fibromin); NGF; merve growth factor; PRAD-1, parathyroid adenoma-related protein; TGFa, transforming growth factor-a; TSCl, TSC2, tuberous 
sclerosis genes; \/EGF; vasculoendothelial growth factor; VHL, von Hippel-lindau genes. (From Calender A: Molecular genetics of neuroendocrine 
tumors. Digestion 62[Suppl1]:3-18, 2000.) 

Molecular Genetics of Islet Cell Tumors 
Similar to the adenoma-carcinoma sequence in colorectal cancer, 
tumorigenesis of islet cells and od1er neuroendocrine cells 
involves an accumulation of a number of genetic events, includ
ing activation of oncogenes and inactivation of tumor suppressor 
genes (Fig. 40-5). lb.is progression is distinct from that of pan
creatic adenocarcinoma. Mutations in the k-ms, p53, dpc4, niJ'C, 
fos, jun, src, and retinoblastoma (mainly RBI) genes are not seen. 
Transcriptional silencing is believed to play a role in islet cell 
tumorigenesis. More than 90% of gastrinomas and nonfunc
tioning neuroendocrine tumors had homozygous deletions or 
epigenetic silencing by 5' CpG island methylation.'7 Loss of 
heterozygosity (LOH) at chromosome llq is common in func
tional pancreatic endocrine tumors, whereas LOH at dJiomo
some 6q is associated with me development of nonfunctional 
tumors.18 One third of patients with sporadic pancreatic endo
crine rumors have allelic loss on chromosome loci 3p35, 3p27, 
and Ilpl3, suggesting that these loci encode tumor suppressor 
genes critical for the development of endocrine n1mors. This 
alJdic loss is associated with malignant clinical disea.se.1Q More 
than 90% of tlhese tumors demonstrate silencing of the tumor 
suppressor gene p16/MTS. Evers and colleagu~0 have shown 
ampl.ification of the proto-oncogene HER-2/neu, but not p53 or 
rrts in gastrinomas. Others have reported an increase only in 
aggressive tumors. 21 Studies of insulinomas have shown that the 
G protein G, has threefold great('"f expression in insulinoma 
when compared with normal islet cells, suggesting that it may 
be involved iJl unreguJared insulin secretion or tumorigenesis. 
Activation of tl1e myc oncogene, TGF-a, and rns genes may be 
early genetic events in insulinoma tumorigenesis. Loss of the sex 
chromosome {X in women and Y in men) has been identified 

in pancreatic endocrine tumors and appears to be associated 
with an aggressive phenotype. 

Although most pancreatic endocrine tumors occur sporadi
caLly, others can be associated with genetic syndrome.s. The most 
common genetic syndrome associated with pancreatic endocrine 
tlunors is multiple endocrine neoplasia type 1 (MENI). The 
syndrome is also characteri·t.ed by pancreatic endocrine tumors, 
parathyroid hyperplasia, and pituitary adenomas. Pancreatic 
endocrine tumors occur iJl 30% to 80% of patients with MEN l 
and arc the most common cause of tumor-related death in 
MEN 1 patients. MENI is caused by mutations or allelic dele
tions in the tumor suppressor gene, MEN!N, on chromosome 
llql3 and is inherited in an autosomal dominant fashion. 
Mutation or allelic deletion causes loss of ttunor suppressor 
function and predisposes patients to neoplastic growth in d1e 
parathyroid, pituitary, and pancreatic endocrine tissue. Patients 
with MEN !-associated pancreatic endocrine tumors rend to be 
younger (30 to 40 years old), more likely to have ma.lignanr 
disease, and more likely to have multicentric disease than 
patients with sporadic tumors. Approximately 50% of patients 
with MEN !-associated neuroendocrine tumors will present with 
metastatic disease.~ Gastrinomas are the most common func
tional pancreatic endocrine tumors occurring in MEN 1 patients 
(54% of functional MENI-associated tumors). PPomas, which 
are not associated wid1 a functional syndrome, occur most com
monly in more man 80% of MEN 1 cases. 

Management of patients with MENl and pancreatic endo
crine rumors requires recognition and staged treatment of associ
ated tumors. Patients suspected of having MEN I should w1dcrgo 
biochemical screening for gastrin, insulin and proi.nsulin, PP. 
glucagon, and chromogranin A (a tumor marker elaborated by 
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most pancreatic endocrine rumors). Hyperparathyroidism, if 
present, should be treated first because correction of hypercal
cemia will improve the outcome of treatment for the pancreatic 
endocrine tumor. 

Diagnosis 

Functional Pancreatic Endocrine Tumors 
lnsulinoma Insulinoma is the most common functioning tumor 
of the endocrine pancreas, with an incidence of I I 1 million 
popuJation anmmally in the United States. The average age at 
diagnosis is 45 years. Despite the predominance of beta cells in 
the body and tail of the pancreas, 97% of insuli.nomas are 
located in the pancreas, with equal distribution in the head, 
body, and rai l. The remaining 3% are located in rhc duodenum, 
splenic hilum, or gastrocolic ligan1enc. Insulinomas are typicaJly 
small, with an average size of 1.0 to 1.5 em. Because of their 
rich vascular supply, they are byperattenuating when compared 
with surrow1ding pancreatic tissue on contrast-enhanced com
puted tomography (CT) or magnetic resonance imaging (MRI; 
Fig. 40-6). 

The diagnostic hallmark of the syndrome is cl1e so-called 
Whipple's triad, nan1cly fasting- induced neuroglyopenic symp
toms of hypoglycemia (diaphoresis, shaking, mental confusion, 
obtundation, an.d seizures), low blood glucose levels (40 to 

50 mg/dL), and relief of symptoms after the administration of 
glucose. Many patients have had symptoms for years before 
diagnosis. 1l1e sympwm complex may vary among patients. 
Some have symptoms related to sympathetic nervous system 
overactivity in response to hypoglycemia, including fatigue, 
weakness, fearfulness, hunger, tremor, diaphoresis, and tachycar
dia. fn others, a central nervous system disturbance predomi
nates, with apathy, irritability, anxiety, confusion, excitement, 
loss of orientation, blurred vision, delirium, stupor, coma, and/ 

FIGURE 40.6 Three-dimensional spiral, pancreas protocol CT scan 
demonstrating a hyperattenuating 1.5-cm lesion in the tail of the 
pancreas (arrow) in a patient with a 4-year history of episodic symp
tomatic hypoglycemia. On 72-hour monitored fast, patients demon
strated symptomatic hypoglycemia and associated high insulin and C 
peptide levels in 22 hours. 
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or seizures. Patients wicl1 insulinomas often reporc a signi.6canc 
weight gain associated with the onset of symptoms as they com
pensate by eating frequently to prevent hypoglycemia. 

Whipple's triad can be emulated by other entities, includ
ing surreptitious administration of insulin or suJfonylurea com
pounds, rare sofr tissue tumors and, occasionally, reactive 
hypoglycemia. 1l1e diagnosis of insulinoma is usually made wicl1 
a monitored 72-hour fast. 1l1e fast is monitored for two reasons; 
the fust is to prevent life-threatening hypoglycemia and the 
second is to rule out the possibility of factitious hypoglycemia 
as a result of exogenous insulin adminjscration. L1sulin, glucose, 
proinsulin, and C peptide levels are measured every 6 hours w1tiJ 
the glucose level is lower than 60 mg/dL and then every 1 w 2 
hours, or until the patient becomes symptomatic. Proinsulin, 
the precursor peptide to insulin is secreted by insulinomas. 
Sinillar to their normal beta cell counterparts, proinsulin is 
cleaved into C peptide in the Golgi complex and reJeased into 
the bloodstream as functional insulin and the associated C 
peptide cleavage product. Exogenous insulin is already cleaved, 
so C peptide levels would be low in the setting of high insulin 
levels with surreptitious insulin administration. C peptide levels 
should be measured to confirm an endogenous source of insulin 
if there is any suspicion of hypoglycemia from surreptitious 
insulin injections. Urine should be checked for elevated sulfo
nylurea levels, suggesting surrepti tious administration of oral 
hypoglycemia agents. 

During the fast, approx.imately two thirds to three quarters 
of patients with insulinomas will experience hypoglycemic 
symptoms in the rust 24 hours, and 95% will experience symp
toms by 72 hours. An inappropriately high Level of serum insulin 
(>5 f.l U/mL) in the setting of hypoglycemia is highly suggestive, 
but not diagnostic of insulinoma, because tl1is may occur in 
hyperinsulinism from other causes. 1l1erefore, evaluating the 
insuJin-to-glucose ratio is also usefiLI. A ratio higher than 0.3 
occurs with insulinoma (f.lU/ mL of insulin/[mg/dL of glucose]). 
Less commonJy, a ratio of 0.3 can occur in the ohese patient as 
a result of insuJin resistance, but such patients should not be 
hypoglycemic. C peptide levels higher chan 1.2 ).lg/ml with a 
glucose level lower cl1an 40 mgldL are also highly suggestive of 
an insulinoma. Provocative testing is rarely indicated to confirm 
the diagnosis of i.nsulinoma and may cause dangerously pro
found hypoglycemia. When necessary, testing is performed in a 
carefully monitored setting with stimulation of insulli1 release 
using glucagon or tolbutamide and serial measurements of 
insulin and glucose levels. 

Castrinoma Ga.~rrinomas are the second most common func
tional pancreatic endocrine rumor, with an incidence of 1/2.5 
million population. 1l1e mean age of patients at diagnosis is 50 
years and they are slightly more common in men (60%). Gas
trinomas produce Zollinger-Eilison syndrome (ZES) because of 
islet cell tumor overproduction of gastrin, wbicl1 is normally 
synthe-sized by G cells located in cl1e antral mucosa of the 
stomach. 1l1e syndrome consists of hypergastri.nemia, subse
quent severe peptic uJceration and, often, severe diarrhea. TI1e 
cell of origin is not clear, because the normal adult pancreas has 
no gastrin-producing cells. 1l1e gastrin produced by islet cell 
twnors is not subject to the normal stimuJation by amino acids 
and peptidcs iJl the stomach or gastric distention. ln addition. 
these tumors are not suppressed by a high luminal pH and can 
be stimulated (instead of inhibited) by secretin. All gastrin om as 
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also produce cbromogranin A. leading to elevated serum levels 
and positive immunosta.ining (see Fig. 40-4). 

The main symptoms are those caused by peptic acid hyper
secretion, with abdominal pain being the chief complaint in 
about 75% of patients. Almost two thirds of patients have diar
rhea, and in 10% ro 20% diarrhea is the only symprom. A 
unique characteristic of this acid-induced diarrhea is that it is 
halted by nasogastric aspiration of gastric secretions, a feature 
that separates itt from all other secretory diarrheas. Most patients 
have peptic ulcers; duodenal ulcers are the most common, but 
jejunal ulceration may be found (both parierm in the original 
report by Zollinger and Ellison had jejunal ulcers). Approxi
mately one third of patients have signs and symptoms of gastro
esophageal reflux disease, and this number appears to he 
increasing. N inety percent of gastrinomas are located within the 
gasrrinoma triangle, bounded by the lines connecting the cystic 
duct, the j w1ction between the second and third portions of the 
duodenum, and the junction between the neck and body of the 
pancreas (Fig. 40-7). Gastrinomas are located in the duodenum 
in over 60% of patients. 11lere is a pronounced proximal to 
distal gradient within the duodenum, with most arising i.n the 
first portion and none in the fourth portion. 

ZES must be excluded i.n aU patients wirh intractable 
peptic ulcers, severe esophagitis, or persistent secretory diarrhea. 
1l1e diagnosis depends on the presence of hypergastrinemia in 
the presence of increased secretion of gastric acid. Most labora
tories have an upper lin"Lit of normal of 100 pg/mL for fasting 
levels of gastrin . Levels of 100 to 1000 pg/mL arc occasionally 
seen in non-ZES patients, and levels higher than lOOO pg/mL 
are higbly suggestive of gastrinoma, provided that the patient 
makes gastric acid. Patients with pernicious anemia and patients 
on PPTs can have very higb gastrin levels but make no gamic 
acid. All PPis should be stopped 2 weeks prior to testing gastrin 
levels to diagnose ZES. An elevated serum gastrin level coupled 
with a pH lower than 2 in the gastric aspirate is almost diagnos
tic of ZES. A gamic pH higher than 3 without acid-suppressing 
medkations or prior acid-redudJlg operations almost excludes 
ZES as the potential cause of hypergastrinemia Other 
causes of hypergastrinemia, which fall into two categories-

FIGURE 40-7 Anatomic triangle in which approximately 90% of 
gastrinomas are found. (From Stabile BE, Morrow OJ, Passaro E Jr: 
The gastrinoma triangle: Operative implications. Am J Surg 147: 
25- 3 1, 1984.) 

Table 40-2 causes of Hypergastrinemia 
HICH GASTRIC AOD OUTPUJ 

ZES (gastrinoma) 

Gastric outlet obstruction 

G cell hyperplasia 

Retained gastric antrum 

---------
NORMAL, LOW, OR NO GASTRIC 
ACID OUTPUT 
H2 receptor antagonist therapy 

PPI therapy 

Prior acid-reducing procedure 

Atrophic gastritis, pernicious 
anemia, gastric cancer, vitiligo, 
achlorhydria, vagotomy, renal 
failure 

hypergastrinemia associated with high and low gastric acid 
output-must be excluded (Table 40-2). lf the diagnosis is in 
doubt, the secretin provocation test is highly useful. ln this test, 
the fasting gastrin level is measured before secretin (2 fU/kg) is 
administered IV, and further samples for determination of 
gastrin are obtained 2, 5, 10, and 20 minutes after the admin
istration of secretin. An increase of more than 200 pg/mL i.n the 
gastrin value after administration of secretin is found in 87% of 
patients, with no false-positive results. False-negative results may 
be caused by the presence of HeLicobacter pylori. 

Once the diagnosis is established, acid secretion needs to 
be controlled to prevent complicarions and relieve symptoms_ 
The best results are adueved with PPls, but these often require 
dosing higher than that used for simple peptic ulcer or gastro
esophageal reflux disease. PPls have been shown to be safe and 
effective at !ugh doses and should be given at the dosage required 
to decrease gastric acid output to less than 5 mEq/hr. 

Castrinomas are sporadic in 75o/o of patients and are associ
ated with MENJ in 25%. It is important ro consider the diag
nosis of MEN! in patients with ZES, because 20% of patients 
with ZES have MEN-associated disease.11 These patients should 
be tested for hyperparathyroidism which, if present, should be 
treated first because it can comp~cate the management of their 
gastri.noma. 'll1e average age at onset is usua!Jy 5 to 10 years 
earlier with MEN-associated gastrinomas. Gastrinomas in 
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Table 40-3 Comparison of Clinical and Laboratory Olaraderistics of Patients With Gastrinoma (Benign or Malignant) 
Clinical Course (All Patients, %) 

CHARACTERISTICS* 
Percentage of pati.ents 

Initially with liver metastases 

liver metastases developing later 

Gender 

BENICNI 

76 

0 

0 

Predominantly male (68) 

21 

Long (mean, 5.9 yr) 

MALICNANfl 
24 

19 

5 

Predominantly female (67) 

Uncommon {6) 

Short (mean, 2.7 yr) 

MEM I at initial evaluation 

Time from onset to diagnosis 

Serum gastrin Ieveil 

Size of primary tumor 

Location of primary tumor 

Survival at 10 yr 

Moderately elevated (mean, 1711 pg/mL) 

Small {~ 1 em) 

Very elevated (mean, 5157 pg/ml) 

Large {>3 em) 

Primarily duodenum {66) 

Excellent (96) 

Primarily pancreatic (92) 

Poor (30) 

Row cytometry of tumor Low S phase (mean, 3.3) 
High percentage of nontetraploid aneuploid {32) 
Multiple stem line aneuploid rare 

High S phase (mean, 5.1) 
Low percentage of nontetraploid aneuploid 
Multiple stem line aneuploid frequent 

From Jensen RT: Gastrin-producing tumors. Cancer Treat Res 89:304, 1997. 

*All characteristics were significantly different (P < .0001) between the two groups. 

'The benign or nonaggressive course was not associated with the development of liver metastases (n = 140), whereas patients in whom the gastrinoma pursued a malignant 
or aggressive course had liver metastases at the initial evaluation (n = 36) or later, during follow-up (n = 9). 

INonnal serum gastrin level <100 pg/mL 

M ENl patients are more likely co occur in the duodenum and 
are more likely to bemultiple, complicating their management.n 25 

1he most common pancreatic endocrine syndrome seen in 
MENl patients is gastrinoma (54%), followed by i.nsu.llnoma 
(21 %), glucagon om a (3%), and YIPoma (1 %). Nonfunctioning 
PPomas are seen in 80% of patients with MENl. O f M EN! 
patients, 60% to 80% have duodenal gastrinomas, which are 
metastatic to the lymph nodes in 85% at p resentation. They 
tend not to metastasize to the liver, whereas sporadic tumors 
larger than 3 em tend to do so. 

It is believed that gastrinoma may take an aggressive or 
relatively benign clinical course (Table 40-3). 'TI1e aggressive 
form, seen in about 25% of all patients, is more frequent in 
women and those wi th MENl syndrome. The aggressive form 
is associated with larger pancreatic tumors, Liver metasta<;es, and 
worse long-term survival; 90°.4> of aggressive rumors are located 
in the pancreas. Their 10-year survival rate of 30% is in stark 
contrast to the 96% survival observed in patients with the non
aggressive form. The sal ient factors influencing prognosis in 
these aggressive tumors include Bver metastases, incomplete 
resection, and D NA flow cytometry showing a high index of 
aneuploidy?6 

VIPomas VIP is a small peptide normally found in the brain, G 
cells of the antrum, adrenal medulla, gut mucosa, pancreatic 
neurons, and D2 cells of the pancreas. VIPomas usually arise 
from pancreatic islet D2 cells and release high levels of VIP, 
producing the Verner-Morrison syndrome. This syndrome is also 
known as WDHA syndrome (watery m arrhea, hypokalemia, 
a chlorhydria) or pancreatic cholera Overall , these tumors are 
exceedingly rare, with an inciden ce of 111 0 rni.Uion population. 
Most patients are diagnosed with VIPomas at middle age but 
approximately I 0% of patients are diagnosed before the age of 
10 years. Elevated YIP levels in these young patients are most 

commonly caused by ganglloneuromas, ganglioblasromas, or 
neuroblastomas, instead of pancreatic rumors. More than rwo 
thirds are malignant {see Table 40-1) and at the time of presenta
tion more than 70% of patients have metastatic disease. Ninety 
percen t of lesions are found iJ1 the pancreas and 1 U% have been 
described iJ1 the colon, bronchus, liver, adrenal gland, and sym
pathetic ganglia. Tumors are generally solitary and are usually 
diagnosed when larger than 3 em. VlPomas are found in the 
pancreatic body and tail iJ1 75% of patients. Approximately l 0% 
of patients with VIPomas have MEN I. 

Superpbysiologic levels of VIP cause the symptoms asso
ciated with Verner-Morrison syndrome. 'TI1e diagnostic triad 
in Verner-Morrison syndrome is a secretory diarrhea, high 
levels of circulati.ng VIP, and a pancreatic tumor. Profuse, 
watery; iso-osmotk secretory diarrhea is the most common 
presentiJ1g symprom and may exceed a volume of 3 w 5 liters/ 
day. The diagnosis of VIPoma is lUilikdy if the stool volume is 
less than 700 mL/day. VIP acts directly on intestinal epithelial 
cells to activate adenylate cyclase, thus increasing cyclic ade
nosine monophosphate (cAMP) levels within colonocytes, 
which stimulares the hypersecretion of fluid into the lumen, 
resulting in watery diarrhea. Tbe diarrhea is further exacer
bared because cAMP inhibits sodium reabsorption and stimu
lates chloride secretion , causiJ1g iJ1creased. fl uid and electrolyte 
shifts into the intestinal lumen. The diarrhea persists despite 
fasting, which qualifies it as a secretory diarrhea and, despite 
nasogastric aspiration, which differentiates it from the diarrhea 
of ZES. Conditions to be considered in the differential diag
nosis arc laxative abuse, bacterial and parasitic diarrhea, carci
noid syndrome, which has an elevated level of 
5-hydroxyindoleacetic acid in urine, and ZES, which bas an 
elevated serum gastrin level. O f these, VIPomas alone show 
elevated levels of VIP; normal levels are lower than 200 pg/ 
m.L and VIPoma patiencs have levels ranging from 225 to 
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2000 pg/mL. Levels ofVIP should be measured after an over
night fast. 

Weight loss, crampy abdominal pain, dehydration, electro
lyte abnormalities, and metabolic acidosis (from Buld and bicar
bonate loss) are common with Verner-Morrison syndrome. 
Hypokalemia may be profound because patients can lose more 
than 400 mEq of pota-;sium/day, which may lead to distur
bances of cardiac rhythm and even sudden death in extreme 
cases. Almost 75% of patients have hypochlorhydria or achlor
hydria and decreased levels of magnesium and phosphorus are 
often present. The profound electrolyte abnormalities and dehy
dration need to be corrected prior to definitive surgical 
m anagemenr. 

Glucagonomas Glucagonomas are exceedingly rare, with an esti
mated incidence of l/20 million populationY They are two- to 
threefold more common in women. Compared with other pan
creatic endocrine tumors, they tend to be Larger, averaging 5 to 

10 em in size at the time of diagnosis. 1l1ese tumors almost 
always arise in the pancreas and 65°A) to 75% are found in the 
body or tail, corresponding to the normal distrihutioo of alpha 
cells in the pancreas. Glucagonoma~ are malignant in 50% of 
cases; 80% of patients with ma.Ugnant glucagonoma.s have Liver 
metastases at rrhe time of diagnosis. Most glucagonomas are 
sporadic; however, 5% to 17% are a-;sociated with MEN I. As 
with other pancreatic endocrine tumors, patients with MEN1-
associated glucagonomas tend to be younger and have more 
advanced disease at the time of diagnosis. 

The glucagonoma syndrome is a rare syndrome, with a 
classic preseJltation of the 4Ds: diabetes, dermatitis, deep vein 
thrombosis, and depression. It is also characterized by a severe 
catabolic state with weight loss, depletion of fat and proteiJl 
stores, and associated vitamin deficiencies. The syndrome was 
first described in 1942 by dermatologists who noted the relation
ship between pancreatic tumor and severe unrelenting dermati
tis. The characteristic skin lesion, a necrolyticmigrating erythema 
(Fig. 40-8), is noted in approximately two thirds of patients 
and often appears before other symptoms of the syndrome. The 
cause is believed to be severe amino acid deficiency, although 

trace clement deficiency and general malnutrition probably con
tribute. Parenteral administration of amino acids was found to 
result in the disappearance of the skin lesions.'.s The catabolic 
state induced by unregulated, hypersecretion of glucagon causes 
hyperglycemia, depletion of the circulatiJ1g pool of anuno acids, 
and depletion of far srores. Diabetes develops in 76% ro 94% 
of pati.ents with glucagonoma at some point during their illness, 
but is usually mild. 1l1e diagnosis of glucagonoma is establjshed 
by measuring glucagon levels; a fasting glucagon level higher 
tl1an 50 pmoi/L is considered diagnostic. 

Somatostatinomas Somatostatinomas are exceedingly rare, with 
fewer than 100 cases reported in the literature. The tumor was 
first described in 1977 in two separate reports. The full syn
drome of steatorrhea, diabetes me.llitus, hypochlorhydria, and 
gallstones was characterized in 1979.29 !nllibition of pancreatic 
enzyme and hom1one secretion by unregulated hypersecretion 
of somatostatin causes steatorrhea, diabetes, malabsorption, and 
d1oldithiasis caused by reduced gallbladder emptying.29 Because 
the symptoms arc nonspecific, the diagnosis of somatostatinoma 
is rarely made preoperatively. When suspected, the diagnosis can 
be confirmed by documenting an elevated fasting somatostatin 
level lligher than 14 mol/liter. 

Somatostatinomas are usually solitary and 85% are larger 
than 2 em. More than 600!6 are found in the pancrea~, usually 
tl1e head, with the remainder in the duodenum or elsewhere in 
tl1e small in testine. Patients are typically 50 to 60 years old 
at the time of diagnosis. Ninety percent arc malignant, with 
metastases to the liver or lymph nodes commonly noted at the 
time of diagnosis.30 Somatostatinomas are rarely associated with 
MENI but are associated with von Reckli11ghausen's disease and 
pheoduomocytomas. 

other Fundional Panaeatic Endoaine Tumors Pancreatic endocrine 
rumors that produce other hormones have been described, but 
are extremely rare. There have been case reports of pancreatic 
endocrine tumors that secrete gastrin-releasing factor (GRF), 
parathyroid hormone-related peptide (PTHrP), PP, ACTH, 
calcitonin, enteroglucagon, CCK, gastric inhibitory peptide, 

FIGURE 40-8 Characteristic necrolytic migrating erythematous dermatitis of the glucagonoma syndrome. A. Confluent patches with superfidal 
necrosis. B. Close-up showing serpiginous margins. (Courtesy Dr. Hugo V. Villar.) 
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luteinizing hormone, neurotensin, or ghrclin have also been 
described. GRFomas are invariably associated with MENl and 
only 30% arise i_n the pancreas. Patients with ACfH-secreting 
tumors have Cushing's syndrome and usually have other endo
crme syndromes, most commonly ZES. Usually malignant, neu
rorensinomas cause hypokalemia, weighr loss, hypotension, 
cyanosis. Aushing, and diabetes. PPomas are associated with bigb 
circulating levels of PP, but no associated clinical syndrome. 
Unless associated with MENl, they are large and solitary. Jn 
addition, elevated PP levels are often seen in other endocrine 
tumor syndromes. PP, neurotensin, and calcitonin-secreting 
tumors arc sometimes classi6ed as nonfunctional because the 
hormone products have little biologic consequence and rarely 
cause symptoms. 

Nonfunctional Neuroendocrine Tumors 
Of pancreatic endocrine tLtmors, 20% are nonfunctional, 
defined as a pancreatic tumor of endocrine origin, with no defin
able hormonal syndrome. Patients with nonfunctioning islet 
tumors arc Late in seeking help and finally do so because of 
symptoms of tun1or progression. At presentation, most tumors 
are malignant and have metastasized by the time of diagnosis. 
On microscopic examination, nonfunctional tumors do not 
appear different roan ffieir functional COLUlterparts; the endo
crine origin of these tumors is usually identified by positive 
Lmmnnostalning for chromogranin A or synaptophysin. 

Two thirds of nonfunctional pancreatic endocrine tumors 
are malignant and 60% to 80% of malignant tumors have 
metastasized to distant sites at ilie time of diagnosis. These 
tumors are typically larger than cl1eir fun ctional counterparts ( 4 
to 5 em versus l to 2 em, respectively) when initially discovered. 
Patients may present with abdominal paiJl and jaundice second
ary to compression of adjacent structures. This is particularly 
common with PPomas that occur predominantly within the 
head of the pancreas. 

Imaging and Localization 

Imaging Modalities 
Once me diagnosis of a fwtctional pancreatic endocrine tumor 
is made, cross-sectional imaging with Cf or MRI is the first step 
in localization. The sensitivity of dual-phase cr in the localiza
tion of funcdoning islet ccl.l wmors is 71% to 82%31 and is 
directly related to the size of the tumor. TI1e vast majority of 
noniJ1sulinoma or nongastrinoma pancreatic endocrme tumors 
will be identified on cross-sectional imaging. lnsulinomas and 
gastrinomas, wbich are smaller at presentation, are more difficult 
to localize. As a result, CT technique, including thinner collima
tion {1.25-mm cuts) and multiple-phase imaging, is critical co 
in1proving sensitivity of Cf for these sma!J lesions. Capturing 
the vascular blush in the arterial phase is critical for identifica
tion and differentiation from other types of pancreatic tumors 
(see Fig. 40-6), which is less pronounced in the venous phase. 
In addition, the use of water iJ1stead of oral contrast may assist 
in identifying small duodenal gastrinomas.32 

'The abiBty of MRI to demonstrate contrast between 
normal pancreatic parenchyma and small pancreatic endocrine 
tumors make iliis modality a useful primary technique for 
localization. As with CT, size is directly related to sensitivity. 
Pancreatic endocrine tumors den10nstrate low-signal intensity 
on Tl-weighte<l images and high-signal intensity on 
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T2-wc1ghted images. ln one large series of insulinomas, 
contrast-enhanced MRI identified all lesions larger than 3 em, 
50% of lesions 1 to 2 em, and no lesions smaller tl1an 1 cm.33 

1l1e overall sensitivity of MRI for detectmg pancreatic endo
crme tumors is 85%.34 

If unable to localize a pancreatic endocrine rumor on CT 
or MRI, endoscopic ultrasoLmd (EUS) should be performed. 
EUS has an overall sensitivity of93% for tumors of all sizcs.3536 

11us modality has a greater sensitivity whm compared widl cr 
and MRI for detecting tumors smaller than 3 em. Similar to Cf 
and MRI, however, EUS bas a llmited ability to detect small 
duodenal tumors, with a sensitivity of only 50% in this sctdng. 
EUS also allows for fine-needle aspiration (FNA) of rumors 
for a pailiologic diagnosis. This is especially useful for nonfunc
tional tumors without a classic cr appearance of pancreatic 
endocrme tumors. An FNA confirming a diagnosis of pancreatic 
endocrine tumor will dictate an aggressive approach, given the 
good prognosis of advanced pancreatic endocriJle tumors rela
tive to pancreatic adenocarcinoma. 

Another useful modality is somatostatin receptor scintigra
phy (SRS). ln tllis technique, 6 mCi of 111 ln-labelcd octreotidc 
is given TV. Body images are obtained wicl1 a gamma can1era at 
4 and 24 hours. The abundance of somatostatin receptors on 
certain types (but not aU) of pancreatic endocriJ1e tumors makes 
SRS a useful adjunct in localization, if tumors are not evident 
on Cf or MRI. Somatostatin receptors are present in more tl1an 
90% of gastrinomas; in contrast, pancreatic adenocarcinomas do 
not possess somawstadn receptors. They are also presem in a 
significant portion of glucagonomas and nonfuncrionmg endo
crine tumors. 1l1e sensitivity for SRS is over 80% for all pancre
atic endocrine tLllllors excluding insulinomas; it has an overall 
sensitivity of80% to lUU% and specificity higher than 9U% for 
gastrinomas. 'Tilis technique is also useful for detecting hepatic 
metastases from noninsutinoma endocrine tumors (Fig. 40-9). 
Although sensitive, SRS may not show the exact location of 
a tLllllor bm only indicates its general vicinity within a few 
centimeters. 

For smallmsulinomas and gastrlnomas that have not been 
identified with Cf, MRI, SRS (gastrinomas only), or EUS, 
angiographic techniques may be useful. Angiography will detect 
approximately 70% of insulin om as larger than 5 mm, showiJ1g 
a characteristic vascular blush that corresponds to the highly 
vascular nawre of iJ1sulinomas (Fig. 40-10). If standard radio
graphic techniques are llllsuccessful, portal venous sampling for 
msulin or gastrin levels, widl or without arterial stirnulation widl 
calcium or secretin injection, may allow localization to a region 
of the pancreas (bead, body, or tail) to a.id in operative planning 
(Fig. 40- ll). This tecllnique docs not absolutely localize the 
tumor, but provides accurate information on the region of tl1e 
pancreas from wluch the lligb levels of hormones are released. 
Arterial sdmulation by injecting calcilrm or secredn mto the 
celiac and superior mesenteric arteries can further increase the 
likeW1ood of localization with simultaneous portal venous sam
pling for appropriate hormone levels. Calcium sdmulates insulin 
release from insuUnomas, whereas secretin sti.mulates gastrin 
release from gastrinomas. Arterial stimulation venous sampling 
ha5 a sensitivity higher than 90%.37

.38 

In the unlikely event that preoperative swdies cannot local
ize the tumor, bJjnd exploration witl1 intraoperative ultrasolllld, 
combined with careful palpation and exploration of the entire 
pancreas and duodenum, will identify most tumors. Carrying 
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FIGURE 40-9 Comparison of a; MRI, and SRS in a patient with 
Zollinger-EIIison syndrome. Neither the CT sam (top) nor MRI (middle) 
localized a gastrinoma. SRS, however, showed a focus in the left lobe 
of the liver. At surgery, the patient had two 1-cm left lobe liver metas
tases and a small duodenal tumor (0.3-cm gastrinoma plus an adja
cent lymph node). This result demonstrates the enhanced sensitivity 
of SRS but also shows that it frequently misses small tumors. (From 
Norton JA, Jensen RT: Resolved and unresolved controversies in the 
surgical management of patients with Zollinger-EIIison syndrome. 
Ann Surg 240;757- 773, 2004.) 

out effective in-traoperative pancreatic ultrasound requlres com
plete mobilization of the pancreas. Duodenal gastri.nomas are 
usually difficult co localize preoperatively by any technique 
because of their small size. Small duodenal tumors may be seen 
iJl the operatiJ1g room using intraoperative esophagogastroduo
denoscopy. This transilluminates the duodenal wall and allow 
for the visualization of small submucosal n1mors. 

Localization 
lnsulinoma After the biochemkal djagnosis of i.nsulinoma (Fig. 
40-1 2) is made, CT or MRI should be performed. [f the tum orr 
is localized, the surgeon proceeds to resection. If not, EUS 
should be performed. If the tLLmor remains unlocalized, angiog
raphy with or wirhour sdmulation should be performed. Only 
in the event of all of cl1e above being negative should blind 
exploration and intraoperative ultrasound be performed. SRS is 
not useful for i.nsul.inomas. 

Gastrinoma For patients with biochemically confirmed ZES, the 
6rst step of the algorithm for localizing a gastrinoma (see Fig. 
40-12) should include cr. If CT fails to localize cl1e rumor, SRS 
should be perfomJed because almost aiJ gastri.nomas express 
somatostatin receptors. If not localized, EUS and/or MRI should 
be used to evaluate for small pancreatic lesions. If localization 
has still not been accomplished, angiography with or without 
stimuJation should be performed next. If not fow1d by ocl1err 
teclmiques, it may be reasonable to proceed with operative 
exploration to localize de6nitivdy and treat the tumor at the 
same operation. 

Other Endoaine Tumors V!Pomas, glucagonomas, and somato
statinomas are usually larger and easily localized by CT SRS can 
be performed if CT is not informative. Most nonfunctional 
neuroendocrine tumors are diagnosed initially by cr based on 
symptoms of abdominal pain or jaundice. 

Treabnent 
'TI1e treatment of endocrine ttunors is surgical, performed by 
open or laparoscopic approaches. In most cases, a partial pan
creatic resection is performed, such as pancreatic head resection, 
distal pancreatic resection, or enucleation. [n ope.n procedures, 
the incision is dictated by operator preference, either a midline 
incision from the xiphoid to below the umbilicus or a bilateral 
subcostal incision. The entire abdomen must be explored, with 
particular attention paid to possible liver metastases. Lf the 
tumor is not localized preoperarlvely, the entire pancreas needs 
to be mobilized. This is done by dividing the gastrocolic liga
ment from left to right, incising the posterior lining of the lesser 
sac along the inferior and superior margins of cl1e pancreas, and 
mobilizing cl1e C loop of the duodenum medjally with an exten
sive Kocher maneuver. The head of the pancrea~ is palpated 
carefully and examined anteriorly and posteriorly; cl1e body and 
tail of the pancreas are palpated, any ligamentous attachments 
to the spleen are divided, the spleen is delivered into the wound, 
and the tail is rotated anteriorly to allow palpation and 
visualization. 

Several groups of sttrgeons have shown the applicability of 
laparoscopy to endocrine pancreatic tumors, especially insulino
mas and nonfunctioning adenomas. 'TI1e ted1nique is particu
larly :applicable to small solitary benign islet tumors in me body 
and tail. As with open resection, the most common complica
tion is pancreatic fistula, most often seen after enucleation. 'TI1e 
usc oflaparoscopk ultrasound is vital and allows for the selection 
of the most efficient resection technique. 

Intraoperative ultrasonography is essential for islet cell 
tumors, especially inSLLlinomas and gastrinomas, that cannot be 
localized preoperatively. Higher resolution (7.5- to 10-MHz) 
transducers are used for the pancreas; because of its greater depth 
of penetration, a 5-MHz transducer is better for the liver. fsler 
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FIGURE 40-10 Arteriographic demonstration of an insulinoma. A. Selective injection into the specific dorsal pancreatic artery demonstrates the 
tumor precisely. B, lnsulinoma with triphasic enhancement on CT. The mass in the pancreatic body (arrow) demonstrates eariy and prolonged 
enhancement with washout during the portal venous phase; note that the maximal difference in enhancement between the tumor and normal 
pancreas occurs during the pancreatic phase (shown). (A from Edis AJ, Mcilrath DC, Ven Heerden JA, et al: lnsulinoma: Current diagnosis and 
surgical management. Curr Prob Surg 13:1-45, 1976; B from Ros PR, Mortele KJ: Imaging features of pancreatic neoplasms. JBR-BTR 
84:239-249, 2001.) 
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FIGURE 40-11 Transhepatic selective venous sampling of the portal 
vein and its tributaries for insulin. Venous insulin levels are greatly 
elevated in the distal splenic vein (shaded circle). Intraoperative ultra
sound and palpation of the pancreas failed to reveal an insulinorna. 
Distal pancreatectomy was performed on the basis of the portove
nous sampling gradient shown here, and the pathologists confirmed 
the presence of a 1-crn insulinorna. IMV, Inferior mesenteric vein; 
IPDV, inferior pancreaticoduodenal vein; PV, portal vein; SMV, superior 
mesenteric vein; SPDV, superior pancreaticoduodenal vein; SV, splenic 
vein. Insulin concentrations are given in J.!U/mL (From Norton JA, 
Shawker TH, Doppman JL., et al: localization and surgical treatment 
of occult insulinomas. Ann Surg 21 2:615~20, 1990.) 

tumors are detected as sonolucent masses, generally of unjform 
consistency. Several reports have attested to the high degree of 
accuracy ofintraoperativc ultrasound. 'TI1e color Doppler attach
ment allows the detection of adjacent vesseL~ and aids in identi
fication of the pancreatic ductal system, which shows up as a 
lucent tube without flow. [dencilication of the ductal system is 
useful to prevent pancreatic fistula formation. 

lnsulinoma 
Surgical resection is the mainstay of treatment and is the only 
curative option for insulinoma. After localization, surgical resec
tion ofinsulinoma is usually curative because most tumors tend 
to be small, benign, and solitary. Preoperativdy, it is important 
to prevem severe hypoglycemic anacks. Glucose infusions must 
be used in the perioperative period, especially when patients are 
taking nothing by mouth. Administration of diazoxide decreases 
beta cell release of insulin (usually 3 mg/kg/day, divided into 
two or three daUy doses) and should be used to prevent or 
attenuate symptoms of hypoglycemia prior to surgical interven
tion once the diagnosis is made. 

Once a tumor has been identified intraoperatively, cl1e loca
tion should corrdate with preoperative localization smdies. Lf 
not. multiple lesions need to be considered. Because more cl1ar1 
90% of insulinomas are berugn, enucleation is usually preferred, 
when possible, to preserve functional par1ereatic mass. Enucle
ation should not be performed if the nuuor is within 2 mm of 
the main pancreatic duct, which can be identified on intraopera
tive ultrasound. In aU enucleations, careful dissection is neces
sary to avoid entry into the main pancreatic duct. Resection via 
djsral parKrcatectomy, central parKreatectomy, or par1Creatico
duodenectomy may be necessary for rumors abutting the main 
par1creatic duct or for large rumors. Many surgeons advocate 
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Suspected insulinoma 
(Whipple's triad) 

Suspected gastrinoma 
(ZES) 

72 hour monitored fast Stop PPI for 2 weeks, send gastrin levels 
+1- secretin stimulation test 

Evaluate other causes 
of hypoglcemia 

+ +. 
Localize rumor 

Pancreas protocol CT 

Evaluate other 
causes 

,_ 
t 

Surgical resection 
(enucleation, pancreatectomy, 
duodenal resection, debulking 

as appropriate) 

Somatostatin receptor scinitigraphy 
(gastrinoma only) 

r 
EUS t t + 

+ 

Surgical exploration with 
intraoperative US +1-

duodenotomy, duodenal exploration 
ontraoperative EGO (gastrinoma) 

- Angiography +1- stimulation 

placement of a Silasric drain adjacent to the enucleation sire to 

control any leak of pancreatic secretions postoperatively. lnsuli
nomas are well suited for laparoscopic resection or enucleations. 
More extensive pancreatic resections for malignant tumors arc 
best resected through an open approach. ln the rare case in 
which the rumor cannot be localized with preoperative or intra
operative techn i.ques, bUnd resection of any part of the pancreas 
is not recommended. 

When no tumor can be identified , biopsies should be taken 
from the pancreatic tail to evaluate for nesidioblastosis. A revival 
of imercst in adult ncsidioblascosis has suggested a noninsulin
oma pancreatogenous hypoglycemia syndrome.39 1l1ese rare 
cases appear co resemble nesidioblasrosis in neonates. The 
number of confirmed cases is low but, rarely, surgeons may need 
to consider empirical distal pancreatecromy. 

Life expectancy should be normal after the complete exci
sion of a benign insulinoma More extensive resections are 
required for complete excision of malignant insulinomas and for 
patients wirb MEN I or multifocal disease. 1l1c:: lO% of patients 
with hyperinsulinism who have MEN l syndrome have multiple 
islet tumors, one of which is usually domi11ant and responsible 
for the excessive insulin output. 1l1ese are probably best managed 
by resecting tbe area of the pancreas that shows the L1ighcst 
insulin output on selective porrovenous sampw1g or selective 
intra-arterial calcium challenge. However, MEN 1 patients may 
require a combination of partial pancreatic resection-distal 
pancreatectomy or pancreaticoduodenectomy--and enucleation 
for multiple Lesions in the pancreas. In general, total pancreatec
tomy is not indicated for insulinoma 

FIGURE 40-12 Algorithm for biochemical evaluation, 
localization, and management of insulinomas and 
gastrinomas. 

Tumor de bulking in the setting of metastatic disease results 
in a 95o/o biochemical cure rate because some residual disease 
may not be functional.40 Persistent hyperinsulinism after surgery 
for metastatic islet cell nunors may be managed with somatosta
tin analogues, by hepatic artery tumor embolization, by diazox
ide, or by srreptozotocin plus 5-Ruorouracil. Somatostatin 
analogues can help control symptoms. A recently developed 
somatostatin analogue, lanrcotide, remains biologicalJy active 
for up to 2 weeks following a single injection and controls 
symptoms as well as octreotide, which must be given three times 
daily. The side effects of diazoxide arc rare and include fluid 
retention and hirsutism. With streptozocin and 5-fluorouracil, 
white blood cell ru1d platelet counts must be monitored carefully. 
Ten patients at the NTH with metastatic insulinoma had a 
varict:y of clinical findiJ1gs, from hepatic to lymph node metas
tases; 9 of the 10 had prolonged survival.41 

Even with metastatic disea.~e. the median survival following 
resection is approximately 5 years. Streptozotocin, with or 
without 5-Auorouracil, is associated witb in1proved smvival in 
metastatic pancreatic endocrine tumors. 

Ciastrinoma 
Although gasrrinomas have a high rate of malignancy, they are 
more likely to be cured than cancer of any other abdomimtl 
viscera. Operative treatment of gasrrinomas is indicated when 
curative resection appears possible based on preoperative imaging 
or for palliative cytoreduction for symptom control. 'The pres
ence or absence of malignru1t disease is the most important 
prognostic indicator. The goals of surgery are twofold, 
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potentially curative resection of d1e primary wmor and preven
tion of malignant progression. 

Every attempt is made to localize the tumor before surgery 
(see earlier). Gastric secretion is controlled during the peri opera
tive period with oral or parenteral PPls. If not localized preop
eratively, finding tumors in the pancrea~ may be difficult, bm 
finding duodena:I tumors is more difficult. Exploration includes 
the entire abdomen, from the undersurface of the diaphragm to 
the pelvic floor, with particular anention paid to the liver, right 
subhepatic and paraduodenal area, and pelvic cul-de-sac and 
ovaries. The entire small bowel and colon are examined carefully, 
with the surgeon looking for lymph nodes in the mesentery or 
attached to the wall of the bowel The emire pancreas should be 
mobilized to allow for thorough palpation and intraoperative 
ul tra~ound. 1l1e surgeon should carefully inspect the gastrinoma 
triangle (sec Fig. 40-7) to confirm the location of the tumor. 
Intraoperative ultrasound should be routinely performed to 
identify smaiJ pancreatic lesions or liver metasta~es. Transillumi
nation of the duodenwn with intraoperative endoscopy may 
help identify small submucosal lesions. After transillumination 
of the duodenum with intraoperative endoscopy, the duodenal 
wall can be gently palpated between the surgeon's fingers througb 
a 3-cm duodenottomy on the anterolateral surface of the second 
portion of the duodenum, allowing for the detection of gastri
nomas smaller than 1 em. Duodenotomy will detect 25% to 
30% of tumors not seen on preoperative imaging. 

We have fow1d small primary gastrin om as free in the small 
bowel mesemcry, adjacem to the duodenum, in the wall of d1e 
stomach, above me confluence of the right and left hepatic 
ducts, and as a cystic tumor attacl1ed to the lesser curvature of 
the stomach. Gastrinomas have been reported iJ1 the ovary and 
colon. Any suspicious nodules are excised and sent for frozen 
section biopsy. 

Enucleation of gastrinomas should be reserved for small 
well-encapsulated wmors in the pancreas. Large unencapsulated 
lesions deep within the gland may require segmental resection, 
including distal pancreatectomy or pancreaticoduodenectomy. 
Pancreaticoduodenectomy may increase disease-/Tee survival in 
patients with MEN l because, following local excisio11, recurrent 
tumors are most commonly found in the duodenumY·42

•
43 ln 

5% to 8% of cases, the surgeon is unable to local.ize a gasrrinoma 
intraoperatively.« In this case, blind pancreatic resection is not 
indicated. Detailed iJ1spection of peripaocreatic, periduodenal, 
and portohepatic lymph nodes should be performed because 
resection of grossly positive lymphatic spread may increase 
disease-free survival. Unfortunately, with long follow-up, almost 
50% of patients initially free of disease show symptomatic or 
biochemical (i.e., a positive secretiJl test result) recurrence by 
5 years. 

More man 50% of patients with gastrinomas have meta
static disease at !(he time of diagnosis. Tream1e11t of metastatic 
disease has undergone serial changes but is still unsatisfactory. 
Radiation therapy and chemotherapy are largely ineffective. The 
combination of doxorubicin, streptozotodn, and 5-BuorouraciJ 
has a low, temporary response rate, but i.s highly toxic and has 
no impact on survival. Chemoembolization or radiofrequcncy 
ablation of hepatic metastases may be effective iJl reducing 
tumor burden wid1in d1e Hver. Sinillarly, ocueotide and 
interferon-a are associated with few temporary and partial 
responses. Surgical treatment of distant metastases by debulking 
appears to be useful, and some patients with solitary localized 
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metastatic disease have prolonged postoperative disease-free 
survival. 

For patients wid1 unresectable, symptomatic metastatic 
disease, treatment should focus on symptom control (i.e., reduc
tion of acid production). Pharmacologic control of acid secre
tion wjth PPis ha~ rendered rota! gasrrecromy and od1er surgical 
acid-reducing procedures unnecessary. Symptoms are controiJed 
in more than 90% of patients, startiJ1g wi.tb dosages of 60 to 
80 mg pantoprarole daily, alcl1ough higher dosages may be 
required. Efficacy can be demonstrated by measuring basal acid 
output (BAO); PPI dosage should be titrated to keep BAO lower 
than L 0 mEq/hr {or <5 mEq/br if the patiCJlt had a prior acid
reducing procedure). One of the few remaiJling indications for 
total gastrectomy in patients with ZES is me presence of gastric 
carcinoid tumors, which may arise from prolonged hypergastrin
cmia. However, gastric carcinoids occur in fewer than 10% of 
patients with MEN1 and ZES; cl1us, gastrectomy is rarely 
required. Gastrectomy may also be indicated for patients who 
are unable to tolerate PPis and cannot acllieve acid secretion 
control duough otber means. Total gastrectomy cures all symp
toms produced by excessive acid but has no effect on survival 
for metastatic disease. Octreotide, used to decrease gastrin release 
and subsequent acid secretion, is rarely effective without concur
rent PPI use. 

The role of routine surgical exploration for resection or cure 
in patients wjth ZES has been controversial since the original 
description of this disease in 1955, especially because medical 
therapy of acid hypersecretion is so effective. L1 a report of L5 L 
patients operated on between 1981 and 1998, 123 of whom had 
sporadlc gastrinomas and 28 had ZES-MENl, the overall LO
ycar survival rate was 94%; 34% of patients with sporadic gas
trinomas were free of disease at 1 U years, whereas none of the 
ZES-MEN L patients were free of disease.45 A later study by the 
same group compared outcomes in 35 nonsurgical patients and 
160 patients who underwent resection. The two groups did not 
differ in clinical, laboratory, or tumor imaging results. At surgery, 
94% had a ttm1or removed, 51% were cured immediately, and 
41% were cured at last follow-up. Signi£cantly more nonsurgical 
patients developed liver metastases (29% versus 5%), died of any 
cause (54 versus 21 %), or died a disease-related death (23% 
versus 1 %). Disease-specific survival at 15 years was 98% for 
operated and 74°.-fJ for unoperated patients. 1l1e conclusion from 
these and other studies is that all patients with me sporadic form 
of ZES, without metastati.c disease, need to be offered surgical 
exploration. The role of surgery in patients with MEN-associated 
ZES remains less clear. 

'TI1c best predictor of survival for patients with gastrinoma 
is me preserlce of liver metastases, whereas lymph node metas
tases arc not predictivc.46 Patients with bulky metastatic disease 
have a 5-year survival lower than 50%, whereas 90% of patients 
without metastases are alive after 5 years. Resection of aU gross 
disease and metastases may provide palliation of symptoms and 
may prolong survival. Norton and coUeagues15 have reported 
5-year survival rates of almost 1 OOo/o for patient without liver 
metastases. Patients who had no synchronous liver lesions but 
developed them metacbronously bad a 5-year survival of almost 
l 00% and a I 0-year survival rate of 80%. FiJlally, patient~ pre
sentmg with synchronous liver metastases had a 5-ycar survival 
rate of approximately 45o/o. Aggressive surgical therapy is indi
cated, because patients have been known to live more than 20 
years with residual disease. 
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Other Functional and Nonfunctional Endocrine Tumors 
The treatment ofVIPomas begins with aggressive preoperative 
hydration and correction of electrolyte abnormalitie.~ and acid
base disturbances. Octreotide is commonly used preperatively to 
reduce diarrhea volume and facilitate fluid and electrolyte 
replacemem. If diarrhea persists despite ocrreotide therapy, addi
tion of a glucocorticoid may be helpful. 

Patients with glucagonomas have typically lost a significant 
amount of weight and lean body mass. Treatment begins with 
medical therapy to improve their nutritional condition, with 
supplemental enteral nutrition in excess of basic caloric needs. 
Octreotide is often required in conjunction with enteral nutri
tion to reverse the catabolic state. IV infusions of amino acids 
may be required to reverse symptoms and improve dermatitis. 
Prophylaxis against thromboembolism should be instituted early 
during hospitalization to prevent perioperative deep vein throm
bosis and pulmonary en1bolism, which occur commonly and are 
significant causes of morbidity and mortality in these patients. 
'T11ere is tittle necessary in the way of specific preoperative prepa
ration for somatostatinomas and nonfunctional endocrine 
tumors. 

Resection is the treatment of choice for VIPomas, gluca
gonomas, somatostatinomas, and nonfunctional pancreatic 
endocrine tumors and remains the only curative option. Because 
these tumors tend to be invasive, simple enucleation is often 
iDadequate and partial pancreatic resectioD is usually recom
mended. Unfortunately, the frequent presence of synchronous 
metastases may make complete excision impossible. Palliative 
resection of recurrences and metastatic foci may be helpfuJ to 
control symptoms, but improven1ent in overall SLtrvival is 
unlikely. In a review of the literature, 86% of VIPomas were 
resected and 23% of patients died of disease from 12 to 52 
months after diagnosis or surgeryY Other forms of therapy for 
metastatic disease have been used anecdotally, induding hepatic 
artery embolization, radiofrequency ablation, l.iver transplanta
tion, radioactive octreotide, chemotherapy, aDd cryotherapy. 
Adjuvant chemotherapy has not been shown to be beneficial. 

Following resection, 5-year survival for patients wirh glu
cagonoma is almost 85% if no metastases are present. f ive-year 
survival is approximately 60o/o in patients with metastatic 
disease.48 Daca.rrbazine is uniquely effective against glucagonoma 
as compared with other pancreatic endocrine tumors, and com
plete remissio11 has been reponed in several cases.49 'I11e overall 
5-year survival for nonfunctional pancreatic endocrine tumors 
is approximately 50%.50 

SUMMARY 
The endocrine cells of the pancreas are located within the islets 
of Langerhans, which are dispersed throughout the pancreas. 
'T11e role of hormones produced by the islet cells can be Sllm
marized as the reguJation of total body energy, largely achieved 
by hormonal control of carbohydrate metabolism. Insulin is the 
hormone of energy storage and glucagon is the hormone of 
energy release. Insulin stores energy by decreasing blood glucose 
levels, increasing protein synthesis, decreasing glycogenolysis, 
decreasing lipolysis, and increasi11g glucose transport into cells 
Glucagon acts in a counterregLLlatory fashion, releasing energy 
by increasing blood glucose levels via stimulation of glycoge
nolysis, gluconeogenesis, and lipolysis. 

Tun10rs of any of these ceUs may secrete a number of hor
mones, serially or simultaneously. The syndromes produced are 

named for the peptide whose symptoms predominate. Thus, the 
endocrine pancreas may produce insulinomas, glucagonomas, 
somatostatinomas, VIPoma.s, PPomas, or gastrinomas. Islet cell 
tlunors can also be nonfunctional. All pancreatic endocrine 
tLunors are rare (estimated at -5 cases/] mill.ion population/ 
year), so rime is required ro develop logical strategies for treat
ment. Management of these tun1ors has undergone evaluation, 
but surgical management remains the mainstay of treatment and 
the only curative option for all pancreatic endocrine tumors. 'T11e 
presence or absence of metastatic disease is the primary deter
minant oflong-term survival. Long-term survival is almost more 
than 90% for resected benign endocrine tun1ors. Although long
term survival is lower with metastatic endocrine rumors of the 
pancreas when compared with benign lesions, metastatic endo
crine tumors have a better prognosis than pancreatic adenocar
cinoma. An aggressive surgical approach to these tumors, often 
with debuJking, is indicated. 
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Norton JA: Neuroendocrine tumors of the pancreas and duodenum. 
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the surgical management of endocrine tumors of the pancreas and 
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Norton concludes that almost all these tumors can be located and that 
aggressive surgical management is highly beneficial. Localizing plus 
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improved ZES cure rates. 

Norton ]A. Jensen RT: Resolved and unresolved controversies in the 
surgical management of patients with Zoll inger-EIIison syndrome. 
Ann Surg 240:757-773, 2004. 

In this extensive review, two of the leading authorities on ZES evaluate 
the signal controversies in surgical management They report that the 
cure rate in patients with ZES and MEN1 is low without pancreaticoduo
denectomy, but that the final role for this resection is not yet dear. In 
patients with the sporadic form of ZES, cure rates of 34% at 10 years 
for local resection favor an aggressive approach. They confirm division 
of ZES into benign and malignant (24%) forms. with long-term suNival 
rates of 30% in the malignant form (usually associated with hepatic 
spread) to 96% for the nonaggressive group. They note that total gas· 
treaomy should be reserved only for some patients with aggressive 
gastric card ood tumors. 

Orci L: Macro- and micro-domains in the endoc1im: pancreas. Dia
betes 31:538-565. 1982. 
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In this 1981 Banting Lecture, Orci summarizes 2 decades of his work 
on the histomo!phology and cytomO!phology of islets; the subcellular 
organization of the beta cell in the biosynthesis and release of insulin, 
cellular environment of beta cells, and cross-talk between beta and 
neighboring islet cells are discussed. The illustrations alone invite the 
reader into a new world with, for example, electron micrographs showing 
freeze fracture replicas across the Golgi apparatus of a B cell. 

Pban GQ. Yoo CJ, Hruban RH, et al: Surgical experience wid1 pan
creatic and peripancreatic neuroendocrine tumors: Review of 125 
patients. J Gasrroinresr Surg 2:473-482, 1998. 

This artide reviews the outcomes of 125 patients undergoing resection 
for pancreatic endocrine tumors; 48% had nonfunctional tumors and 
52% had functional tumors, of which 55% were insulinomas, 36% were 
gastrinomas, 5% were VIPomas, 3% were gfucagonomas, and 1% were 
AGHomas. Tumors were benign in 48% of patients and malignant in 
52%. The overall 2-, 5-, and 10-year actuarial survival rates were 82%, 
65%, and 47%, repectively. The 5-year survival for patients with func
tional tumors '"'as 77% compared with 52% for those with nonfunctional 
tumors and 91% and 49% for benign versus malignant tumors. 

Yardanyan M, Parkin E, Gruessner C, et al: Pancreas vs. islet trans
plantation: A call on d1e future. Curr Opin Organ Transplant 
15:124-130, 2010. 

This review compares whole pancreas transplantation to allogeneic islet 
cell transplantation for type 1 diabetes. The authors condude that the 
major benefit of pancreas transplantation is the reversal of diabetes 
improvement of diabetes complications. Although the procedure requires 
major surgery and lifelong immunosuppression, it remains the gold 
standard for patients with type 1 diabetes who do not respond to con
ventional therapy. Allogeneic islet transplantation is a promising alterna
tive, but patient outcomes remain less than optimal and significant 
progress is required for this procedure to be considered a reliable 
therapy. 
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THE ADRENAL GLANDS 
M ICHAEL W. YEH AND QuAN-YANG DoH 

HISTORY 

ANATOMY AND EMBRYOLOGY 

NORMAL HISTOPATHOLOGY 

BIOCHEMISTRY AND PHYSIOLOGY 

ADRENAL INSUFFICIENCY 

DISEASES OF THE ADRENAL CORTEX 

DISEASES OF THE ADRENAL MEDULLA 

OTHER ADRENAL DISEASES 

TECHNICAL ASPECTS OF ADRENALECTOMY 

HISTORY 
1he adrenal glands were first described by the Italian anatomist 
Bartolomeo Eustacbj in 1563. 1he German comparative anato
mist Albert von KOlliker (1817-1905), who noted the presence 
of the adrenals in a number of vertebrate species, is credited with 
first identifying two distinct portions of the adrenal gland, the 
cortex and the medulla. Although Thomas Addison described 
the clinical features of primary adrenal failure in 1855, it was 
not tmtil almost a century later that the adrenal hormones were 
fuiJy isolated and characterized. Adrenaljne (or epinephrine) was 
first isolated from adrenal extract at the turn of the century. 
Steroid hormones were crystallized from cortical extract (cortin} 
by Swiss and American investigators in the 1930s, but their 
highly similar chemical structures made isolation of the indi
vidual compow1ds challenging. Edward Kendall, Tadeus Reich
stein, and Philip Hench jointly received the 1950 Nobel Prize 
in Physiology or Medicine for their groundbreaking work on the 
adrenocortical hormones. TI1e Austrian-born endocrinologist 
Hans Selye first described the stress response in man1J11als in 
1936 and made major contributions to the understanding of the 
hypothalamic-pituitary-adrenal (HPA) axis. Roger Guillemin, 
Andrew Schally, and Rosalyn Yalow were awarded the Nohd 
Prize in Physiology or Medicine in 1977 for characterizing the 
peptide hormones of the brain that underlie the HPA axis as we 
now understand it.1.2 

ANATOMY AND EMBRYOLOGY 

General and Developmental Aspects 
The adrenal glands are paited, mustard-colored structures 
positioned superior and slightly medial to the kidneys in 
the retroperitoneal space (Fig. 4 1-1). They are flattened and 

roughly pyramidal (right) or crescent-shaped (left), weighing 
approximately 4 g ead1. The adrenals are among the most highly 
perfused organs in the body, receiving 2000 mUkg/min of 
blood, after only the kidney and thyroid. ln most respects, the 
cortex and medulla can be considered as two completely distinct 
organs that happen m colocalize during developmenr. The two 
portions have disparate embryologic origins. 'TI1e primordial 
cortex arises from the coelomic mesodermal tissue near the 
cephalic end of the mesonephros during the fourth to fifth week 
of gestation. Biosynthetic activity can be detected as early as 
the seventh week. Cortical cell mass dominates the fetal adrenal 
at 4 months of development and steroidogenesis read1es is 
maximum during dte third trimester. The adrenal medulla arises 
from the ectodermal tissues of the embryonic neural crest. !t 
develops in parallel with the sympathetic nervous systen1. begin
ning in the fifd1 to sixd1 week of gestation. From their original 
position adjaceJlt to cl1c neural tube, ncu ral crest cells migrate 
ventrally to assume a para-aortic position near the developing 
adrenal cortex. There, they differentiate into chromaffin cells 
cl1at make up the adrenal meduUa. 

This course of embryologic development yields certain sur
gically relevant sequelae. Both cortical and meduJlary tissue can 
be found ar extra-adrenal sires (Fig. 4 1-2). 1he range ofporential 
s.ires is wider for chromaffin tissue thru1 for cortical tissue. Pheo
chromocytomas may arise in extra-adrenal sites more commonly 
than previously believed (see later). When extra-adrenal, pheo
chromocytomas are also termed paragangliomas. 

Relationships 
11le right adrenal gland abuts the posterolateral SLtrface of the 
retrohepatic vena cava. 'TI1e right adrenal fossa is bounded by 
the right kidney inferolaterally, diaphragm posteriorly, ru1d bare 
area of the liver anterosuperiorly. The left adrenal glrutd lies 
between the left kidney and aorta, with its in ferior limb extend
ing farther caudad toward the renal hilum than the right adrenal. 
1he other relationships of the left adrenal gland are the dia
phragm posteriorly and the rail of the pancreas and splenic 
hilum anteriorly. Each adrenal glru1d is enveloped by its proper 
capsule, in addition to sharing Gerota's fascia wirh the kidneys. 
The adrenal capsuJes are immediately associated with the peri
renal fat. 

Vasallature 
Knowledge of the macroscopic vascular anatomy of the adrenal 
glru1ds is essential to proper surgical management. lt is impor
tant to concepwaljze that although the arterial supply is diffuse, 
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FIGURE 41 -1 Anatomy of the adrenal glands. A, left and right adrenal glands in situ. 

the venous drainage of each gland is usually solitary. The arterial 
supply arises from three distinct vessels- the superior adrenal 
ar teries from the inferior phrenic arteries, small middle adrenal 
arteries &om the juxtaceliac aorta, and inferior adrenal arteries 
from the renal arteries. Of these, the inferior is the most promi
nent and is commonly a single identifiable vessel. TI1e left 
adrenal vein is approximately 2 em long and drains into the left 
renal vein after joining the inferior phrenic vein. The right 
adrenal vein is typically as short as it is wide (0.5 em) and drains 
directly into the vena cava. 1hls configuration presents a surgical 
challenge that will be discussed in more detail later in this 
d1apter. In up to 20% of individuals, the right adrenal vei.n may 
drain into an accessory right hepatic vein or into the vena cava, 
at or near the confluence of the vein. Vigilance about this variant 
and others (Fig. 41-3) may reduce the likelihood ofintraopcra
tive venous hemorrhage during a right adrenalectomy. 

NORMAL HI.STOPATHOLOGY 
'The correx is approximately 2 mm thick and comprises more 
than 80% of the mass of the gland. It is made up of three layers 
(Fig. 41-4). 1he outer zona glomerulosa is a thin layer of rela
tively small cells with moderately eosinophilic, lipid-poor cyto
plasm. It has an undulating inner border and nom1ally does not 

form a complete circumferential layer. Most of the adrenal 
cortex is formed by the zona fasciculata, a middle layer com
posed of long radial columns oflarge, dear, lipid-laden cells. The 
inner zona reticular.is is made up of small nests of compact 
eosinophilic cells. 1l1e adrenal medulla consists of dusters and 
shore cords of chromaffin cells, which ate large, polyhedral, and 
packed with basophilic secretory granules. Cated10lamines 
within these granules yield a brown-colored reaction when 
treated with d1romium salts, giving the cells their name. [n 

contrast to the cortex, the adrenal medutla is richly endowed 
with autonomic nerve fibers and ganglion cells. Sympathetic 
fibers synapse directly with the chromaffin cells, constituting an 

interface between the nervous and endocrine systems. 
The microvasculature of tl1e adrenal gland functionally 

unifies the cortex and medulla. The adrenal arteries arborize 
exteJlSivdy before entering the capsule to fom1 a subcapsular 
plexus. Blood Aows centripetally through capillaries in the zona 
glomerulosa and zona fasciculata before forming a deep plexus 
within the zona reticularis. From there, steroid-enriched post
capillary blood enters the medulla, where cortisol drives expres
sion of phenylerhanolamine N-methyl transferase (PNMT). 
PNMT is responsible for the conversion of norepinephrine ro 
epine phrine. This microvascular arrangement is essentially a 
portal system berween the cortex and medulla. 
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FIGURE 41- 1, cont'd B, Relationships of the left adrenal gland. C:. Relationships of the right adrenal gland. 
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FIGURE 41-2 Sites of extra-adrenal cortical and medullary tissue. 

BIOCHEMISTRY AND PHYSIOLOGY 

Adrenal Steroid Biosynthesis 
Adrenal steroid biosynthesis begins with the transport of 
cholesterol to the inner mitochondrial membrane by the 
steroidogenic acute regulatory protein (StAR; Fig. 41-5). 
Cholesterol then undergoes a series of oxidative reactions cata
lyzed predominantly by membrane-associated enzymes 
belonging to the cytochrome P450 (CYP) family. Cleavage of 
the cholesterol side chain yields the hormonally inactive com
pound pregnenolone, the immediate precursor to the adrenal 
steroid hormones. Serial oxidation by CYP 17 converts preg
nenolone and progesterone into the major adrenal sex 
steroids, dehydroepiandrosterone (DH EA) and androstene
dione. Additional enzymatic steps confined to the gonads 
genera'te testosterone, estrone, and estradiol from androstenedi
one. Oxidation of 17-hyd.roxyprcgnenoloneby 3~-hyd.roxysceroid 
dehydrogenase (3~-HSD), followed hy action ofCYP21A2 and 
CYPII BJ yields cortisol, the active glucocorticoid hormone in 
humans. Aldosterone is generated by the oxidation of corticos
terone by CYPIIB2 "vithin the zona glomerulosa. CYP17 

m z 
0 
0 

~ 
z 
m 

http://www.myuptodate.com


966 SECTION VIII ENDOCRINE 

Right hepatic vein 

Kidney 

A 

Right hepatic vein 

Kidney 

c 

Middle and left 
hepatic veins 

-H-....,1-- Territory of 
potential venous 
confluence 
(multiple veins 
may be present) 

Inferior 
vein vena cava 

Territory 

IVC/renal vein 
"trifurcation" 

Middle and left 
hepatic veins 

Adrenal 
vein 

Right hepatic vein 
Middle and left 
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FIGURE 41 -3 Variations in right adrenal vein anatomy. A. Territory of potential right adrenal vein confluence. B, Normal (>80%); single vein 
directly into the inferior vena cava (NC). C. IVC-renal vein trifurcation. D, Renal vein confluence. 

expression is confined to the zona fasdculata and zona reticu
laris, accounting for the synthesis of glucocorticoids and adrenal 
sex steroids in these regions. 

Steroid Hormone Physiology and Metabolism 
Steroid hormones belong to a general class of low-molecular
weight, lipophilic signaling molecules that act by entering cells 
and binding to intracellular receptors. 'TI1is group of hormones 

also includes thyroid hormone, retinoids, and vitan1in D. 
Hom10ne binding results in alterations in gene expression that 
show a delayed and prolonged response when compared with 
changes induced by peptide hormones, which act by binding to 
cell surface receptors. In the circulation, endogenous steroid 
hormones arc largely botmd to hjghly specific binding globuliJlS. 
Serum levels of these proteins-and hence free hormone levels
can be altered by certain physiologic and disease states such as 
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G 
FIGURE 41 -3, cont 'd E. High single vein into the IVC. F, IVC-right hepatic vein trifurcation. G, Right hepatic vein confluence. 

pregnancy, nephrotic syndrome, and cirrhosis. Metabolism of 
endogenous and pharmacologic steroids generally proceeds via 
hydroxylation, sulfonation, and/or conjugation to glucuronic 
add in the liver, followed by urinary excretion. The regulation 
and physiologic actions of individual steroid hormones are dis
cussed here. 

Glucocorticoids 
The release of corticotropin-releasing faccor (CRF) into the 
hypothalamic-pituitary portal system by hypothalamic neurons 

results in adrenocorticotropic hormone (ACTH) secretion by 
the anterior pituitary. ACTH binds to a G protein-coupled 
receptor on the adrenocortical cell surface and stimulates gluco
corticoid secretion. Steroidogenesis is acutely upregulated via 
increased StAR-mediated cholesterol transport and pregneno
lone synthesis by CYP llAl. ACTH is released in a pulsatile 
faslcion that normally displays a circadian rhythm. The highest 
levels of ACTH, and thus cortisol, arc generally detected on 
waking, with levels gradually declining throughout the day co 
reach a nadir in the early evening. This pattern must be 
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A .. 

~Capsule 

FIGURE 41-4 Nonnal adrenal histopathology. A. low-power view 
showing the adrenal cortex (C) and medulla (M). 8, Medium-power 
view demonstrating individual layers of the adrenal cortex. The thick
ness of the zona glornerulosa varies along its length (H&E). (Courtesy 
Dr. Anthony Gill.) 

considered when evaluating patiems for glucoconicoid defi
ciency or excess. 

Glucocorticoid hormones have broad-ranging effects on 
almost all organ systems in the body. As a rule, they generate a 
catabolic state that characterizes the body's response to stress. 
The hormones are so named because they cause alterations in 
carbohydrate, protein, and lipid metabolism that have the net 
effect of iJKreasing blood glucose concentrations. Hepatic 
glucose output is elevated by the upregulation of gluconeogen
esis and net glycogen deposition occurs. Glucose uptake by 
peripheral tissues .is directly inhibited. Glucocorticoids stimu
late lipolysis with release of free fatty acids into the circulation 
and a general state of insuUn resistance is induced, resulting in 
protein catabolism. Fatty acids and amino acids serve as energy 
sources and substrates for gluconeogenesis. In the cardiovascu
lar system, glucocorticoids exert a permissive and enhru1cing 
effect on catecholamine signaliJlg by sensitizing arterial smooth 
muscle cells to P-adrenergic stumtlation and increasu1g 
catecholamine concentrations in neuromuscular junctions. 

Cardiac contractility and peripheral vascular tone are thus 
maintained, explaining why the hemodynamk collapse that 
accompanies acute adrenal insufficiency can be remedied by 
glucocorticoid administration. 

G lucocorticoids are potent anti- inflammatory and il1m1u
nosuppressive agems. Acutely, glucocorticoids reduce circulating 
lymphocyte and eosinophil counts while increasi11g neutrophil 
counts. Lymphocyte apoptosis is promoted, cytokine and immu
noglobulin production are decreased, and histamine release is 
supp1·essed. G lucocorticoids also reduce prosraglru1djn symhesis 
via inhibition of phospholipase A2. 

Mineralocorticoids 
Aldosterone release from the zona glomerulosa is principally 
regulated by angiotensin If ru1d the blood pota'>Sium level. The 
renin-angiotensin-aldosterone axis is responsive to sodium deliv
ery to the distal convoluted tubule of rile kidney. Low soruttm 
delivery, which occttrs in states such as hypovolemia, shock, 
renal artery vasoconstriction, and hyponatremia, stimulates the 
release of renin from the juxtaglomerular apparatus. TI1e pro
hormone angintensinogen is synthesized by the liver ru1d is 
cleaved to inactive angiotensin I by renin. Further cleavage of 
ru1giotensin I by angiotensin-converting enzyme il1 the lungs 
and elsewhere yields angiotensin II, a potent vasoconstrictor and 
stimulator of aldosterone release. Hypokalemia reduces aldoste
rone release by suppre.'>Sing renin secretion and also by acting 
djrecdy at the w na glomcrulosa. Hyperkalemia has tl1e opposite 
effect. 

Aldosterone regulates circulatiJ1g fluid vohune ru1d electro
lyte balance by promoting sodium and cbJoride retention by the 
distal tubule. Potassium and hydrogen ion are secreted into tbe 
urine. Acutely, expansion of the extracellular fluid volume and 
a rise ill blood pressure are observed after aldosterone illfusion. 
Negative feedback occurs primaril)' via an increase in soditml 
delivery to the rustal tubule, suppressing renil1 release. 

Adrenal Sex Steroids 
Secretion of the adrenal androgens androstenedione, DHEA, 
and DHEA-S (the sulfonated derivative of DHEA, synthesized 
in the adrenal and Uver) is regulated by ACTH and other mcom
pletely understood med1a1Usms. Of rhe three, androstenedione 
is produced in the smallest quru1tities. 1l1e physiologic effects of 
adrenal sex steroids are generally weak in comparison to the 
gonadal sex steroids, particularly u1 males. In females, peripheral 
conversion of DHEA and DHEA-S to more potent androgens, 
including ru1drostenedione, testosterone, and dihydrotestoster
one, supports normal pubic and axillary hair growth, and may 
play :a role il1 maintaining libido and a sense of well-being. 

Catecholamine Biosynthesis and Physiology 
Synthesis of catecholan1ines in the adrenal medulla begiJ1S witl:t 
the hydroxylation of tyrosine, a rate-limiting step that generates 
dihydroxyphenylalaniJ1e (l.rdopa) u1 the cytosol (Fig. 41 -6). 
Decarbox)'lation of L-dopa generates dopanune, which is then 
P-bydroxylated to form norepinephrine. EpinephriJ1e is created 
by tbe action of PNMT, whid1, tmlike the other enzymes 
involved iJ1 catecholanline synthesis, is localized to the chromaf
fin cells of the adrenal medulla and organ of ZuckcrkandL 
Sympathetic stimulation of tbc adrenal medLLIJa results iJl the 
release of stored catecholanlines ulto the circulation. Basal levels 
of adrenal catecholamine secretion are normally low, altl10ugh 
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FIGURE 41-5 Adrenal steroid biosynthesis. Reactions confined to the zone 
glomerulosa are shaded turquoise and those confined to the zonae tascicu

lata and reticularis are shaded orange. Human mineralocorticoids are indi

cated in yellow, glucocorticoids in green, and sex steroids in blue. 
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FIGURE 41-6 Catecholamine biosynthesis and metabolism. Synthetic steps are shaded orange and degradative steps are shaded turquoise. 
Major catecholallllines are indicated in green and major metabolites in yellow. 

large (up to 50-fold) increases in levels may be observed in 
response to major physiologic or psychological stressors. Target 
tissue responses are mediated by a.- and ~-adrenergic receptors. 
O'rAdrenergic receptors display greater affinity for norepineph
rine compared with epinephrine, and d)e opposite is true for 
J3-adrenergic receptors. Stimulation ofJ31-adrenergic receptors in 
the myocardium results in increased heart rate and contractility. 
Stimulation of J32-adrenergic receptors results in smooth muscle 
relaxation iJl tissues such as the uterus, bronchi, and skeletal 
muscle arterioles. a.1-Adrenergic receptors mediate vasoconstric
tion in tissues such as the skin and gastrointestinal tract. 

0.~-Adrenergic receptors exist in presynaptic locations in the 
central nervous system, where they mediate attenuation of sym
pathetic outflow. The net effect of adrenal catecholan1ine release 
is to augment blood flow and oxygen delivery to the brain, heart, 
and skeletal muscle, which are essential to the fight-or-flight 
response, at the expense of other organ systems. 

Catecholamine Clearance 
CatccholamiJles are potent and short-acting compounds, with a 
plasma half-life of approximately 1 nlinute. Their prese11ce in 
synapses and the circulation exhibits tight negative regulation 
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Table 41-1 Properties of Endogenous and Commonly Used Pharmacologic Glucocorticoids* 

COMPOUND IV/PO[*) 
Cortisol= hydrocortisone Both 

Cortisone PO 

Prednisone PO 

Prednisolone PO 

Methylprednisolone Both 

De.xamethasonerJ Both 

*Oral and intravenous dosages are similar. 

'Does not cross-feact with the cortisol assay. 

COMMON TRADE NAME 
Corte! (P01 
Solu-Corte (IV) 

Medrol (POl 
Solu-Medro (IV) 

Decadron 

by reuptake and degradation. Degradation pathways merit some 
discussion because they generate the metabolites commonly 
measured in the biochemical evaluation of pheochromocytoma 
(see later). Epinephrine and norepinephrine are inactivated by 
one or both of the enzymes monoan1ine oxidase {MAO) and 
cated1ol-O-methyl transferase (COMT; see Fig. 41-6). Initial 
methylation by COMT yields metanephrine and normetaneph
rine, which can be detected in plasma and urine. Their relatively 
stable plasma levels, wbid1 contrast wi th the high-amplitude 
fluctuations seen in plasma epinephrine and norepinephrine 
levels, make them amactive diagnostic rnarkers.3 TI1e sequemial 
action of MAO and COMT generates the major final product, 
vanillylmandelic acid (VMA). Catecholamine metabolites are 
excreted in the llliinc, sometimes after sulfonation or co11jugation 
to glucuronic acid in the liver. 

ADRENAL INSUFFICIENCY 

Types of Adrenal Insufficiency 

Primary Adrenal Insufficiency (Addison's Disease) 
Originally described iJl patients with tuberculous destruction of 
the adrenal glands, this rare disease presents with weakness and 
fatigue, anorexia, nausea or vomiting, weight loss, hyperpigmen
tation, hypotensEon, and electrolyte disturbances {hyponatremia 
and hyperkalemia). Hypcrpigmcntation, previously believed to 

be caused by elevated levels of POMC and its cleavage prod
uct alpha-melanocyte-stimulating hormone (a-MSH) is now 
believed to result from ACTH-induced melanogenesis.4 Hor
monal insufficiency caused by intrinsic adrenal disease arises 
from three general mechanisms--congenital adrenal dysgenesis/ 
hypoplasia, defective steroidogenesis, and adrenal destwction. 
Of these, adrenal destruction from autoimmune causes is the 
most common, followed by infectious adrcnalltis (e.g., tubercu
lous, fungal. viral), adrenal replacement by metastatic rumor, 
and adrenal hemorrhage (\'<1aterhouse-Friderid1sen syndrome 
[WFS)). The latter occurs in the setting of septicemia caused by 
meningococcal or other organisms and is more common in 
pediatric and asplenic patients. 

Secondary Adrenal Insufficiency 
Secondary adrena.l insufficiency is a relatively common disorder 
resulting from ACTH deficiency, often occurring in the setting 
of pharmacologi:c steroid withdrawal. Patients receiving high 

DAILY PHYSIOLOGIC DOSE 
RELATIVE POTENCY (MG) DOSING INTERVAL 

l x 20 q8-12h 

O.Sx 25 q8-12h 

4x 5 q24h 

4x 5 q24h 

Sx 4 q24h 

25x q24h 

supraphysiologic doses of glucocorticoids {more thru1 the equiv
alent of20 mg prednisone daily; see Table 4 1- 1) for more than 
5 days and those receiving low supraphysiologic doses for more 
than 3 week~ arc at risk for HPA axis suppression. Surgical cure 
of Cushing's syndrome {see later) similarly results in glucocorti
coid withdrawal. The rate of recovery from HPA axis suppression 
varies in accordance with the duration and severity of previous 
glucocorticoid excess, and the need for glucocorticoid supple
mentation may last several years.5 Other less common causes of 
secondary adrenal insufficiency include panhypopituitarism 
caused by neoplastic or infiltrative replacement, granulomatous 
disease, and pituitary hemorrhage or infarction. Pituitary infarc
tion may occur in the setting of severe postpartum hemorrhage 
(Shcehru1's syndrome). 

Adrena l Insufficiency in the Critically Ill 
Studies have suggested that critically ill patients with sepsis or 
systenuc inflammatory response syndrome (SIRS) may be 
affected by acute reversible dysfunction of the HPA axis. The 
incidence of the disorder is approximately 30% in critically iU 
patients, although dus figure may be higher in those with septic 
shock. Whecl1er these patients incur increased mortality because 
of adrenal insufficiency remains to be defined. Proposed medla
nisms of reversible HPA axis dysfu11ction include adrenal ACTH 
resistance and decreased responsiveness of target tissues to glu
cocorticoids. Glucocorticoid supplementation in septic patients 
has been the topi.c of at least 14 randomized controlled trials. 
Among these studies, there appears to be an inverse relationship 
between survival benefit and glucocorticoid dose, with physio
logic {i.e., replacement) doses yielding a median relative survival 
benefit of 1.33 and high supraphysiologic doses demonstrating 
signiJlcam harm. Although the data remains controversial, evi
dence has suggested tbat patiems with vasopressor-dependem 
septic shock may benefit &om 5- to 7 -day courses of glucocor
ticoids in the dosage range of 400 mg/day or less of hydrocor
tisone or equivalenr.6 

Adrenal Crisis 
Acute adrenal insufficiency, or adrenal cnsts, is a life
threatening condition tbat typically occurs in individuals with 
already marginal adrenocortical function who arc subjected to 

a significant acute physiologic stressor, such as infection or 
trauma. Sudden and complete loss of adrenal function, as 
occurs with WFS and certain hypercoagulable states, cru1 also 
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manifest with adrenal cns1s. Clinlcal findings include sh ock, 
abdominal pain , fever, nausea and vomiting, electrolyte distur
bances and, occasionally, hypoglycemia. Mineralocorticoid 
deficiency, resulting in an inabili ty to maintain sodium and 
intravascular vo lume, is tbe primary pathogenetic mechanism, 
although diminished cardiovascular responsiveness ro carechol
amines caused by glucocorticoid defici ency also plays a role. 
'The treatment of adrenal crisis centers arow1d large-volume 
(>2 liters) N resuscitation with isotonk saline and glucocorti
coid administration in the form of hydrocortisone {lUU mg 
N every 6 to 8 hours) or dexan1ethasone {4 mg N every 
24 hours). Dexamethasone is long-acting and catries the 
advanmge of not im erfering with biochemical assays of 
endogenous glucocorticoid production. Ironically, mineralo
corticoid replacement is not an early priori ty, because the 
sodium- and fhLid-retaining effects of mineralocorticoids do 
not manifest until several days after administration. Fluid and 
electrolyte balance can be rapidly achieved by saline infusion. 

Diagnosis and Treatment 

Diagnosis 
As is true for most endocrine d isorders, the diagnosis of adrenal 
insufficiency depends on maintaining sufficient cl.inical suspi
cion for the disease. The clinical manifestations have been dis
cussed earlier. Surgeons are most likely to encounrer patients 
with adrenal in sufficiency iJl the intensive care un it, trauma 
suite, or operaling room when treating patients witb steroid
dependent chronic illnesses. Routine and provocative biochemi
cal testing is necessary to confirm the diagnosis (Fig. 41-7). 1l1e 
first step is to document inadequate cortisol production, wlucb 
can be done by measuring morning levels of cortisol in the 
serum or saliva. In most patients, morning serlllll cortisol con
centration higher than l5 J,.lg/dL or morning salivary cortisol 
concentration lugher than 5.8 ng/mL effectively excludes 
adrenal insufficiency. Patients whose levels fall helow these 
thresholds should undergo provocative testing. A leigh-dose 
cosyntropin stimulation test is performed by administering 
250 f..lg cosyntropin and measuring serum cortisol levels 30 to 
60 rninutes later. A positive test (i.e., a stimulated cortisol level 
lower than 18 J.lg/dL) is strongly suggestive of adrenal insuffi
ciency. After the diagnosis of adrenal insufficiency has been 
made, a morning ACTH level is determined to differentiate 
between prin1ary and secondary adrenal insufficiency. 

Treatment 
1l1e treatment of adrenal crisis has been discussed. 1l1e goal of 
maintenance therapy for chronic adrenal insufficiency is to 
replace physiologic glucocorticoid and mineralocorticoid levels. 
Daily adult cortisol production is in tbe range of 10 to 20 mg, 
which caJl be replaced by the long-acting, orally bioavailable 
agent prednisone at a dosage of 5 mg/ day. Typical mineralocor
ticoid replacement consists of Audrocortisone, 0.1 mg/day. 
Commensurate increased dosages of glucocorticoids are needed 
during periods of miJ1or and major physiologic stress, such as 
mild infections (minor) and trauma, significant infections, 
burns, or elective surgery (major). 

Perioperative Steroid Administration 
Recommendations concerning glucocorticoid administration 
durin g elective surgery have been based primarily on 

Suspected 
adrenal insufficiency 

1 
8 AM serum or salivary 

cortisol 

Serum cortisol S15 ~1g/dL ~r 1 
salivary cortisol s5.8 ng/m~ 

I 
Adrenal insufficiency 

possible l 

Serum cortisol > 15 ~tg/dL or 
salivary cortisol >5.S ng/ml 

t 
Adrenal insufficiency 

unlikely 

250 1!9 ACTH (cosyntropin) 
stimulation test 

Post cortisol <1 8 ~1g/dl 

l 
Adrenal insufficiency 

possible l 

Post cortisol ~18 ~1g/dl 

1 
Adrenal insufficiency 
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FIGURE 41-7 Algorithm for the diagnosis of adrenal insufficiency. 
The adequacy of cortisol production is initially assessed with morning 
cortis<>l level measurement. Patients with low or borderline values 
undergo provocative ACTH stimulation testing, with serum cortisol 
levels measured before and 30 to 60 minutes after the administration 
of ACTH. Failure to mount an adequate response to ACTH usually 
establishes the diagnosis of adrenal insufficiency. The cause of 
adrenal insufficiency is then investigated with a morning ACTH level 
meas'lJrement. 

w1co.ntrolled retrospective studies. 1l1e need for supraphysio
logic doses of glucocorticoids in this setting has generally been 
overstated. Patients with secondary adrenal insufficiency caused 
by cluonic glucocorticoid treatment for autoinm1une or inflam
mato ry conditions have a 1 o/o to 2% risk of hypotensive crisis 
witho ut perioperative glucocorticoid coverage. To prevent this 
rare but hazardous complication, chronic glucocorticoid users 
should, at the least, be maintained on their usual glucocorticoid 
dosage throughout the perioperative period. Supplementation 
above this level should be givell in short courses according to 

the guldcJjnes Jjsred in Table 41-2.7 Patients undergoing unjlat
eral adrenalectomy should only be given supplemental glucocor
ticoids if the underlying diagnosis is C ushing's syndrome. 

http://www.myuptodate.com


Table 41-2 Perioperative Glucocorticoid Regimens for Patients 
With Secondary Adrenal Insufficiency* 
DEGEREE OF 
SURGICAL 
STRESS 

Minor 

Moderate 

Major 

EXAMPLES 

Procedures under local 
anesthesia, most 
outpatient 
proc~dures •. inguinal 
hem1a repa1r 

Routine abdominal, 
peripheral, vascular, 
or orthopedic 
surgery 

Resection of 
gastrointestinal 
cancer, 
cardiopulmonary 
bypass 

DAILY 
GLUCOCORTICOID 
DOSE 

Hydrocortisone, 25 mg 
or equivalent 

Hydrocortisone, 
SQ-75 mg or 
equivalent 

Hydrocortisone, 
10D-150 mg or 
equivalent 

Adapted from Salem M, Tainsh RE Jr, Bromberg J, et al: Perioperative glucocorti
coid coverage. A reassessment 42 years after emergence of a problem. Ann Surg 
219:416-425, 1994. 

*Caused by chronic pharmacologic steroid use. 

DISEASES OF THE ADRENAL CORTEX 

Primary Hyperaldosteroni.sm 

Epidemiology and Clinical Features 
Primary hyperaldosteronism, the unregulated release of excess 
aldosterone from one or both adrenal glands, was first described 
by Jerome Conn in 1954. Primary hyperaldosteronism classi
cally presents with resistant hypertension and hypokalemia, 
although studies have revealed that most patients may be nor
mokalemk, depending on the population screened. Hypokale
mia is likely a manifestation of severe or late-stage disease. The 
prevalence of primary hyperaldosteronism has been the topic of 
considerable debate. It was generally believed to affect approxi
mately l % of !hypertensives. Widespread application of the 
aldosterone-to-renin ratio (see later) as a screening test in certain 
centers has led to reports of a 10% to 40% prevalence of primary 
hyperaldosteronism among hypertensive patients.8 There is some 
consensus that d1ese higher figures reflect strong referral bias, 
and that the actual prevalence in unselected hypertensive patients 
is Likely to be 7% or less. Nonselective use of the aldosterone
to-renin ratio to identi fy patients with p rimary hyperaldosteron
ism is known ro decrease the fraction of patients with surgically 
correctiblc disease (unilateral aldosteronoma) significantly, 
although the absolute number of surgically treatable cases has 
increased.9 

The mean age at diagnosis for primary hyperaldosteronism 
is approximately 50 years and the disease has a slight male pre
dilection. Most patients are asymptomatic, although patients 
with significant hypokalemia may complain of m uscle cramps, 
weakness, or paresthesias. Patients typically have moderate to 

severe hypertension that is refractory to medical therapy. It is 
common for thel!ll to require rwo to four anti hypertensive medi
cations. Responsiveness ro spironolactone may be seen, a feature 
that is predictive of a good response to surgical treatment. 

Primary hyperaldosteronism is a potentially curable cause 
of significant cardiovascular disease. A study comparing 124 
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FIGURE 41-8 d assic canary yellow a ldosteronoma. 

_ Tabl~-3 causes of Primary Hyperaldosteronism (0/o)* __ 
Screening 

CAUSE SELECTM NONSELECTIVE 

Aldosterone-producing adenoma 60 30 

Bilateral adrenal hyperplasia 
(idiopathic hyperaldosteronism) 

35 65 

Aldosterone-producing <1 <1 
adrenocortical carcinoma 

Familial hyperaldosteronism 

Type 1 (glucocorticoid-remediable 
aldosteronism) 

<1 <1 

Type 2 (non-glucocorticoid- <1 <1 
remediable aldosteronism) 

*Rates of spedfic pathologies are highly dependent on the pattern of screening 
(selective versus nonselective). 

subjects with biochemically confirmed primary hyperaldoste
ronism with hypertensive controls matched for age and systolic 
blood pressure has revealed that prinlaf)' hyperaldosteronism is 
associated wid1 a significantly increased risk of stroke, myocar
dial infarction, atrial fibri llation, and left ventricular hypertro
phy. 10 These results add to existing evidence indicating char the 
adverse cardiovascular sequelae of primary hyperaldosteronism 
arc more pronounced than those caused by blood pressure eleva
tion aJone. Successful removal of an aldosteronoma leads to 

regression of many of these adverse physiologic changes. 
The most common causes of primary hyperaldosteronism 

are unilateral aldosterone-prod ucing adenomas (aldosterono
mas; Fig. 41-8) and bilateral adrenal hyperplasia (also termed 
idiopnthic hyperaldosteronism; Tahle 41-3). In the past, aldoster
onoma was present in more than 60% of cases, but this 
number has decreased substantially as nonselective screening 
with the aldosterone-to-renin ratio has been applied. This phe
nomenon may reflect increased detection of hyperplasia, 
which is characterized by milder biod1emical abnormalities 
than aJdosteronoma. 

Diagnosis and Localization 
Biod!emi(al Diagnosis l11e goal of diagnostic testing is to identify 
and lateralize aldosteronomas. TI1ere is some consensus that 
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biochemical screening should be performed in all patien.ts with 
hypertension and unexplained hypokalemia, as well as those 
with hypertension sufficiemly resistant to medical therapy to 
warrant investigation for secondary hypertension. Establishing 
the diagnosis of primary hyperaldosteronism begins with deter
mining rhe ratio of plasma aldosterone concentration ro plasma 
renin activity {expressed here as ng/dL divided by ng/ [mL • hr]; 
Fig. 41-9). This test should be performed after discontinuation 
of interfering medications, such as spironolactone, angiotensin
converting enzyme {ACE) inhibitors, diuretics, and ~-adrenergic 
blockers. Variable cutoff values have been used in the literature, 
but a value of 30 yields a sensitivity of approxin1atcly 90%.11 A 
subset of pariems with essenrial hypertension will have sup
pressed renin levels, which may result in false elevations uf the 
aldosterone-to-renin ratio. 111lls, the inclusion of an absolute 
aldosterone concentration higher than 15 mg/dL increases the 
specificity of initial screening. Patients who test positive and are 
younger than 30 years should be genetically screened for 
glucocorticoid- remediable aldosteronism {familial hyperaldoste
ronism type I), especially if they have a family history of early
onset hypertension. 111is rare autosomal dominant condition 
results in abnormal regulation of aldosterone synthesis by ACfH 
and can be medically treated. 

Confirmatory biochemical testing is aimed at demonstrat
ing inappropria tely high {nonsuppressible) aldosterone levels by 
creating a state of hypervolemia-sodium excess. This is done 

with IV saline loading (2 to 3 liters of isotonic saline given over 
4 to 6 bours, followed by measurement of plasma aldosterone) 
or oral salt loading {200 mEq = 5000 mg sodium dai ly over 3 
days, followed by meaStLrement of 24-hour urine aldosterone 
excretion). Some centers adroiJlister higb-d ose Budrocortisone 
{0.1 mg every 6 hours) during oral salr loading ro increase the 
specificity of suppression testing, but this method bas not been 
widely adopted. 

localization After the diagnosis has been confirmed, localization 
is performed with anatomic imaging, selective venous sampling, 
and sometimt-'S fwlCtional scanning. 'TI1e fact that roost aldoste
ronomas are smaller rhan 15 mm in maxinluro dimension poses 
some challenges to localization. 1l1i.n-cut (3-mm) adrenal com
puted tomography (CT) scanning is the preferred initial local
ization test (Fig. 41-10). 

The next step in the localization algori thm is selective 
adrenal venous san1pling (AVS). 'TI1is test relies on the simultane
ous measurement of cortisol and aldosterone levels in the 
peripheral circulation and left and right adrenal veins {Fig. 
41-1 1). More than a fivefold elevation of the cortisol concentra
tion in a sample relative to peripheral bloud indicates successful 
cannulation of an adrenal vein (positive control) . .Lateralization 
is indicated by an unbalanced ratio of aldosterone to cortisol in 
the left and right adrenal veins, with the ratio on one side being 
fourf<lld higher than the o ther to idemi~r the culprit gland. 

Ratio<30 
PACJPRA Discontinue interfering 

medications' 

Suppression of 
urine a ldosterone 

l Ratio>30 

24-hr urine free a ldosterone 
Urinary potassium excretion 
Oral or IV sodium loading 

~ No suppression 

Probable primary 
hyperaldosteronism 

I 

' Thin cut adrenal CT 

Unilateral adrenal mass > 1 em, 
normal contralateral adrenal, 

age $40 years 

Nonlateralizing CT 
Consider for age >40 years 

,.~~-----•• Adrenal vein sampling 

I Conside~ repeat 
testmg 

' Failed study 

Observation, 
consider repeat testing 

if suspicion remains 

Nonlateralizing 
(bilateral adrenal 

hyperplasia) 

Medical 
management 

Lateralizing 
(aldosteronoma) 

l 
Adrenalectomy 

' Including spironolactone, ACE inhibitors, diuretics, f)-blockers. 

FIGURE 41 -9 Algorithm tor diagnosis, localization, 
and management of primary hyperaldosteronism. 
Initial screening is done with the PRA/PAC ratio 
being determined, followed by confirmatory 
testing with sodium loading. After the biochemical 
diagnosis has been established, noninvasive local
ization is attempted with CT. Patients with dear CT 
evidence of a uni lateral abnormality can proceed 
to adrenalectomy with a >90% cure rate. AVS is 
done in patients with equivocal CT findings and 
older patients, especially those older than 60 

years, because nonfunctional cortical adenomas 
are found in 4o/o or more of this population and 
can cause false-positive a localization. PAC. 
Plasma aldosterone concentration, in ng/dl; PRA.. 
plasma renin activity, in ng/(ml • hr). 
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FIGURE 41- 10 Appearance of aldosteronoma on anatomic imaging. 
A. Venous phase, contrast-enhanced 0 demonstrating a 2-cm left 
aldosteronoma (arrow). B, Late arterial phase, coronal a demon
strating a 1.7-cm left aldosteronoma (arrow) and a normal right 
adrenal gland (arrowhead). 

Considerable controversy exists over which patients should 
undergo AVS, an invasive procedure wid1 a 90o/o teclmical 
success rate in experienced hands. There is consensus that AVS 
should be applied .in aU ca.~es in which the biochemical diagnosis 
of primary hyperaldosteronism has been confumed and thin-cut 
adrenal CT reveals no abnom1alities or bilateral abnormalities. 
Of the remaining patients who have a unilateral mass on CT 
scan, a small bu.t not insignificant fraction (2% to 1 Oo/o) wi.ll 
represent false-positive localization and have persistenr hyperal
dosteronism after unilateral adrenalectomy. In these patients, the 
adrenal ma'iS rep:resenrs a non functioning cortical adenoma and 
the true underlying diagnosis is a contralateral microaldoster
onoma or bilateral adrenal hyperplasia, the latter of wl1id1 is not 
surgically remediable. 

Because patients 40 years and older are more likely to 
possess nonfu.nctioning adrenal cortical adenomas, some have 
advocated AVS in all older paticnts11 and others have recom
mended Wliversal application of tlus test in the workup of 
primary hyperaldosteronism. 13 It has been our practice to 
perform AVS selectively. Patienrs found to have a unilateral 
cortical adrenal mass larger than 1 em in diameter and a normal 
contralateral adrenal gland on CT can proceed to directly to 
adrenalectomy, whereas those without definitive CT localization 
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undergo AVS. 'This strategy bas yielded cure rates in excess 
of95o/o.14 

Practically speaking, approximately 20o/o to 30o/o of patients 
being evaluated for primary hyperaldosteronism undergo AVS 
when it is applied to select patients. The usefulness of the test is 
limired by its low success rare in mosr repons (40o/o ro 80o/o), 
with the most common reason for incompleteAVS being failure 
to cannulate the right adrenal vein. Frequently. however. suffi
cient lateralizlng information is provided during AVS to guide 
surgical treatment, even when the study is not bilaterally 
selcctive.15 

Surgical Management and Outcomes 
Laparoscopic adrenalectomy is the preferred procedure for tbe 
management of aldosteronoma and most other adrenal tumors.16 

Cure of primary hyperaldosteronism is defined by clinical and 
biochemical end points. Reductions in blood pressure, antihy
pertensive medication requirements, plasma and urine aldoste
rone levels, and resolution of hypokalemia (if previously present) 
arc observed as soon as 24 hours after successful surgery. Overall 
cure rates range from 75% co 95% at subspecialty centers, 
depending on the specific criteria for cu.re that are used. In 
general more than 80o/o of patients can expect normalization of 
blood pressure or a significant reduction in antihypertensive 
medication requirements (typically, from three or four medica
tions down to one). In some patients, depending on the degree 
of preoperative sodium overload, blood pressure may take several 
weeks to improve. Our practice is to stop all antihypertensive 
medications immediately after surgery, with the exception of 
beta blockers and donidine, whid1 must be tapered to avoid a 
rebound phenomenon. For those patients who continue to be 
hypertensive in the short term, medications may be added back 
temporarily, as needed, until the blood pressure gradually reaches 
a new equilibrium over time. 

A subset of patients with tbc following preoperative fea
tures display reduced benefit from surgical treatment and con
tinue to require antihypertensive medications after operation: 
men older than 45 years, family hisrory of hypertension, long
standing hypertension, and nonresponse to spironolactone. 
l11ese indicate a component of essential hypertension and, in 
some cases, irreversible cardiovasettlar alterations caused by 
chronic disease. Based on mese features, patients should be 
appropriately counseled as to what they should expect to gaul 
from surgery. 

Cushing's Syndrome 

Epidemiology and Clinical Features 
The cl inical features of glucocorticoid excess were first docu
mented by Harvey Cushing in 19 12. He described a young 
woman of "extraordinary appearance" who developed obesity, 
b.irsutism. amenorrhea, easy bruising, and extreme musde 
wealmess. 1l1e principal differential diagnosis to be considered 
when evaluating patients for Cushing's syndrome is obesity, an 
increasingly common condition. A subset of signs and symp
toms, including easy bruising, musde weakness, hypertension, 
plethora (a red facial appearance caused by thinning of the 
skin), and hirsutism, may allow discrimination hetween Cush
i.ng's syndrome and obesity based on c~nical features (Fig. 
41-12). The most common cause of Cushing's syndrome is 
pharmacologic glucocorticoid use for the treatment of 
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Right: 
Cortisol328 
Aldosterone 13 
A/C ratio= 0.04 

A 

Peripheral: 

Left: 
Cortisol275 
Aldosterone 4414 
A/C ratio= 16 

Cortisol44 
Aldosterone 72 

Right: 
Cortisol33 
Aldosterone 29 
AIC ratio=? 

c 

Right: 
Cortisol 1201 
Aldosterone 2646 
A/C ratio= 2.2 

B 

Peripheral: 
Cortisol43 
Aldosterone 27 

Peripheral: 

Left: 
Cortisol1996 
Aldosterone 3897 
A/C ratio = 2.0 

Cortisol64 
Aldosterone 57 

FIGURE 41 -11 Possible outcomes of AVS for primary hyperaldosteronism. Aldosterone is expressed in ng/dl., cortisol in ~tg/dL A. Successtul 
study lateralizing strongty to the left adrenal. B, Successful study, nonlateralizing. Stimulation with AGH yielded high adrenal vein cortisol levels. 
C. Failed study. The right adrenal vein was not cannulated. 

inflammatory disorders. Endogenous Cushing's syndrome is 
rare, affecting 5 to 10 individuals/million. Of these, most 
affected individuals (75%) will have Cushing's disease-that 
is, glucocorticoid excess caused by an ACTH-hypersecreting 
pituitary aden.oma. 'The remainder will be split between 
primary ad.renal Cushjng's syndrome (15%) and ectopic 
ACTH syndrome (<10%), the latter of which usually is 
caused by from neuroendocrine tumors or bronchogenic 
malignancies arising in the thorax. 

Cushing's syndrome is a led1al disease. The physiologic 
derangeroems :resulting from glucocorticoid excess, including 
hypertension (present in >70% of cases), hyperglycemia, and 
truncal obesity, ultimately yield a fivefold excess mortality, pri
marily because of cardiovascular compHcations. ' ~ Thus, all 
efforts should be made to identlfy and appropriately treat 
patients with Cushing's syndrome. 

Biochemical Diagnosis and Localization 
'The diagnosis of Cushing:s syndrome is reliant on demonstration 
of inappropriate cortisol secretion or the loss of physiologic 
negative feedback. Normally, cortisol release follows a predict
able circadian rhythm, peaking approximately I hour after 
waki11g and reaching a nadir arou.nd midnight. 1lms, inappro
priate cortisol secretion can be detected as elevated cortisol 
release over a 24-hour period or as a higher than expected level 
in the late evenjng. Traditionally, lack of negative feedback has 
been assessed using dexamethasone suppression testing and 
other types of provocative tests, many of wbkh are cumbersome 
and require inpatient hospitalization. The development of late 
eveni.ng salivary cortisol testing ha~ provided an attractive and 
feasible alternative to suppression resting. 

More than 90% of circulating cortisol is bound to plasma 
proteins. UnbOLmd cortisol can be detected in the urine and 
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FIGURE 41 -12 d inical manifestations of Cushing's syndrome. A. Moon fades, p~ethora, and excess supraclavicular fat in a woman with Cush
ing's syndrome. B. Buffalo hump in a woman with Cushing's syndrome. C. Purple abdominal striae in a man with Cushing's syndrome. 

saliva, and assessment of these body fluids forms the basis of 
biochemical screening for Cushing's syndrome (Fig. 41-13); 
24-hour urine collection for urine free cortisol should be per
formed at leasr twice for initial screening. Unequivocally ele
vated levels should prompt immediate further testing to 
determine the cause and subtype of Cushing's syndrome (Le., 
primary adrenal cause versus pituitary cause versus ectopic 
ACTH syndrome). Patients with moderardy elevared 24-hour 
urine cortisol levels should undergo confumatory testing with 
two late evening (bedtime) cortisol measurements. A high cutoff 
value of 550 ngfmL has a sensitivity of 93% and specificity of 
100%.18 

Primary adrenal Cushing's syndrome, also termed ACTH
independent Cushing's syndrome, is caused by autonomous adrenal 
cortisol production and therefore is generally associated with an 
undetectable ACIH level ( <5 pg/mL) because of feedback inhi
bition. The underlying pathology is variable, with solitary 
adrenal adenoma found in approximately 90% of cases, adreno
corti.cal carcinoma in less than I 0%, and bilateral micronoduJar 
or macronoduJar hyperplasia in less than I%. Almost aU these 
lesions, except micronodular hyperplasia, are readily apparent 
on cr scans. 

Hypercortisolemia associated with normal or elevated 
ACTH levels is indicative of ACIH-dependent Cushing's syn
drome, most commonly caused by a pituitary corticotroph 
rnicroadenoma (Cushing's disease). Suspicion for ACIH
dependent Cushing's syndrome should prompt pituitary imaging 
and high-dose dexamethasone suppression testing-that is, 
serum or urine cortisol measurement after administration of 
2 mg dexamethasone every 6 hours over 48 hours. Dexameclla
sone is chosen because it does not cross-react with biochemical 
assays for cortisol. Corticotroph adenomas are commonly sup
pressed in response to high-dose dexamethasone administration, 
whereas ectopic ACTH sources are completely lacking in feed
back inhibition. Slightly more than 50o/o of corticotroph micro
adenomas are visible on pituitary magnetic resonance imaging 
(MRI). Detection of a pituitary mass larger than 6 mm in dian1· 
cter in a patienc with ACTH-dependent Cushing's syndrome 
that is suppressed wiili high-dose dexametl1asone justi6es pro
ceeding to pituitary su.rgery.19 In the absence of a demonstrable 
mass, lhilateral inferior petrosal sinus ACTH sampling (IPSS) 
with CRF stimulation should be pursued. Demonstration of a 
central to peripheral ACTH gradient in a study performed by 
a skiUed physician is sufficient to diagnose Cushing's diseao;e. 
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Normal 
24-hr urine free cortisol x 2 

>3-fold elevation 

1-3X normal J 

Late evening 
salivary cortisol x 2 

<550 ng/dl >550 ng/dl 

r + 
Cushing's syndrome unlikely 

Undetectable 
ACTH-independent

1
--

disease 

CT of adrenals 

Probable Cushing's syndrome 

Detectable 
ACTH 

Mass >6mm 
Suppression 

I
ACTH-dependent 

disease 

Pituitary MRI, 
high-dose dexamethasone 

suppression test 

No mass 

Bilateral inferior 
petrosal sinus sampling 

Gradient detected No gradient 

~ 
Chest/Abd CT. 

somatostatin receptor 
scintigraphy 

Adrenalectomy 
90%+ effective 

Transsphenoidal pituitary 
microsurgery 

Resection 

75% effootive. 

Primary adrenal 
Cushing's syndrome (15%) 

Failure 

• 
Ectopic ACTH (<100/o) 

Bilateral adrenalectomy 

Cushing's disease (75%) 

FIGURE 41 -13 Algorithm for the diagnosis, localization, and management of endogenous Cushing's syndrome. A biochemical diagnosis can 
be established with an unequivocally elevated 24-hour urine free cortisol level (greater than a threefold elevation) or an elevated late evening 
salivary cortisol. Most cases of Cushing's syndrome are caused by Cushing's disease (pituitary corticotroph microadenoma), in which the plasma 
ACTH level is elevated. An undetectable ACTH level establishes the diagnosis of ACTH-independent Cushing's syndrome and prompts adrenal 

imaging. Bilateral adrenalectomy is considered for patients with Cushing's disease not cured by trans-sphenoidal surgery. 

1he absence of a clear gradient should prompt CT imaging of 
the chest and abdomen and, t>ecasionally, somatostatin receptor 
scintigraphy to identify an ectopic ACTH source. 

Surgical Management and Outcomes 
Peri operative and postoperative glucocorticoid administration is 
obviously essential in the care of patients with Cushing's syn
drome. For patients undergoing adrenalecromy for Cushing's 
syndrome, perioperative stress dose steroids (e.g., hydrocorti
sone, 100 mg TV, every 8 hours for 24 hours) arc recommended. 
L1 the most common scenario of resection of a solitary adrenal 
Cushing's adenoma, steroids can usuaUy be tapered to 

physiologic replacement levels over the course of several weeks. 
However, a subset of patients with Cushing's syndrome of longer 
duration and severi ty will demonstrate lasting HPA axis suppres
sion, requiring glucocorticoid supplementation for longer 
periods, sometimes longer than 1 year. 

The management of patients who undergo pituitary surgery 
for Cushing's disease is variable. ill some centers, glucocorticoids 
are withheld during the immediate postoperative period to 
provi.de a window d u ri.ng which early rem iss ion may be assessed. 20 

A subnormal morniJlg cortisol level 011 postoperative day 1 or 2 
is indicative of cure. Glucocorticoid supplememation is chen 
resumed until the HPA axis recovers, usually for at least 6 
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months. Because of d1e significant risk of postoperative adrenal 
crisis in patients with Cushing's syndrome of all subtypes, glu
cocorticoid management is ideally done in conjunction with an 
experienced. endocrinologist. 

Adrenalectomy is more than 90% effective in the treatment 
of primary adrenal Cushing's syndrome. Resolmion of symp
toms typically takes months to years,21 and certain deleterious 
physiologic effects rcgardi11g bone density, body compos.ition, 
and inflammation are extremely persistent.22.23 Failures may 
result from local! and occasionally distant tumor recurrence in 
the case of malignant disease. Pituitary microsurgery for Cush
ing's disease, typicaliy performed via a transnasal trru1ssphenoidal 
approach, is approximately 90% successful in expert hands. 
Remission rates may be improved by reoperation or pituitary 
irradiation for patients whose basal cortisol levels do not fall 
appropriately after initial surgery. Laparoscopic bilateral adrenal
ectomy should lbe considered for patients in whom pituitary 
surgery has failed .74 

Special Case: Subclinical Cushing's Syndrome 
The term subcli11icnl Cushing's syndrome has been used to describe 
patients with incidentally discovered adrenal masses (see later, 
" Lncidcncally Discovered Adrenal Mass") who display biochemi
cal evidence of cortisol hypersecretion without overt signs or 
symptoms of Cushing's syndrome. This disease entity has been 
incompletely characterized with respect to its physiologic con
sequences and natural history. C lear-cut definitions for the diag
nosis of subclinical Cushing's syndrome, such as curoff values 
for biochemical tests and objective assessment guidelines for the 
presence or absence of clinical features, are lacking. 

Hypertension, dyslipidemia, and impaired glucose toler
ance appear to be more prevalent runong individuals with sub
clinical Cushing's syndrome compared with normal individuals. 
However, adrenalectomy for this entity has not been consistently 
demonstrated ro yield health benefits, and progre~sion to overt 
Cushing's syndrome occurs in less than 10% of cases. A recent 
randomized controlled trial comparing surgery with observation 
in 45 patients with subclinical Cushing's syndrome noted more 
frequent resolution of hypertension i11 the surgically treated 
group.25 At present, patients found to have subclinical hypercor
tisolism should be monitored for the development of adverse 
cardiova~cular and metabolic features, with most experts agree
ing that surgery should be performed selectively in patients 
exhibiting progressive disease. However, lower biochemical 
thresholds for surgical treatment should be considered in patients 
wid1 larger (3- co 4-cm) tumors and those whose tumors enlarge 
on serial imaging studies. 

Sex Steroid Excess 
Adrenal tumors causing clinical fcamres of sex steroid excess arc 
rare. Mt>st of these tumors are virilizing (as opposed to femiJtiz
ulg), and may present at a late stage in association with an 
advanced adrenal malignru1cy. Almost all femini7jng tumors are 
malignant, whereas approximately one third of virilizing rumors 
are malignant. Of adrenocortical carcinoma~, 20% cause viriliza
tion, with most £hese cases occurring in children. An additional 
24% of adrenocortical carcinomas will display mixed features of 
Cushing's syndrome ru1d virilization.26 Virilizing tumors may be 
biochemically detected us.ing measurements of 24-hour urine 
testosterone, DHEA, and DHEA-S. Although laparoscopic 
adrenalectomy remains the preferred procedure for most sex 
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steroid-secreting tumors, the high probabWty of malignancy 
merits close radiographic and intraoperative monitoring for evi
dence of invasion and/or metastasis. Open adrenalectomy should 
be performed for malignant CtLmors. 

Adrenocortical Cardnoma 
Adrenocortical carcinoma is a rare tun10r, with an ru1nual inci
dence of approximately 1/mil[jon. AJmost alJ cases occur in 
patients aged 40 to 50 years, although there is a minor peak iJ1 
occurrence aJlJong children younger than 5 years. 1l1ey demon
strate no significruu gender predilection. At the time of presenta
tion, adrenocortical carcinomas tend to be very large (mean 
tumor size, 9 to 13 em) ru1d have usually spread beyond the 
confines of the adrenal gland.17 Historically, overall 5-year sur
vival rates have been in the 15% ro 20% range. Among patients 
who undergo surgical resection, 5-year survival is approximately 
40%, a figme that has essentially remained uncl1anged over the 
past 2 decades?8 A higher risk of death is associated with increas
ing patient age, poorly differentiated or high-grade tumors, posi
tive surgical margins, and the presence of distant metastases. 
More than 50% of adrenocortical carcinomas are fLmctional. 
Cushing's syndrome is most commonly seen, followed by viri l
ization. Radiographic evaluation is primarily performed with 
CT, which typically reveals a heterogenous mass with irregular 
or indistinct borders, central necrosis, and invasion of adjacent 
structures (Fig. 41-14). Metastases to lymph nodes, liver, and 
lungs may be found. 

Trearmenr of adrenocortical carcinoma centers around 
radical open surgery. Complete resection can be achieved in up 
to 70% of patients in experienced hands. TI1is frequently iJwolves 
en bloc resection of adjacent organs ru1d/or regional lymphad
enectomy. Particular care must be taken wben dealing with 
right-sided adrenocortical carcinomas larger than 9 em, because 
direct tumor extension into the inferior vena cava ru1d some
times the right heart may be observed. Tumors demonstrating 
iJ1travascular extension may need to he resected while the patient 
is on cardiopulmonar)' bypass to reduce the likelihood of lethal 
intraoperative tumor embolization.29 

FIGURE 41 -14 cr scan demonstrating a 1o-an left adrenocortical 

carcinoma. Note the areas of central neaosis (arrow). 
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Patients who w1dergo incomplete resection of adrenocorti
cal carcinomas have extremely limited life expectancy {medlan 
survival < l year). Even those who undergo successful surgery 
are prone to developing local recurrence and metastases, whid1 
typically occur within 2 years. The principle dlemotherapeutic 
agent for the rrearment of adrenocortical carcinoma is mirotane 
(o,p'-DDD fl, 1-didlloro-2-fo-chlorophenyl}-2-{p-chlorophenyl} 
ethane]), a derivative of the insect icide DDT that is a direct 
adrenocortical roxin. Mirorane has been used clinically as an 
adjuvant to surgery and as primary therapy in individuals witb 
unresectablc or metastatic disease. A multinational retrospective 
study examining the efficacy of adjuvant mirotane following 
radical surgery bas demonstrated a significant inlprovemenr in 
recurrence-free survival.30 The use of mitotane is limited by 
significant, dose-dependent gastrointestinal and neurologic tox
icity. The ongoing multinational FIRM-ACT trial compares 
e toposide, doxorubicin, cisplatin, and mitotane versus strepto
zorocin and mitotane in patients with locally advanced or meta
static adrenocortical carcinoma, with the intent of defining 
standard initial combination chemotherapy for this disease. A 
number of other trials are examin.ing targeted agents sud1 as 
epidermal growth factor (EGF) inhibitors, insulin-like growth 
factor I (IGF-l) iJ1l1ibitors, antiangiogenic agents, and broad
spectrum tyrosine kinase inhibitors. There is also an emerging 
interest in individuali:r.ed therapy based on genomic and expres
sion profiling of tumors.31 

DISEASES OF THE ADRENAL MEDULLA 

Pheochro~on\a 

Epidemiology and Clinical Features 
1l1e first account of pheochromocytoma was published in 1886 
by Felix Frankel, who described a young woman suffering from 
intermirtent attacks of palpitations, anxiety, vertigo, and head
ache. Autopsy revealed bilateral adrenal twuors that stained 
brown when treated with chromium salts. Because of the char
acteristic positive chromaffin reaction, these adrenomedullary 
rumors are relimed pheochromocytoma {dusky-colored rumor, 
from the Greek phaios, dusky). Successful surgical management 
of pheochromocytoma was initially described in 1926 by CCsar 
Roux and Charles Mayo.32 

Pbeochrormocytoma affects approximately 0.2% of hyper
tensive i.ndlviduals. Men and women are affected equally. The 
peak incidence in sporadic cases is between the ages of 40 and 
50 years, whereas familial cases rend ro manifest earlier. A subset 
of patients present with the classic triad of headache, diaphore
sis, and palpiwions, although almost aU patients will display at 
least one of these symptoms. Hypertension is present in 90% of 
cases and may he episodic or sustained. TI1e principle challenge 
in making the diagnosis of pheochromocytoma arises from the 
fact that essential hypertension is common and the clinical fea
tures suggestive of pheochromocytoma are nonspecific. l.n fact, 
only 0.5% of patients with hypertension and suggestive features 
will tJtimarely prove to have the disease. The differential diag
nosis of pheochromocytoma is wide, encompassing diverse pro
cesses sud1 as hyperthyroidism, hypoglycemia, coronary artery 
disease, hearr failure, stroke, drug-related effects, and panic dis
order. Pheod1romocytoma has been described as a biologic time 
bomb because of the potentially lethal cardiovascular effects of 

the bioaccive compounds secreted by these tumors. Thus, despite 
the challenges in diagnosis, clinicians should screen for this 
disease aggressively and seek appropriate treatment for affected 
patients. 

Previously, pheochromocytoma was termed the 10% tumor. 
suggesting that 10% are bilateral, 10% malignant, 10% exrra
adrenal, and 10% familial. Discoveries regarding the genetic 
underpinniJ1gs of pheochromocytoma have cl)allcnged these old 
axioms. 

Biochemical Diagnosis and Localization 
Establishing the biochemical diagnosis of pheodlromocytoma is 
based on the detection of elevated levels of caredlolamines and 
their metabolites in bodily fluids. Measurements of 24-hour 
urine levels of these compounds have long been the cornerstone 
of biochemical testing, and are still the most reliable tests avail
able. 1n 2002, measurement of free (tmconjugated) metaneph
rines in plasma was introduced as an alternative screening tool 
for pheochromocytoma. Plasma-free metaJ1ephrine testing 
carries aJ) extremely high sensitivity, approaching 99%, aJld, 
being a one-time blood test, is more convenienr than 24-hour 
urine testing. However, the specificity of plasma-free metaneph
riJle tresting is 89% at best, with specificities at most laboratories 
likely to be in the 85% range or below. Given that pheochro
mocytoma is a rare diagnosis that is sought withiJ1 a large pool 
of hypertensive individuals, false-positive test results are a major 
problem. It has been est in1ated that false-positive test results 
outnumber true-positive test results as mud1 as 30: 1 when 
plasma-free metanephriJ1e testing is used as a principal 
screening tool. 33 

Therefore, the primary usefulness of plasma-free metaneph
riJle (esting is to exdude pheochromocytoma when the test is 
negative (Fig. 41- l 5). When positive, confirmatory testing with 
24-hoLLr urine levels of catecholan1ines and their metabolites is 
required. Many drugs and conditions are capable of confound
ing carechola111ine-based resting, contributing further co the 
problem of false-positive results. 1l1ese include sympathomimet
ics (presenr in many cold remedies), phenoxybenzamine (fre
quen tly initiared when suspicion for pheodl!omocytoma is 
raised), acetaminophen (which interferes with the plasma-free 
merru1ephrine assay), many psychotropic drugs (notably tricyclic 
aJ1tidepressants), and major physical or psychological stressors. 
Tests performed during episodes of acute pain, critical illness, or 
urgent hospitalization may be misleading. 1l1e presence of con
foundlng factors is extremely common in the population being 
screened, because they represent manifestations or treatments of 
competing diagnoses. Clearly, biod1emical resting should be 
ideally performed when the patlenr is as free as practically pos
sible of all confow1ding factors. 

The operating d1aracteristics of catecholanline-based 
plasma and urine tests are listed, along with corresponding 
cutoff values, in Table 41 -4. Cutoff values for 24-hour urine rests 
arc deliberately set high to maximize specificity; these values are 
approxinlately double the upper 95% reference raJ1ge in mosl 
laboratories. A urine collection may be considered positive if 
total mctanephrines or any single catecbolan1ine fraction {e.g., 
epinephr ine, norepinephrine, dopamine) is elevated above its 
cutoff value. 1hls approad1 maintains high specificity and yields 
an acceprable sensitivity of 88%.34 Importantly, it rakes into 
account the fact that pheodl!omocytomas synrhesiz.e and 
metabolize cated10lan1ines, and tl1at rumors may possess 
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NOT suppressed 
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Q) 
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if suspicion remains 

Age <50 years or 
suggestion of multifocality 
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single site J 
Age>50 

Surgery 

•Including sympathomimetics, phenoxybenzamine, acetaminophen, many psychotropic drugs. 

FIGURE 41 -15 Algorithm for the diagnosis, localization, and management of pheochromocytoma. Initial plasma free metanephrine testing can 
effectively exclude the diagnosis if negative. Twenty-four-hour urine collection for catecholamines and their metabolites is generally performed 
twice, w ith rutoffs approximately twice the upper limit of normal being criteria for positivity (see Table 41 -4). d onidine suppression testing 
can be used for the small fraction of patients in whom the diagnosis remains uncertain after urine testing. localization with CT o r MRI follows 

biochemical confinnation of the diagnosis, w ith MIBG scanning performed for younger patients and those otherwise at risk for multifocal 
disease. Phenoxybenzamine is given in escalating doses for at least 2 weeks before surgery. 

heterogenous secretory profiles, depending on their relative 
expression of synthetic and degradative enzymes (see Fig. 41-6). 

Two 24-hour urine collections for catecholamines and their 
metabolites are sufficient to make (or exclude) the diagnosis of 
pheochromocytoma in almost all cases. Clonidine suppression 
testing, the meas urement of plasma-free normetanephrine levels 
after the oral ad ministration of 0.3 mg d onidine, may help 
clari fY equivocal test results. Anatomic localization may be per
formed with MRI or cr. MRI is slightly more sensitive, but cr 
often yields better anatomic definition for operative planning 
{Fig. 41 -16). Sdlltigraphy with 1311- or 1231-labdled metaiodo
benzylguanidinc (MIBG; sec Fig. 41-17) should be performed 
in select patients in whom m ultifocal disease is suspected. MIBG 
scanning is highly specilic for pheochromocytoma, but carries a 
sensitivity of only 77% to 90%. Positron emission tomography 
(PET) and PET-CT using novel radionuclldcs such as 18F-L
dihydroxyphenylalaninc ('8F-DOPA; sec Fig. 41-16D) and 
18F-dopaminc are highly sensitive and superior to MIBG 

scanning in the imaging of pbeochromocytoma.35
·;l6 However, 

the availability of these techniques remains confined to a small 
number of academic centers worldwide. 

Perioperative Care 
Throughout the first half of the 20th century, perioperative 
mortality rates iJl the treatment of pheochromocytoma ranged 
from 26% to 50%. Currently, the mortality rate in most special
ized centers is approximately 1 o/o. This dramatic in1provcmcm 
can largely be ascribed to advances in pharmacology. physiology, 
anesthesia, and perioperative medical care. 1he adverse periop
erative hemodynamic changes most commonly observed with 
pheochromocytoma are intraoperative hypertension and postop
er ative hypotension. Intraoperative hypertension may be caused 
by stimulation of catecholamine release hy anesthetic induction 
agents as well as by direct manipulation of the tumor. Postopera
tive hypotension may be profotmd. It results from a state of 
hypovo lcn1ia created by the presence of excess circulating 
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Table 41-4 Cutoff Values for Biochemical Diagnosis of Pheochromocytoma* 

TEST* 
Plasma-free metanephrine 

Plasma-free 
normetanephrine 

Urinary total metanephrines 

Urinary epinephrine 

Urinary norepinephrine 

Urinary dopamine 

Urinacl total metanephrines 
an catecholamines 

Urinary vanillylmandelic 
add 

donidine suppression test 

Plasma-free 
normetanephrine 

Cutoff Value 

MOL 
0.3 nmol/liter 

0.6 nmol/liter 

6.6 J.UTIOI/day 

191 nmol/day 

1005 nmolfday 

4571 nmolfday 

40 !J.molfday 

0.61 nmol/L 

(j 

591J.g/L 

110 ~J.g/L 

1.3 mg/day 

351J.g/day 

170 j.J.g/day 

700 !J.g/day 

7.9 mg/day 

II21J.g/L 

DEANITIONS 

Paired test, positive if either or both 
values are elevated 

Grouped test. positive if any one of 
following three urinary values are 
elevated: total metanephrines, 
epinephrine, norepinephrine, 
dopamine 

Positive result = elevated level after 
clonidine and fall of less than 40 

SENSITIVITY (%) 

99 

71 

29 

50 

8 

88 

64 

96 

SPECIFICITY (%) 

85-89 

99.6 

99.6 

99.6 

100 

99 

95 

100 

*When performed twice, 24-hour urine testing of urinary total metanephrines and catecholamines (grouped test) is highly sensitive and highly specific. 

FIGURE 41-16 Appearance of pheochromocytoma on 
anatomic imaging. A, Venous phase, contrast
enhanced CT scan demonstrating a right adrenal 
pheochromocytoma (arrow). The heterogeneity in the 
inferior vena cava represents swirling of contrast, not 
tumor tlhrombus or invasion. B. Coronal T2-weighted 
MRI scan demonstrating a leh adrenal pheochromo
cytoma with central cystic change (arrow). C. l eh 
anterior oblique MR angiographic reconstruction 
demonstrating a right adrenal pheochromocytoma 
(arrow). 
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FIGURE 41- 11 Appearance of pheochromocytoma on functional imaging (MIBG scanning). A. 1231-MIBG scan of the abdomen demonstrating 
an isolated left adrenal pheochromocytoma (arrows). Physiologic radiotracer uptake is noted in the liver, right colon, and transverse colon. 
8, Whole-body 1311-MIBG scan demonstrating a large, left. para-aortic extra-adrenal pheochromocytoma (arrow). Physiologic radiotracer uptake 
is noted in the liver, salivary glands, and bladder. C. 1311-MIBG scan of the abdomen demonstrating malignant pheochromocytoma, with local 
recurrence in the left adrenal bed and liver metastases (arrows). D, 18F-DOPA PET-CT scan in a patient with malignant multifocal pheochromo
cytoma. Diffuse uptake above background is seen in the region of the left adrenal gland and left periaortic region, where a locally invasive 
tumor was found at surgery (arrow). A second area of intense tracer uptake is seen in the left paratracheal region, where a carotid sheath 
paraganglioma was found (arrow). The patient is an SDHB mutation carrier. 

catecholami.nes. Sudden withdrawal of this stimulus after rumor 
removal leads to peripheral arteriolar vasodilation and a dramatic 
increase in venous capacitaJ1Ce, which together may precipitate 
cardiovascular collapse. In their early repon of a large successful 
case series, investigators at the Mayo dlnic described the use of 
intraoperative a-adrenergic blockade followed by aggressive 
volume repletion and the administration of a-adrenergic ago
nises in the immediate postoperative period Y 

'TI1e principles of peri operative care remain much the same. 
As soon as the biochemical dlagnosis of pheochromocytoma has 
been confirmed, a-adrenergic blockade should be initiated to 

protect against hemodynamic lability. Our practice is to start 
with phenoxybenzamine 10 mg nvice daily. The dosage can be 
titrated upward every 2 to 3 days to a maximum of 40 mg three 
tin1es daily to achieve normalization of heart rate and blood 
pressure. The perriod of preoperative conditioning should last at 
least 2 weeks to allow for adequate reversal of a-adrenergic 

receptor downregulation. 'TI1is restores sensitivity to vasopressor 
agents, which can then be used to treat the patient postopera
tively. Phenoxybenzamine is a nonspecific, noncompetitive (irre
versible), long-acting (half-life of 24 hours) a -adrenergic 
antagonist. Although its use is associated with the side effects of 
postural hypotension and significant nasal congestion, it is gen
erally favored over 0.1-adrenergic selective agents, such as prazo
sin and doxazosin. Nasal congestion can actually serve as a useful 
indicator of adequate blockade. Furthem1ore, phenoxybcnza
mine provides the most complete alpha blockade among avail
able agents, and its pharmacokinetics permit serum drug levels 
to decay in parallel with catecholami ne levels postoperatively. 

Beta blockers may be admi11istered after adequate alpha 
blockade has been achieved for the subset ofpatients with per
sistent tad1ycardia. Beta blockers should never be the first agent 
admiJtis tered, because a decrease in peripheral vasodilatory beta 
receptor stimulation resul ts in unopposed a-adrenergic tone, 
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which may exacerbate hypertension. Preoperative volume expan
sion with isotonic fluids has been advocated i.n the past. However, 
in our experience, the need for this is significantly reduced when 
aggressive preoperative alpha blockade bas been achieved, 
because the resultant increase in venous capacitance restores 
euvolemia. Clinical suspicion for hypovolemia should remain 
high in the postoperative period and patients should be aggres
sively resuscitated if they become hypotensive or oliguric. Some 
patients may require vasopressors after tumor removal, especially 
if preoperative alpha blockade is incomplete. 

Surgical Management and Outcomes 
Successful operative treatment of pheochromocytoma is depen
dent on dose cc.>mmunication between the surgeon and anesthe
siologist. lnva~.ive hemodynamic monitoring is required and 
fluid management must be meticulous. Manipulation of the 
rumor should be minimized and the anesthetic tean1 should be 
prepared to administer supplemental TV alpha and beta blockers, 
as well as vasopressors, when necessary. 

Surgery is curative in more than 90% of phcochromocy
roma cases. Although these tumors are highly vascular and cend 
to adJ1ere to adjacent structures (Fig. 4 1- 18), most of them can 
be removed successfully using a laparoscopic approad1. Laparo
scopic resection is contraindicated when preoperative imaging 
demonstrates local invasion. Advances in surgical technique have 
resulted in reduced operative complication rates. Speci1ically, 
functional image-guided focused exploration has replaced bi lat
eral adrenal and retroperitoneal exploration, leading to dimin
ished rates of solid organ injury. l11e largest North American 
series on pheoC:h.romocytoma, published in 2010, described 108 
operations, 90% of them laparoscopic.38 The perioperative mor
bidity rate was 13% and there were no deaths. 

Molecular Genetics of Pheochromocytoma 
A number of reports describiJ1g novel gcrmllne mutations have 
demonstrated that familial pheochromocytomas are much more 
common than previously beUeved. Before 2000, pheodlTomo
cytoma was known to be associated with multiple endocrine 
neoplasia type 2 syndromes (40% to 50o/o penetrant), von 
Hlppd-Lindau syndrome (lU% to 20% penetrant), and neuro
fibromatosis type 1 (1 o/o to 5% penetrant). l11e discovery that 
neuroendocrine cel ls of the carotid body proliferate in response 
to hypoxic stimuli has led co tl1e idcnrificatlon of mutations iJ1 
tl1e succinate dehydrogenase gene family in klndreds affected 
with pheochromocytoma or paraganglioma. Succinate ddiydro
genase, which ·is made up of four subunits, is locali1..ed to the 
mitochondria and catalyzes csscmial seeps in oxidative phos
phorylation. Germline mutations in the B and 0 subwlits, 
inherited in an autosomal dominant fash ion, have been identi
fied iJ1 approximately 10% of apparently sporadic pheochromo
cytoma cases. Thus, there is a consensus that 21% to 30% of 
pheochromocytomas arc familia1.39 

Familial cases manifest at an earlier age and are more likely 
to be multifocal. Succinate dehydrogenase B mutation carriers 
have high rates of extra-adrenal (abdominal or thoracic) pheo
chromocytomas and malignant disease, whereas succinate dehy
drogenase 0 carriers tend to manifest with multiple rumors and 
hormonally inactive paragangliomas of the head and neck. The 
lifetime penetrance of succinate dehydrogenase mutations is esti
mated at more than 75%.40 Several clinical feamres are known 
to be predictive of mutation carrier starus and should prompt 

FIGURE 41-18 Gross appearance of pheochromocytoma. A. Open 
resection of a left para-aortic extra-adrenal pheochromocytoma 
(depicted in Fig. 41-178) via an infracolic approach. The patient's 
head is to the rigllt The tumor is being rotated medially by the sur
geon''s hand to reveal the left ureter, indicated by forceps. 8 , leh 
adrenal pheochromocytoma. (A. Courtesy Dr. Stan Sidhu.) 

genetic testing. 11lesc include age younger man 45 years, mul
tiple rumors, extra-adrenal location, and previous head and neck 
paraganglioma.41 

Malignant Pheochromocytoma 
OependiJ1g on the w1derlying genotype, 2.5% to 40% of pheo
chromocytomas are malignant. Survival at 5 years ranges from 
20o/o to 45o/o. No histopathologic criteria for determini11g malig
nancy have demonstrated the ability to predict the clinical 
course accmately. Thus, malignancy is defined by the develop
ment of metastases (i.e., rumor iJnplants distant from the 
primary mass in locations in whidl neuroecrodem1al tissues are 
nor normally fow1d). The laner criterion distinguishes meta
static disease from possible multifocal primary disease. The mos[ 
common sires of mecast.asis are the axial skeleton, lymph nodes, 
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liver, lung, and kidney. Treatmem of primary and recurrent 
disease centers on surgical resection, which, even in the absence 
of cure, may have significant palliative benefits in terms of man
aging mass effect in critical anaw.mic locations and reducing the 
systemic impact of catecholamine excessY 

Malignant pheochromocytomas are minimally responsive 
to radiotherapy and chemotherapy. I11 a recenr phase lJ study, 
high-dose 1311-MIBG radionuclide therapy was shown co achieve 
a complete or partial response rare of22% in select patients with 
metastatic pheochromocytoma. 43 Significant hematologic toxici
ties were observed and long-rerm benefit remains uncommon. 
Chronic medical management of catecholamine excess should 
be performed with <X1-adrenergic selective blockers because of 
their favorable side effect profile. 

OTHER ADRENAL DISEASES 

Incidentally Discovered Adrenal Mass 
(lncidentaloma} 

Epidemiology and Differential Diagnosis 
Incidentally discovered adrenal masses. also termt·d clinically 
inapparent ndremtl mosses or incidentnlomns, are discovered 
through imaging performed for wuelated nonadrenal disease. 
1l1eir existence as a clinical entity is a byproduct of advanced 
med.ical imagu1g. Incidentalomas were first described in the early 
1980s, when CT scanners becan1e more prevalent i11 developed 
nations, and they have become a common clinical problem as 
the use ofCT and MRI has become widespread. Incidenralomas 
have been found in 2.1% of autopsies and 1% to 4% of abdomi
nal imaging studies. 44 1l1e prevalence has mcreased to more than 
4% in patients older than 60 years. 

The differential diagnosis of adrenal mcidenraloma is wide 
and include.s secreting and non-ecreting neoplasms (Fig. 41 - 19). 
ln patients wirl1 a history of malignancy, metastatic disease is 
the most likely cause of adrenal masses, particularly when bilat
eral (see later, "Meta~tases to the Adrenal Gland"). In those 
without a clear history of malignal1cy, at least 80% of inciden
talomas wiJl turn out to be nonfunctioning cortical adenomas 
or other benign lesions, which do nor require surgical fllallage
menc. 11ms, in most patients, the most important aspect of 
management is to distinguisb the subset of adrenal masses that 
are likely to have a clinical impact from the large proportion 
that are not. 

Clinical Evaluation and Surgical Management 
1l1c workup of the adrenal incidenraloma integrates hormonal 
evaluation with size criteria. The principles and methods of 
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hormonal evaluation have been discussed in roe tllmor-specific 
sections (see earlier) and are generally applicable to incidenralo
mas. However, one conceptual difference is mat the biochemical 
thresholds rl1at prompt operative treatment are somewhat lower 
in patients with alJ initial radiographic presentation (inciden
talomas) as compared with chose with an initial clinical presenta
tion. 'This is because rumor size, which correlates strongly with 
risk of malignancy, contributes all additive effect u1 favor of 
surgical lllallagemenr. 

Evaluation begins wirl1 history raking, with a focus on prior 
malignaJlcy, hypertension, alld symptoms of glucocorticoid or 
sex steroid excess. Biochemical investigations for hormonally 
active tumors are followed by consideration of size criteria (Fig. 
41 -20) . ln a general sense, surgery is recommended for hormon
ally active tumors and those that carry a significallt risk of 
malignancy. Adrenocortical carcmomas comprise less than 2% 
of adrenal tlllllors measming 4 em or smaller and roughly 6% 
of mose measuring 4 to 6 em. Tumors larger than 6 em carry a 
more than 25% risk of malignancy. Because studies have con
sistendy found that CT and MRI underestimate adrenal rumor 
size hy approximately 20%, an effect rhar is exaggerated ill 
smaller rumors. our practice is to remove all incide11talomas 
measuring 5 em or larger and to consider strongly removal of 
those measmmg 3 to 5 cm.~5 Factors mat should be considered 
in surgical decision making for this latter group include suspi
cious imaging characteristics (e.g., heterogeneity, high attenua
tion, irregular margins), patient age and surgical risk, growth on 
imerval imaging, alld patient preference. lf observation is 
chosen, patients should undergo repeat ilnaging in 6 ro 12 
monms, given rlle fact char 5o/o to 25o/o of adrenal masses may 
increase iJ1 size. 

It must be emphasized that CT-guided fine-needle aspira
tion (FNA) is rarely helpful in the evaluation of adrenal masses 
and may be ha7.ardous. 1l1e diagnosis of primary adrenal malig
nancy cam1or reliably be made based on cyrologic criteria alone. 
1l1erefore, the use of FNA is generally confined ro patients with 
a history of extra-adrenal malignancy in whom the clinician 
seeks to establish me diagnosis of metastatic disease. In all cases, 
pheochromocytoma must be excluded prior to attempting sucl1 
a procedure to avoid precipiraru1g a potentially fatal hyperten
sive crisis. 

As with the other disease processes that have been dis
cussed, most adrenal u1cidenralomas Call be removed 1aparo-
scopically, except for those displaying obvious malignant 
features on imaging. No upper size lffilit to this approach 
ha~ been established, and tlllllors meamring 15 em have 
been :successfully removed laparoscopically by experienced 
surgeons. 

0 Nonfunctioning adenoma 
0 Pheochromocytoma 
0 Cortisol producing adenoma 
0 Aldosteronoma 
0 Adrenocortical carcinoma 
0 Adrenal cyst 
1:1 Ganglioneuroma 
0 Myelolipoma FIGURE 41-19 Differential diagnosis of adrenal incidentaloma 

in patients without a history of malignancy. Approximate pro
portions of the various pathologies are shown. 
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FIGURE 41 -20 Algorithm for the management of an adrenal 
incidentaloma. Adrenalectomy is recommended for all 
patients with functional tumors. For nonfunctioning tumors. 
the risk for malignancy is assessed according to size. Tumors 
larger than 5 em on CT carry a >25% risk for malignancy and 
need to be removed. Those <3 em can be safely observed. 
Case-specific factors must be considered for intermediate
sized tumors. PAC, Plasma aldosterone concentration, in ng/ 
dl; PRA, plasma renin aaivity, in ng/(ml • hr). 

~ 

Metastases to the Adrenal Gland 

Epidemiology and Clinical Features 
1l1e adrenal glands are common sites of metastasis because of 
their rich vascular supply. Autopsy studies have revealed that 
approximately 25o/o of patients with carcinoma~ eventually 
develop adrenal involvement. L1 50% of these cases, metastatic 
disease is bilateral. The primary cancers that most often spread 
to the adrenals are those of rbe lung, gastrointestinal traer, 
breast, kidney, pancreas, and skin (melanoma). Patients with 
isolated adrenal metasta~es represent a very small subset of the 
total. However. these individuals are of particular interest to the 
surgeon and oncologist because evidence has indicated that 
resection of isolated adrenal metastases may improve survival. 
Depending on the underlying pathology, 5-year survival rates of 
approxlmarcly 25% can be achieved after adrenalectomy. 

Clinical Evaluation and Surgical Management 
Evaluation of patients presenting with isolated adrenal metasta
ses must involve careful exclusion of extra-adrenal disease with 
CT or MRI-including the head in. cases of breast cancer or 
mel:moma, and triphasic contrast-enhanced cr evaluation 
of the liver plus 3-mm slices through the lungs for gastrointes
tinal maUgnandes-as well as bone and PET scaruling, when 
appropriate. Patients presenting with isolated bilateral adrenal 

metastases (Fig. 41 -21) must be evaluated for adrenal insuffi
cieng• because of replacement of all normal adrenal tissue with 
tumor, which may occur in up to 30% of these patients. Tllis is 
best performed with measurement of morning cortisol and 
AcrH levels. Cortical insufficiency should be adequately 
treated prior to operation to avoid perioperative adrenal crisi.s. 

Most adrenal metastases are well-encapsulated and are rhus 
amenable to laparoscopic resection. Complete adrenal metasta
sectomy has yielded mean survival rates of 20 to 30 months in 
most series46 as compared with 12 months for patients with 
incomplete resection and 6 months for patients not undergoing 
surgical therapy. 

TECHNICAL ASPEOS OF ADRENALEOOMY 

Choice of Operative Approach 
ill our practice, approximately 90o/o of adrenalectomies are per
formed laparoscopically. Laparoscopic adrenalectomy affords 
many advantages, induding reduced length of hospiraUzation, 
reduced pain, decreased operative blood loss, and a lower rate 
of postoperative complications when compared with conven
tional open surgery.~? Similar degrees of benefit are observed 
with transabdominal and posterior retroperironcal laparoscopic 
approaches. Because of d1e wider operative field and greater 
versaJtiliry afforded by tbe lateral transabdominal technique, it is 
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FIGURE 41-21 lrolated bilateral 7-cm adrenal metastases from 
colorectal cancer causing adrenal insufficiency. The patient had under
gone previous right colectomy and right hepatectomy. Bilateral 
adrenal metastasectomy was performed laparoscopically. 

our favored approach and will be discussed in greater detail. 1l1e 
lateral transabdominal approach can be used to handle very large 
tumors and previous abdominal surgery does not alter the 
success rate significantly when the procedure is performed by an 
experienced surgeon.48 1l1e overall conversion rate to open adre
nalectomy is less. than 5% in large series. 

As noted, open adrenaleccomy should be performed for 
primary adrenal tumors demonstrating features suspicious for 
malignancy, suclh as large size (>8 em), clinical feminization, 
hypersecretion of multiple steroid hormones, or any of the fol
lowing imaging attributes: local or vascular inva~ ion, regional 
adenopatl1y, and metastases. For open adrenalectomy, we also 
prefer a transabdominal approach, whkh is performed via a 
subcostal incision (see Iacer). 

Laparoscopic Lateral Transabdominal 
Adrenalectomy 

Patient Preparation and Positioning 
Drawsheets and a full-length beanbag are placed on the operat
ing table in adva11cc. It is important that the table be capable of 
flexion and have a kidney rest that can be elevated. The patient 
is initially positioned supine for the induction of anesthesia and 
placCillem of a urinary catheter. Intermittent pneumatic com
pression devices are applied co the legs. The placement of an 
orogastric or nasogasrric tube for gastric decompression is fre
quently helpful, particularly when treating left-sided lesions. 1l1e 
patient is then turned on his or her side (80-dcgrce lateral decu
bitus position), with the side of the lesion facing upward (Fig. 
41 -22). At this point, the patient is carefully positioned cepha
locaudally so that the 1Oth rib is directly over the break point 
i11 the table. The cable is flexed and the beanbag rigidified in a 
position that supports the buttocks and back while leavmg the 
umbilicus, an important surface landmark, exposed. Flexmg the 
table and raisi11g ·the kidney rest serve to widen the space between 
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FIGURE 41-22 Patient positioning for left lateral transabdorninallapa
roscopic adrenalectomy. 

the costalmargu1 ru1d iliac crest ru1d to drop the iliac crest away 
from che plane of rhe laparoscopic U1StrLUnents. Wide cloth tape 
is used ro secu.re the patient to the table at the chest, hips, and 
lower extren1ities. Great care muse be taken to protect bony 
promrncnces ru1d poults of potential peripheral nerve compres
sion in the extremities. The surgical preparation is carried from 
the nipple line to the pubis and &om the umbilicus to the 
midline of the back. 

Careful positioning is essential for technical success in Iapa
roscopk adrenalectomy. As will be discussed, the surgeon is 
reliant on gravity to serve as a retractor for providing the neces
sary exposure. Having the patiem securely fixed to the table 
permits the often extreme positioning with respect to pitch 
(Trendelenburg, reverse Trendelenburg) and roll (tilting left, 
right) , that are necessary during the operation. 

Technique 
Left Adrenal initial peritoneal access is achieved 2 em inferior to 
tl1e costal margin in the mldclavicular w1e (Palmer's point). 'll1is 
can be performed with the Veress technique i11 most cases. We 
generally use three radially dilatmg trocars and a fourth may be 
added in cases in which the spleen ru1d pancreatic tail require 
additional retraction. 'll1e ports are equally distributed along the 
costal margin, with rhe posterior pore placed as far lateral
posterior as permitted by the position of the colon (Fig. 41-23). 
It is advisable to leave at lease 5 em (4 fingerbreadtllS) between 
each port to minimize external interference of the laparoscopic 
instruments. For tissue dissection, we usc the hook monopolar 
cautery and ru1 energy-based tissue sealing or dividing device. 

The lateral attachments of the spleen arc taken down first, 
with d1e goal of rotating tile left upper quadrant viscera anrero
mcdially. Care muse be taken co avoid a capsular tear of the 
spleen, which may arise from undue tension on a congenital or 
acquired adhesive band. Splenic mobilization is continued until 
the greater curvature of stomach becomes visible at its apex, at 
which point the spleen and rail of the pancreas are allowed to 
fall run eriorly with rightward tilting of the table and gentle usc 
of the fan retractor, if necessary. It is critical to achieve the 
correct plane of dissection precisely during dlis parr of the pro
cedure because the tail of the pancreas ru1d splenic vessels are 
potentially vulnerable to injury. [n patients with large or inferi
orly positioned rumors, the splenic flexure of the colon must be 
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FIGURE 41-23 Port placement for right laparoscopic adrenalectomy. 
The patient is lying right-side up, with the head toward the right The 
marked line denotes the costal margin. Ports are placed approxi· 
mately 2 an inferior to the costal margin, spaced about 4 finger
breadths apart. 

mobilized caudally by dividing the splenocolic ligament. We use 
an open book technique, which involves developing the clefclike 
plane just medial to the adrenal gland and lateral ro che aorta 
(Fig. 41-24). The left-hand page of the book is comprised of the 
spleen, tail of the pancreas, and greater curvature of the stomacl1. 
1l1e right-band page of the book is made up by the kidney and 
adrenal tumor. 1l1e left crus of the diaphragm is a useful land
mark that leads the surgeon to the left inferior phrenic vein. 

As mentioned in the anatomy section of this chapter, the. 
left inferior pluenk vein courses along tbe medial aspect of the 
left adrenal gland hefore joining with the left adrenal vein. By 
developing the cleft of the open book, moving from superior to 
inferior, the adrenal veln is encowuered at the inferomedial 
aspect of the adrenal gland. 1l1e small adrenal arteries that lie 
within this plane can be handled witb energy-based coagulation. 
1l1e left adrenal vein is carefully dissected out, aggressively coag
ulated or clipped, and divided. 1l1e inferior tip of the left adrenal 
gland may excc:nd low, approaching che renal hilum within mil
limeters. However, because cl1e left adrenal vein is rather long 
(2 em), it is generally not necessary ro expose the renal vascula
ture during lefl adrenalectomy. Many patients bave a superior 
pole renal artery branch that approaches the inferior aspect of 
the left adrenal gland. Injury to this structure must be carefully 
avoided by keeping dissection close to cl1e adrenal capsule while 
the specimen i.s elevated away from the medial aspect of the 
superior pole of the left kidney. 

The adrenal gland is liberated by completing dissection 
circwnferentially and posteriorly, taking the specinlen off the 
superior pole of the kidney and posterior abdominal wall. These 
attachments ar.e deliberately divided last because tbey aid in 
suspending th<:- adrenal gland on the lateral-superior wall of the 
operative field, providing exposure of the medial vascular plane 
during the critical initial portion of the procedure. The tumor 
is placed into a resilient catchmem device, morcellated, and 
extracted. If noncutting trocars are used, only the skin will need 
to be closed. 

Kidney 

Colon Left renal vein 

Kidney 

B Colon Adrenal vein 

FIGURE 41 -24 Technique of left laparoscopic adrenalectomy. The 
spleen and pancreatic tail have been mobilized and retracted antero
rnedially to expose the adrenal gland. The deft of the open book is 
developed in a superior to inferior direction to identify the inferior 
phrenic vein and adrenal vein. 

Right Adrenal Laparoscopic right adrenalectomy is, in some:: 
respects, a mirror image of the procedure just described. During 
right adrenalectomy, the left-hand page of the open book is 
made up by the kidney and adrenal tumor and the right-hand 
page is comprised of the bare area of the liver (Fig. 41-25). To 
gain access to tbe appropriate plane, tbe right triangular liga
ment of the liver must fust be completely mobilized and the 
liver al lowed to rotate anteromedially. On the right side, the 
colon usually lies well inferior to the operative field. When 
developing the space between the adrenal gland and inferior 
vena cava from superior to inferior, the surgeon must be mindful 
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FIGURE 41-25 Ted mique of right laparoscopic adrenalectomy. The 
liver has been molbilized and retracted medially to expose the adrenal 
gland and IVC. Th-e space just medial to the adrenal gland is devel
oped to identify the adrenal vasculature. 

of adrenal vein variants, as illustrated in the anatomy section of 
this chapter (see Fig. 41-3). The right adrenal vein is a potentially 
perilous strucnu·e to manage, because it is short, wide, variable, 
and confluent with thin-walled, large capacitance vessels (tbe 
inferior vena cava in more than 80% of cases, followed by the 
renal vein and, uncommonly, the right hepatic vein) that can 
bleed briskly if directly injured (e.g., by cl1e cautery), lacerated 
from undue traction on adjacent structures, or sheared by clips. 
A significant second adrenal vein may be found in up to 10% 
of patiems. By mecl1odically dissecting one layer at a time and 
moving from superior to inferior, all potential adrenal vein vari
ants can be encountered in a controlled fashion (Fig. 41-26). 
1l1e adrenal vein must be dissected out ddkately, definitively 
ligated (usually with two clips on the patient side), and then 
divided. Loss of control of the adrenal vein stump should be 
avoided; should this occur, conversion to an open procedure 
may be necessary. A concepwal contrast between left and right 
adrenalectomy is cl1at left adrenalectomy centers on identifica
tion of tl1e correct plane of dissection and right adrenalectomy 
centers on the avoidance of venous bleeding. 

Of note, the junction of the inferior vena cava and right 
renal vein is frequently difficult to identify. ln vivo, me transi
tion is a gradual curve, rather than the 90-degree takeoff depicted 
iJl anatomy texts .. Therefore, it cannot be used as a reliable ana
tomic landmark for identification of the adrenal vein. After 
control of the vein. the remaining mobilization of the right 
adrenal gland is straightforward because d1e inferomedial limb 
generally does not reach as far down toward the renal hilum as 
on the left side. 

Posterior Retroperitoneoscopic Adrenalectomy 
Posterior retroperitoneoscopic adrenalectomy was popularized 
iJ1 1994 by Walz and assodatcs.49 1l1e technique has undergone 
a series of refinements so that now a subset of lean patients with 
tumors smaller d1an 4 em in dian1eter can be managed using a 
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FIGURE 41 -26 Right adrenal vein variant This solitary adrenal vein 
arises from the superior apex of the gland and drains into the conflu
ence of the IVC and right hepatic vein, as shown in Figure 41-3F. 

novel single access technique. 50 The retroperitoneal approach has 
several advantages, including avoidance of mobilization of the 
solid organs that is necessary with transabdominal approaches, 
eliminatiJ1g the need for repositioning during bilateral adrenal
ectomy, and avoidance of anterior adhesions in patients with 
extensive prior abdominal surgery. One disadvamage is the rela
tively small working space, which makes the retroperironeal 
technique best suited for tumors less than 7 em in diameter. 

A prone position is used, with supports placed under the 
lower d1est and pelvic girdle so that the abdomen is allowed to 
hang ameriorly (Fig. 41-27A). lhree ports are placed inferior to 
the 12th rib (see Fig. 41-27 B) using a direct cut-down technique 
for initial access. Relatively high insufflation pressures of 20 to 
2R rom Hg are used and have caused Jl() complications in regard 
to air emboli, hypercapnea, or clinically significant soft tissue 
emphysema. 'TI1e working space is initially created by bluntly 
dissecting tl1e retroperitoneal contents anteriorly away from the 
ports. The upper pole of the kidney is mobilized and reflected 
inferiorly to expose tl1e adrenal gland. Mobilization of the 
adrenal gland begins near the paraspinous muscles, at the infew
medial aspect of tl1e gland. This is where the left adrenal vein is 
almost always encotmtered early in the procedure (see Fig. 
41-27 q . On the right side, the vein is encountered slightly later 
as dissection proceeds superiorly. The small adrenal arteries tl1at 
run within the medjal vascular space are coagulated. After the 
superior apex of the adrenal gland is mobilized, dissection pro
ceeds circtLmferentially to include tlle periadrenal fat. 

Complications and Postoperative Care 
Potential teclmical complications include venous hemorrhage 
and bleeding from solid organ capsular injuries. Small amounts 
of bleeding can often be managed with coagulation or direct 
pressure using a rolled Kittner gauze. Hollow viscous injuries 
are uncommon but may be associated with procedures per
formed in patients with prior major abdominal surgery. Pancre
atic injuries and fistulas have been reported with left-sided 
procedures; these arc rare compHcations, as are port site hernias 
and port site metastases in cases of malignancy. Patients under
going laparoscopic adrenalectomy for Cushing's syndrome are at 
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FIGURE 41 -27 A, Patient positioning for posterior retroperitoneo
scopic adrenalectomy. B, Port placement for posterior retroperitoneo
scopic adrenalectomy. C, Posterior view of the left adrenal vein. The 
left inferior phrenic vein can be seen superiorly. Adrenal tissue is 
being retracted to the left-hand side of the photograph. (Courtesy Dr. 
James Lee.) 

risk for surgical site infections because of their catabolic and 
immunosuppressed state. These include port site infections in 
5% of patients and, rarely, subphrenic abscesses requiring cath
eter drainage. One complication specific to the retroperitoneal 
approach is injury of the subcostal nerve, which occurs i.n R% 
of patients and is usuaUy temporary. 

Patients who undergo laparoscopic adrenalectomy recover 
rapidly. Most patients, including approximately 50% of those 

FIGURE 41-28 Patient positioning for open right adrenalectomy. 

treated for pheochromocytoma, can leave the hospital on the 
first postoperative day. In the treatment of adrenal tumors, suc
cessful outcomes hinge on excellent perioperativc medical man
agement as much as technical ski ll , particularly in cases of 
pheochromocytoma and Cushing's syndrome. 'TI1csc consider
ations have heen discussed earlier. 

Open Anterior Transabdominal Adrenalectomy 

Patient Preparation and Positioning 
Neuraxial blockade (use of an epidural catheter) is routinely used 
for intraoperative and postoperative anesthetic or analgesic rnan
agemem. The padem is positioned supine, with the ipsiJatcral 
side slightly elevated on a bolster (Fig. 41-28). A urinary cath
eter. orogasrric or nasogasrric rube. and intermittent pneumatic 
compression devices are placed. The surgical preparation is 
carried from the nipple line to the pubis and down to the table 
on either side. 

Technique 
Left Adrenal We prefer w use a subcostal i.ncision, which may be 
extended across the midline (chevron), with or without a vertical 
uppe.r midline extension, to achieve wide exposure. The left 
adrenal can be exposed by entering the lesser sac through tl1e 
gastrocolic ligament and incising the retroperitoneum inferior 
to the taiJ of the pancreas or by rotating the spleen, pancreatic 
tail, and stomach anteromedially, as described earlier in the 
section on laparoscopic adrenalectomy. We use the latter 
approach in our practice. The splenic flexure of the colon ,is 
mobilized inferiorly and the plane medial to the adrenal gland 
is developed. The adrenal vein is isolated, tied in continuity, and 

http://www.myuptodate.com


Gallbladder 

Duodenum 

Inferior vena cava 

Transverse colon 

divided. 1he small adrenal arteries can be ligated or electroco
agulated and rhe specimen removed after circumferential dissec
tion is completed. 

Rigbt Adrenal Open right adrenalectomy begins with complete 
mobilization of the right lobe of the liver, including the lateral 
attad1ments and the falciform ligan1eJ1t. The adrenal can be 
exposed by rotating the liver mediaUy or, more commonly, 
retracting the i.nfcroposterior segments cephalad using long 
padded retractors (Liver, renal vein, Deaver, or Harrington rypes). 
The retroperitoneum is entered by performtng a Kocher maneu
ver (Fig. 41-29) and the inferior vena cava is exposed by medial 
reflection of dlc duodenum. The plane between me adrenal 
gland and inferior vena cava is developed first. Vascular struc
tures, which may be numerous in highly angiogenic mmors, are 
ligated sequentially. The adrenal vein is isolated, securely tied, 
and divided. Loss of control of the ad1·enal vein stump may be 
managed with the application of a side-biting (Satinsky) vascular 
clamp. A~ noted, open adrenalectomy is generally performed in 
cases of suspected or known malignancy. Locally invasive right
sided adrenal cumors can be challenging to manage, given mcir 
frequent invasion of adjacent venous structures (Fig. 41-30). It 
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FIGURE 41-29 Open right adrenalectomy. The right lobe of the 
liver and the hepatic flexure of the colon have been completely 
mobilized. The retroperitoneum is entered and the duodenum 
and head of the pancreas reflected medially (Kod1er maneu
ver) to expose the adrenal gland and NC 

FIGURE 41-30 Open resection of a right adrenocortical carcinoma 
invading the IVC. The patient's head is to the left. The liver (white 
orrowlu~ad) is retracted cephalad. The white arrow indicates the 
tumor and the block arrow indicates the NC, which is encircled with 
vessel loops. 
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FIGURE 41-31 Open resection of a right adrenocortical carcinoma 
requiring vascular reconstruction. A. The intrahepatic IVC has been 
replaced with a polytetrafl uoroethylene graft The li~r can be seen 
superiorly and the colon inferiorly. B, Ex vivo specimen consisting of 
the right adrena'l tumor with the kidney resected en bloc. The renal 
~in is indicated by the arrow. Forceps ha~ been placed through the 
resected segment of the IVC. 

is our practice to involve an experienced vascular or Liver surgeon 
in the management of tumors with extensive venous invasion. 
Locally invaded organs, most conunonly the kidney, should be 
resected en bloc with the primary mass. Complete radical resec
tion is a critical determinant of survival in patients with malig
nant adrenal rumors; in some cases, this can only be achieved if 
immediate venous reconstruction is performed {Fig. 4 1-31). 

Complications and Postoperative Care 
Technical complkations of open adrenalectomy include venous 
hemorrhage, tlllmor embolization in cases with intravascular 
tumor extension, and solid organ injury. Postoperative compli
cations are similar to those associated with other major ahdomi
nal procedures. Most patients experience return of bowel 
function within 3 to 4 days and are able to leave the hospital on 
postoperative days 5 to 7. 
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CHAPTER 42 

MULTIPLE ENDOCRINE 
NEOPLASIA SYNDROMES 
TERRY c. LAIRMORE AND jEFFREY F. MOLEY 

MUlTIPLE ENDOCRINE NEOPlASIA TYPE 1 

MULTIPLE ENDOCRINE NEOPlASIA TYPE 2 SYNDROMES 

Genetic changes in a tumor suppressor gene and a proto
oncogene result in the multiple endocrine neoplasia (MEN) 
types l and 2 syndromes, respectively. 1hese hereditary cancer 
syndromes are characterized by neoplastic transformation in 
multiple target endocrine tissues, as well as pathologic involve
ment of nonendocrine tissues. The associated endocrine tumors 
may be benign or malignant and may develop synchronously or 
metachronously. Within an affected endocrine target tissue, a 
diffuse preneoplastic hyperplasia typicalJy precedes the develop
ment of microscopic iJwasion or grossly evident multifocal car
cinoma. In the MEN syndromes, the genetic predisposition to 
multiple endocriJ1e neoplasms with malignant potential is con
ferred on otherwise healthy, young individuals. lmportamly, the 
discovery of the specific genetic basis for the MEN 1 and 2 
syndromes has allowed the development of strategies for direct 
genetic testing and early surgical intervention. Early thyroidec
tomy is indicated for patients with a genetic diagnosis of MEN2, 
with the aim of preventing the subsequent development of 
regional or distant medullary thyroid carcinoma metastases. 1l1e 
optimal early surgical intervention to prevent metastatic spread 
of the potentially malignant neuroendocrine tun1ors (NETs) in 
patients with a genetic diagnosis of MENI remains clinicalJy 
controversial. 

The MEN syndromes are characterized by differing patterns 
of involvement. MEN 1 is cllaracterized by the development of 
multiglandular parathyroid disease, NETs of tl1e gastroentero
pancreatic system, adenomas of the anterior pituitary gland, 
foregut and thymic carcinoids, and other associated nonendo
crine neoplasms, sucll as facial angiofibromas, lipomas, ru1d col
lagenomas. The MEN2A syndrome is characterized by the 
development of medullary thyroid carcinoma (MTC), pheochro
mocytomas, and parathyroid tumors, whereas MEN2B consists 
of MTC, pheochromocytomas, mucosal neuromas, skeletal 
abnormalities, ganglioneuromatosis of the gastrointestinal tract, 
and what has been termed a distinctive nunfonoid habitus. 

MULnPLE ENDOCRINE NEOPLASIA TYPE 1 

Geneti( Studies and Pathogenesis 
1l1e MEN 1 tumor suppressor gene, whose mutations are respon
sible for the MEN1 syndrome, was originally mapped to human 

chromosome 11 q 13 by genetic linkage studies and tumor DNA 
deletion mapping, and was identified by positional cloning 
in 1997.1 MEN1 is a putative tumor suppressor gene, whose 
protein product likely has diverse actions that confer a negative 
influence or brake 011 cellular growth ru1d proliferation, so that 
loss of its fw1ction results in uruegulated cell growth or neoplas
tic transformation. As a tumor suppressor gene, development of 
MENJ requires two genetic hits involving both allelic copies of 
the gene to result in loss of fw1ction. The first mutation is 
inherited in the germline and is present in every cell; the second 
somatic mutation occurs in aJl individual cell of an involved 
target tissue and results in tumor formation. According to the 
two-hi t model of wmorigenesis, tl1e fuse event is a mutation 
inherited in the germline tl1at confers susceptibility to neoplastic 
d1ange i11 the involved tissues. Elimination of d1e remaining 
functional copy of the gene in a single cell through a chance 
somatic mutational event, or second hit (sud1 as a gene dele
tion), results in clonal expansion and cru1cer development. The 
occurrence of individual second hits in several target organ cells 
explains the multifocal involvement characteristically observed 
in affected endocrine tissues. Somatic mutatiom in the MEN 1 
gene occur frequently in sporadic parathyroid adenomas, .insu
linomas and gastrinoma, pituitary rumors, ru1d bronchial carci
noids, indicating that .loss of the MEN1 gene contributes to the 
development of a subset of nonhereditary' endocrine tumors. 

The MEN 1 gene consists of I 0 exons (9 coding and 1 
untranslated) ru1d encodes a 61 0-amino acid protein termed 
menin. 1 Menin is ubiquitously expressed in endocrine and non
endocrine tissues. 1he menin protein sequence is highly con
served evolutionarily, with the murine Men 1 gene demonstrating 
98o/o homology. Knockout of both Men 1 alleles in mice results 
in embryonic lethaHty, demonstrating that menin is essential for 
early development and has a broader role in the regulation of 
cell growth that is not limited to the endocrine tissues affected 
in MENl. An excellent mouse aninlal model for d1e study of 
MENJ tumorigenesis exists. Heterozygous Mml:!: mice dem
onstrate somatic loss of the wild-type Men! allele in tumors2 and 
develop a constellation of endocrine tumors remarkably similar 
to the human MEN 1 syndrome. 

Menin is now known to have diverse influences in the 
regulation of gene transcription, cell cycle progression, apoptotic 
pathways, DNA processing and repair, cytoskeletal integrity, and 
genome stability. Menin is predominantly a nuclear protein that 
binds to Jun, a member of the AP-1 transcription factor family, 
and represses JunO-mediated transcription.3 In addition, menin 
has bee11 shown to interact physically witl1 a diverse variety of 
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GERMLINE MEN1 MUTATIONS 

Del11+1 

•210,211deiACAG 
219insA 0349X 

263-266del9 •w34.1x QsgsX 464,465deiGGCC 

FIGURE 42- 1 Gennline mutations in the MENT gene in a set of 25 independent kindreds. The mutations are distributed throughout the nine 
coding exons of the gene. The genetic alterations may indude missense, nonsense, frameshift. and RNA-splicing defects that may occur any
where throughout the coding exons and immediately fl anking intron sequences. five splicing defects and two missense mutations a re depicted 
above the MEN I gene, and seven nonsense and six frameshift mutations are depicted below the MENT gene. (From Mutch MG, Dilley WG, 
Sanjurjo F. et al: Gerrnline mutations in the multiple endocrine neoplasia type 1 gene: Evidence for frequent splicing defects. Hum Mutat 
13:175- 185, 1999.) 

other proteins that comprise transcnptJon factors, DNA
processing factors, DNA repair proteins, and cytoskeletal pro
teins (e.g., Smad3, NF-KB, nm23, Pem, FANCD2, RPA2, 
ASK). Overexpression of merlin bas been shown ro diminish the 
tumorigenic phenotype of Ras-transformed NIH-3T3 cells, 
consistent with its putative tumor suppressor fw1ction. In addi
tion, studies have suggested a possible role for menin in repress
ing telomerase activity in somatic cells, perhaps explaining in 
part its tumor suppressor pmperties. Although there is now 
rapidly expanding evidence regarding diverse menin interactions 
and influences on a variety of cellular fw1ctions and pathways, 
the fuil complexity of the tumor suppressor role of menin in 
MENJ and sporadic endocrine tumorigenesis bas not yet 
provided a comprehensive tmderstanding of the mechanisms 
involved. 

Menin up regulates certain cyclin-dependent kinase (CDK) 
inhibitors hy increasing histone H3 lysine 4 (H3K4) methyla
tion and inhibits G0 or G 1 to S phase transition. 1l1ese findings 
suggest rhar by promoting histone modifications witllin specific 
gene promoters, meniJl promotes the maintenance of transcrip
tion of critical ceU cycle regulators essential for normal endocrine 
cell growth control. 

To date, more than 1330 independent mutations have been 
identified in the MENl gene.4 MENl mutadons may be non
sense, missense, frameshif4 deletions, aJld RNA splicing defects. 
These diverse mutations may occur throughout the coding 
sequence and intron-exon junctions of the gene, as demon
strated in a representative study of MEN I gern'lUJle mutations 
(Fig. 42-1).5 Approximately rwo thirds of the reported muta
tions in tile MENJ gene resLLit in premature termination of 
translation and truncation of the C-terminal portion of the 
menin protein. No clear genotype-phenotype correlation has 
been established for MENl, although phenotypic variants (iso
lated hyperparathyroidism, frequent prolactinomas) have been 
described.6 

Direct gernetic testing can detect disease-associated germ
Line mutations in the MENJ gene and identify affected indi
viduals. The clinical application of genetic testing has 
associated limitations. 1l1e detection of a disease-associated 
mutation in a family with a previously dcfiJ1ed specific genetic 
chaJ1ge is straightforward. However, in a newly identified 
MENl fan1ily for whom tile specific mutation is not known 

in advance, a comprehensive search of the codiJ1g sequence 
aJ1d i.nrron-exon ju.nctions is necessary ro search for all possi
ble mutations: only approximately 85% to 90% of these novel 
families wil l have the specific mutation identified by standard 
genetic screening. For this reason, a negative comprehensive 
screen for mutations in the MEN/ gene does not exclude 
involvement witll MENl. Formal genetic counseling and 
informed consent, including disclosures rdevant to the privacy 
of medical information and the potential impacr of the 
genetic information on treatmenr, are essential to a compre
hensive program of genetic testing. 

Because no clear correlation has been found between spe
cific mutations in theMENl gene and phenotype of the affected 
patiems, the usc of genetic testing for the prediction of malig
nant potential and prognosis is not possible at present.· When 
aJl index-suspected MEN 1 patient is diagnosed clinically, genetic 
evaluation of tl1at patient and first-degree relatives should be 
performed. Presymptomatic individuals who test positive for an 
MEN I muration should tllen undergo more frequent and inten
sive biocl1emical testing, with special emphasis on tl1e potentially 
maligrlaJlt pancreaticoduodenal aJld intrathoracic tumors. Close 
observation aJld fi·equent surveillance of patients with MEN! 
mutations aUows for mucl1 earlier detection of biochemical 
abnormalities associated with neoplasia.R Conversely, a negative 
genetic test result in a patient from a family whose specific muta
tion is known would obviate further lifelong screening or resting, 
with the associated costs and psyd1ological impact. 

Cliniod Features and Management 
The principal feature that develops in almost all individuals 
inheriting an MEN! mutation is hypercalcemia caused by mul
tiglandular para.tllyroid twuors. Patients may also develop NET 
of the pancreas and duodemun, bronchial aJld thymic carci
noids, and adenomas of the aJlterior pituitary. In addition, bron
chial and thymic carcinoids, thyroid nodules, adrenocortical 
nodular hyperplasia, lipomas, ependymomas, and cutaJleous 
aJJgiofihromas occm with in.creased frequency in patients with 
MEN l . Clinically, MENl is defined as tile occurrence of neo
plasms in at least two target endocrine tissues (parathyroid, 
endocrine pancreas, pituitary) in an i.ndjvidual; farniUal MENl 
is defined as the additional occurrence of at least one tumor type 
in a first-degree relative. 
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ALGORITHM FOR BIOCHEMICAL AND RADIOGRAPHIC 
DIAGNOSIS/SURVEILLANCE IN MEN 1 PATIENTS 

Genetic testing 

Positive ! 

Negative 
No further screening 

MRI Elevated ._ 
Age 5: Begin year1y 
pituitary screening 

(prolactin level) 

Sestamibi scan, ~ 
ultrasound 

Elevated Ca 
and PTH - Age 8: Begin year1y 

parathyroid screening 
(calcium and PTH levels) 

- Normal - Continue annually 

~ 
Elevated gastrin, 

SRS, EUS ~ chromogranin A, ~ 
glucagon 

Age 20: Begin yearly 
pancreas screening 

(gastrin, chromogranin A, 
proinsulin, glucagon, and 

CT/MRl) 

L CT/MRI-identified 
abnormality 

Elevated proinsulin 

Observed fast. 

FIGURE 42-2 Clinical and biochemical surveillance in patients with MENl. (From Whaley JG, Lairmore TC: Multiple endocrine neoplasia type 
1: Current diagnosis and management In Morita SY, Oackiw APB, Zeiger MA [eds]: McGraw-Hill's manual of endocrine surgery, New Yori<, 2009, 
McGraw-Hill, pp 334- 347.) 

Males and females are affected equally with MEN 1, as 
predicted by the autosomal dominant inheritance pattern. 
MEN 1 has heem described in many geographic regions and 
ethnic groups, and no racial predilection has been demonstrated. 
The MEN 1 trait is transmitted with almost 100% penetrance, 
but with variable expressivity, so that ead1 affected person may 
exhibit some but not necessarily all components of the syn
drome. 1l1e most common abnormality in MENl is multiple 
parathyroid tumors, which eventually develop in 98% to 100% 
of affected individuals. Duodenopancreadc NET, which carries 
a malignant potential, occurs in approximately 30% to 80% of 
patients, whereas pituitary tumors become dinically evident in 
approximately 1 5% to 50% of affected patients. At autopsy, 
pathologic involvement in all three endocrine tissues has been 
described in almost alJ patients. When compared wid1 sporadic 
endocrine tumo~rs, tbe endocrine tumors arising in a~ociation 
with tbe familial MEN 1 syndrome are characterized by an earlier 
age of onset, multifocal involvement within a target endocrine 
tissue, and development of concurrent neoplasms in multiple 
endocrine tissues. 

The clinical manifestations of patients with MEN I depend 
on the endocrine tissue involved, speci.fic hormone overpro
duced, or local mass effect and malignant progression of the 
neoplasm. Previously, complications related to hormone excess, 
such as severe ulcer disease or hypoglycemia, were the most 
frequent presenting complaints. At present, the principal cause 
of mortalil)' in patients with MENl is malignant progression of 
duodenopancreatic neuroendocrine cancers or intrathoracic 

malignant carcinoids. Current recommendations indicate that 
annual biod1cmical testing, including determination of pancre
atic polypeptide, gastrin, glucagon, and dlfomogranin A levels, 
should begin at approximately age 15 ro 20 years in presymp
romatic affected individuals.9 [t is now recommended to begin 
biochemical screer1ing for pituitary adenoma~ in carriers of 
MEN J mutations at 5 years of age. Some have recommended 
screening for hyperparathyroidism as early as the age of 8 years 
in MEN1 mutation carriers, but me peak incidence of clinically 
apparcm HPT is in the late second or early third decade. 
A summary of our recommendations for the dinical and 
biod1emical surveillance of patients with MEN 1 is shown in 
Figure 42-2. 

Parathyroid Glands 
The most common endocrine abnormality {>98% affected indi
viduals) in MENI is multiglandular parathyroid tumors. The 
parad1yroid tumors in MEN 1 are donal, resulting from inactiva
tion of both alldes of the MEN 1 tumor suppressor gene by two 
separate events, and are therefore multiple adenomas from a 
strict genetic standpoint.10 IJ1 contrast, fewer than 15% of 
patients with sporadic prin1ary hyperparathyroidism have mul
tiglandular involvement. The typical enlargement of parathyroid 
glands in MEN1 patients is asymmetrical at any point in the 
intervention (Fig. 42-3). 

Hypercalcemia is usually the first biochemical abnormality 
detected in patients wim MENl. and may precede the clinical 
onset of a pancreatic NET or pituitary neopla~m by several years. 
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Asymptomatic hypercalcemia may be present in many patients 
over a long period of observation. Renal lithiasis and skeletal 
com plications of hyperparathyroidism occur but are uncom
mon. In general, hyperparathyroidism in patients with MEN l 
has an earlier age of onset and usually causes a milder 

FIGURE 42-3 Photograph of tour parathyroid glands resected from a 
patient with MEN1 syndrome, arranged according to location within 
the neck. Note the asymmetrical involvement of parathyroid tumors 
with two markedly enlarged upper glands and more modestly 
enlarged lower glands. The left inferior parathyroid was located within 
the cranial horn of the thymus. 

hypercalcemia than that observed in primary sporadic hyper
parathyroidism. Demonstrating an elevated serum calcium level 
in association with an inappropriately elevated parathyroid 
hormone level establishes the diagnosis. Patients with MENl 
typically have a markedly elevated 24-bour urine calciLLm excre
tion. When prospective biochemical screening of known generi
cally positive individuals is performed, the onset of hypercalcemia 
in patients with an MENJ mutation occurs as early as 11 to 14 
years of age (Fig. 42-4). 

The aim of surgical treatment for hyperparathyroidism in 
patients with MENl is to achieve the lowest incidence of recur
rent hypercalcemia while minimizing the complications of per
manent hypoparathyroidism. Because patients with MENl 
develop multiglandular disease, there is a significantly higher 
rate of recurrent or persistem hyperparathyroidism after para
thyroidectomy when compared with the resulcs for the treat
ment of sporadic parathyroid adenomas. Two currently accepted 
surgical procedures for patients with MEN I are a three-and
one-half-gland (subtotal) parathyroidectomy, leaving the para
thyroid tissue remnant in situ in the neck, or a total four-gland 
parathyroidectomy, with IM autotransplantation of parathyroid 
tissue into the forearm muscle. A transcervical partial thymec
tomy shoLLid also be performed because of the possibility of an 
ectopic or supernumerary parathyroid gland within the cranial 
horns of the thymus. In general , preoperative imaging tests are 
not necessary for patients with MEN 1 undergoing initial neck 
exploration because appropriate treatment requires bilateral 
neck exploration and idemificacion of all fotlf glands. Noninva
sive imaging rests, such as parathyroid nudear medicine (sesta
mibi) scanning and ultrasound may be useful for parathyroid 
localizatiOJJ prior to reoperative surgery. 

SERUM CALCIUM LEVELS VERSUS AGE IN GENETICALLY POSITIVE PATIENTS 
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FIGURE 42-4 Serum calcium levels versus age in six patients genetically positive for MENl. The data were obtained prospectively based on 
genetic diagnosis. Each patient's curve is represented by a different color and data point symbol according to the legend in the upper left 
comer. The seruiiTl calcium level (mg/dl) is plotted as a function of age (years). The upper limit of normal for calcium is indicated by the dotted 
line. In this selected subset of genetically positive patients followed prospectively, a rapid rise in calcium levels is evident between the ages of 
10 and 15 years. (From Lairmore TC, PiersaiiLD, DeBenedetti MK, et al: dinical genetic testing and early surgical intervention in patients with 
multiple endocrine neoplasia type 1 [MENl). Ann Surg 239:637-645, 2004.) 
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Debate continues regarding the optimal surgical procedure 
for hyperparathyroidism in patients with MEN I. The incidence 
of recurrent hyperparathyroidism foiJowing any surgical treat
ment for tl1e multiglandular dlseasc in MENl is approximately 
30% to 40% 5 years postsurgery, reflecting the genetic first-hit 
predisposition in every parathyroid cell. Recurrences are 1dared 
to how long tbe patient is followed and the performance of 
tbymectomy.11 A potential advantage of total parathyroidectomy 
an.d heterotopic autotransplantation to the forearm is the ability 
to manage recurrent hyperparathyroidism, if it develops, by 
excision of a portion of the grafted parathyroid tissue under local 
anesthesia, obviating the morbidity of repeat 11eck exploration. 
Subtotal resection is believed by many co achlcvc CCJUlvalem 
results without a purported higher risk of permanent hypocal
cemia from autograft failure. 12 Currently, both treatments appear 
to provide essentially equivalent results, and the answer to this 
question awaits a randomized, prospective clinical trial. Delayed 
transplantation of cryopreserved autologous parathyroid tissue 
can salvage a proportion of patients with permanent postopera
tive hypocalcemia following either procedure. b1 one study,'3 

approximately 60% of delayed, cryopreserved parathyroid auto
grafts showed eY.idence of graft function based on venous para
thyroid hormo11c (PTH) gradients between the grafted and 
nongrafted arms; 40% of aurografts acllieved full competency 
without supplements. 

Pancreas and Duodenum 
The second most freCJuent cornponem of MEN! is the develop
ment of NETs of the duodenun1 or pancreas. Dependlng on the 
method of study, 30% to 80% of patieJ1ts with MENl develop 
cli1uca!Jy evident tumors. These tumors, along with the intra
thoracic carcinoids, carry a significant malignant potential and 
rcsu.lt in most of ilic MENl dlsease-rdated morbidlty and mor
tality. The pathologic change is typically multifocal, and diffuse 
islet cell hyperplasia and nucroadcnoma formation may be 
present in areas of the pancreas dlstant from grossly evident 
tl1J110r. Gastrinomas freCJuently occur within the wal l of the 
duodenum or in extrapancreatic sites. The pancreaticoduodenal 
tumors in patients with MEN1 produce symptoms caused by 
hormone oversecrction or mass effect from the tumor growth 
itself; these are characterized by a high malignant potential. 

Several radiographic in1aging methods are avai lable for the 
preoperative detection of the gastroemeropanc.rcatic NETs. A 
cross-sectional i1111aging test (computed tomography [CT] or 
magnetic resonance imaging [MRI]) should be pcrfom1ed as an 
initial test in almost all patients to exclude a very large primary 
neoplasm or metastases. Biphasic thin slice CT has been reported 
to have a sensiti·vity of 94.4% for pancreatic NETs. However, 
the sensitivity decreases with smaller tumors (<2 em), multiple 
tumors (as is often the case with MENl), tumors located in 
extrapancreatic locations (e.g., duodenal wall), or tumors located 
in the distal tail of the pancreas. MRI is advocated by some and 
can detect smaller tun1ors; however. no dear advantage of MRl 
over CT has been shown. 

Endoscopic ultrasonography (EUS) is an excellent imaging 
modality for NETs of the pancreas and duodenum but is depen
dent on avai labiility and operator skill in selected centers. ln 
1992, Rosch and collcagues14 have reponed a sensitivity of82o/o 
and specificity of95% ofEUS in detecting pancreatic NETs that 
had not been localized by transabdominal ulrra~ound or CT. 
However, the detection rate decreases with dlstal progression 

along the pancreatic tail, likely because of increased dlstance 
from the gastric or duodenal lumen. EUS is an effective and 
relatively noninvasive localizing test (after initial en. but is 
dependent on the skill and experience of the operator and 
availability. 

Somarosratin receptor scintigraphy (SRS) may also be used 
to localrte these tumors. In the sub population of MEN I patients. 
one study found that the specificity and positive predictive value 
of SRS for pancreatic tumors arc 25% and 100%, respectively, 
whereas specificity and positive predictive value of SRS for duo
denal gastrinomas arc 72% and 100%, rcspectivcly}5 ln this 
study, all pancreatic NETs were detected by EUS or SRS. 

Finally, selective pancreatic arteriography with provocative 
stimulation by selected secrctagogues and measurement of incre
ment hormone secretion in the hepatic vein is an invasive rest. 
bur may be the most accurate single localizing study.16 Tius test 
provides regional localization of functional tumors (e.g., insuli
noma, gastrinoma) within the pancreas and is especiaiJy useful 
for patients with MENl who characteristically have multiple 
rumors. 

Pancreatic NET.~ that arc nonfunctiOJling or that secrete 
pancreatic polypeptide are probably the most freCJuent NETs 
that occur in patients with MENI. 'll1e most common func
tional NET in patients with MEN I is gastrinoma. 'll1c present
ing signs and symptoms in patients with hypergastrinemia 
(Zollingcr-Ellison syndrome [ZES)) include epigastric pain, 
reflux esophagitis, secretory diarrhea, and weight loss. Currently, 
with highly effective proron ptLmp lnhibiwrs (PPis) for mcdlcal 
tl1erapy, active peptic ulcer dlsease is present in less than 20% 
of patients at the time of dlagnosis. Patients may infrequeJ1rly 
present with a severe ulcer diathesis as weU as stricture or perfo
ration of the esophagus caused by severe reflux esophagitis. 
Gastrinoma is diagnosed by the documentation of gastric acid 
hypersecretion (> 15 mEq/liter in patients without surgery or 
>5 mECJ!lircr in patients with prior ulcer surgery), associated 
with elevated fasting levels of serum gastrin(> 100 pg/mL). The 
diagnosis can be confirmed by an abnormal secretin test result. 

Gastrinomas that develop in patients with MEN! are 
usually malignant (z80%), as indicated by the presCJ1Ce of 
regional lymph node or dlstant metastases. Gastrinomas were 
previously believed to be located predominantly in the head of 
the pancreas witl1in the gastrinoma triangle. More recent data 
have suggested that gascrinomas in patients with MEN 1 occur 
most freCJuently within the waiJ of the duodenum (Fig. 42-5). 
Because of the smaiJ size of these neoplasms, the primary gastri
noma may not be localized preoperatively by CT scanning or 
angiography. Endoscopic ultrasound bas been used successfully 
to locaJlzc gastrinomas within the wall of the duodenum or head 
of the pancreas. 1hcre is controversy about the development of 
primary gastri.noma within lymph nodes. Although occasional 
patients have heen biochcrnica!Jy cured after resection of gastri
noma within lymph nodes, it is unclear whether an occult gas
trinoma prin1ary was missed witl1in the pancreas or wall of the 
duodenum. 

1l1e value of surgical resection for intended cure of gastri
noma in patients with MENl is controversial. Although most 
evidence indkates that patients with ZES and MEN! rarely 
demonstrate long-term biocl1emical cure following opcrarion,'7 

localized resection of a potentially malignant NET is indlcated 
in an attempt to control the tumoral process and prevent sub
sequent malignant dissemination. 'll1e recognition chat primary 
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FIGURE 42-S Gastrinoma in the duodenal wall from patient with MENl. A. Intraoperative ultrasound demonstrating a circumscribed hypoechoic 
tumor in the submucosa of the duodenal wall, demonstrated just superior to the duodenal lumen. 8, Gross appearance of the duodenal wall 
tumor from the serosal surface. 

gastrinomas occur frequently in tbe duodenal wall, combined 
with efforts to perform an extensive regional lymphadenectomy 
or even pancreaticoduodenectomy, may improve the success rate 
of surgery for ZES in the setting of MEN1. 18 Newer strategies, 
including rapid intraoperative gastrin determinations, are also 
being used in the surgical management of gastrinoma. Total 
gastrectomy is rarely indicated for patiems with gastrinoma 
because medical therapy effectively prevents most of the symp
toms or compllicadons resulting from the acid hypersecretion. 
1l1e availability of PPls allows effective medical therapy for 
patients with l.tnresectable gastrinoma or extensive metastatic 
disease. However, careful observation of the stomach by repeated 
endoscopy is necessary because long-term administraticm of 
PPls to patients with MENI and ZES has been associated 
with the development of gastric carcinoid tumors. Patients with 
primary hyperparathyroidism should undergo parathyroidec
tomy hecause normalization of the serwn calciwu level improves 
the ZES.19 

The second most common clinically evident pancreatic 
NETs in patien ts with MENl are insulinomas. 1l1ese are usually 
small (<2 em) and occur with even distribution throughout tbe 
pancreas. Patients typically present with recurrent symptoms of 
neuroglycopenia-sweating, dizziness, confusion, or syncope. 
Documenting sympromatic hypoglycemia in association with 
inappropriately elevated plasma levels of insulin and C-peptide 
during a supervised 72-hour fast confirms the diagnosis ofinsu
Linoma. lnsulinomas may be occul.t and are infrequently local
ized by conventional preoperative imagiJ1g studies such as CT, 
ultrasound, MRI, or angiography. 

1l1ere is no ideal medical therapy for insulinoma; therefore, 
the preferred treatment is accurate localization and surgical 
resection of the ftmctioning tumor to correct life- threatening 
hypcrinsulinem.ia. Patients with MENI characteristically devdop 
multiple NETs, which may complicate ide11tihcation of the spe
cific functional tumor responsible for the hyperinsulinism. Pre
operative regional localization of the functioning tumor within 
the pancreas may be provided by selective catheterization of tbe 
arteries supplying the pancreas, followed by injection of an 
insulin secretagogue (calcium gluconate) and measuren1ent of 
imulin gradlcrlts in rhe hepatic veins. 1l1e operative approach 
includes complete mobilization of the pancreas and careful 
exan1ination of the gland by inspection and palpation. 

FIGURE 42-6 Multiple neuroendocrine turnors of the pancreas in a 
distal pancreatectomy specimen from a patient with MENl . 

intraoperative ultrasound is essential for the identification of 
small tumors, especially within the pancreatic bead or uncinate 
process.!0 Small benign insulinomas are amenable to enucle
ation. Partial pancreatectomy may be required for multiple or 
potentially malignant rumors.16 If tbe i.nsulinoma is nor identi
fied, despite an exhaustive intraoperative search, blind subtotal 
pancreatectomy is not recommended. ApproxiJuately 10% of 
insulinomas occurri11g in patients with MENI are malignant. 
Patients with malignant insulinoma and disseminated metastases 
may respond to treatment with streptozorocin and some control 
of hypoglycenlia may be achieved by the administration of 
diazoxide or octreotide. 

Other functional NETs of the pancrea.~, such as gluca
gonoma, somatostati.noma, and tumors secreting vasoactive 
intestiJ1al peptide or pancreatic polypeptide, occur rarely in asso
ciation with MENI. 

The involvement of NETs within the pancreas of patients 
with MEN 1 is characteristically multifocal (Fig. 42-6). Contro
versy exists regardiJtg the optiJual timing and most appropriate 
operation to perform for NET.~ of the pancreas and duodenum 
in paticn ts with MEN l. The controversy reflects uncertainty 
abou·t the natural history of small. potentially berlign or non
functional tumors, which must be weighed against the risks of 
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early and/or repeat major pancreattc mcerventions carrying a 
significant risk of morbidity. Some are reluctant to advocate 
routine or early pancreatic exploration in yow1g, otherwise 
healthy patients for small nonfunctional tumors, which might 
be clinically insignificant. On the other band, these tumors have 
a malignant potential, and delay in diagnosL~ and effective treat
ment carry the risk of the development oflocal or distant metas
tasis. [t is obviously desirable to intervene early to prevent 
malignant dissemination while ml:ninuzing morbidity and mor
tality (from cancer or surgery). Complicating factors include the 
lack of genotype-phenotype correlation in MENl, which might 
otherwise allow genetic stratification of those at higher risk of 
malignant progression, and faUttre of recenc studies to idemify 
a clear relationship between the size of the tumor and risk of 
regional lymph node or distant metastases.21 

The spectrum of clinical strategies proposed ranges from 
the most aggressive approach, consisting of early surgical explo
ration and resection of tumors when the patient's peptide tumor 
markers become elevated (even without radiographically detect
able tumors), to the most conservative approach, advocating 
operation only for ttunors exceeding approximately 1.0 em in 
size on radio&raphic imaging or demonstrating hormone hyper
fu nction.16.a..:3 1l1e malignant potential of these neoplasms is 
clear, with up to 50% of patients eventually developing regional 
lymph node or distant meta~ta-;es. Many groups now recom
mend early operation and excision of these tttnlors to prevent 
mallg:nant progression.24 One recent large retrospective study 
has suggested improved <werall survival in patients undergoing 
surgery, especialEy younger patients with localized tumors and 
those with hormonally functional tumors.21 'Tile operative strat
egy for NET in patients with MEN! must be aimed at extirpa
tion of all grossly evident tumors, with preservation of pancreatic 
exocrine and endocrine fllllction and avoidance of excessive 
operative morbidity. These factors are complex and must be 
individualized to the patient. 

Pituitary Gland 
Adenomas of the anterior pituitary gland occur in a variable 
proportion of patients with MEN!. The most frequent pituitary 
tumor in patients with MEN1 is a prolactinoma. Pituitary 
tumors cause symptoms by hypersecretion of hormones or com
pression of adjacent structures. Large adenoma~ may cause visual 
field defects by pressure on the optic chiasm or manifestation~ 
of hypopituitarism through compression of the adjacent normal 

gland. Prolactin-secreting tumors result in amenorrhea and 
galacto rrhea in women or hypogonadism in men.. MEN1 
patients with pituitary tw11ors may exl1ibit acromegaly resulting 
from growth hormone overproduction or Cushing's disease 
caused by an adrenocorticotropic hormone (ACTH)-producing 
piruitary rumor. 

Medical treatment with a dopamine agonist such as bro
mocriptine or cabergoline is effective in controlling the hyperp
rolaccinemia in most patients with prolactinomas. Growth 
hormone-producing tumors causing acromegaly or ACTH
producing tttn1ors are usually treated by surgical resection; 
medkal therapy for growth hormone-secreting tumors includes 
somatostatin analogues such as octreotide and lanreotide. 
Trans-sphenoidal pituitary microsurgery or radiation therapy are 
indicated infrequently for rapidly enlarging, nonfunctional mac
roadenomas that are unresponsive to medical therapy or result 
in local compressive symptoms because of their mass effect. 

other Tumors 
Bronchial and thymic carcinoids, benign thyroid tumors, be11lgn 
and malignant adrenocortical tumors, Hpomas, ependymomas 
of the central nervous system (CNS), and facial cutaneous angio
fibromas and collagcnomas occur with increased frequency i11 
patients with MEN l. Approxin1ately 30o/o of patients with 
MEN I develop adrenal masses or bilateral nodular adrenal 
hyperplasia. Surgical removal of adrenocortical tltn1ors larger 
than 3.0 em may prevent development of adrenal maHgnancy. 
'TI1ymectomy to prevent development of malignant thymic car
cinoid may be considered in male patients, especially smokers. 

MUL11PLE ENDOCRINE NEOPLASIA 
TYPE 2 SYNDROMES 
'TI1e MEN2 syndromes include MEN2A, MEN2B, and fanilllal, 
non-M EN medullary thyroid carcinoma (FMTC). The hallmark 
of the MEN2 syndromes is MTC, which occurs with almost 
complete penetrance. Additional manifestations are of variable 
penetrance and include pheochromocytoma in MEN2A and 
MEN2B and hyperparathyroidism in MEN2A (Table 42-1; Fig. 
42-7). 'TI1e MEN2 syndromes have an autosomal dominant 
pattern of inheritance and are caused by activating mutations 
in. the RET proto-oncogene on cbromosome 10 (Fig. 42-8).25 

'TI1e cl i11ical features and tumor bcl1avior seen in the MEN2 
syndromes are closely correlated with the specific gemiline 
mutation present in the RET gene. Management of patients 

_Table 42-1 Clinkal Features of Multiple Endocrine Neoplasia Syndromes 
CLINICAL SETnNG FEATtJRES OF MTC INHERITANCE PATTERN ASSOOATED ABNORMALITIES 
Sporadic MTC Unifocal None None 

MEN2A Multifocal, bilateral Autosomal dominant Pheochromocytomas, 
hyperparathyroidism 

MEN2B Multifocal, bilateral Autosomal dominant Pheochromocytomas, mucosal 
neuromas, megacolon, 
skeletal abnormalities 

FMTC Multifocal, bilateral Autosomal dominant None 

Adapted from Moley JF, Lairmore TC, Phay JE: Hereditary endoc.rinopathies. Curr Probl Surg 36:653-764, 1999. 

GENETIC DEFECT 
Somatic RET mutations in >200/o of 

tumors 

Germ-line missense mutations in 
extracellular cysteine codons of RET 

Germ line missense mutation in 
tyrosine kinase domain of RET 

Germ line missense mutations in 
extracellular or intracellular cysteine 
codons of RET 
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FIGURE 42-7 Features of MEN2A and 2B syndromes. A. Bisected thyroidectomy specimen showing multifocal, bilateral MTC tumors. B, Adre
nalectomy specimen from patient with MEN2B showing pheochromocytoma. C. Megacolon in patient w ith MEN2B. D, Tongue nodules in 

patient with MEN2B. (A. Courtesy Dr. S. A. Wells; 8-D, courtesy Dr. R. Thompson; Ffom Moley JF: Medullary thyroid cancer. In dark OH, Duh 
QY [eds]: Textbook of endocrine surgery, Philadelphia, 1997, WB Saunders.) 

and families affected by these syndromes should be informed by 
an understanding of the genotype-phenotype correlation associ
ated with the specific RET mutation present in family members. 

Understanding the genetic basis of the MEN2 syndromes 
has led to a paradigm shift in the screening and treatment of 
affected patients and their families. Treatment now focuses on 
early identification of RET mutation carriers and early thyroid
ectomy to prevent MTC, when possible. 'This section wiJI 
describe the genetics, clinical features, diagnosis, and manage
ment of patients with the MEN2 syndromes. 

Genetics and Clinical Features 

RET Proto-Oncogene 
1l1e RET (rearranged during transfection) proto-oncogene 
encodes a receptor tyrosine kinase protein involved in growth, 
differenciation, and migration of developing tissues. The 
full-length protein includes an extracellular, cysteine-rich, 
ligand-binding domaiJl, transmembrane domain, intracellular 
juxtan1embrane domain, and intracellular tyrosine kinase 
domain (see Fig. 42-8). 1l1e mutations responsible for MTC are 
missense mutations that result in single amino acid changes that 
cause gain of function alterations in the protein. 1l1ere are con
sistent associations between the specific RET mutation (geJ1o
rype) and clinical phenotype of patients with familial forms of 
MTC.26 This includes age of onset, aggressiveness of MTC, and 
presence or absence of other endocrine neoplasms. MEN2B 
patients expressing the M918T mutation have the most aggres
sive forms of MTC, with evidence of disease ofren present in 
early infancy. MEN2A patients have a variable course of MTC 

disease presentation and progression, whereas FMTC patients 
demonstrate an indolent form that more ofrcn presents in the 
later decades of life. RET mutations in MEN2 are inherited in 
aJl autosomal dominru1t fashion. 1lws, MEN2 carriers confer a 
50% risk of genetic trru1smission to their offspring. 

RET is expressed in multiple tissues descended from the 
neural crest, including rhe thyroid parafollicular cells (C cells), 
parathyroid glands, adrenal chromaffin cells, enteric ganglia, and 
other peripheral ru1d central neurons. Based on studies iJl animal 
models, RET signaling is necessary for the normal development 
of the kidney, parasympathetic nervous system, gut-associated 
lymphoid tissue, ru1d enteric nervous system. RET knockout 
mice den1onstrate features that include renal agenesis and aber
raJlt gut neurophysiology. ln humans, inactivating (loss of func
tion) mutations in RET are associated with Hirschsprung's 
disca,o;e, a defect in migration and development of enteric 
neurons, which causes megacolon in infancy. Activating (gain of 
function) germline mutations .in RET are associated with the 
MEN2 syndromes, ru1d activating somatic mutations arc associ
ated with sporadic thyroid carcinornas. This mechanism diJfers 
from MENI ru1d most other hereditary cru1cer syndromes 
(indudiJ1g hereditary breast cancer and colon cancer), which are 
caused by loss of function mutations in the predisposition gene 
(tumor suppressor genes). 

The RET protein bas four k11own Ligands that induce 
its activation-glial cell line-derived neurotrophic factor 
(GDNF), arten1in, persephin, and neurrurin, known collec
tively as the GDNF famjJy ligands (GFLs). RET activation by 
each of these GFLs is mediated through one of four ligand
specific coreceptors, belonging to the GDNF family receptors 
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FIGURE 42-8 RET mutation sites associated with MEN2 syndromes. Codons previously reported in association with MEN2 syndromes are listed 

by structural domain within the RfT protein. Risk level is based on consensus guidelines o r more recent d inical reports. Previously reported 
phenotypes for each codon are shown. FMTC, Familial medullary thyroid carcinoma; HSCR, Hirschsprung's disease; HPT, hyperparathyroidism; 
MTC, medullary thyroid carcinoma; Pheo, pheochromocytoma; *, risk level based on recent dinical reports (not available at publication of the 

consensus guidelines). (From Traugott AI.., Moley JF: The RfT protooncogene. Cancer Treat Res 153:303-319, 2010.) 

0. (GFRo.). These GFRo. coreceptors are anchored to the 
plasma membrane by a glycosylphospharidylinositol residue, 
likely facilitating their interaction with the membrane-bound 
RET protein. N ormal RET activation occurs with the assem
bly of a dimeric complex including (WO RET proteins, two 
ligand molecules, and two GFRa. coreceptors. Current evi
dence indicates that this entire complex is necessary for RET 
signaliJ1g and that ligand binding and downstream activation 
require the coreccptor. 

The dimerized RET receptor complex activates a nwnber 
ofintracellular signaling pathways implicated iJl cell survival and 
differentiation. These include the Ras/ERK and PI3K/Akt path
ways, whicl1 are importam in cell proliferation, differem iation, 
ru1d survival. Additional pathways activated by RET include 
p38MAPK, phospholipase C-"f (PLC"f), JNK, and ERK5, 
suggesting additional roles for RET in cell differentiation, 
migration, and cytokine production. Activated RET also has a 
phosphorylated serine residue (S696) in the juxtamembrru1e 
domam. This site has been irnplicated in Rae-mediated migra
tion of enteric neural crest celh during nom1al development. An 
iJlactivating mutation at tbis site in mice has resulted iJl a lack 
of enteric neurons in the distal colon, simllar to the phenotype 
of Hirschsprung's disease in humru1s. 

Multiple Endocrine Neoplasia Type lA and Familial, 
Non-Multiple Endocrine Neoplasia Medullary 
Thyroid Carcinoma 
In the 1960s, Sipple ru1d Steiner de.Kribed the association of 
thyroid cancer with pheochromocytoma and hyperparathyroid
ism, respectively.27 MEN2A is characterized by a hereditary pre
clisposirion to MTC. Penetrance of this feature is almost 
complete-that is, almost all patients who inheri t a germli.ne 
MEN2A-associated mutation in the RET proto-oncogene 
develop MT C. MEN2A patients wi.U all develop MTC during 
their lifetime, althougb the age of onset varies from early d1ild
hood to adulthood, dependiJlg on the specific mutation and 
kindred. Of MEN2A patients, 40% to 50% will develop pheo
chromocytoma, which may or may not be synchronous with 
MTC in its presentation. Pheochromocytoma occurs in 42% to 
46% of MEN2A patients overall, although the prevalence varies 
from 5% co 100% in different kindreds. The degree of pene
trance for pheochromocytoma in MEN2A correlates witb spe
cific RET mutations, with the highest expression in carriers of 
mutations at codon 634.'-R Parathyroid hyperplasia, in one or 
multiple glru1ds, results in primary hyperparathyroidism in 20% 
to 35% of MEN2A patients overall and this also varies by 
kindred . 

m z 
0 
0 

~ 
z 
m 

http://www.myuptodate.com


1004 SECTION VIII ENDOCRINE 

Cutaneous lichen amyloidosis has been described i11 several 
kindreds and patients with MEN2A. Cutaneous l.ichen amyloi
dosis is a rare disorder characterized by amyloid deposition in 
the papillary dermis, resulting in pruritic cutaneous plaques that 
are often locali2ed to the interscapular region or extensor sur
faces of the extrremiries. In these MEN2A kindreds, cutaneous 
Lichen aruyloidosis phenotype cosegregates with the clinical fea
tures of MEN2A. To date, all reported RET mutations in kin
dreds with combined MEN2A-cutaneous lichen amyloidosis 
features have been in codon 634. 

Hirscl1sprung's disease has been associated with MEN2A 
and FMTC. This relatively common disease (1 in 5000 births) 
is characteri2ed by the congenital absence of ganglion cells in 
the myenteric and submucosal plexus of the distal col011. 
Newborn Hirschsprung's disease patient~ present with distal 
bowel obstruction and megacolon. Hirschsprung's disease not 
associated with MEN2 is often associated with inactivating (loss 
of fu.nction) RET mutations. Kindreds with cosegregating 
MEN2A-FMTC and Hirscl1sprunr disease have mutations in 
RET codons 609, 618, and 624.2 ' 9 In tbe affected kindreds, 
reported peneuance of HirschspnUlg's disease in RET mutation 
carriers is 16% to 50%. 

Paticms who inherit FMTC also develop MTC but do not 
have pheocllromocytoma or parathyroid hyperplasia. FMTC is 
caused by the same mutations as MEN2A, as well as by less 
common mutations in the intracellular portion of the protein.30 

MEN2A patients have a variable course of MTC disease presen
tation and progression, whereas FMTC patients demonstrate an 
indolent form tbat more often presents later in life. There is 
considerable ov;erlap between the RET codons affected in FMTC 
and those in MEN2A, whid1 supports the theory that FMTC 
is a variant of MEN2A and not a distinct clinical entity. Occa
sional patients with FMTC will never manifest clinical evidence 
of MTC (symptoms or a palpable neck mass), although bio
cllemical testin.g and histologic evaluation of the thyroid dem
onstrates MTC. 

The most common mutations associated with MEN2A/ 
FMTC occur in exons 10 and 11, within the extracellular 
cysteine-rich domain of the RET protein. Cysteine residues at 
codons 609, 611, 618, 620, 630, and 634 fall within this region. 
The amino acid changes caused by these mutations de-stabili2e 
the normal tertiary structure of the RET proteiJl, whicl1 results 
in liga.nd-independem dimeri2adon and persistem intracellular 
signaling by RET. 

Multiple Endocrine Neoplasia Type 28 

In MEN2B, as in MEN2A. all. patients develop MTC. All 
MEN2B individuals have mucosal neuromas, and 40% to 50% 
of patients develop pheocluomocytomas. MEN2B patients do 
not develop hyperparathyroidism. MTC in MEN2B pre..~nts at 
a very young age, in infancy, and appears to be the most aggres
sive form of hereditary MTC. 'These patients often have a dis
tinct physical appearance with a prominent mid-upper lip, 
everted eyebrows, multiple tongue nodules, and marfanoid body 
habitus (sec Fig. 42-7). 1hc mucosal neuromas are unencapsu
lated thickened. proliferations of nerves that occur principally on 
the Lips and tongue, but can also be found on d1e gingiva, buccal 
mucosa, nasal mucosa, vocal cords, and conjunctiva. MEN2B 
patients also develop ganglioneuromas of the intestine in the 
submucosal and myenteric plexus. All MEN2B patients have a 

megacolon and usually have chronic bowel problems. Intestinal 
dysfunction may manifest early in life with poor feeding, failure 
to thrive, constipation, or pseudo-obstruction. Adults with this 
disorder may have dysphagia from esophageal dysmotility. 
Rarely, a patient can present with toxic megacolon. MEN2B 
pariems, however, do not develop Hirschsprung's disease, a~ do 
some patients with MEN2A. 

RET Mutations in Sporadic Thyroid carcinomas 
Somatic mutations or rearrangements .involving RET have been 
idcmified in 40o/o to 50o/o of sporadic MTCs and in up to 70% 
of sporadic papillary tbyroid carcinomas.31 Most of the muta
tions identified in sporadic MTCs are point mutations involving 
the same codons associated with the MEN2 syndromes, includ
ing 918, 634, and 883. Of sporadic MTCs with alterations of 
RET, 60o/o to 80o/o are found to have the M918T mutation. 
Patients with sporadic MTCs bearing a RET mutation (particu
larly M918T) have a more advanced stage at diagnosis, in c.rea.~d 
rates of recurrent or persistent disease after resection, and poorer 
long-term survival (10 to 20 years) than those without a RET 
mutation. 

Chromosomal rearrangements of RET, rather than point 
mutations, are associated with sporadic papillary thyroid carci
nomas. A number of rearrangements have been reported that 
result from the fusion of the RET tyrosine kinase domain to 
activating portions of other genes. Collectively, these fusion 
genes are referred to as RET - papillary thyroid carcinomas an.d, 
to date, 13 distinct variams, resulting &om rearrangement events 
&om different genes, have been described.32 

Screening and Genetic Testing 
Before the genetic basis of MEN2 was well cl1aracterized, 
pentagastrin-stimulated calcitonin testing was used to screen for 
MEN2 and MTC in patients at risk for inheriting an MEN2 
syndrome. Occasional false-positive and false-negative tests, 
however, resulted in wmecessary surgery or a missed opportu
nity to intervene early. Sequencing of the RET gene to detect 
germline mutations is now the standard screening test for MEN2 
syndromes. RET mutation testing can identify young carriers at 
an earlier stage of disease, often before they develop cancer, and 
it has lower false-positive and false-negative rates than calcitonin 
testing. lt is recommended that patients or their parents meet 
witb a genetic counselor prior co testing. Genetic cow1seling is 
an important component of informed conseJlt and education 
for these patients, who are facing a major event that will affect 
their own and their farnily's lives. 

RET mutation te.~ting shCluld be performed routinely for 
at-ris.k members of MEN2 and FMTC families. If possible, 
testing should occur at birth, because carrier status determines 
the need for clinical screening and preventive surgery. In fanlilies 
in which the inherited RET mutation i~ already known, RET 
sequencing can be limited to the site of the known mutation. 
TI1osc family members who are negative for thei.r kindred's 
known mutation have the same risk for MEN2 as tbe generaJ 
population, and they need no other screening. When an MTC 
patient with no known family l1istory of MTC or MEN2 is 
found to have a RET mutation (iJldex case), aU first-degree 
family men1bers should be offered genetic counseling and 
testing. 

RET mutation testing is also indicated for adult or pediatric 
patients who present with MTC or pheochromocytoma, 
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regardless of any family history of endocrine tumors. Approxi
mately 5% to 7% of patients believed to have sporadic MTC 
are found to have a germline RET mutation. Up to 24% of 
pheochromocytomas are hereditary, with 5% resulting from 
RETmutations.33 Infants presenting with Hirschspnmg's disease 
should undergo RET mutation resting. AU reported cases of 
MEN2A associated with Hi.rschsprw1g:~ disease have occurred 
in patients with mutations iJl exoJl 10 of RET at codons 609, 
618, and 620. 

Medullary Thyroid Carcinoma 
MTC comprises 3% to 9% of all thyroid cancers and arises from 
thyroid C cells. MTC may be sporadic (75% of cases) or heredi
tary, occurring .in all patients with the MEN2 syndromes (25% 
of cases). Hereditary MTCs arc often multifocal and bilateral. 
Multicentric C cell hyperplasia has been. shown to precede the 
development of hereditary MTC.31 MTC is a relatively indolent 
malignancy, with reported 10-year SLLrvival rates rru1ging from 
69% to 89%.35 Unlike differentiated thyroid cru1cer, MTC cells 
do not concentrate radioactive iodine ru1d arc not sensitive to 
manipulation of thyroid-stimulating hormone (TSH). These 
features must be considered when planning therapy for a patient 
with MTC.34 

Patients with established MTC may present with a palpable 
thyroid mass or nodule. Symptoms of dysphagia, shortness of 
breath, or hoarseness are present in approximately 15% of cases. 
Metastases to regional cervical lymph nodes are present in up to 
75% of patients who present with palpable disease:s7 The most 
frequent sires of lymphatic spread are to the central compart
ment of the neck (level vn, followed by the ipsilateral jugular 
nodes (levels II to V) and then the contralateral cervical nodes. 
Other frequen t metastatic sites include the mediastinum, lungs, 
liver, and bone.30 

Calcitonin is made by thyroid C cells and MTC cells. It is 
a sensitive and specific tumor marker that may be measured in 
blood in the basal state or after the administration of the secre
tagogues calcium ru1d pentagastrin (no longer available in the 
United States). Calcitonin levels are almost always elevated in 
patient~ with MTC. Measurement of calcitonin levels is helpful 

for screening patients at risk for MTC and for post-treatment 
foUow- up. Following primary surgery for MTC, persistent or 
recurrent elevations of calcitonin levels indicate persistent 
regional nodal metastasis or distant metastasis. Some MTCs also 
secrete carcinoembryonic antigen, but its long half-life and lower 
spedficiry make it a les.~ useful marker. 

On cr scanning, MTCs appear as nodules with calcifica
tions and may demonstrate extrathyroidal disease. Fine-needle 
aspiration of the palpable thyroid nodule or cervical lymph node 
metastasis is a sensitive means for establishing the diagnosis of 
MTC. Ultrasound examination of the neck is a useful techJljque 
for identifying cervical lymph node metastases.38 

Treabnent 

Surgery for Established Medullary Thyroid carcinoma 
Recently published guidelines for clinicians contain recommen
dations for the management of MTC in a number of relevant 
clinical senings that will be useful to clinicians treating these 
patients:10 Patients with established MTC (palpable or present 
on imaging studies, with elevated calcitonin levels) should 
undergo total thyroidectomy, central neck dissection, ru1d uni
lateral or bilateral dissection of levels II through V nodes {Figs. 
42-Y and 42-10). The decision to resect lateral nodes depends 
on the extent of central neck node involvement and on the 
results of preoperative imaging; ultrasound examination of the 
cervical nodes, with preoperative marking of abnormal or suspi
cious nodes, is helpful for planning the extent of surgery.37·~'> In 
patients with central lymph node metastases and negative 
imaging of the lateral neck, however, consideration should be 
given to dou1g at least ru1 ipsilateral level li to JV compartment 
lymph node dissection because of the high likeW10od of micro
scopic nodal involvement. 

Central node dissection often compromises the blood 
supply of parathyroid glands. Preservation of parathyroid func
tion may be achieved by a combination of careful preservation 
of glm ds on a vascular pedicle, where possible, and autotrans
plru1tation of devascularized glands. At our iJ1stitution, the 

FIGURE 41-9 Total thyroidectomy and central neck dissection in a MEN2A patient with multifocal MTC. Arrows indicate visible MTC tumors. 
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FIGURE 42-10 A. CT scan showing multiple bilateral foci of medullary thyroid carcinoma in an older patient with MEN2A B, Operative pho
tograph of the same patient showing focus of MTC in thyroid (top arrow) and enlarged parathyroid (bottom arrow). 

approach has been to resect and autotransplant the two parathy
roids on the side uf the primary tumor, as well as the contralat
eral lower parathyroid, leaviJlg the contralateral upper parathyroid 
in situ on a vascular pedicle, if possible. All removed parathy
roids should be carefully minced into 1- X 3-mm fragments; 
these fragments are transplanted into individual muscle pockets 
(two to three fragments per pocket) that are then closed with a 
suture.40 Transplantation of whole minced glands inw a single 
pocket is discouraged. Parathyroid fragments may be trans
planted into individual muscle pockets in the sternocleidomas
toid muscle in cases of sporadic disease, FMTC, or MEN2B. 
They may be t ransplanted into the nondominant forearm in 
cases of MEN2A when there is a significant risk of future hyper
parathyroidism (e.g., codon 634 RET mutation carriers). The 
reas<m for this difference is the risk of subsequent graft-dependent 
hyperparathyroidism in some MEN2A patients, which is more 
easily localized and treated if the grafts are in the forearm. 

Preventive Surgery 
Although the age of onset ar1d rare of disease progression may 
differ, the lifetime penetrance of MTC is almost IOOo/o in car
riers of RET mutations associated with MEN2 syndromes. 
Therefore, all patients diagnosed with MEN2 should undergo a 
total thyroidectomy. A number of studies have demonstrated 
improved biochemical cure rates and/or decreased recurrence 
rates from early thyroidectomy, performed after positive screen
ing by calcitOnin testing or RET mutation rcstingY 

Patients with MEN2B have the most aggressive form of 
MTC, with invasive disease reported in patients younger than 
I year of age.3Cl MEN2B mutations arc the highest risk level, 
designated as level lll.9 1l1ese patients should have preventative 
surgery early in the first year of life, if possible. Identification 
and preservation of parathyroid glands can be extremely diffi
cult in these infru1ts because of their small size, trru1slucent 
appearance, ru1d presence of exuberru1r tbymk and pcrithyroi
dal nodal tissue. These procedures should be performed by su.r
geons experienced in parathyroid operations and pediatric 
thyroidectomy. 

Patients with MEN2A have variably aggressive MTC. 
Mutations in codons 634, 620, 618, and 611 are considered 
high risk (level II). Patients with level II mutations should 

undergo a total thyroidectomy ar 5 to 6 years of age. There is 
evidence that the risk of lymph node metastasis is very low in 
MEN2A patients yow1ger than 8 years, with normal calcitonin 
levels.40

•
4
' Central lymph node dissection is associated with a 

higher risk of hypoparathyroidism ru1d recurrent laryngeal nerve 
injury ru1d should be reserved for patients with elevated calcito
niJ1 levels (see Fig. 42-9).34•

4
3 

A larger subset of RET mutarions, associated with MEN2A 
ru1dlor FMTC, are considered lowest risk (level I). These include 
mutations at codons 768,790,791,804, and 891.30 For patients 
with low-risk level l mutations, total thyroidectomy is recom
mended, ru1d surgery before age 5 to 10 years is appropriate. As 
with the level II mutarions, the need for central lymph node 
dissection shou.ld be guided by calcitonin levels and clinical 
featu_res of th<' patient and kindred. 

Our group at Washington University has reported long
term follow-up on a series of 50 young patients with MEN2A 
following rotal thyroidectomy, central node dissection, and total 
parathyroidectomy, with autotransplantation of all the paratl1y
roid tissue into the muscle of the nondominant forearm during 
tbe prinlai)' surgical procedure.40 Long-term disease control was 
excellent. Long-term parathyroid fuJ1ction was normal (no sup
plementation) in 47 of 50 patients. Otl1er groups have reported 
good results witb selective removal lymph nodes ru1d parathyroids 
in young at-risk patients. 44 Follow-up studies have indicated that 
tl1e Likelihood of nodal metastases in MEN2A and .FMTC 
patients is extremely low in patients younger than 8 years and in 
patients witb a basal calcitonin level lower that 40 pg/mL 40

•
42 

Thus, ir is now our practice to perform a total thyroidectomy, 
leaving the parathyroids in situ, if possible, iJ1 children with a low 
calcitonin level (<40 pg/mL). In patients with an elevated calci
tonin level, we a perform total thyroidectomy, central node dis
section, and parathyroid autotrru1splantation. ln either case, these 
operations should only be performed by surgeons experienced in 
tll}'roid and parathyroid surgery iJ1 cl1ildren. 

Since publication of the consensus guidelines, a number of 
new mutations have been described in association with MEN2 
syndromes at codons 912, 630, 631, 606, and 533 and a 9-bp 
(base pair) duplication in exon 8. 1hese arc uncommon muta
tions ru1d, because of lack of clinical experience, their penetrance 
ru1d aggressiveness are nor well characterized. 
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FIGURE 42-11 Reoperation- left central neck dissection in a young patient with MEN2B. Note the large size of the recurrent laryngeal nerve 
(arrow) and the nodule of recurrent medullary thyroid carcinoma adjacent to the cricoid. (From Moley JF: Medullary thyroid carcinoma: Man
agement of lymph node metastases. J Natl Compr Cane Netw 8:549-556, 2010.) 

Follow-Up 
Followi11g thyroidectomy, thyroid hormone replacement is 
required for Ufe. Patients may need several weeks of oral calcium 
and vitamin D w1tU parathyroid function rccovers.lntermlttent 
calcitonin testi11g may be done to monitor for persistent or 
recurrent MTC. 

1l1e tem1 biochemical cure is used to refer to patients with 
normal calcitonin levels after surgery for MTC. Complete post
operative normalization of calcitonin levels has been associated 
with decreased long-term risk of MTC recurrence, although the 
evidence is less dear for a survival benefit. A persistent or recur
rent elevation in the calcitonin level indicates residual or recur
rent MTC and warrants additional investigation by imaging, at 
a minimum. However, because most MTCs have a fairly indo
lent course, patients with biochemical evidence of recurrent 
disease may not have corollary imaging findings for some time. 

Management of Recurrent and Metastatic Disease 
Patients with findings of recurrent disease localized to the neck 
should tmdergo reoperation when possible, with the goal of 
removing aU remaining disease. These procedures may result in 
long-term survival benefit and prevent complications of recur
rence in the neck (Fig. 42-11). 3' Exxernal beam radiation therapy 
is effective in palliation ofbone metastases, but consistent benefit 
has not been shown for recurrent disease in the neck.~5 Previous 
di.rtical response rates for chemotherapy in patients with locally 
advru1ced or metastatic MTC have been disappointing. 1l1e 
understanding of MTC molecular oncogenesis, however, has 
resulted in the identification of novel molecular targets for treat
ment. Most curr.ent targeted molecular therapies fall under the 
classification of tyrosine kinase inhibitors. Vandetanib (ZD6474, 
Zactima) is a recently developed ruullnoquinazoline compound 
engineered to inhibit vascular endothelial growth factor receptor 
(VEGFR), endothelial growth factor receptor (EGFR), a11d 
RET tyrosine kinases selectively. In a study of 30 patients with 
advanced hereditary MTC, Wells and colleagues~6 have reported 
a 20% partial response rate and a more than 50% reduction of 
calcitoni n level itn 24 of 30 patients. At present, there are several 
other ongoing and completed iJlstitutional and nmlti
institutional phase £I trials for MTC patients with lmresectable, 
measurable, ru1d locally advanced MTC. 

Pheochromocytoma 
Pheochromocytoma~ are neoplasms ansmg from chromaffin 
cells in the adrenal medulla, which synthesize and secrete cate
cholamines. Patients with pheochromocytoma may present 
with symptoms of catecholamine excess, including headache, 
hypertension, palpitations, tremors, ru1d anxiety. 1ltis unregu
lated catecholan1iJ1e secretion can have devastating conse
quences, including stroke, myocardial infarccion, and sudden 
death. 

Approximately 40% to 50% of aU patients with MEN2A 
or MEN2B develop pheochromocytomas, with a meru1 age of 
diagnosis from 3U to 40 years. In rare cases, the age of onset may 
be as young as 5 to 10 years, although this is usually in the 
sening <>fMEN2B.9•

30 Two studies have indicated that the pen
ctrance and age at diagnosis differ between kindteds a11d cor
relate somewhat with specific RET mutations, with the highest 
penetrance associated with mutations at codons 918 or 634.28

•
47 

Pheochromocytomas are rarely seen iJ1 patients with mutations 
of exoJl 10 (codon 609, 61 l, 620). 1l1e specific an1ino acid 
change in the codon may also affecr expression of features in 
MEN2. L1 MEN2A patients with amin.o acid substitutions at 
codon 6!8, the penetrance of pheodtromocytoma is variable-
C618R shows a 4lo/o penetrance, C618G shows a 24% pene
traJlce, and C618Y shows a 0% penetrance. 

Unlike sporadic presentatlons of pheochromocytoma, 
which may be malignrult or in aJl extra-adrenal location (para
grulglioma), ca~es associated with MEN2 are almost always 
benign ru1d confined to the adrenal medulla. These tumors arc 
usually multifocal in MEN2 patients and are bilateral in more 
than 50% of cases. 

Screening for phc::ochromocytomas should be done in all 
patients diagnosed with MEN2A or MEN2B. Numerous studies 
have shown that measurement of plasma and/or 24-hour urine 
metru1ephrine levels is more sensitive and specific thru1 measure
ment of catecholamine levels or other metabolites for detecting 
pheocbromocytoma.48 Pbeoch.romocytoma screening should 
begin at the age when thyroidectomy would be considered, 
hased on the risk level of the patient's RET mutation and fan1ily 
hjstory.30 Lf negative, tcstiJlg should be done aruwally thereafter. 
Positive or borderline results mru1date additional investigation 
by imaging, usually adrenal CT or MRI. 
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MEN2 patients with pheochromocytoma should undergo 
partial or total adrenalectomy. The surgical management of unj
lateral disease has been the subject of some controversy, because 
many patients will eventually develop pheochromocytoma on 
the contralatcral side. Some authors have recommended 
bilateral adrenalectomies for all MEN2 parienrs with pheochro
mocytoma. Patients who have had both adrenals removed, 
however, have a significant risk of adrenal insufficiency and 
addisonian crisis. Pheochromocytomas are not malignant in 
MEN2 patients, and the interval between the development of a 
pheochromocytoma on one side and the other side is more than 
10 years.49 For these reasons, most surgeons now recommend 
removing only the affected adrenal in the setting of unilateral 
pheochromocytoma in MEN2 patients, with annual screening 
thereafter. 

Laparoscopic adrenalectomy bas gained favor as a preferred 
surgical approach for many MEN2 patients. The conversion rate 
to an open procedure is less than 10%.49 It is considered appro
priate for lesions confined to the adrenal and smaller than 9 to 
lO em, depending on the capability of the surgeon. Laparo
scopic adrenalectomy has been associated with shorter hospital 
stay, decreased postoperative pain, and fa~ter recovery as com
pared with open adrenalectomy.50 

Primary Hyperparathyroidism 
llJe overall reported prevalence of primary hyperparathyroidism 
in MEN2A patients is between lO% and 35%, although this is 
highly variable between kindreds. llus is not a clinical feature 
of FMTC or MEN2B. The age of onset tends to be later than 
that of MTC, so hyperparathyroidism is rarely the initial pre
senting complaint that leads co a diagnosis of MEN2A. In more 
than 80% of cases, parathyroid hyperplasia will be identi.fied iJ1 
multiple glands (see Fig. 42-1 0). Inappropriate secretion of PTH 
leads to hypercalcemia and can result in osteoporosis, kidney 
stones, musculoskeletal pain, depression, and other nonspecific 
symptoms. Hyperparathyroidism in MEN2A is most commonly 
associated with the C634R mutation. 

Patients known to have MEN2A should be screened with 
a serum calcium level determjnation annually. If the calcium 
level is elevated, the PTH level should be measured. Inappropri
ate elevation of the PTH level is djagnostic iJ1 a patient with 
MEN2A. 

The ueam1em for hyperparathyroidism in MEN2A is four
gland parathyroidectomy with autotransplantation to the non
dominantforearm m uscle. Trus is done even if one or more glands 
appear grossly nom1al because of the likelihood that parathyroid 
hyperplasia wiiJ also develop iJ1 the normal-appea.ri11g glands i.n 
the future. Patients with a new diagnosis of MEN2A should be 
screened before undergomg thyroidectomy, because a positive 
6ndmg will preclude preservation of the parathyroids in situ. 
Many MEN2A patients who underwent preventive thyroidec
tomy in childhood will have had their parathyroids removed and 
autotransplanted at the time of the previous surgery. lfhyperpara
thyroidism manifests in a patient with a forearm graft, the graft 
can be explored and partly excised. Patients who previously 
underwent thy.-oidectomy without removal of the parathyroids 
will need a reexploration of the neck. 

Condusions 
1l1e management of M EN2 syndromes has changed sig•u ficantly 
since they were first characterized iJ1 the mid-20th century. The 

advent of mutation testing in the RET and menin proto
oncogenes, and our growing unders tanding of the relationshjps 
between genotype and phenotype, has refined the diagnostic and 
prognostic capabilities for the MEN syndromes. Preventive 
surgery based on mutation analysis may prove to be a cure for 
MTC in young MEN2 pariems. More accurate identification of 
those at risk ha~ reduced the need for screening mmany members 
of MEN kindreds. As more is learned about tbc pathogenesis of 
tllis disease, treatment can be furtl1er tailored to improve out
comes for individual patients. 
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CHAPTER 43 

ESOPHAGUS 
MARY s. MAISH 

HISTORY AND EDUCATION 

EMBRYOLOGY 

ANATOMY 

PHYSIOLOGY 

NEUROMUSCULAR DISORDERS OF THE ESOPHAGUS 

DISEASES OF liliE ESOPHAGUS 

ACQUIRED ESOPHAGEAL CONDITIONS 

BENIGN TUMORS AND CYSTS 

CARCINOMA OF THE ESOPHAGUS 

UNUSUAL MALIGNANT ESOPHAGEAL TUMORS 

CONCLUSION 

The esophagus is the only organ chat navigates through three 
body cavities unobtrusively while giving way to structures of 
greater vitality. From a distance, the esophagus appears primitive 
and not highly evolved, even replaceable at times. However, on 
harsher scrutiny, it is clear chat this magnificent organ stands call 
as it bridges rw<> diverse environments. Much like the engineer
ing feats of the steel and concrete structures we walk and drive 
across, the esophagus has evolved with reliability. llus master
fully engineered organ performs a multitude of complex fw1c· 
tions with conservative grace in a neighborhood of histrionk, 
albeit vital, organs. As we struggle to overcome its anatomk and 
physiologic challenges, its deceptively simple form and fw1etions 
become increasingly more apparem. Our understanding still 
remains incomplete but our search for knowledge continues 
with enthusiasm, curiosity, and great anticipation. 

HISTORY 
The history of esophageal surgery tells a story of the many coura
geous surgeons who have pioneered their efforts in uncharted 
anatomic territory. It also demonstrates the evolution of the 
lapses that are now present in esophageal education. Secluded 
in the posterior mediastinum, many of the needs of the esopha
gus remain W1attended to by physicians. Until complaints are 
dramatic or even devastating, the symptoms are created impetu
ously, with nominal attention. Emslie provided an insightful 
perspective when be stated that "The lustory of esophageal 
surgery is the tale of men repeatedly losing to a stronger adver
sary yet persisting in this unequal struggle until che namre of 
the problems became apparent and the war [is] won." 

l11e earliest record of esophageal disorders dates back 
to Egyptian times (3000-2500 Be). The Surgical Papyrus, 
1012 

discovered in 1862 by Edwin Smith, described the successful 
treatment of "a gaping wound of the throat penetrating the 
gullet." At the turn of the century, there were significant 
improvements in anesthesia that allowed for the growth of 
surgery in many areas, including surgery of the esophagus. ln 
1901, Dobromysslow performed the first intrathoracic segmen
tal esophageal resection and primary anastomosis, but it was 
Franz Torek who pioneered the first subtotal esophagogastrec
romy in 1913. The use of the stomach to replace the esophagus 
was first attempted by Leipzin in 1920 and successfuUy accom
plished by Oshava in 1933. A number of modifications 
occurred over the next 40 years, including changes in approach, 
anaswmosis, and conduits. Ivor Lewis (1946) modified the 
approach by entering the right chest, and McKewon placed the 
anastomosis in the neck to elinlinare intrathoracic leaks. 
Altl1ough the transhiatal approach had been attempted, it was 
not well established UJ1til 1978, when Orril1ger and Sloan 1 res
urrected and perfected this operation, which had been 
attempted by many before them. 

Other esophageal surgeries evolved in a similar tin1e frame, 
including tl1ose for achalasia, reflux, and diverticula. These pro
cedliJ'es still bear the names of historically fan1ous surgeons, such 
as Dor, Heller, Toupee, Belsey, and Nissen. Along with the sur
geons whose nin1ble fi11gers and brave hearts bave establi.shed 
their place in tl1e arcl1ives of esophageal surgery are the physi
cians whose keen observations and critical minds identified 
esophageal disorders that now bear tl1eir nan1es. Boerhaave, 
Zenker, and Barrett are among the many physicians whose con
tributions have also been rustorically noteworthy. Many others 
have also contributed significantly toward understanding the 
challenges encountered by those whose professional passions lie 
within the walls of the esophagus. 

The struggles with surgery of the esophagus that have been 
docun1ented over the years are rdlected in the social and profes
sional in1age of the esophagus. Unlike some other organs that 
have gone through a seemingly glamowus phase, the esophagus 
has received attention only for dysfunction and disorder. l11ere 
arc few educational tools to help w1derstand the esophagus and 
a notable lack of esophageal education bas resulted in a gross 
lack of understanding by many physicians. As the incidence of 
adenocarcil10ma of the esophagus continues to increase, well
educated esophagologists and surgeons will be in great demand. 
lt will be up to the academic physicians of the 21st century co 
continue where history bas left off and establish the esophagus, 
with its medical and surgical cllallenges, on the forefront of the 
national medical agenda. 
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EARLY ESOPHAGEAL EMBRYOLOGICAL DEVELOPMENT 
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FIGURE 43-1 Early embryologic development. (Adapted from 
Pearson FG, Cooper JD, Deslauriers J, et al: Esophageal surgery, ed 2, 
New York, 2002, Churchill Livingstone, p 20.) 

EMBRYOLOGY 
Evolutionary biologists, creationists, and proponents of tbe 
theory of intelligem design alike would probably all agree that 
the process of human development is amazingly intricate and 
well executed. The development of the esophagus is among those 
remarkable feats, and a few moments to appreciate the product 
of years of precise development wUI establish a sound basis on 
which normal and abnormal esophageal form and functiOJl can 
be tmdcrstood. The development of the esophagus begins in 
week 3 of gestation and, by the 14th week, the fetus takes its 
first swal low. To give life to the esophagus, there arc several 
aspects of esophageal development that must be described 
carefully-initial formation of the gut tube, molecular regula
tion of the gut tube, differentiation of the endoderm (the lining 
of the esophagus), and derivation of the muscular layers from 
the mesoderm. 

Formation of the Gut Tube 
During the embryonic period of dcvclopmem, cephalocaudal 
(Fig. 43-1) and lateral folding of the embryo occurs. As a result, 
a portion of the endoderm-lined yolk sac cavity is incorporated 
into the embryo to form the primitive gut. ll1e primitive gut 
forms a blind-ending tube consisting of the foregut, midgut, and 
hindgut (Fig. 43-2). The foregut gives rise to the esophagus. It 
extends from the pharyngeal tube as far caudally as the Liver 
outgrowth. By the end of week 3 of development, the primitive 
foregut develops a ventral diverticulum from which the tracheo
bronchial tree develops. The tracheoesophageal septum gradu
ally partitions thus diverticulum from the dorsal portion of the 
foregut, resulting in a ventral respiratory primordium and dorsal 
esophagus (Fig. 43-3). During weeks 4 and 5 of development, 
the rapid growth of the beart and .liver allows tbe esophagus to 
stretch. As it elongates, the esophageal lumen is almost com
pletely obliterated at the level of the carina. The dorsal esopha
geal embrace of the trachea results in dose approximation of the 
tracheal bifurcation to the front wall of the esophagus, further 
narrowing the esophageal lumen. 
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FIGURE 43-2 The developing gut. 

PARTITIONING OF THE FOREGUT 
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FIGURE 43-3 Partitioning of the foregut. A. Week 4; 8, week 8; 
C. week 14. (Adapted from Sadler TW [edj: Medical embryology, 
Philadelphia, 2003, Lippincott Williams & Wilkins, p 290.) 

Molea~lar Regulation of the Gut Tube 
Differentiat ion of various regions of the gut and its derivatives 
is dependent on a reciprocal interaction between the endoderm 
(epithelium) of the gut rube and surrounding splanchnic meso
derm. The mesoderm dictates tbe type of structure that will 
form, such as the esophagus form1J1g from the foregut, through 
an HOX code. The ind uction of the HOX code is a result of 
sonic hedgehog (SHH) that is expressed throughout the gut 
endoderm. In tbe foregut, expression of SHH in tbe endoderm 
promotes the expression of the HOX code in the mesoderm. 
Once specified by this code, the mesoderm instructs the endo
derm to form the various components of tbe foregut.2 

Differentiation of the Endoderm 
Early in gestation the mesoderm is HOX-coded ro imtruct the 
endoderm to form tbe epithelial lining of the digestive tract. At 
the end of the embryonic period, from weeks 6 to 8 of gestation, 
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the epic helium !becomes two to five cells thick and remains strati
fied columnar epithelium. During the week lO of development, 
stratified columnar epithelium becomes ciliated. By week 12, 
the epicllelium is completely ciliated and growth is taking place 
only at the basal level. During months 4 and 5 of gestation, 
stratified squamous epithelium replaces the ciliated columnar 
epiilielium. 

Muscular Development from the Mesoderm 
The remainder of the esophagus is formed from the mesoderm. 
By week 6 of gestational development, ilie esophagus is sur
rounded by a layer of Lmdifferentiated mesoderm and a circular 
layer of myoblasrs. Longiwdinal muscle fibers appear in the 
lower esophagus as the circular layer of muscle becomes well 
established. 1l1e smooth muscle that forms the lower two thirds 
of the esophagus arises from the splanduuc mesoderm and is 
i1u1ervated by the splanchnic plexus. The striated muscle of the 
upper esophagus is derived from the caudal brancllial arches and 
appears from weeks 12 to 15. It will eventually be innervated by 
the vagus nerve. Muscular proliferation peaks during weeks ll 
and 12, so that by week 12 of gestation, the longitudinal muscle 
is well defined. Ganglion cells also appear in cl1e myenteric 
plexus, whereas the longitudinal muscle becomes well defined 
bet\Yeen weeks 10 and 12 of gestation. Furthermore, the mus
cularis mucosa becomes well defined, and typical mucosal 
folds formed by longitudiJlal mesenchymal ridges can be 
appreciated. 

Growth of the esophagus continues at a slower pace after 
morphologic chru1ges have concluded. On a functional level, 
swallowing firslf appears at week 14 and is well established by 
the end of month 4 of gestation. 

ANATOMY 
The esophagus is a two-layered, mucosa-Lined muscular tube 
that travels through the neck, chest, and abdomen and rests 
unobtrusively iln the posterior mediastinum. It commences at 
the base of the pharynx at C6 and temcinates in the abdomen, 
where it joins ilie cardia of ilie sromach at Tll (Fig. 43-4). 
Along its 25- to 30-cm course, .it winds its way ilirough a path 
yielding to structures of more vital efforts. The cervical esopha
gus begins as a nudline structure that deviates slightly co the left 
of me trachea as it passes through the neck into the thoracic 
inlet. At the level of ilie carina, it deviates co the right w accom
modate the arch of the aorta. It cl1en winds its way back tmder 
the left mainstem bronchus and remains slightJy deviated to the 
left as it enters the diaphragm through the esophageal hiatus at 
the level of the 11 tb thoracic vertebra. In the neck and upper 
thorax, the esophagus is secured between the vertebral column 
posteriorly ru1d the trachea ru1teriorly. At the level of tl1e carina, 
the heart and pericardium lie di rcctJy anterior to the thoracic 
esophagus. Immediately before entering the abdomen, the 
esophagus is pushed anteriorly by me descending thoracic aorta 
cl1at accompanies the esophagus through the diaphragm in co the 
abdomen separated by the median arcuate ligament. 

1l1e journey through the muscular esophagus begins and 
ends with two d istinct high-pressure zones, the upper (UES) and 
lower esophageal sphincter (LES). After passing through the 
UES, four e.~ophageal segmems are encountered-the pharyn
geal, cervical, thoracic, and abdominal esophagus. 1l1e LES is 
the outlet through which passage into me stomach is then 
facilitated . 

FIGURE 4 3-4 Course of the esophagus. 

Esophageal Inlet 
The high-pressure zone at the inlet of the esophagus is the UES, 
which anatomically marks the end of a complex configuration 
of mlllsdes that begins in the larynx and posterior pharynx and 
ends in the neck. The pharyngeal constrictor muscles are three 
consecutive muscles cl1at begin at the base of the palate and end 
at the crest of the esophagus. TI1e superior ru1d middle pharyn
geal constrictor muscles, as well as the oblique, trru1sverse, and 
posterior cricoarytenoid muscles, are inm1ediately proximal to 
tl1e UES and serve to anchor cl1e pharynx and larynx to struc
tures in the mouth and palate. These muscles also aid in degluti
tion and speech, but are not responsible for the high pressures 
noted in the UES. 1l1e inferior pharyngeal constrictOr muscle is 
cl1e final bridge between the pharyngeal and esophageal 
m uscu larure. 

Inserting into the mediru1 pharyngeal raphe, the inferior 
pharyngeal constrictor musde is composed of two consecutive 
muscle beds- the thyropharyngeus and cricopharyngeus 
musdes-cl1at originate bilaterally from the lateral portions of 
the thyroid and cricoid cartilages, respectively. The transition 
between the oblique fibers of me thyropharyngcus muscle and 
cl1e horizontal fibers of the cricopharyngeus muscle creates a 
point of potential weakness, known as Ki1Han's triangle (site of 
a Zenker's diverticulum). The cricopharyngeus muscle is respon
sible for generating a high-pressure zone that marks the position 
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FIGURE 43-6 Layers of the esophagus. (Adapted from Pearson FG, 
Cooper JD, Deslauriers J, et al: Esophageal surgery, ed 2, New York, 
2002, Churchill Livingstone, p 124.) 

of the UES and esophageal iJltroitus. Its distinctive bowing array 
of muscle fibers is unique and serves co transition imo the cir
cular esophageal musculature. This point of transition is flanked 
by the longitudinal esophageal muscles that extend superiorly to 

attach to the midportion of the posterior surface of the cricoid 
cart~age and form the V-shaped area of Laimer. 

Esophageal Layers 
The esophagus is comprised of two proper layers, the mucosa 
and muscularis propria. It is distinguished from the other layers 
of the alimentary traer by its lack of a serosa. The mucosa is the 
innermost layer and consists of squamous epithelium for most 
of its course. 1l1e distal I to 2 em of esophageal mucosa transi
tions to cardiac mucosa or junctional columnar epithelium at a 
point known as the Z-Une (Fig. 43-5). W ithin the mucosa, there 
are four distinct layers-the epithelium, basement membrane, 
lamina propria, amd muscularis mucosae. Deep to the muscularis 
mucosae lays the submucosa (Fig. 43-6). Within it is a plush 
network of lymphatic and vascular structures, as well as mucous 
glands and Meissner's neural plexus. 
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FIGURE 43-7 Muscles of the esophagus. 

Enveloping the mucosa, directly abuning the submucosa, 
is the muscularis propria. Below the cricopharyngeus muscle. 
the esophagus is composed of two concentric musde bundles, 
an inner circular and outer longitudinal (Fig. 43-7). Both layers 
of d1e upper third of the esophagus are striated, whereas the 
layers of the lower two thirds are smooth muscle. The circular 
muscles are an extension of the cricopharyngeus muscle and 
traverse through the thoracic cavity imo the abdomen, where 
they become the middle circular muscles of the lesser curvature 
of me swmach. 1l1e collar of Helvetius marks the transition of 
the circular muscles of the esophagus to oblique muscles of the 
stomach at the incisura (cardiac notch). Between the layers of 
esophageal muscle is a thin septum comprised of connective 
tissue, blood ve.s.~ds, and an interconnected network of ganglia 
known as Auerbach's plexus. Enshrouding the inner circular 
layer, the longitudinal muscles of tl1e esophagus begin at the 
cricoid cartilage and extend into d1e abdomen, where they join 
the longitudinal musculature of the cardia of the stomach. 
'TI1e esophagus is then wrapped by a layer of fibroalveolar 
adventitia. 

Anatomic Narrowing 
1l1e esophageal silhouette resembles an hourglass. There are 
three distinct areas of narrowing that contribute to its shape. 
Measming 14 mm in diameter, the cricopharyngeus muscle is 
the narrowest point of the gastroimestinal tract and marks the 
superiormost portion of the hourglass-shaped esophagus. 
Located just below the cariJ1a, where the left mainstem bronchus 
and aorta abut the esophagus, the bronchoaortic constriction at 
the level of the fourth thoracic venehra creates the cenrer nar
rowing and measures 15 to 17 mm. Finally, the diaphragmatic 
constriction, measuring 16 to 19 mm, marks the inferior portion 
of the hourglass and is located where the esophagus passes 
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through the diaphragm. Between these three distinct areas of 
anatomic constriction are two areas of dilation known as the 
superior and inferio r dilations. Within these areas, the esophagus 
resumes the normal diameter for an adult and measures approxi
mately 2.5 em. 

GaskoesophageaiJunction 
The UES and LES mark the entrance and exi t to the esophagus, 
respectivdy. These sphincters are defined by a high-pressure zone 
but can be difficu1t to identi~r anatomically. ll1e UES corre
sponds reliably to the cricopbaryngeus musde, but the LES is 
more complex to discern. There are four anatomic points that 
identify the gastroesophageal junC£ion (GEJ), two endoscopic 
and two exte rnal. Endoscopically, there are two anatomic con
siderations that may be used to identify the GEJ. ll1e squamo
columnar epithelial junction (Z-line) may mark the GEJ 
provided that the patient does not have a distal esophagus 
replaced by columnar-lined epithelium, as seen with Barren 's 
esophagus. ll1e transition from the smooth esophageal Lining to 
the rugal folds of the stomach may also identify the GEJ accu
rately. Externally, the collar of Helvetius (or loop of Willis), 
where the circular muscular fibers of the esophagus join the 
oblique fibers of the stomach, and the gastroesophageal fat pad 
are wnsistent identi£ers of the GEJ (Fig. 43-8). 

Vasculature 
1l1e rich vascular and lymphatic structures that nouri.sh and 
drain the esophagus serve as a surgical safety net and a highway 
for metastases. ll1e vasculature is divided into three segments, 
cervical, thoracic, and abdominal. The cervical esophagus 
receives most of its blood supply from the inferior thyroid arter
ies, which branch off of the thyrocervical trunk on the left and 
the subclavian artery on d1e right (Fig. 43-9). TI1e cricopharyn
geus muscle, which marks me inlet of the esophagus, is supplied 
by the superior thyroid artery. ll1e thoracic esophagus receives 
ics blood supply directly &om four to six esophageal arteries 
coming off the aorta, as well a.~ esophageal branches off the right 
and left brondual arteries. It is supplemented by descending 
branches off the inferior thyroid arteries, intercostal arteries, and 
ascending branches of d1e paired inferior phrenic arteries. The 
abdominal esoiPhagus receives its blood supply from d1e left 
gastric artery and paired inferior phrenic a rteries. All the arteries 

Squamocolumnar 
junction 

Z-line ----,-t...... ..... 
Rugal folds----+--

FIGURE 43-8 Identifiers ofthe gastroesophageal junction. 

that supply blood to the esophagus ternunate in a fine capillal)' 
ne twork before they penetrate the muscu.lar wall of the esopha
gus. After penet rating and supplying the muscular Layers, the 
capillal)' network continues the length of the esophagus within 
d1e submucosal layer. 

The venous drainage parallels rhe arterial vasculature and 
is just as complex. In al l parts of the esophagus, the rich sub
mucosal venous plexus is the first basin for venous drainage of 
the esophagus. In the cervical esophagus, the submucosal venous 
plexus drains into the inferio r thyroid veins, which a re tributar
ies of the left subclavian vein and right bradlioccpbalic vein {Fig. 
43-1 0). The drainage of the thoracic esophagus is more intricate. 
The submucosal venous plexus of the d1oradc esophagus joins 
wirll the more superficial esophageal venous plexus and the 
venae comitanres thar envelop the esophagus at this level. 1l1js 
plexus, in turn, drains into the azygos and hemlazygos veins on 
the right and left sides of the chest, respectively. The intercostal 
veins also drain into the azygos venous system. The abdominal 
esophagus drains inro me systemic and portal venous systems 
d1rough the left and right phre11ic veins and left gastric (coro
nary) vein and short gastric veins, respectively. 

Lymphatics 
The lymphatic drainage of the esophagus is extensive; it consists 
of two interconnecting lymphatic plexuses arising from the sub
mucosa and muscularis layers. ll1e submucosal lymphatics pen
etrate the musnLlaris propria and d rain into the plexus rhat rLLns 
longi tudi11ally in the esophageal wall. They then egress and drain 
into regional lymph node beds. In the upper rwo thirds of the 
esophagus, lymphatic flow is upward, wherea.~ in the distal d1ird, 
How tends to be dow11ward. Esophageal lymphatics begin in the 
neck with drainage to the pa ratracheal lymph nodes anterio r!}' 
and deep lateral cervical and internal jugular nodes Laterally and 
posteriorly. O nce inside the chest , the lymphatics form a matrix 
of intercoru1ecting channels that drain into the mediastinal 
lymph nodes and thoracic duct. Anteriorly, the paratracheal and 
subcarinal lymph nodes, and the paraesophageal, retrocardiac, 
and infracardiac nodes, all drain the esophagus. 

Other mediastinal stations, such as the para-aortic and 
inferior pulmonal)' ligan1ent nodes, can also receive drainage 
from the thoracic esophagus. Posteriorly, nodes along the esoph
agus and azygos veins are the primary sites of drainage (Fig. 
43-11). The imricace lymphatic network of d1e esophagus allows 
for rapid spread of infection and tumor into three body cavities. 
It stands to reason that d1e rich arterial supply to the esophagus 
makes it one of the more durable o rgans in the body with respect 
tO surgical manipulation, whereas its comprehensive venous and 
lymphatic drainage create an oncologic challenge to controlling 
cellular migration. These anatomic complexities lead to surgical 
challenges when treating esophageal cancer and other esophageal 
disea.~s. 

Innervation 
ll1e innervation ro rhe esophagus is sympathetic and parasym
pathetic (Fig. 43-12). The cervical sympathe tic trunk arises from 
the superior ganglion in the neck. It extends next to the esopha
gus into the thoracic cavity, where it terminates in the cervico
dJoracic (stellate) ganglion. Along the way, it gives off branches 
to the cervical esophagus. 1l1c thoracic sympathetic trunk con
tinue.s on from the stdlate ganglion. giving off brar1ches to d1e 
esophageal plexus, which envelops the thoracic esophagus 
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FIGURE 43-9 Arterial supply to the esophagus. 

anteriorly and posteriorly. Inferiorly, the greater and lesser 
splanchnic nerve.s innervate the distal thoracic esophagus. ln the 
abdomen, the sympathetic fibers lay posteriorly alongside the 
left gastric artery. 

The parasympathetic fibers arise from the vagus nerve, 
which gives rise to the superior and recurrent laryngeal nerves. 
The superior laryngeal nerve branches into the external and 
inrernal laryngeal nerves chat supply moror innervation to the 
inferior pharyngeal constrictor muscle and cricothyroid muscle 
and sensory innervation co the larynx, respectively (Fig. 43-13). 
The right and left recurrem laryngeal nerves come off the vagus 
nerve and loop LUldcrn.eath the right subclavian anery and aortic 
arch, respectively. They then travel upward in the tracheoesopha
geal groove to enter the larynx lateraUy underneath the inferior 
pharyngeal constrictor muscle. Along the way, they innervate 
the cervical esophagus, including the cricopharyngeus muscle. 
Unilateral injw-y ro the superior or recLLrrent laryngeal nerve 
results in hoarseness and aspiration from laryngeal and UES 
dysfunction. In the thorax, the vagus nerve sends fihers to the 
striated muscle and parasympathetic preganglionic fibers to the 
smooth muscle of the esophagus. A weblike nervous plexus 
envelops the esophagus throughout its thoracic extem. These 

sympathetic and parasympathetic fibers penetrate through the 
muscuJar wa!J, forming networks between the muscle layers to 

become Auerbach's plexus and within the submucosal layer to 

become Meissner's plexus (Fig. 43-14). They provide an intrinsic 
autonomic nervous system within the esophageal wall that is 
responsible for peristalsis. The parasympathetic fibers coalesce 
2 em above the diaphragm into the left (anterior) and right 
(posterior) vagus nerve.s, which descend anteriorly onto the 
fundus and lesser curvature and posteriorly onto the celiac 
plexus. respectively. 

PHYSIOLOGY 
Chicago architect Louis Sullivan is well known for his progres
sive philosophy that form should follow fLmction. In anatomy 
this is demonstrated often, and there is no better illustration of 
tllis principle in the human body than the esophagus. TI1e· 
primary function of tbe esophagus is to transport material from 
the pharynx to the stomach. Secondarily, the esophagus needs 
to constrain the amount of ai r that is swallowed and the an1ount 
of material that is refluxcd. Its form has evolved nicely to enable 
it to fuJlction seamlessly. TI1e esophagus usually measmes 30 em, 
extending from the pharynx down onto the cardia of the 
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FIGURE 43- 10 Venous drainage of the esophagus. 

sromach. Under ideal physiologic conditions, the concentric 
muscular configuration permits effortless unidirectional flow of 
material from t11e top to the bottom of the esophagus. The UES. 
4 to 5 em in length, remains in a constant state of tone (mean, 
60 mm Hg), preventing a steady Aow of ai r into the esophagus, 
whereas the cone in the LES (mean, 24 mm Hg) remains ele
vated just enough to prevent excessive material from refluxing 
back up into rbe esophagus (Table 43-1). Transport of a food 
bolus from the mouth through the esophagus into the stomach 
begins with swallowing and ends wi th postrclaxation contraction 
of the LES, requiring coordinated peristaltic contractions in 
transit. The material in transit can move easily because the 
esophagcal nemomuscular form provides all functions necessary 
to power the food bolus through three body cavities. 

Swallowing 
There arc three phases co swallowing, oral, pharyngeal, and 
esophageal. Six events occur during the oropharyngeal phase of 
swallowing (Fig. 43-15). These rapid series of events last about 
1.5 seconds and, once initiated, are completely reflexive. 
1. Elevation of the tongue. Food is taken inro the mouth 

and mixed with saliva to prepare a soft bolus for trans
port. The tongue pushes the bolus into the posterior 
oropharynx. 

2. Posterior movement of the tongue. The tongue moves pos
teriorly and thrusts the food bolus imo the hypopharynx. 

3. Elevation of the soft palate. Simultaneously, as the tongue 
moves the food bol.us imo the hypopharynx, the soft palate 
is elevated to dose off the passage into the nasopharynx. 

4. Elevation of the hyoid, To help bring the epiglottis unden
the tongue, the hyoid bone moves anteriorly and 
upward. 

5. Elevation of the larynx. The change in position of the 
hyoid elevates the larynx and opens up the retrolaryngeaJ 
space, further facilitating the movement of the epiglottis 
under the tongue. 

6. TiltiJ1g of the epiglottis. Fi11ally, the epiglottis tilts back, 
covering the opening of the larynx to prevent aspiration. 

Esophageal Phase 
Upper Esophageal Sphincter l11e esophageal phase of swallowing 
is initiated by the actions during the pharyngeal phase. To allow 
passage of the food bolus, the UES relaxes and the peristaltic 
contractions of the posterior pharyngeal constrictors propel the 
holus into the esophagus. The pressure differential generated 
between the positive pressure iJl d1c cervical esophagus and the 
negative intrathoracic pressure sucks the bolus into the thoracic 
esophagus. Within 0.5 second of the initiation of swallowing, 
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FIGURE 43-11 Lymphatic drainage of the esophagus. 

the UES closes, reaching close co 90 rum Hg. This postrelax
ation contraction lasts 2 to 5 milliseconds, initiates peristalsis, 
and prevents reflux of the bolus back into the pharynx. The UES 
pressure returns to resting pressure (60 mm Hg) as d1e wave 
travels inro the midesophagus (Fig. 43-16). 

Peristalsis There are three types of esophageal contractions, 
primary, secondary, and tertiary. Primary peristaltic contractions 
are progressive and move down the esophagus at a rate of 2 to 
4 em/sec and reach d1e LES about 9 seconds after the initiation 
of swallowing (Fig. 43-17). They generate an iJ1traluminal pres
sure from 40 to 80 mm Hg. Successive swallows will follow with 
a similar peristaltic wave unless swallowing is repeated rapidly, 
at wbkh time tbe esophagus will remaiJ1 relaxed until the last 
swallow occurs, and peristalsis will follow. Secondary peristaltic 
contractions are also progressive but are generated from disten
tion or irritation of the esophagus, rather than voluntary swal
lowing. They crun occur as an independent local reflex to clear 
the esophagus of material that was left behind after the 

progression of the primary peristaltic wave. Tertiary contractions 
are nonprogressive, nonperistaltic, monophasic or multiphasic, 
simulmneous waves mar can occur after voluntary swallowiJ1g 
or spontaneously between swallows throughout the esophagus. 
'TI1ey represent uncoordiJ1atcd contractions of the smooth 
muscle that are responsible for esophageal spasm. 

Lower Esophageal Sphinder The final phase of esophageal bolus 
transit occurs through the LES. Although this is not a true 
sphincter, there is a distinct high-pressure zone that measures 2 
to 5 em in length and generates a restmg pressme of 6 to 
26 mm Hg. 1l1e LES is located in ilie chest and abdomen. A 
minimum total length of 2 em, with at least I em of intra
abdommal length, is required for normal LES function. The 
transition from the intrathoracic to the intra-abdominal sphinc
ter is noted on a manometric tracing and is known as the re.~pira
tory inversion poim (RIP: Fig. 43-18). At this point, the pressure 
of the esophagus changes from negative co positive with inspira
tion and positive to negative with expiration. 
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Table 43-1 Normal Manometric Values 
PARAMETER VALUE 

Upper Esophageal Sphincter 

Total length 4.0-5.0 em 

Resting pressure 60.0 mm Hg 

Relaxation time 0.58 sec 

Residual pressure 0.7-3.7 mm Hg 

Lower Esophageal Sphincter 

Total length 3-5cm 

Abdominal length 2-4 em 

Resting pressure 6-26 mm Hg 

Relaxation time 8.4 sec 

Residual pressure 3mm Hg 

Esophageal Body Contractions 

Amplitude 40-80 mm Hg 

Duration 2.3-3.6 sec 

1. Elevation of tongue 
2. Posterior movement of tongue 
3 . Elevation of soft palate 
4. Elevation of hyoid 
5. Elevation of larynx 
6. Tilting of epiglottis 

FIGURE 43-15 Phases of oropharyngeal swallowing. (Adapted from 
Zuidema GO, Orringer MB: Shackelford's surgery of the a limentary 
tract, ed 3, Philadelphia, 1991, WB Saunders, p 95.) 

Peristaltic contractions alone do not generate enough force 
to open up the LES. Vagal-mediated relaxation of the LES 
occurs 1.5 to 2.5 seconds afrer pharyngeal swallowing and lasts 
4 to 6 seconds. This flawlessly timed relaxation is needed to allow 
efficient transport of a food bolus out of the esophagus and into 
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FIGURE 43- 16 Manometry of the upper esophageal sphincter. 
(Adapted from Pearson FG, Cooper JD, Deslauriers J, et al: Esophageal 
surgery, ed 2. New York, 2002. Churchill Livingstone, p 480.) 

the stomach. A postrelaxation contraction of the LES occurs 
after the peristaltic wave has passed through the esophagus, 
allowing the LES to return to its baseline pressure (Fig. 43-19), 
reestablishing a barrier w reflux. 

Reflux Medlanism 
Not alJ reflux is abnormal. Healthy individuals have occasional 
episodes of gastroesophageal reflux that is a result of spontaneous 
opening of the LES. The competence of the LES and its ability 
to establish a barrier to reflux depends on several factors
adequate pressure and length, radjal symmetry, and motiljty of 
the esophagus and stomach. A competent sphincter is at least 
2 em and carries a pressure between 6 and 26 nm1 Hg. Radial 
asymmetry and abnormal peristalsis prevent proper closure and 
allow free reAuxing of gastric material into the distal esophagus. 
Abnormal esophageal motility and poor gastric emptying result 
in inadequate esophageal clearance that also encourages reflux. 
Finally, neurotransmitters, hormones, and peptides that regulate 
the LES can increase or decrease rone. All these anatomic and 
physiologic disruptions can result in reflux through the LES and 
are implicated in the development of gastroesophageal reflux 
disease (GERD). 
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FIGURE 43- 17 Nonnal esophageal peristalsis. (From Bremner CG, DeMeester TR, Bremner RM. Mason RJ: Esophageal motility testing made 
easy, StLouis, 2001, Qual ity Medical Publishing. p 35.) 
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FIGURE 43-18 Nonnallower esophageal sphincter. (From Bremner 
CG, DeMeester TR. Bremner RM, Mason RJ: Esophageal motility 

testing made easy, St Louis, 2001, Quality Medical Publishing. p 15.) 
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FIGURE 43- 19 Relaxation of the lower esophageal sphincter. (From 

Bremner CG, DeMeester TR. Bremner RM. Mason RJ: Esophageal 
motility testing made easy, St Louis, 2001, Quality Medical Publishing. 

p 24.) 
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NEUROMUSCULAR DISORDERS OF 
THE ESOPHAGUS 

Diverticula 
Historically, esophageal diverticula were thought to be a primary 
disorder [hat resulred in motility abnormalities. It is now well 
established that most diverticula are a resuJt of a primary motor 
disturbance or an abnormality of the UES or LES. Diverticula 
were originally classified according to their locatio11 and, as a 
convention, tl1ey are classifications to whicl1 we still adhere. 
Esophageal diverticula can occur in several places along the 
esophagus. The three most common sites of occurrence are 
pharyngoesophageal (Zenker's), parabronchlal (mldesophageal), 
and epiphrenic (supradiaphragmatic). True divertimla involve 
all layers of tl1e esophageal wall, including mucosa, submucosa, 
and muscularis. A false diverticulum consists of mucosa and 
submucosa only. Pulsion diverticula are false diverticula that 
occur because of elevated intraluminal pressures generated from 
abnormal motility disorders. These forces cause the mucosa and 
submucosa to herniate through the esophageal musculature. 
Both a Zenker's diverticultun and an epiphrenic diverticulum 
fall under the category of false pulsion diverticuJa. Traction, or 
true, diverticula result from external inflammatory mediastinal 
lymph nodes adhering to the esophagus as they heal and con
tract, pulling the esophagus during the process. Over time, the 
esophageal wall berniates, forming an outpouching, and a diver
ticulum ensues. 

Pharyngoesophageal (Zenker's) Diverticulum 
Originally described by Zenker and Von Z iemssen, the pharyn
goesophageal diverticulum (Zenker's diverticulum) is the most 
common esophageal diverticulum found today. It usualJy pres
ents in older patients in the seventh decade of life and bas been 
postulated to be a result of loss of tissue elasticity and muscle 
tone witll age. h is specificalJy found herniating into Killian's 
triangle, between the oblique fibers of the tbyropbaryngeus 
muscle and the horizontal fibers of the cricopharyngeus muscle 
(Fig. 43-20). As the diverticuhun enlarges, the mucosal and 
submucosal layers dissect down the lefr side of the esophagus 
into the superior mediastUllLm, posteriorly along the 

FIGURE 43-20 Zenker's diverticulum. 
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prevertebral space. Zenker's diverticulum is often referred to as 
cricopharyngealacha!Asia and is managed accordingly. 

Symptoms and Diagnosis Until the Zenker's diverticulum begins 
to enlarge, patients are often initially asymptomatic. Commonly, 
patienrs complain of a sticking in the throat. A nagging cough, 
excessive salivation, and intermittent dysphagia often are signs 
of progressive disease. As the sac iJ1creases in size, regurgitation 
of foul-smelling, undigested material is common. Halitosis, 
voice changes, retrosternal pain, and respiratory infections are 
especially common in older adults. Patients lcam to compensate 
for the difficulties by avoiding social situations. The roost serious 
complication from an umreated Zenker's diverticulum is aspira
tion pneumonia or lung abscess. In an older patient, this can be 
morbid and sometimes fatal. 

D iagnosis is made by barium esophagraphy (Fig. 43-21). 
At the level of the cricotl1yroid cartilage, tl1e diverticulum can 
be seen filled with bariw11 resting posteriorly alongside the 
esophagus. Lateral views are critical to obtain because this is 
usually a posterior structure. Neither esophageal manometry nor 
endoscopy is needed to diag11ose Zenker~~ diverticulum. 

FIGURE 43-21 Barium swallow showing Zenker's diverticulum. 
(Adapted from Trastek VF, Deschamps C: Esophageal diverticula. In 
Shields TW, Locicero J Ill, Ponn RB [eds]: General thoracic surgery, 
ed 5, Philadelphia, 1999, lippincott Williams & Wilkins, p 1841.) 

rn 
0 
"'0 
::I: 
f) 
c 
VI 

http://www.myuptodate.com


1 024 SECTION IX ESOPHAGUS 

Treabnent Surgical or endoscopic repair of a Zenker's divcnicu
lum is the gold standard of treatment. Traditionally, an open 
repair through the left neck wa.~ advocated. However, endo
scopic exclusion has gained popularity in many centers through
our the United Stares. Two types of open repair are performed, 
resection and surgical fixation of rhe diveniculum. 1l1e diver
ticulectomy and diverriculopexy are performed through an inci
sion in the left neck. Under general anesthesia, they both require 
about l hour to complete. In all cases, a myotomy of the proxi
mal and distal thyropharyngeus and cricopharyngeus muscles is 
performed. In cases of a small diverticulum ( <2 em), a myotomy 
alone is ofren sufficient. In frail patienrs who may be subject ro 
a higher rate of cervical esophageal leak, a diverticulopexy, 
without resection, may be performed and will prevent symptoms 
from recurri.ng.3 In most patients with good tissue or a large sac 
(>5 em), excision of the sac is indicated. The postoperative stay 
is approximately 2 to 3 days, during which the patient ren1ains 
unable to eat or drink. 

An alternative to open surgical repair is rhe endoscopic 
Doltiman procedure, which has become more popular. Endo
scopic division of the common wall between the esophagus and 
diverticulum using a laser or stapler has also been successful. 
Because of the configuration of the in line stapling device, this 
approach has been advocated for larger diverticula. The risk for 
an incomplete myotomy increases with smaller diverticula, 
smaller chan 3 em. This method divides the distal cricopharyn
geus muscle while obliterating the sac. The esophagus and diver
ticulum form a common channel. The technique requires 
maximal extension of the neck and can be difficult to perform 
in older patients with cervical stenosis. It is done transorally 
under general anesthesia in approximately l bour. The postop
erative course is slightly shorter, wicl1 patients taking liquids the 
following day and requiring only a single overnight hospital stay. 
Thus, this tech nique has gained favor and is advocated for 
patients with djvcrticula between 2 and 5 em. 

The results of open repair versus endoscopic repair have 
been well studied. For diverticula 3 em or less in size, surgical 
repair is superior to endoscopic repair in eliminating symptoms. 
For any diverticulum larger than 3 em, the results are the same.4 

Both the hospital stay and length of inanition are shorter with 
an endoscopic procedure. Regardless of the method of repair, 
patients do welll and cl1e results are excellent. 

Midesophageal Diverticula 
M idesophageal diverticula were fust described in the 19th 
century. Historically, inAan1ed mediastinal lymph nodes from an 
il1fecrion with tuberculosis accounted for most cases {Fig. 
43-22). Infections with histoplasmosis and resultant fibrosing 
mediastinitis have now become more common. InAammation 
of tbe lymph nodes exerts traction on the wall of the esophagus 
and leads to the formation of a true diverticulum in tht: mid
esophagus. This continues to be an important mechanism for 
these traction diverticula but it is now believed that some may 
also be caused by a prin1ary motility disorder, such as achalasia, 
diffuse esophageal spasm (DES), or nonspecific esophageal 
motility (NEM) disorder. 

Symptoms and Diagnosis Most patients with a midesophageal 
diverticulum are a.~ymptomatic. 1hcy are often incidentally 
fow1d during a workup for some other complaint. Dysphagia, 
chest pain, and regurgitation can be present and are usually 

MIDESOPHAGEAL TRACTION DIVERTICULUM 

diverticulum 

FIGURE 43-22 Midesophageal diverticulum. (Adapted from Peters 
JH, DeMeester TR: Esophagus and diaphragmatic hernia. In Schwartz 
Sl, J Fischer JE, Spencer FC, et al [eds]: Principles of surgery. ed 7, New 
York, 1998, McGraw-Hill, p 1130.) 

indicative of an underlying primary motility disorder. Patients 
presenting with a chronic cough are under suspicion for develop
ment of a bronclloesophageal fistula. Rarely, hemoptysis can he 
a presenting symptom, indicating infectious erosion of lymph 
nodes into major vascularure and the bronchial tree. ln this case, 
cl1e diverticulum is an incidental finding of lesser importance. 

The diagnosis of the anatomic structure, as well as the size 
and location of an esophageal diverticulum, is made through 
barium esophagraphy. Lateral views are needed to determine 
from whim side of the esophagus rhe diverticulum is protrud
ing. Midesophageal diverticula typically present on the right 
because of the overabundance of structures in the midthoracic 
region of the left chest. It is also helpful to make a diagnosis of 
a concomitant fistula. A computed tomography (Cf) scan is 
helpful co identi1}t any mediastinal lymphadenopathy and may 
help laterali7..e the sac. Endoscopy is important to rule out 
mucosal abnormalities, indudiJlg cancer, that may be incon
spicuously hidden in the sac. fn addition, endoscopy aids in 
identi1}ting a fistula. Manometric studies are undertaken in all 
patients, symptomatic or not, to identify a primary motor dis
order. Patients presenting wicl1 dysphagia, chest pain, or regur
gitation in particular are manometrically evaluated. Treatment 
is guided by the results of rne manometric findings. 

Treabnent Determining the cause for midesophageal diverticula 
is critical for guidlng treatment. ln asymptomatic patients who 
have i.nflan1ed mediastinal lymph nodes &om tuberculosis or 
histoplasmosis, medical tream1ent with antituberculin or 
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antifungal agents is indicated. lf the diverticulum is smaller chan 
2 em, it can be observed. lf patients progress to become symp
tomatic or if the cllverticulum is 2 em or larger, surgical inter
vention is incllcarcd. Usually, midesophagcal cllverticula have a 
wide mouth andl rest close co the spine. Therefore, a diverticu
lopexy can be performed where the diverticulum is suspended 
from the thoracic vertebral fascia. ln patients with severe chest 
pain or dysphagia and a documented motor abnormality, a long 
esophagom)'OtOru)' is also iJ1dicatcd. 

Epiphrenic Diverticula 
Epiphrenic cllvcrticula are fotmd adjacent to the cllaphragm in 
the ells tal third of the esophagus, within 10 em of the GEJ. They 
are most often related to thickem:d distal esophageal muscula
ture or increased intraluminal pressure. 1l1ey are pulsion, or 
false, cllverticula that arc often associated with DES, achalasia 
and, most commonly, NEM cllsorders. ln patients in whom a 
motility abnormality cannot be identified, a congenital (Ehlers
Danlos syndrome) or traumatic cause is considered. As with 
midesophagcal diverticula, epiphrenic cllverticula arc more 
common on the right side and tend to he wide-mouthed. 

Symptoms and Diagnosis Most patients with epiphrenic diver
ticula present asymptomatically. 1l1ey may present with dyspha
gia or chest pain, which is indicative of a motility disturbance. 
The diagnosis is often made during the workup for a motility 
disorder and the diverticulum is found incidentally. Other 
symptoms, sucl1 as regurgitadon, cpigasuic pain, ru1orexia, 
weight loss, chronic cough, ru1d halitosis, are indicative of an 
advru1eed motility abnormality resuJting in a sizable epiphrenic 
diverticulum. 

A barium esophagram is the best diagnostic tool to detect 
the presence of ru1 cpiphren.ic diverticulum (Fig. 43-23). The 
size, position, and proximity of the diverticulum to the dia
phragm can all be clearly delineated. 1l1e underlying motility 
cllsorder is often identified as well; however, manometric studies 
need to be w1dertaken to evaluate the overaU motility of 
the esophageal body ru1d LES. An endoscopy is performed ro 
evaluate for mucosal lesions, including esophagitis, Barrett's 
esophagus, ru1d cancer. 

Treatment The treatment of an epiphrenic diverticulum is similar 
to that of a midcsophagcal diverticulum. These types of cllvcr
ticula also bave a wide mouth and rest close to the spine. Small 
( <2 em) diverticula can be suspended from the vertebral fascia 
and need not be excised. In patients with severe chest pain, 
dysphagia, or a documented motor abnormality, a long esoph
agomyotomy is iJ1rucated. If a diverticulopexy is performed, the 
myotomy is begun at the neck of the diverticulum and exteJ1ded 
onto the LES.lf a diverticulectomy is pursued, a vertical stapling 
device is placed across the neck and the diverticulum is excised. 
The muscle is dosed over the excision site and a long myotomy 
is performed on the opposite esophageal wall, extending from 
the level of the diverticulum onto the LES. If a large hiatal hernia 
is also preseJ1t, the diverticulum is excised, a myotomy per
formed, a11d the hiatal hernia repaired. Failure to repair the 
hernia results in a high incidence of postoperative reflux. 

Motor Disorders 
Motility disorders of the esophagus run on a continuum from 
hypomotile to hypern1otile dysfunction, with intermediate types 
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FIGURE 43-23 Barium swallow showing mid and d istal esophageal 
diverticula. (Adapted from Pearson FG, Cooper JD, Deslauriers J, et al: 
Esophageal surgery, ed 2, New York, 2002, Churchill Livingstone, 
p 508.) 

in between. There arc primary and secondary motor disorders 
of the esophagus. Most esophageal motility disorders fall into 
one of five primary motor disorders: achalasia, DES, nutcracker 
esophagus, hypertensive LES, and ineffective esophageal motil
ity (IEM: Table 43-2). 1l1e use of esophageal manometry has 
demonstrated a number of nonspecmc abnormalities reflecting 
a spectrum of various stages of destruction of esophageal motor 
function that do not fit into a spccmc classification. Secondary 
motor cllsorders of the esophagus result from progression of 
other diseases, such a~ collagen vascular and neuromuscuJar djs
eases, and result in NEM disorders. Although the underlying 
pathologies are different, the presenting symptoms of primary 
ru1d secondary motility disorders may be similar. A careful assess
ment must be done to ensu.re an accu.ratc diagnosis and appro
priate rreatmem plan. 

Adtalasia The literal meaning of the term achalasia is "failure to 
relax," wl1icb is said of any sphincter that remains in a constant 
state of tone with perk>ds of relaxation. It is the best understood 
of all esophageal motility disorders. The incidence is 6/100,000 
persons/year and is seen in yotmg women ru1d middle-aged men 
and women alike. Irs pathogenesis is presumed to be idiopathic 
or infectious neurogenic dcgencration.5 Severe emotional stress, 
trauma, drastic weight reduction, ru1d Chagas' disease (parasitic 
infection with Trypanosoma cruzt) have also been implicated. 
Regardless of the cause, the muscle of the esophagus and LES 
arc affected. PrevailiJlg theories support the model that tbe 
destruction of the nerves to the LES is the primary pathology 
and that degeneration of the neuromuscular function of the 
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" Table 43·2 Manometric Features of Primary and Nonspecific Esophageal Motility Disorders :::r 
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-- - - -- Cl 
DIFFUSE INEFFECTIVE NONSPECIFIC c: 

VICOROUS HYPERTENSIVE ESOPHACEAL NUTCRACKER ESOPHACEAL ESOPHACEAL MOTILITY Vl 

FEATURE NORMAL ACHALASIA ACHALASIA LES SPASM ESOP HAC US MOTILITY DISORDER 
Symptoms None Dysphagia Dysphagia Dysphagia Chest pain Dysphagia Dysphagia Dysphagia 

Chest pressure Chest pain Dysphagia Chest pain Heartburn Chest pain 
Regurgitation Chest pain 

Esophagram Normal Bird's beak Abnormal Distal obstruction Corkscrew Normal progressive Slow transit Slow transit 
esophagus contractions 

Dilated Incomplete Incomplete emptying 
esophagus emptying 

Endoscopy Normal Patulous Normal Normal Hyperperistalsis Hyperperistalsis Nonspecific Nonspecific 
esophagus 

LES pressure 15-25 mm Hg H~ertensive Normal or H~ertensive Normal or slightly Normal Normal or low Normal 
>26 mm Hg) hypertensive >26 mm Hg) elevated 

LES relaxation Follows Incomplete Partial or absent Normal Normal Normal Normal Incomplete (>90%) 
swallowing 

Residual pressure Residual pressure 
(>5 mm Hg) (>5 mm Hg) 

Amplirude 50-120 mm Hg Decreased Normal Normal Normal Hygertensive Decreased Decreased (<35 mm Hg) 
pressure (<40 mm Hg) >lBO mm Hg~ (<30 mm Hg) 

>400 mm Hg 

Contraction Progressive Simultaneous Simultaneous Normal Simultaneous Long duration Nontransmitted Nontransmitted (>20%) 
waves (>6 sec) (>30%) 

Mirrored Repetitive Repetitive Triple-peaked, retrograde 
Pressurized Prolonged (>6 sec) 

Peristalsis Normal None None Normal None Hypertensive Abnormal Abnormal 
peristalsis 

http://www.myuptodate.com


body of the esophagus is secondary. 1his degeneration results iJ1 
hypertension of the LES and failure of the LES to relax on 
pharyngeal swallowing, as well as pressurization of the esopha
gus, esophageal dilation, and resultant loss of progressive 
peristalsis. 

Vigorous achalasia is seen in a subset of patients presenting 
with dysphagia. ln these patients, the LES is hypertensive and 
fails to relax, as seen in achalasia. Furthermore. the contractions 
of the esophageal body continue to be simultaneous and non
peristaltic. However, the an1plirude of the contractions in 
response to swallowing is normal or high, which is inconsistent 
with classic achalasia. It is postulated tbat patiems in the early 
development of achalasia may nor have abnormalities in the 
esophageal body that are seen in later stages of the disease. 
Patients presenting with vigorous achalasia may be in this early 
phase and will go on to develop abnormal esophageal body 
contractions. 

Achalasia is also known to be a premalignant condition of 
the esophagus. Over a 20-year period, a patient will have up to 
an 8% chance of developing carcinoma. Squamous cell carci
noma is the most common type identified and is thought to he 
the resu.lt of long-standing air-fluid levels in the budy of the 
esophagus. causing mucosal irritation and i11ducing metaplasia. 
Adenocarcinoma tends to appear in the middle rhiJ·d of tbe 
esophagus, below the air-fluid level where the mucosal irritation 
is the greatest. No specific surveillance program has yet to be 
initiated in patients with treated achalasia. 

Symptoms and Diagnosis The classic triad of presenting symp
toms consists of dysphagia, regurgitation. ru1d weight loss. 
However, beartburn, postprandial d1oking, and nocturnal 
wughing are commonly seen. 1l1e dysphagia that patients expe
rience begins with liquids ru1d progresses to soUds. Most patients 
describe eating as a laborious process during which they must 
pay special attention to the process. 1l1ey eat slowly and usc large 
volumes of water to help wash the food down into the stomach. 
As the water builds up pressure, retrosternal chest pain is expe
rienced and can be severe until the LES opens, which provides 
quick relief. Regurgitation of undigested, foul-smelling foods is 
common and, with progressive disease, aspiration can become 
Ufe-threatening. Pnetm1onia, lw1g abscess, and bronchiectasis 
often result from long-standi11g achalasia. The dysphagia pro
gresses slowly over years ru1d patients adapt their Ufesryle to 
accommodate tbe inconveniences that accompru1y this disease. 
Patients often do not seek medical attention until their symp
toms are advanced and wiU present wicl1 marked distention of 
the esophagus. 

The diagnosis of achalasia is usually made from an esopha
gran1 and a motility study. 1l1e findings may vary, depending on 
the advanced na·mrc of the disease. 1l1e esophagrarn will show 
a dilated esophagus with a distal narrowi11g referred to as the 
classic bird's beak appearance of the barium-6lled esophagus 
{Fig. 43-24). Sphincter spasm and delayed emptying cluough 
the LES, as well as dilation of the esophageal body, are observed. 
A lack of perista1tic waves in the bc)dy ru1d failure of relaxation 
of the LES are noted. Lack of a gastric air bubble is a common 
finding on the upright portion of the esophagram and is a result 
of the tight LES not allowing ai r ro pass easily into the s tomacl1. 
In the more advanced stage of disease, massive esophageal dila
tion, tortuosity, and a sigmoidal esophal:,'l.IS (megaesophagus) are 
seen {Fig. 43-25). 
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FIGURE 43-24 Barium swallow showing achalasia. (Adapted from 
Dalton CB: Esophageal motility disorders. In Pearson FG, Cooper JD, 
Deslauriers J, et al [eds]: Esophageal surgery, ed 2 New York, 2002, 
Churchill Livingstone, p 519.) 

Manometry is the gold stru1dard test for diagnosis and will 
help eliminate other potential esophageal motility disorders. In 
typical achalasia, tbe mru1omecry tracings show five classic find
ings, two abnormalities of the LES ru1d three of the esophageal 
body. The LES wiU be hypertensive, with pressures usually 
higher than 35 mm Hg but, more importru1tly, wiU fail to relax 
with deglutition (Fig. 43-26). 1l1e body of the esophagus will 
have a pressure above baseline (pressurization of the esophagus) 
from incomplete air evacuation, simtdtaneous mirrored con
tractio·ns with no evidence of progressive peristalsis, and 
low-amplitude waveforms indicating a lack of muscular tone 
(Fig. 43-27) . TI1esc five findings provide a diagnosis of achalasia. 
An endoscopy is perforn1ed to evaluate the mucosa for evidence 
of esophagitis or cancer. lt otberwise contributes little to the 
diagnosis of achalasia. 

Treat~JJS~t There are surgical and nonsurgical treatment options 
for patients with achalasia; all are directed toward relieving the 
obstruction caused by the LES. Because none uf them addresses 
the issue of decreased motility in the esophageal body, they are 
all palliative treatments. Nonsurgical tream1ent options include 
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FIGURE 43-25 Barium swallow showing megaesophagus. (From 
Orringer MB: Disorders of esophageal motility. In Sabiston DC [ed]: 
Textbook of Surgery, ed 15, Philadelphia, 1997, WB Saunders, p 719.) 

medications and endoscopic interventions bur usually are only 
a short-term solution to a lifelong problem. In the early stage of 
the disease, medical treatment with sublingual nitroglycerin, 
nitrates, or calcium chrumel blockers may offer hours of relief of 
chest pressure before or after a meal.6 Bougie dilation up to 
54 Fr may offer several months of relief bur requires repeated 
di lations to be sustainable. lnjections of botulinum toxin (Botox) 
directly into the LES blocks acetylcholine release, preventing 
smooth muscle contraction, and effectively relaxes the LES. 
With repeated treatments, Botox may offer symptomatic relief 
for years, but symptoms recur more than 50o/o of the time within 
6 months. Dilation with a Grunt'L:ig-type {volume-limited, pres
sure control) balloon is effective in 60o/o of patients and has a 
risk for perforation less than 4o/o; however, perforation is life
threatening and musr be weighed carefully in otherwise 
unhealthy patients. 

Surgical esophagomyotomy offers superior results a11d is 
less traumatic than balloon dilation.' The current technique is a 
modification of me Heller myotomy mat was described origi
nally by a laparotomy in 1913.8 Various changes have been made 
to tl1e original1'y described procedure but the modified laparo
scopic Heller myotomy is now the operation of choice. It is done 
open or with video or robotic assistance. The decision to perform 
ru1 antircllux procedure remains controversial. Most patients 
who have undergone a myotomy will experience some symp
toms of reflux. The addition of a partial antireflux procedure, 
such as a Toupet or Dor fw1doplication, will restore a barrier to 
reflux an.d decrease postoperat ive symptoms. This is especially 
true in patients whose esophageal clearance is greatly in1paited.9 

Esophagectomy is considered in ru1y symptomatic patient 
with tortuous esophagus (megaesophagus), sigmoid esophagus, 
faiJure of more than one myotomy, or an w1diJatab.le reflux 
stricn.re. Fewer man 60o/o of patients LUldergoing repeat 
myotomy benefit from surgery, and fLmdoplication for treat
ment of reflux strictures has even more dismal results. In addi
tion to definitively treating the end-stage achalasia. esophageal 
resection also clin1inates the risk for carcinoma. A transhiatat 
esophagectomy wim10 or without preservation of the vagus nerve 
offers a good long-term result. 

Results Results of medical, interventional, ru1d surgical proce
dures all point to surgery as the safest ru1d most effective treat
ment of achalasia. When comparing balloon dilation to Botox 
injections, remission of symptoms occurred in 89o/o versus 38o/o 
of patients at 1 year, respectively. Studies done to compare 
balloon dilation versus surgery have shown perforation rates of 
4o/o and l o/o and mortality rates of 0.5o/o and 0.2o/o, respectively.. 
Resuhs were considered excellent in 60o/o of patients undergoing 
balloon dilation ru1d in 85o/o of those undergoing surgery.. 
Studies of laparoscopic versus open myotomy have all demon
strated superior results with a minimally invasive teclmique. 
Shorter length of stay, less pain. and excellent reHcf of dysphagia 
with an improved heartburn score have all been documented 
with a laparoscopic approach. Furthermore, laparoscopic 
myotomy appears to be safe and effective, even after treatment 
wi th Botox or balloon dilation or with a massively d.iJated esoph
agus. Almough most patients present fairly early in their disease 
process, end-stage achalasia is still found in a small percentage 
of patients. In these late presentations, a surgical myotomy is 
not Likely to be effective. 

Diffuse Esophageal Spasm DES is a poorly understood hypermo
tility disorder of the esophagus. Although it presents in a similar 
fashion to achalasia, it is five times less common. It is seen most 
often in women and is often fow1d in patients with mulciple 
complaints. The cause of me neuromuscular physiology is 
unclear. The basic pathology is related to a motor abnormality 
of the esophageal body that is most notable in the lower two 
thirds of the esophagus. Muscular hypertrophy and degeneration 
of the branches of the vagus nerve in the esophagus have been 
observed. As a result, the esophageal contractions are repetitive, 
simultru1eous, ru1d of high an1plitude. 

Symptoms and Diagnosis 1he clinical presentation of DES is typi
cally that of chest pain and dysphagia. These symptoms may be 
related to eating or exertion and may mimic those of angina. 
Patients will complain of a squeezing pressure in the chest that 
may radiate to tbe jaw, arms, and upper back. The symptoms 
are often pronounced during times of heightened emotional 
stress. Regurgitation of esophageal conrems and saliva is 
common, but acid reflux is not. However. acid reflux can 
aggravate me symptoms, as cru1 cold Liquids. Other functional 
gastrointestinal complaints, such as irritable bowel syndrome 
ru1d pyloric spasm, may accompany DES, whereas other ga~tro
intestinal problen1s, such as gallstones, peptic ulcer discao;c, and 
pancreatitis, all trigger DES. 

The diagnosis of DES is made by esophagrapby and mano
metric studies. 1he classic picture of the corkscrew esophagus 
or pseudodiverticulosis on an esopbagran1 is caused by the pres
ence of tertiary contractions and indicates advanced disease 
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FIGURE 43-26 Motility of the lower esophageal sphincter in a patient with achalasia. (Adapted from Pearson FG, Cooper JD, Deslauriers J, 
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FIGURE 43-27 Esophageal motility in a patient with achalasia. (From Bremner CG, DeMeester TR, Bremner RM. Mason RJ: Esophageal motility 
testing made easy, St louis, .2001, Quality Medical Publishing. p 75.) 

(Fig. 43-28). A distal bird beak narrowing of the esophagus and 
normal perista1sis can also be noted. The classic manometry 
findings in DES are simultaneous multipeaked cnntractions of 
high amplitude (>120 mm Hg) or long duration {>2.5 seconds: 
Fig. 43-29). These erratic contractions occur after more than 
too/o of wet swallows. Because of the spontaneous contractions 
and imermittem normal peristalsis, standard manometry may 
not be enough to identi~, DES. An ambulatory motility record 
has been identified as being able to diagnose this diseare with a 
sensitivity of 90o/o and a spccilichy of I 00% based on an identi
fied set of abnormalities. Correlation of subjective complaints 
with evidence of spasm (induced by a vagomimetic drug, 
bethanechol) on manometric tracings is also convincing evi
dence of this capricious disease. 

Treatment 1l1e treatment for DES is far from ideal. Today the 
mainstay of treatment for DES is nonsurgical, and pharmaco
logic or endoscopic intervention is preferrc::d. Surgery is reserved 
for patients with recurrent incapacitating episodes of dysphagia 
and chest pain who do not respond to medical treatment. AlJ 
patients are evaluated for psychiatric conditions, including 
depression, psychosomatic complaints, and anxiety. Control of 
these disorders and reassurance of the esophageal nature of the 
chest pain that they are experiencing is often therapeutic in and 
of itself. If dysphagia is a component of a patient's symptoms, 
steps must be rrakcn to eliminate trigger foods or drinks from 
the diet. Similarly, if reflux is a component, acid suppression 
medications are helpful. Nitrates, calcium channel blockers, 

sedatives, and anticholinergics may be effective in some cases, 
but the relative efficacy of these medicines is nor known. Pep
pemlint may also pmvide temporary symptomatic rellcf.11 

Bougie diJation of the esophagus up to 50 or 60 Fr provides 
relief for severe dysphagia and is 70% to 80% effective. Botuli
num toxin injections have also been r:ried with some success, but 
the results arc not sustainable. 

Surgery is indicated for patients with incapacitating chest 
pain or dysphagia who have failed medical and endoscopic 
therapy, or in the presence of a pulsion diverticulum of the 
thoracic esophagus. A long c::sophagomyotomy is performed 
through a lefr thoracotomy or a left video-assisted technique. 
Esop'hageal manometry is a useful guide to determine the extent 
of the myoromy. Some surgeons advocate extending the 
myotomy up into the thoracic inlet, bur most agree that the 
proximal extent generally should be high enough to encompass 
the e ntire length of the abnormal motility, as determiJled by 
manometric measurements. 'TI1e distal extent of the myotomy is 
extended down onto the LES, but the need ro include the 
stomach is not agreed on wliformly. A Dor fundoplication is 
recommended to prevent healing of the myotomy site and 
provide reflux protection. Results of the long esopbagomyotomy 
for DES are vruiable but it can provide relief of symptoms up 
ro 80% of the rime. 

Nutcracker Esophagus Rccognjzcd iJl the late 1970s as a distinct 
entity, nutcracker esophagus is a hypermotility disorder also 
known as supersqueeze esophagus. It is described as 
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FIGURE 43-28 Barium esophagram of diffuse esophageal spasm. 
(Adapted from Peters JH, DeMeester TR: Esophagus and diaphrag
matic hernia. In Schwartz Sl, J Fischer JE. Spencer FC. et al [eds]: 
Principles of surgery, ed 7, New York. 1998, McGraw-Hill, p 1129.) 

an esophagus w:ith hypertensive peristalsis or high-amplitude 
peristaltic contractions. It is seen in patients of all ages, with 
equal gender predilection, and is the must common of alJ esoph
ageal hypermotility disorders. Like DES, the pathophysiology 
is not well understood. [t is associated with hypertrophic 
musculature that results in high-amplitude conrractions of 
the esophagus and is the most painful of alJ esophageal motility 
disorders. 

Symptoms and Diognosis Patients present in a similar fashion to 
patients with DES with chest pain and dysphagia. Odynophagia 
is also noted, but regurgitation and reAux are uncommon. An 
esopbagram mar or may not reveal any abnormalities. The gold 
standard of diagnosis is the subjective complaint of chest pain 
with simultaneous objective evidence of peristaltic esophageal 
conrractions 2 standard deviations (SDs) above the normal 
values on manometric tracings. Amplin•des higher tban 
400 mm Hg are common (Fig. 43-30). The LES pressure is 
normal and relaxation occurs with ead1 wet swallow. Ambula
tory monitoring can help distinguish this disorder from DES. 
This is of critical importance because a subset of DES patients 
with dysphagia can be helped with csophagomyotomy. but 
surgery is of guestionable value in patients with a nutcracker 
esophagus. 

Treatment The treatment of nutcracker esophagus is medical. 
Calcium cbanneJ blockers, nitrates, and antispasmodics may 
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offer temporary relief during acute spasms. Bougie dilation may 
offer some temporary relief of severe discomfort but has no 
long-term benefits. Patients with nutcracker esophagus may 
have triggers and are counseled to avoid caffeine, cold, and hot 
foods. 

Hypertensive LES The condhion known as hypertensive LES was 
first described as a separate enti ty by Code and colleagues! 2 It 
was observed in patients presenting with dysphagia, chest pain, 
and manometric findings of an elevated LES. However, the 
manometric findings arc not consistent with ad1alasia. The LES 
pressure is above normal and relaxation will be incomplete but 
may nor be consisrencly abnormal. TI1e motility of the esopha
geal body may be hyperperistaltic or normal. The pathogenesis 
is not well understood, but it ha~ been theorized that it may be 
a similar process to that of achalasia in evolution. 

Symptoms and Diognosis Patients with hypertensive LES present 
with chest pain or dysphagia Acid reAux and regurgitation are 
experienced less commonly. Diagnosis is made by manometry. 
An esophagran1 may show narrowing at tbe GEJ witb delayed 
Aow and abnormalities of esophageal contraction; however. 
these are nonspecific findi ngs. Manometry tracings demonstrate 
elevated LES pressure (>26 rom Hg) and normal relaxation of 
the LES. About 50% of cl1e time, peristalsis in the esophageal 
body is normal. In the remainder, abnormal conrractions are 
noted to be hypertensive peristaltic or simultaneous waveforms. 

Treatment The treatment ofhypertensivt: LES is with ~::ndoscopic 
and surgical intervention. Botox injections aUeviate symptoms 
temporarily and hydrostatic balJoon dilation may provide long
term symptomatic relief. Surgery is indicated for patients wbo 
fail interventional treatments and tbose with significant symp
toms. A laparoscopic modified Heller esophagomyotomy is the 
operation of choice. In patients wicl1 normal esophageal motility, 
a partial antireAux procedure (e.g., Dor or Toupet fundoplica
tion) is added. 

Ineffective Esophageal Motility lEM was first recognized as a sepa
rate disturbance by Castell in 2000.13 It is defu1ed as a contrac
tion abnormality of the distal esophagus and is usualJy associated 
with GERD. It may be secondary to inflanm1atory injury of the 
esophageal body because of increased exposure ro gastric con
tents. Dampened motility of the esophageal body leads to poor 
acid clearance in the lower esophagus. Once altered motility is 
present, cl1e condition appears to be irreversible. 

Symptoms 1he symptoms ofiEM are mixed but patients usually 
present with symptoms of reflux and dysphagia. Heartburn, 
chest pain, and regurgitation are noted. Diagnosis is made by 
manometry. IEM is defined as a contraction abnormality of the 
distal esophagus in which the total of the number of low
amplitude contractions (<30 mm Hg) plus nontransmitted 
contractions exceeds 30% of wet swalJows. A barium esopha
gram demonstrates nonspecific abnormalities of esophageal con
traction but will not further distinguish lEM from other motor 
disorders. 

Treatment The best treatment of £EM is prevention, which is 
a'>Sociated wicl1 effective treatment of GERD. Once altered 
motility occurs, it appears to be irreversible. 
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FIGURE 43-29 Manometry findings in diffuse esophageal spasm. (From Bremner CG, DeMeester TR, Bremner RM, Mason RJ: Esophageal motil
ity testing made easy, StLouis, 2001, Quality Medical Publishing. p 83.) 

Nonspe<ific Esophageal Motor Disorders Patients with manometric 
findings that do not fit into one of the five classic patterns are 
placed in the category of nonspecific esophageal motor disor
ders. These nonsp~cinc abnormalities support the understanding 
that esophageal motility disorders are a spectrum of abnormali
ties that reflect various stages of destruction of esophageal motor 
function. 'TI1e pathogenesis of N EM is multifaceted and has no 
any single isolated cause. Several collagen vascular disorders are 
known to cause abnormalities of esophageal motility, including 
sclerodem1a, dem1atomyositis, polymyositis, and lupus erythe
matosus. All affect the neuromuscular esophageal architecmre, 
resulting in poor esophageal motility. 

Symptoms and Diagnosis Patients with NEM present with chest 
pain and dysjphagia and tend to experience more reflux 
symptoms and regurgitation than patients with other defined 
disorders. Diagnostic tests include barium esophagraphy and 
manometric studies. Esophagrapby is helpful to rule out disor
ders with defined abnormalities ar1d identifies abnormal esopha
geal body comractions as well as abnormalities of the LES. 
Manometry is critical to determine the nan.re of cl1e motor 

abnormalities d1at the patient is experiencing. The LES can be 
normal or hypertensive, but incomplete relaxation (residual 
>5 mm Hg) is noted. Contractions of the esophageal body will 
follow one or more of me following patterns: nontransmitted, 
triple-peaked, retrograde, low-amplirude (<35 mm Hg), or pro
longed duration (>6 seconds).lnterruption of normal peristalsis 
ar various esophageal levels is also common. Some patients wUI 
have characteristic waveforms that can be ascribed to an underly
ing collagen vascular disorder. Patients with scleroderma will 
have low-amp.litude simultaneous contractions of cl1e esophageal 
body, similar to cl1ose seen with achalasia, but the LES is noted 
to have normal or low pressure. 

Treatment Treatment of NEM is difficult because a primary 
diagnosis is evasive. Those wicl1 collage11 vascular or neuromus
cular disorders are treated for cl1eir primary medical condition, 
which often results in improved esophageal motility. For those 
whose underlying condition remains undiagnosed, combination 
therapy, including medications and therapeutic interventions, 
can be applied, as guided by the prevailing manometric 
findings. 

http://www.myuptodate.com


ESOPHAGUS CHAPTER 43 1033 

Swall 

1 
80 
60 
40 
20 

0 
Press 

2 20 
10 
0 

-10 

Press 
3 20 

10 
0 

- 10 
Press 

4 
30 
20 
10 
0 

- 10 
Press 

5 
10 
5 
0 

-5 
-10 

Press 
6 20 

10 
0 

- 10 

Respi 
8 50 

30 
10 

- 10 

FIGURE 43-30 Manometry findings in nutcracker esophagus. (From Bremner CG, DeMeester TR, Bremner RM, Mason RJ: Esophageal motility 
testing made easy, St Louis, 2001, Quality Medical Publishing. p 85.) 

DISEASES OF THE ESOPHAGUS 

Barrett's Esophagus 

Historical Perspective 
In the 1950s, a British surgeon, Dr. Norman Barrett, proposed 
that sections of the gastrointestinal tract arc defined by their 
mucosa. He went on to say that the esophagus ended at the 
squamocolumnar junction and that ulcers within columnar 
mucosa distal to the squamous esopbageal mucosa were witbin 
"a pouch of stomach ... drawn up by scar tissue into the medi
astinum." l11 1953, Allison and Johnstone dt:monstrated that 
tbis distal pouch of stomach had no peritoneal covering, normal 
esophageal musculature, and typical esophageal mucous glru1ds. 
They concluded that cl1 is segment represents a columnar-lined 
distal esophagus, not stomach. Agreeing with their findings, 
Barrett retracted his opinion. Despite his initial misimerpreta
tion, this condition bears bis name. 

Batkground 
To adapt to the ever-chru1ging environments cl1at it encounters, 
the human body has built-in mechanisms that fadlitate the 

necessary adjustments. Metaplasia is one of those mecbru1.isms 
ru1d has been viewed teleologically as an attempt to protect 
vulnerable tissues from a bostile environment. The process of 
metaplasia, in which one type of fully differentiated (adult) cell 
replaces another type of adult cell, occurs in a number of 
organs. In most orgru1s that exhibit epithelial metaplasia, strati
fied squan1ous epithelium replaces an inflamed columnar 
mucosa. In conrrast, Barrett's esophagus is a condition whereby 
aJl intestinal columnar epithelium replaces the stratified squa
mous epi cl1elium that normally lines d1e distal esophagus. 
Chronjc gastroesophageal reflux is the factor that injures clJe 
squamous epicl1elium and promotes repair cluough columnar 
metaplasia. Ald1ough these metaplastic cells may be more 
resistaJ1t to injury from reflux, cl1ey also are more prone to 
malignancy. Of patients wim GERD, 10% develop Barrett's 
esophagus. Even more unsettling is the 40-fold increase in risk 
for developing esophageal carcinoma in patients with Barrett's 
esophagus. Prospectively following 100 patients with Barrett's 
esophagus for I year will result in one fatiem developing ade
nocarcinoma, an iJlddencc of 1 o/o/year.1 'TI1is is a simjJar risk to 

that of patiems wlcl1 a 20-pack-year smoking history develop
ing lung cancer. 
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Gastric 
cell 

FIGURE 43-31 Histology of Barrett's esophagus. (Adapted from 
Pearson FG, Cooper JD, Deslauriers J, et al: Esophageal surgery, ed 2, 
New York, 2002. Churchill Livingstone, p 286.) 

'TI1e incomplete imestinal metaplasia that occurs in Bar
rett's esophagus includes gastric surface cells, intestinal goblet 
cells, and intestinal absorptive cells with a rudimentary brush 
border (Fig. 43-31). With continued exposure to the reflux
related hostile environment of the lower esophagus, metaplastic 
cells undergo cellular transformation to low- and high-grade 
dysplasia. Tl1ls may be caused by a failed mechanism intrinsic 
to the metaplastic cell or an adaptive mechanism to its environ
ment. Ln either case, left w1protected, these dysplastic cells may 
evolve to cancer. The exact pathophysiologic mechanism contin
ues to be investigated; however, many investigators believe that 
once metaplasia is present, it is exposure to bile and other reflux
related substances, not necessarily acid, that encourages the pro
gression of dysplasia to cancer. ln vitro studies have demonstrated 
cellular and molecular changes in cells of all types when exposed 
to bile salts. Furthermore, it has been shown that patients with 
adenocarcinoma of the distal esophagus are three times more 
Li.kely to have been taking acid suppression medications. With 
further studies, the exact role of acid and bile exposure in the 
metaplastic int:estinalization of the lower esophagus will be 
better Lmderstood. 

A number of other causes have been investigated in the 
development of Barrett's esophagus. Infectious causc::s, such as 
Helicobacter PJiori, have been investigated, although it has not 
been shown to be associated wicl1 an i.ncrease in esophageal 
metaplasia of the esophagus. Genetic abnormalities play a role 
that is not well defu1ed. An incompetent LES, with or \vithout 
a hiatal hernia,. plays an important role i.n the development of 
GERD and Barrett's esophagus. Factors that have been impli
cated in the pa11:bophysiology of the LES are age, ohesiry, stress, 
caffcinated products, alcohol, tobacco, and a number of foods, 
including spicy. fatty. and acidic foods. Once the LES is rendered 
incompetent, esophagitis may appear within 1 year of symptoms 

FIGURE 43-32 Endoscopic appearance of Barrett's esophagus. 
(Adapted from Pearson FG, Cooper JD, Deslauriers J, et al: Esophageal 
surgery, ed 2, New York, 2002, Churchill Livingstone, p 151.) 

of G ERD, but several years of exposure to acid and bile need to 
occur before metaplastic changes occur. 

Although Barrett's esophagus is found in men and women 
of all races, more than 70o/o of patients are men aged 55 to 63 
years .. White men predominate (up to 20 : I) over African Ameri
can men.15 Men bave a I 5-fold increased incidence over women 
with adenocarcinoma of the esophagus, but women with Bar
rett's esophagus are increasing in number as the differences in 
the Western lifestyle between men and women diminish. Many 
Asian cultLlres have a high rate of squamous ceU carcinoma of 
cl1e esophagus, not related to Barrett's esophagus, and a low rate 
of adenocarcinoma in which Barrett's esophagus has been impli
cated. This strongly suggests cl1at culmral lifestyles play an 
imponam role in the evolution of Barren's esophagus. 

Symptoms and Diagnosis 
Many patients harboring intestinal metaplasia in their distai 
esophagus are asymptomatic. Most patients present with symp
toms of GERD. Heartburn, regurgitation, acid or bitter taste in 
cl1e moucl1, excessive belching, and indigestion are some of cl1e 
common symptoms associated with GERD. Recurrent respira
tory infections, adult asthma, and infections iJ1 tbe head and 
neck also arc common complaints. Tl1e diagnosis of Barrett's 
esophagus is made by endoscopy and pathology. The presence 
of any endoscopically visible segment of columnar mucosa 
within the esophagus (Fig. 43-32) that identifies intestinal meta
plasia on pathology defint~ Barrett's esophagus. Most patients 
are found to have intestinal metaplasia on a routine endoscopy 
done for GERD. Other diagnostic tests, such as manometry and 
barium esophagraphy, arc useful for determining adjuJKtive 
esophageal pathology but offer little to obtaining a diagnosis of 
intestinal metaplasia. 
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BARRETT'S ESOPHAGUS: GRADE OF DYSPLASIA AND PROPOSED FOLLOW-UP 
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FIGURE 43-33 Grade of dysplasia and proposed follow-up algorithm for the tr:eatment of Barren's esophagus. ACA. Adenocarcinoma; HGO, 
high-grade dysplasia; LGO, low-grade dysplasia. (Adapted from Pearson FG, Cooper JO, Deslauriers J, et al: Esophageal surgery, ed 2, New York, 
2002, Churchill U:vingstone, p 742) 

Treatment 
Until the pad1ophysiologic mechanisms of Barrett's esophagus 
are well understood, the treatment of this disease will remain 
controversial. CUirenr tream1ent is hindered by the interest and 
educational bia~ of the diagnosing physiciru1 and is greatly 
lacking in contil1luity and sound scientific data There are several 
accepted treatment oprions-survcillru1ce endoscopy, antireflux 
surgery witl1 or witl10ut continued surveillru1ce endoscopy, abla
tive therapy, endoscopic mucosal resection, ru1d esophageal 
resection. In general, gastroenterologists advocate aggressive sur
veillance programs with high-dose acid suppression and SLLr
geons advocate antireflux surgery to correct the dysfunctional 
LES. It is likely that cl1ere is role for each and that a cohesive 
treatment plan will be established. 

Annual surveiHrulCe endoscopy is recommended for all 
patients with a diagnosis of Barrett's esophagus, regardless of 
the lengtb of the segment. Practice guidelines put out by tbe 
Amerlcru1 College of Gastroenterology suggest that surveillance 
be extended to every 2 to 3 years for individuals witl1 no 
evidence of dysplasia on two consecutive annual endoscopic exrun
inations (Fig. 43-33). For patients witb low-grade dysplasia, sur
veillance endoscopy is performed at 6-montl1 intervals for the first 
year and then ruwually thereafter if cl1ere has been no chru1ge. 
Patients undergoing surveillance are placed on acid suppression 
medication and monitored for changes iJl their reflux symptoms. 

Controversy surrounds the benefit.~ of antireflux surgery in 
patients wicl1 Barrett's esophagus. Those in favor of surgery argue 

that mcdkal therapy and endoscopic survcillru1ee may treat tl1c 
symptoms bur fail to address the problem. 1l1e problem is the 
fu.nctional impairment of the LES, whkh leads ro chronic reflux 
ru1d metaplastic transformation of the lower esophageal mucosa. 
Surgery renders the LES competent and restores the barrier to 
reflux. Studies have demonstrated regression of metaplasia to 
normal mucosa up to 57% of ilie time16 in patiems who have 
undergone ru1tireflux surgery. Furthermore, antireAux surgery 
encourages regression of low-grade dysplasia w imestinal meta
plasia, or Barrett's esophagus. Those who oppose surgery argue 
that adequate surveillance is impossible after a fundopllcation, 
placing patients at risk for developing cancer in a hidden segment 
of Barrett's esophagus. 

Ablative therapy for Barrett's esophagus is an additional 
treatment option mat has become more popuJar, mainJy pro
posed for patients with high-grade dysplasia. Photodynru11ic 
therapy (PDT) is the most common ablative method used. 
Compll.ications include persistent metaplasia in more thru1 50% 
of patients,17 as well as esophageal strictures in up to 34% of 
patients. Combined ablative cl1erapies wi tl1 PDT and laser 
therapy have also been tried but have Limited acceptru1ce. Endo
scopic mucosal resection (EMR) has gained favor for tbe treat
ment of Barrett's esophagus with low-grade dysplasia. Also, it 
ha~ been used as a diagnostic tool to rule out CaJlcer in a focus 
of Barrett's esophagus with high-grade dysplasia. Because of an 
increase i.n stricture rate witl1larger resections, it is not advocated 
for long-segment Barrett's esophagus. It is acceptable for patients 
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with high-g.rade dysplasia who are not acceptable candidates for 
esophageal resection and useful for patients who have an isolated 
focus of Barrett's esophagus with dysplasia. 

Esophageal resection for Barrett's esophagus is recom
mended only for those in whom high-grade dysplasia is found . 
Parhologic dara on surgical specimens have demonsrrared a 
40% risk for adenocarcinoma within a focus of hjgh-grade 
dysplasia. A patient is evaluated for operative risk and, if accept
able, undergoes an esophageal resection. Near-total esophagec
tomy through a transhiatal approach is recommended for most 
patients. Minimally invasive, as well as vagal-sparing, tech
niques have become more popular. Transthoracic and transab
dominal esophageal resections used in an anempt to preserve 
esophageal length are not advocated. These two approaches 
leave behind an esophagus vulnerable to vicious reflux induced 
by the resection of the LES and a vagotomy that renders the 
pylorus incompetent. Resection of the diseased esophagus and 
replacement with a short jejunal interposition graft bas been 
investigated 0111 a limited basis and may offer a less morbid 
alternative to esophageal resection. 18 

Despite me risiJ1g mcidence of GERD, Barrett's esophagus, 
and esophageal cancer, no cost-effective screening measures have 
been instituted on a national level. Each patient presenting with 
GERD needs to be judiciously evaluated to identify patients at 
risk so that appropriate treatment, including surveillance endos
copy and surgery, can be initiated. The mcidence of GERD, 
Barrett's esophagus, and adenocarcinoma of the esophagus con
tmue to rise and, without serious consideration, these diseases 
will result iJ1 an epidemic ill the years al1ead. 

Rings, Slings, and Webs 
Many diseases ~that affect the esophagus arc morbid and lead to 
devastating consequences. Vascular and esophageal rmgs, pul
monary artery slings, and esophageal webs are challenging but 
rewardiJ1g conditions for the surgeon to treat. All these abnor
malities cause compression of the esophagus by exrrmsic com
pression, as with vascular rings and pulmonary artery slings, or 
inninsic compression, as with esophageal webs and Schatlki's 
rings. 

Vascular Rings and Pulmonary Artery Slings 
Va~cular rings and puJmonary slings occur a~ a result of devel
opmental abnormalities of the great vessels that cause compres
sion of the esophagus. The most common aortic arcl1 anomaly 
that creates an mcomplete vascular ring is when the right sub
clavian artery arises from the descending aorta and travels behjnd 
the esophagus to complete irs course ro the right upper cxrrenury 
(Fig. 43-34). Although it does not form a complete vascular rmg, 
it may cause significant posterior compression of the esophagus. 
Anomalous formation of a right aortic arch with a left ligan1en
tun1 arteriosum and a resultant retroesophageal left subclavian 
artery will form a complete ring that will also cause posterior 
esophageal compression. A pulmonary artery slmg is an anomaly 
of the pulmonary arterial trw1k whereby the left pulmonary 
artery arises from the right pulmonary artery, mstead of from 
the main puLuonary artery trunk (Fig. 43-35). To complete its 
course to the left lung, it traverses between the trachea and 
esophagus and causes significant anterior compression of the 
esophagus. Pulmonary artery slings arc commonly associated 
with imracardiac defects and other developmental abnormalities 
of the foregut. 

Aberrant right 
subclavian 

artery -----\,--

FIGURE 43-34 Left aortic arch with right subdavian artery. Ao, Aorta; 
LCA, left coronary artery; LSA,. left subdavian artery; PA,. pulmonary 
artery; RCA. right coronary artery. (Adapted from Lamberti JL., Main
waring RD: Tracheoesophageal compressive syndromes of vascular 
origins: Rings and slings. In Baue A, Geha AS, Hammond GL., et al 
[eds]: Glenn's thoracic and cardiovascular surgery, ed 6, vol 2, Stam
ford, Conn, 1996, Appleton & Lange, p 1096.) 

Symptoms and Diagnosis YascuJar rings and puJmonary artery 
slings cause dysphagia. Recurrent respiratory mfections and dif
ficulty breathmg are also common symptoms. The tightness of 
the ring or sling will determine rl1e age of clinical presentation 
and severity of symproms. Aberrant right subclavian anomalies 
cause mild dysphagia to solids but not liquids. 'TI1e term d)'sphn
gia lusoritr (Latill for a "sport of nature") describes the error of 
ascribmg dysphagia to rl1e radiologic findmg of this anomaly: 
Nevertheless, it can be found in children and adults of all ages 
and needs to be considered in the differential diagnosis of 
dysphagia. Pulmonary artery slings may also cause dysphagia 
and are more often accompanied by significant respiratory 
problems. 

Any patient presenting with dysphagia should UJldergo 
barium esophagraphy. 'TI1is radiographk study will reveal extrin
sic anterior (Fig. 43-36) or posterior compression of d1e esopha
gus. It can be followed with angi.ography or high-resolution 
contrast Cf {HRCf) to identify the anomalous anatomy. 

Treatment In symptomatic patients, vascular rmgs and pulmo
nary artery slings are repaired. Patients wirb aberrant right sub
clavian artery anomaljes may he asymptomatic and need no 
repair. Pulmonary artery slings all require repair to avoid nar
rowing of the lefr pulmonary artery and tracheal stenosis that 
develop with time. Open sternotomy wirl1 cardiopulmonary 
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FIGURE 43-35 Pulmonary artery sling. (Adapted from Lamberti Jl., 
Mainwaring RD: liracheoesophageal compressive syndromes of vas
cular origins: Rings and slings. In Baue A, Geha AS, Hammond Gl., 
et al [eds]: Glenn's thoracic and cardiovascular surgery, ed 6, vol 2. 
Stamford, Conn, 1996, Appleton & Lange, p 1098.) 

bypas.~ is required and anatomic repositioning of the great vessels 
is performed. The results are usually good and the dysphagia 
resolves almost LOOo/o of the time. 

Esophageal Rings 
Esopbageal rings were first described by Schatzki and Gary in 
1945. Despite the lack of recognition he may have suffered, 
Gary, along with his colleague Schatzki, made a significant con
tribution to medical science by describing this acquired anomaly. 
Lying precisely at the squamocolumnar mucosal GEJ, this ring 
consists of a concentric symmetrical narrowing reprcseming an 
area of restricted distensibility of the lower esophagus. [t consists 
of esophageal mucosa above and gastric mucosa below, with 
variable amounts of muscularis mucosae, com1ective tissue, and 
submucosal fibrosis in between (Fig. 43-37). It does not have a 
component of true esophageal muscle nor is it associated with 
esophagitis. 

The cause of Schatzki's ring is not well understood. lt is 
often accompanied by a small hiatal hernia and some have 
advocated that it is a reslLit of reflux esophagitis. Another tbeory 
is chat overconrracriliry of circLLlar esophageal musculature at the 
level of the inferior esopbageal sphincter, combined wirl1 the 
sliding gastric mucosa of the hiatal hernia, results in persistent 
apposition of the two mucosal layers and fibrosis of the submu
cosal layer below. 
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FIGURE 43-36 Barium esophagram in a patient with an aberrant right 
subclavian artery sllowing anterior compression of the esophagus. 
(Adapted from Lamberti Jl., Mainwaring RD: Tracheoesophageal com
pressive syndromes of vascular origins: Rings and slings. In Baue A, 
Geha AS, Hammond Gl., et al [eds): Glenn's thoracic and cardiovas
cular surgery, ed 6, vol 2, Stamford, Conn, 1996, Appleton & l ange, 
p 1099.) 

Symptoms and Diagnosis Most patiems with Scbatzki's rings 
presellll: with dysphagia. 1l1e dysphagia is usually tO solid foods 
only and comes on abruptly, with almost complete obstruction. 
The term episodic aphagia is often ascribed co patients with 
Schatzki's ring, describing the intermittent obstruction of the 
nondistensible ring by large pieces of meat. Lower retrosternal 
pressure and pain accompany an acute obstruction and are fol
lowed by salivation and the secretion of copious thick mucus 
from the esophagus. Patients are lmable to eat or drink anything 
and rl1ere is Uttle a patient can do to relieve rl1e obstruction. 
Forced vomiting may cause esophageal rupture, and spontane
ous passage of the food bolus into me stomach usuaUy occurs 
within a few minutes. 

Diagnosis of a Schatzki's ring is made wi tb harium esopha
graphy (Fig. 43-38). 1l1e patient is placed into tbc prone posi
cion, turned slightly onto the right side, and asked to rake in a 
large breath just as me bolus of barium is reaching 
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Columnar gastric • 

FIGURE 43-37 Histology of a Schatzki's ring. (Adapted from Wilkins EW Jr: Rings and webs. In Pearson FG, Cooper JD, Deslauriers J, et al [eds]: 
Esophageal surgery, ed 2, New York. 2002, Churchill Livingstone, p 300.) 

the esophagogastric junction. fn this position, the ring is well 
visualized, but it may be missed if the patient is in an upright 
position. An endoscopy is indicated if the patient presents with 
foreign body obstruction or if the barium esophagram is equivo
cal. Upper endoscopy is performed with placement of an over
tube to facilitatte complete evacuation of the esophagus. 

Treabnent Asymptomatic patients incidentally found to have a 
Schatzki's ring require no treatmem. Patients presenting with 
acute obstruction require immediate attention. 1l1e administra
tion of oral papain in a 2.5% solution is useful for proteolytic 
digestio11 of impacted protein food . Ir is administered in 5-mL 
aliquots every 30 minutes, for a total of four doses. N meperi
dine (25 to 50 rng) may also be used in small doses to encourage 
spontaneous dislodgment of the impacted food bolus. Esopba
goscopy, rigid or flexible, with the use of an overtube facilitates 
safe extraction. General anesthesia may be desirable co protect 
the airway adequately. Various instruments are used to extract 
the food. Pushi11g the food into the stomach can rcsuJt iJl per
foration and is only done if the distal lumen is noted at the time 
of endoscopy. Nter the food is dislodged, a complete evaluation 
of the esophageal mucosa is carried out. If there is any question 
of the integrity of the mucosa, an esophagram is obtained. 

In a patient presenting with symptoms of dysphagia in 
which Sd1atzki's ring is found, treatment is disruption of the 
ring by oral dilation. A 50-Fr tapered Maloney bougie is used. 
Symptoms are relieved for up to 18 months. Sequential bougie
nage dHation is carried om as symptoms recur. Surgery is not 
iJ1dic.ared for dte treatment of Sdlarzkl's riJ1g and can cause 
devastating esophageal strictures that are much more difficult to 

manage. Surgical intervention is reserved for patients who fai l 
bougienage or have intractable reflux. In these few scenarios, 
intraoperative bougienage followed by a Nissen fundoplication 
is recommcJ1ded, but excision of the ri11g is not indicated. 

Esophageal Webs 
Esophageal webs are dlin membranous structures that partially 
or completely compromise the esophageal lumen. 1l1ey usually 
only involve the mucosa and part of the submucosa and are 
composed of squamous celJ epid1elium above and below d1e web 
(Fig. 43-39). This distinguishes the web from a Schatzki's ring, 
which is composed of esophageal epithelium above and gastric 
epithelium below the ring. Esophageal webs are not involved in 
any motility disorder, although a similar radiographic appear
aJlce may be noted to accompany some motility abnormalities 
with no corresponding mucosal abnormality. 

Webs may be congenital or acquired aJld are present 
throughout the esophagus in men and women of all ages. Con
genital webs arc rare and are found in young children. 1l1cy may 
occur at any level but more commonly are found in the lower 
t\'VO thirds of the esophagus. They are d1ought to be the result 
of a failure of coalescence of esophageal vacuoles, which nor
mally leads to complete lw1unal patency bet\veen 25 and 3 I days 
of embryologic development. 1l1e congenital web is more likely 
to be circumferential or eccentric and may be duck ru1d rough 
rather than thiJ1 ru1d diaphanous. Any esophageal web found 
later in life needs to have been accompanied by a significant 
hjstory of dysphagia cluoughout chjJdbood and is considered 
to be congenital; otherwise, it is considered an acquired 
condition. 
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Schatzki's 
ring 
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FIGURE 43-38 Barium esophagram of a Schatzki's ring. (Adapted 
from Wilkins EW Jr: Rings and webs. In Pearson FG, Cooper JD, 
Deslauriers J, et al [eds]: Esophageal surgery, ed 2, New York. 2002, 
Churchill Livingstone, p 298.) 

Acquired esophageal webs are more common than congeni
tal webs and are usually found in che anterior cervical esophagus, 
causing focal narrowing in the postc.ricoid area. They are covered 
on both sides with squamous epithdiwn and are usually a thin 
mucosal fold rhatt protrudes into the lume11. These webs are seen 
iJl patients with Plummer-Vinson syndrome (edentulous, 
middle-aged, malnou.rished women with atrophic oral mucosa, 
glossitis, spoon-shaped fingernails, and iron deficiency anemia), 
pemphigoid, and ulcerative colitis. They are also associated with 
a slight increase in squamous ceU cancer of the esophagus. 

Symptoms and Diagnosis In children, symptoms of poor feeding 
may nor begin until the child is taking in solid foods. Congenital 
webs often are imperforate, aUowi ng liquids to pass through 
easily. Almost compl.ere lwninal obstruction results in regurgita
tion of nonbilious feeds in early infancy. Most adults with 
acquired esophageal webs are asymptomatic. Symptoms of solid 
food dysphagia, especially with meat or bread, are otherwise 
common. The swallowing difficulty may come and go and caJ1 

be aggravated by specific foods. An evaluation for dysphagia 
always begins with a barium esophagraphy. This dynanlic study 
will identify an esophageal weh accurately and is useful to rule 
out other obstructing lesions. Endoscopy may be performed: 
however, the blind passage of rhe endoscope may rake the instru
ment past the web without ever seeing it. 
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FIGURE 43-39 Histology of an esophageal web. (Adapted from 
Wilkins EW Jr: Rings and webs. In Pearson FG, Cooper JD, Deslauriers 
J, et al [eds]: Esophageal surgery, ed 2, New York. 2002, Churchill 
Livingstone, p 302.) 

Treabnent 1l1e management of an esophageal web depends on 
rhe nature of the web. Thin webs arc treated wirh membranous 
disruption through an endoscope or bougie. Piecemeal excision 
with a biopsy forceps or laser lysis is also an option, but is not 
routinely performed. Balloon dilation is advocated by some and 
has good results. Similar to angioplasty, this technique involves 
the use of fluoroscopically guided balloon dilators inflated with 
water-soluble contrast material under carefully monitored pres
sure. The membrane is disrupted under controlled circumstances 
so thatt perforation is avoided. Results are favorable, but the 
technique has not been widely supported. Laser lysis has gained 
popularity and may prove to be the treatment of d10ice in the 
future. Surgical mucosal resection is reserved for patients with 
thick rings refractory to bougienage. A transcervical or transtho
racic ap preach to the esophagus is used. A longitudinal myotomy 
and circumferential excision of the web are performed. Circum
ferential reapproximation of the mucosa is done with inter
rupted absorbable sutures, followed by longitudinal closure of 
the muscle. Treatment of all types results in good long-term 
results. with few recurrences of dysphagia. If recurrent dysphagia 
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becomes a problem, repeated bougienage is usually adequate to 
relieve the persistent symptoms. 

ACQUIRED ESOPHAGEAL CONDmONS 

Caustic Injury 
Caustic injuries of the esophagus can have deva~tating conse
quences and the best cure for this condition is prevention . L1 
children, ingestion of caustic materials is accidental and tends 
to be in small quantities. ln teenagers and adults, however, inges
tion usually is deliberate during suicide attempts, and much 
larger quantities of caustic liquids are consumed. Alkali inges
tion is more common than acid ingestion because of its lack of 
immediate symptoms. Acids cause an immediate burning sensa
tion in the mouth, whereas alkali does not. 1l1e consequences 
of alkali ingestion are much more devastating and almost always 
lead to significant destruction of the esophagus, resulting in 
long-term dysfunction. 

1l1ere are acute and chronic phases in caustic esophageal 
injuries. The acute phase is dependent on the severity and loca
tion of the injuxy, type of substance ingested (acid versus alkali), 
form of the substance (liquid versus solid), quantity and con
centration of tbe substance ingested, amount of residual food in 
the stomach, and duration of tissue contact. l he chronic phase 
of caustic inges tion focuses on subsequent strictures and disrup
tion of the swallowing mechanism, which become significant 
problems several months after the injury. 1l1ere are several sites 
that are prone to injury because of a relative delay in transit 
through rhe esophagus. 1l1ese correlate to the anatomic narrow
ings and can be seen iJ1 the proximal esophagus at the level of 
the UES, midesophagus where the aorta abuts the left mains tern 
bronchus, and distal esophagus just proximal to the LES. 

Causes 
Alkali Ingestion Alkaline substances dissolve tissues by liquefac
tive necrosis, deeply penetrating the tissues they touch. There 
are three phases of tissue injury from alkali ingestion (Table 
43-3): 

Phase 1. The acute necrotic phase lam 1 to 4 days after 
injury, during which coagulation of intracellular proteins 
results in ceU necrosis. The surrounding tissues develop 
an intense inHanu11atory reaction. 

Phase 2. The ulceration and granulation phase is next. It 
begins 3 to 5 days after injury and lasts approximately 3 
to 12 days. During this phase. the tissues slough and 
granulation tissue begins to 611 in the ulcerated base left 
behind. 1l1c esophagus is at its weakest point during this 
second phase. 

Phase 3. In the third phase, cicatrization and scarring 
begin and the newly formed connecrive tissue begins to 
contract, resultiJlg in esophageal narrowing. 1his occurs 
3 weeks after the initial injury. Adhesions form between 
areas of granulation, resulting in bands that constri.ct the 
esophagus significantly. During this time, efforts are 
aimed at reducing stricture formation. 

Acid Ingestion Ingestion of acid is difficuh because its ingestion 
causes an immediate burning in the mouth. W hen compared 
with lye ingestion, the quantity and concentration are modest. 
Acid substances cause coagulative necrosis, forming an eschar 
that llmits tissue penetration. In some cases, acid burns result in 
fuJI-thickness injury, although in most cases, it .is .limited. Within 
48 hours, the extent to which the acid will injure the esophagus 
is already determined. lhese injuries tend to be less severe and 
relatively spare the esophagus over the stomach. 

Symptoms and Diagnosis 
Symptoms of caustic burns to the esophagus arc determined by 
the severity of the burn and parallel the stages of tissue injury. 
During phase l , patients may complain of oral and substernal 
pain. hypersa.livation. odynophagia and dysphagia, henlateme
sis, and vomiting. During phase 2, tl1ese symptoms may disap
pear, only to have dysphagia reappear as fibrosis and scarring 
begin to narrow the esophagus throughout phase 3. A fever is 
usually aJl indicator that esophageal injury is present. Symptoms 
of respiratory distress, such as hoarseness, stridor, aJld dyspnea, 
suggest upper airway edema and are usually worse with acid 
i11gestion. Pain in the back ru1d chest may indicate a perforation 
of the mediastinal esophagus, whereas abdominal pain may indi
cate abdominal visceral perforation. Studies have demonstrated 
that asymptomatic patients tend to have m.U1in1al injury to the 
esopbagus, whereas in symptomatic patients, especially with 
three· or more symptoms, hen1atemesis or respiratory distress are 
likely to represent .~evere injury.'9 

Diagnosis is initiated with a physical exan:tination specifl
cally evaluating the mouth, airway, chest, and abdomen. Careful 
impection of the llps, palate, pharynx, and larynx is done. Aus
cultation of the lungs is critical to determine d1e degree of upper 
airway involvement. The abdomen is examined for signs of 
perforation. Early endoscopy is recommended 12 to 24 hours 
after ingestion to identify the grade of the burn (Table 43-4). 
Radiographic exanlination in adults is not a useful tool at initial 
presentation but is helpful in later stages to assess stricture for
mation. Serial chest and abdominal radiographs are indicated to 
follow patients wi th questionable chest and abdominal examina
tions .. A CT scan is indicated for a patient with an equivocal 

_Table 43-3 Three Phases of Tissue Injury from Alkali lngest_i_o_n _________ _ 
PHASE TISSUE INJURY ONSET DURATION INFLAMMATORY RESPONSE 

Acute necrosis 1-4 days 1-4 days Coagulation of intracellular proteins 
Inflammation 

2 Ulceration and granulation 3·5 days 3-12 days Tissue sloughing 
Granulation of ulcerated tissue bed 

3 Gcatrization and scarring 3 wk 1-61110 Adhesion formation 
Scarring 
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Table 43-4 Endoscopic Grading and Treatment of Corrosive 
Esophageal and! Gastric Burns 

-----------------------
DEGREE OF ENDOSCOPIC 
BURN EVALUATION TREATMENT 
First degree Mucosal hyperemia 48-hr observation 

Edema Acid suppression 

Second Limited hemorrhage Aggressive IV resuscitation 
degree Exudates IV antibiotics 

Ulceration Acid suppression 
Pseudomembrane 

formation 

Third Mucosal sloughing Inhaled steroids 
degree Deep ulcerations Fiberoptic intubation 

Massive hemorrhage (If needed) 
Complete luminal 

obstruction 
Charring 
Perforation 

endoscopic examination in whom there is a strong index of 
suspicion for a perforation. 

Treatment 
The treatment of caustic lesions of the esophagus is determined 
by the extent of the inj ury and addresses the injuries that occur 
in the acute and chronic phases. 

Arute Pflase Man~agemem of the acute phase is aimed at limiting 
and identifying the extent of the injury. [t begins with neutral
ization of the ingested substance. If a patient presents within 
the first hour of ingestion, neutralization is attempted. Alkalis 
(including lye) arc neutralized with half-strength vinegar or 
citrus juice. Acids are neutralized with milk, egg whites, or 
antacids. Emetics and sodium bicarbonate need to be avoided 
because they caJil increase the chance of perforation. Further 
treatment is guided by the extent of injury idemified endoscopi
cally and the patient's underlying condition. 

No Evidence of Bum Early observation is safe for those asymp
tomatic patients whose physical examination and initial endos
copy are negative. Oral nutri.tion may be resumed when a patient 
can swallow saliva painlessly. 

First-Degree Bum In patients with endoscopically identified first
degree burns, 48 hours of observation is indicated. Oral nutri
t ion can be re.~umed when a patient can swallow saliva painlessly. 
A repeat endoscopy and barium esophagram are done in 
follow-up at intervals of 1, 2, and 8 months, at which time 60%, 
80%, and almost 100% of strictures will have developed, 
respective! y. 

Second- ond Third-Degree Bums Patients with second- and third
degree burns to the esophagus are triaged similar to burn 
patients. Massive fluid shifts, renal failure, and sepsis can occur 
rapidly, and underestimation of the extent of injury can lead to 
fatal outcomes. Resuscitation is aggressively pursued. The patient 
is monitored iJl the intensive care unit (JCU) and kept NPO 
with [V flttids. [V antibiotics and a proton pump inhibiror arc 
started. Ln patients with evidence of acute airway involvement, 
aerosolized steroids may be used to relieve airway obstruction. 
Fibcroptic imubation may be needed and must be available. The 
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use of steroids to prevent stricture formation is controversial. 
It has been suggested that although steroids will decrease the 
rate of stricture formation, they wiJI also mask symptoms of 
peri toni tis. 

The management of second- and third-degree burns of the 
esophagus is multifaceted and ha~ several acceptable options. 
Aggressive resuscitation and placement of an esophageal stent 
are one option. Oral nutrition is resumed when a patient can 
swallow saliva painlessly. Alternatively, a feeding tube or central 
venous catheter is placed and the patient is kept NPO until oral 
pain subsides. If the diagnosis is not secured with endoscopy, an 
exploratory laparoscopy (in stable patients) or laparotomy (in 
unstable patients) is performed. A viable stomach and esophagus 
are left in situ, a feeding jejunostomy tube is placed, and an 
esophageal stent is placed in the operating room e ndoscopically. 
A questionable esophagus and stomacl1 are left in situ and a 
second-look operation is planned for 36 hours. Management at 
36 hours is dictated by the findings at that time. If fu ll -thickness 
necrosis or perforation of the esophagus or stomach is found at 
any time, an emergent exploratory laparotomy is indicated. The 
esophagus and stomach and all affected surrotmding organs and 
tissues are resected, an end-cervical esophagostomy is performed, 
and a feeding jejunostomy is placed (Fig. 43-40). Postopera
tively, the patient is monitored in the ICU and managed 
aggressively. 

Chronic Phase Treatment in the chronic phase of caustic esopha
geal injuries is aimed at managing the problems and challenges 
that occur as a result of the burn injury, including strictures, 
esophageal reconstruction, and fistulas. 

Strictures 1l1ere are a variety of ways to deal with strictures 
caused by caustic burns of the esophagus. The best treatment is 
prevention. Ear.ly stent placement is advocated by most. There 
is some evidence that early bougienage is also effective. However, 
before reepithelialization, bougie dilation may add insult to 
injury. [fa stem is p laced during the acute pbase, it is lefr in 
place for 21 days, at which time it is removed. At 3 weeks, 3 
months, and 6 months, a barium esophagram is performed to 
evaluate for stricture formation, gastric outlet obstruction, and 
linitis plastica appearance. An endoscopy is performed to deter
mine the extent of reepithelial ization. After reepithelialization, 
patiems with strictures are aggressively treated with bougie dila
tions. Patients with esophageal strictures undergo bougie dila
tion regardless of their symptoms. Waiting until symptoms arise 
resu.lts in long-term stricture.~ that often fail bougie di lation and 
ul timately require esophageal resection. Dilations are performed 
daily for 2 to 3 weeks, every other day for 2 ro 3 weeks, and 
then weekly for months. AJ1 adequate lumen needs to be rees
tablished within 6 to 12 months, lengthening the intervals 
between dilations as time passes. Retrograde dilation may also 
be successful .in case antegrade dilation is not. If endoscopic 
dilation fails to reestablish an adequate lumen (40 Fr), surgical 
intervention .is necessary (Fig. 43-41). 

Reconstruction Restoration of the alin1entary tract is delayed 
untiJ 6 to 12 months. By this time, the patient ha~ recovered 
from d1e acute insult, scar formation is mostly complete, and 
failed endoscopic treatment of strictures is terminated. In 
patients whose esophagus and stomach remain in situ, resection 
of the dan1aged organs is recommended. 1be incidence of 
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FIGURE 43-40 Management of caustic injury of the esophagus: acute phase. CBC, Complete blood count; /VF, IV fluids; OBS, observe; PPI, proton pump 
inhibitor. (Adapted from Zwischen berger JB, Savage C, Bidani A: Surgical aspects of esophageal disease. Am J Respir Crit Care Med 164:1037-1040, 2001.) 
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6mo 
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Decision for surgery 
1. Resection 
2. Reconstruction 
3. Anastomosis 

FIGURE 43-41 Management of caustic injury of the esophagus, chronic phase. 85, Barium swallow; ECD, esophagogastroduodenoscopy; TEF. 
transesophageal tiistula. 

esophageal cancer in patients witb caustic injury is lOOO-fold 
greater than in the general population. Unless there is prohibi
tive risk, the esophagus and excessively scarred portions of the 
stomach must be resected. Transhiatal resection of the scarred 
esophagus can be fraught with danger, and transthoracic mobi
lization is recommended. Operative management needs to be 
preplanned. The type and route of the conduit, as well a.~ the 
site of proximal anastomosis, is carefully considered. A gastric 
pull-up is prefecred bur, if only a portion of the stomach is 
viable, the distal portion of the stomach can be combined with 
a jejunal interposition. For a long-segment interposition graft, 
the colon is preferred. The esophageal replacement graft is placed 
in the posterior mediastinal space, if possible, and in tbe 
retrosternal position when the posterior mediastinum is exces
sively scarred. The site of the proximal anastomosis is deter
mined by the ex rent of injury to the hypopharynx and proximal 
esophagus. 

Esophageal Perforation 
Perforation of the esophagus is a surgical emergency. Early detec
tion and surgical. repair within the first 24 hours results in 80% 
to 90% survival; after 24 hours, survival decreases to less than 
50%. On presentation, patients suspected of having a perfora
tion based on initial history and physical examination are evalu
ated quickly so that surgical intervention may be initiated 
promptly. Perforation from forceful vomiting (Boerbaave's syn
drome) , foreign body ingestion, or trauma accounts for 15o/o, 
14o/o, and 10% of cases, respectively. Most esophageal perfora
tions occur after endoscopic instrumentation for a diagnostic or 
therapeutic procedure, iJ1cluding dilation, stent placement, and 
laser fu lguration. Other iatrogenic causes that have been noted 
include difficult endotracheal intubation, blind insertion of a 
mlnitracheostomy, and inadvertent injury during dissections in 
the neck, chest, and abdomen. 

Boerhaave's Syindrome 
Hermann Boerhaave fust described this syndrome after per
forming an autopsy on Baron Jan van Was.~enaer. After relieviJ1g 
postprandial discomfort by self-induced vomiting, the baron 
died from a distal esophageal perforation that was later noted 
at autopsy. It has since been elucidated that recurrent 

emesis disrupts tbe normal vomiting reflex tl1at enables sphinc
ter relaxation, resulting in an increase in intrathoracic esophageal 
pressure and perforation. Postemetic rupture of the esophagus, 
now termed Boe1-h11m;e's syndrome, is only one of many causes of 
esophageal rupture. Similar findings are noted with blunt tho
racic trauma, epileptic seizures, defecation, and childbirth, all of 
which are associated with increased intra-abdominal pressure. A 
tear in the esophageal mucosa, known as a Mallory-Weiss tear, 
also occurs after persistent retching, bur is not associated with 
perforation. 

Symptoms and Diagnosis Symptoms of neck, substernal, Qr 
epigastric pain are consistently associated with esophageal per
foration and generate a high index of suspicion . Vomiting, 
hematemesis, or dysphagia may also occur. ln addition, a history 
of trauma, advanced esophageal cancer, violent retching, as seen 
in Boerhaave's syndrome, swallowing of a foreign body, or recent 
instrumentation must raise the question of esophageal perfora
tion. Cervical perforations may present with neck ache and 
stiffness caused by contamination of the prevertebral space. Thcr 
racic perforations present with shortness of breath and retroster
nal cl1est pain lateralizing to the side of perforation. Abdominal 
perforations present witb epigastric pain that radiates to the back 
if the perforation is posterior. Signs of perforation change over 
time. A patient may present early with tachypnea, tachycardia, 
and low-grade fever but have no other overt signs of perforation. 
With increased mediastinal and pleural contamiJ1ation, patients 
progress toward hemodynamic instability and shock. On exami
nation., subcutaneous air in the neck or cl1est, shallow decreased 
breath sounds, and/or a tender abdomen arc all suggestive of 
perforation. Laboratory values of significance are an elevated 
white blood cell count and an elevated salivary amylase level in 
the blood or pleural fluid. 

Diagnosis of an esophageal perforation may be made radio
graphicaUy. A chest roentgenogram may demonstrate a hydrcr 
pneun1otl1orax. Contrast t-sophagraphy is performed using 
barium for a suspected thoracic perforation and Gastrogra£11 for 
an abdominal perforation. Barium is inert in the chest but causes 
peritonitis in the abdomen. whereas aspirated GastrografiJl can 
cause life-threatening pneumonitis. Most perforations are found 
above the GEJ on the left lateral wall of the esophagus (Fig. 
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FIGURE 43-42 Barium esophagram of a perforated esophagus. Note 
the extravasation of contrast into the left chest (Adapted from 
Duranceau A: Perforation of the esophagus. In Sabiston DC [ed]: 
Textbook of Surgery, ed 15, Philadelphia, 1997, WB Saunders, 
p 761.) 

43-42), whkh results in a lOo/o false-negative result in the con
trast esophagram if the patient is not placed in the lateral decu
bints position. The chest CT scan shows rnediastinal air and 
fluid at the site of perforation (Fig. 43-43). A surgical endoscopy 
needs to be performed if the esophagram is negative or if opera
tive intervention is planned. Mucosal injury is suggested if 
blood, mucosal hematoma, or a flap is seen or if the esophagus 
is difficult to insufflate. 

Treabnent l11e management of patients with esophageal perfora
tion takes place in the ICU and operating room. Patients with 
an esophageal perforation can progress rapidly to hemodynamic 
instabiHty and shock. lf perforation is suspected, appropriate 
resuscitation measures with the placement of large-bore periph
eral IV catheters, urinary catheter, and secured airway are under
taken before the patient is sent for diagnostic tcstiJlg. IV fluids 
and broad-spectrum antibiotics are started immediately, ru1d the 
patient is monitored in an ICU. The patient is kept NPO ru1d 
nutritional access needs are assessed. A nasogastric tube is placed 
only after mru1agement decisions are made. These conservative 
measures arc often Lifesaving and, in patients who do not 
undergo surgery, arc life-sustaining. 

Surgery is not indicated for every patient with a perforation 
of the e.~ophagus and management is dependent on several 
variables- stability of tbc patient. extenr of contamination, 
degree of inflammation, underlying esophageal disease, and 
location of perforation (Fig. 43-44A). A stable patient will have 

FIGURE 43-43 CT scan of a perforated esophagus. Note the air and 
fluid in the mediastinum. (Adapted from Duranceau A: Perforation of 
the esophagus. In Sabiston DC [edj: Textbook of Surgery, ed 15, Phila
delphia, 1997, WB Saunders, p 761.) 

a number of treatment options based on other variables. An 
unstable patient wiJl need rapid as.~ssment and expeditious 
treatment, depending on the degree of comanlination. Ln 
patients who remain clinically stable, with no signs of progres
sive sepsis, a contained perforation may be treated conserva
tively. The patient is kept NPO and nutrition is maintained b)' 
enteral access. A temporary cnd.oluminal stent may be placed 
endoscopically and removed after 6 to 12 weeks. Interval esoph
agraphy or esophagoscopy is done to determine when the per
foration is healed. Partial resolution of the perforation is treated 
with continuation of conservative therapy. Persistence or pro
gression of the perforation without evidence of healing is treated 
by smgical inteiVention in the stable patient. During the course 
of conservative management, if a patient's clinical condition 
deteriorates or the perforation is no longer contained, surgicat 
intervention is advised. ln ru1 unstable patient with a contained 
perforation, a temporary stent may be placed and conservative 
measures initiated. In ru1 unscablc patient with a free perforation, 
surgical intervention with debridement of devitalized tissue, 
esophageal diversion or resection, creation of an esophagostomy, 
wide drainage, placement of a gastrostomy, and feeding jejunos
tOmy is indicated. 

The most critical variable that determines the surgical man
agement of an esophageal perforation is the degree of inflamma
tion surrounding the perforation. When patients present withi n 
24 hours of perforation, inflammation is generally minimal and 
primary surgical repair is recommended. With time, inflanlJlla
tion progresses and tissues become friable and may not be ame
nable to primary repair. The so-called golden period for primary 
closure of ru1 esophageal perforation is within the first 24 hours. 
Although primary repair is usuaUy possible withiJJ this tin1e 
period, it is by no meru1s a magical cutoff time. If a healthy bed 
of tissue is encountered during surgical exploration, primary 
repair of rbc perforation is acceptable at any time. If a severe 
inflammatory reaction or mediastinitis is present and the tissues 
are not an1enable to primary repair, a muscle flap procedure is 
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MANAGEMENT OF THORACIC AND ABDOMINAL 
ESOPHAGEAL PERFORATIONS 
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MANAGEMENT OF CERVICAL ESOPHAGEAL PERFORATIONS 
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FIGURE 43-44 A. Management of 
thoracic and abdominal perforations 
of the esophagus. 8, Management of 
cervical perforations of the esopha· 
gus. BS, Barium swallow. ·Assess 
ability to do a primary repair. 1Gastric 
fundoplication used in the abdomen 
in place of a flap. 
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performed. All repairs are buttressed with healthy tissue flaps 
and widely drained. If primary repair or the muscle flap fails, 
resection or exclusion of the esophagus with a cervical esopha
gostomy, gastrostomy, feeding jejuJwstomy, and delayed recon
struction is recommended. Resection is recommended for 
patiems with mid- ro high-level perforations. Exclusion is rec
ommended for low perforations in which esophageal salvage is 
possible or in ru1y unstable patient for whom resection would 
not be tolerated. 

1l1ere are four underlying conditions of the esophagus that 
affect the treatment of a free perforation of the esophagus
resectable carcinoma, megaesophagus from end-stage achalasia, 
severe peptic stric[Ures, or a history of caustic ingestion. If ru1y 
of these .is a factor, primary repair, even in the presence of a 
healthy tissue bed, is not recommended. Each of these entities 
is associated with distal narrowing and obstruction. Repair of a 
perforation without resolution of a distal obstruction results in 
fistula formation. In these circumstances, resection of the esoph
agus with immediate reconstruction is preferred if the patient is 
stable. In ru1 unstable patient, esophageal resection with cervical 
esophagostomy, gastrostomy, and feeding jejunostomy with 
delayed reconstruction is recommended. In a patient with unre
sectable cancer, ru1 esophageal stent is placed. If this does not 
contain the leak, esophageal exclusion and diversion with place
ment of a gastrostomy and jejunostomy are indicated. 

The final variable to consider in the surgical management 
of esophageal perforations is the location of the perforation. 
Cervical perforations are approached through a neck incision on 
the srune side of the perforation (see Fig. 43-44B). Small perfora
tions may be difficult to fu1d ru1d drainage without primary 
closure often is adequate. If primary repair is performed, a 
muscle flap is usually not required, but the placement of soft 
drains is necessary. In case of a large perforation that is attempted 
to be d osed primarily, a Aap from a rotated strap muscle may 
be used to buttress the repair. 

Thoracic perforations are approached &om the right chest 
for the upper two thirds of tbe esophagus and the left chest for 
the lower third. The intercostal space is chosen based on the 
location of the [perforation; it is the right fourth imercostal space 
if the perforation is at or above the level of the carina, right sixth 
intercostal space for midesophageal perforations, or left seventh 
intercostal space for perforations of the lower third of the esoph
agus. Abdomin:al perforations are approached from d1e left chest 
or abdomen. If the perforation is freely contanlinati11g the peri
toneal space and is truly intra-abdominal, with no imrathoracic 
component, an abdominal approad1 is used. However, tllis is a 
rare circumstance and most perforations of the abdominal 
esophagus are approached through a left thoracotomy. Muscle 
flaps are not easily accessible in this area and, instead, a primary 
repair in this Location is buttressed with a pleural patd1 or a 
fundoplication. 

Perforations of the esophagus are challenging to manage. 
1he mortality rate had been almost 80o/o in patients presenting 
with free perforation but advancements in imaging technologies, 
improved surgical techniques, and progress of critical care medi
ciJ1e have vastly improved the outcomes of th is once devastating 
acquired disea.<;e. 1l1ere are few areas i11 the surgical arena in 
whid1 knowledge and skill have coalesced in such a critical 
maJ111er. Recogni7ing the presentation a11d understanding the 
detailed mru1agement of patients with esophageal perforations is 
essential and will often be lifesaving. 

Acquired Tracheoesophageal Fistulas 
A tracheoesophageal fistula (TEF) is an epithelialized tract 
between the esophagus and trachea. Fistulas can be a result of 
benign or malignant factors. Most benign TEFs occur as a com
plicat ion of intubation and cuff-related trad1eal injury.10 BILmt 
and penetrating trauma, radiation, surgery, and caustic ingestion 
are also common causes. Excessive motion of the endotrad1eal 
tube, infections, steroid usc, hypotension, and diabetes are asso
ciated risk factors. Historically, high-pressure tracheostomy cuffs 
were responsible for most fistulas. Since the advent of the high
volwue, low-pressure cuff, the incidence of cuff-related TEFs has 
decreased significantly and nstulas are now seen in only 0.5% 
of patients undergoing a tracheostomy. Fisrulas can also occur 
as a result of erosion of tumor from the esophagus into the 
trachea or from the trachea into the esophagus. Management 
and outcomes vary with the cause of the fistula. 

Symptoms and Diagnosis 
Regardless of the size and location of the TEF, most patients 
presem with sinlilar symptoms. Persistem coughing with meals 
and the production of bile-stained mucus are the prevailing 
complaints. Frequent respiratory infections, including pneun10-
nia, arc common with larger fistulas. Fevers suggest gross con
tamination of the lungs. Diagnosis is made by endoscopy; 
bronchoscopy, and bariun1 esophagraphy. The experienced sur
gical endoscopist is best at identifying a TEE Endoscopy and 
bronchoscopy are perfom1ed at the same setting. The size of the 
fistula and location with respect co the carina, vocal cords, UES, 
and LES are noted clearly. A barium esophagran1 is helpful to 
identify laterality and is essential when a11 experienced endosco
pist is not available. The radiograph will demonstrate brisk 
opacification of the esophagus, with faint opacification of the 
airway at and below the level of the fistula (Fig. 43-45). 111e 
absence of barium in the ai rway above the level of the fistu la 
eliminates the possibility of aspiration as tl1e cause of opacifica
tion of the airway. HRCT has also gained favor in the detection 
of tracheoesophageal fistulas. Technologic advances have allowed 
sagittal, coronal, and three-dimensional reconstructions to be 
obtained that can help idemify small fistulous tracts.21 

Treatment 
The treatment of a TEF occurs in two stages. The first involves 
preveming further comamination of the lungs. 1l1e patient is 
kept NPO ru1d a feeding tube {gastrostomy or jejLmostomy) is 
placed. A course of IV ru1tibiotics is given to help clear up tbe 
infection, which is usually in the lung. A temporary esophageal 
stem is placed if the fistula is large and there is evidence of gross 
contamination. Protection of the airway may include intuba
tion, with placement of the cuff below the fistula to help isolate 
the distal airway from enteric contanlination. The second stage 
involves ohliterating the fistulous tract; it may be done endo
scopically or surgically. Endoscopic ablation requires repeated 
interventions, every 3 to 4 weeks, over a 3-month period, during 
which time the patient remains NPO. lt is a reasonable option 
for patients with small fistulas or in patients too debilitated to 
undergo an operation. The application of biologic glues to oblit
erate a small fistulous tract has also been done, with some 
success.-!2 In most cases, surgical repair is necessary. Although 
surgical repair is more extensive, most patients recover quickl)' 
ru1d can begin eating within I week of surgery. Every attempt is 
made to wean the patient from mechaJlical ventilation before 
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FIGURE 43-45 Barium esophagram of a tracheoesophageal fistula. 
(Adapted from little AG: Esophageal bypass. In Pearson FG, Cooper 
JD, Deslauriers J, et al [eds]: Esophageal surgery, ed 2, New York, 
2002, Churchill Livingstone, p 896.) 

de£.nitive intervention because postoperative poslt!ve-pressure 
ventilation increa~s the rate of dehjscence of the repair. 

Surgical repali of a TEF takes place in three stages. The first 
is exposure of tlhe fistulous tract through a cervical or thora
cotomy incision. Stage 2 is segmental resection of the trachea 
and primary reprur of the esophagus. Stage 3 is harvesting an 
appropriate muscle Aap and placing it between the tracl1ea and 
esophagus to encourage healing, contrun leaks, and prevent 
future fistulization. Althougb it may not be necessary to resect 
a segment of the trachea associated with the fistulous tract, it 
has been noted that in the case of reprur of a postintubation TEF, 
trad1eal resection and primary anasromosis decrease the rate of 
tracheal stenosis, even in the absence of obvious trad1eal 
damage.23 

Other Esophageal Fistulas 
Other types of fistulas involving the esophagus can occur after 
surgical marupuliation. Fistulas from the esophagus or replace
ment grafts, such as the stomach or colon, can form in any part 
of the airway, pleural space, or mediastinum. Breakdown of 
anastomotic sites or gastric staple lines can cause localiu:d infec
tions that erode into the airway or mediastinum. Although most 
esophageal fistulas w the rurway occur at the level of the trachea, 
fistul.as to the bronchj and distal airways can also occur. Traction 
diverticula, locafued mediastinal infections, and ischemic perfo
rations of esophageal replacement condwts can lead to the 
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formation of fistulas to the distal airways. Patients present with 
symptoms of a TEF and treatment is similar to that of patients 
presenlting with esophageal perforations. 

BENIGN TUMORS AND CYSTS 
Benign rumors of the esophagus are unusual and constitute less 
than l% of all esophageal neoplasms. 1l1ey can be found in the 
muscu lar wall or in the lumen of the esophagus and are identi
fied as solid tumors, cysts, or fibrovascular polyps (Table 43-5). 
Approximately 60% of benign esophageal lesions are leiomyo
mas, 20% arc cysts, 5% are polyps, and the rcmainiJ1g 5% are 
other neoplasms. [ntramurallesions are solid tumors or cysts and 
are made up of smooth muscle and fibrous tissue in variable 
proportions. Leiomyoma.~ are the most common, whereas the 
others (e.g., papillomas, fibromas, myoma.~, lipomas, neurofi
bromas, hemangiomas, adenomas, and glomus tumors) are rare. 

Leiomyoma 
Leiomyomas constitute 60% of all be1ugn esophageal rumors. 
1l1ey are found in men slightly more often than women and 
tend to present iJ1 the fourth and fifth decades. They originate 
from the mesenchymal layer of embryologic development and 
are found in the distal two thirds of the esophagus more than 
80% of the time. They are usually solitary and remain intramu
ral, causing symptoms as they enlarge. They have been classified 
as a gastrointestinal stromal tumor (Grsn. GIST tumors are 
the most common mesenchymal tumors of the gastrointestinal 
tract and can be benign or malignam. Almost all GIST mmors 
occur from mutations of the c-KIT oncogene, which codes for 
the expression of c-KIT (CD117). Identification of this mo.lecu
lar marker is considered the most specific criterion for tlus 
diagnosis.24 A true leiomyoma, or a non-GIST (c-lOT- negative) 
tumor, is rare. All leiomyomas are benign; malignant transfor
mation occLLrs rarely. 

Symptoms and Diagnosis 
Many leiomyomas are asymptomatic and it is believed that most 
go undetected over a lifetime. Dysphagia and prun are the most 
common symptoms and can result from even the smallest 
tumors. Location and size tend not to correlate with symptoms 
consistently; however, tumors nestled between the spine and 
airway often will cause dysphagia, even when the tumor is only 
1 em in size. A chest radiograph is not usually helpful to diag
nose a leiomyoma but, on a barium esophagram, a leiomyoma 
bas a characteristic appearance. A smooth, well-defined, non cir
cumferential mass with distinct borders is seen (Fig. 43-46). 
During endoscopy, extrinsic compression is seen and the ovcrly
iJlg mucosa is noted to be intact. Despite this compression, the 
endoscope is easily passed distally as the esophagus accommo
dates. Diagnosis aJso can be made by an endoscopic ultrasound 
(EUS), whkh will demonstrate a hypocchoic mass in the sub
mucosa or muscularis propria. Endoscopic biopsy is avoided 
because subsequent mucosal adberence to the mass increases the 
chance of a mucosal perforation during surgical resection. 

Treatment 
Leiomyomas are slow-growing tumors with rare malignant 
potential that continue to grow and hecome progressively symp
tomatic over time. Although observation is acceptable i11 patients 
with small ( <2 em) asymptomatic tumors or other signilicant 
comorlbid conditions, surgical resection is advocated for most 
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Table 43-5 Histogenetic Classification of Benign Esophageal Tumors 
ESOPHAGEAL WALL TISSUE OF ORIGIN 

Mucosa 

Epithelial lining 
Normal stratified squamous epithelium 
Acquired metaplastic columnar epithelium 

lamina propria 
Simple esophageal cardiac mucous gland 

Epithelial lining plus lamina propria 

Muscularis mucosae 

Inflamed gastric mucosal fold at gastroesophageal junction 

SUbmucosa 

Esophageal mucous gland proper 

Vascular connective tissue 

Blood vessel 

Schwann cell 

MllsaUris PrGpria 

Striated muscle (upper one third) 

Smooth musde (lower two thirds) 

Nerve fiber 

Schwann cell 

Tualca Adventitia 

Connective tissue 

Nerve plexus 

Ectopic Tlsswes 

Sebaceous gland 

Tracheobronchial rests 

TUMOR TYPE 

Squamous cell papilloma 
True adenoma (rare) or adenomatous 

hyperplasia 

Mucus retention cyst 
True adenoma (rare) 

Inflammatory pseudotumor 
Fibrovascular polyp 

Leiomyoma 

Inflammatory reflux polyp 

Mucus retention cyst 
Adenoma 

Fibrovascular polyp (fibrolipoma, fibromyxoma) 

Hemangioma 

Granular cell tumor 
Neurilemoma 

Rhabdomyoma 

Leiomyoma 

Neurofibroma 

Granular cell tumor 
Neurilemoma 

Fibroma 

Schwannoma (neurilemoma) 

Adenoma 

Choristoma 

TISSUE TYPE 

Epithelial 
Epithelial 

Epithelial 
Epithelial 

Mesenchymal 
Mesenchymal 

Nonepithelial 

Reflux polyp-fold complex 

Epithelial 
Epithelial 

Mesenchymal 

Mesenchymal 

Mesenchymal 
Mesenchymal 

Mesenchymal 

Mesenchymal 

Mesenchymal 

Mesenchymal 
Mesenchymal 

Mesenchymal 

Mesenchymal 

Epithelial 

Mixed tissues 

From Shamji F. Todd lRJ: Benign tumors. In Pearson FG. Cooper JF, Deslauriers J, et al (eds): Esophageal surgery, ed 2, Philadelphia, 2002, Churchill Livingstone, p 639. 

patients. There are no known medical treatments for esophageal 
leiomyomas; however, imatinib (a tyrosine kinase inhibitor), as 
targeted therapy used on other GIST tumors, may have some 
benefit for esophageal leiomyomas. Surgical enucleation of the 
tumor remains the standard of care and is performed through a 
thoracotomy or with video or robotic assistance. Lesions of the 
proximal and mi.desophagus are removed through the right 
d1est; those of distal origin are removed through the left chest. 
Morbidity is low, less than 5%, and includes inadvertent mucosal 
injury and pneumonia. The morrality rate is lower than 2% and 
success in relieving dysphagia approaches 100%.25 

Esophageal Cysts 
Esophageal cysr:s are the second most common benign lesion of 
the esophagus. They can be congenital or acquired. Congenital 
cysts arise fro1111 persistent vacuoles in the waU of the foregut 
during embryologic developmem. They are lined with simple 
columnar, pseudostrati£ed ciliated column ar, or stratified squa
mous epithelium. They are fow1d within or i11 dose proximity 
to tbe esophageal wall. Over time, they fill with mucus and 

increase in size, causing symptoms of obstruction. Most con
genital cysts will present v.rithi.n the first year of life and are found 
in the upper third of tbe esophagus. Cysts of the lower two thirds 
present in childhood. Acquired cysts are probably a result of 
obstruction of the excretory ducts of esophageal glands. They 
arc found in the lower esophagus and tend to present later 
in life. 

Symptoms and Diagnosis 
Most cysts, congenital or acquired, remain asymptomatic un til 
they are large enough to obstruct the esophageal lumen. Symp
toms of dysphagia or recurrent respiratory infections from aspi
ration of cystic fluid or a fistulous tract to the airway are 
common. Large cysts may impinge on the airway, causing symp
toms of shortness of breath and dyspnea on exertion. Diagnosis 
is made with a barium esophagram or cr scan (Fig. 43-47). A 
smooth oval mass wiU appear to be obstructing the lumen of tbe 
esophagus similar to that seen with a leiomyoma. EUS .is bdpful 
to distinguish a cyst from a solid mass and aids iJ1 cyst aspiration 
for diagnosis. 
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FIGURE 43-46 Barium esophagram showing a leiomyoma. Note the 
characteristic smooth, distinct borders of the mass. (From Shamji F. 
Todd TR: Benign tumors. In Pearson FG, Cooper JD, Deslauriers J, et al 
[eds]: Esophageal surgery, ed 2, New York. 2002, Churchill living
stone, p 640.) 

Treatment 
Left untreated, an esophageal cyst will increase in size, resulting 
in obstruction, infecrion, or rupture. Cyst aspiration alone is not 
adequate because Auid wil l reaccumulate. Surgical resection of 
the cyst needs to be considered for all patients, whenever pos
sible. Extramucosal resection or enucleation is preferred and is 
done through a neck incision or thoracotomy. A 6stu1ous tract 
to the airway may be present and must be sought. lf one is 
found, it is ligated and divided. 
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Fibrovascular Polyps 
Fibrovascular polyps are uncommon tumors of the esophagus 
and are found in men aged 60 to 70 years. Most (85%) are 
located in the cervical esophagus below the cricopharyngeus 
muscle. They are composed of edematous connective tissue con
taining blood vessels and fatty tissue. They begin a~ small 
mucos:a.l tumors and elongate over time: some can grow to a 
substantial size and have extremely long pedic!es. TI1c pedicle 
can be thin or thick and extremely vascular. The overlying 
mucosa may be ulcerated from trauma and infection. AJ though 
they are benign lesions, some polyps may harbor carcinoma and 
need to be evaluated thoroughly. 

Symptoms and Diagnosis 
Pedw1culated polyps are usual ly asymptomatic until they grow 
large enough to cause dysphagia caused by obstrucrion of the 
esophageal lumen. Bleedjng from mucosal ulcerations may 
occur :and result in a slow gastrointestinal bleed. Diagnosis is 
made by endoscopy or barium esophagraphy. Endoscopic eval
uation may miss small lesions because the polyp surface 
appears similar to that of normal esophageal mucosa. The 
thickness of the pedicle and size of the tumor mas.~ is noted. 
Biopsies of the overlying mucosa are undertaken to rule out 
cancer. A badum esophagran1 demonstrates an irregular filling 
defect of the esophagus, with distal narrowing (Fig. 43-48A) 
and cr identifies the intralumjnal mass within tbe esophagus 
(see Fig. 43-488) . 

Treatment 
AJl fibrovascular polyps are removed. Left untreated , they wiU 
continue to grow and obstruct the esophageal lumen. Endo
scopic removal by electrocautery ligation is indicated if the mass 
is small ( <2 em) or if the pedicle is not richly vascular. Larger 
polyps can be removed endoscopically but they are difficult to 
pull through the esophagus past the cricopharyngeus muscle. 
1l1ere is a risk for airway obstruction with endoscopic removal 
of large polyps that do not pass through the pharynx easily. 
Surgical resection is recommended for all masses that are longer 
than 8 em or have a richly vasculariz~d pedkle (see Fig. 43-48C). 
Depending on the location of the mass, resection is approached 
through a cervical incision or tl1oracotomy. 

CARCINOMA OF THE ESOPHAGUS 
Esophageal cancer is the fastest growing cancer in the United 
States. It remains the sixth most common malignancy, with an 
incidence of20/l 00,000, and represents 4% of newly diagnosed 
cancers in North America. Worldwide, esophageal cancer is even 
more prevalent, reaching an incidence of 160/100,000 in parts 
of South Africa and China and 540/100,000 in Kazakhstan. 
Squamous cell carcinoma still accoums for most esophageal 
cancers diagnosed. However, in the United States, esophageal 
adenocarcinoma is noted in up to 70% of patients presenting 
with esophageal cancer. The djstribution of esophageal cancer 
across gender, age, and race is affected by the ceU type. The 
male-to-female ratio for squamous cell cancer is 3: 1; in contrast, 
this rat io for adenocarcinoma is 15: 1 in the fifth decade of Ufe. 
Squamous cell cancer is rarely seen before the age of 30 years, 
with the highest morcaHty rates seen in men between 60 and 70 
years of age. Adenocarcinoma is seen infrequently before the age 
of 40 years and increases in incidence with age. Racial discrepan
cies arc observed. Adenocarcinoma is a disease affecting wb.ite 
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FIGURE 43-47 Barium esophagra m and a scan of a n esophageal cyst (arrows). A. AP chest radiograph. B, lateral chest radiograph. ~ a 
scan of the chest. (Adapted from Orringer MB: Tumors of the esophagus. In In Sabiston DC [ed]: Textbook of Surgery, ed 15, Philadelphia, 1997. 
WB Saunders. p 746.) 

men, wbereas SCjUamous cell carcinoma predominantly affects 
African American men. 

S<juamous cell carcinomas arise from the S<juamous mucosa 
that is native to the esophagus and is found in the upper and 
middle thirds of the esophagus 70% of the tin1e. 'Tius type of 
cancer is caused by exposure to environmental factors. Smoking 
and alcohol both increase the risk for foregut cancers by fivefold. 
Combined, the risk increases from 25- to 100-fold. Food 

additives, including nitrosamines fow1d in pickled and smoked 
foods, long-term ingestion of hot liquids, and vitamin (vitamin 
A) and mineral deficiencies (zinc, molybdenum) have been 
implicated. Other disorders that expose the esophagus to 
mucosal trauma, including caustic ingestion, acl1alasia, hulimia, 
tylosis (an inherited autosomal dominant trait), Plummer
Vinson syndrome. external beam radiation. and esophageal 
diverticula have known associations with squan1ous cell cancer. 
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FIGURE 43-48 Barium esophagrarn (A) and CT scan (B) of an esophageal polyp. C. Resection of a large esophageal polyp. (Adapted from 

Orringer MB: Tumors of the esophagus. In Sabiston DC [ed): Textbook of Surgery, ed 15, Philadelphia, 1997, WB Saunders, p 747.) 

l11e 5-year survival rate varies but can be as high as 70% with 
polypoid lesions and as low as l5% with advanced nm1ors. 

Once a relatively unusual disease, esophageal adenocarci
noma now accounts for almost 70% of all esophageal carcino
mas diagnosed in the United States and Western countries. 
1here are a number of factors responsible for tills shlft in cell 
type: 

1. [ncreasiJ1g incidence of GERD 
2. Western diet 
3. lncreased use of acid-suppression medications 

Intake of caffeine, fats, and acidk and spicy foods all lead 
to decreased tone in the LES and ru1 increase in reAux. As an 
adaptive measure, the squamous-lined distal esophagus changes 
to become lined with metaplastic columnar epithelium (Barrett's 
esophagus). Progressive changes from metaplastic (Barrett's 
esophagus) to dysplastic cells may lead to the development of 
esophageal adenocarcinoma. Histologically, esophageal adeno
carcinoma arises from one of three sites: 

l . Submucosal glands of the esophagus 
2. Hcterotop1c islands uf columnar cpitheHum 
3. Malignant degeneration of metaplastic colwnJlar epi

thelium (Barrett's esophagus) 

TI1ere are several intrinsic diseases of the esophagus that are 
considered premalignant. Patients with Plummer-Vinson syn
drome, a disease of iron and vitamin deficiency that results in 
atrophy of the oropharyngeal ru1d esophageal mucosa, have aJl 
increased risk for developing squamous cell cancers of the cervi
cal esophagus. Tylosis, aJl uncommon fanlllial syndrome char
acterized by thickening of the skin of the soles ru1d palms, has 
an estimated 40% increased risk for developing squamous cell 
carcinoma that appears to be genetically linked. Achalasia, a 
disorder of esophageal motiljty, is associated with a 16-fold 
tncreascd risk for squamous cell ca11cer in late-stage disease. Both 
esophageal strictures and diverticula have been reported to be 
associated with a small but increased risk for esophageal cru1cer. 
Patients with aerodigestive tract cancers are also at iJ1creased risk 
for developing esophageal squamous tumors. Barrett's esopha
gus, or metaplastic columnar epithelium iJ1 the esophagus, is 
associated with a 40-fold increased risk for adenocarcinoma of 
the esophagus. No specific infectious agents have been identified 
as a cause of esophageal cancer, but many remain tmder inves
tigation. Genetic alterations accounting for cdJular and molecu
lar chrulgt.-s (as in the p53 gene) have been associated with aJl 
increased risk for esophageal cancer. 
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Regardless of the cell type, esophageal cancer asserts aggres
sive biologic behavior. With only two layers to the esophageal 
wall, tumors rapidly infiltrate through the muscular wall into 
surrounding scwctures. The rich vascular and lymphatic supply 
facilitates spread to regional lymph nodes. Advanced disease is 
common at the time of presentation and conrribures to the high 
mortality rate. Spread of disease follows lyrnphatic drainage pat
terns so that drainage tends to be to local, regional. and then to 
distant lymph node beds. 

Symptoms 
'Ihe symptoms of esophageal cancer vary witl1 the stage of the 
disease. Early-stage cancers may be asymptomatic or mimic 
symptoms of GERD. Heartburn, regurgitation, and indigestion 
are symptoms of reAux, but cancer may be lurking within. 
Most patients with esophageal cancer present with dysphagia 
and weight loss, symptoms that usually indicate advanced 
disease. Because of the distensibility of the esophagus, a mass 
can obstruct two thirds of tl1e lumen before symptoms of dys
phagia are noted. Furthermore, the symptoms of dyspl1agia and 
weight Joss may be slowly progressive and well compensated for 
over a period of months. It is not until the esophageal lumen is 
narrowed from an average of 24 to l2 mm that dysphagia is 
noted. Many patients will be symptomatic before narrowing 
occurs to this degree, but medical treatment is often not 
sought until the symptoms are disabling. Effortless weight loss 
is welcomed by most, although its true significance goes 
unappreciated. 

Choking, coughing, and aspiration from a tracheoesopha
geal fistula, as well as hoarseness and vocal cord paralys.is from 
direct invasion into the recurrent laryngeal nerve, are ominous 
signs of advanced disease. Systemic metastases to liver, bone, and 
llmg can presem with jaundice, excessive pain, and respiratory 
symptoms. 

Diagnosis 
A number of modalities are available to diagnose and stage 
esophageal cancer. Radiologic rests, endoscopic procedures, and 
minimally invasive surgical tedmiques all add value to a solid 
staging workup in a patient with esophageal cancer. 

Esophagraphy 
A barium esophagram is recommended for any patient present
ing with dysphagia. The esophagran1 provides an overview of 
anatomy and function. It can differentiate intraluminal from 
intranJural lesions and discriminate between intrinsic (from a 
mas.~ protruding into rhc lumen) and extrinsic (from compres
sion of a structures outside the esophagus) compression. The 
d assic finding of an apple core lesion in patients wi th esophageal 
cancer is recognized easily (Fig. 43-49). AJthough the csopha
gram will not be specific for cancer, it is a good first test to 

perform in patients presenting with dysphagia and a suspicion 
of esophageal cancer. 

Endoscopy 
11Je diagnosis of esophageal cancer is best made from an endo
scopic biopsy. During endoscopy, it is critical to document the 
following: 
l. Location of the lesion (with respect to distance from the 

incisors) 
2. Nature of the lesion (e.g., friable, firm, polypoid) 

FIGURE 43-49 Carcinoma of the esophagus. Note the appearance of 
an apple core lesion. (From Jaffer NM. Chia SH: Radiology, computed 
tomography and magnetic resonance imaging. In Pearson FG, Cooper 
JD, Deslauriers J, et al [eds]: Esophageal Surgery. ed 2. New York. 
Churchill Livingstone, 2002. p 88.) 

3. Proximal and distal extent of the lesion 
4. Relationship of the lesion to the cricopharyngeus muscle, 

GEJ, and gastric cardia 
5. Distensibility of the stomach 

Eacl1 of these points is important for the management of 
esophageal cancer and helps guide surgical therapy. Incontro
vertibly, any patient undergoing surgery for esophageal 
cancer must have an endoscopy performed by the operating 
surgeon before entering the operating room for a definitive 
resection. 

Computed Tomography 
There are additional diagnostic modalities used for accurate 
Staging. A cr scan of the chest and abdomen is important to 
assess the length of the tumor, thickness of the esophagus and 
stomach. regional lymph node status (induding cervical, medi
astinal, and celiac lymph nodes), and distant disease to the liver 
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FIGURE 43-50 FOG-PET scan of an esophageal cancer. ANT, Anterior; LAO, left anterior oblique; POST, posterior; RPO, right posterior oblique. 
(From Oehdashti F. Siegel BA: Positron emission tomography. In Pearson FG, Cooper JO, Deslauriers J, et al [eds): Esophageal surgery, ed 2, 

New York, 2002, Churchill Livingstone, p 117.) 

and lungs. It is allso helpful for determlnlng T4 lesions, in whlch 
the lesion is invading surrounding structures. It may identify a 
fistula or other anatomic variations, such as a deviated trachea. 
Although a CT scan is helpful, its accuracy is only 57% forT 
staging, 74% for N staging, and 83% for M staging.26 Many 
tuuesectable rumors by CT scan are deemed resectable at tbe 
time of surgery. It is an important piece of the diagnostic workup 
but its findings must be interpreted judiciously, and only as a 
part of the total picture. 

Positron Emission Tomography 
An 18F-fluorodeoxyglucose (FDG)- positron ennss10n tomog
raphy (PET) scan evaluates the primary mass, regional lymph 
nodes, and distant disease {Fig. 43-50). lts sensitivity and 
specificity slightly excee.cl those of a CT scan; however, they 
remain low for definitive staging. The sensitivity and specific
ity of PET for evaluating metastatic disease are as high as 
88% and 93%. respectively. For evaluation of lymph node 
disease, PET has a sensitivity (72%), specificity (86%), and 
accuracy (76%) equivalent ro CTY As with CT, d1e ability 
of PET to evaluate local and regional lymph node disease is 
dependent on tbe location of the tumor, size of the lymph 
node, and technique of the scanner. Although its role is 
evolving, PET appears tn be an important piece of the diag
nostic workup but is not reliable enough as a single diagnos
tic modality. 

Magnetic Resonance Imaging 
Magnetic resonance imaging (MRI) is not performed routinely 
and adds to tbt> staging of esophageal cancer in few circum
stances. To identify involvement of vascular and neural tissues, 
MRI is helpful. It can accurately detectT4lesions and metastatic 
lesi.ons in the liver but overstages T and N status, with only a 
74% accuracy. 

Endoscopic Ultrasound 
EUS is tht most critical compontn t of esophageal cancer staging. 
'The information obtained from EUS will help gui.de medical 
and susgical therap)~ 1he experienced endoscopic ultrasonogra
pher can identify the depth and length of the tumor, degree of 
luminal compromise, smtus of regional lymph nodes, and 
involvement of adjacent structures. ln addi tion, biopsy samples 
can be obtained of the mass and lymph nodes in the paratra
cheal, subcari.nal, paraesophageal, celiac, lesser curvacure, and 
gastrohepatic regions. EUS tends to overstage T status and 
undersrage N status. The accuracy of EUS for T staging corre
lates directly with increasing T stage. For Tl lesions, EUS is 
84% accurate, and it approaches 95% accuracy in estimating T 4 
lesions. Size and location of the lymph node influence the accu
racy, so that lymph nodes smaller than I em tend to be evaluated 
less accurately. 1he overall sensitivity (78%) and specificity 
(60%) of EUS for evaluating lymph nodes art poor but improve 
dramatically for evaluating celiac lymph nodes, for which the 
sensitivity and specificity are 72% and 97%, respectively. 

Endoscopic Mucosal Resection 
EMR is performed with a double-channel endoscope wid1 a soft 
plastic cap at its tip. The cap is placed over the top of the lesion, 
suction is applied, and a snare is brought down over the top of 
the lesion. A biopsy specimen of I to I.5 em will contain mucosa 
and submucosa. In skilled hands, EMR provides essential staging 
information tbat guides treatment. [t may also be used as a 
therapeutic modality for premalignanr and early malignant con
ditions. An additional diagnostic and therapeutic tool has been 
explored by Japanese and German researchers. Endoscopic sub
mucos:al dissection (ESD) is a technique that uses hook cautery 
and scissors to resect a lesion down to the level of the muscularis 
propria. This is technique that has not yet gained enough experi
ence worldwide; however, the fuwre is promising. 
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Minimally Invasive Surgical Modalities 
Bronchoscopy, mediastinoscopy, thoracoscopy, and laparoscopy 
are all useful staging tools. Bronchoscopy is performed in any 
patient presenting with a cough or evidence of a cervical esopha
geal cancer. lt is helpful to rule out a tracheoesophageal £stula 
or growth of tun1ors inro the trachea. Mediastinoscopy is used 
in the workup for esophageal cancer. It is used to biopsy suspi
cious lymph nodes that may indicate advanced disease and that 
are not amenable to endoultrasonograph.ic biopsy. Using video
assisted thoracoscopic surgery technology, lymph nodes in the 
thoracic inlet, mediastinum (including paratracheal, subcarinal, 
and paraesophageallyroph nodes), and along the thoracic duct 
and into the diaphragmatic hiatus cao be evaluated. Metastatic 
lesions in the lung or extension of t1m1or into the pericardium, 
aorta, azygos vein, trachea, or diaphragm are noted with an 
accuracy of 93%.28 Laparoscopy also has some usefulness for 
staging esophageal cancer. The extent of tumor can be deter
mined and biopsies of the ceHac axis, perihepatic, and GEJ 
lymph nodes can be performed. 1l1e addition of a laparoscopic 
ultrasound probe allows visualization of nodes as small as 3 mm 
in diameter, similar to that of EUS. Complementary to thora
coscopy, laparoscopy is an additional method for providing 
accurate stagi11g information, with low risk to the patient. 

Staging 
11Je most critical aspect of treati11g a patient with esophageal 
cancer is determining an accurate clinical stage. 1l1e data 
obtained in the process of staging the patient are more importam 
than the stage within which the patient falls. Precise staging at 
the time of presentation allows for the most appropriate treat
ment and results in the best chance for long-term survival. 

The staging of esophageal cancer has been transformed 
through a variety of systems and still remains controversial. The 
American Joint Committee on Cancer (AJCC) staging criteria 
were instituted in 1988 and are currently the most widely 
adopted staging system (Table 43-6). However, recognizing the 
flaws in the AJCC system. in 1997 EWs proposed a staging 
system based on the criteria defined by Skinner that restructures 
the T starus (Table 43-7). 1l1e AJCC classification uses the 
TNM (tumor, lymph node, metastasis) system to stratify patients 
and estimate prognosis, whereas the Ellis classi.£cation uses the 
WNM (wall penetration, lympll node, metastasis) system. ln the 
AJCC system, the T represents the depth of the tumor (Tl, 
submucosal; T2, muscularis propria; T3, adventitia; T4, sur
rounding structures), the N represents involvement of lymph 
nodes (NO, none; N l , any), and the M represents metastatic 
disease to nonregional lymph nodes or distant site.~ (MU, none; 
M l a, regional nymph nodes; Mlb, distant lymph nodes). In the 
Ellis classification, the\'(/ represents the depth of wall penetra
tion (WO, muscularis mucosae; Wl, submucosa and muscularis 
propria; W2, adventitia), N represents the nun1ber of positive 
lymph nodes (NO, none; N1, one to four; N2, >4), and M 
represents distant disease (MO, none; Ml, any; Fig. 43-51). L1 
both systems, the depth of invasion and extent of local and 
regional lymph node involvement affect prognosis. However, the 
Ellis classification emphasizes not only that the depth of invasion 
is important, but also that the number of lymph nodes affects 
survival. A comparison between the two systems is presented iJ1 
Table 43-8 and Figure 43-52. 

The Tl starus ha~ been classified further.29 In this staging 
system, the mucosa and submucosal layers are subdivided to 

identify tumors wid1 extension iJ1to the epithelium, lamina 
propria, muscularis mucosae, ru1d superficial, middle, and deep 
submucosal layers. This study has shown that the depth of tumor 
directly relates to lymph node involvement. Tumors confined co 
the epitheHal layer have no associated lymph node involvement. 
Lesions peneuacing the lan1ina propria and muscularis mucosae 
are a.~soci ated with lymph node involvement 5o/o and 18o/o of 
tl1e time, respectively. Superficial ru1d deep submucosal lesions 
have an associated 50% and 55% lymph node involvement, 
respectively. 

Treabnent 
Traditionally, staging systems were used to guide therapy and 
assess long-term outcomes (Fig. 43-53). As technology, medical 
therapy, and knowledge of the biology of tumors continue co 
advance, staging systems are d1ru1ging and becoming less flLJlc
tiona.L. When a patient presents with esophageal cancer, tl1e 
following variables are considered (Table 43-9): 
I. Histology, location, and local extent (depth of invasion) of 

the prin1ary tumor 
2. Status of the local and regional lymph node.~ 
3. Presence of distant lymph nodes or systemic disease 
4. Overall condition of the patient (including nutritionaJ 

status and ability to swallow) 
5. Intended goal of tream1ent, curative or palliative 

1l1ese variables guide management and help develop appro
priate treatment plru1s tl1at may i11clude chen1otberapy, radio
tl1erapy, endoscopic procedures, ru1d surgical resection. Although 
treatrnem is controversial at all stages and varies among oncolo
gists, radiation oncologists, gastroenterologists, and surgeons, 
and among surgeons themselves, multimodality therapy with 
chemotherapy, radiation therap}~ endoscopic procedures, and 
surgical resection is appropriate for most patients presenting 
with esophageal cancer (Fig. 43-54). 

Histology, Location, and Local Extent of Primary Tumor 
There are two predominru1t cel.ls types of esophageal cancer, 
adenocarcinoma and squan1ous cell carcinoma. Adenocarci
noma represents more thru1 70% of esophageal cancers in the 
United States but, worldwide, squamous cell cancers are pre
dominant. The histology of the tumor is important because it 
guides treatment in two ways: (1) squamous cell tumors are 
more sensitive to d1emoradiothcrapy ru1d are ueared aggressively 
with nonsurgical therapy; (2) adenocarcin.omas are not as sensi
tive to cbemoradiotherapy and are often imbedded in long seg
ments of Barrett's esophagus, necessitating a more aggressive 
surgical approach. Patients with squamous ceU tumors may 
achieve a complete response to cl1erooradiotherapy, making the 
need for surgical intervention lLllCertaiJl and not very compel
ling. However, most studies have supported multimodalit)l 
therapy for the treatment of squamous cell tumors. Surgery is 
strongly advocated for most patients wi th adenocarcinoma 
because a complete response to cl1emotherapy is seen only 25o/o 
of the time in this cell type. Little is known about the biology 
of esophageal nm10rs, but as more studies are carried out and 
published, future medical therapies wiU be targeted at the 
biology, not the histology, of the tumor. This is already welJ 
cstabHshed in od1er malignancies, such as breast cancer. 

The location of the tLLmor also directs the management of 
esophageal cancer. Of all esophageal tumors present i11 the cervi
cal esophagus, 8o/o are almost always squamous cell cancers. 
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_Table 43-6 Tumor-Node-Metastasis (TNM) Staging of Esophageal carcinoma 
Prim.-y l'lllllor (T)* 
TX Primary tumor cannot be assessed 

No evidence of primary tumor 
High-grade dysplasia1 

Tumor invades lamina propria, muscularis mucosae, or submucosa 

Tumor invades lamina propria or muscularis mucosae 
Tumor invades submucosa 

Tumor invades muscularis propria 
Tumor invades adventitia 
Tumor invades adjacent structures 

Resectable tumor invading pleura, pericardium, or diaphgragm 

ESOPHAGUS CHAPTER 43 1055 

TO 
Tis 
T1 
T1a 
Tlb 

T2 
T3 
T4 

T4a 
T4b Unresectable tumor invading other adjacent structures, such as aorta, vertebral body. trachea, etc. 

Regional LJIIIph NGdes (N)* 
NX 

NO 

N1 
N2 

N3 

Distant Metastasis (M) 
MO 

M1 

STAGE 
Squamous tel cardnomat 
0 

lA 
IB 

IIA 

liB 

lilA 

IIIB 
IIIC 

IV 

Adenocardnoala 
0 

lA 
IB 

IIA 

liB 

lilA 

IIIB 
IIIC 

IV 

T 

TIS (HGD) 
T1 
T1 
T2-3 
T2-3 
T2-3 
T2-3 
Tl-2 
T1 -2 
T3 
T4a 

T3 
T4a 
T4b 
Any 

Any 

TIS (HGD) 
T1 
T1 
T2 
T2 

T3 
Tl -2 

Tl-2 
T3 
T4a 

T3 
T4a 
T4b 
Any 

Any 

Regional lymph nodes cannot be assessed 
No regional lymph node metastasis 
Metastasis in 1-2 regional lymph nodes 
Metastasis in 3-6 regional lymph nodes 

Metastasis in seven or more regional lymph nodes 

No distant metastasis 

Distant metastasis 

Stage Grouping 
N M 

NO MO 
NO MO 
NO MO 
NO MO 
NO MO 
NO MO 

NO MO 
N1 MO 
N2 MO 
Nl MO 
NO MO 
N2 MO 
N1-2 MO 
Any MO 
N3 MO 
Any Ml 

NO MO 
NO MO 
NO MO 
NO MO 
NO MO 

NO MO 
N1 MO 
N2 MO 
Nl MO 
NO MO 
N2 MO 

N1-2 MO 
Any MO 
N3 MO 

Any M1 

From EdgeS, Byrd 0, Corrc>ton C. et al (eds): AJCC cancer staging manual, ed 7, New Vorl<, 2010, Springer. 
•t At least maximal dimension of the tumor rrust be recorded. 2. Mullil)le tumors require the T(m) suffix. 

GRADE TUMOR LOCATIONfl 

l , X Any 
1,X Any 
2-3 Any 
1, X lower, X 

1, X Upper, middle 
2-3 lower. X 

2-3 Upper, middle 
Any Any 

Any Any 
Any Any 
Any Any 

Any Any 

Any Any 
Any Any 
Any Any 

Any Any 

1, X 

1-2, X 

3 
1-2, X 

3 
Any 
Any 
Any 
Any 
Any 
Any 

Any 
Any 
Any 

Any 

1Higll-grade dysplasia indudes all noninvasive neoplastic epithelia that was fonne11y caned carcinoma in situ, a diagnosis that is no longer used for columnar mucosae anywhere in the gastroin
testinal tract 
'Nuni>er must be recorded for total nuni>er of regional nodes san~ed and total nuni>er of reported nodes with metastasis. 
§Qr nixed histology, induding a squamous COIJ1>0flt!lll or not otherwise specified (NOS). 
~location of the primary cancer site is defined by the poWon of the upper (proximal) edge of the tumor in the esophagus. 
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Table43-7 Wall Penetration-Node-Metastasis (WNM) Staging 
_of Esophageal carcinoma _____ _ 

STAGE 
W: Wall Penetration 

wo 
W1 

W2 

N: RegtOMI Lyqlh NCMies 

Nx 

No 

N1 

N2 

M: Distant Metastases 

Mx 

MO 

M1 

FEATURES 

lntramucosal mucosa penetration 

Intramural mucosa penetration 

Transmural mucosa penetration 

Regional lymph nodes cannot be 
assessed 

No regional lymph node metastases 

Four lymph nodes metastases or fewer 

More than four lymph node metastases 

Distant metastases cannot be assessed 

No distant metastases 

Distant metastases present 

Stage Grouping 

STAGE w N M 

0 wo NO MO 

wo N1 MO 
W1 NO MO 

II W1 N1 MO 
W2 NO MO 

Ill W2 N1 MO 
W1 N2 MO 
wo N2 MO 

IV AnyW AnyN M1a 

From Ellis FH Jr, Heatley GJ, Krasna MJ, et al: Esophagogastrectomy for carcinoma 
of the esophagus and cardia: a comparison of findings and results after standard 
resection in three consecutive eight-year intervals with improved staging criteria. 
J Thorac Cardiova5( Surg 113:836-846; discussion 846-838, 1997. 

These rumors may be locally aggressive and are managed with 
chemoradiotherapy, followed by segmental resection of the cer
vical esophagus. Upper thoracic and mid thoracic tumors accounr 
for 3o/o and 32o/o of esophageal tumors, respectivdy, and may 
be squamous cell cancers or adenocarcinomas. Near-total esoph
agectomy rhrough a thoracoromy is usually required ro remove 
all the disease in this part of the esophagus. The remaining 
rumors are found in the lower esophagus (25o/o) and cardia of 
the stomach (32o/o) and tend to be adenocarcinomas. Distal 
esophagecromy, through a transabdominal or transthoracic 
approach, in patients with no known Barrett's esophagus or total 
gastrectomy in those with Barrett's esophagus is appropriate for 
early disease. Near-total esophagectomy, through a uanshiatal or 
trans·thoracic approach, is recommended for patients who .have 
rumors in segments of Barrett's esophagus or tumors of consider
able length. 

1l1e depth of invasion of a rumor, the T status, is another 
important variable in determini ng stage and treatment of esoph
ageal cancer. T l lesions are divided into intranmcosal and sub
mucosal lesions that arc associated with lymph node metastasis 
18% and 50% of the time, respectivdy. Conservative esophageal 
resections, such as vagal-sparing, transhiatal. or minimally inva
sive esophagectomy, are recommended for any Tl lesion. For 
localized intramucosal tumors of limited extent, EMR30 and 
ESD are acceptable alternatives to esophagectomy. 1l1ere is 
almost no role for cbemoradiotherapy in the treatment ofT 1 
lesions. Surgical or endoscopic resection alone carries a good 
long-term survival, as high as 88% in some series. 

Treatment of lesions that extend into the muscularis 
propri.a., T2 lesions, remains controvers.ial. 1l1e rate of lymph 
node metastasis is up to 60o/o; the need for chemoradiotherapy 
or a radical lymphadenectomy has been debated. Aggressive 
surgical resection can stand alone, but outcomes may improve 
if chemoradiotherapy is added. Neither approach is supported 
in the llteratu.re. Advocates of en bloc esophagectomy have 
argued that a wide envelope of tissue surrounding the lesion 
improves long-term outcomes. Advocates of a less invasive 
resection for T2 lesions have argued that the transhiatal resec
tion obtains an adequate radial margiJ1, with less morbidity. A 

_Table 43-8 Comparison Between WNM and TNM Classification Systems 
WNM 5-YR SURVIVAL (%) WNM STAGE WNMClASS TNM CLASS TNM STAGE TNM 5-YR SURVIVAL (%) 

88 0 WONOMO lis NO MO 0 100 
T1 NOMO l 79 

so WON1 MO NE NE NE 

so W1 NOMO T1 NO MO 1 79 
T2 NO MO 2A 38 

23 2 W1 N1 MO T1 N1 MO 28 27 
T2 N1 MO 

23 2 W2 NO MO H NOMO 2A 38 
T4NO MO 

11 3 W2 N1 MO T3 N1 MO 3 14 
T4 N1 MO 

11 3 W1 N2 MO T1 N1 MO 28 27 
T2. N1 MO 

11 3 WON2 MO NE NE NE 

0 4 Wx Nx M1 Tx Nx Ml 4 0 

NE, No equivalent 
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FIGURE 43-51 Primary tumor status (f) is defined by depth of invasion. Regional lymph node (N) is defined by the absence (NO) or presence 
(Nl) of regional nodal metastases. HGD, High-grade dysplasia. (From Rice WR: Diagnosis and staging of esophageal carcinoma. In Pearson FG, 
Cooper JD, Deslauriers J, et al [eds]: Esophageal surgery, ed 2, New York, 2002, Churchill Livingstone, p 687.) 

Mucosa 

Submucosa 

Muscularis 
propria T2 

FIGURE 43-52 Comparison between the TNM and WNM staging 
systems. (Adapted from DeMeester TR, Attwood SEA, Smyrk TC, et al: 
Surgical therapy in Barrett's esophagus. Ann Surg 212:530, 1990.) 
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FIGURE 43-53 Cumulative survival curves. (From Law SYW, Wong J: 
Management of squamous cell carcinoma of the esophagus. In 
Pearson FG, Cooper JD, Deslauriers J, et al [eds]: Esophageal surgery, 
ed 2, New York, 2002, Churchill Livingstone, p 719.) 
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_Table 43-9 Variables to Consider in the Management of Esophageal cancer 
PRIMARY TUMOR 
Histology 

Squamous cell 
Adenocarcinoma 

LYMPH NODES 
local 

Adjacent to the primary 
tumor 

DISTANT DISEASE 
lymph nodes 

More than one noda l 
basin away from the 
primary tumor 

PATIENT CONDITION GOALS 
Good Curative 

Age <75 yr Palliative 

location 
Cervical 
Upper thoracic 
M1dthoracic 
Distal thoracic. cardia 

local extent. depth of 
invasion 
T1 

A: lntramucosal 
B: Submucosal 

T2 
Muscularis propria 

T3 
AdVentitia 

T4 
Adjacent structures 

Regional 
One nodal basin away 

from primary tumor 
Organ 

lung 
liver 
Other 

Systemic 

scientific comparison between en bloc and other surgical 
approaches for T2 lesioJ1S has not been done to substantiate 
either argtunerlt fully. In combination with neoadjuvant 
chemoradiotbe;rapy, a minimally invasive (thoracoscopic, lapa
roscopic) esophagectomy for T2 lesions results in a 5-year sur
vival of 70%.31 

Treatmen 1r of lesions that extend into the advenritia, T3 
lesions, usually includes chen10radiotherapy and surgery. Radia
tion therapy controls the primary tttmor and may reduce the 
extent of surgical resection margins. Chemotherapy controls 
tumor spread to local and regional lymph nodes that occurs up 
to 80% of the time with T3 lesions. Neoadjuvant chemoradio
therapy followed by surgery may improve survival for T3 lesions 
with known lymph node iJwolvcment but adversely affects surgi
cal morbidity and mortality. The need for neoadjuvant therapy 
or aggressive surgical resection and radical lymphadenectomy for 
T3 lesions remains debated. 

Lesions that extend beyond the adver1titia, T 4 lesions, 
require aggressive multimodality therapy. Neoadjuvant chemo
radiotherapy followed by surgical resection removing aU tissues 
involved with tumor is recommended. Lesions with any known 
lymph node disease are not considered for surgical resection and 
are treated definitively with chemoradiotherapy. 

Status of Local and Regional Lymph Nodes 
l11e status oflocal and regional lymph nodes is critical informa
tion needed to guide treatment for esophageal cancer. Despite 
the use of advru1ced diagnostic techniques, lymph node staging 
is still fairly inaccurate and understandiJ1g patterns of lymphatic 
drainage is inlportant. There are two factors that influence the 
probability uf involved local and regional lymph nodes, the 
location of the tumor within the esophagus and depth of ttLI11or 
penetration (T stage). Lesions located in the cervical esophagus 
most often drailn to cervical and mediastinal lymph nodes (46% 
of the time), and less often to abdominal lymph nodes (12% of 
the time). ln contrast, midesopbageal tumors drain most often 
to mediastinal lymph nodes (53% of the time) and abdominal 
lymph node.~ (40% of the time), and less often to cervical lymph 
nodes (29% of the time). Not surprisingly, lower esophageal and 
cardia tumors most often drain into abdominal ru1d mediastinal 

Comorbidities <3 
Good pulmonary function 

tests 
Cardiac reserve 
Weight loss <100/o 

Nutrition: Serum albumin 
>3.4 g/dl 

No dysphagia 
Fair 

Age >75 yr 
Comorbidities ~3 
Poor pulmonary function 

tests 
No cardiac reserve 
Weight loss > 10% 
Nutr1tion: Serum albumin 

<3.4 g/dl 
Dysphagia 

lymph nodes (74% and 58% of the time, respectively) and less 
often to cervical lymph nodes (27% of the time). Involved 
lymph nodes next co the primary tttmor are considered local, 
whereas those one nodal basin away from the primary tumor are 
considered regional lymph nodes. Patients known to have 
involved local or regional lymph nodes remain acceptable surgi
cal candidates but also need chemotherapy to address involved 
lymph nodes. 

The depth of tumor penetration (T stage) affects lymph 
node involvement (LNI) in the following ma1mer: intramucosal 
Tl lesions (18% LNI), submucosal Tl lesions (55% LNT), T2 
lesions (60% LNI), and T3 lesions (80% LNI). Patients who are 
at low risk (<50% LNI) for regi.onal lymph node involvement 
are not given chemotherapy and arc not likely to benefit from a 
radical lymphadenectomy. Conservative esophageal resections, 
such as the vagal-sparing. trru1sbiatal, or minimally invasive 
esophagecromy, with a limited lymph node dissection, are ade
quate for these patien ts. If the surgical specimen reveals iJwolve
ment of lymph nodes, adjuvant chemotherapy is given in ru1 
attempt to treat regional and possibly d.istant lymph nodes that 
may be involved. Patients who are at risk (>50% LNI) for 
regional LNI are given neoadjuvruH chemotherapy followed by 
esophageal resection. The need for a radical lymphadenectomy 
in these patients has been debated. Advocates of aggressive surgi
cal resection with en bloc esophagectomy and radical lymphad
enectomy argue that patients at risk for regional or distant 
lymph node metastasis cru1 be cured with surgery alone and do 
not require adjuvru1t chemotherapy. Advocates of neoadjuvrult 
therapy and conservative esophageal resection without a radical 
lymphadenectomy argue that even with meticulous surgical 
technique, it is not possible to rCillove every lymph node. 
Instead, chemotherapy for treatmerlt of nodal disease is recom
mended, not radical lymphadenectomy. Although it remains 
controversial, it is likely that both treatment options may play 
a role, but this remains to be established. 

Studies have evaluated the role of the number and size 
of involved lymph nodes in determining the need for adjuvant 
cl1emotherapy. The WNM staging system suggests a significant 
difference in 5-year survival between patients with negative 
nodes and d10se with five or more involved lymph nodes (22.5% 
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MANAGEMENT OF CARCINOMA OF THE ESOPHAGUS 

Barium swallow, endoscopy - Tumor staging - Clinical evaluation 
(CT chest/abdomen, PET, EUS) 

' ' Early disease Late disease or 
s ignificant comorbidity 
• Distant organ metastasis 

Tumor confined to the mucosa 
(T1) 

Intermediate disease 
Tumor into the wall 

(T2) 

Advanced disease 
Tumor through the wall 

(T3) 
• Cardiac, pulmonary, renal, 
or hepatic failure 

f 
NO N1 

t 
NO ___j f,.._.;.;.;:;..__,. __ ____,.t N1 f 

Transhiatall 
minimally invasive 
esophagectomy 

En bloc resection 
N<5 .,. ___ Chemoradiation 

Chemoradiation 

Treatment failure or 
Recurrence 

N;;;,S . 

Transhiatal 
esophagectomy 

' ' ' Severe debility 
Advanced disease 

Local recurrence 
No metastases 

Complete excision 
possible 

Unresectable proximal 
or bleeding tumor 

PJrway fistula 
Unresectable tumor 

Local recurrence 

Distant metastases 
No local recurrence 

Supportive care I 
Palliative surgery Laser ablative therapy Stent Chemotherapy 

FIGURE 43-54 Algorithm for the management of esophageal cancer. 

versus 10.7%). One study bas suggested that after neoadjuvant 
therapy, patients. who have one positive lymph node have the 
same rate of 5-year survival as those who have all negative 
lymph nodes (34% versus 36%), when.>as patients with two 
or more involved lymph nodes do considerably worse (6%). 
1l1c study also suggested that the size of the involved lymph 
node significantly affects long-term survival; lymph nodes 
smaller than 4 mm carry a better prognosis than lymph nodes 
of greater size.32 As more research is carried out, the best 
treatment for patients with positive local and regional lymph 
n odes will be dear. Until then, the crude guidelines that have 
been developed to date need to be interpreted judiciously, 
recognizing that it is often more than just science that motivates 
and guides the dogmas and decisions of physicians. 

Evidence of Distant Lymph Node or Systemic Disease 
A lymph node that is more tlJan one nodal basin away from the 
primary tumor is considered a distant lymph node. lf a distant 
lymph node is involved with tumor, the patient is considered to 

have advanced d isease. Patients presenting with involved distant 
lymph nodes or metastatic disease arc treated with definitive 
chemoradiotherapy. lf advanced diseare is found at the time of 
surgery, resection is aborted and a feeding jejunostomy tube is 
placed. Palliative resection may be considered if a patient with 
complete obstruction desires alimentary continuity co facili tate 
eating. 

Condition of the Patient 
It is well established that age, comorbidities, and nutritional 
status affect the ability of many patients to tolerate treatment 
for esophageal cancer. Although age alone is not a barrier to 

tream1ent, it may alter the choice of therapy in the presence of 

advanced diseao;e. Patients older than 75 years have a higher 
operative risk and a shorter life expectancy, so aggressive surgical 
intervention is rarely indicated. Regardless of age, patients must 
be carefully evaluated for w1detlying cardiac, pulmonary, endo
crinologic, hepatic, and renal conditions that can affect their 
abiHry to undergo surgical rcsectio11. Preoperative tests to assess 
cardiopulmonary starus, including a pulmonary fu11ction test 
(PFT) and cardiac stress test, are imperative. 1l1ere are no abso
lure contralndications to surgical resection but it is reserved for 
tbose in a reasonable state of health. 

Many patients presenting with esopJ1ageal cancer have been 
nutritio nally depleted for some time. More than a 10% weight 
loss is associated with a significant increase in operative morbid
ity and usually correlates well with ilic advanced nature of ilic 
disease. Patients presenting witl1 a serum albllll1in level lower 
than 3.4 g/dL have an increased risk for surgical complications, 
including anastomotic breakdown. ln patients who are otller
wise fit and ellgiblc ro undergo surgical resection, efforts are 
directed toward improving nutritional status before surgery by 
placing a stent or feeding jejunostomy tube. Preoperative efforts 
attempting to improve nutrition will be rewarded. 

Treatment Intended to Be Curative or Palliative 
Determining the appropriate treatment for a patient with esoph
ageal cancer is multidimensional and complex. On evaluating 
the variables outlined in this section, the final decision is whether 
or not a curative or palliative treatment program is in the 
patienr's best interest. To inform and help guide patients prop
erly in this difficult decision making process, all consultants need 
to provide expert opinions, if indi.cated, before a surgical recom
mendatioJJ is made. Pulling all the pieces together-depth, 
location and type of tumor, lymph node and distant o rgan 
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involvement, nutritional status, and underlying medlcal condi
tion of the patient-a curative or palliative treatment plan can 
be created. 

Treabnent for CUre Fewer than 50% of patients presenting with 
esophageal cancer are eligible for surgical resection. ln parienrs for 
whom a cure is possible, treatment may include chemotherapy, 
radiation therapy. surgical resection, or a combination of these 
modalities. L1 tpatlents with local tumor that does not involve 
other vital structures, who bear no evidence of distant disease, and 
whose clinical and nutritional status are adequate, curative treat
ment is in1plememed. Those patients with significant comorbidi
ties, evidence of advanced or distant disease, or poor nutritional 
status are considered for palliation. Using the AJCC staging 
system, surgery is considered for any patient presenting in stage I 
through 3. Patients with stage 4 cancer are recommended to 
undergo definitive treatment with chemoradiotherapy. 

Although controversy surrounds the medical and surgical 
treatment of esophageal cancer, there are some general guidelines 
on which most physicians will agree. The treatment for patients 
presenting with. stage I cancer, Tl NO, is surgical resection only. 
If the surgical specimen reveals more advanced disease, adjuvant 
chemotherapy iis considered. 1he treatment of patients present
ing with stage 1!1 disease (T2 Nx, T3 NO) is the most controver
sial. Surgical resection is indicated, but opinions vary as to the 
best type of surgical resection and if there is a need for chemo
therapy. lf chemotherapy is recommended, it is given in the 
neoadjuvant setting. Treatment of patients preseming with stage 
III disease (T3 Nl, T 4 NO) is also debated, but a little less so. 
Most physicians agree that multimodality therapy is needed, but 
the timing and type of surgical resection remain unresolved. 
Advocates of aggressive surgical resection (three-field en bloc 
esophagectomy, with a radical thoracic and abdominal lymph
adenectomy) disagree with those who advocate multimodal 
therapy with neoadjuvant chen10radiotherapy foUowed by a 
more conservative surgical approacl1 ( transhiatal or transthoracic 
esophagectomy). Scientific evidence supporting the benefit of 
one over the other is lacking. 

Chemotherapy Althougl1 there is still no complete understanding 
of tumor biology, the concept that tumors begin in a particular 
location and spread by vascular and lymphatic channels is 
accepted. Tius may be an overly simplistic view of the true 
nature of malignancy but, nevertheless, it is the prenlise on 
which we have established management of esophageal cancer. L1 
the earliest days of treatment, the only chance for cure was surgi
cal excision of the prinlary rumor and regional tissues that might 
be involved. With the advent of chemotllerapy, the management 
of cancer bas changed dramaticaUy, with surgery playing a less 
aggressive role. However, in me case of many cancers for which 
surgery is no longer a central theme, the chemotherapy available 
to treat those tumors is effective and can control and often 
eradicate local and distant tumors. Unfortunarely, in esophageal 
and gastric tumors, this is not the case. AJtllough some improve
ments have been made, chemotherapy for gastric and esophageal 
cancers remaiJ1S poorly able to control local and distant disease. 
'TI1e best complete response rate for adenocarcinomas is 25% 
when chemotherapy is given in combination witb radiation. 
Squamous cell cancers respond mo.re favorably than adenocar
cinomas but, without surgery or radiation therapy, chemother
apy is l imited in its ability to achieve a cure. 

Studies have shown tl1at there is !inUred benefit to chemo
therapy in combination with surgery, with or without the addi
tion of radiation. Although there is a trend toward improved 
survival with neoadjuvant chemotherapy, there is nothing to 
suggest that adjuvant chemotherapy is of any added benefit. 
However, the addi tion of radiotherapy to a neoadjuvant chemo
therapeutic regimen has shown a slight improvement in long
term survival. 'TI1e type of chemotherapy used is dependem on 
a number of factors, such as mcchruusm of action, drug side 
effects, and drug cost. 'TI1ere are six major categories of chemo
therapeutic agents, as defined by their mecl1rulism of action, that 
are used to treat esophageal cancers. The response to single-agent: 
therapy (20o/o to 30%) is lower than with combination therapy 
(45% to 55%), and the response of metastatic disease (25o/o to 
35%) is lower thru1 that of locoregional disease (45% to 75%). 

Since its introduction in 1980, cisplatin has emerged as the 
cornerstone of combination therapy in esophageal cancer. As a 
single agent, it has a response rate of 25o/o to 30%. Given in 
combination with 5-fluorouracil , a response rate of50o/o may be 
achieved; clus is a11 established chemotherapeutic regimen for 
esophageal cancer. Administered once a week over a period of2 
to 10 weeks, up to eight cycles of chemotherapy are infused. 
Neoadjuvant treatment is usuatly linlited to four cycles, whereas 
definitive therapy can be administered up to 3 months if the 
patient tolerates the side effects. The addition of a third agent, 
including (but not linllted to) nlitomycin C,33 etoposide, and 
paclitaxd, is gaining favor and has resulted in some improve
ment in locoregional control and short-term survival. 'TI1e use 
of new drugs and different combination tl1erapy is encouraged, 
but patients need to be cow1seled about survival witl1 established 
versus nonestablished therapy. There is a fiJle line between offer
ing hope ru1d raking advru1tage of the trusting naivete of an 
emotionally fragile patient. 

Radiation Therapy Radiation therapy is used to control the 
tumor locaUy but is rarely administered alone. Given as defini
tive treatment, a total dose of 6000 to 6400 cGy in. 180- to 
200-c.Gy fractions is given 5 days a week for a period of 6 to 7 
weeks. Studies have demonstrated tl1at there is no survival 
benefit to neoadjuvru1t radiotllerapy alone; however, in combi
nation with chemotherapy, a trend toward improved survival is 
noted (Table 43-1 0). A neoadjuvant regimen tl1at has shown 
some pronlise is induction cisplatin and paclitaxel followed by 
combination chemoradiotherapy witl1 5-Buorouracil, cisplatin, 
and paclicaxel and 4500 cGy of external beam radiation:11 When 
followed by surgical resection, the 2-year survival approaches 
76% for stage ([ or HI esophageal adenocarciJ1omas. Neoadju
vant radiation must be linllted to 4500 cGy to avoid the surgical 
morbidity associated with extensively radiated tissue beds. Injury 
to the airway and great vessels and poor tissue healing are associ
ated with high-dose radiation. Preserving the gastric conduit for 
replacement of the esophagus is critical; this is considered as the 
radiation field is prepared. Eradication of the prin1ary tumor is 
not necessary a11d is not the goal of neoadjuvant radiation. A 
balance between control of disease unti l the time of surgery and 
preservation of the ga.~tric conduit ru1d adjacent structures is 
critic.al, ru1d often difficult to achieve. 

Surgial Resection 1l1ere are a nwnber of esophageal resections 
used to treat esophageal cancer, ru1d no one technique has estab
lished domiJlaJ1ce. ln contrast, with better understanding of 
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Table 43-10 Compilation of Randomized Controlled Trials of Neoadjuvant Therapy Plus Surgery Versus Surgery Alone 

STUDY (YEAR) 

5-yr SUrviVal 

Arnott et al (1998) 

Nygaard et al (1992) 

Wang et al (1989) 

Launois et al (198.1) 

Gignoux et al (1987) 

Total: 

3-yr SUrviVal 

Nygaard et al (1992) 

Walsh et al (1996) 

Basset et al (1997) 

NO. OF PATIENTS: 
SURGERY VERSUS 
XRT + SURGERY 

86 vs 90 

SOvs 58 

102 \IS 104 

57 vs 67 

106 vs 102 

401 vs 421 

SURGERY VERSUS 
CRT + SURGERY 

38 vs 34 

55 vs 58 

139 vs 143 

OPERATIVE MORTALITY (~): SURVIVAL (~): 
SURGERY VERSUS SURGERY VERSUS 
XRT - SURGERY XRT + SURGERY 

8vs 10 16vs 9 

12 vs 12 10vs 21 

5vs5 37 \IS 33 

1 I vs 13 llvslO 

18 \IS 24 10vs9 

11 vs 13 18vs 17 

SURGERY VERSUS SURGERY VERSUS 
CRT + SURGERY CRT + SURGERY 

13 vs 24 11 vs 18 

2vs7 7 vs3 

4 vs 13 41 vs 43 

Total: 232 vs 235 5 vs 13 28 vs 37 

Modified from Yau P, Jamieson GG: Adjuvant and neoadjuvant therapy for cancer of the esophagus. In Pearson FG (eel): Esophageal surgery, ed 2, Philadelphia, 2002. 
Churchill Livingstone. p 749, Table 47-1, 47-2. 

CRT, Chemoradiotherapy; XKT; radiation therapy. 

Table 43-11 Factors Affecting Surgical Decision Making for Esophageal cancer --------------------------
TYPE OF ANASTOMOTI( 

TUMOR LOCATION CONDUIT SURGICAL APPROACH LOCATION ANASTOMOTIC TECHNIQUE POSITION OF CONDUIT 

Cervical THE Cervical Hand-5ewn Gastric Posterior mediastinum 
Upper thoracic TIE Intrathoracic Stapled Free jejunum Pleural space 
Midthoracic EBE Intra-abdominal (lower 
Distal, cardia VSE mediastinal) 

MIE 

tumor biology, improved chemotherapy, and advanced technol
ogy, more surgical techniques are emerging. 'TI1ere are no pro
spective trials randomizing surgical resection options. All the 
data used to guide surgical therapy have come from retrospective 
reviews or clinical bias. A lack of patients and financial resources 
to perform randomized surgical trials results in training and 
institutional biases that drive the polarized surgical dogmas and 
individual preferences for particular surgical techniques. Several 
factors affect surgical decision making and subsequent operative 
and long-term outcomes (Table 43- 11 ): 
l. Location of the tumor 
2. Surgical approach 
3. Location of the anastomosis 
4. Anastomotk technique 
5. Type of replacement conduit 
6. Position of the conduit 

Location of the Tumor 
APPROACH TO CERVICAL TUMORS Most tumors of the upper 
esophagus above the level of the carina are squamous cell carci
nomas. Surgical excision with immediate reconstruction signifi
cantly improves survival over radiation therapy alone for patients 
with upper esophageal tumors. Every attempt is made to stage 
these tumors properly because invasion into the trachea, vocal 
cords, or recurrent laryngeal nerves or positive surgical margins 

Su~ercharged j ejunum Substernal 
Coon Subcutaneous 
Forearm free graft 

significantly alter outcomt."s. Tumors that do not i.nvadt." thl" 
trachea, spine, larynx, or vessels are resected primarily. Tumors 
adjacent to the cricophary11geus muscle or the larynx are treated 
with two to three cycles of chemotherapy and up to 3500 cGy 
of radiation therapy before surgical resection. To be sure that the 
tumor is resectable, surgery is initiated with endoscopy, bron
choscopy, and cervical exploration. Interval resection of tumor 
and esophagus with forearm free-graft reconstruction or tran
shiatal esophagectomy with a gastric pull-up may then be per
formed. Lesions that extend into the thoracic inlet are treated 
with a near-total esophageal resection through the transhiatal or 
transthoracic approach to ensure a safe and complete resection. 
Under these circumstances, a gastric conduit is used. In circum
stances in whicb it is not available or offers inadequate length, 
alternative conduits are considered. 

APPROACH TO THORACIC AND CARDIA TUMORS 1hcrc are a variety 
of surgical resections for tumors of the thoracic esoph3!,>1.1s and 
cardia. The transhiatal esophagectomy (THE), transthoracic 
esoph agectomy (TTE), three-6eld en bloc esophagectomy 
(EBE) , vagal-sparing esophagectomy (VSE), and minimally 
invasive esophagectomy (MlE) are all applied. 'TI1ey vary with 
regard to size and number of incisions, locarion of rhe anasto
mosis, extent of lymphadenectomy, need for a pyloropla~ty. and 
preservation of the vagus nerves (Table 43-12). 'TI1ey each have 
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Table 43-12 Comparison of Esophageal Resection Techniques 
EBE TTE 

Incisions Neck Chest 
Chest Abdomen 
Abdomen 

Anastomosis Neck Chest 

l ymphadenectomy Radical thoracic, Available thoracic, 
abdominal abdominal 

Pyloroplasty Yes Yes 

Preservation of vagus No No 
nerves 

distinct advantages and disadvantages and the risks and benefits 
are still debated. 

SUrgkol Approach 
TRANSHIATAL EsoPHAGECTOMY THE has gained popularity in the 
past 25 years. It was devdoped to reduce the morbidity from 
respiratory failme and intrathoracic leak associated with trans
thoracic esopbageal resections. 1he rranshiatal resection requires 
two incisions, left neck and abdomen. The stomach and esopha
gus are mobilized through an upper midline abdominal incision, 
avoiding a thoracotomy. Mobilization of the esophagus is done 
blindly with manual manipulation through a wi.dened hiarus. 
1l1e stomach is. tubularized and gently passed through the pos
terior mediastinum and a cervical esophagogastric anastomosis 
is performed. Accessible lymph nodes in the neck, lower d1est, 
and abdomen are removed, but there is no additional atten1pt 
to perform an extensive lymphadenectomy. 

1l1ere are several distinct advantages and disadvantages to 
THE. Advantages include a decreased anastomotic leak rate of 
3% using the stapled tedmique,35 less morhid cervical leak if a 
leak does occur, and mortality rate of 4o/o that compares favor
ably against me higher rates seen with the TIE and EBE. 
Reduced operative tin1es, less blood loss, and fewer cardiorespi
ratory complications have all been reported with THE. Disad
vantages include a higher rate of postoperative strictures, injury 
to great vessds, airway structures secondary to a blind transhiatal 
dissection, and inability w perform a complete lymph node 
dissection. 

Despite these disadvantages, the literature has indicated 
that THE remains cl1e safest esophageal resection. 

TRANSTHORACIC EsOPHAGECTOMY TTE was tbe fust operation 
designed to resect the diseased esophagus with the intent of 
curing cancer. 1l1e procedure requires two incisions, right cbest 
and abdomen. Surgery is initiated through an upper midline 
laparotomy incision. After the stomach and lower esophagus are 
mobilized, a feeding jcj unostomy tube is placed and the patient 
is repositioned on tbe left side. A thoracotomy incision is made 
and the esophagus is mobilized. The esophagus is transected at 
the levd of the azygos vein and an intrathoracic esophagogastric 
ana~tomosis is performed. No additional attempt is made to 
perform a radical lymphadenectomy or preserve an additional 
envel.ope of tissue around the tumor bed. 

The risks and benefits of the transthoracic resection are weU 
established. 1l1e overall morbidity and mortality rates are slightly 

THE 
Neck 
Abdomen 

Neck 

Available lower 
mediastinal. abdominal 

Yes 

No 

VSE 
Neck 
Abdomen 

Neck 

None 

No 

Yes 

MIE 

Neck 
(Chest) 
(Abdomen) 

Neck 

Available thoracic, 
abdominal 

Yes 

No 

higher cl1an iliose seen wicl1 THE, but no more than seen with 
EBE. The mortality rate is just under lOo/o; the morbidity rate 
approaches 30o/o and includes pneumonia, effusions, respi.ratory 
failure, atrial fibrillation, and myocardial ischemia. Because of 
tbe improved blood supply to the midstomach, where ilie anas
tomosis is placed, the rate of anastomotic leak is the lowest of 
all esClphageal resections and is 3% to 4% in most centers. When 
an anastomotic Leak does occur, it may be difficult to control 
and can lead to an intrathoracic infection, sepsis, and death. 
Significant reflux may occur in patients wbo have undergone a 
trans·thoracic resection and, i,n cl1e presence of Barrett's esopha
gus, may lead w tl1e development of recurrent disease and meta
chronous cancers. Despite iliese shortcomings, advocates of the 
Ivor-Lewis TIE continue to demonstrate good operative and 
long-term results. 

EN BLOC EsOPHAGECTOMY EBE is an aggressive resection that: 
aims to achieve an RO resection . The key components of the 
EBE mat separate it from the other esophageal resections are the 
addition of a radical thoracic and abdominal lymphadenectomy 
and a wide local. resection of tissues enveloping the tlllllor. It is 
the most extensive of all esophageal resections and requires three 
incisions- left neck, right chest, and abdomen. Surgery .is initi
ated through a right thoracotomy iJlcision. The bealcl1y tissues 
surro unding the esophagus are mobilized so cl1at the tumor bed 
is not disturbed. 1l1e venous and lymphatic vessels, including 
the azygos, hemiazygos, and intercostal veins, are ligated and 
divided and removed en bloc with the specimen. A radical tho
racic lymphadenectomy is perfom1ed and all mediastinal lymph 
nodes (including the right paratracheal, subcarinal, paraesopha
geal, and right and left inferior pulmonary ligament nodes) and 
diaphragmatic lymph nodes, as well as the lymphatic tissues 
associated with the thoracic duct, are removed. An upper midline 
abdominal incision is made and the stomach is mobilized. A 
radical abdominal lymphadenectomy is performed that includes 
removal of paracardial, left gastric, portal, common hepatic, 
celiac, splenic, and lesser and greater curvature lymph nodes. 
The gastric conduit is brought up through the posterior medi
astinal space and a cervical esopbagogastric anastomosis is 
performed. 

The benefits of EBE have been debated by many who prefer 
a conservative surgical approach. Advocates of EBE are commit
ted to the concept that an aggressive RO resection is essential to 
establish locoregional control and should be considered as the 
primary treatment modality for patients with esophageal 
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cancer.36 They have argued that chemotherapy alone is not effec
tive in treating nodal disease and should be considered only for 
patients with more extensive disease found at the time of surgical 
resection. Retrospective reviews carried out in centers that advo
cate this approach have shown an increase in 5-year survival in 
patiems with eady-srage disease who undergo EBE as compared 
with T HE. It has also been demonstrated that for patients with 
fewer than nine iJwolved lymph nodes, EBE has aJl improved 
2-year survival when compared wid1 THE (40% versus 32%) 
but, if nine or more lymph nodes are involved, there is no added 
benefit to the CLl bloc resectionY 

Although the advantages of EBE are disputed, the addi
tional risks associated with tlus operation are not. rn centers iliat 
perform this radical resection routinely, a mortality rate of 4.5% 
and a morbidity rate of 51% are noted.36 Most postoperative 
complications are pulmonary. The aJlastomotic leak rate of 8% 
is consistent wiili a cervical esophagogastric anastomosis. 
Although there are no reports of an increa<;e in graft failure, it 
is known to be a significru1t problem by surgeons who perform 
this surgery. EBE remains a signi6cru1t approach to resection of 
esophageal cancer; however, it is performed in few centers ru1d 
is avidly contested by those who do not perform radical resec
tions routinely. To determiJ1e the real bene£.t of one esophageal 
resection over aJJother, a prospective raJJdomized trial is needed. 
With few patients, resources, and centers wiiJing and able to 

support a radical resection, this trial will be difficult to initiate 
aJld complete. lmproven1ents in chemotllerapy ru1d nonsurgical 
therapies are likely to render the radical and perhaps even more 
conservative surgical esophageal resections urmecessary, as they 
have in mru1y other cancer arCJlas. 

VAGAL-SPARING ESOPHAGECTOMY VSE has gained favor iJ1 a few 
centers in the United States. It is similar to ilie transhiatal resec
tion facilitating a limited nodal dissection and is advocated for 
tl1e treatment of intran1ucosal tumors. The technique varies 
from THE only ill me method of rrmoving the esophagus 
without severmg the vagus nerves. The esophageal resection is 
performed by strippmg d1e esophagus away from the vagus 
nerves, performil1g a highly sdective vagotomy, ru1d preserving 
the function of rl1e pylorus so that a pyloroplasty is not needed. 
ft can be done using nllnimaUy invasive techniques. Results have 
shown improved ga~tric function over esophageal resections that 
include a vagotomy ru1d pyloroplasty. 10 Incomplete resection of 
the esophagus is a concern, especiaiJy if multiple biopsies have 
been performed and scarrmg or tetllering to surrounding struc
tures has occurred. 1l1e morbidity ru1d mortality are otherwise 
comparable to mose of THE. 

MINIMAUY INVASIVE EsoPHAGECTOMY [n the past 15 years, MIE 
has gained popularity. Thoracoscopy or transcervical mediasti
noscopy are substituted for a thoracotomy, whereas laparoscopy 
is substituted for a laparotomy. Short-term outcomes have 
shown that the thoracoscopic-laparoscopic tedu1ique is safe and 
effective aJJd offers comparable results to THE dissection, with 
the added beneffits of less pain and a shorter hospital stay.38 

Although these minin1ally invasive approaches are not aimed at 
achieving a radical resection, one study ha~ demonstrated the 
attempt of a hand-assisted, mirumally invasive approach to a 
radjcaJ thoracic lymphadenectomy.39 As the..~ techniques are 
refined and taught in surgical training programs, learni.ng curve$ 
will fade ru1d long-term outcomes will be established. 
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Locati&.n of the Anostomosis Although the location of the aJJasto
mosis is determined by the type of surgical resection performed, 
the success of the anastomosis is nor. As with any gastromtestinal 
aJJastomosis, good blood supply and a tension-free repair wW 
resuJt in success. [n esophageal surgery, this is often difficult to 
ensure. Pariems who have comorbid conditions such as diabetes, 
hypertension, or history of tobacco abuse have compromised 
microvascular circulation that could affect the viability of the 
gastric conduit. In addition, radiation iJ1jury iJ1duces vascular 
changes tllat prevent proper tissue healing. An intrathoracic 
esophagogastric ru1astomosis has a slightly better chru1ce of 
healmg. The cervical gastroesophageal aJJastomosis, on the othe.r 
hand, is fraught with the dru1gers of necrosis of ilie tip of the 
tubularized stomach because of compromised blood flow from 
compression of the conduit in the mediastinum. Anastomotic 
leaks that occur before 48 hours are caused by graft ischemia as 
a consequence of inadequate arterial blood supply to the graft. 
Leaks that occur from 7 to 9 days are caused by graft ischemia 
as a c011sequence of venous compromise. A reduction of cervical 
aJlastomotic leaks has occurred with newer rutastomotic and 
reconstructive tecluuques. 

Anastomotic Technique There are two techniques for perfornling 
aJ1 aJJastomosis, haJJd-sewn aJJd stapled. A haJJd-sewo aJJasto
mosis is performed using a single layer of interrupted 4-0 
absorbable sutLLre. The stapled anastomosis uses a lillear staplillg 
device to create tile posterior layer and a hand-sewn or stapled 
tecrulique to complete the anterior layer. 1l1e stapled technique 
has been shown to reduce tile rate of postoperative strictures and 
cervical ru1astomotic leaks from 13% to 3o/o. lf rut i.ntrathoracic 
anastomosis is required, an end-to-end ana~tomosis (EEA) may 
be accomplished by a hru1d-sewn tech•lique or a stapled tech
tuque {using aJl EEA stapling device), with equivalent postop
erative results. 

Replacement Conduits There are several methods for reestablish
ing ga~trointestinal continuity after esophageal resection for 
cancer. [n most cases, the stomach can be used and is tile conduit 
of choice. Short interpositions can be accompllshed with a free 
jejunal flap or free forearm graft. The vascularity of the free Bap 
is mailltained with a microvascular ru1astomosis to tl1e internal 
mammary artery ru1d vein or available cervical vessels. For longer 
segments, a supercharged jejtmal (pedicle flap with aJl additional 
microvascular anastomosis) and colotlic iJlterposition are boili 
good alternatives. O ver tiJne, long segments of jejunum or colon 
may asstm1e a sigmoidal shape i11 the distal portions of the graft 
ru1d result in obstructions that often require surgical revision. 
With me exception of the gastric pull-up, all conduits require 
aJl additional enteroenteric aJlastomosis, which increases the risk 
for leaks and subsequent morbidity. 

Conduit Position There are several routes along which the replace
ment graft may be placed--subcutaneously, substernally, ill the 
right pleural space, or iJ1 the posterior mediastinum. 1l1e poste
rior mediastinal space is the shortest route between the stomacb 
ru1d cervical esophagus, but is often iJ1accessible. Patients under
going resection of the esophagus with in1mediate reconstruction 
wW have an opened posterior mediastinal space, wluch should 
be amenable to placement of any type of replacrmem condu.it. 
A substernal route is preferred if there is evidence of fibrosis or 
tumor iJ1 the posterior mediastinum. l t is a slightly longer route 
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and there is a smaU decrease in function over the posterior 
mediastinal route but, overall, a conduit in the substernal posi
tion has good functional results. The subcutaneous rome is also 
an option, although it is cosmcticaUy unappealing and function
ally chaUenged. lt also requires a slightly longer conduit and is 
used only as a lasc resort. A gascric pull-up in the poscerior 
mediastinal position ha~ the best functional resuh. and every 
effort is made 1t0 preserve and usc this successful combination. 

Treabnent for Palliation PalJiative measures include chemother
apy, radiation therapy, photodynamic therapy, laser therapy, 
esophageal scenting, feeding gastrostomy or jejunostomy, and 
esophagecromy. These measures are aimed ac reducing tumor 
burden or restoring nutritional access and should be considered 
in any patient who ha~ no chance for cure or would not with
stand the rigors of treatment for cure. Chemotherapy will treat 
systemic disease and help reduce the overaU tumor burden. 
However, it usually needs co be given in combination with radia
tion therapy so that control of the local tumor is obtained. PDT 
is an alternative palliative treatment that provides relief from 
dysphagia for an average of 9.5 months.40 Endoscopic laser 
therapy is an additional palliative measure that may be used. It 
is effective in restoring luminal patency, with low morbidity and 
mortality rates (<5o/o). Endoscopy with dilation and scent place
ment maintains enough patency of the lumen co handle swal
lowed saliva.41 The patient is counseled for an esophagectomy 
before dilation because perforation occurs up to lOo/o of the 
time. A feeding rube may still be needed to rescore nutritional 
access. The average survival after placement of a paUiative scent 
is less than 6 months. 

Many patients are interested in nontraditional treatment 
options, such as herbal medicines and supplen1ents, acupunc
ture, and chelation therapy. Some, such as acupuncture, may 
offer some palliation to pain, whereas others, such as herbal 
remedies, help abate side effects from conventional medical 
treatment. There is limited scientific understanding of me many 
alternatives that are available, and their use must be encouraged 
with caution. 

UNUSUAL MALIGNANT ESOPHAGEAL TUMORS 
Most malignant tumors in the esophagus are squamous cell 
carcinomas or adenocarcinomas. 'These cwo cell types accowu 
for 98o/o of all malignancies of the esophagus. l11e remaining 
2o/o comprises a variety of unusual tumors that can arise from 
different layers and structures within the esophagus, including 
the mucosa, submucosa, muscularis propria, and adventitia. 
Among them, neuroendocrine tumors, caccinosarcomas, mela
nomas, and sarcomas are the most common. l11ey each have 
distinct locations and characteristic patterns of spread. In 
general, epithelial tumors tend co be located in the mid at1d 
distal esophagus, whereas tumors arising from the deeper layers 
of the esophageal waU. are more evenly distributed throughout. 
These cumors have varying biologic behavior, which is reBecred 
in their metastatic patterns. Regardless of the cell type, these 
malignant tumors have the potential to spread through one of 
four mechanisms: 
1. Im:raesophageal spread 
2. WaU penetration with invasion of adjacent structures 
3. Lymphatic spread to regional and distant lymph nodes 
4. Hematogenous spread 

Bad<ground 

Neuroendocrine Tumors 
Neuroendocrine tumors are small cell tumors mat originate 
from the argyrophilic or argentaflinic cells of the esophageal 
mucosa or carcinoid cumors rhac arise from cells of the amine 
uptake and decarboxylation (APUD) system. Small cell tun1ors 
are the most conmwn of the unusual malignant tumors found 
in the esophagus. Both types of tumors are foLmd primarily in 
tl1e distal esophagus and carry a poor prognosis. 

Carcinosarcomas 
Carcinosarcomas are rare entities iliac are composed of caccino
matous and sarcomatous elements. The exact cause is not yet 
elucidated, but a number of theories prevail: 
l. Collision theory, whereby two separate tumors collide and 

become one 
2. Stem cell theory, whereby both types of cells originate from 

the san1e stem cell, with dedifferentiation of the carcino
matous cells into sarcomatous cells 

3. Theory tllat me sarcomatous portion represents reactive 
hyperplasia, not malignancy 
These lesions arc often polypoid, arc found in the lower 

two thirds of the esophagus, and carry a prognosis sinillar to 
their individual elements. 

Malignant Melanomas 
Malignant melanomas arise from malignam transformation of 
melanocytes in the mucosa superficial to the lamina pro.pria. 
Although uncommonly found in the esophagus, they account 
for 17o/o of all unusual esophageal wmors. 1l1ey usually manifest 
as a polypoid, ulcerated, pigmented mass in the lower two thirds 
of the esophagus. Satellite lesions may also be present. More 
than 50o/o of patients present with metastatic disease at the time 
of diagnosis. 'TI1ey are most commonly found in che distal two 
thirds of the esophagus and carry a poor prognosis if there is 
evidence of disease outside tl1e esophagus. 

Sarcomas 
Sarcomas are a heterogeneous group of tumors that include 
leiomyosarcomas and Kaposi's, sarcoma. They constitute less 
then I o/o of all unusual tumors. Leiomyosarcomas are the most 
common and arise from the smooili muscle il1 the muscularis 
mucosa and muscularis propria. They are foLmd witl1 equal 
distribution wiiliin the esophagus. 

Symptoms and Diagnosis 
These patients present with dysphagia and weight loss. Barium 
swallow and endoscopy are the primary diagnostic modalities 
and can identifY an ohstructing mass in the esophagus. Endo
scopic biopsy is difficult and is associated with a poor diagnostic 
yield, but must be pursued whcn possible. 

Treabnent 
'TI1e rarity of these tun1ors and the lack of available information 
regarding crearmenc and survival make it difficult co establish 
educated therapeutic decisions. Surgical excision by esophageal 
resection is the treatment of dwice for tumors tl1at are dearly 
confu1ed co the esophagus. TI1e approach is guided by the 
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location of the tumor. Adjuvant d1emotherapy may be advo
cated for small ceiJ tumors and atypical carcinoids. Unlike 
patients with on:her cancers of the esophagus, patients with 
esophageal leiomyosarcomas who have distant metastatic disease 
can experience lo ng-term survival after resectio n if the following 
facrors are noted: 
1. Complete surgical resection 
2. Early stage 
3. Low grade 
4. Polypoid growth pattern 
5. TI10racic ratther than cervical tumor 

W ith improvements in medicine and redrnology, treat
ment of these rumors may change, and endoscopic resecdon 
with adjuvant chemotherapy may start to play a role in the 
overall management of these unusual tumors. 

CONCLUSION 
History is a s tory that offers guidance to the future; science is a 
m ethod that guides the integrity of our work. Th.e history of 
esophageal surgery, its successes and failures, offers guidance to 
those whose practice is dedicated to understanding the function 
and dysfunction of the esophagus. The practice of surgical 
science guides our consciences to make safe and effective thera
peutic decisions iJ1 our surgical practices. lr is up to the esopha
geal surgeons of the 21st century to create public awareness, 
educate medical minds, and explore the derails of this gastroin
testinal territory that our surgical forefathers courageo usly placed 
on the map. ft is in our best imerest to let science determine the 
surgical principles of our time. 

The challenges that lie al1ead will fuel our curiosities 
and our quest for knowledge as we struggle to defiJle tbe com
plexities that lurk w ithin the esophagus. Let us learn from 
history and proceed confidendy and courageously as well
educated surgeons dedicated to understanding this seemingly 
simple organ. 
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CHAPTER 44 1 

HIATAL HERNIA AND 
GASTROESOPHAGEAL 
REFLUX DISEASE 
REBECCA P. PETERSEN, CARLOS A. P ELLEGRINI, 
AND BRANT K. OELSCHLAGER 

GASTROESOPHAGEAL REFLUX DISEASE 

PARAESOPHAGEAL HERNIAS 

SUMMARY 

'The role of operative treatment for gastroesophageal reflux and 
hiatal hernias changed dramatically during the 1990s. Once a 
relatively uncommon procedure, many antireflux operations and 
hiatal hernia repairs (mostly for paraesophageal hernias) are now 
performed i11 many centers arow1d the world. 'TI1e driving force 
behind increased surgical referral for ueaonenc was the develop
ment of rni.Jlinlally invasive surgery. Although the techniques of 
antireflux operattions have not changed, the approach to tbe 
operation has become more acceptable to the patient and refer
ring physician because of the small incisions, relatively short 
hospital stay, and lack of associated perioperative pain when 
compared with open approaches. Thus, the surgeon must be 
familiar with aU aspects of evaluating and treating both entities 
because he or she is ultimately responsihle for the successful 
outcome of the patient. 

GASTROESOPHAGEAL REFLUX DISEASE 

Pathophysiology 
'TI1e lower esophageal sphincter (LES) has the primary role of 
preventing reflux of the gastric contents into the esophagus. 'TI1e 
sphincter is not a distinct anatomic structure but is a unique 
physiologic entity, located just cephalad to the gastroesophageal 
junction (GEJ). [tis clearly identifiable as a zone ofbigb pressure 
during manometric evaluation as the sensing device passes from 
the stomach into the esophagus. 

Several factors contribute to the generation of this high
pressure zone. The first is the intrinsic musculature of the distal 
esophagus. These muscle fibers dlffer from those in other areas 
of the esophagus in that they are in a state of tonic contraction. 
1l1ey normally relax with initiation of a swallow and then return 
to a state of tonic contraction. The second contributing factor 
to LES pressme is the sling fibers of the cardia. These fibers are 
at the same anatomic depth as the circular muscle fibers of the 
esophagus but are oriented in a different direction. 'TI1ey run 
diagonally from the cardia-fundus junction to the lesser curve 
(Fig. 44- l ). These fibers are responsible for a significant percent
age of the lower esophageal high-pressure zone. The third con
tributing factor to the maintenance of the high-pressure zone in 

the distal esophagus is the diaphragm. As the esophagus passes 
from tl1e chest to the abdomen, it is surroLmded by the cmra of 
the diaphragm. During inspiration, the anteroposterior diameter 
of the crural opening is decreased, compressing the esophagus 
and increasing the measured pressure at the LES. 'Tills concept 
is particularly important for the interpretation of esophageal 
mru1ometry tracings. By convention, assess the LES pressure at 
mid or end expiration, thereby providing reliable, reproducible 
pressure measurements. The last component of the pressure gen
erated at the lower esophageal high-pressure zone is the tran.smit
ted pressureofthe abdominalcavity.Theabdorninalcompartment 
has a relatively higher pressure thru1 the thoracic cavity. A GEJ 
that is firmly anchored in the abdominal cavity will be exposed 
to a greater transmural pressure than one that is in the posterior 
mediastinum. 

Gastroesophageal reflux may occur when the pressure of 
the high-pressure zone iJ1 the distal esophagus is too low to 
prevent gastric contents &om entering the esophagus or when a 
sphincter wi th normal pressure undergoes spontaneous rdax
ati.on, not associated with a peristaltic wave in the body of the 
esophagus.' Other changes in tl1e high-pressure zone, such as 
shortening, which occu.rs as part of cephalad displacement or as 
gastric distention from food or air, may also elinlinate the barrier 
ru1d result in reflux. Because even small chru1.ges in the high
pressure zone compromise its effectiveness, reflux episodes occur 
in. normal people. The distinction between gastroesophageal 
reflux disease (GERD) and gastroesophageal reflux is a fine and 
imponam one and requires knowledge of associated symptoms, 
mucosal damage of the esophagus, total amOLUlt of acid expo
sure. w d other factors. 

GERD is o.ften associated with a hiatal hernia. Although 
ru1y type of hiatal hernia may give rise to ru1 incompetent cardia, 
the most common is the type I hernia (Fig. 44-2A), also called 
a sliding hiatal hernia. A type I hernia is present when the GEJ 
is not maintai.ned .in the abdominal cavity by the phrenoesopba
gealligament (membrru1e). Thus, the cardia migrates back and 
forth between the posterior mediastinum and peritoneal cavity. 
'TI1e pbrenoesophageal !igan1eJ1t is a continuation of the CJldo
abdominal fascia, which reflects onto the esoph~'l.IS at the 
hiatus. It lies just superficial to the peritoneal reflection at the 
hiatus and continues into the mediastinum (Fig. 44-3). Although 
the presence of a small sliding hernia does not necessarily imply 
an iJ1competem cardia, the larger its size, the greater the risk fnr 
abnormal gastroesophageal reflux. 

Hiatal hernias are classified by their anatomy iJlto three 
types (I to III). Types n and UI hiatal hernias are often referred 
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Outer longitudinal 
muscle 

Anterior vagal trunk 

Inner circular m 

Phrenoesophagealligament 
Peritoneum (reflected) 

FIGURE 44-1 Schematic drawing of the muscle layers of the esopha
gogastric region. The intrinsic muscle of the esophagus, diaphragm, 
and sling fibers contribute to the LES pressure. The circular muscle 

A GEjunction 8 GEjunction 

fibers of the esophagus are at the same depth as the sling fibers of 
the cardia. C 

Phrenoesophageal 
ligament upper and 

lower limbs 

FIGURE 44-2 The three types of hiatal hernia. A. Type I is also called 
a sliding hernia. B, Type II is known as a rolling hernia. (. Type Ill is 
referred to as a mixed hernia. GE, Gastroesophageal. 

\\,..:....:.,......:l~.,.....-- Diaphragm 

-'.ll-~~.,--"--Subhiatal fat ring 

FIGURE 44-3 Section of the GEJ demonstrates the relationship of the peritoneum to the phrenoesophageal membrane. The phrenoesophageal 
membrane continues as a separate structure into the posterior mediastinum. The parietal peritoneum continues as the visceral peritoneum as 
it reflects onto the stomach. 
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co as pamesophageal hernias and, although they may be associated 
with GERD, are also larger, more difficult hernias to treat and 
may be associated witl1 acute or chronk obstructive symptoms. 
A cype II hernia (see Fig. 44-2B), also called a rolling or para
esophageal hernia, occurs when me GEJ is anchored in the 
abdomen but the hiatal defect, which is usually large, provides 
space for viscera to migrate into me mediastinum. 11le relatively 
negative pressure in the thorax facilitates visceral m igration. 
Usually, the fundus of the stomach migrates into tlle mediasti
num; however, tlhe colon and spleen are also occasionally identi
fied. 1lus is discussed in more detail later in this chapter 
("Paraesophageall Hernias"). A cype ill henua (see Fig. 44-2C) 
is a combination of the first two, in which the GEJ and fundus 
{or other viscera) are free to move into the mediastinum. 

A hiatal hernia is neitl1er necessary nor sufficient to make 
the diagnosis of GERD, and the presence of such a hernia does 
not constitute an indication for operative correction. The theo
retical implications of a cype I or Til hiatal hemia being present 
is mat the cardia and distal esophagus have the potential to be 
exposed to the negative pressure of the thoracic cavicy. 1his 
would lower the pres~ure at the LES, thereby allowing reflux to 
occur more readily. Many patients with hiatal hernias do not 
have symptoms and do not require treatment. 

Clinical Presentation 
The most common presentation of patients with GERD includes 
a long-standing history of heartburn and a shorter history of 
regurgitation. Heartburn, when typical, is a reliable symptom. 
Heartburn is confined to the epigastric and retrostemal areas. It 
is identified a~ a caustic or stinging sensation. It does not radiate 
to the back and is not characteristically described as a pressure 
sensation. It is best to ask the patient to describe in detail the 
sensation that he or she is experiencing. Sometimes, tlle symp
toms will be more characteristic of peptic ulce.f disease, choleli
tluasis, or coronary artery disease. 

The presence of regurgitation indicates progression of the 
disease. Some patiems will be unable to bend over without 
experiencing the unpleasant event. A distinction between regur
gitation of undigested and digested food needs to be made. 
Undigested food in the regurgitant is indicative of a different 
pailiologic process, such as an esophageal diverticulum or 
achalasia. 

In addition to heartburn and regurgitation, some patiems 
suffer from dysphagia. Usually, dysphagia represents a mechani
cal obstruction and is more pronounced with solid food inges
tion than with liquids. If dysphagia for liquids and solids occurs 
at the same time and is present wiili the san1e intensity, a neu
romuscular disorder is suspected. When a patient is found to 
have dysphagia, peptic stricture of the distal esophagus is most 
likely to be the cause. However, tumor, diverticula, and motor 
disorders need to be excluded because tlus determination will 
affect the operative approach. 

Oilier symptoms may be present in patients with gastro
esophageal reflux. Most arise from the gastrointestinal tract; 
however, many patients wi.U have symptoms involving the respi
ratory tract as well, caUed extraesophageal symptoms. 1l1e fre
quency of symptoms iJl more than lOOO patieJlts evaluated at 
the gastrointestinal function laborawry of the University of 
Washington is sh own in Table 44-1. Although many patients 
with gastrointestinal symptoms will also complai n of extrae
sophageal symptoms, it is less common for a patient to present 

Table 4ir1 Prevalence of Symptoms in Gastroesophageal 
Reflux Disease* 
SYMPTOM PREDOMINANCE (o/o) 

Heartburn 80 

Regurgitation 54 

Abdominal pain 29 

Cough 27 

Dysphagia for solids 23 

Hoarseness 21 

Belching IS 

Bloating IS 

Aspiration 14 

Wheezing 7 

Globus 4 

~n more than 1000 patients evaluated. Symptoms reported occurred more fre
quently than once a week. 

with onJy respiratory symptoms. This is discussed in detail at 
the end of this section? 

PhygcaiExanUnation 
The physical examination of patients with GERD rarely contrib
utes to confirmation of the diagnosis. In patients with advanced 
disease, several observations may hdp identify the source of the 
patient 's discomfort. A patient who constantly drinks water 
during tl1e interview is facilitating esophageal clearance, which 
may be indicative of continual reflux or distal obstruction. Otl1er 
patients witl1 advanced disease will sit leaning forward and carry 
out the interview with their lungs inflated to almost vital capac
icy. 1h.is is an attempt to keep the diaphragm flattened, the 
anteroposterior diameter of the hiatus narrowed, and thus the 
LES pressure elevated. Patients who have severe proximal reflux 
with regurgitation of gastric contents inw their mouth may have 
erosion of their denti.tion (revealing yellow teeth caused by the 
loss of dentin), .injected oropharyngeal mucosa, or signs of 
chronic sinusitis. 

1l1e physical examination may be helpful in determining 
the presence of other pathologic entities. 1l1e presence of abnor
mal supraclavicular lymph nodes in a patient with heartburn 
and dysphagia may suggest esophageal or gastric cancer. If the 
patient's retrosternal pain is reproducible with palpation, a 
somatic cause is likely. Shorr of these extreme presentations, the 
physical exanlination is generally not helpful in confirming or 
excluding gastroesophageal reflux as a patl1ologic enticy. 

Preoperative Evaluation 
1l1e preoperative workup in a patient being considered for oper
ative treatment wiJJ help confirm the diagnosis, exclude other 
pathologic entities, and direct the operative intervention. 

Endoscopy 
Endoscopy is an essential step in the evaluation of patients with 
GERD who are being considered for operative intervention. 1l1e 
value of the study is its ability to exclude otller djseases, espe
cially a tun1or, and to docw11ent the presence of peptic esopha
geal injury. The degree of injury can be measured usi11g a scori11g 
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system such as the Savary-MiUer interpretation (1 indicates ery
thema; 2, Linear ttlceration; 3, con.Auent ulceration; 4, stricture). 
The extreme of mucosal injury is Barrett's esophagus. Biopsy 
samples are taken to confirm the metaplastic transformation and 
to exclude dysplasia. 

The endoscope has been used ro grade the so-called Rap 
valve.3 This is .interpreted on a retroflexed view of the GEJ. The 
Rap valve is graded from 1 to 4, with 4 being a completely patu
lous junction, with the lumen of the esophagus in full view from 
the body of the stomach. 

Manometry 
A significant amoum of informacion about the function of tbe 
esophageal body and LES may be obtained from stationary 
esophageal manometry. 1l1is test will allow the surgeon to rule 
out primary motility disorders such as achalasia, which may 
mimic the symptoms of reflux and, in patients with GERD, will 
allow the surgeon to plan the operative procedure better by 
providing data about the ability of the esophagus to clear itself 
of ingested food. TI1e manometry catheter is a flexible tube with 
pressure-sensing devices (water, perfused, or solid state) arranged 
at 5-cm intervals (Fig. 44-4). The upper esophageal sphincter 
(UES) is notoriously difficult to analyze because it migrates 
during the cervical phase of swallowing. Fortunately, the char
acteristics of the UES are infrequently relevant to clinical prac
tice. The pertinent information to be gaiJ1ed from me manometry 
tracings concerns the function of the LES and tl1e esophageal 
body. 

1l1e LES is analyzed for mean resting pressure. llus may 
be determined in two ways, a station pull- through and a rapid 
pull-through. Most laboratories report the values recorded from 
the station pull-mrough. With this method, pressures arc mea
sured while the catheter is stagnant, with the radial ports at tbe 
high-pressure zone of the LES. Rapid pull-through measure
ments are obtai11ed while the catheter is being pulled across the 
high-pressure zone at a rate of 1 em/second. 1he latter measure
ments are usually higher than the station pull-through measure
ments because of the artifact of catheter movement. Normal 
pressures for a station pull-through at the LES range from 12 to 
30 rtml Hg. The sphincter generally relaxes to the pressure of 
tl1e gastric baseline for several seconds when a swallow is initi
ated. Other information to be gained from the LES is the total 
length, intra-abdominal length, and location of the sphincter 
relative to the nares. The longer me high-pressure zone and the 
longer the intra-abdominal component, the greater is the barrier 
to reAux of gastric contents. 

1l1c esophageal body is assessed ro determiJlC the effective
ness of peristalsis. With the four channels located at 3, 8, 13, 
and 18 em above the LES, the patient is given a series (at least 
I 0) of 5-mL alliquots of water ro swallow. Peristaltic activity is 
reported as the percentage of initiated swallows that arc trans
mitted ro each channel successfully. Normally, a patient has 
more than 80% peristalsis. 1l1e second characteristic of clinical 
importance is the an1plitude of tl1e peristaltic wave. 1l1e ampli
tude is simply tbe average of the pressures generated in the distal 
esophagus during effectively transmitted peristaltic waves. Inef
fective esophageal motility is defined as less than 70% peristalsis 
or distal esophageal amplitudes lower than 30 mm Hg and is 
often assodated with significant GERD. 

High-resolution manometry is now being used to charac
terize esophageal function more accurately as compared with 
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FIGURE 44-4 Representative tracings from the body of the esopha
gus and the lES show the relative positions of the pressure-sensing 
channels during the study. Peristalsis is seen after a wet swallow in 
the body, whereas the lES is seen to relax to gastric baseline levels 
during the same interval. 

standard manometry. 1l1e specific advantage of high-resolution 
manometry is that it allows for effective continuous recording 
of motor activity along the entire length of the esophagus and 
yields a more complete and detailed picture of esophageal motil
ity. A color-contour plot witl1 time as the x-axis and esophageal 
length as rhc y-axis is produced by tbe recording device. Pressure 
is represented by a color scale (Fig. 44-5). 1l1is method also 
provides a more detailed analysis of the LES and is less likely to 
show a decrease in LES pressure with deglutition, sometimes 
referred to as pseudm·elaxation. 

pH Monitoring 
Tbe gold standard for diagnosiJ1g and quantifYiJlg acid reflux is 
the 24-hour pH test. This study i.s performed by placing a thin 
catheter contaiJUng one or more solid-state electrodes in the 
esophagus. 1l1e electrodes are spaced 5 to 1 0 em apart and are 
capable of sensing fluctuations in the pH between 2 and 7. 1l1e 
electrodes arc connected to a data recorder that the patient wears 
for tbe period of observation. There is a digital clock displayed 
on the recorder. \'{/hen the patient has an event (e.g., heartburn, 
chest pain, eructation), he or she records the event in a diary; 
noting the time on the recorder (Fig. 44-6). 

A large amount of information may be gleaned from the 
study-total number of reflux episodes (pH< 4), longest episode 
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of reflux, nwnber of episodes lasting longer than 5 minutes, 
extent of reflux in the upright position, and extent of reflux in 
the supine position. AJ1 overall score is obtained with the usc of 
a formula that assigns a weight co each item according to its 
capacity to cause esophageal injury. This value, known as the 
DeMeester score, needs to be less than 14.7. A simpler way to 
determine whether abnormal reflux is occurring is to estimate 
the total percencage of time that r:be pH is below 4 in the proxi
mal and distal chrumels. This is calculated by dividing how long 
the pH was lower than 4 by the total duration of the study and 
multiplying by 100. L1 the proximal esophagus (15 em above 
the LES), acid exposure normally Clccurs less than 1% Clf the 
time; in the distal esophagus (5 em above the LES), it normally 
occurs less than 4% of the time. 

The patient's symptom diary needs to be correlated with 
episodes of reflux. The correlation of heartbum or chest pain 
with a decrease in the pH has significant clinical value because 
it helps confirm a cause and effect relationship. When interpret
.iJlg these studks, it should be remembered that patients often 
do not maintain their normal activities ru1d eating patterns when 
they have the catheter in place. Thus, their symptoms may not 
be as prevalent during the study period. If there is symptom 
correlation with low pH measurements, d1e suspicion of reflux
induced disease may be confirmed, even if the total acid expo
sure is normal. 

Impedance pH testing is now being performed at special
ized centers; this allows for further characterization of the reflux
ate as being acid:ic or nonacidic. Impedance monitoring detects 
reflux events based on cl1e change in resistaJlCe to flow of an 
electrical current between electrodes, regardless of whether the 
refluxate is gas, liquid, or mixed. The intraluminal impedance 
iJ1creases wid1 air ru1d decreases with a liquid bolus. As compared 
with standard pH monitoring, impedance pH testing can dis
tinguish between a true reflux event ru1d ingestion of an acidic 
beverage by characterizing retrograde movement, as opposed to 
antegrade (norn1al swallow) along tbe esophagus. Also, another 
advantage is the ability of impedance pH testing ro determine 
the proximal extem of reflux, which may be particularly useful 
for patients with extracsophagcal symptoms sud1 as cough, 
hoarseness, wheezing, or aspiration. One disadvantage, however, 
is that the automated ru1alytic software tends to overestimate the 

number of reflux episodes, making it mandatory for all studies 
to be personally reviewed and edited manually, which cru1 be 
time-consuming. Several studies have revealed that 30% to 40% 
of patients with persistent symptoms, despite maximal proton 
pump inhibitor (PPI) therapy with normal distal acid exposure 
as assessed by standard pH monitoring, have non-acid reflux 
events, with a l1igh symptom correlation.4•5 These persistent 
complaints rend to be regurgitation, chest pain, cough and, 
much less frequently ht"artburn. Currently, it remains unclear 
how impedance pH testing should be implemented in the clini
cal management ofGERD. Until more research has been carried 
out, it should only be performed at specialized esophageal 
centers and iJ1 select patients. It rends to have the highest yield 
in patients with atypical symptoms ofGERD or in patients with 
pulmonary symptoms thought to be related to or exacerbated 
by proximal esophageal reflux events.6 

Esophagography 
1l1e esophagogram provides valuable information in the evalu
ation of patients with symptoms of GERD when an operation 
is contemplated or when the ~ymptoms do not respond as 
expected. Often, spontaneous reflux duru1g the examination will 
be demonstrated. Although reflux may be induced in patients 
who do not have the disease, the occurrence of spontaneous 
reflux lends support to the diagnosis of abnom1al gastroesopha
geal reflux. 1l1e true value of the study is ro determine the 
external anatomy of the esClphagus and proximal stomach. 1he 
presence and si7..e of a hiatal hernia may be characterized (Fig. 
44-7). Although cl1is neither confirms nor refutes the presence 
of disease, it is extremely beneficial in planning the operation. 
A mediastinal GEJ that does not reduce into the peritoneal 
cavity duru1g the study is a predictor of a more difficult opera
tion that may require an esophageal lengthening procedure. 
Peptic esophageal strictures may also be found on an esophageal 
contrast study. 11Je presence of a stricture will taint the interpre
tation of the 24-hour pH study, especially if it is tight enough 
to prevent reflux. Other anatomic abnormalities, such as diver
ticula, tumors, and unexpected paracsophagcal hernias, will be 
discovered duru1g esophagography. EsophagograJns are being 
replaced by CT scans, which, when reconstructed, provide all 
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FIGURE 44-6 Compressed tracing of a 24-hour pH study. Time is marked on tlhe x-axis and pH is marked on the y-axis. Symptom events are 
marked along the top of the tracing. (Courtesy University of Washington Swallowing Center, Seattle.) 
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FIGURE 44-7 Upper gastrointestina l contrast material study shows a 
la rge hiatal hernia with the rugal folds of the stomach dearly trans
gressing the shadow of the left hemidiaphragm. 

the information of the esophagogran1 but have the benefit of 
providing information about the other adjacent organs. 

other Tests 
In UJuque circumstances, other diagnostic tests may be valuable. 
Occasionally, a patient will not be able to tolerate nasoesopha
geal intubation. A scintigraphic study to evaluate esophageal 
clearance and reflux may provide evidence of moti lity disorder 
and gastroe.~ophageal reflux.' Gastric distention from delayed 
emptying may also be diagnosed with a scintigraphic study. 
Although this condition may contribute to reflux, it is not clear 
whether a gastric emptying procedure (pyloroplasty) needs to be 
added to an anti reflux procedure in a patient with delayed gastric 
emptying. 

Some patien ts have laryngeal symptoms of gastroesopha
geal reflux. Laryngoscopy and stroboscopic exan1inations help 
provide objective evidence of extraesophageal reflux; findings 
include inflammation of laryngeal mucosa, muscle tension 
abnormalities and. in severe cases, subglottic stenosis. 

Treatment and Outcome 

Medical Management 
When a patient is fi rst seen, a lengthy workup is not necessary 
if the bisrory and exanlination are consistent with GERD. It 
would be prudent to check for chrOJuc anemia in such a patient 
and to prescribe a 6-week course of acid suppression therapy. 
Most authors agree that a double dose of a PPI is the ilurial 

approach to medical managemem. Given in this manner, the 
use of medkal therapy becomes in itself a diagnostic tooL If the 
symptoms persist after a trial of medical therapy, a more exten
sive evaluation, as described earlier, would be indicated. The 
medications available to treat acid reflux include antacids, moti.l
iry agems, hisran1ine 2 (H2) blockers, and PPis. Although life
style modification has been advocated before or as an adjw1ct to 
medical therapy. the efficacy of such changes in the treatment 
of esophagitis has not been proved.8 

Pharmacologic treatment of GERD has been revolution
ized by the advent ofPPis. Tius class of drugs is one of the most 
widely prescribed drugs worldwide and, in 2006, the expendi
ture on these drugs was approximately $24 billion.'1 These drugs 
act by irreversibly binding the proton pwnp in the parietal cells 
of the stomach, thus effectively stopping gastric acid production. 
1he maximal effect occurs after approximately 4 days of therapy 
and th.e effects linger for rhe Hfe of the parietal cell. Thus, the 
acid suppression will persist for 4 to 5 days after therapy has 
ended so the patient needs to be off therapy for I week before 
being evaluated with pH monitoring. 

Compared with H2 blockers, PPis are more effective at 
healing esophageal ulceration secondary to acid exposure.10 

'TI1ese medications arc relatively expensive but are well tolerated. 
Side effects may include headache, abdominal pain, flatulence, 
constipation, and diarrhea. Recently, long-term side effects of 
PPI therapy have gained significant artention. Several studies 
have revealed an association between long-term PPI use and 
increased risk of nutritional deficiencies and infectious compli
cations.9 'TI1e results of these studies, however, need robe inter
preted with caution, given that most we.re linlited by small 
san1ple size and retrospective design. Larger studies have linked 
long-term use ofPPls to gastric polyp formation , usually occur
ring with more tban 1 year of treatment. Most of these polyps 
are hyperplastic and do not appear to be malignant. 

Surgery 
1l1e indications for surgical therapy have changed since the 
advent ofPPis. Certainly, patiems with evidence of severe esoph
ageal injury (e.g., ulcer, stricture, Barrett's mucosa} and incom
plete resolution of symptoms or relapses while on medical 
therapy are appropriate to consider for surgery. Other patients 
with a long duration of symptoms or those in whom symptoms 
persist at a young age are initially considered for surgery. In these 
patients, surgery is considered an alternative to medical therapy 
rarber than a treatment of last resort. 

Some patients have absolutely no response of their symp
toms to the use of PPis. 'TI1ey need to be scrutinized further 
before being offe.red stugical treatment, as opposed to bei11g 
considered medical failures who would benefit from surgery. 
Because PPis are so effective at decreasing the acid production 
of the swmach, the diagnosis of GERD in such patients is 
questionable and must be demonstrated with objective resting. 

Since the application of minimally invasive techniques to 
the treatment of GERD, the cost of surgery has decreased. Tlus 
has d1anged how surgical treatment is viewed. Considering the 
cost of PPl usc and the cost of operative treatment with its 
accepted success rate, the length of time reqttired for medical 
therapy w become more expensive than surgery is approximately 
8 to l 0 years.11 1his assumes that the patient uses the lowest 
dose of the medication. Therefore, in patients who have more 
than 8 years of life expectancy and are ill need oflifelong therapy 
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FIGURE 44-8 Port placement tor a laparoscopic approach to the 
hiatus. The surgeon operates through the two most cephalad ports 
(surgeon's right and left hand, SRH and SRL) and the assistant oper
ates through the two closest caudad ports (assistant's right hand, 
ARH). LR, Liver retractor; S, videoendoscope. 

because of a mechanically defective sphincter, surgical therapy 
may be considered the treatment of choice. 

3~ree Wrap (left Crus Approach) The technique described 
here is the lefr crus approach to a 360-degree wrap {Nissen 
fundoplication), which is the procedure of choice for most 
patients. The left crus approach provides the advantage of a 
direct and early view of the short gastric vessels and spleen. After 
this obstacle is negotiated, there is Little chance of injuring the 
spleen during the rest of the procedure. 

'TI1e patient is placed in a low Lithotomy position. 1he 
surgeon stands between the patient's legs, with the assistant on 
the left side of the patient. 1l1e four trocars and liver retractor 
are placed so that two equilateral triangles sharing a common 
medial angle are created. 1l1e surgeon operates through the two 
most cephalad ports. TI1e assistant operates through the two 
closest caudad rorts. The liver retractor is placed just left of the 
midline, in the subxiphoid region (Fig. 44-8). 

With the assistam first retracting the greater curve and then 
the omentum, the left crus and greater curve are dissected by 
the surgeon. The short gastric vessels are taken early to mobilize 
the fLu1dus (Fig. 44-9). W icl1 the fundus mobilized, the ph reno
esophageal membrane over the left crus may be dissected until 
the crural fibers are identified. 1l1e entire length of the left crus 
is mobilized at this time (Fig. 44- 10). 

Right crural dissection is then performed by opening the 
lesser omentum and mobilizing this w the phrenoesophagea1 
men1brane on the right. Anterior and posterior dissection of me 
right crus wiU reveal the previously dissected lefr crus. Care is 
taken to preserve the anterior and posterior vagi during this 
mobilization (Fig. 44- 11). Both will be contained by the wrap. 
A Penrose drain is placed around the esophagus to facilitate more 
proximal dissection and assist with creation of the wrap. 

After the esophagus is mobilized, the crura are reapproxi
matcd posteriorly with heavy pem1ane.nt sutures to allow the 
easy passage of a 52-fr bougie (fig. 44-12). 1l1e posterior aspect 
of the fundus is then passed behind the esophagus from left to 

FIGURE 44-9 left crus approach shows early mobilization of the 
fundus of the stomach. The spleen is in plain view during dissection, 
INhidl helps prevent injury. 

FIGURE 44-10 After the fundus has been mobilized, the peritoneal 
reflection at the hiatus and phrenoesophageal membrane are incised 
anterior to the left crus to avoid injury to the esophagus and posterior 
vagus. 

right. 'TI1e wrap is created over a length of2.5 to 3 em with three 
or fom interrupted permanent sutures. This repair also aUows 
cl1e easy passage of a 52-Fr bougie (Fig. 44-13). W ith the hougie 
removed, the wrap is anchored to the esophagus and right crus 
at the hiatus. This helps prevent herniation and slipping. A 
similar suture is placed on the left (see Fig. 44- I 3, inset). 1l1e 
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FIGURE 44-11 Similar dissection of the right crus will complete the 
poste rior and lateral exposure of the hiatus. As long as the dissection 
is performed along the crura, the likel ihood of injury to adjacent 
structures is minimal. 

FIGURE 44- 12 Posterior crural dosure is performed with heavy per
manent suture. Note how the peritoneum and thus the phreno
esophageal membrane are incorporated into the dosure. The 
exposure is facilitated by displacement of the esophagus to the left 
and anterior. 

wrap is anchored anteriorly and posteriorly co the crura with 
two additional sutures. 

The wrap is inspected. The suture line lies just to the right 
of the middle of the esophagus. The posterior aspect of the wrap 
does not have redundant stomach, which would imply that the 
wrap was made too far inferior, possibly with the body instead 
of the fundus. There needs to be a gentle sweeping of tl1e wrap 
toward tl1e greater curvature (Fig. 44-14A). If it is angu1ated 
abruptly, there may be too much tension on the fundus. When 
all these steps are completed, the wrap is completed. 

Partial Fundoplication When esophageal motility is poor, a partial 
fundopHcation may be considered to prevent obstruction to 
bolus propagation in the esophagus. Although this was thought 
to be mandatory for all patients with ineffective esophageal 

FIGURE 44- 13 The wrap is fashioned with fundus over a length of 
2.5 to 3 ern. The bougie is placed after the first suture of wrap is 
secured to ensure a so-called floppy fundoplication. The wrap is 
secured to the diaphragm with right and left coronal sutures (inset). 

motility (peristalsis <?Oo/o or distal esophageal amplitudes 
<30 mm Hg), this practice has been questioned. A recent ran
domized controlled trial conducted by Booth and colleagues12 

comparing laparoscopic Nis.~en witl1 Toupet fundoplication, in 
which patients were stratified based on preoperative manometry, 
ha~ revealed only minimal differences in regard to postoperative 
symptoms at l year. lmerestingly, there was no difference in 
postopentive dysphagia between the effective and ineffective 
motility groups. Our experience is tl1at a total fundopJication 
can be performed in most patients with ineffective esophageal 
motility, except perhaps those with absent peristalsis, without an 
increase in development of dysphagia.13 Effective control of 
reflux witl1 a total fw1doplication usualJy improves premorbid 
dysphagia and often improves the esophageal motility. When 
needed, there are many types of partial fundoplications. Regard
less of the type used, the initial dissection of the esophagus is 
the same. 

lf an anterior wrap procedure (e.g., Thal, Dor) is to be 
performed, there is no need to disrupt the posterior attachments 
of the esophagus (see Fig. 44-14B). 'TI1e Dor and Thal fundo
plications are created with the fundus folded over the anterior 
aspect of the esophagus. They are anchored to the bjatus and 
esophagus, as in the 360-degree wrap. 'TI1e experience with these 
repairs is limited in patients being treated for gastroesophageal 
reflux. They are more commonly used in patients with achalasia 
after an anterior myotomy bas been performed. 

If a posterjor wrap procedure (Toupee) is to be performed, 
the entire esophageal dissection is the same as for a 360-degree 
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FIGURE 44- 14 Three types of fundoplication. A. 36o-degree wrap. 
B. Partial anterior fundoplication. C. Partial posterior fundoplication. 

wrap, and the crura are also reapproxlmated. The reconstruction 
of the posterior fLmdopllcation is initiated by passing the poste
rior fw1dus behind the esophagus from left to right. The fun do
plication is created by anchoring the posterior fundus to the 
crw-a and esophagus. The most cephalad sutures of the wrap 
incorporate all three structures (fundus, crus, esophagus). The 
wrap is anchored posteriorly to the crura with two or three 
sutures. The fuJ1dus is then sutured to the esophagus along the 
anterolateral aspects, creati11g a 220- to 250-degree wrap (see 
fig. 44-14C). 

Outcomes The results of operative intervention may be mcasw-ed 
by relief of symptoms, improvement in acid exposure, complica
tions, and failures. Several randomized trials with long-term 
follow-up have compared medical and sur~ical therapy for 
GERD (Table 44-2). SpechJer and associates1 have found that 
surgical therapy results in good symptom control after 10-year 
follow-up. L1terestingly, 62% of patiems in the surgical group 
were taking antisecretory medications at tbjs rime, although not 
necessarily for GERD because reflux symptoms did nor change 
significantly when these patients stopped raking medications. In 
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Table 44-2 Comparison of Surgery and Medical Therapies in Patients Wrth Gastroesophageal Reflux Disease 

STUDY (YEAR)* ARMS 
FOLLOW-UP 
(YR) OUTCOME 

Grant et al. (2008)60 

Lundell et al. (2009) 16 

Lundell et al. (2007) 's 

Mahon et al. (2005) 11 

Cookson et al. (2005)" 

Spechler et al. (2001)14 

PPI, n = 179; ARS, n = 178 

Omeprazole, n = 71; ARS, n = 53 

Omeprazole, n = 119; ARS, 
n = 99 

PPI, n ; 108; ARS, n; 109 

Omeprazole, n = 50; ARS, n = 50 

PPI, n = 91; ARS, n = 38 

ARS, Antireflux surgery; GRACI, gastroesophageal reflux disease activity index. 
*All studies were randomized controlled trials. 

a separate randomized clinical trial by Ltmdell and coworkers,15 

in which patients with erosive esophagitis were followed for 
7 years. surgical therapy resulted in 33% treatment fai lures as 
compared with 53% for medical therapy with omeprazole (P = 
.002). Treatmenc failure in this study was a composite outcome 
variable, which was defined as a patient experiencing moderate 
or severe symptoms of heartburn, regurgitation, dysphagia, and/ 
or odynophagia within I week of a clinic visit, recommencement 
of PPI therapy postoperatively, reoperation, or grade 2 esopha
gitis. Surgical intervention remained superior, even with dose 
escalation, in patients whose symptoms were not controlled by 
the initial dose of omeprazole. Moreover, the superiority of 
surgical intervention may have been even more pronounced 
because 34 patients, who were initially enrolled but bad only a 
partial response lO PPJ therapy during the run-in period, were 
never randomized. Not unexpected however, the surgical patients 
experienced a higher frequency of oh!>tructive symptoms (e.g., 
dysphagia, flatulence, inabilit)' to belch) as compared wi th the 
medically treated cohort. Recently, this san1e group has pub
llshed their 12-year follow-up results and fow1d that surgery still 
had fewer treatment fai lures compared with medical therapy; 
however, these re.sul ts were based on fewer patients (N = 71 with 
PPl [55%] versus N = 53 with surgery [47%]; P = .022).16 

Another randomized trial with shorter follow-up also 
revealed that patients tmdergoing surgery compared to those 
receiving medical therapy bad a significantly higher gastrointes
tinal well-being score at 12 months, in addition to a significantly 
lower 24-hour total percent acid contact time (pH < 4) and 
DeMeester Score at 3 months. ' In regard to short- and long
term cost-effectiveness of laparoscopic Nissen fundoplication 
versus maintenance PPI therapy, Cookson and colleagues, in a 
subset analysis, fmmd that smgery is cosr-·cffective after 8 years 
of medical therapy. 11 Although more long-term follow-up studies 
are needed, antirdlux procedures appear to provide an excellent 
altemative to medical therapy, with fairly durable results and few 
complications. 

'TI1e experience with the laparoscopic approach for antire
Aux surgery has grown, especially because it makes surgery a 
more palatable al!ternative for patients. With this increased expe
rience, reported results are better, especially in high-volume 
centers. For example, some groups have reported persistent 
control of GERD symptoms in 80% to 90% of patients and 

12 

7 

10 

Reflux score: PPI, 73; ARS, 85; P < .05 

Treatment failure: Omeprazole, 55%; ARS, 47%; P = .022 

Treatment failure: Omeprazole, 53%; ARS, 33%; P = .002 

12-mo Gl well-being score: PPI, 35; ARS, 37; P; 0.003 
3-mo OeMeester score: PPI, 17.7; ARS, 8.6; P < .001 
3-mo% time pH < 4: PPI, 3.8; ARS, 1.4; P = .002 

Cost-analysis: ARS broke even toward end of year 8, with cost 
differential between ARS and PPI therapy o ~$1300 at year 5 

GRACI score: PPI, 83; ARS,79; p = O.o7 

resumption of antisecretory medications in 10% to 20% of 
patients hetween 5 and 10 years after surgery.1

R Several long
term studies have been published that indicate excellent long
term resul ts up to 10 years. A larger single-institution study 
following 100 patients undergoing laparoscopic ftmdoplication 
ha~ found that 90% of patients remai n symptom-free at 10 
years.19 We recently published our experience in a cohort of288 
patients w1dergoing laparoscopic fundoplication for whom the 
median fC>llow-up was longer than 5 years. Most patients in tllis 
study had improved heartburn (90%) and regurgitation (92%).2 

'TI1ese results confirm that a laparoscopic fundoplication can 
provide excellent durable relief of GERD. 

Endoscopic Therapy 
Several endoscopic therapeutic approaches have been proposed 
for the treatment of GERD over the past decade. Endoscopic 
therapy continues to gain increasing interest because this treat
ment modalit)' is theoretically less invasive than standard lapa
roscopic fundoplication . Several endoscopic treatments using 
varying techniques aimed at augmenting the LES have included 
radiofrequency energy (Mederi 'TI1erapeutics, Inc., Greenwich, 
Cf), injection of inert biopolymers (Enteryx, Boston Scientific, 
Natick, Mass), creation of gastroplications (EndoCinch, Bard, 
Warwick, Rl; EsophyX, EndoGastric Solutions, Redmond, 
Wash: Plicator, NDO Surgical, Mansfield, Mass), and other 
investigational devices, such as an artificial magnetic esophageal 
sphin cter and implantation of an on-demand microstimulator 
in the LES. 

Delivery of radiofrequency energy to the GEJ results in 
thermal coagulation necrosis and subsequent fibrosis, wllich may 
result in lES pressure augmentation and thus improvement of 
the antireflux barrier. Approximately 10,000 endoluminal radio
frequency treatments have been performed to date and there 
have been several studies reporting on its safety and efficacy?>·22 

Radiofrequency therapy has been shown in a recent, random
ized, sham-controlled trial involving 36 patients to increase lES 
pressu.re at 12 months and reduce GERD symptoms, PPI usc, 
and abnormal acid exposure.20 Sim ilar fi ndings were found in a 
randomized controlled trial of 64 patienrs, published in 2003.2 1 

Patients in the radiofrequency arm at 6 and 12 months had 
decreased GERD symptoms and improved GERD quality oflife 
score; however, there was no difference in medication use or 
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esophageal acid exposure times when compared with patients in 
the sham arm. Although radiofrequency was one of the most 
widely used endolumiJ1al therapies since its approval by the Food 
and Drug Administration in 2000 for the treatment of GERD, 
the device has not been available from 2006 to 2010, because 
the original producing company, Curon Medical, Inc. filed for 
bankruptcy in 2006 and was later acquired by Mederi Thera
peutics, Lnc. 

One of tlhe first endolum.inal techniques used an endo
scopic suturing device that re-created a fundoplication through 
endoscopic placement of suture to augment the cardiac flap 
valve. Since then, suturing device systems have resulted in 
improved short-term outcomes in regard ro GERD symptoms, 
quality of life, and decreased medication usage compared with 
sham control procedures. Several studies have compared these 
devices to laparoscopic fundoplication and have shown variable 
results, with some demonstrating similar results and others 
showing inferior results in regard to symptom relief or medica
tion usage.21•23 ln addition, some of the devices were associated 
with high re-.interve11tion rates of up to 55% within 2 years. 

Currently, there is only one available endo~copic suturing 
system {EsopbyX), which consists of a Aexible, multichannel 
endoluminal device that uses fasteners to construct a full
thickness valve at the GEJ during a single-device insertion. In a 
recently published study of 20 patients, it was shown to be 
associated with improved GERD symptoms and quality of Life 
at 12 montl1s, but mere were no significant changes in LES 
pressures or total acid exposure from baseline.74 However, 6 
patients (30%) underwenr subsequent laparoscopic surgery for 
persistent GERD symptoms, despite the addition of standard 
doses of PPis. 

In a largeli multicenter study of 86 patients, most patients 
(> 70o/o) had improvement in their GERD symptoms ru1d quality 
oflife at 12 months?5 Of these patients, 8lo/o discontinued daily 
PP[ therapy. H owever, when the gold standard for objective 
measurement of the outcomes (pH monitoring) was used, only 
37% of patients bad normalization of esophageal acid exposnre, 
a substantially lower number than would have been expected 
with laparoscopic Nissen fundoplication. With regard to serious 
adverse events, 2 patients experienced esophageal perforations 
dnring device insertion and l patient had signi.6cru1t intraltmli
nal bleeding. Stratified ru1alysis based on Hill grade classification 
revealed .improved outcomes in patients with reconstructed, 
tight Hill grade I valves, suggestiJ1g a correlation between quality 
of rulatomic reconstruction and in1provement of clinical and 
physiologic outcome measures. 

There are few studies that have directly compared the dif
ferent endoscopic treatment modalities. One of these compara
tive studies evaluated the outcomes in 126 total patients 
w1dergoing a full-thickness plication of the gastric cardia or a 
radiofrequency trearment of the GEJ.26 Patients were followed 
over a 4-year period, with a meru1 follow-up of 6 months, and 
both groups experienced a decrease in PPI use and in scores for 
voice symptoms and dysphagia. In addition, the radiofrequency 
group experienced decreased heartburn and cough whereas the 
full-tluckness plication group had a significant reduction in 
regurgitation. A serious limitation to the study was the follow-up 
of only 51 o/o patients. Based on these studies, endoscopic therapy 
for GERD .is a feasible option for patients who are poor sUigical 
candidates and who requiJ·e more intensive therapy to control 
their symptoms, beyond that of sta11dard medical therapies. 

Table 44-3 Complications in 400 Laparoscopic Antireflux 
Procedures 

-------
COMPUCATION NO. OF PATIENTS(~) 

Postoperative ileus 28 (7) 

Pneumothorax 13 (3) 

Urinary retention 9 (:2) 

Dysphagia 9 (2) 

Other minor complications 8 (2) 

(jver trauma 2 (0.5) 

Acute herniation I (0.25) 

Perforated viscus I (0.25) 

Death I (0.25) 

Total: 7l (17.25) 

*Symptoms reported occurred more frequently than once a week. 

However, w1til larger prospective comparison trials of standard 
laparoscopic fundoplication assessing long-term results are per
formed, endoscopic approaches should only be considered when 
lapatoscopic approaches are contraindicated. 

Complications 
Ln general, complications have been reported in 3% to 10% of 
patiems? 7 Mru1y complications are minor and are related to 
surgical intervention in general (e.g., urinary rerention, wound 
iJ1fection, venous thrombosis, ileus). Others are related specifi
cally to the procedure or approach (e.g., splenic injury, hollow 
viscus perforation, dysphagia, pneumothorax). All complica
tions in patients at me University of Washington arc shown in 
Table 44-3. 'TI1ey may be divided into those identified at the 
time of the surgery ru1d those identified in the postoperative 
period. 

Operative Compllcotions 
Pneumothorax Pneun1othorax is one of the most common 
intraoperative complications, occurring in 5% to 8% of 
patients. The actual incidence of pneumothorax is unknown 
because routine postoperative chest radiographs are generally 
not obtained. Because me pneumothorax results from a viola
tion of the pleural space by carbon dioxide, there is no need to 
evacuate the gas. Because carbon dioxide is absorbed rapidly 
ru1d no tmderlying lung injury exists, the lw1g will reexpand 
without incident. If a pneumothorax is identified, the patient is 
maintained on oxygen therapy, and chest radiography is 
repeated 2 hours after the operation. The pneumothorax is 
resolved by this time. 

Costrlc ond Esophageal Injuries Gastric and esophageal injuries 
arc far less common and usually result from overaggressive tissue 
mrulipulation or from passage of the bougie. Although usually 
reported as less than 1%, population-based studies have sug
gested that the incidence may be as lugh a.~ 1.7% in inexperi
enced hru1ds.28 The injuries cru1 be repaiJ·ed with suture or an 
automatic stapler without sequelae if idemified at tl1e time of 
operation. If the injury is not seen at surgery, the patient will 
likely need a second operation to repair the viscus, unless the 
leak is small and contaiJled. 
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Splenk and Liver Injuries The incidence of splenic injmy is about 
2.3% iJ1 popuJation-based studies, and major liver injury is 
rarely reported.28 Splenk injury may result from dissection of 
the fundus and greater curvature. We prefer the left crus 
approacb, wwcb provides the advantage of a duect and early 
view of the shortr gastric vessels and spleen. Care must be raken 
dming mobilization of the fundus to avoid excessive traction on 
the splcnogastric ligan1cnt. ln more than 2100 laparoscopic 
anmeflux operations performed at the Uruversiry of Washing
ton, splenectomy has not been performed. Careful retraction of 
the left lobe of the liver will prevent significant lacerations and 
subcapsular hematomas. The use of a fixed retractor decreases 
the likeill1ood of liver injury. 

Postoperative Compllcotions 
Bloating Early postoperative complaiJ1ts of bloating may occur 
iJl up to 30% of patients; however, fewer than 4% of patients 
have the symptom after 2 months. 1l1ere are at least three 
reasons for bloating. Fust, the patient may have more difficulty 
belching hecause of the wrap. Second, vagal trauma may con
tribute to delayed gastric emptying. 1l1ird. the patients will still 
have a tendency to swallow saliva (an unconscious effort to 
relieve symptoms of reflux) and, with it, a significant amount of 
air. Few patients require nasogastric tube decompression after 
the surgery. 

Dysphagia Postoperative dysphagia may occur in up to 20% of 
patients initially. A smaller percentage of patients require dila
tion for this problem.~ Because tbe dissection of the l1jatus and 
handliJ1g of the esophagus causes some edema, dysphagia caused 
by this is usually short-lived. When placing the wrap sutures, 
hematomas of the stomach or esophageal wall may result, result
ing in dysphagia. If the wrap is too tight, the dysphagia is 
unlikely to resolve without dilation. 1l1e use of a graduated diet 
over the course of 4 to 6 weeks after the operation will limit the 
anwunt of dysphagia from the first tvvo causes. 

Death Death is uncommon with this operation and is less than 
0.5% in our experience:" Mortality does increase when age 
reaches 60 years, and patients older than 80 years have an 8.3% 
mortality rate.18 1lJjs must be considered, along with the 
severity of GERD, when decidmg ro perfonn an amireflux 
procedme. 

Failures 
Operative failures are patients who have persistent symptoms 
and physiologic evidence of continued add exposure. The inci
dence is about 5% to 10%? Most of these patients can be 
treated with acid suppression therapy, with good results. All 
patients who present with recurrent or persistent symptoms are 
evaluated with mru10mctry ru1d pH studies. If acid exposure is 
documented or if symptoms are severe, an esophagogram is 
obtained. The presence of an anatomic abnormality of the wrap, 
particularly a sizable herniation, is almost always best treared 
with surgery (Fig. 44-15A). If the esophagogram reveals good 
location of the wrap ru1d absence of a recmrent hernia, an 
attempt may be made to treat the patient medically (see Fig. 
44-l5B). We have found. however, that in some cases, reopcra
tion will relieve symptoms, even in patients with normal
appearing wraps on the esophagogram. 

FIGURE 44-15 Contrast material studies are invaluable for the assess
ment of persistent or recurre nt postoperative symptoms. A. Patient 
with a herniated (into mediastinum) and sl ipped (wrap-around 
stomach) 360-degree fundoplication. B, Nom1al anatomic appear
ance of 360-degree wrap. Note the smooth tapering of the dista l 
esophagus, the Huid level in the distal esophagus, and the air in the 
distended fundus above the wrap. 

Special Considerations 
Within the purview ofGERD, there are several entities that have 
received special attention. The surgeon needs to be aware of 
these variations and the considerations that arise from them. 

Strictures 
Strictu.res pose a serious problem for the patient with GERD. 
although with better medical therapy. this is a fairly rare complica
tion today. Dysphagia, a most troublesome symptom, often 
results from stricture formation. Furthermore, strictures are a 
mrulifestation of acute and chronic inflammation, which not only 
decreases the diameter of the esophagus but also shortens the 
esophagus, making operative intervention more difficult. The 
evaluation of these patients may be more difficult because the 
presence of a tight stricture may prevent reflux on the 24-hom 
pH study. 1l1e study would be ideally performed afte.- dilation. 
Other causes of stricture (e.g., rumor, caustic injury) must be 
excluded before operative intervention. Strictures resulting from 
GERD are indicative of long-standing disease and may be associ
ated with a shortened esophagus or Barrett's esophagus. 

The most effective therapy for peptic stricture of the esoph
agus is an antireflux procedme. Although there is evidence to 
support effective symptom control with endoscopic dilation and 
PPI maintenance therapy. operative treatment results in fewer 
dilations per patient. Of 27 patients treated at the University of 
Washington for refractory peptic str.icture, 21 prOC('eded with 
operative control of reflux. In these patients, the average numbe.r 
of dilations per patient was 2.8 preoperatively and 0.33 postOp
eratively. Thjs compares favorably with the 6 patients who con
tiJllled on medical therapy; they requued an average of niJ1e 
di lations per patient throughout the course of treatment. 
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Barrett's Esophagus 
In some patients, prolonged acid and perhaps alkaline injury 
leads to a change in the esophageal mucosa from its usual squa
mous epithelium to a columnar configuration (Barrett's esopha
gus). The cdls almost always extend proximally from the 
squanwcolumnar junction in a contiguous pattern. lf Barrett's 
esophagus is found, multiple biopsies are necessary to exclude 
dysplasia, which may indicate a tendency toward the develop
ment of adenocarcinoma. Although the incidence of adenocar
cinoma in patients wi th Barrett's esophagus is about 40 times 
greater than that iJ1 the general population (Barrett's sn1dics wid1 
increased incidence), the incidence of c.111cer in these patients is 
sti ll very low. 

Because Barrett's esophagus is the result of repeated injury 
of the mucosa by gastroesophageal refl ux (of acid or bile), an 
antireRux procedure might be expected to decrease the rate of 
dysplasia and cancer. This issue is not resolved, however; the 
evide11ce in the literaw.re is not condusive.70 Several studies have 
reported regression of intestinal metaplasia in 14% to 55% of 
patients after anti.reflux surgery.3031 Our experience at the Uni
versif)' of Washington bas supported this; we have seen re~:,rres
sion in 55% of patiems with short-segment Barrett's esophagus 
(<3 em). Just as importantly, patients with Barrett's esophagus 
experienced excellent long-term clinical relief of GERD symp
toms.31 A more recent study by Rossi aJld associates33 investigat
ing the efficacy of surgery versus medical therapy in the regression 
oflow-grade dysplasia in patients with Barrett's esophagus found 
laparoscopic N issen fundopl.ication to be superior over high
dose PPis. This was a prospective study in wlcid1 35 of 327 
patients with Barren's esophagus had low-grade dysplasia. Ar 18 
months following therapy with high-dose PPJs or laparoscopic 
Nissen fundoplication, 12 of 19 patients (63%) in the medical 
arm and 15 of 16 (94%) in the surgery arm had regression from 
low-grade dysplasia w Barrett's esophagus (P = .03). Regardless 
of tl1e impact of aJl aJlti.reflux procedure on the evolution of 
Barrett's esophagus, patients are exanlined endoscopically for 
su"rvei1lance of metaplasia after the operation is performed. 

Short Esophagus 
As a result of repeated injury, the esophagus narrows (stricture) 
and shortens. 1l1e real ffiallenge in these patients is in the opera
tive approach. 

By mobilizing the esophagus well into the mediastinum, a 
2- to 3-cm segment of esophagus can usually be placed into the 

FIGURE 44- 16 Double-staple technique 
for esophageal lengthening. A. A circular 
stapling and cutting device is used to 
create a through and through opening of 
the cardia-fundus junction. B. A linear sta
pling and cutting device is then used to 
transect the remaining stomach toward 
theGEJ. 

abdome.n without tension. However, if this cannot be accom
plished, a Collis gastroplasf)' may be perfom1ed. A double-staple 
teclmique may be used to create the neocsophagus (Fig. 44-16) 
after the dissection has been performed. 

U nfortwlately, postoperative physiologic testing on these 
patients bas revealed aJl abnormal acid exposure in 50% of 
patiems.34 One reason for th.is is that the lengthening procedure 
often leaves parietal cells in the neoesophagus above the wrap
To deal with this problem, we have used single or bilateral 
vagotomy. Vagotomy, particularly when both vagi arc divided 
aJld a thorough mediastinal mobilization has been completed, 
yields 3 to 4 em of additional esophagus. In our study of 102 
patients who underwent a redo laparoscopic antireflux SLLrgery 
(n = 50) or paraesophageal hernia repair (n =52), we performed 
a vagotomy in 30 patients (29%) to increase intra-abdomi11a\ 
esophageal length following extensive mediastinal mobiliza
tion.35 We found no significant differences in regard to severi ty 
of abdominal pain, bloating, diarrhea or early satiety whe11 com
paring vagotomy patients with those patients who did not 
undergo a vagotomy. 

Extraesophageal Symptoms 
A relatively new area of study iJ1 GERD is the involvemenr of 
the respiratory tract. Symptoms of hoarseness, laryngitis, cough, 
whee--ang, and aspi ration may occur when patients have high 
proximal reflux. Pulmonary fibrosis has also been associated with 
h.igh gastroesophageal reflux. Several studies have shown a higb 
incidence of GERD, from 66% to 94% in patients with idio
pathic pulmonary fibrosis.* 

About 3U% of patients with typical symproms of reflux 
have some type of exrraesophageal symptom; however, abour 
10% of patients have only e.xtraesopbageal symptoms when they 
prescJlt for evaluation. O f the patients who present with primary 
laryngeal sympwms, fewer than 50% have typical ma11ifestations 
of heartbum or regurgitation.37 Unfortunately, staJldard diag
nostic testing for GERD has diminished sensitivity and specificity 
in this group of patients. Often, the initial pH study shows 
abnormal acid exposure in the upper esophagus,38 but this is not 
necessary for the diagnosis. The detection of acid iJJ the pharynx 
on pH monitoriJ1g improves the diagnostic rates of laryngeal 
reflux. Furthermore, pharyngeal refl ux is a better predictor of 
response to medical39 and surgical thcrap/0 than standard esoph
ageal measurements. Still, the measurement of phaf)' llgeal reflux 
has poor sensitivif)', likely because the mechanism of 
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extraesophageal disease is by vagal stimulation from esophageal 
acid exposure. The diagnosis may also be supported by a stro
boscopic exanlirlation of the vocal cords showing evidence of 
inflammation and injury,40 although these findings are too non
specific by themselves to diagnose reliably reflux as the culprit. 
As noted, impedance pH resting may provide additional valuable 
data in this subset of patients in regard to extent of proximal 
reflux and whether these persistent atypical symptoms, with or 
without PPI therapy, are related to non-acid reflux events. 

Medical and surgical therapies have been used to treat the 
extraesophageal mall.ifestations of GERD. Resolution of symp
toms, incrt:ased exercise, and cessation of corticosteroid use have 
all been observed. The rare of symptom response to therapy is 
less than that of heartburn and regurgitation {60% to 80%},41 

possibly because of the selection of patients. With further evalu
ation of this unique group of patients, selection criteria may 
improve the remits of medical and operative intervention. 

Obesity 
Obesity is a signi6CaJ1triskfactor for the devclopment ofGERD. 
More than 30% of adults in. the United States are obese (body 
mass index [BMI] >30} alld this trend continues to rise, sug
gesting that the epidemic is going to get worse before it gets 
better. The increasing prevalence of GERD has paralleled that 
of obesity. Although the mechanism whereby obesity increases 
the risk ofGERD remains unknown, several studies have shown 
an increased risk of recurrence in obese patients undergoing 
antircflux sllfgery.42 In chis subset of obese patients meeting 
Sllfgical criteria, consideration should be given to performing a 
laparoscopic Roux-en-Y gastric bypass as opposed to a Nissen 
fundoplication to achieve a more durable response, in addition 
to providing benefits of weight loss alld decreasing obesity
associated comorbidities. 

PARAESOPHAGEAL HERNIAS 
Paraesophageal hernias, type II or III (see Fig. 44-2B and C), are 
less commonly encountered in surgical practice than GERD. 
The operative approach has varied considerably for several 
decades but tl1e central issues have remained cl1e same in the era 
of videoendoscopic surgery-the need to operate on asymptom
atic patients, whether to use mesh for reinforcen1ent, wbecl1er 
to add an antireflux procedure, whether to anchor the stomach 
to the abdominal wall, alld che n eed to remove the hernia sac. 
1l1e repair of a paraesophageal hernia is al10ther procedure that 
is ideally suited for a laparoscopic approach. 

The role of operative treatment for hiatal hernias changed 
dramatically during the 1990s. Once a relatively uncommon 
event, antirefiu:x operations are now performed in large numbers 
at mallY centers around the world. The driving force behind 
increased surgical referral for treatment was the popularity of 
millimally invasive slltgery. Although the techniques of antire
flux operations have not changed, the approach to the surgery 
has become more palatable to the patient and referring physi
cian. More and more surgeons are ca!Jed on to treat GERD and 
paraesophageal hernias. 11ms, the surgeon must be familiar with 
all aspects of eva1uating alld treating both entities because he or 
she is u1timately responsible for a successful outcome. 

Pathophysiology 
1l1e most common structure to herniate through cl1e esophageal 
hiatus is the fundus of the stomach. Occasionally, cl1e fundus of 

the stomach will rotate toward the right pleural cavity along the 
organoaxial axis defined by the phrenoesophageal membrane at 
the hia tus and the retroperitoneal attad1ment of the first portion 
of the duodenum. This results in what has been referred to as 
all t~pside-down stomach. Other structures that may be located in 
the he:rnia sac include the spleen, colon, and omenrum. After 
repeated episodes of the viscera entering the hernia sac, adhe
sions between the wall of the sac and the structures may form, 
thus preventing the structures from re turning to their position 
in the peritoneal cavity. 1l1e natural history of these large hernias 
is a matter of debate. Rarely, the herniated contents will become 
strangulated, causing an emergent condition that requires imme
diate operative intervention. Because of these risks, and early 
reports ofHill43 and Skinner and Belsey,44 for decades many have 
recommended repair of these hernias when detected, regardles.~ 
of symptoms. More recent evidence, however, has suggested that 
the risk for acute Stral1guJation is approximately 1 %/year.45 

1l1erefore, we and many others recommend sLLrgical interven
tion only for younger patients (<60 years} and those with sig
nificant symptoms. 

Clinical Presentation 
'TI1e most common symptoms include intermittent dysphagia 
for so.Uds, which results from episodes of acute gastric or 
esophageal obstruction, abdomiJ1al and chest pain secondary 
to visceral torsion; gastrointestinal bleeding from mucosal 
ischemia, and heartburn. 1l1is profile varies considerably from 
chat of GERD. The symptoms are often nonspecific and do 
not lead the clinician to the diagnosis. Often, a diagnosis of 
paraesophageal hernia is made only afrer a contrast study or 
endoscopy is performed for proximal gastrointestinal tract 
complaints. 

In the series of patients at the University of WashiJ~ton, 
symptoms of heartburn were present in 50% of patients.4 Epi
sodic attacks of abdomil1al pain and dysphagia were also present 
in 50% of patients. Other symptoms occurred with varying 
frequency. Regurgitation is likely to occur in patients with large 
hiatal defects and a type m hernia, which allows the GEJ to 
migrate into the chest, thus promoting a pressure gradient and 
encouragil1g reflux. Episodic attacks of pain are thought to arise 
from transient distention and ischemia of the hernia contents. 
Spontaneous reduction provides relief. Dysphagia wiJI occLLr if 
the G E J is angled so that a food bolus may not enter the stomach 
after a swallow is initiated. Gastrointestinal bleeding is caused 
by ulceration of the mucosa at an area where the stomach folds 
back onto itself, and is often the cause of iron deficiency anemia. 
ln cases of anemia i.n the setting of a paraesophageal hernia, 
especially without another source, repair of the hernia results in 
resolution of the anemia. Of patients presenting to tbe Univer
sity of Washington, 34% were fOtmd to have a gastrointestinal 
source of hlood loss. 

Preoperative Evaluation 
'TI1e evaluation of patients with paraesophageal hernias is similar 
to that of patients undergoing workup for GERD. A contrast 
csophagogram in these patients, however, is the most importa.nt 
diagnostic test {Fig. 44- 17}. Endoscopy helps idemif}r mucosal 
e rosions as a source of gastroimestinal blood loss. Manometry 
is needed to determine the motor function of the esophageal 
body. pH testiJ1g can be avoided if all all tireAux procedure is 
performed as part of the operative repair. However, if all 
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FIGURE 44-17 Upper gastrointestinal contrast mate ria l study is 
essential for the· evaluation of a paraesophageal hernia. A. Oblique 
view shows the stomach with an air-fluid level anterior to the esopha
gus and well into the mediastinum. 8, Anteroposterior view of a 
patient with complete organoaxial volvulus, with the entire stomach 
in the mediastinum and the pylorus at the hiatus. 

antircflux procedure is not planned, the extent of gastroesopha
geal reflux is evaluated. 

In patients with large paraesophageal hernias, it may be 
difficult to complete the manomerry and pH studies can be 
difficult. When the fundus of the stomach is angled so that the 
distal esophagus and GEJ may not be negotiated with the cath
erers, the swdies may be incomplete. It is important ro obtain 
some idea of the degree of peristalsis in the body of the esopha
gus before proceeding with the operation. This can be accom
plished even if the stomach and distal esophagus crumot be 
cannulated. 

Treabnent 
After the introduction of laparoscopic techniques for the treat
ment of sliding hiatal hernias, their use in the repair of parae
sopbageal hemias naturally foUowed. Although technically more 
difficult, laparoscopic paraesophageal hernia repair is safe, fea
sible, and generally associated with less perioperative morbidity 
than open repair. Although it has been debated that there may 
be some differences in recurrence rates based on the surgical 
approach {lapaliotomy, thoracotomy, or laparoscopic), the recur
rence rate seems to range from 8% to 27%47

•
48 Although most 

of these recurreaKes are asymptomatic a11d found only on barium 
studies, they are of concern, and techniques to reduce recur
rences are needed. As with other types ofhentias, m{-sh has been 
used at the hiarus with the goal of reducing tension and reinforc
ing the repair by several surgeons. Unfortunately, synthetic 
mesh, which is used for most other hernia repairs, is associated 
with occasional esophageal erosion, ulceration, stricture, and 
dysphagia, limiting its practical use.49

•50 As a result of these 

complications associated with the use of synthetic mesh, biologic 
mesh has become an attractive alternative, with the idea that the 
temporary matrix would permit the patient's own tissue to 
replace d1e biomaterial a11d avoid complications previously 
described witb permru1ent mesh. Several studies investigating 
the efficacy of biologic mesh in paraesophageal hernia re~air 
have revealed low recurrence rates and few complications. I-S3 

Most recently, a multi-institutional rru1domized clinical trial has 
revealed a significru1tl)' lower recurrence rare of 9% for biologic 
mesh reinforcement compared with 24% for primary repair 
(P = .04) widlOut any mesh-associated complications. Unfortu
nately, at this time, we only have follow-up data at 6 months; 
furtl1er long-term follow-up is needed. 

The operative approach through laparoscopy, ou.r preferred 
approach, is similar to that of the gastroesophageal reflux pro
cedures described earlier with respect co patienr positioning 
a11d port placement. Several variations in the technique must 
be made w accommodate the unique operative findings in 
paraesophageal hernias. 

The initial dissection for paracsophageal hernias begins 
with mobilization of the greater curve and fundus. Because tl1e 
left crus is usually obscured by the lienogastric ligaJTient and 
short gastric vessels, crural dissection may be hazardous at the 
beginning of the operation. By mobilizing the fundus and divid
ing the short gastric vessels with ultrasonic transection, the left 
crus may be exposed safely. 

After the crural fibers are exposed on the left, the hernia 
sac will, by necessity, bave been divided. At this point, the peri
toneal sac may be divided anteriorly with minimal risk. Further 
dissection of the sac from its mediastinal attachments will free 
d1e stomach and allow it to be delivered into the peritonea\ 
cavity. After the hernia contents are returned to tl1e peritonea\ 
cavity, the hernia sac must be traJlsected circumferentially at the 
hiatus. The technically challenging aspect of the dissection is 
eiKountered during the posterior sac dissection. The esophagus 
and anterior vagus nerve are intimately associated with the sac 
posteriorly. Often, a Ugbted bougie is useful to identify the exact 
location of the esophagus. After the sac is freed at the hiatus, a 
concerted effort is made to remove as much of tl1e hernia sac 
from the mediastinum as possible. It is unnecessary to remove 
the whole sac and, consi.deri.ng tl1at the pleura, esophagus, and 
inferior pulmonary veins may be injured during the dissection, 
the desire co remove the entire sac must be tempered by the 
possible injury to vital structmes. 

After the dissection is completed, the crura are reapproxi
mated with interrupted nonabsorbable suture, as with any anti
reflux procedure. Next, a 7- XJU-cm piece of biologic mesh is 
prepared by curting it into aU-shaped configuration. The mesh 
is then strategically placed, with the U base overlying tl1e pos
terior hiatal closure. It is then secured into place with several 
interrupted sumres between the mesh and diaphragm. An anti
reflux proceduie is added to the procedure to prevent postopera
tive reflux after the extensive hiatal dissection. Although tl1e 
need for a11 a11tireflux procedure is controversial, about 60% of 
patients with paraesophageal hernias have abnormal reflux a11d 
a hypotensive LES; thus, we consider a fundoplication to be 
appropriate. 54 'The fundoplication wiJJ also act to seal the hiatus, 
preventing access by other viscera. As w.itl1 fundoplication fo.r 
GERD, the type of wrap is dictated by the preoperative manom
etry. Postoperative management of d1e patient is the same as for 
surgery perforn1ed for type I hern.ias and GERD. 
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Outcome 
Operative treatment of paraesopha~eal hernias is controls symp
toms in 90% to 100% of patients. 6 In the past, paraesophageal 
hemias were repaired by d1oracotomy or laparotomy, with a 
morbidity rate of about 20% and a mortality rate of 2%. With 
the popularization of minimally invasive techniques, most para
esopbageal hernias are currently being repaired using a laparo
scopic approach. The laparoscopic approach is associated with 
lower rates of morbidhy, less pain, and faster recovery.)) This 
may be even more important in this patient population because 
most patients with paracsophageal hernias arc older and likely 
to have associated medical comorbidities. 

Despite d1e approach used, what remains clear is that the 
anatomic recurrence of a hiatal hernia after these repairs is rel
atively high, even if many patients with a recurrence are mini
mally symptomatic or asymptomatic. In effon s to decrease the 
recurrence risk, one strategy has been to usc mesh for rein
forcement at the hiatus. Several comparison studies have been 
completed over t:he past decade investigating the use of perma
nent or biologic mesh in reducing recurrence risk in patients 
tmdergoing paraesophageal hernia repair. In general, recur
rence rates have ranged from 0% to 9% in patients undergo
ing mesh placement; these rates were significantly lower than 
for patients tmdergoing primary repair (20% to 42%; Table 
44-4).4951·)356 The major weakness of these studies is the lack 
of long-term or complete follow-up. Ln addition, several of 
these studies did not have an established method for following 
symptoms such as dysphagia, which may be a potential side 
effect associated wiili the use of mesh. Only cwo retrospective 
studies have reported on mesh complications.8 In a study of 
54 patients, in wruch 35 underwent repair with Gore-Tcx 
mesh, Zaninotto and colleagues': reported that I patient expe
rienced mesh erosion requiring an esophagectomy. In another 
recent series <lf 138 patients with GERD undergoing hiatal 
hernia repair with polypropylene mesh, l4 patients (4.7%) 
experienced pos toperative dysphagia.~8 It was not indicated 

whether the dysphagia was associated wid1 the usc of mesh. 
One patient did have a mesh-related complication and 
required reoperation for removal. ln our randomv.ed trial 
using biologic mesh, there were no clearly related mesh com
plications; although, again follow-up was lirni ted.51 It does 
apperu:, however, at lease in the shon tern1, char biologic mesh 
is safer a~ compared with permanent mesh. We currently rec
ommend the usc of biologic mesh for large hiatal hernia 
repairs. 

Strangulation 
'The clinical finding of persistent ilioracic or epigastric pain, 
fever, or sepsis in a patient known to have a paraesophageal 
hernia is a surgical emergency. 'The mortal ity rate for ischemic 
stomach in the media~tinum is high. Although the consequences 
of this clinical situation are grave, it is a relatively rare occurrence 
in patients with paraesophageal hernias. Of 31 patients with 
complicated paracsophageal hernias, only 2 were found to bave 
gastric necrosis and perforation.59 Of the ini.tial42 patients oper
ated on at the University of Washington, only I required a11 
emergent repair. Interestingly, 11 patients were found to have 
gastric volvulus at the time of the operation. Thus, 25% of the 
patients had the potential to develop vascular compromise, but 
only 1 (2%) did. Emergent reduction of a paraesophageal hernia 
may be approached laparoscopically, but a low threshold for 
conversion is maintained. 

SUMMARY 
Operative treatment of GERD and paracsophageal hernias has 
become more common in tl1e era of laparoscopic procedures. 
Careful paticn t selection based on symptom assessment, response 
to medical therapy, and preoperative testing will optimize 
chances for successful sttrgical treatment. Scrupulous operative 
technique will allow for resolution of symptoms in almost all 
patients. Complications of the laparoscopic approach to these 
diseases are rare. 

Table 44-4 Comparison Studies of Biologic and Synthetic Mesh Wrth No Mesh* ---------------------------------------------------------
STUDY (YEAR) TYPE ARMS FOLLOW-UP (MO) RECURRENCE 

Synthetk Mesh 

Frantzides et al. {2002)56 RCT 

Granderath et al. (2002)"" RCT 

Zaninotto et al. {2007)se Retrospective 

BioiO&f<Mesh 
Oel.schlager et al. (2006)!>2 RCT 

Ringley et al. {2006)53 Retrospective 

Jacobs et al. (2007)51 Retrospective 

PTFf, Polytetrafluoroethylene; RCT, randomized controlled trial. 
*In patient5 undergoing paraesophageal hernia repair. 

PTFE, n = 36; no mesh, 
n = 36 

Polypropylene, n = 50; no 
mesh, n = 50 

Gore-Tex, n = 35; no mesh, 
n= 19 

Surgisis, n = 51; no mesh, 
n = 51 

Alloderm, n = 22; no mesh, 
n= 22 

Surgisis, n = 127; no mesh, 
n = 93 

30 

12 

71 

6 

7 

38 

PTFE, 0%; no mesh, 22%; 
P = 0.006 

Polypropylene, 8%; no mesh, 
26%; p < 0.001 

Gore-tex, 9%; no mesh, 
42%; P=O.Ol 

Surgisis, 9%; no mesh, 
24%; P = 0.04 

Allodenn, 0%; no mesh, 
9%; p < 0.05 

Surgisis, 30Al; no mesh, 
20%; p < 0.01 
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CHAPTER 45 

ABDOMINAL WALL, 
UMBILICUS, PERITONEUM, 
MESENTERIES, OMENTUM, 
AND RETROPERITONEUM 
RICHARD H . TURNAGE AND BIUAN BADGWELL 

ABDOMINAL WAll. AND UMBIUCUS 

PERITONEUM AND PERITONEAL CAVITY 

MESENTERY AND OMENTUM 

RETROPERITONEUM 

ABDOMINAL WALL AND UMBILICUS 

Embryology 
The abdominal wall begins to develop in the earliest stages of 
embryonic differentiation from the lateral plate of the embry
onic mesoderm. At this stage, the embryo consists of three 
principal layers-an outer protective layer termed the ectoderm, 
an i1111er nutritive layer, the endodem1, and the mesodemt. 

1l1e mesoderm becomes divided by clefts on eacl1 side of 
the lateral plate, which ultimately develop into somatic and 
splanchnic layers. 1l1e splanclmic layer with its underlying endo
derm contributes to the formation of the viscera by differentiat
ing into muscle, blood vessels, lymphatics, and connective 
tissues of the alimentary tract. The somatic layer contributes to 
the development of the abdominal wall.. Proliferation of meso
dermal cells in the embryonic abdominal wall results i11 the 
formation of an inverted U-shaped tube that in its early stages 
communicates freely with the extraembryonic coelom. 

As the embryo enlarges and the abdominal wall compo
nents grow toward one another, the ventral open area, bounded 
by the edge of the amnion, becomes smaller. This results in the 
development of the umbilkal cord as a tubular structure con
taining the omphalomesenteric duct, allantois, a11d fetal blood 
vessels, which pass to and from the placenta. By the end of the 
third month of gestation, the body wall has closed, except at the 
umbilical ring. Because the alinlentary tract increases in length 
more rapidly than the coelomic cavity increases in volume, mucl1 
of the developilng gut protrudes through the umbilical ring to 
lie within the umbilical cord. As the coelomic cavity enlarges to 
accommodate the intestine, the latter returns to the peritoneal 
cavity so that only tbe omphalomesenteric duct, allantois, and 
fetal blood vessels pass through the sllrinking umbilka.l ring. 
At bircl1, blood no longer courses t11Iough the umbilical vessels, 
and the omphalomesenteric duct has been reduced to a fibrous 
cord chat no longer conlfllunicates with the intestine. After 
division of the umbilical cord, the Ul11bilical ring heals rapidly 
by scarring. 

1088 

Anatomy 
There are niJle layers to the abdominal wall-skin, subcutaneous 
tissue, superficial fascia, external oblique muscle, internal 
oblique muscle, transve.rsus ahdominis muscle, transversalis 
fa~cia, preperitoneal adipose and areolar tissue, and peritoneum 
(Fig. 45- l). 

Subcutaneous Tissues 
The subcutaJ1eous tissue consists of Camper's and Scarpa's fascia. 
Camper's fascia is the more superficial adipose layer that contains 
the bulk of the subcutaneous fat, whe.reas Scarpa's fascia is a 
deeper denser layer of fibrous connective tissue conriguous with 
the fascia lata of the thigh. Approximation of Scarpa's fascia aids 
in the alignment of the skin after surgical incisions in the lower 
abdomen. 

Muscle and Investing Fascias 
lhe muscles of the amerolateral abdominal wall include the 
external and intemal oblique and transversus abdominis. These 
A at muscles enclose much of the circumference of the torso and 
give rise anteriorly to a broad A at aponeurosis investing the rectus 
abdominis muscles, termed the rectus sheath.1l1eexternal oblique 
muscles are the largest and thickest of the flat abdominal wall 
muscles. They originate from the lower seven ribs and course in 
a superolateral to inferomedial direction. The most posterior of 
the fibers rw1 vertically downward to insert into the anterior half 
of the iliac crest. At the m.idclaviCLLiar line, tbe muscle fibers give 
rise to a flat strong aponeurosis that passes anteriorly to the rectus 
sheath to insert medially into the linea alba (Fig. 45-2). The lower 
portion of the external oblique aponeurosis is roJJed posteriorly 
and superiorly on itself to form a groove on which the spermatic 
cord lies. This portion of the external oblique aponeurosis extends 
from the anterior superior iliac spiJ1e to the pubic tubercle and is 
termed the inguinal or Poupm·t's ligament. The inguinalligan1ent 
is the lower free edge of the external oblique aponeurosis poste
rior to whicl1 pass the fen10ral artery, vein, and nerve and the 
iliacus, psoas major, and pectineus muscles. A fen10ral hernia 
passes posterior to the inguinal tigan1ent, wherea~ an inguinal 
hernia passes anterior and superior to this ligan1ent. lhe shelving 
edge o f the inguinal ligament is used in various repairs of inguinal 
hernia, including the Bassini and the LiclHenstein tension-free 
repatr (see Chapter 46). 

The internal oblique muscle originates from the iliopsoas 
fascia beneath the lateral half of the iJ1guinal ligament, from the 
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FIGURE 45-1 The nine layers of the anterolateral abdominal wall. 
(From Thorek P: Anatomy in surgery, ed 2, Philadelphia, 1962, JB 

Lippincott, p 358.) 
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anterior two thirds of the iJiac crest and lumbodorsal fascia. Its 
fibers course in a direction opposite to those of the external 
oblique-that is, inferolateral to superomedial. The uppermost 
fibers insert into the lower five ribs and their cartilages (Fig. 
45-3; see Fig . 45-2A) . l11e central fibers form an aponemosis at 
rhe semilunar line, which, above the semicircular line (of 
Douglas), is divided into anterior and posterio r lamellae that 
envelop the rectus abdominis muscle. Below the semicircu1a.r 
line, the aponemosis of the internal oblique muscle courses 
anterio rly to the rectus abdom.in.is muscle as part of the anterior 
rectus sheath. The lowermost fibers of the imernal oblique 
muscle pursue an i.n.feromedial course, paralleling that of the 
spermat ic cord, to insert between the symphysis pubis and pubic 
tubercle. Some of the: lower muscle fascicles accompany tbe 
spermatic cord into the scrotum as the cremasteric muscle. 

'The transversus abdominis muscle is the smallest of the 
muscles of the anterolateral abdominal wall. Ir arises from the 
lower six costal cartilages, spines of the lumbar vertebra, iliac 
crest, and il.iopsoa~ fascia beneath the lateral third of the iJ1gwnal 
llgament. The fibers course transversely to give rise to a flat 
aponeurotic sheer that passes posterior to the rectus ahdomi.n.is 
muscle above the semicircular line and anterior to the muscle 
below it (Fig. 45-4). The in.feriormost fibers o f the transversus 
abdomin.is originating from the iliopsoas fascia pass inferomedi
ally along with the lower fibers of the internal oblique muscle. 
These fibers form the aponeurotic arch of the transversus 

M.latiss. 
dorsi 

M.obl. 
ext. abel. 

Linea 
alba 

---:rVagina m. 
recti abel. 

\ ~ 
I;' I ~ 

I \\ 
FIGURE 45-2 A. External oblique, internal oblique, and rectus abdominis muscles and anterior rectus sheath. B, Lateral view of the external 
oblique musde and its aponeurosis as it enters the anterior rectus sheath. Inset. Origin of the external oblique musde fibers from the lower 
ribs and their costal cartilages. (From McVay C: Anson and McVay's surgical anatomy, ed 6, Philadelphia, 1984, WB Saunders, pp 477-478). 
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M. obi. ext. abel. 

I 

Xt 

FIGURE 45-3 Lateral view of the internal oblique muscle. The exter
nal oblique musde has been removed to show the underlying internal 

oblique musde originating from the lower ribs and costal cartilages. 
(From McVay C: Anson and McVay's surgical anatomy, ed 6, Philadel
phia, 1984, WB Saunders, p 479.) 

abdominis muscle, which lies superior to Hessdbach's triangle 
and is an important anatomic landmark in the repair of inguinal 
hernias, particularly Bassini's operation and Cooper's ligament 
repairs. Hes.~elbach's triangle is the sire of direct inguinal hernias 
and is bordered by the inguinal ligament inferiorly, lateral 
margin of the recnts sheath medially, and inferior epigastric 
vessels laterally. 'The floor of this triangle is composed of trans
versalis fascia. 

The transversalis fascia covers the deep surface of the trans
versus abdominis muscle and, with its various extensions, forms 
a complete fascial envelope around the abdominal cavity (Fig. 
45-5; sec Fig. 45-4B). 1llis fascial layer is regionally named 
for the muscles that it covers-for example, the iliopsoas 
fascia, obturator fascia, and inferior fascia of the respiratory 
diaphragm. The transversalis fascia binds together the muscle 
and aponeurotic fascicles into a continuous layer and reinforces 
weak areas where the aponeurotic fibers are sparse. This layer is 
responsible for the structural integrity of the abdominal wall 

and, by definition, a hernia results from a defect in the transver
salis fascia. 

The rectus abdominis muscles are paired muscles that 
appear as long, flat triangular ribbons wider at their origin on 
the anterior surfaces of the fifth, sixth, and seventh costal carti
lages and rhe xiphoid proces~ rhan at their insertion on the pubic 
crest and pubic symphysis. Each muscle is composed of long 
parallel fascicles interrupted by three to five tendi110us inscrip
tions (Fig. 45-5), which attach the rectus abdomiJlis muscle to 
the anterior rectus sheath. There is no similar attachment to the 
posterior rectus sheath. These muscles Ue adjacent to each other, 
separated only by the linea alba. In addition to supporting the 
abdominal wall and protecting irs contents, contraction of these 
powerful muscles Aexes the vertebral column. 

The rectus abdominis muscles are contained within the 
rectus sheath, wllich is derived from the aponeuroses of the three 
Aat abdomi11al muscles. Superior to the semicircular line, this 
fascial sheath completely envelops the rectus abdominis muscle, 
with the external oblique and anterior lan1ella of the internal 
oblique aponeuroses passing anterior to the rectus abdomiJlis 
and aponeuroses from the posterior lamella of the internal 
oblique muscle, transversus abdonlinis muscle, and transversalis 
fascia passing posterior to the rectus muscle. Below the semicir
cular line, all these fascial layers pass anterior to the rectus 
abdominis muscle, except the transversalis fascia. ln this loca
tion, the posterior aspect of the rectus abdonlinis muscle is 
covered only by transvecsaHs fascia, preperitoneal areolar tissue, 
and perironeum. 

The rectus abdominis muscles are hdd closely in apposition 
near the anterior midline by the linea alba. 'TI1e Linea alba con
sists of a band of dense, crisscrossed fibers of the aponeuroses of 
the broad abdominal muscles that extends from the xiphoid to 
the pubic symphysis. It is much wider above the tunbilicus than 
below, thus facilitating the placement of surgical incisions in the 
midHne without entering the right or left rectus sheath. 

Preperitoneal Space and Peritoneum 
The preperitoneal space lies between the transversalis fascia and 
parietal peritoneum and contains adipose and areolar tissue. 
Coursing through the prepcritoneal space are the followiJ1g: 
I. L1ferior epigastric artery and vein 
2. Medial umbilical ligaments, which are the vestiges of the 

feral umbilical arteries 
3. Median umbilical ligament, wllich is a midliJle fibrous 

remnant of d1e fetal allantoic stalk or urachus 
4. Falcifom1 ligament of the liver, extending from the umbi

licus to rhe liver 
The rotmd Ugament, or ligan1enrum teres, is contained 

within the free margin of the falciform ligament and represents 
the obUterated umbilical vein, coursing from the umbilicus to 
the left brancl1 of the portal vein (Fig. 45-6). The parietal peri
toneum is the innermost layer of the abdominal wall. It consists 
of a thin layer of dense, irregular connective tissue covered on 
its inner surface by a single layer of squamous mesothelium. 

Vessels and Nerves of the Abdominal Wall 

Vascular Supply 
'TI1e anterolateral abdominal wall receives its arterial supply from 
the last six intercostals and four lumbar arteries, superior 
and inferior epigastric arteries, and deep circumflex iliac arteries 
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FIGURE 45-4 A. Anterolateral view of the investing fascia of the transversus abdominis muscle and the muscle itself with the fascia removed 
(inset). The external and internal oblique muscles have been removed. Also note the appearance of the intercostal nerves lying between the 
fascia of the transversus abdorninis muscle and internal oblique muscle. 8, Anterior view of the transversus abdominis muscle (left) and the 
transversalis fascia (right). Note that the transversalis fascia is shown by reflecting the overlying transversus abdominis muscle medially. (From 
McVay C: Anson and Md/ay's surgical anatomy, ed 6, Philadelphia, 1984, WB Saunders, pp 480-481.) 

{Fig. 45-7). 1l1e trunks of the intercostal and lumbar arteries, 
together with the intercostal, iliohypogastric, and Woinguinal 
nerves, course between the transversus abdominis and i.nternal 
oblique muscles. 1l1e distal most extensions of these vessels pierce 
the lateral margins of the rectus sheath at various levels and 
communicate freely with branches of the superior and inferior 
epigastric arteries. The superior epigastric artery. one of the 
terminal branches of the internal mammary artery, reaches the 
posterior surface of the recrus abdominis muscle through 
the costoxiphoid space in the diapluagm. It descends within the 
rectus sheath to anastomose with brancl1es of the inferior epi
gastric artery. T11e inferior epigastric artery, derived from the 
external iliac arltery just proximal to the inguinal ligament, 
courses through the preperitoneal areolar tissue to enter the 
lateral rectus sheath at the semilunar line of Douglas. 1l1e deep 
circumflex iliac artery, arising from the lateral aspect of the 
external iliac artery ncar the origin of the inferior epigastric 
artery, gives rise to an ascending branch, wb.ich penetrates tbe 
abdominal walJ musculature just above the iliac crest, near the 
anterior superior iliac spine. 

'TI1e venous drainage of the anterior abdominal wall follows 
a relatively simp]e pattern in wb.id1 the superficial veins above 
the umbilicus empty into the superior vena cava by way of the 

internal manunary, intercostal, and long thoracic veins. 1he 
vcim inferior to the umbWcus-the superficial epigastric, cir
cumflex iliac, and pudendal veins--converge toward the saphe
nous o pening in the groin to enter the saphenous vein and 
become a tributary to the inferior vena cava (Fig. 45-8). The 
numerous anastomoses between the infraumbilical and supra
umb.ilical venous systems provide collateral pathways whereby 
venous return to the heart may bypass an obstruction of 
the superior or inferior vena cava. 1l1e paraumbiHcal vein, 
wb.ich passes from the left branch of rhe portal vein along the 
ligamentum teres to the umbilkus, provides important com
munication between the veins of the superficial abdomiJ1al wall 
and po rtal system in patients \vith portal venous obstruction. ln 
this setting, portal blood flow is diverted away from the higher 
pressure portal system through the paraumbilical veins to the 
lower pressure veins of the anterior abdominal wall. 1l1e di lated 
superficial paraumbilical veins in this setting are termed caput 
medusae. 

The lymphatic supply of the abdominal wall follows a 
pattern similar to the venous drainage. Those lymphatic vessels 
arising from the supraumbiJlcal region drain into the axiJJary 
lymph nodes. whereas those arising from the infrawnbilical 
region drain toward the superficial inguinal lymph nodes. The 
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FIGURE 45-5 Rectus abdominis musde and contents of the rectus 
sheath. Note the semicircular line below which the posterior rectus 
sheath is absent; the rectus abdominis muscle overlies the transver
salis fascia, preperitoneal areolar tissue, and peritoneum. (From 
McVay C: Anson and McVay's surgical anatomy, ed 6, Philadelphia, 
1984, WB Saunders, p 482.) 

lymphatic ve~sels from the liver course along the ligamentum 
teres to the umbilicus to communicate with the lymphatics of 
the anterior abdominal wall. It is from this pathway that carci
noma in the liver may spread to involve the anterior abdominal 
wall at the umlbilicus (Sister Mary Joseph node [or nodule]). 

Innervation 
1l1e anterior rami of the thoracic nerves follow a curvilinear 
course forward in the intercostal spaces toward the midline of 
the body (see Fig. 45-7). The upper six thoracic nerves end near 
the sternum as anterior cutaneous sensory branches. Thoracic 
nerves 7 to 12 pass behind the costal cartilages and .lower ribs 
to enter a plane between the internal oblique muscle and the 
transversus abdomiJlis. The seventh and eighth nerves course 
slightly upward or horizontally to reacl1 the epigastrium, whereas 
the lower nerves have an increasingly caudal trajectory. As these 
nerves course medially, they provide motor branches to the 
abdominal wall musculatu.re. Medially, they perforate the rectus 
sheath to provide sensory iJmervation to the anterior abdomiJ1al 
wall. The anterior ramus of the lOth thoracic nerve reaches the 
skin at the level of the umbilicus and the 12th thoracic nerve 
iJmervatcs the skin of the hypogastrium. 

n,e ilioinguinal and iliohypogastric nerves often arise in 
common from the anterior rami of the 12th thoracic and first 
lumbar nerves to provide sensory i.nnervation to the hypogas
trium an.d lower abdomin.al wall. The iJiohypogastric nerve runs 
parallel to the 12th thoracic nerve to pierce the transversus 
abdominis muscle near me iliac crest. After coursjng between 
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FIGURE 45-6 Umbilicus. A. In the fetus, the umbilical vein superiorly 
and the two umbilical arteries and uradlus inferiorly radiate from the 
umbilicus. B. View of the umbilicus from within the peritoneal cavity 
show;ing the round ligament of the liver (derived from the obliterated 
umbilical vein) superiorly and the median umbilical ligament (derived 
from the obliterated uradlus) and medial umbilical ligaments (also 
called the lateral umbilical ligaments, derived from the obliterated 
umbilical arteries). (From Thorek P: Anatomy in surgery, ed 2, Phila
delphia, 1962, JB Lippincott, p 375.) 

FIGURE 45- 7 Arteries and nerves of the anterolateral abdominal waiL 
(From Md/ay C: Anson and McVay's surgical anatomy, ed 6, Philadel
phia, 1984, WB Saunders, p 501.) 

the transversus abdominis muscle and mternal oblique for a 
short distance, the nerve pierces me latter to travel under the 
external oblique fascia toward d1e external inguinal ring. It 
emerges through the superior crus of the external iJ1guinal ring 
ro provide sensory innervation to the anterior abdominal wall 

http://www.myuptodate.com


ABDOMINAL WALL, UM BILICUS, PERITONEUM, M ESENTERIES, OMENTUM CHAPTER 45 1093 

FIGURE 45-8 Venous and lymphatic drainage of the anterolateral 
abdominal wall. (From Thorek P: Anatomy in surgery, ed 2, Philadel
phia, 1962, JB Lip;pincott, p 345.) 

iJ1 the hypogastrium. The ilioinguinal nerve courses parallel to 
the iJlohypogastric nerve, but closer to the inguinal Ugan]ent. 
Unlike the iliohypogastric nerve, the ilioinguinal nerve courses 
with the spermatic cord to emerge &om the external inguinal 
ring, with its terminal branches providing sensory innervation 
to d1e skin of the inguinal region and scrotum or labium. The 
ilioinguinal nerve, iliohypogastric nerve, and genital branch of 
the geni tofemora l nerve are commonly encountered during the 
performance of inguinal herniorrhaphy. 

Abnormalities of the Abdominal Wall 
These cru1 be congenital or acquired. 

Congenital Abnormalities 
Umbilical Hernias Umbilical hernias may be classified into three 
distinct forms: 
I. Omphalocde and gastrosffiisis 
2. fnfan tile umbWcal hernia 
3. Acquired umbilical hernia 

Ompholocele An omphalocde is a funnel-shaped defect iJ1 the 
central abdomen through which the viscera protrude into the 
base of the umbilical cord. lt is caused by failure of the abdomi
nal wall musculatme to unite in the midline duriJ1g fetal devel
opment. 1l1e umbilical vessels may be splayed over the viscera 
or pushed to one side. In larger defects, the liver and spleen may 
lie within the cord, along with a major portion of the boweL 
There is no skin covering these defects, only peritoneum and, 
more superficial ly, anmion. Of infants who are born with an 
omphalucde, 50% to 60% will have concomitant congenital 
anomaUes of the skeleton, gastrointestinal (GI) tract, and 
nervous, genitOLLrinary, and cardiopulmonary systems. 

Gastroschisis Gastroschisis is another congenital defect of the 
abdominal wall. in which the umbilical membrane has ruptured 
in utero, allowing the intestine to herniate outside the abdomi
nal cavity. The defect is almost always to the right of the umbili
cal cord and the intestine is not covered with skin or amnion. 
Typically, the intesrine has not undergone complete mesenteric 
rotation and fixation; hence, the infant is at risk for mesenteric 
volvulus, with rcst.lltant intestinal ischemia and necrosis. Con
comitant congenital anomalies occur .in about lOo/o of these 
patients. Both omphalocele and gastroschisis are discussed in 
greater detail in Chapter 67. 

Infantile Umbilical Hemlo Llfru1tile umbilical hernias appear 
within a few days or weeks after the stump of the un1bilical cord 
has sloughed. ft is caused by a weakness in the adhesion between 
the scarred remnants of the umbilical cord and umbilical ring. 
In connast to omphalocele, the infru1tile umbilical hernia is 
covered by sk.in. Generally, these small hernias occur in the 
superior margin of the umbilical ring. 1l1ey are easily reducible 
and become prominent when the infant cries. Most of these 
hernias resolve withb1 the first 24 months of Jlfe, aJ]d complica
tions such as strangulation are rare. Operative repair is indicated 
for those children in whom the hernia persists beyond the age 
of 3 or 4 years. This condition ru1d its management are discussed 
furtheli in Chapters 46 ru1d 67. 

Acquired Umblllcol Hemlo In this condition, an umbilical hernia 
develops at a time remote from closure of the umbilical ring. 
1lus hernia occurs most commonly at the upper margin of the 
umbilicus and results from wea.kenl11g of the cicatricial tissue 
that normally closes the umbilical ring. 11us may be caused by 
excessive stretd1ing of the abdominal wall, which may occur 
with pregnru1cy, vigorous labor, or ascites. In contrast to infantile 
umbilical hernias, acquired umbilical hernias do not spontrule
ously resolve but gradually increase in size. The dense fibrous 
riJ1g at the neck of this hernia makes strangulation of herniated 
intestine or omenturn an important complication. 

Abnormalities Resulting from Persistetlce of the Omphalomeset~teric 
Duct During fetal development, the midgut communicates 
widely with the yolk sac through the vitelline or omphalornesen
teric duct. As the abdominal wall components approximate one 
aJlother, the omphalomesemeric duct narrows ru1d comes w Lie 
within the umbilical cord. O ver time, communication between 
the yolk sac and imesti.ne becomes obliterated ru1d the i.mestine 
resides free within the peritoneal cavity. Persistence of part or aU 
of the omphalomesenteric duct results in a variety of abnormali
ties related to the intestine ru1d abdominal wall (Fig. 45-9). 

Persistence of the intestinal end of the omphalomesenteric 
duct results in Meckel's diverticulum. These true diverticula arise 
from the anti.mesenteric border of the small intestine, most ofren 
the ileum. A Rule of 2s is often applied to these lesions in that 
they are found in approximately 2o/o of the population, are 
wi thin 2 feet of the ileocecal valve, are often 2 inches in length, 
ru1d contain two types of ectopic mucosa (gastric and pancre
atic). Meckel's diverticula may be complicated by inAan1mation, 
perforation, hemorrhage, or obstruction. Gl bleeding is caused 
hy peptic ulceration of adjacent .intesti.nal mucosa from bydro
chloric acid secreted by ectopic parietal cells within the diver
ticulum. Intestinal obstruction associated wiili Meckel's 
diverticulum is usually caused by intussusception or volvulus 
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FIGURE 45-9 Abnormalities resulting from persistence of the omphalomesenteric duct. A. Omphalomesenteric duct cyst. B. Persistent ompha
lomesenteric duct with an enterocutaneous fistula. C. Omphalomesenteric duct cyst and sinus. D, Fibrous cord between the small intestine 
and the posterior surface of the umbilicus. E. Meckel's diverticulum. (From Mc:\/ay C: Anson and McVay's surgical anatomy, ed 6, Philadelphia, 
1984, WB Saunders, p 576.) 

around an abnormal fibrous connection between the diverticu
lum and posterior aspect of the LUnbiJicus. These lesions are 
discussed in Cbapter SO. 

1l1e omphalomesenteric duct may remain patent through
out its course, d1us producing an enterocutaneous fistula between 
the distal small intestine and LUnbilicus. This condition presenrs 
with the passage of meconium and mucus from the umbilicus 
in the first few days of life. Because of the risk for mesenteric 
volvulus around a persistenr omphalomesenteric duct, these 
lesions are promptly treated with laparotomy and excision of the 
fistulous tract. Persistence of the distal end of the omphalomes
enteric duct resul ts in an umbiJical polyp, which is a small 
excrescence of ompbalomesenreric ductal mucosa at the umbi
licus. Sucb poEyps resemble umbilical granulomas except that 
tl1ey do not disappear after silver nitrate cauterization. 1l1eir 
presence suggests that a persistent omphalomesenteric duct or 
umbilical sinus may be present, and hence they are most appro
priately treated by excision of the mucosal remnant and underly
ing omphalomesenteric duct or umbilical sinus, if present. 
Umbilical sinuses result from the persistence of the distal 
omphalomesenteric duct. 1l1e morphology of the sinus tract can 
be delineated by a sinogram. Treatment involves excision of the 
sin us. Finally, tl1e accumulation of mucus in a portion of a 
persistent omphalomesenteric duct may result in the formation 
of a cyst, whicb may be associated with the intestine or umbili
cus by a fibrous band. Treatment consists of excision of the cyst 
and associated persistent omphalomesenteric duct. 

Abnormalities Resulting from Persistence of lfle Allantois The allan
tois is the cranialroost component of the embryologic ventral 
cloaca. 1l1e intra-abdominal portion is termed the urachus and 
connects the urinary bladder with the umbiJicus, whereas the 
extra-abdominal allantois is contained within the umbilical 
cord. At the end of gestation, tl1e urachus is converted into a 
fibrous cord that courses between the extraperi toncal urinary 
bladder and umbilicus as the median lUTibilical tigament. Persis
tence of part or all of the urachus may result in the formation 
of a vesicocutaneous fistula, with the appearance of urine at the 
umbilicus, an extraperitoneal urachal cyst presenting as a lower 
abdominal mass, or an urachal sinus with the drainage of a smaU 
amount of mucus. Treatment is excision of the urachal remnant 
with closure of the bladder, if necessary. 

Acquired Abnormalities 
Diastasis Recti Diastasis recti refers to a thirming of the linea alba 
in the epigastrilUTI and is manifested as a smooth midline 

protrusion of the anterior abdominal wall. The transversalis 
fascia is intact, and hence this is not a hernia. There are no 
identifiable fascial margiJJS and no risk for intestinal strangula
tion. 1l1e presence of diastasis recti may be particularly notice
able to the patient on straining or when lifting the head from 
the pillow. Appropriate treatment consists of reassurance of the 
patient and fancily regarding the inJwcuous nature of this 
condition. 

Anterior Abdominal Wall Hernias Epigastric hernias occur at sites 
tl1rougb which vessels and nerves perforate the linea alba to 
course into the subcutancum. Through these openings, extra
peritoneal areolar tissue and, at times, peritoneum may hemiate 
into the subcutaneous tissue. Although these hernias are often 
small, they may prod uce significant localized pain and tender
ness because of direct pressure of the hernia sac and its contents 
on tbc nerves emerging through the same fascial opening. Spi
gelian hernias occur through the fascia in the region of the 
semilunar line and present with localized pain and tenderness. 
lhe hernia sac is only rarely palpable because it is often small 
and tends to remain heneath the external oblique apooelUosis. 
Ultrasonography of tile abdominal wall or computed tomogra
phy (CT) witll thin cuts through tile abdomen, after careful 
marking of the suspected site, should be diagnostic. Treatment 
consists of sin1ple operative closure of the fascial defect. These 
hernias are discussed in C hapter 46. 

Redus Shealfl Hematoma Rectus sheath hematoma is an uncom
mon condition characterized by acute abdominal pain and the 
appearance of an abdominal wall mass. It is more common in 
women than men and i.n older than younger individuals. A 
review of 126 patients with rcetus sheath hematomas treated at 
rhe Mayo Clinic found that almost 70o/o were receiving antico
agulants at the time of diagnosis. A history of nonsurgical 
abdominal wall trauma or iJ1jury is common (48o/o), as is the 
presence of a cough (29%).1 ln young women, rectus sheath 
hematomas have been associated with pregnancy. 

Patients with rectus sheath hematomas usually present witb 
tl1e sudden onset of abdominal pain, which may be severe and 
is ofre11 exacerbated by movemems requiring contraction of the 
abdominal wall. Physical examination will demonstrate tender
ness over the rectus sheath, often with vohmtary guarding. An 
abdominal wall mass may he noted in some patients, 63% in 
the Mayo Conic series.• Abdominal wall ecchymosis, including 
periumbilical ecchymosis (Cullen's sign) and blue discoloration 
in the flanks (Grey Turner's sign), may be present if there is a 
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delay from the onset of symptoms to presentation. The pain and 
tenderness associated with this process may be severe enough to 
suggest peritoniltis. ln those cases in which the hematoma 
expands into the perivesical and preperitoneal spaces, d1e hema
tocrit level may fall, although hemodynanuc instabili ty is 
uncommon. 

Ultrasonography or cr will confi rm the presence of the 
hematoma ru1d localize it to the abdominal wall i11 almost all 
cases. Usually, d1ese patients may be managed successfully with 
rest and analgesncs and, if necessary, blood trru1sfusion. In the 
Mayo ClUuc series, almost 90o/o of patients were managed suc
cessfully in tlus manner.1 In general, coagulopathles are cor
rected, although cominued anticoagulation of selected patients 
may be prudent, depending on the indications for anticoagula
tion and seriousness of the bleeding. Progression of the hema
toma may necessitate angiographic embolization of the bleeding 
vessel or, tmcommonJy, operative evacuation of the hematoma 
an.d hen1ostasis. 

Malignancies of the Abdominal Wall 
1he most common primary malignancies of the abdominal wall 
are desmoid tun1ors and sarcomas. Although tumsual, a variety 
of common cru1cers may metastasize through the bloodstream 
to the soft tissue of the abdominal wall, where it presents as a 
soft tissue mass. Metastatic melanoma, in particular, may present 
iJ1 this marmer. Finally, transperitoneal seeding of the abdominal 
wall by intra-abd omi11al malignancies may complicate transab
dominal biopsies or operative procedures. 

Desmoid Tumor 
Desmoid tumor. also known as fibromatosis or aggressit1e fibro
matosis, is an uncommon neoplasm that occurs sporadically or 
as part of an inherited syndrome, most notably, fanliJial adeno
matous polyposis (FAP) and Gardner's syndrome, an autosomal 
dominant syndrome of GI adenomatous polyps or adenocarci
noma, osteomas,. and skin and soft tissue tumors. These tumors 
arise from fib roaponeurotic tissue ru1d typically present as a 
slowly growing rmass. Although they lack metastatic potential, 
they are locally aggressive and invasive, with a high propensity 
for recurrence. 

Desmoid tumors are typically classified by location as extra
abdominal or extremity desmoids (i.e., those tumors occurring 
iJ1 the proximal extremities or limb girdle), abdon1inal wall 
tumors, ru1d intra-abdominal desmoids, which uwolve the mes
entery, pelvis, or bowel wall. 

The frequency of desmoid tumors in the general popula
tion is 2.4 ro 4.3 ca.~cs/million; this risk increases 1000-fold in 
patients with FAP.2.3 The vast majority of desmoid rumors 
are sporadic, typically in young women during pregnancy or 
wirllin a year of childbirth. Oral contraceptive use has also 
been associated with the occurrence of these rtunors. These 
associations, combined wid1 the detection of estrogen receptors 
within the tumor, suggest a regulatory role for estrogen in d1is 
disease. 

Patients with a desmoid tumor present with ru1 asymptom
atic mass or with symptoms related to ma.<>S effect from the 
twnor. l11ere is often a temporal a.~sociation between the discov
ery of the rumor and aJ1 antecedent blsrory of abdominal rrauma 
or operation.3 Imaging (CT or MRI) is necessary to delineate 
the extent of tumor involvement fully, but otherwise there is no 
need to perform staging for metastatic disease. On CT, a desmoid 

tumor appears as a homoge11eous mass arising from the soft 
tissue of the abdominal wall (Fig. 45- LO). A desmoid tumor will 
appear as a homogeneous and isointense mass compared with 
muscle on T l-wdghted MRI images, whereas T2-weighted 
images demonstrate greater heterogeneity and a signal slightly 
less intense thru1 far. 

Biopsy is required to establish the diagnosis. Core needle 
biopsy or indsional biopsy will demonstrate a tumor composed 
of bw1.<iles of spindle cells ru1d an abtmdant fibrous stroma. The 
center of the tumor is often acellular, whereas the periphery 
contains most of the fibroblasts. The blstology can be similar to 
that of a low-grade fibrosarcoma, but diagnosis is usually not 
difficult because the fibroblasts are blgWy differentiated ru1d lack 
the mi totic activity fOlmd in malignancy. lrnmunohistodlemis
try can help clarifY difficult diagnoses; the tumors typically stain 
positive for P-catcnin, actin, and vimentin and stain negative for 
cytoke.ratin and S-LOO. 

Resection of the tumor with a wide margin of normal tissue 
is currently considered the optimal treatment. Often, the extent 
of this resection will require abdominal wall reconstruction 
with local tissue flaps or mesh prostheses. The completeness of 
resection is an important prognostic factor; Stojadinovic 
and colleagues4 have reported that 68o/o of desmoids tumors 
resected with a positive margin recur within 5 years, compared 
with none of the tumors in which the resection margin was free 
of disease. 

Abdomi nal wall desmoids are responsive to radiation 
therapy, although the treatment effect is slow ru1d may be pro
gressive over several years. Radiotherapy alone is an acceptable 
treatment option for patients with unresectable desmoid tun1ors 
or tumors for which resection will be associated with high mor
bidity ·risks or major fun.ctional loss. A retrospective review from 
the M.D. Anderson Cancer Center bas reported 10-year 

FIGURE 45-10 CT scan ot the abdomen demonstrating a desmoid 
tumor arising within the left rectus sheath. The tumor appears as a 
homogeneous soft tissue mass. 
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recurrence rates of 38o/o for surgery alone (27o/o for those with 
negative margins), 25% for combined surgery and radiation, 
and 24% for radiation therapy alone.5 lt was also concluded that 
radiation therapy can assuage the adverse effect of positive 
margins on local tumor recurrence. Similar large studies have 
reponed local conrrol rates of approximately 80o/o wi th radio
therapy alone, rates that are consistently equivalent or even 
superior to surgery alone.6 

Adjuvant radiation therapy is concroversial, with most 
centers reserving this modality for patients with positive margins, 
or dose margins, because of critical structures. The use of nco
adjuvant radiation therapy is less well accepted than adjuvant 
radiation therapy because of the slow response times, often l 
year or more, wid1 the potential for making subsequent abdomi
nal wall reconstruction more difficult, and few studies demon
strating a clear benefit. 

Estrogen receptor antagonists, nonsteroidal anti
inHanlmatory drugs {NSAIDs), and systemic chemotherapy 
have been used successfully in the treatment of patients with 
locally advanced , recmrent or unresectabk desmoid tumors. The 
use of these agents in an adjuvant or neoadjuvant setting is not 
well studied and they would be best used in the setting of a 
clinical trial. 

TI1e detection of estrogen receptors on desmoids tumors, 
as well as the association with pregnancy and oral contraceptives, 
provide some support for d1e use of antiestrogens, such as 
tamoxifen. Clinical improvement has been reported in 43% of 
patients receiving anriestrogens, although the response rate 
varies an10ng studies. Tumor responses to antiesrrogens are slow 
in onset but often last for several years.7.s Most reports ofNSAJD 
treatment use sulindac but indomethacin has also been used. A 
study using combination blgh-dose tamoxifen and sullndac rec
ommended dus regimen as initial treatment for PAP-associated 
desmoi.d tumors.9 

Various cytotoxic chemotherapy regimens have been used 
in d1e treatment of patients with inoperable desmoids. Metho
trexate with vinblastine, doxorubicin-based therapy, and 
ifosfamide-based regin1ens have been reported, with positive 
responses in 20% to 40% of paticnts.7

•
1° For desmoids with 

rapid growth, medical oncologists may recommend therapies 
typically used for sarcomas, such as doxorubicin and dacarba
zinc. Recent reports have also suggested imatinib, a tyrosine 
kinase inhibitor, as another effective rrearmenc option for 
patients wid1 these tumors!1 

Abdominal Wall Sarcoma 
Abdonlinal waH sarcoma are classified as truncal sarcoma
including the chest or abdominal wall-and account for l 0% 
to 20% of sarcomas overall. ln general, sarcomas are rare and 
abdominal wall sarcomas are exceedingly rare. Sinlllar to desmoid 
tumors, these neoplasms most often present as a painless mass, 
although as many as one third of patients with abdominal wall 
sarcomas will have pain at the site of me tumor. Pertinent 
history, such as a history of retinoblastoma, FAP, neurofibroma
tosis, radiation therapy, or Li-Fraumeni syndrome, should be 
sought. 1l1e differential diagnosis includes many common con
ditions, such as lipomas, hematomas, ventral hernias, endome
triosis, and inflammatory processes, sucl1 as needle site 
granulomas in diabetics. Histologic subtypes include ljposar
coma, fibrosarcoma, leiomyosarcoma. rhabdomyosarcoma, and 
malignant fibrous histiocytoma. 

Axial imaging with MRI or CT will provide important 
information regarding the location and extent of me tumor as 
well as involvement of contiguous scructures. Chest CT should 
be included to rule out metastatic disease. Definitive diagnosis 
requires biopsy, which may be performed with a core needle or 
by incision. 1l1e accuracy of core needle biopsy is consistemly 
reported as more man 90% and can be performed under CT 
guidance for deep lesions. If an incisional biopsy is performed, 
it is optimally done by the surgeon who will perform the defini
tive resection; it should be oriented in the same plane as the 
undeilying muscle to minimlzc unnecessary tissue loss during 
the <lefinitive procedure and facilitate reconstruction. No 
attempt is made to develop tissue flaps around d1e lesion, and 
hemostasis is meticulous to avoid dissemi.nation of tile tumor 
along the tissue planes by a postoperative hematoma. 

Definltive treatment of abdominal wall sarcomas is resec
tion with tumor-free margins, wiili most surgeons attempting 
to obtain at least a 2-cm margi~n around the tumor. Lymph node 
meta.<;tases are rare (2% to 3%). Reconstruction of d1e abdomi
nal wall defect may be accomplished primarily, with myocutanc
ous flaps, or with prosthetic meshes, depending on the site and 
extent of resection. Response rates with radiation and chemo
therapy are low. 

Soft tissue sarcomas are discussed in greater detail in 
Chapter 33. 

Metastatic Disease 
Metastases to d1e abdominal wall may occur by direct seeding 
of me abdonlinal wall during biopsy or resection of an intra
abdominal malignancy or by hematogenous spread of an 
advanced tumor. The risk of tumor implantation at d1e port site 
after laparoscopic colon resection for adenocarcinoma is 0.9% 
and has been shown in randomized concrolled trials to be no 
different than the risk of tumor recurrence in the wou,nd after 
open colon resections.12 The most common tumors that metas
tasize to soft tissue are lung, colon, .melanoma, and renal cell 
tumors. Although metastases to soft tissue arc unusual, the 
abdominal wall is tile site of such recurrence in approximately 
20% of cases}3 Similar to desmoids tumors o.r sarcomas, metas
tases to the abdominal wall present as a painless mass. Un.mu
nohistochemistry staining of the tumor may allow specific 
identification of the type of primary tumor and facilitate dif
feren tiacion from primary sarcomas of d1e abdominal wall. The 
Sister Mary Joseph nodule is often described and seldom seen 
but represents a palpable nodule in the region of the umbilicus 
representing metastatic abdonlinal or pelvic cancer. 

Symptoms of Intra-Abdominal Disease 
Referred to the Abdominal Wall 
Abdominal pain may be categorized as visceral, somatoparietal, 
and referred. Visceral pain is caused by stimulation of visceral 
nociceptors by inAan1111ation, distention, or ischemia. 1l1e pain 
is duJJ in nature and poorly localized to the epigascrium, peri
umbilical regions, or hypogastrium, depending on the embry
onic origin of the organ involved. Inflammation of the stomach, 
duodenum, and biliary tract (derivatives of the embryonic 
foregut) localizes visceral pain to the epigastrium. Stimulation 
of nocicepcors in midgut-derived organs (small intestine, appen
dix, right colon) causes the sensation of pain in the periumbilical 
region, whereas inAan1111ation or distention of hindgut-derived 
organs {left colon, rectum) causes bypogascric pain. The pain is 
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felt in the midline because these organs transmit sympathetic 
sensory afferenrs. to both sides of the spinal cord. The pain is 
poorly locali:t.ed because the innervation of most viscera is mul
tisegmental and contains fewer nerve receptors than highly sen
sitive organs such as the skin. The pain is often characteri7.ed as 
cramping, burning, or gnawing and may be accompanied by 
secondary autonomic effects sud1 as sweating, restlessness, 
nausea, vomiting, perspiration, and pallor. 

Somatoparietal pain arises from inflarnmation of the pari
etal peritoneum; it is more intense and more precisely locali:t.ed 
than visceral pain. TI1e nerve impulses mediating parietal pain 
travel within the somatosensory spinal nerws and reach the 
spinal cord iJ1 the peripheral nerves corresponding ro the cutane
ous dermatomes from tbe T6 to the LJ region. Lateralization of 
parietal pain is possible because only one side of the nervous 
system umervates a given part of rhe parietal peritoneum. 

The difference between visceral and somatoparietal pain is 
well illustrated by the pai11 associated with acute appendicitis, 
in which the earEy, vague, periumbiJical visceral pain is followed 
by the localized somatoparietal pain at McBurney's poiJl t. The 
visceral pain is produced by distention and inflammation of the 
appendix. wherea~ the locali:r.ed somatoparietal pain in tl1e right 
lower quadrant of the abdomen is caused by extension of the 
inflammation to rhe parietal peritoneum. 

Referred pain is felt in anatomic regions remote from the 
diseased organ. Ths phenomenon is caused by convergence of 
visceral afferent neurons innervating an i.njured or i11flamed 
organ with somatic afferent fibers arising from another anatomic 
region. Ths occurs within the spinal cord at the level of second
order neurons. Well-known examples of referred pain include 
shoulder pain on irritation of the diaphragm, scapular pain 
associated with acute biliary tract disease, and testicular or labial 
pain caused by retroperitoneal inflammation. 

PERITONEUM AND PERITONEAL CAVITY 

Anatomy 
The peritoneun1 consists of a single sheer of sin1ple squamous 
epithelium of me.~odermal origin, termed mesothelium, lying on 
a thin connective tissue stroma. The surface area is 1.0 to 1.7 m2, 
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approximately that of the total body surface area. In males, the 
peritoneal cavity is sealed, whereas in females it is open to the 
exterio r through the ostia of the fallopian tubes. 1l1e peritoneal 
membrane is divided into parietal and visceral components. The 
parietal peritoneum covers the anterior, lateral, and posterior 
abdominal wall surfaces and the inferior surface of the dia
phragm and the pelvis. 1l1e visceral peritoneum covers most of 
the surface of the intraperitoneal organs (i.e., stomach, jejunum, 
ileum, transverse colon, Liver, spleen) and the anterior aspect of 
the retroperitoneal organs (i.e., duodenum, left and right colon, 
pancreas, kidneys, adrenal glands). 

1l1e peritoneal cavity is subdivided into intercorUlected 
compartments or spaces by ll ligaments and mesenteries. The 
peritoneal ligaments or mesenteries include the coronary, gas
trohepatic, hepatoduodcnal. falciform, gastrocolic, duodeno
colic, gastrosplenic, splenorenal, and phrenicocoHc Ligaments 
and the transverse mesocolon and small bowel mesentery (Fig. 
45- ll). These structures partition the abdomen into nine 
potential spaces-right and left subphrenic, subhepati" supra
mesenteric and inframesenteric, right and left paracoHc gutters, 
pelvis, and lesser space. These ligaments, mesenteries, and peri
toneal spaces direct the circulation of fluid in the peritoneal 
cavity and thus may be useful in predicting the route of spread 
of infectious and malignant diseases. For example, perforation 
of the duodenum from peptic ulcer disease may result in the 
movement of fluid (and the development of abscesses) in the 
subhepatic space, right paracolic gutter, and pelvis. The blood 
supply to the visceral peri roneum is derived from the splanchnic 
blood vessels, whereas the parietal peritoneLUll is supplied by 
branches of the intercostals. subcostal, lumbar. and iliac vessels. 
1l1e irlnervation of the visceral and parietal per.itoneum is dis
cussed earlier. 

Physiology 
1l1c peritoneum is a bidirectional, semipermeable membrane 
that controls the amount of fluid u1 the peritnneal cavity, pro
motes the sequestration and removal of bacteria from the peri
toneal cavity, and facilitates the migration of inflanunatory cells 
from cl1e microvasculature into tl1e peritoneal cavity. Normally, 
the peritoneal cavity contains less than LOU mL of sterile serous 

FIGURE 45-1 1 Peritoneal ligaments and mesenteric reflections in 
the adult These attachments partition the abdomen into nine 
potential spaces-right and left subphrenic, subhepatic, suprames-
enteric and infra mesenteric spaces, right and left para colic gutters, 
pelvis, and omental bursa (inset, right). {Ffom Mc:Vay C: Anson 
and McVay's surgical anatomy, ed 6, Philadelphia, 1984, WB Saun
ders, p 589.) 
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fluid. Microvilli on the apical surface of the peritoneal mesothe
lium markedly increase the surface area and promote the rapid 
absorption of fluid from the peritoneal cavity into the lymphat
ics and portal and systemic circulations. 1he amount of fluid in 
the peritoneal cavity may increase to many liters in some dis
eases, such as cirrhosis, nephrotic syndrome, and perironeal 
carcinomatosis. 

The circulation of fluid in the peritoneal cavity is driven in 
part by the movement of the diaphragm. Intercellular pores in 
the peritoneum covering ti1e inferior surface of the diaphragm 
(termed stomata) communicate with lymphatic pools in the 
diaphragm. Lymph flows from these diaphragmatic lymphatic 
channels through subpleural lymphatics to the regional lymph 
nodes and. Ul!timately. ti1e thoracic duct. Relaxati011 of the 
diaphragm during exhalation opens the stomata and the nega
tive imrathoracic pressure draws fluid and particles, including 
bacteria, into the stomata. Contraction of me diaphragm d uring 
inhalation propels the lymph through the mediastinal lymphatic 
channels into the tlloracic duct. It is postulated that this so-called 
dirtphragnuttic pump drives the movement of peritoneal fluid in 
a cephalad direction coward the diaphragm and into the thoracic 
lymphatic vessels. 1l1is circulatory pattern of peritoneal fl uid 
toward ti1e diaphragm and into the central lymphatic channels 
is consistent with the rapid appearance of sepsis in patients with 
general ized intra-abdominal infections, as well as the perihepa
titis of Fitz-Hugb-Curtis syndrome i.n patients with acute 
sal pi ngi tis. 

The peritoneum and peritoneal cavity respond to infection 
in five ways: 

I. Bacteria are rapidly removed from the peritoneal 
cavity through the diaphragmatic stomata and 
lymphatics. 

2. Periconeal macrophages release proinflal1lmatory 
med iators tbat promote the migration of leukocytes 
imo the peritoneal cavity from the surrounding 
microvasculature. 

3. Degranulation of peritoneal mast cells releases hista
mine and other vasoactive products, causing local 
vasodilation and the extravasation of protein-rich 
fluid corll taining complement and immunoglobulins 
into the tperi toneal space. 

4. Protein in ti1e peritoneal Auid opsonizes bacteria, 
which, along with activation of d1e complement 
cascade, promotes neutrophil- and macrophage
mediated bacterial phagocytosis and destruction. 

5. Bacteria become sequestered withiJl fibrin matrices, 
thereby p romoting abscess formation and limiting 
the generalized spread of the infection. 

Peritoneal Disorders 

Ascites 
Patflophysiology· and Cause Ascites is the pathologic accumulation 
of Auid in the peritoneal cavity. The principal causes of ascites 
formation and their pathophysiologic bases are listed in Box 
45-1. Cirrhosis is the most common cause of ascites tn the 
United Stares, accounting for approximately 85% of cases. 
Ascites is the most common complication of cirEhosis, with 
approximately 50% of compensated cirrhotic patients develop
ing ascites within 10 years of diagnosis. The onset of ascites is 

B~X .45-1 Principal Causes of Ascites Formation Categ9rized 
According to Underlying PathoP,~Y~~~~~ 

Portal Hypertension 
Cirrhosis 
Non cirrhotic 
• Prehepatic portal venous obstruction 

• Chronic mesenteric venous thrombosis 
• Multiple hepatic metastases 

• Posthepatic venous obstruction: Budd-Chiari syndrome 

cardiac 
Congestive heart failure 
Chronic pericardia! tamponade 
Constrictive pericarditis 

Malignancy 
Peritoneal carcinomatosis 
• Primary peritoneal malignancies 

• Primary peritoneal mesothelioma 
• Serous carcinoma 

• Metastatic carcinoma 
• Gastrointestinal carcinomas (e.g., gastric, colonic, pan

creatic cancer) 
• Genitourinary carcinomas (e.g., ovarian cancer) 

Retr>Operitoneal obstruction of lymphatic channels 
• lymphoma 
• lymph node metastases (e.g., testicular cancer, melanoma) 

Obsltruction of the lymphatic channels at the base of the 
mesentery 

• Gastrointestinal carcinoid tumors 

Mis·cellaneous 
Bile ascites 
• Iatrogenic afte r operations of the liver or biliary tract 
• Traumatic after injuries to the liver or biliary tract 

Pancreatic ascites 
• Acute pancreatitis 
• Pancreatic pseudocyst 

Chylous ascites 
• Disruptions of retroperitoneal lymphatic channels 

• Iatrogenic during retroperitoneal dissections: Retro
peritoneal lymphadenectomy, abdominal aortic 
aneurysmorrhaphy 

• Blunt or penetrating trauma 
• Malignancy 

• Obstruction of retroperitoneal lymphatic channels 
• Obstruction of lymphatic channels at the base of the 

mesentery 
• Congenital lymphatic abnormalities 

Primary lymphatic hypoplasia 
Peritoneal infections 

• Tuberculous peritonitis 
·Myxedema 
• Nephrotic syndrome 
• Serositis in connective tissue disease 

an important prognostic factor for poor outcome in patien ts 
with cirrhosis because of its association with the occurrence of 
spontaneous bacterial peritonitis, renal failure, a wofSened 
quali ty of life, and an increased likelihood of death wi thin 2 to 
5 years. 
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The two principal factors underlymg the formation of 
ascites .in cirrhotic patients are renal sodium and water retention 
and portal hypertension. Renal sodium retention is driven by 
activation of the renin-angiocensiJ1-aldosterone and sympathetic 
nervous systems. which cause proximal and distal renal tubuJe 
sodium reabsorption. It is posrulared that the abnormal relea~e 
of nitric oxide within the splanchnic circulation causes vasodila
tion and a decrease i11 the effective circulati11g blood volume. 
Rerili1, aldosterone, ru1d other hormones are generated as a coun
terregulatory mechanism to restore the effective circuJating 
blood volume to normal. Portal hypertension is produced by 
postsinusoidal vascular obstruction from the deposition of col
lagen b1 the cirrhotic liver. Increased hydrostatic pressure within 
the hepatic sinusoids and splanchnic vasculature drives the 
extravasation of ifluid from the microvasculature into the extra
cellular compartmem. Ascites results when the capacity of the 
lymphatic system to return this Auid to the systemic circuJation 
is overwhelmed. Some recent studies have reviewed the patho
physiology underlying fluid retention, hyponatremia, and ascites 
formation that characterizes patients with cirrhosis.'4•15 

Obstruction of the portal or hepatic venous blood Aow iJl 
the absence of cirrhosis (e.g., portal vern thrombosis or Budd
Chiari syndrome, respectively) also causes ascites formation by 
increasiJ1g hydrostatic pressure within the splanchJlic microvas
culature. A similar pressure-ba~d mechanism contributes to 
ascites formation in patients with heart failrne, although the 
release of vasopressin and reni.n-angiotensin-aldosterone also 
promote sodium and water retention iJl these patients. 

Patients with malignancies develop ascites by one of three 
mecl1anisms: 

l. Multiple hepatic metastases cause portal hyperten
sion by nalirowing or occluding branches of the portal 
ven.ous system. 

2. Malignant cells scattered throughout the peritoneal 
cavity release protem-rich Auid into the peritoneal 
c.avity, as ill1 peritoneal carcinomatosis. 

3. Obstruction of retroperitoneal lymphatics by a 
tumor, such as lymphoma, causes ruptLLre of major 
lymphatic channels and the leakage of chyle iJ1to the 
peritoneal c.avity. 

Finally, ascites may result from the leakage of pancreatic 
juice, bile, or lymph into the peritoneal cavity after an iatrogenic 
or inBaJ1111latory disruption of a major pancreatic, bile, or lym
phatic duct. 

Clinical Presentation and Diagnosis The diagnosis of ascites is made 
on the basis of the medical history and appearance of the 
abdomen. Obviously, risk factors for hepatitis or cirrhosis are 
sought, as is evidence of cardiac or renal disease or malignancy. 
A full bulgmg abdomen with dullness of the flanks on percussion 
is suggestive of the presence of ascites. Approxinlatdy l.5 liters 
of fluid must be present before dullness ca11 be detected by 
percussion. Physical evidence of cirrhosis is also sought, such as 
palmar erythema, dilated abdominal wall collateral veins, and 
multiple spider angiomas. Patients with cardiac ascites have 
impressive jugular venous distention and other evidence of con
gestive heart failure. 

Ascitic Fluid Analysts Paracentesis with ascitic fluid analysis is the 
most rapid and cost-.effective med10d of determining the cause 
of ascites and should be performed on patients with new-onset 

ascites. Anod1er important indication for early paracentesis in a 
patient with ascites is the occrnrence of signs and symptoms of 
infection, such as abdominal pain or tenderness, fever, encepha
lopathy, hypotension, re11al failure, acidosis, ru1dlor leukocytosis. 
Paracentesis cru1 be performed safely in most patients, including 
those with cirrhosis and mild coagulopathy. It is usually per
formed in the lower abdomen, with the left lower guadrant 
preferred over the right. Ultrasound guidru1ce may be useful in 
obese patients ru1d in those with a history of laparotomy. 
Runyon16 has suggested that only ongoing disseminated intra
vascular coagulation or clinically evident fibrinolysis is a contra
Uldicacion to paracentesis in patients with ascites. In this study, 
no cases ofhemopericonew11, death, or infection after more than 
229 paracenteses performed in l25 cirrhotic patients were 
reported; abdominal hematomas occurred in 2% of ca..es, with 
only 50% of these reguiring blood trru1sfusion. 

Exanili1ation of the ascitic fluid begms with its gross 
appearance. Normal ascitic fluid is sljghtly yellow and transpar
ent. 1l1e presence of more than 5000 leukocytes/mm3 will cause 
the fluid to be cloudy, whereas ascitic fluid specimens with fewer 
than l 000 cells/m.nr1 are almost clear. Blood m the ascitic fluid 
may be caused by a traumatic tap, in which ca<;e the fluid may 
be blocK!-strcaked and wUI often clot unless immediately trans
ferred to a tube containing an anticoagulant. Nontraumatic 
blood-tinged ascitic fluid does not clot because the reguired 
factors have been depleted by previous clotting iJ1 the peritoneal 
cavity. Lipid in the ascitic fluid, sucb as that whicl1 accompanies 
chylous ascites, causes me fluid to appear opalescem, rru1ging 
from cloudy to completely opague. [f placed in the refrigerator 
for 48 to 72 horns, the Jjp.ids usually layer out. 

The most valuable laboratory tests on ascitic fluid are the 
cell count, differential, and determination of ascitic fluid 
albliiilin and total proteiJ1 concemrations. 1l1e leukocyte count 
in uncomplicated cirrhotic ascites is usually less than 500 cells/ 
mn13, ru1d approximately 50% of these cells are neutrophils. 
More man 250 neutrophils/mru3 of ascitic fluid suggests an 
acute inflan1matory process, tl1e most common of whicl1 is spon
taneous bacterial peritonitis. In this case, the total white blood 
cell and absolute neutrophil counts are elevated, with neutro
phils accounting for more than 70o/o of the total cell COUJ1t. 

The serum-ascites albtmlin gradient (SAAG) is the most 
reliable method to categorize the various causes of ascites. 1l1e 
SAAG is calculated by measuring me albumin concentration of 
serum and ascitic fluid specimens and subtracting the ascitic 
fluid value from the serum value. If me SAAG is greater thru1 or 
equal to l.l g/ dL, the patient has portal hypertension; a SAAG 
of less tban 1.1 gldL is consistent with the absence of portal 
hypertension. Exrunples of high- and low-gradient causes of 
ascites are shown in Table 45-1. 1l1e accuracy of this measure
ment in predicting the presence or absence of portal hyperten
sion is approximately 97%.1 

Treabnent of Ascites in Cirrhotic Patients 1l1e standard treatment 
protocol for patients with ascites caused by cirrhosis is a stepwise 
approach begiJminp. with sodium restriction, diuretic therapy, 
and paraccntesis.'4• 5•

18
·
19 The irlitial goal of medical therapy is 

to induce a state in which renal sodium excretion exceeds sodium 
intake. a situation d1ar wW reduce the extracellular volume and 
inlprove ascites. A reasonable dietary sodiLml restriction for most 
cirrhotic patients with ascites is 2 g/day. Patient compliance may 
be assessed by measuring the 24-hour uri11ary sodium excretion. 
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Table 45-1 Oassification of Ascites by Serum-Ascites Albumin 
Gradient 

----
HIGH GRADIENT (~1.1 g/dl) 

Cirrhosis 

Alcoholic hepatitis 

Cardiac failure 

Massive liver metastases 

Fulminant hepatic failure 

Budd-Chiari syndrome 

Portal vein thrombosis 

Myxedema 

LOW GRADIENT (<1.1 g/dl) 

Peritoneal carcinomatosis 

Tuberculous peritonitis 

Pancreatic ascites 

Biliary ascites 

Nephrotic syndrome 

Postoperative lymphatic leak 

Serositis in connective tissue 
diseases 

From Runyon B: Ascites; spontaneous bacterial peritonitis. In Sleisenger MH. 
Feldman M, Friedman LS (eds): Sleisenger and Fordtran's gastrointestinal and liver 
disease: Pathophysiology, diagnosis, management ed 7, Philadelphia, 2002, WB 
Saunders, p 1523. 

Patients who are compliant with their djetary restriction and 
excrete more tlha.n 78 mmollday of sodium in their urine lose 
weight. If the weight is increasing despite urinary sodium losses 
higher than 78 mmollday, one can assume that the patient is 
consuming more sodium than is prescribed. Spironolactone 
and furosemide, wben give11 in a dosing rario of 100:40, 
will promote natriuresis while maintaining normukalemia. In 
general, spironolactone (100 mg/day) and furosemide (40 mg/ 
day) are begun initially. lf this regimen is ineffective in increasing 
urinary sodium excretion and decreasing body weight, the 
dosages of these drugs may be increased while maintaining the 
100 :40 ratio. 

Large-volume paracentesis, in which more than 5 Liters of 
ascites fluid is removed from the peritoneal cavity, may be useful 
for patients with asci tes that has been unresponsive to sodium 
restriaion and diuretic treatment; this occurs in less than 10% 
of patients. The IV infusion of albumin (6 to 8 gl.liter of ascitic 
fluid removed) at the time of paracentesis will minimize the 
symptoms of intravascular volume depletion and renal insuffi
ciency, which may accompany the removal of large volumes of 
ascitic fluid. The cominuation of diuretics and salt restriction 
will prevent or .delay the reaccumulation of ascites after paracen
tesis. O thers have suggested that weekly albumin administra
tion, independent of large-volume paracentesis, may be a useful 
adjunct ro salt restriction and diuretic therapy in patients with 
refraaory ascites. uansjugular intrallepatic portosystemic shunt 
and, ultinlately, hepatic transplantation have been used to 

manage ascites refractory to simpler, less invasive options. These 
modalities are discussed in Chapter 54. 

Chylous Asdtes Chylous ascites is the collection of chyle in the 
peritoneal cavilt)' and may result from one of three principal 
mechan.isms: 
1. Obstruction of major lymphatic chan.nds at the ba'IC of the 

mesentery or the cisterna cbyli, with exudation of chyle 
from dilated mesenteric lymphatics 

2. Direct leakage of chyle through a lymphoperitoneal fistula 
caused by abnormal or injured retroperitoneal lymphatic 
vessels 

3. Exudation of chyle through the walls of retroperitoneal 
megalymphatics, without a visible fistula or thoracic duct 
obstruction 
LJ adults, the most common cause of chylous ascites is an 

intra-abdominal malignancy obstructing the lymphatic channels 
at the base of the mesentery or in rhe rerroperironeum. Lym
phoma is the most common malignancy associated with chylous 
ascites, although chylous ascites has also been associated 
with ovarian, colon, renal, prostate, pancreatic, and gastric 
malignancies. Carcinoid tumors may cause chylous a~cites by 
obstructing the lymphatics at the base of the mesentery through 
direct invasion and the dense fibrosis characteristic of thls neo
plasm. Chylous ascites may also result from injury of the retro
peritoneal lymphatics during surgical procedures such as 
operations on the abdominal aorta and retroperitoneal lymph 
node dissections. Blunt and penetrating traumatic injuries are 
also important causes of chylous ascites, particularly in children. 
Chylous asci tes in children may be caused by congenital lym
phati.c abnormalities, such as primary lymphatic hypoplasia, 
resulting in lower extremity lymphedema, chylothorax, and 
chylous ascites. 

Patients with chylous ascites most often present with pain
less abdominal distention. Malnutrition and dyspnea occur in 
approximately 50o/o of cases. Paracentesis yields a characteristic 
milky Auid with a high protein and fat content. The SAAG will 
be less than 1.1 mg/c!L and the triglyceride level wi.U be higher 
than that of plasma, often two to eight times higher that of 
plasma. CT, lymphoscintigraphy, and lymphangiography may 
provide infom1ation regarding the site of obstruction, although 
the latter two modalities are rarely available. 

Management of patients with chylous ascites i11dudes the 
maintenance or improvement of nutrition, reduction in the rate 
of chyle formation, and correction of tbe Lmdedying disease 
process. A low-fat, medjum-chain triglyceride diet, combined 
with diuretics, has been used successfully to treat adults with 
chylous ascites complicating retroperitoneal lymph node dissec
tions.. It is postulated that reduci11g long-chain triglyceride 
intake will reduce the rate of chyle flow because their metabolites 
are transported through the splandmic lymphatics as d1ylomi
crons. In contrast, medium-chain triglycerides are directly 
absorbed by enterocytes and transported to the Liver through the 
splanclUlic blood vessels as free fatty acids and glycerol. Fasting 
with weal parenteral nutrition, alone or in combination with 
somatostatin, has also been used successfully to manage patients 
with retroperitoneal lymphatic leak. Paracentesis may temporar
ily relieve the dyspnea and abdominal discomfort associated with 
chylous ascites; however, repeated paracentesis leads to hypopro
teinemia and maL1utrition. Experience witb peritoneovenous 
shunts to treat d1ylous ascites has generally been disappointiJ1g
Surgical exploration of the abdomen and retroperitoneum is 
generally reserved for patients who fail to improve with nonnp
erative management. In some cases, the application of fibrin glue 
has been a beneficial adjunct to surgical exploration of the 
retroperitoneum. 

Peritonitis Peritonitis is in.flammation of the peritoneum and 
peritoneal cavity, usuaUy caused by a localized or generali:t.-ed 
iJuection. Primary periwnitis results from bacterial, chlamydial, 
fu.ngal, or mycobacterial infection in the absence of perforation 
of the: Gl tract, whereas secondary peritonitis occurs in the 
setting ofGI perforation. Frequent causes of secondary bacterial 
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peritonms include peptic ulcer disease, acute appendicitis, 
colonic diverticllllitis, and pelvic inflammatory disease. 

Spontaneous Boderiol Peritonitis Sponcaneous bacterial peritoni
tis (SBP) is defined as a bacterial infection of ascitic fluid in the 
absence of an imra-abdominal, surgically treatable source of 
infection. Although usually associated with cirrhosis, SBP may 
also occur in patients with nephrotic syndrome and, less com
monly, congestive heart failure. It is extremely rare for patients 
with ascitic fluid containing a high protein concentration to 
develop SBP, such as those with peritoneal carcinomatosis. 1he 
most common pathogens in adults with SBP are the aerobic 
enteric flora Escherichia coli and KlebsieLla pneumonia e. In clill
dren with nephrogenic or hepatogenic ascites, group A strepto
coccus, Staphylococcus aureus, and Streptococcus pneumoniae are 
common isolates. 

Bacterial translocation from the GJ tract .is thought to be 
an important step in the pathogenesis of SBP. Impaired GI 
motility in cirrhotics is thought to alter normal gut microflora 
and impaired local and systemic immune function prevents the 
effective clearance of translocated bacteria from the mesenteric 
lymphatics and bloodstrean1. A low protein concentration in 
ascitic fluid prevents effective opsoni7..ation of bacteria and hence 
clearance by macrophages and neutroplills. 

1l1e diagnosis of SBP is made initially by demonstrating 
more than 250 neutroplills/mm3 of ascitic £luid in a clinical 
setting consistent with this diagnosis- that is, abdominal pain, 
fever, or leukocywsis in a pariem with low-protein ascites. It is 
tmusual to document bacterascites on Gran1 staining of ascitic 
fluid, and delay o f appropriate antibiotic management until the 
ascitic £1uid culttLres grow bacterial isolates risks the development 
of overwhelming infection and death. Bedside screening of 
ascitic £1uid for leLtkocyte esterase, using colorimetric leukocyte 
esterase reagent strips, has been used to shorten the time from 
paracentesis to treatment, although its widespread usc remains 
controversial. 20~1 

Broad-specurum antibiotics, sucl1 as a third-generation 
cephalosporin, are started in1n1ediately in patients suspected of 
having asci tic fluid infection. 1l1ese agents cover approximately 
95% of the flora most commonly associated with SBP and are 
the antibiotics of choice for patients suspected to have SBP.~~3 

'TI1e spectrum of the antibiotic coverage may be narrowed once 
the results of andbiodc sensitivity rests are known. Repeat para
centesis with ascitic fluid analysis is not needed in the usual case, 
in whicl1 there is rapid improvement in response to antibiotic 
therapy. If the setting, symptoms, ascitic fluid analysis, or 
response to therapy are atypical, repeat paracentesis may be 
helpful for detecting secondary peritonitis. Multiple bacterial 
isolates, particularly of gram-negative enteric organisms, com
bined with a poor response to antibiotic therapy, suggest the 
presence of secondary peritonitis. 

The immediate mortality risk caused by SBP is low, par
ticularly .if recognized and treated expeditiously. However, the 
development of other complications of hepatic failure, including 
GI hemorrhage or hepatorenal syndrome, contributes to the 
death of many o f these patients during the hospitalization in 
whicl1 SBP is detected. 1l1e occurrence of SBP is an important 
landmark in the narural hisrory of cirrhosis, wirb 1- and 2-year 
survival rates of approximately 30o/o and 20%, respectively. 
Several studies, including a randonl i7_ed controlled trial, have 
shown that plasma expansion with albumin improves circulatory 

function and reduces the risk for hepatorenal syndrome and 
hospital mortality in patients with SBP.24 

Tuberculous Peritonitis Tuberculosis is common in impoverished 
areas of the world and is encountered with increasing frequency 
in the United States and ocher developed countries. Since 1985, 
the number of cases of tuberculosis in the United States and 
European nations has increased dramatically as the number of 
immigrants, refugees, and individuals wid1 acquired immuno
deficiency syndrome (AIDS) ha~ increased. Others have 
described an association between peritoneal tuberculosis and 
alcoholic cirrhosis and chronic renal failure.Z5 Peritoneal tuber
culosis is tl1e sixth most common sire of exrrapulmonary tuber
culosis, after lymphatic, genitourinary, bone and joint, miliary, 
and meningeal. Most cases result from reactivation of latent 
peritoneal disease that had been previously established bematog
enously from a primary pulmonary focus. Only approximately 
17% of cases are associated with active pulmonary disease. 

1l1e illness often presents insidiously, with patients having 
had symptoms for several weeks to months at the time of pre
sentati<>n. Abdominal swelling caused by ascites formation is the 
most common symptom, occurring in more that 80% of ca~es. 
Sin:tilarly, most patients complain of a nonJocalized, vague 
abdominal pain. Constitutional symptoms such as low-grade 
fever and night sweats, weight loss, anorexia, and malaise are 
reported in approximately 60% of patients. 1l1e concomitant 
presence of other chronic conditions such as uremia, cirrhosis, 
and AIDS makes these symptoms difficult ro interpret. Abdomi
nal tenderness is present on palpation in approximately 50% of 
patients with peritoneal tuberculosis.25 A positive tuberculin 
skin test is present in most cases, whereas only approximately 
50% of these patients will have an abnormal d1est radiograph. 
1he ascitic £luid SAAG is less than 1.1 g/dL, consistent with a 
high protein concentration in the ascitic fluid . Microscopic 
examiJlation of the ascites shows erythrocytes and an increased 
mm1ber of leukocytes, most of whicl1 are lymphocytes. Recently, 
measurement of asci tic fluid adenosine deaminase activity and 
polymerase chain reaction assays have been used as noninvasive 
and rapid tests for tuberculous peritonitis. Ascitic fluid adenos
ine deaminase activity, in particular, appears to be l:tighly sensi
tive and specific for tuberculous peritonitis. 

Abdominal imaging with ultrasow1d or CT may suggest 
the diagnosis but lacks the sensitivity and specificity ro be diag
nostic. Ultrasound may demonstrate the presence of ecl1ogenic 
material in the ascitic £luid, seen as fine mobile strands or par
ticulate matter. CT will den1onstrate the thickened and nodular 
mesentery with mesenteric lymphadenopathy and omental 
thickening. 

The diag11osis is made by laparoscopy with directed biopsy 
of tl1e peritoneum. In more than 90% of cases, laparoscopy 
demonstrates a number of whitish nodules (<5 rnm) scattered 
over the visceral and parietal peritoneun1: histologic examination 
demonstrates caseating granulomas. Multiple adhesions are 
commonly present between the abdominal organs and parietal 
peri toneum. 1l1e gross appearance of the peritoneal cavity is 
sinlilar to that of peritoneal carcinomatosis, sarcoidosis, and 
Crohn's disease, thus reiterati11g the importance of biopsy. Blind 
percutaneous peritoneal biopsy has a much lower yield than 
directed biopsy, and laparotomy with peritoneal biopsy is 
reserved for cases in whicl1 laparoscopy has been nondiagnostic 
or callJJOt be safely performed. Microscopic examination of 
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ascitic 8uid for acid-fast bacilli identifies the organism in less 
than 3% of cases, and culture resL~ts are positive i.n less than 
20% of cases. Furthermore, the diagnostic usefulness of myco
bacterial cultures is further limited by the time it may take for 
the cultures to yield definitive information, up to 8 weeks. 

Treatmenll of perimneal ruberculosis consisrs of anrirubcr
culous drugs. Drug regimens useful in treating pulmonary 
tuberculosis arc also effective for peritoneal disease, with isonia
zid and rifampin daily for 9 months being a commonly used 
and effective regimen. The presence of associated alcoholic cir
rhosis may complicate the use of these agents because of 
hepatotoxlci ry. 

Peritonitis Associoted Wdh Chronic Ambulotory Peritoneal Dialy
sis [n the United States, approximately 8% of patients with 
chronic renal failure undergo peritoneal dialysis. Peritonitis is 
one of the most common complications of chronic an1bulatory 
peritoneal dialysis, occurring with an incidence of approximately 
one episode every 1 to 3 years. A study of all patients undergoing 
peritoneal dialysis in Scotland between 1999 and 2002 found 
that one episode of peritonitis occurred in every 19.2 months 
of peritoneal dialysis. Importantly, refractory or recurrent peri
tonitis was tl1e most common cause of technical failure, account
ing for 43% of all cases of technique faiJure.26 

Patients present with abdominal pain, fever, and cloudy 
peritoneal dialysate containing more than 100 leukocytes/mm3, 
with more than 50% of the cells being neutrophils. Gram stain
ing detecrs organisms only in approximately 10% to 40% of 
cases. Approximately 75% of infections are caused by gram
positive organisms, with St.aphylococcus epidermidis accounting 
for 30% to 5·0% of cases. S. aU1·eus, gram-negative bacilli, 
and fungi are also important causes of dialysis-associated 
peritonitis.26 

Peritonea.! dialysis-associated peritoni tis is treated by the 
intraperitoneal administration of antibiotics, usually a first
generation cephalosporin. Overall, 75% of infections are cured 
by CL~ture-directed antibiotic therapy. 'The cure rate for perito
nitis caused by coagulase-negative staphylococcus is almost 
90%, compared with the rates for peritonitis caused by S. aureus, 
gram-negative bacilli, or fungi of 66%, 56%, and Oo/o, respec
tively.26 Recurrent or persistent peritonitis requires removal of 
the dialysis catheter and resumption of hemodialysis. 

Malignant Neoplasms of the Peritoneum 
Primary malignancies of the peritoneum are rare; these include 
malignant mesothelioma, primary peritoneal carcinoma, and 
sarcomas (e.g., angiosarcoma). Most malignancies that involve 
the peritoneum arc rransperitoneal metastases originating from 
carcinomas of the GI tract (especially the stomacl1, colon, 
and pancreas), the genitourinary tract {usually, ovarian) or, 
more rarely, an extra-abdominal site (e.g., breast). When 
metastatic cancer deposits diffusely coat the visceral and parietal 
peritoneum, these peritoneal metastases are referred to as 
carcinomatosis. 

Pseudomyxoma Peritonei Pseudomyxoma peritonei describes 
mucinoLLs ascites arising from a ruptured ovarian or appendiceal 
adenocarcinoma. ln dlis disease, the peritoneum becomes coated 
with a mucus-secreting rumor that 61Js the peritoneal cavity with 
tenacious semisolid mucus and large, loculated cystic masses. 
Although the term pseudomyxoma peritonei is often used to 

describe any condition witl1 accunll~ation of intraperitoneal 
mucin or mucinous ascites, here we witl focus on pseudomyx
oma peritonei resulting from ruptured epithelial neoplasms of 
the appendix. The histology of appendiceal tumors is an impor
tant predictor of survival with adenomucinosis having the best 
survival rate (75% at 5 years) and peritoneal mucinous carcino
matosis the worst (14% at 5 years)Y 

Pseudomyxoma peritonci occurs most commonly in 
patients who are 40 and 50 years of age and occurs with equal 
frequency in men and women. Patients are often asymptomatic 
uHtil late in the course of their disease. On presentation, they 
will often describe a global deterioration in their health long 
before the diagnosis is made. Symptoms of abdominal pain and 
distention and nonspeci£c complaints are common. Physical 
examination may reveal a new hernia, ascites, distended abdomen 
witl1 nonshifting dullness and, occasionally, a palpable abdomi
nal mass. 

cr of the chest, abdomen, and pelvis may provide impor
tant information regarding the diagnosis and the ability to resect 
the tumor completely or perform an adequate cytoreduction. 
The latter is often Limited by involvement of ilie small howe! or 
porta hepatis by tun10r. Preoperative colonoscopy wiU differenti
ate a mucinous neoplasm of the appendix from that arising from 
tl1e colon. Often, the diagnosis is made at laparotomy, when the 
surgeon is presented with a peritoneal cavity contai11ing tena
cious semisolid mucus and large, loculated cystic masses. If tl1e 
surgeon is unprepared to perform a delini t.ive procedure, the best 
approach is to establish the diagnosis by the least invasive pro
cedure possible and relieve symptoms of intestinal obstruction, 
if present. 1l1e patient can then be referred to a center experi
enced in tl1e management of tl1ese patients. 

The treatment of patients wid1 pseudomyxoma peritonci 
involves resection of as much of the tumor as possible (cytore
ducti.on) and intraperitoneal heated chemotherapy (IPHC). 
Operative management includes omentectomy, stripping of 
involved peritoneum, resection of involved organs, and appen
dectomy, if not previously performed. There should be no resid
ual rumor nodules larger than 2 mm in dian1eter after resection 
to facilitate penetration of the chemotherapy into any residual 
disease. Generally, a right hemicolectomy is performed for these 
tlLm.ors, although a review of 501 patients witl1 mucin.ous tun1ors 
of the appendix has suggested that this is unnecessary if the 
resection margin at appendectomy is negative.28 IPHC can be 
performed using an open technique, in whidJ the abdomen is 
left open to ensure adequate chemotherapy distribution through
out the peritoneal cavity, or a d osed technique, in whicl1 the 
abdomen is closed after in flow and outflow camllllas are placed. 
The latter allows for easier maintenance of hyperthermia 
(Fig. 45-12). There are many variations of surgical technique 
and chemotherapy administration but one commonly used 
tedmique has hecn reported extensively by Stewart and 
associates. 29 

Cytoreduction with IPHC is associated with im proved sur
vival for patients wlth pseudomyxoma periconei when compared 
with historical controls. Prior to cytoreduction and IPHC, most 
studies reported long-term survival rates of 20% to 30% for 
patients witb this disease undergoing serial debulking of the 
wmor with systemic cl1emotherapy. Gonzalez-Moreno and Sug
arbaker8 have reported 10-year survival rates of 55% in 501 
patients w1dergoing cytoreduction and TPHC. Unfortwlately, 
tl1ere are not likely to be any randomized controlled trials for 
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FIGURE 45-12 Placement of peritoneal catheters during the perfor
mance of intraperitoneal hyperthermic chemotherapy using the 
dosed technique for chemotherapy administration. 

this technique, given the infrequency with which this disease is 
encountered. Furthermore, reported experiences arc compli
cated by the use of various chemotherapy regimens, surgical 
techJ1iques, and preoperative and intraoperative staging 
protocols. 

At centers with experience in this technique, 30-day 
mortality rates are 2o/o to 3% with 25o/o to 35o/n of patienrs 
developing a complication. l11e most common postoperative 
complications are prolonged ileus and pulmonary complica
tions, although bleeding, intra-abdominal infections, enterocu
trulcous fistula, p ru1creatitis, and bone marrow suppression have 
also been reported. 

Malignant Peritoneal Mesothelioma 1l1e most common primary 
malignruu peritoneal neoplasm is malignrult mesothelioma, 
which results from malignant transformation of the simple squa
moid epithelium covering the peritoneal cavity. Most patients 
are men, ru1d their median age at presentation .is in the 50s. As 
with mesothelioma of the pleura, most patients with peritoneal 
mesothelioma will have had exposure to asbestos. 

Most patienrs present with abdomiJ1al pain and weight loss. 
Ascites is comn1on ru1d often imracrable. 1l1e omenrum may 
become diffusely involved with tumor and present as an epigas
tric mass. CT demonstrates mesenteric thickening, peritoneal 
studding, hen1orrhage within the nu110r, and ascites. At lapa
rotomy, the asci1tic fluid ranges from a serous transudate to a 
viscous fluid rich in mucopolysaccharides. The neoplasm tends 
to involve all peritoneal surfaces, producing masses and plaques 
of tumor that are hard ru1d white. In contrast to pseudomyxoma 
peritonei, local invasinn of imra-abdominal nrgans, sucl1 as the 
liver, intestine, bladder, and abdominal wall, can occur and 
encasement of bowel cru1 create a malignant bowel obstruction. 
In some cases, it may be difficult to differentiate malignru1t 
peritoneal mesothelioma from diffuse peritoneal carcinomatosis 
arising from an intra-abdominal organ such as the stomach, 
pancreas, colon, or ovary. Careful examination of the pattern of 
spread and biopsy by histologicexarninarion will often allow tills 
distinction to be made. Furthermore, malignant peritoneal 
mesothelioma will generally remain confined to the abdomen, 
whereas advanced-stage intra-abdominal carcinomas frequently 

have pulmonary and other extra-abdominal metastases. Exten
sion of the mesothelioma into one or both pleural cavities is 
more likely than hematogenous clissemination. Levy and col
leagucs30 have reviewed the pathologic and racliographic features 
of peritoneal malign andes. 

Complete surgical re.<;ection is usually nor possible because 
of the extent of clisease. Historically, operative management 
consisted of debulking of the tumor and enteroenterostomies to 
bypass areas of actual or impending intestinal obstruction. 
Unforrunately, systemic chemotherapy and abdominal racliation 
have been tried, without significant improvement in survival. 
Racliation therapy alone, whether using open-field techniques, 
imraperitoneal instillation of radioactive agenrs, or external
beam irracliation, has had limited success and substantial associ
ated morbidity. 

As with pseudomyxoma peritonei, combined-modality 
approaches using surgery and IPHC may offer substantial 
improvemenrs compared to historical controls. 1l1ere have been 
several retrospective series using this technique, with median 
survival rate,~ of 30 to 60 months, and even 5-year survival rates 
of up to 50%. In light of these findings, and the rarity of 
tbe disease, a multi-institutional data registry from ejgbt 
institutions was created, including 405 patienrs treated with 
cytoreductive surgery and perioperative intraperitoneal chemo
therapy.31 C hemotherapeutic regimens varied (cisplatin, mito
mycin, and doxorubicin were most commonJy used), as did the 
timiJlg and administration of the chemotherapy. 1l1e morbidity 
rate was 46o/o and the mortality rate was 2%. Mecliru1 survival 
was impressive at 53 months. Thee- and 5-year survival rates 
were 60o/o ru1d 47o/o, respectively, offering significam improve
ment over what was previously considered a pretem1inal 
con clition. 

MESENTERY AND OMENTUM 

Embryology and Anatomy 
The greater and lesser omenta are complex peritoneal folds that 
pass from tl1e stomach to the liver, transverse colon , spleen, bile 
duct, pancreas, ru1d diaphragm. They originate from the dorsal 
and ventral midline mesenteries of the embryonic gut. In the 
very early stages of development, the alimentary cru1al traverses 
the future coelomic cavity as a straight tube, suspended posteri
orly by ru1 ualinterrupred dorsal mesentery and aJlteriorly by a 
ventral mesentery in the cranial portion of its extent. The embry
onic stomach rotates 90 degrees on its longitudinal axis so that 
tbe les..~er curvature faces to the right and the greater curvature 
to the left. Much of the embryonic ventral mesentery is resorbed; 
however, the portion extending from the fissure of the ligrunen
tum venosum and porta hepatis to d1e proximal duodenum and 
lesser curvature of the stomach (gastrohepatic Ligan1ent) persists 
as the lesser omentum. The right border of the Jesser omentum 
is a free edge that forms the anterior border of the opening into 
the lesser sac, termed the foramen of Winslow. Between the layers 
of the lesser omentum, ru1d at its right border, are the common 
hepatic duct, portal vein, ru1d hepatic artery. 

1l1e embryonic dorsal mesogastrium grows as a sheet of 
peritoneum extending from rhe greater curvature of rhe stomach 
over rhe anterior surface of rhe small intestine. After passing 
inferiorly almost to the pelvis, the peritoneal membrane turns 
up on itself to pass upward to a line of attachment 011 the trans
verse colon slightly above that of cl1e transverse mesocolon. Fat 
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is laid down in this omental apron and provides an insulating 
layer of protection of the abdominal viscera. 

Early iJl its development, the smaU intestine elongates to 
form an anteriorly oriented intestinal loop, which then rotates 
counterclockwise so that the cecum and ascending colon move 
to the riglu side of rhe peritoneal cavity, and the descending 
colon assumes a vertical position on the left wall of the perito
neal cavity. The jejunum and ileum are stapported by the 
peritoneum-covered dorsal mesentery carrying the mesenteric 
blood vessels and lymphatics. The posterior Line of attachment 
of the mescntety extends obliquely from the duodenojejunal 
junction at the left side of the second lwnbar vertebra toward 
the right iliac fossa to terminate anterior to the sacroiliac 
articulation. 

Physiology 
11Je omentun1 and intestinal mesentery are rid1 in lymphatics 
and blood vessels. 'TI1e omentum contains areas with high con
centrations of macrophage.~, which may aid in the removal of 
foreign material and bacteria. Furthermore, the omentum 
becomes densely adherent to intraperitoneal sites of inflamma
tion, often preventing diffuse peritonitis during cases of i nte.~ti
nal gangrene Oli perforation, such as acute diverticulitis or acute 
appendicitis. 

Diseases of the Omentum 

Omental Cysts 
Omental cysts are unilocular or multilocular cysts conraiJling 
serous fluid that are thought to arise from congenital or acquired 
obstruction of omental lymphatic channels. They are lined by a 
lymphatic endothelium similar to that of cystic lymphangiomas. 
These lesions are most common in children or young aduhs, .in 
whom small cysts arc usuaiJy asymptomatic and discovered inci
dentally; larger cysts present as a palpable abdominal mass. 
Uncomplicated cysts usually lie in the lower midabdomen and 
are &eely rnovable, smooth, and nontender. Complications are 
more common in children and include torsion, infection, and 
rupture. 

Plain radiographs of the abdomen may show a well
circumscribed so& tissue density in the nudabdomen, ru1d con
trast studies of the intestine may show displacement of intestinal 
loops ru1d extrinsic compression on adjacent bowel. Ultrasow1d 
or CT will show a fluid-611ed, complex, cystic mass with internal 
septations. The differential diagnosis of these lesions includes 
cysts and solid tunJ.ors of the mesentery, peritoneum, and retro
pcritoneum, including dcsmoid rumors. Ultin1ately, the diagno
sis is made by excision of the cyst and histologic examination of 
the wall. Local excision is curative; laparoscopic resection of 
these lesions has been reported. 

Omental Torsi:on and Infarction 
Torsion of the ,greater omentum is defined as the axial twisting 
of the omentum along its long axis. If the twist is tight enough, 
or the venous obstruction is of sufficient duration, arterial inflow 
wiJI become compromised, leading to infarction and necrosis. 
Omental torsion is classified as primary when no coexisting 
causative condition is identified or secondary when rhe torsion 
occurs in association with a causative condition sucb as a hernia, 
tumor, or adhesion. Primary omental torsion usually i nvolve.~ 
the right side of the omentum. 

Omental torsion occurs twice as often in men as women 
and is most &equent in patients in their fourth or fifTh decade 
of life. Patients presem with the acute onset of severe abdominal 
pain localized to the right side of the abdomen in 80o/o of 
patients. Nausea ru1d vomiting may be present but are not pre
dominant findings. The patient's remperarure is usually normal, 
ru1d palpation of the abdomen demonstrates localized abdomi
nal tenderness with guardiJ1g, suggesting peritOJlitis. A mass may 
be palpable if the involved omentum is sufficiently large. 

The differential diagnosis includes any disease associated 
with right-sided abdominal pain ru1d tenderness, most notably 
acute appendicitis, acute cholecystitis, and torsion of an ovariru1 
cyst. CT often demonstrates aJl omemal mass witl1 signs of 
inflammation. Usually, the patient's d inical presentation justifies 
laparotomy or laparoscopy, at which time a segment of the 
omentum appears congested and acutely inflamed. Serosanguin
eous fluid is often present in the peritoneal cavity. Treatment 
consists of resection of the involved omentum and correction of 
ru1y related condition. 

Omental Neoplasms 
Primary malignancies of the omenmm are extremely rare and 
arc usually of sofr tissue origin. Usually. the omentum is invaded 
by metastatic nuuor that has spread transperitoneally ftom an 
intra-abdominal carcinoma. 

Omental Grafts and Transpositions 
The arterial and venous blood supplies to the greater omentum 
are derived from omental branches of the right and left gastro
epiploic arteries, whicl1 course along the greater curvature of the 
stomach. Division of the right or left gastroepiploic artery and 
vasa recta along the greater curvature of the stomach, with 
mobilization of the omentum from the transverse colon, allows 
the development of a vascularized omental pedicle flap. This 
grafT may be used to cover d1est ru1d mediastinal wounds after 
d1esr wall resections and prevent the small .intestine from enter
ing the pelvis afTer abdominal perineal resection, thus preventing 
radiation enreritis duriJ1g radiation therapy for rectal carcinoma. 
FinaUy, the formation of dense adhesions between tl1e omentum 
and sites of perforation or inflammation facilitates its use as a 
patd:1 for duodenal perforations &om ulcer disease (termed a 
Graham patch; Fig. 45-13). 

Diseases of the Mesentery 

Mesenteric Cysts 
'TI1e most common non-neoplastic mesenteric cysts are termed 
mesothelial cysts, based on the ultrastructure of the cells lining 
the cyst. 1l1e cysts contain chyle or a dear serous fluid and may 
occur in the mesentery of the small inte.~tine (60o/o) or colon 
(40%). The.~ cysts usually occur in adults, with a mean age of 
45 years. and are twice as common in women as in men. 
DependiJ1g on the size of the cyst, patients may present with 
complaints of abdominal pain, fever, ru1d en1esis. A midabdomi
nal mass may be palpable on exan1ination of the abdomen. TI1e 
diagnosis can usually be made preoperatively with ultrasonogra
phy or CT. Enucleation of the cyst at laparotomy is curative and 
can generally be accomplished because the mesenteric blood 
vessels and intestinal wall are usually not adherent to the cyst 
wall. Internal draiJ1age of the cyst imo the peritoneal cavity has 
also been successfuJJy used in the treatment of very large cysts. 
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FIGURE 4 5-13 Closure of a perforated duodenal ulcer with an 
omental (Graham) patch. (From Graham RR: The treatment of perfo
rated duodenal ukers. Surg Gynecol Obstet 64:235-238, 1937.) 

Aspiration alone bas a high rate of cyst recurrence. [n those cases 
in wbkh the cyst is not completely excised, the contents of the 
cyst and the internal architecture of the cyst wall must be care
fully inspected and the cyst wall examined histologically ro rule 
out a non-neoplastic cause. 

Acute Mesenteric Lymphadenitis 
Acute mesenteric lymphadenjtis is a syndrorne of acute right 
lower quadrant abdominal pain associated with mesenteric 
lymph node enlargement and a normal appendix. Generally, tbe 
diagnosis is made on exploration of the abdomen of a patient 
suspected of having acute appendicitis at which time a normal 
appendix and en larged mesenteric lymph nodes are discovered. 
This syndrome occurs most commonly in cllildrcn and yow1g 
adults, wi th equal frequency il1 males and females. 

Numerous causative agents have been bnplicared in the 
pathobiology of acute mesenteric lymphadenitis, including viral, 
bacrerial, parasitic, and fungal infections. Yersinitt emerocoliticn 
in particular has been associated with this syndrome in children. 
Culture and histologic examination of the enlarged lymph 
nodes, stool culture, ru1d antibody titers have been used to iden
tify causative agents but are not routinely used in the treatment 
of these patients. 

The sympto m complex associated with acute mesenteric 
lymphadenitis is similar to that of acute appendicitis; it includes 
the acute onset of periumbilical pain, wbkh shifts to the right 
lower quadrant over time. Physical examination demonstrates 
right lower quadxanr tenderness, with abdominal wall muscular 
rigidity and rebound tenderness. Nausea, vomiting, and anorexia 
may also be present bur arc not dominru1t symptoms. Generally, 
the patient's tem[perarure ru1d white blood cell count are normal 
or only slightly elevated. 

The diagnosis is made at the time of operation for pre
sumed acute appendicitis, at which time a normal-appearing 
appendix is found, with enlarged mesenteric lymph nodes. Exci
sion of an enlarged lymph node with culture and nodal histology 
may provide information regarding the cause but is not routinely 
used. 

Sclerosing Mesenteritis 
Sclerosing mesenreri tis is a rare in.fial11Jl1atory disease of the 
mesentery characterized histologically by sclerosing fibrosis, fat 
necrosis with lipid-laden macrophages, chronic inflammation 
with germiJ1al centers, and focal calcification. Early m the course 
of the disease, sclerosing mesemeritis has a loose myxomacous 
appearance that progresses to duonic inflammation and dense 
sclerosis. Grossly, this condition is characterized by marked 
thickening of the mesentery of the small mtcstine, with irregular 
areas of discoloration suggesting far necrosis. There may also be 
multiple discrete nodules on the mesentery or the disease may 
appear as a siJ1gle marred mass. 1l1e process most often involves 
the root of the small bowel mesentery and frequently encom
passes the mesenteric vessels. It affects the small bowel by retrac
tion and shortening of the mesentery without invasion. In 
advanced cases, mesenteric venous and lymphatic obstruction 
may be present. 1l1e mesocolon may also be affected but less 
frequently than the small bowel mesentery.32 

Sclerosing mesenteri.tis is twice as common in men as 
women and usually occurs in the fifth decade of life. Most 
patients are asympcomatic ru1d the diagnosis is discovered inci
dentally on in1aging for an unrelated condition. When symp
toms are present, abdominal pain or symptoms of intestinal 
obstruction with nausea, vomiti11g, and abdominal distention 
are most common. An abdominal mass is palpable in nwre than 
50% of patients. Laboratory studies are usually normal, except 
that the erythrocyte sedimentation rate and C-reactive pr<>tein 
levels may be elevated. 

The differen rial diagnosis of sclerosing mesenteritis includes 
a heterogenous group of conditions that alter the density of the 
mesenteric fat, including inflammatory and neoplastic causes. 
Differentiation from peritoneal carcinomatosis, carcinoid tumor, 
and mesenteric and retroperitoneal sarcomas is particularly 
important. The CT characteristics of sclerosing mesenteritis are 
well described3233 and i11clude the following: 

l. A fatty mass arising from the base of mesemery, 
which has well-delineated margins separating it from 
normal mesentery, a feature described as a tumoml 
pseudocnpsule 

2. 1l1e presence of normal adipose tissue surrounding 
mesenteric vessels, termed fat ring sign 

3. 1l1e presence of nom1al mesenteric vessels coursing 
through the fatty mass, without evidence of vascular 
involvement or deviation 

4. An b1tra-abdomb1al mass that displaces adjacent 
bowel loops without invading them 

Laparotomy or laparoscopy with biopsy of tl1e involved 
mesentery remains necessary for definitive diagnosis. 

Most patients with mesenteric pruu1kulitis experience 
spontaneous resolution of their symptoms. [f patients do nor 
improve, corticosteroids and other anti-inAancmatory and 
immunosuppressive agents have been reported to be successful 
i.n il11proving rhe symptoms ru1d radiographic findings. Opera
tive management is indicated only for patients in whom there 

)> 
IX) 

0 
0 
s: 
m z 

http://www.myuptodate.com


1106 SECTION X ABDOMEN 

is confusion regarding the diagnosis and for treacmem of intes
tinal obstruction. 

Intra-Abdominal (Internal) Hemias 

Internal Herni;as caused by Developmental Defects 
1l1ere are three general mechanisms whereby developmental 
abnormalities r:esult in the formation of internal hernias: 
l. Abnormal retroperitoneal fixation of the mesentery result

ing in anomalous positioning of the intestine (e.g., meso
colic or paraduodenal hernia) 

2. Abnormally large internal foramina or fossae (e.g., foramen 
of Winslow, supravesical hernia) 

3. Incomplete mesenteric surfaces with the presence of an 
abnormal opening through which the intestine herniates 
(e.g., mesenteric hernia) 
The anatomic and radiographic features of acquired and 

congenital internal hernias bave been reviewed by Martin and 
associates. 34 

Mesocolic (Paraduodena~ Hernias Mesocolic hernias are llllllsual 
congenital hernias in which the small intestine herniates bdund 
the mesocolon . 'They result from abnormal rotation of the 
midgut and have been categorized as right or left. A right meso
colic hernia occurs when the prearterial limb of the midgut loop 
fails to rotate around the superior mesenteri.c artery. 11Us results 
in most of the smaU intestine remaining to the right of the 
superior mesen·teric artery. Normal coumerclockwise rotation of 
the cenm1 and proximal colon into the right side of the abdomen 
and its fixation to the posterolateral peritonelll1l cause the small 
intestine to become trapped behind the mesentery of the right 
side of the colon. 'The ileocolic, right colic, and middle colic 
vessels lie within the anterior wall of the sac and the superior 
mesenteric artery courses along the medial border of the neck 
of the hernia (Fig. 45-l4A). 

Left mesocolic hesnias are thought co be caused by in utero 
herniation of the small. intestine between the inferior mesenteric 
vein and posterior parietal attachments of the descending meso
colon co the retroper.itonelll1l. 1l1e inferior mesenteric artery and 
vein are in tegral components of the hernia sac (see Fig. 45-148). 
Approximately 75% of mesocolic besnias occur on the left side. 

Patients with paraduodenal bernias usually present with 
symptoms of acute or chronic small bowel obstruction. Barium 
radiographs wW den1onstrate displacement of the small intestine 
to the left or right side of the abdomen. CT with N contrast 
may demonstrate displacement of the mesenteric vessels and 
evidence of intestinal obstruction, if present. 

The operative treatment of patients with a right mesocolic 
hernia involves incision of the lateral peritoneal reflections along 
the right colon, with reflection of the right colon and cecum to 
the left. 1l1e entire gut then assumes a position simulating that 
of nonrocation of the prearterial and postarterial segments of the 
midgut. Openi ng the neck of the hernia will injure the superior 
mesenteric vessels and fails to free the herniated bowel (see Fig. 
45-14C). 

The operative treatment of patients with a left mesocolic 
hernia consists of incision of the peritoneal attachments and 
adl1esions along d1e right side of the inferior mesenteric vein, 
with reduction of the herniated small intestine from beneath the 
inferior mesenteric vein. 1he vein is then allowed to return to 
its normal position on the left side of the base of the mesentery 

of the small intestine. 1l1e neck of the hernia may be closed by 
suturing the peritoneum adjacent to the vein to the rerroperito
neum (see Fig. 45-14D). 

Mese~~teric Hernias Mesenteric hernias occLLr when the intestine 
herniates through an abnormal orifice in d1e mesenrery of the 
small intestine or colon. 1l1e most common location for these 
bemias is near the ileocolic junction, although defects in the 
sigmoid mesocolon have also been described. Patients presenr 
with intestinal obstruction resulting from compression of the 
loops of bowel at the neck of the hernia or torsion of the herni
ated segment. Treatment involves reduction of the hernia and 
closu.re of the mesenteric defect. 

Acquired Internal Hernias 
Acquired in ternal hernias result from the creation of abnormal 
mesenteric defects after operative procedures or trauma. Usually, 
d1ese result from inadequate closure (or dehiscence of) mesen
teric defects created during the performance of gam ojejllllOS
tomy, colostomy, Ueostomy, or bowel resection. TI1e creation of 
a small space allows the herniation of the small imestine through 
d1e mesenteric rent and development of in testinal obstruction. 
Internal hernias, including strangulated hernias, have been 
noted after the performance of operatiotls for morbid obesity; 
especially Roux-en-Y gastric bypass. 1l1e treatment of these 
patients is operative reduction of the hernia and closure of the 
peri tOneal defect. 

Malignancies of the Mesentery 
Similar to the peritoneum and omentum, the most common 
neoplasm involving the mesentery is metastatic disease from an 
intra-abdominal adenocarcinoma. 'TI1is may result from the 
direct invasion of the prin1ary tumor (or irs lymphatic metasta
ses) into the mesentery or from the transperitoneal spread of the 
malignancy into the mesentery. Distortion and fixation of the 
meseJltery by the rumor itself or by the resultant desmoplastic 
reaction, as in carcinoid tlll1lors of the Gl tract, may cause 
intestinal obstmction. 1l1e most common prin1ary malignancy 
of the mesente.ry is a desmoid tumor. 

Mesenteric and Intra-Abdominal Desmoid Tumors 
Mesenteric desmoids account for less than I 0% of sporadk 
desmoid tumors although they are a particularly common tumor 
in patients with FAP. ln this group of patients, 70% of the 
desmoid tumors are intra-abdominal. and 50% co 75% of these 
involve the mesentery.2.3 1l1e association between desmoid 
rumo r and FAP is particularly strong in the subset of patients 
with Gardner's syndrome. Paciencs with FAP and a family bisrory 
of desmoid tumors have a 25% chance of developing a desmoid 
tlmlOr. Intra-abdominal desmoids are often found at the site of 
prior surgery. This is an important consideration in FAP patients 
undergoing abdominal colectomy. In one report, 12% of patients 
undergoing colectomy for FAP subsequently developed intra
abdominal or abdominal desmoid rumors.35 Levy and cowork
ers32 have reviewed the pathologic and radiographic findings of 
d1ese uncommon tumors. 

Intra-abdominal desmoids are more lethal than those that 
occur at other anatomic sites because of the possibility of bowel 
obstruction or ischemia. Resection is less frequently possible, 
involves greater risk to critical structures, and may be associated 
with causing more aggressive growth and progression in these 
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FIGURE 45- 14 A, Right mesocolic (paraduodenal) hernia. Note that the anterior wall of a right mesocolic hernia is the ascending mesocolon. 
The hernia orifice l ies to the right of the midline and the superior mesenteric artery and ileocolic artery course along the anterior border of the 
hernia neck. B, Left mesocolic (paraduodenal) hernia. The hernia orifice is to the left of the midline and the herniated intestine l ies behind 
the anterio r wall of the descend ing mesocolon. C. A right mesocolic hernia is repaired by division of the lateral peritoneal attachments of the 
ascending colon, reflecting it toward the left side of the abdomen. The small and large intestine then assumes a position simulating that of 
nonrotation of the prearterial and postarterial segments of the midgut Opening the neck of the hernia will injure the superior mesenteric 
vessels and fail to, free the herniated bowel. D. A left mesocolic hernia is reduced by incising the hernia sac along an avascular plane imme
diately to the right of the inferio r mesenteric vessels. (A, B. From Brigham RA, d:Avis JC: Paraduodenal hernia. In Nyhus LM, Condon RE [eds] : 
Hernia, ed 3, Philadelphia, 1989, JB Lippincott, pp 484--485; c. D. from Brigham R. Fallon WF, Saunders JR. et al: Paraduodenal hernia: Diagnosis 
and surgical management Surgery 96:498-502, 1984.) 

tWllors. Intra-abdominal desmoids tumors are also more ofren 
multiple than those at other anatomic sites. Resection of mes
enteric desmoids may require sacrifice of significant lengths of 
intestine, thus leaving the patient with an inadequate absorptive 
surface to maintain adequate nutrition. Finally, ureteral involve
ment of the tun1or may require resection with reconstruction. 

Although mesenteric desmoid tumors rend ro be aggressive, 
there is considerable variability in their growth rate during the 
course of the disease. Ln fact, the biolugy of intra-abdominal 
desmoid tumors may be characterized by initial rapid growth 
followed by stability, or even regression.35 Mesenteric desmoid 

tumors, by virtue of their relationship to vital structures and 
ability to infiltrate adjacenc organs, may cause significant local 
complications requiring operative management, including in tes
tinal obstruction, ischemia and perforation, hydronephrosis, 
and evcm aortic rupture. Despite these complications, the overall 
1 0-year survival rate for patients with intra-abdominal desmoid 
tumors is 60% to 70%.3~'16 

Establishing the rate of growth can be helpful in determin
ing the optimal treatment of intra-abdominal dcsmoid tumors. 
'Tile American Society of Clinical Oncology and Society of Sur
gical Oncologists have reviewed the current role of risk-reducing 
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surgery in common hereditary cancer synclromes.37 These rec
ommendations, in addition to practice parameters from the 
Standards Task Force of the American Society of Colon and 
Rectal Surgeons, suggest that surgery should be reserved for 
small tumors with a well-defined and clearly resectable margin.38 

Reported recurrence rates for inrra-abdominal desmoids are 
higher than for other sites and range from 57% to 86%, although 
surgery can be curative in select patients.36 Small bowel trans
plantation has been described for otherwise wuesectable lesions. 

G iven the high likeW1ood of recurrence and prolonged 
survival, even in the setting of advanced disease, some have sug
gested that a erial of watchful waiting, along with minimally 
toxic agents sud1 as sulindac and antiesuogen therapy, may be 
the best strategy, particularly in patients with minimal symp
toms. In this nascent era of target-specific biologic therapy, 
clinical response to imatinlb by patients with heavily treated 
desmoid tumor bas been reported. Imati.nlb mesylate, speci.fi
cally designed to inhibit the Bcr-Ahl tyrosine kinase rendered 
constitutive by the Philadelphia chromosome translocation in 
chronic myeloid leukemia, also inhibits the tyrosine kinase 
receptor for platelet-derived growth factor and c-kit. The obser
vation that patients with desmoid tu mors have partial tumor 
response and arrest of disease progression willie on oral imatinib 
offers an alternative to surgical resection of desmoid tumors 
arising in the mesentery. 11 

RETROPERITONEUM 

Anatomy 
1he retroperitoneal space lies between the peritonewn and pos
terior parietal wall of the abdominal cavity, extending from the 
diaphragm to the pelvic floor. llus space contains the contigu
ous lwnbar and iliac fossae. 1l1e lumbar fossa extends from the 
12th thoracic vertebra and lateral lumbocostal arch superiorly 
to the base of the sacrum, iliac crest, and iliolumbar ligan1cnt 
inferiorly. The Boor of the space is formed by the fascia overlying 
the quadratus lumborum and psoas major muscles. llUs space 
contains varying an1ounts of fatry areolar tissue and rhe adrenal 
glands, kidneys, ascending and descending colons, and duode
num. It is also traversed by the ureter, renal vessels, gonadal 
vessels, inferior vena cava, and aorta. The iliac fossa is contiguous 
with the lumbar fossa superiorly, lateral and anterior preperito
neal spaces of the abdominal wall, and pelvis inferiorly. The 
iliacus muscle wirh its investing fascia is the floor of the iliac 
fossa, which contains the iliac vessels, ureter, genitofemoral 
ne.rve, gonadal vessels, and iliac lymph nodes. 

Operative Approaches 
1l1e aorta, vena cava, iliac vessels, kidneys, and adrenal glands 
may be approached operatively through the retroperitoneal 
space. Sped.fic operative procedures performed through the ret
ropericoneum include extirparive procedures such as adrenalec
tomy and nephrectomy and aortic aneurysmorrhaphy and renal 
transplantation. The advantages to rhis approach over a transab
dominal approach are as follows: 
1. Less postoperative ileus, facil itating a more rapid resump

tion of diet and earHer discharge from the hospital 
2. No imra-:abdominal adl1esions, thus reducing the likeli

hood of subsequent small bowel obstruction 
3. Less intraoperative evaporative Au.id losses. with less dra

matic intravascular fluid shifts 

4. Fewer respiratory complications, such as atelectasis and 
pneumonia 

Retroperitoneal Disorders 

Retroperitoneal Abscesses 
Retroperitoneal abscesses may be classified as primary if the 
infection results from hematogenous spread or secondary if 
related to an infection in an adjacent organ. The conditions 
associated with the development of retroperitoneal abscesses are 
shown in Table 45-2; the anatonuc relationsrup of retroperito
neal abscesses to surrolmding structures is shown in Figure 
4 5-15. Most retroperitoneal abscesses originate as iJulammarory 
processes in the kidney and GI tract. Renal causes include infec
tions related to renal lithiasis or previous urologic operative 
procedures. GI causes include appendicitis, diveniculitis, pan
creatitis, and Crohn's disease. In one series from an urban center, 
tuberculosis of the spine was a common cause of ret roperitonea\ 
abscesses, with Mycobacterium tuberculosis being the second most 
common bacterial isolate after E coli. 39 

The hacteriology of retroperitoneal abscesses is related to 
the cause. Infections originating from the kid ney are often 
monomkrobial, iJwolving gram-negative rods such as Proteus 
mirabilis and E. coli. Abscesses associated with diseases of the GI 
tract involve E. coli, Enterobacter spp., enterococci, and anaero
bic species such as Bacteroides. 1l1ese infections are multimicro
bial and involve gram-negative bacilli, enterococci, and anaerobic 
species. lnfections from hematogenous spread are usually mono
microbial and related to staphylococcal species. Tuberculosis of 
the spine is an in1portant cause of retroperitoneal abscesses in 
immunocompromised individuals and in those immigrating 
from underdeveloped countries. 

The most common symptoms of retroperitoneal abscesses 
include abdominal or flank pain (60% to 75%), fever and chills 
(30% to 90%), malaise (10% to 22%), and weight loss (12%). 
Patients with psoas abscesses may have referred pain to the rup, 
groin, or knee. The duration of symptoms is usually longer than 
1 week. Parienrs wirh retroperitoneal abscesses often have con
current, chronic illnesses such as renal. Lithiasis, diabetes mellitus, 

Table 45-2 cause and Relative Frequency of Retroperitoneal 
Absc:esses* 
CAUSE FREQUENCY (~) 

Renal diseases 

Gastrointestinal diseases, induding diverticulitis, 
appendicitis, and Oohn's disease 

Hematogenous spread from remote infections 

Abscesses complicating operative procedures 

Bone infections. induding tuberculosis of the 
spine 

Trauma 

Malignancies 

Miscellaneous causes 

47 

16 

11 

8 

7 

4.5 

4 

3 

4Data were from three retrospective review~ of 134 patients treated between 
1971 and 2001. 
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M. rectus abdominis 

Aorta abdominalis 
Colon descendens 

Fascia IUn1bC>dorsa111s' 
M. latissimus dorsi 

M. quadratus lumborum 

Ren dexter 
Fascia renalis 

Perinephric abscess 
having eroded 
posterolateral 
musculature 

lumbodorsalis 
lurr,bodo•·salis (anterior layer) 

·~•"'r!"r~"'• fascia (middle layer) 
lumbodorsalis (posterior layer) 

FIGURE 45-15 Anatomic relationships of retroperitoneal abscesses to surrounding structures. A psoas abscess (left) and perinephric abscess 
are shown (right). (From McVay C: Anson and McVay's surgical anatomy, ed 6, Philadelphia, 1984, WB Saunders, p 735.) 

human immunodeficiency virus (HN) infection, or malignan
cies. cr demonstrates a low-density mass in the retroperito
neum, with surrounding inflammation. Gas may be present in 
as many as one third of these lesions.39 cr provides imponant 
i11formation regardi11g the location of the abscess and its rela
tionship to contiguous organs-hence, likely sources of the 
infection. 

Treatment of retroperitoneal abscesses includes appropriate 
antibiotics and adequate drainage. Many reports have demon
strated the efficacy of Cf-guided drainage in managing this 
aspect of treatment. Operative drainage through a retroperito
neal approach is indicated for lesions not amenable to percutane
ous drainage or those that fail percutaneous drainage. 'TI1e 
mortality rate for patients with retroperitoneal abscesses is 
related, in Large part, to the presence of signilicant medical 
comorbidities. 

Retroperitoneal Hematomas 
Retroperitoneal !hematomas usually occur after blunt or pene
trating injuries, in the setting of abdominal aortic or visceral 
artery aneurysms, or after acute or chronic anticoagulation or 
fibrinolytic therapy. The diagnosis and management of retroperi
toneal hemaromas occurring in the setting of trauma or aneu
rysmal rupture are considered in detail in Chapters 18, 62, and 
64. Bleeding imo the retropcritoneum may also complicate anti
coagulant therapy for atrial fibritlation or deep venous throm
bosis or arterial catheterization during cardiac catheterization 
and endovascular procedures. Retroperitoneal hematomas have 
also been described in patients w1dergoing fibrinolytic therapy 
for peripheral OE coronary arterial thrombosis and in patients 
with bleecling diatheses, such as hemophilia. 

Patiencs present with abdominal or flank pain, which may 
radiate into the groin, labia, or scrotun1. Clinical evidence of 
acute blood loss may be present, depending on the volume of 
blood lost and the rapidity with whld1 the patient bled. A 
palpable abdominal mass may be present, as well as physical 

evidence of ileus. As many as 20% to 30% of patients will 
develop evidence of a femoral neuropatl1y.40 The complete blood 
count may provide evidence of subacute or chronic blood loss 
or platelet deficiency. The prothrombin and partial thrombo
plastin times may demonstrate a coagulopathy. Microscopic 
hemamria is a common Ending on uriJJalysis. CT estabUshes the 
diagnosis by demonstrating a high-density mass in the rctropcri
toneum, with surrounding strandll1g iJ1 the retroperitoneal tissue 
planes. These findings are readily distinguishable from the low
density mass d1aracteristic of retroperitoneal abscesses. 

Patients who develop retroperitoneal hematomas a.~ a resul£ 
of anticoagulation are best managed by the restoration of circu
lating blood volume and correction of the underlying coagu
lopatlly. In rare circwnstances, arteriography with embolization 
of a bleeding artery or operative exploration is required to stop 
the bleeding. 

Retroperitoneal Fibrosis 
Retroperitoneal fibrosis is characterized by chronic inflamma
tion and fibrosis surrounding the abdominal aorta and iliac 
arteries, which extends laterally to envelop surrouncling struc
tures, especially rbe ureters. Seventy percent of cases arc idio
pathic (termed Ormnnd disease), whereas 30% are associated 
wi th various drugs (most notably, ergot alkaloids or dopanuner
gic agonists), infections, trauma, retroperitoneal hemorrhage or 
retroperitoneal operations, radiation therapy, or primary or 
metastatic neoplasms. Many idiopatluc cases are associated with 
ulflammatory abdominal aortic aneurysms; thus, idiopathic 
retroperitoneal fibrosis might best be categori7..ed with inAanl
matory abdominal aortic aneurysms and perianeurysmal retro
peri toneal fibrosis as a fom1 of chro.nic periaortitis.41 The fibrosis 
is usually confined to the central and paravertebral spaces 
between the renal arteries and sacrum and tends to encase the 
aorta, inferior vena cava, and u.retcrs. 1he process usually begins 
at the level of the aortic bifurcation and spreads cephalad. In 
15% of cases, tl1e fibrotic process extends outside the 
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retroperitoneurn to involve the peripancreatic and periduodenal 
spaces, pelvis, and mediasti.num. 

There is considerable evidence to suggest that idiopathic 
retroperitoneal fibrosis is a manifestation of a systernlc autoim
mune disease. A case-control study of35 patients has fotmd that 
the disea~e is associated with HLA-DRB I "03, an allele linked 
to various autoimmune diseases such as type I diabetes mellitus, 
myasthenia gravis, and systemic lupus crytbematosus.42 In some 
patients, disease will develop in the setting of a well-defined 
systemic autoimmune disorder (e.g., systemic lupus erythema
tosus) or so-called organ-specific autoimmune disettses (e.g., 
Hashimoto's thyroiditis, sclerosing cholangitis). There are also 
hisrologic similarities berween idiopathic retroperitoneal fibrosis 
and other systemic inflammatory conditions, such a~ large-vessel 
vasculitidcs.41 FiJ1ally, systemic or constitutional symptoms are 
often present, such as fatigue, low-grade fever, weight loss, and 
myalgias. 

Men are affected rwo to three times as often a~ women. The 
mean age at presentation is 50 to 60 years, although the condi
tion has also been reported in dlildren and older adults. Patients 
may present with localized symptoms of side, hack, or abdornl
nal pain or lower extremity edema. Scrotal swelling is common, 
as is the occurrence of a varicocele or hydrocele. l.n most patients, 
localized symptoms are preceded by or coexist with systernlc or 
constitutional symptoms (see earlier). Laboratory tests may 
demonstrate azotemia and 80% to 100% of patients will have 
elevated concentrations of acute-phase reactants (e.g., erythro
cyte sedimentation rate, C-reactive protein). The nonspecific 
nature of the clinical features of this disease contributes to the 
considerable delay berween the onset of symptoms and the diag
nosis. As sucl1, ureteral involvement is present in 80% to 100% 
of cascs.4 1 

Evaluation of patients suspected to have retroperitoneal 
fibrosis should start with uJtrasonography, which can define the 
retroperitoneal fibrosis as a hypoe.choic or isoechoic mass that 
involves one or both of the ttreters :md document the presence 
of hydronephrosis. IV urography usually reveals the triad of 
medial deviation and extrinsic compression of the ureters with 
hydronephrosis. The most reHahle imaging studies to detect 
retroperitoneal £brosis are CT and MRl. Without IV contrast, 
the CT scan will demonstrate a homogenous fibrous plaque 
surrounding the lower abdominal aorta and the iliac arteries, 
which is usually isodense when compared with surroundiJ1g 
muscle. MRI of early benign retroperitoneal fibrosis may show 
areas of high signal intensity on TI-weighted images as a result 
of the abundam fluid content and hypercellularity a~sociated 
with the acute imflammation. ln the mature and quiescent stages 
of benign retroperitoneal fibrosis, the low signal intensity on 
Tl- and T2-wcighted images is similar to that of psoas muscle. 

The prin1ary goals of treatment for patients with idiopathic 
retroperitoneal fibrosis arc to stop the progression of retroperi
toneal inAan1mation and fibrosis, prevent or relieve ureteral 
obstruction, inllibit the systenlic inflammatory response, and 
improve the constitutional manifestations of the disease. The 
mainstay of treatment has been the admitlistration of cortico
steroids, which suppress the synthesis of proinflatl1Jllatory cyto
kines and inhibit collagen synthesis and maturation. Tllis 
will often rcstult iJ1 a prompt improvement iJ1 symproms, 
reduction in the size of the retroperitoneal mass, and relief of 
ureteral obstruction. Unfortunately, the optimal dose and 
duration of treatment have not been not well established. 

lmrnunosuppressants such as cyclophosphamide, azathioprine, 
methotrexate, cyclosporine, and tamoxifen have also been used 
to treat patients with idiopathic retroperitoneal fibrosis, particu
larly patients whose disease is unresponsive to steroids. Opera
tive management of retroperitoneal fibrosis is generally performed 
ro relieve ureteral obsrruction by open ureterolysis, with intra
peritoneal transposition and omental wrapping of the ureters. 
In most cases, when the dhtical fu1dings and imaging suggest 
the diagnosis of retroperitoneal fibrosis, the temporary place
ment of ureteral stents followed by medical therapy is the recom
mended course of action. Operative ureterolysis would be 
reserved for patients with refractory disease. 

When retroperitoneal fibrosis is associated with an ahdornl
nal aortic aneurysm, repair of the aneurysm is warranted when 
the aortic dian1eter exceeds 4.5 to 5 em. The effect of aneurysm 
repair of the periaortic fibrosis is unclear, with some reports 
indicating resolution and others reporting persistence or even 
progression of the iJ1flanU11atory process. 

Retroperitoneal Malignancies 
Malignancies in the retroperitoneum may result from the 
following: 
1. Extracapsular growth of a priJ11ary neoplasm of a retroperi

toneal organ, such as the kidney, adrenal, colon, or 
pancreas 

2. Development of a primary germ cell neoplasm from 
embryonic rest cells 

3. Development of a primary malignancy of the retroperito
neal lymphatic system (e.g., lymphoma) 

4. Metasta~es from a remote primary malignancy into a ret
roperitoneal lymph node (e.g., testicular cancer) 

5. Development of a malignancy of the soft tissue of the 
retroperitoneunl (e.g., sarcomas and desmoid tumors) 
The most common primary malignancy of the retroperito

neum is a sarcoma. 

Retro,peritoneal Sarcoma Approximately I 0,000 soft tissue sarco
mas were diagnosed in the United States in 2009, of wllich 15o/o 
were usually retroperitoneal sarcomas.13 TI1e most common his
tologic subtypes are liposarcoma and leiomyosarcoma. Radiation 
is a known risk factor for the development of sarcomas, 
with radiation-associated sarcomas usually occurring approxi
mately 10 years after exposure. Patiems with von Recklinghau
sen's disease (neurofibromatosis type 1) can develop malignant 
transformation of neurofibromas into malignant peripheral 
nerve sheath tumors; patients with Li-Fraumeni syndrome and 
hereditary retinoblastoma also have an increased incidence of 
sarcoma. 

Most patients with a retroperitoneal sarcoma present with 
an asymptomatic. abdominal mass, often after the primary tumor 
bas reached a considerable size. Abdornlnal pain is present in 
50% of patients; less common symptoms include G I hemor
rhage, early satiety, nausea and vonlitiJlg, wcight loss, and lower 
extremity swelling. Symptoms related to nerve compression by 
the tumor, such as lower extremity paresthesia and paresis, have 
also been a~sociated with retroperitoneal sarcoma. 

CT and MRJ provide in1portant information regarding the 
size and precise location of the primary tumor and its relation
ship to major vascular structures (Fig. 45-16). These studies will 
also docun1ent the presence or absence of metastatic disease in 
the lung or liver. Usually, these imaging modalities will also 
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FIGURE 45-16 A, Intraoperative photograph of a large retroperitoneal sarcoma. B. CT scan of the same patient demonstrating the displacement 
of the aorta, interior vena cava, and bowel to the right of the abdomen. 

provide importamt diagnostic clues, thus obviating the need for 
image-guided biopsy in most cases. 

Lymphoma, especially with bulky retroperitoneal adenopa
thy, may appear as a mass arising from the rerroperitoneum. 'TI1e 
presence of constitutional symptoms, including fevers, night 
sweats, and weight loss, may suggest the diagnosis of lymphoma. 
A careful search for other evidence of lymphadenopathy is war
ranted in these patients. The spread of testicular cancer to the 
retroperitoneal lymph nodes may also present as a large retro
peritoneal mass. Hence, workup of male patients should include 
a testicular examination and serologic testing for <X-fetoprotein 
and human chorionic gonadotropin. Finally, the local extension 
of tumors arising iJ1 the adrenal gland or pancreas may als<> be 
considered in the differential diagnosis of patients with large 
retroperitoneal tumors. 

Prognostic stagiJ1g is difficult for sarcomas because there 
are many histologic types of sarcomas, with variables grades and 
locations. The latest edition of the American Joint Commission 
on Cancer Stagmg Systen1 is notable in that it includes grade 
and depth to the fascia in addition to standard staging criteria, 
such as tum<>r size, nodal status, and dis tant metastasis.44 Most 
retroperitoneal sarcomas are deep to the fascia and large, s<> grade 
is tbe main determinam of stage in non metastatic disease. Nodal 
disease had previously been classified as stage IV bur is currently 
reassigned to stage III. 

The goal of sarcoma treatment is complete en bloc resection 
of the tumor and any involved adjacent organs. Lymph node 
metastases by sarcoma arc rare (<5o/o); therefore, lymphadenec
tomy is nor required unless there is evidence of lymph node 
i"nvolvernent. The main prognostic factors for patients with ret
roperitoneal sarcomas arc the size of the tumor, histologic grade, 
and resection status.1~ 1l1e difficulty of obtaining resection 
margins free of tumor is related to the juxtaposition or invasion 
of the ntmor and retroperitoneal structures, such as the aorta, 
inferior vena cava, intra-abdominal viscera {colon, duodenum, 
kidney, pancreas, spleen), and adjacent muscles (psoas, rectus 
abdominis, diaphragm). 'TI1e kidney is the most c<>mmonly 
resected Qfgan; recent series have reported mulri<>rgan resection 
i.n approximately 50% of cases.16 llloracoabdominal mcisions 
may be required for upper quadrant sarcomas, which docs not 
appear to increase morbidity greatly. lt can be difficult patho
logically to determine a negative margin resultmg from the large 

surface area and anatomic constraints of the tumor. Most experts 
iJ1 nearing this disease consider the goal of surgery to be com
plete resection, defined by removal of all gross disea~e {macro
scopically negative margin), with en bloc resectio.n of adherent 
organs. Rates of resectability of the primary retroperitoneal 
sarcoma vary widely based on the extent of disease at presenta
tion, surgeon's experience, and institution's referral pattern. A 
review of several large series has reported complete resectability 
rates of 50o/o to 67%.4' 

TI1ere is no difference in survival for patiems who undergo 
incomplete resection when compared with those who are unre
sectable. [ncomplete resection should Otll}' be undertaken for 
palliative purposes for all histologic types other than liposar
coma. 45 lnc<>mplete resection of well-differemiated liposarcoma 
may prolong survival and ha~ been shown to improve symp
toms.48 Local recurrence after surgery occurs in approxin1atcly 
50% of patients and distant metastases occur iJ1 20% to 30%. 
The 5-year survival rate is approximately 50o/o, although disease
specific death can occur after 5 years.48 

In patients with recurrent disea~e. complete resection of 
recurrent tumor is beneficial. In a report by Lewis and col
lcagues15 at the Menwrial Sloan-Kettering Cancer Center, 35 of 
61 patients with recurrent sarcoma underwent complete resec
tion. This group of patients had a significantly higher survival 
rate than those tmdergoing mcomplete resection (60o/o versus 
18o/o 5-year disease-specific survival). Unlike extremity sarcoma. 
the role for extemal-bean1 radiation for local control after surgi
cal resection is limited by the low tolerance for radiation injury 
of the surrotmding normal tissue. Postoperative radiotherapy 
ru1d combined postoperative and intraoperative radiotherapy has 
been shown to improve recurrence rates but has not been dearly 
shown to have an effect on survival. Preoperative radiotherapy 
has some theoretical benefits, but there have been no prospective 
randonli7.ed trials of preoperative radiotherapy. Neoadjuvant <>r 
adjuvant chemotherapy is unproven ru1d most agents used for 
sarcoma therapy have significant toxici ry. 
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CHAPTER 46 

HERNIAS 
MARK A. MALANGONI AND MICHAEL]. RosEN 

INGUINAl HERNIAS 

FEMORAl HERNIAS 

SPECIAl PROB!lE.MS 

VENTRAl HERNIAS 

UNUSUAl HERNIAS 

More than 600,000 hernias are repaired annually in the United 
States, making hernia repair one of the most common operations 
perforn1ed by general surgeons. Despite the frequency of this 
procedure, no surgeon has ideal results, and complications such 
as postoperative pain, nerve injury, infection, and recurrence 
remain. 

Hernia is derived from the Latin word for ruprure. A hernia 
is defined as an abnormal protrusion of an organ or tissue 
through a defect in its surroundlng walls. Although a hernia can 
occur at various sites of the body, these defects most commonly 
involve the abdominal wall, particularly the inguinal region. 
Abdominal wall hernias occur only at sires at which the aponeu
rosis and fascia are not covered by striated muscle (Box 46-1). 
1l1ese sites most commonly include the inguinal, femoral, and 
umbilical areas, li11ea alba, lower portion of the semilunar line, 
and sites of prior incisions (Fig. 46-1). The so-called neck or 
orifice of a henua is located at the innermost musntloaponeu
rotic layer, whereas the hernia sac is lined by peritoneum and 
protn1des from the neck. There is no consistent relationship 
between the area of a hernia defect and the size of a hernia sac. 

A hemia is reducible when its contents can be replaced 
within the surroundi11g musculature, and it is irreducible or 
i11carcerated when it cannot be reduced. A strangulated henua 
has compronlised blood supply to its contents, wluch is a serious 
and potentially fatal complication. Strangulation occurs more 
often in large hernias that have small orifices. In this situation, 
the small neck of the hcnua obstructs arterial blood flow, venous 
drainage, or both to the contents of the hernia sac. Adhesions 
between the contents of the hernia and peritoneal lining of the 
sac can provide a tethering point that entraps the hernia contents 
and predlsposes to intestinal obstruction and strangulation. 
A more LUlllsual type of strangulation is a Richter's hernia. In 
Richter's hernia, a small portion of the antimesenteric wa!J of 
the intestine is trapped widlin d1e hernia, and strangulation can 
occur without tthe presence of intestinal obstruction. 

An external hernia protrudes through all layers of the 
abdominal wall, whereas an internal henua is a protrusion of 
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intestine through a defect in the peritoneal cavity. fu1 interpari
etal hernia occurs when the hernia sac is contained within a 
musculoaponeurotic layer of the abdominal wall. In broad 
terms, most abdominal wall hernia~ can be separated into 
ingttinal a11d ventral hernias. Tills chapter focuses on the specific 
aspects of each of these condltions indlvidually. 

INGUINAL HERNIAS 
Inguinal hernias are classified as direct or indirect. The sac of an 
indirect inguinal hernia passes from the internal inguinal ring 
obliquely toward the external inguinal ring and ultimately into 
the scrotum. (n contrast, the sac of a direct inguinal hernia 
protrudes outward and forward and is medlal to the imerna\ 
inguinal ring and inferior epigastric vessels. As indirect hernias 
enlarge, i.t sometimes can be difficult to disti11guish between 
indlrcct and direct inguinal henuas. 1Jus dlstinction is of little 
importance because the operative repair of these types of hernias 
is similar. A pantaloon-type hernia occurs when mere is an 
indirect and direct hernia component. 

Incidence 
Hernias are a common problem: however, their true incidence 
is unkno·wn. It is estimated that 5% of tl1e population will 
develop an abdominal wall hernia, but the prevalence may be 
even higher. About 75% of all hernias occur in the inguinal 
region. Two thirds of these are indirect and the remainder are 
direct inguinal henua~. Fen1oral hernia~ comprise only 3% of all 
groin hernias. 

Men are 25 times more likely to have a groin hernia than 
women. An indirect inguinal hernia is the most common hernia, 
regardless of gender. In men, indirect hernias predominate over 
direct hernias at a ratio of 2: 1. Direct hemia~ are uncommon 
in women. The female-to-male ratio in femoral and umbilical 
hernias, however, is about 10: 1 and 2: 1, respectively. Although 
femoral hernias occur more frequently u1 women tl1an in men. 
inguinal her11ias remain the most common hernia in women
Femoral hernias are rare iJ1 men. Ten percent of women and 
50% of men who have a femoral hernia have or will develop a11 
inguinal hernia. 

Indirect inguinal and femoral hernias occur more com
monly on the right side. This is attributed to a delay in atrophy 
of the processus vaginalis after the normal slower descent of 
me right testis to the scrorum during fetal development. 11Je 
predominance of right-sided femoral hernias is thought to be 
caused by the tamponading effect of the sigmoid colon on the 
left femoral canal. 
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The prevalence of hernias increases with age, particularly 
for inguinal, umbilical, and fem oral hernias. The likelihood of 
strangulation and need for hospitalization also increase with 
aging. Strangulation, the most common serious complication of 
a hernia, occurs in only 1 o/o to 3% of groin hernias and is more 
common at rhe cxrremes of life. Most strangulated hernias are 

BOX 46-1 Primary Abdominal Wall Hernias 

Groin 
Inguinal 

• Indirect 
• Direct 
• Combined 

Femoral 

Anterior 
Umbilical 
Epigastric 
Spigelian 

Pelvic 
Obturator 
Sciatic 
Perineal 

Posterior 
lumbar 

• Superior triangle 
• Inferior triangle 
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indirect inguinal hernias; however, femoral hernias have the 
highest rate of strangulation (15% to 20%) of all hernias and it 
is therefore recommended that all femoral hernias be repaired at 
the time of discovery. 

Anatomy of the Groin 
1l1e srngeon must have a comprehensive understanding of the 
anatomy of the groiJl to select and use various options for hernia 
repair properly. L1 addition, rhe relationships of muscles, apo
neuroses, fa~cia, nerves, blood vessels, and spermatic cord struc
tures .in the inguinal region must be completely understood to 
obtain the lowest incidence of recurrence and avoid complica
tions. These anatomic considerations must be undersrood from 
the anterior and posterior approaches because both are usefuJ in 
different situations (Figs. 46-2 and 46-3). 

From anterior to posterior, the groin anatomy includes the 
skin and subcutaneous tissues, below which are the superficial 
circumAex illac, supcrfi.cial epigastric, and external pudendal 
arteries and accompanying veins. These vessels arise from and 
drain to the proximal femoral artery and vciJ1, respectively, and 
are directed superiorly. [[ encowltered duriJ1g operation, these 
vessels can be retracted or even divided when necessary. 

Diaphragmatic, 
most frequently through 
esophageal hiatus 

Phrenopulmonary hiatus 

12th ribs I Lumbar 

-<t:~ltt--1+.:....;..-11-- - Superior lumbar trigone 

Deep inferior epigastric vessels __;::.--\lrl.._ 

Indirect Inguinal 
at internal inguinal ring 

Femoral 
at femoral ring 

Obturator 
at obturator foramen 

1 (Grynfeltt's) 

,.--+-+-~ Inferior lumbar trigone 

I (Petit's) 

'~''"'u ..... most frequently 
through greater sacrosciatic 

\ foramen 

Pirifom1is muscle 
Coccygeus muscle 

Lesser sacrosciatic foramen 
(probably below coccygeus 
muscle following internal 
obturator muscle) 

~--'=IIP---=-Ifiococcygeus muscle (cut) 

~~~~£.....--.- Perineal, most frequently 
posterior to superficial 

/~ 
transverse perineal muscle 

~ Rectum 

{ Superficial transverse 
perineal muscle 

Internal obturator muscle 

FIGURE 46-1 Types of abdominal wall hernias. (From Dorland's illustrated medical dictionary, ed 31, Philadelphia, 2007, WB Saunders, 
Plate 21.) 
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111 6 SECTION X ABDOMEN 

External 
oblique muscle 

Transversus abdominis muscle 

m~P:.---- Transversalis fascia (anterior lamina) 

r-:::;::r,--- Inferior epigastric artery and vein 

Internal 
oblique muscle 

Inguinal 
canal --• -

--Transversalis fascia (posterior lamina) 

Inner inguinal canal 

Internal inguinal ring 

External iliac artery and vein 

lliopubic tract 

FIGURE 46-2 Nyhus's dassic parasagittal diagram of the right midinguinal region illustrating the muscular aponeurotic layers separated into 
anterior and posterior walls. The posterior laminae of the transversalis fascia have been added, with the inferior epigastric vessels coursing 
through the abdominal wall medially to the inner inguinal canal. (Ffom Read RC: The transversalis and preperitoneal fasciae: A re-evaluation. 
In Nyhus LM, Condon RE [eds): Hernia, ed 4, Philadelphia, 1995, JB Lippincott, pp 57- 63.) 

External Oblique Muscle and Aponeurosis 
The external oblique muscle is the most superficial of the lateral 
abdominal wail muscles; its fibers arc directed inferiorly and 
medially and lie deep ro the subcutaneous tissues. The aponeu
rosis of the external oblique muscle is formed by a superficial 
and deep layer. This aponeurosis, along with the bilaminar apo
neuroses of the internal oblique and transversus abdomiJ1is, 
forms the antcrior rectus sheath and, finally, the linea alba by 
linear decussation.. The external oblique aponeurosis serves as the 
superficial boLlt1dary of the i11guinal canal. The inguinal liga
ment (Pouparr's ligament) is the inferior edge of the external 
oblique aponeurosis and extends from the anterior superior iliac 
spine ro the pubic tubercle. turning posteriorly to form a shelv
ing edge. The lacunar ligament is the fan-shaped medial expan
sion of the inguinal ligament, which inserts into the pubis and 
forms the medial border of the femoral space. The external 
(superficial) inguinal ring is an ovoid opening of the external 
oblique aponeurosis that is positioned superiorly and slighcly 
laterally to the pubic tubercle. The spermatic cord exits the 
inguinal canal through the external inguinal ring. 

Internal Obliq,ue Muscle and Aponeurosis 
1he internal oblique muscle forms the middle layer of the lateral 
abdominal musculoaponemotic complex. The fibers of the inter
nal oblique are directed superiorly and laterally in the upper 
abdomen; however, cl1ey run in a slightly inferior direction in 
the ingui11al region. '111e internal oblique muscle serves as the 
cephalad (or superior) border of the inguinal canal. 'll1e medial 
aspect of the internal obliCjue aponeurosis fuses with fibers from 

the transversus abdomini.s aponeurosis to form a conjoined 
tendo n. This structure actually is present in only 5% to I 0% of 
patients and is most evident at the insertion of these muscles on 
the pubic tubercle. The cremasteric muscle fibers arise from the 
internal oblique, encompass the spermatic cord, and attach to 

tl1e tunica vaginalis of the testis. These muscle fibers are essential 
to the cremasteric reflex but have little rdevru1ce to hernia 
repairs. 

Transversus Abdominis Muscle and Aponeurosis 
and Transversalis Fascia 
The traJ1Sversus abdominis muscle layer is oriented horizontally 
throughout most of its area; in the inguinal region, these fibers 
course in a slighcly oblique downward direction. 1l1e strengd1 
and continuity of this muscle and aponeurosis are important fo1r 
the prevention and treatment of inguinal hernia. 

1l1e aponeurosis of cl1e trru1sversus abdominis covers ante
rior ru1d posterior surfaces. TI1c lower margin of the transversus 
abdo:minis arches along with the imernal oblique muscle over 
the internal i.nguiJ1al ring to fom1 the transversus abdominis 
aponeurotic arch. The transversalis fascia is the com1ective tissue 
layer that underlies the abdominal wall musculature. The trruls
versalis fascia, sometimes referred to as the mdoabdominal foscitt, 
is a component of me inguinal floor. It tends to be denser in 
this area but still remains relatively thin. 

1l1e iJiopubic tract is an aponeurotic band that is formed 
by the transversalis fascia and transversus abdominis aponeurosis 
and fascia. 'll1e iliopubic tract is located posterior to the inguinal 
ligament and crosses over the femoral vessels and inserts on 
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tubercle Inferior 
epigastric vessels 

lliopubic tract 

Cooper's 
ligament 

Vas deferens 

Area of 

the anterior superior iliac spine and inner lip of the wing of 
the ilium. 

The inferior crus of the deep ingttinal ring is comprised of 
the iliopubic tract; the superior crus of the deep ring is formed 
by the uansversus abdomin.is aponeurotic arch. The lateral 
border of the internal ring is connected to the transversus 
abdominis musde, which forms a shutter mechanism to Limit 
the development of an indirect hernia. 

1he iliopubic traer is an extremely important structure in 
the repair of hernias from the anterior and posterior approaches. 
It comprises the inferior margin of most anterior repairs. The 
portion of the iliopubic tract lateral to the internal inguinal ring 
serves as the inferior border below which staples or tacks arc not 
placed during a [aparoscopic repair because the femoral, lateral 
femoral cutaneous, and genitofemoral nerves are located inferior 
to the iliopubic tract. Although it cannot always be visualized 
during posterior repairs, if the tacking device cannot be palpated 
on the anterior abdominal wall, one must assume it is below the 
iliopubic traer. 

Pectineal (Cooper's) Ligament 
The pectineal (Coopei's) ligament is fonned by the periosteum 
and aponeurotic tissues along the superior ranms of the pubis. 

vessels 

External iliac 
vessels 

HERNIAS CHAPTER 46 111 7 

FIGURE 46-3 Anatomy of the important pre
peritoneal structures in the right inguinal space. 
(From Talarnini MA, Are C: Laparoscopic hernia 
repair. In Zuidema GO, Yeo 0 [eds]: Shackel
ford's surgery of the alimentary tract, ed 5, val 
5, Philadelphia, 2002, WB Saunders, p 140.) 

1hs structure is posterior to the iJiopubic tract and forms the 
posterior border of the femoral canal. In approximately 75o/o of 
patients, there wiJJ be a vessel that crosses the lateral border of 
Cooper's ligament that is a branch of the obmraror artery. [f this 
vessel is injured, troublesome bleeding can result. Cooper's liga
ment is an important landmark for open and laparoscopic 
repairs and is a useful anchoring structure, particularly in Japa
roscopic repairs. 

Inguinal canal 
The inguinal canal is about 4 em in length and is located just 
cephalad ro the iJ1guiJ1al ligament. 1hc canal extends between 
the internal (deep) inguinal and external (superficial) inguinal 
rings. The inguinal canal contains the spermatic cord in men 
and the rOtmd Ligament of the uterus in women. 

The spermatic cord is composed of the cremasteric muscle 
fibers, testicular artery and accompanying veins, genital branch 
of the genjtofemoral nerve, vas deferens, cremasteric vessels, 
lymphatics, and processus vaginalis. These structures enter the 
cord at the internal inguinal ring and vessels and vas deferens 
ex.it tbc external inguinal ring. The cremaster muscle arises from 
the lowermost fibers of the i.ntemal oblique muscle and encom
passes the spermatic cord in the inguinal canal. The cremasteric 
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Femoral branch 
nerve 

Femoral nerve 

femoral 

Psoas muscle 

FIGURE 46-4 Important nerves and their relationship to inguinal structures (right side is illustrated). (From Talamini MA. Are C: Laparoscopic 
hernia repair. In Zuidema GO, Yeo 0 (edsj : Shackelford's surgery of the alimentary tract, ed 5, vol 5, Phi ladelphia, 2002, WB Saunders. p 140.) 

vessels are branches of the inferior epigastric vessels and pass 
through che posterior wall of the inguinal canal through their 
own foran1en. These vessels supply the cremaster muscle and can 
be divided co expose the floor of the inguinal canal during hernia 
repair without dan1aging the testis. 

The inguinal canal is bow1ded superficially by the external 
oblique aponeurosis. The internal oblique and transversus 
abdominis musculoaponeuroscs form the cephalad wall of the 
inguinal canal. The inferior wall of the inguinal canal is formed 
by the inguinal ligament and lacunar ligament. The posterior 
wall, or floor of the inguinal canal, is formed by the aponeurosis 
of the transversus abdominis muscle and transversalis fascia. 

Hessclbacb's triangle refers to the margins of the floor of 
the inguinal canal. The inferior epigastric vessels serve as its 
superolateral border, the rectus sheath as medial border, and the 
inguinal ligament and pectineal ligament as the inferior border. 
Direct hernias occu.r witb.i.n Hesselbach's triangle, whereas indi
rect inguinal hernias arise lateral to the triangle. It is not uncom
mon, however, for medium and large indirect inguinal hernias 
to involve the floo r of the inguinal canal as they enlarge. 

The iliohypogastric and ilioinguinal nerves and genital 
branch of the genitofemoral nerve are the important sensory 

nerves in the groin area (Fig. 46-4). The iliohypogastric and 
ilioinguinal nerves provide sensation to the skin of the groin, 
base of the penis, and ipsilateral upper medial thigh. The iHo
hypogastric and ilioinguinal nerves lie beneath the imernal 
oblique muscle to a point just medial and superior to the ante
rior superior iliac spine, where they penetrate the imernal 
oblique muscle and course beneath the external obliCJUC aponeu
rosis. 'TI1e main trunk of the iliohypogastric nerve runs on the 
anterior surface of the internal oblique muscle and aponeurosis 
medial and superior to the internal ring. The iliohypogastric 
nerve may provide an inguinal branch that joins the ilioi11guinal 
nerve. 'TI1c:: ilioinguinal nerve runs anterior to the spermatic cord 
in the inguinal canal and branches at the superficial inguinal 
riJJg. The genital branch of the genitofemoral nerve innervates 
the cremaster muscle and skin on the lateral side of the scrotum 
and labia. This nerve lies on the iliopubic tract and accompanies 
the cremaster vessels to form a new-avascular bundle. 

Preperitoneal Space 
1he prcpcritoneal space contains adjpose tissue, lymphatics, 
blood vessels, and nerves. The nerves of the preperi.toneal space 
of specific concern to the sw-geon include the lateral femoral 
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cutaneous nerve and genitofemoral nerve. The lateral femoral 
cutaneous nerve originates as a root of L2 and L3 and is occa
sionally a direct branch of the femoral nerve. llus nerve courses 
along the anterior surface of the iliac muscle beneath the iliac 
fascia and passes under or through the lateral attachment of the 
inguinal ligament at the anterior superior iliac spine. This nerve 
runs beneath or occasionatly through the iliopubic tract, lateral 
to the internal inguinal riJ1g. 

The getutofen10ral nerve usually arises from the U or 
Ll-U nerve roots. It divides into genital aJld femoral branches 
on the aJ1tcrior surface of the psoas muscle. The geJtital braJ1cl1 
enters the inguinal canal through the deep ring, whereas the 
fCJUoral branch emers the femoral sheath lateral to the artery. 

The inferior epigastric artery and vein are branches of the 
external iliac vessels aJld are importaJlt l aJ1dmark~ for laparo
scopic henua repait. 1hese vessels course medial to the internal 
Ulgttinal rmg aJH:I eventual.ly lie beneath the rectus abdomillls 
muscle, immediately superfici.al to the transversalis fascia. The 
inferior ep iga~tri.c vessels serve to define the types of inguinal 
hernia. Indirect inguinal henuas occur lateral to the inferior 
epigastric vessels, whereas direct hernias occur medial m these 
vessels. 

The deep circumflex iliac artery aJld vein are located below 
the lateral portion of the iliopubic tract iJ1 the preperitoneal 
space. These vessels are branches of the inferior epigastric or 
external iliac artery and vern. It is important to dissect only 
above the i.liopubic t ract during a laparoscopic hernia repair to 
avoid injury to these vessels. 

The vas deferens courses tluough me preperitoneal space 
from caudad to cephalad and medial to lateral to join the sper
matic cord at the deep inguinal ring. 

Femoral Canal 
1l1e boundaries of the femoral canal are the iliopubic tract 
anteriorly, Cooper's ligament posteriorly, aJld the femoral vein 
laterally. The pubic wbercle forms the apex of the femoral 
CaJlal triangle. This CaJlal usually contai.ns connective tissue and 
lymphatic tissue. A fCJnoral hernia occurs tluough iliis space and 
is medial to the femoral vessels. 

Diagnosis 
A bulge in the inguinal region is the main diagnostic finding in 
most groiJ1 hernias. 1here may be associated pain or vague dis
comfort in the region, but groin hentias are usually not extremely 
pamful unless incarceration or strangt.Iation has occurred. In the 
absence of physical findings, alternative causes for pain need to 
be considered. Occa~ionaUy, patients may experience parcsthe
sias related to compression or irritation of the mgumal nerves 
by the hernia. Masses other than hernias can occur in the groin 
region. Physical exarniJlation alone oftetl differentiates between 
a groin hernia md these masses (Box 46-2). 

The inguinal region is exaJnined with me patient in the 
supine aJld standing positions. The exanliner visually inspects 
and palpates the mguinal region, looking for asymmetry, bulges, 
or a mass. Having me patient cough or perform a Valsalva 
maneuver CaJl faciUtate identification of a benua. The examiner 
places a fingertip over the inguiJ1al canal and repeats the exami
nation. Fmally, a fingertip is placed imo the external iJ1guinal 
ring by invaginating the scrotum to detect a small hernia. A 
bulge moving lateral to medial in the inguinal CaJlal suggests an 
iJ1direct hernia. If a bulge progresses from deep to superficial 
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BOX 46-2 Differential Diagnosis of Groin and Scrotal Masses 

Inguinal hernia 
Hydrocele 
Varicocele 
Ectopic testis 
Epid idymitis 
Testicular torsion 
lipoma 
Hematoma 
Sebaceous cyst 
Hidradenitis of inguina l apocrine glands 
Inguinal lymphadenopathy 
Lymphoma 
Metastatic neoplasm 
Femo:ral hernia 
Femo:ral lymphadenopathy 
Femo:ral artery aneurysm or pseudoaneurysm 

through me Ulguinal floor, a direct hernia is suspected. 111iS 
distiJ1ction is not critical because repait is approached the same 
way, regardless of the type of hernia. A bt.Ige identified below 
the inguinal ligament is consistent with a femoral hernia. 

A bulge of the groin described by the patient that is not 
demonstrated on exaJnination presents a dilemma. Having the 
patien£ stand or an1bulate for a period of time may allow aJl 
undiagnosed hernia to become visible or palpable. lf a henua is 
strongly suspected, but undetectable, a repeat exanunation at 
another time may be helpful. 

Ultrasonography also can aid in du: diagnosis. There is a 
high degree of sensitivity and specificity for ultrasOLmd in the 
detecti.on of occult direct, indirect, aJld femoral hernias. 1 Other 
iJnaging modalities are less useful. Computed tomography (CT) 
of the abdomen aJld pelvis may be useful for the diagnosis of 
obscure aJld unusual hernias as well as atypical groin ma~ses? 
Occasionatly, laparoscopy CaJ1 be diagnostic aJ1d merapeuric for 
particularly challenging ca~es. 

Classification 
1here are nw11erous classification systCJns for groin hernias. 
One simple and widely used system is the Nyhus classification 
(Box 46-3). Although meir purpose is to promote a conm10n 
laJ1guage aJ1d understaJ1ding for physician commwucation and 
to allow appropriate comparisons of therapeutic options, these 
classifications arc incomplete and contentious. Most surgeons 
continue to describe hernias by their type, location, and volume 
of the hernia sac. 

Treabnent 

Nonoperative Management 
Most surgeons recommend operation on discovery of a symp
tomatic i11guinal hemia because the natural history of a groi.n 
hernia is mat of progressive enlargement and weakening, with a 
small. potential for incarceration and strangulation. However, in 
patiem s with minm1al symptoms, d1e clinician is often faced 
wid1 balancing me risk for hernia-related compUcations such as 
incarceration and bowel strangulation. with tl1e potential for 
complications iJl the short and long term. Fitzgibbons and 
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: . 
Type I 
Indirect inguirnal hernia-internal inguinal ring normal (e.g., 

pediatric hernia) 

Type II 
Indirect inguinal hernia- internal inguinal ring dilated but pos

terior inguinal wall intact; inferior deep epigastric vessels not 
displaced 

Type Ill 
Posterior wall defect 

A. Direct inguinal hernia 
B. Indirect inguinal hernia-internal inguinal ring 

dilated, medially encroaching on or destroying the 
transversalis fascia of Hesselbach's triangle (e.g., 
scrotal, sliding, or pantaloon hernia) 

C. Femoral hemia 

Type IV 
Recurrent hernia 

A. Direct 
B. Indirect 
C. Femoral 
D. Combined 

colleagues3 have repon ed a prospecrive randomized rrial of a 
watchful waiting strategy for men with asymptomatic or mini
mally symptomatic inguinal hernias. 1hese investigators ran
domized more than 700 men to a watchful waiting or open 
tension-free hernia repair. At 2 years of follow-up, there were no 
deaths atcributed to the study and the tisk for hernia incarcera
tion in the warchflJ waiting gmup was extremely low, 0.3% of 
study participants or 1.8 events/ 1000 patient-years. Almost 25% 
of patients assigned co watchful waiting crossed over to the surgi
cal group, usually for pain related to the hernia that Limited 
activity. Despite the seemingly high crossover rare, those patients, 
who later had surgery, did not have increased surgical site infec
tions, longer operative times, or higher recurrence rates than 
cl1ose who were initially assigned to early repai r. 1his study 
provides conclusive evidence that a srrategy of watchful waiting 
is safe for older patients with asymptomatic or minimally symp
tomatic inguinal hernias and that even iliough almost 25% of 
patients eventually undergo repair. when they do, the operative 
risks and complication rates are no different than those of 
patients undergoing prophylactic repair. Watchful waiting also 
is a cost-effective management strategy for patients with no or 
minimal symptoms. 

Patients electing nonoperative management can occasion
ally have symptomatic improvement with the use of a truss. This 
approach is more commonly used in Europe. Spring trusses are 
more versatile than clastic ones, although most information on 
their use has been anecdotal. Correct measurement and fitting 
are importam. H ernia control has been reported i.n about 30% 
of patients. Complications associated with the use of a truss 
iJ1dude testicular atrophy, Woi11guinal or femoral neuritis, and 
hernia incarceration. 

It is generally agreed that nonoperative management is not 
used for femoral hernias because of the high incidence of a~soci
ated complications, particularly strangulation. 

Operative Repair 
Anterior Repairs Anterior repairs are the most common operative 
approach for iJ1guinal hemias. Tension-free repairs are now 
stand ard and there are a variety of different types. Older tissue 
types: of repair are rarely indicated, except for patients 
wirh simultaneous coman1inarion or concomiranr bowel 
resection, when placen1ent of a mesh prosthesis may be 
contraindicated. 

There ate some technical aspects of the operation common 
to all anterior repairs. Open hernia repair is begun by making a 
transversely oriented linear or slightly curvilinear incision above 
the inguinal ligament and a fingerbreadth below the internal 
inguinal ring. The imernal inguinal ring is located topographi
cally at the midpoint between the anterior superior iliac spine 
and ipsilateral pubic tubercle. Dissection is continued through 
the subcutaneous tissues and Scarpa's fascia. The external oblique 
fascia and external inguinal ring are identified. The external 
oblique fascia is incised through the superficial iJ1guinal ring to 
expose the inguinal canal. The genital branch of the genitofemo
ral nerve, as well as the ilioinguinal and iliohypogastric nerves, 
are identified and avoided or mobilized to prevent transection 
aJ1d e ntrapment. The spermatic cord is mobilized at the pubic 
tubercle by a combination of blum and sharp dissection. 
Improper mobilization of the spermatic cord too lateral to the 
pubic tubercle can cause confusion in the identification of tissue 
plaJ1es and essential structures, and may result in injury to the 
spermatic core structures or disruption of cl1e floor of the ingu.i
nal canal. 

The cremasteric muscle of the mobilized spermatic cord is 
separated parallel to its fibers from the underlying cord struc
tures. The cremasteric artery aJld vein, which join the cremaster 
muscle near the inguinal ring, can usually be avoided but may 
need to be cauterized or ligated and divided. When an indirect 
hernia is present, the hernia sac is located deep to the cremaster 
muscle and anterior and superior to the spermatic cord struc
tures. Incising the cremaster muscle in a longitudinal direction 
aJ1d dividing it circunuerentially near the internal inguinal ring 
help expose the indirect hernia sac. 1l1e hernia sac is carefully 
separated from adjacent cord structures aJ1d dissected to the level 
of the internal i11guinal ring. The sac is opened and examined 
for visceral contents if it is large; however, this step is unneces
sary in small hernias. 1l1e sac cru1 be mobWzed and placed within 
the preperitoneal space, or the neck of the sac can he ligated at 
the level of tl1e internal ring and aJ1}' excess sac excised. If a large 
hernia sac is present, it can be divided using electrocautery to 
facilitate ligation. [t is not necessary to excise the distal portion 
of cl1e sac. If the sac is broad-based, it may be easier to displace 
it into the peritoneal cavity rather than ligate it. Direct hernia 
sacs protrude through the floor of the inguinal canal and can be 
reduced below the transversalis fascia before repair. A lipoma of 
tl1e cord actually represents retroperitoneal fat that has herniated 
through the deep inguinal ring; this should be suture-ligated and 
removed. 

A sliding hernia presents a special challenge in handling the 
hernia sac. With a sliding hernia, a portion of the sac is com
posed of visceral peritoneum covering part of a retroperitoneal. 
organ, usually the colon or bladder. In this situation, the grossly 
redundanr portion of rhe sac (if present) is excised ru1d the 
peritonewu reclosed. The organ ru1d sac then can be reduced 
below the transversalis fascia, sinular to the procedure for a direct 
hernia. 
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Transversus abdominis 
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tract 

FIGURE 46-5 lliopubic tract repair. Top, Sutures lateral to the cord complete reconstruction of the deep inguinal ring. These sutures encompass 
the transversus abdominis arch above and the cremaster origin and iliopubic tJract below. Bottom, The complete repair is ready for wound 
dosure. The reconstruction of the deep ring should be snug but also loose enough to admit the tip of a hemostat (From Condon RE: Anterior 
iliopubic tract repair. In Nyhus LM, Condon RE [eds] : Hernia, ed 2, Philadelphia, 1974, JB Lippincott, p 204.) 

TISSUe Repairs A.Erhougb tissue repairs have largely been aban
doned because of unacceptably high recurrence rates, they 
remain useful in certain situations. ln strangulated hernias, for 
which bowel resection is necessary, mesh prostheses are contra
i"ndicated and a tissue repair is necessary. Available options for 
tissue repair include iliopubic tract, Shouldicc, Bassini, and 
McVay repairs. 

1he iliopubic tract repair approximates the transversus 
abdominis aponeurotic arch to the iliopubic tract with the use 
of interrupted sutures (Fig. 46-5). The repair begins at the pubic 
tubercle and extends laterally past the internal inguinal ring. 
This repair was initially described using a relaxing incision (see 
later); however, many surgeons who use this repair do not 
perform a relaxing incision. 

'TI1c Shouldice repair emphasizes a multilayer imbricated 
repair of the posterior wall of the inguinal canal with a con
tinuous running suture technique. After completion of the 

dissection, the posterior wall of the inguinal canal is recon
structed by superimposing runni ng suture lines progressing 
from deep to more superficial layers. The initial suture line 
secures the transversus abdominis aponeurotic ard1 to the ilio
pubic tract. Next, the internal oblique and transversus abdom
inis muscles and aponeuroses arc sutured to the inguinal 
ligan1ent. 'TI1e Shouldice repair is associated with a very low 
recurrence rate and a high degree of patient satisfaction in 
highly selected patients. 

The Bassini repair is performed by suturing the transversus 
abdominis and internal oblique musculoaponeurotic arches or 
conjoined tendon (when present) to the inguinal ligament. 1his 
once popular technique is the basic approach to nonanatomic 
hernia repairs and was the most popular type of repair done 
before the advent of tension-free repairs. 

Cooper's ligament repair, also known as the McVay repair. 
has traditionally been popular for the correction of direct 
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aponeurosis 
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muscle and 
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Cremaster covering 
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FIGURE 46-6 Lichtenstein tension-free hernia repair. A. This procedure is performed by careful dissection of the inguinal canal. High ligation 
of an indirect hernia sac is performed and the spermatic cord structures are retracted inferiorly. The external oblique aponeurosis is separated 
from the underlying internal oblique muscle high enough to accommodate a 6- to 8-crn-wide mesh patch. Overlap of the internal oblique 
muscle edge by 2 to 3 an is necessary. A sheet of polypropylene mesh is fashioned to fit the inguinal canal. A slit is made in the lateral aspect 
of the mesh and the spermatic cord is placed between the two tails of the mesh. B, The spermatic cord is retracted in the cephalad direction. 
The medial aspect of the mesh overlaps the pubic bone by approximately 2 an. The mesh is secured to the aponeurotic tissue overlying the 
pubic tubercle using a running suture of nonabsorbable monofilament materia l. The suture is continued laterally by suturing the inferior edge 
of the mesh to tihe shelving edge of the inguinal ligament to a point just lateral to the internal inguinal ring. C. A second monofilament suture 
is placed at the l'evel of the pubic tubercle and continued laterally by suturing the mesh to the intemal oblique aponeurosis or muscle approxi
mately 2 ern from the aponeurotic edge. D, The lower edges of the two tails are sutured to the shelving edge of the inguinal ligament to create 
a new internal ring made of mesh. The spem1atic cord structures are placed within the inguinal canal overlying the mesh. The external oblique 
aponeurosis is dosed over the spermatic cord. (From Arregui ME, Nagan RD [eds]: Inguinal hernia: Advances or controversies? Oxford, England, 
1994, Radcliffe Medical.) 

inguinal hernias, large indirect hernias, recurrent hernias, and 
femoral hernias. Interrupted nonabsorbable sutures are used to 
approximate the edge of the transversus abdomiJ1is aponeurosis 
to Cooper's ligament. When the medial aspect of the femoral 
cruul is reached, a transition suture is placed to incorporate 
Cooper's ligament and the iBopubic tract. Lateral to this trrulsi
tion stitch, the trru1sversus abdomin.is aponeurosis is secured to 
the iBopubic tract. AJ1 important principle of this repair is tbe 
need for a relaxing incision. 'DJis incision is made by reflecting 
the external obllique aponeurosis cephalad and medial ro expose 
the rulterior rectus sheath. An incision is then made i.n a curvi
linear direction, beginning 1 em above the pubic tubercle 
throughout the extent of the ru1terior sheath to near its lateral 
border. 'D1.is relieves tension on the suture line and results in 

decreased postoperative pain and hernia recurrence. The fascial 
defect is covered by the body of the rectus muscle, whicb pre
vents hemiation at the relaxing incision site. 'D1e McVay repair 
is particularly suited for strangulated femoral hernias because 
it provides obliteration of the femoral space without the use 
of mesh. 

Tension-Free Anterior Inguinal Hernia Repair The tension-free 
repair bas become the dominant method of inguinal hernia 
repair (Fig. 46-6). Recognizing that tension in a repair is the 
priJlcipal cause of recurrence, current practices in hernia man
agement use a synthetic mesh prosthesis to bridge the defect, a 
concept popularized by Lichtenstein. 'D1ere are several options 
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for placement of mesh during anterior inguinal herniorrhaphy, 
including the Lichtenstein approach, plug and patch technique, 
and sandwich technique, with both an anterior and preperito
neal piece of mesh. 

In the Lichtenstein repair,4 a piece of prosthetic nonabsorb
able mesh is fashioned ro fit the canal. A slit is cur inro the distal 
lateral edge of the mesh to accommodate the spermatic cord. 
1l1ere are various preformed, commercially available prostheses 
available for use. Monofilament nonabsorbable suture is used to 
secure the mesh, beginning at the pubic tubercle and running a 
length of suture in both directions toward tbe superior aspect 
above the imemal inguinal ring to the level of the tails of the 
mesh. 1he mesh is sutured to the aponeurotic tissue overlying 
the pubic bone medially, continuing superiorly along the trans
versus abdominis or conjoined tendon. The inferolateral edge of 
the mesh is sutured to the iliopubic tract or shelving edge of the 
inguinal ligament to a point lateral to the internal inguinal ring. 
At this point, the tails created by the slit are sutured together 
around the spermatic cord, snugly forming a new internal ingui
nal ring. It is important to protect the ilioinguinal nerve and 
genital branch of the genitofemoral nerve from emrapment by 
placing them with the cord structures as they are passed through 
tllis newly fashioned internal inguinal ring or avoiding their 
enclosure in ilie repair. 

Adapting the principles of tension-free repair, Gilber2 has 
reported using a cone-shaped plug of polypropylene mesh that 
when inserted into me imemal inguiJ1al ring, would deploy like 
an upside-down umbreUa ru1d occlude the hernia. 1his plug is 
sewn to the surrounding tissues and held in place by an addi
tional overlying mesh patch. 1his patch may not need to be 
secured by sutures; however, to do so requires dissection to create 
a sufficient space between the external and internal oblique 
muscles for the patcl1 to lie flat over the iJ1guinal canal. 1his 
so-called plug and patch repair, an extension of Lichtenstein's 
original mesh repalr, has now become tbe most commonly per
formed primary aJlterior inguinal hernia repair. AJiliough thls 
repair cru1 be done without suture fixation by some experienced 
surgeons, most secure plug and patch witl1 several monofilan1ent 
nonabsorbable sutures, especially for very weak inguiJ1al floors 
or large defects. 

The sandwich technique involves a bilayered device, with 
three polypropylene components. An w1derlay patch provides a 
posterior repair sinlilar co that of tbe laparoscopic approach, a 
connector ftmctions similar to a plug, and an on lay patch covers 
the posterior inguinal aoor. 1he use of interrupted fixating 
sutures is not mandatory, but most surgeons place three or four 
fixation sutures iJ1 tllis repair. 

Another option for a tension-free mesh repair involves a 
prepcritoneal approach using a self-expanding polypropylene 
patch.6 A pocket is created in the preperitoneal space by bltmt 
dissection and then a preformed mesh patch is illserted into the 
hernia defect. which expands to cover the direct, indirect, and 
femoral spaces. 'Ihe patch lies parallel to the inguinalligruncnt. 
It can remain without suture fixation, or a tacking suture cru1 be 
placed. 

1he Stoppa.-Rivcs repair uses a subumbilical midliJ1e inci
sion to place a large mesh prosthesis into the preperitoneal 
space.7 Blunt dissection is used ro create an excraperitoneal space 
that extends into the prevesical space, beyond the obtmator 
foran1e11, and posterolateral to the pelvic brin1. This technique 
bas tbe advrultage of distributiJlg the natural uma-abdominal 

HERNIAS CHAPTER 46 11 23 

pressure across a broad area to retain tbe mesh in a proper loca
tion. The Stoppa-Rives technique is particularly useful for large, 
recurrem, or bilateral bernias. 

Preperitoneal Repair The open preperitoneal approach is useful 
for the repair of recurrent inguinal hernias, sliding hernias, 
femoral hernias, and some strangulated hernias.8 A transverse 
s.kin incision is made 2 em above the imernal inguinal ring ru1d 
is directed to the medial border of the rectus sheath. The muscles 
of the ru1terior abdominal wall are incised transversely and the 
preperitoncal space is identified. If further exposure is needed, 
the anterior rectus sheath can be incised and the rectus muscle 
retracted medially. The preperitoneal tissues are reuacred cepha
lad to visualize rile posterior inguiJJal wall and me si te of hernia
tion. 'TI1e inferior epigastric artery ru1d veins are generally beneath 
the mid portion of the posterior rectus sheath and usually do not 
need to be divided. 1his approacl1 avoids mobilization of the 
spermatic cord ru1d injury tO the sensory nerves of the inguinal 
cru1al, which is particularly important for hernias previously 
repaired through ru1 rulterlor approach. [f the peritoneum is 
iJ1cised, it is su cured closed to avoid the evisceration of intraperi
toneal contents into the operative field. 1l1e transversalis fascia 
and transversus abdomi11is aponeurosis are identified and sutured 
to ilie iliopubic tract with permanent sutures. Femoral hernias 
repaired by this approach require closure of the femoral canal 
by securing the repair to Cooper's ligan1ent. A mesh prosthesis 
is freque~1dy used to obliterate the defect in the femoral canal, 
particularly with large hemias. 

Laparosropic Repair Laparoscopic inguinal hernia repair is 
another method of tension-free mesh repair, based on a preperi
toneal approach. 1he laparoscopic approach provides the 
mechanic.al advru1tage of placing a large piece of mesh behlnd 
the defect covering the myopectineal orifice and using the 
natural forces of the abdominal wall to support the mesh iJ1 
place. Proponents have touted quicker recovery, less pain, better 
visuali7Ation of anatomy, usefulness for fixing all ingui11al hernia 
defects, and decreased surgical site infections. Critics have 
emphasized longer operative times, technical. dtallenges, risk of 
recurrence, and increased cost. Although controversy exists 
about cl1e usefulness oflaparoscopic repair for primary unilateral 
inguinal hernias, most agree that this approach has advantages 
for padems with bilateral or recurrent hernias.9 Adopting prac
tice gttidelines for the performance oflaparoscopic hernia repairs 
could help control costs. 

When considering the laparoscopic approach for repair of 
inguinal hernias, the surgeon has several options. Initially, lapa
roscopic repairs involved placing a large piece of mesh in an 
intraperitoneal position, similar to a laparoscopic ventral hernia 
repair. Tilis approach has been abandoned because ofhlgh recur
rence rates and the drawhacks of uurapericoneal mesh. 'TI1e most 
popular techniques include a totally extraperitoneal (TEP) and 
transabdominal preperitoneal (TAPP) approach. The main dif
ference between these two cecbJliques is the sequence of gaining 
access to the preperitoneal space. In the TEP approach, the dis
section begins in the preperitoneal space using a balloon dissec
tor. With the TAPP repalr, the preperitoneal space is accessed 
after initially entering rhe peritoneal cavity. Ead) approach has 
its merits. Using the TEP approach, the preperitoneal dissection 
is quicker and tl1e potential risk for intraperitoneal visceral 
drunage is minimized. However, the use of dissection balloons 
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Balloon inflated in 
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Endoscope with balloon advanced 
inferiorly in preperitoneal space ------" 
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FIGURE 46-7 TEP laparoscopic hernia repair. A. Access to the posterior rectus sheath is gained in the periumbilical region. A balloon dissector 
is placed on the anterior surface of the posterior rectus sheath. B. The balloon dissector is advanced to the posterior surface of the pubis in 
the preperitoneal space. c. The balloon is inflated, thereby creating an optical cavity. D. The optical cavity is insufflated by carbon dioxide and 
the posterior suliface of the inguinal floor is dissected. (From Shadduck PP, Schwartz LB, Eubanks WS: l aparoscopic inguinal herniorrhaphy. In 
Pappas TN, Schwartz LB, Eubanks SE [edsj : Atlas of laparoscopic surgery, Philadelphia, 1996, Current Medicine.) 

is costly, the working space is more limited, and it may not be 
possible to create a working space if the patient has had a prior 
preperitoneal operation. AJso, if a large tear in the peritoneum 
is created during a TEP approach, the potential working space 
can become obliterated, necessitating conversion to a TAPP 
approach. For 11:hese reasons, knowledge of the transabdominal 
technique is essential when performing laparoscopic iJ1guiJ1al 
hernia repairs. 'The transabdominal approach allows identifica
tion of the groin anatomy before extensive dissection and disrup
tion of natural tissue plru1es. The larger working space of the 
peritoneal cavity can make early experience with the laparo
scopic approad1 easier. 

'TI.1ere are no absolute conrraindications to laparoscopic 
inguinal hernia repair other thaJ1 the patient's inability to toler
ate general anesthesia. Patients who have had extensive prior 
lower abdominal surgery cru1 require significant adJ1esiolysis 
and may be best approached aJlteriorly. In particuJar, patients 
who have had a radical retropubic prostatectomy whh the 

preperitoneal space previously dissected CaJ1 make accurate and 
safe dissection chal1engu1g. 

In the TEP approach, an infraumbilical incision is used. 
'The anterior rectus sheath is incised, the ipsilateral rectus 
abdominis muscle is retracted lateraUy, and blunt dissection is 
used to create a space beneath the rectus. A dissecting balloon 
is inserted deep to the posterior rectus sheath, advru1ced to the 
pubic symphysis, and inAated under direct laparoscopic vision 
(Fig. 46-7) . After it is opened, the space is insufBatcd and addi
tional trocars are placed. A 30-dc--gree laparoscope provides the 
best visualization of the inguinal region (see Fig. 46-3). 1l1e 
inferior epigastric vessels are identified aloJ1g che lower portion 
of the rectus muscle and serve as a useful landmark. Cooper's 
ligament must be cleared from the pubic symphysis medially co 
tl1e level of tbe external iJiac vein. The iliopubic tract is alw 
identified. Care must be taken to avoid injury to the femoral 
brru1ch of the genitofemoral nerve ru1d lateral femoral cutaJle
ous nerve, which are located lateral to and below the iliopubic 
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Cooper's ligament 

Vas deferens 

FIGURE 46-8 Prosthetic mesh placement tor TEP hernia repair. (From Corbitt J: laparoscopic transabdominal transperitoneal patch hernia 
repair. In Ballantyne GH £ed]: Atlas of laparoscopic surgery, Philadelphia, 2000, WB Saunders, p 511.) 

tract (sec Fig. 46-4). Lateral dissection is carried out to the 
anterior superior Wac spine. Finally, the spermatic cord is 
skeleton i7.ed. 

In the TAPP approach, an infraumbjJjcaJ incision is used 
to gain access to the peritoneal cavity directly. Two 5-mm ports 
are placed lateraJ to the inferior epigastric vessels at the level of 
the umbjJjcus. A peritoneal flap is created high on the anterior 
abdominal wall, extending from the median umbilical fold to 
the anterior superior iliac spine. The remainder of the operation 
proceeds similar to a TEP procedure. 

A direct hernia sac and associated preperitoneal fat are 
gendy reduced by rracrion if not a!Ieady reduced by balloon 
expru1sion of the peritoneal space. A small, indirect hernia sac is 
mobilized from the cord srructw·es and reduced into the perito
neal cavity. A large sac may be difficult to reduce. ln this case, 
the sac is divided with caurcry ncar the internal inguinal ring, 
leaving the distal sac in situ. The proxin1al peritoneal sac is dosed 
with a loop ligature to prevent pneumoperitoneum from occur
ring. After all hernias arc reduced, a 12-xl4-cm piece of poly
propyle::ne mesh is inserted through a trocar and unfoldc::d. It 
covers the direct, indirect, ru1d femoral spaces ru1d rests over the 
cord structures. It is imperative that the peritoneum be dissected 
at least 4 em off the cord structures to prevent the peritoneum 
from encroaching beneath the mesh, which can lead to recur
rence. 'TI1e mesh is carefully seemed with a tacking stapler to 
Cooper's ligaJneru from the pubic tubercle to me external iliac 
vein, aJlteriorly to the posterior rectus musculature and trans
versus abdominis aponeurotic arch at least 2 em above the 
hernia defect, and laterally to the iliopubic tract. The mesh 
extends beyond the pubic symphysis and below the spermatic 

cord and peritoneum (Fig. 46-8). 1be mesh is nor fixed in this 
area and tacks ru·e nor placed inferior to the iliopubic tract 
beyond the external iliac artery. Staples placed in this area may 
injure the femoral brand1 of the genitofemoral nerve Qr lateral 
femoral cutaneous nerve. Staples are also avoided in the so-called 
triangle of doom, bounded by the ductus deferens medially and 
spermatic vessels laterally, ro avoid injury ro the external iUac 
vessels and femoral nerve. As long as one can palpate the rip of 
the racking device, these structures are nor Ukely robe injured. 

Results of Hernia Repair 
'TI1e true measure of success for the various types of hernia repair 
is based on the results. 'TI1e best information on the results of 
hernia repair is available from large prospective randomized 
trials, meta-analyses of clinical trials, ru1d two large national 
registries, the Danish Hernia Database and the Swedish Hernia 
Register. The Danish Hernia Database includes more rhru1 98% 
ofinguinal hernia repairs; me cafcture rate of the Swedish Hernia 
R<c-gistcr is approximately 80%. 0•

11 ln spite of the randomized 
nature of some trials, caution must be used when interpreting 
the res!lllts. Mru1y of d1ese patients were highly selected ru1d most 
trials excluded recurrent hernias, obese individuals, and large 
inguinal bernias. AlsQ, some follow-up results were completed 
by telephone interviews and not by physical examination. Tile 
national registries only collect information on operations, so rbe 
incidence of recurrence is lower than if all patients bad been 
interviewed and exaJnined. 

The mortality of all types of repair is low and thcre arc no 
significant differences reported among the various techniques. 
'TI1ere is a greater mortality associated with the repair of 
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strangulated hernias. Otherwise, the risk of death is related to 
individual comorbid conditions and should be evaluated in each 
patient. The type of anesthetic does not affect the recurrence 
rate. 11 

There are important differences in tbe results of primary 
hernia repair. Hernia recurrence is rhe primary outcome assessed 
by most studies. Large series, including multiple types of 
repairs, have s!llggested that recurrence ranges from 1.7% to 
lOo/o.'0-12 

1l1e resultrs of tissue repairs were often based on reports 
consisting of personal or single institutional series that were not 
prospective or randomized and bad erratic follow-up periods. 
Not surprisingly, recurrence was variable. A recent Cochrane 
review of 16 studies of more than 4000 tissue repairs has found 
that the Shouldice repair has a lower recurrence rate than other 
nonmesb repalrs.13 Follow-up i.n these series was variable; 
patients were highly selected and may not have represented the 
population at large. 

Tension-free repairs have a lower rate of recurrence than 
tissue repairs.11

· '
3

•
11 Results from the Danish Hernia Database 

have demonstrated tbat hernia recurrence resulting in reopera
tion following the Lichtenstein repair is only 25% that of 
nonmesh repairs. 10 A recent meta-analysis comparing the 
Lichtenstein, mesh plug, and bilayered repairs has reported no 
significant differences in the rate of recurrence, chronic groin 
pain, other complications, or time to return to work.15 Approxi
mately 50% of recurrences are found within 3 years after primary 
repair. Recurrence cominues co occur afi:er this time i.n nonmesh 
based repairs, but is w1common with tension-free repairs. The 
bilayered repair was found to have a 20% hernia recurrence 
when used for large direct or recurrent hernias in one study.'6 

lhese results demonstrate the limitations of a fixed mesh size in 
these circumstances. 

An extensive systematic review of randomized controlled 
trials was published in 2002 by the European Union Hernia 
Triallsts Collaboration.' ? The authors reported a meta-analysis 
of 4165 patientts in 25 studies. Based on the available data, the 
laparoscopic repair resulted in a more rapid rerum to norn1al 
activity and decreased persistent postoperative pain. lhe recur
rence rate for the laparoscopic repair was lower compared with 
open nonmesh. repairs; however, open and laparoscopic mesh 
repairs had similar recurrence rates. 

A prospective trial sponsored by the Veterans Administra
tion randomized 1983 patients to undergo an open Licl1tenstein 
repair or laparoscopic repair. of which 90o/o were TEP repairs.'2 

Most surgeons in this study may have had a suboptimal experi
ence with the laparoscopic approach; only 25 prior repairs were 
necessary to be eligible to enroll patients, which is consistent 
with the seemiJlgl}' high conversion rate of 5o/o. Despite these 
factors, the investigators found a twofold higher incidence of 
recurrence after laparoscopic repair (1 0%) than open repair 
(5%). This difference in recurrence remained for primary hernias 
(10% laparoscopic versus 4o/o open); however, recurrent hernias 
repaired by the laparoscopic approach tended to have fewer 
rerecurrences (1 Oo/o versus 14%). ln another study by this group, 
surgeon iJ1experience with laparoscopy ru1d surgeon age older 
than 45 years were both predictors of recurrence after laparo
scopic repair.' 5 What can be concluded from these resuJts? This 
trial demonstrates that the laparoscopic repair of inguinal hernias 
may have a definite learning curve to achieve an acceptably low 
recurrence rate. 

(n a Cod1ta11e review of more than lOOO patients in eight 
nonrandomized trials, there was no difference in hernia recur
rence between TAPP and TEP repairs.18 TAPP procedures were 
associated with more port site hernias and vascular injuries, 
whereas the TEP approach had a greater conversion rate. 

FEMORAL HERNIAS 
A femoral hernia occurs through the femoral canal, which is 
bounded superiorly by the iliopubic tract, inferiorly by Cooper's 
ligament, laterally by the fen1oraJ vein, ru1d medially by the 
junction of tbe iliopubic tract and Cooper's ligament (lacunar 
ligament). A femoral hernia produces a mass or bulge below the 
inguinal ligament. On occasion, some femoral hernias will 
present over the inguinal canal. In this case, the femoral hernia 
sac still exits inferior to the inguinal ligament through the 
femoral canal but ascends in a cephalad direction. Approxi
mately 50% of men with a femoral hernia will have an associated 
direct inguinal hernia, whereas this relationship occurs in only 
2o/o of women. 

A femoral hernia can be repaired using the standard Coo
per's ligament repair, a preperitoneal approach, or a laparo
scopic approach. The essential clen1ents of femoral hernia 
repair include dissection and reduction of the hernia sac and 
obliteration of the defect in the femoral canal, either by 
approximation of the iliopubic tract to Cooper's ligament or 
by placement of prosthetic mesh to obliterate the defect. 1l1e 
incidence of strangulation in femoral hernias is high; tbere
fore, all femoral hernias should be repaired ru1d incarcerated 
femoral hernias should have the hernia sac contents examined 
for viability. ln patients with a compromised bowel, the Coo
per's ligament approach is the preferred technique because 
mesh is contraindicated. When the incarcerated contellts of a 
femoral hernia crumot be reduced, dividing the lacunar liga
ment can be helpfu l. 

Femoral hernias were reported to occur in conjunction 
with inguinal hernias in 0.3% uf patients in a large national 
hernia database of almost 35,000 patients.'9 The occurrence of 
a femoral hernia after repair of an iJ1guinal hernia bas been 
reported to be 15 times the normal expected rate. [t is unclear 
whether this represents a femoral hernia overlooked at the prior 
operation or a propensity to develop a new hernia after inguinal. 
hernia repair. Recurrence of femoral hernia after operation is 
only 2%. Recurrent fen1oral hernia repairs have a rerecurrence 
rate of about l Oo/o. 

SPECIAL PROBLEMS 

Sliding Hernia 
A sliding hernia occurs when aJl internal organ comprises a 
portion of the wall of the hernia sac. The most common viscus 
involved is the colon or urinary bladder. Most sliding hernias 
are a variant of indirect inguinal hernias, although femoral and 
direct sliding hernias can occur. 1l1e primary danger associated 
with a sliding hernia is the failure to recognize the visceral com
ponent of the hemia sac before injury to the bowel or bladder. 
The sliding hernia contents are reduced into the peritoneal 
cavity, and any excess hernia sac is Bgated and divided. After 
reduction of the hernia, one of the techniques described earlier 
can be used for repair of the inguinal hernia. 
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Recurrent Hernia 
The repair of recurrent inguiJ1al hernias is challenging, and 
results are associated with a l:tigher incidence of secondary recur
rence. Recurrent!: hernias almost always require placement of 
prosthetic mesh for successful repair. Recurrences after anterior 
hernia repair using mesh are best managed by a laparoscopic 
or open posterior approach, with placement of a second 
prosthesis. 

Strangulated Hernia 
Repair of a suspected strangulated hernia is most easily done 
using a preperitoneal approach. (see earlier). With this exposure, 
the hernia sac contents can be directly visualized and their viabil
ity assessed thto·ugh a single incision. The constrictmg riJ1g is 
identified and can be incised to reduce the entrapped viscus with 
miJlimal danger to the surrounding organs, blood vessels, and 
nerves. [f it is necessary to resect strangulated intestine, the 
peritoneum can be opened and resection done without the need 
for a second incision. 

Bilateral Hernias 
1l1e approach to repair of bilateral inguillal hernias is based on 
the extent of the hernia defect. SiJnultaneous repair of bilateral 
hernias has a similar recurrence rate to unilateral repair, re~ard
less of whether the open or laparoscopic technique is used.~ 1l1e 
use of a giant prosthetic reil:tforcement of the visceral sac (Stoppa 
repair) or the laparoscopic repair is appropriate for simultane
ous repair of bilateral mguillal hernias, although bilateral ante
rior repair through separate mcisions can be used. 

Complications 
'There are a myriad of complications related to Clpen and lapa
roscopic inguinal hernia repair (Table 46-1). Some are general 
complications that are related to underlying diseases and the 
effects of anesthesia. 1l1ese vary by patient population and risk. 
In addition, there are technical complications that are directly 
related to the repair. Technical complications are affected by the 

Table 46-1 Complications After Open and Laparoscopic 
_!nguinal Hernia Repa!!' 1_%1 _ 

OPEN REPAIR LAPAROSCOPIC 
COMPLICATION (N = 994) REPAIR (N = 989) 

Intraoperative complications 1.9 4 .8 

Postoperative complications 19.4 24.6 
Urinary retention 2.2 2.8 
Urinary tract infection 0.4 1.0 
Orchibs 1.1 1.4 
Surgical site infection 1.4 1.0 
Neuralgia, pain 3.6 4 .2 
life-threatening c0111plications 0.1 1.1 

Long-term complications 17.4 18.0 
Seroma 3.0 9 .0 
Orchitis 2.2 1.9 
Infection 0.6 0.4 
Chronic pain 14.3 9.8 
Recurrence 4 .9 10.1 

From Neumayer L. Giobbie-Hurder A. Jonassen 0, et al: Open mesh versus lapa
roscopic mesh repair of inguinal hernias. N Engl J Med 350:1819-1827, 2004. 
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experience of the surgeon and are more frequent after the repair 
of recurrent hernias. There is i.ncreased scarring and disturbed 
anatomy with hernia recurrence that can result in an inability 
to identify important structures at C!peration. 1his is the princi
pal reason that we recommend using a different approach for 
recurrem hernias. 

Although the overatl comp.lication rate from hernia repair 
has been estimated to be approxiJnatdy 1 Oo/o, mru1y of these 
complications are transient and can be easily addressed. More 
serious complications from a large experience are listed i.n 
Table 46-1. 

Surgical Site Infection 
1l1e risk for surgical site (wound) il:tfection is estimated to be 
I o/o to 2o/o after open inguinal hernia repair and less with lapa
roscopic repairs. These are clean operations, md the risk fClr 
il:tfection is prm1arily iJrtluenced by associated patient diseases. 
Most would agree that there is no need to use rQutine antimi
crobial prophylaxis for hernia repair.17 Prospective randomized 
cliJucal trials have not supported the routill<.' use of peri operative 
antimicrobial prophylaxis for inguinal hernia repair.21 Patients 
who have significant Llllderlying disease, as reflected by an Amer
icrul Society of Anesthesiology (ASA) score of 3 or more, receive 
perioperative antimicrobial prophylaxis with cefazolin, l to 2 g, 
given TV 30 to 60 minutes before the incision. Clindamycin, 
600 mg IV, can be used for patients allergic to penicillin. Only 
a smgle dose of antibiotic is necessary. 1l1e placement of pros
thetic mesh does not mcrease the risk for infection ru1d does not 
affect the need for prophylaxis. Superficial surgical site mfections 
are treated by opening the incision, local wow1d care, and 
heali11g by secondary intention. Some mesh Wections will 
present as a chronic draining sinus that tracks to the mesh or 
occur with extruded mesh. Deep surgical site infections usually 
involve the prosthetic me.sh, which should be explanted . 

1hc risk for infection can be decreased by using proper 
operative rechnique, preoperative antiseptic skin preparation, 
ru1d appropriate hair removal. 1l1ere is an illcreased risk for 
Wection for patients who have had prior hernia mcision il:tfec
tions, chronic skin mfectiClns, or infecti.on at a distant site. 1l1ese 
i1:tfections are treated before elective surgery. 

Nerve Injuries and Chronic Pain Syndromes 
Nerve iJ1ju.ries are ru1 Wrequenr and underrecognized compli
cation of iJ1gumal hernia repair. mjury can occur from traction, 
electrocautery, transection, and entrapment. The use of pros
thetic mesh can result ill dysesthesias, which are usually tenlpo
rary. The nerves most conunonly affected during open hernia 
repair are the iliomguinal, genital branch of the genitofemoral, 
and iliohypogastric nerves. During laparoscoplc repair, the 
lateral femoral cutaneous and genitofemoral nerves are most 
ofren affected.22 Rarely, the main trunk of the femmal nerve 
can be injured during open or laparoscopic inguinal hernia 
repair. 

Transient neuralgias can occur and are usually self-limited 
and resolve within a few weeks afrer surgery. Persistent neuralgias 
usually result in paiJ1 and hyperesthesia in tbe area of distribu
tion. Symptoms are often reproduced by palpation over the 
pC!im of entrapment or hyperextension of the hip ru1d may be 
relieved by flexion of the thigh. Transection of a sensory nerve 
usualJy results in an area of numbness corresponding to the 
distribution of the involved nerve. 
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With more attention to patient outcomes, chronic groin 
pain bas replaced recurrence as the primary complication after 
open inguiJJal hernia repair. Several large series with systematic 
follow-up have reported pain rates ranging from 29% to 76%.23.:

4 

Strategies of routine nerve division in open surgery have not 
been associated! with a reduction in chronic pain in mesh-based 
anterior repairs. 25 In contrast, routine ilioinguinal nerve division 
is associated with significantly more sensory disturbances. By 
operating in a remote area to the commonly b1jured nerves and 
judicious use of appropriately placed tacks, chronic groin pain 
iJJtuitivdy is less common in laparoscopic repairs. Laparoscopic 
series and rand omized controlled trials comparing laparoscopic 
and open repairs have reponed sign.ificantly lower rates of 
chronic postoperative inguinal pain. 

Various approaches to management of residual neuralgia 
have been described. Early symptoms are treated with anti
inflammatory agents, analgesics, and local anesthetic nerve 
blocks. Patients with nerve entrapment syndromes are best 
treated by repeat exploration with neurectomy and mesh removal 
through an anterior approach. Laparoscopic nerve injuries are 
minimized hy mot placing any tacks or staples below the lateral 
portion of the iliopubic tract. If nerve entrapment occurs, 
patients undergo rcoperation to remove the offeJ1ding tack or 
staple. 

Ischemic Orchitis and Testicular Atrophy 
Ischemic orchitis usually occurs from thrombosis of the small 
veins of the pamplJUform plexus within tl1e spermatic cord. 1bis 
results in venous congestion of the testis, which becomes swollen 
and tender 2 to 5 days after surgery. 1l1e process may continue 
for an addi tional 6 to 12 weeks and usually results in testicular 
atrophy. Ischemic ordutis also can be caused by ligation of the 
testicular artery. It is treated with anti-inflan1matory agents and 
analgesics. Orchiectomy is rarely necessary. 

The incidence of ischemic orchitis can be minin1ized by 
avoiding unnecessary dissection within the spermatic cord. The 
incidence increases with dissection of the distal portion uf a large 
hernia sac and in patients who have anterior operations for 
hernia recurrence or for spermatic cord pathology. In these situ
ations, the use of a posterior approach is preferred. 

Testicular atrophy is a consequence ofischemic orchitis. It 
is more common after repair of recurrent hernias, particularly 
when an anterior approach is used. 'TI1e b1cidence of ischemic 
orchitis b1ereases by a factor of three or four with eadJ subse
quent hernia recurrence. 

Injury to the Vas Deferens and Viscera 
lnj ury ro the vas deferens and intra-abdonlinal viscera is unusual. 
Most of these injuries occur in patients with slid.iJ1g inguinal 
hernias when there is failure to recognize the presence of intra
abdominal viscera iJ1 the hernia sac. With large hernias, the vas 
deferens can be displaced in an enlarged inguinal ring before its 
entry into the spermatic cord. [n this situation, the vas deferens 
is identified and protected. 

Hernia Recurr·ence 
Hernia recurremces are usually caused by tecluucal factors, such 
as excessive tension on tl1e repair, missed hernias, failure to 

indude an adequate musculoaponeurotic margin in the repair, 
ru1d improper mesh size and placement. Recurrence also can 
result from failure to dose a patulous internalinguu1al ring, the 

size of which is always assessed at the conclusion of the prinlary 
surgery. Other factors that can cause hernia recurrence are 
chronically elevated intra-abdominal pressure, a chronic coug.h, 
deep incisional mfections, and poor coUagen formation in the 
wound. Recurrences are more common in patients with direct 
hernia~ and usually involve tl1e floor of tl1e inguinal canal near 
the pubic tubercle, where suture line tension is greatest. 1l1e use 
of a relaxing incision when there is excessive tension at the time 
of prin1ary hernia repair is helpful to reduce recurrence. A 
femoral hernia is found in approximately I Oo/o of patients with 
ru1 iJ1guinal henua recurrence and should always be iJ1vcstigated 
at surgery. 10 

Most recurrent hernias require the use of prosthetic mesh 
for successful repair.<~>.:? Choosing a different approach (usually 
posterior} avoids dissection through scar tissue, improves visu
alization of the defect and reduction of the hernia, and decreases 
the incidence of complications, partiCLLiarly isd1emlc ordlitis 
ru1d iJljury to the il ioiJ1guinal nerve. Recurrences after initia\ 
prosthetic mesh repairs cru1 be caused by displaced prostheses or 
the usc of a prosthetic of iJ1adequate size. Recurrences are best 
managed by placing a second prosthesi~ through a different: 
approach. 

A meta-analysis of 58 reports comparing synthetic mesh 
techniques to nonmesh repairs has demonstrated an almost 60o/o 
reduction in recurrence with the use of mesh. 17 This report 
concluded that there was no difference in the rate of hernia 
recurrence between laparoscopic and open approaches that used 
mesh. A recent meta-analysis of recurrent hernia repairs reponed 
no difference between open ru1d laparoscopic mesh repairs in 
rerecurrence or chr01u.c groin pain. 78 

Recurrence is more common after repair of recurrent 
hernias and is directly related to the number of previous attempts 
at repair. Large popLLiation-based sntdies have reported a rerecur
rence rate of 4% to 5o/o in the first 24 months, which increases 
to 7 .5o/o at 5 years.<? . .:'l Tension-free and mesh-based repairs have 
the lowest rates of reoperation after recurrence and result in a 
reduction in recurrence of approximately 60% compared with 
more tradi tional repairs.26 

There is a successive decrease i.n the time to hernia 
recurrence witb ead) subsequent repair.29 Rerecurrences are 
associated with increased operative times and a greater rate of 
complications. 

Quality of Life 
The major quality indicators that have been assessed for hernia 
repai:r are postoperative pain and return tO work. Tension-free 
and laparoscopic mesh-based approaches have been demon
strated to be less pablful than nonmesh repairs. Laparoscopic 
repairs have the least an1ount of postoperative pain and have 
been shown to provide a marginal advantage in reducing time 
off work." 

VENTRAL HERNIAS 
A ventral herrua is defined by a protrusion through the anterior 
abdominal wall fascia. 1l1ese defects can be categorized as spon
taneous or acquired or by their location on the abdominal waU
Eplga~tric hernias occur from the xyphoid process to the umbi
licus, umbilical henuas occur at the umbilicus, and hypogastric 
hernias are rare spontaneous hernias that occur below the umbi
licus in the midliJle. Acquired hernias typically occur after surgi
cal mcisions and are therefore termed incisional hemitts. Although 
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not a true hernia, diastasis recti carl present as a midlli1e bulge. 
[n this condition, the linea alba is stretched, resulting in btdging 
at the medial margins of the rectus muscles. Abdominal wall 
diastasis can occur at other sites in addition to the midline. There 
is no fascial ring or hernia sac and , tmJess significantly symp
tomatic, surgical correction is avoided. 

lncidenc:e 
Based on national operative statistics, incisi.onal hernias account 
for 15% to 20% of all abdominal wall hernias; umbilical and 
epigastric hernias constitute l Oo/o of hernias. lnclsional hernias 
are twice a.~ common in women as in men. As a resuJt of the 
almost 4 million laparotomies performed annually in tlle United 
States and the 2% to 30o/o incidence ofincisional hernia, almost 
I50,000 ventral hernia repairs are performed each year. Several 
technical and patient-related factors have been linked to the 
occurrence ofincisional hernias. There is no conclusive evidence 
that demonstrates tl1at the type of suture at the primary opera
t iOJJ affects hernia formation.30 Patient-related factors linked to 
ventral hernia formation include obesity, older age, male gender, 
sleep apnea, emphysema, and prostatism. Tt bas been proposed 
that the same factors associated with destruction of the collagen 
in me hmg result in poor wound healing, with increased hernia 
formation. \1(/ound infection has been linked to hernia 
formation. 

Whetl1er the type of initial abdominal incision influences 
the incisional hernia rate remains comroversial. As noted, cl1e 
incidence of venual herniation after midline laparotomy ranges 
from 3% to 20% and doubles if tbe operation is associated with 
a surgical site infection. A meta-analysis of II studies examining 
the incidence of ventral hernia formation after various types of 
abdominal incisirons has concluded that the risk is I0.5o/o for 
midline, 7.5% for transverse, and 2.5% for paramedian inci
sionsY A recently published prospective randomized trial has 
reported no difference in hernia formation when comparing 
midline versus transverse incisi.ons after l year, but noted a 
higher wound infection rate in the transverse incisions.32 Given 
the Likely similar rates of incisional hernia formation after trans
verse and midline incisions, the surgeon should plan the incision 
based on the operative exposure desired to complete the proce
dure safely. 

Few data are available about d1e natural history of UJltreated 
ventral hernias. As noted, asymptomatic or minin1al1y symptom
atic inguinal hernias purposely observed over 2 years have a low 
incidence of complications.3 Whether this paradigm applies for 
asymptomatic ventral or incisional hernias is unclear. Because 
there is no prospective cohort available to determine the natural 
history of untreated ventral hernias, most surgeons recomn1end 
that these hernias should be repaired when discovered. 

Anatomy 
The anatomy of the anterior abdominal wall is straightforward 
and considerably easier to grasp than ti1e anatomy of the ingui
nal area. However, a dear understanding of the blood supply 
and iru1ervation of the abdomen is in1portant when performiJ1g 
advanced abdominal wall reconstruction. 1he lateral muscula
ture is composed of three layers, with the fascicle~ of each 
directed obliqudy at different angles to create a strong envelope 
for the abdominal contents. Each of these muscles forms an 
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aponeurosis that inserts inco the Linea alba, a midline structure 
joining both sides of the abdomi.nal wall. The external oblique 
is the most superficial muscle of the lateral abdominal wall. Deep 
to the external oblique lies the internal oblique muscle. The 
fibers of the external oblique course in an inferomedial direction 
(like hands in pockets}, wherea.~ those of the imernal oblique 
mmde run deep to and opposite rhe external oblique. 1l1e 
deepest muscular layer of the abdominal wall is the transversus 
abdominis muscle. Its fibers course ln. a horizontal direction. 
These three lateral muscles give rise to aponeurotic layers lateral 
to the rectus, which contribute to the anterior and posterior 
layers of the rectus sheath. 

The medial extension of the external oblique aponeurosis 
fom1s the anterior layer of the rectus sheath. At the midline, the 
two anterior rectus sheaths form the tendinous linea alba. On 
either side of the linea alba are the rectus abdominis muscles, 
whose fibers are directed longitudinally and run me length of 
the anterior abdominal wall. Below each rectus muscle Hcs the 
posterior layer of the rectus sbeatl1, whid1 also contributes to 
the linea alba. 

Another important anatomic structure of the anterior 
abdominal wall is the arcuate line, which is located 3 to 6 em 
below the umbilicus. 1he arcuate line delil1eates the point 
below whid1 ti1e posterior rectus sheath is absent. Above the 
arcuate line, the aponeurosis of the internal oblique muscle 
contributes to the anterior and posterior rectus sheaths and the 
aponeurosis of the transversm abdominis muscle passes poste
rior to cl1e rectus muscle to form the posterior rectus sheath. 
I3dow the arcuate line, the internal oblique and transversus 
abdomlnis aponeuroses pass completely anterior to the rectus 
muscle (Fig. 46-9). The rectus abdominis muscles are almost 
fused below the arcuate line with the transversaHs fascia directly 
bellind them. 

The abdominal wall receive.s most of its innervation from 
intercostal nerves 7 through 12 and the first and second lumbar 
nerves. These rami provide iru1ervation to the lateral ahdonlinal 
muscles and the rectus muscle and overlying skin. The nerves 
traverse through tlle lateral abdominal wall between me trans
versus abdominus and internal oblique muscles, and penetrate 
the posterior rectus sheath just medial to the linea semil.unaris. 

The lateral abdomiJ1al muscles receive meir blood supply 
from the lower three or four intercostal arteries, deep circlll11flex 
iliac artery, and lumbar arteries. The rectus abdominus has a 
more complex blood supply derived from ti1e superior epigastri.c 
artery (a ternlinal branch of tl1e internal mammary artery), 
il1ferior epigastric artery (a branch of the external iliac artery}, 
a11d lower intercostal arteries. 1l1e superior and iJJferior epigas
tric arteries anastomose near me umbilicus. The periumbilical 
area provides critical perforator vessels that if preserved, can 
decrease skin Hap necrosis during extensive skin undermining 
(Fig. 46-JO). 

Diagnosis 
The evaluation of abdominal wall hernias requires diligent physi
cal examination. As with the inguinal region, the anterior 
abdominal wall is evaluated with the patient i.n standing and 
supine positions, and a Valsalva maneuver is also useful to dem
onstrate the site and size of a hernia. Imaging modaJjties may 
play a greater role in the diagnosis of more unusual hernia.~ of 
the abdominal wall. 
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Section above arcuate line 

Umbilical 
prevesical 

fascia 

Section below arcuate line 

FIGURE 46-9 Cross sections of the rectus abdominis muscle and aponeurosis above and below the arcuate line. (From Netter FT: Atlas of 
human anatomy, Summit, NJ, 1989, Ciba-Geigy, Plate 235.) 
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FIGURE 46-10 Cross section of the lateral abdominal wall detailing 
location of intercostal neurovascular bundle travelling between the 
transversus abdominus and internal oblique muscles. 

Classification 

Umbilical Hernia 
The umbilicus is formed by the umbilical ring of the Linea a1ba. 
Intra-abdominally, the rotmd ligament (ligamentllffi teres) and 
paraumbilical veins join into the umbilicus superiorly and the 
medjan umbilical ligament (obliterated urachus) enters inferi
orly. Umbilical hernias in infants are congenital and are common. 
They close spontaneously in most cases by the age of 2 years. 
Those that persist afrer the age of 5 years are frequently repaired 
surgical.ly, although complications related to these hernias in 
children are unusual. There is a strong predisposition toward the 
development of these hernias in inruviduals of African descent. 
In the United States, the incidence of umbilical hernia is eight 
times higher in African American than in whltc infants. 

U mbilical hernias in adults are largely acquired. These 
hernias are more common in women and in patieJ1ts with condi
tions that resuJt in increased intra-abdominal pressure, such as 
pregnancy, obesity, ascites, or chronic abdominal distention. 
Umbilical hernia is more common in those who have only a 
single midline aponeurotic decussation compared wim the 
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normal decussation of fibers from all three lateral abdominal 
muscles. Strangulation is unusual in most patients; however, 
strangulation or rupture can occur in duonic ascitic conditions. 
Small asymptomatic umbilical hernias barely detectable on 
examination need not be repaired. AduJts who have symptoms, 
a large hernia, incarceration, chinning of the overlying skin, or 
uncontroUable ascites should have hernia repair. Spontaneous 
rupture of umbilical hernias in paticms with ascites can result 
in peritonitis and death. 

C lassically, ·repair was done using the vest over pants repair 
proposed by Mayo, which uses imbrication of the superior and 
inferior fascial edges. Because of increased tension 011 the repair 
and recurrence r:ates of almost 30% with long-term follow-up, 
however, the Mayo repair is rardy performed today. Instead, 
small defects are dosed primarily after separation of the sac from 
the overlying um bilicus and surrounding fascia. Defects larger 
than 3 em are closed using prosthetic mesb.33 There are a mLmber 
of tecllniques to place this mesh and no prospective data have 
conclusively fow1d clear advantages of one technique over 
another. Options for mesh implantation iJlcludc bridging the 
defect, placing a preperitonealtmderlay of mesh reinforced with 
suture repair, and placing it laparoscopically. The laparoscopic 
technique requires general anesthesia and is reserved for la,rge 
defects or recurrent umbilical hernias:11 TI1ere is no universal 
consensus on the most appropriate method of umbilical hernia 
repair. 

Epigastric Hernia 
Approximately 3% to 5% of the population has epigastric 
hernias. Epigastric hernias are two to three times more common 
il1 men. These hernias are located between the xiphoid process 
and umbilicus and are usually within 5 to 6 em of the umbilicus. 
Like umbilical hernias, epigastric hernias are more common in 
individuals with a single aponeurotic decussation. 1l1e defects 
are small and often produce pain out of proportion to their size 
because of incarceration of preperitoneal fat. 1hey are multiple 
in up to 20% of patients and approximately 80% are in the 
midline. Repair usually consists of excision of the illcarcerated 
preperitoneal tissue and simple closure of the fa~cia1 defect, 
sill1ilar to that for umbilical hernias. Small defects can be repaired 
under local ru1esthesia. Uncommonly, these defects can be 
sizable, can contain omentum or other intra-abdominal viscera, 
ru1d may require mesh repairs. Epigastric hernias are better 
repaired anteriorly because the defect is small ru1d fat that has 
herniated from within the peritoneal cavity is difficult to reduce. 

lncisional Herniia 
Of all hernias encountered, incisional hernias can be the most 
frustrating and difficult to treat. Incisional hernias occur as a 
result of excessive tension and inadequate healing of a previous 
iJlCision , which may he associated with surgical site illfection. 
These hernias enlarge over time, leading to pail1, bowel obstruc
tion, iJ1carceration. and strangulation. Obesity, advanced age, 
malnutrition, ascites, pregnancy, and conditions that .increase 
intra-abdominal pressure are factors that predispose to the devel
opment of an incisional hernia. Obesity can cause an incisional 
hernia to occur because of increased tension on the abdominal 
wall from the excessive bulk of a chick pannus and large omental 
mass. Chronic pulmonary disease and diabetes mellitus 
have also been recognized as risk factors for the development 
of illcisional hernia. Medications such as corticosteroids and 
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chemotherapeutic agents and surgical site illfection can contrib
ute to poor wound healing and increase the risk for developillg 
aJJ incisional hernia. 

Large hernias can result il1 loss of abdominal domain, 
whidl occurs when the abdomillal contents no longer reside in 
the abdominal cavity. 1l1ese large abdominal wall defects also 
can result from the illability to close the abdomen primarily 
because of bowel edema, abdominal packing. peritonitis, ru1d 
repeat laparotomy. With loss of domain, the natmal rigidity of 
the abdominal wall becomes compromised and the abdominal 
musculature is often retrncted. Respiratory dysfunction can 
occur because these large ventral defects cause paradoxical respi
ratory abdominal motion. Loss of abdominal domain can also 
resuJt in bowel edema, stasis of the splandlnic venous system, 
urinary retention, and constipation. Return of displaced viscera 
to the abdominal cavity during repair may lead to il1creased 
abdominal pressure, abdominal compartment synruome, and 
acute respiratory failure. 

Treatment Operative Repair 
Prilnary repair of iJ1cisional hernias can be done when the defect 
is smaU (::;;2 to 3 em ill diameter) and there is viable surroundillg 
tissue, or in cases iJl which the hernia was clearly a result of a 
technical error at the illitial operation, such as a suture fractur
ing. Larger defects (>2 to 3 em in diameter) have a high recu.r
rence rate if closed primarily and are repaired with a prosthesis.34 

Recurrence rates vary between 10% and 50% and are typically 
reduced by more chan 50% with the use of prosthetic mesh.35 

Prosthetic material may be placed as an onlay patch to buttress 
a tissue repair, imerposed between the fascial defect, sru1dwicl1ed 
between tissue planes, or put ill a sublay position. Depending 
on its l.ocation, several important properties of the mesh must 
be considered. 

Prosthetic Materials for Ventral Hernia Repair 
Synthetic Materials Various synthetic mesh products are available. 
Desirable characteristics of a synthetic mesh include beillg 
chemically inert, resistru1r to mechanical stress while maintain
ing compliance, sterillzable, noncarcinogenic, indtiJ1g minimal 
inflammatory reaction, and hypoallergenic. The ideal mesh has 
yet to be deru1ed. When selecting the appropriate mesh, the 
surgeon must consider the position of the mesh, whether i.t wil l 
be in direct contact with the viscera, and the presence or risk of 
mfection. Mesh constructs can be classified based on weight of 
the material, pore size, water rutgle (hydwphobic or hydw
phiJic), and whether there is an antiadhesive barrier present. 
When placing a mesh in the extraperitoneal position without 
the risk of bowel erosion, a macroporous unprotected mesh is 
appropriate. Botb polypropylene ru1d polyester mesh have been 
successfully placed ill the extraperitoneal position. Polypropyl
ene mesh is a hyruophohic macroporous mesh that allows for 
the ingrowth of native fibroblasts and incorporation into the 
surrouJlding fascia. It is semirigid, somewhat flexible, and 
porous. Placing polypropylene mesb in. an intraperitoneal posi
tion directly apposed to the bowel is avoided because of unac
ceptable rates of cnterocutaneous fistula formation:16 Recently, 
lighter weight polypropylene mesh has been imroduced to 
adruess some of the long-term complications of heavyweight 
polypwpylene mesh. TI1e definition of lightweight mesh was 
arbitrarily chosen at less than 50 g/m~, with heavyweight 
mesh weighing more than 80 r)m2

• These lightweight mesh 
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_Table 46-2 Biologic Mesh for Abdominal Wall Reconstruction and Postharvesting Processing Techniques 
PRODUCT SOUR a 
Alloderm (lifecell. Branchburg. NJ) Human dermis 

Allomax (Oavol, Warwick, Rl} Human dermis 

Rex HD (Ethicon, Sommerville, NJ) Human dermis 

Strattice (Lifecell, Branchburg, NJ) Porcine dermis 

Permacol (Covidien, Norwalk, G) Porcine dermis 

Collamend (Davol, Warwick, Rl} Porcine dermis 

Xenmatrix (Davol, Warwick, Rl) Porcine dermis 

Surgimend (TEl Biosciences, Boston, MA) Bovine fetal dermis 

Veritas (Synovis, St Paul, MN) Bovine 

Periguard (Synovis, St Paul, MN) Bovine 

Surgisis (Cook, Bloomfield. IN) Porcine intestine 

products often have an absorbable componenr of material that 
provides initial handling stability, typically composed ofVicryl 
(polyglactin 91 0) Qr MClnocryl (poliglecaprone 25; Ethicon. 
Somerville, NJ). 

Whether lightweight mesh resul.ts in improved patient out
comes is controversial. Two prospective randomized trials evalu
ating the incidence of postoperative pain after open inguinal 
hernia repair have shown mixed resulrs.3' [n a randomized con
trolled trial evaluating lightweight versus heavy weigh t polypro
pylene mesh for ventral hernia repair, the recurrence rate was 
more than twice that in tbe lightweight group (17o/o versus 7o/o 
for heavyweight mesh), whkh approached statistical significance 
(P = .052).38 

Polyester mesh is composed of polyethylene terephthalate 
and is a hydrophilic, heavyweight, macropowus mesh. This 
mesh has several different weaves that can yield a two-dimensional 
Aat screen-like mesh and a three-dimensional multifilament 
weave. Unprotected polyester mesh should nor be placed directly 
on the viscera because unacceptable rates of erosion and bowel 
obstruction have been teported.36 When placed in the preperi
toneal position in complex ventral hernia repairs, complication 
rates are l.ow. 7•39 

When placing mesh in an intraperitoneal position, several 
options are available. A single sheet of mesh with both sides 
constructed to reduce adhesions. or a composite-type mesh with 
one side made tto promote tissue ingrowth and the other to resist 
adhesion formation, arc available. Single-sheet mesh is com
posed of expanded PTFE (polytetrafluoroethylene). This pros
thetic has a visceral side that is micropotous {3 J..lm) and an 
abdominal waiJ side that is macroporous (17 to 22 J..lm) and 
promoteS tissue ingrowth. This product differs from other syn
thetic meshes i:n that it is flexible and smooth. Some fibroblast 
proliferation occurs through the pores, but PTFE is imperme
able co fluid. Unlike pCllypropylene, PTFE is not incorporated 
into the native tissue. Encapsulation occurs slowly and infection 
can occur during the encapsulation process. When infected, 
PTFE almost always must be removed. 

To promote bener tissue imegration, composite mesh was 
developed. This product combines the attributes of polypropyl
ene and PTF E by layering the rwo subsrances on top of one 
another. 1he PTFE surface serves as a permanent protective 
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interface against the bowel and the polypropylene side faces 
superficially, to be incorporated into the native fa~cial tissue. 
These materials have variable rates of contraction and. when 
placed together, can result in buckling of the mesh and visceral 
exposure to the polypropylene component. Recently, other com
posite meshes have been developed that combine a macroporous 
mesh with a temporary, absorbable antiadhesive barrier. Basic 
constructs of these mesh materials include heavyweight or light
weight polypropylene, or polyester. Absorbable barrit-rs are typi
cally composed of oxidized regenerated cellulose, Qmega-3 fatty 
acids, or collagen hydrogds. A number of small animal studies 
have validated the antiadbesive properties of these barriers, but 
currently no human trials exist evaluating tl1e ability of these 
composite materials to resist adhesion formation. 

Biologic: Materials 1he newest development in prostheses for 
ventral hernia repair is nonsynthetic or natural tissue mesh. 
There are numerous biologic grafts available for abdominal wall 
reconstruction (Table 46-2). 1hese products can be categorized 
based on the source material (e.g., human, porcine, bovine), 
postharvesting processing techniques (e.g., cross-linked, non
cross-linked) and sterili7_ation techniques (e.g., ganm1a radia
tion, ethylene oxide gas sterilization, nonsterilized). 1hese 
products are largely composed of acellular collagen and theoreti
cally provide a matrix for neovaseularizatiCln and native collagen 
deposition. These properties provide distinct advantages in 
infected or contanlinated cases in which synthetic mesh is 
thought co be contraindicated. Ideal placement techniques are 
yet to be defined for these relatively new products; however, 
some general principles apply. 1hese products function best 
when used as a fascial reinforcement rather than as a bddge or 
interposition repair.40 Unfortunately, the long-term durability 
of biologic mesh is currcnrly unknown. 1l1ere are no data com
pacing the effectiveness of these natural tissue alternatives with 
that of synthetic mesh repairs. 

Operative Technique 
Ventral Hernias It is generally agreed that all bur the smallest 
incisional ht:!rnias can be repairoo with mesh, and the surgeon 
bas varioliS options for placing the mesh. The onlay technique 
involves primary clClsure of the fascia defect and placement of a 
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mesh over the anterior fascia. The major advantage of this 
approach is that the mesh is placed outside the abdominal cavity, 
avoiding direct interaction with the abdominal viscera. However, 
disadvantages include the large subcutaneous dissection, 
increased Likelihood of seroma formation, superficial location of 
the mesh, which places ir in jeopardy of comaminadon if rhe 
incision becomes infected, and the repair is usually under 
tension. Prospec(ive analysis of this technique is not available, 
but a retrospective review has reported recurrence rates of28o/o! 1 

lnterposition prosthetic repairs involve securing the mesh to the 
fascial edge without overlap. This results in a predictably high 
recurrence rate because the synthetic ofteJ1 puUs away from the 
fascial edge because of increased intra-abdominal pressure. A 
sublay or underlay teclmique involves placing the prosthetic 
below the fascial components. The mesh can be placed intraperi
toneaUy, preperitoneaUy, or in the retrorectus (retromuscular) 
space. Iris highly desir.aJJie to have the mesb placed beneatb the 
fascia. With a wide overlap of mesh and fascia, the natural forces 
of the abdominal cavity act tO hold the mesh in place and 
prevent migratiOJl. This can be accomplished using several tecl1-
niques (Fig. 46-11). 

Intraperitoneal Mesh Placement After reopening the prior inci
sion, and with the use of available dual-type mesh or composite 
mesh, the mesh can be placed in an intraperitoneal position at 
least 4 em beyond the fascial margin and secured with inter
rupted mattress suntres. This technique requires raising subcu
tru1eous flaps and the mesh may be in direct contact with the 
abdominal contents. 

The laparoscopic approacl1 for ventral hernia repair relies 
on the san1e principles as the retrorectus repair; however, the 
mesh is placed within the peritoneal cavity. This repair is useful, 
particularly for large defects. Trocars are placed as far lateraUy as 
feasible based on the sii'.e and location of the hernia. The hernia 
contents are reduced ru1d adhesions are lysed. The surface area 
of the defect is measured, ru1d a barrier-coated mesh is fashioned 
with at least 4 em of overlap around the defect. 1l1e mesh is 
rolled, placed into the abdomen, and deployed. It is secured to 
the ru1terior abdominal wall with prep laced mattress sutures that 
are passed through separate incisions; tacking staples are placed 
between these sutures to secure the mesh 4 em beyond the 
defect. The advru1tage of this approach is a quicker recovery 
time. There arc fewer incisional complications with the laparo
scopic approach because large iJ1cisions and subcutru1eous under
mining are avoided. 

Retromusculor Mesh Placement 1l1is technique involves placing 
prosthetic mesh in the exnaperironeal position iJ1 the preperito
neal space or retrorectus position. This technique was initially 
described by Stoppa. A large piece of mesh is placed in the 
retromuscular space on top of the posterior rectus sheath or 
peritoneum. llus space must be dissected laceraUy on both sides 
of the linea alba to a distru1ce of 8 to l 0 em beyond the defect. 
The prosthetic mesh extends 5 to 6 em beyond the superior and 
inferior borders of the defect. With smaUer defects, the mesh 
does not need to be sutllfed because it is held in place by intra
abdominal pressure (Pascal's principle), aUowing eventual incor
poration i.nto the surrounding tissues. Alternatively, in larger 
defects, the mesh can be secured lateraiJy with several sutures. 
This approach avoids contact between the mesh and abdominal 
viscera ru1d has been shown in long-term studies to have a 
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Mesh placement options 

FIGURE 46-11 Mesh placement options for abdominal wall 
reconstruction. 

respectable recurrence rate (14o/o) in large incisional hernias. 'TI1e 
retroreccus space is bordered lateraUy by the linea semilunaris. 
ln very large hernias or in those patients with atrophic rectus 
muscles, this might prevent adequate mesh overlap. Alterna
tively, the preperitoneal plane can be accessed by incising the 
posterior rectus sbeath approximately l em medial to the linea 
scmilunaris. Once the preperitoneal space is accc..~scd, the dis
section cru1 be carried laterally to the psoas muscle, if necessary.12 
Very large sheets of prosthetic mesh can be placed in this loca
tion with wide defect coverage. A retrospective review from the 
Mayo C linic, with a mediru1 follow-up of 5 years, has docu
mented a 5o/o overaU hemia recurrence rate in 254 patients who 
underwent complex ventral hernia repair over a 13-year period.43 

Component Separation Another option for the repair of complex 
or large ventral defects is the component separation technique 
(Fig. 46-12). llus involves separatu1g the lateral muscular layers 
of the abdominal wall to allow their advancement. Primary 
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FIGURE 46-12 Compone nt separation technique. A. The skin and subcutaneous fat are dissected free from the anterior sheath of the rectus 
abdominis musde and the aponeurosis of the external abdominal oblique musde. 8, The external abdominal oblique is incised 1 to 2 em 
lateral to the rectus abdominis musde. c. The external abdominal oblique is separated from the internal abdominal oblique. D, The dissection 
is carried to the posterior axillary line. E, Additional length can be achieved by incising the posterior rectus sheath above the a rcuate line. F. 
Care must be taken to avoid damaging the nerves and blood supply that enter !the rectus abdominis posteriorly. (deVries Reilingh TS, van Goor 
H, Rosman C. et al: Components separation technique for the repair of large abdominal wall hernias. J Arn Coli Surg 196:32-37, 2003.) 

fascial closure at rhe midline is often possible. The procedure is 
perfom1ed by raising large subcutaneous flaps above the external 
oblique fascia. 1hese flaps are carried laterally past the linea 
semilunaris. This dissection itself can provide some advancement 
of the abdominal wall. Large perforating subcutaneous vessels 
can be preserved co prevem ischemic necrosis of the skin flaps. 
A relaxing incision is made 2 em lateral to the Linea semilunaris 
on the lateral external oblique aponeurosis from several centi
meters above the costal margin to the pubis. The external oblique 
is then bluntly separated in the avascular plane, away from the 
internal oblique, allowing its advancement. Further relaxing 
incisions bave been described to the aponeurotic layers of the 
imernal oblique or transversus abdomiJus but this can result in 
problematic lateral bulges or hemiation at this site. Additional 
release can be safely achieved by incising the posterior rectus 
sheath. 1hese ttecl:uuques, when applied to both sides of the 
abdominal wall, can yield up to 20 em of mobili7_ation. Although 
this teclmique often allows tension-free closure of these large 
defects, recurrence rates a.~ low as 20% have been reported with 
the use of prosthetic reinforcement in large hernias. 44 It is imp or
rant that patients understand that a lateral bulge can occur 
afrer releasing the external oblique aponeurosis. Recognizing 
the high recurrence rates with component separation alone, 
several authors have reported small series of biologic mesh 

reinforcemenr of these repairs.40 To date, no randomized con
trolled trials have supported a lower recurrence rate with biologic 
prosthetic reinforcement. lf a bioprosthetic is placed, it can be 
secured with an underlay or onlay technique. No comparative 
data exist demonstrating the superiority of either repair 
rechnique.4~ 

Endoscopic Component Separation One of the major limitations 
of open component separation is that large skin Aaps are neces
sary to access the lateral abdonunal wall musculature. Recogniz
ing these linUtations, innovative, minimally invasive approaches 
to component separation have been described! 6 1l1e basic prin
ciple of a rujJ1in1ally iJwasive component separarion is to gain 
directt access to the lateral abdonunal wall without creating a 
lipocutaneous flap. Typically, this is performed by a direct cut 
down through a 1-cm incision off the tip of the llth rib over
lying the external oblique muscle (Fig. 46- 13). 1l1e external 
oblique is split in the Line of its fibers and a srandard bilateral 
inguinal hernia balloon dissector is placed in benveen the exter
nal and internal oblique muscles, toward the pubis. 11uee lapa
roscopic trocars are placed in the space created and the dissection 
is carried from the pubis ro several centimeters above rhc cosral 
margin. The linea semilunaris is carefully identified and the 
external oblique is incised from beneath the muscle, at least 
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2 em lateral to the linea semilunaris. The muscle is released from 
the pubis to several centimeters above the costal margin. This 
procedure is performed bilaterally. Synthetic or biologic mesh 
can be used to reinforce the repair of the midline closure. These 
relatively new techniques are feasible, but long-term data dem
onstrating equivalency to open techniques are lacking. 

Results of lncisional Hernia Repairs 
Several prospectjve randomized trials have compared laparo
scopicand open ventral hernia repairs (Table46-3)Y ·5' Althougb 
most of these studies were smaU, with fewer than 100 patiCJlts, 
the results tend to favor a laparoscopic approach. The incidences 
of postoperative complications and recurrence were less in 
hernias repaired laparoscopicaUy. Several retrospective reports 
have demonstrated similar advantages for a laparoscopic 
approach. Based on the comparative trials listed in Table 46-3, 
laparoscopic incisional hernia repair results in fewer postopera
tive complications, lower infection rate, and decreased hernia 
recurrence.4248 Until an appropriately powered prospective 
randomized trial is performed, the ideal approach will largely be 
based on surgeon expertise and preference. 

UNUSUAL HERNIAS 
There are a number of hernias that occur infrequently, of 
various types. 

Cranial 

1 
Caudal 

Types 

Spigelian Hernia 
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FIGURE 46-13 Endoscopic component separa
tion: port placement and surgical technique. 

A spigelian bernla occurs through the spigelian fascia, which is 
composed of the aponeurotic layer between the rectus muscle 
medially and semilunar line laterally. AJmost all spigelian hernias 
occur at or below the arcuate line. The absence of posterior 
rectus fascia may contribute to an inl1erent weakness in this area. 
These hernias are often interparietal, with the hernia sac dissect
ing posterior to the external oblique aponeurosis. Most spigelian 
hernias are small (1 to 2 em in diameter} and develop duri11g 
the fourth to seventh decades of life. Patients often present with 
localized pain in the area without a bulge because the hernia Ues 
beneath the imact external oblique aponeurosis. UltrasOLtnd or 
cr of the abdomen can be useful to establish the diagnosis. 

A spigelian hernia is repaired because of the risk for incar
ceration associated with its relatively narrow neck. 1l1e hernia 
site is marked before operation. A transverse tncision is made 
over the defect and carried through the external oblique apc>
neurosis. The hernia sac is opened, dissected &ee of the neck of 
the hernia, and excised or inverted. 1l1e defect is closed trans
versely by simple suture repair of the transversus abdominis and 
tntcrnal oblique muscles. followed by closure of the external 
obUque aponeurosis. Larger defects are repaired using a mesh 
prosthesis. Recurrence is uncommon. 
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Table 46-3 Comparative Randomized Studies Between Open and Laparoscopic Ventral Hernia Repair 
Intraoperative 

No. of Complications 
Patients Mesh Used (Ofo) LOS (days) 

STUDY (YEAR) LAP OPEN LAP OPEN LAP OPEN LAP OPEN 
McGreevy et al. (2003)48 65 71 ePTFE or polyester + collagen pp N/A N/A 1.1 1.5 

Lomanto et al. (2006)49 50 50 Polyester + collagen ePTFE 2 2 2.74 4.7 

Bingerner et al. (2007)so 127 233 ePTFE, PP, or ePTFE pp N/A N/A N/A N/A 

Olmi et al. (2007)4
' 85 85 Polyester + collagen pp N/A N/A 2.7 9.9 

Pring et al. (2008) 59 31 27 PTFE PTFE N/A N/A 1 1 

Asencio et al. (2009)60 45 39 PTFE or PP pp 6.70 0 3.46 3.33 

Lop, La paroscopic, LOS, length of stay; PP, polypropylene. 

Postoperative 
Complications Follow-up 
(Ofo) (mo) 
LAP OPEN LAP OPEN 
7.70 21.10 N/A N/A 

26 40 19.6 21 

33.10 43.30 36 36 

16.50 29.40 24 24 

33 49 28 28 

5.20 33.30 12 12 

Recurrence 
(Ofo) 
LAP OPEN 
N/A N/A 
2 10 

13 9 

2 4 

3.30 4.20 

9.70 7.90 
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Obturator Hernia 
The obturator canal is formed by the union of the pubic bone 
and isd1ium. Thi!s canal is covered by a membrane pierced at the 
medial and superior border by the obturator nerve and vessels. 
Weakening of the obturator membrane may result in enlarge
menr of the canal and formation of a hernia sac, which can lead 
to intestinal incarceration and strangulation. ll1e patient can 
present with evidence of compression of the obturator nerve, 
which causes pain in the anteromedial aspect of the thigh 
{Howship-Romberg sign) that is relieved by thigh flexion. 
Almost 50% of patients with obturator hernia present with 
complete or partial bowel obstruction. An abdominal CT scan 
can establish the diagnosis, if necessary. 

A posterior approach, open or laparoscopic, is preferred. 
1l1is approach provides direct access to the hernia. After reduc
tion of the hernia sac and comencs, any preperito.neal fat within 
the obturator canal is reduced. If necessary, the obtmator 
foran1en is opened posterior to the nerve and vessels. 1l1e obtura
tor nerve can be manipulated gently with a blunt nerve hook to 
facilitate reduction of the fat pad. The obturator foramen is 
repaired with prosthetic mesh, caking care to avoid injury to the 
obturator nerve and vessels. Patients with compromised bowel 
usually require laparotomy. 

Lumbar Hernia 
Lumbar hernias can be congenital or acquired after an operation 
on the flank and occur in the lumbar region of the posterior 
abdominal wall. Hernias through the superior lumbar rria11gle 
(Grynfeltt's triangle) are more common. 1l1e superior lumbar 
triangle .is bounded by the 12th rib, paraspinal muscles, and 
internal oblique muscle. Less common are hernias through the 
inferior lumbar triangle {Petit's triangle), which is bounded by 
the iliac crest, Latissimus dorsi muscle, and external oblique 
muscle. Weakness of the lumbodorsal fascia through either of 
these areas results in progressive protrusion ofextraperitoneal fat 
and a hernia sac. Lumbar hernias are not prone to incarceration. 
Small lumbar hernias are frequently asymptomatic. Larger hernias 
may be associated with back pain. cr is useful for diagnosis. 

Both open and laparoscopic repairs are useful. Satisfactory 
suture repair is difficult because of the immoblle bony margins of 
these defects. Repair is best done by placement of prosthetic 
mesh, which is suntred beyond the margins of d1e hernia. There 
is usually sufficiem fascia over the bone to anchor the mesh. 

Interparietal Hernia 
Interparietal hernias are rare and occur when the hernia sac lie$ 
between layers of the abdominal wall. 1l1ese hernias most fre
quently occur in previous incisions. Spigelian hernias are almost 
always interparietal. 

The correct preoperative diagnosis of interparietal hernia 
can be difficult. Many patient~ with complicated interparietal 
hernias present with intestinal obstruction. Abdominal cr can 
assist in the diagnosis. Large interparietal hernias usually require 
placement of prosthetic mesh for closure. When this cannot be 
done, the component separation technique may be useful to 

provide natural tissues to obliterate the defect. 

Sciatic Hernia 
The greater sciatic for~en can be a site of hernia formation. 
These hernias aJ7e extremely unusual and difficult to diagnose 
and frequently are asymptomatic until intestinal obstruction 

HERNIAS CHAPTER 46 1137 

occurs. In the absence of intestinal obstruction, the most 
common symptom is the presence of an uncomfortable or slowly 
enJarging mass in the gluteal or imragluteal area. Sciatic nerve 
pain can occur, but sciatic hernia is a rare cause of sciatic 
nemalgia. 

A rransperironeal approad1 is preferred if bowel obsuuc
tion or strangulation is suspected. Hernia contents can usually 
be reduced with gentle traction. Prosthetic mesh repair is usually 
preferred. A transgluteal approach c.an be used if tl1e diagnosis 
is certain and the hernia is reducible, but most surgeons are not 
fanlliiar with this approach. Wicl1 the patient prone, an incision 
is made from the posterior edge of the greater trochanter across 
the hernia mass. The gluteus maximus muscle is opened, and 
the sac is visualized. The muscle edges of the defect are reap
proximated with interrupted sutures or the defect is obliterated 
with mesh. 

Perineal Hernia 
Perineal hernias are caused by congenital or acquired defects and 
are quite uncommon. These hernias may also occur after abdom
inoperineal resection or perineal prostatectomy. The hernia sac 
protrudes through the pelvic diaphragm. Prin1ary perineal 
hernias are rare, occur most commonly iJ1 older multiparous 
women, and can be quite large. Symptoms are usually related to 
protrusion of a mass through the defect that is worsened by 
sitting or standing. A bulge is frequently detected on bimanual 
rectal-vaginal examination. 

Perineal hernias are generally repaired through a transab
dominal approacl1 or combined transabdominal and perineal 
approaches. After the sac contents are reduced, small defects may 
be closed with nonabsorbable suture, whereas large defects are 
repaired with prosthetic mesh. 

Loss of Domain Hernias 
Loss of domain in1plies a massive hernia in which the herniated 
contents have resided for so long outside the abdominal cavity 
tbat they cannot simply be replaced into the peritoneal cavity. 
We typically classify loss of domain hernias into patients with 
and witl10ut preoperative contamination. Each group is then 
subcategorized imo two groups. Patients with a small hernia 
defect and a massive hernia sac (e.g., large inguinoscrotal hernias) 
require restoration of peritoneal cavity domain, wheJeas patients 
with a large defect and a massive hernia sac (open abdomen with 
skin graft) require restoration of peritoneal domain and recon
struction of the abdominal wall. 

Prior to repair of these complex defects, the patient must 
undergo careful preoperative evaluation. A dear understanding 
of the morbidity and mortality associated with these reconstruc
tive procedures is critical. Weight reduction, smoking cessation, 
optimization of nutrition, and glucose control are all important 
aspects of complex abdominal wall reconstruction. Previously, 
methods to stretch the abdominal wall gradually were used to 

allow for the restoration of abdominal domain and closure. lllis 
was accomplished by insufflation of air into the abdominal 
cavity to create a progressive pneumoperitonettm. Repeated 
administrations of iJlcreasing volumes of air over 1 to 3 weeks 
allowed the muscles of the abdominal wall to become lax enough 
for primary closure of the defect. 111is technique is particularly 
SLdted for small defects and massive hernia sacs.52 For large 
defects, we prefer a staged approach usiJlg expanded PTFE 
(ePTFE) dual mesh for patients with loss of abdominal domain 
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and lateral retraction of the abdominal wall musculature. The 
initial srage involves reduction of the hernia and placement of a 
large sheet of ePTFE dual mesh secured to the fascial edges with 
a running suture. Subsequent stages involve serial elliptical exci
sion of tl1e mesh wnil ilie fascia can be approximated in the 
midline without rension. Finally, rhe mesh is completely excised 
and the fascia is reapproximated with component separation and 
a biologic underlay patch, if necessary. 53 

Parastomal Hemia Repair 
Parastomal hemia is a common compHcation of stoma creation. 
In fact, the creation of a stoma by strict definition is an abdomi
nal wall hernia. The incidence of parastomal hernias is highest 
for colostomies and occurs .in up to 50% of stomas. Fortunately, 
most patients remain a.~ymptomaric and life-threatening 
complications, such as bowel obstruction and strangulation, are 
rare. Unlike m idline incisional hernia repair, routine repair 
of parastomal hernias is not recommended. Smgical repair 
should be reserved for patients experiencing symptoms of bowel 
obstruction, problems with pouch fit, or cosmetic issues. 

Three general approaches are available for parasternal 
hernia repair. 1l1ese techniques include primary fascial repair, 
stoma relocation, and prosthetic repair. Primary fascial repair 
involves hernia reduction and primary fascial rcapproximation 
through a peristomal incision. This technique carries a predict
ably high recurrence rare. The advantage of this approach is that 
the abdomen often is not entered, making the operation less 
complex. Because of the bigb recurrence rate with tbis tech
nique, it should be reserved for patients who wiU not tolerate a 
laparotomy. Stoma relocation improves results; however, it 
requires a laparotomy and predisposes to another parasromal 
hemia in the future. To reduce the rate of recurrent herniation, 
some surgeons reinforce the repair with biologic mesh in a 
keyhole fashio111 arOLmd the new stoma site. Early results are 
promising but long-term outcomes have not yet been reported.54 

Prosthetic repairs of parasternal hernias can provide excellent 
long-term results with a lower rate of hernia recurrence, but a 
higher rate of prosthetic complications must be accepted. 

Regardless of the technique, a permru1ent foreign body 
placed in apposition to the bowel can result in erclsion, obstruc
tion, and disastrous complications. Several approaches to pros
thetic mesh placement have been described. 1l1e mesh can be 
placed as an onllay patch, intra-abdominally, or in the rerroreccus 
position. Whm placing tbe mesh intraperitoneally, a keyhole is 
fashioned ar0lmd the stoma site or placed as a flat sheet, latetal
i;rjng the stoma a.~ it exits the abdomen, as described by Sugar
bakcr.55 Several authors have described laparoscopic approad1es 
to parasternal hernia repair, including keyhole and Sugarbakcr
rype repairs56s:• (Fig. 46-14). All these series are small and have 
reported only short-term follow-up,lin'liting our ability to make 
dear recommerndations for this djfficult problem. 

Complications 

Mesh Infection 
Mesh infections are serious complicatiom that can be difficult 
to treat. lf cPTFE becomes infected, it requires removal with the 
resultant morbidity of another defect, which often must be 
dosed under tension, leadlng to inevitable recurrence. ln open 
ventral hernia repair, incisional ru1d mesh infections are not 
infrequent. Using the laparoscopic technique and placing a large 

A. Sugarbaker 

C. Reciting with mesh 
reinforcement 

FIGURE 46-14 Surgical approaches for parasternal hernia repair. 

piece of mesh without undermining large subcutaneous tissue 
Aaps avoids wound complications. In a series of almost I 000 
patients who had laparoscopic ventral hernia repair, mesh infec
tions occurred in less than I o/o of cases. 58 Perhaps the greatest 
advantage of rhc laparoscopic approach for repairing ventral 
hernias is this reduction in infectious complications. Two ran
domized controlled trials have compared laparoscopic and open 
ventral hernia repair.59·GO 

Serornas 
Seroma formation can occur after laparoscopic and open ventral 
hernia repair. Ln open ventral hernia repair, drains arc often 
placed in an attempt to obliterate the dead space caused by the 
hernia ru1d tissue dissection. These drains can cause mesh con
tarnination and seromas can form after drain removal. W ith 
laparoscopic repair, the hernia sac is not resected and a seroma 
cavity will result. Most of these seromas will resolve over tin1e 
as the mesh becomes incorporated on the hernia sac. Preopera
tive discussions with the patient describing the expectations of 
a temporary scroma arc in1perative before laparoscopic ventral 
hernia repair. We reserve aspiration for symptomatic or persis
tent seromas after 6 to 8 weeks. 

Enterotomy 
Intestinal injury dming adhesiolysis can be catastrophic. Man
agement of an enterotomy during a hernia repair is controversial 
ru1d depends on the segment of imestine iJ1jured (small versus 
large bowel) and amount of spillage. Options include aborting 
the hernia repair, using a primary tissue or biologic tissue repair, 
ru1d performing a delayed repair using prosthetic mesh in 3 to 
4 days. When there is gross contan1ination, the use of synthetic 
mesh is contraindicated. 
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CHAPTER 47 

ACUTE ABDOMEN 
RoNALD A. SQuiRES AND RussELL G. PosllER 

ANATOMY AND PHYSIOLOGY 

HISTORY 

EVALUATION AND DIAGNOSIS 

PREPARATION FOR EMERGENCY OPERATION 

ATYPICAL PATIENTS 

ALGORITHMS IN THE ACUTE ABDOMEN 

SUMMARY 

The term acute abdomen refers to signs and symptoms of 
abdominal pain and tenderness, a clinical presentation that often 
requires emergency surgical therapy. This challenging clinkal 
scenario requires a d10rougb and expeditious workup to deter
miJ1e the need for operative imervention and initiate appropriate 
therapy. Many diseases, some of whlch are not surgical or even 
intra-abdominal,1 can produce acute abdominal pain and ten
derness. Therefore, every attempt should be made to make a 
correer diagnosis so that the therapy selected, often a laparoscopy 
or laparotomy, is appropriate. 

The diagnoses associated with an acute abdomen vary 
accordi11g to age and gender? Appendicitis is more common in 
younger individuals, whereas biliary disease, bowel obstruction, 
imestinal ischemia and infarction, and diverticulitis are more 
common in older adults. Most surgical disea~es associated with 
an acute abdomen result from infection, obsuuction, ischemia, 
or perforation. 

Nonsurgical causes of an acute abdomen can be divided 
into three categories, endocrine and metabolic, henJatologic, 
and toxins or drugs (Box 47-1).3 Endocrine and metabolic 
causes include urenlia, diabetic crisis, addisonian crisis, acute 
internlittent porphyria, acute hyperlipoprotcinemia, and heredi
tary Mediterraneru1 fever. Hematologic disorders include sickle 
cell crisis, acute leukemia, and od1er blood dyscrasias. Toxins 
and drugs causing an acute abdomen include lead and other 
heavy metal toxins, narcotic withdrawal. and black widow spider 
poisoning. It is importaJlt to consider these possibilities when 
evaluating a patient with acute abdominal pain. 

Because of the potential surgical nature of the acute 
abdomen, an expeditious workup is necessary (Box 47-2). 1l1e 
workup proceeds in ilic usual order-history, physical examina
tion, laboratory tests, and imaging studies. Although imaging 
studies have increased the accuracy with which the correct diag
nosis can be made, the most important part of the evaluation 

remains a thorough history ru1d careful physical exaJUination. 
Laboratory a11d imaging studies are usually needed, but are 
directed by the findings on history and physical examination. 

ANATOMY AND PHYSIOLOGY 
Abdominal pain is divided into visceral and parietal compo
nents. Visceral pain tends to be vague ru1d poorly locali:.r..ed to 
the epigastriun1, periumbilical region, or hypogastrium, depend
ing on its origin from d1e primitive foregut, midgut, or hindgut 
(Fig. 47-1). It is usually the resuJt of distention of a hollow 
viscus. Parietal pain corresponds to the segmental nene roots 
innervating the peritoneum and tends to be sharper and better 
localized. Referred pain is pain perceived at a site distam from 
the source of stinmlus. For exan1ple, irritation of ilie diaphragm 
may produce pain iJ1 the shoulder. Common referred pain sites 
and mclr accompanying sources arc listed in Box 47-3. Deter
milling whether the paiJ1 is visceral, parietal, or referred is 
importaJlt and can usually be do11e wiili a carcfLtl history. 

Introduction of bacteria or irritating chemicals into the 
peritoneal cavity CaJl cause an ourpouring of fluid from the 
peritoneal membraJlc. The peritoneum responds to infiaJllffia
tion by increased blood flow, increased pem1eabiliry, and forn1a
tion of a fibrinous exudate on its surface. The bowel also develops 
local or generalized paralysis. The fibrinous surface ru1d decreased 
intestinal movement cause adherence between d1e bowel and 
omentum or abdominal wall and help localize inBaJ11mation. As 
a result, an abscess may produce sharply localized pain, wim 
normal bowel sounds and gastroilltestinal function, whereas a 
diffuse process, sucl1 as a perforated duodenal ulcer, produce.s 
generalized abdonlinal pain, with a quiet abdomen. Peritonitis 
may affect the entire abdominal cavity or part of the visceral or 
parietal peritoneum. 

Peritonitis is peritoneal inflaJ11mation of any cause. It is 
usually recognized on physical exanlination by severe tenderness 
to palpation, with or wid1out rebOLmd tenderness, and guarding. 
Peri toni tis is usually secondary to an inflaJ11matory insult, most 
often a gran1-negative infection with an enteric organism or 
ru1aerobe. It can result from noninfectious inflammation; a 
common exan1plc is pru1creatitis. Primary peritoJlitis occurs 
more commonly in children and is most often caused by Pneu
mococcus or hemolytic Streptococcus spp.4 Adults with end-stage 
renal disea~e on peritoneal dialysis can develop iJ1fections of their 
pcrironeal fluid, wim the most common organisms being gram
positive cocci. Adults with ascites and cirrhosis can develop 
primary peritonitis and, in d1ese cases, the organisms are usually 
Escherichia coli and KlebsiellA spp. 
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BOX 47-1 Nonsurgical Causes of the Acute Abdomen 

Endocrine and Metabolic causes 
Uremia 
Diabetic crisis 
Addisonian crisis 
Acute intermittent porphyria 
Hereditary Mediterranean fever 

Hematologic Causes 
Sickle cell crisi:s 
Acute leukemia 
Other blood dyscrasias 

Toxins and Drugs 
Lead poisoning 
Other heavy metal poisoning 
Narcotic withdrawal 
Black widow spider poisoning 

HISTORY 
A detai led and organized history is essential tO formulating an 
accurate differential diagnosis and subsequent treatment 
regimen. Current technologic advances in imaging cannot and 
wi lt never replace the need for a ski !Jed clinician's bedside exami
nation. The history must not only focus on the investigation of 
the pain complaints, but on past problems and associated symp
toms as well. Questions should be open-ended whenever pos
sible, and structured to disclose the onset, character, location, 
duration, radiation , and chronology of d1e pain experienced. It 
is tempting to ask questions about whether the pain is sharp or 
whether eating makes it worse. This specific yes or no style can 
facilitate the history taking by not alJowing d1e patient to 
narrate, but it can miss vital detai ls and potentially skew the 
response. A much better questioning style would be to deter
mine how the pain feels to the patient or whethet anything 
makes d1e paiJl better or worse. Often, additional information 
can be gained by observing how the patient describes ilie pain 
d1at is experienced. Pain identified with one fi nger is often more 
localized and typical of parietal innervation or peritoneal inflam
mation as compared wid1 indicating the area of discomfort with 
the palm of the hand, whjcl1 is more typical of the visceral dis
comfon of bowel or solid organ disease. 

The intensity and severi ty of d1e pain are related to the 
underlying tissue damage. Sudden onset of excruciating paiJ1 
suggests conditions such a~ intestinal perforation or arterial 
embolization with ischemia, although other conditions, such as 
biliary colic, can present suddenly as well. Pain iliat develops 
and worsens over several hours is typical of conditions of pro
gressive inflan1111ation or infection such as cholecystitis, colitis, 
and bowel obstruction. The history of progressive worseniJ1g 
versus intermittent episodes of pain can help differentiate infec
tious processes that worsen wid1 time compared with d1c spas
modic colicky pain associated with bowel obstruction, biliary 
col.ic from cystic duct obstruction, or genitourinary obstruction 
(Figs. 47-2 to 47-4). 

EqualJy a~. importaJlt as the character of the pain is its loca
tion ru1d radiat ion. Tissue injury or inflan1111ation can trigger 
visceral and somatic pain. Solid organ visceral pain in the 
abdomen is ge11eralized in d1e quad rant of ili.e involved organ, 
such a~ liver pain across d1e right upper quadrant of ilie abdomen. 

Hemorrhage 
Solid organ trauma 
Leaking or ruptured arterial aneurysm 
Ruptured ectopic pregnancy 
Bleeding gastrointestinal diverticulum 
Arteriovenous malformation of gastrointestinal tract 
Intestinal ulceration 
Aortoduodenal fistula after aortic vascular graft 
Hemorrhagic pancreatitis 
Mallory-Weiss syndrome 
Spontaneous rupture of spleen 

Infection 
Appendicitis 
ChoJecystitis 
Meckel's diverticulitis 
Hepatic abscess 
Diverticular abscess 
Psoas abscess 

Perforation 
Perforated gastrointestinal ulcer 
Perforated gastrointestinal cancer 
Boerhaave's syndrome 
Perforated diverticulum 

Blockage 
Adhesion induction small/large bowel obstruction 
Sigmoid volvulus 
Cecal volvulus 
Incarcerated hernias 
Inflammatory bowel disease 
Gastrointestinal malignancy 
Intussusception 

Ischemia 
Buerger's disease 
Mesenteric thrombosis/embolism 
Ovarian torsion 
Ischemic colitis 
Testicular torsion 
Strangulated hernias 

~ ' . 
Locations and Causes of Referred Pain , 

Right Shoulder 
Liver 
Gallbladder 
Right hemidiaphragm 

Left Shoulder 
Heart 
Tail of pancreas 
Spleen 
Left hemidiaphragm 

Scrotum and Testides 
Ureter 
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VISCUS 

Esophagus, 
trachea, bronchi 

Heart and 
aortic arch 

Stomach 

Biliary tract 

Small intestine 
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Colon 

Uterine fundus 

Uterine cervix 
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NERVES 

.. .. ... _____ _____ ,... 
--- - ---- ---- --

Thoracic cardiac 

.. ' ' .... ', - ' .... ' -- -~ 
-- - --~---- - ..-

PLEXUSES 

Cardiac 
Pulmonary* 

Celiac 
and 
adrenal* 

Renal 

Spermatic* 
Ovarian* 

Preaortic 

Bladder s2-s4 J 
( S1 
( 2 Sacral 

( 3 r Parasympathetic 

Int. mesenteric 
Sup. hypogastric 

Bladder• 
Prostate* 
Uterus 

Rectum J 
1 \ Bladder 

( 4 Cervix ') 
'V" 5 Rectum 

.. No known sensory fibers in sympathetic rami. 

FIGURE 47-1 Sensory innervation of the viscera. (From White JC, Sweet WH: Pain and the neurosurgeon, Springfield, Ill, 1969, Charles CThomas, 
p 526.) 

Small bowel pain is perceived as poorly localized periumbilical 
pain, whereas colon pain is centered between the umbilicus and 
pubis symphysis. As inflammation expands to involve the peri
toneal surface, parietal nerve fibers from the spine allow for focal 
and intense sensation. 1hls combination of innervation is 
responsible for the classic diffuse periumbilical pain of early 
appendicitis that later shifts to become an intense focal pain in 
the right lower abdomen at McBurney's point. Lf the physician 
focuses on the character of the current pain and does not thor
oughly investigate its onset and progression, be or she will miss 
these strong historical dues (Figs. 47-5 and 47-6). Pain may also 
extend well beyond d1e diseased site. The liver shares some ofits 
innervation with tbe diaphragm and may create referred pai11 to 
the right shoulder from the C3-C5 nerve roots. Genitourinary 
pain is another source of pain that commonly has a radiating 
pattern. Symptoms are primarily in the flank region, originating 
from the splru1chnic nerves ofTll-Ll, but pain often radiates 
to me scrotum or labia via d1e hypogastric plexus of S2-S4. 

Activities that exacerbate or relieve the pain are also impor
tant. Eating will often worsen d1e pain of bowel obstrucdon, 
biliary colic, pancreatitis, diverticulitis, or bowel perforation. 
Food can provide relief from d1e pain of nonperforared peptic 
ulcer disease or gastritis. Cliniciru1s will often recognize that they 
are evaluating peritonitis while taking d1e history. Patients with 
peritoneal inflanm1ation will avoid any activity that stretches or 
jostles me abdomen. 'Tiley describe worsening of the pain with 
a.Jl}' sudden body movement ru1d realize d1at there is less paiJ1 if 
their knees are flexed. The car ride to the hospital can be agoniz.. 
ing, wim d1e patient feeling every bump along the way. 

Associated symptoms cru1 be importa.Jlt diagnostic clues. 
Nausea, vomiting, constipation, diarrhea, pruritis, melena, 
hemarochezia, and/or hen1aruria can aU be helpful symptoms if 
presenrt ru1d recognized. Vomiting may occur because of severe 
abdominal pain of any cause or as a result uf mechanical bowel 
obstruction or ileus. Vomiting is more likely to precede the onset 
of significant abdominal pain in mru1y medical conditions, 
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Cholecystitis 
Hepatitis 

Appendicitis 

Tube-ovarian 
abcessor 

ectopic 
pregnancy---lL--- --\ 

I 
\ 
I 

I \ 
Pancreatitis 

Diverticulitis 

FIGURE 47-2 Character of pain-gradual, progressive pain. 
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I 

/ 

1\ 

I \ 
1----+- Perforated 

ulcer 

I-- - +-- Ruptured 

I 
aortic 
aneurysm 

FIGURE 47--4 Character of pain-sudden, severe pain. 

I I I 
\ 
' 

I \ I I 
\ 
I \ I 

__/'--

Biliary colic 

Ureteral colic 
(kidney stones) \ 

r-;-----t- Small bowel 
obstruction 

)---- - - \-Colonic 
obstruction 

FIGURE 47-3 Character of pain-colicky. crampy, intermittent pain. 

whereas the pain of an acute surgical abdomen presents first and 
stimulates vomiting via medullary efferent fibers that are trig
gered by visceral afferent pain fibers. Constipation or obstipation 
can be a result of med1anical obstruction or decrea~ed peristalsis. 
It may represent the primary problem and require laxatives and 
prokinetic agents, or merely be a symptom of an underlying 
condition. A careful history should include whether the patient 
is continuing to pass any gas or stool from the rectum. A com
plete obstruction is more likely to be associated with subsequent 
bowel ischemia or perforation caused by the massive distention 

Perforated 
ulcer :.? 

,' \" ~ I ' I I 
I I .. 
I I 
\ I 

\ y .. _, 

Pyelonephritis, 
renal or 
ureteral colic 

FIGURE 47-5 Referred pain. Solid circles are primary or most intense 
sites of pain. 

that can occur. Diarrhea is associated with several medical causes 
of acute abdomen, including infectious enteritis, inflammatory 
bowel disea~e or parasitic contan1ination. Bloody diarrhea can 
be seen in these conditions, as well as in colonic iscben1Ja. 

The past medical history could be more helpful than any 
other single part of d1e patient's evaluation. Previous illnesses 
or diagnoses can greatly increase or decrea~e the likeliJ1ood of 
certain conditions that would otherwise not be strongly consid
ered. Patients may, for example. Jeport that the current pain is 
similar to the kidney stone passage that tl1ey experienced a 
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FIGURE 47-6 Referred pain. Solid circles are primary or most intense 
sites of pain. 

decade previously. On the other hand, a prior history of appen
decromy, pelvic inflammarory disease, or cholecystectomy can 
significantly influence d1e differential diagnosis. During the 
abdominal examination, aU scars on d1e abdomen should be 
accounted for by the medical history obtained. 

A history of medications and the gynecologic history of 
female patient are also important. Medications can both create 
acute abdominal conditions or alternatively mask their symp
toms. Although a d1orough discussion of the impact of all medi
cations is beyond the scope of this chapter, several common drug 
cla~es deserve mention. High-dose narcotic use can interfere 
wid1 bowel acriviry and lead to obstipation and obstruction. 
Narcotics can also contribute to spasm of the sphincter of Oddi 
and exacerbate biliary or pancreatic paiJ1. 1l1ey can also suppress 
pain sensation and alter mental status, which can impair me 
ability to diagnose the condition accurately. Nonsteroidal ami
inflammatory drugs (NSAIDs) are associated with an increased 
risk of upper gastrointestinal inflammation ru1d perforation; ste
roids Ca.Jl block protective gastric mucous production by chief 
cells and reduce the inAammatory reaction to infection, includ
ing advanced peritonitis. As a class, immunosuppressive agents 
increase a patient's risk of acquiring various bacterial or viral 
iJines.~es and also blunt the i"nAammatory response, dimlnishil1g 
the pain that is present and the overall physiologic response. 
Anticoagulants arc more prevalent in our emergency patients as 
the population ages. TI1ese drugs may be the cause of gastrom
testinal bleeds, retroperitoneal hemorrhages, or recrus sheath 
hematomas. 1l1ey can also complicate the preoperative prepara
tion of the patiell1t and be the cause of substantial morbidity if 
their use goes unrecognized. Finatly, recreational drugs can play 
a role in patiencs with an acute abdomen. Chronic alcoholism 
is strongly associated with coagulopathy ru1d portal hypertension 
from Bvcr impairment. Cocaine and methamphetami.nc can 
create an intense vasospastic reaction, which can create life
threatening hypertension and cardiac and intestinal ischemia. 
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Gynecologic health, specifically the menstrual history, is 
crucial in the evaluation of lower abdominal pain in a young 
woman. ll1e likelihood of ectopic pregnancy, pelvic inflanlma
tory disease, mittelschmerz, and/or severe endometriosis are aU 
heavily influenced by the detaiJs of the gynecologic history. 

Little has changed in rhe technique or goals of history 
taking since Dr. Zachary Cope first published his classic paper 
on the diagnosis of acute abdominal pain in 1921.5 An exception 
is the application of computers to history taking, which bas been 
extensively studied in Europe.~1 0 Data were coiJecred by physi
cians on detailed standardized forms during history and physical 
examinations and entered into computers progranlll1ed wid1 a 
medical database of diseases and their associated signs and symp
toms. The computer-generated diagnosis, based on mathemati
cal probabilities, wa~ a~ much as 20o/o more accurate than 
physicians who didn't usc computers to help arrive at a diagnosis. 
Statistically significant improvement was identified in regard to 
a timely laparotomy, shortened hospital stay, and reduced need 
for surgery and hospitalization. However, it should be noted that 
statisticatly significrult improvements in accuracy and efficiency 
can he realized without computer assistance if similar standard
ized forms are used for data collection. ll1is has also been 
observed in the settings of trauma and critical care. 

PHYSICAL EXAMINADON 
An organized ru1d d1ougbtful physical examillation is critical to 
the development of an accurate differential diagnosis and the 
subsequent treatment algorid1m. Despite newer technologies, 
including high-resolution computed tomography (Cn scan
ning, ultrasound, and magnetic resonance imagiJ1g (MRl), d1e 
physical exaJnlnation remains a key part of a patient's evaluation 
and must not be minimized. Skilled cw1kiaJlS wiJI be able to 
develop a narrow and accurate differential diagnosis in most of 
their patients at the conclusion of the history and physical 
exanllnation. Laboratory and imaging studies can then be used 
to confirm the suspicions further, reorder the proposed differen
tial diagnosis or. less commonly, suggest unusual possibilities not 
yet considered. 

TI1e physical examiJlation should always begi.n with a 
general inspection of the patient, to be followed by inspection 
of d1e abdomen itself. Patients wid1 peritoneal irritation will 
experience worsened pain with any activity that moves or 
stretches the peritoneum. These patients will typically lie very 
still in bed during me evaluation and often maintain Aexion of 
their lmees and hips to reduce tension on the anterior abdominal 
waU. Disease stares that cause pain wid10ut peritoneal irr.itation, 
such a~ ischemic bowel or ureteral or biJiary colic, typically cause 
patients to shift and fidget in bed continually while trying to 
find a position that lessens their discomfort {Fig. 47-7). Orner 
important clues such as pallor, cyanosis, and diaphoresis may 
also be observed during the general inspection. 

Abdonili1al inspection should address the contour of the 
abdomen, including whether it appears distended or scaphoid 
or whether a localized mass effect is observed. Special attention 
should be paid to aU scars present and, if surgical i11 nature, 
should correlate with the surgical history provided. Fascial 
hernias may be suspected ru1d can be confirmed during palpation 
of tl1e abdominal waiL Evidence of erytlJema or edema of skin 
may suggest cellulitis of the abdominal wall, whereas ecchymosis 
is sometimes observed with deeper necrotizing infections of the 
fascia or abdominal structures, such as d1e pancreas. 
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FIGURE 47-7 Common locations tor visceral pain. 

Auscultation can provide useful information about the gas
trointestinal tract and vascular system. Bowel sotmds are typi
cally evaluated for d1eir quantity and quality. A quiet abdomen 
suggests an ileus, whereas hyperactive bowel sow1ds are found 
in enteritis and early ischemic intestine. 1he pitch and pattern 
of the sounds are also considered. Mechanical bowel obstruction 
is characterized by high-pitched tinkling sounds mat tend to 

come in rushes and are associated with pain. Far away, echoing 
sounds are often present when significant luminal distention 
exists. Bruits heard widlin the abdomen reflect turbulent blood 
Aow in the vascular system. 1l1ese are most frequently encoun
tered in me setring of high-grade arterial stenoses (70% to 95% 
but can also be heard if an arteriovenous fistula is present). 1l1e 
clinician can also perform a subtle test for the location and 
degree of pain during the auscultatory examination by varying 
the position and an1oum of pressure applied with the stetho
scope. These data can then be compared with the findings during 
palpation and evaluated for consistency. Even though few 
patients wilJ try to deceive their physician intentionally. some 
may exaggerate their pain complaints so as not to be disregarded 
or taken lightly. 

Percussion is used to assess for gaseous distention of the 
bowel, free intra-abdominal air, degree of ascites, and/or pres
ence of peritoneal inRanllllation. Hyperresonance, commonly 
termed tympany to percussion, is characteristic of underlying 
gas-filled loops of bowel. In the setting of bowel obstruction 
or ileus, this tympany is heard throughout all but the right 
upper quadrant, where the liver lies beneath the abdominal 
wall. lf localized dulL1ess to percussion is identified anywhere 
other man the right upper quadrant, an abdominal mass dis
placing the bowel should be considered. When liver dullness is 
lost and resonance is unifom1 d1roughout, free intra
abdominal air should be suspected. Tilis air rises and collects 
beneath the anterior abdominal wall when the patient is in a 
supine position. Ascites is detected by looking for Aucntance 

of the abdominal cavity. A fluid wave or ripple can be gener
ated by a quick 6rm compression of the lateral abdomen. 1l1e 
resulting wave should then travel across the abdominal wall. 
Movement of adipose tissue in the obese abdomen can be mis
taken for a fluid wave. False-positive exan:tinations can be 
reduced by first pressing the ulnar surface of the examiner's 
open palm into the midline soft tissue of the abdominal wall 
to rninin:tize any rnoven1ent of the fatty tissue while generating 
the wave with the opposite hand. 

Peritonitis is also assessed by percussion. Older, traditional 
writings bavc presented a technique of deep compression of the 
abdominal wall, foUowed by abrupt release. 1lus practice is 
excruciating in the setting of perironeal inBammation and can 
create significant discomfort, even i11 its absence. More sensitive 
and reliable methods can and should be used. Fim1ly tapping 
the iliac crest, flank, or heel of an extended leg wlll jar the 
abdominal viscera and elicit characteristic pain when peritonitis 
is present. 

The final major step .in the abdonunal examination is pal
pation. Palpation typically provides more information than any 
other component of the abdominal exan:tinarion. In addition to 
revealing the severi ty and exact location of the abdominal pain, 
palpation can further confirm the presence of peritonitis and 
identifY organomegaly or an abnormal mass lesion. Palpation 
shottld always begin gently and away from the reported area of 
pain. If considerable pain is induced at me omset of palpation, 
the patient is likely to guard voluntarily and will continue to do 
so, limiting the information obtained. Involuntary guarding, or 
abdominal wall muscle spasm, is a sign of peritonitis and must 
be distinguished from voluntary guarding. To accomplish mis, 
the examiner applies consistent pressure to the abdominal wall, 
away from me point of maximal pain, while asking the patient 
to take a slow deep breath. In the setting of vohmtary guarding, 
the abdominal muscles will relax during the act of inspiration; 
if involuntary, they remain spastic and tense. 

Pain, when focal, suggests an early or well-localized 
disease process, whereas diffuse pain on palpation is present 
with extensive inRarnmarion or a late presentation. If pain is 
diffuse, careful investigation should be carried out to deter
mine where the pain is greatest. Even in the setting of cxtrenle 
contamination from perforated peptic ulcers or colonic diver
ticula, the site of maximal tenderness often indicates the 
Lmdcrlying source. 

Numerous unique physical findings have come to be 
associated with specific disease conditions and are welJ 
described as exan1ination signs (Table 47-1 ). Murphy's sign of 
acute cholecystitis results when inspiration during palpation of 
the right upper quadrant results in sudden worsening of pain 
because of descent of the liver and gallbladder toward tl1e 
examiner's hand. Several signs help localize the site of under
lying peritonitis, including obturator, psoa~, and Rovsing's 
signs. Others, such as d1e Fod1erglll and Carnett signs, 
help distinguish intra-abdominal disease from mat of tile 
abdominal wall. 

A digital rectal examination needs to be performed in all 
patients wim acute abdominal pain, d1ecking for tl1e presence 
of a mass, pelvic pain, or intraluminal blood. A pelvic exanlina
tion should be included for all women when evaluating pain 
located below the umbilicus. Gynecologic and adnexal processes 
are best characterized by a thorough speculum and bimanual 
evaluation. 
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Table 47-1 Abdominal Examination Signs 
SIGN DESCRIPTION 
Aaron Pain or pressure in epigastrium or anterior chest with persistent firm 

pressure applied to McBurney's point 

DIAGNOSIS OR CONDITION 
Acute appendicitis 

Bassler Sharp pain created by compressing appendix between abdominal wall and 
iliacus 

Olronic appendicitis 

Transient abdominal wall rebound tenderness Peritoneal inflammation Blumberg 

carnett 

Olandelier 

Charcot 

Oaybrook 

Courvoisier 

Quveihier 

Cullen 

Danforth 

Fothergill 

Loss of abdominal tenderness when abdominal wall musdes are contracted 

Extreme lower abdominal and pelvic pain with movement of cervix 

Intermittent right upper abdominal pain, jaundice, and fever 

Intra-abdominal source of abdominal pain 

Pelvic inflammatory disease 

Ololedocholithiasis 

Accentuation of breath and cardiac sounds through abdominal wall 

Palpable gallbladder in presence of jaundice 

Ruptured abdominal viscus 

Periampullary tumor 

Varicose veins at umbilicus (caput medusa) Portal hypertension 

Periumbilical bruising Hemoperitoneum 

Shoulder pain on inspiration Hemoperitoneum 

Abdominal wall mass that does not cross midline and remains palpable Rectus muscle hematomas 
when rectus contracted 

Grey Turner 

Iliopsoas 

Kehr 

Local areas of discoloration around umbilicus and flanks 

Elevation and extension of leg against resistance creates pain 

Acute hemorrhagic pancreatitis 

Apppendicitis with retrocecal abscess 

Hemoperitoneum (especially from splenic origin) Left shoulder pain when supine and pressure placed on left upper 
abdomen 

Increased pulse when painful abdomen palpated Mannkopf 

Murphy 

Obturator 

Pain caused by inspiration while applying pressure to right upper abdomen 

Rexion and external rotation of right thigh while supine creates hypogastric 
pain 

Absent if malingering 

Acute cholecystitis 

Pelvic abscess or inflammatory mass in pelvis 

Yellow discoloration of umbilical region Ransohoff 

Rovsing 

Ten Horn 

Pain at McBurney's point when compressing the left lower abdomen 

Pain caused by gende traction of right testide 

Ruptured common bile duct 

Acute appendicitis 

Acute appendicitis 

Hemoglobin level 
White blood cell count with differential 
Electrolyte, blood urea nitrogen, creatinine levels 
Urinalysis 
Urine human chorionic gonadotropin level 
Amylase, lipase levels 
Total and direct bilirubin levels 
Alkaline phosphatase level 
Serum aminotransferase 
Serum lactate levels 
Stool for ova and parasites 
C. dificile culture and toxin assay 

EVALUAnON AND DIAGNOSIS 

Laboratory Studies 
A number of laboratory srudies are considered routine in the 
evaluation of a patiem with an acute abdomen (Box 47-4). They 
help confirm that inflammation or infection is present and also 
aid in the elimination of some of the most common nonsurgical 
conditions. A complete blood count with differential is valuable 

because most patients with an acute abdomen wi.IJ have a leu
kocytosis or bandemia.. Measurement of serum electrolyte, blood 
urea ni trogen, and creatinine levels will assist in evaluating the 
effect of factors such as vomiting or third space fluid losses. In 
additio n, d1ey may suggest an endocrine or metabolk diagnosis 
as the cause of the patient's problem. Serum amylase and Jjpase 
level determinations may suggest pancreatitis as the cause of the 
abdominal pain but can also be elevated in other disorders, such 
as small bowel infarction or duodenal ulcer perforation. Normal 
serum an1ylase and lipase levels do not exclude pancreatitis as a 
possible diagnosis caused by the effects of chronic inflammation 
on enzyme production and timing factors. Liver function tests, 
including determination of total and direct bilirubin, serum 
aminotransferase, and alkaline phosphatase levels are helpful in 
evaluating porential biliary tract causes of acute abdominal pain. 
Lactate levels and arterial blood gas determinations can be 
helpful in diagnosing intestinal ischemia or infarction. Urine 
testing, such as urinalysis, is helpful in the diagnosis of bacterial 
cystitis, pyelonephritis, and certain endocrine abnormalities, 
such as diabetes or renal parenchymal disease. UriJ1C culture can 
confirm a suspected urinary tract infection and direct antibiotic 
therapy but cannot be done in time to be helpful in the evalu
ation of an acute abdomen. Urinary measu.rt:ments of human 
chorionic gonadotropin level can suggest pregnancy as a con
fow1ding factor in d1e patient's presentation or aid in decision 
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FIGURE 47-8 Appendicitis. A. cr scan of uncomplicated appendicitis. A thick-walled, distended, retrocecal appendix (arrow) is seen with 
inflammatory change in the surrounding fat B. cr scan of complicated appendicitis-a retrocecal appendiceal abscess (A) with an associated 
phlegmon posteriorly found in a 3-week postpartum, obese woman. Inflammatory change extends through the flank muscularure into the 
subcutaneous fat (arrow). 

FIGURE 47-9 Small bowel infarction associated with mesenteric venous thrombosis. A. Note the low-density thrombosed superior mesenteric 
vein (solid arrow) a nd incidental gallstones (open arrow). B. Thickening of proximal small bowel wall (arrow) coincided with several feet of 
infarcting small bowel at time of operation. 

making regarding therapy. The fetus of a pregnant patient with 
an acute abdomen is best protected by providing the be.~t care 
to the mother, including surgery, if indicatcd.11 Stool testing for 
occu1t blood can be helpful in the evaluation of these patients 
but is nonspecific. Testing stool for ova and parasite evaluation, 
a~ weU as culture and toxin assay for Clostridium dijficile, 
can be helpful if diarrhea is a component of the patient's 
presentation. 

Imaging Studies 
Improvements in imaging techniques, especially multidetector 
cr, have revolutionized diagnosis of the acute abdomen. The 
most difficult diagnostic dilemmas of the past-appendicitis in 
yow1g women and ischemic bowel in older adults-can now 
be diagnosed with greater certainty and speed (Figs. 47-8 and 
47-9). 12

•
14 TI1is has resulted in more rapid operative correction 

of the problem, with less morbidity and mortality. Despite its 
usefulness, cr is not the only imaging technique available 
and is also not d1e first step iJ1 imaging for most patients. In 
addition, no imaging technique can replace a careful history and 
physical exarnimation. 

Plai.n radiographs continue to play a role in imaging for 
patients wicl1 acute abdominal pain. Upright chest radiographs 
can detect as little as l mL of air injected imo the peritoneal 
cavity. Lateral decubiws abdominal radiographs can also detect 
pneumoperitoneum effectively in patients who cannot stand; as 
little as 5 to 10 mL of gas may be detected with this technique.15 

'TI1esc studies are particularly helpful for patients suspected of 
having a perforated duodenal ulcer, because approximately 75% 
of these patients wiJJ have a large enough pneumoperitoneum 
ro be visible {Fig. 47 -10) .16 Tl1is obviates the need for further 
evaluation in most patients, allowing for laparotomy wid:~ 
little delay. 

Plain £Jms also show abnormal calcifications. Approxi
mately 5% of appendicoliths, lOo/o of gallstones, and 90% of 
renal stones contaiJJ sufficient amounts of calcium ro be radi
opague. Pancreatic calcifications seen in many patients with 
cltronlc pancreatitis are visible on plain £lms, as are the calcifica
tions in abdominal aortic aneurysms, visceral artery aneurysm, 
ru1d atherosclerosis in visceral vessels. 

Upright and supine abdominal radiographs are helpful in 
identifying gastric outlet obstruction, and obstruction of tl1e 
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FIGURE 47-10 Upright chest radiograph depicting moderate-sized 
pneumoperitoneum consistent with perforation of abdominal viscus. 

proximal, mid, or distal small boweL They can also aid in deter
mining whether a small bowel obstruction is complete or partial 
by the presence or absence cl gas in the colon. Colonic gas can 
be differentiated from small intestinal gas by the presence of 
haustral markings caused bythe taenia coli present in the colonic 
wall. An obstructrcd colo11 appears as distended bowel wid1 haus
tral markings (Fig. 47-11). Associated distention of small bowel 
may also be present, especially if the ileocecal valve is incompe
tent. Plain films can also suggest volvulus of the cecum or 
sigmoid colon. Cecal volvulus is identified by a distended loop 
of colon in a comma shape, with the concavity facing inferiorly 
an.d to the righr. Sigmoid volvulus characteristically has the 
appearance of a bent irtner tube, with its apex in the right upper 
quadram (Fig. 47-12). 

Abdominal ultrasonography is extremely accu.rate for 
detecting gallstones and assessing gallbladder wall thickness and 
presence of Auid around the gallbladder.17 It is also helpful for 
detcrmini11g the dian1eter of the extral1epatic and intrallepatic 
bile ducts. Its usefulness in detecting common bile duct stones 
is limited. Abdominal and transvaginal ultrasonography can aid 
iJ1 the detection of abnormalities of the ovaries, adnexa, and 
uterus. Ultrasound caJ1 also detect iJ1traperitoneal fluid. The 
presence of abnormal amounts of intestinal air in most patients 
with an acute abdomen Limits the ability of ultrasonography to 
evaluate the pmcreas or other abdommal organs. There are 
important lin1its to the value of ultrasonography in the diagnosis 
of disea~es that present as an acute abdomen. Ultra~ound iJ11ages 
are more difficult for most surgeons to interpret thru1 plain 
radiographs ru1d CT scans. Many hospitals have radiologic tech
nologists available at all tlnles to perform CT but this is often 
not the case with ultrasonography. As Cf has become more 
widely available and less likely to be hu1dered by abdommal air, 
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FIGURE 47-11 Upright abdominal x-ray in a patient with an obstruct
ing sigmoid adenocarcinoma. Note the haustral markings on the 
dilated transverse colon that distinguished this from small intestine. 

FIGURE 47-12 Upright abdominal x-ray in a patient with a sigmoid 
colon volvulus. Note the characteristic appearance of a bent inner 
tube, with its apex in the right upper quadrant 

it is becoming the secondary imaging modaDty of choice in the 
patient with an acute abdome11, followu1g plain abdominal 
radiography. 

A number of studies have demonstrated the accuracy and 
usefulness of cr of the abdomen aJld pelvis in the evaluation 
of acute abdominal pain.12

'
14 Many of the most common causes 
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FIGURE 47-13 CT scan of a patient with a partial small bowel obstruc
tion. Note the presence of dilated small bowel and decompressed 
small bowel. The decompressed bowel contains air, indicating a 
partial obstruction. 

of the acute abdomen are readily identified by cr scanning, as 
are their complications. A notable example is appendicitis. Plain 
films and even barium enemas add little to the diagnosis of 
appendicitis; however, a well-performed CT using oral, rectal. 
and TV contrast is highly accurate for evaluating this disease. It 
is equally important that an experienced radiologist, accustomed 
to reading abdominal cr scans, interprets the study to maxi
mize the sensitivity and specificity of the exam. A prospective 
study from the Netherlands15 has illustrated the variability of 
CT interpretation .in the diagnosis of appendicitis. 'TI1ree blinded 
groups of radiologists read CT scans of patients suspected of 
having appendkitis. All patients then underwent exploratory 
laparoscopy and 83o/o of patients were found to have appendi
citis at surgery. Radiology group A was made up of radiology 
residents on call and trained in CT interpretation. Group B 
consisted of call staff radiologists; group C was composed of 
expert abdominal radiologists. For groups A, B, and C radiolo
gists, the sensitivities of cr scanning for the diagnosis of acute 
appendicitis were 81 o/o, 88%, and 95o/o, the spec.i6cities were 
94%, 94o/o, and IOOo/o, and the negative predictive values were 
50%, 68%, and 8l o/o, respectively. Differences between groups 
A and C were statistically significant. CT is also excellent for 
differentiating mechanical small bowel obstruction from para
lytic ileus and can usually identify the transition point in 
mechanical obstruction (Fig. 47-13). Some of the most diflicult 
diagnostic dilemmas, incl.uding acute intestinal ischemia and 
bowel injury following blunt abdominal trauma, can often be 
identified by this method. 

Traumatic small bowel injuries can be a clinical diagnosis 
challenge. Associated abdominal wall, pelvic, or spinal injuries 
can be significant distracters that could compromise an other
wise careful history and physical exarnination.ln addition, many 

patients Sllffering a blunt abdominal trauma will have altered 
mental states from coexisting closed head injuries or from intoxi
cating substance$. When a bowel iJ1jury is suspected, optimal 
CT scanning uses oral and IV contrast agents. Zissin and col
leagueF have reported an overall sensitivity of 64%, specificity 
of 9791•, and accuracy of 82o/o when diagnosing small bowel 
injury following blunt trauma using dual-contrast cr scanning. 
Diagnostic clues include recognition of bowel wall thickening, 
identification of any gas outside the lumen of the intestine, and 
a moderate to large amount of intraperitoneal fluid without 
visible solid abdominal organ injury. 

INTRA-ABDOMINAL PRESSURE MONITORING 
AJ1 elevated intra-abdominal pressure can be a symptom of an 
acute abdominal process or can be the cause of the process. 
Abnormally increased intra-abdominal pressures diminish the 
blood flow to abdominal organs and decrease venous return to 
the heart while increasing venous stasis. increased pressure in 
the a:bdomCJJ can also press upward on the diaphragm, thereby 
increasing peak inspiratory pressures and decreasing ventilatory 
efficiency. Risk of esophageal reflux and pulmonary a~piration 
has also been associated with abdominal hypertension. It is 
important to consider the possibility of abdominal hypertension 
in any patient who presents with a rigid or significantly dis
tended abdomen. 

Normal intra-abdominal pressure is considered to be 5 to 
7 mm Hg for a relaxed individual of average body build lying 
in a supine position. Obesity and elevation of the head of the 
bed can increase the normal resting abdominal pressure. Morbid 
obesity has been shown to increase normal pressures by 4 to 
8 mm Hg while elevation the head of the bed to 30 degrees 
raises the pressure by 5 mm Hg {average).18 Pressures arc most 
commonly measured via the bladder by a pressure transducer 
attached to a Foley catheter. Pressure readings arc obtained at 
end-expiration following instillation of 50 mL of saline into an 
otherwise empty bladder. Abnormally elevated pressures are 
those higher than 11 mm Hg and are graded 1 to 4 by severity 
{Table 47-2). Abdominal hypertension grades 1 and 2 can 
usually be treated adequately with medical interventions focus
ing on maintaining euvolemia, gut decompression with a nasa
gastric tube and/or laxatives and enemas, withholding enteral 
feedings, catheter aspiration of ascitic fluid, abdominal wall 
relaxation, and judicious use of hypotoni.c IV fluids. Grades 3 
and 4 often require surgical decompression via laparotomy with 
open packing of the abdomen if the severe hypertension and 
organ dysfunction do not respond promptly to aggressive 
medical intervention. 

Diagnostic Laparoscopy 
A number of studies have confirmed the usefulness of diagnostic 
laparoscopy in patients with acute abdominal pain. 19

"
21 Pur

ported advantages include a high sensitivity and specificity, the 
ability to treat a munber of the conditions causing an acute 
abdomen laparoscopically, and decreased morbidity and mortal
ity, length of stay, and overall hospital costs. It may be particu
larly helpful in the criticatly itl, intensive care patieJlt, especially 
if a laparoromy can be avoided . .!.! Diagnostic accuracy is high; 
the accurac}' ranges from 90o/o to lOOo/o, with the primary Limi
tation being recognition of retroperitoneal processes. l11is com
pares favorably with other diagnostic studies showing superiority 
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_Table 47-2 Abdominal Hypertension 
DEGREE OF MESENTERIC 
HYPERTENSION PRESSURE co CVP 
Normal pressure 5-7 mm Hg H H 

Grade I hypertension 12-15 mm Hg H H,i 

Grade 2 hypertension 16-20 mm Hg J, i" 

Grade 3 hypertension 21-25 mm Hg u i i* 

Grade 4 hypertension >25 mm Hg U.L ii• 

PIP GFR 
H H 

H,i J, 

i J, 

ii H 
ii J.H 
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PERFUSION 
H 

J, 

J, 

H 
J.H 

TREATMENT 
None 

Maintain euvolemia 

Nonsurgical decompression 

Surgical decompression 

Surgical decompression; reexplore 

CO, Cardiac output CVP, central venous pressure; GFR., glomerular filtration rate; PIP, peak inspiratory pressure. 
*Misleadingly elevated and not reflective of intravascular volume. 

to peritoneal lavage, CT scaruling, or ultrasound of the 
abdomen.13 Because of advances in equipment and increased 
availability, thls technique is being used more often in these 
patients. 

Differential Diagnosi.s 
1l1e differential diagnosis for acute abdominal pain is extensive. 
Conditions range from the m~d and self-Limited to the rapidly 
progressive and fatal. AJJ patients must d1erefore be seen and 
evaluated immediately on presentation and reassessed at fre
quent intervals for changes in condition. Although many acute 
abdomen diagnoses will require surgical intervention for resolu
tion, it is important to remember char many causes of acute 
abdominal pain are medical in nature (see Figs.47 -2 and 47 -4) .24 

Development of the differential diagnosis begins during the 
rustory and is further clarified during the physical examination. 
Rcfinen1ents are then made wid1 the assistance of laboratory 
analysis and imaging studies; typically, one or two diagnoses 
stand out. To be successful, this process requires a comprehen
sive knowledge of the medical and surgical conditions that create 
acute ahdominal pain to allow individual disease features to he 
matched to patient den10graphics, symptoms, and signs. 

Certain physical exanunation, laboratory, and radiographic 
findings are highly correlated with surgical disease (Box 47-5). 
At times, some patients will be too unstable to undergo com
prehensive evaluations that require transportat to other depart
ments, such as radiology. In this setting, peritoneal lavage can 
provide informacion iliac suggests pailiology requiring surgical 
intervention. The lavage can be performed under local anesthesia 
at the patient's bedside. A small incision is made in me midline 
adjacent co the umbilicus and dissection is carried down to the 
peritoneal cavity. A small catheter or rv tubing is inserted and 
1000 mL of saline is infused. A sample of fluid is allowed to 
siphon back out into the empty saline bag and is then analyzed 
for cellular or biochemical anomalies. This technique can provide 
sensitive evidence of hemorrhage or infection, as well as some 
types of solid or hollow organ injury. 

Patients having en1ergency or life-ducatening surgical 
disease are taken for immediate laparotomy; urgent diagnoses 
allow time for stabili7..ation, hydration, and preoperative prepara
tion, as needed. 1l1e remaining acute abdominal patients are 
grouped similarly to those with surgical conditions d1at some
times require surgery, d10se with medical diseases, and those 
who as yet rCJ1laln unclear. HospitaliJ..ed patients who do not go 
urgently co the operating room must be reassessed frequently, 
preferably by the same examiner, co recognize potentially serious 

Physical Examination and Laboratory Findings 
Abdominal compartment pressures >30 mm Hg 
Worsening distention after gastric decompression 
Involuntary guarding or rebound tenderness 
Gastrointestinal hemorrhage requiring >4 U of blood without 

stabilization 
Unexplained systemic sepsis 
Signs of hypoperfusion (e.g., acidosis, pain out of proportion to 

examination findings, increasing liver fu nction test results) 

Radiographic Findings 
Massive dilation of intestine 
Progressive dilation of stationary loop of intestine (sentinel 

loop) 
Pneu moperitoneu rn 
Extravasation of contrast from bowel lumen 
Vascular ocdusion on angiography 
Fat stranding, thickened bowel wall with systemic sepsis 

Diagnostic Peritoneal Lavage (1 ooo ml) 
>250 white blood cells/ml 
>300,000 red blood cells/ml 
Bilirubin level higher than plasma level (bile leak) 
Partioulate matter (stool) 
Creati nine level higher tha n plasma level (urine leak) 

changes in condition that could alter the diagnosis or suggest 
development of complications. 

Although the goal of every surgeon is to make the correct 
diagnosis preoperatively and plan the best possible surgical pro
cedure prior to entering the operating suite, it must be empha
sized iliat a clear diagnosis will not be able ro be determined in 
every patient. Surgeons muse always he willing to accept uncer
tainly and commit to abdominal exploration when exan1ination 
findings warrant. Laboratory and in1aging studies, althougb 
helpful, should never replace the bedside c.I.Ul.ical judgment of 
an experienced surgeon. Patients are more Likely to be seriously 
or fatally harmed by delaying surgical treatment to perform 
confirmatory tests than by misdiagnoses discovered at operation. 
Laparoscopy has proved [0 be a valuable cool when me diagnosi~ 
is unclear. The presence of surgical disease can be confirmed in 
aU but me most hostile abdominal environments and, as surgeon 
experience grows, more conditions will also be able to be treated 
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laparoscopically. Even when conversion to open technique is 
required, laparoscopic evaluation facilitates more accurate posi
tioning of the LaparotOmy incision, thereby reducing its length. 

PREPARAnON FOR EMERGENCY OPERAnON 
Paricms with an acme abdomen vary gready in their overall state 
of health when the decision to operate is made. Regardless of 
the severity of illness, aU patients require some degree of preop
erative preparation. IV access should be obtained and any fluid 
or electrolyte abnormali ties corrected. Almost all patients will 
require antibiotic .infusions. The bacteria common in acute 
abdominal emergencies are gran1-negative enteric organisms and 
anaerobes. Antibiotic infusion should be initicated once a pre
sumptive diagnosis bas been made. Patients with generali7.ed 
paralytic ileus, as manifested by absent or hypoactive bowel 
sounds, benefit from a nasogastric rube to decrease the likeli
hood of vomiting and aspiration. Foley catheter bladder drain
age to a~ss mine output, a measure of adequacy of fluid 
resuscitation, is i"ndicated for most patients. Preoperative urine 
output of 0.5 mL/kg/hr, along a with systolic blood pressure of 
at least 100 mm Hg and a heart rate of l OO beats/min or less, 
are indicative of an adequate intravascular volume. A common 
electrolyte abnormality requiring correction is hypokalemia. lf 
significant potassium repletion is necessary, a central venous line 
is required. Tl1e ability to administer potassium through a 
peripheral line is limited by the potential development of phle
bitis. Preoperative acidosis may respond to fluid repletion and 
IV bicarbonate infusion. Acidosis caused by imestinal ischemia 
or infarction may be refractory to preoperative therapy. Signifi
cant anemia is uncommon and preoperative blood transfusions 
are usually unnecessary. However, most patients should have 
their blood typed, cross-matched, and available at operation. 
There is an inherenc uncertainty in the operation that will be 
required f<>r these patients, so having cross-matched blood avail
able avoids transfusion delay if unexpected intraoperative events 
occur. The need fnr preoperative stabilization of patients must 
be weighed against the increased morbidity and mortali ty associ
ated with delay in the treatment of some of the surgical diseases 
tl1at present as an acute abdomen. 1l1e underlying nature of the 
disease process, sud1 as infarcted bowel, may require surgical 
correction before stabilization of the patient's vital signs and 
restoration of acid-base balance can occur. Deciding when the 
maximum benefit of preoperative therapy in these patiems has 
been adueved requires good surgical judgment. 

ATYPICAL PAnENTS 

Pregnancy 
Acute abdominal pain presenting in the pregnant patient creates 
several unique diagnostic and therapeutic challenges. Special 
emphasis must be placed on the possibility of gynecologic and 
surgical diseases when acute abdominal pain develops during 
pregnancy because of their frequency and morbidity if left unrec
ognized. Laparoscopy has had a major impact on the diagnosis 
and treatment of the gravid female with acute abdominal pain 
and is now routinely used for many clinical situations. Short
term follow-up has suggested equal or superior safety with the 
laparoscopic approach, but large series of long-term safety data 
arc not availablc?5·'.8 The greatest threat facing the pregnant 
patient with acute abdominal pain is the potential for delayed 
diagnosis. Delays in receiving surgical treatment have proven far 
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FIGURE 47-14 Location of maternal normal appendix during fetal 
gestation. 

more morbid than the surgery itself. 11 ..:? Delays occur for severa\ 
reasons. Often, symptoms are attributed ro the underlying 
pregnancy, including abdominal pains, nausea, vomiting, and 
anorexia. Pregnancy can also alter the presentation of some 
disease processes and make the physical examination more chal
lenging because of the enlarged uterus in the pelvis. 1he appen
dix rises out of the pelvis to within a few centimeters of the right 
anterolateral costal margin late in the third trimester (Fig. 
47-14).30 Results of laboratory studies, such as white cell counts 
and other tests, are also altered in pregnancy, making recognition 
of disease more difficult. In addition, physicians may hesitate to 

perform typical imaging studies such as plain abdominal radio
graphy or CT because of concern over radiation exposure to the 
developing fetus. 1he lack of radiologic information can take 
physicians out of their diagnostic routine and cause them to 
place extra empha~is on other modalities, such as monitoring 
vital signs and laboratory studies, which can confuse or tmderes
timate the existing condition. Finally, physicians tend to be more 
conservative when treating pregnant patients. Surgery. especially 
in the pelvis, is associated witl1 increased risks of spontaneous 
abortions in the first trimester and progressively i 11erea~ing risk 
of preterm labor in the second and third trimesters. The overall 
risk attributed to surgery and anesthesia is estimated at 4o/o to 
6o/o, but some have reported an iJ1cidence as high as 38%.'.8.31.37. 
Perioperative risk is minimi7.ed by maintaining physiolog.ic 0 2 
and C02 levels during surgery, avoiding episodes of hypoten
sion, and nlininlally manipulating the uterus. 

Appendicitis is the most common nonobstetric disease 
requi_ring surgery, occurring iJ1 1 in l500 pregnancies.??.3.l Its 
symptoms typically consist of right lateral abdominal pain, 
nausea, and anorexia, but so-called typical presentations account 
for only 50% to 60o/o of cases.34 Fever is uncommon unless the 
appendix is perforated with abdominal sepsis. Symptoms can 
sometimes attributed to the underlying pregnancy and a high 
index of suspicion must be maintained. Laboratory studies can 
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Table 47-3 Modified Alvarado Scoring System for 
Appendicitis 

-------------------
FEATURE 

Symptoms 

Right iliac fossa pain 

Nausea, vomiting 

Anorexia 

Signs 

Right iliac fossa teillderness 

Fever 

Rebound tenderness 

Tests 

WBC ~IO,OOO 

Left shift of neutrophils 

SCORE 

2 

2 

Score ~7 Surgery recommended 
From Brown MA. Birchard KR. Semelka RC: Magnetic resonance evaluation of 
pregnant patients with acute abdominal pain. Semin Ultrasound CT MR 26:206-
211,2005. 

also be misleadi11g. Leukocytosis as high as J6,UUO cells/mm3 is 
common in pregnancy, and .labor can increase the count to 
21,000/mmJ. Many authors have suggested that a neutrophil 
shift more d1an 80% is suspicious for an acure inflammarory 
process, such as appendicitis; however, others have observed that 
only 75% of patients with proven appendicitis have a shift and 
as many as 50o/o of patients with a shift and pai11 are found to 
have a normal appendix: 1 ~8•35 Scoring systems have been advo
cated chat assign numeric scores to certain symptoms, signs, and 
laboratory values to predict the likelihood of appendicitis. 

Although systems such as the modified Alvarado scoring 
system (Table 47-3) help predict the JJeed for surgical interven
tion. they have not been validated in a model of pregnancy.34 

Ultrasound has been relied on as the first in1aging tool in many 
centers. Graded compression ultrasound has been shown to have 
a sensitivity of86o/o in the nonpregnant patientY ln a case series 
of 42 pregnant women with suspected appendicitis, graded com
pression ultrasound was found to be 1 OOo/o sensitive, 96o/o spe
cific, and 98% accurate.36 1hree women were excluded from d1e 
analysis because of a technically inadequate exanlination because 
of advanced gestational age (>35 weeks). Helical CT scanning 
has been established as a valuable tool for evaluation of the 
nonpregnant patient and shows promise as a second-line study 
in pregnancy. Compared wiili traditional CT scans, helical CT 
can provide a much faster stud}r, with radiation exposures to the 
fetus of approximately 300 mrad.2:· MRI is also beginning to 
play a role; it not only can demonstrate the normal appendix 
but it can also recognize an enlarged appendix, periappendiceal 
fluid, and inflanm1ationY Large prospective series documenting 
the success of MRI diagnosis of appendicitis are lacking; however, 
one study has documented successful evaluation of 10 of 12 
pregnant women while avoiding radiation exposure.38 

1l1e added difficulties in evaluating the pregnant patient 
with righr lower quadrant abdominal pain have resulted in a 
significantly higher negative appendectomy rate as compared 
with their nonpregnant peers. False-positive diagnoses leading 
to negative appendectomies occur in L5o/o to 35o/o of pregnant 
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women presenting with lower abdominal pain.28 Although this 
diagnostic error rate would be unacceptable in a typical young 
healthy woman, it is widely accepted because of the fetal mortal
ity suffered when appendicitis progresses to perforation prior to 
surgery. Perioperative fetal loss associated with appendectomy 
for early appendicitis is 3% ro 5%, whereas it increases ro more 
than 20% in the setting of perforation.39 

T11e second and third most common surgical diseases seen 
in pregnancy are biliary tract disorders and bowel obstructions. 
Surgery for biliary disease occurs in 1 to 6 in lO,UOO pregnan
cies.~0 Symptoms of pai11, nausea, and anorexia are the same as 
those in nonpregnant patients. Even d1ough elevated estrogen 
levels should be more llthogenic, the incidence of disease is 
sin1ilar that for nongravid womenY Witb few exceptions, the 
evaluation and treatment during pregnancy are similar to that 
for aU patients with biliary disease. Ultrasound is the diagnostic 
test of choice. The alkaline phosphatase level is elevated second
ary to an elevated estrogen level and normal values must be 
adjusted. Nuclear scans of the biliary tract pose mi.nimal risk to 
the fetus but a Foley cadleter should be placed so that isotope 
cleared by the kidneys does not collect adjacent to the uterus. 

Most surgeons try to treat simple biliary colic with conser
vative management in the first and third trimesters and plan 
elective laparoscopic cholecystectomy for the second trimester or 
the postpartunl period to minintize fetal risk. Gallstone pancre
atitis and acute cholecystitis shotJd be managed more carefully. 
Gallstone pancreatitis has been associared wid1 fetal loss as high 
as 60%.41 If a woman does not respond quickly to conservative 
treatment with hydration, bowel rest, analgesia, and judicious 
use of :antibiotics, surgical treatment should be performed. 

Bowel obstructions are much less common, occurring .in 
approximately 1 to 2 i11 4000 dcllveries; the underlying cause is 
adhesions in cwo dllrds of cases. YolvtJus is ilie second most 
common cause, occurring in 25o/o of cases compared with only 
4o/o of the nonpregnant population.28 Signs and symptoms arc 
typical but must not be attributed to morning sickness. Colicky 
abdominal pain with rapid abdomi11al distention should suggest 
the diagnosis to the clinician. Three periods during gestation are 
associated with an increa~d risk of obstruction and correlate 
with rapid changes in uterine size. T11e fuse is from 16 to 20 
weeks, when the uterus grows beyond the pelvis. The second is 
from 32 to 36 weeks, when the fetal head descends, and the 
third is in me early postpartum period. The evaluation should 
be the san1e as for any patient and there should be no hesitation 
to obtain abdominal x-rays if the situation warrants. As with 
other acute inflammatory processes in me abdomen, maternal 
and fetal morbidity are most affected by delayed definitive 
treatment. 

Critically Ill Patients 
T11e critically ill patient with a potential acute abdomen is a 
difficult chaUenge for intensivists and surgeons. Many of the 
underlying diseases and treatments encountered in the intensive 
care unit (ICU) can predispose to acute abdominal disease. At 
the same time, unrecognized abdominal iUness can be respon
sible for patients lingering in a critical state. Critically iJl patients 
are often unable to appreciate symptoms to the san1e degree a~ 
their healthy peers because of nutritional or immune compro
mise, narcotic analgesia, or antibiotic use. Many of d1ese patients 
have an altered mental status or are intubated and cannot 
provide detailed information to their providers. 
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Cardlopulmonary bypass (CPB) has been associated with 
several acute abdominal illm.'SSes. Mesenteric ischemia, paralytic 
ileus, Og~vie's syndrome, stress peptic ulceration, acute acalcu
lous cholecystitis, and acute pancreatitis have all bee11 linked to 
the low-Bow state of CPB; their incidence appears to be linked 
to the duration of the cardiac procedure. -L! .

43 Vasoactive medica
tions and ventilator support have also been linked to hypoper
fusion and similar abdonlinal processes. When an acute 
abdornmal complication occurs in an ICU patient, it bas a 
dramatic effect on outcome. Gajic and associates44 have studied 
77 patients who experienced abdonlinal catastrophe willie 
recovering in the medlcal ICU (MICU). Acute abdornmal 
dlagnoses included peptic ulcer, ischemic bowel, cholecystitis, 
bowel obstruction, and bowel inflammation. 'TI1e APACHE III 
score on admission predicted an overall mortality of 3 1 o/o in 
this group, yet they experienced an actual mortality of 63%. 
The development of a secondary acute abdonlinal illness 
doubled their observed mortality. Despite many of these 
patients having factors that could delay diagnosis, including 
antibiotics, analgesics, altered mental states, and intubations, 
R4o/o were still recognized as having abdominal pain, 95% as 
having abdominal tenderness, 73% as having abdominal dis
tention, and 33% as having free intra-abdominal air. Inten
sivists should maintain a high index of suspicion for the 
development of intra-abdominal dlseao;e and consult with sur
geons early to maximize recovery potential. Surgeons must then 
work to exclude the possibility of abdomiJlal disease using all 
the methods described in tlus chapter, as well as bedside ultra
sound, paracentesis, or miniJaparoscopy so tl1at early surgical 
intervention caJl be undertaken appropriately. 

lmmunocompromised Patients 
lmmw10compromised patients have variable presentations with 
acute abdomiJ1al diseases. The variability is highly correlated to 
the degree of immunosuppression. There is no reliable test for 
determining the degree of immunosuppression experienced by 
a given patient so estimates are made by associations with certain 
dlsease states or medlcations. Mild to moderate compromise is 
experienced by older patients, malnourished individuals, diabet
ics, transplant recipients on routine maintenance therapy, cancer 
patients, renal failure patients, and HIV patients with CD4 
counts higher than 200/mm3• AJtl1ough patients in this group 
have the same types of illnesses and infections as those who are 
immunocompetent, they still can present in an atypical fashion. 
Abdominal pain and systemic signs and symptoms are often 
Linked to the development of inflammation. These patients may 
not be able to mount a full inflammatory response and tllerefore 
may experience less abdominal pain and have delayed develop
ment of fever and a blumed leukocytosis. Severely compromised 
patients would typically include transplam recipients havu1g 
received immtmosuppressanc therapy for rejection in the past 2 
months, cancer patients on chemotherapy, especially those with 
neutropenia. and HIV patients with CD4 counts lower than 
200/mm3• These patients present very late in ilieir course, often 
with little or no pain, no fever, and vague constitutional symp
toms, followed by an overwhelming systemic collapse. 

Pseudome mbranous colitis ha~ traditionally been associ
ated with recenr broad-spectrum antibiotic use, altl1ough it is 
increasingly seen in immunocompromised g atients with diseases 
such as lymphoma, leukemia, and AIDS. 5 C linical manifesta
tions commonly include dlarrbea, dehydration, abdominal paiJ1, 

fever, and leukocytosis; however, inJmunocompromised patiems 
may fail to exhibit many of these findings because of their 
inabiJity to mount a normal inflammatory response. Imaging 
studles such as abdominal CT become increasing.ly im portant 
in making early accurate diagnoses when presentations are atypi
cal. CharaC£erist ic findings on CT scans that suggest pseudo
membranous colitis include bowel wall thickening (mean 
tluckness, 11 to 15 mm),46 pancolonic dlstribution, and perico
lonic standlJ1g. Other frequent £ndl.ngs include ascites, general
i7~d mucosal enhancement, diffuse bowel dilation, and a 
double-halo sign, in which IV contrast enhances the mucosa and 
muscularis propria while edema in the submucosa creates an area 
of low attenuation in between (Table 47-4). These 6.ndl.ngs, 
when present, can greatly assist the clinician with fomting the 
diagnosis of coli tis. Tt is important to remen1ber, however, that 
up to 14o/o of patients with proven pseudomembranous colitis 
will have bad normal CT exanlinations and therefore the dl,
nosis should not be ruled out ba<ied solely <m a negative scan. 7 

ln addition, the.'ie patients may suffer from atypical infections, 
u1cludlJ1g peritoneal tuberculosis, fungal uuections, iJ1cludiJ1g 
aspergillus and endemic mycoses, or viral infections, includlJ1g 
cytomegalovirus and Epstein-Barr virus (Box 47-6). When an 

Table 47-4 Frequency of Common CT Findings in Pseudo
Membranous Colitis 
CT FINDINGS FREQUENCY (OM) 
Bowel all thickening (>4 mm) 86 

Pancolic distribution 46 

Pericolic stranding 45 

Ascites 38 

Nodular/polypoid wall thickening 38 

Mucosal enhancement 18 

Bowel dilation 14 

Accordion sign 14 

From Tsiotos GG, Mullany CJ, Zietlow S, et al: Abdominal complications following 
cardiac surgery. Am J Surg 167:553- 557, 1994. 

BOX 47-6 Causes of Acute Abdominal Pain in 
lmmunocompromised Patient 

Opportunistic Infections 
Endemic mycoses (e.g., coccidiomycosis, blastomycosis, 

histoplasmosis) 
Tuberculin peritonitis 
Aspi rgillosis 
Neutropenic colitis (typhlitis) 
Pseudomembranous colitis 
Cytomegalovirus colitis, gastritis, esophagitis, nephritis 
Epstein-Barr virus 
Hepatic abscess (fungal, pyogenic) 

Iatrogenic Conditions 
Graft-versus-host disease with hepatitis or enteritis 
Peptic ulcer or perforation from steroid usage 
Pancreatitis caused by steroids or azathioprine 
Hepatic veno-ocdusive disease (secondary to primary immuno

deficiency or chemotherapy) 
Nephrolithiasis caused by indinavi r treatment of HIV 

http://www.myuptodate.com


abdominal infection does occur, it is less Likdy ro be walled off 
as a localized infection because of the lack of inflammatory reac
tion. All severely immunocompromised patients require prompt 
and thorough evaluation for any persistent abdominal com
plaints. All patients requiring hospitalization should receive a 
surgical consult ro aid in timely diagnosis and rreatmenr. High
resolution CT can be of great benefit in these patients, but a low 
threshold for laparoscopy or laparotomy shoul.d be maintained 
for those with equivocal diagnostic test results and persistent 
symptoms that remain unexplained. 

Morbidly Obese Patients 
Morbid obesity creat~ numerous challenges ro the accurare 
diagnosis of acute abdominal processes. Many authors have 
described alterations in the signs and symptoms of peritonitis 
in the morbidly obese. Findings of oven peritonitis are often 
late and usually ominous, leading to sepsis, organ failure, and 
death.48Abdominal sepsis is a more subtle diagnosis in this popu
lation and may only be associated with symptoms such as 
malaise, shoulder pain, hiccups, and shortness of breath.49 

Examination findings can also be difficu1t to interpret. Severe 
abdominal pain is not common and less specific findings such 
as tachycardia., tachypnea, pleural effusion, and fever may 
be the primary obscrvation.50 Appreciation of distention or 
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intra-abdominal mass is also difficult because of d1e size and 
thickness of the abdominal wall. 

AbdomiJJal imaging is also adversely affected by obesity. 
Plain abdominal radiography can requlre mu1tiple images to 
view the entire abdomen, and clarity is reduced. CT and MRJ 
may be impossible ro pcrfom1 as a patient's girth or weight 
exceeds the size of the scanning aperture or weigbt limit of 
the mechanized bed. Ln these scnings, a high index of suspi
cion and low threshold for surgical exploration must be main
tained. Laparoscopy is a valuable tool in these patients. 
Specially designed trod1ars and band-assist ports for the 
morbidly obese abdominal wall are now readily available 
and greatly facilitate minimally invasive explorarion of the 
abdomen. 

ALGORITHMS IN THE ACUTE ABDOMEN 
Algorithms can aid in me diagnosis of me patient with an acute 
abdomen. As noted, computer-assisted diagnosis has been shown 
to be more accurate thaJ1 clinical judgment alone in a number 
of acute abdominal disease states. Algorithms arc the basis for 
computer diagnosis aJld can be useful when making clinical 
decisions. The algorithms shown are helpful in acute abdomen 
patients a11d can allow for a focused workup aJld expeditious 
therapy (Figs. 47-15 to 47-20). 

History and physical 

Acute onset 

• No peritoneal signs Peritoneal signs 

l 
Acidosis, ilactate Abdominal x-ray 

' 
I J 

CT Pneumoperitoneum No pneumoperitoneum 

J l l 
Arterial NL Mesenteric 

ischemia Consider angio venous 
thrombosis 

I 1 
OR Water-soluble contrast swallow 

or 

' J 1 
OR Angio Anticoagulation Leak, Contained No leak 

not contained leak 

1 i n 
OR OR NG+ CT 

antibiotics 

FIGURE 47- 15 Algorithm for the treabnent of acute-onset, severe, generalized abdominal pain. NG, Nasogastric tube; NL, normal study; 
OR, operation. 
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I 
' Pancreatitis 

1 

History and physical 

l 
Gradual onset 

Amylase, lipase, LFTs 
I 

l 
Fever, abnormal 
LFTs, cholangitis 

l 
Ev:aluate severity Antibiotics, ? ERCP 

• l l 
Mild Moderate Se Shock, 

r re - respiratory failure 

' ' Supportive Consider CT Noshock l 
treatment 

' NL 

' us 

• ~ 

J 
CT 

History and pnysical 

l 
LFTs, amylase, lipase 

I 

Consider 
peritoneal lavage 

l 
i LFTs, NL amylase, lipase 

f 
us 

J • 

FIGURE 47- 16 Algorithm for the treatment of gradual-onset, severe, 
generalized abdominal pain. ERCP, Endoscopic retrograde cholangiopan
creatography; LFrs, liver function tests. 

Gallstones NL Dilated bile ducts NL bile ducts 

' ' laparoscopy CT 

J 
Directed therapy 

' ! 
CTvs. ERCP CT 

l ' Directed therapy Directed therapy 

History and physical 

l 
CT 

l 
CT -<lirected therapy 

FIGURE 47-18 Algorithm for the treatment of left upper quadrant 
abdominal pain. 

FIGURE 47-17 Algorithm for the treatment of right upper quadrant 
abdominal pain. ERCP, Endoscopic retrograde cholangiopan
creatography; LFrs, liver function tests; NL, normal study; US, 
ultrasound. 

SUMMARY 
Evaluation and management of the patient with acute abdomi
nal pai11 remains a challenging part of a surgeon's practice. 
Although advances in. imaging techniques, usc of algorithms, 
and computer assistance have improved the diagnostic accuracy 
for the conditions causing the acute abdomen, a careful h.istory 
and physical examination remain the most m1portant part of the 
evaluation. Even witb these tools available, the surgeon must 
often make the decision to perform a laparoscopy or laparotomy 
with a good deal of uncertainty about the expected findings. 
lncrcased morbidity and mortaHty associated with a delay iJl the 
tream1ent of many of the surgical causes of the acute abdomen 
argue for an aggressive and expeditious surgical approach. 
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History and physical ] 

I 

' Female 

Gynecologic hx, ? UTI, ? appendicitis 

j 
CT • 

1 

Appendicitis No appendicitis 

Laparoscopy/laparotomy CT -directed therapy 

t 
Presentation 

consistent with 
appendicitis 

l 
OR 

I 
Laparotomy 

vs. laparoscopy 

Male 

Equivocal presentation 

I 
CT 

1 
CT -directed therapy 

FIGURE 47-19 Algorithm for the treatment of right lower quadrant abdominal pain. hx, History; OR, operation; un, urinary tract infection. 

History and physical 

' Peritonitis 

J 
CT 

Contained abscess 

Antibiotics + 
percutaneous drainage 

Elective resection 

Perforation 

1 
Laparotomy 

No peritonitis 

I 
Diverticulitis Equivocal 

! l 
Antibiotics CT 

I 

t 
CT -directed therapy 

FIGURE 47-20 Algorithm for the treatment of left lower quadrant abdominal pain. 
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CHAPTER 48 

ACUTE GASTROINTESTINAL 
HEMORRHAGE 
Au TAvAKKOLIZADEH AND SUNLEY W. ASHLEY 

APPROACH TO THE PATIENT 

ACUTE UPPER GASTROINTESTINAL HEMORRHAGE 

ACUTE LOWER GASTROINTESTINAL HEMORRHAGE 

OBSCURE CAUSES OF ACUTE GASTROINTESTINAL HEMORRHAGE 

Acute gastroiJ1testinal (GI) hemorrhage is a common clinical 
problem with diverse manifestations. 1his bleeding may range 
from trivial to massive and can originate from almost any region 
of the GI tract, including the pru1creas, Uver, and biliary tree. 
Although no demographic group is spared, the rumual incidence 
of approximately 170 cases/100,000 adults increases steadily 
with advancing age, and is slightly more common in men than 
women. ' Furthermore, GI hemorrhage accounts for 1 o/o to 2% 
of acute admissions, resultin~ in over 300,000 annual hospital
izations iJ1 the United States. It is also a common complication 
in patients hospitalized for other illnesses, especially surgical 
patients. Althol!.lgh the total economic burden of GJ hemorrhage 
ha~ not been formally assessed, annual estiJnates have suggested 
that diverticular bleeding alone costs the health care system b1 
excess of 1.3 billion dollars.3 

Management of these patients is frequently multidisci
plinary, involving emergency medicine, gastroenterology, inten
sive care, surgery, and iJ1terve11tional radiology. The importaJlce 
of early surgical consultation in tl1e care of these patients cannot 
be overempha5ized.4 In addition to aiding in the resuscitation of 
the unstable patient, in some settiJ1gs the surgical endoscopist 
establishes the diagnosis and mitiates therapy. Even when the 
gastroenterologist assumes this role, early collaboration with ilie 
surgeon permits the establishment of goals and limits for initial 
non operative therapy. Ultimately, 5% to 1 Oo/o of patients hos
pitalized for bleeding require an operation intervention. Prompt 
surgical consultation permits more tin1e for preoperative prepa
ration and evaluation, as well as patient a11d family education, 
if urgent surgical mtervemion become necessary. ' 

Most patients wi th an acute GI hemorrhage stop bleeding 
spontaneously. 111is allows time for a more elective evaluation. 
However, in almost 15% of cases, major bleeding persists, 
requi ring emergent resuscitation, evaluation, and treatment.5 

Improvements in the management of such patients, primarily 
by means of early endoscopy ru1d directed therapy, have signifi
cantly reduced the length of hospitalization. Despite tllis, mor
tality remains more than 5% and is significantly rugher in those 
i1litially hospitalized for otl1er reasons. This discrepancy between 
therapeutic advances and outcomes is probably related to the 
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aging of the population, with aJl increase iJ1 comorbidity. Today. 
tl1e patient requiru1g operative intervention is both older and 
sicker than in the past. 

Hemorrhage can originate from any region of the GI tract 
ru1d is typically classified based on its location relative to the 
ligament ofTreitz. Upper GI hemorrhage &om proximal to tl1e 
ligan1ent ofTreitz accounts for more than 80% of ca5es of acute 
bleeding. ' Peptic ulcer disease and variceal hemorrhage are the 
most common causes. Most lower GI bleeding is from the colon, 
with diverticula and angiodysplasias accounting for most cases. 
In less tl1an 5% of patients, the small mtestine iJ1 responsible. 1 

Obscure bleeding is defined as hemorrhage that persists or recurs 
after negative endoscopy. Occult bleeding is not apparent to 
patients until they presem with symptoms related to the anenlia. 
Deternlination of the si te of bleeding is important for directing 
diagnostic interventions with mininlal delay. However, attempts 
to locali7..c the source should never precede appropriate resuscita
tive measures. 

APPROACH TO THE PAnENT 
In patients with GI bleeding, several fundaJUental prmciples of 
initial evaluation and management must be foUowed. A well
defined and logical approach to the patient with Gl hemorrhage 
is outlined in Figure 48-1. O n presentation, a rapid initial assess
ment permits determination of the urgency of the situation. 
Resusdtation is mitiated with stabilization of the patient's hemo
dynamic status ru1d tbe establishment of a means for monitoring 
ongoing blood loss. A careful history and physical exanlination 
should provide clues to the cause a11d source of the bleediJ1g and 
identifY aJlY complicatmg conditions or medications. Specific 
investigation should proceed to refine the diagnosis. 1l1erapeutic 
measures are then i11itiated, bleeding is controlled, and recurrent 
hemorrhage is prevented. 

Initial Assessment 
Adequacy of the patient's airway ru1d breatlling take fust priority: 
Once these are ensured. the patient's hemodynamic status 
becomes the dominant concern and forms the basis for furtl1er 
mru1agement. The presentation of GI bleediJ1g is variable, 
ranging from bemoccult-positive stool on rectal exaJTii.nation to 
exsanguinating hemorrhage. lJlitial evaluation should focus on 
rapid assessment of the magnitude of the preexistiJ1g deficits and 
of ongoing hemorrhage. Continuous reassessment of the patient's 
circuJatory status determines the aggressiveness of subsequent 
evaluation and intervention. The history of the bleeding, its 
magnitude ru1d frequency, should also provide some guidru1ce. 
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Initial assessment and resuscitation 
Assess airway, breathing, and circulation (ABCs) 

Assess magnitude of bleeding 
Initiate appropriate monitoring 

Laboratory evaluation 

l 
History and exam 
Identify risk factors 
Previous surgery 

Medications 

Localize bleeding 
Nasogastric tube aspirate 

Endoscopy 
Other studies as needed 

Initiate therapy 
Pharmacologic 

Endoscopic 
Angiographic 

Surgical 

FIGURE 48-1 General approach to the patient with acute Gl 

hemorrhage. 

The severity of the hemorrhage can be generally deter
mined based on simple clinical parameters. Obtundation, agita
tion, and hypotension (systolic blood pressure <90 mm Hg in 
the supine position), associated with cool clammy extremities, 
are consistent with hemorrhagic shock and suggest a Joss of more 
than 40% of the patients' blood volume. A resting heart rate 
over 100 bears/min, with a decreased pulse pressure, implies a 
20o/o w 40o/o volume loss. In patiems without shock, postural 
changes should be elicited by allowing the patient to sit up with 
his or her legs dangling for 5 minutes. A fall in blood pressure 
of more than 10 mm Hg or an elevation of rhe pulse of more 
than 20 beats/min again reflects at least a 20o/o blood loss. 
Patient:.~ with lesser degrees of bleeding may have no deteccablc 
alterations. 

The hematocrit is nor a useful parameter for assessing rhe 
degree of hemorrhage in the acute setting because the propor
tion of red blood cells and pla~ma initially lost is constant. 1l1e 
hematocrit level does nor fall until plasma is redistributed into 
the intrava~cular space and resuscitation with crystalloid solu
tion is begun. Similarly, d1e absence of tachycardia may be 
misleading; some patients with severe blood loss may actually 
have bradycardia secondary to vagal slowing of the heart. Hemo
dynamic signs are less reliable in older patients and patients 
raking beta blod<ers. 

Risk StratifiCation 
Not all padents with GI bleeding require hospital admission or 
emergent evaluation. For example, the patient with a small 
amount of rectal bleeding that has ceased can generally be evalu
ated on an outpatient basis. Clearly, in many patients, the deci
sion making is less straightforward. Others require admission 

~BOXi 48-1 Risk Factors for Morbi~city and Mortality in 
Acute': Gastrointestinal' Hemorrhage -.. ..... ~,- ---r:--.-~...-..~-- ~· ..... -- ... - -· .. -
Age >60 yr 
Comorbid disease 

Renal failure 
Uver disease 
Respiratory insufficiency 
Cardiac disease 

Magnitude of the hemorrhage 
Systolic blood pressure <100 mm Hg on presentation 
Transfusion require ment 

Persistent or recurrent hemorrhage 
Onset of hemorrhage during hospitalization 
Need for surgery 

and observation bur may be further evaluated with endoscopy 
on a more selectir;e basis. Several prognostic factors have been 
associated with adverse outcomes including the need for emer
gent operarinn and death (Box 48-1).6 These factors should be 
considered during the initial a~sessment and resuscitation of 
patient with GI hemorrhage. For example, patients older than 
60 years have higher mortality rates than their yotmger counter
parts and should be evaluated more caLJtiously. This increased 
morbidity may be a reflection of concomitant disease. 1l1e dde
teriotL~ effects of cardiac, renal, pulmonary, and hepatic comor
bidity should all be considered when evaluating patienr with GJ 
bleeding. For exan1ple, one srudy has estimated that bleeding 
patients with significant renal disease have a mortality of almost 
30o/o, which this increases to 65% iJl d1e presence of acute renal 
fai lure.: Other factors, including the magnitude of the initial 
bemonbage, persistence or recurrence of the bleeding, and onset 
of bleeding during hospitalil'~tion for another illness also con
tributes to increased morbidity and mortality. 

Considerable effort has been devoted to rhe development 
of risk-scoring tools to facilitate patient triage. These scoring 
systems have been used to predict the risk of rebleeding and 
mortallty, evaluate the need for intensive care unit admission 
(ICV), and determine the need for urgent endoscopy. Some 
scoring systems are nonspecific to GI bleeding (e.g., APACHE 
11 scores) but can provide general information about the patient's 
condition and risk of adverse outcomes. There have also been 
attempts to develop disease specific scoring systems, such as the 
BLEED classification, that uses five criteria8

: ongoing bleeding, 
systolic blood pressure less than 100 mm Hg, prothrombin time 
more rhan 1.2 times control, altered mental status, and unstable 
comorbid disease process that would require ICU admission. lf 
any one of these criteria is present, the model predicts an approx
imately threefold increase in tbe risk of recurrent hemorrhage, 
need fo r surgical intervention, or death. Other systems take into 
account endoscopic findings that can improve on their predic
tive accuracy. Such scoring systems have been almost exclusively 
used in research studies, however, and unti l these have been 
prospectively validated for everyday clinical practice, they should 
only be applied in the context of clinical judgment. 

Resuscitation 
1l1e more severe the bleeding, the more aggressive the resuscita
tion. The single leading cause of morbidity and mortality .in 
these patients is multiorgan failure related to inadequate 
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inltial or subsequent resuscitation. Lntubation and ventUation 
should be initiated early if there is any question of 
respiratory compromise. In patients with evidence of hemody
namic instability or those in whom ongoing bleeding is sus
pected, two large-bore IV lines should be placed, preferably in 
rhe amecubital fossae. Unstable patients should receive a 2-liter 
bolus of crystal loid solution, usually lactated RiJ1ger's, which 
most closely approximates the electrolyte composition of whole 
blood. The response to the fluid resuscitation should be noted. 
Blood should immediately be sent for type and crossmatch, 
hematocrit, pla telet count, coagulation p rofile, routine chemis
tries, and liver function tests. A Foley catheter should also be 
inserted for assessment of end-organ perfusion. In older patients 
ru1d patients with signi6caJ1t cardiac, pulmonary, or renal disease, 
p lacement of a central venous or pulmonary artery catheter 
should be considered for closer monitoring. 1he oxygen-carrying 
capacity of the blood can be maxinuzed by adnllilisteriJ1g sup
plemental oxygen. Frequently, these patients benefit from early 
admission to amd management in the ICU. 

The decision to transfuse blood depends on tbe response 
to the fluid cl1al1enge, age of the patient, whether concomitant 
cardiopulmonary disease is present, and whether the bleeding 
continues. The i11itial effects of crystalloid iJ1fusion and the 
patient's ongoing hemodynamic parameters should be the 
primary criteria. Once again, this process requires an element of 
cliJllcal judgment. For example, a yOtmg healthy patient with 
estimated blood loss of25% who responds to the Auid challenge 
with a normalization of hemodynamics may not need aJl}' blood 
products, whereas an older patiem with a significant cardiac 
history ru1d the san1e blood loss probably requires a transfusion. 
Although the hematocrit may take 12 to 24 hours to equilibrate 
fully, it is commonly used as one index of tl1e need for blood 
replacement. In general, me hematocrit should be maintained 
above 30% in older adults and above 20% in young, otherwise 
healthy patients. SiJniJarly, the propensity of tbe suspected lesion 
to continue bleeding or rebleed must play a role iJl this decision. 
For exrunple, esophageal varices are likely to continue to bleed 
and trru1sfusion might be considered earlier thru1 if a Mallory
Weiss tear, which has a low rebleeding rate, is considered to be 
tbe culprit. In general, packed red blood cells are the preferred 
form of trru1sfusion although whole blood, preferably warmed, 
may be used in scenarios of massive blood loss. Defects in 
coagulation ru1d platelets should be replaced as they are detected 
and patients who require more thaJ1 10 U of blood should 
receive fresh-frozen plasma. platelets, and calcium empirically. 

History and Physical Examination 
Once the severity of the bleeding is assessed and resuscitation 
initiated, attention is directed to the history ru1d physical exami
nation. The history helps make a preliminary assessment of the 
site and cause of bleeding ru1d of significant medical conditions 
that could determine or alter the course of management. 

Obviously, the characteristics of the bleeding provide 
important clues. The time of onset, volume, ru1d frequency are 
important in estinlating blood loss. Hematemesis, melena, and 
hematochezia are the most comn1on manifestations of acute 
hemorrhage. H ematemesis is the vomiting of blood and is 
usually caused by bleeding from the upper GI tract although, 
rarely, bleeding from the nose or pharynx can be responsible. It 
may be bright red or older ru1d therefore take on the appearance 
of coffee grounds. Melena, the passage of black, tarry, and 

foul-smelliJ1g stool, generally suggests bleediJ1g from the upper 
GI tract. Although the melanotic appearance typically results 
from gastric acid degradation which converts hemoglobin to 
hematin, and from the actions of digestive enzymes aJld luminal 
bacteria in cl1e small iJltestine, blood loss from the distal small 
bowel or right colon may have this appearance, parricularly if 
transjc is slow enough. Melena should not be confused with the 
greenish character of the stool in patients on iron supplements. 
One way to distinguish these two is by performiJ1g a guaiac test, 
which tests negative iJ1 those on iron supplementation. Hema
tocllezia refers to bright red blood from the rectum that may or 
may not be mixed with stool. Although this typically reflects a 
distal colonic source, even upper G l bleeds may produce hema
toche-;Ja if the volume is significant. 

The medical history may provide clues to tl1e diagnosis. 
Chrotlic blood loss may lead to non-GI end-organ symptoms, 
such as syncope, angina, and even myocardial infarction. Ame
cedent vomiting may suggest a Mallory-Weiss tear, whereas 
weight loss raises the specter of malignancy. Even demographic 
data may prove useful--older patients bleed from lesions such 
as angiodysplasias, diverticula, ischemic coUtis, and caJ1cer, 
whereas younger patients bleed from peptic ulcers, varices, and 
Meckel's diverticula. A past history of Gl disease, bleeding, or 
operation should immediately begiJl to focus me differential 
diagnosis. Antecedent epigastric distress may point to a peptic 
ulcer, wl1ereas previous aortic surgery suggests the possibility of 
aortoenteric fistula. A history of liver disease prompts a con
sideration of varict.-al bleeding. Medication use may also be 
revealing. A history of ingestion of salicylates, nonsteroidal anri
inflanlmatory drugs (NSAIDs), and/or selective serotonin
reuptake inhibitors (SSRis) is common, particularly in older 
patients.9 These medications are associated wi th GI mucosa\ 
erosions typically seen iJ1 the upper GI tract, but occasionally iJl 
the small bowel and colon, GI bleeding in the setting of antico
agulation therapy, warfarin or low-molecular-weight heparin, is 
still usually the result of GI pathology and should not he ascribed 
to the anticoat,'lllation alone.10 

The physical exrunination may also be revealing. The oro
pharynx and nose can occasionally simulate symptoms from a 
more distal soLtrce and should always be exanlli1ed. Abdommal 
exanunation is only occasionally helpful but is important to 
exclude masses, splenomegaly, and adenopatl1y. Epiga~tric ten
derness is suggestive, but not diagnostic, of gastritis or peptic 
ulceration. The stigmata of Liver disease, iJ1cluding jaundice, 
ascites, palmar erythema, and caput medusae, may suggest 
bleeding related to varices, although these patients commonly 
bleed from other sources as well. Occasionally, the physical 
exanllilation may reveal clues to more obscure diagnoses, such 
as clle telru1giectasias of Osler-Weber-Rendu syndrome or 
the pigmented lesions of tl1e oral mucosa in Peutz-Jeghers syn
drome. A rectal exaJ1llilatioo ru1d anoscopy should be performed 
to exclude a low-lying rectal cancer or bleeding from 
hemorrhoids. 

Localization 
Subsequent mru1agement of the patient with acute GI hemor
rhage depends on localization of the site of tl1e bleeding. An 
algorithm for the diagnosis of acute GI hemorrhage is shown iJl 
Figure 48-2. 

Although melena is usually &om the upper GI tract, it can 
be the result of bleeding &om the small bowel ru1d/or colon. 
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Acute gastrointestinal hemorrhage 

1 
Nasogastric aspiration 

No blood or bile Blood or coffee-ground Bile and no blood 

' r 
EGO 

Diagnostic Nondiagnostic 

' l 
Slow Massive 

hemorrhage hemorrhage 

J l 

I 
Slow 

hemorrhage 

t 
Colonoscopy 

Diagnostic 

Massive 
hemorrhage 

I 
Angiography 

Nondiagnostic 

Tagged Angiography 
RBCscan operation 

Tagged ABC scan 
Me<:Kel's scan 

Capsule endoscopy FIGURE 48-2 Algorithm for the diagnosis of acute 
Gl hemorrhage. 

Similarly, hematochc-lia is sometimes the consequence of brisk 
upper GI bleeding. One approach to dlstinguishing these pos
sibilities is the insertion of a nasogastric (NG) tube and examina
tion of the aspirate. Although hematemesis is usually dlagnostic 
of an upper GJ !bleed, the NG tube is still useful to assess the 
rate of ongoing bleeding and to begin to remove blood from the 
stomach ro permit endoscopy. If the aspirate is positive, this 
effectively localizes the lesion. 1he presence of red blood or a 
coffee grounds appearance suggests an upper Gl source. Testing 
for ocndt blood is rarely necessary. The return of bile &om a 
gastric aspirate sruggests that the duodenum has been sampled. 
Although a bilious, nonbloody, gastric aspirate generally excludes 
the upper GI tract, these findings can occasionally be mislead
ing. One study found that only 6 of l 0 yellow-green nasogastric 
aspirates actually tested positive for bi1e. 11 Similarly, almost 20% 
of patients with a clear aspirate are still bleeding from an upper 
GI source.2 In patients with melena or even hemarocht'Zia from 
an upper lesion, the NG aspirate may be negative in the presence 
of significant du<>denal bleedlng and a competent pylorus pre
venting duodenogastric reflux. 1l1ese considerations suggest that 
although the findings of the NG aspirate could be helpful, 
almost all patients with significant bleeding shotdd undergo 
upper endoscopy. 

Upper endoscopy uJ1der these circumstances is higWy accu
rate for identifYing an upper Gl lesion and, if negative, for 
directing attention to a lower Gl source. To maximize efficacy, 
early endoscopy should be performed within 24 hours, even in 
stable paticnts.12 Early endoscopy with directed therapy has been 
shown to reduce resource use and transfusion requirements, and 
shorten hospital stay. 1l1e exact definition and timeline of an 

early endoscopy has been well studied and refined. Although 
there is little argument that in an unstable patient, an urgent 
endoscopy is often required, in those with overt sign of bleeding 
but who arc stable, an endoscopy within 6 or 12 hours has not 
been shown w he of ru1y addltional benefit to endoscopies per
formed within 24 hours.13•

14 

Clinicians should be aware that esophagogastroduodenos
copy (.EGO) in the urgent or emergent setting is associated with 
reduced accuracy, often because of poor visualization, and a 
significant increase in the incidence of complications, including 
aspiration, respiratory depression, and GI perforation, when 
compared with elective procedures. Airway protection is critical 
ru1d may require endotracheal intubation if was not performed 
previously. Volume resuscitation should not be interrupted by 
the examination. 

Subsequent evaluation depends on the results of the upper 
endoscopy and volmne of the bleeding (Fig. 48-2). Angiography 
or even surgery may prove necessary for massive hemorrhage, 
precluding endoscopy, from the upper or lower Gl tract. FClr 
slow or intermittent bleeding from the:: lower GI tract, colonos
copy is now the initial diagnostic maneuver of cl1oice. When 
this is Mndlagnostic, the tagged red blood cell (RBC) scru1 is 
usually used. For obscure bleeding, usually from the small bowel, 
capsule endoscopy bas become the appropriate study. 'These 
diagnostic procedures are discussed subsequently in greater 
detail. 

Treatment 
Depending on the source of the bleedlng, a variety of therapeutic 
options are available. These include pharmacologic, endoscopic, 
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angiographic, and surgical modalities. Pharmacologic, endo
scopic, and surgical therapies are generaiJy site-specific and are 
discussed in more detail later. Angiographic techniques are 
somewhat more generic and include selective angiography with 
infusion of a vasoconstrictor, typicaiJy vasopressin, or emboliza
tion. Embolic agents include temporary materials such as gelatin 
sponge {Gelfoan1; Pharrnacia & Upjohn , Pfizer, New York) and 
autologous clot or permanent devices such as coiJs. There arc 
few data comparing the efficacy of these techniques. 

For most patients, bleeding has ceased and therapeutic 
options are applied to prevent recurrence. The risk of recurrent 
bleeding, and therefore the need for preventative intervention, 
depends on the cl1aracteristics of the lesion, magnitude of the 
initial hemorrhage, and specific patient. For example, although 
the risk of recurrent diverticular hemorrhage is relatively low, 
elective coloni.c resection may still be appropriate for a patient 
with significant coronary disease who has already suffered a 
major bleed. For the approximately 15% of patients who con
tinue to bleed, therapy is more urgent. In patients with henlO
dynamic instability, an appropriate goal is to institute therapy 
within 2 hours of presentation. This depends on the develop
ment of institution-specific protocols for the multidisciplinary 
management of these patients.2 'TI1e availability of an endosco
pist trained in techruques of hemostasis and appropriate support 
staff is critical. Similarly, angiographic expertise must be imme
diately accessible. Despite the relatively new modalities available 
for nonoperative control of bleeding, early iJwolvement of the 
surgical team remains essential. 

Traditional series demonstrated that the morbidity and 
mortality of surgery for GI bleeding increases significantly in 
patients who have lost more than 6 U of blood. This increase is 
particularly marked in older patients ru1d those with major 
comorbidities, suggesting that intervention in these patients 
should be earlier than that for young healthy patients who might 
otherwise be better operative candidates. AJthough improve
ments in supportive care ru1d directed therapy, partia.larly endo
scopic, may have somewhat moderated this approach, surgical 
therapy should always be a serious consideration in the context 
of blood loss of this magnitude. 

ACUTE UPPER Gl HEMORRHAGE 
Upper Gl bleeding refers to bleeding that arises from the Gl 
tract proximal co the ligament ofTreitz; it accounrs for almost 
80% of significant GI hemorrhage. The causes of upper GI 
bleeding are best categorized as non variceal sources or bleeding 
related to portal hypertension {Table 48- l ). The nonvariceal 
causes account for approximately 80% of this bleeding, with 
peptic ulcer disease being the most common.' In the remaining 
20% of patients, most of whom have cirrhosis, portal hyperten
sion can lead w the development of gastroesophageal varices, 
isolated gastric varices, or hypertensive portal gastropatby, any 
of which can be the source of aJ1 acute upper GI bleed. Although 
patients witl1 cirrhosis are at high risk of developing variceal 
bleeding, non variceal sources account for most upper GI bleeds, 
even in these patients.2 However, because of greater morbidity 
ru1d mortality of variceal bleeding, patients with cirrhosis shouJd 
generalJy be assw11ed to have variceal bleeding; appropriate 
therapy shouldl be iJ1itiated until aJl emergent endoscopy bas 
demonstrated another cause for the hemorrhage. 

The foundation for the diagnosis ru1d management of 
patients with an upper GI bleed is an upper endoscopy. A 

Table 48-1 Common causes of Upper Gastrointestinal 
Hemorrhage* 

NONVARICEAL BLEEDING* 
300/o-500/o Peptic ulcer disease 

15%-20% Mallory-Weiss tears 

10%-15% Gastritis or duodenitis 

50/o-100/o Esophagitis 

5% Arteriovenous malformations 

2% Tumors 

5% Others 

PORTAL HYPERTENSIVE 
BLEEDINct 
Gastroesophageal varices >90 

Hypertensive portal gastropathy, <5 

Isolated gastric varices, rare 

Adapted from Ferguson CB, Mitchell RM: Nonvariceal upper gastrointestinal bleed
ing: Standard and new treatment Gastroenterol din North Am 34:607-621, 2005. 

*80% of cases. 
'20% of cases. 

number of studies have demonstrated that early EGO. within 
24 hours, results in reductions in blood transfusion require
ments, decrease in the need for surgery, and shorter length of 
hospital stay. Endoscopic identification of the source of bleeding 
also permits aJ1 estimate of the risk of subsequent or persistent 
hemorrhage and facilitates operative planning, sbouJd that prove 
necessary. In general, 2091o to 35% of patients undergoing upper 
GI endoscopy will require a therapeutic endoscopic interven
tion, and 5% to I Oo/o will eventuaiJy require surgery.'2 

As noted, it is somewhat surprising that studies have not 
shown ruty benefits in performiJlg an endoscopy sooner {within 
6 or 12 hours) than within 24 bours.'3·'

4 Although the best tool 
for localization of the bleeding source is an EGO, this interven
tion is associated with increased risk and poor visualization in 
the acute setting, which may offset some of irs benefits. In 1% 
to 2o/o of patients with upper Gl hemorrhage, the source cannot 
be identified because of rhe excessive blood impairing the 
visualization of the mucosal surface.'5 Aggressive lavage of the 
stomach with room temperature normal saline solution pri.or to 
the procedure can be helpfuJ. Evidence has suggested that a 
single bolus injection of N erythromycin, whicll stimulates 
gastric emptying, can significantly improve visualization. 16 If 
identification of the source is still not possible, angiography may 
be appropriate in the reasonably stable patient, although opera
rive intervention should be seriously considered if the blood loss 
is extreme or the patient bemodynan.,icaUy unstable. A ragged 
RBC scan is seldom necessary with a confirmed upper GI bleed 
and contrast studies are usuaiJy contraindicated because they will 
interfere with subsequent maneuvers. 

Specif'K Causes of Upper 
Gastrointestinal Hemorrhage 

Nonvariceal Bleeding 
Peptic: Uker Disease Peptic uJcer disease (PUD) sti ll represents 
cl1e most frequent cause of upper G l hemorrhage, accounting 
for approximately 40% of aiJ cases.2 Approximately 10% ro 15% 
of patients with PUD develop bleeding at some point in the 
course of their disease. Bl.eeding is the most frequent indication 
for operation and the principal cause for death in PUD. PUD 
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is discussed in more detail in Chapter 49; this discussion focuses 
only on bleeding from ul.cer disea~e. 

The epidemiology of peptic ulcer continues to change. The 
incidence of uncomplicated peptic ulcer disease bas declined 
dramatically. ThEs change bas been attributed to better medical 
therapy, including rhe use of proton pump inhibirors (PP!s) and 
regimens for the eradication of Helicobttcter pylori (H. pylori). 
Despite this ovc;raiJ decline in ulcer frequency, the number of 
patients lmdergoing operation for ulcer-related complications 
had ren1ained surprisingly stable until now. Recent reports, 
however, arc documenting a decline in the rate of some, but not 
all, lJcer-related complications requiring surgical intervention. 
Although the need for surgery for perforated PUD bas declined, 
the rate of bleeding PUD requiring surgical intervention has 
remained stable.•; Some population-based studies in older 
patients have documented an increase in PUD bleeding requir
ing hospital admission!8 Thus, when surgeries for upper GI 
hemorrhage are undertaken, they are now typica!Jy performed 
in the oldest and often the sickest patients. 

Bleeding develops as a consequence of peptic acid erosion 
of the mucosal surface. Although chronic blood loss is common 
with any ulcer, signiflcant bleeding typically results when there 
is involvement of an artery of the submucosa or, with penetra
tion of the ulcer, an even larger vessel. Although duodenal ulcers 
are more common than gastric ulcers, gastric ulcers usually 
bleed; as a result, in most series, the relative proportions are 
almost equal. 1l1e most significant hemorrhage occurs when 
duodenal or gasuic ulcers penetrate into branches qf the gastro
duodenal artery ·Or left gastric arteries, respectively. 

Treatment Figure 48-3 outlines an approach to management. As 
noted, patients with clinical evidence of a GI bleed should 
receive an endoscopy within 24 hours ar1d, while awaiting this 
procedure, they should be treated with a PPT. Although this 
approach has been shown to reduce the stigmata of a recent 
hemorrhage at index endoscopy, it has had no impact on clinical 
outcomes, such as transfusion requirement, mortality, or need 
for surgery. Nevertheless, it is believed to be a cost-effective 
imervention for those suspected of having an upper GJ bleed.'? 

After the iJ11dex endoscopy, treatment strategies depend on 
the appearance of the lesion at endoscopy. Endoscopic therapy 
is instituted if bleeding is active or, when bleeding has already 
stopped, if there is a significant risk of rcbleeding. The ability to 

predict the risk of reblecding permits prophylactic therapy, 
closer monitoring, and earlier detection of hemorrhage in high
risk patients. The Forrest classincation was developed iJl an 
attempt to assess this risk based on endoscopic findiJ1gs and 
stratify the patients iJ1to low-, intermediate-, and high-risk 
groups (Table 48-2). Endoscopic therapy is recommended in 
ca~cs of active bleeding as wclJ as those with a visible vessel 
(Forrest 1 to Ila) . In case of an adherent clot (Forrest Ilb), the 
dot is removed and the lmderlyiJ1g lesion evaluated. Ulcers with 
a clean base or bbck spot, secondary to hematin deposition, are 
generally not treated endoscopically. 

MEDICAL MANAGEMENT In cases of a confirmed peptic ulcer 
bleed, PPls have been shown to reduce the risk of rebleeding 
and the need for surgical intervention. Therefore, patients with 
a suspected or confirmed bleeding ulcer should be started on a 
PPI.'0 Unlike perforated tJcers, which are generally associated 
with H. pylori infection, the association between H. pylori 

EGO confinns peptic ulcer bleeding 

No Endoscopic findings 
Forrest classification: 

Assess for H. pylori 
Treat with PPI 

Repeat endoscopy for 
gastric ulcer 

Ia, lb, lla,llb 

~ Yes 

Endoscopic therapy 

Continuous bleeding 

No f 

Monitor 

No 

r- Rebleed? 

Yes 

Repeat endoscopy 

l 
Continuous bleeding? 

Nol 

Monitor 

No 
Rebleeding 

Yes 

I 
Surgery 

Yes 

Yes 

FIGURE 48-3 Algorithm for the diagnosis and management of non
variceal upper Gl bleeding. 

Table 48-2 Forrest Classification for Endoscopic Findings and 
_!ebleeding Risks in Peptic Ulcer Disease 
Classification 

GRADE DESCRIPTION REBLEEDINC RISK 
Ia Active, pulsatile bleeding High 

lb Active, nonpulsatile bleeding High 

!Ia Nonbleeding visible vessel High 

lib Adherent dot Intermediate 

lie Ulcer with black spot low 

Ill dean, nonbleeding ulcer bed low 

iJrtection and bleeding is weaker. Only 60% to 70% of patients 
with a bleeding ulcer are H. pyfo,~positive.21 1his has generated 
some discussion about the importance of H. pylori treatment in 
patienrs with a bleeding peptic ulcer. Several studies and a large 
meta-analysis, however, have shown that H. pylori treatment and 
emdication, in patients who test positive for the irrtection, result 
in decreased rebleeding.12 Importantly, once the H. PJ'lori infec
tion has been eradicated, there is no need for long-term acid 
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suppression and no increased risk of further bleeding with this 
approach?3 

In patients who arc taking ulcerogenic medkations such as 
NSAIDs or selective serotonin rcuptake inhibitors (SSRis), and 
present with a bleeding GI lesion, these agents should be 
stopped. Patient.~ should be starred on a nonulcerogenic alter
native, if possible. In those taki11g NSAJDs, more specific 
cycloxygenase-2 (COX-2) inhibitors, which are associated with 
reduced ulceration, had been a promising alternative. Concerns 
regarding the cardiotoxkity of these drugs have rcsuJted in thei.r 
withdrawal from the market, reducing the clinical use of these 
alternative medicines. Further affecting the popularity of these 
medications have bee11 population-based studies showing that 
not aU COX-2 inhibitors result in a decreased incidence of upper 
Gl complications?4 1l1ereforc, an alternative approach has been 
to identify ways to reduce the adverse GI side effecrs ofNSAIDs. 
To this end, studies have shown that H. P.ylcri eradications in 
infected patients who are about to start these medications can 
reduce the incidCJKe of adverse Gl side effects, including bleed
ing.25 TI1cse studies higWjght the synergistic effect of H. pylori 
and NSAIDs. Although this approach can have a preventive role 
in regard to GT bleeding, NSAIDs cannot be recommended 
for those who present with a bleed, even after H. PJ'lori 
eradication. 26 

ENDOSCOPIC MANAGEMENT Once the bleeding ulcer bas been 
identified, effective local therapy can be delivered endoscopically 
to comrol the hemorrhage. Available e11doscopic options include 
epinephrine injection, beater probes, and coaguJation, as well as 
the application of dips. Epinephrine injection (1: 10,000) to aU 
four quadrants of the lesion is successfuJ in controlling the 
hemorrhage. It has been shown that large-volume injection 
(> 13 mL) is associated with better hemostasis, suggesting that 
the endoscopic injection works in part by compressing the 
bleeding vessel and i11ducing tamponadeY Epinephrine injec
tion alone is associated with a high rebleeding rare; standard 
practice is to p rovide combination therapy. This usually means 
the addition of thermal therapy to the injection. 1l1e sources of 
thermal e11.ergy can be heater probes, monopolar or bipolar 
electrocoagulation, or laser or argon plasma coagulation (APC). 
1l1e most commonly used energy sources are electrocoagulation 
for bleeding uJcers and APC for superficial lesions. A combina
tion of injection with thermal therapy achieves hemostasis in 
90% of bleeding PUDs. The role of hemoclips is less clear; 
several studies have reported mixed results. Hemoclips (Fig. 
48-4), which can be difficult to apply, may be particuJarly effec
tive when dealing with a spurting vessel because they provide 
inlmediate connol of hemorrhage. 

Rebleeding of an ulcer is associated with a sigruficant 
increase in mortality, and carefuJ observation of patients at high 
risk of rebleeding, using criteria previously described, is impor
tant. In those who rebleed, the role of a second attempt at 
endoscopic control has been controversial bur has been vali
dated. For example, one study has demonstrated that a second 
attempt at endoscopic hemostasis is successful in 75% of 
patients:'8 Although this will fail in 25% of patients, who will 
then require emergent surgery, there does not appear to be any 
increase in morbidity or monalirywith this ueatmem approacl1. 
1l1erefore, most clinicians would now encourage a second 
attempt at endoscopic control before subjecting the patient to 
surgery. 

FIGURE 48-4 Hemoclip that has been applied to a bleeding duode
nal ulcer. (Courtesy Dr. Linda S. lee, Brigham and Women's Hospital, 
Boston.) 

Hemodynamic instability despite vigorous resuscitation (>6 U 
transfusion) 

Failure of endoscopic techniques to arrest hemorrhage 
Recurrent hemorrhage after initial stabilization (with up to two 

attempts at obtaining endoscopic hemostasis) 
Shock associated with recurrent hemorrhage 
Continued slow bleeding with a transfusion requirement 

>3 U/day 
--------------------------------~ 

SURGICAL MANAGEMENT Despite significant advances in endo
scopic therapy, approxlmarely L 0% of patiCJlts with bleeding 
ulcers still require surgical intervention for effective hemostasis. 
Identifying patients who are likely to fail endoscopic therapy is 
difficult, however, and timing of surgery has been greatly 
debated. To assist in this decision making, several clinical and 
endoscopic parameters have been prnposed that are thought to 
identify patients at high risk of failed endoscopic therapy. 1l1e 
clinical factors to consider are shock and a low hemoglobi11 level 
at presentation. At the time of endoscopy, although the Forrest 
classification is the most in1portant indicator of rebleeding risk, 
the location and size of the ulcer are also signi.ficant. Ulcers larger 
than 2 em, posterior duodenal ulcers, ru1d gastric ulcers have a 
signi£candy higher risk of rebleeding.79-~ Patients with these 
characteristics need closer monitoring and possibly earlier surgi
cal intervention. Clearly, clinical judgment and local expertise 
must play a critical role in this decision. 

Indications for surgery were traditionaUy based on the 
blood transfusion reqlliren1enrs. Increased blood transfusions are 
clearly associated with increased mortality. Although a less defin
itive cri terion tban it wa~ formerly, most surgeons still consider 
ru1 ongoing blood trru1sfusion reqwrement in excess of 6 U an 
indication for surgical imervemion, particularly in older patiCJ1ts, 
altho ugh an 8- tol 0. U loss may be more acceptable for younger 
patients. Current indications for surgery for peptic ulcer hemor
rhage are summarized in Box 48-2. Secondary or relative 
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indications include a rare blood type or difficult crossmatch, 
refusal of transfusion, shock on presentation, advanced age, 
severe comorbid disease, and a bleeding cl1ronic gastric ulcer for 
wruch malignancy is a concern. 

The £rst priority at operation should be control of the 
hemorrhage. Once this is accomplished, a decision musr be 
made regarding the need for a definitive acid-reducing proce
dure. Eacl1 of these steps varies, depending on whether the lesion 
is a duodenal or gastric ulcer. 

Duodenal Ulcer. The fi rst step in surgery for a duodenal 
ulcer is exposure of the bleeding site. Because most of these 
lesions are in the duodenal bulb, longitudinal duodenotomy 
or duodenopyloromyowmy is performed. Hemorrhage can 
typically be controlled initially with pressure and then direct 
suture ligation with nonabsorbable suture. When ulcers are 
positioned anteriorly, four-quadrant suture ligation usually suf
£ces. A posterior ulcer eroding into the pancreaticoduodenal or 
gastroduodenal artery may require suture ligation of the vessel 
proximal and distal to the ulcer, as well as placement of aU stich 
underneath the ulcer to control the pancreatic branches. 

Once the bleeding has been addressed, a definitive acid
reducing operation should be considered. With the identifica
tion of the role of H. p)'lori infection in duodenal ulcer, the 
usefuL1ess of such a procedure has been questioned, based on 
the argument that simple closure and subsequent treatment for 
infection should be sufficient to prevent recurrence. In contrast 
with a perforated ulcer, for which there is convincing evidence 
to suppon sucl1 an approach (see earlier), the evidence is weaker 
for a bleeding duodenal ulcer. 1l1erefore, the controversy con
tinues: the decision is probably best tailored based on the 
patient's clinical condition and surgeon's experience. 

HistoricaiJy, the choice among various operations was 
based on the hemodynamic condition of the patient and on 
whether there was a long-standing history of refractory ulcer 
disease. 1l1e various operations for PUD arc discussed in greater 
detail in Chapter 49. Because the pylorus has often been opened 
longitudinally to control the bleeding, closure as a pyloroplasty, 
combined with truncal vagotomy, is the most frequently used 
operation for bleeding duodenal ulcer. There is some evidence 
to suggest that parietal cdJ vagotomy may represem a better 
therapy for a bleeding duodenal ulcer in the stable patient, 
although some of this benefit may be abrogated if the pylorus 
has been divided . Today, surgeon inexperience with this proce
dure may be the determining factor. In. a patient who has a 
known history of refractory duodenal ulcer disease or who has 
fai led more conservative surgery, antrectomy with truncal vagot
omy may be more appropriate. However, this procedure is more 
complex and should be undertaken rarely in a hemodynamically 
unstable patient. 

Gastric Ulcer. For a bleeding gastric ulcer, again, control 
of bleeding is the imn1ediate priority. Although it may initially 
require gastrotomy and suture ligation, this alone is a~sociated 
with a high risk of rebleeding of almost 30%. In addition, 
because of a l 0% incidence of malignancy, gastric ulcer resection 
is generaUy indicated. Simple excision alone is associated with 
rebleedi11g i11 as many as 20% of patients so distal gastrectomy 
is generally preferred, al though excision combined with vagot
omy and pyloroplasty may be considered for rhe higlHisk 
patient. Bleeding ulcers of the proximal stomach near the gas
troesophageal junction are more difficult to manage. Proximal 
or near-total gastreccomy is associated with a panicularly high 

mortality in the setting of acute hemorrhage. Options include 
distal gastrectomy combined with resection of a tongue of proxi
mal stomach to include the ulcer, and vagotomy and pyloro
plasty combined with wedge resection or simple oversewing of 
the ulcer. 

Mallory-Weiss Tears Mallory-Weiss tears are mucosal and submu
cosal tears that occur ncar the gastroesophageal junction. 1l1ese 
lesions usually develop in alcoholic patients after a period of 
intense retching and vomiting following binge drinking, bur can 
occur in any patient who bas a history of repeated emesis. The 
mechanism, proposed by Mallory and Weiss in. 1929, is forceful 
contraction of the abdominal wall against an unrelaxed cardia, 
resulting in mucosal laceration of d1e cardia as a result of the 
increa~e intragastric pressure. 

Sucl1 lesions account for 5o/o to 10o/o of cases of upper GI 
bleeding. 1l1ey are usually diagnosed based on history. Endos
copy i.s frequently used to confi rm the diagnosis. To avoid 
missing the diagnosis, it is important to perform a retroflexion 
maneuver and view the area just below the gastroesophageal 
junction. Most rears occur along the lesser curvature and less 
commonly on the greater curve. Supportive therapy is often all 
that is necessary because 90o/o of bleeding episodes are self
limited and the mucosa often heals within 72 hours. 

In rare cases of severe ongoing bleediJlg, local endoscopic 
therapy with injection or electrocoagulation may be effective. 
Angiographk embolization, usually with an absorbable material 
such as a gelatin sponge, has been successfuHy used in cases of 
failed endoscopic therapy. If d1ese maneuvers fail, high gas
trotomy and suturing of the mucosal tear is indicated. It is 
important to rule out the diagnosis of variceal bleeding in cases 
of failed endoscopic therapy by a thorough exan1ination of the 
gastroesophageal junction. Recurrent bleeding from a Mallory
Weiss ttear is uncommon. 

stress Gastritis Stress-related gastritis is characterized by the 
appearance of multiple superficial erosions of the entire stomach. 
most commonly in the body. It is thought to result from the 
combination of acid and peps.i11 injury in the context ofischen1ia 
from hypopcrfusion states, although NSAIDs produce a sinlilar 
appearance. In tbe 1960s and 1970s, it was a commonly encoun
tered lesion in critically iU patients, with significant morbidity 
and mortality from bleeding. These lesions are different from 
the solitary ulcerations, related to acid hypersecretion, that occur 
in patients with severe head injury (Cushing's ulcers). When 
stress u lceration is associated with major burns, these lesions are 
referred to as Culiing's ulcers. Jn contrast with NSAJD-associated 
lesions, significant hemorrhage from stress ulceration was a 
common phenomenon. 

With improvements in the management of shock and 
sepsis, and d1e widespread use of acid suppressive therapy, sig
nificant bleeding from such lesions is rarely encountered. 1l1e 
overuse of acid suppressive therapy in dlis setting, however, has 
resulted in considerable cost and perhaps some risk to patients, 
with an i ncrea~ed incidence of nosocomial pneumonia second
ary to gastric colonization. 1l1esc issues have generated interest 
in identifying specific subgroups at high risk for stress gastri tis 
ro permit selective prophylactic therapy. 1l1e Canadian Critical 
Care Trials group has prospectively reviewed over 2200 patients 
admitted to the ICU and found an incidence of clinically sig
nificant bleeding in only 0.1 o/o of patients considered at low risk 
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FIGURE 48-5 Bleeding esophageal ulcer secondary to herpes esoph
agitis. (Courtesy Or. Scott A. Hande, Brigham and Women's Hospital, 
Boston.) 

of bleeding from stress-related gastritis.31 Factors increasing the 
risk of hemorrhage from stress gastritis included ventUator 
dependence for longer than 48 hours and coagulopatby. For 
patiems with these risk factors, clinically significant bleeding 
from stress-relatted gastritis occurred in 3.4%. Patients with these 
risk factors shouJd be given prophylactic therapy with antacids, 
histamlne-2 (H2) receptor antagonists, PPis, or sucralfate (Cara
fate). 1he primary prophylactic measure remains aggressive and 
appropriate resuscitation. 

In those that develop significant bleeding, acid suppressive 
therapy is often successful in controlling the hemorrhage. In rare 
cases, when dus fails, consideration should be given to admin
istration of octreotide or vasopre.-.sin selectively via the left 
gastric artery, endoscopic therapy, or even angiographic embo
lization. Historically, such cases were seen more often and, at 
times, these patients underwent surgery. The surgical choices 
included vagotomy and pyloroplasty with oversewing of the 
hemorrhage, or near-total gastrectomy. Th.ese procedures carried 
mortality rates as high as 60%. Fortunately, they are seldom 
necessary today. 

Esophagitis 1he esophagus is infrequently the source for signifi
cant hen1orrhage. When it does occur, it is most commonly the 
result of esophagitis. Esophageal inflammation secondary to 
repeated exposure of the esophageal mucosa to the acidic gastric 
secretions in gastroesophageal reflux disease (GERD) leads to an 
inflammatory response that can result in chronic blood loss. 
Ulceration may accompany this but the superficial mucosal 
ulcerations generally do not bleed acutely and present as anemia 
or guaiac-positive stools. Various infectious agents may also 
cause esophagitis, particLJarly in the immunocompromised host 
(Fig. 48-5). With infection, hemorrhage can occasionally be 
massive. Other causes of esophageal bleeding include medica
tions, Crohn's disease, and radiation. 

Treatmentr t:ypically includes acid suppressive therapy. 
Endoscopic control of cl1e hemorrhage, usually with electroco
agulation or a beater probe, is often successful. In patients with 

\ 

FIGURE 48-6 Bleeding Dieulafoy's lesion of the stomach. (Courtesy 
Dr. Linda S. lee, Brigham and Women's Hospital, Boston.) 

an infectious cause, targeted therapy is appropriate. Surgery is 
seldom necessary. 

Dieulafoy's Lesion Dieulafoy's lesions are vascular malformations 
found primarily along the lesser curve of thestomacll within 6 em 
of the gastroesophageal junction, although they can occur else
where in the GI tract (Fig. 48-6). They represent rupture of 
w1usuaUy large vessels (1 to 3 mm) fow1d in the gastric submu
cosa. Erosion of the gastric mucosa overlying these vessels leads 
to hemorrhage. The mucosal defect is usually small (2 to 5 mm) 
and may be difficult to identify. Given the large size of the Lmder
lying artery, bleeding from a Dieulafoy's lesion can be massive. 

Initial attempts at endoscopic control arc often successful. 
Application of thermal or sclerosant therapy is effective in 80% 
to 100% of cases. In cases that fai l endoscopic therapy, angio
graphic coil embolization can be successful. If these approaches 
are unsuccessful, surgical intervention may be necessary; because 
of difficulties in visualization and palpation of these lesions, 
prior endoscopic tattooing can facilitate the procedme. A gas
trostomy is performed and attempts are made at identifying the 
bleeding source. The lesion can then be oversewn. In patients in 
whom the bleeding point is not identified, a partial gastrectomy 
may be necessary. 

Gastric Antral Vasrular Edasia Also known as watermelon stomach, 
gastric antral vascular ectasia (GAVE) is characterized by a col
lection of dilated venules appearing as linear red streaks converg
ing on the antmrn in a longitudinal fashion, giving it the 
appearance of a watermelon. Acute severe hemorrhage is rare in 
GAVE and most patients present with persistent iron deficiency 
anen1ia from continued occult blood loss. Endoscopic therapy 
is indicated for persistent, transfusion-dependent bleeding and 
has been reportedly successful in up to 9Uo/o of patients. 1he 
preferred endoscopic therapy is APC (Fig. 48-7). Patients faUjng 
endo,~copic therapy should be considered for antrectomy. 

Malignancy Malignancies of the upper GI tract are usuall}' 
associated with cl1ronic anemia or hen1occult-positive stool 
rather than episodes of significant hemorrhage. On occasion, 
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FIGURE 48-7 A. Gastric antral vascular ectasia (GAVE) can be seen in the gastric antrum, giving the stomach a watermelon appearance. 
B, APC therapy of a GAVE. c. Post-therapy appearance of the GAVE. (Courtesy Dr. David L Carr-Locke, Brigham and Women's Hospital, Boston.) 

malignancies will present as ulcerative lesions that bleed persis
tently. This is perhaps most characteristic of the GI stromal 
tumor (GIST), although it may occur with other lesions, includ
ing leiomyomas and lymphomas. Although endoscopic therapy 
is often successfllll in controlling these bleeds, the rebleeding rate 
is high; therefore, when a malignancy is diagnosed, surgical 
re.~ction is indicated. The extem of resection is dependent on 
the specific lesion and whether the resection is believed to be 
curative or palliative. Palliative resections for control of bleeding 
usually entail wedge resections. Standard cancer surgeries are 
indicated, when possible, although thls may depend on the 
hemodynamic stability of the patient. 

Aortoenteric Fistula Primary aorroduodenal fistulas are rare 
lesions. 1l1ey typically develop in the setting of a previous 
abdominal aortic aneurysm repair, although they may occur as 
a resul.t of an inAammatory or infectious aorti tis, and they may 
develop in up w 1 o/o of aortic graft cases. Although the interval 
between surgery and hemorrhage can be days to years, the 
median i11terval is approximately 3 years. 'TI1e sequence is 
thought to involve the development of a pseudoaneurysm at the 

proxinJal anastomotic suture line in the setting of an infection, 
wid1 subsequent fistulization into d1e overlyiJ1g duodenum. 

This diagnosis should be considered in all bleediJ1g patiems 
with a known abdominal aortic aneurysm or a previous pros
thetic aneurysm repair. Hemorrhage in dus situation is often 
massive and fatal llllless immediate surgical intervention is 
undertaken. Typically, patients with bleediJ1g from an aortoen
teric fistula will present first with a sentinel bleed. 11Us is a 
self-limlted episode that heralds the subsequent massive, and 
often fatal, hemorrhage. This should prompt urgent upper 
endoscopy because diagnosis at this stage can be lifesaving. Any 
evidence of bleeding in the distal duodenum (third or fourth 
portion) on EGO should be considered diagnostic. A computed 
tomography (CT) scan with rv contrast will demonstrate air 
around the graft (suggestive of an infection), possible pseudoa
neurysm and, rarely, the presence of rv contrast in the duodenal 
lumen. 

Therapy includes ligation of the aorta proximal w graft, 
removal of the infected prosthesis, and an extra-anatonlic bypass. 
1l1e defect in the duodenum is often small and can be repaired 
primarily. This is a complex and often morbid procedure. 
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FIGURE 48-8 Bleeding from a percutaneous endoscopic gastrostomy 
site. (Courtesy Dr. David L carr-Locke, Brigham and Women's 
Hospital, Boston.) 

Hemobilia Hemobilia is often a difficult djagnosis to make. It is 
typically associated with trauma, recent instrumentation of the 
bWary tree, or hepatic neoplasms. This unusual cause of GJ 
bleerung should be suspected in anyone who presems with hem
orrhage, right upper quadrant pain. and jaundice. Unfortu
nately, tlus triad is seen in less than 50% of patients and a high 
index of suspicion is required. Endoscopy can be helpful by 
demonstrating blood at the an1pulla. Angiography is the diag
nostic procedUie of choice. If ruagnosis is confirmed, anglo
graphic embolization is the preferred treatment. 

HemosucaJS Panaeaticus Anotl1er rare cause of upper GI bleed
ing is bleeding from the pancreatic duct. 11u.s is often caused by 
erosion of a p.ancreatic pseudocyst into the splenic artery. It 
presents with albdonlinal pain and bematoche.--.t:ia. As with hemo
bilia, it is a diflicult diagnosis to make and requires a high index 
of suspicion in patients with abdominal pain, blood loss, and a 
past history of pancreatitis. Angiography is diagnostic and 
permits embolization, whid1 is often therapeutic. ln patiems 
amenable to a distal pancreatectomy, tbe procedure often results 
in cure. 

Iatrogenic Bleeding Upper Gl bleeding may follow a therapeutic 
or diagnostic procedure. As noted, hemobilia may be iatrogenic 
in nature, particularly following percutaneous transhepatic pro
cedures. Another common cause of iatrogenic bleeding is endo
scopic sphincterotomy; this can occur in up to 2% of cases. It 
is often mild and self-limited. Late hemorrhage usually occurs 
witl1in the .first 48 hours and may require iJljection of the area 
with epinephrine, wbid1 is usually successful. Surgical interven
tion is rarely required. 

Percutaneous e11doscopic gastrostomy (PEG) placement is 
an increasingly common procedure. Bleeding rates of up to 3% 
have been reporred. Although most these cases reflect bleeding 
from the incisiion site, some are caused by bleeding from the 
gastric mucosa (Fig. 48-8). 1l1is cru1 often be controUed 
endoscopically. 

FIGURE 48-9 Non bleeding esophageal varices secondary to cirrhosis. 
(Courtesy Dr. David L carr-locke, Brigham and Women's Hospital, 
Boston.) 

Upper Gl bleeding can also be seen in patients who have 
recently undergone upper GI surgery. Any of tl1e lesions 
described could be responsible for postoperative hemorrhage, 
and these possibilities should be considered. In patiems in whom 
a resection and anastomosis have been performed, the source of 
the bleeding may be the suture line or staple line. ln patients in 
whom this is persistent and intervention is needed, endoscopists 
arc often concerned by the potential for suture or staple line 
rusru ption. However, it is safe to do this diagnostic or even 
therapeutic endoscopy, providing minimal insufflation is used 
and the procedure is done with carc.32 

Bleeding Related to Portal Hypertension 
Upper Gl bleeding is a serious complication of portal hyperten
sion, most often in the setting of cirrhosis. Cirrhosis and portal 
hypertension are covered in more detaiJ in Chapter 54; only 
bleeding related to portal hypertension is discussed here. 

Hemorrhage related to portal hypertension is usually the 
result of bleeding from varices. 1l1ese dilated submucosal veins 
develop in response to the portal hypertension, provirung a col
lateral pathway for decompression of the portal system into the 
systemic venous circulation. 1l1ey are most common in the distal 
esophagus and can reach sizes of I ro 2 em. As they enlarge, the 
overlying mucosa becomes increasingly tenuous, excoriating 
with minimal trauma (Fig. 48-9). 

Altl1ough these varices are most commonly seen in the 
esophagus, they may also develop in the stomach and hemor
rhoidal plexus of the rectum. Portal hypertensive gastropathy, 
diffuse dilation of the mucosal and submucosal venous plexus 
of the stomach associated with overlying gastritis, is an incom
pletely tmderstood entity iJ1 which the stomach acquires a 
snakeskin-like appearance, with d1erry red spots. Unlike esopha
geal varices, it rarely causes major hemorrhage. 

Gastroesophageal varices develop in approximately 30% of 
patients with cirrhosis and portal hypertension and 30% in this 
group develop variceal bleeding. Compared with nonvariceat 
bleeding, variceal hemorrhage is associated wid1 an increased risk 
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Variceal bleeding suspected based on history 

i 
ABCs and resuscitation 

Start vasopressin or octreotide infusion 

1 
Variceal bleeding confirmed on EGO 

! 
Endocopic band ligation (or sclerotherapy) 

Bleeding stopped? 

t No 

Vasopressin/octreotide for 3-5 days 
Complete 7 days of antibiotics 

Repeat endoscopic banding every 10-14 
days until eliminated 

Balloon tamponade 
Consider TIPS or surgical shunt 

if TIPS fails or not available 

of rebleeding, increased need for transfusions, longer hospital 
stay, and increased mortaliry. Hemorrhage is frequently massive, 
accompanied by hematcmesis and hemodynamic instabiliry. 1l1e 
hepatic functional reserve, estimated by Child's criteria (see 
Chapter 54), correlates closely with outcomes in these patients. 
Despite improvements in the medical management of these 
patients, the 6-week mortality rate foll<>wing the first bleed is 
almost 20%.33 

Treabnent Figw-e 48-10 presents an algorithm for management. 
As with other causes of Gl bleeding, adequate resuscitation is 
.imperative. Fluid resuscitation in patients with cirrhosis is a 
delicate balance. These patients frequently have hyperaldo
steronism associated with fluid retention and ascites. Animal 
studies have demonstrated that a rapid correction of fluid deficits 
and blood pressure increases the risk of fw-ther reblceding from 
the varices.3-1 Central venous pressure monltori11g is indicated 
for most of these patients ru1d early admission to an ICU should 
be considered. A low threshold for intubation is appropriate. 
Defects in coagulation arc common and should be aggressively 
corrected. A signi.ficru1t percentage of patiems with variceal 
bleeding have underlying sepsis, which may be associated with 
an aggravation in portal hypertension ru1d lead to variceal blced
iJlg. Studies have demonstrated that a 7-day course of a guino
lonc will lower the risk of rebleeding. 1l1us, patients with variceal 
bleeding should be given an empirical course of a broad-spectrum 
antibiotic. 35 

Medico/ Monogement In patients with cirrhosis, pharmacologic 
therapy to reduce portal hypertension should be considered, 
even while preparing for emergent upper endoscopy. Vasopressin 
produces splanchnic vasoconstriction and has been shown to 
reduce bleeding signi.ficru1tly when compared with placebo. 
Unfortunately, this agent results in significant cardiac 

FIGURE 48- 10 Algorithm for diagnosis and manage
ment of Gl hemorrhage related to portal hypertension. 

vasoconstriction, with resulting myocardial ischemia. Although 
vasopressin has been combined with nitroglycerin in clinical 
practice, somatostatin or its synthetic analogue, octreotide, is the 
vasoact:ive agent of choice.* Continuous IV infusion of these 
agents results in temporary control of bleeding ru1d allows time 
for resuscitation and appropriate diagnostic and therapeutic 
maneuvers. 

Endoscopk Monogwnent Early EGD is critical ro evaluate the 
source of bleeding because more than 50o/o of bleeding is cause 
by nonvariceal sources, including peptic ulcer, gastritis, and 
Mallory-Weiss tears. Studies have suggested that w1Jike peptic 
ulcer bleeding, aJl early endoscopy (within 15 hours of presenta
tion) can affect survival in cases of variceal bleeding.3:' 

Subsequent management is based on the endoscopic find
ings. If bleeding esophageal varices are idemi.fied, sclerotherapy 
ru1d variceal banding have been shown to control hemorrhage 
effectively. Although sclerotherapy. which may use a variery of 
agents, is an easier procedure to perform, it is also associated 
with perforation, mediastinitis, and stricture. Banding seems co 
have a Lower complication rate and, when expertise is available, 
should be the therapy of d1oice (Fig. 48- 11). 1l1ese endoscopic 
approaches, sometimes with up to three treatments over 24 
hours, control the hemorrhage in up to 90% of patients with 
esophageal varices. Unfortunately, gastric varices arc not mru1aged 
effectively by endoscopic techniques. 

other Monogement ln. patients for whom pharmacologic or 
endoscopic therapy fails to control the hemorrhage, balloon 
trunponade can be successful in temporizing the hemorrhage. 
The Sengstal<en-131al<emore tube consists of a gastric tube with 
esophageal and gastric balloons. The gastric balloon is inflated 
and tension is applied on the gastroesophageal junction. If this 
does not control the hemorrhage, the esophageal balloon is also 
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FIGURE 48-11 A. Actively bleeding varices. B. Effective control after 
variceal banding. (Courtesy Dr. David L Carr-locke, Brigham and 
Women's Hospital, Boston.) 

inflated, comp ressing the venous plexus between them. The 
Minnesota tube includes a proximal esophageal lumen for aspi
rating swallowed secretions. These tubes arc associated with a 
high rate of col!llplications related to a~piration and inappropri
ate placement, with esophageal perforation. Hemorrhage recurs 
on deflation in up to 50% of patients. Balloon tamponade is 
reserved for patients with massive hemorrhage to permit more 
definitive therapies. 

In cases of refractory variceal bleeding that cannot be con
trolled endoscopically, emergent portal decompression is indi
cated. l11is is required in approximately 10% of patients with 
variceal bleeding.33 Although ra11dom.i.zed studies have shown 
equivalence between a transjugular intrahepatic portosystemic 
shunt (TIPS) and surgical shuming in these refracrory ca~es,311 

it is usually ad1ieved by means of a percutaneous TIPS. The 
TIPS procedure can be Lifesaving in patients who are hemody
namically unstable from refractory variceal bleeding and is asso
ciated with significantly less morbidity and mortality than 
surgical decompression. Studies have shown that TIPS can 
control bleeding in 95% of cases. Rebleeding occurs in up to 
20% within the fuse month, usually related to occlusion. Long
term patency rates are even lower, although many can be sal
vaged with careful survciiJance and percutaneous techniques. ln 
patients for whom TIPS is not available or fails, emergent surgi
cal intervention is indicated, although this is seldom necessary 
today. Emergent surgical options are discussed in Chapter 54. 

Isolated gastric varices are managed much the san1e way as 
esophageal varices, although endoscopic therapy tends to be less 
successful. Pharmacotherapy is primarily indicated but, when 
this fails, portal decompres.~ion by means of a TIPS or surgical 
shunt is recommcnded.39 

Rarely, isolated gastric varices occur following splenic vein 
thrombosis. This is usually seen in the setting of pancreatitis. ln 
these patients, central portal pressures are normal but left-sided 
hypertension, decompressed from the spleen to the short gastric 
vessels, produces the varices. This is best ueated by performing 
a splenectomy. Although the risk of variceal bleeding was 
thought to be high iJ1 this group and splenectomy was routindy 
recommended, studies have suggested that the incidence of vari
ceal bleeding is low (4% with a mean follow up of 34 months) 
and splenectomy should not be routinely undertaken.40 

Unlike variceal hemorrhage, bleeding from portal hyper
tensive gastropathy is not amenable to endoscopic treatment 
because of the diffuse nature of the mucosal abnormalities. 1l1e 
underlying pathology involves elevated portal venous pressures, 
so pharmacologic therapy aimed at reducing portal venous pres
sure is indicated. lf pharmacologic therapy fails to control acute 
bleeding, TIPS should be considered. 

Prevention of Rebleeding Once the initial bleeding has been con
uolled, prevention of recurrent hemorrhage should be a priority. 
lf no further treatment is undertaken, approxin1ately 70% of 
patients will have a further bleed within 2 months. 1l1e risk of 
rebleeding is highest in the initial few hours to days following a 
first episode. Medical therapy to prevent recurrence includes a 
nonselective beta blocker, such as nadolol, and an antiulcer 
agent, such as a PPI or sucralfate. These are combined with 
endoscopic band ligation repeated every 10 to 14 days until all 
varices have heen eradicated. 

Although this aggressive approach results in a significant 
lowering of d1e rebleeding rate to less than 20%, it requires 
intensive medical follow-up and supervision.41 In patients who 
are medically noncompliant or unable to tolerate such therapy; 
elective portal decompression should be considered if has not 
already been performed.Thecl1oice between TIPS and operative 
decompression in the stable patient depends on the residual 
liver function. In general, patiems with poor liver reserve 
who are on the liver transplant list should be considered for 
TIPS. This procedure provides a temporizing measure and 
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avoids postoperative scarring of the porta hepatis, wruch could 
complicate the tlransplantation procedure. Unfortunately, TIPS 
is associated with hepatic encephalopathy in up to 50% of 
patients within 1 year of the procedure.-c Other shunt complica
tions, such as thrombosis, can also occur iJl up to 30% of 
patients at I year. In those with good liver funccion who do not 
qualifY for transplantation, surgical decompression is therefore 
preferred. 1lus provides a more endurable long-term decompres
sion, with a lower rate of hepatic encephalopathy. ln those with 
good hepatic reserve, these advantages are thought to counter
balance the increased operative morbidity and mortality. 1hc 
preferred elective shunt is a selective distal splenorenal shunt. 

ACUTE LOWER GASTROINTESllNAL HEMORRHAGE 
When compared with upper G l hemorrhage, lower G l bleeding 
is a much less frequent reason for hospitalization-it is about 
20% as commom as bleeding from a location proximal to the 
ligan1ent ofTreitz. 1l1e incidence oflower Gl bleeding, bowever, 
increases with age, aJld lower GI bleeding may be more common 
in older patients. L1 more than 95% of patients with lower Gl 
bleeding, the source of hemorrhage is the colon. The small 
intestine is only occasionaiJy responsible aJld, because these 
lesions are not typicaiJy diagnosed with the combiJ1ation of 
upper and lower endoscopy, they will be considered later (see 
"Acute Gastroin~estinal Hemorrhage from an Obscure Source"). 
ln general, the incidence of lower GI bleeding increases with age 
and tbe cause is often age-rdated {Table 48-3). Specifically, 
vascular lesions and diverticular disease affect aiJ age groups but 
have an increasing incidence in middle-aged and older adults. 
ln the pediatric population, intussusception is most commonly 
responsible, whereas Meckel's diverticulum must be considered 
in the differential diagnosis iJ1 the young adult. The clinical 
presentation of lower Gl bleeding ranges from severe hemor
rhage with divenicular disease or vascular ksi.ons to a minor 
inconvenience secondary to anal fissure or hemorrhoids.3 

Table 48-3 Differential Diagnosis of Lower Gastrointestinal 
Hemorrhage 

---------------------------
COLONIC BLEEDING* 

3001o-40% Divertioular disease 

5%-10% Ischemia 

5%-15% Anorecta! disease 

5%-10% Neoplasia 

3%-8% Infectious colitis 

3%-7% Postpolypectomy 

3%-4% Inflammatory bowel disease 

3% Angiodysplasia 

1%-3% Radiation colitis, proctitis 

1%-5% Other 

10%-25% Unknown 

SMALL BOWEL BLEEDIN<1 

Angiodysplasias 

Erosions, ulcei'S (e.g., from 
potassium, NSAIDs) 

Crohn's disease 

Radiation 

Meckel's diverticulum 

Neoplasia 

Aortoenteric fistula 

Adapted from Strate LL: Lower gastrointestinal bleeding: Epidemiology and diag
nosis. Gastroenterol (lin North Am 34:643-664. 2005. 

*9So/o of ~ases. 
tso.-b of cases. 

Diagnosis 
Lower G l bleeding typical.ly presents with hematochezia, which 
CaJl range from bright red blood to old dots. lf the bleeding is 
slower or from a more proximal source, lower GJ bleeding ofreo 
presents as melena. Hemorrhage from the lower GI tract tends 
robe less severe and more inrermitrenr, and usually cease$ more 
spontaneously than upper GI bleeding. When compared with 
upper GI bleeding. no diagnostic modality is as sensitive or 
specific as endoscopy for making aJl accurate diagnosis in lower 
GJ bleeding. Diagnostic evaluation is further complicated by the 
observation that in up to 40o/o of patients with lower Gl bleed
ing, more thaJJ one potential source for bleeding is identified. If 
more thaJl one source is idemified, it is cri tical to confirm the 
responsible lesion before in itiating aggressive therapy. 11:lis 
approad1 may occa~ionally require a period of observation with 
several episodes of bleeding before a definitive diagnosis CaJl be 
made. In up to 25% of patients with lower GI bemorrhage, the 
bleeding source is never accurately identified . 

An algorithm for the evaluation of lower Gl hemorrhage 
is shown in Figure 48-12. Once resuscitation ha~ been initiated, 
the fust step in the workup is to rule our anorectal bleeding with 
a digital rectal exan1ination. anoscopy, and/or sigmoidoscopy. 
With significmt bleeding, it is also important to elinliJ1ate an 
upper Gl source. An NG aspirate that contains bile and no 
blood effectively ru.les out upper tract bleeding in most patients. 
However, when emergent surgery for life-threatening hemor
rhage is being contemplated, preoperative or intraoperative 
EGD is usuaiJy appropriate. Tills is particularly relevant if 
blind subtotal colectomy for massive hemorrhage is being 
considered. 

Subsequent evaluation depends on the magnitude of the 
hemorrhage. With major aJ1d/or persistent bleeding, the workup 
should progress depending on the patient's hemodynamic stabil
ity. The truly unstable patient who continues to bleed and 
requires ongoing aggressive resuscitation belongs in the operat
ing room for expeditious diagnosis and surgical intervention. 
Wben hemorrhage is intermediate, resuscitation and hemody
namic stability permit a more directed evaluation and therapeu
tic intervention. Colonoscopy is the mainstay here because it 
aiJows visualization of the pathology and therapeutic interven
tion in colonic, rectal, aJ1d distal ileal sources of bleeding. The 
usual adj uncts to colonoscopy include a tagged RBC scan and 
angiography. lf these modalities are nor diagnostic, the source 
of the hemorrhage is considered obscure; such lesions and their 
evaluation are considered in the last section of this d1apter. 

Colonoscopy 
Colonoscopy is most appropriate in the setting of mininlal to 
moder:are bleeding; major bemorrbage interferes significantly 
with visualization and the diagoostic yield is low. In addition, 
in tl1e unstable patient, sedation aJld maJlipulation may be asso
ciated with additional complications and can interfere with 
resuscitation. Although the blood is cathartic. gentle preparation 
with polyethylene glycol, orally or through aJl NG tube, can 
improve visualization. FindiJ1gs may include an actively bleeding 
site, clo t adherent to a focus of mucosa or diverticular orifice, 
or blood localized to a specific colonic segment, although tl:tis 
can be misleading because of retrograde peristalsis in the colon. 
Polyps, cancers, and inflammatory causes can frequently be seen. 
Unfortunatdy, angiodysplasias are often difficult to visualize. 
particularly in cl1e unstable patient witl1 mesenteric vascular 
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Acute lower gastrointestinal bleeding 

i 
Yes 

Initiate appropriate therapy ~ 
Assess for anorectal ouUet bleeding 
Digital rectal exam and anoscopy 

t No 

Rule out upper Gl bleeding 
NGT aspirate or EGO positive 

Yes 
Upper Gl bleeding algorithm 

No 

Minor bleeding (intermittent) I~-''.,._ __ _ - Major bleeding (persistent) 

I 
Colonoscopy Stable ,,.. . ... __ .....,.___,,~ Unstable 

l ~ No lesion visualized 
Lesion visualized and/or continued bleeding Operating room 

1 
Initiate appropriate therapy 

Positive 

l 
Small bowel series 

Enterodysis 
Enteroscopy 

Capsule endoscopy 

Sour~ _l Colon or small bowel 
uncertain identified as source 

Subtotal colectomy with 
ileorectal anastomosis or 

small bowel resection 

Negative 

Repeat colonoscopy 
if rebleeds 

Negativ~ 
Tagged ABC scan 

Segmental resection 

l Positive 

Angiography and treatment 

Localized bleeding: 
Serial damping or intraoperative 

enteroscopy followed by resection 

FIGURE 48-12 Algorithm for diagnosis and management of ~ower Gl hemorrhage. NGT, Nasogastric tube. 

constriction. Diverticula are identified in most patients, whether 
or not they are the source of the hemorrhage. Despite these 
limitations, the diagnostic yield in experienced hands is reason
able. For example, some studies have reported that colonoscopy 
is successful in identifying the bleeding source in up ro 95% of 
patients. Most of the bleeding is secondary to angiodysplasias or 
divertiCLtli.43 

Radionuclide :Scanning 
Radionucllde scanning with technetium-99m (l'J"'Tc-labcled 
RBC) is the most sensitive but least accurate method for local
izing Gl bleeding. With this technique, the patient's own red 
cells arc labeled! and reinjected. TI1e labeled blood is extravasated 
into the Gl tract lumen, creating a focus that can be detected 
sclntigraphically. Initially, inlages are obtained frequently and 
then at 4-hour intervals, for up to 24 hours. The RBC scan can 
detect bleedi11g as slow as 0.1 m Llmin and is reported to be 
more than 90o/o sens.icive (Fig. 48-13).3 Unfortunately. the 
spacial resolution is low and blood may move retrograde in the 

colon or distally in the small bowel. Reported accuracy of local
ization is in the range of only 40% to 60% and it is particularly 
inaccurate for distinguishing right-sided &om left-sided colonic 
bleeding. TI1e RBC scan is not usually used as a definitive study 
before surgery but instead as a guide ro the usefulness of angi
ography; if the RBC scan is negative or only positive after several 
homs, angiography is unlikely to be revealing. Such an approach 
avoids the signlficanr morbidity of angiography. 

Mesenteric Angiography 
Selective angiography, using the superior or inferior mesenteric 
arteries, can detect hemorrhage in the range of 0.5 to l.O ml/ 
min but is generally only used for the diagnosis of ongoing 
hemorrhage. lt can be parciCLLiarly useful in identifying tbe vas
cular patterns of angiodysplasias. It may also be used for local
izing actively bleeding diverticula. In addition, it has therapeutic 
capabilities. Catheter-directed vasopressin infusion can provide 
temporary control of bleeding, permitting bemodynantic stabi
lization, although as many as 50o/o of patients will rebleed when 
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FIGURE 48-13 Positive red blood cell scan localizing the bleeding to 
the left lower quadrant. (Courtesy Dr. Richard A. Baum, MD, Brigham 
and Women's Hospital, Boston.) 

the medication is discontinued. It can also be used for emboliza
tion. Although lhe more limited collateral circulation of the 
colon has made tllis less appealing than in the upper Gl traer, 
it has been have suggested that these teclmiques can be used 
safely in most patients. Typically, such therapy is reserved for 
patients whose w1derlying condition predud~ surgical therapy. 
U nfortunately, angiography is associated with a significant risk 
of complications, including hematoma, arterial thrombosis, 
contrast reacti011, and acute renal failure. 

Treabnent 
1l1erapeutic approaches with lower GJ bleediJlg are dearly 
dependent on the lesion identified. TI1e criteria for surgery, 
shown in Box 48-2, are sinlilar to those for upper G J hemor
rhage, although there is a stronger tendency to delay until the 
site is clearly localized. 

Spedf'K Causes of Lower Gl Bleeding 

Colonic Bleeding 
DivertiaJiar Disease In d1e United Stares, diverticula are the most 
common cause of significant lower Gl bleeding. Some series 
have suggested that diverticula are responsible for up to 55% of 
cases.3 In the pasc:, diverticula were thought to be rare iJ1 patients 
younger than 4U years but is now an increasingly common 
diagnosis in this age group. Diverticulosis affects more than two 
thirds of the Western population who are in their 80s. Only 3% 
to 15% of individuals wi th diverticulosis experience any bleed
ing. BleediJ1g generally occurs at the neck of the diverticulun1 
and is belleved to be secondary to bleeding from the vasa recti 
as iliey penetrate through the submucosa. Of those that bleed, 

more than 75% stop spontaneously, although approxinlately 
lOo/o will rebleed within a year and almost 50% within 10 years.3 

Although diverticular disease is much more comm on on the left 
side, right-sided disease is responsible for more than 50o/o of the 
bleeding. 

'TI1e best method of diagnosis and uearmenr is colonos
copy, although success .is sometimes limited by the large amount 
of bleeding. lf the bleeding diverticulum can be identified, epi
nephri.ne injection may control the bleeding. Electrocautery can 
also be used and, most recently, endoscopic d ips have been suc
cessfully applied to control d1e hemord1agc. lf bleediJ1g ceases 
with these maneuvers or ceases spontaneously, expectant man
agement may be appropriate; however, dlis requires cllnical 
judgment based on the an1oLmt of the hemorrhage and any 
comorbidities, particularly cardiac disease. 

If none of these maneuvers is successful or if hemorrhage 
recurs, angiography with embolization can be considered. Super
selective en1bolization of the bleeding colonic vessel. bas gained 
popldarity, with high success rates (>90%), ald1ough the risk of 
ischemic complications continues to be of concern .44 Under 
these circumstances, colonic resection is iJ1dicated. Certainty of 
the si te of bleeding is critical. Blind hemicolectomy is associated 
with rebleediJ1g in more than 50o/o of patients, and operation 
based on RBC scan localization alone can result in recurrent 
hemorrhage in up to one third of patients.45 Subtotal colectomy 
does not eliminate ilie risk of recurrent benJOrrhage and, when 
compared with segmental resection, is accompanied by a signifi
cant increase in morbidity, particularly diarrhea iJ1 older patients, 
iJ1 whom the remaining rectun1 may never adapt. Mortality of 
emergent subtotal colectomy for bleeding is almost 30%.45 

Angiodysplasia ln some reports, hemorrhage secondary to these 
vascular lesions accounts for up to 40% of lower GJ bleeding; 
however, most recent reports have noted the incidence to be 
mud1lower:' Angiodysplasias of the intestine, also referred to as 
arteriovenous malformations (AVMs), are distiJlCt from heman
giomas and true congenital AVMS. They are thought to be 
acquired degenerative lesions secondary to progressive dilation 
of normal blood vessels withiJl the submucosa of the intestine. 
Angiodysplasias have an equal gender distribution and are 
almost uniformly found in patients older than 50 years. These 
lesions are notably associated wid1 aortic stenosis and renal 
failure, especially iJ1 older patiems. The hemorrhage rends co 
arise from the right side of the colon, with the cecum being the 
most common location, although they can occur in the rest of 
the colon and small. bowel. Most patients present with chronic 
bleeding but, in up to 15%, hen10rrhage may be massive. Bleed
ing stops spontaneously in most cases, but approximately 50% 
will rebleed within 5 years. 

These lesions can be diagnosed by coJonoscopy or angio
graphy. DuriJ1g colonoscopy, they appear as red stellate lesions 
with a surrounding rim of pale mucosa and can be treated with 
sclerotherapy or electrocautery. Angiography demonstrates 
dilated, slowly emptying veins and, sometimes, early venous 
filling. If these lesions are discovered incidentally, no further 
therapy is indicated. In acutely bleeding patients, they have been 
successfully treated with intra-arterial vasopressin, selective gel 
foam embolization, endoscopic elecuocoagularion, or injection 
wid1 sclerosing agents. [f these measures fail, or bleeding recurs 
and the lesion has been localized, segmental resection, most 
commonly a right colectomy, is effective. 
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FIGURE 48-14 Bleeding and prolapsed hemorrhoids. 

Neoplasia Colorectal carcinoma is an tmcommon cause of sig
nificant lower Gl hemorrhage but is probably the most impor
tant one to rule out because more than l50,000 Americans are 
diagnosed aruwally with this rype of cancer. The bleeding is 
usuaUy painless, intermittent, and slow in nature and is fre
quently associated with iron deficiency anemia. Polyps can also 
bleed but the bleeding usually occurs after a polypectomy. Bleed
ing in the pedlatric population is discussed in Chapter 67; 
juvenile polyps are the second most common cause of bleeding 
in patients younger than 20 years. Occasionally other colonic 
neoplasms, most notably GISTs, can be associated with massive 
hemorrhage. The best diagnostic tool is colonoscopy. lf the 
bleeding is attriburable ro a polyp, it can be treated with endo
scopic therapy. 

Anorectal Disease The major causes of anorectal outlet bleeding 
are iJlternal hemorrhoids, anal fissures, and colorectal neoplasia. 
Although hemorrhoids are the most common of these entities, 
they only account for 5% to 10% of all acute lower GJ bleeding. 
ln genesal. anorectal hemorrhage is low-volume bleeding that 
presents as bright red blood per rectum, which is seen in the 
toilet and on the roilet paper. Most hemorrhoidal bleeding arises 
from internal hemorrhoids; these are painless and often accom
panied by prolapsing tissue that reduces spontar1eously or has to 
be reduced mrulllally by the patient (Fig. 48- l 4). Anal fissure, 
on the other hand, produces painful bleedlng after a bowel 
movement; bleeding is only occasionally the main symptom in 
cl1ese patients (Fig. 48-15). 

Because anorectal disease is common, a careful investiga
tion to mle out all other sources of bleeding, especially malig
nancy, is imperative before lower Gl bleeding can be attributed 
to such pathology. Anal fissure can be treated medically wicl1 
stool-bulking agems (e.g., psyllium [Metanlucil]), increased 
water intake, stool soften<::rs, and topical njtroglycerin ointment 
or diltiazem to relieve sphincter spasm and promote heaill1g. 
Internal hemorrhoids should be treated with bulking agents, 

FIGURE 48- 15 Anal fissure that can be a source of lower Gl 
bleeding. 

increased dietary fiber. and adequate bydration. Office-based 
interventions, including rubber band Ugation, injectable scleros
ing agents, and infrared coagulation, have also been used. If 
these measures fail, surgical hemorrhoidectomy may be needed. 
Most anorectal bleeding is self-limited and responds to dietary 
ar1d Local measures. 

Colitis [nflarnmation of the colon is caused by a ntm1ber of 
disease processes, including inBanlJllatory bowel disease (e.g., 
Crohn's disease, ulcerative colitis, indeterminate co)jtis), iJlfcc
tious coUtis (0157:H7 EscherichiiJ coli, cytomegalovirus [CMV], 
Sa!moneUa, Shigella, and Campylobacter spp., and Clostridium 
difficile), radiation proctitis after treatment for pelvic malignan
cies, and ischemia. 

U lcerative colitis (UC) is more Likely than C rohn's disease 
to present with GI bleeding. UC is a mucosal disease that starts 
distaUy in the rectum and progresses proximally to occasionally 
involve the entire colon. Patients can present with up to 20 
bloody bowel movements daily. These are accompanied by 
crarnpy abdominal pain, tenesmus and, occasionally, abdomimtl 
pain. The diagnosis is secured by a careful history and flexible 
endoscopy wiili biopsy. Medical therapy with steroids, 5-
aminosalicy)jc acid (ASA) compounds, immllllOmodulatory 
agents, and supportive care are the mainstays of treatment. Sur
gical therapy is rarely indicated iJ1 the acute setting unless the 
patient develops a toxic megacolon or hemorrhage refractory to 
medical mar1agement. 

ln contrast, C rohn's disease typically is associated with 
guaiac-positive diarrhea and mucus-filled bowel movements, hut 
not with bright red blood. Crohn's disease car1 affect the entire 
GI tract. It is cl1aracterized by skip lesions, transmural thicken
ing of the bowel wall, and granuloma formation. The ruagnosis 
is made with endoscopy and contrast studies. Medical manage
ment consists of steroids, antibiotics, immunomodulators and 
ASA compotmds. Because Crohn's disea-;e is a relapsing and 
remitting dlsease, surgical therapy is used as a last resort. Massive 
colonic hemorrhage compHcates ulcerative colitis in up to 15% 
of affected patients, whereas it only occurs in 1 o/o of those with 
Crohn's colitis.46 
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Wectious colitis can cause bloody diarrhea. 1he diagnosis 
is usually established from the history and stool culture. C dif 
ficile and CMV colitis deserve special attention. C difficile colitis 
usually present with explosive, foul-smelling diarrhea in a patient 
with prior antibiotic use and/or hospitalization. Bloody bowel 
movement.~ are tnot common bur can be presem, e.~pecially in 
severe cases in which there is associated mucosal sloughing. In 
North America, there has been an upsurge in the frequency and 
severity of C difficile-associated colitis in the last 15 years. Treat
ment consists of stopping antibiotics, supportive care, and oral 
or IV metronidazole or oral vancomycin. CMV colitis should 
be suspected in any i.mmunocomprom.ised patient who presents 
with bloody diarrhea. Endoscopy with biopsy confirms the diag
nosis; treatment is rv ganciclovir. 

Radiation proctitis ha~ become more common in the last 
30 or 40 years :as the use of radiatio11 to treat rectal cancer, 
prostate cancer, and gynecologic malignancies has increased. 
Patients present with bright red blood per rectum, diarrhea, 
tenesmus, and cran1py pelvic pain. Flexible endoscopy reveals 
the characteristic bleeding telangiectasias (Fig. 48-16). Treat
ment consists of antidiarrheals, hydrocortisone enemas, and 
endoscopic APC. In cases of persistent bleeding, ablation with 
4o/o formalin solution usually works well. 

Mesenteric lsdtemia Mesenteric ischemia can be secondary to 
acute or chronic arterial or venous insufficiency. Predisposing 
factors include preexisti11g cardiovascular disease (e.g., atrial 
fibrillation, congestive heart failure, acme myocardial infarc
tion), recem abdominal vascular surgery, hypercoagulable states, 
medications (e.g., vasopressors, digoxill), ru1d vasculitis. Acute 
colonic ischemia is the most common form of mesenteric isch
emia 1t tends to occur in the watershed areas of the splenic 
flexure and rectosigmoid colon, bur can be right-sided in up to 
40o/o of patients. Patients present with abdominal pain and 
bloody diarrhea. CT wiU often show a thickened bowel waU. 
The diagnosis is generally confirmed wi d1 flexible endoscopy, 
which reveals edema, benwrrhage, ru1d a demarcation between 
the normal and abnormal mucosa. Treatment focuses on sup
portive care consisting of bowel rest, IV antibiotics, cardiovas
cular support, and correction of the low-Bow state. In 85o/o of 
cases, the ischemia is self-limited and resolves without incident, 
although some patients develop a colonic stricrure. J11. cl1e other 
15o/o of cases, surgery is indicated because of progressive isch
emia ru1d gangreJle. Marked leukocytosis, fever, a fluid require
ment, tachycardia, acidosis, and peritonitis indicate a failure of 
the ischemia to resolve ru1d the need for surgical intervention. 
During the surgery, resection of the ischemic inrestine and cre
ation of ru1 end ostomy is indicated.4:· 

OBSCURE CAUSES OF ACUTE 
GASTROINTESnNAL HEMORRHAGE 
Obscure GI hemorrhage is defined as bleeding that persists or 
recurs after an initial negative evaluation with ru1 EGD and 
colonoscopy. Obscure bleeding can be further subdivided into 
obscure-occult or obscure-overt bleeding. Obscure-occult bleed
ing is characterized by iron deficiency a11emia or guaiac-positive 
stools without visible bleeding. If initial upper ru1d lower endos
copy fail to identify a source for obscure-occuJt bleeding ru1d the 
patient has no systemic signs of disease, she or be is often treated 
with iron therapy ru1d more than 80% resolve symptoms in less 

FIGURE 48-16 A. Recta l bleeding secondary to radiation damage. 
B. Effective control after application of argon plasma coagulation 
treatment (Courtesy Dr. David L Carr-Locke, Brigham and Women's 
Hospital, Boston.) 

than 2 years. Obscure-overt bleeding is characterized by recur
rent or persistent visible bleeding.48 

Obscure bleeding can be frustrating for the patiem and 
physician and is especially true for obscure-overt bleeding ,which 
cannot be localized despite aggressive diagnostic measures. One 
study from a tertiary referral center bas reported that the typical 
patient with obscure-overt bleeding suffers ultermittent episodes 
of hemorrhage for 26 months, undergoes up to 20 diagnostic 
tests, a11d had receives an average of20 U of blood before reach
ing a diagnosis.49 Fortunately, obscure-overt bleediJ1g is only 
responsible for about 1 o/o of all cases of Gl bleeding. 'The dif
ferential diagnosis of obscure-overt bleeding is long and varied 
(Box 48-3) and includes small bowel lesions not previously 
de.~cribed. Ln a series of 200 patients with obscure bleeding, 
small bowel was identified as the source of bleeding ill over 60% 
of cases. In these patients, small bowel ulcers and erosions sec
ondary to Crolcn's disease, Meckel's diverticulum, or NSA1Ds 
was the most common cause.50 
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Upper Gl Bleeding 
Angiodysplasia 
Peptic ulcer disease 
Aortoenteric fistula 
Neoplasia 
HIV-related causes 
Dieulafoy's lesion 
lymphoma 
Sarcoidosis 
Hemobilia 
Hemosuccus pancreaticus 
GAVE 
Metastatic cancer 

Small Bowel Bleeding 
Crohn's disease 
Meckel's diverticulum 
l ymphoma 
Radiation enteritis 
Ischemia 
HIV-related causes 
Bacterial infection 
Metastatic disease 
Angiodysplasia 
NSAID-induced erosions 

Colon Bleedi1ng 
Colitis 

• Ulcerative colitis 
• Crohn's colitis 
• Ischemic colitis 
• Radiation colitis 
• Infective colitis 

Solitary rectal ulcer 
Amyloidosis 
lymphoma 
Endometriosis 
Angiodysplasia 
Neoplasia 
HIV-related causes 
Hemorrhoids 

Adapted from McFadden OW: Occult and obscure sources of Gl bleeding. 
In Cameron JL (ed): Current surgical therapy, ed 8, Ph~adelphia, 2004, Mosby, 
pp 117- 121. 

Diagnosis 

Repeat Endoscopy 
1l1e cause of o!bscure-overt bleeding is often a common lesion 
that is missed on initial evaluation. Repeat upper and lower 
endoscopy are valuable tools for identifying missed lesions 
because up to 35% of patients will bave tbe bleeding source 
identi~fied on second-look endoscopy. Most of obscure Gl hem
orrhage is from a source distal to the Bgament ofTreir.t. When 
repeat endoscopy fails co idendfy an obscure-oven bleeding 
source, investigation of the small bowel is warranted. 1his should 
proceed in an orderly fashion, dependiJ1g on the degree of bleed
ing and the patient's hemodynamic status. 

Conventional Imaging 
The next step is probably a tagged RBC scan, altbough its useful
ness in this setting has not been established and, as discussed 
earlier, it may be misleading. Angiography may be more useful 
but usually requires significant ongoing hemorrhage. Provo
cative resting, which involves administering anricoagulants, 
flbrinolytics, or vasodilators to iJ1crease hemorrhage during angi
ography, has been used in small series with favorable results. but 
reluctance to induce uncomrolled hemorrhage has limited its 
use. Small bowel enteroclysis, which uses a tube to infuse bar.ium, 
methylcellulosc, ru1d air directly into the small bowel, yields 
better images thru1 simple small bowel follow-through. Because 
the yield has been reported to be very low and the test is poorly 
tolerated, it is now rarely used. It ean identify gross lesions such 
as small bowel tumors, inflammatory conditions such as Crohn's 
disease. and small bowel ulcerations from NSAIDs ru1d potaS
sium supplementation. The lmutation of small bowel radiogra
phy is that it CaJ1J10t visuaBz~ angiodysplasias, the main cause of 
obscure small bowel hemorrhage. 

ln younger patients, usually younger thru1 30 years, part of 
the initial evaluation should be a Meckel's diverticulum scan. A 
Meckel's diverticulum with ectopic acid-secreting mucosa can 
ulcerate the small bowel ru1d produce bleeding. 1l1is scan is 
performed by the adm.illistration of 991"1' c-pertechnetate that is 
taken up by the ectopic ga~tric mucosa in the diverticulum and 
localized with sdntigraphy. 

Endoscopy 
Smal[ Bowel Endoscopy The hemodynaJlucally stable patient 
should undergo small bowel enteroscopy. Usually performed 
with a pediatric colonoscope, it is referred to as push end~scopy. 
It can reach about 50 to 7U em past the ligament ofTrdtz iJ1 
most cases and permits endoscopic management of some lesions. 
Overall, push enteroscopy is succe.ssful in 40o/o of patients. 
Sonde pull endoscopy uses an enteroscope that passes passively 
into the very distal small bowel. A balloon on the end of the 
enteroscope permits normal small bowel peristalsis to carry the 
scope into the ileum; the mucosa is visuaBzed as the scope is 
removed. Ticis technique is cun1bersome, docs not permit inter
vention, and has largely beeJ1 abandoned with the advent of 
capsule endoscopy. 

Double-balloon endoscopy is aJ1other technique gaiJ1ing 
in popularity. Ahhough ceduucally difficult, this approach is 
capable of providing a complete examination of the small 
bowel. In expert hands. double-balloon enreroscopy can iden
tify a bleeding source in 77o/o of cases with occult bleeding, 
with the yield increasiJ1g to over 85o/o if the endoscopy is per
formed within 1 month of an overt bleeding episode.50 The 
advantage of this technique is that as well as visualization, 
biopsies can be performed aJ1d therapeutic mterventions 
undertaken. 

Video capsule Endoscopy Capsule endoscopy uses a small capsule 
with a video camera chat is swallowed ru1d acquires video images 
as ic passes through che GI tract. llus modality permits visuali:r..a
tion of the entire Gl tract, but offers no intervention at capability. 
It is also time-consuming because someone has to watch the 
video to identify the bleedmg source ru1d a means to deal with 
the pathology then has to be developed. Despite tllis, capsule 
endoscopy is an excellent tool for the patient who is hemody
namically stable but continues to bleed. This technique has 
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reported success rates as high as 90% in identifying a small 
bowel pathology. It is usually well tolerated, although it 
is contraindicated in patients with obstruction or a motiBty 
disorder. 

Intraoperative Endoscopy lmraoperarive enteroscopy should be 
reserved for patients who have transfusion-dependent obscure
overt blcediJ1g in whom an exhaustive search has failed to iden
tify a bleediJ1g source. It typicall)' uses a pediatric colonoscope 
introduced via the mouth or through aJl enterotomy in the small 
bowd made by the surgeon. In the latter case, a sterile colono
scope is passed onto the field, introduced into the small bowel, 
and passed bidirectionally, with the surgeon assisting to pass the 
bowel over the endoscope. Any suspicious areas are marked for 
possible resection or are dealt with endoscopically, if fea~ible. 
Because laparotomy has already been accomplished, it is usually 
preferable to resect the suspected areas. 

Treatment 
Obscure Gl hemorrhage reqtLires a careful approach to diagnosis 
and maJiagemem. Specific causes and their maJiagement are 
listed below. Up to 25% of cases of obscure lower Gl hemor
rhage remain without a diagnosis and 33% to 50% of patients 
will rebleed withln 3 to 5 years.48 Management strategies gener
ally depend on the identification of a lesion. Iron replacement 
combined with intermittent traJisfusion is occasionally neces
sary, although this approach is not appealing. 

Specntc causes of Small Bowel Bleeding 

Angiodysplasias 
Angiodysplasias are the most common cause of small intestinal 
bleeding, accounting for 40% of cases in older patients and 10% 
iJl younger patients. Most small intestinal vascular ectasias 
appear to occur in the jejllllum, followed by the ileum and then 
the duodenum. The usual diagnostic tools are generally 
tmsuccessful in identuying these lesions. Angiography is rarely 
positive. Instead , most small bowel vascular lesions require 
enteroscopy or capsule endoscopy for identification. ln cases of 
severe hemorrhage requiring emergent operative intervention, 
intraoperative endoscopy may be helpful. Endoscope-directed 
segmental small bowel resecdon is the treatment of choice. 
Occasionally, these lesions may be diffuse; this may occur in 
hereditary hemorrhagic telangiectasia (Osler-Weber-Rendu syn
drome), acute renal failure, or von Willebrand disease. Ln this 
s.ituation, there has been limited experience with estrogen and 
progesterone treatment but it has been suggested that these 
agents may be of benefit. 

Neoplasia 
Small bowel tumors are not very common, but caJl be sources 
of occult or fraruk Gl bleeding. Bleeding typically results from 
erosion of the mucosa overlying the tumor. GISTs have the 
greatest propensity for bleeding. Small. bowel tumors are typi
cally diagnosed by smaiJ bowel contrast series or spiral cr scan
ning. Treatmem involves surgical resection. 

Crohn's Disease 
Patients with Crohn's disease may also present with small bowel 
bleeding in association witb terminal ilei tis. Bleeding is not 

generally significant 11or is it usually the only presenting 
symptom. It is diagnosed by smal.l bowel contrast series, and 
initial t reatment is medical. 

Meckel's Diverticulum 
Meckel's diverticulum is a rrue diverticulum in thar it conrains 
all layers of the small bowel wall. It is a congenital remnant of 
the omphalomesenteric duct, occurring in approximately 2% of 
the general population. Often, heterotopic tissue is present 
at the base of the divertirulum. Bleeding from a Meckel's diver
ticulum is usually from an ulcerative lesion on d1e ileal wall 
opposite the diverticulum, resulting &om acid production by 
ectopic gastric mucosa. If nuclear medicine imaging is negative 
aJ1d bleeding is relatively brisk, angiography may be helpful in 
the diagnosis. Surgical management usually requires a segmental 
resection to incorporate the opposing ileal mucosa, which is 
typically the site of bleeding. 

Diverticula 
Unlike a Meckel's diverticulum, small intestiJ1al diverticula are 
false diverticula that do not iJwolve all layers of the bowel. Bleed
ing from small bowel diverticula can present a diagnostic cl1al
lcnge. Capsule endoscopy or small intestinal contrast studies can 
confirm the diagnosis of diverticula and, in the absence of other 
sources of bleeding, it may be assumed that the diverticula are 
the source ofbleediJlg. In cases of profuse bleeding, aJJgiography 
or intraoperative endoscopy may be used to identify the bleeding 
source. 

SELECTED REFERENCES 
Gralnek IM: Obscure-ove1t Gl bleeding. Gastroenterology 128:1424-
1430, 2005. 

A concise diswssion of the diagnostic approach to obscure bleeding. 
inducling the roles of small b<Miel fiberoptic and capsule endoscopy. 

Rockey DC: Gastrointestinal bleeding. Gastroenterol Clin NorthAm 
34:581-752, 2005. 

A monograph covering all aspects of Gl hemorrhage. 

Sung JJ: Marshall aJld Warren Lecrw·e 2009: Peptic ulcer bleeding: 
An expedition of20 years from .1 989-2009. J Gastroenterol Hepatol 
25:229- 233, 2010. 

A review archiving the evolution of rurrent endoscopic, pharmacologic, 
and surgical management of peptic ulcer bleeding. There is also a discus
sion of some of the present controversies. 

Strate lLL: Lower GI bleediJ1g: Epidemiology and diagnosis. Gastro
cnterol Clin North Am 34:643-664, 2005. 

A dear and condse review on the epidemiology of lower Gl 
hemorrhage. 

REFERENCES 
1. Peura DA, l.anza FL, Gostom CJ, er al: The American CoUege of 

Gastroenterology Bleeding Registry: Prdiminary findings. Am J 
Gastroenterol 92:924-928, 1997. 

)> 
c::> 
0 
0 
s: 
m z 

http://www.myuptodate.com


1180 SECTION X ABDOMEN 

2. DC: Gastrointestinal Gastroenterol Clin North 

Am 34:581-588, 2005. 

3. Strate LL: Lower GI and 

4. 13arkun A, 13ardou M, Marshall JK: Consensus recommendations 

for managing patients with nonvariceal upper 

IJtccuiug. Ann Intern Med 139:843-857, 2003. 

5. Dubi GS, Gralnek [M, Oci TT, et al: Utilization of health care 

resources for low-risk patients with acute, nonvariceal upper G [ 

An historical cohort Gastrointest Endosc 

55:321-327, 2002. 
6. DasA, RC: Prediction of outcome of acute GI hem<)!Thage: 

A review of risk scores and pr.ccdilctilve models. Gastrointest Endosc 

60:85-93. 2004. 

7. Lieberman D: Gastrointestinal Initial management. 

Gastroenterol Clin North Am 22:723-736, 1993. 

8. Kollef MH, O'Brien JD, Zuckerman GR, eta!: BLEED: A clas-

sification tool to outcomes in patients with acute upper 

and lower Crit Care Mcd 25:1125-

1132, 1997. 

9. Tata LJ, Fortun PJ, Hubbard RB, et al: Docs concurrent prescrip-

tion of selective serotonin inhibitors and non-steroidal 

substantially increase the risk of upper 
ga;;trc,in;tesltin:ll blleeclin'"' Aliment Pharmacal Ther 22:175-181, 

2005. 

10. Rubin TA, Murdoch M, Nelson DB: Acute GI in the 

gement, and outcomes. 

2003. 

ratio in 

clinical mana

Gastrointest Endosc 58:369-373, 

11. Cuellar RE, et al: Gastrointestinal tract 

hem<)rrhage. The value of a nasogastric aspirate. Arch Intern ,\1ed 

150:1381-1384, 1990. 

12. Cooper GS, in upper 

ga.stroirrtestinal hem<Jrrhage: associations with recurrent 

surgery, and 

152, 1999. 

stay. Gastrointest Endosc 49:145-

13. Tsoi KK, Ma TK, for upper ga;;trciillltesltin:ll 

bl<:ecling: How urgent is it? Nat Rev Gastroenterol 

469, 2009. 

6:463-

14. Sarin N, en.dnscc•py and outcomes 

Can J Gastroenterol 23:489-

15. 

in upper ga.str•oirrtestinal 

493, 2009. 

CL, Lee CS, Liu NJ, et al: Overlooked lesions at emergency 

cndnscc•py for acute nonvariceal upper gastroi11tcstinal uu:eu1u1g. 

En.::loscor•y 34:527-530, 2002. 

16. Frossard JL, L, '<ulcwcau 

17. 

18. 

19. 

123:17-23, 2002. 

Am J Gastroenterol 101 :945-

953, 2006. 

], JY, A: Recent trends in admissions 

mortality due to peptic ulcer in L"''b"'"'"'-'· llncr·casin;g ITe<iw~n<:y 
of among older 

2002. 

Marshall and Warren Lecture 2009: ulcer bl<:edling: 

of 20 years from 1989-2009. J Gastroenterol 

25:229-233, 2010. 

20. Khuroo J\.15, Farahat KL, IE: Treatment with proton pump 

inhibitors in acute non-variceal upper A 

m<:ta-arralvsrs. J Gastroenterol 

21. D, Demel A, Nusse T, eta!: infection 

docs not affect the rate in patients with peptic 

ulcer after successful hemostasis: a prospec-

tive trial. 35:393-396, 2003. 

22. Gisbcrt JP, Khorrami S, Carballo E et al: fl. 

maintenance antisecretory for the prevention 

of recurrent from peptic ulcer. Cochrane Database 

Rev CD004062, 2003. 

23. Liu CC, Lee CL, Chan CC, et al: Maintenance treatment is not 

necessary after and of bleed-

ulcer: A 5-year randomized, controlled 

Arch Intern Med 163:2020-2024, 2003. 

24. J, C, 
intestinal outcomes in patients 

tors or conventional non-steroidal 

Population-based nested case-control 

1316, 2005. 

25. Chan FK, To KF, Wu JC, et al: Eradication of Helicohacter 

and risk of peptic ulcers in patients starting lo11g-·term treatment 

with non-steroidal A randomised trial. 

Lancet 359:9-13, 2002. 

in the management of Hdicobacter 

Maastricht III Consensus Gut 56:772-781, 2007. 

27. Lin HJ, Hsieh '{H, GY, eta!: A randomized 

versus small-volume injection of 

peptic ulcer Gastrointest Endosc 55:615-

619, 2002. 

28. LauJY, 

with surgery in patients with recurrent 

scopic control of bleeding ulcers. N 

1999. 
29. Guglielmi A, Ruzzenente A, Sandri M, eta!: Risk assessment and 

30. 
ing to 

31. 

32. 

rd>Je,:drng in ulcer. Endos-

Endo:;copic factors predispo:s

relJk<oding tollovving end<:Jscopic hemostasis in 

GH, et al: Risk factors for gastro

ill patients. Canadian Critical Care 

J Med 330:377-381, 1994. 
Endo:;copic apJJra,acllcs to upper ga:;trcJintestinal 

33. Chalasani N, Kahi C, Francois F, ct al: patient survival 

after acute variceal a multicenter, cohort Am J 

Gastroentcrol 98:653-659, 2003. 

34. Castaneda B, Morales J, Lionetti R, eta!: Effects of blood volume 

restitution a portal in 

anesthetized cirrhotic rats. 33:821-825, 2001. 

35. Hou MC, Lin HC, Liu TT, et al: Antibiotic after 

36. 

37. Hsu YC, 

rel>le<cding in acute variceal hemor

HeJ:>at<Jlo~~y 39:746-753, 2004. 

et al: Octreotide for acute 

en<:Jo:scc,py as a risk 

ln-ha,sp!tal '"''rto,litv in cirrhotic patients with acute 

http://www.myuptodate.com


ACUTE GASTROINTESTINAL HEMORRHAGE CHAPTER 48 1181 

variceal hemorrhage. J Gastrocnterol Hcpatol 24:1294-1299, 
2009. 

38. Henderson JM, Boyer TO, Kutner M H, et al : Distal splenorenal 
shunt versus transjugular intrahepatic portal systematic shunt 
for variceal bleeding: A randomized trial. Gastroenterology 130: 
1643-1651. 2006. 

39. Lo GH, Liang HL, Chen WC, et al: A prospective, randomized 

co ntrolled tri'al of transjugular intrahepatic portosystemic shunt 
ve.rsus cyanoacrylate injection in the pn:vention of gastric variceal 

rebleeding. Endoscopy 39:679-685, 2007. 
40. Heider TR, Azecm S, Galanko JA, ct al: The natural history of 

pancreatitis-induced splenic vein thrombosis. Ann Surg 239: 
876--880, 2004. 

41. de Ia Pena J , Brullet E. Sanchez-Hernandez E. et al: Variceal liga

tion plus nadolol compared with ligation for prophylaxis of variceal 
rebleeding: A multicenter trial. Hepatology 41:572-578, 2005. 

42. Riggio 0, Angelo ni S, Salvatori FM, et al: Incidence, natural 
history, and ri-sk factors ofhepaticenccphalopathy after transjugular 
intrahepatic portosystemic shunt with polytetrafluoroethylene

covered scent grafts. Am J Gastroenrerol l 03:2738-27 46, 2008. 
43. Jensen OM. Machicado GA. Jutabha R. et al: Urgcnt colonoscopy 

for the: diagnosis and treatment of severe diverticular hemorrhage. 

N Engl J Med 342:78-82, 2000. 

44. Lipof T, Sardella WV, Bartus CM, et al: The efficacy and 
durability of super-selective embolization in the treatment of 

lower gastrointestinal b leeding. Dis Colon Rectum 51::301- 305, 
2008. 

45. Bender JS, Wiencek RG, Bouwman DL: Morbidity and mortality 
following total abdominal colectomy for massive lower gastroin

testinal bleeding. Am Surg 57:536-540, 1991. 
46. Prudi OS, Loftus EV, Jr., Tremaine WJ, et al: Acute major gastro

intestinal hemorrhage in inAammato ry bowel disease. Gastro intest 

Eudosc 49:153-157, 1999. 
47. Walker AM, Bohn RL, Cali C, et al: Risk facto rs for colon isch

emia. Am J Gastroenterol 99:1333-1337, 2004. 
48. Gralnek IM: Obscure-<>vert gastrointestinal bleeding. Gastroenter

ology 128:1424-1430.2005. 
49. Szold A, Katz LB, Lewis BS: Surgical approach to oewlt gastro

intestinal bleeding. Am J Surg 163:90-92; discussion 92-93, 
1992. 

50. Shinozaki S, Yamamoto H, Yano T, er al: Long-term outcome of 

patients with obscure gastrointestinal bleeding investigated by 
double-balloon endoscopy. C lin Gasrrocntcrol Hepatol 8:151-
158, 2010. 

)> 
c::> 
0 
0 
s: 
m z 

http://www.myuptodate.com


CHAPTER 49 

STOMACH 
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GASTRIC CANCER 

OTHER GASTRIC LESIONS 

ANATOMY 

Gross Anatomy 

Divisions 
1he stomach begins as a dilation i11 the tubular embryonic 
foregut during the fifth week of gestation. By the seventh week, 
it descends, rotates, and further dilates with a disproportionate. 
elongation of the greater curvature into its normal anatomic 
shape and position. Following birth, it is the most proximal 
abdominal organ of the aHmentary tract. The most proximal 
region of the stomach is called the cardia, which attaches to the 
esophagus. Lmmediately proximal to the cardia is a physiologi
cally competent lower esophageal sphincter. Distally, the pylorus 
connects the distal stomach (antrwn) to the proximal duode
num. Although the stomach is fixed at the gastroesophageal 
(GE) junction and pylorus, its large m.idportion is mobile. The 
fundus repre.semts the superiormost part of the stomach and is 
floppy and distensible. The stomach is bow1de.d superiorly by 
the diaphragm and laterally by the spleen. The body of the 
stomach represents the largest portion a11d is also referred to as 
the corpus. The body also contains most of the parietal cells and 
is bounded on the right by the relatively straight lesser curvature 
and on the left by the longer greater curvature. At the angularis 
incisura, the lesser curvature abruptly angles to the right. It is 
here that the body of the stomach ends and the antrum begins. 
Another important anatomic angle (angle of His) is that formed 
by the fundus with the left margin of me esophagus (Fig. 49- 1} . 

Most of the stomach resides within the upper abdomen. 
1he left lateral segment of the Liver covers a large portion of the 
stomach anteriorly. 1l1e diaphragm, chest, and abdominal waU 
bound the remainder of rhe stomach. Inferiorly, the stomach is 
attached to the transverse colon, spleen, caudate lobe of the liver, 
diaphragmatic crura, and retroperitoneal nerves and vessels. 
Superiorly, the GE junction is found about 2 to 3 em below the 
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diaphragmatic esophageal hiatus in the horizontal plane of the 
seventh chondrosternal articulation, a plane only sHgbtly cepha
lad to that containing the pylorus. The gastrosplenic ligament 
attaches the proximal greater curvature to the spleen. 

Blood Supply 
1l1e celiac artery provides most of the blood supply to the 
stomach (Fig. 49-2). 1here are four main arteries- the left and 
right gastric arteries along tl1e lesser curvature and tbe left and 
right gastroepiploic arteries along the greater curvan1re. In addi
tion, a substantial quantity of blood may be supplied to tl1e 
proximal stomach by the infer:ior phrenic arteries and by 
the sl1orc gastric arteries from the spleen. The largest artery to 
the stomach is the left gastric artery, and it is not uncommon 
(15% to 20%) for an aberram left hepatic artery to originate 
from it. Consequently, proximal Hgation of the left gastric artery 
occasionally results in acute left-sided hepatic isd1emia. ll1c 
right gastric artery arises from the hepatic artery (or the gastro
duodenal artery). The left gastroepiploic artery originates from 
the splenic artery and the right gastroepiploic originates from 
the gastroduodenal artery. The extensive anastomotic connec
tion between these major vessels ensures that in most cases, the 
stomach will survive if three our of four arteries are ligated, 
provided that the arcades along the greater and lesser curvatures 
are not disturbed. In general, the veins of the stomach parallel 
the arteries. ll1e left gastric (coronary) and right gastric veins 
usually drain into the portal vein. ll1e right gastroepiploic vein 
drains imo the superior mesenteric vein and the left gastroepi
ploic vein drains into the splenic vein. 

Lymphatic Drainage 
ll1e Lymphatic drainage of the stomach parallels the vasculature 
and drains into four zones of lymph nodes (Fig. 49-3). The 
superior gastric group drains lymph from the upper lesser cur
vature into the left gastric and paracardial nodes. 1l1e suprapy
loric group of nodes drains tl1e amral segment on the lesser 
curvature of the stomach into the right suprapancreatic nodes. 
ll1e pancreaticolienal group of nodes drains lymph high on the 
greater curvature into me left gastroepiploic and splenic nodes. 
The inferior gastric and subpyloric group of nodes drains lymph 
along the right gastroepiploic vascular pedicle. All four zones of 
lymph nodes drain into the celiac group ruJd into the thoracic 
duct. Although rhese lymph nodes drain different areas of the 
stomach, gastric cancers may metastasize to any of the four nodal 
groups, regardless of the cru1eer location. ln addition, the exten
sive submucosal plexus of lymphatics accounts for the fact that 
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there is frequently microscopic evidence of malignant cells 
several centimete rs from gross disease. 

Innervation 
As shown in Fiigure 49-4, the extnnsac innervation of the 
stomach is parasympathetic (via the vagus) and sympathetic (via 
the celiac plexus). '111e vagus nerve originates in d1e vagalnudeus 

EMph'fjU<~ 
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Duodenum ~ 

Pyloric 
antrum 

Body 

curvature 

J 
FIGURE 49-1 Divisions of the stomach. (From Yeo C: Shackelford's 
surgery of the a limentary tract, ed 6, Philadelphia, 2007, WB 
Saunders.) 
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in the floor of the fourth ventrlde and traverses the neck in the 
carotid sheath to enter the mediastinurn, where it divides into 
several branches around the esophagus. l11ese branches coalesce 
above the esophageal hiatus to form the left and right vagus 
nerves. It is not uncommon to find more than two vagal trww 
at the distal esophagus. At the GE junction, the kft vagus is 
anterior, and the right vagus is posterior (LARP). 

'111c left vagus gives off the hepatic branch to the liver and 
ilien continues along ilie lesser curvature as the anterior nerve 
of Latarjet. Ald10ugh not shown, the so-called criminttL nerve of 
Grttssi is the first branch of the right or posterior vagus nerve; it 
is recognized as a potential cause of recurrent ulcers when left 
undivided. The right nerve gives a branch off to ilie celiac plexus 
and then continues posteriorly along the lesser curvature. A 
truncal vagotomy is performed above the celiac and hepatic 
branches of the vagi, whereas a selective vagotomy is performed 
below. A highly selective vagotomy is performed by dividing ilie 
crow's feet to the proximal stomach while preserving the inner
vation of the antral and pyloric parts of the stomach. Most 
(90%) of the vagal fibers arc afferent, carrying stimuli from the 
gut to the hrain. Efferent vagal flbers originate in the dorsal 
nudeus of tile medulla and synapse with neurons in the myen
teric and submucosal plexuses. These neurons use acetylcholine 
as their neurotransmitter and influence gastric motor function 
and gastric secre tion. [n contrast, the sympathetic nerve supply 
comes from T5 toT 10, traveling in the splanchnic nerve to the 
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FIGURE 49-2 Blood supply to the stomach and duodenum showing anatomic relationships to the spleen and pancreas. The stomach is reflected 
cephalad. (From Yeo C: Shackelford's surgery of the alimentary tract, ed 6, Philadelphia, 2007, WB Saunders.) 
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FIGURE 49-3 Lymphatic drainage of the stomach. 

FIGURE 49-4 Vagal innervation of the stomach. The line of division 
for truncal vagotomy is shown; it is above the hepatic and celiac 
branches of the left and right vagus nerves, respectively. The line of 
division for selective vagotomy is shown; this is below the hepatic 
and celiac branches. (From Mercer D, Liu T: Open truncal vagotomy. 
Oper Tech Gen Surg 5:8-85, 2003.) 

celiac ganglion. Postganglionic fibers then travel with the arter.ial 
system to inncrvatc tbe stomach. 

1l1e intrinsic or enteric nervous system of the stomach 
consists of neurons in Auerbach's and Meissner's autonorulc 
plexuses. [n these locat.ions, cholinergic, seroton.inergic, and 
peptidergic neLUons are present. However, the fwKtion of these 
neurons remains poorly understood. Nevertheless, a number of 
neuropeptides have been localized to these neurons; these 
include acetylcholine, serotonin, substance P, calcitonin gene
related peptide (CGRP), bomhesin, cl1olecystok.inin (CCK), 
and somatostatin. Consequently, it is an oversimplification 
co chink of the stomach as only contai.ning parasympathetic 
(choiLnergic input) and sympathetic (adrenergic inpur) supply. 

Table 49-1 Gastric Cell Types, Location, and Function 
CELL TYPE LOCATION FUNCTION 
Parietal Body Secretion of acid and 

intrinsic factor 

Mucus Body, antrum MUCUS 

01iel Body Pepsin 

Surface epithelial Diffuse Mucus, bicarbonate, 
prostaglandins (?) 

Enterochromaflin-like Body Histamine 

G Antrum Gastrin 

D Body. antrum Somatostatin 

Gastric mucosal Body, antrum Gastrin-releasing 
interneurons peptide 

Enteric neurons Diffuse Calcitonin gene-related 
peptide, others 

Endocrine Body Ghrelin 

Moreover, the para~ympathetic nervous system contains adren
ergic neurons and the sympathetic system also contains cl1olin
ergic neurons. 

Ciasmc Morphology 
The stomach is covered by peritoneum, which forms the outer 
serosa of the sromach. Below it is the thicker muscularis propria, 
or muscularis externa, wh.ich is made up of three layers of 
smooch muscles. 1l1e middle layer of smooth muscle is circular 
and is the only complete muscle layer of the stomach wall. At 
the pylorus, this middle circular muscle layer becomes progres
sively thicker and functions as a true anatomic sphincter. 1l1e 
outer muscle layer is longitudinal and continuous with the outer 
layer of longitudinal esophageal smootb muscle. Within the 
layers of the muscularis externa is a r.ich plexus of autonomic 
nerves and ganglia. called Auerbach's myenteric pfe.."US. The sub
mucosa l.ies between the muscularis externa and mucosa and is 
a collagen-ricl1 layer of connective tissue that is the strongest 
layer of the gastric wall. In add.ition, it contains the rich anas
tomotic network of blood vessels and lymphatics and Meissner's 
plexus of autonomic nerves. 1l1e mucosa consists of surface 
epithelium, lamina propria, and muscularis mucosae. The laner 
is on the lum inal side of the submucosa and is probably respon
sible for the rugae that greatly increase epithel.ial surface area. It 
also marks the microscopic boundary for invasive and noninva
sive gastric carcinoma. 1l1e lamina propria represents a small 
connective tissue layer and contains capillaries, vessels, lymphat
ics, and nerves necessary to support the surface epithelittm. 

Gastric Microscopic Anatomy 
Gastric mucosa consists of columnar glandular epitbel.ia. The 
cellular populations (and fw1ctions) of the cells forming th.is 
glandular epithelium vary based on their location in the stomach 
(Table 49-1). The glandular epitbdham is d.ivided into cells that 
secrete products Lnto the gastric lttmen for digestion (parietal 
cells, ch.ief cells, mucus-secreting cells) and cells that control 
function (gastrin-secreting G cells, somatostatLn-secreting D 
cells) cells. Ln the cardja, the mucosa is arranged in branched 
glands and the pits are short. In the fundus and body. the glands 
are more tubular and the pits are longer. ln the antrum, the 
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FIGURE 49-5 Cells residing within a gastric gland. (From Yeo C: 
Shackelford's surgery of the a limentary tract, ed 6, Philadelphia, 2007, 
WB Saunders.) 

glands arc more branched. The lumi11al ends of the gastric glands 
and pits arc lined with mucus-secreting surface epithelial cells, 
which extend down into the necks of the glands for variable 
dista11ces. In the cardia, the glands arc predominantly mucus
secreting. In the body, the glands are mostly lined &om the neck 
to the base with parietal and chief cells {Fig. 49-5). There are a 
few parietal cells in the ftmdus and proximal antrum, bur none 
i11 the cardia or prepyloric antrum. -n1e endocrine G cells are 
present in greatest quantity in the antral glands. 

PHYSIOLOGY 
The principal function of the swmach is to prepare ingested food 
for digestion and absorption as it is propulsed into the small 
intestine. TI1e ini tial period of digestion requires that solid com
ponents of a meal be stored for several hours while they Lmdergo 
a reduction in size and break down into their basic metabolic 
constiruents. 

Receptive relaxation of the proximal stomach enables the 
stomach to function as a storage organ. Receptive relaxation 
refers to the process whereby the proximal portion of the 
stomach relaxes in anticipation of food intake. This relaxation 
enables liquids to pass easily from the stomach along the lesser 
curvature, whereas the solid food setcles along the greater cur
vature of the fundus. In contrast to liquids, emptying of solid 
food is facilitated by the antrum, which pumps solid food com
ponents into and through the pylorus. The antnun and pylorus 
function in a coordinated fashion, allowing entry of food com
ponents into the duodcJlum and also returning material to the 
proximal stomach Lmtil it is SLUtable for delivery into the 
duodenum. 
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In addition to storing food, the stomach begins digestion 
of a meal. Starches undergo enzymatic br(.'akdown through the 
activity of salivary an1yla..e. Peptic digestion metabolizes a meal 
into fats, proteins, and carbohydrates by breaking down cell 
walls. Although the duodenLml and proximal small iJJtestine are 
primarily responsible for digestion of a meal, the swmach facili
tates this process. 

Regulation of Gastric: Function 
Gastric function is under neural (sympathetic and para~ympa
thctlc) and hormonal control (pcptidcs or an1ines that interact 
with target cells in the stomach). An understanding of the roles 
of end ocrine and neural regulation of digestion is critical to 

understanding ga~tric physiology. Abnormal secreti011 of gastrin 
and pepsin was thought to be the major causative factor in 
peptic ulcer disease (PUD). The discovery of Helicobacter pylori 
(H. pylori) and ilie effect of ilii~ organism on ulcer disease has 
rendered moor many of the theoretical rationales for acid hyper
secretion. A general understanding of gastric physiology and the 
specific impact of peptides on acid secretion, however, is still 
critical to understanding tl1e physiologic effects of gastric surgi
cal procedures on digestion. We will initially focus here on 
peptide regulation of gastric function and then describe the 
interactions of these peptides wiro neural inputs in regard co 
acid secretion and gastric function. 

Gastric: Peptides 

Gastrin 
Gastrin is produced by G cells located in the gastric antrum (see 
Table 49-1). It is syncl1esized as a prepropeptide and undergoes 
pose-translational processing to produce bioiClgically reactive 
gastrin pep tides. Several molecLJar forms of gastrin exist. G-34 
(big gastrin), G-17 (little gastrin), and G-14 (minigastrin) have 
been identified. However, 90% of antral gastrin is released as the 
17-anlino acid peptide, although G-34 predominates in the 
circulation because its metabolic half-life is longer than that of 
G-17. TI1e pemapeptide sequence contained at ilie carboxyl 
termin.us of gastru1 is the biologically active component and is 
identical to that found on another gut peptide, CCK CCK and 
gastrin. differ by tyrosine sulfation sites. The release of gastrin is 
stimu.latcd by food components in a meal, especially protein 
digestion products. Luminal acid uiliibits the release of gastrin. 
In cl1e antrall.ocation, somatostatin and gastrin release are func
tionally linked. and an uwerse reciprocal relationship exists 
between cl1ese two pep tides. 1 

Gastrin is the major hormonal regularor of the gastric pba~e 
of acid secretion following a meal. Histanline, released from 
enterochromaffin-like {ECL) cells, is also a potent stimulant of 
acid release from the parietal cell. Gastrin also has considerable 
trophic effects on the parietal cells and gamic ECL cells. Pro
longed hypergastrinemla from any cause leads to mucosal hyper
plasia and an increase in tbe number of ECL cells and, under 
some circumstances, is a~sociated with the development of 
gastric carcinoid tumors.' 

'TI1e detection of bypergastrinemia may suggest a patho
logic state of acid hypersecretion but generally is the resuJ t of 
treatment wiili agents to lower acid secretion, such as proton 
pump inhibitors. Table 49-2 Lists common causes of chronic 
hypergastrinemia. Hypergastrinemia cl1at results from the 
administration of acid-lowering drugs is an appropriate response 
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Table 49-2 causes of Hypergastrinemia 
ULCEROGENIC CAUSES 
Antral G-cell hyperplasia or 

hyperfunction 

Retained exduded antrum 

Zollinger-EIIison :syndrome 

Gastric outlet obstruction 

Short-gut syndrome 

NONULCEROGENIC CAUSES 
Antisecretory agents (PPis) 

Atrophic gastritis 

Pernicious anemia 

Acid-feducing procedure 
(vagotomy) 

He/icobader pylori infection 
Olronic renal failure 

caused by loss offeedback inhibition of gastrin release by luminal 
acid. Lack of acid causes a reduction in somatostatin release, 
which in turn causes increased release of gastrin from antral G 
cells. Hypergastrinemia can also occur in the setting of perni
cious anemia or uremia, or following surgical procedu.res such 
as vagotomy or retained gastric antrum after gastrectomy. In 
contrast, gastrin levels increase inappropriately in patients with 
gastrinoma (Zollinger-Ellison syndrome [ZES]). These gastrin
secreting tumors are not located in the antrum and secrete 
gastrin autonomously. 

Gastrin initiates its biologic actions by activation of surface 
membrane receptors. These receprors are members of the classic 
G protein-coupled seven- transmembrane-spanning receptor 
family and are classified as type A or B CCK receptors. The 
gastrin or CCIK-B receptor has high affinity for gastrin and 
CCK, whereas the type A CCK receptors have an aflinlty for 
sulfated CCK analogues and a low affinity for gastrin. Binding 
of ga~trin with tbe CCK-B receptor bas been associated with 
elevated intracellular calcium levels. 

Somatostatin 
Somatostatin is produced by D celJs and exists endogenously as 
tbe 14- or 28-amino add peptide. The predominant molecular 
form in the stomacl1 is somatostatin-14. It is produced by diffuse 
neuroendocrine cells located in the fundus and antrum. ln these 
locations, D ceU cyroplasmic extensions have direct comact with 
the parietal ceUs and G cells, where it presumably exerts its 
actions through paracrine effects OJl add secretion and gastrin 
release.3 Somatostatin is able to inhibit parietal cell acid secretion 
directly but caJ1 also indirectly inhibit acid secretion through 
inhibition of gastrin release and dowruegulation of histanline 
release from ECL cells. 1he principal stimulus for somatostatiJ1 
release is antral acidification, whereas acetylcl10line from vagal 
fibers inhibits its release. 

Somatostatin receptors are also seven-transmembrane
sparuling receptors. Binding of somatostatin with its receptors 
is coupled to one or more inhibitory guanine nucleotide-binding 
proteins. Parietal cell somatostatin receptors appear to be a single 
subunit of glycoproteins with a molecular weight of 99 kDa, 
with equal affinity for somatostatin-14 and somatostatin-28. 
Somarostatin can in hibit parietal cell secretion through G 
protein-dependent and G protein-independent mechanisms. 
However, the ability of somatostatin to exert its inhibitory 
actions on cellular function is primarily thought to be mediated 

through the inhibition of adenylate cyclase, wid1 a resultant 
reduction in cyclic AMP levels. 

<iastrin-Releasing Peptide 
Bombesin was discovered in 1970 in aJl extract prepared &om 
skin of rhe amphibian Bombina bombi111z (European fire-bellied 
toad). Its mammalian counterpart is gastrin-releasing peptide 
(GRP). GRP is particularly prominent in nerves ending iJ1 the 
add-secreting and gastrin-secreting portions of the stomach and 
is found in the circular muscular layer. In the ru1tral mucosa, 
GRP stimulates gastrin ru1d somatostatin release by biJ1ding to 
receptors located on the G and D cells, respectively. lt is rapidly 
cleared from the circulation by a neutral endopeptidase and has 
a half-Life of approxinlately 1.4 minutes. Peripheral administra
tion of exogenous GRP stimulates gastric acid secretion, wherea~ 
central administration in the ventricles inhibits acid secretion. 
The inhibitory pathway activated is not mediated by a hun10ral 
facto:r, is unaffected by vagotomy, ru1d appears to involve the 
sympathetic nervous system. 

Histamine 
Histan1ine plays a prominent role in parietal cell stimulation. 
Administration of histanline 2 (H2) receptor antagonists almost 
completely abolishes gastric acid secretion in response to gastrin 
and acetylcholine. This suggests that histamine may be a neces
sary intermediary of gastrin- and acetyldloline-stirnulated add 
secretion. Histamine is stored in the acidic granules of ECL cells 
ru1d in resident mast cells. Its release is stimulated by gascriJ1, 
acetylcholine, and epinephrine following receptor-ligand inter
actions on ECL cells. in contrast, somatostatiJl inhibits gastrin
stimulated histamine release through iJ1teractions with 
somatostatin receptors located on the ECL cell. 'Tims, tbe ECL 
cell plays an essential role in parietal cell activation that possesses 
stimulatory and inhibitory feedback pathways that modulate the 
release of histamiJ1e and therefore acid secretion. 

<ihrefin 
Ghrelin is a 28-anlino acid peptide predominantly produced by 
endocrine cells of the oxyntic mucosa of the stomad1, with 
substantially lower amounts from the bowel, pancreas, and other 
organs. Removal of the acid-producing part of the stomach 
decreases circulating ghrelin by 80%. Ghrelin appears to be 
under endocrine ru1d metabolic control, has a diurnal rhythm, 
likely plays a major role in the neuroendocrine ru1d metabolic 
responses to changes in nutritional status, and may be a major 
ru1abolic hormone. 

[n human volunteers, gluelin administration enhances 
appetite ru1d increases food intake. L1 patients who have under
gone a gastric bypass, ghrdin levels are 77% lower than those of 
matd1ed obese controls, a finding not seen afte.r other forms of 
antiobesity surgery. Although cl1e mechanism responsible for 
suppression of ghrelin levels after gastric bypass is unknown, this 
suggests that ghrelin may be responsive to the normal How of 
nutrients across the stomach. Other studies have suggested that 
ghreliJ1 leads to a switch toward glycolysis and away from fatty 
add oxidation, which would favor fat deposition. It appears that 
ghrelin is upregulated iJl times of negative energy balance and 
downregulared in rin1es of positive energy balance, although tbe 
precise role of ghrelin in energy metabolism remains unclear. 
Ghrelin may come to have a role in the treatment and preven
tion of obesity. 
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FIGURE 49-6 Central role of the ECL cell in regulation of acid secre
tion by the parietal cell . As shown, ingestion of a meal stimulates 
vagal fibers to re lease acetylcholine (cephalic phase). Bind ing of 
acetylcholine to M3 receptors located on the ECL cell, parietal cell, 
and G cell results in the re lease of histamine, hydrochloric acid, and 
gastri n, respectively. Binding of acetylcholine to M3 receptors on 0 
cells results in the inhibition of somatostatin re lease. Following a 
meal, G cells a re also stimulated to release gastrin, which interacts 
with receptors located on ECL cells and parietal cells to cause the 
release of histamime and hydrochloric acid (gastric phase). Release of 
somatostatin from 0 cells decreases histamine release and gastrin 
release from ECl cells and G cells, respectively. In addition, soma
tostatin inhibits pa rietal cell add secretion (not shown). The principal 
stimulus for the adivation of 0 cells is a ntral luminal acid ification (not 
shown). (From Yeo C: Shackelford's surgery of the alimentary tract, 
ed 6, Philadelphia, 2007, WB Saunders.) 

Gastric Add Secretion 
Gastric acid secretion by the parietal cell is regulated by three 
local stimuli-acctylchollnc, gastrin, and histamine. These three 
stimuli accowlt for basal and stimulated gastric acid secretion. 
Acetylcholine is the principal neurotransmitter modulating acid 
secretion and is released from the vagus and parasympathetic 
ganglion cells. Vagal fibers innervate nor only parietal cells bur 
also G cells and JECL cells to modulate release of their pep tides. 
Gastrin has hormonal effects on the parietal cell and stimulates 
histamine release. Histamine has paracrinc-like effects on the 
parietal cell and, as shown in Figure 49-6, plays a central role in 
the regulation of acid secretion by the parietal cell after its release 
from ECL cells. As depi.cted, somatostatin exerts inhibitory 
actions on gastric acid secretion. Release of somatostatin from 
antral D cells is stin1ll1ated iJ1 the presence of intraluminal acid 
to a pH of 3 or lower. After its release, somatostati.n inhibits 
gastrin release duough paracrine effects and also modifies hista
mine release from ECL cells. In some patients w.ith PUD, this 
negative feedback response is defective. Consequently, the 
precise state of acid secretion by the parietal cell is dependent 
on the overall influence of the positive and negative stimuli. 
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In the absence of food, there is always a basal level of acid 
secretion that is approximately 10% of maximal acid output. 
Under basal conditions, 1 to 5 mmol/hr of hydrochloric acid is 
secreted, and tllis is reduced after vagotomy or H 2 receptor 
blockade. 'TI1us, it appears likely that basal acid secretion 
is caused by a combination of cholinergic and histaminergic 
input. 

Stimulated Acid Secretion 
Cephalic Phase ingestion of food is the physiologic stimulus for 
acid secretion. Tivee phases of the acid secretory response to 
a meal have been described, cephalic, gastric, and intestinal. 
1l1ese three phases are interrelated and occur concurrently, not 
consecutively. 

TI1e cephalic phase originates with the sight, smell, thought, 
and/or taste of food, whid1 stimulates neural centers in the 
cortex and bypodJalanllls. Aliliougb the exact mechanisms 
whereby senses stimulate acid secretion remain to be fully elu
cidated, it is hypothesized that several sites are stimulated in the 
brain. These higher centers transmit signals to the stomach by 
the vagus nerves, wllich release acetylcholli1e that in turn acti
vates muscarinic receptors located on target cells. Acetylcholine 
directly increases acid secretion by the parietal cells and can 
inhibit and stimulate gastrin release, the net effect being a slight 
increase in gastrin levels. Although the intensity of the acid 
secretory response m the cephalic phase surpasses that of the 
other rhases, it accounts for only 20o/o to 30% of the total 
volume of gastric acid produced in response to a meal because 
of d1e short duration of the cephalic phase. 

Castric Phase The gastric phase of acid secretion begins when 
food enters the gastric lumen. Digestion products of ingested 
food interact with microvilli of antral G cells to stimulate gastrin 
release. Food also stimulates acid secretion by causing mechani
cal distention of the stomach. Gastric distention activates stretch 
receptors m the stomach to elicit the long vagovagal reflex arc. 
It is abolished by proximal gastric vagotomy and is, at least in 
part, independent of changes in serum gastrin levels. However, 
antral distention also causes gastrin release in humans, a reflex 
that l1as been called the pyloro-oxyntic reflex. In humans, mechan
ical distention of the stomach accounts for about 30% to 40% 
of d1e maximal acid secretory response to a peptone meal, with 
the remai.nder caused by gastrin release. The entire gastric phase 
accounts for most (60% to 70%) of meal-stimulated acid output 
because it lasts until tl1e stomach is empty. 

Intestinal Phase The intestinal phase of gastric secretion remains 
poorly understood but appears to be initiated by entry of chyme 
into the small intestine. lt occurs after gastric emptying and lasts 
as long as partially digested food components remain in the 
proximal small bowel. [t accounts for only lOo/o of the acid 
secretory response to a meal and does not appear to be mediated 
by serum gastri11 levels. [t has been hypothesized that a distinct 
acid stimulatory peptide hormone (entero-oxymin) released 
from small bowel mucosa may mediate the intestinal phase of 
acid secretion. 

Activation and Secretion by the Parietal Cell 
1l1c two second messengers principalJy involved iJl stimulation 
of acid secretion by parietal cells are intracellular cyclic AMP 
(cAMP) and calcium. Synthesis of iliese two messengers in turn 
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activates pro tein kinases and phosphorylation cascades. 1l1e 
imracellular events followil1g ligand bincli11g to receprors on the 
parietal cell arc shown in Figure 49-7. Histamine causes an 
increase i"n intracellular c:Alv!P, wblch activates protein kinases 
to initiate a cascade of phosphorylation events that culminate in 
activation of H'", K' -ATPase. ln contrast, acetylcholine and 
gastrin ~timulaJCe phospholipase C, which converts membrane
bound phospholipids into inositol triphosphate (IP3) to mobi
lize calcium from intracellular stores. Increased intracellular 
calcium activates other protein kinases that ultimately activate 
H~, K+-ATPase in a similar fashion to initiate the secretion of 
hyd10chloric acid. 

H•, K+-ATPase is the final common pathway for gastric 
acid secretion by the parietal cell. It is composed of two subunits, 
a catalytic o.-subwut (100 kDa) and a glycoprotein ~-subllllit 
(60 kDa). Duril1g the resting, or nonsecreting, state, gastric 
parietal cells store H '", K+-ATPase within intracellular nlbulove
sicular dements. Cellular relocation of the proton pump sub
units through cytoskeletal rearrangements must occur in order 
for acid secretion to increase in response to stinmlatory factors. 
1l1e subsequent insertion and heterodimer assembly of the H+, 
K+ -ATPase subw1its into the:- microvilli of the secretory canalicu
lus causes an increase in gastric add secretion. A KCl effiux 
pathway must eJdst to supply potassium to tbe extracytoplasmic 
side of the pump. Cytosolic hydrogen is secreted by H+, K"
ATPase in exch ange for extracytoplasnuc potassium (see Fig. 
49-7), which is an electroneutral exchange and therefore does 
not contribute to the transmembrane potential difference across 
rl1e parietal cell Secretion of chloride is accomplished through 
a chloride chaJtnel movi11g chloride from rhe parietal cell cyto
plasm to rl1e gastric lumen. The secretion or exchange of hydro
gen for potassium, however, does require energy in the form of 

FIGURE 49-7 Intracellular signaling events in a parietal cell. As 
shown, histamine binds to H2 receptors, stimulating adenylate cyclase 
through a G protein-linked mechanism. Adenylate cyclase activation 
causes an increase in intracellular cAMP levels, which in turn activates 
protein kinases. Activated protein kinases stimulate a phosphoryla
tion cascade, with a resultant increase in levels of phosphoproteins 
that activate the proton pump. Activation of the proton pump leads 
to extrusion of cytosolic hydrogen in exchange for extracytoplasmic 
potassium. In addition, chloride is secreted through a chloride 
channel located on the luminal side of the membrane. Gastrin binds 
to type B cholecystokinin receptors and acetylcl1oline binds to M3 
receptors. Following the interaction of gastrin or acetylcholine with 
their receptors, phospholipase C is stimulated through a G protein
linked mechanism to convert membrane-bound phospholipids into 
inositol triphosphate (IP3). IP3 stimulates the release of calcium from 
intracellular calcium stores, leading to an increase in intracellular 
calcium that in turn activates protein kinases, which activate the 
W,K~-ATPase. ATP, Adenosine triphosphate; ATPase, adenosine tri
pho~hatase; cAMP, cyclic adenosine monophosphate; Gi, inhibitory 
guanine nucleotide protein; Gs,stimulatory guanine nucleotide 
protein; PIP2, phosphatidylinositol 4,5- diphosphate; PLC, phospho
lipase C. (From Yeo C: Shackelford's surgery of the alimentary tract, 
ed 6, Philadelphia, 2007, WB Saunders.) 

Nonsecreting parietal cell Acid-secreting parietal cell 

FIGURE 49-8 Diagrammatic representation of resting and stimulated 
parietal cells. Note the morphologic transformation between the non
secreting parietal cell and stimulated parietal cell, with increases in 
secretory canalicular membrane surface area. 

adenosi11e triphosphate (ATP) because hydrogen is being secreted 
against a gradient of more rl1an a million-fold. Because of this 
large energy requirement, the parietal cell also has the largest 
mitochondrial content of any man1malian cell, with a mitochon
drial comparm1ent representing 34% of its cell volume. In 
response to a secretagogue, rl1e parietal cell undergoes a confor
mational change, and a several-fold increase in the canalicular 
surface area occurs (Fig. 49-8). In concrast co stimulated add 
secretion, cessation of acid secretion regwres endocytosis ofH<, 
K•-ATPase, with regeneration of cytoplasmic rubulovesiclcs con
tainillg the subllllits, and this occurs through a tyrosine-based 
signal. The tyrosine-containing sequence is located on the 
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cywplasmic tail of the J3-subun.it and is highly homologous to 
the motif respo nsible for internalization of the transferrin 
receptor. 

More than 1 billion parietal cells are found in the normal 
human stomach and are responsible for secreting about 
20 mmol/hr of hydrochloric acid in response ro a prorcin meal. 
Each i11di.vidual parietal ceU secretes 3.3 billion hydrogen ions/ 
second, ru1d there is a Linear relationship between maximal acid 
output and parietal cell number. However, gastric acid secretory 
rates may be altered in patients with upper gastrointestinal (GI) 
disease. For example, gastric acid is often increased in patients 
with duodenal ulcer or gastrinoma, whereas it is decreased in 
patient.~ with pernicious anemia, gastric atrophy, gastric ulcer, 
or gastric cancer. The lower secretory rates observed in gastric 
ulcer patients are typically for proximal gastric ulcers, whereas 
distal, antral, or prepyloric ulcers are associated with acid secre
tory rates similar to those in duodenal ulcer patients. 

Gastric acid thus plays a critical role iJl the digestion of a 
meal. It is required to convert pepsinogen i11t0 pepsin, elicits the 
release of sccrerlm from the duodenum, and limits colonization 
of the upper GI tract with bacteria. 

Pharmacologic Regulation 
The diversity of mechanisms that stimulate acid secretion has 
resulted in the d evelopment of many site-specific drugs aimed 
at decreasing acid output by the parietal cell. The best-known 
site-specific aJltagonists are the group collectively known as the 
H.? receptor antagonist!. The most porenr nf the H 2 receptor 
antagonists is fanlotidine, followed by ranitidine, nlzatidine, and 
cimetidine. 1l1e half-life for fan1otidine is 3 hours ru1d approxi
mately 1.5 hours for the others. All undergo hepatic metabolism, 
arc excreted by the kidney, and do not differ much in 
bioavailability. 

ll1c newest class of antisecretory agents is the proton pump 
inhibitors (PPis). These substituted benzimidazoles, of which 
omeprazole is a prime cxan1ple, inhibit acid secretion more 
completely because of thei.r irreversible inhibition of the proton 
pLm1p. l11ese PPis are weak acids with a pi<,. of 4 ru1d therefore 
become selectively locatlzed in the secretory canaliculus of the 
parietal cell, which is the only structure in the body with a pH 
lower than 4. After oral administration, these agents are absorbed 
into the bloodstreruu as prodrugs and then selectively concen
trate in the secretory canaliculus. Ar low pH, they become 
ionized ru1d activated, with the formation of an active sulfur 
group. Because the proton pump is located on the luminal 
surface, the transmembrane pump proteins are also exposed to 
acid or low pH. 1l1e cysteine residues on the «-subunit form a 
covalent disulfare bond with activated benzimidazoles, which 
irreversibly inhibits the proton pump. Because of the covalent 
nature of this bond, these PPis have more prolonged inhibition 
of gastric acid secretion than H2 blockers. In order for recovery 
of acid secretion to occur, new protein pumps need to be syn
thesized. As a result, these agents have a longer duration of 
action than their plasma half-Life, with the intragastric pH being 
maintained higher tbru1 3 for 18 hours or longer. 

One notable side effect of aU antisecretory agents is the 
elevation of serum gaHrinlevels. Serum ga~triJl levels are higher 
after trearmem with PPis d1an wirh H2 receptor antagonists. 
This effect is accompanied by hyperplasia of G ceUs and ECL 
cells when these agents are administered chro11ically. Chronic 
administration of omeprazole has been found to cause ECL 
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hyperplasia that could progress co carciJ10id nunors in rats. 3 111is 
effect, however, was not specific for omeprazole and was repro
duced by other agents that caused prolonged inhibition of acid 
secretion and resultant hypergastrinemia. 

other Gastric Secretory Products 
Gastric Juice Ga~tric juice is the result of secretion by the parietal 
cells, chief ceiJs, ru1d mucus ccUs, in addition to swallowed saliva 
ru1d duodenal refluxatc. The electrolyte composition of parietal 
and nonparietal gastric secretion varies with the rate of gastric 
secretion. Parietal cells secrete an electrolyte solution that is 
isotonic with plasma ru1d contains 160 mmol!liter. The pH of 
chis solution is 0.8. The lowest imraluminal pH commonly 
measured in the stomach is 2 because of dilution of the parietal 
cell secretion by other gastric secretions, which also contain 
sodium, potassium, and bicarbonate. 

Intrinsic: Factor Intrinsic factor is a 60-kDa mucoprotein secreted 
by the parietal cell that is essential for the absorption of vitamin 
B12 iJ1 the terminal ileum. It is secreted in ruuounts that far 
exceed those necessary for vitamin B12 absorption. In general, its 
secretion parallels that of gastric acid secretion, yet the secretory 
response is not necessarily Linked to acid secretion. For exruuple, 
PPis do not block intrinsic factor secretion in humans nor do 
they alter the absorption oflabeled vitan1in B11. lntrinsi.c factor 
deficiency can develop in the setting of pernicious anemia or in 
patients undergoing total gastrectomy, and both groups of 
patiems require vitamin B12 supplementation. 

Pepsinogen Pepsinogens are proteolytic proenzymes with a 
molecular weight of 42,500 that are secreted by the glru1ds of 
the gastroduodenal mucosa. Two types of pepsinogens are 
secreted. Group L pepsinogens arc secreted by chief cells and 
by mucus neck cells located in the glands of the acid-secreting 
portion of the stomach. Group 2 pcpsinogcns are produced by 
surface epithelial cells throughout the acid-secreting portion of 
the stomad1. antrum, and proximal duodenum. Consequently, 
group 1 pepsinogens are secreted by the san1e glands that 
secrete acid, whereas group 2 pepsinogens are secreted by acid
secreting and gastril1-secreting mucosa. L1 the presence of add, 
both forms of pepsinogen are converted to pepsin by removal 
of a short an1iJ1o-termi11al peptide. Pepsins become inactivated 
ar a pH higher chan 5, although group 2 pepsinogens are 
active over a wider rru1ge of pH values than group l pepsino
gens. As a result, group 2 pepsinogens may be involved in 
peptic digestion in the presence of increased gastric pH, which 
commonly occurs in the setting of stress or in patients with 
gastric ulcer. 

Mucus and Bicarbonate Mucus ru1d bicarbonate combine to neu
tralize gastric acid at the gastric mucosal surface. They are 
secreted by the surface mucus cells and mucus neck cells located 
in the :acid-secreting and antral portions of the stomad1. Mucus 
is a viscoelastic gel dtat contains approximately 85o/o water ru1d 
15% glycoproteins.lt provides a mecbru1.ical barrier to injury by 
contributing to tbc unstirred layer of water found at the luminal 
surface of the gastric mucosa. lt also acts as aJ1 impediment to 
ion movement from the lumen ro the apical ceiJ membrane and 
is relatively in1permeable to pepsins. Mucus is i.n a constam state 
of Aux: because it is secreted continuously by mucosal cells on 
the one hru1d ru1d solubilized by luminal pepsiJ1 on the other. 
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Mucus production is stimulated by vagal stimulation, cholliler
gic agonists, prostaglandins, and some bacterial toxins. In con
trast, anticholinergic drugs and nonsteroidal anti-inflammatory 
drugs (NSAIDs) inhibit its secretion. H. pylcri, on the other 
hand, secretes various proteases and lipases that break down 
mucin and impair the protective function of the mucus layer. 

In the acid-secreting portion of the stomach, bicarbonate 
secretion is an active process, whereas in the antrum, active and 
passive secretion of bicarbonate occur. 1he magnitude of bicar
bonate secretion, however, is considerably less than acid secre
tion. A1d1ough the luminal pH is 2, the pH observed at the 
surface epithelial cell is usually 7. The pH gradient found at the 
epithelial surface is a result of the unsrirsed layer of water in 
the mucus gel and of the continuous secretion of bicarbonate 
by the surface epithelial cells. Gastric cell surface pH remains 
higher than 5 until the luminal pH is less than 1.4. However, 
the luminal pH in duodenal ulcer patients is frequently less d1an 
1.4, so the cell surface is exposed to a lower pH in these patients. 
'TI1is reduction in pH may reflect a reduction in gastric bicarbon
ate secretion and decreased duodenal bicarbonate secretion, and 
may explain why some duodenal ulcer patients have a higher 
relapse rate after treatment. 

Gastri~ Motility 
Gastric motility is regulated by extrinsic and intrinsic neural 
mechanisms and by myogenic control. The extrinsic neural con
trols arc mediated through para~ympathetic (vagus) and sympa
dletic pathways, whereas the intrinsic controls iJwolve the 
enteric nervous system (see earlier, "Anaromy"). In contrast, 
myogenic control resides in the excitatory membranes of the 
gastric smooth muscle cells. 

Fasting Gastric Motility 
'TI1e electrical basis of gastric motility begins wi th the depolarit.a
tion of pacemaker cells located in the midbody of the stomach, 
along the greater curvature. Once initiated, slow waves travel at 
3 cycles/minute in a circumferential and antegrade fashion 
toward the pylorus. In addition to mese slow waves, gastric 
smooth muscle cells are capable of producing action potentials, 
which are associated widl larger cl1anges in membrane potential 
than slow waves. In comparison to slow waves, which are not 
associated with ganric contractions, action potentials are associ
ated with acwal muscle contractions. During fasting, the 
stomach goes through a cyclical pattern of electrical activity 
composed of slow waves and electrical spikes, which has been 
termed the lnJ'oefectric migrating complex (MMC). Each cycle of 
the MMC la~ts 90 ro 120 minutes. The net effects of the MMC 
are frequent clearance of gastric contents during periods of 
fasting. The exact regulatory mechanisms of MMC activities 
are unknown, but d1ese activities remain intact after vagal 
denervation. 

Postprandial Gastric Motility 
Ingestion of a meal results in a decrease in the resting tone of 
me proximal stomach and ftllldus, referred to as receptive relax
ation and g11stric 11ccommodntion, respectively. Because these 
reflexes are mediated by the vagus nerves, interruption of vagal 
i1mervation to d1e proximal stomach, sucl1 as by truncal vagot
omy or proximal gastric vagotomy, can eUminate these reflexes, 
with resultant early satiety and rapid emptying of ingested 
Liquids. In addition to its storage function, the stomach is 

responsible for the mixing and grinding of ingested solid food 
particles. This activity involves repetitive forceful contractions of 
the mid and antral portions of the stomach, causing food par
ticles to be propelled against a closed pylo rus, with subsequent 
retropulsion of solids and liquids. 'TI1e net effect is a tl1orough 
mixing of solids and liquids and sequential shearing of solid food 
particles to smaller tl1an 1 mm. 

The emptying of gastric contents is under the influence of 
well-coordinated neural and hom10nal mediators. Systemic 
factors, such as anxiety, fear, depression, and exercise, can affect 
the rate of gastric motility and emptying. Additionally, the 
cl1em.ic.al and mechanical properties and temperature of d1e 
intraluminal contents can influence the rare of gastric emptying. 
In general, liquids empty more rapidly man solids and carbohy
drates empty more readily than fats. An increase in the concen
tration or acidity of liquid meals causes a delay in gastric 
em prying. In addition, hot and cold liquids tend to empty at a 
slower rate tl1an ambient temperature fluids. These responses to 
luminal stimuli are regulated by tl1e enteric nervous system_ 
Osmorcceptors and pH-sensitive receptors in the proximal 
small howe! have also heen shown to be involved in the activa
tion of feedback inhibition of gastric emptying. Inhibi.tory 
peptides proposed to be active in this setting include CCK, 
glucagon, vasoactive intestinal peptide, and gastric inhibitory 
polypeptide. 

Abnormal Gastric Motility 
Symptoms of abnormal gastric motility are nausea, flLllness, early 
satiery, abdominal pain, and discomfort. Although mechanical 
obstruction can ru1d should be ruled out with upper endoscopy 
or radiographic contrast studies, objective evaluation of a patient 
with a suspected motility disorder can be accomplished with 
galllJ1la scintigraphy, real-tin1e ultrasouJld, and magnetic reso
nance imaging (MRI). Ga.micmotili ty disorders usually encoun
tered in clinical practice are gastric dysmotility following 
vagotomy, delayed gastric emptying associated with diabetes 
mellitus, and gastric motiJity dysfunction related to H. pylori 
infection. Vagotomy results in loss of receptive relaxation and 
gastric accommodation in response to meal ingestion, with 
resultant early satiety, postprandial bloating, accelerated 
emptying of liquids, and delay in emptying of solids. Clinical 
mru1ifestations of diabetic ga~tropatl1y, which can occur 
in insulin-dependent or insulin-independem patients, closely 
resemble tl1e diJucal picture of postvagotomy gastroparesis. Fur
tllermore, structural cl1anges have been identified in the vagus 
nerve of patients wim diabetes, suggesting that a diabetic auto
nomic neuropathy may be responsible. However, the metabolic 
effects of diabetes have also been implicated. Specifically, hyper
glycemia bas been shown to cause a decrease in contractility of 
the gastric antrum, increase in pyloric contractility, and suppres
sion of the migrating motor complex (MMC). Suppression of 
MMC activity is tl10ught to be responsible for me accumulation 
of gastric bezoars seen in some diabetic patients. In contrast, 
hyperinsulli1emia, which is often associated with non-insulin
dependent diabetes, may play a role in the gastroparesis seen in 
non- insulin-dependent diabetes because it also leads to suppres
sion of MMC activity.4 

H. pylori-infected patiems with nonulcer dyspepsia have 
also been demonstrated to bave impaired gastric emptying 
accompanied by a reduction in gastric compliance.5 fn rats, 
lipopolysaccharide derived from H. pylori causes a reduction in 
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gastric emptying of a liquid meal for up to 12 hours by an 
unknown mechanism. Regardless of the cause of gastroparesis, 
treatment consists of prokinetic agents, such as metod opramide 
and erythromycin, which have been shown to have some benefit, 
although the evidence is more compelling in diabetics. 

Gastric-Emptying Studies 
1l1ere are a number of ways to assess gastric emptying. 1l1e saline 
load test is perhaps the simplest and is accomplished by instilling 
a known volume of saline into the stomacb and aspirating the 
amotult remalnlmg at a certain time. Alternatively, fluoroscopic 
procedures can also provide information on gastric emptying 
and may reveal mechanical causes that could contribute to a 
delay, such as gastric outlet obstruction. However, computeri?.ed 
radionucleotide scans are more commonly used to assess gastric 
emptying. 1lus can be done with radiolabded liquids or with a 
radiolabeled solid meal. After a mecha~ucal obstruction has been 
ruled out, gastric en1ptying studies using tl1ese radionucleotide 
scans can be par!ticularly helpful for patients with gastric atony 
from an associated UL1ess such as diabetes or in postgastrectomy 
patients. 

Gastrit Barrier Fundion 
Gastric barrier function depends on physiologic and anatomic 
factors. Blood A ow plays a critical role in gastric mucosal defense 
by providing nut rients and delivering oxygen to ensure mat the 
iJltraccllular processes tl1at UJ1derlie mucosal resistaJ1ce to injury 
can proceed unabated. Decreased gasuic mucosal blood Aow has 
minimal effects on lesion production until it approaches 50% 
of normal. W hen blood Aow is reduced by more cl1an 75%, 
marked mucosal in jury results, which is exacerbated iJ1 the pres
ence of luminal :acid. After dan1age occurs, injured surface epi
thelial cells are replaced rapidly by the ntigration of surface 
mucus cells located along the basement membranes. 1l1is process 
is referred to as restitution or reconstitution. It occurs within 
minutes a11d does not require cell division. 

Exposttre of the stomach to noxious agents causes a reduc
tion in the potential difference across me gastric mucosa. In 
normal gastric mucosa, tl1e potential difference across the 
mucosa is -30 to -50 mY and results from tl1e active transport 
of chloride into me lumen aJld sodium into me blood by the 
activity ofNa+,K+-ATPase. Damage disrupts the tight junctions 
between mucosal cells, causing the epitllelium w become leaky 
to ions (i.e., Na• and en and a resultant loss of me bigh tran
sepithelial electrical resistance normally found ill gastric m ucosa. 
In addition, daJnaging agents such as NSAIDs or aspirin possess 
carboxyl groups mat are no•uonized at a low intragastric pH 
because they are weak acids. Consequently, they readily enter 
the ceU membranes of gastric mucosal cells because they are 
now lipid-soluble, whereas they will not penetrate the cdl mem
braJ1es at neutral pH because they are ionized. On enuy illw 
me neutral pH environment found in the cytosol, they become 
reionlzed, will not exit the cell membrane, and. are toxic to the 
mucosal cells. 

PEPnC ULCER DISEASE 

Epidemiology 
The estimated prevalence of PUD ranges from 5o/o to 15% in 
Western populations, with a lifetime incidence of almost 10%.6 

Altl10ugh the incidence and hospitalization rate for PUD have 
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beeJl decreasiJ1g siJ1ce the 1980s, it remains one of the most 
prevalent and costly GI diseases. Medical costs associated with 
PUD are aJl estimated $5.65 bilJion annually. An estimated 
15,000 operations are performed each year on patients hospital
ized witl1 PU D. Signific;u,t progress has been made over me past 
2 decades, wi th rota! admissions for PU D decreasing by almosr 
30%. Admi.ssions for complications of ulcer disease have also 
been decreasing, which has led to a signlficaJlt decrease i.n ulcer
related mortality, from 3.9% in 1993 to 2.7% .in 2006. ~Although 
overall mortality remains Low, this still represents over 4000 
deaths caused by PUD ead1 year. 

The role of surgery iJ1 the treatment of ulcer disease has 
also decreased, primarily caused by a marked decline ill elective 
surgical clJerapy for chronic disease because me percentage of 
patients who require emergent surgery for complicated disease 
has remained constant, at 7% of hospitalized patient~.:' 1lus 
represents over 11,000 surgical procedures aru1Ually. 

Much of this decUne in ulcer incidence and cl1e need for 
hospitalization has stemmed &om increased knowledge of ulcer 
patllogenesis. Specifically, the role of H. ]>)'fori has been 
defined and the risks of chronic NSAJD use have been better 
e lucidated. An increase in H. pylori eradication will hopefully 
resuJt in a decrease of not just elective surgical procedures, but 
also a decline in complications and mortality from emergent 
complications. 

Pathogenesis 
Peptic ulcers are caused by increased aggressive factors, decreased 
defensive factors, or both.~ 1lus in tum leads to mucosal damage 
a11d subsequent ulceration. Protective (or defensive) factors 
include mucosal bicarbonate secretion, mucus production, 
blood Aow, growd1 factors, cell renewal, and endogeJlous pros
taglandins. D amagiJig (or aggressive) factors include hydrodllo
ricacid secretion, pepsins, etha~10l ingestion, smoking, duodenal 
reflux of bile, iscl1emia, NSAlDs, hypoxia a11d, most notably, 
H. pylori iJlfection. 

Helicoboder pylori Infection 
It is now believed cl1at 90% of duodenal ulcers and approxi
mately 75% of gastric ulcers are associated wicll H. pylori mfec
tion. When tbis organism is eradicated as part of ulcer treatment, 
ulcer recurrence is extremely rare. H. PJ'Iori is a spiral or helical 
gram-negative rod witl1 fottr to six flagella that reside.s in gastric
type epi d1elium within or beneath tl1e mucus layer. llis location 
protects the bacteria from acid and antibiotics. Irs shape and 
flagella aid its movement through tl1e mucus layer and it pro
duces enzymes that help it adapt to tllis hostJe environment. 
Most notably, it is a potent producer of urease, which is capable 
of splitting urea into aJnmonia and bicarbonate, creating a11 
alkaline microenvironment in the setting of an acidic gastric 
milieu. The secretion of tills enzyme, however, facilitates detec
tion of d1e organism. H. pylori is microaerophilic a11d can only 
live in gastric epid1elium. Thus, it CaJl also be found m hetero
topic gastric mucosa in the proximal esophagus, Barrett's esoph
agus, gastric metaplasia in me duodemtm, wimin a Meckel's 
diverticulum, and heterotopic gastric mucosa in the rectum. 

The mecha11isms responsible for H. pylori- induced GI 
injury remain to be fully elucidated, but dlTee potential mecha
nisms have beeJl proposed: 

1. Production of toxic products d1at cause local tissue 
injury. Loca!Jy produced toxic mediators include 
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breakdown products from urease activity (e.g., 
ammonia), cytotoxins, a mucinase that dtj,.>rades 
mucus and glycoproteins, phospholipases that 
damage epithelial cells and mucus cells, and platelet
activating factor, wrudJ is known to cause mucosal 
injury and thrombosis in the microcirculation. 

2. Induction of a local mucosal inlmlme response. H. 
pylori can also cause a local inflanm1atory reaction in 
the gastritc mucosa, attracting neutrophils and mono
cytes, which then produce a number of proinAam
matory cytokines and reactive oxygen metabolites. 

3. Increased gastrin levels with a resultant increase in 
acid secretion. ln patients with H pjdori infection, 
basal and stimulated gastrin levels are significantly 
increased, presumably secondary to a reduction in 
antral D cells because of infection with H pylori. 
However, the association of acid secretion with H. 
pylori is not as straightforward. Although H. pylori
positive healthy volunteers had a small increase or no 
increase in acid secretion as compared with H PJ'lori
negative volwlteers, H. pylori-infected patients with 
duodenal ulcers did have a marked increase in acid 
secretion .9 

Peptic ulcers are also strongly associated with antral gastri
tis. Studies done before the H. PJ'lori era have demonstrated that 
almost all peptic uker patients have histologic evidence of antral 
gastritis. It was later found that the only patients with gastric 
ulcers and no gastritis were d1ose ingesting aspirin. It is now 
recognized that most cases of histologic gastritis are caused by 
H. pylori infection. Even 25o/o of patients with an NSAlD
associated ulcer have evidence of a histologic antral gastritis, as 
opposed to 95% of those with non- NSAlD-associated ulcers. 
ln most cases, the infection tends to be confined initially to the 
antrum and results in antral inAan1mation. Other evidence sup
porti11g a causal role for H. pylori in histologic gastritis comes 
from rwo separate volunteer physicians who ingested inocula of 
H. pylori after first confirming nom1al gross and microscopic 
gastric mucosa. Both developed gastric H pylori infection. Acute 
inAanmJation was observed histologically on days 5 and 10. By 
2 weeks, it bad been replaced by chronic inflammation with 
evidence of a mononudear cell infiltration. These two reports 
provide documentation that H. pylori can cause histologic gas
tritis. However, bisrologic gastritis does not necessarily equate 
with symptoms of dyspepsia. 

H. pylori infection usually occurs in childhood, and spon
taneous remission is rare. 1l1ere is an inverse relationship between 
i11fection and socioeconomk status. The reasons for this remain 
poorly understood but seem co be the result of factors such as 
sanitary conditions, familial clustering, and crowding. 1l1is 
likely explains why developi11g cotmtries have a comparatively 
higher rate of H. pyl~ri infection, especially in children. 

A number of studies have demonstrated what appears to 
be a steady linear increase in the acquisition of H. pylori infection 
with age, especially in the United States and northern European 
nations. ln the Uni.ted States, H. pylori prevalence also varies 
among racial and etlulic groups. 

H. pylori infection is a5sociated with a number of common 
upper GI disorders, bur most infected individuals are asymp
tomatic. Normal U.S. b.lood donors have an overall prevalence 
of about 20o/o to 55o/o. H. PJ'lori infection is almost always 
present in the setting of active chronic gastritis and is present in 

most duodenal (>90o/o) and gastric (60o/o to 90o/o) ulcer patients. 
Noninfected gastric ulcer patients tend to be NSAID users. 
There is weaker association witl1 nonulcer dyspepsia. ln addi
tion, most gastric cancer patients have current or past H. pylori 
infection. Although the association between H. pylori and cancer 
is strong, no causal relationship has been proven. H. pylori
induced chronic ga5tritis and intesti11al metaplasia, however, are 
tl1ought to play a role. 1l1ere is also a strong association between 
+lymphoma and H. pylori infection. Regression of tl1ese 
lymphomas has been demonstrated after eradication of the 
organism. 

Limited data are available to estimate the Lifetime risk of 
PUD in patients with H. pylori infection. In a longirudinal srudy 
from Australia witl1 a mean evaluation period of 18 years, 15% 
of H. pylori- positive subjects developed verified duodenal ulcer 
as compared with 3o/o of seronegative individuals. ln a 10-ycar 
study of asymptomatic gastritis patients, 11 o/o of patients with 
histo]ogic gastritis developed PUD over a I 0-year period, com
pared with only 1 o/o of tl10se without gastritis. Another factor 
implicating a causative role for H. pylori and ulcer formation is 
d1at eradication of H. pylori dramatically reduces ulcer recur
rence. Many prospective trials have shown tl1at patients with H. 
pylori infection and non-NSAID ulcer disease who have docu
mented eradication of d1e organism almost never (<2o/o) develop 
recurrent ulcers. 

Nonsteroidal Anti-inflammatory Drugs 
Hospitalizations for bleeding upper GI lesions have increased 
together with the increased use ofNSAIDs. The risk for bleeding 
and ulceration is proportional to tl1e daily dosage of NSA1Ds. 
The risk also increases with age older than 60 years, patients 
having a prior GI event, or concurrent use of steroids or anti
coagulants. Consequently, tl1e ingestion of NSAIDs remains an 
important factor in ulcer pathogenesis, especially in regard to 
tl1e development of complications and death. More than 3 
million people in the United States use NSA1Ds daily. When 
compared with the general population, NSAID users have a 2-
to 10-fold increased risk for GI complications. 

The risk for mucosal injury or ulceration is roughly pro
portional ro the anti- inflammatory effect associated with each 
NSAID. In comparison to H. pylori ulcers, whidJ are more 
frequently found in tl1e duodenun1, NSAID-induced ulcers are 
more often found in the stomadJ. H. pylori ulcers are also almosl 
always associated with chronic active gastritis, whereas gastritis 
is not frequently found with an NSAlD-induced ulcer, occur
ring only about 25o/o of the time. When NSAlD use is discon
tinued, the ulcers usually do not recur. 

Acid 
Acid plays an important but likely noncausative role in the 
formation of ulcers. ln duodenal ulcers, tl1ere is a large overlap 
of acid levels between ulcer patients and normal subjects. Almost 
?Oo/o of patients with duodenal ulcers have an acid output within 
tl1e normal range. Acid levels alone provide little information 
a11d, a~ such, acid secretory testi ng is oflittle value in establishing 
a djagnosis of duodenal ulcer. 

For types I and TV gastric ulcers, wluch are not associated 
with excessive acid secretion, acid acts as an important cofactor, 
exacerbating the underlying ulcer damage and attenuating the 
ability of the stomach to heal. For patients witl1 type II or HI 
gastric ulcers, gastr.ic acid hypersecretion seems to be more 
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common, and consequemly they behave more Like duodenal 
ulcers. 

Duodenal Ulcer 
Duodenal ulcer is a disease with a number of causes. 'TI1e only 
requiremems are acid and pepsin secrccion in combination with 
infection by H. pylori or ingestion of NSAIDs. 

Clinical Manifestations 
Abdominal Pain !Patients suffering from duodenal tdcer disease 
can present in various ways. The most common symptom associ
ated with duodenal ulcer disease is midepigascric abdominal 
pain that is usually well localized. The pain is generally rolerable 
and frequently relieved by food. The pain may be episodic, 
seasonal in the spring and fall, and worse during periods of 
emotional stress. Many patients do not seek medical attention 
until. they have bad the disease for many years. When the pain 
becomes constant, this suggests that there is deeper penetration 
of the ulcer. Referral of pain to the back is usually a sign of 
penetration into· the pancreas. Diffuse peritoneal irritation is 
usually a sign of &ee perforation. 

Diagnosis 
History and physical exanlination are of limited value in dis
tinguishing between gastric and duodenal ulceration. Routine 
laboratory studies include a complete blood count, liver chem
istries, and serum creatinine, serum amylase, and calcium 
levels. A serum gastrin levd should also be obtained in 
patients with tdcers that ate refractory to medical therapy or 
require surgery. An upright clJest rad.iograph is usually per
formed when ruling out perforation. The two principal means 
of diagnosing duodenal ulcers rure upper GI radiography and 
fiberoptic endos·copy. Upper GI is less expensive, and most 
{90%) ulcers can be diagnosed accurately by this means. 
However, about 5o/o of ulcers that appear radiographically 
henign ate malignant. H. pylori testing should also he done in 
all patients with suspected PUD. 

Helicobocter pylori Testing H. PJ'lori can be diagnosed by 
mucosal biopsy, but noninvasive tests offer an effective 
screening tool and do not require an endoscopic procedure. 
Serology is the test of cl1oice for initial diagnosis when endos
copy is not required. However, if endoscopy is to be performed, 
the rapi.d urease assay and histology are both excellent 
options. 

Serology There are various enzyme-unked inununosorbem assay 
(ELISA) laboratory-based tests available and some rapid office
based immunoassays. Serology has a 90% sensitivity and speci
ficity rate. Antibody titers can remain high for 1 yerur or longer; 
consequencly, thls test caruJOt he used co assess eradication after 
therapy. 

Urea Breath Test The carbon-labeled urea breach test is based on 
the ability of H. pylori to hydrolyze urea. Its sensitivity and 
specificity are both higher cl1an 95%. The urea breath test is less 
expensive than endoscopy and samples the entire stomach. False
negative results can occur if the test is done too soon after treat
ment, so it is usually best to perform this test 4 weeks after 
therapy is finished. 'TI1e urea breath test is the method of choice 
co document era.dication. 
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Rapid Urease Assoy A rapid urease test can detect urease in gastric 
biopsy specimens. Sensitivity is approximately 90% and specific
icy 98%, and the results are available within hours. 

Histology Endoscopy can also be performed with biopsy san1ples 
of gastric mucosa, followed by hisrologic visuali7_arion of H. 
pylori using routine hen1atoxy[jn and eosin stains or with special 
stains (e.g., silver, G iemsa, Genta stains) for improved visibility. 
Sensitivity is approximately 95% and spec.ificity 99%. This test 
is widely available and affords the cliJ1ic.ian the ability to a~sess 
the severity of gastritis and confirm the presence or absence of 
the organism. 

Culture Cultming of gastric mucosa obtained at endoscopy can 
also be performed to diagnose H. PJII.ori. 'TI1e sensitivity is 
approxi.nJately 80% and specificity 100%. However, it requires 
laboratory expertise, is not widely available and is relatively 
expensive, and diagnosis requires up to 3 co 5 days. Nevertheless, 
it provides the opportunity to perform antibiotic sensitivity 
testing on isolates, if needed. 

Upper Gastrointestinal Radiography Diagnosis of duodenal ulcer 
by upper GI radiography requires the demonstration of barium 
within the ulcer crater, which is usually round or oval and may 
or may not be surrounded by edema. This study is usefu.l to 

determine d1e location and depth of penetration of d1e ulcer and 
the extent of deformation from chronic fibrosis. A characteristic 
barium radiograph of a peptic ulcer is shown in Figure 49-9. 
'TI1e ability ro detect ulcers on radiography requires the technical 
skills and abilities of the radiologist but is also dependent on the 
size and Location of the ulcer. With single-contrast radiographic 
techniques, as many as 50% of duodenal ulcers may be missed, 
whereas with double-contrast studies, 80% co 90% of ulcer 
craters can be detected. 

FIGURE 49-9 There is a large benign-appearing gastric ulcer protrud
ing me<lially from the lesser curvature of the stomach (arrow), just 
above the gastric incisura. (Courtesy Dr. Agnes Guthrie, Department 
of Radiology, University of Texas Medical School. Houston.) 
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Fiberoptic Endoscopy Endoscopy is the most reliable method of 
diagnosing a duodenal ulcer. In addition to providing a visual 
diagnosis, endoscopy provides the ability to sample tissue for H. 
pylori testing and may also be used for therapeutic purposes in 
the setting of GI bleeding or obstruction 

Treatment 
Medical Management Antiulcer drugs fall into three broad 
categories-those targeted against H. pylori, those that reduce 
acid levels by decreasing secretion or chemical neutralization, 
and those that increase the mucosal protective barrier. In patients 
with PUD and H. pylori infection, the focus of therapy is on 
eradlcadon of me bacteria. In addldon to medications, lifestyle 
changes, such as smoking cessation, discontinuing NSAIDs and 
aspirin, and avoiding coffee and alcohol, all help promote ulcer 
healing. 

Antocids Antacids are the oldest form of therapy for PUD. Ant
acids reduce gastric acidity by reacting with hydrochloric acid, 
forming a salt and thereby raising the gastric pH. Antacids differ 
greatly in their huffering ability, ahsorption, taste, and side 
effects. Magnesium antacids tend to be the best buffers but can 
cause significant diarrhea, whereas acids precipitated with phos
phorus can occasionally result in hypophosphatemia and some
times constipation. 'TI1ey are most effective when ingested 1 hour 
after a meal because they can be retained in the stomach and 
exert their buffering action for longer periods. If taken on an 
empty stomach, antacids are emptied rapidly and have only a 
transient buffering effect. Dosages of 200 to 1000 mmoUday 
produce minimal side effects and result in approximately 80% 
ulcer healing at 1 montl1. Although antacids may heal duodenal 
ulcers with an efficacy comparable to that observed with H2 

receptor antagonists, many patients have fotmd large frequent 
doses to be unacceptable. 

H2 Receptor Antogonists The H 2 receptor antagonists ate structur
ally similar to histamine. Variations in ring structure and side 
d1ains cause differences in potency and side effects. Currently 
available H 2 receptor antagonists differ iJl their potency but only 
modestly in half-life and bioavailability. AlJ w1dergo hepatic 
metabolism and are excreted by the kld.ney. Famotid.ioe is the 
most potent aJld cimetidine is the weakest. Continuous IV iJlfu
sion ofH 2 receptor antagonists has been shown to produce more 
uniform acid inhibition than intermittent administration. MaJ1)' 
randomized controlled trials have indicated that aiJ H 2 receptor 
antagonists restLtlt in duodenal ulcer bealing rates from 70% to 
80% afrer 4 weeks and from 80% ro 90% after 8 weeks of 
therapy. 

Proton Pump Inhibitors The most potent antisecrerory agents are 
PPis. These agents negate aiJ types of acid secretion from all 
types of secrerogogues. As a result, they provide a more complete 
and prolonged iJ1l1ibition of acid secretion than H2 receptor 
antagonists. H2 receptor antagonists and PPis are effective at 
night, but PPis are more effective during the day. PPI.s have a 
healing rate of85% at 4 weeks and 96% at 8 week~ and produce 
more rapid healing of ulcers than standard H 2 receptor aJltago
nists (14% advantage at 2 weeks and 9% advantage at 4 weeks) . 
PPis require an acidic environment within the gastric lumen to 

become activated; thus, using antacids or H2 receptor antago
nists in combination with PPis could have deleterious effects by 

promoting an alkaline environment and thereby preventing acti
vation of the PPis. Consequently, antacids and H2 receptor 
antagonists should not be used in combiJlation "vid1 PPis. 

SUcralfate Sucralfate is structuraiJy related to heparin but does 
not have any anticoagulant effects. It has been shown ro be 
effective in the treatment of ulcer disease, although its exact 
mechanism of action is not entirely understood. It is an alu
minlUn salt of sulfated sucrose that dissociates tmder d1e 
acidic conditions in the stomach. It is hypothesized that the 
sucrose polymerizes and bu1ds to protein in d1e ulcer crater to 
produce a protective coating that can last for up to 6 hours. Ir 
has also been suggested that it may bind and concentrate 
endogenous basic fibroblast growth factor, which appears to be 
important for mucosal healing. Duodenal ulcer healing after 4 
to 6 weeks of treatment with sucralfate is superior to placebo 
aJld comparable that of H2 receptor antagonists such as 
cimetidine. 

Treatment of Helicobacter pylori lnfedion Prior ro the discovery 
of H pylori infection as the causative agent in over 95% of 
duodenal peptic ulcers, the primary form of treatment was d1e 
reduction of acid in tbe stomach, with or without increasing the 
protective barrier with drugs such as sucralfate. After it became 
clear that increased acid secretion was an effect of H. pylori infec
tion, there was a paradigm shift d1at saw PUD as an infectious 
disease, rather than a consequence of pathologic acid secretion_ 
AccordiJlgly, rreatmeJlt philosophy has shifted to focus on eradi
cation of the infectious agent. 

Current d1erapy is twofold in its approach, combining 
antibiotics agaiJlst H. pylori with antacid medications. The 
primary goal of the antacids is to promote sbort-term healing 
by reducing pathologic acid levels and. improve symptoms. H. 
pylori eradication helps with initial healing, but its primary 
efficacy is in preventing recurrence. 'TI1ere have been numerous 
trials comparing eradication therapy with ulcer-healing drugs 
alone or no treatment. Eradication of H. pylori has shown recur
rence rates as low as 2%, with initial healiJ1g as high as 90%. 
TI1is compares wid1 recurreJlCe rates of up to 25% with ulcer
healing medications alone. One review has analyzed the results 
of these trials and further validated the role of antibiotics in the 
treatment of H. pylori- positive duodenal ulcers.10 Both eradica
tion therapy and ulcer-healing drugs alone have shown initial 
healing rates higher thaJl 80%. Eradication therapy has resulted 
in Long-term recurrence of less than 15%, in contrast to 64% 
recurrence in patients treated witb only a short initial course of 
ulcer-healing drugs. Patients could achieve low recurrence rates 
sirn.ilar to those of eradication therapy, but only if they were 
mai11tained on their antacid regiment long term, as opposed to 
a l - or 2-week course of eradication therapy. 

Given aiJ d1ese findiJ1gs across multiple studies, and 
according to d1e recommendations of the American Gastroen
terological Association, European Helicobacter pylori Study 
Group, and National [nstitutes of Health (NIH), the treatment 
of H. pylori-positive peptic duodenal ulcer disease is triple 
d1erapy aimed at the eradication of H. pylori, along with acid 
suppression (Box 49-1 ). This iJ1cludes an antisecretory agent, 
now most commonly a PPI, although histamine anragonists are 
still tJsed, along with two antibiotics, usuaiJy amoxicillin with 
clarithromyc.in or metronidazole, given for a 2-week course. 
Side effects, whicb are generally mild and resolve with cessation 
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Patients with active PUO who are H. pylori-positive 
• Use of NSAIDs should not alter treatment 
• Document eradication in those with complications 
Ulcer patients in remission who are H. pylori-positive, including 

patients on maintenance H2 receptor antagonist therapy 
H. pylori- positive patients with MALT lymphoma 
Controversial issues in H. pylori- positive patients: 
• First-degree relatives of gastric cancer patients 
• Immigrants from countries with high prevalence of gastric 

cancer 
• Individuals w,ith gastric cancer precursor lesions ~ntestinal 

metaplasia) 
• Non-ulcer dyspepsia patients who insist on eradication 

(benefit versus risk) 
• Patients on for reflux disease 

sox 49-2 surgical Treatment k&cimnienCiationf for , 
Complications Related to Peptic Duodenal Ulcer Disease.'~ 

Intractable : Parietal cell vagotomy± antrectorny 
Bleeding: Oversewing of bleeding vessel with treatment of 

H. pylori 
Perforation: Patch closure with treatment of H. pylori 
Obstruction: Rul!e out malignancy and gastrojejunostomy with 

treatment of H. pylori 

of treatment, ind .ude diarrhea, nausea and vomiting, rash, and 
altered taste. For the 10% of patients with refractory disease, 
quadruple therapy with the addition of bismuth is 
recommended. 

Complicated Ulcer Disease 
Ulcer disease was once very much d1e purview of d1e general 
surgeon, wim ulcer surgery forming a major part of general 
surgery practice. Wim me shift in understanding of the disease 
from one primarily of aberrant add physiology to one of infec
tious disease, this has changed significantly, with the overwhelm
ing majority of weer patients being treated and cured medically. 
'Tile surgeon's role now is primarily to treat me approximately 
20% of patients who have a compllcadon from rheli disease, 
which includes hemorrhage, perforation, and obstruction (Box 
49-2). Frequently included in discussions of complicated ulcer 
disease is the intractable weer. Al though intractable disease no 
doubt exists, its definition is nebulous and exaccly when and 
what type of surgical intervention it requlies remain prinlarily a 
maner of judgment. 

For H pylori-negative patients, an add-redudng pro
cedure should also be performed, such as truncal or parietal cell 
vagotomy. 

Hemorrhage Upper Gl bleeding remains a relatively common 
problem, with am annual incidence of approximately 111UU0} 1 

Most nonvaricea1 bleeding (70%) is attributable to peptic tJcers. 
Most bleeding will stop spontaneously and requires no interven
tion; persistent bleeding, however, is associated wid1 a 6% to 8% 
mortality. 

'TI1e primary clinical cri teria that p redict persistent bleeding 
or rebleedingafrer initial cessation ofbleeding, and thus increased 
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mortality, are increased age, decreased hemoglobin (<10 gldL) 
at presentation, shock, melena, and need for blood transfusion. 
Patients who meet any of these criteria should be considered as 
high risk. 1 1 

Almost aU patients with an acute upper GI bleed shou.ld 
have endoscopy within 24 hours. Although rhe dara are nor 
conclusive, early endoscopy has been shown to be a cost-effective 
strategy by triaging patients to more rapid intervention, if 
warranted, and by identifying low-risk patients without the 
need for prolonged observation (and merefore earlier hospital 
discharge). 

The initial approach to an upper GI bleed is sinillar to the 
approacl1 to a trauma patient. Large-bore JV access, rapid resto
ration of intravascular volume wim fl uid and blood products as 
cl1e clinical situation dictates, and dose monitoring for signs of 
rebleedmg are all essential to effective managen1ent of these 
patients. The role of nasogastric (NG) lavage remains an area of 
debate; however, it can be usefw as a predictor of high-risk 
patients and as an aid for later endoscopic i.ntervention. Patients 
with bright red blood on NG lavage, as opposed to clear or 
coffee grOtmd lavage, are at m uch higher risk for persistent 
bleeding or rebleeding and warrant endoscopic interventi.on. 
Furmermore, the NG tube can be used to lavage d1e stomach 
and duodenum prior to endoscopy, removing dot and old blood 
that could obscure visualization of the source of bleeding. Given 
its relatively low risk and potential benefit, NG tube placement 
should be part of the treatment algorithm for cl1ese patients once 
appropriate intravascular access bas been established and resus
citation begun. 

Patients who are noted to have active bleedi11g, via an arte
rial jet or oozing, an adherent clot, or a visible vessel within the 
ulcer, arc at high risk and intervention is required. Patients 
without active bleeding, no visible vessel, and a clean ulcer base 
are low risk and do not require further intervention. All patients 
undergoing endoscopic examination should be tested for their 
H. pylori Status. For me high-risk patient requiring intervention, 
the best initial approach is endoscopic control, which results in 
prin1ary hemostasis in approximately 90% of patients. 'TI1e most 
common memod of control is injection of a vasoconstrictor at 
the site of bleeding. However, with this method alone, primary 
hemostasis rates are high but up to 30% of patients have rebleed
ing. 'Ill is has led to me development of new techniques, includ
ing use of a second vasoconstrictor or sclerosing agent, thermal 
coagulation, and placement of dips at me site of bleeding. A 
2007 meta-analysis bas compared me use of epinephrine alone 
to epinephrine plus any second technique.12 A dual approach, 
when compared with epi11epbrine alone, showed better primary 
bemos·tasis, reduction in rebleeding rate, lower rate of surgery, 
and decreased mortality. 

Importantly, both mermal coagulation and mecl1anical 
clips, in single-med1od comparisons wim epinephrine, have 
shown significant superiority with respect to primary henlosta
sis and rebleeding. A meta-analysis comparing either of these 
two techniques alone to me use of dual memods has shown 
no significant difference, except iH cases of active arterial 
bleeding, iJl which case use of a second method was superior. 
Although cl1e cost and compBcations from epinephrine remain 
small, the use of dual memods does have slightly higher, 
although still less than l o/o, complication rates (e.g., necrosis, 
perforation), cl1ru1 any single technique. Current 2003 guide
lines for endoscopic control of bleeding advocate the use of 
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epinephrine plus an additional method.' ' As more data 
become available, it may be demonstrated that thermal or 
mechanical treatment alone can be used for most patients. For 
patients who have rebleeding, repeat endoscopy does not 
increase thdr mortality and sboLJd be attempted prior to sur
gical imerventio n. 

All high-ri.sk patients should be placed in a monitored 
setting, preferably an intensive care unit, until all bleeding has 
stopped for 24 hours. As part of the 2003 consensus guidelines, 
all high-risk patients shoLJd be placed on an IV PPI, with an 
iJt itial bolus followed by continuous infusion or intermittent 
dosing for up to 72 hours. When compared with a histamiJ1e 
blocker and placebo, the N PPI showed lower rebleeding rates, 
lower rate of emergency surgery, and decreased mortali.ry.13 

Patients deemed high risk based on clinical factors who are 
awaiting endoscopy should probably begin therapy. even prior 
to endoscopy. 

Despite the use of PPis and improved methods of endo
scopic control, 5% to I 0% of patients will have persistent bleed
iJlg that requires surgical intervention. 1he vessel most likely to 
be bleeding is the gastroduodenal artery because of erosion from 
a posterior ulcer. 1l1e duodenum is opened longitudinally, with 
the incision carried across the pylorus. The vessel is oversewn, 
with a tbree-point U sti tch tedmi.que, which effectively ligates 
the main vessel along with any smaller branches. One must be 
careful to avoid incorporating the common bile duct illto tbe 
stitch. l11e duodenotomy is closed transversely to avoid narrow
ing (Fig. 49-10). 

Perforation Pati'ents with perforation typically complain of 
sudden onset, f requently severe epigastric pain. For many, it is 
their first symplOm of ulcer disease. Patients wilJ frequently have 
&ee air seen on. the chest radiograph and, on examiJlation, wilJ 
have localir.ed ]peritoneal signs. Patients with more widespread 
spillage will have diffuse peritonitis. For a small subset of 
patients, their perforations may seal spontaneously; however, 
operative intervention is required in almost all ca~es. Perforation 
has the highest mortality rate of any complication of ulcer 
disease, approaching 15%. 

Perforation remains a surgical disease and conservative 
management means emergent surgical intervention. The perfo
ration is usually in the first portion of the duodenum and can 
easily be accessed tltrough an upper midline incision. Perfora
tions smaller tlhan 1 an can generally be closed primarily and 
buttressed with well-vascularized omentum. For larger perfora
tions, a Gral1am patch repair with a tongue of healthy omentum 
is performed. For very large perforations (>3 em), control of the 
duodenal defect can be difficLJ.t . The defect should be dosed by 
the application of healtl1y tissue, such as omentum or jejunal 
serosa, with placement of a duodenostomy tube and wide drain
age. This likel.y will .reswt in leakage of GI contents into 
tl1e drain, but in most cases sepsis will resolve. An alternative 
in this di.fficu.lt situation is antrec.tomy and a Bi.llroth II 
reconstruction. 

Perforations can also be treated laparoscopicaUy. The results 
of two randomized contro lled trials have shown tlJat patients 
undergoing laparoscopic repair have, as expected, less pain and 
parenteral narcotic use. They also bave an earlier time to dis
charge. There was no difference iJl pulmonary complications or 
abdominal septic complications. A meta-analysis of all studies 
comparing laparoscopic repair versus open repair, whid1 included 
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FIGURE 49-10 A-E .• Heineke-Mikulicz pyloroplasty. (From Sore ide JA., 
Soreide A: Pyloroplasty. Oper Tech Gen Surg 5:65- n, 2003.) 

the randomi7..cd controlled trials, along with prospective and 
retrospective cohort studies, has shown overall similar outcomes, 
with longer operative times for laparoscopic repair.11 However, 
these operating times have been decreasing iJ1 studies performed 
after 2001; in the most recent randomized controUed trial., lapa
roscopic repair was actually faster than open repair. The conver
sion rate ranged from 10% to 15% in most reports. 

For patients who are known to be negative for H. pylori, 
are 0 11 duonic NSAIDs that they cannot discontinue, or have 
failed medical therapy in the past for their weer d.isease, an acid
reducing procedure can be added at the time of repair. The 
procedure must be based on the dillical situation and comfort 
of tl1e surgeon. 

After repair, the stomach is decompressed until bowel activ
ity returns. Drains showd be kept in place unti l the patients 
have eaten without a change in drain output or quali ty, whkh 
wowd suggest a leak. All H. pylori- positive patients should 
u11dcrgo eradication with appropriate triple-therapy regin1crts. 

Gastric Outlet Obstruction Acute inflammation of the duodenum 
can Lead to mechanical obstruction, with a functional gastric 
outle t obstruction manifested by delayed gastric emptyillg, 
anorexia, nausea, and vomiting. ln cases of prolonged vomiring, 
patients may become dehydrated and develop a hypochloremic
hypokalemic metaboHc alkalosis secondary to the loss of gastric 
ju.ice rid1 in hydrogen and chloride. Chronic inRammation of 
the duodenum may lead to recurrent episodes of healing 
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followed by repair and scarriJlg, ultimately leadlng to fibrosis 
and stenosis of the duodenal lumen. In this situation, the 
obstruction is accompanied by painless vomiting of l.arge 
volumes of gastric contents, with metabolic abnormalities similar 
to those seen in acute obstruction. 'The stomach can become 
massively dilated in this setting, and it rapidly loses irs muscular 
tone. Marked weight loss and malnutrition are also common. 

Gastric outlet obstruction from ulcer disease is now Jess 
common than o!bstrucrion from cancer. Cancer must be ruled 
out with endoscopy. Endoscopic dilation and H. PJ•lori eradica
tion are the mainstays of therapy. A study wi tb an almost 5-year 
follow-up has shown that patients who have an identifiable cause 
(e.g., H. pylori infection) d1at could be treated, have good long
term results with endoscopic dilation, with a medlan of five 
dilations required, but no subsequent surgical therapy.'5 For 
patients with idiopathic duodCJJal ulcer disease causing gastric 
outlet obstructio n, those treated with lifetime add suppression 
also had good long-term results with endoscopic dilation. 
Patients with refractory obstruction are best managed with 
primary antrectomy and reconstruction along with vagotomy. 

Intractable Peptic Uker Disease Intractability is defined a~ failure 
of an ulcer to heal after an initial trial of8 to 12 weeks of cl1erapy 
or if patients relapse after therapy has been discontinued. 'This 
is unusual for duodenalu.lcer disease in the H. PJ•lori era. Benign 
gaHric ulcers that persist must be evaluated for malignancy. For 
any intractable ulcer, adequate duration of cl1erapy, H. pylori 
eradlcarion, and elimination ofNSAID use must be confirmed. 
A serum gastrin level should also be determined in patients with 
ulcers refracto.ry to medical cl1erapy to rule out gastrinoma 
Although rarely seen today, imractable duodenal ulcer should be 
treated with an acid-reducing operation. 'This can be a truncal 
or highly selective vagotomy, wid1 or without an antrectomy. 

Surgical Procedures for Peptic Ukers El.ective operative interven
tion has become rare as medical therapy has hecome more effec
tive. The recognition of H. PJ•lori and its eradication suggest that 
cl1e intractability indication for surgery may apply only ro 
patients in whorrn the organism cannot be eradicated or who 
cannot be takCJJ off NSAIDs. 

The goal of operative ulcer therapy is to reduce gastric acid 
secretion. This can be accomplished by removing vagal 
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stimulation via vagotomy, gastrin-driven secretion by perform
ing an antrectomy, or both. Vagotomy decreases peak acid 
output by approximately 50o/o, whereas vagotomy plus antrec
tomy decreases peak acid output by approximately 85o/o. 

Tmncol Vagotomy As shown in Figure 49-4, crw1cal vagotomy is 
performed by division of cl1e left and right vagus nerves above 
the hepatic and celiac branches, just above the GE junction. 
Tnmcal vagotomy is probably the most common operation per
formed ford uodenal ulcer disease. Most surgeons use some form 
of drainage procedure in association with truncal vagotomy. The 
classic tnmcal vagotomy, in combination with a He.U1eke
Mikulicz pyloroplasty, is shown in Figure 49-10. When the 
duodenal bulb is scarred, a Finney pyloroplasty or Jaboulay 
gastroduodenostomy may be a useful alternative. Tn general, 
there is little di.fference in the side effects associated with the 
type of drainage procedure performed, although bile reflux may 
be more common after gastroenterostomy and diarrbea is more 
common after pylorop.la~ty. 1l1e incidence of dumping is the 
same for boili. 

Highly ~ledive Vagotomy (Parietal Cell Vagotomy) 1l1e highly 
selective vagotomy is also called the parietttf ceU tmgotomy Qr 
proximal gam·ic vagotOnlJ'· 'This procedure was developed after 
recognition that truncal vagotomy, in combination with a drain
age procedure or gastric resection, adversely affects the pyloral 
antral pump function. A highly selective vagotomy divides only 
the vagus nerves supplying the acid-producing portion Qf the 
stomach within the corpus and fw1dus. This procedure preserves 
cl1e vagal inne.rvation of cl1e gastric antrum so cl1at cl1ere is no 
need for routine drainage procedures. Consequently, the inci
dence of postoperative complicatiQns is lower. In general, cl1e 
nerves of Latarjet are identified anteriorly and pQsteriorly and 
the crow's feet innervating the fundus and body of the stomach 
arc divided. 1l1ese nerves are divided up w1til a point approxi
mately 7 em proximal to the pylorus or the area in the vidnity 
of the gastric an.trum. Superiorly, division of these nerves is 
carried to a point at least 5 em proximal to the GE junction on 
cl1e esophagus (Fig. 49-11 ). Ideally, two or cl1ree branches to cl1e 
antrum and pylorus should be preserved. The crinllnal nerve of 
Grassi represents a very proximal branch of the pQsterior truJlk 
of the vagus, and great attention needs to be taken to avoid 

FIGURE 49-11 Anterior view of the stomach and anterior 
nerve of lata~et Note the line of dissection for parietal cell or 
highly selective vagotomy (dashed line). The last major 
branches of the nerve are left intact and the dissection begins 
7 em from the pylorus. At the GE junction, the dissection is 
well away from the origin of the hepatic branches of the left 
vagus. (From Kelly KA. Teotia SS: Proximal gastric vagotomy. In 
Baker RJ, Fischer JE [eds]: Mastery of surgery, Philadelphia, 
2001, Lippincott Williams & Wilkins.) 
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missing this branch in the division process because it is fre
quently cited as a predisposition for ulcer recurrence if left 
intact. 

The recurrence rates after highly selective vagotomy are 
variable and depend on the skill of the surgeon and duration of 
follow-up. Lengthy longirudinal follow-up is necessary to evalu
ate the results of this procedme because of the reported increase 
in recurrent ulceration with time. Recurrence rates of 10% to 
15% have been reported for this procedure when performed by 
a skilled surgeon. These are slightly higher than those reported 
after truncal vagotomy in combination with pyloroplasty; 
however, selective vagotomy has lower rates of postvagotomy 
dumping syndrome and diarrhea. 

Tnmcol Vagotomy and Antredomy Antrectomy is generally not 
performed for duodenal ulcers and is more commonly done for 
gastric ulcers. Relative contraindications include cirrhosis, exten
sive scarring of the proximal duodemm1 that leaves a difficult or 
tenuous duodenal closure, and previous operations on the proxi
mal duodenum, sucb as cholcdochoduodenostomy. When done 
in combiJ1ation with truncal vagotomy, it is more effective at 
reducing acid secretion and recurrence than trlUlcal vagotomy 
in combination with a drainage procedure or highly selective 
vagotomy. The recurrence rate for ulceration after truncal vagot
omy and antrectomy is a~ low as Oo/o to 2o/o. However, this low 
recurrence rate needs to be balanced against the 20% rate of 
postgastrectomy and postvagotomy syndromes in patients 
undergoing anuectomy. 

Antrecwmy requires reconstruction of GI conrlnuity that 
can be accompllshed by a gastroduodenostomy (Billroth I pro
cedure; Fig. 49-12) or gastrojejunostomy (Billrotb II procedure; 
Fig. 49-13). For benign disease, gastroduodenostomy is gener
ally favored because it avoids the problem of retained antrum 
syndrome, duodenal stump leak, and afferent loop obstruction 
associated with gastrojejunostomy after resection. [f the duode
num is significandy ~carred, gastroduodenostomy may be tech
nically more difficult, necessitating gastrojejunostomy. [f a 
gastrojejunostomy is performed, the loop ofjejumun cl1osen for 
anastomosis is usually brought tluough the transverse mesoco
lon in a retrocolic fashion. The retrocoli.c anastomosis minimizes 
the length of the afferent lin1b and decreases the likelihood of 
twisting or kinking that could lead to afferent loop obstruction 
and predispose co the devasratiJ1g complication of a duodenal 
stump leak. Although vagotomy and antrectomy are clearly 
effective at managing ulcerations, they are used infrequendy 
today in the treatment ofpatients with PUD. In general, opera
tions of lesser magnitude arc performed more frequently iJ1 the 
H. pylori era. The overall mortality rate for ancrectomy is approx
imately 2% but obviously is higher in patients witl1 comorbid 
conditions, such as insulin-dependent diabetes or immunosup
pressi(m. Approximately 20% of patients devel<>p some form of 
postgastrectomy or postvagotomy compli.cations (see later). 

Gastric Ulcet'S 
Gastric ulcers can occur at any location in the stomach, 
altl1ougb d1ey usually present on tl1e lesser curvatme, near the 
mcisura, as shown in Table 49-3. Approxinlately 60o/o of 
ulcers are located in mis location and are classified as type I 
gastric ulcers. These ulcers are generally not associated with 
excessive acid secretion and may occur witl1 low to normal 
acid output. Most occur within 1.5 em of the hi~"tologic 
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FIGURE 49-12 Hemigastrectomy with a Bil lroth I (gastroduodenal) 
anastomosis. (From Dempsey D, Pathak A: Antrectomy. Oper Tech 
Gen Surg 5:86-100, 2003.) 

transition zone between the fundic and antral mucosa and are 
not associated with duodenal, pyloric, or prepyloric mucosal 
abnormalities. ln contrast, type II gastric ulcers (~ 15%) are 
located in the body of the stomach in combination with a 
duodenal ulcer. 1l1ese types of ulcers arc usualJy associated 
with excess acid secretion. Type ITI gastric ulcers are prepyloric 
ulcers and account for approximately 20% of the lesions. They 
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Table 49-3 ,Jiaslric Ulcer Types 
TYPE LOCATION ACID LEVEL 

Lesser curve at incisura Low to normal 

II Gastric body with duodenal ulcer Increased 

Ill Prepyloric Increased 

IV High on lesser curve Normal 

v Anywhere Normal, NSAID-induced 

also behave Like duodenal ulcers and are associated with hyper
secretion of gastric acid. Type TV gastric ulcers occur high on 
the lesser curvature, near the GE junction. The incidence of 
type N gastric ulcers is less than l Oo/o and they are not associ
ated with excessive acid secretion. Type V gastric ulcers can 
occur at any location and are associated with chronic NSAID 
use. Finally, some ulcers may appear on the greater curvature 
of the stomach, but the incidence is less than 5o/o. 

Gastric ulcers rarely develop before the age of 40 years and 
the peak incidence occurs in chose between d1e ages of 55 and 
65 years. They are more Likely to occur in those in a lower 
socioeconomic class and are slightly more common in the 
non-whlcc than whlre population. The exact pathogenesis of a 
benign gastric ulcer remains unknown. Some conditions that 
may predispose ro gastric ulceration are age older than 40, 
gender (female-to-male ratio of 2: 1), ingestion of barrier
breaking drugs such as aspirin or NSAlDs, abnormalities in acid 
and pepsin secretion , gastric stasis from delayed gastric empty
ing, coexisting duodenal ulcer, duodenal gastric reAux of bile, 
gastritis, and infection with H. pylori. Some clinical conditions 
that may predispose to gastric ulceration include chronic alcohol 
intake, smoking, long-term corticosteroid therapy, infection, 
and intra-arterial therapy. With regard to acid and pepsin secre
tion, the presence of acid appears to be essential to the produc
tion of a gastric lllker; however, the total secretory output appears 
to be less important. Nevertheless, it is noteworthy chat rapid 
healing follows antacid therapy, antisecretory therapy, or vagot
omy, even when the lesion-bearing portion of the stomacl1 is left 
iJltact because in the presence of gastric mucosal damage, add 
is ulcerogenic, even when present in normal or less chan normal 
an10unts. 

FIGURE 49-13 Subtotal gastrectomy with a Billroth II 
anastomosis. 

Clinical Manifestations 
The clinical challenge of gastric ulcer managemem is the dif
ferentiation between gastric carcinoma and benign ulcer. Similar 
to duodenal ulcers, gastric ulcers arc also characterized by recur
rent episodes of quiescence and relapse. TI1ey also cause pain, 
bleeding, and obstruction and can perforate. O n occasion, 
benign ulcers have also been found to result in spontaneous 
gastrocolic fistulas. Surgical intervention is required in 8% to 
20% o f patiems who develop complications from their gastric 
ulcer disease. Hemorrhage occurs in approximately 35o/o co 40% 
of patients. Usually, patients who develop significant bleeding 
from d1eir gastric ulcers arc older, are less Likely to stop bleeding 
spontaneously, and have Wgher morbidity and morralicy races 
than patients bleeding from a duodenal ulcer. Hemorrhage is 
most frequently observed in patients with types II and lii gastric 
ulcers, and patients with type £V gastric ulcers may also present 
with life-threatening hemorrhage. The most frequent complica
tion of gastric ulceration, however, is perforation. Most perfora
tions occur along the anterior aspect of d1e lesser curvature. In 
general, older patients have increased rates of perforations and 
larger ulcers are associated with higher morbidity and mortality. 
Sinillar to duodenal ulcers, gastric outlet obstruction can also 
occur in patients with type Il or lU gastric ulcer. However, one 
must carefuiJy differentiate between benign obstruction and 
obstruction secondary to antral carcinoma. 

Diagnosis and Treatment 
The diagnosis and treatment of gastric ulceration generally 
mirror that for duodenal ulcer disease. The significant clifference 
is the possibility of malignancy in a gastric ulcer. This critical 
difference demands that cancer be ruled out in awre and chronic 
presem:acions of gastric ulcer disease. Acid suppression and H. 
pylori eradication are both important aspects of any treatment. 

As with duodenal ulcers, iJltractablc nonhealing ulcers are 
beconting increasingly less common. It is imporrant to ensure 
that adequate time has elapsed and appropriate therapy has been 
administered to allow healing of the ulcer to occur. This includes 
confirmation that H. f>J'lori has been eradicated and that NSAIDs 
have been eliminated as a potencial cause. The presentation of a 
nonbealing gastric ulcer in the H. p;.fori era should raise serious 
concerns about the presence of an underlying malignancy. These 
patients should Lmdergo a thorough evaluation, with multiple 
biop~ies, to exclude malignancy prior to any surgical interven
tion (Fig. 49-14). The approach for complicated gastric ulcer 
varies, depending on the type of ulcer and its association with 
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pathophysiologic acid levels. Type I and IV ulcers, which are not 
associated with increased acid levels, do not require acid-reducing 
vagotomy. Figme 49-15 provides an algorithm for managing 
complicated gastric ulcers. 

Type I Castric Ulcer For type I gastric ulcers, even with appropri
ate preoperative evaluation, malignancy remains a major concern, 
and excision of the ulcer is necessary. This is generally mrative 
and allows more intense pathologic exanlinatiOJJ of the speci
men. Distal gastrectomy without vagotomy can also be per
formed but has a morbidity of 3% to 5%, with mortality rates 
ranging from 1 o/o co 2%. Recurrence is less than 5%. 1here is 
no evidence that gastrectomy is superior to resection of the ulcer 
alone. 

Type II or Type 1111 Castric Ulcers Because types U and liT gastric 
ukers are associated with increased gastric acid levds, surgery 
for intractable disease should focus on acid reduction. A distal 
gastrectomy in combination with truncal vagotomy should be 
performed. It has been shown that patients undergoing highly 
selective vagotomy for type II or ill gastric ulcers have a poorer 
outcome than those undergoing resection. However, there are 
still some who advocate performing a laparoscopic parietal cell 
vagotomy and reserve resection for those who develop ulcer 
recurrence. 

Type IV Castric Ulcers 1l1e type IV gastric ulcer presents a difficult 
management problem. Surgical treatment depends on ulcer size, 
distance from the GE junction, and degree of surrounding 
inflammation. \X!henever possible, the ulcer should be excised. 

FIGURE 49-14 Algorithm for evaluation, treat
ment, and surveillance of the patient with a 
gastric ulcer. 

The preferred approach is to resect the ulcer without gastrectomy 
and the resultant morbidity of a small gastric remnant. At times, 
this is not possible, and a gastrectomy is necessary. 1l1e most 
aggressive approach is to perform a gastrectomy that includes a 
small portion of the esophageal wall and ulcer followed by a 
Roux-en-Y esophagogastrojejw1ostomy to restore intestinal con
rinuiry. For type IV gastric ulcers that are located l to 5 em from 
the C:E jw1ction, a distal gastrectomy with a vertical extension 
of the resection to include the lesser curvature with the ulcer can 
be performed. After resection, bowel continuity is restored with 
an end-to-end gastroduodenostomy or ga~trojejunostomy. 

Bleeding Castric Ulcers Treatment of bleeding gastric ulcers 
depends on their cause and location; however. rhe initial 
approadJ is similar to duodenal ulcers. Patients require resuscita
tion, monitOring, and endoscopic investigation. Up ro 70% of 
gastric ulcers are H. pylori-positive, so an attempt should be 
made to control the bleeding endoscopically, with biopsy to rule 
out malignancy and testing of H. pyfqri status at that time. 
Patients whose bleeding can be controlled and who are H. 
pylori-positive should undergo treatmem for their H pylori 
infection. For bleeding that cannot be controlled, operative 
intervention again depends on the type of gastric ulcer. ln all 
cases, the ulcer should ideally be excised with the addition of 
vagotomy dependent on ulcer type (e.g., type II or Ill ulcer or 
type IV ulcer in patients who cannot discontinue NSAIDS). 

Perforated Gastric Uker For perforated type I gastric ulcers that 
occur in stable patients. distal gastrectomy with a Billroth I 
anastomosis is recommended. ln unstable patients, simple 
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patchiJ1g of the gastric ulcer with biopsy and treatment for H 
pylori, if positive, is recommended. However, even if the biopsy 
is negative, the risk for malignancy still needs to be ruled uut: 
therefore, documentation of heali11g is rcguired with repeat 
endoscopy and biopsy. Adding vagotomy for perforated type [ 
gastric ulcers is unlikely to be of any value. Because they behave 
like duodenal uJcers, types nand lli gastric ulcers can be simply 
treated with patd1 closure, with or without truncal vagotomy 
and pyloroplasry, depending on the medical condition, hemo
dynamic status, and t'Xtent of peritonitis, followed by treatment 
for H. ,trylo1-i- positive patients. 

Giant Gastric Ulcers Giant gastric ulcers arc defined as ulcers with 
a diameter of2 em or more. l11ey are usually folmd on the lesser 
curvature and have a higher incidence of malignancy (1 Oo/o) than 
smaller ones. It is not uncommon for these ulcers to penetrate 
into contiguous structures, such as the spleen, pancreas, liver, or 
transverse colon, and be falsely diagnosed as an unresectable 
malignancy, despite normal biopsy resuJts. l11e incidence of 
malignancy ranges from 6% to 30% and increases with the size 
of the ulcer. Giant gastric ulcers have a high likeW1ood of devel
oping complications (e.g., perforation or bleeding). Medical 
therapy heals 80% of these ulcers, although repeat endoscopy is 
indicated in 6 to 8 weeks. For complications or failure to heal, 
the operation of choice is gastrectomy including the ulcer bed, 
with vagotomy reserved for types II and Ill gastric ulcers. In the 
high-risk patient with significant underlying comorbid condi
tions, a local excision combined with vagotomy and pyloroplasty 
may be considered; otherwise, resection has the highest chance 
for successful outcome. 

Zollinger-EIIison Syndrome ZES is a clinical triad consisting of 
gastric acid hypersecretion, severe PUD, and non-~-islct cell 
tumors of the pancreas. The islet cell tumor produces gastrin and 
thus PUD. Hypergasrrinemia associated with ZES accow1ts for 
most, if not aU, clinical symptoms experienced by patients. 
Abdominal pain and PUD arc the hallmarks of the syndrome 
and typically occur in more than 80% of patients. Patients may 
also exhibit diarrhea, weight loss, steatorrhea, and esophagitis. 
Endoscopy frequently demonstrates prominent gastric rugal 
folds, reflecting the trophic effect of hypergastrincmia on the 
gastric fundus in addition to evidence of PUD. 

Oversew bleeding, 
ulcer biopsy FIGURE 49-15 Algorithm for the management 

of complicated gastric ulcer disease. 

Provocative tests arc ge11erally not required to establish the 
diagnosis of ZES because fasting and stimulated plasma gamb1 
levels are usually elevated. Most patients with ga~trinoma have 
elevated fastir1g serum gastrin levels (>200 pglml). and values 
higher than 1000 pg/mL arc diagnostic. In patients with equivo
cal gastrin levels, the most sensitive diagnostic test is the secretin 
stimulated gastrin level. Serum gastrin samples are measured 
before and after IV secretin (2 U/kg) administration at 5-minute 
imervals for 30 minutes. An increase b1 the serum gastrin level 
of greater than 200 pglmL above basal levels is specific for gas
trinoma versus other causes of hypergastrinemia, which do not 
demonstrate this response. 

After diagnosis of gastrinoma, acid suppression therapy is 
initiated, preferably with a PPL Medical management is indi
cated preoperatively and for patients with metastatic or unresect
able gastrinoma. Localized gastrinoma should be resected. 

STRESS GASTRJnS 
Stress gastritis, by definition, occurs after physical traun1a, shock, 
sepsis, hemorrhage, or respiratory faUurc and may lead to life
threatening gastric bleeding. Stress gastritis is characterized by 
multiple superficial {nonulcerating) erosions that begin in the 
proximal or acid-secreting portion of the sromach and progress 
distally. l11ey may also occur in the setting of central nervous 
system disease (Cushing's ulcer) or as a result of thermal bum 
injury involving more than 30% of the body surface area (Curl
ing's ulcer). 

Sness gastritis lesions typically change with time. They are 
considered early lesions if they appear within the first 24 hours. 
l11csc early lesions arc typically multiple ru1d shallow, with dis
crete area~ of erythema along with focal hemorrhage or an 
adherent clot. If the lesion erodes into the submucosa, which 
contains the blood supply, frank bleeding may restLit. On 
microscopy, these lesions appear as wedged-shaped mucosal 
hemorrhages with coagulation necrosis of the superficial mucosal 
cells. l11ey are almost always seen in the fundus of the stomach 
and only rarely in the distal stomach. Acute srress gasrritis can 
be classified as late if there is a tissue reaction or organization 
around a dot, or if an inflammatory exudate is present. This 
picmre may be seen by microscopy 24 to 72 homs after injury. 
Late lesions appear identical to regenerating mucosa around 
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a healing gastric ulcer. Both [}'pes of lesions can be seen 
endoscopically. 

Pathophysiology 
Although the precise mechanisms responsible for the develop
ment of srress gasrritis remain ro be fully elucidated, evidence 
suggests a multifactorial cause. 1l1ese stress-i.nduced ga~tric 
lesions appear to require the presence of acid. Other factors that 
may predispose to their development include impaired mucosal 
defense mechanisms against luminal acid, such as a reduction in 
blood flow, mucus, bicarbonate secretion by mucosal cells, or 
endogenous prostaglandins. All these factors render the stomach 
more suscepdble to damage &om luminal acid, with the resultant 
hemorrhagic gastrids. Stress is considered present when hypoxia, 
sepsis. or organ failure occurs. When stress is present, mucosal 
ischemia is thought to be the main factor responsible for the 
breakdown of these 110rmal defense mechanisms. There is little 
evidence to suggest that increased gastric acid secretion occurs in 
this situation. However, the presence of luminal acid appears to 
be a prerequisite for dl.is form of gastritis to evolve. Moreover, 
complete neuu·allzation ofluminal acid or antisecrerory tl1erapy 
precludes tl1e development of experimental stress gastritis. 

Presentation and Diagnosi.s 
More tbru1 50% of patients develop stress gaHritis wi thin I to 
2 days after a traumadc event. The only clinical sign may be 
painless upper GI bleeding that may be delayed at onset. 'TI1e 
bleeding is usu.ally slow and intermittent and may be detected 
by only a few flecks of blood in the NG tube or an unexplained 
drop in the hemoglobin level. On occasion, tl1ere may be pro· 
fotmd upper GJ hemorrhage accompanied by hypotension and 
hematemcsis. 1l1e stool is frequemly guaiac-positive, although 
melena and hematocbczia are rare. Endoscopy is required to 
confirm the diagnosis and differentiate stress gastritis from other 
sources of Gl hemorrhage. 

Treabnent 
Any patient wilth upper GI bleeding requires prompt and defini
tive fluid resuscitation with correction of any coagulation or 
platelet abnormalities. Treatment of the tmderlying sepsis plays 
a major role in treating the underlying gastric erosions. More 
than 80% of patients who present with upper Gl hemorrhage 
stop bleeding with only suppordve care. 1l1ere is little evidence 
to suggest that endoscopy with electrocautery or heater probe 
coagulation has any benefit in the therapy of bleeding from acute 
stress gastritis. However, some studies have suggested that acute 
bleeding can be effectively controUed by selective infusion of 
vasopressin into the splanchnic circulation through the Left 
gastric artery. Vasopressin is administered by continuous infu
sion through the catheter at a rate of 0.2 to 0.4 IU/min for a 
maximum of 48 to 72 hours. If the patient has underlying 
cardiac or liver disease, vasopressin should not be used. Although 
vasopressiJ1 may decrease blood loss. it has not been shown to 
result in improved survival. Another angiographlc technique 
that can be used is embolization of the left gastric artery if bleed
ing is identified on angiography. However, the extensive plexus 
of submucosal arterial vessels wi thin the stomach makes this 
approach less appealing ru1d not as successful. 

Bleeding that recurs or persists, requiring more than 6 U 
of blood (3000 mL), is an indication for surgery. Because most 
of the lesions are in the proximal stomach or fundus, a long 

ru1terior gastrotomy should be made in tllis area. 1l1e gastric 
lume:n is cleared of blood and tbe mucosal surface inspected for 
bleeding points. All bleedlJ1g areas are oversewn with figure-of
eight stitcl1es taken deep within the gastric wall. Most of the 
superficial erosions are not actively bleeding and therefore do 
nor require ligation unless a blood vessel is seen ar it base. 'TI1e 
operation is completed by closing the anterior gastrotomy and 
performiJ1g a truncal vagotomy ru1d pyloroplasl:}' to reduce acid 
secretion. The iJ1cidence of rebleediJ1g is less thru1 5% if bleeding 
points are carefully identified and secured. Less commonly, a 
partial gastrectomy, iJ1 combiJ1ation with vagotomy, is per
formed. Rarely, and only in patients with life-tlueaterung hem
orrhage refractory to other forms of therapy, should total 
gastrectomy be performed. 

Prophylaxis 
Because of the high mortality rate in patients with acute stress 
gastritis who develop massive upper GJ hemorrhage, high-risk 
patients should be treated prophylactically. Because mucosal 
ischenlia may alter a number of mucosal defense mecha1lisms 
d1at enable the stomach to withstand luminal irritrults and 
protect itself from injury, every effort should be made to correct 
any perfusion deficits secondary to shock. 1herc appears to be 
no significant advru1tage of Hz blockers over antacids. Most 
studies have demonstrated that it is easier to maintain a pH 
higher than 5 with ru1tacids tha11 with standard intermittent 
doses ofH2 receptor aJltagonjsts. However, it has been suggested 
that continuous infusions of Hz receptor antagonists provide 
more consistent maintenance of inrraluminal gasuic pH than 
standard intermittent iJ1fusions. 

Whether continuous infusion of H 2 receptor ru1tagonists 
bas a better clinical outcome or improves drug safety has yet to 
be determined. Nevertheless, H2 receptor antagoJlists have 
approximately 97% efficacy when used as medical prophylaxis 
for stress gastritis. 

Sucralfate (1 g every 6 hours) has also heen used for stress 
gastritis prophylaxis. Similar to antacids and H2 receptor antago
IUSts, efficacy rates range from 90% to 97%. 1his form of pro
phylaxis has tl1e added effect of allowiJ1g the stomadl to maiJltain 
its normal pH and thus prevent bacterial overgrowth. This latter 
effect may be beneficial because it bas been. suggested that gastric 
lumi11al alkalinjzation predisposes the stomach to bacterial over
growth ru1d subsequent nosocomial pncum01lia. Exogenous 
prostaglandiJ1s have also been used as stress gastritis prophylaxis 
agents, although their efficacy appears to be much less than that 
of other agents. 

POSTGASTRECTOMY SYNDROMES 
Gastric surgery results in a number of physiologic derangements 
caused by loss of reservoir function, interruption of the pyloric 
spll.incter mecharl.ism, ru1d vagal nerve transection. These physi
ologic changes usually cause no long-term symptoms. The GI 
and cardiovascular symptoms may result iJ1 disorders collectively 
referred to as postgastrectomy syndr·omes. Approximately 25o/o of 
patients wbo undergo surgery for PUD subsequently develop 
some degree of postgastrectomy syndrome, although tlus fre
quency is much lower in highly selective vagotomy. 'TI1e physi
ologic changes are not specific to PUD and can occur after 
gastrectomy for resection of neoplasm. Fortunately, only approx
imately l% of patients become permru1ently disabled from their 
symptoms. 
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Dumping Syndrome 
Dumping syndrome can be early (20 to 30 minutes after eating) 
or late (2 or 3 hours after a meal). Early dumping is more 
common, with more GI and fewer cardiovascular effects. GI 
symptoms include nausea and vomiting, a sense of epigastric 
fullness, cramping abdominal pain, and often explosive diarrhea. 
1l1e cardiovascular symptoms include palpitations, tachycardia, 
diaphoresis, faiming, dizziness, flush ing, and occasionally 
blurred vision. This symptom complex can develop after any 
operation on the stomach but is more common after partial 
gastrectomy with the Billroth II reconstruction. It is much less 
commonJy observed following the Billroth l gastrectomy or after 
vagowmy and drainage procedures. 

Dumping occurs because of the rapid passage of food of 
high osmolarity from the stomach into the small intestine. 1l1is 
occurs because gastrectomy, or any interruption of the pyloric 
sphincteric mechanism, prevents d1e stomach from preparing its 
contents and delivering them to the proximal bowel in the form 
of small particles in isotonic solution. The resultant hypertonic 
food bolus passes into the small intestine, which induces a rapid 
shift of extracellular fluid into the intestinal lumen to adtieve 
isotonicity. After this shift of extracel.lular Auid, luminal disten
tion occurs and induces the autonomic responses listed earlier. 

The basic defect oflate dumping is also rapid gastric empty
ing; however, it is related specifically to carbohydrates being 
delivered rapidly into the proximal intesti11e. When carbohy
drates are delivered to the small intestine, d1ey are qui.ckJy 
absorbed, resulting in hyperglycemia, which triggers the release 
of large an10um:s of insulin to control the rising blood sugar 
level. This results iJl an overcompensation so that a profound 
hypoglycemia occurs in response to the insulin. This activates 
the adrenal gland to release catecholamines, wb.ich results in 
diaphoresis, tremulousness, light-beadedness, tachycardia, and 
confusion. The symptom complex is indistinguishabk from 
insulin shock. 

The symptoms associated with early dumping syndrome 
appear to be secondary to the release of several humoral agents, 
such as serotonin, bradykinin-like substances, neurotensin, and 
enteroglu.cagon. Dietary measures are usually sufficient to treat 
most patients. These include avoiding foods contaiJung large 
amounts of sugar, frequent feeding of small meals rich in protein 
and fat, and separating Liquids from solids during a meal. 

In some padents without a response to dietary measures, 
long-acting octreotide agonists have an1eliorated symptoms. 
These pep tides not only inhibit gastric emptying but also affect 
small bowel motility so that intestinal transit of the ingested 
meal is prolonged. 'The side effects associated wim administra
tion of these synthetic peptides are relatively benign; bowever, 
they are somewbat expensive. Many operative procedures have 
been advocated for the surgical treatment of these patients. The 
paucity of patients treated for PUD with gastrectomy or vagot
omy has made remedial procedures for dumping exceedingly 
rare. 

Metabolic Disturbances 
'TI1e most common metabolic defect appearing after gastrectomy 
is anemia Anemia is related to iron deficiency (more common) 
or impairmem in vitamin 8 12 metabolism. More than 30% of 
patients undergoing gastrectomy suffer from iron deficiency 
anemia. The exact cause remains to be fully understood but 
appears to be related to a combination of decreased iron imake, 
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impaired iron absorption, and chronic blood loss. L1 general, 
the addition of iron supplements to the patient's diet corrects 
this metabolic problem. 

Megaloblastic anemia &om vitamin 8 12 deficiency onJy 
rarely develops after partial gastrectomy, but is dependent on tbe 
amount of stomach removed. Vitamin deficiency occurs second
ary to poor absorption of dietary B12 because of d1e lack of 
intrinsic factor. If a patient develops a macrocytic anemia, serum 
vitamin B12 levels should be determined and, if abnormal, 
treated with chronic B12 tl1erapy. 

Both osteoporosis and osteomalacia have also been observed 
after gastric resection and appear to be caused by deficiencies in 
calcium. If fat malabsorption is also present, the calcium mal
absorption .is fu.rilier aggravated because fatty acids bind calcium. 
1l1e incidence of this problem also increases with the extent of 
gastric resection and is usually associated with a Billroth II gas
trectomy. Bone disease generally develops approximately 4 to 5 
years after surgery. Treatment of this disorder usually requires 
calcium supplements (I to 2 g/day) in conjunction with vi tamin 
D (500 to 5000 U daily). 

Afferent Loop Syndrome 
Afferent loop syndrome occurs as a result of partial obstruction 
of the afferent linlh, which is unable to empty its contents. After 
obstruction of the afferent limb, there is an accumulation of 
pancreatic a11d hepatobillary secretions within tbe linlb, result
ing i.Jl its distention, which causes epigastric discomfort and 
cramping. The intraluntinal pressure evenrually increases enough 
to empty the contents of the afferent loop forcefully into tbe 
stomach, resulting in bilious vonudng that offers immediate 
relief of symptoms. If tbe obstruction has been present for a long 
time, it can also be aggravated by the development of tbe blind 
loop syndrome. In this situation, bacterial overgrowth occurs in 
the static loop and the bacteria bind with vitamin B12 and 
deconjugated bile acids. 'This results in a systemic deficiency of 
vitamin 8 12, with the development of megaloblastic anemia. 

In contrast to the diagnosis of an acute bowel obstruction. 
d1e diagnosis of chronic afferent loop obstruction may be prob
lematic. Failure to visualize tl1e afferent Limb on upper endos
copy is suggestive of the diagnosis. Radionudide studies imaging 
the bepatobiliary tree have also been used witl1 some success in 
diagnosing this syndrome. Normally, the radionuclide should 
pass into the stomach or distal small bowel after being excreted 
into the afferent limb. [fit does not, ilie possibility of an afferent 
loop obstruction should be considered. 

Surgical correction is indicated for mis mechanical problem. 
A long afferent Limb is usually tbe underlying problem, so treat
ment involves the elinllnation of this loop. Remedies include 
conversio11 of the Billrotb II construction into a Billroth I anas
tomosis, enteroenterostomy below the stoma, and creation of a 
Roux-en-Y procedure. The Roux-en-Y reconstruction is a good 
combination of efficacy and ease, especially in the patient with 
a previous vagotomy. Marginal ulceration from the diversion of 
duodenal contents from the gastroemeric stoma is a potential 
complication of the Roux-en-Y conversion. 

Efferent Loop Obstruction 
Obstruction of the efferem limb is usually rare. Efferent loop 
obstruction may occur at any tin1e; however, more thru1 50% of 
cases d o so within the first postoperative month. Establishing a 
diagnosis is difficult. Initial complaints may include left upper 
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quadrant abdominal pain that is colicky in nature, bilious vomit
ing, and abdominal distention. The diagnosis is usually estab
Ushed by a G£ contrast study of the stomach, with failure of 
barium to enter the efferent limb. Operative intervention is 
almost always necessary and consists of reducing the retroanas
tomotic hernia and closing the rerroanasromoticspace ro prevent 
recurrence of this condition. 

Alkaline Reflux Gastritis 
After gastrectomy, reflux of biJe is common. In a small percent
age of patients , this reflux is associated with severe epigastric 
abdominal pain accompanied by bilious vomiting and weight 
loss. Although the diagnosis can. be made by caking a careful 
history, hepatobiliary im.inod.iacetic acid (HIDA) scans usually 
demonstrate biliary secretion into the stomach and even into the 
esophagus. Upper endoscopy demonstrates friable. beefy red 
mucosa. 

Most patients suffering from alkaHne reflux gastritis have 
had gastric resection performed with a BiiJroth II anastomosis. 
Although bile reflux appears to be the inciting event, a number 
of issues remain unanswered with respect to the role of hile in 
its pathogenesis. For example, many patients have reflux of bile 
into the stomach foUowing gastrectomy without any symptoms. 
Moreover, there is no clear correlation between the volume or 
composition of bile and the subsequent development of alkaline 
reflux gastritis. Although it is clear the syndrome does exist, 
caution needs to be exercised to ensure that it is not overdiag
nosed. After a diagnosis is made, therapy is directed at relief of 
symptoms. Unfortunately, most medical therapies that have 
been tried to treat alkaline reflux gastritis have not shown any 
consistent benefit. 1l1us, for patients with intractable symptoms, 
the surgical p rocedure of cl1oice is conversion of the BUlroth ll 
anastomosis into a Roux-en-Y gastrojejunostomy, in which the 
Roux limb has been lengthened to more than 40 em. 

Gastri<: Atony 
After vagotomy, gastric emptying is delayed. 'TI1is is true for 
truncal and selective vagotomies but not for a highly selective 
or parietal cell vagotomy. With selective or truncal vagotomy, 
patients lose their antral pump function and therefore have a 
reduction in the ability to empty soUds. In contrast, emptying 
of liquids is accelerated because of loss of receptive relaxation in 
the proxin1al stomach, which regulates liquid emptying. 
AJrhough most patients undergoing vagotomy and a drainage 
procedure manage to empty their stomach adequately, some 
patients have persistent gastric stasis that results in retention of 
food within d1e stomach for several hours. This may be accom
panied by a feelling of fullness and, occasionally, abdominal pain. 
In still rarer cases, it may be associated wid1 a functional gastric 
outlet obstruction. 

The diagnosis of gastroparesis is confirmed by scintigraphic 
assessment of gastric en1ptying. However, other causes of delayed 
gastric en1ptying, such as diabetes mellitus, electrolyte in1bal
ance, drug toxicity, and neuromuscular disorders, must also be 
excluded. In addition, a mechanical cause of gastric outlet 
obstruction, such as postoperative adhesions, afferent or efferent 
loop obstruction, and iJ1ternal herniations, must be ruled out, 
and endoscopic examination of the sromad1 also needs to be 
performed to ruJe out any anastomotic obstructions. 

In patients with a fw1ctional gastric outlet obstruction and 
documented gastroparesis, pharmacotherapy is generaUy used. 

The agems most commonly used are prokinetic agents such as 
metoclopramide and erythromycin. Metoclopramide exerts it 
proki11etic effects by acting as a dopamine antagonist and has 
cholinergic-enhancing effects because of facilitation of acetyl
choline release from enteric cholinergic neurons. In contrast, 
erythromycin markedly accelerates gasuic emptying by binding 
to motiJin receptors on Gl smooth muscle cells, wbere it acts as 
a motUin agonist. One of these two agents is usually sufficient 
to enhance gastric tone and improve gastric emptying. In rare 
cases of persistent gastric atomy refractory to medical manage
ment, gastrectomy may be required. 

GASTRIC CANCER 

Epidemiology and Risk Fadors 

Incidence 
Gastric cancer is the 14th most common cancer and cause of 
cancer death i"n the Uni ted States, w.ith an estimated 21 ,000 new 
cases/ year and over 10,000 deaths.'6 The disease affects men 
dispr<>portionately, with more than 600A, of new cases occurring 
in men. It is a disease of older individuals, with peak incidence 
in the seventh decade of life. Among racial groups, the disease 
is more comn1011 and has a higher mortality in African Ameri
cans, Asian Americans, and Hispanics compared with whites. 

Worldwide, gastric cancer is the fourth most common 
cancer and the second leading cause of cancer death. It is espe
cially prevalent in East Asia and South America and has been 
increasing in developing countries, which now have almost rwo 
thirds of all distal gastric cancer cases. In contra~t, rates have 
been decreasing in the United States (Fig. 49-16). Among devel
oped countries, Japan and Korea have the highest rates of the 
disease. Gastric cancer is the most common cancer in Japan. As 
a result, gastric cancer screening in Japan was started in the 
1970s and the mortality rate has dropped by 50o/o since that 
time. Although there has been an increase in proximal tumors 
in Japan, most are distal gastric cancers. 

Risk Fadors 
The major risk factors for gastric cancer are discussed here; they 
include environmental and genetic factors (Box 49-3). 

Helicobacter pylori Infection 
In 1994, d1e international agency for research on cancer labeled 
H. pylori a definite carcinogen. A number of longitudinal pro
spective studies have demonstrated an ao;sociation with the 
development of gastric cancer. l11e prinuuy mecbanism is 
d1ought to be the presence of chronic inflan1l1lation. Long-term 
infection witl1 the bacteria leads to gastritis, primariJy within tbe 
gastric body, witl1 ventral gastric atrophy. In some patients, tlus 
progresses to imestinal metaplasia. dysplasia, and ultimately 
intestinal-type adenocarcinoma. A wide range of molecular 
alterations in intestinal metaplasia have been described and may 
affecc tl1e transformation into gastric cancer. These include over
expression of cyclooxygenase-2 and cyclin 02, p53 mutations, 
microsatel li tc instability, decreased p77 expression, and altera
tions in transcription factors such a~ COX! and CDX2. [t is 
dear that intestinal metaplasia is a risk factor for the develop
ment of gastric carcinoma; however, not every patient with 
intestiJ1al metaplasia develops inva~ive cancer. Host inflamma
tory responses play an important role in tllis process. Specifically, 
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FIGURE 49-16 Age-adjusted incidence of gastric cancer, 1996-2006. 
(From National Cancer Institute, Surveillance Research Program: Fast 
Stats, 2009 (http:/ / seer.cancer.gov/faststats. Accessed June 17, 201 0.) 

BOX 49-3 Factors Associated With Increased Risk for 
Developing Stomach Cancer 

Nutritional 
low fat or protein consumption 
Salted meat or fish 
High nitrate consumption 
High complex carbohydrate consumption 

Environmental 
Poor food preparation (smoked, salted) 
lack of refrigeration 
Poor drinking water (e.g., contaminated well water) 
Smoking 

Social 
low social class 

Medical 
Prior gastric surgery 
H. pylori infection 
Gastric atrophy a nd gastritis 
Adenomatous polyps 

other 
Male gender 
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individuals with high levels of interleukin-1 expression are at 
increased risk of gastric cancer development. 

Some regional variances in rl1e development of cancer may 
be attributed to the prevalence and virulence of H. pylori. It is 
more common in poor areas with less sanitation; thus, infection 
races remain high in developing countries, with a concomitam 
rise in gastric cancer incidence. 1l1e prevalence in more devel
oped countries, in contrast, has been falUn g. The presence of the 
cytoxan-assodated gene A (cagA) is associated with increased 
viru.lence and risk of gastric cancer. Countries with high levels 
of gastric cancer, such as Japan, have a much higher rate of cttgA
positive H pylori infection than in countries witll lower rates of 
gasrric cancer, such as the United States. 

Dietary Factors 
High-salt foods, particularly those with salted or smoked meats 
that contain high levels of nitrate, along with low fruit and 
vegetable intake, are linked to an increased risk of gastric cancer. 
1l1e mechanism is thought to be the conversion of nitrates in 
the food ro N-nitroso compounds by bacteria in the stomach. 
Fresh fruits and vegetables cont.ain ascorbic acid, which can 
remove the carcinogenic N-n.itroso compounds and oxygen free 
radicals. 

There is likely synergism between diet and H. P.Jilori infec
tion, with the bacteria increasing carcinogen production and 
inhibiting its removal. H pylori has been shown to promote the 
growth of the bacteria that generate the carcinogenic N-nitroso 
compounds. At the same tin1e, H. pylori can inhibit the secretion 
of ascorbic acid, rhus preventing effective scavenging of oxygen 
free radicals and N-nltroso compounds. The increase ln refrig
eration over the past 70 years bas likely contributed to the 
decrease in gastric cancer by reducing the amount of meat pre
served by salting alone and allowing the increased storage and 
consumption of fresh fruits and vegetables. 

Hereditary Risk Factors and Cancer Genetics 
Gastric cancer is associated with several rare inherited disorders. 
Hereditary diffuse gastric cancer is an inherited form of gastric 
cancer. Patients with tlus disorder, resulting from a gene muta
tion for the cell adhesion molecule E-cadhe.rin, have an 80% 
Ufetime incidence of developing gastric cancer. Prophylactic 
total gastrectomy should be considered for patients with this 
mutation. ln familial adcnomarous polyposis, approximately 
85% of patients have fundic gland polyps, with up to 40% of 
these having some type of dysplasia and over 50% containing a 
somatic adenomatous polyposis coli mutation, which places 
these patients at risk of developing gastric cancer. 1l1esc polyps, 
combined with the much higher frequency of potentially malig
nant duodenal polyps, warrant upper Gl surveillance. The 
Li-Fraumen.i syndrome is an autosomal dominant disorder 
caused by a mutation in the tumor suppressor p53 gene. 'TI1ese 
patients are at risk for numerOliS malignancies, including gastric 
cancer. Hereditary non polyposis colorectal cancer, or Lynch syn
drome, which accounts for 2% to 3% of all colon and rectal 
cancers and is associated witl1 microsatel!ite instability, is also 
associated with an increased risk of gastrk and ovarian cancers. 

Several genetic alterations have been identified that are 
associated with gastric adenocarcinoma. 1l1ese change.~ can be 
classified as d1c activation of oncogenes, i11activation of tumor 
suppressor genes, reduction of cellular adhesion, reactivation of 
telomerase, and presence of microsateliite instability. The c-met 
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proto-oncogene is the receptor for the hepatocyte growth factor 
and is frequently overexpressed in gastric cancer, as are the k-snm 
and c-erbB2 oncogenes. The inactivation of the tumor suppres
sor genes p53 and p16has been reponed in diffuse and intestinal
type cancers, whereas adenomatous polyposis coli gene mutations 
tend to be more rrequem in imesrinal-rype gastric cancers. Also, 
a reduction or los.~ in the cell adhesion molecule E-cadherin can 
be found in approximately 50% of diffuse-type gastric cancers. 
Microsatellite insrabilit)' can be fOLmd in approximately 20% to 
30% of intestinal-type gastric cancers. Microsatellites are lengths 
of DNA in which a short {one to five nucleotide) motif is 
repeated several times. Microsatellite instability reflects a gain or 
loss of repeat lUlits in a germline microsarellite allele, indicating 
the clonal expansion that is typical of a neoplasm. 

Other Risk Fadors 
Patients with pernicious anemia are at increased risk for develop
ing gastric cancer. Achlorhydria is the defining feature of this 
condition; it occurs when chief and parietal cells are destroyed 
by an autoimmuHe reaction. 1he mucosa becomes very atrophic 
and develops antral and intestinal metaplasia. The relative risk 
for a patient with pernicious anemia developing gastric cancer 
is 2.1 to 5.6 of the general population. 

Polyps Adenomatous polyps carry a distinct risk for the develop
ment of maligmancy in the polyp. Mucosal atypia is frequent, 
and progression from dysplasia to carcinoma in situ has been 
observed. The risk for the development of carcinoma is approxi
mately 10% to 20% and increases with increasing size of the 
polyp. Endoscopic removal is indicated for pedw1cuJaced lesions 
and is sufficient if the polyp is completely removed and there 
are no foci of invasive cancer on histologic examination. lf the 
polyp is larger than 2 em, is sessile, or bas a proven focus of 
invasive carcinoma, operative excision is warranted. 

Fundic gland polyps (Fig. 49-17) are benign lesions that 
are thought w result from glandular hyperplasia and decreased 
luminal Row. They are strongly associated with proton pump 
inhibitor use and occur in up to a third of patients by one year. 
Dysplasia, while common in patients whose polyps result from 
familial adenomatous polyposis, bas only been described as indi
vidual case reports for patients whose polyps result from proton 
pump inhibitor therapy. As sud1, they do not require excision, 
regular surveillance, or cessation of therapy. 

Proton Pump Inhibitors TI1e use of PPis has risen dramatically 
over the past 20 years because they have proven an effective 
treatment for patients with GI reflux disease. 1l1ey are often 
prescribed empirically as 6rst-Une treatment for dyspepsia. 1l1e 
impact of PPJs on the incidence of gastric cancer has not been 
elucidared. 

Physiologically, PPis, as their name suggests, block the 
hydrogen-potassium pump within the parietal cells. effectively 
blocking all acid secretion in the stomach. As a result, patients 
on PPis develop hypergastrinemia, wbich reverses with PPI 
withdrawal. The potential for cancer is at the intersection 
between H. PJ'Iori, already considered a carcinogen for gastric 
cancer, and the physiologic changes that are a consequence of 
PPI use. In patients with H. pylori on long-term PPis, the low
acid environment allows the bacteria to colonize the ga~tric 
body; leading to corpus gastritis. Up to one third of these 
patients develop atrophic gastritis, which is significantly more 
common in patients with H. pylori who are taking PPls.17 This 
atrophic gamitis quickJy resolves after eradication of the H: 
pylori. Currently, no study has shown the atropllic gastritis iJl 
ellis subset of patients to be associated with an increased cancer 
risk. However, in general, atrophic ga~tritis is considered a 
major risk factor for the development of gastric cancer. There
fore, PPis are an effective fuse-line treatment for dyspepsia and 
remain an effective long-term therapy for patients wi th GE 
reflux disea~. However, given the relationsllip between acid 
suppres.~ion, H. pylori, and the development of atrophic gastri
tis, a known risk facwr for gastric cancer, in patiems with per
sistenr symptoms after i1litiation of therapy or who require 
long-term therapy, surveillance for and eradication of H. pylori 
is warramed. 

Pathology 
NLLmerous pathologic cla~sification schemes of gastric cancer 
have been proposed. The Borrmann classification system was 
developed in 1926; it remains useful today for the description 
of endoscopic findings. This system divides gastric carcinoma 
into five rypes, depending on the lesion's macroscopic appear
ance (Fig. 49-18). One type, lini tis plastica, describes a diffusely 
infiltrating lesion involving the entire stomach. Other classifica
tion systems have been proposed, but the most useful and widely 
used system is the one proposed by Lauren in 1965. This systenl 
separates gastric adenocarcinoma into intestinal or diffuse rypes 

FIGURE 49- 17 CT scan of fundic gland polyps. (Courtesy Or. David Bentrem, Department of Surgery, Northwestern University Feinberg School 
of Medicine, Chicago.) 
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Borrmann's classification 

Type 1 
Protruded type 

Type 2 

Type 3 Depressed type 

FIGURE 49-18 Bornnann's pathologic classification of gastric cancer 
based on gross a;ppearance. (From lriyarna K, Asakawa T. Koike H, 
et al: Is extensive lymphadenectomy necessary for surgical treatment 
of intrarnucosal carcinoma of the stomach? Arch Surg 124:30-311 , 

1989.) 

Table 49-4 Lauren Classification System 
INTESTINAL 

Environmental 

Gastric atrophy, intestinal metaplasia 

Men > women 

Increasing inddence with age 

Gland formation 

Hematogenous spread 

Microsatellite instability 

APC gene mutations 

p53, p 16 inactivation 

APC, Adenomatous polyposis coli. 

DIFfUSE 

Familial 

Blood type A 

Women > men 

Younger age group 

Poorly differentiated, signet 
ring cells 

Transmural,lyrnphatic spread 

Decreased E-cadherin 

p53, p 16 inactivation 

based on histology, with both cypes having distinct pathology, 
epidemiology, and prognosis (Table 49-4). 

The intestilnal variant typically arises in the setting of a 
recognizable precancerous condition, such as gastric atrophy or 
intestinal metaplasia. Men are more commonly affected than 
women, and the incidence of d1e intestinal-type gastric adeno
carcinoma increases with age. These cancers are typically well 
differentiated, wuth a tendency to form glands. Metastatic spread 
is generally hematogenous to distant organs. The intestinal type 
is also the dominant histology in areas in whjch ga~tric cancer 
is epidemic, suggesting an environmental cause. 

The diffuse form of gastric adenocarcinoma consists of tiny 
clusters of small, uniform signet ring cells, is poorly differenti
ated, and lacks glands. It rends to spread submucosally, with less 
inflammatory in.£ltration than the intestinal type, with early 
metastatic spread via transmural extension and lymphatic inva
sion. It is generaUy not a~sociated with chronic gastritis, is more 
common in women, and affects a slightly younger age group. 
The diffuse form also has an association with blood type A and 
familial occurrence, suggesting a genetic cause. Intraperitoneal 
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metastases are frequent and, in general, the prognosis is less 
favorable than for patients with intestinal type cancers. 

In 1990, the World Health Organization {WHO) recom
mended another classification system for gastric cancers based 
on morphologic feattues. In tbe WHO system, gastric cancer is 
divided imo five main categories- adenocarcinoma, adcnosqua
mous cell carcinoma. sguamous cell carcinoma, undifferentiated 
carcinoma, and unclassified carcinoma. Adenocarcinomas arc 
further subdivided into four types according to their growth 
pattern--papillary, tubular, mucinous, and signer ring. Each 
type is further subdivided by degree of differentiation. Although 
widely used, the WHO classification system offers Utcle iJ1 terms 
of patient management, and there are a significant number of 
gastric cancers that do not fit into their categories. There is little 
evidence that any of the above classification systems can add to 
the prognostic information provided by the American Joint 
Cancer Commission (AJCC) tumor-node-metastasis (TNM) 
staging system. 

Diaposis and Workup 

Signs and Symptoms 
11Je symptoms of gastric cancer are generally nonspecific and 
contribute to its frequently advanced stage at the tinle of diag
nosis. They include epigastric pain, early satiety, and weight loss. 
These symptoms are frequently mistaken for more common 
benign causes of dyspepsia includiJ1g PUD and gastri.tis. The 
pain associated with gastric cancer rends co be constant, non
radiating, and is generally not relieved by eating. More advanced 
lesions may present with either obstruction or dysphagia depend
ing on the location of the rumor. Some degree of GI bleeding 
is common, with up to 40o/o of patients having some form of 
anemia and up to 15o/o having frank hematemesis. 

A complete history and physical examination should be 
performed, with special attemion to any evidence of advanced 
disease. This includes metastatic nodal disease, supraclavicular 
(Virchow's) or periumbilical (Sister Mary Joseph's node), and 
evidence of intra-abdominal metastases such as hepacomegaly, 
jaundice, or ascites. Drop metastases to the ovaries (Kruken
berg's tumor) may be detectable on pelvic examination and 
peritoneal metastases can be felt as a firm (Blummer's) shelf on 
rectal exan1inarion. A complete blood count, chemistry panel, 
including Uver function tests, and coagulation studies should be 
carried out. 

Staging 
Currently, rhe most widely uscsragingsysrem is the AJCCTNM 
stagiJ1g system. This is based on the depth of rumor invasion 
(T), number of involved lymph nodes (N), and presence or 
absence of metastatic disease (M; Table 49-5). Prior to 1997, N 
stage was derermi ned by the anatomic location of the nodes with 
respect to the primary tumor, rather than the absolute number 
of nodes. 1l:tis staging, based on anatomy, was intimately related 
to the Dl versus 02 anatomic lymphadenectomy debate (see 
later). The revised system does not differentiate among the loca
tions of positive nodes. In the current staging system, a minimum 
of 15 nodes must be evaluated for accurate staging. Some have 
suggesled that other factors be included in the T and N assess
ment, such as the location of the primary (cardia compared with 
distal tumors). because this may independently predict survival, 
and emphasis on the percentage of positive nodes (lymph node 
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Table 49-5 TNM Oassification of carcinoma of the Stomach -
PRIMARY TUMOR (T)t 

TX 

TO 

TIS 

T1 

Tla 

T1b 

T2 

Primary tumor cannot be assessed 

No evidence of primary tumor 

carcinoma in situ; intraepithelial tumor without invas;on of the lamina propria 

Tumor invades lamina propria, muscularis mucosae, or submucosa 

Tumor invades lamina propria or muscularis mucosae 

Tumor invades submucosa 

Tumor invades muscularis propria* 

T3 Tumor penetrates subserosa! connective tissue without invasion of visceral peritoneum or adjacent structuresU 

T4 Tumor invades serosa (visceral peritoneum) or adjacent structuresU 

T4a Tumor invades serosa (visceral peritoneum) 

T4b Tumor invades adjacent structures 

REGIONAL LYMPH NODES (N)* 

NX 

NO 

N1 

N2 

N3 

N3a 

N3b 

DISTANT METASTASIS (M) 

MO 

Ml 

ANATOMIC STAGE 
0 

lA 

IB 

IIA 

liB 

lilA 

I liB 

Regional lymph node(s) cannot be assessed 

No regional lymph node metastasis§ 

Metastasis in 1-2 regional lymph nodes 

Metastasis in 3-6 regional lymph nodes 

Metastasis in 7 or more regional lymph nodes 

Metastasis in 7-15 regional lymph nodes 

Metastasis in 16 or more regional lymph nodes 

No distant metastasis 

Distant metastasis 

Prognostic Croup 
TIS NO 

T1 NO 
T2 NO 
Tl Nl 

T3 NO 
T2 N1 
Tl N2 

T4a NO 
T3 N1 
T2 N2 
Tl N3 

T4a Nl 
T3 N2 
T2 N3 

T4b NO 
T4b Nl 
T4a N2 
T3 N3 

MO 

MO 

MO 
MO 

MO 
MO 
MO 

MO 
MO 
MO 
MO 

MO 
MO 
MO 

MO 
MO 
MO 
MO 

IIIC T4b N2 MO 
T4b N3 MO 
T4a N3 MO 

IV AnyT Any N M1 

From EdgeS, Byrd 0, Compton C. et al (eds): AJCC cancer staging manual, ed 7, New York. 2010, Springer. 

*A tumor may penetrate the muscularis propria with extension into the gastrocolic or gastrohepatic ligaments, or into the greater or lesser omentum, without perforation 
of the visceral peritoneum covering these structures. In this case, the tumor is classified T3. If there is perforation of the visceral peritoneum covering the gastric ligaments 
or the omentum, the tumor should be classified T4. 
'The adja<ent structures of the stomach include the spleen, transverse colon, liver, diaphragm, pancreas, abdominal wall, adrenal gland, kidney, small intestine, and 
retroperitQI1eum. 

~ntramural extension to the duodenum or esophagus is classified by the depth of the greatest invasion in any of these sites, including the stomach. 
tA designation of pNO should be used if all examined lymph nodes are negative. regardless of the total number removed an.d examined. 
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ratio) rather than d1e number of positive nodes. However, the 
current AJCC staging system does not reflect these factors. 

Although not part of the formal AJCC staging system, tbe 
term R status, first described by Hcrmanek in 1994, is used to 
describe tumor status after resection and is important for deter
mlning the adequacy of surgery. RO describes a microscopically 
margin-negative resection, in which no gross or micmscopic 
tumor remains in the tumor bed. RJ indicates removal of all 
macroscopic dlsease, but mlcroscopic margins are positive for 
tumor. R2 indicates gross residual disease. Because the extent of 
resection can influence survival, some include this R designation 
to complement the TNM system. Long-term survival can be 
expected only after an RU resection. 

TheAJCC system is not specific for nodal location, but the 
debate regarding lymphadenectomies for gastric cancer has con
tinued. LJ d1e previous version of ilie Union Imernationale 
Contre le Cancer (UICC) TNM system, N categories were 
de£ned by the location oflymph node metastases relative to ilie 
primary, with pNl defined as positive nodes 3 em orbs from 
the primary and pN2 as more than 3 em from the primary or 
nodal metastases along named blood vessels. 1l1e Japanese Clas
sification for Gastric Carcinoma QCGC) staging system was 
designed to describe the anatomic locations of nodes removed 
during gastrectomy. Sixteen distinct anatomic locations of 
lymph nodes are described, with ilie recommendation for nodal 
basin dissection dependent on tbe location of ilie primary (Fig. 
49-19). The lymph node stations, or echelons, are numbered 
and further classified into groups of echelons corresponding to 
the location of the primary and reflect the likelihood of harbor
ing metastases. The presence of metastasis to each lymph node 
group then determines theN classification. For example, metas
tasis to any of the group 1 lymph nodes iJl the absence of disease 
in more distant lymph node groups is classified as Nl. 111is is 
represented graphically in Table 49-6. This system was not 
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FIGURE 49- 19 lymph node station numbers as defined 
by the Japanese Gastric Cancer Association. (From Japa
nese Gastric Cancer Association: Japanese Classification of 
Gastric Carcinoma, 2nd English edition. Gastric Cancer 
1:10- 24, 1998.) 

adopted by the AJCC. 1l1e AJCC pathologic staging system has 
been widely adopted in the United States. 

Staging Workup 
11Je goal of any preoperative staging is twofold. 1l1e first is to 
gain information on prognosis to counsel the patient and famlly 
effectively. The second is w determine the extent of djsease to 
determine the most appropriate course of therapy. 1l1e three 
main treatment paths are resection (with or without subsequent 
adjuvant therapy), neoadjuvant therapy followed by resection. 
or rrearment of systemic disease without resection (Fig. 49-20). 

TI1e main modalities for staging gastric adenocarcinoma 
and thus guiding therapy are endoscopy, endoscopic ultrasound, 
cross-sectional imaging, such as computed tomography (CT), 
MRl, or positron emission tomography (PET), and diagnostic 
laparoscopy. Their roles are discussed here. 

Endoscopy and Endoscopic Ultrasound Flexible endoscopy remains 
the essential tool for the diagnosis of gastric cancer. It allows 
visuali7..ation of the tumor, provides tissue for pathologic diag
nosis, and can serve as a treatment for patients with obstruction 
or bleeding (Fig. 49-21). Increasingly, flexible endoscopy com
bined with ultrasound is bci11g used to stage and risk-stratify 
patients with gastric cancer properly. Endoscopic ultrasotllld 
(EUS) is performed using a flexible endoscope wiili a 7.5-to 
12-MHz ultrasound transducer. The stomach is filled with water 
to distend the stomach and the stomach wall is visualized as five 
alternating hypoecboic and hyperechoic layers (Fig. 49-22A). 
1l1e mucosa and submucosa represent the first three layers (T1; 
see Fig. 49-22B). The fourth layer is the subserosa, invasion of 
which is a T2 tumor. The serosa is the fifth layer and tumor 
penetration of it is a T3 tumor (see Fig. 49-22 C). The overall 
accuracy of EUS has been reported to be as high as 85o/o for T 
stage and 80o/o for N stage; however, these studies considered 
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Table 49-6 (irouping of Regional Lymph Nodes ((iroups 1-3) by Location of Primary Tumor* ----------------------------
Location of Primary Tumor in Stomach 

LYMPH NODE UPPER MIDDLE LOWER 
STATION (NO.) DESCRIPTION THIRD THIRD THIRD 

Right paracardial 2 

2 left paracardial 3 M 

3 lesser curvature 

4sa Short gastric 3 M 

4sb left gastroepiploic 3 

4d Right gastroepiploic 2 

5 Suprapy1oric 3 

6 lnfrapyloric 3 

7 left gastric artery 2 2 2 

Sa Anterior comm. hepatic 2 2 2 

8p Posterior comm. hepatic 3 3 3 

9 Celiac artery 2 2 2 

10 Splenic hilum 2 3 M 

lip Proximal splenic 2 2 2 

lid Distal splenic 2 3 M 

12a left hepatoduodenal 3 2 2 

12b, p Posterior hepatoduodenal 3 3 3 

13 Retropanaeatic M 3 3 

14v Superior mesenteric vein M 3 2 

14a Supe.rior mesenteric artery M M M 

IS Middle colic M M M 

16al Aortic hiatus 3 M M 

16a2, bl Para-aortic, middle M 3 3 

16b2 Para-aortic, caudal M M M 

M, lymph nodes regarded as distant metastasis. 
*According to the Japanese Classification of gastric carcinoma (Japanese Gastric Cancer Association: Japanese Classification of Gastric Carcinoma, 2nd English edition. 
Gastric Cancer I :lo-24, 1998). 

Adenocarcinoma 

STAGE 
(CT. endoscopy with EUS) 

Metastatic disease 

Symptomatic 
(bleeding, obstruction) 

Asymptomatic 

Consider 
palliative 
resection 

I 
Refer to 
medical 

oncology 

No metastatic disease 

l 
Laparoscopy 

l 
No metastatic disease 

' Resection with 
nodal harvest FIGURE 49-20 General staging and treatment 

strategy for gastric adenocarcinoma. 
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FIGURE 49-21 Endoscopic view of intestinal-type adenocarcinoma of 
the gastric cardia. (Courtesy Dr. David Bentrem, Department of 
Surgery, Northwestern University Feinberg School of Medicine, 
Chicago.) 
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accuracy retrospectively, and not the predictive accuracy ofEUS. 
A more recent, larger study18 has shown lower accuracy ofT and 
N stages. It considered the predictive accuracy of EUS for T and 
N stages and found them to be 57% and 50%, respectively. Ic 
showed improved accuracy, however, when T and N stages were 
grouped rogerher ro differentiate high-risk versus low-risk 
disease, denned by the presence of any serosal (T3/T4) involve
ment or any nodal disease (>NO). When this classification 
systenl was used, the positive predictive value ofEUS to identify 
advanced disease was 76% and the negative predictive value to 
identify low-risk disease was 91 o/o (Fig. 49-23).18 From a prog
nostic and treatment standpoint, this classification may be more 
clinicaJly relevam, because an EUS fu1ding indicative of advanced 
disease strongly correlates with decreased resectability and poorer 
disease-specific survival. 

lr:s role in the evaluation of metastatic disease is currently 
limited. [n one study, however, a low-risk EUS had a 96% nega
tive predictive value for the presence of metastatic disease. In the 
future, EUS may p lay a role in determining those patients who 
require further aggressive investigation of metastatic disease 
(e.g., laparoscopy) and those who do not. 

As tbe accuracy of EUS improves, it wUI likely play an 
increasing role in determining treatment algorithms in gastric 
cancer, much as it does in rectal cancer. Currently, although its 
individual T and N stage accuracy may be lacking, it is has been 
shown to be a useful tool in dilferentiating between high-risk 
and low-risk patients, and that this diffeJ·entiation correlates 
with prognosis. 

Computed Tomography CT plays an important role in the evalu
ation of metastatic disease. CT remains the primary method for 
detection of imra-abdominal metastatic disease, with an overall 

FIGURE 49-22 Endoscopic ultrasound views of normal stomach (A). T1 NO gastric cancer (B). and T3 Nl gastric cancer (C). (Courtesy Dr. Rajesh 
Keswani, Division of Gastroenterology, Department of Medicine, Northwestern University Feinberg School of Medicine, Chicago.) 
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EUS Path 

56 

Low-risk 

High-risk 

114 

FIGURE 49- 23 Predictive accuracy of endoscopic ultrasound in gastric 
cancer. Of 71 patients identified as low risk (T1/2NO) on EUS, 56 

were correctly staged and 15 were understaged. Of 150 patients 
identified as high risk (13/4, any N, or any T, N+) on EUS, 114 were 
correctly staged and 36 were overstaged. (From Bentrern 0, Gerdes 
H, Tang L. et al:. Clinical correlation of endoscopic ultrasonography 
with pathologic stage and outcome in patients undergoing curative 
resection for gastric cancer. Ann Surg Oncol 14:1853- 1859, 2007.) 

detection rate of approximately 85%. The ability to image peri
toneal metastases remains only 50%. 

cr has also been used in locoregional staging. 111e accu
racy ofT and N stages as determined by CT is less accurate than 
EUS.19 Although improved red1nology may increase the role for 
cr in locoregional evaluation and for neoadjuvant therapy, irs 
primary role remains the evaluation of metastatic disease. 

Positron Emission Tomography PET is not currently a primary 
staging modality for gastric cancer. Only 50% of gastric cancers 
arc PET-avid, which limits its application. However, in PET
positive patiems presumed to have advanced disease and those 
considered for meoadjuvant therapy, there may be a role for PET. 
PET response ro neoadjuvant therapy strongly correlates with 
survival, with PET response seen within 14 days of treatment. 
PET may be an effective modality for monitoring response to 
these therapies, sparing llllfesponsive patients further toxic 
treatment. 20 

Laparoscopy Staging laparoscopy is an integral part of the stan
dard workup for gastric cancer. l11e high rate of occult metastatic 
disease makes laparoscopy an attractive staging modali ty. In the 
lare 1990s, two large studies evaluated laftaroscopy as a staging 
modality for patients with gastric cancer. u z Both studies dem
onstrated high mtes of occult metastatic disease (37% and 23%, 
respectively) in patients undergoLng staging laparoscopy for 
gastric cancer who were previously thought to have no meta~tatic 
disease as assessed by CT. 1he overall sensitivi ty of laparoscopy 
for detecting metastatic disease was higher than 95%. For 
patients who had metastatic disease, fewer than 15% went on 
to require palliative gastrectomy. As a result of these studies, 
staging laparoscopy has been advocated as parr of the workup 
for gastric cancer to avoid unnecessary laparotomy in patients 
without a clear need for laparotomy. 

As CT technology has improved, the need for staging lapa
roscopy bas been reexamined. A 2007 study of 106 patients with 
gastric cancer showed, despite improved cr technology, that 

laparoscopy still has a role.Z3 Unrcsectable disease not detected 
by prior imaging was foLmd in 33o/o of gastric cancer patients 
undergoing staging laparoscopy. More than 75o/o of these 
patients had occult peritoneal or Liver metastases. 

Staging laparoscopy is a safe, low-risk procedme that can 
be planned as a single-stage procedure wi th resection; it can 
therefore be done with minimal added risk to patients who 
undergo laparotomy and with no additional risk for those who 
unde.rgo an entirely laparoscopic resection. Meanwhile, there are 
mall}' benefits of avoiding laparotomy, which include avoiding 
a delay in starting chemotherapy for patients with metastatic 
disea:se a11d limited life expectancy. Given the persistence of high 
rates of metastatic disease nor derecred by preoperative workup 
in a number of centers, even with improved imagi11g modalities, 
we believe that these benefits far outweigh the risk a11d that 
staging laparoscopy should be part of the workup for most 
patients with gastric cancer. 

Treabnent 

Surgical Therapy 
Complete resection of the gastric tumor with a wide margin of 
normal stomach remains the sta11dard of care for resection with 
curative intent. The extent of resection depends on the location 
of the tumor in the stomach and si'l.e of the tumor. The standard 
redmique is via a laparotomy; however, minimally invasive tech
niques, induding laparoscopy a11d completely endoscopic resec
tion for very early rumors, have proven effective methods of 
treatment. 

for ca11cers of the distal stomad1, including the body a11d 
a11trum, a distal gastrectomy is the appropriate operation. The 
proximal stomach is tra11secred at the level of the incisura at a 
margin of at least 6 em, because studies have documented tumor 
spread as far as 5 em laterally from the primary tumor. Fmt.en 
section analysis should be performed prior to reconstruction. 
The distal margin is the proximal duodenum. The possihiliry of 
recurrence in tbe tumor bed (duodenal suture line and surface 
of the pancreas) suggest a Billroth fi reconstruction rather than 
a Billroth l, which will result in less risk of gastric outlet obstruc
tion secondary to tumor recurrence. 

For proxin1al lesions of the fLmdus or cardia, a total gas
trecromy with a Roux-en-Y esophagojcjunosromy or proximal 
gastrecromy is equivalem from a11 oncologic perspective. The 
postoperative anastomotic leak rate is higher for an esophagoje
junosromy. but the margin will typically be larger rha11 for a 
gastrojejunostomy. When a negative margin ca11 be achieved, 
a gasrrojej unosromy is performed. However, ro construct a 
tension-free anastomosis to the distal esophagus, a RoLtX-en-Y 
esophagojejunostomy is usually required. A hand-sewn o.r 
stapled technique may be used. 

Minimally invasive ted1niques have been used for many Gl 
tumors. a11d gastric ca11cer is no exception. Several studies have 
shown good short-term and long-term outcomes for the laparo
scopic approach. In a randomized controlled trial that compared 
open gastrectomy with laparoscopic-assisted gastrectomy; 
patiems in the laparoscopic arm had sinillar perioperative mor
bidity and mortality, with shorter time to initiation of oral 
feeding (5.1 versus 7.4 days) and earlier discharge from the 
hospital (1 0.3 versus 14.5 days)?4 1here was no difference in 
5-ycar disease-free and overall survival. Iroporta~lrly. tl1e median 
lymph node count between the two groups was nor significantly 
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different; in both groups, the median count higher than 30, with 
at least L5 lympl1 nodes recommended for adequate oncologic 
staging. A large retrospective study of 250 patients has also 
shown similar sborr-term outcomes along with similar adequacy 
of lymphadenectomy.Z5 [mprovement in operating time for the 
laparoscopic group was also shown in this srudy, with mean 
operating time being only I 0 minutes longer than open repair; 
this increased significantly over a teaming curve of approxi
mately 60 patients. OveraU, laparoscopic gastrectomy bas been 
shown to be a safe and effective treatment for gastric cancer. 
1here does appear to be a learning curve; however, when per
formed by an experienced surgeon, it has equivalent oncologic 
outcomes, with tess postoperative pain, earlier initiation of oral 
feeding, and earLier discharge from the hospital. 

For early ga~tric cancer with limited penetration of the 
gastric wall and no evidence of lymph node metastases, purely 
endoscopic mucosal resection can be carried our. 1his has been 
widely practiced in Japan for decades and has been evaluated in 
the United States and Europe. There have been no randomized 
controlled trials comparing endoscopic mucosal resection with 
gastrectomy for early gastric cancer. Current practice is therefore 
based on nonrandomized prospective studies and retrospective 
reviews. 1l1e most significant advantage of endoscopic resection 
is avoiding the need for gastrectomy, whether by laparotomy or 
laparoscopy. The major disadvantage is incomplete resection 
because of tumor si'l..e or Llllrecognized lymph node metastases. 
To avoid undertrea.ting patients, several studies have sought to 

identify risk facwrs for harboring lymph node metastases. A 
Japanese study of I L 96 patients with intramucosal gastric cancer 
without known lymph node disease who underwent resection 
found, in multivariate analysis, that lymphatic vessel invasion, 
histologic ulceration of the tumor, and larger size ~30 mm) 
were independent risk factors for regional lymph node metasta
sis. Patients without any of these risk factors had only a 0.36o/o 
chance of having lymph node metastases.26 Based on these data, 
the general guidelines for endoscopic resection of early gastric 
cancer are as follows: (I) tumor (jmited to the mucosa; (2) no 
lymphovascular invasion; (3) tumor smaller than 2 em; and (4) 
no ulceration . .Findings of any of these on initial biopsy or 
during endoscopic resection is an indication for gastrectomy 
with lymph node dissection. 

l11e ba~ic principle for endoscopic mucosal resection 
involves elevating and encircling the diseased mucosa and then 
using a snare device to excise it. Perforation rates are low and 
bleeding rates are approximately 15o/o; these can generally 
be controlled without the need for further intervention 
(Fig. 49-24). 

Long-term outcomes for properly selected patients are 
good. A 2007 multicenter retrospective review of 516 Korean 
patients showed complete resection in 77o/o of patients, 6o/o local 
recurrence rate for patients who had a complete resection, and 
no disease-specific mortality with 39-month median follow-up. ·7 

1he data from the Japanese experience have shown similar rates 
of complete resection and recurrence. 

Some authors have proposed expanding the e(jgibility cri
teria for endoscopic resection based on the results of several large 
studies of resecred gastric cancer. A japanese study of more than 
5000 patients who underwent resection found that small tumors, 
regardless of ulcer status, and non ulcerated tumors, regardless of 
size, did not have associated lymph node disease.18 It was also 
found that patients with submucosal inva~ion less than 500 J..lm 
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FIGURE 49-24 Endoscopic mucosal resection (EMR). A. EMR by strip 
biopsy: saline is injected into the submucosal layer, and the area is 
elevated (1). The top of the mound is pulled upward with forceps, 
and the snare is placed at the base of the lesion (2 and 3). Electro
surgica~ current is applied through the snare to resect the mucosa, 
and the lesion is removed (4). (From Tanabe S, Koizumi W, Kokutou 
M, et al: Usefulness of endoscopic aspiration mucosectomy as com
pared with strip biopsy for the treatment of gastric mucosal cancer. 
Gastrointest Endosc 50:819-822, 1999.) 

behaved similarly to patients who had completely intramucosal 
tumors. A later study of patients undergoing endoscopic mucosal 
resection showed similar results, with limited submucosal inva
sion baviJlg a low risk for lymph node metastases. Given d1esc 
findings, the proposed extended criteria include all intramucosal 
tumors without ulceration, differentiated mucosal tumors 
smaller than 3 em, regardless of ulceration status, and rumors 
with limited (SM 1) submucosal invasion that were smaller than 
3 em and without ulceration. 

In treating these larger rumors or those with SM 1 invasion, 
standard endoscopic mucosal resection techniques are generally 
ineffective. Given the size and depth, physicians treating patients 
under dus extended criteria have described an endoscopic sub
mucos:al resection technique. This involves marking the borders 
of the lesion using electrocautery. A submucosal injection of 
epinephrine with indigo carmiJlC hydrodissecrs the lesion and 
an insulation-tipped knife is used to remove the lesion in a 
submucosal plane. Any bleeding is controlled with electrocau
tery (Fig. 49-25). 

There are limited data on the outcomes of patients under
going endoscopic mucosal resection or endoscopic submucosal 
resection with extended criteria. A review of 126 patients with 
mucosal cancer and 52 with submucosal cancer showed rates of 
lymph node metastases of 2o/o and 4%, respectively.'" A similar 
study of patients undesgoing endoscopic mucosal resection or 
endoscopic submucosal. resection, including 73 for extended 
criteria, found 3 patients who met extended crireria and were 
lymph nodc- positive.30 No patients with differentiated mucosal 
rumors without ulceration, regardless of size, had positive lymph 
nodes in ei ther study. 
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FIGURE 49-25 Procedure of endoscopic submucosal dissection (ESO). A. A type lla+llc early gastric cancer was located at the lesser curvature 
side of the antrum. B, Indigo carmine dye was sprayed around the lesion to define the margin accurately. C. Marking dots were made circum
ferentially at approximately 5 mm lateral to the margin of the lesion. D, After a submucosal injectio n of saline with epinephrine mixed with 
indigocarmine, a circumferential mucosal incision was performed outside the marking dots to separate the lesion from the surrounding non
neoplastic mucosa. E and F, After an additional submucosal injection, the submucosal connective tissue just beneath the lesion was directly 
dissected using an electrosurgical knife instead of using a snare. G, The lesion was completely resected and the consequent artificial ulcer was 
seen. H. The resected specimen with a central early gastric cancer. (From Min 18-H, lee JH, Kim JJ et al: dinical outcomes of endoscopic sub
mucosal dissection (ESO) for treating early gastric cancer: Comparison with endoscopic mucosal resection after circumferentia l precutting 
(EMR-P). Digestive and liver disease. St louis, 2009, Elsevier, pp 201- 209.) 
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Clinical Decision Making 
Endoscopic therapy for gastric cancer is well established in 
Eastern countries. Endoscopic resection is a safe and effective 
technique for patients who meet the criteria and will continue to 
play an increasin.g role in the treatment of this disease. Although 
several larger studies of parienr.~ who underwent ga~rrecromy 
with lymphadenectomy have suggested char rhe eligibility could 
be safely expanded, two smaller srudies of patients who undcr
wem endoscopic resection under these criteria have shown a 
higher rate of lymph node disease. Given cl1at aU these patients 
had early gastric cancer, and were therefore potentially curable 
with gastrectomy and lymphadenectomy, undertreatment in this 
group is especially concerning. As a maner of standard practice, 
patients with tumors larger cl1an 2 em, wicl1 uJceratio11 or with 
any submucosal invasion, should be referred for gastrectomy 
with lymph node dissection if not part of a clinical trial. 

Lymph Node Dissedion TI1e extent of lymphadenectomy for 
gastric adenocarcinoma remains an area of ongoing debate. His
tori call)~ lymphadenectomy for gastric adenocarcinoma was 
defined hy, and is still often discussed in terms of, the location 
of the nodes relative to the primary tumor. 1he extent of dissec
tiOJ1 ranges from the more local 01 lymphadenectomy involving 
only perigastric nodes to clearance of the celiac axis, with or 
without splenectomy, in an extended 02 dissection to complete 
clearance of the celiac axis and periaortic 11odes in a superex
tended 03 lymphadenectomy. 

Several randomized trials have compared the outcomes nf 
patients w1dergoing 01 versus 02 dissection, unfortunately 
with conflicting resuJts. Whether this is a result of dllferent 
biology or of surgical technique is a matter of debate. l11e non
Japanese literatulie has historically shown that 02 lymphadenec
tomy, when compared with a 01 dissection, bas increased 
surgical morbidity, without a benefit in survival.31

"
32 In contrast, 

cl1e Japanese have shown increased survival in patients undergo
ing a 02 dissection, with no increased or minimal increase in 
morbidity. One criticism of cl1e Western data is that although 
randomized, the 02 group did not diffe.rentiate between patients 
wbo had a splemectomy and those who did not. Subsequent 
subgroup analysis of the 02 without splenectomy group has 
shown results similar to the Japanese studies, with increased 
survival and no significant increase in morbidity. 

In 1997, the AJCC changed the TNM staging system so 
that N staging was defined not by me location of tbe nodes, but 
rather by the number of nodes. Along wicl1 this change was the 
recommendation that at least 15 lymph nodes be removed for 
adequate staging purposes. Several studies have examined the 
impact of this change with respect to prognosis and outcomes. 
In multivariate analyses, only rhe number of nodes, not the 
location, was a significant predktor of mortality. When the 
number of nodes was used for staging, there was more consis
tency in survival rates, providing higher quality prognostic infor
mation for patients within a given stage (Table 49-7). 

The improvement in survival rates may be caused by stage 
migration. Patients who were previously understaged are now 
classified as having node-positive disease status, thus improving 
the prognosis of both groups. Regardless, better stage homoge
neity and reducing understaging are critical ro clinical decisions 
on prognosis and potential treatments. 

Fifteen nodes has become a marker for adequate lymphad
enectomy. The number of nodes removed is related to hospital 
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Table 49-7 Median Survival According to Location of Positive 
Nodes (PN) Versus Number of PN 

--- --
Median Survival (mo) 

SIZE H i PN 7-15 PN >15 PN 

<3 an (n = 402} 38.8 (n = 311) 20.8 (n = 82} 9.5 (n = 9} 

>3 an (n = 233) 35.5 (n = 81) 19.7 (n = 96) 12.5 (n =56) 

Adapted from Karpeh MS, Leon L. Klimstra 0, et at Lymph node staging in gastric 
cancer. Is location more important than number? An analysis of 1038 patients. 
Ann Surg 232: 362-371. 2000. 

Table 49-8 Lymph Node Resection Rates in Gastric cance~ 

VARIABLE 

All hospitals 

Hospital type 
NCCN-NCI 
Other academic 
Community 

LYMPH NODES 
EXAMINED, MEDIAN 
NO. (INTERQUARTILE 
RANGE) 
7 (3-14) 

12 (6-20} 
8 (4-15) 
6 (3-12) 

PATIENTS WITH AT 
LEAST 15 LYMPH 
NODES EXAMINED 
(~) 

23.2 

42.3 
25.5 
17.7 

Hospital volume 
H1ghest 10 (5·18) 34.7 
High 8 (4-14) 22.2 
Moderate 6 (2-13) 17.8 
Low 6 (3-12) 16.8 

From Bilimoria KY, Talamonti MS, Wayne JD, et al: Effect of hospital type and 
volume on lymph node evaluation for gastric and pancreatic cancer. Arch Surg 
143:671-678,2008. 

*Stratified by hospital type and volume. 

volume and whether the hospital is a National Comprehensive 
Cancer Network-National Cancer Institute (NCCN-NCO 
institution (Table 49-8).33 However, even at high-voltune and 
NCCN-NCI centers, the percentage of patients who have more 
than L 5 lymph nodes examined is less than 50%. Overall, only 
23.8% of the more cl1an 3000 patients studied had more cl1an 
15 lymph nodes examined. There is clearly room for improve
ment, regardless of tbe type of iJ1Stitution. 

How does one achieve an adequate 15-lympb node resec
tion? Some argue mat the studies cited indicate evidence that a 
formal 02 resection should be the standard. Thls is also a 
systems issue in a given institution that depends not only on 
the surgeon but also on rhe pathology department. For the 
practicing surgeon, the focus should be on achieving a wide 
enough lymph node dissection to stage the patient adequately. 
Given the predominance of 01 resection in the United States, 
and the overall failure to remove 15 lymph nodes consistently 
for analysis, simply clearing perigastric tissue is likely inade
quate. There should be some attention to removing some fibre
fatty tissue along named vessels. In a high-volume specialty 
center that can routinely perform a 02 resection without 
increased morbidity, wider resections are likely to be the more 
standard practice. 

Adjuvant and Neoadjuvant Therapy 
Ga~tric cancer remains a biologically aggressive cancer, with high 
recurrence and mortality rates. A review of over 2000 patients 
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who underweJU RO resection demonstrated recurrence rates of 
almost 30%, with most patients recurring within the first 2 years 
(mean, 21.8 months) .34 For patients with recurrence, tbe prog
nosis was almost uniformly fatal, with a mortaliry rate of 94% 
and a mean Slll"vival time after recurrence of only 8.7 months. 
Other large series have shown similar results. 

Underlying these poor outcomes is the fact that the initial 
d1emotherapy regimens for gastric cancer provide Dttle benefit. 
Numerous primary studies and meta-analyses have shown 
inconclusive results. Overall, the survival for patients receiving 
adjuvant therapy was no better than surgery alone. 

The Southwest Oncology Group (9008/INT-0116), 
however, has reported a randomized conrrolled trial of 556 
patients who had lllldergone curative gastrectomy alone or gas
trectomy combined with adjuvant 5-Auorouracil and radiother
apy.35 1llis studly demonstrated a significant benefit for adjuvant 
therapy for overall survival (41 o/o versus 50%) and recurrence
free survival (41% versus 64%). As a result, adjuvant chemora
diation has become the standard of care for patients undergoing 
curative gastrectomy in the United States. Several authors have 
criticized these results, noting a high rate of inadequate lymph
adenectomy (54% of patients underwent a DO resection). Given 
these findings. it is possible that some of the benefit from radia
tion was clearance of residual disease in the perigastric nodal 
basin. Furthermore, only 64% of patients randomhed to the 
treatment arm were able to complete therapy; 17% had to stop 
treatment because of toxic effects and 5% progressed while on 
treatment. 

Given the relatively high rate of failure to complete treat
ment, there has been increased focus on combined periope,ra
tive treatment for gastric cancer, rather than poscoperative 
adjuvant therapy. The most significant results are those of the 
MAGIC trial, a randomized controlled study of 503 patienrs 
with stage- II or higher gastric cancer that compared periopera
tive chemotherapy with surgery alone.* 1he treatment group 
received three 3-week cycles of epirubicin, cisplatin, and a con
tinuous infusion of S-Auorouracil preoperatively and three 
additional cycles postoperatively. More than 90% of patients 
who started cl1e preoperative chemotherapy were able to com
plete it; however, only 65% of these patients went on to receive 
postoperative chemotherapy and only 50% successfully com
pleted both. 

The rrearment group had significantly better pamologic 
results and long-term outcomes. The chemotherapy group had 
a higher percentage ofT1 and T2 tumors in the final specinlens, 
along with a higher proportion of limited (NO and N I) nodal 
disease when compared with the surgery arm alone. l11e rates of 
local recurrence, distant metastases, and 5-year overall survival 
were significantly improved in the chemotherapy group com
pared with me surgery-only group (14.4% versus 20.6%, 24.4% 
versus 36.8%, and 36.3% versus 23%, respectively). 

Similar to the Southwest Oncology Group (9008/INT-
0116; SWOG lnter 0116) study. MAGIC has been criticized 
for inadequate staging (no laparoscopy) and inadequacy of 
lymph node dissection. However, unlike the SWOG trial, in 
which over 50% of patients had a DO resection, in the MAGIC 
trial most patients had a D2 resection, with 15% undergoil1g a 
D1 resection. Given the ongoing debate over Dl versus D2, 
and the shifting focus toward lymph node count rad1er man 
anatomic location, the lymphadenectomy in the MAGIC trial 
is generalizable to the entire population of patients wid1 gastric 

cancer who undergo curative gastrectomy. Furcller strengthen
ing the case for perioperative chemotherapy are the results of 
the Frend1 trial, FFCD 9703, whicl1 also studied combined 
neoadjuvant and adjuvant therapy. Here, the regimen was 
cllree preoperative cycles and cllree postoperative cycles of 
5-Auorouracil and cisplatin, with a similar survival benefit for 
cl1ose who received chemotherapy (5-year survival 38% versus 
24%). 

One limitation of both studies is the lack of stratification. 
Although only patients with dinkalJy .resectable advanced gastric 
cancer were iJ1duded (penetration through the submucosa), mey 
were not further stratified according to stage or other prognostic 
facro:rs. Other ilwestigators have shown that factors such as 
serosal involven1ent or nodal positiviry are independent, nega
tive prognostic factors. Further studies examining which groups 
show the most benefit from these potentially toxic regimens will 
be essential. However, given the results of the MAGIC trial and 
FFCD 9703, patients with gastric cancer should be evaluated 
for preoperative systemic therapy. 

Palliative Therapy and Systemic Therapy 
Patients wi th unresectable or metastatic gastric cancer represent 
almost 50% of patients with the disease and have only a 3- to 
5-month median survival with me best supportive therapy. Pal
liative therapy for gastric cancer involves attempts to improve 
survival and palliation of the symptoms of advanced disease. 
Many patients with advanced disease are asymptomatic and pal
Uation is focused on improvement in median survival. A signifi
cant subset of parients with unresecta.ble gastric cancer, however, 
have debiJitatillg symptoms and should be considered for surgi
cal therapy, even in the setting of metastatic disease. 

Chemotherapy does improve survival in patients with 
uruesectable tumor. A 2006 meta-analysis has shown that triple 
therapy with 5-fluorouracil, cisplatin, and an anthracydine
bascd compotmd, generally epirubicin, was superior to sil1gle or 
double therapy (hazard ratio [HR]. 0.77 and 0.83 for triple 
therapy versus without epirubicin and without cisplatin. respec
tively)T Adverse reactions are common, wicl1 up to 50% of 
patients having severe neutropenia or GJ complaints. 

Although clearly better d1a11 supportive care alone, results 
of systemic therapy treatments ren1ain relatively poor. Investiga
tors contiJlUe to evaluate new treatment regimens with less toxic
ity. Thus, there has been increased i.merest in directed therapies 
that specifically target cancer cells at the molecular level. These 
include the epidermal growth factor receptor (EGFR) inhibiror 
cetuximab and the buman EGFR2 (HER2) antagonist trastu
zumab (Herceptin), which is approved for HER2-positive breast 
cancer. HER2 positiviry has been reported in 6% co 35% of 
gastric cancers. Results of a phase III trial were first presented in 
2009, evaluating 3807 gastric cancer patients, of whom 22% 
were HER2-positive.3R These 554 patients were randomized to 
receive capecita.bine or 5-Auorouracil (5-FU) with cisplarin and 
berceptin or cisplatin alone. The herceptin group had a better 
median survival {1 3.5 versus J 1.1 months) and overall response 
rate (47.3% versus 34.5%). Adverse events were not significantly 
different. These rcsu.l ts agai11 show a smal.l but significant benefit, 
with no increase iJl adverse events. 

Cecuximab has been evaluated as monotherapy and in 
phare U trials as part of combination merapy with FOLFIRI 
(5-FU, levofolinic acid, and irinotecan; FOLCETUX study) or 
doxatd and cisplatin (DOCETUX study).39 In these Wted 
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efficacy trials, there was an increased overall response rate but 
no increase in overall survival. Phase ITI trials will be required 
to determine the role of cetuximab in gastric cancer more 
accurately. 

Complicated Ga stric cancer 
Advanced gastric cancer represents a difficult cl1allenge for the 
surgeon. Advanced disease is cl1aracterizcd by severe symptoms 
such as pain, obstruction, and/or bleeding. Determln.i.ng the 
optimal treatment strategy for each patient can be complex and 
requires input and involvement of a multidisciplinary oncology 
team. The general approach for these problems is discussed 
here. 

Lo<ally Advanced Gastric cancer Patients wi th advanced disease 
that is deen1ed uruesectable because of adjacent organ involve
ment, generally the pancreas or spleen, or extensive nodal 
disease, including the para-aortic nodes, are particularly chal
lenging. Data from two randomized controlled trials, the Dutch 
and Brltish triaJ!s comparing Dl and D2 lymphadenectomy, 
including pancreaticosplenectorny as part of their D2 resection, 
have indicated that this multiorgan resection significantly 
increases morbidity and perioperative mortality.31.3' As a result, 
rnultiorgan resection has generally been abandoned in patients 
with gastric cancer. However, in both these studies, multiorgan 
resection was performed regardless of tumor (T) status. In the 
British study, no patients had pathologically confirmed T4 
disease, suggesting that most if not all the patients who had a 
rnultiorgan reseotion would have achieved an RO resection, even 
without pancreaticosplenectomy. This is in contrast to the data 
from several retrospective studies, including a review of 1133 
patients who underwent RO resection at the Memorial Sloan 
Kettering Cancer Cemer. In that study, only male gender, depth 
of invasion, and nodal status were predic.tors of poor outcome 
on multivariate a.nalysis.40 Of tl1e 268 patients who underwent 
an RO multi organ resectinn, the 5-year nverall survival was 32%, 
with a median survival of 32 months. 

Underlying all these studies, and the objective of perfom1-
iJlg multiorgan resection in general, is the desire to adtieve an 
RO resection. Patients with proven T4 disease who adlieve an 
RO resection have a clinically and statistically significant survival 
benefit over those w1dergoing only palliative resection, with the 
palliative resection grnup having survival rates sinlilar w those 
for chemotherapy alone. 

In an effort to increase the number of patients for whom 
an RO resection cru1 be achieved, several investigators have 
explored cl1e role of neoadjuvant therapy in otherwise unresect
able disease. A 2009 phase II trial by Sym and colleagues41 

treated 49 patients wicl1 clinically unresecrable gastric cancer 
with cisplatin, docetaxel, and capecitabine ru1d found an overall 
RO resection rare of 63% compared with historical rates of 30% 
to 60%. lmportan tly, these patients were prospectively stratified 
according to whicl1 criteria made them unresectable--adjacent 
organ involvemem, bulky para-aortic nodal disease, or Linlited 
peritoneal disease. For patients without peritoneal disease, the 
RO resection rate was ltigher than 70%. Of aU patients who 
achieved RO resection, patients with adjacent orgru1 involvement 
only bad significantly better outcomes. At a median follow-up 
of 51 monrhs, median progression-free and overall survival have 
yet to be reached, with a predicted 5-year overall survival of 
54%. 1his small phase D trial demonstrated promising results, 
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especially for patients with T4 disease, although these outcomes 
will need to be further validated in phase rn studies. 

All these data suggest that multiorgru1 resection is of benefit 
in properly selected patients. The difficulty is how to select these 
patients properly. TI1e nun1ber of patients with clinical T4 
disea~ who have uuc T 4 disease on final pathology rru1ges from 
14% to 38.5%, with CT having only a 50% positive predictive 
value for true T 4 disease. As preoperative staging modalities 
improve in accuracy, so will the ability to select patients properly 
for various treatment modalities, including muJtiorgan resec
tion. [n the meantime, for iliose patients in whom an RO resec
tion can be performed, aggressive surgical therapy appears 
warranted. However, in patients who at the tio1e oflaparoscopy 
or laparotomy have dearly unresectable disease, ru1d with no 
~ymptoms that would warrrult resection, palliative re...ection 
should be avoided. 

Complications 
Patients with unresectable disease can develop complications 
such as bleediJ1g, perforation, ru1d obstruction. Treatment should 
be focused on maxirown palliatinn and mirtinlal morbidity. For 
patients with bleeding, endoscopic measures {e.g., cautery, clip
pulg, injection) should be considered first-line therapy ru1d, 
sinlilar to any acute GI hemorrhage, multiple attempts are rea
sonable in the hemodynamically stable patient. If endoscopy is 
unsuccessful, angiography with coil embolization is a reasonable 
but generally w1successful option. If the parient is unstable ru1d 
other methods are Wlsuccessful, sUigical inrervention is war
ranted_ The resection should be tailored ro the clinical situation. 
For patients with a short expected survival, limited resection 
to grossly negative margins is indicated. Patients with more 
localized disease cru1 be treated wid1 more aggressive gastric 
resection. 

For patients with a gastric outlet obstruction, several 
options are available. Endoscopic dilation ru1d stent placement 
can provide good shnrt-term palliation; however, rumnr progr~
sion and stent migration Limit the long-term efficacy. Chemora
diotherapy has shown overall response races of up to 50% ru1d 
may alleviate outlet obstrucrion. For patients predicted to have 
a longer survival (e.g., those without distant metastases or high
volume peritoneal disease), bypass with a gastrojejLrnostomy or 
palliative gastrectomy is a rea~onab le approacl1. 

Perforation of gastric cancer requires sUigical iJ1tervcnrion. 
Prin1ary closure of perforated, frequently necrotic, tumor is not 
generally possible. Given the relatively poor functional status 
and prognosis for many of these patients, closure with healthy 
omentum is a reasonable approach. If it can be done without 
excess morbidity, such as rnulriorgan resection, gastrectomy can 
also be performed. 

Linitis plastica is a particularly aggressive form of the 
disease. TI1ese patients frequently have increased pain, obstruc
tion, and poor gastric function. Symptom control ru1d palliative 
cl1emoradlotherapy should be considered as the primary treat
ment. For patients with intractable symptoms not responding 
to other measures, a total gastrectomy can be performed. 

Outcomes 
1he overall mortality rate for gastric cru1cer is 3.7 deaths/ I 00,000 
people, a decline of 35% siJlce J 992.~2 This incidence has been 
declining since 1930, is likely because of chru1ges in diet, such 
as decreased sodium ultake, cbru1ges in food storage ru1d 
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FIGURE 49-26 Five-year relative survival rates in patients d iagnosed 
with selected cancers by race and stage at diagnosis, United States, 
1996-2004. (From Jemal A, Siegel R, Ward E, et al: Cancer statistics. 
CA Cancer J d in 59:225- 249, 2009.) 

preparation, and decreased smoking. N onetheless, the overaU 
5-year survival remains less than 25o/o. Many of these patients 
present at an advanced stage. For patients who undergo a poten
tiaUy curative l'esection, overall 5-year survival rates range from 
of24o/o to 57% and, for the subset with early gastric cancer, cure 
rates arc higher than 80%. f Clr patients who prc..•:ent with distant 
disease, long-term sutvival is only 4% (Fig. 49-26). J(; Unfortu
nately, over 63% of patients present with locally advanced or 
distant disease. 

Recurrence 
Recurrence rates after gastrectomy remain high, from 40% to 
80%, depending on the series. Most recurrences occur within 
the first 3 years. lhe locoregional failure rate ranges from 38% 
to 45%, whereas peritoneal dissemination as a component of 
fai lure occurs in 54% of patients in several series. Isolated distant 
metastases arc uncommon because most patients with distant 
failure also have locoregional recurrence. 1l1e most common 
sites of locoregional recurrence are the gastric remnanc at the 
anastomosis, in the gascric bed, and in the regional nodes. 
Hematogenous spread occurs co rbe liver, lung, and bone. 

Surveillance AJrhough all patiencs should be followed systenlati
cally, tbe evidence for how this shotlld occur is not dear. Ikcause 
most recurrences occu.r within the first 3 years, surveillance 
examinations are more frequent in the first several years. 
Follow-up shou.ld include a complete history and physical exam
ination every 4 montl1s for I year, then every 6 months for 2 
years, and chen annually thereafter. Laboratory tests, including 
complece blood councs and liver ftmction tests, should be per
formed as clinlcally indicaced. Many clinicians obcain chest 
x-rays and CT scans of the abdomen and pelvis routinely, 
whereas others obtain studies only when clinically suspicious of 
a recutrence. Annual endoscopy should be considered for 
patiems who have undergone a subtotal gastrectomy. 

Gastric Lymphoma 

Epidemiology 

The stomach is che most common site of lymphomas in the G I 
sysrem. However, primary gasrric lymphoma is still relatively 
uncommon, accounting for less than 15% of gastric malignan
cies and 2% of lymphomas. Patients often present with vague 
symptoms, such as epigastric pain, early satiecy, and fatigue. 
Constitutional B symptoms are rare. Although overt bleeding is 
uncoJnmon, more than 50% of patients present with anemia. 
Lymphomas occur in older patiems, with the peak incidence in 
tl1e sixth. and seventh decades, and arc more common in men 
(male-to-female racio of2: 1). Gastric lymphomas, like carcino
mas, usually occur in che gastric antrum but can arise from any 
part of the scomach. Patiencs are considered to have gamic 
lymphoma if the scomach is the exclusive or predominanc site 
of disease. 

Pathology 
[n the management of gastric lymphomas, as in chc management 
of nodal lymphomas. it is important to decermine not only the 
stage of disease bur also the subtype of lymphoma. 1l1cre arc a 
number of classification syscems for lymphomas (Table 49-9). 
The mosc common gastric lymphoma is diffuse large B cell 
lymphoma (55%), followed by gastric MALT lymphoma (40%), 
Butkitt's lymphoma (3%), and mantle cell and foLHcular lym
phomas (each <1 %). 

Diffuse, large B cell Lymphomas are gencraUy primary 
lesions; however, they may also occut from progression of less 
aggressive lymphomas, such as chronic lymphocytic leukemia
small lymphocytic lymphoma (CLL-SLL), follicular lymphoma, 
and MALT lymphoma. Immunodeficiencies and H pywri infec
tion are risk factors for the development ofprimary diffuse, large 
B ccU lymphoma. 

Butkitc's lymphomas of the stomaclJ are associaced with 
Epstein-Barr virus infections, as they are in otl1er sites. Burkitt's 
lymphoma is very aggressive and tends co affect a younger popu
lation than other types of gastric lymphomas. Burkitt's lym
phoma is usually found in the cardia or body of the stomach as 
opposed co rhe antrum. 

Evaluation 
Endoscopy generaUy reveals nonspecific gastritis or gastric ulcer
ations. Occasionally, a submucosal growth patcern will rendeJr 
endoscopic biopsies nondiagnostic. Endoscopic ultrasmmd is 
useful ro dercrmine the deprh of gamic wall invasion, specifi
cally co idemuy patiems ac risk for perforacion secondary to 
full-thkkness involvement of the gastric wall. Evidence of distant 
disease should be sought cbrougb upper airway examination, 
bone marrow biopsy, and cr of the chest and abdomen to 

detect lymphadenopathy. Any enlarged lymph nodes should 
undergo biopsy. Histologic H. pylori testing should be per
formed and, if negative, confirmed by serology. 

Staging 
The besc staging system remains concroversial. When possible, 
tl1e TNM staging system should be used (using the criteria 
proposed for gastric carci110ma). Several other staging systems 
for primary gastric non-Hodgkin's lymphoma are available 
(Table 49- 1 0). 
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_Table 49-9 Comparison of Gastrointestinal Lymphoma Oassifications 
WHO CLASSIFICATION REAL WORKINCi LUKES-COLUNS KLEL RAPPAPORT 
Extranodal marginal Small cleaved cell Small cleaved cell lmmunocytoma Well-differentiated 

zone lymphoma1 type type lymphocytic 
(MAli lymphoma) 

Follicular lymphoma Follicular center Small cleaved cell Small cleaved cell Centroblastic- Nodular, poorly 
lymphoma type type centr~tic, follicular differentiated 

and di use lymphocytic 

Mantle cell lymphoma Centrocytic Intermediately or poorly 
differentiated 
lymphocytic. diffuse 
or nodular 

Diffuse, large, B cell Diffuse large B large cleaved large cleaved Centroblastic. Diffuse mixed 
lymphoma cell lymphoma follicular center cell follicular center B-immunoblastic lymphocytic and 

cell histiocytic 

Burkitt's lymphoma Burkitt's Small noncleaved Small noncleaved Burkitt's lymphoma Undifferentiated 
lymphoma follicular center cell follicular center with intracytoplasmic lymphoma, Burkitt's 

cell immunoglobulin type 

_Table 49-10 Staging Systems for Primary Gastrointestinal Non-Hodgkin's Lymphoma 
Stage 

ANN ARBOR• RAO ET Alt MUSS HOFF* DESCRIPTION RELATM INCIDENCE (%) 

IE IE IE Tumor confined to Gl tract 26 

liE liE liE Tumor with spread to regional lymph nodes 26 

liE IIIE liE Tumor with nodal involvement beyond regional lymph 17 
nodes {para-aortic. iliac) 

II IE-IV IVE IIIE-IV Tumor with spread to other intra-abdominal organs ~iver, 
spleen) or beyond abdomen (chest, bone marrow) 

3 1 

*Cartone PP, Kaplan HS, Musshoff K, et al: Report of the Committee on Hodgkin's Disease Staging dassifi<ation. Cancer Res 31:1860-1861, 1971. 

IRao AR, Kagan AR, Kagan AR, et al: Management of gastrointestinal lymphoma. Am J Clin Oncol 7:213-219, 1984. 

'Musshoff K: [Clinical staging classification of non-tiodgkin's lymphomas (autho(s trans, Gennan)). Strahlentherapie 153:218-221, 19n. 

Treatment 
Most centers use a multi modality treatment program for patients 
with gastric lymphoma. TI1e role of resectio11 in gastric lym
phoma remains controversial, and most patients are now treated 
with chemotherapy alone. TI1e risk for perforation in patients 
treated with chemotherapy has been overstated in the past and 
is now approximately 5%. 1l1e most comm on chemotherapeutic 
combination is CHOP (cyclophosphamide, doxorubicin, vin
cristine, and prednisone). A prospective randomized study has 
evaluated several treatment strategies-1lurgical resection, resec
tion plus radiation, resection plus chemotherapy, chemotherapX 
alone--in patients with early-stage (stage IE or liE) disease. 3 

The addition of chemotherapy was essential, with the surgery 
plus chemotherapy and chemotherapy-alone groups having sig
nificantly higher overall survival than the surgery-alone and 
surgery plus radiation groups. The addition of su.rgery to radia
tion therapy or chemotherapy did nor improve outcomes. The 
primary role of surgery is for patients with limited gastric disease, 
patients with symptomatic recurrence of treatment failure, and 
those who develop complications, such a.~ bleeding, gastric 
outlet obstruction, or perforation. 

The diagnosis of lymphoma discovered unexpectedly at 
surgery can be confirmed by fro7,.en section. Also, fresh tissue 
should be sent for fluorescence-activated ceU sorting, 

inlnmnohistochemistry, and genetic analysis. Conside.ration 
shoul.d be given to bone marrow aspiration at the time of surgery. 
If isolated stage lE or HE lymphoma is encountered, surgical 
removal of all gross d.isease is ideal. Patients with disseminated 
lymphoma cannot be cured surgically, and the operation should 
focus on obtaining enough tissue for diagnosis and the repair of 
perforations. 

Mucosa-Associated Lymphoid 
Tissue Lymphomas 
Numerous mucosal surfaces throughout the body have associ
ated lymphoid tissue, including the lungs, small bowel, and 
stomach. In 1983, Isaacson and Wright noted that the histology 
of primary low-grade gastric B-cell lymphoma resembled that of 
mucosa-associated lymphoid tissue (MALT). From that initial 
finding, it has been detennined that in the setting of prolonged 
i11Aammation, these rests of lymphoid tissue can progress to 
low-grade lymphoma.~. The MALT lymphoma concept ha~ been 
extended beyond the stomach to include other extranodal low
grade B cell lymphomas of the salivary gland, lung, and thyroid. 
'111ese organs lack native lymphoid tissue; thus, the lymphomas 
at these sites arise fron1 MALT acquired as a result of chronic 
inflammation. 
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Gastric MALT lymphoma is usually preceded by H. pylori
associated gastritis. Evidence of H. pylori infection can be found 
iJl almost every case of gastric MALT lymphoma. Epidemjologic 
srudks have also linked H pylori infection with gastric lympho
mas. Genetically, MALT lymphoma is characteri.zed by the 
traJlSiocadons t(J ;14)(p22;q32) and t(ll; 18)(q21 ;q21), both of 
whicl1 result in impaired responsiveness to apoptotic signaling 
and increased nuclear factor-KB (NF-KB) activity. [t has bcCJl 
suggested that the c(ll ;18)(q2l;q21) and BCL-10 nuclear 
expression may predict for nonresponsiveness to treatment by 
H. PJdori eradication and lymphoma regression. 

Treatment 
Given the strong association with H. pylori and the low-grade 
MALT lymphoma, there was interest in treating MALT lym
phoma without chemotherapy. It has beCJ1 suggested that early
stage MALT lymphomas and some cases oflimhed, diffuse, large 
B cell lymphoma may be effectively treated by H. pylori eradica
tion alone. Suc.cessful eradication resulted in remission in more 
than 75% of cases. However, careful follow-up is necessary, with 
repeat endoscopy in 2 months to document clearance of the 
infection and biannual endoscopy for 3 years to document 
regression. Some patients continued to den1onstrate the lym
phoma done after H. pylori eradication, suggesting that the 
lymphoma becan1e dormant rather than disappearing. 

The presence of transmural tumor extension, nodal involve
ment, transformation into a large cell phenotype, t(J 1;18), or 
nuclear BCL-10 expression all predict failure after H. pylori 
eradication alone. Additionally, a small subset of MALT lym
phoma patients is H. pylori- negative. In these patients, consid
eration should be given to surgical resection, radiation, and 
d1emotherapy. 'The 5-year disease-free survival rate with multi
modality treatment is higher than 95% in stage IE and 75% in 
stage ITE disease. 

Gastrointestinal Stromal Tumors 
Gastrointestinal stromal tumors (GISTs) are the most common 
sarcomatous tumors of the CI tract. Originally thought to be a 
type of smooth muscle sarcoma, they are now known to be a 
distinct tumor derived from the inteistitial cells of Cajal, an 
intestinal pacemaker cell. '111ey cru1 appear ru1ywhere within the 
GI tract, although are usually found in the stomach (40% to 
60%), small intestine (30%), and colon (15%). GISTs vary 
considerably in their presentation and clinical course. rru1ging 
from small benign tumors to massive lesions with necrosis, 
hemorrhage, and wide metastases. Their pathology, presenta
tion, and management, as they relate to the stomach, are dis
cussed here. 

Gastric GISTs can present at any age, although most typi
cally present in patients older than 50 years. They generally have 
an equal male-to-female ratio or a slight male predominance. 
1l1ey are rarely associated with fanulial syndromes such as GIST
paraganglioma syndrome (Carney triad), neurofibromatosis type 
I, and von Hippei-Lindau disease, but the overwhelming major
ity develop de novo. Most present symptomatically, typically 
with bleeding o r vague abdonunal pain or discomfort. Bleeding 
is generally in the form of melena or, less frequently, frank 
bematemesis. Tumor rupture with intra-abdominal hemorrhage 
is uncommon but, when it occurs, frequently requires CJllergent 
surgical intervention. Mru1y patients ren1ain asymptomatic and 

• Benign (no tumor-related mortality) 
N·o larger than 2 em, no more than 5 mitoses/50 HPF 

• Probably benign (<3% with progressive disease) 
>2 em but :o;;5 em; no more than 5 mitoses/50 HPF 

• Uncertain or low malignant potential 
No larger than 2 em; >5 mitoses/50 HPF 

• Low to moderate malignant potential (12%-15% tumor
related mortality) 
> 10 em; no more than 5 mitoses/HPF 
>2 em but :o;;5 em; >5 mitoses/50 HPF 

• High malignant potential (49%-86% tumor-related 
mortality) 
>5 em but :o;;10 em; >5 mitoses/50 HPF 
> 10 em; >5 mitoses/50 HPF 

From Miettinen M, Sobin L. Lasota J: Gastrointestinal stromal tumors of the 
stomach: A clinicopathologic, immunohistochemical, and molecular genetic study 
cf 1765 cases with long-tenn follow-up. Am J Surg Pathol 29: 52- 58, 2005. 

their tumors are discovered incidentally at the time of other 
surgery or, increasingly, during imaging performed for other 
indjcations. 

Pathologically, GISTs have smooth muscle and neuroendo
crine features, consistent with their origin from the interstitial 
cells of Cajal. They are now frequently identified by inlmuno
histochernical staining for the c-kit proto-oncogene (CD117), 
found iJ1 more than YO% of these tumors, ru1d for CD34, 
present in 80% of GISTs.44 The mainstay of treatment is com
plete surgical resection. Depending on tumor si7.e, this can 
include wide local excision, enucleation, sleeve ga.~trectomy, or 
coral gastrectomy, with or without en hloc resection of adjacent 
organs. 

Recurrence rates are approximately 40%, ru1d most patients 
who recur demonstrate metastasis to the liver, with one third 
having only isolated local recurrence. Recurrence can occur as 
late as 20 years and long-term follow-up is warranted. Long
term disease-free survival is approximately 50%, with from 20% 
to 80% of patients dying of their disease.4~ Although there are 
no standard criteria that define benign versus malignant lesions, 
the most important dsk factors for malignancy are tumor size 
larger than I 0 em ru1d more t.hru1 five nuroses/50 HPF. Ba...ed 
on a long-term follow-up study of 1700 patients with gastric 
GISTs, gtddelines for assessing malignant potential based on 
d1e combination of these two factors have been developed 
(Box 49-4).14 

Adjuvant Therapy 
Given the relatively high recurrence rates with increased 
disease-specific mortality for patients witb larger lesions and 
increased mitotic rate, surgery alone for these patients appears 
inadequate. Adjuvru1t therapy, however, was not effective until 
the discovery of the tyrosine kinase inhibitor imatiJlib 
(Gleevec). Originally designed to treat chronic myelogenous 
leukemia, it bas proven, in randomized controlled trials, to be 
aJl effective treatment modality for patients with metastatic 
disease or disease that carries a high risk for recurrence. In 
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FIGURE 49-27 Algorithm for the workup and treatment of GISTs. 

patients with metastatic or unresectable disease, imatinib 
(400 mg daily) showed an overaU 2-year survival of70% com
pared with 25% for those on traditional chemotherapy.46 ln 
the adjuvanr setling, patients with c-kit positive mmors 3 em 
or larger who were completely resected and treated with ima
tinib for 1 year bad a recurrence rate of 8% compared with 
20% for untreated patients.4

! 'This was even more pronounced 
for patients with larger tumors. 1l1e side effects were gCJlerally 
mild, with less than 1% of patiCJlts having any grade 3 or 4 
toxicities. lmatinib has also been reported to be successful in 
the neoadjuvant treatment of patients with nonmetastatic but 
u11Iesectable disea..~. although this has not been evaluated in 
prospective randon:ll7..ed trials. .Future trials will need to 
address whether longer treatmenr periods have berter out
comes and further elucidate imatinib's role in the neoadjuvant 
setting. However, as a result of current trials, for patiCJlts with 
metastatic disease and those with resected primary disease at 
moderate risk of recurrence, indefinite treatmCJlt with ima
tu:Ub has been approved by the U .S. Food and Drug AdrrW:Us
tration (FDA). Figure 49-27 presCJlts an algorithm for usu1g 
imatinib in the treatment of GISTs in the neoadjuvant, adju
vant, and palliative settings. 

Other Neoplasrm 

Gastric Carcinoid 
Overall, carcinoid tumors are a rare malignancy (0.49% of all 
malignancies) that arise from neuroendocrine precursor cells and 
can present at any site in the body. The most common location 
is the Gl tract, encompassing almost 68% of all carcinoids. 1l1e 
most common sites in the GI tract are tbe small intestine, 
rectum, and appendix. 

The stomach has historically been a rare site of GJ carci
noid; however, a marked increase ha~ been noted over the past 
several decades. Currently, it is the location of almost 8o/o of GI 
carcinoids, compared with 2% illl950. They are also increasing 
as a percentage of all gastric tumors, increa..~ing from 0.3% to 

1.77% over the past 50 years.48 There are three types, two of 
which are associated with low acid and increased gastrill secre
tion and derive from gastric ECL cells. Type J, the most common, 
is ass<~ciated with chronic atrophic gamitis and has a benign 
prognosis. 1l1ese tumors are generally small and have a overall 
5-year survival of more than 95%. Type II is associated with 
ZES and multiple endocrine neoplasia type I. 1l1e prognosis is 
still good, with long-term survival from 70% to 90% and 
slightly higher levels of metastases. Type ill tumors are sporadic 
lesions with few ECL cells. They have a more than 50% rate of 
metastatic spread and a 5-year survival of less than 35%. 1l1e 
combined 5-year overall survival for all localized gastric carci
noids is 63%. 

TI1e treatrnenr for localized carcinoids is complete ren1oval. 
For small pedunculated lesions, tl1is can be accomplished endo
scopicaUy. Larger lesions may require wedge resection or partial 
gastrectomy. Patients with multiple gastric carcinoids may 
require total ga~trectomy. For patients with recurrent or meta
static disease, somatostatin analogues can be used to decrease the 
burden of disease and treat carcinoid syndrome. 

The illcidence of gastric and small bowel carcinoid ntmors 
has increased eightfold over the past 5 to 10 years. Although 
more endoscopies for Gl complaints account for some of the 
increase, there also appears to be growth ill development of the 
disease. Given the relationship an1ong hyperga..~trinemia, low
acid states, and carcinoids, some authors have asked whether the 
use ofPPls is responsible. The profound gastric acid suppression 
noted with PPis has resulted in hypergastrinen:lla and gastric 
carcinoid formation ill ill vivo animal studies. Altl1ougb a direct 
causal link has not been shown in humans, database cohort 
studies have shown PPI use to be an independent risk factor for 
stomach and smaU bowel carcinoid development.63 1l1e clinkal 
significance of this is unclear. With respect to small bowel car
cinoids associated with PPI use, they rend to have a henign 
clinicaJ course without any cvidCJlcc of metastases, invasion of 
the muscle layer, or high mitotic rate. 1l1ey can be treated suc
cessfully with local endoscopic excision, with a low recurrence 
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rate. Ongoing stuclles should define the long-term effects ofPPis 
and provide recommendations for surveillance of these patients. 

Heterotopic Pancreas 
Heterotopic pancr,~s (i.e., functioning pancreatic tissue is found 
in an abnormal anaromic locarion) is exrremely rare, found in 
less than 0.2% of aU autopsy specimens. 1l1e vast majority occur 
in the proximal GI tract, with the stomacl1 being the most 
common site. Symptomatic patients generally presellt with 
vague abdominal pain. There have been reports of pancreatitis, 
islet cell tumors, and even pancreatic adenocarcinoma within 
these lesions. On endoscopy and cr, they are frequently small 
submucosal masses and may be confused with a GIST. The 
treatment is surgical excision and the cllagnosis is confirmed 
pathologically. 

OTHER GASTRIC LESIONS 

Hypertrophic Gasbitis {Mem!trier's Disease) 
Mcnctrier's cllsease (hypoprotcinem.ic hypertrophic gastropathy) 
is a rare, acqu.irced, premalignant cllsease d1aracterized by massive 
gastric folds in the fundus and corpus of the stomach, giving the 
mucosa a cobblesto11e or cerebriform appearance. Histologic 
examination reveals foveolar hyperplasia (expansion of surface 
mucous cells), with absent parietal cells. 1l1e condition is associ
ated with protein loss from the stomach, excessive mucus pro
duction, and hypochlorhydria or achlorhydria. The cause of 
Menerrier's disease is unknown, but it has been associated with 
cywmegalovinus infection in children and H. pylori infection in 
adults. Also, increased levels of transforming growth factor-« 
has been noted in the gastric mucosa of patients wi th the disease. 
Patients often present with epigastric pain, vomiting, weight 
loss, anorexia, and peripheral edema. Typical gastric mucosal 
changes can be detected by radiographic or endoscopic examina
tion. Biopsy should be performed to rule out gastric carcinoma 
or lymphoma. A chromium-laheled alhum.in test reveals 
increased GI protein loss and 24-bour pH monitoring reveals 
hypochlorhydria or achlorhydria,. Mecllcal treatment has yielded 
iJlconsistent results; however, some benefit has been shown with 
the use of antitchounergic drugs, acid suppression, octreotide, 
and H. PJ!Iori eradication. Total gastrectomy should be per
formed in patients who continue to have massive protein loss 
despite optimal mecllcal d1erapy or if dysplasia or carcinoma 
develops. 

Mallory-Weiss Tear 
Mallory-Weiss tears are related to forceful vomiting, retching, 
coughing, or straining that results in cllsruption of the gastric 
mucosa high on the lesser curve at the GE junction. They 
account for 15% of acute upper GI hemorrhages and are rarely 
associated with massive bleecllng. 1he overall mortality rate for 
the lesion is 3% to 4%, with the greatest risk for massive hemor
rhage in alcoholic patients with preexisting portal hypertension. 
Most patients with active bleecllng can be managed by endo
scopic methods, such as multipolar electrocoagulation, epineph
rine injection, endoscopic band Hgation, or endoscopic 
hemodipping. Angiographic intra-arterial infusion of vasopres
sin or transcatheter en1bolizarion may be of use in select high
risk cases. The need for operative intervention is rare. If surgery 
is required, the lesion at the GE junction is approad1ed through 
an anterior gastrotomy and the bleeding site is oversewn wicll 

several deep 2-0 silk ligatures co reapproximate the gastric 
mucosa in ru1 anatom.ic fashion. 

Dieulafoy's Gastric Lesion 
Dietdafoy's lesions account for 0.3% to 7% of non variceal upper 
GI hemorrhages. Bleeding from a gastric Dieulafoy's lesion is 
caused by an abnormally large (I co 3 mm), tortuous artery cours
ing through the submucosa. Erosion of the superficial mucosa 
overlying tl1e artery occurs secondary to the pulsations of the large 
submucosal vessel. 1l1e artery is then exposed to the gastric con
tents, ru1d further erosion and bleeding occur. Generally, the 
mucosal defect is 2 to 5 mm in size and is surrounded by normal
appeariJlg gastric mucosa. The lesions generally occur 6 to 10 em 
from the GE junction, generally in the fundus, near tl1e cardia. 
fn one series, 67% were located high in the body of the stomach, 
wicl1 25% in the gastric fundus. Dieulafoy's lesions are more 
common in men (2: 1), with the peak incidence iJJ the fifth 
decade. Most patients present with hematemesis. l11e classic 
presentation of a patient with a Dieulafoy's lesion is sudden onset 
of massive, painless, recurrent hcmaten1esis with hypotension. 

Detection and identification of the Oieulafoy's .lesion cru1 
be difficult. 1l1e diagnostic modality of choice is esophagogas
troduodenoscopy, correctly idcntifyi11g the lesion in 80% of 
patients. Because of the intermittent nature of the bleeding, 
repeated endoscopies may be needed to identify the lesion cor
rectly. If the lesion can be identified endoscopically, attempts 
should be made to stop the bleeding using endoscopic modali
ties such as multipolar electrocoagulation, heater probe, non
contact laser photocoagulation, injection sclerotherapy, band 
ligation, or endoscopic bemoclipping. Angiography can be 
useful iJ1 cases in which endoscopy could not definitely identify 
tl1e source. Angiographic findings may include a tortuous ectatic 
artery in the dlstribution of the lef[ gastric artery, with accom
panied contrast extravasation in the setting of acute bleeding. 
Gelfoam embolization has been reported to control bleeding 
successfully in patients with Dieulafoy'~ lesion, although the 
reported experience is limited. 

Surgical therapy was once the only available treatment for 
DieuJafoy's lesion but is now reserved for patients in whom other 
modalities have failed. Surgical management consists of gastric 
wedge resection to include the offending vessel. The difficulty at 
tl1e time of exploration is locating the lesion unless it is actively 
bleeding. The surgical procedure caJ1 be greatly facilitated by 
asking the endoscopist to tattoo d1e stomach when the lesion is 
identified. The tradltional surgical approach has been through 
laparotomy with wide gastrotomy to identify the lesion wicl:t 
subsequent wide wedge resection. The lesion can also be 
approached laparoscopically, combined with intraoperative 
endoscopy. A wedge resection is performed with a linear stapling 
device using endoscopic transillumination to determine the 
resection margin. 

Gastric Varices 
Gastric varices are broadly classified into rwo types, GE varices 
ru1d isolated gastric varices. Isolated gastric varices are subclassi
fied into type 1 varices, located in the fundus of the stomach; 
ru1d type 2, isolated ectopic varices located anywhere in the 
sromad1. 

Gastric varices can develop secondary to portal hyperten
sion, in conjm1ction wid1 esophageal varices, or secondary to 
suuscral hypertension from splenic veiJ1 thrombosis. ln 
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generalized portal hypertension, the increased portal pressure is 
transmitted by the left gastric vein to esophageal varices and by 
the short and posterior gastric veins ro the fundic plexus and 
cardia veins. Isolated gastric varices tend to occur secondary to 
splenic vein thrombosis. Splenic blood flows retrograde through 
the shon and posterior ga.~rric veins inro the varices and then 
hepatopetally th.mugh tl1e coronary vein into the portal vein. 
Left to right retrograde flow through ilie gastroepiploic vein to 
the superior mesenteric vein can explain the development of 
ectopic varices in the stomach. 

TI1e incidence of bleeding from gastric varices has been 
reported to be between 3o/o and 30% but, in most series, it is less 
than 10%. However, the incidence of bleeding can be as high as 
78% in patients with splenic vein thrombosis and fwHfic varices. 
1l1ere are limited data on risk factors associated with hemorrhage 
in patients with gastric varices, although increasing size of the 
varices or a higher Child's status increases tl1e risk for bleeding. 

Gastric varices i_n the setting of splenic vein thrombosis are 
readily treated by splenectomy. Patients with bleeding gastric 
varices should have an in1aging study to document splenic vein 
thrombosis before surgical intervention because gastric varices 
are more often associated wi th generalized portal hypertension. 

Gastric varices in the setting of portal hypertension should 
be managed sinillarly to esophageal varices. The patient should 
be volume-resuscitated, with attention paid to the correction of 
abnormal coagulation profiles. Temporary tamponade can be 
attempted with a Sengstaken-Blakemore tube. Endoscopy serves 
as a diagnostic and tl1erapeudc tooL Successful eradication of 
tbe esophageal varices through banding or sclerotherapy often 
results in obliteration of the gastric varices. Because gastric 
varices arise in the submucosa, a common complication associ
ated witll gastric variceal scleroilierapy is ulceration. A major 
problem wiili gastric varices is reblecding, of which 50% is 
secondary to ukers. Endoscopic variceal band ligation can 
achieve hemostasis in approximately 89% of patients; however, 
concerns about gastric perforations with this technique have 
tempered its use. TransjuguJar intral1eparic portosystemic shunt
ing (TIPS) can be effective in controlling gastric variceal hemor
rhage, with rebleeding rates of about 30%. A gastrorenal shunt 
betweeJ1 gastric varices and the left renal vein is present in 85% 
of patients with gastric varices. This spontaneous shunt decom
presses the portal system and lessens tl1e efficacy of TIPS. A 
balloon catheter can be inserted imo the gascrorenal shum 
through tl1e left renal vein and the slumt occluded by inflating 
the balloon. A sclerosant (e.g .. eilianolamine oleate) is men 
injected and lefr l{o remain unti l clots have formed in the varices. 
Balloon-occluded retrograde transvenous obliteration has been 
reported to hav<:' a high success rate (100%), with a low recur
rence rate {Oo/o to 5%). The major complication of this proce
dure is aggravation of esophageal varices secondary to a rise in 
portal pressure as a consequence of occluding the gastrorenal 
shunt. Also, ethanolamine oleate can cause hemolysis (treatable 
by haptoglobin administration), with subsequent renal damage. 

Gastric Volvulus 
G'<!stric volvLtlus is an w1common condition. Torsion occurs 
along the stomacll's longitudinal axis (organoaxial) in about 
two rllirds of ca.~es and along the vertical axis {mesenteroaxial) 
in one rhird (Fig. 49-28). Usually, organoaxial gastric volvulus 
occurs acu tely and i~ associated with a diaphragmatic defect, 
whereas mesenteroaxial volvulus is partial (<180 degrees), 
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FIGURE 49-28 Torsion of the stomach along the longitudinal axis 
(organoaxial) (A) and along the vertical axis (mesoaxial) (B). (From 
White RR. Jacobs DO: Volvulus of the Stomach and Small BoweL In 
Yeo 0, Dempsey DT, Klein AS, et al [eds] Shackelford's surgery of the 
alimentary tract, ed 6, Philadelphia, 2007, Saunders.) 

recurrent, and not associated with a diaphragmatic defect. In 
aduJts, the diapbragmatic defects are usually traumatic or par
aesophageal hernias, whereas in children, congenital defects 
such as the foran1en of Bochdale.k or eventration are involved. 
1l1e major symptoms at presentation are abdominal pain chat 
is acute in onset, distention, vomiting, and upper GI hemor
rhage. 1l1e sudden onset of constanr and severe upper abdomi
nal pain, recurrent retching with production of little vomitus, 
and the inability to pass an NG tube constitute Borchardt's 
triad. Plain films of the abdomen reveal a gas-filled viscus in 
the chest or upper abdomen. 1l1e diagnosis can be confirmed 
by bari um contrast study or upper GI endoscopy. Acute vol
vulus is a Sllrgical emergency. The stomach is reduced and 
uncoiled through a transabdominal approad1. 1l1e diaphrag
matic .defect is repaired, with consideration given to a fundo
plication in the setting of a paraesophageal hernia. In the 
unusual case in which strangulation has occurred (5o/o to 
28%), tl1e compromised segment of stomach is resected. 
Spontaneous volvulus, without an assodatcd diaphragmatic 
defect, is treated by detorsion and fixation of tl1e stomach by 
gastropexy or tube gastrostomy. 
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Bezoars 
Be-wars are collections of nondigestible materials, usually of 
vegetable origim (phytobezoar) but also of hair (t richoktoar}. 
Phyrobezoars are most commonly folmd in patients who have 
undergone surgery of the stomach and have impaired gastric 
emptying. Diabetics with auronomic neuropathy are also at risk. 
'TI1e symptoms of gastric bemars indud.e early satiety, nausea, 
pain, vomiting, and weight loss. A large mass may be palpable 
on physical examination and the diagnosis confirmed by a 
barium examination or endoscopy. In 1959, Dan and coworkers 
were the first to suggest enzymatlc therapy to attempt dissolu
tion of the bezoar. Papain, found in Adolph's Meat Tenderizer 
(AMT), is given in a dose of 1 tsp in 150 co 300 mL water several 
times daily. The sodium concentration in AMT is high, so 
hypernatrem ia may result if large q uantities are administered. 
Alternative enzymes such as cellulase have been used with some 
success. Generally, enzymatic debridement is followed by aggres
sive Ewald tube Lavage or endoscopic fragmentation. Failure of 
these therapies would necessitate surgical removal. 

Trichobezoars are concretions of hair, generally fow1d in 
long-haired. gir ls or women who often deny eating their own 
hair (trichophagy). Symptoms include pain from gastric ulcer
ation and fullness from gastric outlet obstruction, with occa
sional gastric perforation and small bowel obstruction. 
Trichobezoars tend to form a cast of the stomach, with strands 
of hair having been observed as far distally as the transverse 
colon. Small trkhobezoars may respond to endoscopic fragmen
tation, vigorous lavage, or enzymatic therapy. However, these 
teclmiques are of linuted usefulness and larger trichobezoars 
require surgical removal. The small bowel should be examined 
to be ensure that additional bezoars are not present. 'TilOsc who 
suffer from trich ophagy require psychiatric care because recur
rent bermar formation is common. 
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1997. 
Lowy AM, Mansfield PF. Leach SD, et al: Laparoscopic staging fo•· 
gastric cancer. Surgery IL9:6ll- 6 14, 1996. 

These tiM:> trials were important in the implementation of staging lapa
roscopy as a standard for gastric cancer. They demonstrated high rates 
of occult metastatic disease (30% to 40%) and therefore avoided 
unnecessary laparotomy in a significant proportion of patients Wth gastric 
cancer. 

Cunningham D, Allum WH, Stenning SP, et al: Perioperative che
motherapy versus surgery alone for resectable gastroesophageal cancer: 
N Eng! J Med 355:11-20, 2006. 

The second major study to show a benefit to chemotherapy in gastric 
cancer. These patients underwent neoadjuvant treatment and a much 
greater percentage were able to complete treatment than those who 
completed the adjuvant trial. More patients had adequate lymphadenec
tomy than in the s.NOG lnt 0116 trial. 

DeMatteo RP, Lewis JJ, Lew1g D, et al: Two hundred gastrointestinal 
stromal rumors: Recurrence patterns and prognostic fuctot~ for sur
vival. Ann Surg 231:51- 58, 2000. 

The first major cohort study to characterize the natural progressron of 
patients with GIST. It demonstrated a relatively high rate of recurrence 
and subsequent metastases, which led to increased focus on the devel
opment of improved adjwant therapies. 

DeMarreo RP, Bal lman KV, Amonescu CR, et al: Adjuvant imatinib 
mesylate after resection of localised, primary gastrointestinal Stromal 
tumour: A randomised, double-blind, placebo-controlled trial. The 
Lancet 373:1097-1104, 2009. 

This follow-up study to the use of imati nib for metastatic disease signifi
cantly broadened the indications for imati nib in GIST. It showed signifi
cantly less recurrence of patients who received imatinib than for those 
who did not; this was especially pronounced for patients at high risk of 
developing metastatic disease. 

Ford AC, Delaney BC, Fonnan D, et al: Eradication therapy fo.
peptic ulcer disease in Helicobacter pylori-positive patients. Cochrane 
Database Syst Rev (2):CD003~40, 2006. 

This meta-analysis definitively showed the benefit of H pylori eradi
cation in the treatment of ulcer disease. Although antiulcer medica
tion showed good rates of initial healing, the recurrence rates for 
eradication therapy were significandy IQ\1\/er than for antiulcer therapy 
alone. 

MacDonald JS, Smalley SR. Benedetti J, et al: Chemoradiotherapy 
after surgery compared with surgery alone for adenocarcinoma of tl1c 
stomach or gastroesophageal junction. N Eng! J Med 345:725-730, 
2001. 
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One of tile first studies to show a benefit of adjuvant therapy for tile 
treatment of gastric cancer. This has become tile standard of care in tile 
United States as a result of this trial. It has been criticized for having 
inadequate surgery, with a ver.; high DO lymph node resection rate. 
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CHAPTER 50 

SMALL INTESTINE 
SHAUN McKENZIE AND B. MARK EvERS 

EMBRYOLOGY 

ANATOMY 

PHYSIOLOGY 

MOTILITY 

ENDOCRINE FUNCTION 

IMMUNE FUNCTION 

OBSTRUCTION 

INFLAMMATORY DISEASES 

NEOPLASMS 

DIVERTICULAR DISEASE 

MISCELLANEOUS PROBLEMS 

1he small intestine is a marvel of complexity and efficiency. 1he 
primary role of the small intestine is the digestion and absorp
tion of dietary components after they leave the stomach. 1l1is 
process depends on a multitude of structural, physiologic, endo
crine, and chemical factors. Exocrine secretions from the liver 
and pancreas enable complete digestion of the foodstuffs. The 
enlarged surface area of the small intestinal mucosa then absorbs 
these nutrients. ln addition to its role in digestion and absorp
tion, the small bowel is the largest endocrine organ in the body 
an.d is one of the most important organs of immune function. 
Given its essential role and comple>tity, it is amazing that diseases 
of the small bowel are not more frequem. In this chapter, the 
normal anatomy and physiology of the small intestine are 
described, as well as disease processes involving the small bowel, 
which include obstruction, inAanlmatory diseases, neoplasms, 
diverticular disease, and miscellaneous disorders. 

EMBRYOLOGY 
The primitive gut is formed during the fourth week of fetal 
human gestation.1 The endoderm a! layer gives rise to the epithe
lial lining of the digestive tract and the splanchnic mesoderm 
surrounding the endoderm gives rise to d1e muscular connective 
tissue and all the other layers of the intestine. Except for the 
duodenum, whidl is a primitive foregut structure, the small 
intestine is derived from the midgut. During the fifth week of 
fetal development, wben the imestinallengd1 is rapidly increas
ing, berniation of the midgut occurs through the umbilicus (Fig. 
50-1). 1his midgut loop has a cranial and caudallin1b, with the 
cranial limb developing into the distal duodenum, jejunw11, and 
proximal ilium and the caudal limb becoming the distal ilium 

and proximal two thirds of the transverse colon. The juncture 
of the cranial and caudal limbs is where the vitelline duct joins 
to the yolk sac. 1l1is duct structure normally becomes obliterated 
before birth; however, it can persist as a Meckel's diverticulum 
in approximately 2o/o of the population. This midgut herniation 
persists umil about 10 weeks of feral gestation, when the intes
tine returns to the abdominal cavity. After completing a 270-
degrec rotation from its initial starting point, the proximal 
jejunum reenters the abdomen and occupies the left side of the 
abdomen, with subsequent loops lying more to the right. 'TI1e 
cecum enters last and is located temporarily in the right upper 
quadrant; however, with time, it descends to its normal position 
in the right lower quadrant. Congenital anomalies of gut mal
rotation and fixation can occur during d1is process. 

'TI1e primitive small bowel is lined by a sheet of cuboidal 
cells Lmtil about the ninth week of gestation, when villi begin 
to form i.n the proximal intestine and then proceed iJl a caudal 
fashion tmtil the entire small bowel, and even the colon, for a 
period of time, are lined by these finger-like projections. Crypt 
formation begins in d1e lOth to 12th weeks of gestation. 'TI1e 
crypt layer of the small bowel is the site of continual cell renewal 
and pro liferation. As the cells ascend the crypt-villous a>tis. pro
liferation ceases, and cells differentiate into one of the four main 
cell types: absorptive enterocytes, which compose abour 95% of 
the intestinal cell population; goblet cells; Paneth cells; and 
enteroendocrine cells. Cells are eventually extruded into the 
intestinal lun1en. Amazingly, this entire process of complete 
renewal of the intestinal lining occurs in less than 1 week in 
hwnans. 

ANATOMY 

Gross Anatomy 
'TI1e entire smaJJ intestine, whid1 extends from the pylorus to 
the cecum, measures 270 to 290 em, with duodenal length 
estimated at approximately 20 em, jejunal length at 100 to 
110 em, and ileallengd1 at 150 to 160 em. The jejunum begins 
at d1e duodenojejunal angle, whid1 is supported by a peritoneal 
fold known as the ligament ofTreitz. There is no obvious line 
of demarcation between the jejunum and the ileum; however, 
the jejunum is commonly considered to make up tl1c proximal 
two fifths of the small intestiJle and rlle ileum makes up the 
remaining three fifths. The jejunum has a somewhat larger cir
cLUnference, is thicker than the ileum, and can be identified at 
surgery by examining mesenteric vessels. fn the jejunum, only 
one or two arcades send out long, straight vasa recta ro the 
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FIGURE 50- 1 Rotation of the intestine. A. The intestine after a 90-degree rotation around the axis of the superior mesenteric artery, the proximal 
loop on the right and the distal loop on the left B. The intestinal loop after a further 180-degree rotation. The transverse colon passes in front 
of the duodenum. C, Position of the intestinal loops after reentry into the abdominal cavity. Note the e longation of the small intestine, with 
fonnation of the small intestine loops. D. Final position of the intestines after descent of the cecum into the right iliac fossa. (From Podolsky 
OK, Babyatshy MW: Growth and development of the gastrointestinal tract. In Yamada T (ed]: Textbook of gastroenterology, vol 2. Philadelphia, 
1995, JB Lippincott) 

mesenteric border, whereas tbe blood supply to the ileum may 
have four or five separate arcades with shorter vasa recta {Fig. 
50-2). The mucosa of the small bowel is characterized by trans
verse folds (plicae drcuJares), which are prorniJ1ent in the distal 
duodenum and jejunum. 

Neurovascular-lymphatic Supply 
1he small intestine is served by rich vascular, neural, and lym
phatic supplies, all traversing through the mesentery. 1he hase 
of the mesentery anachcs to the posterior abdominal wall to the 
left of the second lumbar vertebra and passes obliquely to the 
right and inferiorly to the right sacroiliac joint. 1he blood supply 

of the small bowel, except for the proximal duodenum, wbkh 
is supplied by branches of the celiac axis, comes entirely from 
the superior mesenteric artery (Fig. 50-3). The superior mesen
teric artery courses anterior to the uncinate process of the pan
creas and the third portion of the duodenum, where it divi.des 
to supply the pancreas, distal duodenum, entire small intestine, 
and ascending and transverse colons. There is an abundant col
lateral blood supply to the small bowel provided by vascular 
arcades coursing in the mesentery. Venous drainage of the small 
bowel parallels the arterial supply, with blood draini11g into the 
superior mesenteric veiJ1, whlch joins the splenic vein behind 
the neck of the pancreas to form the portal vein. 
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FIGURE 50-2 The jejunal mucosa is relatively thick with prominent 
plicae circulares; title mesenteric vessels form only one or two arcades 
with long vasa recta. The ileum is smaller in circumference and has 
thinner walls; the mesenteric vessels form multiple vascular arcades 
with short vasa recta. (Adapted from Thompson JC: Atlas of surgery 
of the stomach, duodenum, and small bowel. StLouis, 1992, Mosby
Year Book, p 263.) 

1l1e inm:·rvation of the small bowel is provided by parasym
pathetic and sympathetic divisions of the auronomic nervous 
system, whid1 in turn provide the efferent nerves to the small 
intestine. Parasympathetic .fibers are derived from the vagus; they 
traverse the celiac ganglion and affect secretion, motility, and 
probably all phases of bowel activity. Vagal afferent fibers are 
present bur apparently do nor carry pain in1pulses. The sympa
thetic fibers come from iliree sets of splanchnic nerves and have 
their ganglion cells usually in a plexus around the base of ilie 
superior mesenteric artery. Motor impulses affect blood vessel 
motility and prohably gut secretion and motility. Pai11 from the 
irltestine is mediated through general visceral afferent fibers in 
the sympathetic system. 

ll1e lymphatics of the small intestine are noted in major 
deposits of lymp.hatic tissue, particularly in the Peyer patches of 
the distal smalJ bowel. Lymphatic drainage proceeds from the 
mucosa through the wall of tl1e bowel to a set of nodes adjacent 
to the bowel in ilie mesentery. Drainage continues to a group 
of regional nodes adjacent to the mesenteric arterial arcades and 
then to a group at the base of ilie supe.rior mesentery vessels. 
From there, lymph flows into ilie cisterna dwli and then up the 
thoracic ducts, ttltimately to en1pty into the venous system 
located iJ1 the neck. The lymphatic drainage of the smaiJ intes
tine constitutes a major route for transport of absorbed lipid 
into the circulation and similarly plays a major role in immune 
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FIGURE 50-3 Blood supply to the jejunoileum and distal duodenum 
is entire ly from the superior mesenteric artery, which courses anterior 
to the third portion of the duodenum. The celiac artery supplies the 
proximal duodenum. (Adapted from Thompson JC: Atlas of surgery 
of the stomach, duodenum, and small bowel. Stlouis, 1992, Mosby
Year Book, p 265.) 

defense and also in the spread of cells arising from cancers of 
the gut. 

Microscopic Anatomy 
'TI1e small bowel wall consists of fottr layers, ilic serosa, muscu
laris propria, submucosa, and mucosa {Fig. 50-4). 

TI1e serosa is the outermost layer of the small intestine and 
consists of visceral peritoneum, a single layer of flarrened meso
epithelial cells mat encircles the jejunoileum, and ilie anterior 
surface of the duodenum. 

The muscularis propria consists of two muscle layers, a thin 
outer aongitudinal layer and a thicker iJlner circular layer of 
smootl1 muscle. Ganglion cells from the myenteric (Aucrbad1) 
plexll~ are interposed between ilie muscle layers and send nettral 
fibers into botl1 layers, tlllls providll1g electrical continuity 
between the smooili muscle cells and permittiJ1g conduction 
through the muscle layer. 

Tl1e submucosa consists of a layer of fibroelastic connective 
tissue containing blood vessels and nerves. ft is the strongest 
component of the intestiJ1al wall and merefore must be included 
in anastomotic sutures. It contains elaborate networks of lym
phatics, arterioles, ru1d venules ru1d ru1 extensive plexus of nerve 
fibers and ganglion cells (Meissner plexus). The nerves from the 
mucosa and submucosa muscle layers are interconnected by 
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FIGURE 50-4 layers of the small intestine. A large surface is provided by villi for the absorption of required nutriments. The solitary lymph 
tollides in the lamina propria of the mucous membrane are not labeled. In the stroma of both sectioned villi are shown the central chyle 
(lacteal) vessels or villous capillaries. (From Sobotta J, Figge FHJ, Hild WJ: Atlas. of human anatomy, New York. 1974, Hafner.) 

small nerve fibers; cross connections berween adrenergic and 
cbounergic elements have been described. 

1he mucosa can be divided into three layers, the muscularis 
mucosae, lamiJla propria, ru1d epithelial layers (Fig. 50-5). The 
muscularis m ucosae is a thin layer of muscle that separates the 
mucosa from the submucosa. The lru11ina propria is a connective 
tissue layer bcrween the epithelial cells ru1d muscularis mucosae 
that contains a variety of cells, includiJ1g plasma cells, lympho
cytes, mast cells, eosinophils, macrophages, 6broblasts, smooth 
muscle cells, and noncellular coru1ective tissue. The lamina 
propria, the base on which the epithelial cells lie, serves a protec
tive role i.n the intestine to combat microorganisms that pene
trate the overlying epithelium, secondary to a rich supply of 
immune cells. Plasma cells actively synrhesi:r..c immunoglobulins 
ru1d other immune cells in the lamina propria ru1d release 
various mediators (e.g., cytokines, aracllldonk acid metabolites, 
histamines) that CaJ1 modulate various cellular functions of 
the overlying epithelium. The epithelial layer is a continual sbeet 
of epithelial cells covering the villi and li ning the crypts. 1l1e 
main functions of the crypt epithelium are cell renewal and 
exocrine, endocrine, water, and ion secretion; the main func
tions of the viJious epithelium are digestion and absorption. 
Four main cell types are contained in the mucosal layer: (I) 
goblet cells, which secrete mucus: (2) Paneth cells, which secrete 
lysozyme, tumor necrosis factor (TNF), ru1d the cryptidins, 
which are homologues of leukocyte defensins thought to be 
related to the host mucosal defense system; (3) absorptive 
enterocytes; and (4) enteroendocrine cells, of which there are 
more thaJ1 10 distinct populations that produce the gastrointes
tinal hormones. 

Microscopically, the mucosa is designed for maximal 
absorptive surface area, with villi protrudiJ1g into the lumen. 
Villi are tallest in the distal duodenum and proximal jejumm1 

ru1d shortest in che distal ileum. Absorptive enterocytes represent 
the main ceU type in the mucosa ru1d are responsible for diges
tion and absorption. Their lumiJ1al surface is covered by rnkro
vUii that rest 011 a terminal web. 1l1e microvilli increase the 
absorptive capacity by 30-fold. To increase absorption further, 
the microvilli are covered by a fut.7.y coat of glycoprotein, the 
glycocalyx. 

PHYSIOLOGY 

Digestion and Absorption 
The complex process of digestion ru1d eventual absorption of 
nutrients, water, electrolytes, and minerals is the main role of the 
small intescine. Uters of water ru1d hundreds of grruns of food 
are delivered to the small intestine daily and, with remarkable 
efficiency, almost aU food is absorbed, except for indigestible 
cellulose. The stomach initiates the process of digestion with the 
breakdown of solids to particles I mm or smaller, which are then 
deuvered to the duodenum, where pru1creatic enzymes, bile, ru1d 
brush border enzymes continue the proc~ of digestion and 
eventual absorption through the small imcstiJlal wall.2 the small 
bowel is primarily responsible for the absorption of the dietary 
components (carbohydrates. proteins, ru1d fats), as weLl as ions, 
vitan1ins, and water. 

Carbohydrates 
An adult consuming a normal Western diet will ingest 300 to 
350 g of carbohydrates a day, with about 50% consumed as 
starch, 30% as sucrose, 6% as lactose, and the remainder as 
maltose, trehalose, glucose, fructose, sorbitol, cellulose, and 
pectins.2 Dietary starch i.s a polysaccharide consisting of long 
d1ains of glucose molecules (Fig. 50-6). Amylose makes up 
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FIGURE 50-5 Schematic diagram of the histologic organization of the small intestinal mucosa. (Adapted from Keljo OJ, Gariepy CE: Anatomy, 
histology, embryology, and developmental anomalies of the small and large intestine. In Feldman M, Scharschmidt BF, Sleisenger MH [eds]: 
Sleisenger & Fordt ran's gastrointestinal and liver disease: Pathology, diagnosis, management, Philadelphia, 2002, WB Saunders, p 1646.) 

~ 000 +00 
Amylose Maltotriose Maltose 

Amylopectin (x-Limit dextrins 

FIGURE 50-6 Action of pancreatic a-amylase on linear (amylose) and 
branched (amylopectin) forms of starch to produce the breakdown 
products rnaltotriose, maltose, and dextrins. (Adapted from Alpers 
DH: Digestion and absorption of carbohydrates and proteins. In 
Johnson LR, Alpers DH, Christensen J, et al [eds]: Physiology of the 
gastrointestinal tract, ed 3, vol 2, New York, 1994, Raven Press, p 
1727.) 

about 20% of starch in the diet and is broken down at the ex- L ,4 
bonds by salivary (i.e., ptyalin) and pancreatic amylases that 
convert amylose to maltotriose and maltose. Amylopectin, 
making up about 80% of dietary starch, has branching points 
every 25 molecules along the straight glucose chains; the ex-1 ,6 
glucose linkages in amylopectin produce the end products of 
amylase digestion-maltose, maltotriose, and the residual 
branch saccharides, the dextrins. In general, the starches are 
almost total ly converted into maltose and ocher small glucose 

polymers before they have passed beyond the duodenum or 
upper jejuJlUm. 'The remainder of carbohydrate digestion occurs 
as a result of brush border enzymes of the luminal surface. 

1l1e brush border of the small intestine contains the 
enzymes lactase, maltase, sucrase-isomalrase, ru1d trd1alase, 
which split the disaccharides, as well as other small glucose 
polymers, into their constituent monosaccharides (Table 50-1). 
Lactase hydrolrzes lactose into glucose and galactose. Maltase 
hydrolp·,.es maltose to produce glucose monomers. Sucrase
isomal·rase is a complex of two subunits; sucrase hydrolyzes 
sucrose to yield glucose ru1d fructose, and isomaltase hydrolyzes 
the ex- L.6 bonds in Or limit dextrins tO yield glucose. Glucose 
represents more than 80% of the final products of carbohydrate 
digestion, with galactose and fructose usually representing no 
more than 10% of the products of carbohydrate digestion. 

1l1e carbohydrates are absorbed in the form of monosac
charides. Transport of the released hexoscs (glucose, galactose, 
and fructose) is by specific mechru1isms involved in active trans
port. The major routes of absorption arc by three membrru1e 
carrier systems-sodium glucose transporter l (SGLT- L), glucose 
transporter 5 (GLUT-5), and glucose transporter 2 (CLUT-2): 
(Fig. 50-7). Glucose and galactose are absorbed by a carrier
mediated active trru1sport mechanism, which involves tbe 
corransport of Na._ (SGLT-1 transporter). As Na' diffuses in co 
the i.nside of the cell, it pulls the glucose or galactose along with 
it. thus providing the energy for transport of the monosaccha
ride. The exit of glucose from the cytosol into the intracellular 
space is predominantly by a Na'-independent carrier (GLUT-2 
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Table 50-1 Characteristic:s of Brush Border Membrane 
carbohydrases 
ENZYME 
Lactase 

Maltase (glucoamylase) 

Sucrase-isomaltase 
(sucrose-a -dextrinase) 

Sucrase 

lsomaltase 

Both enzymes 

SUBSTRATE 
Lactose 

Galactose 

a.-1,4-linked 
oligosaccharides, up 
to nine residues 

Sucrose 

a.-limit dextrin 

a-limit dextrin 
o.-1,4-link at 

nonreducing end 

PRODUCTS 
Glucose 

Glucose 

Glucose 

Fructose 

Glucose 

Glucose 

Trehalase Trehalose Glucose 
From Marsh MN, Riley SA: Digestion and absorption of nutrients and vitamins. In 
Feldman M, Sleisenger MH, Scharschmidt BF (eds): Sleisenger and Fordtran's 
gastrointestinal and liver disease: Pathophysiology, diagnosis, management, vol2, 
Philadelphia, 1998, WB Saunders, p 1480. 

Lumen Cell Blood 

SGLT-1 
~GI t GLUT-2 

-~!..--.--- ucose r 
Glucose 

Glucose ~ 

F•uctose q:}::::.-.•.::F:r:u:ct:oN:s:ae+=~==..;:==O::I .... K+ Na+fK•pump 

GLUT-5 ? ~ Fructose 

GLUT-2 

FIGURE so-7 Model for glucose, galactose, and fructose transport 
across the intestinal epithelium. Glucose and galactose are trans
ported into the enterocyte across the brush border membrane by the 
Na• glucose cotransporter (SGIJ-1) and then transported out across 
the basolateral membrane down their concentration gradients by 
GlUT-2. The low intracellular Na+ driving uphill sugar transport across 
the brush border is maintained by the Na+,K' pump on the basolateral 
membrane. Glucose and galactose therefore stimulate Na' absorption 
across the epithelium. Fructose is transported across the cell down 
the concentration gradient across the brush border and basolateral 
membranes. GLUT-S is the brush border fructose transporter, whereas 
GLUT-2 handles fructose transport across the basolateral membrane. 
(From Wright EM, Hirayama BA, loo DDF, et al: Intestinal sugar trans
port. In Johnson LR, Alpers DH, Christensen J, et al [eds]: Physiology 
of the gastrointestinal tract ed 3, vol 2, New York. 1994, Raven Press, 
p 1752.) 

_!able so-2 Principal Pancreatic Proteases 
ENZYME 
Endopeptidases 

Trypsin 

Chymotrypsin 

Elastase 

Exopeptidases 

Carboxypeptidase A 

PRIMARY ACTION 
Hydrolyze interior peptide bonds of 

polypeptides and proteins 

Attacks peptide bonds involving basic 
amino acids; yields products with ba.sic 
amino acids at carboxyl-terminal end 

Attacks peptide bonds involvins aromatic 
amino acids, leucine, glutamine, and 
methionine; yields peptide products with 
these amino acids at carboxyl-terminal 
end 

Attacks peptide bonds involving neutral 
aliphatic amino acids; yields products 
with neutral amino acids at carboxyl
terminal end 

Hydrolyze external peptide bonds of 
polypeptides and protein 

Attacks peptides with aromatic and neutral 
aliphatic amino acids at carboxyl-terminal 
end 

Carboxypeptidase B Attacks peptides with basic amino acids at 
carboxyl-terminal end 

From Castro GA: Digestion and absorption. In Johnson lR (ed): Gastrointestinal 
physiology, StLouis, 1991, Mosby, pp 108-130. 

trans:porrer) located at rhe basolareral membrane. Fructose, the 
other significanr monosaccharide, is absorbed from the intestinal 
lumen through a process of facilitated diffusion. 'TIJe carrier 
involved in fructose absorption is GLUT-5, which is located in 
the apical membrane of the enterocyte. This transport process 
does not depend on Na• or energy. Fructose exits the basolaterru 
membrane by another faci litated diffusion process involving the 
GLUT-2 transporter. 

Protein 
Protein digestion is initiated in the stomach, where gastric acid 
denatures proteins.2 Digestion is continued iJl the small intes
tine, where the protein comes into contact with pancreatic pro
teases. Pancreatic trypsinogen is secreted in the intestine by the 
pancreas in an inactive form but becomes activated by the 
enzyme enterokinase, a brush border enzyme in the duodenum. 
Activated trypsin then activates the other pancreatic proteolytic 
enzyme precursors. TI1e endopeptidases, which include trypsin, 
chymotrypsin, and elastase, act on peptide bonds at the interior 
of the protein molecule, producing pep tides that arc substrates 
for the exopeptidases (carboxypeptidases), which serially remove 
a single amino acid from the carboxyl end of the peptide (Table 
50-2). 1l1js results in splitting the complex proteiJ1S into dipcp
tides, tripeptides, and some larger proteins, which are absorbc::d 
from the intestinal lumen by an Na+-mediatcd active transport 
mechanism and digested further by enzymes in the brush border 
and in the cytoplasm of the enterocytes (Fig. 50-8). 1l1ese pep
tidase enzymes include aminopeptidases and several dipepti
dases, whicl1 spli t the remaining larger polypeptides into 
tripeptides and dipeptides and some amino acids. The amino 
acids, dipeptides, and tripeptides are easily transported through 
the microvilli into the epithelial cells where, in the cytosol, 
additional peptidases hydrolyze the dipeptides and tripeptides 
into s ingle an1ino acids; these then pass through the epithelial 
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FIGURE 50-8 Digestion and absorption of proteins. (Adapted from 
Alpers DH: Digestion and absorption of carbohydrates and proteins. 
In Johnson LR, Alpers DH, Christensen J, et al [eds] : Physiology of the 
gastrointestinal tract, ed 3, vol 2, New York, 1994. Raven Press, p 
1733.) 

cell membrane into the portal venous system. In normal humans. 
digestion and absorption of protein are usually 80% to 90% 
completed in the jejunum. 

Fats 
EmulsifiCation Most adults in North America consume 60 to 

100 g/day offat. Triglycerides, the most abundant fats, are com
posed of a glycerol nucleus and three fatty acids; small quantities 
of phospholipids, cholesterol, and cholesterol esters also are 
found in the noll'mal diet. Essentially all fat digestion occurs in 
the small intestine, where the first step is the breakdown of fat 
globules into smaller si;,es to facilitate further breakdown by 
water-solubl.e digestive enzymes, a process termed emulsifica
tion.2 'This process is facilitated hy bile from the liver, which 
contains bile salts and the phospholipid lecithin. 1l1e polar parts 
of the bile salts and lecithin molecules are soluble in water, 
whereas the remain ing portions are soluble in fat. 1l1erefore, the 
fat-soluble portions dissolve in the surface layer of the fat glob
ules and the polar portions, projecting outward, are soluble in 
the surrow1ding aqueous fluids. 1l1.is arrangement renders the 
fat globules more accessible to fragmentation by agitation in the 
small intestine. 'TI1erefore, a major fLmction of bile salts, and 
especially lecithin in the bile, is to allow the fat globules to be 
readily fi-agrnenred by agitation in the intestinal lumen. With 
the increase iJ1 surface area of rhe fat globules resulting from rhe 
action of the bile salts and lecithin, the fats can now be readily 
attacked by pancreatic lipase, the most crucial enzyme in the 
digestion of triglyceridcs, which splits triglyccridcs into free fatty 
acids and 2-monoglycerides. 

Micelle Formation Fat digestion is further accelerated by bile salts, 
which, secondary to their an1phipatbic nature, can form micelles. 
Micelles are small spherical globules composed of 20 to 4U 
molecules of bile salts with a sterol nudeus that is highly fat
soluble and a hydrophilic polar group that projects outward. 1l1e 
mixed micelles rrhus formed are arrayed so that the insoluble 
Hpid is surrounded by the bile salts oriented with their hydro
philic ends facing outward. Therefore, as quickly as the mono
glycerides and free fatty acids are formed by lipolysis, they 
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become dissolved in the central hydrophobic portion of the 
micelles, which then act to carry these products of fat hydrolysis 
to the brush borders of the epithelial cells, where absorption 
occurs. 

Intracellular Processing The monoglycerides and free fatty acids, 
which are dissolved in the central lipid portion of the bile add 
micelles. arc absorbed through the brush border because of their 
highly lipid-soluble nature and sin1ply diffuse into the interior 
of the cell.2 After disaggregation of the micelle, bile salts remain 
withiJ1 the intestinal lumen to enter into the formation of new 
micelles and act to carry more monoglycerides and fatty acids 
to the epithelial cells. The released faery acids and monoglycer
ides iJJ the cell re-fom1 into new triglycerides. This re-formation 
of a triglyceride occurs in the cell through the interactions of 
intracellular enzymes that are associated with the endoplasmic 
reticulum. 

ll1e major pathway for resynthesis involves syncl1esis of 
triglycerides fi-om 2-monoglycerides and coenzyme A {CoA)
activated fatty acids. Microsomal acyl-CoA lipase is necessary to 
synthesize acyi-CoA from the fatty acid hefore esterification. 
1l1ese reconstituted triglycerides then combine with cholesterol, 
phospholipids. and apoprotcins to form chylomicrons, which 
consist of an inner core containing triglyceride.~ and a membra
nous outer core of phospholipids and apoproteins. The chylo
microns pass from the epithelial cells into the lacteals, where 
they pass tl1.tough the lymphatics into the venous system. From 
80o/o co 90% of all far absorbed from the gut is absorbed in tlus 
manner and transported to the blood by way of the thoracic 
lymph iJ1 the form of chylomicrons. Small quantities of short- to 
medium-chain fatty adds may be absorbed directly into the 
portal blood rather than being converted into triglycerides and 
absorbed into the lymphatics. These shorter chain fatty acids are 
more water-soluble, which allows for the di rect diffusi.on into 
the bloodstream. 

Enterohepatic Circulation The prox.imal intestine absorbs most of 
the dietary fat. Although the unconjugated bile acids are 
absorbed into cl1e jejunum by passive diffusion, rh.e conjugated 
bile acids that form micelles arc absorbed in the ileum by active 
transport and are reabsorbed from the distal ileum. 1l1e bile 
acids then pas.~ through the portal venous system to the liver for 
secretion as bile. 1l1e total bile salt pool in humans is 2 co 3 g; 
it recirculates about six times every 24 hours {the enterobepatic 
circulation of bile salts)? Almost all the bile salts are absorbed, 
with only about 0.5 g lost in cl1e stool every day; this is replaced 
by resynthesis from dwlcstcrol. 

Water. Electrolytes, and Vitamins 
Eight to 10 liters of water/day enter the small intestine. Much 
of this is absorbed, witb only approximately 500 mL or less 
leaving the ileum and entering the colon2 (Fig. 50-9). Water may 
be absorbed by the process of simple diffusion. In addition, 
water may be drawn in and out of the cell through a process of 
osmotic pressure, resulting from active transport of sodium, 
glucose, or amino acids into cells. 

Electrolytes can be absorbed in the small bowel by active 
transport or by coupling to organic solute.' Na' is absorbed by 
active transport through the basolateral membranes. Cl" is 
absorbed in the upper part of the small intestine by a proct'SS 
of pas.~ive diffusion. Large quantities of HC03- must be 

)> 
co 
0 
0 
s: 
m z 

http://www.myuptodate.com


1234 SECTION X ABDOMEN 

FIGURE 50-9 Absorption of water and electrolytes in the small bowel 
and colon. (Adapted from Westergaard H: Short bowel syndrome. In 
Feldman M, Scharschmidt BF. Sleisenger MH [eds]: Sleisenger & 
Fordtran's gastrointestinal and liver disease: Pathology, diagnosis. 
management, Philadelphia, 2002, WB Saunders, p 1549.) 

reabsorbed, wh ich is accomplished in an indirect fashion. As the 
NaT is absorbed, H• is secreted into the lumen of the intestine. 
It chen combines with HC03- to form carbonic acid, which 
chen dissociate-S to form water and carbon dioxide. The water 
remains in the chyme, but the carbon dioxide is readily absorbed 
in the blood and is subsequently expired. Calciwn is absorbed, 
particularly in i!he proximal intestint' (duodenum and jejw1llm), 
by a process of active transport; absorption appears to be facili
tated by an acid environment and is enhanced by vitamiJ1 0 and 
parathyroid hormone. Iron is absorbed as a heme or ncmbemc 
component in the duodenum by arl active process. Iron is men 
deposited within the cell as ferritin or transferred to the plasma 
bound to transferriJ1. The total absorption of iron is dependent 
on body stores of iron and me rate of erythrnpoiesis; any increase 
in erythropoiesis increases iron absorption. Potassium, magne
sitU11, phosphate, and orher ions also can be actively absorbed 
throughout the mucosa. 

Vitamins arc fat-soluble (e.g., vitamins A, D, E, and K) or 
water-soluble (e.g., ascorbi.c acid [vitamin C), biotin, nicotiJ1ic 
acid, folic acid, riboAavin, thiamine, pyridoxine [vitamin BG), 
and cobalamin [vitamin B12]).' The fat-soluble vi tamins arc 
carried in mixed micelles and transported in chylomicrons of 
lymph to me thoracic duct and into the venous system. The 
absorption of water-soluble vitamins appears to be more complex 
than origiJ1a.lly thought. Vitamin C is absorbed by an active 
transport process rhat incorporates a sodiwn-coupled mecha
nism as well as a specific carrier system. Vitamin B6 appears to 
be rapidly absorbed by simple diffusion imo the proximal intes
tine. Tl1iamine (vitamin B,) is rapidly absorbed in the jejunum 
by an active process similar to the sodium-coupled transport 
system for vitamin C. Riboflavin (vitamin~) is absorbed in the 
upper intestine by facilitated transport. The absorption of 
vitamin 8 12 occurs primarily in the terminal ileum. VitanliJl 8 12 

is derived from cobalanun, which is freed in the duodenum by 
pancreatic prot:eases. The cobalamin binds to intrinsic factor, 
which is secreted by the stomach, and is protected from proteo
lytic digestion. Specific receptors in the terminal ileum take up 
the cobalamin-intrinsic factor complex, probably by transloca
tion. In the ileal emerocyte, free vitamin B11 is bound to an ileal 

pool of transcobalamin ll, wluch transports it into tbe porra\ 
circttlation. 

MOTILITY 
Food particles are propelled through the small bowel by a 
complex series of muscular comractions.2 Peristalsis consists of 
intestinal contractions passing aboraUy at a rate of I to 2 em/ 
second. Tl1c major function of peristalsis is the movement of 
intestinal chyme through me intestine. Motility patterns in the 
small bowel vary greatly between the fed and fasted states. Pace
setter potentials, which arc thought to originate in the duode
num, initiate a series of contractions iJ1 the fed state that propel 
food through the small boweL 

During cbe interdigestive (fasting) period betwet'n meals, 
the bowel is regularly swept by cyclical contractions that move 
aborally along the iJuestine every 75 to 90 minutes. 1hese con
tractions are initiated by tbe migrating myoelectric complex 
(MMC), wbich is under the control of neural and bumora\ 
pathways. Extrinsic nerves to the small bowel are vagal and 
sympathetic Tl1c vagal fibers have two functionally different 
effects; one is cholli1ergic and excitatory and the other is pepti
dergic and probably inhibitory. Sympathetic activity inhibits 
motor function, whereas parasympathetic activity stinwlates it. 
Although intestinal hormones are known to affect smaU intesti
nal motility, the one peptide that has been clearly shown to 
function iJ1 this regard is motilin, which is fottnd at its peak 
pla~ma level during phase Ill (intense bursts of myoelectrica\ 
activi ties resulti11g in regular, high-amplitude contractions) of 
MMCs. 

ENDOCRINE FUNCTION 

Gastrointestinal Hormones 
The gastrointestinal hormones are distributed along the length 
of the small bowel in a spatially specific pattern. In fact, the small 
howel is the largest endocrine organ in the hody. Almough often 
cla"~SiJied a~ homwnes, these agents do not always function in a 
truly endocrine fashion (i.e., discharged into the bloodstream, 
where an action is produced at some distam site; fig. 50-10). 
Sometimes, these peptides are disd1argcd and act locally in a 
paracrine or autocrine manner. In addition, these peptides may 
serve a~ neurotransnutters (e.g., vasoactive intestinal peptide)_ 
The gastrointestinal hom1ones play a major role iJ1 prulcreatico
biliary and intestinal secretion and motility. L1 addition, certain 
gastrointestinal hormones exert a trophic effect on normal and 
neoplastic intestinal mucosa ru1d pancreas. Tl1e location, major 
stin1Uianrs of release, and primary effects of the more important 
gastrointestinal hormones are Sllmmarized il1 Table 50-3. [n 

addition, the diagnostic and therapeutic uses of gastrointestinal 
hormones are Hsted in Table 50-4. Dockray.l and Gariepy and 
Oick.inson4 have presented a more in-depth discussion of the 
strucwrc, molecular biology, physiologic functions, and uses of 
these hormones. 

Receptors 
The gastrointestinal hormones interact with their cell surface 
receptors to initiate a cascade of signalli1g events that eventually 
culm inate in their physiologic effects. Tl1ese hormones primarily 
signal through G protei.n-coupled receptors that traverse the 
plasma membrane seven times and represent me largest group 
of receptors found in the body. The hecerotrimeric G proteins, 
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FIGURE 50-10 Actions of intestinal hormones may be via endocrine, autocrine, neurocrine, or paracrine effects. (Adapted from Miller U: Gas
trointestinal honnones and receptors. In Yamada T, Alpers DH, Laine L., et at [eds]: Textbook of gastroenterology, ed 3, vol 1, Philadelphia, 1999, 
Lippincott Williams & Wilkins, p 37.) 

Table 50..3 Gastrointestinal Hormones 

HORMONE 
Gastrin 

Cholecystokinin 

Secretin 

Somatostatin 

Gastrin-releasing peptide 
(mammalian 
equivalent of 
bombesin) 

Gastric inhibitory 
polypeptide 

Motilin 

Vasoactive intestinal 
peptide 

Neurotensin 

Enteroglucagon 

Peptide YY 

LOCATION 
Antrum, duodenum 

(G cells) 

Duodenum. jejunum 
(I cells) 

Duodenum, jejunum 
(S cells) 

Pancreatic islets (D 
cells), antrum, 
duodenum 

Small bowel 

Duodenum, jejunum 
(K cells) 

Duodenum, jejunum 

Neurons throughout 
the gastrointestinal 
tract 

Small bowel (N cells) 

Small bowel (L cells) 

Distal small bowel. 
colon 

MAJOR STIMULANTS OF 
PEPTIDE SECRETION 
Peptides, amino adds, antral 

distention, vagal and 
adrenergic stimulation, 
gastrin-releasing peptidoe 
(bombesin) 

Fats. peptides. amino acids 

Fatty acids, luminal acidity, bile 
salts 

Gut: fat, protein, acid, other 
hormones (e.g., gastrin, 
cholecystokinin) 

Pancreas: glucose, amino acids, 
cholecystokinin 

Vagal stimulation 

Glucose, tat protein adrenergic 
stimulation 

Gastric distention, fat 

Vagal stimulation 

Fat 

Glucose, tat 

Fatty acids. cholecystokinin 

PRIMARY EFFECTS 
Stimulates gastric acid and pepsinogen secretion 
Stimulates gastric mucosal growth 

Stimulates pancreatic enzyme secretion 
Stimulates gallbladder contraction 
Relaxes sphincter of Oddi 
Inhibits gastric emptying 

Stimulates release of water and bicarbonate from 
pancreatic ductal cells 

Stimulates flow and alkalinity of bile 
Inhibits gastric acid secretion and motility and 

inhibits gastrin release 

Universal "off' switch: 
Inhibits release of gastrointestinal hormones 
Inhibits gastric acicf secretion 
Inhibits small bowel water and electrolyte 

secretion 
Inhibits secretion of pancreatic hormones 

Universal "on• switch: 
Stimulates release of all gastrointestinal 

hormones (except secretin) 
Stimulates gastrointestinal secretion and motility 
Stimulates gastric acid secretion and release of 

antral gastrin 
Stimulates growth of intestinal mucosa and 

pancreas 

Inhibits gastric acid and pl_!PSin secretion 
Stimulates pancreatic insuhn release in response to 

hyperglycemia 

Stimulates upper gastrointestinal tract motility 
May initiate the m1grating motor complex 

Primarily functions as a neuropeptide 
Potent vasodilator 
Stimulates pancreatic and intestinal secretion 
Inhibits gastric acid secretion 

Stimulates growth of small and large bowel 
mucosa 

Glucagon-like peptide-1: 
Stimulates insulin release 
Inhibits eancreatic glucagon release 

Glucagon-l1ke peptide 2: 
Potent enterotrophic factor 

Inhibits gastric and pancreatic secretion 
Inhibits gallbladder contraction 
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Table SD-4 Diagnostic and Therapeutic Uses of Gastrointesti
nal Hormones. 
HORMONE 
Gastrin 

Cholecystokinin 

Secretin 

Glucagon 

Somatostatin 
analogues 

DIAGNOSTIC AND THERAPEUnC USES 
Pentagastrin (gastrin analogue) used to measure 

maXtmal gastric acid secretion 

Biliary imaging of gallbladder contraction 

Provocative test for gastrinoma 
Measurement of maximal pancreatic secretion 

Suppresses bowel motility for endocrine spasm 
Relieves sphincter of Oddi spasm 
Provocative test for insulin, catecholamine, and 

growth hormone release 

Treat carcinoid diarrhea and flushing 
Decrease secretion from pancreatic and intestinal 

fistulas 
Ameliorate symptoms associated with hormone

overproducing endocrine tumors 
Treat esophageal variceal bleeding 

which are composed of a, ~. andy subwuts, are the molecular 
switches for signal transduction. Agonist binding to the seven
transmembrane domain receptor is thought to cause a confor
mational change in the receptor that allows it to .interact with 
the G proteins. lntracelltLiar second messengers that can then be 
activated include cyclic adenosine monophosphate (cAMP), 
Ca2+ cyclic guanosine monophosphate (cGMP), and inos.itol 
phosphate. 

In addition to the gastrointestinal hormones, a number of 
other peptides and growth factors are located in the gastrointes
tinal mucosa, including epidermal growth factor, transforming 
growth factor-a and -!3, insulln-Like growth factor, fibroblast 
growth factor, and platelet-derived growth factor. These pep tides 
play a role in cell growth and differentiation and act through 
tyrosine kinase receptors, which have a single membrane
spanning domain. 

A third class of surface receptors, the ion charlllel-linked 
receptors, are found most commonly in cells of neuronal lineage 
and usually bind specific neurotransmitters. Examples include 
receptors for excitatory (acetylcholine and serotoni11) and inhibi
tory (y-aminobutyric acid, glycine) neurotra11Sntitters. TI1ese 
receptors undergo a conformational chru1ge on binding of the 
mediaror, wluch allows passage of ions across the cell membrane 
and results in changes in voltage potential. 

IMMUNE FUNcnON 
During the course of a normal day, we ingest a number of bac
teria, parasites, and viruses. The large surface area of the small 
bowel mucosa represents a potential major portal of entry for 
these pathogens; the small intestine serves as a major in1111uno
logic barrier in addition to its important role in digestion and 
endocrine function. As a result of constaJlt antigenic exposure, 
the intestine possesses abundrult lymphoid cells (e.g., B and T 
lymphocytes) and myeloid cells (e.g., macrophages, neutrophils, 
eosinophils, mast cells). To deal with the constant barrage of 
potential toxiJlS and antigens, the gut has evolved into a highly 
organized and efficient mechru1ism for a11tigen processing, 
humoral immunity, and cellular immunity. The gut
associated lymphoid tissue .is localized in three areas-Peyer 
patches, lamina propria lymphoid cells. and intraepithclial 
lymphocytes. 

Peyer patches are unencapsulated lymphoid nodules that 
constitute an afferent limb of the gut-associated lymphoid tissue, 
which recogni-tes antigens through the speciali:r.ed sampling 
mecha.Jtism of the microfold (M) cells contained within the 
follicle-associated epitheliun1 (Fig. 50-11). Antigens that gain 
acces:s ro rhe Peyer parches activate ru1d prime B and T cells in 
that site. TheM cells cover the lymphoid follicles in the game
intestinal tract and provide a si te for the selective san1pling of 
intraluminal antigens. Activated lymphocytes from intestinal 
lymphoid follicles then leave the intestinal tract and migrate into 
afferent lymphatics that drain into mesenteric lymph nodes. 
Furthermore, these cells migrate into the lantina propria. The B 
lymphocytes become surface immunoglobulin A (IgA)-bearing 
lymphoblasts, which serve a critically in1portant role in mucosal 
immunity. 

B lymphocytes and plasma cells, T lymphocytes, macro
phages, dendritic cells, eosu1ophils, ru1d mast cells are scattered 
throughout the connective tissue of the lan1i11a propria. Approxi
mately 60% of the lymphoid cells are T cells. These T lympho
cytes are a heterogeneous group of cells ru1d cru1 differentiate 
u1to one of several types ofT effector cells. Cytotoxic T effector 
cells damage the target cells directly. Helper T cel.ls are effector 
cells that help mediate induction of other T cells or the induc
tion of B cells to produce humoral antibodies. T suppressor cells 
perform just the opposite function. Approximately 40% of the 
lymphoid cells in the lantina propria are B cells, whicl1 are pri
marily derived from precursors in Peyer patches. 1l1ese B cells 
ru1d their progeny, plasma cells, are predornb1anrly focused on 
fgA synthesis and, to a lesser extent, on IgM, fgG, and IgE 
syntbesis. 

The Ulttaepithelial lymphocytes are located in the space 
between the epithelial cells that line the mucosal surface and lie 
dose to the basement membrane. lt is thought that most of the 
intraepithelial lymphocytes are T cells. On activation, the 
intraepithdiallymphocytes may acquire cytolytic functions that 
can contribute to epithelial cell death through apoptosis. These 
cells may be important in the immunosurveiUance against 
abnonnal epithelial cells. 

As noted, one of the major protective immw1e mechanisms 
for the intestinal tract is the synthesis and secretion oflgA. The 
intestine contains more than 70% of the IgA-producing cells in 
the body. IgA is produced by p.lasma cells in the lanuna propria 
ru1d is secreted imo the intestine, where it CaJl bu1d amigens al 
the mucosal surface. The lgA antibody traverses the epithelial 
cell to the lumen by means of a protein carrier (the secretory 
component) that not oruy transports the IgA, but also protects 
it against the intracellular lysosomes. IgA does not activate com
plement and does not erulance cell-mediated opsonization or 
destruction of infectious orgru1isms or a11tigens, which is in 
sharp contrast with the role of other immunoglobulins. Secre
tory IgA inhibits the adherence of bacteria to epithelial cells and 
prevents their colonization and multiplication. [n addition, 
secretory IgA neutralizes bacterial toxins and viral activity and 
blocks the absorption of antigens from the gut. 

OBSTRUcnON 
1l1e description of patients presentu1g with small bowel obstruc
tion dates back w rhe third or fourth cenrury BC, when Praxago
ras created an enterocutaneous fistula to relieve a bowel 
obstruction. Despite this success with operative therapy, the 
nonoperative management of these patienrs with attempted 
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IMMUNOLOGIC BARRIER 
Secretory lgA and lgM 

Dietary 
o antigen 

0 

0 
0 

reduction of hemlas, laxatives, ingestion of heavy metals (e.g., 
lead, mercury), and leeches ro remove roxie agents from the 
blood was the mle until the late 1800s, when antisepsis and 
aseptic surgical techniques made operative intervention safer and 
more acceptable. A better understanding of the pathophysiology 
of bowel obstruction and the use of isotonic fluid resuscitation, 
intestinal tube decompression, and antibiotics has greatly 
reduced the monality rate for patients with a mechanical bowel 
obstruction. However, patients with a bowel obstruction still 
represent some of the most difficult and vexing problems that 
surgeons face with regard to correct diagnosis, optimal tim ing 
of therapy, and appropriate treatment. Ultimate clinical deci
sions regarding the management of these patients dictates a 
thorough history and workup and heightened awareness of 
potential complications. 

Causes 
The causes of a small howe! ohstruction can be divided into three 
categories (Box 50- I): 

1. Obstruction arising from extraluminal causes (e.g., adhe
sions, hernias, carcinomas, abscesses) 
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NON-IMMUNOLOGIC BARRIER 
Digestive enzymes, mucus, 
peristalsis, intestinal flora 

0 

0 

Secretory 
immunoglobulin 
transported 
across 
epithelial cell 

Plasma cell 
producing 
secretory 
immunoglobulin 

2. Obstruction intrinsic to the bowel wall (e.g., primary 
tumors) 

3. Inrraluminal ohmrator obstruction (e.g., gallsrones, entero
liths, foreign bodies, be-wars) 
TI1e causes of small bowel obstruction have changed dra

matically since the 1900s.5 At the turn of the 20th century, 
hernias accounted for more than 50% of mechanical intestinal 
obstructions. With the routine elective repair of hernias, this 
cause has dropped to the third most common cause of small 
bowel obstruction in industrialized countries. Adhesions second
ary to previous surgery are now the most common cause of small 
bowel obstruction (Fig. 50-12). 

Adhesions, particularly after pelvic operations (e.g., h'Ylle· 
cologie procedures, appendectomy, colorectal resection), are 
responsible for more than 60% of all causes of bowel obstruction 
in the United States. Tills preponderance of lower abdominal 
procedmes to produce adhesions that result in obstn1ction is 
thought to be caused by the fact that the bowel is more mobile 
in tl1e pelvis and more tethered in the upper abdomen. 

Malignant rumors account for approximately 20% of tbc 
cases of small bowel obstruction. Most of tl1cse rumors arc 
metastatic lesions that obstruct the intestine secondary to 
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:aox SO-l :,Causes ,of Mechanical Small Intestinal Obstruction 
'in Adulk ·,:: -· · -·- .·- . .- :· ·- · · · - -" '- · · .. ·" · i 
-··--···-..,._-
Lesions Extrinsic to the Intestinal Wall 
Adhesions (usually postoperative) 
Hernia 

• External (e.g., inguinal, femoral, umbilical, or ventral 
hernias) 

• Internal (e.g., congenital defects such as paraduode
nal, foramen of Winslow, and diaphragmatic hernias 
or postoperative secondary to mesenteric defects) 

Neoplastic 
• Carcinomatosis 
• Extraintestinal neoplasms 

Intra-abdominal abscess 

Lesions Intrinsic to the Intestinal Wall 
Congenital 
Malrotation 
Duplications, cysts 

Inflammatory 
Crohn's disease 
Infections 

• Tuberculosis 
• Actinomycosis 
• Diverticulitis 

Neoplastic 
Primary neoplasms 
Metastatic neoplasms 

Traumatic 
Hematoma 
Ischemic strictme 

Miscellaneous 
Intussusception 
Endometriosis 
Radiation enteropathy /stricture 

Intraluminal, Obturator Obstruction 
Gallstone 
Enterolith 
Bezoar 
Foreign body 

Adapted from lito WA. Sarr MG: Intestinal obstruction. In Zuidema GO (ed): 
Surgery of the alimentary tract, Philadelphia. 1996, WB Saunders, pp 375-416. 

peritoneal impaams thar have spread from an intra-abdominal 
primary run1or, such as ovarian, pancreatic, gastric, or colon 
cancer. Less often, malignant cells from distant sites, such as 
breast, lung, and melanoma, may metastasize hematogeJlously 
and accow1t for peritoneal implants, resulting in an obstruction. 
Large intra-abdominal tumors may also cause small bowel 
obstruction through extrinsic compression of the bowel lumen. 
Primary colonic cancers, particularly those arising from the 
cecum and ascending colon, may present as a small bowel 
obstrucrion. Primary small bowel tumors can cause obstruction 
but are exceedingly rare. 

Hernias are the third leading cause ofimestinal obstruction 
and account for approximately 10% of all cases. Usually, these 
represent ventral or inguinal hernias. [mernal hernias, generally 
related to prior abdominal surgery, can also result in small bowel 

Adhesions 
(-60%) 

Miscellaneous (<5%) 

Crohn's disease (-5%) 

Hernias 
(- 10%) 

Neoplasms 
(-20%) 

FIGURE so-12 Common causes of small bowel obstruction in indus
trialized countries. 

obstruction. Less conm1on hernias can also produce obstruction, 
such as femoral, obturator, lumbar, and sciatic hernias. 

C rohn's disease is the fourth leading cause of small bowel 
obstruction and accounts for approximately 5% of alJ cases. 
Obstmction can resLtlt from acute inflammation and edema, 
which may resolve with conservative management. In patients 
with long-standing Crolm's disease, strictures can develop that 
may require resection and rea.nastomosis or strictureplasty. 

An important cause of small bowel obstruction that is not 
routi.nely considered is obstruction associated with an intra
abdominal abscess, commonly from a ruptured appe11dix, diver
ticulum, or dehiscence nf an imestinal anastomosis. ll)e 
obstruction may occur as a result of a local ileus in the small 
bowel adjacent to the abscess. ln addition, the small bowel can 
form a portion of the wall of the abscess cavity and become 
obstructed by kinking of the bowel at this point. 

Miscellaneous causes of bowel obstruction account for 2% 
to 3% of all cases but should be considered in the differential 
diagnosis. l11esc include intussusception of the bowel, whicl1 in 
the adult is usually secondary to a pathologic Jead point, such 
as a polyp or tumor (Fig. 50- 13), gallstones, whicl1 can enter the 
intestinal lumen by a cholecystenreric fistula and cause obstruc
tion, enteroliths originating from jejw1al diverticula, foreign 
bodies, and phyrobezoars. 

Pathophysiology 
Early in the course of an obsm•ction, intestinal motility and 
contractile activity increase in an effort to propel luminal con
rents past the obstructing point. The increase in peristalsis that 
occurs early in the course of bowel obstruction is present above 
and below the point of obstruction, thus accounting for the 
finding of diarrhea that may accompany partial or even complete 
small bowel obstruction in the early period. Later in the course 
of obstruction, the intestine becomes fatigued and dilates, with 
contractions becoming less frequent and less intense. 

As the bowel dilates, water and electrolytes accumulate 
intraluminally and in the bowel wall itsel.f. This massive third
space fluid loss accounts for the dehydration and hypovolemia. 
The metabolic effects of fluid loss depend on the site and dura
tion of the obstruction. W'ith a proxin1al obstruction, dehydra
tion may be accompanied by hypochloremia, hypokalemia, and 
metabolic alkalosis associated with increased vomiting. Distal 
obstruction of the small bowel may result i_n large quantities of 
intestinal fluid into the bowel; however, abnormalities in serum 
electrolyte levels are usuaUy less dra.n1atic. Oliguria, azotemia, 
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FIGURE 50-13 Jejunojenunal intussusception in an adult patient 
(Courtesy Dr. Steven Williams, Nampa, ID.) 

and hemoconcentration can accompany the dehydration. Hypo
tension and shock can ensue. Other consequences of bowel 
obstruction include increased intra-abdominal pressure, 
decreased venous return, and elevation of the diaphragm, com
promising ventilation. These factors can serve to potentiate the 
effects of hypovolemia further. 

As tbe intraluminal pressure increases in the bowel, a 
decrease in mucosal blood Aow can occur. These alterations are 
particularly noted in patients with a dosed loop obstruction, in 
which greater intraluminal pressures are attained. A dosed loop 
obstruction, produced commonly by a twist of the bowel, can 
progress to arterial occlusion and ischemia if left untreated and 
may potentially lead to bowel perforation and peritonitis. 

In the absence of intestinal obstruction, the jejunum and 
proximal ileum :are almost sterile. With obstruction, however, 
the Aora uf the small intestine changes d ramaticaiJy, in both the 
type of organism (most commonly Escherichia coli, Streptococcus 
foecalis, and Klebsiel/11 spp.) and the quantity, with organisms 
reaching concentrations of 109 to 1010/mL. Studies have shown 
an increase in tbe number of indigenous bacteria translocating 
to mesenteric lymph nodes and even systemic organs. However, 
the overaiJ imponance of this bacterial translocation on the 
clinical course has not been entirdy defined. 

Clinical Manifestations and Diagnosis 
A thorough hisrory and physical examination are critical to 
establishing the diagnosis and treatment of the patient with an 
intestinal obstruction. In most patients, a meticulous history 
and physical examination complemented by plain abdominal 
radiographs are all that is required to establish the diagnosis and 
devise a treatment plan. More sophisticated radiographic studies 
may be necessary in certain patients in whom the diagnosis and 
cause are uncertain. However, a computed tomography (CT) 
scan of the abdomen should not be the starting point in the 
workup of a patient with intestinal obstruction. 

History 
The cardinal symptoms of intestinal obstruction include 
colicky abdominal pain, nausea, vomiting, abdomi11al disten
tion, and a failu.re to pass Aaws and feces (obstipation). TI1ese 
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symptoms may vary with the site and duration of obstruction. 
The typical cran1py abdominal pain associated with intestinal 
obstruction occurs iJl paroxysms at 4- to 5-minute intervals 
and occurs less frequently with distal obstruction. Nausea and 
vomiting are more common with a higher obstruction and 
may be the only symproms in patient.~ with gasrric outlet or 
high intestinal obstruction. An obstruction located distaiJy is 
associated with less emesis; the initial and most prominent 
symptom is the cramping abdominal pain. Abdominal disten
tion occurs as the obstruction progresses and the proximal 
intestine becomes increasingly dilated. Obstipation is a later 
development. It must be reiterated tbat patients, particularly 
in the early stages of bowel obstruction, may relate a history 
of diarrhea that is secondary to increased peristalsis. Therefore, 
the important point to remember is that a complete bowel 
obstruction cannot be ruled out ba~ed on a history of loose 
bowel movements. The character of the vomitus is also in1por
tant to obtain in the history. As the obstruction becomes more 
complete with bacterial overgrowth, the vomitus becomes 
more feculent, indicating a late and established intestinal 
obstruction. 

Physical Examination 
1he patient with intestinal obstruction may present with tachy
cardia and hypotension, demonstrating the severe dehydration 
that is present. Fever suggests the possibility of strangulation. 
Abdominal examination demonstrates a distended abdomen, 
with the amount of distention somewhat dependent on the level 
of obstruction. Previous surgical scars should be noted. Early in 
the course of bowel obstruction, peristaltic waves can be 
observed, particularly in thin patients, and auscultation of the 
abdomen may demonstrate hyperactive bowel sounds with 
audible rushes associated with vigorous peristalsis (borborygmi). 
Late in the obstructive course, minimal or no bowel sounds are 
noted. Mild abdominal tenderness may be present, with or 
without a palpable mass; however, localized tendemess, rebound, 
and guarding suggest peritonitis and the likelihood of strangula
tion. A careful examination must be perfom1ed to rule out 
incarcerated hernias in the groin, femoral triangle, and obturator 
foramen. A rectal examination should be performed to assess for 
intralttminal masses and to examine the stool for occult blood, 
which may be an indication of malignancy, intussusception, or 
infarction. 

Radiologic and Laboratory Studies 
1he djagnosis of intestinal obstruction is often immediately 
eviden t after a thorough histOf)' and physical examination. 
Therefore, plain radiographs usually confirm the clinical suspi
cion and define tl1e site of obstruction more accurately. 1he 
accuracy of diagnosis of the smaiJ intestinal obstruction on plain 
abdominal radiographs is estimated to he approximately 60%, 
with an equivocal or a nonspecific diagnosis obtained in the 
remainder of cases. Characteristic findings on supine radio
graphs are dilated loops of small intestine, without evidence of 
colonic distention. Upright radiographs den10nsrrate multiple 
air-Auid levels, which often layer iJl a stepwise pattern (Fig. 
50-14). Plain abdomjnal films may also demonstrate the cause 
of the obstruction (e.g., foreign bodies, gallstones; Fig. 50-l5). 
In uncertain cases, or wben one is unable to differentiate partial 
from complete obstruction, further diagnostic evaluation may 
be required. 
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FIGURE 50-14 Plain abdominal radiographs of a patient with a complete small bowel obstruction. A. Supine film shows dilated loops of small 
bowel in an orderly arrangement, without evidence of colonic gas. 8, Upright fil m shows multiple, short air-fluid levels arranged in a stepwise 
pattern. (Courtesy Dr. Melvyn H. Schreiber, The University of Texas Medical Branch, Galveston, Tex.) 

]n the more complex patiem in whom the diagnosis is not 
readily apparent, CT has proved to be beneficial (Fig. 50-16). 
CT is particularly sensitive for dial,'llOsing complete or high
grade obstruction of the small bowel and for determinjng the 
location and cause of obstruction. The CT examination is less 
sensitive, bowever, in patients witb partial small bowel obstruc
tion.6 In adrution, CT is helpful if an extrinsic cause of bowel 
obstruction {e.g., abdominal tumors, inAan1matory disease, or 
abscess) is suggested (Fig. 50-17). CT bas also been described 
as useful for detemlining bowel strangulation. Unfortunately, 
CT findings associated with strangulation arc those of irrevers
ible ischemia and necrosis. 

Barium sturues have been a useful adjLmct in certain 
patients with a presumed obstruction. In particular, enteroclysis. 
which involves the oral insertion of a tube into the duodenum 
to instill air and barium rurectly intO the small intestine and to 
follow the movement fluoroscopically, has been helpful in the 
assessment of obstruction.' Enteroclysis has been advocated as 
the definitive study in patients for whom the diagnosis of low
grade, intermittent, small bowel obstruction is clinically uncer
tain. In adrution, barium sturucs can precisely demonstrate the 
level of tl1e obstruction as well as the cause of tl1e obstruction 
in certain cases {Fig. 50-H!). 1l1e main disadvantages of entero
dysis are the need for nasocnteric intubation, slow transit of 
contrast material in patients witl1 a fluid-filled hypotonic small 
bowel, and enbanced expertise required by the raruologist to 
perform this procedure. 

Ultrasound has been reported to be useful for pregnant 
patients because raruation exposure is a concern. Magnetic reso
nance imaging (MRD has been described in patients with 

obstruction; however, it appears to be no better ruagnosticaU>' 
man CT. 

To summarize, plain abdominal radiographs are usually 
diagnostic of bowel obstruction in more than 60% of the cases, 
but further evaluation (possibly by CT or barium radiography) 
may be necessary in 20% to 30% of cases. CT examination is 
particularly useful in patients with a history of abdominal malig
nancy, postsurgical patients, and patients who have no history 
of abdominal surgery and presem with symptoms of bowel 
obstruction . Barium sturues are recommended for patients with 
a history of recurring obstruction or low-grade mechanical 
obstruction co define the obstructed segment and degree of 
obstruction precisely. 

Laboratory tests are not helpful in the actual ruagnosis of 
patients with small bowel obstruction but are extremely impor
tant in asses.~ing rhe degree of dehydration. Patients with a bowel 
obstruction should routinely have laboracory measurements of 
serum sodium, d1loride, potassium, bicarbonate, and creatinine 
levels. The serial determination of serum electrolyte levels should 
be performed to assess the adequacy ofAwd resusci tation. Dehy
dration may result in hemoconcentration, as noted by an ele
vated hen1atocrit value. 1lus should be morutored because fluid 
resuscitation results in a decrease in the hematocrit and some 
patients (e.g., those with intestinal malignancies) may require 
blood transfusions before surgery. Ln addition, tl1e white blood 
cell count should be assessed. Leukocytosis may be found in 
patients with strangulation; however, an elevated white blood 
cell count docs not necessarily denote strangulation. Conversely; 
me abseJlCC of leukocytosis does not eliminate Strangulation as 
a possibility. 
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FIGURE 50-15 Plain abdominal film shows complete bowel obstruc
tion caused by a large radiopaque gallstone (arrow) obstructing the 
distal ileum. 

Simple Versus Strangulating Obstruction 
Most patien ts with small howel ohstruction are classified as 
having simple obstructions that involve mechanical blockage of 
the flow of luminal contents without compromised viability of 
the intest inal wall. ln contrast, strangulation obstruction , which 
usually involves a d osed loop obstruction in which the vascular 
supply to a segment of intestine is compromised, can lead to 
intestinal infarction . Strangulation obstruction is associated with 
an increased morbidity and mortality risk, and therefore recog
nition of early strangulat ion is important. In differentiating from 
sim ple intestinal obstruction , classic signs of strangulation have 
been described ; these include tacbycardia, fever, leukocytosis, 
and a constant, noncrampiJ1g abdomiJ1al pain. H owever, a 
number of stud'ies have convincingly shown that no clinical 
parameters or laboratory measurements can accurately detect or 
exclude the presence of strangulation in all cases. 

CT examination is useful only for detecting the late stagt>:S 
of irreversible isffiemia {e.g., pneumatosis intestinalis. portal 
venous gas). Various serum determinations, in cluding lactate 
dehydrogenase, amylase, alkaline phosphatase, and ammonia 
levels, have been :assessed with no real benefi t . Initial reports have 
described some limited success in discriminating strangulation 
by mca~uring serum o-lactate, creatine phosphokinase isoen
zyme (particularly the BB isoenzyme), or intestinal fatty acid
binding protein; however, these are only investigational and 
cannot be widely applied to pat ients with obstruction. Finally, 
noniJwasive determinations of mesenteric ischemia have been 
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FIGURE 50-16 CT scan through the midabdomen shows dilated 
small bowel loops filled with Huid and decompressed ascending and 
descending colon. These are typical CT findings in small bowel 
obstruction. (Courtesy Dr. Eric Walser, The University of Texas Medical 
Branch, Galveston, Tex.) 

FIGURE 50-17 CT scan of the abdomen of a patient with a mechani
cal bowel obstruction secondary to an abscess in the right lovver 
quadrant (arrow). Multiple dilated and Huid-filled loops of small 
bowel are noted. (Courtesy Dr. Melvyn H. Schreiber, The University of 
Texas Medical Branch, Galveston, Tex.) 

described using a superconducting quanrum in terference 
device {SQUID) magnetometer to detect mesenteric ischemia 
noninvasivcly. Intestinal ischemia is associated with changes 
iJ1 the basic electrical rhythm of the small intestine. This tech
nique remains investigational and is not m widespread 
cl in icaJ use. 

Thus, it is important to remember that bowel ischemia and 
strangulation cannot be reliably diagnosed or excluded preopera
tively in all cases by any known clinical parameter, combination 
of parameters, or current laboratory and radiographic 
examinations. 
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FIGURE 50-18 Barium study demonstrates jejunojejunal intussus
ception. (Courtesy Dr. Melvyn H. Schreiber, The University of Texas 
Medical Branch, Galveston, Tex.) 

Treabnent 

Fluid Resuscitation and Antibiotics 
Patients with intestinal obstruction are usually dehydrated and 
depleted of sodium, chJoride, and potassium, requiri11gaggressive 
IV replacement with an isownic saline solution such as lacrared 
Ringer's solution. Urine output should be monitored by the 
placement of a Foley catheter. Mter the patient has formed ade
quate urine, potassium chloride should be added to the infusion, 
if needed. Serial electrolyte level measurements, as well as hema
tocrit and white blood ceU count, are performed to assess the 
adequacy of fluid repletion. Because of large fluid requirements, 
some patients, particularly older patients, may require central 
venous assessment and, in some cases, the placement of a Swan
Ganz catheter. Broad-spectrum antibiotics are given prophylacti
cally by some surgeons based on the reported findings of bacterial 
translocation occurring even in simple mechanical obstructions. 
ln addition, antibiotics are administered as a prophylaxis for pos
sible resection or i_nadvertent enterotomy at surgery. 

Tube Decompression 
In addition to IV fluid resuscitation, another important adjunct 
to the supportive care of patients with intestiJ1al obstruction is 
nasogastric suction. Nasogastric suction with a Levin tube 

empties d1e stomach, reducing the hazard of pulmonary aspira
tion of vomitus and minin1izing further intestinal distention 
from preoperatively swallowed air. TI1e use of long intestinal 
rubes (e.g., Cantor or Baker tube) has been advocated by some. 
However, prospective randomi:z.ed trials have demonstrated no 
significant differences with regard to the decompression achieved, 
success of nonoperative treatment. or morbidity rate after surgi
cal intervention compared with d1e use of nasogastric tubes. 
Furthermore, the use of these long tubes bas been associated 
with a significantly longer hospital stay, duration of postopera
tive ileus, and postoperative complicatiollS in some series. There
fore, it appears that long intestinal tubes offer no benefi t in the 
preoperative setting over nasogasuic tubes. 

Patients witb a partial intestinal obstruction may be treated 
conservatively with resuscitation and tube decompression alone. 
Resolution of symptoms and discharge without the need for 
surgery have been reported in 60% to 85% of patients with a 
partial obstruction.5 Enterodysis can assist Ul determining the 
degree of obstruction, wi th higher grade partial obstructions 
requiring earlier operative u1tervention. Although an initial trial 
of nonoperative management <lf most patients wid1 partial small 
bowel obstruction is warranted, it should be empha~iz.ed that 
clinical deterioration of the patiem or increasing small bowel 
distention on abdominal radiographs during tube decompression 
warrru1ts prompt operative intervention. 'TI1e decision to continue 
to treat a patient nonoperatively with a presumed bowel obstruc
tion is based on di.nical judgment and requires constant vigilance 
to ensure that d1e cli11ical course bas not changed. 

Operative Management 
[n general, the patient with a complete small bowel obstruction 
requires operative intervention. A nonoperative approad1 to 
selected patients with complete small intestinal obstruction bas 
been proposed by some, who argue that prolonged intubation 
is safe in these patients provided that no fever, racl1ycardia, 
tenderness, or leukocytosis is noted. Nevertheless, one must 
realize that non operative management of these patients is wlder
taken at a calculated risk of overlooking an underlying strangula
tion obstruction and delaying the treatment of intestinal 
strangulation until after the injury becomes irreversible. Retro
spective studies have reported that a 12- to 24-hour delay of 
surgery in these patients is safe but that the incide11ce of stran
gulation a11d other complications increases significantly after this 
period. 

The nature of the problem dicrate.s the approach to man
agement of the obstructed patient. Patients with intestinal 
obstruction secondary to an adhesive band may be treated with 
lysis of adhesions. Great care should be used in the gentle han
dling of the bowel to reduce serosal trauma and avoid unneces
sary dissection and iJ1advertent enterotomies. Incarcerated 
hernias can be managed by manual reduction of the herniated 
segment of bowel ru1d closure of the defect. 

The treatment of patients with an obstruction and history 
of malignant rumors can be particularly challenging. In the 
terminal patient with widespread metastasis, nonoperative man
agement, if successful, is usually the best course; however, only 
a small percentage of cases of comp.lete obstruction can be suc
cessfully managed nonoperatively. In this case, a simple bypass 
of the obstructing lesion, by whatever means, may offer the best 
option rather than a long ru1d complicated operation that might 
entail bowel resection. 

http://www.myuptodate.com


An obstruction secondary to Crohn's disease will often 
resolve with conservative management if the obstruction is 
acute. If a chronic fibrotic stricture is the cause of the obstruc
tion, a bowel resection or strictureplasty may be required. 

Patients with an intra-abdominal abscess can present in a 
manner indistinguishable from those with mechanical bowel 
obstruction. CT is particularly useful in diagnosing the cause of 
the obstruction in these patients; percutaneous drainage of the 
abscess may be sufficient to relieve the obstruction. 

Radiation enteropathy, as a complication of radiation 
therapy for pelvic malignancies, may cause bowel obstruction. 
Most cases can be treated nonoperatively with tube decompres
sion and possibly corticosteroids, particularly during the acute 
setting. In the chronic setting, nonoperative management is 
rarely effective and will require laparotomy, with possible resec
tion of the irradiated bowel or bypass of the affected area. 

At the time of exploration, it can sometimes be difficult to 
evaluate bowel viability after the release of a strangulation. lf 
intesti nal viability is questionable, the bowel segment should be 
completely released and placed in a warm, sa1ine-moistened 
sponge for 15 to 20 minutes and then reexamined. If normal color 
ha~ returned and peristalsis is evident. it is safe to retain the bowel. 
A prospective controiJed trial comparing clinica1 judgment with 
the use of a Doppler probe or the administration of fluorescein 
for the intraoperative discrimination of viability has foun d that 
the Doppler flow probe added Li ttle to the conventional clinical 
judgment of the surgeon. Ln difficul t borderline cases, fluorescein 
fluorescence may supplement clinical judgment. Another 
approach ro the assessment of bowel viability is the so-caiJed 
second-look !ttparotomy 18 to 24 hours after the initial procedure. 
11lis decision should be made at the time of the initial operation. 
A second-look laparotomy is clearly indicated for a patient whose 
condition deterio rates after the ini,tial operation. 

Some studies have evaluated the efficacy of laparoscopic 
managen1ent of acute smalJ bowel obstruction. The laparoscopic 
treatment of small bowel obstruction appears to be effective and 
leads to a shorter hospital stay in a highly selected group of 
patients.8 Patients fitting the criteria for consideration of 
laparoscopic management include those with the foiJowing 
symptoms: (1) mild abdominal distention allowing adequate 
visualization; (2) proximal obstruction; (3) partial obstruction; 
and (4) anticipated single-band obstruction. 

In particular, Japaroscopic treatment has been found to be 
of greatest benefit in patients who have undergone less than 
three previous operations, were seen early after the onset of 
symptoms, and were thought to have adhesive bands as the 
cause. Currently, patients who have advanced, complete, or 
distal smaiJ bowel obstructions are not candidates for laparo
scopic treatment. Unfortunately, most patients with obstruction 
are in this group. Similarly, patients with matted adhesions or 
carcinomatosis or those who remain distended after nasogastric 
intubation should be managed with conventional laparotomy. 
TI1erefore, the future role oflaparoscopic procedures in the treat
ment of these patients remains to be defu1ed. 

Management of Specific Problems 

Rea m ent Intestinal Obstruction 
All surgeons caJ1J readily (and most ofren painfully) remember 
the complicated patient with multiple previous abdominal oper
ations and a frozen abdome11 who presents with yet another 
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bowel obstruction. An i1litial nonoperatlve trial is usuaiJy desir
able and often safe. Ln those patients who do not respond con
servatively, reoperation is required. This can often be a long and 
arduous procedure, with great care taken to prevent enteroto
mies. In tl1ese dl.flicult patients, various surgica1 procedures and 
phan11acologic agent.~ have been rried in an efforr ro prevent 
recurrent adhesions and obstruction. 

External plication procedures have been described. in 
which the small intestine or its mesentery is sutured in large, 
gently curving loops. Common complications have included the 
development of fistulas, gross leakage, peritoJlitis, and deatl1. For 
this reason, and because of the low overaiJ success rate, these 
procedures have largely been abandoned. Several series have 
reported moderate success with in ternal fixation or stenting 
procedures using a long intestinal tube inserted through the 
nose, a gastrostomy, or even a jejunostomy and left in place for 
2 weeks or longer. Complications associated with these tubes 
include prolonged drainage of bowel contents from the tube 
insertion site, intussusception, and difficult removal of the tube, 
which may require surgical recxploration. 

Pharmacologic agents, including corticosteroids and othe.r 
anti-in Aammatory agents, cytotoxic drugs, and antihis tamines, 
have been used with limited success. The use of anticoagulants, 
such as heparin, dextran solutions, dicumarol, and sodium 
citrate, has modified the extent of adJ1esion formation, but their 
side effects far outweigh their efficacy. Intraperitoneal instillation 
of various proteinases (e.g., trypsin, papain, pepsin), which cause 
enzymatic digestion of the extracellular protein matrix, has been 
unsuccessful. Hyaluronidase has been of questionable value and 
conflicting results have been obtained with fibrinolytic agents 
such as streptokinase, urokinase, and fibrinolytic snake venoms. 
IJ1 a prospective multicenter trial, the use of a hyaluronate-based, 
bioresorbable membrane reduced the incidence and severity of 
postoperative adhesion formation. Another study fou nd that 
placement of this membrane reduced the severity, but not the 
incidence, of postoperative adhesion in patients undergoing a 
Hartman11 procedure. Longer term, randomized studies wiJJ be 
required to determine me efficacy of this material to prevent 
adhesions and ul timately prevent bowel obsrructlons. 1l1is could 
represent a significant advance if the lo11g-term i11cidence of 
obstruction is also shown to be reduced. 

To date, the most effective means of limiting the nun1ber 
of adhesions is a good surgical technique, which includes the 
gentle handling of the bowel to red uce serosal trauma, avoidance 
of UJmecessary dissection, exclusion of foreign material from the 
peri toneal cavity-the use of absorbable suture material when 
possible, the avoidance of excessive use of gauze sponges, and 
the removal of starch from gloves-adequate irrigation and 
removal of infectious and ischemic debris, and preservation 
and use of the omenttun arOUJ1d the site of surgery or in the 
denuded pelvis. 

Acute Postoperative Obstruction 
Small bowel obstruction that occurs in the immediate postop
erative period presents a challenge in regard to diagnosis and 
treatment. 9 Diagnosis is often difficult because the primary 
symptoms of abdominal pain and nausea o.r emesis may be 
arrrihuced to a postoperative ileus. Elecrrolyte deficiencies, par
ticularly hypokalemia, can be a cause of ileus and should be 
corrected. Plain abdominal films are usuaUy not helpful in dis
tinguishing an ileus from obstruction. CT may be useful in this 
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regard and, in [particular, enteroclysis studies may be helpful in 
determining whether an obstruction exists and, if so, the level 
of the obstruction. More than 90% of early postoperative 
obstructions are partial and will resolve spontaneously, given 
an1ple time. Conservative management in the form of bowel 
rest, Auid resuscitation, elecuolyte replacemem, and parenteral 
nutrition, if necessary, is routinely successful. However, the 
development of complete obstruction or signs of strangulation 
mandates reoperative intervention. Postoperative bowel obstruc
tion after laparoscopic surgery is more commonly associated 
with a definitive obstruction point such as a port site hernia or 
an internal hernia and should prompt a high index of suspicion 
for the need for operative intervention. 

Ileus 
An ileus is defined as intestinal distention and the slowing or 
absence of passage of luminal contents without a demonstrable 
mechanical obstruction. An ileus can resul.t from a number of 
causes, including drug induced, metabolic, neurogenic, and 
infectious factors (Box 50-2). 

Pharmacologic agents that can produce an ileus include 
anticholinergic drugs, autonomic blockers, antibistamines, and 
various psychotropic agents, such as haloperido l and tricyclic 
antidepressants. One of the more common causes of drug
induced ileus im the operat ive patient is the use of opiates, such 
as morphine o r meperidine. Metabolic causes of ileus are 
common and include hypokalemia, byponatremla, and hypo
magnesemia. Other metabolic causes include uremia, diabetic 
coma, and hypoparathyroidism. Neurogenic causes of an ileus 
include postoperative ileus, which occurs after abdominal opera
tions. Spinal injury, retroperitoneal irritation, and orthopedic 
procedures on the spine or pelvis can result in an ileus. Finally, 
infections can result in an ileus; common infectious causes 
include pneumonia, peritonitis, and generalized sepsis from a 
nonabdominal source. 

Patients often present in a manner similar to those with a 
mechanical small bowel obstruction. Abdominal distention, 
usually without the colicky abdominal pain, is the typical and 
most notable fi nding. Nausea and vomiting may occur but may 
also be absent. Patients with an ileus may continue to pass flatus 
and diarrhea, which may help distinguish these patients from 
those with a mechanical small bowel obstruction. 

Radiologic studies may help distinguish ileus from small 
bowel obstruction. Plain abdominal radiographs may reveal 

Causes of Ileus 

After laparotomy 
Metabolic and! electrolyte derangements (e.g., hypokalemia, 

hyponatremia, hypomagnesemia, uremia, diabetic coma) 
Drugs (e.g., opiates, psychotropic agents, antichol inergic 

agents) 
lntra.abdominal inflammation 
Retroperitoneal hemorrhage or inflammation 
Intestinal ischemia 
Systemic sepsis 

Adapted from Turnage RH, Bergen PC: Intestinal obstruction and ileus. In Feldman 
M, Scharschmidt FG, Sleisenger MH (eds): Gastrointestinal and liver disea5es: 
Pathophysiology, diagnosis, management Philadelphia, 1998, WB Saunders, pp 
1799-1810. 

distended small bowel as well as large bowel Loops. In cases that 
are difficult to differentiate from obstruction, barium studies 
may be beneficial. 

The treatment of an ileus is entirely supportive, with naso
gastric decompression and rv Auids. The most effective treat
menr ro correct the underlying condition may be aggressive 
treatment of the sepsis, correction of any metabolic or electrolyte 
abnormalities, and discontinuation of medications that may 
produce an ileus. Pharmacologic agents have been used but, for 
tl1e m ost part, have been ineffective. Drugs that block sympa
thetic input (e.g., guanethidine) or stimulate parasympathetic 
activity (e.g., betbanecbol, neostigmine) have been tried. ln 
addition, hormonal manipulation, using cholecystokinin or 
moti.lln, bas been evaluated, but the results have been inconsis
tent. IV erythromycin has been ineffect ive and cisapride, 
although apparently beneficial in stimulating gastric motility:. 
does not appear to alter intestinal ileus. 

INFLAMMATORY DISEASES 

Crohn's Disease 
Crohn's dlsease is a chronic, transmural inflammatory disease of 
tl1e gastrointestinal tract for which d1e cause is unknown. 
Crohn's disease can involve any part of the alinlentary tract from 
the mouth to the anus but most commonly affects the small 
intestine and colon. TI1e most common clinical manifestations 
are abdominal pain, diarrhea, and weight loss. Crohn's disease 
can be complicated by imestinal obstruction or localized perfo
ration with fistula formation. Medical and surgical treatments 
are palliative; however, operative tl1erapy can provide effective 
symptomatic reJief for patients with complications from Crohn's 
disease and produces a reasonable long-term benefit. 

History 
TI1e first documented case of Crohn's disease was described by 
Morgagni in 1761. In 1913, the Scottish surgeon Dalziel 
described nine cases ofintestinal inflammatory disease. However, 
it is the landmark paper by Crohn and colleagues in 1932 that 
provided, in eloquent detail, the pathologic and clinical findings 
of this jnflammatory disease in young adults.10 1his classic paper 
crystallized the description of this inAanmJatory condition. 
Although many different and sometimes misleading) terms have 
been used to describe this disease process, Crohn's disease has 
been trniversally accepted as its name. 

Incidence and Epidemiology 
Crohn's disease is rhc most common primary surgical disease of 
d1e small bowel, with an annual incidence of three to seven 
cases/ lOO,OOO of the general population; the incidence is highest 
in North America and Northern Europe.11 Crohn's disease pri
marily attacks young adults in the second and third decades of 
life. However, a bimodal distribution is apparent, with a second 
smaller peak occurring in the sixth decade of life. Crohn's disease 
is more common in urban dwellers and, although earlier reports 
suggested a somewhat higher female predominance, the two 
genders a.re affected equally. 'TI1c risk for developing Crobn's 
disea.~ is about twice as high in smokers a~ in nonsmokers. 
Several studies have indicated an increased incidence of Crobn's 
disease in women using or-al contraceptives; however, more 
recent studies have shown no differences. Although Crohn's 
disease is uncommon in African blacks, blacks in the United 
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States have rates similar to whites. Certain ethnic groups, par
ticularly Jews, have a greater incidence of Crohn's disease than 
age- and gender-matched contro.l subjects. There is a strong 
familial association, with the risk for developing Crobn's disease 
increased about 30-fold in siblings and 14- to 15-fold for all 
firsr-degree relatives. Other analyses supporting a genetic role for 
Crobn's disease have shown a concordance rate of 67% in mono
zygotic twins. 

Causes 
The causes of Crohn's disease remain unknown. A number of 
potential causes have been proposed, with d1e most likely pos
sibilities being infectious, immunologic, and genetic. 11

•
12 Other 

possibilities mat have met with various levels of enthusiasm 
include environmental and dietary factors, smoking, and psy
chosocial factors. Although these latter factors may contribute 
to the overall disease process, it is unlikely that they represent 
the primary causative mechanism for Crohn's disease. 

lnfedious Agents Although a number of infectious agents have 
been proposed as potential causes of Crohn's disease, the two 
that have received the most attention are mycobacterial infec
tions, particulady Mycobacterium paratuberculosis, and the 
measles virus. The existence of atypical mycobacteria as a cause 
for Crohn's disease was proposed by Dalziel in I Y 13. Subsequent 
studies using pollymerase chain reaction (PCR) techniques have 
confirmed the presence of mycobacteria in intestiJlal san1ples of 
patients with Crohns disease. Transplamarion of tissue from 
patients with Crolm's disease has resulted in ileitis, but antimi
crobial therapy directed against mycobacteria has not been effec
tive iJ1 ameliorating the disease process. 

Immunologic FadOrs lmmunologic abnorma~ties that have been 
demonstrated i11 patients with Crohn's disease have included 
humoral and celll-mcdiatcd inmmne reactions directed against 
intestinal cells, suggestiJ1g an autoimmUJle phenomenon. Atten
tion has focusedl on the role of cywkines, sucb as imerleukin 
(IL)-1, IL-2, JL-.8, and TNF-o:, as contributing factors in the 
intestinal inflammatory response. l11e role of the immune 
response remains controversial in Crohn's dlsease and may rep
resent an effect of the disease process rather than an actual cause. 

Genetic Factors Generic facwrs play an i.nlportam role in the 
pathogenesi.s of Crohn's disease because the single strongest risk 
factor for developmg disease is havu1g a first-degree relative 
with Crohn's disease. European and American studies have 
reported the presence of a locus on chromosome 16q, the IBDl 
locus.13·

14 lndependent iJwestigative groups have identified the 
IBDJ locus as the CARD151NOD2 gene, a member of the 
CED4/APAF1 superfamily of apoptosis regulatory proteins, 
which mediates the innate inmlune response to microbial 
pathogens, leadilllg to nuclear factor- KB (NF-KB) activation. 
Individuals witl1 allelic variants of CARD15/NOD2 have a 
40-fold relative risk for Crohn's disease compared with the 
general population; the JBDJ .locus appears to be relatively 
specific for Cromm's disease and not ulcerative colitis. Other 
iJ1Aammarory bowel disease genomic regions include IBD2 
on chromosome I2q {observed more m ulcerative colitis) and 
IBD3, containing the major histocompatibility complex region 
located on chromosome 6p. Putative IBD loci have been identi
fied on chromosomes 5q, 19p, 7q. and 3p. 
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Even with strong evidence for a genetic lmk to Crohn's 
disease, it is worth rei terating that there is a substantially less 
than 100% concordance rate bervveCJ1 monozygotic twins, sug
gestmg mat si.nlple mCJ1ddiru1 Ulheritance cannot account for 
the pattern of occurrence. l11erefore, it is likely that multiple 
cause.~ (e.g., environmemal facrors) conuibure ro rhe cause and 
pathogenesis of this disease. 

Pathology 
The most common si tes of occurrence of Crohn's disease are the 
small intestine ru1d colon. The iJwolvement of the large and small 
intestine has been noted in about 55% of patients. Thirty percent 
of patients present with small bowel disease alone ru1d, in 15%, 
the disease appears lim ited to the large intestine. The disease 
process is discontinuous and segmental. lJl patients with colonic 
disease, rectal sparing is characteristic of Crohn's disease and helps 
distinguish it from ulcerative colitis. Perirectal and perianal 
involvement occurs in about one third of patients with Crohn's 
disease, particularly iliose with colonic involvement. Croh.n's 
disease caJl also involve d1e mouth, esophagus, stomad1, duode
num, and appendlx. Involvement of these sites can accompru1y 
disease in the small or large intestine, but in only rare cases have 
these lc,cations bcCJ1 the only apparent sites of involvement. 

Gross Pathologic Features At exploration, thickened grayish-pink 
or dull purple-red loops of bowel are noted, with areas of thick 
gray-white exudate or fibrosis of the serosa. Areas of diseased 
bowel separated by areas of grossly appearing normal bowel, 
called skip areas, are conm1only encountered. A striking findu1g 
of Crohn's disease is extensive far wrapping caused by the cir
cumferential growth of dle mesenteric far around the bowel wall 
(Fig. 50-19). As the disease progresses, the bowel wall becomes 
increasmgly thickened, firm, rubbery, and almost incompress
ible. The uninvolved proximal bowel may be dilated secondary 

FIGURE 50-19 Gross pathologic features of Crohn's disease. A. 
Serosal surface demonstrates extensive fat wrapping and inflamma
tion. 8. Resected specimen demonstrates marked fibrosis of the 
intestinal wall, stricture, and segmental mucosal inflammation. (Cour
tesy Dr. Mary R. Schwartz. Baylor College of Medicine, Houston.) 
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to obstruction of the diseased segment. involved segments often 
are adherent to adjacent intestinal loops or other viscera, with 
internal fistulas common in these areas. The mesentery of the 
involved segment is usually thickened, with enlarged. lymph 
nodes often noted. 

On openiJ1g the bowel, the earliest gross pathologic lesion 
is a superficial aphthous ulcer noted in the mucosa. As the 
disease progresses, the ulceration becomes pronounced , and 
complete transmural inflammation results. The ulcers are char
acteristically li111ear and may coalesce to produce transverse 
sinuses with islands of normal mucosa in between, thus giving 
the characteristic cobblestone appearance. 

Miaoscopic Feablres Mucosal and submucosal edema may 
be noted microscopically before any gross changes. A 
chronic inflanlmatory infiltrate appears in the mucosa and 
subm ucosa and extends transmurally. Tius inflammatory 
reaction is characterized by extensive edema, hyperemia, 
lymphangiecta~ia, an intense infiltration of mononuclear 
cells, and lymphoid hyperplasia. Characteristic lcistol.ogic 
lesions of Crohn's disease are noncasca.ting granulomas 
with Langerhans' giam cells. Granulomas appear later 
in the course and are found in the wall of the bowel or in 
regional lymph nodes in 60% to 70°A• of patients {Fig. 
50-20). 

FIGURE 50-20 Microscopic features of Crohn's disease. A. Transmural inflammation. B. Fissure ulcer (arrows). C, Noncaseating granuloma 
located in the muscular layer of the small bowel (arrow). (Courtesy Dr. Mary R. Schwartz, Baylor College of Medicine, Houston.) 
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Clinical Manifestations 
Crohn's disease can occur at any age, but the typical patient is 
a you11g adult in the second or third decade of life. The onset 
of disease is often insidious, with a slow and protracted course. 
Characteristica.Uy, there are symptomatic periods of abdominal 
pain and diarrhea interspersed with a.sympromaric periods nf 
varying lengths. With time, the symptomatic periods graduaUy 
become more frequent, more severe, and longer lasting. The 
most common symptom is intermittent and colicky abdominal 
pain, most commonly noted in the lower abdomen. The pain, 
however, may be more severe and localized and may mimic the 
signs and symptoms of acute appendkitis. Diarrhea is the next 
most frequent symptom and is present, at least imermittendy, 
in about 85% of patients. ln contrast to ulcerative colitis, 
patients with Crohn's disease typically have fewer bowel move
ments, and the stools rarely contain mucus, pus, or blood. 
Systemic nonspeci£c symptoms include a low-grade fever, 
present in about one third of the patients, weight loss, loss of 
strength, and malaise. 

Clinically, Crobn's disease is often classified based on its 
age of onset, behavior, and site of origin. The Vienna Classifica
tion (Table 50-5) dlvides all patients into 24 distinct categories 
based on symptom onset (before or after age 40), disease behav
ior (nonstricturing-nonpenetrating, stricturing, or penetrating), 
and disease site (terminal ileum, colon, ileocolon, upper gastro
intestinal tract). Thls classification was developed to provide a 
reproducible staging of the disease to help predict remission and 
relapse and direct therapy. The ma.iJ1 intestinal complications of 
Crohn's disease include obstruct1on and perforation. Obstruc
tion can occur as a manifestation of an acute exacerbation of 
active disease or as the result of chronic fibrosing lesions, wblcb 
eventually narrow the lumen of the bowel, producing partial or 
near-complete obstruction. Free perforations into the peritoneal 
cavity leading to a generalized peritonitis can occur in patients 
with Crohn's dlsease, but this presentation is rare. More com
monly, fistulas occur hetween the sites of perforation and adja
cent organs, such as loops of small and .large intestine, urinary 
bladder, vagina, stomach, and sometimes the skin, usuaUy at the 
site of a previous laparotomy. Localized abscesses can. occur near 
the sites of perforation. Patients with Crohn's colitis may develop 
toxic megacolon and presenr with a marked colonic dilation, 
abdominal tenderness, fever, and leukocytosis. BJeedi11g is typi
caUy indolenc and chronic, but occasionally massive Gl bleedlng 
can occur, particularly i.n duodenal Crohn's disease associated 
witll chronic ulcer formation. 

Long-standjng Crobn:~ disease predisposes to cancer of the 
small intestine and colon.15 TI1e relative risk for adenocarcinoma 
of the small bowel in Crohn's disease is at least 100-fold greater 
than in matched control subjects. These carcinomas typically 

Table so-s Vienna Oassification of Crohn's Disease 
Age at diagnosis (yr) 

Behavior 

Location 

AI : <40 
A2: 2:40 

B 1 : Nonstricturing. nonpenetrating 
B2: Stricturing 
B3: Penetrating 

l1: Terminal ileum 
l2: Colon 
L3: lleocolon 
L4: Upper gastrointestinal tract 
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arise at sires of chronic dlsease ru1d more commonly occur in the 
ileum. Most are not detected until the advanced stages, and 
prognosis is poor. Although this relative risk for small bowel 
cancer in Crohn's disease is high, the absolute risk is still small. 
Of greater concern is the development of colorectal cancer in 
pariems wirh colonic involvement and a long duration of disease. 
Although the cruKer risk is lower in Crobn's disease than in 
patients wid1 extensive ulcerative colitis, evidence has indl.cated 
tllat witll the same duration ru1d ru1atomic extent of disease, tlle 
risk for caJlcer in Crohn's disea~ of the colon is at least as great 
as that in ulcerative colitis. Dysplasia is the putative precursor 
lesion for Crohn's-associated cancer. Although the dysplasia
carcinoma sequence has nor been as extensively swdied in 
Crohn's disease compared with ulcerative colitis, patients with 
long-standing Crohn's disease should have an equally aggressive 
colonoscopic surveillance regimen as patients with extensive 
ulcerative colitis. Extra.intestinal ca.n.cer, such as squamous cell 
carcinoma of the vulva and anal canal and Hodgkin's and non
Hodgkin's lymphomas, may be more &equent in patients with 
Crohn's disease. 

Perianal disease (fissure, fistula, stricture, or abscess) is 
common ru1d occurs in 25% of patients with Crohn's disease 
lin1ited to the small intestine, 41% of patients with ileocolitis, 
ru1d 48o/o of patients witll colonic involvement alone. Perianal 
disease may be the sole presenting feature in 5% of patients and 
may precede the onset of intestiJ1al disease by months or even 
years. Crohn's disease should be suspected in any patient with 
multiple, chronic perianal fiswlas. 

Extraintestulal manifestations of Crohn's disease may bt: 
p.resenr in 30% of patients (Box 50-3). The most common 
symptoms are skin lesions, which include erythema nodosum 

• Erythema multiforme 
• Erythema nodosum 
• Pyoderma gangrenosum 

Eyes 
• Iritis 
• Uveitis 
• Conjunctivitis 

Joints 
• Peripheral arthritis 
• Ankylosing spondylitis 

Blood 
• Anemia 
• Thrombocytosis 
• Phlebothrombosis 
• Arterial thrombosis 

liver 
• Nonspecific triaditis 
• Sclerosing cholangitis 

Kidney 
• Nephrotic syndrome 
• Amyloidosis 

Pancreas 
• Pancreatitis 

General 
• Amyloidosis 
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FIGURE so-21 Small bowel series in a patient with Crohn's disease 
demonstrates a narrowed distal ileum (arrows) secondary to chronic 
inflammation and fibrosis. (Courtesy Dr. Melvyn H. Schreiber, The 
University of Texas Medical Branch, Galveston, Tex.) 

and pyoderma gangrenosum, arthritis and arthralgias, uve1t1s 
and iritis, hepatitis and pericholangitis, and aphthous stomatitis. 
ln addition, amyloidosis, pancreatitis, and nephrotic syndrome 
may occur in these patients. These symptoms may precede, 
accompany, or appear independently of the underlying bowel 
disease. 

Diagnosis 
A diagnosis of Crohn's disease should be considered in patients 
with chronic recurring episodes of abdominal pain, diarrhea, 
and weight loss. Typically, the diagnostic modalities most com
monly used include barium contrast studies and endoscopy. 
Barium radiographic studies of the small bowel reveal a number 
of characteristic h11dings, including a cobblestone appearance of 
the mucosa composed of linear ulcers, transverse sinuses, and 
clefts. Long lengths of narrowed terminal ileum (Kantor's string 
sign) may be present in long-standffig disease (Fig. 50-2 l ). Seg
mental and irregular patterns of bowel involvement may be 
noted. Fistulas between adjacent howelloops and organs may 
be apparent (Fig. 50-22). 

CT may be useful in demonstrating the marked transmural 
thickening and it can also greatly aid in diagnosing extramural 
complications of Crohns disease (Fig. 50-23). Ultrasonography 
has limited value in the evaluation of patients with Crohn's 
disea~, but is useful in the assessment of undiagnosed right 
lower quadrant!: pain. When the colon is involved, sigmoidos
copy or colonoscopy may reveal characteristic aphthous ulcers 
with granularity ru1d a normal-appearing surrounding mucosa 
With more progressive and severe disease, the ulcerations involve 

FIGURE 50-22 Crohn's disease with multiple short fistulous tracts 
communicating between the distal loops of ileum and the proximal 
colon (arrows). (Courtesy Dr. Melvyn H. Schreiber, The University of 
Texas Medical Branch, Galveston, Tex; adapted from Evers BM. 
Townsend CM lr, Thompson JC: Small intestine. In Schwartz Sl (ed]: 
Principles of surgery, ed 7, New York, 1999, McGraw-Hill, p 1233.) 

FIGURE so-23 a scan of a patient with Crohn's disease demon
strates marked thickening of the bowel (arrows) with a high-grade 
partial small bowel obstruction and dilated proximal intestine. (Cour
tesy Dr. Melvyn H. Schreiber, The University of Texas Medical Branch, 
Galveston, Tex; adapted from Evers BM, Townsend CM Jr, Thompson 
JC: Small intestine. In Schwartz Sl (ed]: Principles of surgery, ed 7. 
New York, 1999, McGraw-Hill, p 1233.) 

more and more of the bowel lumen ru1d may be difficult to 
distinguish from ulcerative colitis. However, the presence of 
discrete ulcers and cobblestoning, as well as the discontinuous 
segments of involved bowel, favors a diagnosis of Crohn's djsease. 
Intubation of the ileocecal valve during colonoscopy allows 
examination and biopsy of the terminal ileum. Serologic markers 

http://www.myuptodate.com


may also be useful in the diagnosis of Crohn's disease. In par
ticular, perinuclear antineutrophil cytoplasmic antibody 
{pANCA) and anti-Saccharomyces cerevisiae (ASCA) are two 
autoantibodies associated with inflammatory bowel disease. A 
large cohort study reported a specificity of 92% for Crohn's 
disease in pari en rs who were ASCA-positive, pANCA-negative 
and of 98% for ulcerative colitis in patients who were ASCA
negative, pANCA-positive. 

The differential diagnosis of Crohn's disease includes spe
cific and nonspecific causes ofi.ntestinal inAammation. Bacterial 
inflammation, such as that caused by SalmonellA and Shigelltr, 
intestinal tuberculosis, and protozoan infections, such as ame
biasis, may present as an iJeitis. In the immUJ10compromised 
host, rare infections, particularly mycobacterial and cytomega
loviral, have become more common and may cause ileitis. Acute 
distal ileitis may be a manifestation of early Crohn's disease, but 
it al~o may be tu1!elated, such as when it is caused by a bacterio
logic agent {e.g., CttnpJd.cbacter, YersiniA). Patients usually 
present in a sinnilar fashion to tl1ose presenting with acute 
appendicitis with a sudden onset of right lower quadrant pain, 
nausea, vomiting, and fever. These entities normally resolve 
spontaneously and, when noted during surgery, no biopsy or 
resection should be performed. 

[n most cases, Crohn's disease of the colon can be readily 
distinguished from ulcerative colitis; however, in 5% to 10% of 
patients, the delineation betvveen Crohn's and ulcerative colitis 
may be difficult, if not impossible, to make (Table 50-6). Ulcer
ative colitis almost always involves the rectum most severely, 
with lessening inflanlffiation from the rectum to the ileocolic 
area. ln contrast, Crohn's disease may be worse on tl1e right side 
of the colon than 011 the left side, and sometimes the rectum is 
spared. Ulcerative colitis also demonstrates continuous involve
ment from recttun co proximal segmems, whereas Crohn's 
disease is segmental. Although ulcerative colitis involves the 
mucosa of the large intestine, it does not extend deep into the 
wall of the bowel, as does Crohn's disease. Bleeding is a more 
common symptom in ulcerative colitis. Perianal involvement 
and rectovaginal fistulas are unusual in ulcerative colitis bur are 
more common im Crolm's disease. Other endoscopic features of 
Crohn's disease are skip lesions, asymmetrical involvement of 
bowel, and the cobblestone appearance tllat results from ulcer
ations interspersed wirh islands of edematous mucosa. 

Management 
Medical Therapy There is no cure for Crohn's disease, so medical 
and surgical therapy are mainly palliative, directed toward reliev
ing acute exacerbations or complications of the disease!6• 1 ~ 
Drugs that have demonstrated efficacy in the induction and 
maintenance of remission include aruinosalicylates {e.g., sul
fasalazine, mesaJanline), corticosteroids, inlmunosuppressive 
agents (e.g., azathioprine, 6-mercaptopurine, methotrexate), 
antibiotics, and infliximab {an anti-TNF-a. antibody). Other 
uu1ovative therapies based on selective molecular targets are cur
rently being investigated. 

Aminoso/kylote Sulfasalazu1c {Azulfidinc), ru1 amiJ10salicylatc, is 
the most comn10nly prescribed drug for Crohn's disease. 1l1e 
active moiety of sulfasalazine is 5-aminosalicylic acid. Sulfasala
zine is taken orally and has been shown in randomized con
trolled trials to be efficacious in patients with Crohn's disease. 
Although a clear benefit has been noted in patients with colonic 
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Table So-6 Diagnosis of Crohn's Colitis Versus Ulcerative 
Colitis 
PARAMETER CROHN'S COLITIS ULaRATIVE COUTIS 

SymplOIIIS and Signs 

Diarrhea Common Common 

Rectal bleeding less common Almost always 

Abdominal pain Moderate to Mild to moderate 
(cramps) severe 

Palpable mass At times No (unless large 
cancer) 

Anal complaints Frequent (>50%) Infrequent ( <20%) 

Radiologic Findings 

Ileal disease Common Rare ~ckwash 
ileitis) 

Nodularity, fuzziness No Yes 

Distribution Skip areas Rectum extending 
upward and 
continuously 

Ulcers Unear, Collar-button 
cobblestone, 
fissures 

Toxic dilation Rare Uncommon 

Prodoscopk Rndbtgs 

Anal fiSSure, fistula, Common Rare 
abscess 

Rectal sparing Common (50%) Rare (5%) 

Granular mucosa No Yes 

Ulceration Unear, de~, Superficial, universal 
scattere 

involvement, the effectiveness of stL!fasalazine alone in the treat
ment of Crohn's disea~ limited to tlle small bowel is controver
sial. In contrast to its use in ulcerative colitis, sulfasalazine has 
not been conclusively proven to maintain remission iJ1 Crohn's 
djsease or to prevent recurrence after surgery. Newer sulfasalazine
like drugs (e.g., mesalarnine) that provide for a slow release of 
5-anlinosalicylic acid during tlleir pa~sage through the smaU 
bowel ru1d colon are beu1g evaluated. Clinical trials have dem
onstrated efficacy of mesalanline at a dosage of 4 g/day without 
ru1 iJ1crease in side effects. Despite a more predictable delivery 
to the small inte.~tine ru1d proximal colon as compared with 
sulfasalazine, mesalanline has not consistently been shown to 
induce remission in mi.ld to moderate disease. Furthermore, 
although mesalan1ine has shown some efficacy as a postoperative 
maintenance strategy, its effectiveness after a medically induced 
remission has heen questioned}' Studies are being conducted to 

evaluate even higher dosages. Nevertheless, given its reasonable 
side effect profile, mesalan1ine remains first-line therapy for 
Crohn's disease. 

Corlicosterolds Corticosteroids, particularly prednisone, have 
been beneficial Ul tl1e induction of remjssion in active Crohn's 
djsease but are u1effective in maintaining remjssion iJ1 Crohn's 
disease. Newer corticosteroids have been evaluated, of which 
budesonide has been found to be the most promising. Budesonide 
has a high first-pass hepatic metabolism, which allows for 
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targeted delivery to the intestine while mitigating the systemic 
effects of steroid therapy.' 7 ln one study, high-dose budesonide 
was more effective than placebo in achieving remission in 
patients with active CrollJ1's disease. AJthough the combination 
of sulfasalazine and corticosteroids may be used to maintain 
patiems for shon periods after resoludon of an acure inAamma
tory exacerbation, the long-term use of these compounds, alone 
or in combination, has not been shown to be of benefit in pre
venting recurrence of disease. Given a relatively good response 
to mesalan1ine and its relative safety, budesonide may be con
sidered as an alternative to mesalamine as first-line therapy for 
patients with active Crohn's disease. 

Antibiotics Certain antibiotics have also been found to be effec
tive in the primary therapy of C rohn's disease.'8 TI1e antibiotic 
used most is metronidazole. which has been shown in some 
studies to resullt in significant improvement in disease activity. 
Other antibiotics that have been used with varying success 
include ciproAoxacin, tetracycline, an1picUiin, and clindan1ycin. 
Antibiotic therapy bas a dear role in the septic complications 
associated with Crohn's disease and is beneficial in perianal 
disea~e. The mechanism of action of antibiotics in Crohn's 
disease is unclear. and side effects of these antibiotics preclude 
their long-term use. Therefore, antibiotics may play an adjunc
tive role in the treatment of Crohn's disease and, in selected 
patients, may be useful in treating perianal disease, enterocuta
neous fistulas, or active colonic disease. 

Immunosuppressive Agents TI1e imn1lmosuppressive agents aza
thioprine and 6 -mercaptopurine are effective iJl the treatment 
of Crohn's disease. Despite their potential toxicity, d1ese drugs 
have proved to be relatively safe in these patients; the most 
common side effects include pancreati tis, hepatitis, .fever, and 
rash. The most disconcerting implications of these immunosup
pressants are bone marrow suppression and the potential for 
malignancy. Other immtmosuppressive agents that have been 
used with some effectiveness include methotrexate, cyclosporine, 
and tacrolimus (FK-506). Tacrolimus inhibits the production of 
IL-2 by helpe.r T cells and was found to be effective for fistula 
improvement, but not fistula remission, in patients with perianal 
Crohn's disease. 

Anticytokile and Cytokine Therapies The most promising merapy 
to emerge in recent years could be the introduction of immu
nomodulatory treatments using cytokines and anticytokines. 
Monoclonal antibodies to TNF-a have shown promise, with 
cliJl ical trials demonstrating a rapid control of active Crobn's 
disease, tissue healing, and potential remission. A randomized 
controlled trial has demonstrated that infl.iximab, a chimeric 
monoclonal antibody to TNF-a, is efficacious and safe in ilie 
treatment of moderate to severe Crohn's disease and resulted in 
fistula closure nn 46% of patients compared with only 13% of 
patients receiving placcbo.19 Recently, randomized trials have 
confirmed that i.nfliximab maintenance therapy is superior to 
episodic delivery based on exacerbations and potentiates the 
benefit of azathioprine maintenance therapy. lnfliximab appears 
to have activity in the treatment of the extraintestinal manifesta
tions of Crolm's disease as weU.16

'
17 Although highly effective iJ1 

certain Crohn's patients with penetrating disease and extraintes
tinal disease, not every patient responds to inAiximab. Also, 
there is an iJ1creased risk for tuberculosis reactivation, invasive 

fungal and other opportunistic infections, demyelinating central 
nervous system lesions, activation of latent multiple sclerosis, 
and exacerbating congestive heart disease.20 Promising results 
have also been obtained using the anti-inflammatory cytoklne 
IL-10. A multicenter randomized trial found iliat IL-10 dem
onstrated significant improvemem in rhe clinical srarus in 46% 
of patients wi th Crohn's disease compared with 19% of placebo 
control subjects. 

Nove/Therapies Other investigational therapeutic agents include 
lL-1 receptor antagonists, anti- IL-12, anti- IL-18, and anti
interferon-'¥ antibodies, anti-adhesion molecule antibodies, and 
growth factors. Compounds are also being evaluated that block 
certain signaling pathways (e.g., NF-KB, mitogen-activated 
protein [MAP] kinases, and proliferator-activated receptor-y 
[PPAR-y)); in limited studies, some of these compounds have 
shown clinical in1provements.~ 1 One trial has also been reported 
using natalizumab, a recombinant humanized monoclonal anti
body against ~-integrin , with efficacy in reducing signs and 
symptoms of Crohn's disease that was at least simiJar to that of 
infliximah. 

Nutritional Therapy Nutritional therapy iJ1 patients with Crohn's 
disease has been used wiili varying success. The use of cl1ernically 
defined elemental diets has been shown in some studies to 
reduce disease activity, particularly in patients with disease local
ized to ilie small bowel. Liquid polymeric diets may be a~ effec
tive as elemental feedings and are more acceptable to patients. 
With few exceptions, standard elemental diets have not been 
effective in the maintenance of remission in Crohn's disease. 
Total parenteral nutrition (TPN) has also been shown to be of 
use in patients with active Crobn's disease; however, compDca
tion rates exceed those for enteral nutrition. Although the 
primary role of nutri tional therapy is questionable in patients 
with in flammatory bowel disease, there is definitely a secondary 
role for nutritional supplementation to replenish depleted nutri
ent stores, allowing intestinal protein synthesis and healing, and 
for preparing patients for operation. 

Smoking Cessation AJmougb the implications of tobacco abuse 
as a causative factor in the development of Crohn's disease has 
been difficuJt to prove, smoking clearly affects the disease 
course.22 Smoking is associared with the late bimodal onset of 
disease and has been shown to increase the .incidence of relapse 
and failure of maintenance therapy. It also appears to be associ
ated with the severity of disease in a Linear dose-response rela
tionship. TI1ercfore, smoking cessation therapy is an important 
component of medical therapy. 

Surgit:al Treatment AJthougb medical management is indicated 
durirlg acute exacerbations of disease, most patients with chronic 
Crohn's disease require surgery at some time d uring the course 
of their illness. ln patients with more than 20 years of disease, 
the cumulative probability of surgery was 78%. The indications 
for operation are limited to complications tl1at include intestinal 
obstruction, intestinal perforation with fistula formation or 
abscess, free perforation, ga~trointestinal bleeding, urologic 
complications, failure or intolerance of steroid therapy, cancer, 
and perianal disease.23 Children with Crobn's disease and result
ing systemic symptoms, such as growth retardation, may benefi t 
from resection. The extraintestinal complications of Crohn's 
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disease, although not primary indications for operation, often 
subside after resection of involved bowel, with the exception of 
ankylosing spondylitis and hepatic complications. 

Operative therapy in patients with Crohn's disease should 
be specifically directed to the complication, and only the segment 
of bowel involved in the complicating process should be resected. 
Even if adjacent areas of bowel are clearly diseased, they shouJd 
be ignored. Early in the history of the surgical therapy ofCrohn's 
disease, surgeons tended to perform wider resections with the 
hope of cure or significant remission. However, repeated wide 
resections resulted in no greater remissions or cure and Jed to 
the short bowel syndrome, which is a devastating surgical com
plication. Frozen sections w determine microscopic disease are 
unreliable and are not recommended. It must be emphasized, 
therefore, that operative treatment of a complication be limited 
to that segment of bowel involved with the complication, and 
no attempt should be made to resect more bowel, even though 
grossly evident dlisease may be apparent. 

The role of laparoscopic surgery for patients with Crohn's 
disease has been gaining acceptance as an alternative surgical 
approach. In appropriately selected patients, for example, those 
with locali:t..ed abscesses, simple intra-abdominal fistula~. perian
astomotic recurrent disease, and disease limited to the distal 
ileum, for which ileocecectomy is indicated, this technique 
appears feasible and safe. Randomized clinical trials have verified 
that laparoscopic smgery is safe and feasible in Crohn's disease, 
but studies with long-term follow-up have not demonstrated a 
dear advantage of laparoscoplc surgery over traditional open 
techniques. 24 The potential for earlier recovery after laparoscopic 
resection has stimulated interest in extending the role of surgical 
resection in inducing remission; a randomized trial is currendy 
under way comparing laparoscopic resection to infliximab as 
primary therapy for ileocolonic Crohn's disease.15 

The decision to perform a primary anastom<>sis versus 
initial ostomy formation with delayed reconstruction can be a 
difficult one for those with Croh.n's disease. Patients are often 
malnourished, on intensive immw10suppres.~ive therapy, or 
pre.senr with some element of intra-abdominal sepsis. L1 general 
standard surgicall principles should direct this decision. Patients 
with adequate nutrition and minimal intra-abdominal sepsis can 
safely undergo primary anastomosis at the initial operation, 
whereas malnourished and septic patients are best served by 
diversion, if possible. Although caution should be exercised 
when performing an anastomosis in the setting of high-dose 
immunosuppression, Jarge series have confirmed that surgery 
while receiving perioperative inlliximab or immunosuppressive 
therapy is safe for patients with Crol1n's disease.26 

Specific Problems 
Arute Ileitis (Nonstriduring, Nonpenetrating) Patients can present 
with acute abdominal pain localiz..ed to the:: right lower quadrant 
and signs and sympt<>ms consistent with a diagnosis of acute 
appendicitis. At exploration, the appendix is found to be normal, 
but the terminal ileum is edematous and beefY red, with a thick
ened mesentery and enlarged lymph nodes. 1his condition, 
known a~ trcute ileitis, is a self-limited disease. Acute ileitis may 
be a manifestation of early Crohn's disease- but is most often 
unrelated. Bacteriologic agents such as Crtmpylobacter or Yersinill 
may cause acute ileitis. Lntcstinal resection should not be per
formed. Although in the past the managen1ent of the appendix 
was controversial, it is clear now that in the absence of acute 
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inflancmatory involvement of the appendix or the cecum, 
appendectomy should be performed. This eliminates the appen
dix as :a source of abdontinal paiJl in the future. 

Stricturing Disease lntesti"nal obstmction is the most common 
indication for surgical therapy in patienrs with Crohn's disease. 
Obstruction in these patients is often partial, and nonoperative 
management is initially indicated. The success of nonoperative 
management can often be predicted based on the chronicity of 
symptoms at the affected site. ln patients for whom it is difficult 
to determine whed1cr the site of obstructio11 is caused by an 
acute exacerbation or a chronically strlctured segmenr, C-reactive 
protein levels may help idenrify acme inflammation and predict 
potential success of mc::dical therapy. [n case of a d1ronic stric
tured :segment, medical therapy is rarely effective. Operative 
intervention is required for patients with complete obstruction 
and patients with partial obstruction whose condition does not 
resolve with nonoperative management. The treatment of choice 
of inte.stiJ1al obstruction in patients with Crohn's disease is seg
mental resection of the involved segment with primary reanas
tomosis. This may involve segmental resection and primary 
anastomosis of a short segment of ileum if this is the site of the 
complication. More commonJy, the cecum is involved contigu
ously with the terminal ilewn, in which case resection of the 
involved terminal ileum and colon is required and the ileum is 
ana~tomosed to the ascending or transverse colon (Fig. 50-24). 

In selected patients with obstruction caused by strictures 
(single or multiple), one option is co perform a strictureplasry 
that effectively widens the:: lumen bur avoids intestinal resection. 
St.rictureplasry is performed by making a longitudinal incision 
through the narrowed area of the intestine followed by closure 
in a transverse fashion in a manner similar to that for a Heineke
MikuJicz pyloroplasty (Fig. 50-25A). For longer diseased seg
ments (>I 0 em), the stricturep la~t)' can be performed simiJar to 
a Finney pyloropla~ry {sec Fig. 50-25B) or a side-to-side isopc
ristaltic strictureplasry. Strictureplasty has the most application 
in patients in whom multiple short areas of narrowing are 
presenl[ over long segments of intestine, in those who have 

.... -....... 

FIGURE 5~24 Resection of the ileum, ileocecal valve, cecum, and 
ascending colon for Crohn's disease of the ileum. Intestinal continuity 
is restored by end-to-end anastomosis. 
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already had several previous resections of the small intestine, and 
when the areas of narrowing are caused by fibrous obstruction 
rather than acute inflammation. This procedure preserves intes
tine and is associated with complication and recurrence rates 
comparable to those of resection and reanastomosis. Given the 
concerns of carcinoma developing at chronically strictured seg
ments, full- thickness biopsy of the stricture site has been advo
cated at the time of saictureplasty.23 

In the past, bypass procedures were commonly used. Cur
rently, bypass with exclusion is used only in older. poor-risk 
patients, patients who have had several prior resections and 
cannot afford ro lose any more bowel, and those in whom resec
tion would necessitate emering an abscess or endangering a 
normal structu_re. 

Penetrating Disease Fistula and abscess in patients with Crohn's 
disease are relatively common and are usually to the adjacent 
small bowel, colon, or other surrounding viscera (e.g., bladder). 
The presence of a radiographically den10nsrrable enteroenteral 
fistula without any signs of sepsis or other complications is not 
in itself an indication for surgery. Furthermore, penetrating 
disease is particularly sensitive to anticyroklne therapy, and a 
conservative, surgical approach to Crohn's related fistula is most 
appropriate. However, many of these patients will require even
tual resection as the disease progresses and they have progres
sively worsening abdominal pain. Enterocutaneous fistulas may 

~ 

FIGURE 50-25 A. Technique of short strictureplasty in 
the manner of a Heineke-Mikulicz pyloroplasty. B, For 
longer diseased segments, strictureplasty may be per
formed in a manner similar to Finney pyloroplasty. 
(Adapted from Alexander-Williams J, Haynes IG: Up-to
date management of small-bowel Crohn's disease. In 
Mannick JA [ed]: Advances in surgery, St Louis, 1987. 
Mosby, pp 245-264.) 

develop but are rarely spontaneous and are more likely to follow 
resection or drainage of intra-abdominal abscesses. ldeally, 
emerocutaneous fistulas should be managed by excising the 
fistula tract along with the diseased segment of intestine and 
performing a primary reanastomosis. lf tbe fistula forms between 
two or more adjacent loops of diseased bowel, the involved seg
ments should be excised. Alternatively, if the fistula involves an 
adjacem normal organ, such as the bladder or colon, only the 
segment of the diseased small bowel and fistulous tract should 
be resected. and the defect in the normal organ should simply 
be dosed. Most patients with ileosigmoid fistulas do not neces
sarily require resection of the sigmoid because the disease is 
usua.Uy confined to the smaU bowel. However, if the segment of 
sigmoid is also found to have Crohn's disease, it should be 
resected along with the segment of diseased smaU bowel. 

Perforation Penetrating disease in the form of perforation into 
the free peritoneal cavity occurs occasi.onally but is not common 
in patients with Crohn~~ disease. Typically, penetration presents 
with a localized absct'SS densely adherent to tbe diseased segment 
of bowel. In cases of free perforation, the segment of involved 
bowel should be resected and, in the presence of minimal con
tamination, a primary anastomosis should be performed. If gen
eralized pcritonjtis is present, a safer option may be to perform 
enterostomies until the intra-abdominal sepsis is controlled and 
then return for restoration of intestinal continuity. Abscesses can 
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be treated with percutaneous drainage and antibiotic and immu
nomodulatory therapy, although fistula or uncontrolled sepsis 
may ultimately deve.lop requiring resection with or without 
primary anastomosis. 

Gastrointestinal Bleeding Although anemia from chronk blood 
loss is common in patients with Crohn's disease, life-threatening 
gastrointestinal hemorrhage is rare. 'The incidence of hemor
rhage is more common in patients with Crohn's disease involv
ing the colon ra ther than the small bowel. As wi th the ocl1er 
complications, the segment involved should be resected and 
intestinal continuity restored. Arteriography may be useful to 
localize the bleeding before surgery. ln cases of bleeding associ
ated with duodenal disease, endoscopic intervention is usually 
successful. However, in cases of failure, duodenotomy with over
sewing of the bleeding ulcerative area is indicated.23 

Urologic Complications Genitourinary complications occur in 4% 
to 35o/o of patients with Crohn's disease. ll1e most common 
urologic complication is ureteral obstruction, which is usually 
secondary to ileocolic disease with retroperitoneal abscess. Surgi
cal treatment of the primary intestinal disease is adequate in most 
patients. ln a few cases of long-standing inflammatory disease, 
periureteric fibrosis may be present and require ureterolysis. 

cancer Patients with long-standing Crohn's disease of the small 
bowel and, in particular, the colon have an increased incidence 
of cancer. The managemem of these patiems is the same as that 
for any patient-resection of the cancer with appropriate 
margins and regional lymph nodes. Patients with cancer associ
ated with Crohn's disease commonly have a worse prognosis 
than those who do not have Crohn's, based largely on the fact 
that the diagnosis in these patients is delayed. 

Coloredal Disease l11e san1e principle applies to patients with 
Crohn's disease limited to the colon as to those with disease to 
the small bowel; that is, surgical resection should be limited to 
the segment producing the complications. lndicarions for 
surgery iJ1dude a lack of response to medical management or 
complications of Croru1's colitis, which include obstruction, 
hemorrhage, perforation, and toxic megacolon. Depending on 
the diseased segments, procedures commonly include segmental 
colectomy with colocolonic anastomosis, subtotal colectomy 
with ileoproctostomy and, in patients with exteJlSive perianal 
and rectal disease, total proctocolectomy with Brooke ileostomy. 
Patients with toxic megacolon should undergo colectomy, 
closure of the proximal rectum, and end ileostomy. Stricture
plasty has limited usefulness in colonic Crohn's disease, and 
concerns of malignancy at aJ1 area of colonic obstruction should 
limit its application. 

A particularly troubling prohlem after proctocolectomy in 
patients wim Crohn's disease is delayed healing of the perineal 
wound. It has been found that 25% to 60o/o of perineal wounds 
are open 6 months after surgery. Persistent nonhealing wounds 
require excision with secondary closure. Large cavities or sinuses 
may be filled using well-vascularized pediclcs of muscle (e.g., 
gracilis, semimembranosus, rectus abdominis) or omentun1 or 
by using an inferior gluteal myocutaneous graft. 

Although controversial, continence-preserving operations, 
such as ileoanal pouch anastomoses or continent ileostomies 
(Kock pouch) tbat have been used in patients with ulcerative 
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colitis, are not recommended for patients with Crohn's colitis 
because of the high rate of recurrence of Crohn's disease in the 
pouch, fistulas to the anastomosis, and peripoucb abscesses. 

Perianal Disease Diseases involving the perianal region include 
fissures and fisrulas and are common in patiems with Crohn's 
disease, particularly those with colonic involvement. l11e 
treatment of perianal disease should be conservative. Anti
biotics and imrow10suppressive agents (e.g., azathioprine, 6-
mercaptopurine) have been used with varying success. 
Encouraging rep orts have been obtained usiJ1g the TN F-a. aJlti
body i.nfuximab and tacrolimus. Wide excision of abscesses or 
fistulas is not indicated, but more conservative interventions, 
including the Liberal placement of drainage catheters and non
cutting setons, are preferable. Definitive fistulotomy is indi
cated for most patients with superficial, low trans-sphincteric, 
and low inrersphincteric fistulas, although one must recognize 
that some degree of anal stenosi.s may occur as a result of 
chronic inAan1mation. High trans-sphincteric, suprasphinc
teric, and extrasphincteric fistulas are usually treated with non
cutting setons. Fissures are usualJy lateral, relatively painless, 
large, and indolent and often respond to conservative mru1age
ment. Abscesses should be drained, but large excisions of tissue 
should not be performed. Advru1cement flap closure of perineal 
fistulas may be required in certain cases. Selective construction 
of dive,rting stomas has good results when combined with 
optimal medical therapy to induce remission of iJlfiammation. 
Proctectomy may be infrequently required in a subset of 
patients who have persistent and unremitting disease despite 
conservative medical ru1d surgical cl1erapy. 

Duodenal Disease Crol1n's disease of the duodenum occurs iJl 2% 
to 4o/o of patients with Crohn's disease. Operative intervention 
is LU1Common. The primary indication for surgery in these 
patients is duodenal obstruction that docs not respond to 
medical therapy. The use of gastrojejunostomy to bypass the 
disease rather thru1 duodenal resection is the procedure of cl1oice. 
Strictllfeplasties have been perfom1ed with success in selected 
patients and may avoid the marginal ulceration ru1d diarrhea 
associated with gastrojejunostomy. 

Prognosis 
Operations directed at Crohn's disease are not curative but often 
provide patients with signi£.cru1t symptomatic relief. High rate.s 
of recurrence are reported iJ1 most series.23 [t is important, 
however, to note how recurrence is defined in these studies. 
Endo.~copic evidence of recurrence is detected iJ1 about 70% of 
patients within 1 year of surgery and in 85o/o by 3 years. Most 
of these recurrences are asymptomatic. If defined exclusively by 
the need for reoperation, however, recurrence rates are only 25% 
to 30% at 5 years and 40% to 50% at 20 years. To put this in 
perspective, after a first resection for Crohn's disease, about 45% 
of patients will ultimately require a second operation, of whom 
only 25o/o will require a third operation. Overall, almost 90% 
of those undergoing operation for Crohn's disease will never 
require more than one additional operation. De.spite the risk for 
recurreJlce, many patients who have had surgery for Crohn's 
disease wish that they had bad their operation sooner. Performed 
for proper indications, surgery almost invariably rehabilitates 
tbose disabled by Crohn's disease. ll1e overwhelming majority 
of these patients report relief of symptoms after surgery, 
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restoration of a feeling of well-being and the ability to eat nor
mally, and a reduction in the need for medical therapy. 

Standardized mortality rates in patients with Crohn's 
disease arc increased in those patients whose disease began before 
the age of 20 years and in those who have had disease present 
for longer than 13 years. Long-term survival smdies have sug
gested that patients with Crohn's disea~e have a death rate 
approximately two to three times higher than that in the general 
population. Gastrointestinal cancer remains the leading cause of 
disease-related death in patients with Crohn's disease; other 
causes of disease-related deaths include sepsis, thromboembolic 
complications, and electrolyte disorders. 

Typhoid Enteritis 
Typhoid fever remains a significan t problem in developing coun
tries, most commonly in areas with contaminated water supplies 
and inadequate waste disposal. Children and young adults are 
most ofren affected. Lmprovements in sanitation have decreased 
the incidence of typhoid fever in industrialhed countries; 
however, approximately 500 cases/year arc still reported in the 
United States. 

Typhoid enteri tis is an acute systemic infection of several 
weeks' duration caused primarily by Salmo~telln typhosa. 1hc 
pathologic events of typhoid fever are initiated in the intestinal 
tract after oral ingestion of the typhoid bacillus. 1l1ese organisms 
penetrate the small bowel mucosa, making their way rapidly to 
the lyruphatics and then systemically. Hyperplasia of the reticu
loendothelial S)'Stem, including lymph nodes, liver, and spleen, 
is characteristic of typhoid fever. Peyer patches in the small 
bowel become hyperplastic and may subsequently ulcerate, with 
complications of hemorrhage or perforation. 

The diagnosis of typhoid fever is confirmed by isolating the 
organism from blood (positive in 90o/o of the patients during 
the first week of the illness), bone marrow, and stool cuhures. 
Ln addition, the finding of high titers of agglutinins against 0 
and H antigens is strongly suggestive of typhoid fever. Assays for 
the diagnosis of S. typhosa using the PCR assay have been devel
oped but are still experimental. 

Typhoid fever and uncomplicated typhoid enteritis are 
treated by antibiotic administration. Chloramphenicol, ampicil
Lin, amoxicillin, and trirnethoprinJ-sulfanlethoxazole have all 
been used, with good results. In addition, short courses of thi rd
generation cephalosporins have been used successfully to treat 
typhoid fever. 

Compli.caJtions requiring potential surgical intervention 
include hemorrhage and perforation. The incidence of hemor
rhage was reported to be as ltigh a5 20o/o in some series but, with 
the availability of antibiotic treatment, this figure has decreased. 
When hemorrhage occurs, transfusion is indicated and usually 
suffices. Rarely, laparotomy must be performed for uncontrol
lable, life-threatening hemorrhage. intestinal perforation 
through an ulcerated Peyer patc\1 occurs in approximately 2% 
of cases. Typically, it is a single perforation in the terminal Ueum, 
and simple closure of the perforation is the treatment of choice. 
With multiple perforations, which occur in about 25o/o of 
patients, resection with primary anastomosis or exteriorization 
of the intestinal loops may be required. 

Enteritis in the lmmunocompromised Host 
1l1e AiDS epidemic, as well as the widespread use of immuno
suppressive agents after organ transplantation, has resulted in a 

nwnber of rare and exotic pathogens infecting the gastrointes
tinal tract. Almost all patients with AIDS have gastrointestinal 
symptoms during their illness, the most common of which is 
diarrhea. However, the surgeon may be asked to evaluate the 
immunocornpromised patient with abdominal pain, an obvious 
acute abdomen, or gastrointestinal bleeding; a number of 
protozoal, bacterial, viral, and fw1gal organisms may be 
responsible. 

Protozoa 
Protozoa (e.g., Cryptospori.dium, Isospora, and Microsporidium) 
are the most frequent class of pathogens causing diarrhea i.n 
patients with AIDS. 1he small bowel is the most common site 
of infection. Diagnosis is usually established by acid-fast staining 
of the stool or duodenal secretions. Symptoms are most com
monly related to diarrhea, which may be at times intractable. 
Current treatment regin1ens have not been entirely effective. 

Bade ria 
Infections by enteric bacteria arc more frequent and more viru
lent in HIV-infected individuals than in healthy hosts. Sttlmo
~telltt, Shigella, and Campylobacterare associated with bigher rates 
of bacteremia and antibiotic resistance in the iJUJnunClcompro
m.ised patient. The diagnosis of Shigella or Salmonella infection 
may be established by stool cultures. The diagnosis of CttnlPJdo
bacter infectiml, however, may be more difficult, wid1 stool 
cultures often negative. 1l1ese enteric infections manifest clini
cally with high fever, abdominal pai11, and diarrhea that may be 
bloody. Abdominal pain may mimic an acute abdomen. Bacte
remia should be treated by administration of parenteral antibiot
ics; ciprofloxacin is an attractive choice if the organisms are 
multiply resistant. 

Diarrhea caused by Clostridium difficile is more common 
in patients wi th AIDS because of the increa5cd antibiotic use in 
this population compared with healthy hosts. Diagnosis is by 
standard assays of stool for C dijficile enterotoxin. Treatment 
with metronidazole or vancomycin is usually effective. 

Mycobacteria 
Mycobacterial infection is a frequent cause of intestinal disease 
in im.rnunocompromised hosts. This can be secondary to Myco
bacterium tuberculosis or Mycobacterium avium complex (MAC), 
which is an atypical mycobacterium related to the type that 
causes cervical adenitis (scrofula}. The usual route of infection 
is by swallowed organisms that directly penetrate the intestinal 
mucosa. The luminal gastrointestinal tract is affected by MAC 
infection, with massive thickening of the proximal small intes
tine often noted (Fig. 50-26). Cllnically, patients with MAC 
present with diarrhea, fever, anorexia, and progressive wasting. 

The most frequent site of intestinal involvement of M. 
tuberculosis is the distal Ueum and cecum, with 85% to 90% of 
patients demonstrating disease at this site. 1l1e gross appearance 
can be ulcerative, hypertrophic, or ulcerohypertropbic. 1he 
bowel wall appears thickened and an inflammatory mass often 
surrounds the ileocecal region. Acute in.Aammation is apparent, 
as wcU as strictures and even fistula formation. 1l1e serosal. 
surface is normally covered with multiple tubercles, and mesen
teric lymph nodes are frequently enlarged and thickened; on 
sectioning, caseous necrosis is noted. The mucosa is hyperemic, 
edematous and, in some cases, ulcerated. Histologically, the 
distinguishing lesion is a granuloma, with caseating granulomas 
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FIGURE 50-26 Barium radiograph of a patient with AIDS sho\11/S 
thickened intestinal folds consistent with enteritis secondary to atypi
cal mycobacterium (Courtesy Dr. Melvyn H. Schreiber, The University 
of Texas Medical Branch, Galveston, Tex.) 

found most commonly in the lymph nodes. Most patients com
plain of chronic abdominal pain, which may be nonspecific, 
weight loss, fever, and diarrhea. 

TI1e diagnosis of mycobacterial infection is made by iden
tification of the organism in tissue by direct visualization with 
an add-fast stain, culture of the excised tissue, or PCR assay. 
Radiographic examinations usually reveal a thickened mucosa 
with distorted mucosal folds and ulcerations. CT may be usefu.l 
and shows a thickening of the ~eocecal valve and cecum. 

The treatment of M. tubercuL{)Sis is similar in the .immuno
compromised or nonimmunocompromised host. The organism 
is usually responsive co multidrug antimicrobial therapy. lhe 
therapy for MAC i.nfection is evolving; drugs that have been 
successfully usedl in vivo and in vi.tro include amikacin, cipro
Aoxadn, cycloserine, and ethionamide. Claritbromydn has also 
been succes.~fullr used in combiJlation with other agents. Surgi
cal intervention may be required for intestinal tuberculosis, par
ticularly M. tubercuLosis. Obstruction and fistula formation arc 
the leading indications for surgery; howeve.r, with current treat
ment, most fistulas now respond to medical management. 
Surgery may be necessary for ulcerative complications when free 
perforation, perforation with abscess, or massive hemorrhage 
occurs. TI1e treatment is usually resection with anastomosis. 

Viruses 
Cytomegalovi.rus (CMV) is tl1e most common viral cause of 
diarrhea in immunocompromised patients. Clinical manifesta
tions include intermittent diarrhea accompanied b)' fever, weight 
loss, and abdominal pain. The manifestations of ente.ric CMV 
infection result from mucosal ischemic ulcerations, which 

SMALL INTESTINE CHAPTER 50 1255 

FIGURE 50-21 Microscopic section of small bowel in a patient with 
AIDS who has cytomegalovirus enteritis. Multiple large cells with 
intranudear and intracytoplasmic ind usions typical of cytomegalovi
rus are demonstrated (arrows). (Courtesy Dr. Mary R. Schwartz, Baylor 
College of Medicine, Houston.) 

account for the high rate of perforations noted with CMV As 
a result of the diffuse ulcerating involvement of the intestine, 
patients may present with abdominal pain, peritonitis, or hema
tochezia. Diagnosis of CMV is made by demonstrating viral 
inclusions. lhe most characteristic form is an intranuclear inclu
sion, which is often surrounded by a halo, producing a so-called 
owl's eye appearance. There may also be cytoplasmic inclusions 
(Fig. 50-27). Cultures for CMV are usually positive when inclu
sion bodies are present, but these cultures are less sensitive and 
specific than histopathologicidcncification. Once diagnosed, the 
tre-atment for CMV is usually effective with ganciclovir. An 
alternative to ganciclovir is foscarnet, a pyrophosphate analogue 
that inhibits viral replication. Other Less common viral infec
tions have been reported and include adenovirus, rotavirus, and 
novel enteric viruses such as astrovirus and picornavirus. 

Fungi 
Fungal infections of the intestinal tract have been recognized in 
patients with AJDS. Ga~trointestinal histoplasmosis occurs in 
the setting of systemic infection, often in association with pul
monary and hepatic disease. Diagnosis is made by fungal smear 
and culture of infected tissue or blood. The infection is most 
commonly treated by the administration of an1photericin B. 
Coccidioidomycosis of the imestinal tract is rare and, like his
toplasmosis, occurs in the context of systemic infection. 

NEOPLASMS 

General Considerations 
Small bowel neoplasms are exceediJ1gly rare, despite the fact that 
the small bowel constitutes about 80o/o of the total length of the 
gastrointestinal tract and makes up more than YOo/o of the 
mucosal surface area. Only 5o/o of all gastrointestinal neoplasms 
and only 1 o/o to 2o/o of all malignant tumors of the gastrointes
tinal rract occur it1 tl1e small bowel. More than 5000 new cases 
of primary S111all intestinal cancer occur annually in the United 
States, equally distributed between men and women. wi th more 
than 1000 estimated cancer deaths. lhe reasons for this decreased 
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incidence i.n cancer despite tne rapidly proliferating mucosa are 
entirely speculative but may include such factors as the rapid 
transit of luminal contents, high turnover rate of small bowel 
epithelial cells. wrum may minimize carcinogenic exposure, 
alkalinity of small intestinal contents, high level of lgA in the 
inrestinal wall, and low bacterial coum of small imestine luminal 
contents. 

The mean age at onset is approximately 59 years; the mean 
age of the presentation is 62 years for benign tumors and approx
imately 57 years for malignant lesions. Similar to other cancers, 
there appears to be a geographic distribution, with the highest 
cancer rates found among the Maori of New Zealand and etnruc 
Hawaiians. The incidence of small bowel cancer is particularly 
low in L1dia, Romania, and other parts of Eastern Europe. 
Although the incidence of small bowel cancer is exceedingly 
small, as noted, there appears to be a disturbing trend ofincreased 
rates since the rnid-1980s, possibly reflecting the spread of AIDS 
and increase in neoplasms, such as lymphoma~, that occur in 
the immw1ocompromised host. 

The incidence of small bowel neoplasia varies considerably, 
with benign lesions identified more often in autopsy series. ill 
contraH, malignant neopla~ms account for 75% of symptomatic 
lesions that lead to surgery. This reflects the fact that most 
benign neoplasms are asymptomatic and therefore are not found 
unless as an incidental finding. Lei.omyomas and adenomas are 
the most frequent of the benign tLLmors. Benign lesions appear 
to be more common in the distal small bowel, but these numbers 
may be somewhat misleading because of the relatively short 
length of the duodenum. 1n fact, per unit area, duodenal tumors 
are most frequent. Depending on the series, adenocarcinoma or 
carcinoid tumor is the most common malignant neoplasm. 
Adenocarcinomas are more numerous in the proximal small 
bowel, whereas. the other malignant lesions are more common 
in the distal intestine. Patients with Crohn's disease and fan1i lial 
adenomatous polyposis arc at a higber risk for small bowel neo
plasms than the general population. Although the molecular 
genetics of small bowel neoplasms have not been entirely char
acterized, similar to colorectal cancers, mutations of the K-rns 
gene are commonly found. Allelic losses, particularly involving 
tumor suppressor genes at chromosome locations 5q (the APC 
gene), l7q (the p53 gene), and l8q (the DCC [deleted in colon 
cancer] and DPC4 {SMAD4} genes), have been noted in some 
small bowel cancers. 

Numerous risk factors and associated conditions have been 
described related to neoplasia of the small bowel. These include 
patients with familial adenomatous polyposis, hereditary non
polyposis colorectal cancer (HNPCC), Pcut7..-]eghers syndrome, 
Crohn's disease, gluten-sensitive enteropathy {i.e., celiac sprue), 
and biliary diversion {e.g., previous cholecystectomy). Contro
versial factors tbat may contribute to small bowel cancers include 
smoking, heavy alcohol consumption (>80 glday of ethanol), 
and consumption of red meat or salt-cured foods. 

Clinical Manifestations 
Symptoms associated with small bowel neoplasms are often 
vague and nonspecific and may include dyspepsia, anorexia, 
malaise, and duLl abdominal pain, often intermittent and colicky. 
These symproms may be present for months or years before 
surgery. Most patients with benign neoplasms remain asymp
tomatic, and the neoplasms are only discovered at autopsy or as 
incidental findings at laparotomy or upper gastrointestinal 

radiologic studies. Of the remainder, pain, most often related to 
obstruction, is the most frequent complaint. Usually, obstruc
tion is the result of intussusception, and benign smatl tw11ors 
are the most common cause of this condition in adults. Hemor
rhage is the next most common symptom. Bleeding is usually 
occulr; hemarochezia or hemaremesis may occur, although life
threatening hemorrhage is w1con1mon. 

Dia~nosis 
Because of the insidious nature of many of the small bowel 
neoplasms, a high index of suspicion must be present for these 
neoplasms to be diagnosed. In most series, a correct preoperative 
diagnosis is made in only 20o/o co 50o/o of sympromatic patients. 
An upper gastrointestinal tract series with small intestinal follow
through yields an accurate diagnosis in 50% to 70% of patients 
with malignant neoplasms of the small intestine (Fig. 50-28). 
cr enterod ysis appears to be an even more sensitive technique, 
with a diagnostic accuracy of approximately 90o/o. 

Flexible endoscopy may be useful, particularly in diagnos
ing d uodenal lesions, and often the colonoscopc can be advanced 
into the terminal ileum for visualization and bio psy of ileal 
neoplasms. Push enteroscopy ha~ not been used routinely to 
evaluate lesions in the smatl bowel because this test may take up 
to 8 hours to perform and may not visualize the entire small 
bowel. The use of swallowed radiotelemetry capsules {e.g., 
capsule endoscopy) that transmit images of the bowel wall may 
be of diagnostic value. 

FIGURE 50-28 Barium radiograph demonstrates a typical apple core 
lesion (a"ows) caused by adenocarcinoma of the small bowel, pro
ducing a partial obstruction with dilated proximal bowel. (Courtesy 
Dr. Melvyn H. Schreiber, The University of Texas Medical Branch, 
Galveston, Tex.) 
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FIGURE 50-29 CT scan of abdomen demonstrates a small bowel 

neoplasm (arrow)~ (Courtesy Dr. Melvyn H. Schreiber, The University 
of Texas Medical Branch, Galveston, Tex.) 

Plain films may confirm the presence of an obstruction; 
however, for the most part, they arc useless in making a diagnosis 
of small bowel neoplasms. Angiography is of value in diagnosing 
and localizing tumors of vascular origin. CT of the abdomen 
can prove particularly useful in detecting extralumiJJal tumors, 
such as gastrointestinal stromal tumors (GIST.~). and can provide 
helpful information regard.ing the staging of malignant cancers 
(Fig. 50-29). Ultrasonography has not proved to be effective in 
making the preoperative diagnosis of small bowel neoplasm. 
Despite sophisticated imaging and diagnostic modalities, diag
nosis of a small !bowel tumor is often achieved only at the time 
of surgical exploration, performed as an elective or emergency 
procedure. 

Benign Neoplasms 
The most common benign neoplasms include benign GISTs, 
adenomas, and lipomas. Adenomas are the most common 
bCJ1ign tumors reported in autopsy series, but GlSTs are the 
most common benign small bowel lesions that produce symp
toms. In general, when a benign tumor is identified at operation, 
resection is indicated because symptoms, if not the rea5on for 
operation, are likely w develop over time. At operation, a thor
ough search of the remainder of the small bowel is warranted 
because multiple tumors are not uncommon. 

Leiomyomas 
Leiomyomas, benign tumors of smooth muscle origin, are the 
most common symptomatic benign neoplasms of the smaU 
bowel. As the origin of these tumors has become clearer, pathol
ogists have shifted from designations such as leiomyoma or 
leiomyosarcoma to the term stromal tumors (i.e., GISTs) Y Cur
rently, these tumors are thought to arise from the interstitial cell 
of Cajal, ru1 intestinal pacemaker cell of mesodermal descent. 
These tumors are made up of spindle (7U%) ru1d epithelioid 
(30%) cells, and benign GISTs are three to four times more 
common thru1 malignam GIST.~. Most (>90%) GISTs express 
CD 117, the c-kit prow-oncogene protein that is a transmem
brane receptor for the stem cell growth factor, and 70% to 80% 
express CD34, l(he human progenitor cell antigen. Less fre
quently, these tumors stain positive for actin and desmin. The 
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incidence is equal in men ru1d in women, ru1d they are roost 
frequently diagnosed in the fifth decade of life. Grossly, they 
are firm, gray-white lesions with a whorled appearance noted 
on cut surface; microscopic exanlination demonstrates well
differentiated smooth muscle ceUs. These tumors may grow 
inrran1uraUy ru1d cause obstruction. Ahernatively, the rumors 
demonstrate intran1.ural and extramural growth, sometimes 
achieving considerable size ru1d eventually outgrowi.ng their 
blood supply, resulting in bleeding manifestations, which is the 
most common indication for surgery in patients with benign 
stromal tumors. Surgical resection is necessary for appropriate 
treatment. Mitotic counts higher thru1 2/50 high-power £elds 
imply an increased risk for local recurrence. 

Adenomas 
Adenomas account for approxin1ately 15% of aU bCJlign small 
bowel tumors ru1d are of three primary types: true adenomas, 
villous adenomas, ru1d Brunner gland adenomas. Twenty percent 
of adenomas are found iJl the duodenum, 30o/o are fotmd in the 
jejunum, ru1d 50o/o are found in the ileum. Most of these lesions 
are asymptomatic, with most occurring singly and found inci
dentally at autopsy. 1l1e most common presenting symptoms are 
bleeding and obstruction. Villous adenomas of the small bowel 
are rare but do occur, are most commonly found .in the duode
num, :and may be associated with the fan1 ilial polyposis syn
drome. Both true and viUous adenomas are thought to proceed 
along a similar adenoma-carcinoma sequence as colorectal ade
nomas and should be considered premalignru1t. Villous adeno
mas have a particular propensity for malignant degeneration and 
may be of relatively large si7.e (>5 em) in diameter. 1l1.ey are 
usually noted secondary to abdominal paiJ1 or bleeding; obstruc
tion may also occur. 1he maligr1ru1t potential of these lesions is 
reportedly between 35% and 55o/o. Treatment is determined by 
location and adenoma type. In the jejunum and ileum, the treat
ment of choice is segmental resection. Because of the potential 
morbidity associated with duodenal resection by pancreat.ico
duodenectomy or pancreas-preserving duodenectomy, the mrul
agement of duodenal adenomas is different. For sporadic 
adenomas, endoscopic or open polypectomy eru1 be performed 
if technically feasible. Although both these treatment strategies 
are associated with a recurrence rate of 30o/o to 50o/o, especially 
in adenomas la~r tbru1 3 em, postpolypectomy surveillance 
remains possible. Invasive cl1ru1ges or a recurrCJlce after polyp
ectOm)' necessitate more of a definitive resection, sucl1 as a 
pancreadcoduodenectomy. 

Familial adenomas typically occur in the presence of fanJil
ial adenomatous polyposis (FAP) syndrome ru1d require a differ
ent algorithm. FAP-affected patients carry a 5% lifetime risk of 
developing duodCJlal adenocarcinoma, whicl1 represents the 
leading cause of cancer-related mortality in these kindreds. Typi
cally, the adenoma burdCJl is diffuse throughout the duodenun1, 
making polypectomy impossible. To direct surveillance and 
treatment, patients are characteri7.ed by the Spigelman classifica
tion (Table 50-7). Screening endoscopy with a forward- and 
side-viewing endoscope is perforn1ed at regular imervals with 
biopsy of aU suspicious, villous, or large (>3 em) adenomas, in 
addi tion to random duodenal biopsies. Frequency of endoscopic 
screening is 1 to 3 years, depending on the Spigelman classifica
tion (1 to II0.28 Endoscopic or surgical polypectomy can be 
performed on large adenomas. Ablative therapy in the form of 
argon bean1 coagulation or photodynru1lic therapy bas been 

)> 
c::> 
0 
0 
:s: 
m z 

http://www.myuptodate.com


1258 SECTION X ABDOMEN 

Table 50-7 Spigelman Oassification for Duodenal 
Adenomatosis. 

----------------------------------
Points 

PARAMETER 2 3 

No. of polyps 1-4 5-20 >20 

Polyp size (mm) 1-4 5-10 >10 

Histology Tubular Tubulovillous Villous 

Degree of dysplasia Mild Moderate Severe 

Stage o, o points; stage 1, 1-4 points; stage 2, 5-6 points; stage3, Hl points; stage 
4, 9-12 points. 

attempted for these patients, but with disappointing results. The 
presence of high-grade dysplasia, carcinoma in situ, or a Spigcl
man IV classification necessitates pancreaticoduodenectomy or 
pancreas-preserving duodenectomy.28 Adenomas of the remain
ing small bowel also occur more frequently in FAP kindreds hut 
are not as prevalent as the duodenal disease. 

Brunner gland adenomas represent benign hyperplastic 
lesions arising from the Brunner glands of the proximal duode
num. These adenomas may produce symptoms mimicking those 
of peptic ulcer disease. Diagnosis can usually be accomplished 
by endoscopy and biopsy, and symptomatic lesions in an acces
sible region should be resected by sin1ple excision. There is no 
malignant potential for Brurmer gland adenomas and a radical 
resection should not be used. 

Lipomas 
Lipomas, wbld1 are also included in the category of stromal 
tumors, are most common in the ileum and. present as single 
intramural lesions lc•cated in the submucosa. They usually occur 
in the sixth and seventh decades of life and are more frequent 
in men. Less than one third of these tumors are symptomatic 
and, of these, the most common manifestations are obstruction 
and bleeding from superficial ulcerations. The treatment of 
choice for symptomatic lesions is excision. Lipomas do not have 
malignant potential and therefore, when found incidentally, 
should be ren1oved only if the resection is simple. 

Peutz-Jeghers Syndrome 
Hamartomas of the small bowel occm as part of the Peutz.
Jeghers syndrome, an inherited syndrome of mucocutaneous 
melanotic pigmentation and gastrointestinal polyps. The pattern 
of inheritance is simple mendelian dominant, with a high degree 
of penetrance. T11e classic pigmented lesions are small, l- to 
2-mm, brown or black spots located in the dram10ral regioJJ of 
the face, buccal mucosa, forearms, palms, soles, digits, and peri
anal area. T11e entire jejunum and ileum are the most usual 
portions of the gastrointestinal tract involved with these hanlar
tomas; however, 50% of patients may also have rectal and 
colonic lesions, and 25% of patients have gastric lesions. The 
most common symptom is recurrent colicky abdominal pain, 
usually as a result of intermittent intussusception. Lower 
abdominal pain associated with a palpable mass has been 
reported to oe<:ur in one third of patients. Hemorrhage as a 
result of autoan1putation of the polyps occurs less frequently and 
is most commonly manifested by anemia. Acute Life-threatening 

hemorrhage is uncommon but may occur. Although once con
sidered a purely benign disease, adenomatous changes have been 
reported in 3o/o to 6% of han1artomas. Extracolonic cancers are 
common, occurring in 50% to 90% of patients (small intestine, 
stomach., pancreas, ovary, lung, uterus, and breast). The small 
intestine represents the most frequem site for cancer, compared 
with that of the general population. The treatment of complica
tions of Peutz-Jeghers syndrome is directed rnai nly at the com
plication of obstruction or persistent bleeding. Resection should 
be Limited to the segment of bowel that is producing complica
tions and usually involves a limited resection. Because of the 
widespread nature of intestinal involvement, cure is not possible, 
and extensive resections are not indicated. 

Hemangiomas 
Hemangiomas are developmental malformations consisting of 
submucosal proliferation of blood vessels. They can occur at any 
level of the gastrointestinal tract; the jejunum is the most com
monly affected small bo·wel segment. Hemangiomas account for 
3o/o to 4o/o of all benign tumors of the small bowel and are 
multiple in 60% of patients. Hemangiomas of the small howel 
may occur as part of an inl1erited disorder known as Osler
Weber-Rmdu disease. Ln addition to the small bowel, hemangio
mas may also be present in the lung, liver, and mucous 
membranes. Patients wi th Turner's syndrome are likely also to 
have .cavernous hemangiomas of the intestine. The most common 
symptom of small bowel hemangiomas is intestinal bleeding. 
Angiography and %nT c-red blood cell scaruling are the most 
useful diagnostic studies. If a hemangioma is localized preopera
tively, resection of the iJwolved segment of intestine is war
ranted. If not identified, intraoperative transillumination and 
palpation can be helpful 

Malignant Neoplasms 
Recent population-based analyses have shown that the incidence 
of malignant neoplasms of the small intestine has increased 
steadily over the past 3 decades. This increase has minored the 
increase in diagnosis of small bowel carcinoids, which have 
surpassed adenocarcinoma as the primary cause of small bowel 
malignancy. Based on both the SurveUiance, Epidemiology and 
End Result (SEER) program and National Cancer Data Base 
{NCDB), smaiJ bowel malignancies, in order of frequency, 
include carcinoid, adenocarcinoma, lymphoma, and GIST.29 

Surprisingly, treatment and outcome have changed Little over the 
same time frame, which highlights the need for further investiga
tion concenling the multidisciplinary management of these 
diseases. 

In contrast to benign lesions, malignant neoplasms almos£ 
always produce symptoms, the most common of which are pain 
and weight loss. Obstruction develops in 15o/o to 35% of patients 
and, lmlike the inn1ssusception produced by he1lign lesions, is 
usually the result of tumor infiltration and adhesions. Diarrhea 
with tenesmus and passage of large anwunts of mucus may 
occur. Gastrointestinal bleeding, manifested by anemia and 
guaiac-positive stools or occasionally by melena or hematoclJe
zia, occurs to varying degrees with malignant lesions and is more 
common with leiomyosarcomas. A palpable ma~s may be felt in 
1 Oo/o ro 20o/o of patients and perforations develop in approxi
mately lOo/o, usually secondary to lymphomas and sarcomas. 
Although presentation may be similar, each tumor type has a 
distinct biology that dictates management and prognosis. 
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Carcinoid Tumors 
Carcinoids of the small bowel arise from enterochromaffin cells 
{Kulcbitsky cells), found in the crypts of Lieberkiih1130

; these 
cells are also known as argentaffin cells because of d1eir stainu1g 
by silver compounds. These tumors were first descdbed by 
Lubarsch in 188.8; in 1907, Oberndorfer coined the term Kar
zinoide to indicatte the carcinoma-like appearance and the pre
sumed lack of malignant potential. Carcinoid tumors have been 
reported in a number of organs, mduding most commonly the 
lungs, bronchi, and gastrointestinal tract. Most patients with 
small bowel carcinoids are in their fifth decade of life. 

Carcinoids may be classified by me embryologic site of 
origm and secretory product. Carcinoid tumors may be derived 
from the foregut (respiratory tract, thymus), midgut (jejunum, 
ileum and right colon, stomach, proximal duodenum), and 
hmdgut (distal colon, rectum). Foregut carcinoids characteristi
cally produce low levels of serotonm (5-bydroxytryptamine) but 
may secrete 5-hydroxytryptophan (5-HTP) or adrenocortico
tropic hormone. Midgut carcinoids are characteri7.ed by having 
high serotoniJ1 production. Hindgut carcinoids rarely produce 
serotonm but may produce other hormones, such as ~omatosta
tin and peptide YY. 1l1e gastrointestinal tract is the most 
common site for carcinoid tumors. After the appendix, the small 
mtestffie is the second most &equendy affected site ill the gas
trointestiJlal tract. [n the small intestine, carcinoids almost 
always occur within the last 2 feet of the ileun1. Carcinoid 
tun1ors have a variable malignant potential and are composed of 
multipotemial cells wi th the ability to secrete numerous humoral 
agents, the most prommem of which are seroronin and sub
stance P (Table 50-8). In addi tion to these substances, carcinoid 
tumors have been found to secrete corticotropm, histamine, 
dopamine, neurotensin, prostaglandins, kiniHS, gastrin, soma
wstatin, pancreal(ic polypeptide, calcitonm, and neuron-specific 
enolase. 

1l1e primary importance of carcmoid tumors is the malig
nant potential of the wmors themselves. Although me carcinoid 
syndrome, which is cllaracterized by episodic attacks of cutane
ous flushing, bronchospasm, diarrhea, and vasomotor collapse, 
can occur and is dran1atic in its most florid form, it occurs m 
only a small percentage of patients with malignant carcinoids. 

Patllology Carcinoid tumors may arise in organs derived from 
the foregut, midgut, and hindgut. Seventy percent to 80% nf 
carcinoids are asymptomatic and found incidentally at the time 
of surgery. In the gastrointestmal tract, more than 90% of car
cinoids are fow1d in three sites-appendix (45%), ileum (28%), 
and rectum (16%; Table 50-9). 1l1e malignant potential (ability 
to metastasize) is related to location, size, depth of mvasion, and 
growth pattern. Only approxm1atdy 3% of appendiceal card
ooids metastasize, but approximately 35% of ileal carcinoids are 
associated with metastasis. Most ("'75%) gastromtestinal carci
noids are smaller than I em in dian1eter, and approximately 2% 
of rl1ese arc associated with metastasis. In con trast, carcinoid 
tumors 1 to 2 cn1 m diameter and larger than 2 em are associ
ated with metastasis in 50o/o and 80% to 90o/o of cases, 
respectively. 

Grossly, these tumors are small, firm submucosal nodules 
chat are usually yellow on cut surface (Fig. 50-30). They may be 
as subtle as a small whitish plaque seen on the antimesenteric 
border of the small mtestiJ1e. Typically, they are a~sodated with 
a larger mesenteric mass caused by nodal disease and 
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Table so-a Secretory Products of carcinoid Tumors* 
AMINES TACHYKININS PEP TIDES OTHER 
5-HT Kallikrein Pancreatic Prostaglandins 

polypeptide 
(40%) 

5-HIAJ\ Substance P Chromogranins 
(88%) (32%) {HlO%) 

5-HTP Neuropeptide K Neurotensin 
(67%) (190/o) 

Histamine HCG-a {2SO/o) 

Dopamine HCG-13 

Motilin {14%) 

*Values in parentheses represent percentage frequen<y. 

HCG, Human chorionic gonadotropin; 5-H/AA, S-hydroxyindoleacetic acid; 
5-HT, S-hydroxytryptamine; 5-HTP, S-hydroxytryptophan. 

Table so-9 Distribution of Gastrointestinal carcinoids: lnci-
_dence of Metastases and of carcinoid Syndrome 

AVERAGE CASES OF 
METASTASIS CARON OlD 

SITE CASES (~) SYNDROME 

Esophagus () 

Stomach 93 (2%) 23 8 

Duodenum 135 {4%) 20 4 

Jejunoileum 1032 {28%) 34 91 

Meckel's 
diverticulum 

42 (1%) 19 3 

Appendix 1686 (45%) 2 6 

Colon 91 (2%) 60 5 

Rectum 592 (16%) 18 

Ovary 34 6 17 

Biliary tract 10 30 0 

Pancreas 2 

Total 3718 136 

Adapted from Cheek RC. Wilson H: carcinoid tumors. Curr Probl Surg (Nov):4-31, 
1970. 

desmoplastic invasion of the mesentery, which is often mistaken 
for the primary tLm1or. They tend to grow very slowly but, after 
invasion of the serosa, the intense desmoplastic reaction pro
duces mesenteric fibrosis, mtestmal kinking, and mrermittent 
obstruction. SmalJ bowel carcinoids are multicentric in 20% to 
30% of patients. Tilis tendency to multicentricity exceeds that 
of any other malignant neoplasm of the gastroiJuestmal tract. 
Another unusual observation is the frequent coexistence of a 
second primary malignant neoplasm of a different histologic 
type. This is usually a syncllronous adenocarcilloma (most com
monly in me large intestine) that can occur in lOo/o to 20% of 
patients with carcinoid tumors. Carcinoid tun1ors a.re a~sociated 
with multiple endocrine neoplasia type I in approximately 10% 
of cases. 

Clinical Manifestations ln the absence of carcinoid syndrome, 
symptoms of patients with carcmoid tumors of the smaU bowel 
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FIGURE 50-30 Gross pathologic characteristics of carcinoid tumor. A. Carcinoid tumor of the distal ileum demonstrates the intense desmoplastic 
reaction and fibrosis of the bowel wall. B. Mesenteric metastases from a carcinoid tumor of the small bowel. (Adapted from Evers BM, Townsend 
CM Jr, Thompson JC: Small intestine. In Schwartz Sl [ed]: Principles of surgery, ed 7, New Vorl<. 1999, McGraw-Hill, p 1245.) 

are similar to those of patients with small bowel tumors of other 
histologic types. The most common symptoms include abdomi
nal pain, whicl! is variably associated with partial or complete 
small intestinal obstruction. Obstructive symptoms can be 
caused by intussusception but usually occur secondary to a local 
desmoplastic .reaction, apparently produced by humoral agents 
elaborated by tthe tumor. Diarrhea and weight loss may also 
occur. The diarrhea is a result of a partial bowel obstruction 
rather than the secretory diarrhea noted in patients with the 
malignant carcinoid syndrome. As mesenteric and nodal exten
sion progress, local venous engorgement and ultimately ischemia 
of the affected segment of intestine contribute ro most symp
toms and complications related to the tumor. 

Malignant Corcinold Syndrome The malignant carcinoid syn
drome is a relatively rare disease, occurring i11 fewer than !Oo/o 
of patients with carcinoid wmors. The syndrome is usually 
associated with carcinoid tumors of the gastrointestinal tract, 
particularly from the small bowel. but carcinoids in other loca
tions, such as the bronchus, pancreas, ovary, and testes, have also 
bee11 described in association with the syndrome. Because of the 
first-pass metabolism of the vasoactive peptides responsible for 
carcinoid syndrome, hepatic metastasis or extra-abdominal 
disease is necessary to elicit the syndrome. The classic description 
of the carcinoid syndrome typically includes vasomotor, cardiac, 
and gastrointestinal manifestations. A number of humoral 
factors are produced by carcinoid tumors, but those considered 
to contribute to the carcinoid syndrome include serotonin, 
5-HTP (a precursor of serotonin synthesis), histamine, dopa
mine, kallikreim, substance P. prostaglandin, and neuropeptidc 
K. Most patients who exhibit malignant carcinoid syndrome 
have massive hepatic replacement by metastatic disease. However, 
tumors that bypas.~ the liver, specifically ovarian and retroperi
toneal carci11oids, may produce the syndrome in the absence of 
Liver metastasis. 

Common symptoms and signs include cutaneous Rushing 
(80%), diarrhea (76%), hepatomegaly (71 o/o), cardiac lesions, 
most commonly right heart valvular disease (41 o/o to 70%), and 
astlm1a (25%). Cutaneous flushing in the carcinoid syndrome 
may be of four varieties: 
L Diffuse erythematous, which is short-Lived and normally 

affects the face, neck, and upper chest 
2. Violaceous, which is similar to a diffuse erythematous flush 

except that the attacks may be longer and patients may 
develop a permanent cyanotic flush, with watery eyes and 
injected conjw1ctivae 

3. Prolonged flushes, which may last up to 2 to 3 days and 
involve the entire body, and may be associated with profuse 
lacrin1ation, hypotension, and facial edema and 

4. A bright-red patchy flushing, typically seen with gastric 
carcinoids 
The diarrhea associated with carcinoid syndrome is epi

sodic (usually occurring after meals), watery, and often explo
sive. Increased circulating serotonin levels are thought to be the 
cause of the diarrhea because the serotonb1 antagonist mcthy
sergide effectively controls the symptom. Cardiac lesions of car
cinoid tumors mainly involve the right side of the heart and ate 
usually limited to the tricuspid and pulmonary valves. 1l1e 
three most common cardiac lesions are pulmonary stenosis 
(90%), tricuspid insufficiency (470,~)), and tricuspid stenosis 
(42%). Asthmatic attacks arc usually observed during the flush
ing symptom, and serotonin and bradykinin have bee11 in1pli
cated in tl:tis symptom. Malabsorption and pellagra (demeJltia, 
dermatitis, and diarrhea) are occasionally present and are 
thought to be caused by excessive diversion of dietary 
tryptophan. 

Diagnosis The elevation of various humoral factors forms the 
basis for diagnostic tests i11 patients with carcinoid tumors and 
the carcinoid syndrome. Carcinoid rumors produce serotonin, 
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which is then metabolized in the liver and the lung to the phar
macologically inactive 5-hydroxyindoleacetic acid (5-HlAA). 
Elevated urinary levels of 5-HIAA measured over 24 hours with 
high-performance liquid chromatography are highly specific, 
although not sensitive. A potentially useful marker of neuroen
docrine rumors is the plasma concenrration of chromogranin A, 
a protein made jn the secretory granules, whicl1 is elevated in 
more than 80% of patients with carcinoid tumors. Although 
recent reports have proposed chromogranin A Levels to be the 
test of choice for the diagnosis of carcinoid, the lack of specificity 
for this test limits its usefulness as a sole marker. It appears that 
the combination of24-hour urine 5-HIAA and serum chromo
granin A levels provides the best biochemical diagnostic accu
racy. In terms of surveillance after resection or as a marker to 
monitor response to therapy, chromogranin A levels have proven 
efficacy over urine 5-HIAA Levels. Plasma serotonin, substance 
P, neurotensin, neurokinin A, and neuropeptide K levels can be 
measured, but these peptide.~ may not be elevated in all patients. 
Provocative tests using pentagastrin, calcium, or epinephrine 
may be used to reproduce the symptoms of carcinoid tumors. 
The administration of pentagastrin is the safest, most reliable, 
and most frequently used; however, with the accuracy of current 
diagnostic tests, there are relatively few indications today for 
provocative tests. 

Carcinoid tumors of the small intestine are rarely diag
nosed preoperatively. Bmum radiographic studies of the small 
bowel may exl1ibit multiple filling defects as a result of kinking 
and fibrosi~ of the bowel (Fig. 50-31). There are a munber nf 
imaging techniques used to diagnose the extent and spread of 
carcinoid rumors. A~ CT tedmology has continued to progress, 
cr scanning has become the imaging modality of choice for 
identifying the site of disease and the presence of lymphatic or 
hematogenous metastases. CT angiography may be useful in 
cases associated with a large mesenteric process to identify 
encasement and pseudoaneurysm formation, typical of a malig
nant process in the mesentery. A novel imaging study that rakes 
advantage of the fact that many of these tumors possess soma
tostatin receptors is somatostatin receptor scintigraphy using 
111ln-labcled pen tetreotide. This scintigraphic localization study 
has shown encouraging results, w.ith a higher reported sensitiv
ity than conventional in1aging techniques, such as CT, for 
delineating and localizing carcinoid tumors. In particular, 
somatostatin receptor scintigraphy ls the rest of choice to iden
tey extra-abdominal metastatic disease or in cases in which the 
primary cannot be appreciated on CT scan. Although CT scan
ning and somatostatin receptor scintigraphy (SRS) are the pre
dominant modalities for carcinoid rumor localization and 
staging, MRJ is emerging as a potential adjunct ro these current 
imaging techniques. When directly compared with CT or SRS, 
MRJ has shown enhanced sensitivity for hepatic metastases 
evaluation. Unfortunately, MRJ ha.~ not improved the ability to 

identify extral1epatic disease and remains constrained by insti
tutional expertise. 18 F-fluorodeoxyglucose positron emission 
tomography (FOG-PET) scanning, although in1portant in the 
evaluation of other malignancies, has not proven beneficial for 
carcinoids. However, the addition of newer isotopes such as 
llC- 5-HTP and 18F-L-dihydroxyphenylalanine ('8F-DOPA) 
has dramatically improved rhe sensitivity of PET for neuroen
docrine malignancies and, when fused w.ith conventional CT 
scanning, may ultimately outperform the current accepted 
in1aging modalities.3 ' 
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FIGURE 50-31 Barium radiograph of a carcinoid tumor of the termi
nal ileum demonstrates fibrosis with multiple filling defects and high
grade partial obstruction (arrows). (Courtesy Dr. Melvyn H. Schreiber, 
The University of Texas Medical Branch, Galveston, Tex.) 

Treabnent 
Surgkal Therapy The treatment of patients with. smaU bowel 
carcinoid tumors is based on tumor siz.e and site and presence 
or absence of metastatic disease.3° For primary tumors smaller 
than 1 em in diameter without evidence of regional lymph node 
metastasis, a segmental intestinal resection is adequate. For 
patients with lesions larger than I em, with multiple tumors, or 
with regional lymph node metasta.~is, regardless of the size of the 
primary tumor, wide excision of bowel and mesentery is required. 
Lesions of the terminal ileum are best rreaced by right hemico
Lectomy. Small duodenal tumors can be excised locally; however, 
more extensive lesions may require pancreaticoduodenectomy. 
In addition to treatment of the primary tumor, it is important 
that the abdomen be thoroughly explored for multicentric 
lesions. In cases in which the mesenteric disease appears to 
invo.lve a large portion of the mesentery, dissection of the tumor 
off the mesenteric vessels, with preservation of the blood supply 
to unaffected howel, is appropriate, albeit technically demand
ing. Not only does removal of the mesenteric disease provide a 
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significant survival advantage, but also mesenteric debulking 
ensures the most durable palliation for the patient. 

Caution should be exerted in the anesthetic management 
of patients with carcinoid tumors because anesthesia may pre
cipitate a carcinoid crisis characterized by hypotension, bron
chospasm, flushing, and tachycardia predisposing to arrhythmias. 
111e treatment of carcinoid crisis is rv octreotide given as a bolus 
of 50 ro 100 j..lg, which may be continued as an infusion at 
50 f.lg/hour. [n addition, IV antihistamine and hydrocortisone 
may be of some benefit. 

In patients with carcinoid tumors and widespread meta
static disease, surgery is still indicated. In contrast co metastases 
from other cumors, there is a definite role for surgical debulkU1g, 
which often provides beneficial symptomatic relief. [n patients 
with limited hepatic involvement, metastasectomy has been 
shown to provide the most durable survival benefit when com
pared with other treatment modalities. Unfortunately, most 
patients are not candidates for liver resection because of exten
sive disease; recu.rrence after metastasectomy occurs in up to 
75o/o of patients. ln these cases, transarterial chemoembolization 
or radioembolization has heen shown to provide liver-directed 
control of disease. Furthermore, rese.ction of the primary turn or, 
with orwithouli: mesenteric resection, has been shown to in1prove 
survival and slow progression of hepatic metastases in patients 
with unresectable disease. Although there have been some small 
series of hepatic transplantation for extensive liver metastases 
from carcinoid, unacceptably high recurrence rates limit this 
approach. 

Medial/ Therapy Medical therapy for patients with malignant 
carcinoid synd:rome is primarily directed toward the relief of 
symptoms caused by the excess production of humoral factors.j0 

Various long-acting analogues of somatostatin, such as octreo
tide (Sandostatin) or the slow-release formulation (Sandostatin 
LAR), relieve symptoms of the carciJ10id syndrome (e.g., diar
rhea, flushing) in most patients. ln addition to the relief of 
symptoms using oc.treotide, mmor regression has been reported 
in some patients. A randomized controlled trial of 85 patients 
with unresectable metastatic midgut carcinoid compared treat
ment with Sandostatin LAR to placebo. 32 A significant improve
ment ill progression-free survival was seen and was most 
pronounced in patients with a resected primary tw11or and/or 
low hepatic burden. 

Recently, second-generation right hemicolectomy soma
tostatin analogues have been developed to address the Linlita
tions of the cur1rent regimens. Pasireotide represents an important 
advance m current biologic therapy. Witl1 its broad somatostatiJl 
receptor inhibition and up to 40-fold mcrease m bindmg affin
ity, as compared with current somatostatiJ1 analogues, pasireo
tide my have a role as primary therapy or salvage therapy for 
patients who fail treatment em fuse-generation somatostatm 
therapy.:!3 Interferon-a. (IFN-a.) has also been shown to provide 
symptomatic relief in patients with carcinoid syndrome. A cliJli
cal trial that evaluated the use of lFN-a. in more than 100 
patients with carcinoid syndrome identified decreases in urinary 
5-H lM levels in 42o/o of patients and tumor regression in 15o/o. 
However, the increased incidence of side effects (e.g., fever, 
fatigue, anorexia, weight loss) precludes the widespread use of 
this drug. 

Serotonin receptor antagonists have been used with limited 
success. Methysergide is no longer used because of the increased 

incidence of retroperi toneal fibrosis. Ketanserm and cyprohep
tadine have been shown to provide some control. of symptoms 
and o ther antagonists, sucl1 as ondansetron, may be even more 
effective. 

Given the slow-growmg nature of cardnoid, cytotoxic che
motherapy has had only limited success. 1l1e role of chemo
therapy is confined predominantly to patients with metastatic 
disease who arc symptomatic, unresponsive to other therapies, 
or have high tumor proliferation rates. The most frequent com
bination used is streptozotociJ1 plus 5-Auorouracil or cyclophos
phamide, whicl1 may result in some tumor regression in up to 
one third of the patients. The duration of response, however, is 
shorr-Uved. The use of cisplatin and etoposide has shown some 
promise onJy m patients with well-differentiated carciJ1oids. 
Result~ using dacarbazine (DTfC) arc conflicting. 

In summary, the treatment of metastatic carciJ10id tumors 
requires a multidisciplinary approach and combmed modalities 
may be the best option, mcluding surgical debulking, hepatic 
artery embolization or chemoemboli7_ation, and medical therapy. 
In addition, newer and more targeted therapies arc being devel
oped that may be useful in the future. Targeted therapy bas 
progressed down four separate pathways. Given the hypervaKu
lar namre of carcinoids, antiangiogenesis therapy (e.g., bevaci
zumab) is being investigated in combiJ1ation with cytotoxic and 
somatostatin therapy.31 Based on the benefi t of sunitinib seen in 
pancreatic neu.roendocrine tumors, tyrosine kinase inhibitors 
have been evaluated as systemic therapy and as a liver-directed 
chemoemholization strategy for carciJ10ids as well. 1l1e PI3K
AKT-mTOR pathway has also recently emerged as a potential 
target for systemic therapy. Agents sucb as everolimus, an 
mTOR inhibitor, although initially developed as immunosup
pressant therapy, have redefined themselves as potent antitumor 
agents and remam Lmder active investigation for carcinoid 
disease. Perhaps the most promising targeted therapy to date is 
radiolabcled somatostatm analogue therapy. In a series of over 
500 patients with &~tromtestinal neuroendocrme tun1ors 
including carcinoid, [ I. · Lu-DOTA0,Ty~] octreotate was well rol
erated and provided significant improvements in response rates 
and overaU survival when compared witl1 historical controls.35 

Prognosis Carcmoid tumors have the best prognosis of all small 
bowel tumors, whether the disease is localized or metastatic. 
Resection of a carcmoid cun1or localized ro its primary site 
approacht>s a 100% survival rate. Five-year survival rates are 
approxin1arely 65% in patients with regional disease and 25% 
to 35o/o in those with distant metastasis. When widespread meta
static disease precludes cure, extensive resection for palliation is 
mdicated. In fact, long-term palliation often can be obtained 
because these tumors are relatively slow-growing. A number of 
factors have been evaluated ill an atten1pt to identify patients 
with carcinoid tumors who have a poor prognosis. Probably the 
most useful factor identified is an elevated level of chromogranin 
A, which was found to be an independent predictor of a11 
adverse prognosis. 

Adenocarcinomas 
Adenocarci11oma~ traditionally have constituted approximately 
50% of the malignant rumors of the small bowel in most 
reported series, although the mcidence has plateaued in recent 
years .. 29 1l1e peak incidence is i11 the seventh decade of life, and 
most series show a slight male predominance. Most of these 
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FIGURE 50-32 large cirrumferential mucinous adenocarcinoma of 
the jejunum. (Courtesy Or. Mary R. Schwartz. Baylor College of Medi
cine, Houston.) 

wmors are located in the duodenum and proximal jejuJlum (Fig. 
50-32). Those arising in association with Crohn's disease tend 
to occur at a somewhat younger age, and more than 709~• arise 
in the ileum. Tumors of the duodenum tend to present some
what earlier than those in the most distal intestine, with symp
toms ofjatmdice aJ1d chroni.c bleeding. Adenocarcinomas of the 
jejunum and ileULm usually produce symptoms that may be more 
nonspecific and indude vague abdominal pain and weight loss. 
Intestinal obstruction and d1ronic bleeding CaJ1 also occttr. Per
foration is uncommon. As with adenocarcinomas iJ1 o ther 
organs, survival of patients with small bowel adenocarcmomas 
is related to the stage of disease at the tm1e of diagnosis. Unfor
tunately, diagnosis is often delayed, and the disease is advanced 
at the time of surgery, secondary to various factors (e.g., vague
ness of symptoms, absence of physical findings, lack of clinical 
suspicion because of the rariry of these lesions). 

Tream1ent of small bowel adenocarcinoma is determmed 
by location and stage. Duodenal adenocarcinomas are treated 
with pancreaticoduodenectomy or segmental. resection if the 
tumor is in d1e third or fourth portion of the duodenum. j ejw1al 
and ileal adenocarcinomas are treated with segmental resection 
with the associated mesentery (Fig. 50-33) or right colectomy 
for termmal ileal carcmomas. There is no standard adjuvant 
protocol for small bowel adenocarcinoma and adjuvant regimens 
are often dictated by location. Duodenal adenocarciJ10mas often 
receive a periarnpuUary treatment protocol whereas midgut 
adenocarciJ1omas undergo a colorectal regimen. 1l1e prognosis 
of small bowel adenocarcinoma is poor, likely because of the 
delayed presentation aJ1d presence of advaJlced disease at diag
nosis. Five-year survival rates are typically in the 15% to 20% 
range, although duodenal adenocarcinoma has a 5-year survival 
rate of 50%, probably because of the earlier symptom presenta
tion and diagnosis. 

Lymphoma 
Malignant lymphomas involve the small bowel primarily or as 
a manifestation of systemic disease. Primary gastrointestmal 
lymphoma~. of whidl ahout one third occur in the small bowel, 
account for 5% of aU lymphomas.36 Lymphomas constitute 
7% to 25% of small bowel malignant tumors in the adult; m 
children younger thaJ1 10 years, they are the most common 

A 

SMALL INTESTINE CHAPTER SO 

'-....._ 
B 

1263 

FIGURE 50-33 Surgical management of carcinoma of the small 
bowel. A. Malignant tumors should be resected with a wide margin 
of normal bowel and a wedge of mesentery to remove the immediate 
draining lymph nodes, B, End-to-end anastomosis of the small bowel 
and repair of the mesentery. (Adapted from Thompson JC: Atlas of 
surgery of the stomach, duodenum, and small bowel, St louis, 
Mosby-Year Book, 1992, p 299.) 

FIGURE 50-34 Gross photograph of primary lymphoma of the ileum 
shows ~replacement of all layers of the bowel wall with tumor. (Cour
tesy Or. Mary R. Schwartz. Baylor College of Medicine, Houston.) 

intestiJnal neoplasm. Lymphoma~ are most commonly found in 
the ileum, where there is the greatest concentration of gut
associated lymphoid tissue. L1creased risk for developing primary 
small bowel lymphomas has been reported in patients with celiac 
disease and immunodeficiency state~ (e.g., AIDS). Grossly, small 
intestine lymphomas are usually large, witb most larger than 
5 em; they may extend beneath the mucosa (Fig. 50-34). Micro-
scopicaUy, there is often diffuse m£1tration of the mtestinal wall. 
Symptoms of small bowel lymphoma include pain, weight loss, 
nausea, vomitmg, aJ1d chaJ1ge iJ1 bowel habits. Perforation may 
occur in up to 25% ofpatients (Fig. 50-35). Fever is uncommon 
aJld suggests systemic involvement. 

ll1e treatment of smal.l bowel lymphoma remains contro
versial. Traditionally, a combiJlation of surgery, d1emothcrapy 
and radiation were used for all small bowel nunors. However, 
in the absence of symptoms, small bowel lymphomas may 

)> 
00 
0 
0 
s:: 
m z 

http://www.myuptodate.com


1264 SECTION X ABDOMEN 

FIGURE 50-35 Small bowel lymphoma presents as perforation and 
peritonitis. (Courtesy Dr. Mary R. Schwartz, Baylor College of Medi
cine, Houston.) 

respond to chemotherapy witbout the need for surgery. This can 
typically be predicted by cell type because B celJ lymphomas are 
more cbemosensitive than T cell lymphomas and have high 
remission rates with or without surgery. T cell lymphomas are 
traditionally more resistant to therapy and will progress to symp
toms of obstruction or perforation if not resected. Regardless of 
cell type, resec£ion is indicated at any onset of symptoms because 
progression to life-threatening hemorrhage or perforation por
tends a dismal [prognosis. Five-year survival of 50o/o to 60o/o can 
be expected and is diC£ated by response to systemic therapy 
rather than the success of surgical resection. 

<iastrointestinal Stromal Tumors 
Malignant GISTs, or leomyosarcomas, arise from mesenchymal 
tissue and constitute about 20% of malignant neoplasms of the 
small bowel (Fig. 50-36). 1l1ese rumors are more common in 
the jejunum and ileum, typically are diagnosed in the fifth and 
sixth decades off life, and occur wi.th a slight male preponderance. 
Malignant GISTs are larger than 5 em at the time of diagnosis 
in 80% of patients. GISTs mostly arise from the muscularis 
propria and generally grow extramurally. Most common indica
dons for surgery include bleeding and obstruction, although free 
perforation may occur as a result of hemorrhagic necrosis in 
large rumor masses. Typically, G ISTs tend ro invade locally and 
spread by direct extension into adjacent tissues and hematoge
nously to the lliver, lungs, and bone; lymphatic metastases are 
unusual. The most useful indicators of survival and the risk for 
metastasis include the size of the tumor at presentation, mitotic 
index, and evidence of tumor invasion into the lamina propria. 

Treatment of GISTs continues to evolve and represents one 
of the first breakthroughs in signal transduction manipulation. 
Surgical management is straightforward, with segmental resec
tion of the tumor contalningsegmenr to obtain negative margins. 
Wide resection of the mesentery with lymphadenectomy is not 
necessary. Until recently, adjuvant strategies for GIST were 
lackiJ1g and recurrence rates after resection were as high as 70%. 
However, the developmem of imatinib mesylate (Gieevec, for
merly known as ST/571) has altered previous treatment strate
gies. L11atinib mesylate is a tyrosine kinase inhibitor that blocks 
the umegulated mutant c-kit (CD117) tyrosine kinase and 

FIGURE 50-36 Small bowel leiomyosarcoma (malignant gastrointes
tinal stromal tumor) with hemorrhagic necrosis. (Courtesy Or. Mary 
R. Schwartz, Baylor College of Medicine, Houston.) 

inhibit.~ the BCR-ABL and platelet-derived growth factor 
(PDGF) tyrosine kinases. Previ.ous randomized trials have veri
fied its ability ro control disease progression in patients wjth 
metastatic disease. However, a recent surgeon-initiated random
ized trial bas shown that 1 year of adjuvant imatinib mesylate, 
after complete resection of a GIST, significantly improved recur
rence free survival.3? Adj uvam imatinib mesylate is now the 
standard of care for malignant GISTs, especially with size larger 
d1ru1 5 em, high mitotic rate, or small bowel location. Further 
trials have suggested that neoadjuvant imatinib mesylate may 
help determine which patients with locally advru1ced or meta
static GIST may benefit &om aggressive resection.38 Survival 
data :are pending. 

The prognosis of malignru1t GIST has traditionally been 
poor because of the high recurrence rate. However, in the era of 
tyrosine kinase modulation therapy, the impact of these new 
therapies on overall survival remains to be determined. 

Metastatic Neoplasms 
Metastatic tumors involving the small bowel are mud1 more 
common than primary neoplasms. 1l1e most common meta~ta
ses to the small intestine are those arising from other intra
abdominal organs, including the uterine cervix, ovaries, kidneys, 
stomach, colon, and pancreas. Small intestinal involvement is 
by direct extension or implru1tation of tumor cells. Metastases 
from extra-abdominal tumors are rare but may be found in 
patients with adenocarcinoma of rhe breast and carcinoma of 
the Lung. Cutru1eous melanoma is the most common extra
abdominal source to involve the small intestine, with involve
ment of the small intestine noted in more than 50% nf patients 
dying from malignant melanoma (Fig. 50-37). Common symp
toms include a11orexia, weight loss, anemia, bleeding, ru1d partial 
bowel obstruction. Treatment is palliative resection to relieve 
symptoms or, occasionally, bypass if rhe metastatic tumor is 
extensive and not amenable to resection. 

DIVERTICULAR DISEASE 
Diverticular disease of the small intestine is relatively common. 
It may present as true or false diverticula. A true diverticulum 
contains all layers of the intestinal wall ru1d is usually congenitaL 
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FIGURE 50-37 A. Barium radiograph shows target lesions consistent 
with metastatic melanoma of the small bowel (arrow). 8, Gross speci
men demonstratimg metastatic melanoma to the small bowel. (A. 
Courtesy Dr. Melvyn H. Schreiber, The University of Texas Medical 
Branch, Galveston, lex; 8, courtesy Dr. Mary R. Schwartz. Baylor 
College of Medicine, Houston.) 

False diverticula consist of mucosa and submucosa protruding 
through a defect in the muscle coat and are usually accp.tired 
defects. SmalJ bowel diverticula may occur in any portion of the 
small intestine. Duodenal diverticula are the most common 
acquired diverticula of the small bowel, and Meckel's 
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FIGURE 50-38 Distribution of 95 duodenal diverticula within the four 
portions of the duodenum. (From Eggert A, Teichmann W. Wittmann 
DH: The pathologic implication of duodenal diverticula. Surg Gynecol 
Obstet 154:62- 64, 1982.) 

diverticulum is the most common true congenital divertklLlum 
of the small bowel. 

Duodenal Diverticula 

Incidence and Cause 
First described by Chomel, a .French pathologist, in 1710, diver
ticula of the duodenum are relatively common, representing the 
second most common sire for diverticulum formation after the 
colon. The incidence of duodenal divertictLla varies, depending 
on the age of the patient and method of diagnosis. Upper gas
trointestinal radiographic studies identif}, duodenal diverticula 
in 1 o/o to 5% of all studies, whereas some autopsy series report 
the incidence as being as high as 15% to 20%. Duodenal diver
ticula occur twice as often in women as in men and are rare in 
patients yow1ger than 40 years. They have been classified as 
congenital or acquired, true or false, and intraluminal or extralu
minal. Two thirds to three fourths of duodenal diverticula. are 
found in the periampullary region (within a 2-cm radius of the 
amputla} and project from the medial walJ of the duodenum 
(Fig. 50-38). 

Clinical Manifestations 
'TI1e important thing to remember is that the overwhelming 
majority of duodenal diverticula. are asymptomatic and arc 
usualJy noted incidentally by an upper gastrointestinal series for 
ru1 unielated problem (Fig. 50-39). Diagnosis may also be 
obtaiJled by upper gastrointestinal endoscopy or suggested by 
plain abdominal films showing an atypical gas bubble; CT can 
identifY large diverticula. Less than 5% of duodenal diverticula 
will re'luire surgery because of a complication of the diverticu
lum itself. Major complications of duodenal diverticula include 
obstruction of the biliary or pru1creatic ducts that may contrlb
me to cl10langitis and pru1creatitis, respectively, hemorrhage, 
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FIGURE 50-39 Large diverticulum arises from the second portion of 
the duodenum. (Courtesy Dr. Melvyn H. Schreiber, The University of 
Texas Medical Branch, Galveston, Tex.) 

perforation and, rarely, blind loop syndrome. Unfortunately, 
asymptomatic duodenal diverticula often present as an acute 
perforation that occurs during endoscopic misadvemure. 

Only those dlverticu.la associated with the amplttla of Vater 
are significantly related to complications of d1.olangitis and pan
creatitis. In these patients, the ampulla usually enters the duo
denum at the superior margin of the diverticulum rather than 
through the diverticulum itself. The mechanism proposed for 
the increased incidence of complications of the biliary tract is 
the location of the perivaterian diverticulum, whid1 may produce 
mechan.icaJ distortion of the common bile duct as it enters the 
duodenwn, resulting in partial obstruction and stasis. Hemor
rhage can be caused by inflammation, leading to erosion of a 
branch of the superior mesenteric artery. Perforation of duode
nal diverticula has been described, but is rare. Finally, stasis of 
intestinal contents within a distended diverticulum can result in 
bacterial overgrowth, malabsorption, steatorrhea, and megalo
blastic anemia (i.e., blind loop syndrome). Symptoms related to 
duodenal diverticula in the absence of any other demonstrable 
disease usually are nonspecific epigastric complaints that can be 
treated conservatively and may actually prove to be the result of 
another problem not related to the diverticulum itself. 

Treatment 
As noted, most duodenal diverticula are asymptomatic and 
benign; when they are found incidentalJy, they should be left 
alone. Several operative procedures have been described for the 
treatment of the sympromadc duodenal diverticulum. The most 
common and effective treatment is diverticulectomy, which is 
most easily accomp(jshed by performing a wide Kocher maneu
ver that exposes the duodenum. 1he diverticulum is then excised, 

and the duodenum is dosed in a transverse or longitudinal 
fashion, whichever produces the least an1ount of luminal 
obstruction. Because of the close proximity of the an1pulJa, 
careful identification of tl1e ampulla is esse1ltial to prevent injury 
to the common bile duct and pancreatic duct. For diverticula 
embedded deep within the head of the pancreas, a duodenoromy 
is performed, with invagination of the diverticulum into the 
lumen. which is then excised, and the wall is closed (Fig. 50-40A 
to C). Altemadve methods that have been described for duode
nal diverticula associated with the ampulJa of Vater include an 
extended sphincteroplasty tb.rough the common wall of the 
ampulla in the diverticulum (see Fig. 50-40D to F) . 

The treatment of a perforated diverticulum may require 
procedures similar to tl1ose described for patients witl1 massive 
trauma-related defects of the duodenal wall. l11e perforated 
diverticulum should be excised and the duodenum closed with 
a serosal patch from the jejunal loop. If the surrOtmding inflam
mation is severe, it may be necessary to divert tl1e enteric flow 
away from the site of the perforation with a gastrojejunostomy 
or duodenojejw10stomy. Interruption of duodenal continuity 
proximal to the perforated diverticulum may he accomplished 
by p}'loric closure with suture or a row of staples. If the diver
ticulum is posterior and perforates into the substance of the 
pancreas, operative repair may be difficult and dangerous. Wide 
drainage with duodenal diversion may be all that is feasible in 
such cases. Great care should be taken if the perforation is adja
cent to the papilla of Vater. lntral.uminal duodenal diverticula 
have been described but are highly uncommon and, if symp
tomatic, can be completely excised if they arise at a site distant 
from the ampulla. However, if a symptomatic intralunlinal 
diverticulum is encountered associated with the ampulla of 
Yater, subtotal resection of the diverticulum should be carried 
out to protect the entry of the biliary pancreatic ducts. 

Jejunal and Ileal Diverticula 

Incidence and Cause 
Diverticula of the small bowel are much less common than 
duodenal diverticula, with an incidence ranging from 0.1 o/o to 
1.4% in autopsy series and 0.1 o/o to 1.5% in upper gastrointes
tinal studies. Jejunal diverticula are more common and are larger 
than those in the Ueum. l11ese are false diverticula, occurring 
mainly in an older age group (after the sixth decade of life). 
These diverticula are multiple, usually protrude from the mes
enteric border of the bowel, and may be overlooked at surgery 
because they are embedded within the small bowel mesentery 
(Fig. 50-41). The cause ofjejunoileal diverticulosis is thought to 
be a motor dysfLmction of the smooth muscle or the myenteric 
plexus, resulting in disordered contractions of tl1.e small bowel, 
generating increased intraluminal pressure, herniation of the 
mucosa and submucosa through the weakest portion of the 
bowel (i.e., the mesenteric side). 

Clinical Manifestations 
JejunoiJeal diverticula are usually found incidentally at laparot
omy or during an upper gastrointestinal study (Fig. 50-42); the 
grear majority remain asymptomatic. Acute complications such 
as imestinal obstruction, hemorrhage, or perforation can occur 
but are rare. Chronic symptomatology includes vague chronic 
abdominal pain, malabsorption, functional pseudo-obstruction, 
and chronic low-grade gastrointestinal hemorrhage. Acute 
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FIGURE 50-40 A-(. Treatment of a diverticulum protruding into the head of the pancreas. The duodenum is opened vertically. A damp is used 
to invert the diverticulum into the lumen, where it is excised and the posterior wall defect is dosed. D-F. Management of the unusual duodenal 
diverticula that arise in the periampullary location. A tube stent should be placed into the common bile duct and passed distally into the 
duodenum to facilitate identification and later dissection of the sphincter of Oddi. The diverticulum is inverted into the lumen of the duodenum. 
The round opening in the wall of the base of the diverticulum is the site at which the ampullary structures were freed by a circumferential 
incision. E, line of division of the base of the diverticulum (heavy broken line), which is accomplished by free-hand dissection. After the diver
ticulum has been removed, the stent and enveloping papilla are protruded into the defect left by the division of the base of the diverticulum. 
The mucosa and muscle wall of the papilla are then sewn circumferentially to the wall of the duodenum. (Adapted from Thompson JC: Atlas 
of surgery of the stomach, duodenum, and small bowel. StLouis, 1992, Mosby-Year Book. pp 209-213.) 

FIGURE 50-41 Mt!ltiple large jejunal diverticula located in the mes
entery in an older, patient presenting with obstruction secondary to 
an enterolith. (Adapted from Evers BM. Townsend CM Jr. Thompson 
JC: Small intestine. In Sd1wartz Sl [ed]: Principles of surgery, ed 7, 
New York, 1999, McGraw-Hill. p 1248.) 

complications arc diverticulitis, with or without abscess or per
foration, gastrointestinal hemorrhage, and intestinal obstruc
tion. Stasis of intestinal flow with bacterial overgrowth (blind 
loop syndrome), caused by tl1e jejunal dyskinesia, may lead to 

deconjugation of bowel salts and uptake of vitami11 B12 by the 
bacterial flora, resulting in steatorrhea and megaloblastic anemia, 
witll o.r without neuropathy. 

Treatment 
For incidentally noted, asymptomatic jejunoileal diverticula, no 
treatmeJlt is required. Treatment of complications of obstruc
tion, bleeding, and perforation is usually by intestinal resection 
and end-to-end anastomosis. Patients presenting with malab
sorption secondary to the blind loop syndrome and bacterial 
overgrowth in the diverticulum can usually be given antibiotics. 
Obstruction may he caused by enterolitlls that form in a jejunal 
diverticulum and are subsequently dislodged and obstruct tbc 
distal intestine. 'This condition may be treated by enterotomy 
and removal of the enterolitll, or sometimes the enterolith can 
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FIGURE 50-42 Multiple jejunal divertiOJia demonstrated by a barium 
contrast upper gastrointestinal study. (Courtesy Dr. Melvyn H. Sch
reiber, The University of Texas Medical Branch, Galveston, Tex.) 

be milked distally imo the cecum. When the enterolith causes 
obstruction at the leveJ of the diverticulum, bowel resection is 
necessary. When a perforation of a jejunoileal diverticulum is 
encowuered, resection with reanastomosis is required because 
lesser procedures such as simple closure, excision, and invagina
tion are associated with greater mortality and morbidity rates. 
In extreme cases, such as diffuse peritonitis, emerostomies may 
be required if judgment dictates that reanastomosis may be risky. 

Meckef s Diverticulum 

Incidence and Cause 
Meckel's diverticulum is the most commonly encountered con
genitaJ anomaJy of the small intestine, occurring in about 2% 
of the population. It was reported initially in 1598 by Hildanus 
and then described in detail by Johann MeckeJ inl809. MeckeJ's 
diverticulum is located on the antimesenteric border of the 
ileum 45 to 60 em proximal to rhe ileocecal valve and results 
from incomplete closure of the omphaJomesenteric, or vitelline, 
duct. A11 equaJ i11cidence is found in men ru1d women. Meckcl's 
diverticulum may exist in different forms, ranging from a small 
bump that may he easily missed to a long projection that com
municates with the umbilicus by a persistent fibrous cord {Fig. 
50-43) or, mucl1 less commonly, a patent fistula. 1he usuaJ 
manifestation is a relatively wide-mouthed diverticulum measur
ing about 5 em in length, with a dian1eter of up to 2 em {Fig. 
50-44). Cells L.iJ1ing the vitelline duct arc pluripotent; therefore, 
it is not uncommon to find heterotopic tissue within the Meckel 
diverticulum, the most common of which is gastric mucosa 
(present in 50% of all Meckd's diverticula). Pru1creatic mucosa 
is encountered in about 5o/o of diverticula: le.~s commonly, these 
diverticula may harbor colonic mucosa. 

FIGURE 50-43 Omphalomesenteric remnant persisting as a fibrous 
cord from the ileum to the umbiliOJs. 

FIGURE 50-44 Common presentation of a Meckel diverticulum pro
jecting from the antimesenteric border of the ileum. 

Clinical Manifestations 
Most Meckel's diverticula are entirely benign and are inciden
tally discovered during autopsy, laparotomy, or barium sntdies 
{Fig. 50-45). The most common clinical presentation of Meck
el's diverticulwn is gastrointestinal bleeding, which occurs in 
25o/o to 50% of patients who present with complications; hem
orrhage is the most common symptomatic presentation in chil
dren 2 years of age or younger. 1his complication may present 
a~ acute ma<>Sive hemorrhage, anemia secondary to chronic 
bleeding, or a self-limiting recurrent episodic evem. The usual 
source of the bleeding is a chronic acid-induced t~cer in the 
ileun1 adjacent tO a Meckel's diverticulum that contains gastric 
mucosa. 
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FIGURE 50-45 Barium radiograph demonstrates an asymptomatic 
Meckel's diverticulum (arrow). (Courtesy Dr. Melvyn H. Schreiber, The 
University of Texas Medical Branch, Galveston, Tex.) 

Another common presenting symptom of Meckel's diver
ticulum is imesti nal obstruction, wbkh may occur as a result of 
a volvulus of the small bowel around a diverticulum associated 
with a fibrotic band attached to the abdominal wall, intussuscep
tion or, rarely, incarceration of the diverticulum in an inguinal 
hemia (Littre's hernia). Volvulus is usually an acute event and, 
if allowed to progress, may result in strangulation of the involved 
bowel. In intussusception, a broad-based diverticulLm1 invagi
nates ru1d then js carried forward by peristalsis. 1l1is may be 
ileoileal or ileocolic and present as acute obstruction associated 
with ru1 urge to defecate, early vomiting ru1d, occasionally, the 
passage of the classic currant jelly stool. A palpable mass may be 
present. Although reduction of ru1 imussusception secondary to 

Meckel's diverticu1Lm1 can sometimes be performed by barium 
enema, the patient should still undergo resection of the diver
ticulum to negate subsequent recurrence of the condition. 

Diverticulitis accounrs for 10% co 200/o of symptomatic 
presentations. This complication is more common in adult 
patients. Meckel's diverticulitis, which is clinically indistinguish
able from appendicitis, should be considered in the differential 
diagnosis of a patiem with right lower quadrant pain. Progres
sion of the diverticulitis may lead to perforation and peritonitis. 
It is in1portant to remember that wben the appendix is fonnd 
to be normal during exploration for suspected appendicitis, the 
distal ileum should be inspected for the presence of aJl inflamed 
Meckel's diverticulum. Finally, much rarer complications of 
Meckel's diverticula include neoplasms, with the most common 
benign tumors reported as leiomyomas, ru1giomas, ru1d lipomas. 
MaHgnam neoplasms include adenocarciJlomas, which generally 
originate from the gastric mucosa, sarcoma, ru1d carcinoid 
tumor. 
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Meckel's ----
diverticulum ___...---

Bladder 

FIGURE 50-46 991"Tc-pertechnetate scintigram from a child demon
strates a Meckel's diverticulum dearly differentiated from the stomach 
and bladder. (Courtesy Dr. Melvyn H. Schreiber, The University of Texas 
Medical Branch, Galveston, Tex.) 

Diagnostic Studies 
The diagnosis of Meckel's diverticulLml may be difficult. Plain 
abdominal radiography, cr. aJld ultrasonography are rarely 
helpful. Ln children, the single most accurate diagnostic test for 
Meckel's diverricula is scintigraphy wic:h sodium w"'Tc
pertecbnetate. The 99"'Tc-perteclmetate is preferentially taken up 
by the mucus-secreting cells of gastric mucosa and ectopic 
gastric tissue in the diverticulum (Fig. 50-46). 1l1e diagnostic 
sensitivity of this scan has been reported as high as 85%, with 
a specificity of95o/o and an accuracy of90o/o in the pediatric age 
group. 

In adults, however, 'l?o"Tc-perrechnetare scanning is less 
accurate because of the reduced prevalence of ectopic gastric 
mucos:a within the diverticulum. 1l1e sensitivity and specificity 
cru1 be improved by the use of pharmacologic agents such as 
pentagastrin ru1d glucagon or histamine 2 (Hz) receptor aJltago
nists (e.g., cimetidine). Pentagastrin indirectly increases the 
metabolism of mucus-producing cells, whereas glucagon inl1ibi ts 
peristaltic dilution ru1d washout of imrallll1linal radionuclide. 
Cimetidine may be used to increase the sensitivity of scintigra
phy by decreasing the peptic secretion, but not the radionucUde 
uptake, ru1d retarding the release of pertechnetate fTom the 
diverticular lumen, thus resulting in higher radionucUde con
centrations in the wall of the diverticulum. ln adult patients, 
when nuclear medicine findings are nom1al, barium studies 
should be performed. Ln patients with acute hemorrhage, rulgi
ograplty is sometimes usefuL 

Treatment 
1l1e treatment of a symptomatic Meckel's diverticulum should 
be prompt surgical imervention with resection of the diverticu
lum or resection of tl1e segment of ileum bearing the diverticu
lum. Segn1ental intestinal resection is required for treatment of 
patients with bleeding because the bleeding site is usually in the 
Lleum :adjacent to the diverticulum. Resection of the diverticu
lum for nonbleeding Meckel's diverticula cru1 be performed 
using a hand-sewn technique or stapling across the base of the 
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diverticulum in a diagonal or transverse line to minimize the 
risk for subsequent stenosis. Reports have demonstrated the 
feasibUity and safety of laparoscopic diverticulectomy. Long
term outcomes with this procedure, however, are lacking. 

Although the treatment of complicated Meckel's diverticu
lum is Hraightforward, the optimal rrearmem of Meckel's diver
ticulum noted as an incidental finding is still debated. It is 
generally recommended that asymptomatic ruverticula found in 
cblldren during laparotomy be resected. The treatment of Meck
el's diverticLLia encountered in the adul t patient, however, 
remains controversial. In a landmark paper by Soltero and Bill,39 

which formed the basis of the surgical management of asymp
tomatic Meckel's diverticula in aduh s for a number of years, the 
Likelihood of a Meckel's diverticulum becoming symptomatic in 
the adult patient was estimated a~ 2o/o or less: morbidity rates 
from incidental removal, which were reported to be as high as 
12% in some studies, far exceeded the potential for prevention 
of disease. This study was cri.t icized, however, because it was not 
a population-based analysis. An epidemiologic population-ba~ed 
study by Cullen and associatcs10 has challenged the practice of 
ignoring an incidentally found Meckel's diverticulum. A 6.4% 
rate of development of complications from the Meckel's diver
ticulum was calculated to occur over a lifetin1e. Tilis incidence 
of complications does not appear to peak during clilldhood, as 
originally thoLLght. Therefore, the recommendation from this 
study was that an incidentally found Meckel's diverticulun1 be 
removed at any age up to 80 years as long as no additional 
conrutions (e.g., peritonitis) make removal hazardous. 1l1e rates 
of short- and lo ng-term postoperative complications from pro
phylactic removal. were low (~2%), and death was related to the 
primary operation or the general health of the patient and not 
to the diverticulectom)r. Zani and coworkers1 1 have reviewed 244 
articles evaluating the incidence and outcomes of Meckel's ruver
ticulum, including autopsy, population, and surgical series. 1l1ey 
identified a clear incidence of increased morbiruty associated 
with incidental resection over no treatment and determined that 
more than 700 patients with incidental Meckel's diverticulum 
required resection to avoid one Meckel's related death. In short, 
treatment of incidental Meckel's ruverticulum remains contro
versial, and conservative management of an incidental finding 
is a reasonable surgical approach. 

MISCELLANEOUS PROBLEMS 

Small Bowel Ulc:erations 
Ulcerations of the small bowel are relatively Lmcommon and 
may be attributed to Crobn's rusease, typhoid fever, tuberculosis, 
lymphoma, and ulcers associated with gastrinoma (Table 50-10). 
Drug-induced ulcerations can occur and were, in the past, 
attributed to enteric-coated potassium chloride tablets and cor
ticosteroids. In adrution, ulceradons of the small intestine in 
which no causative agent can be identified have been described. 
lt has been suggested that small bowel complications from non
steroidal anti-itnflam.matory drugs (NSAJDs) may be more 
common than originally considered. NSAJD-induced ulcers 
occur more commonly in the ileum, with single or multiple 
ulcerations noted . Complications necessitating operative inter
vention include bleeding, perforation, and obstruction. In addi
tion to ulcerations, NSAJDs are known to induce an enteropathy 
characterized by increased intestinal permeability leading co 
protein loss and hypoalbuminemia, malabsorption, and anemia. 

Table 50-10 causes of Small Intestine Ulceration 
CAUSE 

Infections 

Inflammatory 

Ischemia 

Idiopathic 

Drug induced 

Radiation 

Vascular 

Metabolic 

Hyperacidity 

Neoplastic 

Toxic 

EXAMPLES 
Tuberculosis, syphilis, cytomegalovirus, typhoid, 

parasites, Strongyloides hyperinfection, 
Campylobacter, Yersinia 

Oohn's disease, systemic lupus erythematosus, 
celiac disease, ulcerative enteritis 

Mesenteric insufficiency 

Primary ulcer, Beh~et's syndrome 

Potassium, indomethacin, phenylbutazone, 
salicylates, antimetabolites 

Therapeutic, accidental 

VaSClllitis, giant cell arteritis, amyloidosis (ischemic 
lesion), angiocentric lymphoma 

Uremia 

Zol linger-EIIison syndrome, Meckel's diverticulum, 
stomal ulceration 

Lymphoma, adenocarcinoma, melanoma 

Acute jejunitis (JHoxin-producing Clostridium 
perfringens), arsenic 

Mucosal lesions Lymphocytic enterocolitis 

hlapted from Rai R, Bayless TM: Isolated and diffuse ulcers of the small intestine. 
In Fefdman M, Scharschmidt BF, SleiserJger MH (eds): Gastrointestinal and liver 
disease: Pathophysiology, diagnosis, management, Philadelphia, 1998, WB Saun
ders, pp m1-m8. 

Treatment of compUcations from small bowel ulcerations is seg
mental resection and intestinal reanastomosis. 

Ingested Foreign Bodies 
Ingested foreign bodies, which can lead to subsequent perfora
tion ()r obstruction of the gastrointestinal tract, arc swallowed, 
usually accidentally, by chi ldren or adul ts. These include glass 
and metal fragments, pins, needles, toothpicks, fish bones, coins, 
wllisrles, toys, and broken rawr b.lades (Fig. 50-47). Lntentional 
ingestion of foreign bodies is sometimes seen in the prison 
population and those who are mentally unstable. For most 
patients, treatment is observation, whicil allows the safe passage 
of these objects through the intestinal tract. If the object is 
raruopaque, progress can be followed by serial abdominal films. 
Cathartic agents are contrainrucated. Sharp pointed objects sud1 
as needles, razor blades, or fish bones may penetrate the bowel 
wall. If abdominal pain, tenderness, feve.r, or leukocytosis occurs, 
i.mmeruate laparotomy and surgical removal of the offenrung 
object are indicated. Laparotomy is also required for intestinal 
obstruction. 

Small Bowel Fistulas 
Despite improvements in surgical nutrition and cri tical care, 
mortality from c.nterocutaneous fistulas remains high, 15o/o to 
20% in recent reports.o\.' Improvements in outcome are focused 
on prevention and, when fistulas occur, prompt recognition and 
intervention. Enterocutaneous fistula~ are most commonly iat
rogenic, with 75% ro 85o/o of cases artributcd to surgical mis
adventure (e.g., anastomotic leakage, injury of the bowel or 
blood supply, erosion by suction catheters, laceration of the 
bowel by wire mesh or retention suture). 1hc remaining 15% 
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FIGURE So-47 Pltain abdominal film demonstrates a number of 
ingested foreign bodies in a patient presenting with a small bowel 
obstruction. (Courtesy Or. Melvyn H. Schreiber, The University of Texas 
Medical Branch, Galveston, Tex.) 

to 20% of fistula occurrences are associated with predisposing 
conditions sucl1 as CrollJl's disease, malignancy, radiation enteri
tis, diverticuli tis ,. intra-abdominal sepsis, or trauma. 

Clinical Manifestations 
Recognition of emerocutaneous fistulas is usually not difficult. 
'The typical clinical presentation is that of a febrile postoperative 
patient with an erythematous wound. When a few skin sutures 
are rernoved, a purulent or bloody disd1arge is noted; leakage of 
enreric contents then occurs, sometin1es immediately, but ofren 
within 1 or 2 days. The diagnosis rarely eludes rhe surgeon for 
long. Small bowel fistulas can also present with generalized peri
tonitis, although this is less common. Recently, the populariza
tion of damage control laparotomy and staged management of 
the open abdomen has led to a more virulent form of small 
bowel fistula referred to as an enteroatmospheric jistuiA.4~ 'These 
patients typically present with an open segment of intestine 
exposed through a large fascial defect, without a surrounding 
epidermal margin. 

Enterocutaneous fistulas are classified according to their 
location and volume of daily output. These facrors dictate treat
ment and morbidity and mortality rates. Proximal fistulas are 
associated with b igher output, greater Auid and electrolyte loss, 
and greater loss of digestive capacity. Distal fistulas tend to have 
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High o utput (>500 ml/24 hr) 
Severe disruption of intestinal continuity (>50% of bowel 

ci rcumference) 
Active inflammatory bowel disease of bowel segment 
Cancer 
Radiation enteritis 
Distal obstruction 
Undrained abscess cavity 
Foreign body in the fistula tract 
Fistula tract <2.5 em long 
Epithelialization of fistula tract 

lower output, making them easier to manage and more likely to 
close spontaneously. High-output fistulas are those that dis
charge 500 mL or more/24 hours. Factors that prevent the spon
taneous closure of fistulas are sbown in Box 50-4. Once a fistula 
is identified, management should focus on prompt resuscitation 
of the patient and consideration of potential factors that could 
prevent spontaneous closure. Successful management of patients 
with intestinal fistulas requires a coordiJlated staged approach 
that can be defined in three phases-stabilization, staging and 
supportive care, and definitive management. 

Treatment 
stabilization Historically, malnutrition and fluid losses were the 
leading causes of death in patients with small bowel fistula. 
However, witl1 better nutritional supplementation and critical 
care support, sepsis bas become the most common cause of 
death in affected patients. Nevertheless, the Auid losses and 
volume depletion associated with small bowel fistula cannot be 
marginalir.ed. Therefore, prompt fluid resuscitation and electro
lyte replacement should occur on recognition of a fistula. Sepsis 
control is critical and, in the early period, CT scanning may be 
invaluable in identifying undrained abscesses, complete distal 
obstructions, or generalized intra-abdominal sepsis with perito
nitis. All infections should be adequately drained percutaneously 
or operatively, if necessary, along with appropriate antibiotic 
administration. Once sepsis is controlled and the patient is 
resuscitated, effluent control with skin protection and adequate 
nutrition are necessary. Fisrula output is best controlled by intu
bation of the fistula tract with a drain. Protection of the skin 
around the fistulous opening is important to prevent excoriation 
and destruction of tbe skin. ll:tis is most easily accomplished by 
using a Stomahesive product wi th applications of zinc oxide, 
aluminum paste ointment, or karaya powder. The suction cath
eter can be brought out through the end of the Stomal1esive bag, 
which is cut to just fit the fistulous opening. 'This will allow for 
collection and accurate measurement of the output. 'The use of 
TPN has been an important advance in the management of 
patients with enterocutaneous fistulas and signlficantly prevents 
the problems of malnutrition. Although its role in the mainte
nance o f the patient after stabilization is less dear, TPN is valu
able in the stabilization period to help minimize high-output 
fistula losses and for in1mediate nutritional repletion while the 
fisrula is being delineated. 

Staging and Supportive tare When sepsis has been controlled and 
nutritional therapy has been instituted, the 6srula must be 
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adequately staged. The combined use of fluoroscopic contrast 
studies, fistulography if necessary, and CT, along with the 
patient's clinical behavior, wiiJ characterize the anatomy and 
underlying pathology of the fistula. Some have advocated con
servative management for up to 3 months to allow for spontane
ous closure. However, others have shown that after sepsis is 
controlled, more than 90% of small intestinal fistulas that closed 
did so within 1 month. Fewer than 10% of the fistulas closed 
after 2 months and none closed spontaneously afrer 3 months. 
'TI1erefore, a reasonable management plan would be to follow a 
conservative course for 4 to 6 weeks, at which time, if closure 
has not been obtained, surgical management should be consid
ered. However, knowledge that spomaneous closure is unlikely 
should not prompt immediate reexploration at 8 weeks. In 
general, a period of 3 to 6 months is beneficial to allow the 
profound inflammatory response associated with intra-abdomi
nal sepsis to subside completely and for the adhesion formation 
to stabili:z..e. 1l1is period will provide a better opportunity for safe 
and successful operative intervention. Furthermore, as is the case 
with enteroatmospheric small bowel fistulas, it may take several 
months to stabilize the complex abdominal wound associated 
with the fistula. 

Several adjuncts have been proposed to help assist in spon
taneous fistula closure and management of the associated 
abdominal wow1d, although none are supported by vigorous 
level I data. Studies have suggested that bowel rest with TPN 
therapy improves fistula closure rates and time to closure, but 
rills bas recently been questioned. Although patients with high
output fistulas will benefit from TPN to hdp minin1ize fluid 
and protein losses, low-output fistulas can successfully be 
managed with enteral therapy while avoiding the known com
plications of enteral therapy. Dysmotility agents such as loper
amlde or codeine can also assist with attempts at enteral therapy. 
Furthermore, newer techniques, such as fistulodysis, in which 
the distal limb of a proximal fistula is intubated and enteral 
therapy is delivered en the distal howcl, have proven effective. 
Several randomi1..ed trials have evaluated the role of octreotide 
in the management of fistulas. Although octreotide has been 
shown to decrea~e fistula output, which can be useful i.n d1e 
presence of a .high output fistula, octreotide has not convincingly 
provided an improvement in spontaneous closure rates. Recently, 
vacuw11 devices have been added to the fistula armamentarium. 
'TI1eir use is controversial, but they are invaluable for emeroat
mospheric fistulas to help contract the open abdominal wotmd 
around the associated fistula. Skin grafting up to the fistula has 
also been used in cases associated with an open abdomen, with 
a graft success rate of up to 80% in some series.4:·43 

Definitive Management Once the patient's nutritional, fluid, and 
wound care needs have been addressed, reoperative intervention 
will ultimately he necessary for some patiencs. Surgery is most 
easily accomplished by entering the previous abdominal wound, 
widt great care 1taken to avoid further damage to adherent bowel. 
The preferred operation is fistula tract excision and segmental 
resection of the involved segment of intestine and reanastomosis. 
Sin1ple closure of the fis tula after removing the fistula tract 
almost always resul ts in a recurrence of the fistula. lf an tmex
pected abscess is encountered or if the bowel wall is rigid and 
distended over a long djstance, thus making primary anastomo
sis unsafe, exteriori7..ation of both ends of the imestine should 
be accomplished. Various bypass procedures have also been 

described as part of a staged approach in wlllch exclusion of the 
segment containing the fistula is accomplished in the first reop
eration and then another operation is required for resection of 
rl1e involved segment and fistulae tract. Although this may be 
nece.<;Saty in extreme circumstances, this is certainly not the 
preferred surgical management. 

In summary, enterocutaneous fistul as occur most com
monly as a result of a previous operative procedure. Once identi
fied, a three-phase approach of stabili7..ation, staging and 
supportive care and, in some cases, definitive surgical illterven
tion is necessary. Most of these fistulas heal spontaneously with 
4 to 6 weeks of conservative management. lf closure is nor 
accomplished after tills time, surgery is indicated. 

Pneumatosis lntestinalis 
Pneumatosis intestinalis is an uncommon condition presenting 
as multiple gas-61led cysts of the gastrointestinal tract. 1l1e cysts 
may be located in the subserosa, submucosa and, rarely, muscu
laris layer and vary in size from microscopic to several centime
ters in diameter. 1l1ey can occur anywhere along the 
gastrointestinal tract, from the esophagus to the rectum; however, 
tl1ey are most common in the jejunum, followed by the ileocecal 
regim1 and colon. Extraintestinal structures such as mescnte.ry, 
peritoneum, and falciform ligament may also be involved. 1l1ere 
is an equal incidence in males and females and the condition 
usuahly occurs in the fourth to seventh decades of life. Pneuma
tosis iJl neonates is usually associated with necrotizing enteroco
litis. The cause of pneumatosis intestinalis has not been 
completely delineated. A number of theories have been pro
posed, of which tbe mechanical, mucosal damage, bacterial, and 
pulmonary hypotheses seem to be most promising. 

Most cases of pneumatosis intestiJlalis are associated with 
chronic obstructive pulmonary disease or the inlffiunocompro
mised state (e.g., AIDS, after transplantation, in association 
with leukemia, lymphoma, vasculitis, or collagen va~cular 
disease, and in patients undergoing chemotherapy or taking 
corticosteroids). Other associated conditions include inflanlma
rory, obstructive, or infectious conditions of the intestine, iatro
genic conditions such as endoscopy and jejunostomy placement, 
ischemia, and extraimestinal diseases, sud1 as diabetes. Pneu
matosis not associated with other lesions is referred to as 
primary pneumatosis. 

Grossly, the cysts resemble cystic lymphangiomas or 
hydatid cysts. On histologic section, the involved portion has a 
honeycomb appearance. The cysts are dlin-walled and break 
easily. Spontaneous rupture gives dse to pneumoperironeun1. 
Symptoms are nonspeci1ic and, in pneumatosis associated wid1 
other disorders, the symptoms may be those of the associated 
disease. Symptoms in prin1ary pneumatosis intestinalis, when 
present, usually include diarrhea, abdonlinal pain, abdominal 
distention, nausea, vomiting, weight loss, and mucus in stools. 
Hemaroche-1ja and constipation have also been described. Com
plications associated with pneumatosis intestinalis occur in 
about 3% of cases and include volvulus, intestinal obstruction, 
hemorrhage, and intestinal perforation. Usually, pneumoperito
neum occurs in these patients, generally in association with small 
bowel rather than large bowel pneumatosis. Peritonitis is 
unusllal. In fact, pneumarosis imestinalis represents one of the 
few cases of sterile pneumoperitoneum and should be considered 
in the patient with free abdominal air but no evidence of 
peritollltis. 
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FIGURE 50-48 Plain abdominal film demonstrates pneumatosis 
intestinalis (arrows). (Courtesy Dr. Melvyn H. Schreiber, The University 
of Texas Medical Branch, Galveston, Tex.) 

The diagnosis is usually made radiographically by plain 
abdominal or barium studies. On plain films, pneumatosis intes
tinalis appears as radiolucent areas within the bowel wall, which 
must be di.fferem:iaced from luminal intestinal gas (Fig. 50-48). 
The radiolucency may be Linear or curvilinear or appear as grape
Like clusters or tiny bubbles. Alternatively, barium contrast or 
CT studies can be used to confirm the diagnosis. Visualization 
of intestinal cysts has also been described by ulaasolmd. 

No treatment is necessary unless one of the very rare com
plications supervenes, such as rectal bleeding, cyst-induced vol
vulus, or tension pneumoperitoneum. Prognosis in most patiems 
is that of the underlyin g disease. The important point is to 
recognize that pneumatosis intestinalis is a benign cause of pneu
moperitoneum. Treatment should be directed at the underlying 
cause of rhe pneumatosis and surgical intervention should be 
predicated on the clinical course of the patient. 

Blind Loop Syndrome 
Blind loop syndrome is a rare condition manifested by diarrhea, 
steatorrhea, megaloblas tic anemia, weight loss, abdominal pain, 
and deficiencies of the fat-soluble vitamins (A. D. E, and K). as 
well as neurologk disorders. 1he underlying cause of this syn
drome is bacterial overgrowth in stagnant areas of the small 
bowel produced by stricture, stenosis, fistula~. or diverticula 
{e.g., jejunoileal or Meckel's diverticulum). Under normal cir
cumstances, rhe upper gastroinresdnal traer contains fewer than 
105 bacteria!mL, mostly gram-positive aerobes and facultative 
anaerobes. However, with stasis, the number ofbacteria increa~e.s 
with excessive proliferation of aerobic and anaerobic bacteria--
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bacteroides, anaerobic lactobacilli, coliforms, and enterococci 
are likely to be present in varying numbers. The bacteria compete 
for vitamin B12, producing systemic deficiency of vi tamin B12 

and megaloblastic anemia. 
1l1e syndrome can be confirmed by a series of laboratory 

investigations. Bacterial overgrowth can be diagnosed with cul
tures obtained through an intestinal tube or by indirect tests 
such as tbe 14C-xylose or 1'C-d1olylglycine breath tests. Excessive 
bacterial use of 14C substrate leads to an increase in 14C-C02• 

After bacterial overgrowth and steatorrhea are confirmed, a 
Schilling test C7Co-labeled vitamin B12 absorption) may be per
formed, which should reveal a pattern of urinary excretion of 
vitamin B12 resembling char of pernicious anemia, a urinary loss 
of 0% to 6% of vitamin B12 compared with tbe nom1al of 7% 
to 25o/o). In patients with blind loop syndrome, vi tamin B11 

excretion is not altered by the addition of intrinsic factor, but a 
course of a broad-specrrun1 andbiotic (e.g., tetracycline) should 
return vitamin B12 absorpdon to normal. 

Treatment of patients with blind loop syndrome includes 
parenteral vitamin B12 therapy and a broad-spectrum antibiotic, 
usually tetracycline or amoxicillin-clavulanate potassium (Aug
mentin). An alternative choice is the combination of a cephalu
sporiJl (e.g .• cephalexin [Kdlexl) and metronidazole. lf these 
agents ate not effective, chloramphenicol may be used. For most 
patients, a single course of therapy (7 to I 0 days) is sufficient 
and the patient may remain symptom-&ee for months. Proki
netic agents have been used without real success. Surgical cor
rection of the condicio11 causing stagnation and blind loop 
syndrome produces a permanent cure and is indicated for 
patients who require multiple rounds of antibiotics or are on 
continuous therapy. 

Radiation Enteritis 
Radiation therapy is generally used as adjuvant therapy for 
various abdominal and pelvic cancers. in addition to tumor ceUs, 
however, other rapidly dividing cells in normal tissues may he 
affected by radiation. Surrounding normal tissue such as the 
small intestinal epithelium may sustain severe, acute, and chronic 
deleterious effects. 1l1e an1ount of radiation appears to correlate 
with the probability of developing radiation enteritis. Serious 
late complications are unusual if the total radiation dosage is less 
than 4000 cGy; morbidity risk increases with dosages exceeding 
5000 cGy. Other factors, including previous abdominal surger
ies, preexisting vascular disease, hypertension, diabetes, and 
adjuvant treatment with certain chemotherapeutic agents, such 
as 5-Auorouracil, doxorubicin, dactinomycin, and methotrexate, 
contribute to the development of enteritis afrcr radiation treat
ments. A previous history of laparotomy increases the risk for 
enteritis, presumably because of adhesions that fix portions of 
the small bowel into the irradiated field. Radiation damage tends 
to be acute and self-Limiting, with symptoms consisting mainly 
of diarrhea, abdominal pain, and malabsorption. 1l1e late effects 
of radiation injury are the result of damage to the small submu
cosal blood vessels, with a progressive obliterative arteritis and 
submucosal fibrosis, resulting eventually in thrombosis and vas
cular insufficiency44 (Fig. 50-49). 1his injury may produce 
necrosis and perforation of the involved intestine but, more 
commonly, leads to stricture formation with symptoms of 
obstruction or small bowel fistulas. 

Radiation enteritis may be minimized by adjusting ports 
and dosages of radiation ro deliver optimal tream1ent specifically 
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FIGURE 50-49 Photomicrograph of the ileum of a patient with ulcer
ation and stricture secondary to radiation enteritis. Note the oblitera
tive arteritis. thickened arterial walls, and submucosal fibrosis 
(arrows), which are characteristic findings of chronic radiation 
injury. (Courtesy Dr. Mary R. Schwartz. Baylor College of Medicine, 
Houston.) 

to d1e rumor and not to surrounding tissues. Placement of 
radiopaque markers, such a~ titanium clips, at the time of the 
original operation facilitates better targeting of the radiation 
treatment. Methods designed to exclude the small bowel from 
the irradiated fidd include reperitonealization, omental transpo
sition, and placement of absorbable mesh slings. 

A number of pharmacologic interventions have also been 
described to reduce the side effects of radiation enteritis. Sucral
fate has been shown to be of value in preventing the diarrhea 
associated with abdonunal radiation. Superoxjde dismutase, a 
free radical scavenger, has been used successfu.lly to reduce com
plications. Od1er compounds d1at have been evaluated include 
glutaduone, antioxidants (e.g., vitamin A, vitamin E, beta
carotene), and histamine antagonists. The most effective radio
protectant agent appears to be amifostine (WR-2721), a 
sulfhydryl compound that is converted intraceUularly to an 
active metabolitte, WR-1065, whlch in mrn binds to free radicals 
and protects the cell from radiation injury. Other agents that 
may prove useful in the prevention of the acute symptoms of 
acute radiation enteritis include glutamine-enriched enteral for
mulas and the hormones bombesin, growth hormone, glucagon
like peptide 2. and insulin-like growth factor 1 (IGF-1), whlch 
have demonstrated effectiveness in experimental studies in 
preventing or reducing symptoms associated with radiation 
enreritis. 

The treatment of acute radiation enteritis is directed at 
controlling symptoms. Antispasmodics and analgesics may alle
viate abdominal pain and cramping and diarrhea usually 
responds to opiates or other antidiarrheal agents. ll1e use of 
corticosteroids for acute radiation enteritis is of uncertain value. 
Dietary manipulation, including oral elemental diets, has also 
been advocated to ameliorate the acute effects of radiation enter
itis; however, results are conflicting. 

O perative intervention may be required for a subgroup of 
patients with the chro1uc effects of radiation emeritis. llus sub
group of patiem s represents un.ly a small percentage (2o/o to 3%) 
of the total number of patients who have received abdominal or 
pelvic irradiation. Indications for operation include obstruction, 

fistula formation, perforation, and bleeding, with obstruction 
being the most common presentation. O perative procedures 
include a bypass or resection with reanastomosis. Advocates for 
bypass procedures contend that dlls procedure is safer and con
trols the symptoms better than resection. Advocates of resection 
contend that the high morbidity and mortality rates previously 
reported with resection and reanastomosis reflect inadequate 
resection and anastomosis of diseased intestine. In patients pre
senting with obstruction, extensive lysis of adhesions should be 
avoided. Obstruction caused by rigid, fixed intestinal loops in 
the pelvis is besr bypassed. Lf resection and reanastomosis are 
planned, at least one end of the anastomosis should be &om 
imestine outside the irradiated field. An incidence as high as 
50% of anastomotic breakdown has been reported after resec
tion and anastomosis involving diseased segments of bowel 
because of the poor healing qualhies of the irradiated tissue. 
Macroscopic findings may not be accurate in evaluating the full 
extent of radiation damage. Frozen section and laser Doppler 
Aowmetry techniques have been used to assist resection and 
anastomosis. However, reports of their cwucal usefulness are 
conflicting. Perforation of the intestine should be treated with 
resection and anastomosis. When reanastomosis is thought to 
be unsafe, the ends should be exteriorized. 

Radiation enteritis can be a relendess disease process. 
Almost 50% of patients who survive their first laparotomy for 
radiation bowel injury require further surgery for ongoing bowel 
dan1age. Up to 25% of these patients die of radiation enteritis 
and complications from its management. 

Short Bowel Syndrome 
The short bowel syndrome results from a total small bowel 
lengili that is inadequate to support nutrition. Of these cases of 
short bowel syndrome, 75% occur from massive intestinal resec
tion.45 ln the adult, mesenteric occlusion, midgut volvulus, and 
traumatic disruption of the superior mesenteric vessels arc the 
most frequent causes. Multiple sequential resections, usually 
associated with recurrent Crohn's disease, account for 25% of 
patients. In neonates, the most common cause of short bowel 
syndrome is bowel resection secondary to necrotizing enteroco
litis. ll1e clinical hallmarks of short bowel syndrome include 
diarrhea, ALLid and electrolyte deficiency, and malnutrition. 
Other complications include an increa~ed incidence of gallstones 
caused by disruption of the enterohepatic circulation and of 
nephrolithiasis from hyperoxaluria. Specific nutrient deficiencies 
must be prevented and levels must be monitored closely; these 
nutrients include iron, magnesiun1, zinc, copper, and vitamins. 
1l1e likeW10od that a patient with short bowel syndrome will be 
permanently dependent on TPN is thought to be primarily 
influenced by the length, location, and health of the remai1ung 
intestine. In patients with short bowel. syndrome, postabsorptive 
levels of plasma citrulline, a nonprotein amino acid produced 
by in testinal mucosa, may provide an indicator to differentiate 
transient from permanent intestinal failure. 

The bowel has a remarkable capacity to adapt after small 
bowel resection; in many cases, this process of intestinal adapta
tion, termed adaptit1e hyperplflsia, effectively prevents severe 
complications resulting from the markedly decreased surface 
area available for absorption and digestion. However, any adap
tive mechruusm can be overwhelmed, and adaptation can be 
inadequate if too mud1 small bowel is lost. Although there is 
considerable individual variation, resection of up to 70% of tbe 

http://www.myuptodate.com


small bowel usually can be tolerated if the terminal ileum and 
ileocecal valve are preserved. Length alone, however, is not the 
only determining factor of complications related to small bowel 
resection. For example, if the distal two thirds of the ileum, 
including the ileocecal valve, is resected, significant abnormali
ties of absorption of bile salts and vitamin B12 may occur, resuJr
ing in diarrhea and anemia, although only 25% of the total 
length of the small bowel has been removed. Proximal bowel 
resection is tolerated much better than distal re.section because 
the ileum can adapt and increase its absorptive capacity more 
efficiently than the jejunum. 

Treatment 
The most important issue to remember about short bowel syn
drome is prevention. In patients with Crohn~s disease, resections 
limited to the particular complication should be performed. In 
addition, during surgery for problems related to imestinal isch
emia, the smaUest possible resection should be performed and, 
if necessary, second-look operations shouJd be carried out to 
allow the ischemic bowel to demarcate, thus potentially prevent
ing unnecessary extensive resection of the howe!. 

After massive small bowel resection, the treatment course 
may be divided into early and late phases. ln its early phase, 
treatment is primarily directed at the control of diarrhea, replace
ment of fluid and electrolytes, and prompt institution ofTPN. 
Volume losses may exceed 5 liters/day, and vigorous monitoring 
of intake and outtput with adequate replacement must be carried 
out. Diarrhea i11 this early phase can be caused by a multitude 
of sources. For example, hypergastrinemia and gastric hyperse
cretion occur after massive small bowel resection and greatly 
contribute to diarrhea after a massive small bowel resection. Acid 
hypersecretion can be managed by H2 receptor antagonists or 
proton pump blockers, such as omeprazole. Diarrhea may also 
be caused by ileal resection, resl~ting in disruption of the entero
hepatic circulation ru1d excessive amounts of bile salts entering 
the colon. Cholestyramine may he benencial when diarrhea is 
related to the cathartic effects of unabsorbed bile salts in the 
colon. In addition, the judicious use of agents that inhibit gut 
motility (e.g., codeine, diphenoxylate) may be helpful. 1l1e long
acting somatostatin analogue octreotide also appears to reduce 
the an1ount of diarrhea during the early phase of short bowel 
syndrome. Some studies have suggested tl1at octreotide may 
inhibit gut adaptation; other studies, however, have not con
firmed this ddeterious effect of octreotide. 

As soon as the patient has recovered from the acute phase, 
enteral nutrition should begin so that intestinal adaptation may 
be started early and proceed successfully.46 1l1e most common 
types of enteral diets are elemental (e.g., Vivonex, Flexical) and 
polymeric (e.g., Fsocal, Ensure). Controversy exists regarding the 
optimal diet for these patients. Initially, a high-carbohydrate, 
high-protein diett is appropriate to maximize absorption. Milk 
products should be avoided ru1d the diet should be begun at 
iso-osmolar concentrations, and with small an1oums. As the gut 
adapts, the osmolality, volume, and caloric content can be 
increased. 1l1e provision of nutrients in their simplest forms is 
an importrult part of the treatment. Simple sugars, d.ipeptides, 
ru1d tripeptides are rapidly absorbed from the imestinal tract. 
Reduction in dietary fat has long been considered to be inlpor
taJ1t in the treatment of patients with short bowd syndrome. 
Supplememation of the diet with 100 g or more offar, bowever, 
should be carried out, often requiring the use of medium-chain 
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triglycerides, which are absorbed in the proximal bowel. Vita
mins, especially far-soluble vitamins, as well as calcium, magne
sium, and zinc supplementation, shouJd be provided. The roles 
of hormones administered systemically ru1d glutamine adminis
tered enterally have been evaluated. The hormones nemotensin, 
bombesin, ru1d glucagon-like peptide 2 (GLP-2) have demon
strated marked mucosal growth in various experimental studies 
ru1d have been shown to prevent the gut atrophy associated with 
TPN in experimental studies; combination therapy appears 
more efficacious than single-agent administration. In addition, 
limited clinical studies using GLP-2 have shown improved intes
tinal absorption and nutritional status in patients with short 
bowel syndrome. 

Two other hormones not derived from the gut that have 
been evaluated extensively in various experimental ru1d limited 
clinical trials include growth hormone ru1d IGF-1. In an wlcon
trolled clinical trial, Byrne ru1d colleagues47 used a combination 
of growth hormone, glutamine, ru1d a modified diet and dem
onstrated a reduction in or elimination ofTPN requirements i"n 
some refractory patients with severe short bowel syndrome ru1d 
TPN dependence. However, in a double-blind, placebo
controlled rru1domized study, Scolapio and associates48 demon
strated. only nwdest improvemems in electrolyte absorption but 
no improvements in small bowel morphology, stool losses, or 
macron utrient absorption using the combination of glutamiJle 
ru1d growtl1 hormone. Given the conflicting resuJts in these 
studies, rhe potential efficacy of this treatment in TPN
dependem patients remains ro be denned. The combination of 
various trophic hormones with glutamine and a modilied diet 
may prove more efficacious in this difficult group of patients. 

A number of surgical strategies have been attempted in 
patients who are chronically TPN- dependent, with limited 
success; these include procedures to dday intestinal transit time, 
methods to increase absorptive area, ru1d small bowel transplan
tation. Methods to delay intestinal transit tin1e include the con
struction of various valves ru1d sphincters, with inconsistent 
resu"lts reported. Antiperistaltic segments of small intestine have 
been constructed to slow the transit, thus allowing additional 
contact time for nutrient and fluid absorption. Moderate suc
cesses have been described with this technique. Other proce
dures, iJ1duding colonic iJHerposition, recirculating loops of 
small bowel, ru1d retrograde electrical pacing, have been tried 
but were fotmd to be unsuccessful in humans ru1d were largely 
abandoned. Smgical procedures to increase absorptive area 
iJ1clude the intestinal tapering and lengthening procedure origi
nally described by Birulchi.49 1l,is procedure improves imestinal 
function by correcting the dilation and ineffective peristalsis of 
the remaining intestine and by doubling the intestinal length 
while preserving the mucosal surface area. Although beneficial 
in selected patients, potential complications can include necrosis 
of divided segments and ru1astomotic leaks. 

Intestinal trru1splru1tation has improved with the introduc
tion of the immunosuppressive agent tacrolimus (FK506).50 

Intestinal trru1splru1tation procedures have included primarily 
isolated small imestinal grafts and combined liver-small intesti
nal grafts with a few more extensive duster grafts iJ1 a large series 
reported from the tnternational lntestinal Trru1splru1t Registry. 
Under tactolimus treatment, 1-year graft and patiem survival 
rates were 65% ru1d 83%, respectively, for isolated bowel trans
plru1tation ru1d 65% ru1d 68% for liver-small bowel transplanta
tion. Of the 86 survivors in tbis series, 78 had stopped TPN 
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FIGURE 50-50 Barium radiograph demonstrates obstruction of the 
third portion of the duodenum secondary to superior mesenteric 
artery con1pression as a consequence of bum injury. (Adapted from 
Reekier JM, Bruck HM. Munster AM, et al: Superior mesenteric artery 
syndrome as a consequence of burn injury. J Trauma 12:979-985, 
1972.) 

and were receiving oral nutrition. The largest experience in the 
United States has been at the Universi ty of Pittsburgh, where 
the reported patient survival rate was 72% at I year, 53% at 2 
years, and 42% at 3 years. Currently, liver-small imestine trans
plantation has a survival rate similar to that of kidney and bc:a'"t 
transplantation. The challenges of small bowel transplantation 
continue to be the:- need for better immunosuppression and 
earlier detc:-ction of rc:-jcction. An alternative to intestinal trans
plantation is mucosal stem cell transplantation, which involves 
transplanting cnterocytes onto a biomatrix and achieving regen
eration of intestinal mucosa. This procedure is, at best, prelimi
nary hut bas sbown some promise in experimental studies. 

Vascular Compression of the Duodenum 
Vascular compression of the duodenum, also known as superior 
mesenteric nrtery S)'ndrome or Wilkie's syndrome, is a rare condi
tion characteri.-..cd by compression of the third portion of the 
duodenum by the superior mesenteric artery as it passes over 
this portion of the:- duodenum. Symptoms include profound 
nausea and vomiting, abdomjnal distention, weight loss, and 
postprandial epigastric pain, which varies from intermittent to 
constant depen ding on the severity of the duodenal obstruction. 

Weight loss usually occurs before the onset of symptoms and 
contributes to the syndrome. 

This syndrome is mosr commonly seen in young asthenic 
individuals, with women being more commonly affected than 
men. Predisposing factors for vascular compression of the duo
denum, asidc from weight loss, include supine immobilization, 
scoliosis, and placement of a body cast, sometimes called the ettst 

SJIIIdrome. An association between vascular compression of the 
duodenum and peptic ulcer bas been observed. Vascular com
pression of the duodenum has been reported in association with 
anorexia nervosa and after proctocolcctomy and J-poucb anru 
anastomosis, resection of an arteriovenous malformation of the 
cervical cord, abdominal aorric aneurysm repair, and orthopedic 
procedures, usually spinal surgery. O ne report in the literature 
described a fami ly wi th a preponderance of vascular compression 
of the duodenum. 

Diagnosis of this condition is made by a barium upper 
gastrointestinal series (Fig. 50· 50) or hypotonic duodenography, 
which demonstrates abrupt or near- total cessation of flow of 
barium from the duodenum to the jejunum. cr has been useful 
in certain cases. Treatment of this syndrome varies. Conservative 
measures are tried initially and have been increasingly 
successful as definitive treatment. The operative treatment 
of choice for vascular compression of the duodenum is 
duodenojejunostomy. 
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CHAPTER 51 

THE APPENDIX 
jOHN MAA AND KlMBERLY s. KIRKWOOD 

EMBRYOLOGY AND ANATOMY 

APPENDICITIS 

NEOPLASMS 

Approximately 8% of those in Western countries have appendi
citis at some time during theii life, with a peak incidence 
between 10 and 30 years of age.1 Acute appendlcitis is the most 
common general surgical emergency, and early surgical interven
tion improves outcomes. 1l1e diagnosis of appendicitis can be 
elusive, and a high index of suspicion is important in preventing 
serious complications from this dlsease. Worldwide, perfomted 
appendicitis is the leading general surgical cause of death. 

EMBRYOLOGY AND ANATOMY 
'The appendix, ileum, and ascending colon are aU derived from 
the midgut. 1l1e appendix first appears at the eighth week of 
gestation as an outpouching of the cecum and gradually rotates 
to a more medial location as the gut rotates and the cecum 
becomes fixed in the right lower quadrant. 

The appendiceal arte1y, a branch of the ileocolic artery, 
supplies the appendix. Histologic examination of the appendix 
iJ1dicates that goblet cells, which produce mucus, are scattered 
throughout the mucosa. The submucclSa contains lymphoid fol
licles, leading to speculation that the appendix might have an 
important, as yet undefined, immune function ear.ly in develop
ment. 1he lymphatics drain imo the anterior ileocolic lymph 
nodes. [n adults, the appendix has no known function. 

The length of the appendix varies from 2 to 20 em. and 
the average length is 9 em in adults. The base of the appendix 
is located at the convergence of the taeniae along the inferior 
aspect of the cecum and this anatomic relationship facilitates 
identification of the appendix at operation. The tip of the appen
dlx may lie in various locations. The most common location is 
retmcecal but within the peritoneal cavity. It is pelvic in 30% 
and retroperitoneal in 7% of the population.2 The varying loca
tion of the tip of the appendix likely explains the myriad of 
symptoms that are attributable to the inflamed appendix. 

APPENDICITIS 

Historical Perspective 
In 1886, Reginald Firz of Boston correctly identified the 
appendix as the primary cause of right lower quadrant inflam
mation. He coined the term nppmdicitis and recommended 

early surgical treatment of the disease. Richard Hall reponed 
the first survival of a patient after removal of a perforated 
appendix, which focused attention on the surgical treatment 
of acute appendicitis. L1 1889, Chester McBu.rney described 
characteristic migratory pain and localization of the pain along 
an ohlique line from the anterior superior iliac spine to the 
umbilicus. McBurney described a right lower quadiant 
muscle-splitting incision for removal of the appendix in 1894. 
1he mortality rate from appendicitis improved with the wide
spread use of broad-spectrum antibiotics in the 1940s. 
Advances have included improved preoperative dlagnostic 
studies, interventional radiologic procedures to dnin estab
lished periappendlceal abscesses, and the use of laparoscopy to 
confim1 the diagnosis and exclude other causes of abdominal 
pain. Laparoscopic appendectomy was first reported by the 
gynecologist Kuit Semm in 1982 but has only gained wide
spread acceptance during the past decade. Other miJ1imally 
invasive approaches to appendectomy have been reported, 
including transvaginal3 and single-incision laparoscopic 
surgery (SILS)4

; however, these have not as yet been widely 
adopted. 

Pathophysiology 
Obstruction of the lumen is believed to be the major cause of 
acute appendlcitis? 111is may be caused by inspissated stool 
(fecalith or appendicolitb), lymphoid hyperplasia, vegetable 
matter or seeds, para~ites, or a neoplasm. The lumen of the 
appendix is small in relation to its length and this co1iliguration 
may predlspose to dosed-loop obstruction. Obstruction of the 
appendiceal lumen contributes to bacterial overgrowth and 
continued secretion of mucus leads tO intraluminal distention 
and increased wall pressure. Luminal distention produces the 
visceral pain sensation experienced by the patient as periumbili
cal pain. Subsequent impairment of lymphatic and venous 
drainage leads to mucosal ischemia. These findings in combina
tion piomote a localized ioB.an1l11atory proct.'SS that may prog
ress to gru1grene ru1d perforation. InAanm1ation of the adjacent 
peritoneum gives rise to localized pain in the right lower quad
raJlt. Although there is considerable variability, perforation 
typically occms after at least 48 hours from the onset of symp
toms and is accompanied by aJ1 abscess cavity walled off by the 
small intestine and omentum. Rarely, free perforation of the 
appendix imo the peritoneal cavity occurs, which may be 
accompanied by peritonitis and septic shock and can be com
plicated by tl1e subsequent formation of multiple intraperito
neal abscesses. 
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Table 51-1 Bacteria Commonly Isolated in Perforated 
_Appendicitis ______________ _ 
TYPE OF BACTERIA 

Anaenlbk 

Bacteroides fragilis 

Bacteroides thetaiotaomicron 

Bilophila wadsworthia 

PeptostreptOCOCOlS Spp. 

Aerollk 

Escherichia coli 

Streptococcus viridans 

Group D streptococcus 

PATIENTS (111) 

80 

61 

55 

46 

n 
43 

27 

Pseudomonas aeruginosa 18 

Adapted from Bennion RS, Thompson JE: Appendicitis. In Fry DE (ed): Surgical 
infections, Boston, 1995, little, Brown, pp 241-250. 

Bacteriology 
1l1e flora in the normal appendix is similar to that iJ1 the colon, 
with various facultative aerobic and anaerobic bacteria. The 
polymicrobial nature of perforated appendicitis is well estab
lished. Escherichia coli, Streptococcus viridttns, and Bttcteroides and 
Pseudomonas spp. are frequently isolated, and many otber organ
isms may be cultured (Table 5 1- l). Among patients with ru1 
acute nonperforared appendicitis, cultures of peritoneal Auid are 
frequemly negative ru1d are of limited use. Among patients witb 
perforated appendicitis, peritoneal fluid cultures are more likely 
to be positive, revealing colonic bacteria witb predictable sensi
tivities. Because it is rare that the findings alter the selection or 
duration of antibiotic use, some have challenged the traditional 
practice of obtaining cultures.5 

Diagnosis 
1l1e differential diagnosis of appendicitis can include almost all 
causes of abdominal pain, as described in the classic treatise, 
Cope's Etn·~J' Diag11osis of the Acuu Abdomen. 6 A useful rule is 
never to place appendicitis lower thru1 second in the differential 
diagnosis of acllte abdominal pain in a previously healthy person. 

History 
Appendicitis needs to be considered in the differential diagnosis 
of almost every patient with acute abdominal paiJ1. Early diag
nosis remains tbe most important clinical goal in patients witb 
suspected appendicitis and can be made primarily on the basis 
of the history and physical exa111ination in most cases. 1l1e 
typical presentation begins wid1 periumbilical pain, caused by 
the activation of visceral afferent neurons, followed by anorexia 
and nausea. Th.e pain then localizes to the right lower quadrant 
as the inflan1matory process progresses to involve the parietal 
peritoneum O\'eclying the appendix. This classic pattern of 
migratory pain is the most reliable symptom of acute appendi
citis. 

7 
A bout of vomitiJlg may occur, in contrast to the repeated 

bouts of vomiting that typically accompany viral gastroenteritis 
or small bowel obstruction. Fever ensues, followed by the devel
opment of leukocytosis. These clinical features may vary. For 
example, not all patients become anorexic. Consequently, the 
feeling of hunger in an adult patient with suspected appendicitis 

sbould not necessarily be a deterrent to surgical intervention. 
Occasional patients have urinary symptoms or microscopic 
hematuria, perhaps because of inflammation of periappendiceal 
tissues adjacent to the ureter or bladder, and dus may be mis
leading. Although most patien ts with appendicitis develop an 
adynamic ileus and absenr bowel movements on the day of 
presentation, occasional patients may have diarrhea. Others may 
prcsem with small bowel obstruction related to contiguous 
regio11al inflammation. Therefore, appendicitis needs to be con
sidered as a possible cause of smal.l bowel obstruction, especially 
in patients without prior abdominal surgery. 

Physical Examination 
Patients with acute appendicitis typically look ill and are lying 
sti ll in bed. Low-grade fever is common (""38° C). Examination 
of the abdomen usually reveals diminished bowel sounds and 
focal tenderness, with voluntary guarding. The exact location of 
the tenderness is directly over the appendix. Usually, this occurs 
at McBurney's point, located one third of the distance along a 
line drawn from the anterior superior iliac spine to the umbili
cus; however, the normal appendix is mobile, so it may hecome 
inflamed at ru1y point on a 360-degree circle around the ba~ of 
the cecum. Thus. the site of maximal pain ru1d tendemess can 
vary. Peritoneal irritation can be elicited on physical exanili1ation 
by the findings of voluntary and iJwoluntary guarding, percus
sion, or rebound tenderness. Any movement, including cough
ing (Dw1phy's sign), may cause increased pain. Other findings 
may include pain in the right lower quadrant during palpation 
of the left lower quadrant (Rovsing's sign), pain on internal 
rotation of the lup (obturator sign, suggesting a pelvic appen
dix), and pain on extension of the right hip (iliopsoas sign, 
typical of a retrocecal appendix). 

Rectal and pelvic exanlinations are most likely to be nega
tive. However, if the appendix is located within the pelvis, ten
derness on abdominal examination may be minimal, whereas 
ruuerior tenderness may be elicited during rectal examination as 
the pelvic peritoneum is manipulated. Pelvic exan1ination with 
cervical motion may also produce pain in this setting. 

If the appendix perforates, abdominal paiJ1 becomes intense 
ru1d more diffuse ru1d abdominal muscular spasm increases, pro
ducing rigidity. The heart rate rises, witl1 an elevation of tem
perature above 39° C. 'TI1e patient may appear ill and require a 
brief period of fluid resuscitation and antibiotics before tl1e 
induction of ru1esthesia. Occasionally, paiJ1 may improve some
what after napture of the appendix because of relief of visceral 
distension, although a true pain-free interval is uncommon. 

Laboratory Studies 
The wlute blood cell count is elevated, with more than 75% neu
trophils in most patients. A completely normal leukocyte cOLUlt 
and differential is found in approximately lO% of patients with 
acute appendicitis. A high white blood cell count (>20,000/mL) 
suggests complicated appendicitis with gangrene or perforation. 
A urinalysis cru1 also be helpful iJ1 excluding pyelonephritis or 
nephrolithiasis. Minimal p)'LLria, frequently seen in older women, 
docs not exclude appendicitis from the differential diagnosis 
because the ureter may be irritated adjacent to the inflamed appen
dix. Although microscopic bemaruria is common in appendicitis, 
gross bematUiia is uncommon ru1d may indicate the presence of a 
kidJ1ey stone. Other blood tests are generally not helpful and are 
not indicated for the typical patient witb suspected appendicitis. 
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Radiographic Studies 
Computed tomography (CT) is commonly used in the evalua
tion of adult patients with suspected acute appendicitis. 
Improved imaging techniques, including the use of 5-mm sec
tions, have resulted in incrca.~d accuracy of Cf scanning,8 

which has a sensitivity of approximately 901llo and a specificity 
of80% to 90% for the diagnosis of acute appendicitis in patients 
with abdominal pain. Results of a recent randomi7..cd study have 
suggested that the use of high-resolution multidetector cr (64-
MDCT) with or without oral or rectal contrast results in more 
tban 95% accuracy in the diagnosis of acute appendicitis.9 In 
general, cr find ings of appendicitis increase with the severity 
of the disease. C lassic findings include a distended appendix 
more than 7 mm in diameter and circumferential wall thicken
ing and enhancement, which may give the appearance of a halo 
or target (Fig. 51-1). As inflammation progresses, one may see 
pcriappcndiceal fat stranding, edema, peritoneal fluid, phleg
mon, or a periappendicea1 abscess. cr detects appendicoliths in 
approximately 50% of patients with appendicitis and also in a 
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FIGURE 51-1 A, a scan of the abdomen or pelvis in a patient 
with acute appendicitis may reveal an appendicolith (arrow). B. a 
typically shows a distended appendix (arrow) with diffuse wall 
thickening and periappendiceal fluid (arrowhead). c. lhe appendix 
may be described as having mural stratification, referring to the 
layers of enhancement and edema within the wall (arrow); this 
may also be referred to as a target sign. C, Cecum; n, terminal 
ileum. 

small percentage of people without appendicitis. In patients with 
abdominal pain, tbe positive predictive value of the finding of 
an appendicolith on cr remains high (""75%). 

Should Cf be used routinely in the diagnostic evaluation 
ofpatients with suspected appendicitis? We do nor recommend 
it, but one study has found that liberal use of cr scans is prob
ably warranted because this has been credited with a declining 
tncidence of negative appendectomy (i.e., the fraction of patho
logically normal appendices that are removed).10 In the setting 
of typical right lower quadrant pain and tendemess with signs 
of inflammation in a young male patient, a Cf scan is wmeces
sary, wastes valuable time, may be misinterpreted, and exposes 
the patient to risks for allergic contrast reaction, nephropathy, 
aspiration pneumonitis, and ionizing radiation. The latter carries 
increased risk in children in whom the rate of radiation-induced 
cancer has heen estimated at 0.18% foUowing an abdominal Cf 
sca.n.11 CT has proved most valuable for older patients iJl whom 
the differential diagnosis is lengthy, clinical findings may be 
confusing, and appendectomy carries increased risk. u,13 In 
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patients with aeypical symptoms, CT scan may reduce the nega
tive appendectomy rate. Liberal use of cross-sectional imaging 
seems most aptpropriate and, as always, the study needs to be 
performed only in settings in wh.id1 it has a significant potential 
to alter management. Given the recent increased awareness of 
the risks of cumulative radiation exposure in young adults 
undergoing CT scanning,14 it remains to be seen whether mag
netic resonance imaging (MRl) will replace CT as the preferred 
modality for the evaluation of the appendix in yow1ger patients. 

1l1e morbidity rate of perforated appendicitis far exceeds 
that of a negative appendectomy. 1l1us, the strategy has been to 
set a low enough threshold for removal of the appendix to mini
mize rhe cases of missed appendicitis. With increased use of CT, 
the frequency <>f negative explorations has declined in recent 
years, without an accompanying rise in the number of perfora
tions. AJ1 analysis of more than 75,000 patients from 1999 to 
2000 revealed a Jl~ative appendectomy rate of 6% in men and 
13.4% in women. 1 

· 

Among patients with abdominal pain, ultrasonography has 
a sensitivity of approximately 85% and a specificity of more than 
90% for the diagnosis of acute appendicitis. Sonographic find
ings consistent with acute appendicitis include an appendix of 
7 mm or more in anteroposterior diameter. a thick-walled. non
compressible luminal structure seen in cross section, referred to 
as a target lesion, or the presence of an appendicolith (Fig. 51-2). 
In more advanced cases, periappendiceal fluid or a mass may be 
found. Ultrasonography has tbe advamages of being a nonlnva
sive modallty requir1J1g no patient preparation that also avoids 
exposure ro ionizing radiation. Thus, it is commonly used in 
children and in pregnant patients with equivocal clinical find
ings suggestive of acute appendlcitis. Ultrasonography has 
been shown to change the disposition of 59% of cl1iJd.ren 
with abdominal pain who had already been evaluated by rhe 
surgical team. 15 Disadvantages of ultrasonography include 

FIGURE 51-2 Ultrasound of a normal appendix (top) illustrating the 
thin wall in coronal (left) and longitudinal (right) planes. In appendi
dtis, there is distention and wall thickening (bottom, right), and blood 
flow is increase<!, leading to the so-called ring of fire appearance. 
A, Appendix. 

operator-dependent accuracy and d.i.ffiClllty interpreting the 
images by those other than the operator. Because performance 
of the study may require hands-on participation by the radiolo
gist, ultrasonography may not be readiJy avaiJable at night or on 
week·ends. Pelvic ultrasound can be especially useful in excluding 
pelvic pathology, such as rube-ovarian abscess or ovarian rorsion, 
which may mimic acute appendicitis. 

Although cl1ey are commonly obtained. the indiscriminate 
use of plain abdominal radiographs m the evaluation of patients 
with acute abdominal pain is unwarranted. In one study of I 04 
patients with acute onset of right lower quadrant pain, interpre
tation of plain x-rays changed the management of only six 
patients (6%) and, in one case, contributed to an u1mecessary 
laparotomy.16 A calcified appendlcolicl1 is visible on plain films 
in only I 0% to 15% of patient.~ with acute appendicitis_ 
Although its presence strongly supports the diagnosis in a patient 
with abdominal pain, the low sensitivity of this test renders it 
of litt le value in preoperative decision making. Plain abdomina\ 
films may be useful for the detection of ureteral calculi, small 
bowel obstruction, or perforated ulcer, but such conditions are 
rarely confused with appen.dicitis. FaiJure of the appendix to £.11 
during a barium enema has been associated with appendicitis, 
but this fi11ding lacks sensitivity and specificity because up to 
20% of normal appendices do not fill. 

Diaginostic Laparoscopy 
Altho ugh most patients with appendicitis will be accurately 
diagnosed based on history, physical examination, laboratory 
studies and, if necessary, imaging studies, there are a small 
number in whom the diagnosis remains elusive. For these 
patients, diagnostic laparoscopy cru1 provide a direct examina
tion of the appendix and a survey of the abdominal cavity for 
other possible causes of pain. We use this technique primarily 
for women of childbearing age in whom preoperative pelvic 
ultrasound or CT faiJs to provide a diagnosis. Concerns about 
the possihle adverse effects of a missed perforation and perito
nitis on future fertility sometimes prompt earlier intervention 
in tliis patient population. 

Special Patient Populations 
The diagnosis of appendicitis is particularly difficult in the very 
YOLU1g and iJ1 older adults. lt is in these groups that diagnosis is 
most often delayed and perforation occurs most frequently_ 
Imaging studies are strongly considered here. Because of increas
ing concerns about radiation-induced cancers in clilld.ren, 11 

ultrasonography is the preferred i.nitial imagi11g modality for this 
group. For older patients, CT offers the ability ro detect the 
broader array of conditions, such as diverticulitis ru1d malig
nancy, found in the differential diagnosis. 

In infants, nonfocal findings sud1 as lethargy, irritability; 
and anorexia may be pre.sent in the early stages of appendicitis, 
with vomiting, fever, ru1d pain apparent as the disease progresses_ 
Ultrasound is useful for the evaluation of appendicitis and other 
acute abdonili1al emergencies, such as pyloric stenosis, 1J1 infants. 

In preschool-aged children, the differeJ1tial diagnosis 
includes intussusception, Meckel's diverticulitis, and acute gas
troenteritis.lntussusception may be distinguished by the colicky 
nature of the pain, wid1 lJ1tervenmg pain-free periods, and tbe 
absence of peritonitis. Meckel's diverticuJitis is relatively uncom
mon, but its presentation is similar tO that of appendicitis, 
except that cl1e pain ru1d tenderness typically localize iJ1 the 
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periumbilical region. Gastroenteritis can be difficult to distin
guish from acute appendicitis in any age group. Typically, diar
rhea and vomiting occur early and persistently in gastroenteritis, 
and focal abdominal tenderness and peritoneal signs are uncom
mon. Sonograpby should be used liberally. [r is advisable to 
discuss the importance of reevaluarion within 12 m 24 hours 
with the parents of a child suspected of having gastroenteritis if 
the child develops worsening abdominal pain or other signs of 
clinical deterioration, because misdiagnosed appendicitis remains 
high on the list of considerations. 

[n school-aged children, gastroenteritis often presents with 
abdominal pain and diarrhea, without fever or leukocytosis. The 
most common condition that mimics appendicitis in tll.is popu
lation .is mesenteric lymphadenitis, which may be caused by a 
wide variety of enteric i nfections. • ~ Ultrasonography may be 
helpful for identifying enlarged lymph nodes in the region of 
the ileaJ mesentery in conjunction with tll.ickening of the ileal 
watl and a normal appendix, in which case appendectomy may 
be avoided. MRI may be helpful to resolve ambiguous sono
graphic or cliJl.ical findings. It is in1portant to remember that 
enlarged mesenteric lymph nodes may also be the result of acute 
appendicitis. Inflammatory bowel d isease is also considered in 
children, particularly if there is a history of recurrent episodes 
of abdonl.inal pain. Constipation and functional pain are 
common in rhis age group. Although constipation may be a~o
ciated with relatively severe pain, there are no peritoneal signs, 
fever, or lettkocytosis, and the diagnosis is supported by a recent 
history of hard stools. Functional pain is usually somewhat 
milder, recurrent, and self-lin1ited. 

In adults, it is important to consider other regional infl.anl
matory conditions, such as pyelonephritis, colitis, and diverticu
litis. 'The pain and tenderness of pyeLonephritis are typically 
located in me flank and are accompanied by high fever and white 
blood cell count, as well a~ pyuria. Colitis is often accompanied 
by diarrhea and the location of the pain typically outlines the 
trajectory of the colon. In Crohn's colitis, diarrhea is uncom
mon, but there is often a pattern of recurrent symptoms. The 
onset of right-sided diverticulitis is typically insidious, worsen
iJ1g over a period of days, and involving a larger area of tender
ness in the right lower abdomen than appendicitis. CT scan is 
helpful for identifying the inflan1ed diverticula and enhance
ment of cecal wall thickening cl1at accompanies this diagnosis. 
The differemial diagnosis for appendicitis in women of child
bearing age is broad and accow1ts for the higher incidt'llce of 
false-positive diagnoses in tll.is group. Pelvic pathology that may 
mimic acute appendicit is includes pelvic inflammatory disease 
(PID), tuba-ovarian abscess, ruptured ovarian cyst or ovarian 
torsion, and ectopic pregnancy. These conditions are typically 
distinguished from acute appendicitis by the absence of gastro
intestinal symptoms. Pelvic ultrasound is especially helpful for 
these patients hecause of its high sensitivity and specificity for 
the diagnosis of pelvic pathology. If a normal appendix is also 
seen, appendicitis is unlikely. 

Appendicitis is the most common nonobstetric surgical 
disease of the abdomen during pregnancy. Diagnosis may be 
difficult because symptoms of nausea, vomiting, and anorexia, 
as well as elevated white blood cell count, are common during 
pregnancy. Moreover, the location of tenderness varies with ges
tation. After the fifth month of gestation, the appendix is shifted 
superiorly above the iliac crest and the appendiceal tip is rotated 
medially imo the right upper quadrant by the gravid uterus. 
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Ultrasound is helpful for establishing the diagnosis and location 
of the inflamed appendix. In cases in which Ldtrasound has been 
equivocal, MRI has been used successfulJy, thereby avoiding 
ionizing radiation exposure to the developing fetus. The main 
challenge is to recognize the possibility of appendicitis in preg
nam patients and inrervene promptly, because peritonitis signifi
cantly increases tbe rate of fetal loss (2.6% to 10.9% in one 
meta-analysis).181he challenge in the diagnosis is to balance this 
risk of perforation and risk of fetal demise and preterm labor 
from delayed diagnosis against tl1e risk of a negative appendec
tomy. Laparoscopic appendectomy has been performed through 
the second trimester of pregnancy, although data are lacking 
comparing this approach [Q me open procedure. 

Appendicitis in older patients can. be difficult to diagnose 
becaus·e many patients delay seeking care and the pre,o;entation 
may be atypical. Fever is uncommon, the white blood cell count 
may be normal, and many older patients with appendicitis do 
not experience right lower quadrant pain. Approximately 50% 
of older patients are incorrectly diagnosed at the time of admis
sion and they have a much ll.igher rate of perforation at the time 
of surgery hecause of delays in operative intervention}3 More 
than 50% of older patients with appendicitis are fow1d to have 
perforated appendices, compared with fewer than 20% of 
younger patients. Diverticulitis and bowel obstruction are 
common misdiagnoses in older patients; the differential diagno
sis also includes malignancies of the gastrointestinal tract and 
reproductive system, perforated ulcers, and cholecystitis. CT has 
become an invaluable tool for the evaluation of abdonl.inal pain 
in older patiems and its use has shortened preoperative hospital 
delays.13 

Diagnostic Algorithm 
Patients for whom the diagnosis of appendicitis is being consid
ered should have a surgical evaluation (Fig. 51-3). Early involve
ment of d1e surgical team in the diagnostic evaluation of these 
patien ts may improve diagnostic accuracy and help avoid expen
sive an.d un11ecessary diagnostic studie.~. 1 9 Experienced clinicians 
accurately diagnose appendicitis based on a combination of 
history, physical examination, and laboratory studies approxi
mately 80% of the time. We stratify patients based on their 
cli.11icaJ findings starting with the extremes, which are easier to 

identify. Patients with a high probability of uncomplicated 
appendicitis undergo surgery. Patients suspected of having an 
appendiceal abscess undergo further in1aging, typically ultraso
nography for children or CT for adults. The next step in the 
evaluation of patients for whom the likeLihood of appendicitis 
is believed to be low is determined by rhe probabiHty and sever
ity of alternate diagnoses Llllder consideration. Some of these 
patients will be discharged with a planned follow-up visit or 
phone call cl1e next day. Most older patients with abdominal 
pain tuldergo CT before discharge because of the high preva
lence of surgical pathology in this patient population. The 
remaining patients are believed to have an intermediate proba
bility of having appendicitis. Children and pregnant women. in 
this category typically undergo abdominal tdtrasonography. 
Women in their childbearing years may tLJ1dergo pelvic ultraso
nography, CT, or MRI, depending on the index of suspicion of 
pelvic pathology. Among patients who would omerwise be 
admitted to the hospital for observation, cr may reduce hospi
tal costs by reducing length of stay. Following the completion 
of imagi11g studies, the patient is reexanlined to detern1ine 
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Surgical consultation for acute abdominal pain 

T 
Clinical probability of acute appendicitis 

High 

' Operate 

' + 

J 
Operate 

Intermediate 

CT or ultrasound and 
re-examine 

Uncertain 

Diagnostic laparoscopy 
or 

admit/re-examine 

Discharge 
or 

alternate 
diagnosis/ 
treatment 

Low 

t 
Elderly 

Unreliable 
Long distance 

CT 
re-examine 

I 

[ 

' Reliable and 
local 

l 
Discharge 

follow-up <24 hr 

Operate Discharge 
Follow-up <24 hr 

FIGURE 51 -3 Algorithm for the evaluation and management of patients with possible acute appendicitis based on surgical assessment of 
d inical probability of the diagnosis. 

whether pain and tenderness have localized w the right lower 
quadrant. If the diagnosis remains uncertain at this poim, 
patients undergo diagnostic laparoscopy. especiaUy i.J1 fertile 
women, are admitted for observation and reexamination, or are 
discharged with follow-up the next day. 

Treatment 
Most patients with acute appendicitis arc managed by prompt 
surgical removal of the appendix. A brief period of resuscitation 
is usually suffiCient to ensure d1e safe induction of general anes
thesia. Preoperative amibiotics cover aerobic and anaerobic 
colonic flora. For patients with nonperforated appendicitis, a 
single preoperative dose of antibiotics reduces postoperative 
wound infections and intra-abdominal abscess formation.20 

Postoperative oral antibiotics do not reduce the incidence of 
infectious compllcatiom further in these patiems.21 For patiems 
with perforated or gangrenous appendicitis, we conti.J1lle post
operative N antibiotics until the patient is afcbrile.22 

Several prospective randomir..ed studies have compared 
laparoscopic and open appendectomy, and the overall differences 
in outcomes remain small. l11e percentage of appendecromies 
perfom1ed laparoscopicaUy continues to increase.23 Obese 
patients have less paiJ1 and shorter hospital stays after laparo
scopic versus open appendectomy?~ Patient~ with perforated 
appendicitis have lower rates of wound infections following 
laparoscopic removal of the appendix.25 Patients treated laparo
scopicall have improved quality of Ufe scores 2 weeks afrcr 
surgery.: and lower readmission rates. As compared with open 
appendectomy, the laparoscopic approach involves higher oper
ating room cos·ts, but these have been counterbalanced in some 
series by shorter lengths of stay. For patients in whom the diag
nosis rem:tim WlCcrrain afrer the preoperative evaluation, diag
nostic laparoscopy is useful because it allows the surgeon to 
examine the remainder of the abdomen, including the pelvis, 

for abnormallties. Our practice is ro perform appendectOmies 
laparoscopically for most patieJlts, particularly fertile women, 
obese patients, and cases of diagnostic uncertainty. Extensive 
prior lower abdominal surgel)' with resultant adhesions pre
cludes safe laparoscopic port placement in rare patients. Open 
appendectomy is usually easily performed through a transverse 
right lower quadrant incision (Davis-Rockey) or an oblique inci
sion {McArthur-McBurney; Fig. 51-4). ln patients with a large 
phlegmon or diagnostic uncertainty, a subumbilical midW1e 
incision may be used. For uncompUcated cases, we prefer a 
transverse, muscle-splitting incision lateral to the rectus abdomi
nis muscle over McBurney's point. Local ru1esthetic, adminis
tered before the incision, reduces postoperative pain.1-' 

After the peritoneum is entered, the inflamed appendix is 
identified by its firm consistency ru1d delivered into the field. 
Particular attention is paid to gentle handllng of the inflan1ed 
tissues to minimize the risk for rupture during the procedure. 
In difficult cases, enlarging rhe incision ru1d working down tl1e 
trajectory of the taeniae on the ceclU11 wil l often facilitate local
izatio n and delivery of the appendix. 1l1e mesoappendix is 
divided between clamps and ties (see Fig. 51-4A). The base of 
tl1e appendix is skeletonized at its junction with the cecum. A 
heavy absorbable tic is placed arow1d the base of tl1c appendix 
ru1d the specimen is clan1ped and divided (see Fig. 51-4B). An 
absorbable purse-string suture or Z stitch is placed into the 
cecal waU (see Fig. 51-4C) and the appendiceal stump is 
inverted into a fold in the wall of the cecum (see Fig. 51-4D). 
Simple ligation ru1d inversion probably have equivalent out
comes. If the base of the appendix and adjacent cecum are 
extensively indurated, an ileocecal resection is performed. The 
wound is closed primarily in most cases hecause the wound 
infection rate is Less than 5%. 

Laparoscopic appendectomy offers the advantage of diag
nostic laparoscopy combined with the potential for shorter 
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FIGURE 51 -4 A. Left, Location of possible incisions for an open appendectomy. Right Division of the mesoappendix. B. Ligation of the base 
and division of the appendix. C. Placement of purse-string suture or Z stitd1. D. Inversion of the appendiceal stump. (From Ortega JM, Ricardo 

AE: Surgery of the appendix and colon. In Moody FG [ed): Atlas of ambulatory surgery, Philadelphia, 1999, WB Saunders.) 
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recovery and incisions that arc less conspicuous. Lf a CT scan 
was obtained preoperatively, it needs to be reviewed by the 
surgeon for useful information regarding the position of the 
appendix relative to the cecum. Mter injection of local anes
thetic, we place a lO-mm port into the umbilicus, foiJowed by 
a 5-mm porr in the suprapubic midline region and a 5-mm 
port midway between the first two ports and to the left of the 
rectus abdominis muscle (Fig. 5 1-5). 'The 5-mm, 30-degree 
laparoscope is moved to the central port, with the surgeon and 
assistant both on the patient's left. With the patient in the 
Trcnddenburg position and rotated left side down, we gently 
sweep the terminal ileum mediaiJy and follow the taeniae of the 
cecum caudad to locate the appendix, whicl1 is then elevated. 
l11e mesoappendix is divided using a 5-m.m harmonic scalpel or 
Liga-Sure, or between clips, depending on the thickness of this 
tissue (see Fig. 51-5A). We typically encircle the appendix with 
one or two heavy absorbable Endoloops cinched down at the 
base of the appendix, then place a third Endoloop on the speci
men side ("' l em distally), and divide the appendix (see Fig. 
5l-5B and C). In patients in whom the base is indurated and 
friab le, we use a 30-mm endoscopic stapler to divide the appen
dix. For most patients, however, the considerable added cost of 
the stapler is unwarranted. Any spillage of fluid is promptly 
aspirated and, similarly, any identified appendicoliths are 
removed to prevent postoperative abscess formation. The 
appendix is placed into a specimen bag and removed with the 
port througb the umbilical wow1d (see Fig. 5 1-5D). Fa~cia at 
the 10-mm trocar sire is dosed, and aiJ wounds are closed 
primarily. 

Patients are offered an unrestricted dkt and oral pain medi
cation after surgery. Most patients with non perforated appendi
citis are discharged within 24 hours of the procedure. 

Perforated Appendicitis 
Perforated appendicitis is more common in rural areas, older 
adtJts, and uninsured populations, who may have difficulty 
getting acce.~ to care. Patients with perforation of the appendix 
may be very ill and require several hours of fluid resuscitation 
before safe induction of general anesthes.ia can be achieved. 
Broad-spectrun1 antibiotics directed against gut aerobes and 
anaerobes are initiated early in cl1e evaluation and resuscitation 
phase. ln children, a laparoscopic approach to the perforated 
appendix appears w reduce the incidence of poswperative 
wound infections and ileus and is associated with shorter hos
pital stays and lower costs.28 Studies in adul ts have suggested 
that patients successfully treated laparoscopically realize similar 
be11efits, albei t with a higher risk of conversion to an open pro
cedure than for patients with simple appendicitis.29 

We usually begin with a diagnostic laparoscopy and use a 
roUed gauze to gently sweep adherent loops of smaiJ bowel away 
from the cecum, cl1ereby exposing the appendix. Depending on 
the ease of completing that task, a decision is made whether to 
convert to an open appe11dectomy. Extreme friability of the 
adjacent bowd loops may require conversion to avoid bowel 
injury. Any pus encountered during the dissection is aspirated 
and sent for Gram staining and culture. Oozing from the severely 
iJUian1ed retroperitoneum is easily controlled with electrocau
tery or argon beam coagulation, if available. 1l1e inflamed indu
rated mesoappendix is djvided using the LigaSure or harmonic 
scalpel. 'The taeniae of the cecum are followed onto the base of 
the appendix, and the stump is divided between Endoloops or 

wicl1 a stapler, depending on the integrity of the tissues. When 
the mesoappendix is densely adherent to the cenm1 or retroperi
toneum, it may be helpful to divide the stump of the appendix 
with the stapler before dividing the mesoappendix. The abdomen 
and pelvis are irrigated and the fluid aspirated. We leave a dosed 
suction drain in place only if a well-defined residual abscess 
caviry exists after reflection of the smaiJ bowel away from the 
appendiceal bed. Antibiotics may be altered, if necessary, based 
on the culture results and are continued w1tiJ the patient is 
afebrile postoperatively. If the procedure was completed open, 
the wound is typically left open with nylon sutures laid into 
place for possible delayed primary closure after 3 to 5 days of 
dressing changes. Laparoscopic trocar sites are closed because the 
incidence of infection is low. 

Appendiceal Abscess 
Patients who present late in the course of appendicitis with a 
mass and fever may benefit from a period of nonoperative man
agement, wbid1 reduces complications and overall hospital stay'0 

(Fig. 51-6). imaging studies arc useful for confirming the diag
nosis and for evaluating the size of any abscess present (Fig. 
51-7) . Patients with large abscesses, larger than 4 to 6 em. and 
especially those patients with abscess and high fever, benefit 
from abscess drainage. This may be accomplished via the tran
srectal or transvaginal route using ultrasound guidance if the 
abscess is suitably located31 or by a percutaneous image-guided 
approach. PatiCJ1ts with smaller abscesses or phlegmon and who 
are not sick may be successfully managed initiaiJy with antibiot
ics alone. Patients who continue ro have fever and leukocytosis 
after several days of nonoperative treatment are likely to require 
appendectomy during the same hospitalization, whereas those 
who improve promptly may be considered for interva\ 
appendectomy. 32 

After nonoperative treatment of suspected late appendici
tis, adults who have not had one recently should undergo colo
noscopy or harilml enema because colon cancer is detected in 
an estimated 5% of cases.33 The risk for recurrent appendicitis 
is approximately 15% to 25% after nonope.rative treatment and 
warrants consideration of interval appendectomy. We typically 
perform this procedure laparoscopically approximately 6 weeks 
after the initial bout of appendicitis. Interval appe11dectomy 
can frequently be done as an outpatient procedure and is asso
ciated with a low morbidity rate. The procedure is routinely 
performed in children. n,e decision about whether to proceed 
with interval appendectomy for adtJt patients includes factors 
such a~ patient age, comorbid conditions, and prior abdominal 
surgery. 

Chronic or Recurrent Appendicitis 
A smaiJ number of patients report episodic bouts of right lower 
abdominal pain in the absence of an acute febrile illne.~. Some 
are found to have appendicoliths on CT scans-'~-'~ or sonographic 
evidence of an enlarged appendiceal dian1eter~5; most of tl1ese 
will have surgical and pathologic evidence of chronic irtflamm.a
tion of the appendix and relief of symptoms after appendectomy. 
l11ese findings support the concept that appendicitis represents 
a spectrun1 of inflanu11atory changes that may, in rare cases, wax 
and wane. 

The dilemma is more difficult when rhe report of pain is 
not accompanied by other clinical or radjographic fi ndings. 
l11ese patients faiJ into the category of those with chronic 
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Appendiceal abscess 
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small abscess 

I 
J 

Antibiotics + ... ------" drainage Fever/sepsis Afebrile 

• Children 

+ 
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oral antibiotics + 

discharge 

f 
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appendectomy 

[ 
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No iJ'lllrovement 
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Operate 

+ 
Adults 
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antibiotics + discharge 

' 
f 

Colonoscopy 
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• No neoplasm Neoplasm 

• • Consider interval Staging/colectomy 
appendectomy FIGURE 51-6 Algorithm for the management of appendiceal 

abscess. 

FIGURE 51 -7 Sagittal CT scan of the abdomen in a patient with A 
perforated appendicitis and periappendiceal abscess. The CT scan 
reveals a distended appendix (arrow) and a periappendiceal fluid 
collection with inflammation. C, Cecum; n, terminal ileum. 

abdominal paiJn; pathologically confirmed appendiceal inflam
mation is rarely found in these patiems. \Y!e have typical ly 
sought evidence of appendiceal pathology before appendectomy 
for chronic pain using ultrasow1d, CT, or both, in combination 
with colonoscopy, to exclude other causes of pain. 

Normal-Appearing Appendix 
(f a normal-appearing appendix is idemified at the time of 
surgery, should it be removed? 'This question has been raised 
again after the introduction of the laparoscopic approach; con
sensus is lacking on this poim. Although it is difficult to know 
how many patients benefit from this practice, removal of the 
appendix adds little morbidity to the procedure. In some cases, 
pathologic abnormalities that were not apparent on visual 
inspection are identified:k' Our practice is to remove the appen
dix and perform a thorough search for other causes of the 
patiem's symptoms. We specifically examine the small intestine 
for Meckel's diverticulum and Crohn's disease, the mesentery for 
lymphadenopathy, and the pelvis for abscesses, ovarian torsion, 
and bernias. lf findings of Crobn's disease are observed and the 
base of the appendix is not involved in the infian1matory process, 
appendectomy is advised to prevent futu re confusion. If, 
however, the base of the appendix is Lnvolvcd in the inflamma
tory ileitis process, it may be safer to avoid appendectomy to 

minimize fistula formation. 

Appendicitis in Older Patients 
Older patients with appendicitis are more likely to delay seeking 
treatment, present with atypical fiJJdings, and have a higher rate 
of perforation at the time of presentation (see earlier, "Speda\ 
Patient Populations"). CT is widely used in older patients to 

establish the diagnosis of appendicitis and to exclude neoplasms, 
diverticulitis, and other confounding conditions. Perforation 
and abscess formation are relatively common operative findings 
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in older patients with appendicitisY Older people have an 
increased incidence of cardiovascular, renal, and pulmonary 
complications after appendectomy. Analysis of a large adminis
trative database has shown that the laparoscopic approach is 
associated with a shorter hospitalization and higher probability 
of discharge to home, rather than a skilled nursing facility, than 
open appendectomy for older patients with perforated or non
perforated appendicitis.38 Following risk adjustment among 
groups, the benefits oflaparoscopic appendectomy appear to be 
more pronounced for older patients than for their younger 
counterparts.39 

Treatment Algorithm 
Our approach to the treatment of appendicitis is summari7..ed in 
Figure 51 -8. Patients are considered to have so-called simple 
appendicitis if the duration of symptoms is shorter than 48 hours 
or imaging studies reveal the absence of a large abscess or 
phlegmon. These patients typically undergo appendectomy. For 
patients with an atypical or long history and those who present 
during the recovery phase, imaging studies are obtained. cr is 
typically selected for nonpregnant women and ultrasound for 
pregnant women and children. Occasionally, these patients are 
found to have radiographic features of simple appendicitis and 
tmdergo appendectomy. More commonly, a phlegmon is found. 
An associated large abscess {>4 to 6 em) is drained percutane
ously, if it is located in the iliac fossa, or transrectally, if it is in 
the lower pelvis. Patients who are systemically ill are treated with 
antibiotics and bowel rest and reevaluated. If they do not 
improve, we perform an open appendectomy. Similarly, sick 
patients with a phlegmon or small abscess are treated with anti
biotics and bowel rest and reevaluated for signs of improvement, 
as described earlier. Some present during the recovery phase 
from the acute illness and may be managed as outpatients. 
Adults who are managed nonoperatively during their initial 
presentation may undergo colonoscopy 2 to 4 weeks after their 
acute illness to exclude colitis or neoplasms. We typically remove 
the appendix in these patients 6 £O 8 weeks after the initial 
presentation. The procedure is performed laparoscopically as an 
outpatient. 

Outcomes 
'TI1e mortality rate after appendectomy is less than I%. The 
morbidity of perforated appendicitis is higher than that of non
perforated cases and is related to increased rates of WOlmd infec
tion, intra-abdominal abscess formation, increased hospital stay, 
and delayed return to full activity. 

Surgical site infections and deep space infections or 
abscesses are the most common complications seen after appen
dectomy. Approximately 5% of patients with uncomplicated 
appendicitis develop wound infections after open appendec
tomy. Laparoscopic appendectomy is associated with a lower 
incidence of wound infections; this difference is magnified in 
groups of patients with perforated appendicitis (14% versus 
26%).40 Patients with a fever and leukocytosis and a normal
appearing wound after appendectomy undergo cr or ultraso
nography to exclude an intra-abdominal abscess. Similarly, if pus 
emanates from a fascial opening during wound inspection, an 
imaging study is performed ro identify any undrained intra
abdominal fluid coUections. In this situation, we place a percu
taneous drain into the collection to divert the infected material 
away from the fascia and facilitate wound healing. For pelvic 
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abscesses that are located in proximity to the rectum or vagina, 
we prefer ultrasound-guided transrectal or transvaginal drainage, 
thereby avoiding the discomfort of a percutaneous perineal 
drain.>1 

Small bowel obstruction occurs in less than I% of patients 
after appendecromy for uncomplicated appendicitis and in 3% 
of patients with perforated appendicitis who are followed for 30 
ycars.41 Approximately 50% of these patients present with bowel 
obstruction during the fust year. 

1l1e risk for infertility following appendectomy in child
hood appears to be small. A history of simple or perforated 
appendicitis was sought in a large cohort of infertile patients 
and compared with the frequency of appendicitis in pregnant 
women; no significant differences were found.42 

1l1ere are rare reports of appendicocutaneous or appendi
covesical fistulas after appendectomy, typically for perforated 
appendicitis. Fistulas to the skin generally close after any local 
infection is treated. Fistulas to the bladder have been successfully 
diagnosed and treated laparoscopica11y. 

NEOPLASMS 
Primary twuors of the appendix are rare. They are usually diag
nosed after pathologic inspection of the appendix that was 
removed for suspected appendicitis. Although it was previously 
believed that carcinoid tumors were the most common appen
diceal neoplasms, analysis of the Surveillance, Epidemiology, 
and End Results (SEER) database indicates that mucinous 
rumors of the appendix are more common.12 

A mucocele of the appendix is the result of obstruction of 
the appendiceal orifice with distention of the appendix caused 
by intraluminal accumulation of mucoid material (Fig 5 1-9). A 
spectrum of histologic changes may be found in the mucosa of 
appendiceal mucoceles, ranging from benign epithclitml to the 
invasive change.~ of mucinous adenocarcinoma.43 Intact muco
celes smaller than 2 em are almost always benig~1.44 A retention 
cyst result.~ from chronic ob.~truction of the proximal lumen, 
usually by fibrous tissue, which leads to a simple mucocele that 
is lined by flarrened cuboidal epithelium and cured by appen
dectomy. Larger mucoceles are more likely to be neoplastic. 
Every effort is made to keep the mucocele intact during extrac
tion, including placing che specimen in a bag or converting a 
laparoscopic procedure to an open procedure, ifnecessary.44 The 
mesoappendix is removed with the appendix co determine 
lymph node status, but a right hemicolectomy .is not indicated 
unless there is invasion of the base of the appendix by tumor.45 

Mucoceles that have ruptmed are more Likely to be associ
aced with the spread of epithelial ceiJs within mucoid fluid 
throughout the peritoneal cavity, so-called pseudomyxoma peri
tonei, or mucinous carcinomatosis of appendiceal origin. 'TI1e 
appendix is the most common source of mucoid fluid coiJections 
in the abdomen. Patients may present with appendicitis or in a 
subacute fashion, with increased abdominal girth from intraperi
toneal accumulation of mucoid material. Preoperative imaging 
studie.<> may reveal enlargen1ent of the ovaries caused by entrap
ment of mucinous tumor cells within ovarian tissue or focal 
mucinous fl uid collections in the pelvis, left paracolic gutter, 
subhepatic space, splenic hilum, and/or omentum. Appendiceal 
mucinous neoplasms have several unique cl1aracceristics of 
which the sllfgeon needs to be aware. Many patients have pl:!l'i
toncal dissemination of tumor cells at the time of diagnosis, but 
most of these neoplasms are noninvasive.45 Nodal and Liver 
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Treatment of appendicitis 
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FIGURE 51-8 Algorithm summarizing the treatment of acute appendicitis. 

metastases are uncommon, whereas locoregional recurrence of 
mucinous tumo rs, which ultimately impair small bowel fwlc
tion , is typical. The bulk of d1e peritoneal tumor is an important 
prognostic facto r that is independent of histologic gradeY An 
aggressive surgical approacb involving extensive removal of the 
peri toneum and perioperative intraperitoneal d1en1otherapy 
may im prove survival for these patients, especially if performed 
early in the course of dus disease, before tumor cdls become 
trapped in scar tissue surmundi11g tbe viscera. 45 

Appendiceal adenocarcinomas a.rc djagnosed at a rate of 
0.12 cases/1.000,000 annually and are found in less than 1% of 
appendectomy specimens. Most are discovered incidentally. The 

typical patient is older and the duration of symptoms is usually 
longer. A mild anemia may be present46 but the diagnosis is nor 
usually made preoperatively. The m ucinous adenocarcin oma cell 
type is most common ru1d bas a better prognosis after resection 
than tl1e colon or sif net ring cell type, with 5-year survival rates 
approaching 50%: Right henucolectomy is recommended for 
noncarcinoid cancers larger than 1 em. 

Appendiceal carcinoids are neuroendocrine rumors tbar 
ru·e usually of the enterochromaf!in ceU type. 1l1ey frequently 
contain sustentacular cells that express S-1 00 prorcin.4? Although 
they are d assi£ed as maligt1aJlcies, most appendiceal carcinoids 
exhibit benign behavior pattems. These rumors tend to occur in 
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FIGURE 51-9 CT sam of the abdomen in a patient with a benign 
10-cm mucocele. The axial image shows a distended fluid-fi lled mass 
medial to the appendix (arrow), without associated inflammation. C 
Cecum; Tl, tenninal ileum. 

patients in their 40s and most arc localized to the appendix at 
the rime of presentation.'7 For lesions smaller than l em that 
are located in the rip of the appendix, appendectomy is curative 
almost 100% of the rimc}2 Appendiceal carcinoids larger than 
l to 2 em, involve the base of the appendix, or invade the meso
appendix may exhibit a more aggressive biologic behavior 
and warrant consideration of right hemicolectomy. A large 
population-based study has shown chat goblet cell histology is 
associated with a particularly poor prognosis among carcinoids.48 

As with other neuroendocrine tumors, patients with appendiceal 
carcinoids may present with second primary rumors, especially 
of the gastroiJHcstina.l and genitourinary tracts, and this likeli
hood has been estimated at 18.2%.49 1l1Us, these patients 
undergo colonoscopy and ocher screening procedures, as appro
priate, ba~d on che age of the patient and additional risk factors. 
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COLON AND RECTUM 
ROBERT D. FRY, NAJJIA N . MAHMOUD, 
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EMBRYOLOGY OF THE COLON AND RECTUM 

ANATOMY OF THE COLON, RECTUM, AND PELVIC FLOOR 

PHYSIOLOGY OF THE COLON 

BOWEL PREPARATION BEFORE SURGERY 

DIVERTICULAR DISEASE 

COLONIC VOLVULUS 

LARGE BOWEL OBSTRUCTION AND PSEUDO-OBSTRUCTION 

INFLAMMATORY BOWEL DISEASE 

INFECTIOUS COLITIS 

COLONIC ISCHEMIA 

NEOPLASIA 

INTESTINAL STOMAS 

PELVIC FLOOR DISORDERS AND CONSTIPATION 

LAPAROSCOPIC COLON RESECTION 

EMBRYOLO(;Y OF THE COLON AND RECTUM 
No comprehensive discussion of colorectal anaromy is complete 
without a thorough understanding of the genesis of the gastro
intestinal (Gl) tract. Knowledge of the developmental anatomy 
of the foregut, midgut, and hindgut establishes a context in 
which co consider mature structural and functional anaromic 
relationships. 

The endodermal roof of the yolk sac gives rise to the primi
tive gut tube. At the begimung of the third week of develop
ment, the gut wbe is divided into three regions-the midgut, 
which opens ventrally, positioned between the foregut in the 
head fold and the hindgut in the tail fold. Development pro
gresses through the stages of physiologic herniation, return to 
the abdomen, and 6xadon. The acquisition of length and forma
tiOJ1 of dedicated blood and lymphatic supplies takes place 
during this time (Fig. 52- 1). 

Foregut-derived structures end at rhe second pordon of the 
duodenum and rely on the celiac artery for blood supply. The 
nudguc. extending from the duodenal ampulla to the distal 
transverse colon, is based on the superior mesenteric artery 
{SMA). The distal third of the transverse colon, descending 
colon, and rectum evolve from the l~indgut fold and are supplied 
by the inferior mesenteric artery (IMA). Venous and lymphatic 
channels mirror their arterial counterparts and follow the same 
embryologic divisions. At the dentate line, endoderm-derived 
tissues fuse widh the ectoderm-derived proctodeum, or ingrowth 
from the anal pit. 

1294 

Distal rectal development is complex. The cloaca is a spe
ciali7...ed area of the printitive distal rectum composed of endo
derm- and ectoderm-derived tissues. This area is incorporated 
imo the anal transition zone, wluch surrounds the dentate Hne in 
the adult. The cloaca exists in a continuum with the hindgut but, 
at approximately the sixth week, it begins to divide and differen
tiate into anterior urogenital and posterior anal and sphincter 
elements. Sinlultaneously. the urogenital and GI tracts are sepa
rated by caudal migration of the urogenital septum. During the 
I Oth week of development, the external anal sphincter is formed 
from the posterior cloaca as rhe descent of the urogenital sepnun 
becomes complete. 'the internal anal sphincter is formed by the 
12th week from enlarged circular muscle layers of the rectum. 

ANATOMY OF THE COLON, RECTUM, 
AND PELVIC FLOOR 
The colon and rectum constitute a tube of variable diameter 
approximately 150 em in length. 1he terminal ileum empties 
into the cecum through a thickened, nipple-shaped invagina
tion, the ileocecal valve. "D1ececum is a capacious saclikesegment 
nf the proximal colon, with an average diameter of 7.5 em and 
length of 10 em. Although it is distensible, acute dilation of the 
cecum co a diameter more than 12 em, which can be measured 
by a plain abdominal radiograph, can result in isd1emic necrosis 
and perforation of the bowel wall Surgical intervention may be 
required when rhis degree of cecal distention is caused by 
obstruction or pseudo-obstruction (Fig. 52-2). 

The appendix extends from the cecum approximately 3 em 
bdow the ileocecal valve as a blind-ending elongated tube, 8 to 
10 em in length. The proximal appendix is fairly constam in 
location, whereas the end can be located in a wide variety of 
positions relative ro the cecum and terminal ileum. Most com
monly, it is retrocecal (65%), followed by pelvic (31 o/o), subcecal 
(2.3%), preileal (1.0%), and retroileal (0.4%). Cluucally, tbe 
appendix is found at the convergence of the taeJtiae coli. Another 
clinical aid useful for detecting the location of the appendix 
through a small abdominal incision is the identification of the 
fold ofTrcves, the only antimesemeric epiploic appendage nor
mally found on the small intestine, marking d1e junction of the 
ileLLm and cecum. 

The ascending colon, approxin)atcly 15 em in length, runs 
upward toward the liver on the right side; like the descending 
colon, the posterior surface is fixed against the retroperitoneum, 
whereas the lateral and anterior surfaces are true intraperiruneal 
structures. The white Line ofToldt represents the fusion of the 
mesentery witb d)e posterior peritoneLLill. "D1is subtle peritoneal 
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FIGURE 52-1 A. At the third week of development, the primitive tube can be divided into three regions-the foregut in the head fold, the 
hindgut with its ventral allantoic outgrowth in the smaller tail fold, and the midgut between these two portions. Stages of development of the 
midgut a re physiologic herniation (B), return to the abdomen (C), and fixation (D). At the sixth week, the urogenital septum migrates caudally 
(E) and separates ithe intestinal and urogenital tracts (F. G). (From Corman Ml [ed]: Colon and rectal surgery, ed 4, Philadelphia,1998, Uppincott
Raven, p 2.) 

landmark serves as a guide for the surgeon for mobilizing the 
colon and mesentery from the retrope.ritoneum. 

1he transverse colon is approximately 45 em in length. 
Hanging between fixed positions at the hepatic and splenic 
flexures, ir is completely invested in visceral peritoneum. The 
nephrocolic ligament secures the hepatic flexure and directly 
overlies the right kidney, duodenum, and porta hepatis. 1l1e 
phrenocolic ligament lies ventral to the spleen and fixes 
the splenic flexure in the left upper quadrant. The angle of the 
splenic flexure is. higher, more acute, and more deeply situated 
than that of the hepatic flexure. 1l1e splenic flexure is typicalJy 
approached by dissecting the descending colon along the line of 
Toldt from below and then entering the lesser sac by reflecting 
the omentum from the transverse colon. 1lus maneuver allows 
mobilization of the flexure robe achieved, with mi1umal traction 
required for exposure. Attached co the superior aspect of the 
transverse colon is the greater omentum, a fused double layer of 
visceral and parietal peritoneum (four to tal layers) that contains 
variable amount« of stored fat. CDnically, it is useful in prevent
ing adhesions between surgical abdon1inal wow1ds and underly
ing bowel and is often used ro cover intraperitoneal coments as 

incisiol1S are closed. The omentum can be mobilized and placed 
between the rectum and vagina after repair of a high rectovaginal 
fistula, or used co £11 the pelvic and perineal space left after exci
sion of the rectum. Th~ Jjving tissue of the greater omentum 
makes a good parch in difficult situations, such as treatment of 
a perforated duodenur11, when closure of inflamed and friable 
tissues is impossible or ill-advised. 

The descending colon lies ventral co the left kidney and 
extends downward from the splenic flexure for approximately 
25 ern. lr is smaller in dian1ecer tl1an the ascending colon. At rbe 
level of the pelvic brim, there is a trar1sition b~rween the relatively 
thin-walled, fixed, descending colon and the thicker, mobile 
sigmoid colon. The sigmoid colon varies in length from 15 to 

50 em (average, 38 em) and is very mobile. It is a small-diameter, 
muscuJar rube on a long fl oppy mesentery char often forms an 
omega loop in cl1e pelvis. 1l1e mesosigmoid is frequencly attached 
co the kft pelvic sidewall, producing a small recess in rhe mesen
tery known as the intersigmoid fosSil. This mesenteric fold is a 
surgical landmark for rhe underlying left ureter. 

TI1e recrum, along with rhe sigmoid colon, serves as a fecal 
reservoir. There is some controversy regarding the definition of 
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FIGURE 52-2 Alllatomy of the colon and rectum, coronal view. The 
diameter of the right colon is larger than the diameter of the left side. 
Note the higher location of the splenic flexure compared with the 
hepatic flexure and the extraperitoneal location of the rectum. 

the proximal and distal extent of the rectum. Some conside.r the 
rectosigmoid jwKtion to be at the level of the sacral promon
tory; others consider it to be point at which the meniae converge. 
Anatomists cornsider the dentate line the distal extent of the 
rectum, whereas surgeons typically view this union of columnar 
and squamous epithelium as existing within the anal canal and 
consider the end of the rectum to be the proximal border of the 
anal sphincter complex. The recru.m is 12 to 15 em in length 
and lacks taeniae coli or epiploic appendices. It occupies the 
curve of the sacrum in the true pelvis and the posterior surface 
is almost completely extraperitoneal, in that it is adherent to 
presacral soft tissues and thus is outside the peritoneal cavity. 
1l1e anterior slUiface of the proximal third of the rectum is 
covered by visceral peritoneum. 1l1e peritoneal reflection is 7 to 
9 em from the anal verge in men and 5 to 7.5 em in women. 
11us anterior peritonealizcd space is called d1e pouch of Douglns, 
pelvic cul-de-sac. or rectouterine pouch and may serve as the site 
of so-called drop metastases from visceral mmors. 1l1ese perito
neal metastases can form a ma~s in the cul-de-sac (called Bloom
ers shelf) that can be detected by a digital rectal exanlinarion. 

The rectum possesses three involutions or curves, known 
as the valves of Houston. The middle valve folds to the left and 
the proximal and distal valves fold w the right. These valves are 
more properly called folds because they have no specific function 
as impediments to flow. 1l1ey are lost after fuLl surgical mobiliza
tion of the rectum, a maneuver that may provide approximately 
5 em of additional length to the rectum, greatly facilitating the 
surgeon's ability to fashion an anastomosis deep in tl1e pelvis. 

The posterior aspect of the rectum is iJwested with a thick, 
closely applied mesorectum. A thin layer of investing fascia 
(fascia propria) coats the mesorecnun and represents a distinct 
layer from the presacral fascia agaimt which it lies. During 
proctectomy for ree[aJ cancer, mobilization and dissection of tl1e 

rectum proceed between the presacral fascia ru1d fascia propria. 
Total mesorectal excision is a well-described oncologic mru1euver 
that makes good use of the tissue planes investing me rectum to 
achieve a relatively bloodless rectal and mesorectal dissection. 
The lymphatics are contained within the mesorectum, and total 
mesorectal excision adheres ro the basic surgical oncologic prin
ciple of removal of the cancer in continuity with its blood and 
lymphatic supplies. Resection of the rectum using this tech
nique, and based on a tl1orough understru1ding of ru1aromy, has 
been shown to reduce markedly the incidence of subsequent 
local recurrence of rectal cancer. 

Pararectal Fascia 
The endopelvic fascia is a thick layer of parietal peritoneum that 
lines the walls and floor of the pelvis. 1l1e portion that is closely 
applied to the periosteum of the anterior sacrum is the presacral 
fascia. The fascia propria of the rectum is a thin condensation of 
tl1e endopelvic fascia that forms an envelope around the mesorec
tlUU and continues distally to help form the lateral rectal stalks. 
The lateral rectal stalks or ligaments are actually anterolateral 
strucwres containing the nliddle rectal artery. The stalks reside in 
close proximity to the mixed autonomic nerves, containing sym
pathicand parasympathetic nerves. and division of these structures 
close to the pelvic sidewall may result in injury to these nerves, 
resulting in impotence and bladder dysfunction (Fig. 52-3). 

1l1e rectosacral fascia, or Waldeyer's fascia, is a thick con
densation of endopelvic fascia connecting the presacral fascia to 
the fascia propria at the level of 54 that extends to the anorectal 
ring. Waldeyer's fascia is an important surgical landmark, and 
its division duriJlg dissection from an abdonunal approach pro
vides entry to the deep retrorectal pelvis. Dissection between the 
fascia propria and presacral fascia follows the principles of surgi
cal oncology and minimizes the risk for vascular or neural inju
ries. Disruption of the presacral fascia may lead to injury of the 
basivertebral venous ple.xus, resulting in massive hen10rrhage. 
Disrupting the fascia propria during an operation fnr rectal 
cru1eer may signiflcantly increase the incidence of subsequent 
recurrence of cancer iJ1 the pelvis if mesorectum is then left 
behind. 

Pelvic Floor 
1l1e muscles of the pelvic Aoor, like those of the anal sphincter 
mechanism, arise from the primitive cloaca. 1he pelvic floor, or 
diaphragm. consists of the pubococcygeus, iJiococcygeus, and 
puborectalis, a group of muscles that together form the levator 
ruu. The pelvic diaphragm resides between me sacrum, obturator 
fascia, ischial spines, and pubis. It forms a strong floor that sup
ports the pelvic organs ru1d, with the external anal sphincter, regu
lates defecation. 'TI1e levator luarus is an opening between tbe 
decussaring fibers of the pubococcygeus d1at allows egress of the 
anal canal, urethra, and dorsal vein in men and the anal canal, 
urethra, and vagina in women. 1l1e puborectalis is a strong, 
U-shaped sling of striated muscle coursiJ1g around the rectum 
just above the level of the anal sphincters. Relaxation of the 
puborectalis straightens the anorectal angle and permits descent 
of feces; contraction produces the opposite effect. 1l1e puborec
talis is in a state of continual contraction, a factor vital to the 
mai1uenance of contiJ1ence. Puborecmlis dysfunction is an 
important cause of defecation disorders. 'TI1e pubococcygeus and 
iliococcygeus most likely participate in continence by applying 
late.ral pressure to narrow the levator hian1s (Figs. 52-4 and 52-5). 
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- Rectosacral fascia 

Denonvilliers' fascia 

FIGURE 52-3 End'opelvic fascia. (From Gordon PH, Nivatvongs S [eds] : Principles and practice of surgery for the colon, rectum and anus, ed 2, 
St l ouis, 1999, Quality Medical Publishing, p 10.) 

Dorsal vein of penis 

Anorectal junction 
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Anococcygeal raphe 
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FIGURE 52-4 levator muscles. (From Gordon PH, Nivatvongs S [eds): Principles and practice of surgery for the colon, rectum and anus, ed 2, 
St l ouis, 1999, Quality Medical Publishing, p 18.) 
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Pubococcygeus 

Hiatal ligament 
Anorectal junction 

FIGURE 52-5 Hiatal ligament. (From Gordon PH, Nivatvongs S [eds]: Prindples and practice of surgery for the colon, rectum and anus, ed 2, 

StLouis, 1999, Quality Medical Publishing, p 18.) 

Arterial Supply and Venous and 
Lymphatic Drainage 
Knowledge of the embryologic developmenc of the intestinal 
tract provides an exceUenr foundation for understanrung the 
anatomic blood supply. The foregut is supplied by the celiac 
artery, the midgut by rhe SMA, and the hindgut by the TMA 
(Figs. 52-6 and 52-7). Anatomic redundancy confers survival 
advantages and, in the imestinal traer, tlus fearure is provided 
by extensive communication between the major arteries and 
collateral blood supply (Fig. 52-8). 1l1e territory of the SMA 
ends at the distal portion of the transverse colon and that of the 
lMA begins in the region of the splenic flexure. A large collateral 
vessel, the marginal artery, connects these rwo circulations and 
forms a continuous arcade along the mesenteric border of the 
colon. Vasa recta from this artery branch off at short intervals 
and supply the bowel wall directly (Fig. 52-9). The SMA sup
plies the entire small bowel, giving off 12 w 20 jejLmal and ileal 
branches to the left and up to three main colonic branches to 
the right. The ileocolic artery is the most constant of these 
branches; it supplies the terminal ilelll1l, cecum, and appendix. 
The right colic artery is absent in 2% to l8% of specimens; when 
present, it may arise directly from the SMA or as a branch of 
the ileocolic or middle colic artery. It supplies tbe ascending 
colon and hepatic flexure and commwucates with the middle 
colic artery through collateral marginal artery arcades. 1l1e 
middle colic artery is a proximal branch of the SMA. It generally 
divides into right and left branches, wluch supply the proxin1al 
and distal transverse colon, respectively. Anatonlic variations of 
the middle colic artery include complete absence in 4% to 20% 
and the presence of an accessory middle colic artery in 10% of 
specimens. 'The- left branch of the middle colic artery may supply 
terrirory also supplied by the left colic artery through the col
lateral channel of the marginal artery. This collateral circulation 

in the area of the splenic flexure is the most inconsistent of the 
entire colon and has been referred to as a watershed area, vulner
able co ischemia in tile presence ofhypotension.ln some srurues, 
up to 5Uo/o of specimens were found to lack clearly identified 
arteries in a small segment of colon at the confluence of the 
blood supplies of the midgut and hindgut. These individuals rely 
on adjacent vasa recta in this area for arterial supply to the bowel 
wall. [n practice, surgeons avoid making anastomoses in the 
region of me spleiUC RexLLTe, fearing that me bloud supply wil l 
not be sufficient ro permit healing of the anastomosis, a situation 
that could lead to anastOmotic leak and sepsis. 

ThelMA originates from tbe aona at the level ofU to L1, 
approxin1ately 3 em above the aortic bifmcation. The left colk 
artery is the most proximal branch, supplying the distal trans
verse colon, splenic flexure, and descending colon. Two to six 
sigmoid branches collateralize with ilic left colic artery and form 
arcades mat supply me sigmoid colon and contribute ro ilie 
marginal artery. 

1l1e arc of Riolan is a collateral artery, first described by 
Jean Rlolan (1580-1657), that directly connects ilie proximal 
SMA with me proximal IMA and may serve as a vital conduit 
when one or the other of these arteries is occluded. It is also 
known as the meandering mesenteric artery and is highly variable 
in size. How can be forward (IMA stenosis) or retrograde (SMA 
stenosis), depending on the site of obstruction. Such obstruction 
results in iJKreased size and tortuosity of this meandering artery; 
whlcl1 may be detected by arteriography; the presence of a large 
arc of Riolan tlllls suggests occlusion of one of me major mes
enteric arteries (Fig. 52-1 0). 

1l1e IMA terminates in the superior rectal (superior hemor
rhoidal) artery, which courses behind the rectum in the meso
rectLLID, branching and then entering the rectal submucosa. 
Here, the capillaries form a submucosal plexus in the distal 
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of left colic artery 
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FIGURE 52-6 Arterial supply of the colon. (From Gordon PH, Nivatvongs S [eds]: Principles and practice of surgery for the colon, rectum and 

anus, ed 2, St Louis, 1999, Quality Medical Publishing. p 23.) 
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Inferior mesenteric artery 

Median sacral artery 

Superior rectal artery 

Right common iliac artery 

Right external iliac artery 

Right internal iliac artery 

Right superior gluteal artery 

Right inferior epigastric artery 

Right inferior gluteal artery 

Accessory middle rectal artery 

Right internal pudendal artery 

Right middle rectal artery 

Right inferior rectal artery 

FIGURE 52-7 Arterial supply of the rectum. (From Gordon PH, Nivatvongs S [eels]: Principles and practice of surgery for the colon, rectum and 
anus, ed 2, St louis, 1999, Quality Medical Publishing. p 24.) 
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Meandering mesenteric artery 

c 
FIGURE 52-8 Pathologic anatomy and occlusion of the SMA and IMA A, Ocdusion of SMA B. Ocdusion of the IMA C. Ligating the IMA 
1, Correct location of ligation (see inset); 2. Incorrect location of ligation. (From Gordon PH, Nivatvongs S [eds]: Principles and practice of 
surgery for the colon, rectum and anus, ed 2, St Louis, 1999, Quality Medical Publishing. p 28.) 
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Visceral peritoneum 

Taenia (longitudinal muscle) 

Circular muscle 

Mucosa 
Circular muscle 

-+---Marginal artery 

FIGURE 52-9 Cross-sectional anatomy of the colon, with vasa brevia and vasa recta. (From Gordon PH, Nivatvongs S [eds]: Principles and 
practice of surgery for the colon, rectum and anus, ed 2, St Louis, 1999, Quality Medical Publishing, p 26.) 

recntm at the level of the anal columns. The anal canal also 
receives arterial blood from the middle recral (hemorrhoidal) 
and inferior rectal (hemorrhoidal) arteries. 'The middle rectal 
artery is a branch of the internal iliac artery. It is variable in size 
and enters the rectum anterolaterally, passing alongside and 
slightly anterio1· to the lateral rectal stalks. lt has been reported 
to be absent in 40% to 80% of specimens studied. 'The inferior 
rectal artery is a branch of the pudendal artery, which itself is a 
more distal branch of the internal iliac. From the obturator 
canal, it traverses the obturator fascia, ischiorectal fossa, and 
external anal SfPhincrer to reach the anal canal. 'This vessel is 
encountered during the perineal dissection of an abdominoperi
neal resection. 

The venous drainage of the colon and rectum mirrors the 
arterial blood supply. Venous drainage from the right and proxi
mal transverse colon empties into the superior mesenteric vein, 
which coalesces with the splenk vein to become tbe portal vein. 
1l1e distal transverse colon, descending colon, sigmoid, and 
most of the rectum drain into the inferior mesellteric vein, 
which empties into the splenic vein to the left of the aorta. The 
anal canal is drained by the middle and inferior rectal veins into 
the i.nternal iliac vein and subsequently tlle inferior vena cava. 
The bidjrectional venous drainage of the anal canal accounts for 
differences in patterns of metastasis from tumors arising in this 
region (Fig. 52- 11 ). 

Lymphatic drainage also follows the arterial anatomy. 11Je 
wall of the large bowel is supplied with a rich network of lym
phatic capillaries that drain to extramural channels paralleling 
the arterial supply. Lymphatics from the colon and proxin1al two 
thirds of the rectum ultin1ately drain into the para-aortic nodal 
chain, which empties into the cisterna chyli. Lymphatics drain
ing the distal rectum and anal canal may drain to d1e para-aortic 
nodes or laterally, through ilie internal iliac system, to the super
ficial inguinal nodal basin. Although the dentate line roughly 
marks the level where lymphatic drainage diverges, classic studies 
by Block and Enquist using dye injection demonstrated that 
spread through lymphatic channels occurs to adjacent pelvic 
organs, such as the vagina and broad ligament, when injections 
arc administered as high as 10 em proximal to the dentate Lnc 
(Figs. 52-12 and 52-13). 

Lymph nodes are commonly grouped into levels depending 
on their location. Epicolic nodes are located along the bowel 
wall and in the epiploic appendices. Nodes adjacent to the mar
ginal artery are paracolic. Intermediate nodes are located along 
the main branches of the large blood vessels; primary nodes are 
located on the SMA or IMA Lymph node invasion by meta
static cancer is an important prognostic factor for patients with 
colorectal cancer. Accurate pathologic assessment of lymph 
nodes is essential for accurate staging, which serves as a deter
minant for tream1ent of patients with colorectal cancer. 
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FIGURE 52- 10 Arc of Riolan. (From Gordon PH, Nivatvongs S [eds]: 
Principles and practice of surgery for the colon, rectum and anus, ed 
2, St Louis, 1999, Quality Medical Publishing. p 27.) 

Nerves 
Preganglionic sympathetic nerves from T6 to Tl2 synapse in 
preaortic ganglia. Postsympathetic fibers then course along 
blood vessels to reach the right and transverse colons. The right 
and transverse wlon parasympathetic supply comes from the 
right vagus nerve. Parasympathetic fibers follow branches of the 
SMA co synapse in the wall of the bowel. The left colon and 
rectllm receive sympathetic supply from the preganglionic 
lumbar sp1anchnics of Ll to L3. These synapse in the preaortic 
plexus located above the aortic bifurcation and the postgangli
onic elements follow the branches of theLMA aJld superior rectal 
artery co the left colon, sigmoid, aJld rectum. The lower rectum, 
pelvic floor, and aJlal CaJ1al receive postganglionic sympatbetics 
from the pelvic plexus. The pelvic plexus is adherent to the pelvic 
sidewalls and is adjacent to the lateral stalks. It receives sympa
thetic branches from rhe presacral plexus, which condense at the 
sacral promontory into the left and right hypogastric nerves. 
These sympatbetic nerves, which descend into the pelvis dorsal 
to the superior rectal artery, are responsible for delivery of semen 
to the posterior prostatic urethra. Failure to preserve at least one 
of the hypogastric nerves during rectal dissection results in ejacu
latory dysfunction in males. 

The pelvic parasympathetic nerves, or nervi erigentes, arise 
from S2 to S4. Plieganglionic parasympathetic nerves merge with 
postganglionic sympathetics after the latter emerge from the 
sacral foramina. These nerve fibers, through the pelvic plexus, 
surround and innervate the prostate, urethra, seminal vesicles, 
urinary bladder, and muscles of the pelvic floor. Rectal dissection 
may disrupt the pelvic plexus and its subdivisions, resulting in 
neurogenic bladder aJ1d sexual dysfunction. Rates of bladder and 
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erectile dysfunction after rectal surgery are as high as 45%. 'TIJe 
degree and type of dysfunction are affected by the level of the 
neurologic injury. A high IMA ligation severing the hypogastric 
nerves near the sacral promontory rt.-sults in sympathetic dys
function characterized by retrograde ejaculation and bladder 
dysfunction. Injury ro the mixed para~ympathetic and sympa
thetic periprostatic plexus results in impotence and an atonic 
bladder. 

PHYSIOLOGY OF THE COLON 
Generally speaking, the fuJlction of the colon is the recycling of 
nutrients, whereas the function of the rectum is the elimination 
of stool. The recycling of nutrients depends on the metabolic 
activity of the colonic flora, colonic motility, and mucosal 
absorption and secretion. Stool elimination involves dehydra
tion of colonic contents and defecation. 

Recyding of Nutrients 
During the digestive process, ingested nutrients are diluted 
within the intestinal lumen by biliopancreatic and GI secretions. 
'TI1e small intestine absorbs most ingested nutrients and some of 
the fluid aJld bile salts secreted into the lun1en. However, the 
ileal effluent is still rich in water, electrolytes, and nutrients that 
resist digestion. The colon bas the functional ability co recover 
these substances and avoid unnecessary losses of fluids, electro
lytes, nitrogen, and energy. To accomplish tlus, the colon 
depends highly on its bacterial flora. 

Colonic Flora 
Nutrients arc digested witlun the intestinal lumen witl1 the aid 
of biliopancreatic and GI secretions. By the time tl1e chyme 
reaches the terminal ileum, most of the nutrients have been 
absorbed, leaving a succus emericus composed of electrolyte-rich 
fluid, bile salts, and some proteins and starches that have resisted 
digestion. An enormous quantity of autochthonous flora, con
sisting of more chan 400 bacterial spedes, reside.~ in tl1e large 
intestine. Large bowel contents may contain as many as 1011 to 
1012 bacterial cells/g, contributing approximately 50% of fecal 
mass.1 Most these colonic species are aJl.aerobes. These bacteria 
feed on proteins sloughed from the bowel wall and undigested 
complex carbohydrates. 

Colonic microflora provide several important functions to 
the host, including barrier functions that help maintain epithe
lial integrity, nutritive functions that utilize plant polysaccha
rides, and developmental ftmctions that stin1ulace epithelial cell 
differentiation and angiogenesis and, finally, immune functions 
via the gut. Gut associated lymphoid tissue contributes ro both 
innate and adaptive immwlity. 1 Short-chain fatty adds (SCFAs) 
are produced by microbial breakdown and fermentation of 
dietary starches. 'TI1esc fatty acids are the principal source of 
nutrition for the colonocyte. Bacteroides species predominate 
throughout the colon, comprising two thirds of the total 
collnts of the proxin1al colon and almost 70% of the bacteria 
in the rectum. Escherichia, Klebsielltt, Proteus, Lactobacillus, 
and enterococci are the predominant species of facultative 
anaerobes. 

Prebiotics and Probiotics 
Probiotics can be defined as dietary supplements that contain 
live cultures of bacteria aJld yeast that are beneficial to 

colonic and host ftmction. The two most widely used agents 
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FIGURE 52-11 Venous drainage of the colon and rectum. (From Gordon PH, Nivatvongs S [eds]: Prindples and practice of surgery tor the colon, 
rectum and anus, ed 2, StLouis, 1999, Quality Medical Publishing. p 30.) 

are Lflctobacillus and Bifidobacterium. Recent studies have indi
cated that probiotics may have widespread health bene£ts, 
including stin1ulation of immune function, anti- inflammatory 
effects, and suppression of enteropathogenic colonization.' ln 
addition, they may increase the digestibility of dietary pro
teins, enhance absorption of amino adds, and play a protec
tive or therapeutic role against Clostridium diffici/e-associated 
diarrhca.3 1l1e ultimate role of probiotics has not yet been 
determined. There is conflicting data in regard to whether 
they work more effectively as primary therapy or as prophy
laxis against recurrent C difficile-associated diarrhea. Indica
tions for their use are evolving, but may include necrotizing 
enterocolitis i111 neonates, patients with HIV-AlDS, and neu
tropenic patients undergoing chemotherapy. Further research 
is needed, but the evidence for prohiotic usage in various set
tings is encouraging. 

Prebiotics are nondigestible oligosaccharides (e.g .• inulin) 
that help the host by stimulating the growth of certain species 

of bt..11e£icial intestinal bacteria. There is a growing body of data 
suggesting health bene£ts; however, there is currently Little evi
dence to guide recommendations for their use. 

Fermentation 
Unlike most of the mucosal lining of the proximal GI tract, 
colonic mucosa does not receive i.ts primary nutrition from the 
bloodstrean1. Instead, nutrient requirements are fulfilltd from 
the colonic luminal contents. The prin1ary energy source for the 
colonocyte is me SCFA butyrate. The manner in which tbis 
interaction occurs illustrates the essential symbiotic interaction 
between the colon and its resident bacterial Bora. 

The main sow·ce of energy for intestinal bacteria is dietary 
fiber, composed of complex carbohydrates (starches and non
starch polysaccharides [NSPs]). This fiber is metabolized by the 
process of fermentation. Not all complex carbohydrates arc fer
mented in the same maru1er, which underlies many of the 
dietary recommendations for bulking agents; lignin and 
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FIGURE 52-12 lymphatic drainage of the colon. (From Corman 
ML [ed): Colon and rectal surgery, ed 4, Philadelphia,1998, 
Lippincott-Raven, p 21.) 

mesenteric artery 

B To inguinal nodes 

FIGURE 52-13 l ymphatic drainage of the rectum (A) and anal canal (B). (From Gordon PH, Nivatvongs S [eds]: Principles and practice of 
surgery for the colon, rectum and anus, ed 2, St Louis, 1999, Quality Medical Publishing. p 32.) 
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psyllium are componems of plants rhar are not fermented by 
human colonic flora. They are hydrophilic, thus leadiJ1g to water 
resorption and stool bulking. CeiJuloses are partially fermented, 
whereas fruit pectins are completely metabolized by colonic 
bacteria. Diets high in nonfermentable NSPs contribute to stool 
bulk and increased rransit time; highly fermentable NSPs provide 
minimal bulk, bur enhru1ced colonocyre nurri ri.on. 

The end products of fermentation are SCFAs ru1d gas
carbon dioxide, methane, aJld hydrogen. In addition to NSPs, 
colon.ic bacteria ferment poorly absorbed starches and proteins 
from the upper Gl tract, known as resistant starches. Although 
highly variable from person to person, with daily variability 
dependem on diet, the gases produced by bacterial fennenration 
comprise approximately 50% to 75% of flatus, with the remain
der consisting of !>wallowed air. 

Protein fermentation, otherwise known as putrefoction, 
results in the formation of potentially toxic metabolites, includ
ing phenols, indoles, ru1d amines. The production of these toxins 
is inhibited in mru1y intestiJ1al bacteria by the presence of alter
nate carbohydrate energy sources. This process becomes accentu
ated more distally in the colon as carbohydrate sources hecome 
scarcer. 1l1ese deleterious end products of bacterial metabolism 
can lead to mucosal injury and reactive hyperproliferation, 
whicll have been hypothesized to promote carcinogenesis. Also, 
the presence of bulking agents decreases in tracolonic pressures 
and may serve to prevent the formation of colo.nic diverticula. 
It CaJl be seen, then, how providing adequate sources of various 
forms of dietary carbohydrates CaJ1 serve positive roles in colonic 
health. These principles underlie the recommendations for 
dietary fiber, as do the evolving data on the helpful nature of 
probiorics and prebiotics. 

Short-Chain Fatty Acids 
1l1e primary end products of bacterial fermentation are SCFAs. 
Absorption of SCFAs in the large intestine is efficient; only 5% 
to 1 QO;h are lost in the feces. The three primary fatty adds pro
duced are acetate, p ropionate, ru1d butyrate in a ratio of 3 : 1: 1. 
SCFAs have key roles in colonic and also overall human metabo
lism. They are metabolized in three main sites: (1) colonocytes 
use butyrate as their prinlary energy source; (2) bepatocytes 
metabolize all trhree SCFAs ro various degrees for use in gluco
neogenesis; and (3) muscle cells oxidize acetate to generate 
energy. Metabolism of the SCFAs can provide up to 70% of 
colonocyte energy needs, reduce glucose oxidation, ru1d spare 
other essential aJDino acids for metabolism.• SCFAs also influ
ence GI motility via the ileocolonic brake mechanism, which is 
defined as rhe inhibition of gastric emptying and nutrients 
reaching the ileocolonic jtmcrion. 

Acetate, d1e principal SCFA iJ1 the colon, is prinlarily 
absorbed and transported to the liver, where it is the primary 
suhstrate for cholesterol synthesis. Nonahsorbable, nonfermenr
able dietary fiber, such as psyllium, may decrease the production 
of acetate and may have a beneficial effect on cholesterol levels. 
Similarly, propionate, which has a glycolytic role in the liver, 
may also lower serum lipid levels by inhibiting cholesterol syn
thesis. Butyrate is the primary energy source for colonic epithe
lial ceiJs and may also play an important role in maintairting 
cellular health lby arresting the prollferarion of neoplastic colo
nocytes, while paradoxically being trophic for normal colono
cytes. ln addition, butyrate serves to regulate and stabilize ceiJ 
adhesion molecules. 

Urea Recycling 
[t was long believed that urea is the end product of ni.trogen 
metabolism in humans. 1l1is is true iJ1 the sense that humans, 
ru1d mammals in general, do not produce urease. However, 
colonic bacteria are rich in urease. When urea is labeled with a 
rracer (e.g., radioisowpe, heavy isorope) and injected N, 1 Oo/o 
of the urea nitrogen is not recovered in urine but is incorporated 
into !body protein. Bacteria firmly adherent to the colonic epi
thelium mediate this process of urea recycling, which produces 
urease. A low-protein and high-fiber diet, such as that of the 
Papua New Guinea highlanders, further increases urea recycling. 
These individuals ingest only 10 mg of proteinlkg/day and have 
normal health, with normal muscle mass and serum proteins. 
Adaptation to this low-proteiJ1 diet ha.~ made the colon efficient 
in recycling nitrogen to the point that it may even absorb some 
essential amino acids (e.g., lysine). Urea recycling has been 
exploited as a therapy for renal fail me by excluding nonesseJ1tial 
amino acids from the d iet to promote maximal urea recycling 
ru1d diminish the need for dialysis. 

However, one pathologic condition in whicl1 urea recycling 
is not beneficial is liver failure. When the liver crumot reuse the 
urea nitrogen absorbed by the colon. an1monia crosses the 
blood-brain barrier and produces false neurotraJ1Smitters, whicb 
result in hepatic coma. 

Absorption 
1l1e total abso7tive area of the colon is estimated at approxi
mately 900 em . Between 1000 and 1500 mL of fluid is poured 
into the cecum by the daily ileal effluent. The total volume of 
water iJ1 stool is only 100 to 150 mUday.1lus 10-fold reduction 
in water across the colon represents the most efficient site of 
absorption in the GI tract per surface area. 1l1e net absorption 
of sodium is even higher. Although the ileal effluent contains 
200 m£q/liter of sodium, stool contains only 25 to 50 mEq/ 
liter. One major difference between sodium and water absorp
tion in the colon is that although water is absorbed passively; 
sodium requires active transport. Sodium is transported against 
chemical and elecrrical gradients at the expense of energy 
consumption. 

The colonic epithelium can use various fuels; however, 
n-butyrate is oxidized in preference to glutamine, glucose, or 
ketone bodies. Because mammaliru1 cells do not produce 
n-bur:yrate, the colotlic epithelium relies on luminal bacteria to 
produce it through the fermentation of dietary fiber. 1l1e lack 
of n-butyrate, such as that resulting from the iJ1hibition of fer
mentation by broad-specrrum antibiotics, leads to less sodium 
and water absorption and thus diarrhea. Conversely, the perfu
sion of the colotlic lumen with n-butyrate stimulates sodium 
and water absorption. n-Butyrate, acetate, and propionate are 
SCFAs produced through bacterial fermentation; these consti
tute the main anions in stool. Other physiologic effects ofSCFAs 
on the colon include stimulation of blood flow, mucosal cell 
renewal, and regulation of intralumiJ1al pH for homeostasis of 
the bacterial Rora. 

In addition to recovering sodium and water, the colonic 
mucosa absorbs bile acids. The colon absorbs bile acids that 
e$cape absorption by the terminal ileum, thus making the colon 
parr of rhe emerohepatic circulation. Bile acids are passively 
transported across the colonic epithelium by n01uonk diffusion. 
When the col.onic absorptive capacity is exceeded, colonic bac
teria deconjugare bile acids. Deconjugated bile acids can then 
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interfere with sodium and water absorption, leading to secretory, 
or choleretic, diarrhea. Choleretic diarrhea is seen early after 
right hemicolectomy a~ a transient phenomenon and more per
manently after extensive ileal resection. 

Secretion 
1l1e physiologic role of colon secretion is demonstrated in 
patients with chronic renal failure. Uremic patients can remain 
normokalemic wblle ingesting a normal amount of potassium 
before requiri11g dialysis. This phenomenon is associated with a 
compensatory increase in colonic secretion and fecal excretion 
of potassium. This effect is blocked by spironolactone, which 
Ulustrates the effect of aldosterone on colonic potassium 
secretion. Potassi.um secretion requires both Na•·,K•-ATPase and 
Na+-K~-2CJ- corransport on the basolateral membrane and an 
apical potassium channel. 

Mru1y forms of colitis are associated with increased potas
sium secretion, such as inflan1matory bowel disease (IBD), 
cholera, and sh.igellosis. In addition, some forms of colhis 
impair colonic absorption or produce secretion of chloride, 
such as collagenous and microscopic colitis and congenital 
chloridorrhea. Chloride is secreted by colonic epithelium at a 
basal rate, whiclt is increased in pathologic conditions such as 
cystic fibrosis and secretory diarrhea. Secretion of chloride also 
requires the coupling of Na+,K+-ATPase and Na+-K+-2Cr 
cotraJJSport to exit passively through the apical membrane. 
Calci.um and cyclic adenosine monophosphate both stimulate 
chloride secretion, whereas bicarbonate and SCFAs inhibit 
chloride secretion. 

Colonic secretion of H+ and bicarbonate is coupled to the 
absorption of Na ... and CJ-, respectively. It is through these 
exchru1gers that the colon is linked to systemic acid-base metab
olism. 1he supply of H+ and bicarbonate for these exchangers is 
maintained by the hydration of C02, catalyzed by colonic car
bonk anJ1ydrasc. Changes in systemic pH induce changes in 
the activity of carbonic arlhydrase, eliciting elimination of H+ 
or bicarbonate as needed to bring the systemic pH back to 
normal. 

Motility 
Colonic motility is a highly complex process, made difficult to 
investigate by a lack of standardized termiJlology and measure
ments. Additionally, movement through the colon is relatively 
slow compared with the proxin1al GI tract, a11d studies require 
prolonged observation. 

Colonic motili ty patterns may be more simply divided into 
two primary patterns, segmental activity and propagated activ
ity. Segmental activity consists of single conrractions or rhythmic 
bursts of contractions. The purpose of these segmental contrac
tions is to propel fecal matter distally via a directed pressure 
gradient toward the recttllll in discrete distaJlCt'S and allow for 
mixing, which promotes optimal absorption. The second pattern 
is propagated activity, cofllll1only classified on the basis of ampli
tude as low-amplitude or high-amplitude propagated contrac
tions.5 High-amplitude propagated contractions have been 
historically referred to as mttss motJentents, or migrating motor 
complexes whose role is shifting large quantities of contents 
through the colon. These have an important role in defecation, 
with mass movements propelling larger voltm1es offecal matter 
to the dis tal colon a11d emptying of the descending colon into 
the sigmoid colon a11d rectum. Little is known about 
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low-ampli tude propagated contractions, but they are associated 
with d istention of the viscous and passage of flatus. 

TI1ere seems to be a circadian rhythm to colonic motility, 
with maximum peaks of activity immediately after waking 
and after meals. Sleep is associated with a decrease in colonic 
motility. 

Not surprisingly, food ingestion results in aJl increase of 
overall colonic motility for approximately 2 hours. This reflex is 
stimulated not only by gastric distentiOJl but also by the central 
nervous system (CNS). initiated by visualization offood. Addi
tionally, meal composition affects colonic responses. Increased 
activity in response to carbohydrate meals is fairly short-lived, 
whereas fatty meals elicit longer term responses. 

Ultimately, transit in the colon is controUed by the auto
nomic nervous system. Parasympathetic innervation reaches the 
colon through the vagus and pelvic nerves. The enteric nervous 
system in the colon is arra11ged in several plexuses-subserosa!, 
myenteric (Auerbach), submucosal (Meissner), and mucosal 
plextL~es. Sympathetic innervation originates in the superior a11d 
inferior mesenteric ganglia ru1d reaches the colon via perivascular 
plexuses. 

Formation of Stool 
The frequency of defecation is just as variable among individuals 
as is their perception of abnormal stool frequency. AJ1 individual 
who passes more than three loose stools daily is considered as 
havi11g diarrhea, whereas fewer than three weekly stools is con
sidered constipation. Any frequency within that range is consid
ered normal, although many individuals wUI still seek medical 
attention for what they perceive as diarrhea or constipation. 
Many factors influence colon ic transit rate. Colonic transit is 
longer in women than in men and longer in premenopausal than 
postmenopausal women. Conversely, colonic traJlsit time is 
shortened in smokers. In normal subjects, supplementation with 
NSPs <locs not shorten colonic traJlsit time, although it docs 
increase fecal weight. In patients with idiopathic constipation, 
however, NSPs, in the form of psyllium seeds, shorten colonic 
traJlSit time and increase stool weight. 

Defecation 
Normal defecation requires adequate colonic transit time, stool 
consistency, and fecal continence. Fecal contiJ1ence impljes 
deferment of stool elimination, discrinlination among gas, 
liquid, a11d solid stool, and selective elimination of gas without 
stool. There is some controversy regarding the actual role of the 
rectum under resting conditions. Some have proposed that the 
rectum is sin1ply a conduit, which under resting conditions 
should be empty. If stool arrives at the rectum, the anorectal 
inhibitory reflex is triggered, forcing the subject to hold defeca
tion by voluntary contraction of the external sphincter. However, 
any surgeon who performs routine rigid proctosigmoidoscopies 
in the office is well aware that a patient can have a rectum full 
of stool without allY awareness. 1l1ls leads to the opposing view, 
which regards the rectum as a reservoir. Just as stool triggers the 
anorectal inhib itory reflex, it also triggers a rec.tocolic reflex. 1l1is 
reflex al.lows contiJmous filling of the rectum with fecal material 
until the colon is emptied. 

The mechanisms involved in fecal continence are not fully 
understood. A certain reservoir capacity is needed to adlieve 
fecal continence. A stiff nondistensible rectum, sud1 as in radia
tion proctitis, may produce incontinence, even when the 
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sphincter muscles are competent. Some of the internal and 
external sphincter muscle fibers are necessary for adequate con
tinence, although many patients have part of the sphincter 
severed during a fistulotomy and are still continent. Probably, 
the only factor needed for fecal continence is innervation of the 
sphincter. 'l11e moror nerve fibers, which produce conrracdon of 
the sphincter fibers, and also all the sensory innervation are 
important to empty the rectum adequately. 

BOWEL PREPARAnON BEFORE SURGERY 
Purging the feces and reducing the concentration of colonic 
intraluminal bacteria before operations on the colon have long 
been basic tenets of surgery. 1he normal, or autochthonous, 
microbial organisms in the colon comprise up to 90% of the 
dry weight of feces, reaching concentrations of up to 109 

organism/mL of feces. The anaerobic Bacteroides is the most 
common colonic microbe, whereas Escherichia coli .is the most 
common aerobe. Pseudomonas, Enterococcus, Proteus, KlebsieUn, 
and Streptococcus spp. are also present in large numbers. 

The process of preparing the colon for an elective operation 
has traditionally involved tw(> factors, purging the fecal contents 
{mechanical p:reparation) and administration of antibiotics 
effective against colonic bacteria. Tradition has held that an 
w1prepared colon (i.e., one tbat contains intralluninal feces) 
poses an unacceptably high rate of failure of the anastomosis to 
heal. However, experience with primary repair of colonic injuries 
by trauma surgeons, along witb reports from European surgeons 
describing elective operations conducted safely withom the use 
of preoperative purging, have led to reconsideration of the true 
value of purging the colon before colonic surgery. Because the 
colonocytes receive nutrition from intraluminal free fatty acids 
produced by fermentation from colonk bacteria, there arc con
cerns that pmging may actually be detrimental to the healing of 
a colonic anastomosis. However, in the United States at present, 
the colon is generally cleansed in preparation for colonic opera
tions. Effective cleansing is mandatory for adequate colon(lscopy 
or the administration of contrast enema. 

Although the use of preoperative parenteral antibiotics is 
well accepted and validated, the related issue of preoperative oral 
antibiotic use is controversial. A multiplicity of bowel prepara
tion regimens and antibiotic combinations are in cmrent use. A 
dear superiority of one over another has not been fow1d; 
however, for some patients, certain bowel preparations may have 
adverse physiologic consequences. Knowledge of the history of 
bowel preparation practices, current controversies, and data is 
useful. 

McclJanical bowel cleansing methods are used for colonos
copy and elective surgery. Complete bowel obstruction and free 
perforation are absolute contra.indications to bowel preparation. 
For colonoscopy, properties of various preparations are judged 
hy safety, patient tolerance, and efficacy or preparation quality. 
In the past. 4 to 5 days of clear liquids, along with laxatives sudl 
as senna, castor oil, and bisacodyl, whole bowel nasogastric 
irrigation, mannitol irrigation, and repeated enemas were some 
of the regimens used. Patient tolerance of these methods is poor 
and is associated with dehydration, electrolyte abnormalities, 
and severe abdominal cramping, and are generally not well toler
ated by older or infirm patienrs. 

In the 1980s, polyethylene glycol (PEG) solution, a non
absorbed, sodium sulfate-based Uquid, was developed as an oral 
mechanical bowel preparation. Patients are required to drink at 

least 2 to 4 liters of the solution, along with additional fluids. 
Abdominal cran1ping, nausea, and vomiting are common side 
effects of the preparation, and prophylactic antiemetics are often 
administered routinely. Sodium phosphate solution (Fleet's 
Phospho-soda) was developed in response to patient dissatisfac
tion with the large Auid volume required for PEG preparation 
and has been fonnd in most trials to be a more tolerable prepara
tion, with higher rates of patient satisfaction and compUa.nce. 
The smaller volume (45 mL taken twice) seems to be tbe main 
benefit because the side effects are similar. Sod.illlll phosphate 
pills {Visicol) were introduced as an alternative to liquids. The 
regimen consists of ingesting a total of 40 pills, with three pills 
taken every 15 minutes with 8 oz of fluid. Sodium phosphate, 
in liquid or pill form, has been linked more frequently than PEG 
to rare but serious electrolyte imbalances. In patients with 
impaired renal function, hyperphosphatenlia, hypematremia, 
hypokalemia, and hypocalcemia can occm. 111lls, PEG is tl1e 
recommended bowel preparation in patients with renal insuffi
ciency, cirrhosis, ascites, or congestive heart failure. Investigation 
compariJ1g the efficacy of mechrulical bowel preparations has 
focused on cnmparisons hetween PEG and sodium phosphate 
solutions. 

Cohen and colleagues have demonstrated a 90% excellent 
or good bowel preparation with sodium phosphate versus 70% 
with 4liters of PEG. Frommer has found that sodium phosphate 
results in a cleaner bowel than PEG, witl1 no difference in infec
tious complications. On the other hru1d, Poon and associates 
have found that rl1ere is no difference in bowel cleanliness when 
the volume of PEG is reduced to 2 Hters and compared with 
90 mL of sodium phosphate, and that the reduced volume 
enhances patient compliance. A Cru1adian study has found the 
usc of sodium phosphate to be associated with increased patient 
compliance and an eightfold cost reduction when compared 
with PEG. Ultimately, patient comfort and economic factors 
may determine mechanical bowel preparation practices if the 
efficacy is similar. 

For patients undergoing colunoscopy, the quality of the 
bowel preparation is essential for performing an accurate exan1i
nation. For segmental resections, however, the necess.ity of 
mechanical bowel preparation has come under scrutiny. Zmora 
ru1d coworkers, in a study comparing infectious complications 
in mechruucally prepared bowel (PEG solution) versus W1pre
pared bowel in patients undergoing segmental resection, found 
no differences in ru1y type of infectious complication. Both 
groups received parenteral ru1tibiotics. The study looked at left
sided anastomoses only and found that there was no significru1t 
difference between overall infection rates in unprepared {13.2%) 
versus prepared bowel (12.5%). Also, the wound infection rates 
in d"Lis study did not significantly differ, 6.6% in the prepared 
group ru1d 10% in the tmprepared group. Altl1ougb studies of 
this type have heen relatively small and significantly underpow
ered , they indicate the furure possibility of avoiding the discom
fort of bowel preparation and the small attendant risk for 
electrolyte irregularities ru1d dehydration. 

Antibiotic use in colorectal smgery i.s a well-established 
practice that reduces iJ1fectious complications. Elective colorcc
tal cases are classified as clean-contaminated and, as such, benefi t 
from routine single-dose adminlsrration of parenteral antibiotics 
30 minutes before an incision. It has been shown tbat when 
operative times are prolonged, additional doses at 4-hour inter
vals reduce wound infection. When the operation is completed, 
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postoperative administration of antibiotics for a clean
contaminated case, such as a routine segmental resection, does 
not reduce infectious complications further and may promote 
C difficile colitis, Ctmdidtt infection, and the emergence of bac
terial antibiotic resistance. Polk and Lope-z-Mayer showed a 
reducrion in posroperarive infecrion rates from 30% ro 8% with 
the routine use of preoperative parenteral antibiotics; Gomez
Alonzo and colleagues repeated these results, showing a decrease 
from 39% to 9%. Antibiotics active against both aerobes and 
anaerobes are ideal; second- or thi rd-generation cephalosporins 
alone, or a combination of a fluoroquinolone plus metronidazole 
or clindamycin, is typical. The use of additional oral antibiotics, 
theoretically to reduce the bacterial load further, is widely 
accepted, but nut as weU validated. In a survey of colon and 
rectal surgeons, 87% indicated that both oral and parenteral 
antibiotic usage is part of their routine preparation for elective 
colon operations. A typical preparation consists of erythromycin 
base (1 g) and neomycin (1 g) given in three preoperative 
doses the day before surgery. However, this regimen is associated 
with a high incidence of nausea and abdominal cramps, 
and some surgeons prefer to prescribe oral ciprofloxacin or 
metronidazole. 

[n studies comparing oral and parenteral antibiotics, a 
decrease in wound infection rate from 36% to 6.5% was seen 
with IV administration, whereas others comparing a combina
tion of oral plus parenteral antibiotics, versus oral alone, found 
that the addition of IV antibiotics reduced infectious complica
tions by half (22% to l l %). [tis notable that there have been 
no prospective randomized trials examining tlus issue and that 
most retrospective reviews are poorly powered. Although it is 
clear that preoperative parenteral antibiotics reduce wound 
infection rates, oral antibiotics do not clearly benefit the patient 
by reducing wound infection or decreasing intra-abdominal 
abscess or leaks. The rate of intra-abdominal abscess is more 
dependent on technical factors affecting anastomotic integrity 
than on antihiotk prophylaxis. 

DIVERTICUI.AIR DISEASE 
A diverticulum is an abnormal sac or pouch protruding from 
the wall of a hoUow organ, whicl1 is, for the purposes of this 
discussion, the colon. A true diverticulum is composed of all 
layers of the intestinal wall, whereas a false diverticulum, or 
pseudodivertkul11.1m, lacks a portion of the normal bowel wall. 
The diverticula that commonly occur in the hun1an colon are 
protrusions of mucosa through the muscular layers of the intes
tine. Because these mucosal herniations are devoid of the normal 
muscular layers, they are pseudodiverticula (Fig. 52-14). 

Diverticulosis and diverticuln1· disease are terms used to 
indicate the presence of colonic diverticula. Diverticulosis is a 
common condition ofWestern society and seems to be an tmfor
tunate product (>f the Industrial Revolution. It is interesting 
that there seem to be no specimens uf colonic diverticulosis in 
anatomic or medical museums in Europe that were arcluved 
before the I:ndustrial Revolution. The process of roller-milling 
wheat flour was introduced in Europe approximately a quarter 
of a century earlier than the appearance of divcrticuJosis, which 
was i1utiaUy observed in the first decade of the 20th century. It 
has been postulated that the decreased consumption of unpro
cessed cereals and increased consumption of sugar and meat by 
the general population are factors largely responsible for the 
appearance of diverticulosis. During the past 80 years or so, the 
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FIGURE 52- 14 X-ray of barium enema with extensive sigmoid 
diverticulosis. 

amount of fiber consumed by individuals in North America and 
Western Europe has decreased, whereas the prevalence of diver
ticulosis has iJlCreased significantly. The formation of diverticula 
is also related to aging. Diverticula arc rare in individuals younger 
than 30 years, but at least two thirds of Americans wiU have 
developed colonic diverticula by the age of 80 years. 

Further evidence that a diet low in fiber and high in car
bohydrates and meat contributes to the incidence of diverticu
losis is the observation that diverticulosis is rare in sub-Saharan 
African blacks who consume a high-fiber diet; however, blacks 
in }oharu1esburg who consume a low-fiber diet have the same 
incidence of diverticulosis as South African whites. 

Pathogenesis 
Diverticula are actually herniations of mucosa through the colon 
at sites of penetration of the muscLLiar wall by arterioles. 1l1ese 
sites are on the mesenteric side of the antimesenteric taeniae. In 
some cases, the arteriole penetrating the waU can be displaced 
over the dome of the diverticulum. This close relationship 
between the artery and diverticulum is responsible for the 
mao;sive hemorrhage that can occas.ionally complicate diverticu
losis (Fig. 52-15). 
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FIGURE 52- 15 Pathogenesis of diverticular disease. Diverticula are 
herniations of the mucosa through the points of entry of blood vessels 
across the muscular wall. Because the diverticula are formed only by 
the mucosa rather than by the entire wall of the intestine, they are 
called false divertku/o. Note that d1e diverticula form only between 
the mesenteric taenia and each of the two lateral taeniae. Because 
there are no perforating vessels, diverticula do not form on the 
antimesenteric s ide of the colon. 

There is often a striking hypertrophy of the muscular layers 
of the colonic wall associated with diverticulosis. Tilis thickening 
of the colonic wall, usua.lly affecting the sigmoid colon, may 
precede the appearance of diverticula. Diverticula most com
monly affect the sigmoid colon and are confined to the sigmoid 
in approximately 50o/o of patients with diverticulosis. The next 
most common area involved is the descending colon (""40o/o of 
affected individuals), and the entire colon has diverticula in 5% 
to lUo/o of patients with diverticulosis. Even irl patients with 
diverticula involving the entire colon, the muscular duckening 
characteristic of the disease is usually confined to the sigmoid 
(Fig. 52-16). 

The sigmoid colon, the most common site. of diwrticula 
formation, is also the segment of colon with tl1e smallest luminal 
diameter. If the colonic lumen contains a large volume of fiber, 
the contractile pressure required to propel the feces forward is 
low. In such circwnstanccs, the colonic pressure in the sigmoid 
is only slightly blgher d1an atmospheric pressure. However, with 
tl1e decreased amount of fiber provided by today's typical dietary 
regimens, there is decreased colonic luminal content, requiring 
tl1e generation of increased colonic pressures to propel the feces 
forward. Colonic pressures as high as 90 mm Hg can be gener
ated by contraction of d1e narrow sigmoid colon. These blgb 
intraluminal pressures are thought to be responsible for me 
hernjations of mucosa through the anatonucally weak points in 
tl1e colonic wall. 

It has long been co11jectured that factors contributing 
to djverticular disease, or at least diverticuUtis, is the consump
tion of nuts. popcorn, and small seeds, such as are found in 
tomatoes, and patients with diverticular disease are often 

FIGURE 52-16 Colonoscopic view of diverticula. 

counseled to avoid these foods. However. a large prospective 
study of men without known diverticular disease has failed to 
detect an increase in the risk of diverticulosis or diverticular 
complications.11 

Diverticulitis 
Diverticulitis is the result of a perforation of a colonic diverticu
lum. 'TI1e term is somewhat of a nusnomer because d1e disease 
is ac(ually an extraluminal pericolic infection caused by d1e 
extravasation of feces through tl1e perforated diverticulum. Peri
diverticulitis would actually be the term that more appropriately 
describes the infectious process. Recognition mat the infection 
is actually caused by a perforation of the colon, an evem often 
controlled by d1e body's natural defenses, provides a basis for 
understanding tlle signs and symptoms of me disease and tlle 
rationale for determining appropriate diagnostic tests and rreat
ment.6·-' 'TI1e sigmoid colon is tl1e segment oflarge bowel with 
tl1e blghest incidence of diverticula and it is the most frequent 
site for involvement wi.d1 diverticulitis. Patients with diverticu
litis usuaUy complain of left lower quadrant abdominal, pain 
that my radiate ro the suprapubic area, left groin, or back. 
Alterations in bowel habits is a common complaint and fever, 
cbllls:, and urinary urgency are common. This is an infectious 
inflammatory process and rectal bleeding is not usually associ
ated with an attack of diverticul.itis. 

The physical findings are dependent on the site of perfora
tion, amotuH of contamination, and presence or absence of 
secondary infection of adjacent organs. 1l1e most common 
physical finding is tendemess of the left lower abdomen. There 
may be voluntary guarding of me left abdominal muscularure 
and a tender mass in the left lower abdomen is suggestive of a 
phlegmon or abscess. Abdominal wall distention may be 
detected if there is a~sociated ileus or small bowel obstruction 
secondary to the inflanu11atory process. A rectal or vaginal 
examination may reveal a tender fluctuant ma~s typical of a 
pelvic abscess. 

Sigmoid diverticulitis should be distinguisht>d from cancer 
of the rectosigmoid, although it is seldom necessary tO establish 
d1e distinction on an emergency ba~is. However, the surgical 
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approach to diverticulitis is significantly different than that 
required for a penforated sigmoid cancer and, if urgent operation 
is indicated, an effort sh ould be made to exclude the diagnosis 
of cancer. A limited sigmoidoscopic examination may at times 
be bclpftJ in such cirCLtmstances. However, air should not be 
insufflated through the endoscope because of distention of the 
colon and the possibility that increased colonic pressure could 
force more bacteria through the perforation into the peritoneal 
cavity. The sigmoidoscope can seldom be advanced be)rond 
12 em in a patient with diverticulitis, and the examination is 
usually only useful to exclude a cancer of the rectum as a cause 
of the symptoms. 

The diagnosis of diverticulitis can often be presumed with 
a fair degree of reliability by a careful history and physical exami
nation and it is reasonable to begin treatment with antibiotics 
on tllis evidence alone. However, if the diagnosis is in doubt, 
four diagnostic tests can be considered-computed tomography 
(Cf) of the abdomen, magnetic resonance imaging {MRI), 
abdominal ultra~ound, and water-soluble contrast enenla. cr 
and MRI provide essentially the same information and advan
tages. There has been more experience with cr. which is con
sidered by most surgeons to be the preferred test to confirm the 
suspected diagnosis of diverticulitis. lt reliably reveals the loca
tion of the irtfecll:ion, extent of the infianm1atory process, pres
ence and location of an abscess, and sympathetic involvement 
of other organs, with secondary complications such as ureteral 
obstruction or a fismla to me bladder. In addition, an abscess 
detected by cr may often be drained by a percll[aneous 
approach with the aid of cr guidance. 

Ultrasound of the abdomen offers many of the advantages 
of CT. including the possibility of percutaneous drainage of an 
abscess with ultrasound guidance. The selection among cr. 
MRI, and ultrasound examinations varies considerably among 
institutions, but all three techniques have been shown to be 
useful in establishing the diagnosis of diverticuli tis, especially 
when an abscess h as complicated ti1e disease. 

The use of a contrast enema for me evaluation of a patient 
suspected of having diverticulitis has diminished considerably 
because of the advantages offered by me noninvasive tests 
described. An enema carries the risk of increasing the colonic 
pressure and calllsing further extravasation of feces tiuough the 
perforated diverticulum. Some studies have shown an advantage 
of the contrast enema in distinguishing acute diverticulitis from 
perforated cancer. but many surgeons believe that the risk associ
ated with a contrast enema outweighs the potential gain. If a 
contrast enema :is used, the contrast should be water-soluble. 
Water-soluble contrast enemas do not carry the risk for barium 
fecal peritonitis, but there is still a considerable risk for extravasa
tion of contrast material from me colon tilat could aggravate the 
irtfection and spread the extent of the peritonit is. 

Diverticulitis obviously presems in a variety of ways with 
a broad spectrum of severity, from a single episode of mild self
limited disease, to repeated episodes that respond to antibiotics, 
to fulm inant complicated disease characterized by life-threatening 
sepsis. Hinchey and associates have described a practical classi
fi cation system that provides some organization of the broad 
clinical spectrun1 of the disea~e: 

• Stage [: Pericolic or mesenceric abscess 
• Stage [J: Walled-off pelvic abscess 
• Stage III: Generalir~d purulent peritoni tis 
• Stage IV: Generalized fecal peritonitis 
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Appropriate treatment obviously must be individualized 
based -on the severity of the disease. The American Society of 
Colon and Rectal Surgeons has published practice guidelines for 
the treatment of divertkulitis.8 

Uncomplicated Diverticulitis 
Uncomplicated diverticulitis, disease not a~sociated with free 
intraperitoneal perforation. fistula formation, or obstruction, 
can often be treated with antibiotics on an outpatient basis. lf 
the patient has signoificant pain characteristic of locali7.ed perito
nitis, hospitalization and IV antibiotics are indicatcd.9 The use 
of morphine should be avoided because of the increased intra
colonic pressure associated with its use; meperidine has been 
reported to decrease intra1U111inal pressme and is a more appro
priate :analgesic. 

Patients with uncomplicated diverticulitis usually respond 
promptly to antibiotic treatment, witi1 marked .improvemem in 
symptoms within 48 hours. After the symptoms have subsided 
for at least 3 weeks, investigative studies should be conducted 
to establish the presence of diverticula and to exclude cancer, 
whiclJ can minlic diverticulitis. The preferred test is a colono
scopic examination, which can visualit.e the colonic lumen 
directly, even in tbe presence of numerous diverticula. A barium 
enema can demonstrate ti1e extellt of the diverticular disease, 
but a s igmoid cancer may be hidden by the numerous contra~t-
6lled diverticula of the sigmoid colon, a fact that considerably 
diminishes the value of the contrast enema in the evaluation of 
tbe patient with diverticulosis {Fig. 52-17). 

A first attack of uncomplicated diverticulitis that responds 
to antibiotic therapy is generally treated nonoperatively by the 
introduction of a high-fiber diet. A poptliation-based study has 
demonstrated that only a small percentage {5.5%) of patients 

FIGURE 52-17 X-ray of barium enema in a patient with a previous 
attack of diverticulitis. Note stricture in sigmoid colon. Colonoscopy 
was necessary to exclude cancer. 
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who recover from an initial episode of uncomplicated divenicu
liris required subsequent emergency colectomy or colostomy.10 

The chances of a second attack of diverticul itis are relat ively low, 
less than 25%. The management of patients younger than 45 
years affected by an attack of uncomplkated dlveniculitis is 
somewhar controversial. Many surgeons recommend an elecrive 
sigmoidectomy following recovery in younger patients because 
the natural history of diverticulitis in these individuals is not 
well understood, and there may be a high risk for recurrence of 
the d isease over their expected longer life span. However, Vignati 
and coworkers studied 40 patients younger than 50 years who 
were hospitalized with diverticulitis and followed for up to 9 
years. Two rhirds of these patients did not require surgery during 
the follow-up p eriod. These results are similar to the expectations 
for patients o lder than 50 years, and it wa~ concluded that 
younger patients should be treated in the same maru1er as 
patients whose first attack of diverticulitis occurs after the age 
of 50 years. 

If a patient su.ffers recurrent attacks of diverticulitis, surgi
cal treatment should be col1Sidered. It has generally been recom
mended that sigmoidectomy be offered after two uncomplicated 
attacks of diverticulitis to prevent a future complicated episode 
that would require emergency operation or a colostomy. 
However, studies have thrown some doubt on this concept. It 
appears that the need for a colostomy to be fashioned is highest 
with the first attack of diverticulitis; the recommendation that 
sigmoidectomy be offered after two attacks on the basis of avoid
ing a colostomy in the future has to be reconsidered in lighr of 
newer evidence. C hapman and colleagues12 have found that 
patieJlts wi th more tban two episodes of diverticulitis are not at 
increased risk for poor outcomes if they should subsequently 
develop complicated diverticulitis, and that morbidity and mor
tality are not significantly different between patients with mul
tiple episodes of diverticulitis compared with those suffering 
only one or two prior attacks. Salem and associates13 have deter
mined that performing colectomy after the fourth episode of 
diverticulitis, rather than after the second episode, in patients 
older man 50 years results in 0.5% fewer deaths, 0 .7% fewer 
colostomies, and a reduction in cost per patient. 1l1e recom
mendation for sigmoidectomy because of recurrent attacks of 
diverticulitis obviously needs to consider the patient's overall 
health and lifestyle, frequency of the attacks, and debility associ
ated wid1 each attack. 

Diverticullitis in d1e irnmunocompromised host represents 
a special challenge for the surgeon. Selective sigmoidectomy 
after a single attack of diverticull tis should be considered in tllese 
patients becauoc of their diminished abiHry to combat an iJlfec
tious insult. lhere is some suggestion that medical therapy is less 
effective in these patients, resulting in an increased i11ddence of 
en1ergent surgery. Unfortunately, mortality rates after surgery are 
higher than tb.ose in patients whose immune system is not 
compromised. 

A growing trend in elective surgery for diverticular d isease 
has been the use of a laparoscopic approach. Most studies reveal 
a hospital length of stay 2 to 3 days shorter for patients under
goiJlg sigmoidectomy by a laparoscopic approach when com
pared wi tb pat ients receiving a standard midline incision. A 
hand-assisted naparoscopic approach has been advocated by 
some sur-geons, who believe mat tllis technique facilitates tile 
division of fused tissue planes and the blunt disruption of 
fiswla tracts. 

Complicated Diverticulitis 
Abscess As noted, an abscess complicating divertictJit is is usually 
confi11ed to the pelvis. Typically, patients wi th pelvic abscesses 
caused by diverticulitis have significant pain, fever, and leuko
cytosis. The abdominal, pelvic, or rectal examination may detect 
a render, fl ucruanr mass and aCT scan, M RT, or ultrasound will 
confi rm the diagnosis and location of the abscess. Unless the 
abscess is small (<2 em in dian1cter), it should be draiJ1ed, and 
the preferred method of drainage is a percutaneous route guided 
by CT or ult rasound. Occasionally, a pelvic abscess can be 
drained into the rectum through a transanal approach. These 
methods of drainage are higWy preferable to a transabdominal 
approach by l.aparotomy, which risks spreading the conrcms of 
the abscess througbout tl1e peritoneal cavity (Fig. 52-18). 

Adequate d rainage of the abscess, accompanied by the 
administration of IV antibiotics, usually results in a rapid clinical 
improvement. Although a fistula may result from the sigmoid 
colon at the insertion site of the percutaneous catheter that 
provided drainage, this can be easily handled at the time of elec
tive surgery when d1e intense intra-abdominal infection has 
suhsi<led. 

Elective surgery should be offered after the patient has 
completely recovered from the infection, usually approximately 
6 weeks after drainage of the abscess. At that tin1e, it is gener
ally feasible to excise the d iseased sigmoid colon and fa~hion an 
anastomosis between the descending colon and rectum, d1us 
avoiding a colostomy. It is essential to remove all the colon tbat 
is abnormally thickened and to incorporate rectum that is not 
inflamed or thickened into the distal component of the anas to
mosis. A major cause of recurrent diverticulitis after sigmoidec
tomy is failure to remove the entire abnormally thickened 
bowel tbat is associated wi th this disease completely. Lf the 
distal sigmoid colon is not resected, the rate of recurrent diver
ticuli.tis is unnecessari ly elevated. Benn and coworkers have 
found the rate of recurrem diverticulitis to be 12% if the distal 
sigmoid is not resected compared with 6% if the anastomosis i<; 
to tl1e top of tile rectum. It is seldom neces.~ary to mobilize tl1e 
rectwn further tl1an 2 em below tl1e sacral promontory to 

FIGURE 52-18 a scan of pelvis showing diverticulitis with abscess. 
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obtain normal bowel for a satisfactory anastomosis. AJthough 
diverticula may be present throughout the colon, it is not nec
essary to excise the entire colon in such circumstances; only the 
colon cl1at is thickened and brittle (usually cl1e entire sigmoid) 
needs to be resected. 

Fistula A fistula between the sigmoid colon and skin, which may 
result from percutaneous drainage of an abscess, bladder, vagina, 
or small bowel is a relativel)' frequem complication of diverticu
lit.is. Such a fistula commonly forms when an abscess is drained 
or necrotizes into an adjacent organ or onto the skin. The source 
of the infection-the perforated diverticulum-continues to 
supply the .fistula, and cure will not be achieved untU the source 
is eradicated by excising me diseased sigmoid colon. Diverticu
litis is a more common cause of a fistula between the colon and 
bladder than Crohn's disease or cancer. Sigmoid-vesicular fistulas 
are more common i11 men cl1an ill women because the uterus 
prevents the sigmoid from adhermg to the bladder. Women wi cll 
sigmoid fistulas have usually had a prior hysterecwmy. 

Symptoms of a sigmoid-vesicular fistula include pneuma
turia (passage of air from cl1e urethra typically noted at the end 
of micturition), fecaluria, and recurring urillary tract infections. 
1l1e fistula may cause signincant urosepsis ill men, with prostatic 
hypertrophy causing a relative obstruction of the distal urillary 
tract. 1lle most reliable test to confirm me suspicion of a fistula 
between the illtestme and bladder is cr, which may demon
strate air in the bladder (Fig. 52-19). A barium enema will fail 
to reveal a fistula 50o/o of the time, and an IV pyelogram is even 
less accurate. Cystoscopy usually reveals cystiti.s and bullous 
edema at the site of the fistula, but the test is helpful to exclude 
cancer (colon or bladder) as the cause of cl1e fistula. 

[nltial trcatmcn t of any fistula caused by diverticulitis is to 
control me ulfection and reduce me associated inflan1mation. A 
fistula arising from me colon is rarely a cause for emergency 
surgery; ill fact, tthe patient's condition is often improved when 
the abscess fistulizes and drail1s. Antibiotics should be adminis
tered to reduce the adjacent cellulitis and diagnostic steps should 
be taken to confirm the cause of me fistula before a definitive 
operation is w1dertaken. A colonoscopy should be done to 
examil1e the sigmoid mucosa and exclude colon cancer or 
Crohn's disease as me cause of the fistula. Every effort should be 
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FIGURE 52-19 a scan of pelvis. The patient has diverticulitis, and air 
in the bladder indicates a fistula between the sigmoid and the 
bladder . 
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made c:o rule out cancer because the operation for a sigmoid
vesicular fistula secondary to sigmoid cancer requires en bloc 
excision of me involved organs, a more extensive operation than 
that required to mterrupt the nonmalignant fistula and excise 
me diseased {but benign) sigmoid colon. 

Fismlas caused by diverticulitis can usually be created by a 
one-stage operation, taking down the fistula and excising the 
s.igmoid colon, and cl1en fashioning an anastomosis between cl1e 
descendillg colon and rectum. The secondary organs involved, 
usually cl1e bladder, will heal once the source of the infection, 
the sigmoid colon, is removed. The bladder defect is usually so 
small chat no closure is necessary, and healillg will occur Lf me 
bladder is drailled with a Foley camecer or suprapubic cystos
tomy for 7 days after the operation. larger bladder openings 
may require suture closure with absorbable (chromic) sutures 
combined wim draillage. If mere is significant inflanliDation in 
me abdomCJl and pelvis, despite a so-called coofing-ojfperiod, the 
use of ureteral scents placed preoperatively can facWtate identi
fication of me ureters and minimize inadvertent ureteral injury. 
A technique of early identification of the ureter and proximal to 
distal dissection of me sigmoid colon facilitates clle resection 
when a phlegmon caused by diverticulitis obliterates the normal 
anatomy. 

Generalized Peritonitis Generati1.ed peritorutJs resttlting from 
diverticulitis can have two causes: (l) a diverticulum perforates 
into the peritoneal cavity and the perforation is not sealed by 
the body's normal defenses; or (2) an abscess that is illitially 
localized expands and suddenly bursts into cl1e unprotected peri
toneal cavity. In the former case, the peritoneal cavity is con
taminated wim feces; in me latter, contamillation is from pus 
containing enteric bacteria. In either situation, the result is an 
overwbelmillg mfection mat requires immediate operative mter
vention. Fortunately, both these circumstances are relatively rare. 

Patients wi m generalized peri tonltis caused by a perforated 
diverticttlum exhibit diffuse abdomi11al tenderness, wicl1 volun
tary and involuntary guarding over the entire abdomen. Abdom
illal radiographs or CT scans may reveal illtraperitoneal free air, 
but the absence of extraintestinal air does not exclude the diag
nosis. Signs of generalized sepsis illclude an elevated white blood 
count, fever, tachycardia, and hypotension. Immediate celiot
omy is mandatory to identify and excise cl1e segment of colon 
contaillli1g che perforation. Under such circumstances, it is not 
safe to restore mtestinal contilluity because of me high likeli
hood tbat an ultestinal anastomosis will not heal when fashioned 
in such a hostile and infectious environment. l11e proper surgi
cal procedure in this situation is to resect the diseased sigmoid 
colon, construct a colostomy usillg noninflamed descendiltg 
colon, and suture the divided end of the rectum dosed. 111is 
procedure is called Hartnumn's opemtion, after Henri Hartmann, 
me French surgeon who descrihed this technique ill 1921. 
Hartmann's operation, although initially described for the 
treatment of cancer, is the most common technique for Clller
gency <Jperations required for control of illfection secondary to 
diverticulitis. 

Eliminating cl1e sol!l'ce of infection by excising the perfo
rated sigmoid colon, establ.isb i11g diversi.on of the feces with a 
colostomy, and comrolliJ1g the peritoneal i11fecrion by irrigating 
the peri toneal cavity and administering rv antibiotics, along 
with appropriate generalized and nutritional support, should 
result in resolution of the illfection. When the patient bas 
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recovered completely from the illness, usually after a period of 
at least 10 weeks, taking down the colostomy and fashioning an 
anastomosis between the descending colon and rectum will 
restore intestinal continuity. 

There have been recent reports of successful treatment of 
acure complicated diverriculitis by laparoscopic lavage and TV 
antibiotics, without resecting the diseased segment.15 Although 
these reports are intriguing, resection of the perforated segment 
seems the safest approach at this time. 

Obstruction Lltestinal obstruction associated with diverticular 
disease occurs in two circumstances. The first is relatively unusual 
and is caused by narrowing of the sigmoid because of the mus
cular hypertrophy of the bowel wall. 1his type of stricture rarely 
causes antegrade mechanical obstruction, but occasionally pres
ents a diagnostic problem if a contrast study reveals a sigmoid 
stricture in an area containing numerous diverticula. lt may be 
impossible for the radiologist to exclude a cancer as a cause of 
the stri.ctu.re. In such cases, the stenosis may prevent the passage 
of a colonoscope for adequate evaluation, and sigmoidectomy 
may be the on1y remedy if cancer cannot he ruled out. 

1l1e more common type of intestinal obstruction is small 
bowel obstruction associated with the iJ1fectious and inflamma
tory aspect of diverticulitis. 1l1e small bowel may become 
adherent to the phlegmon or abscess, with obstruction caused 
by the infectious process. [n such ciretm1stances, the appropri
ate treatment i:s to pass a nasogastric tube to relieve the upper 
iJnestinal secretions while addressing the obstruction by treat
ing the wection with antibiotics and percutaneous drainage of 
the abscess. 

Diverticular-Assodated Colitis Recently, attention has been drawn 
to a relatively unusual entity associated with diverticular disease 
that may mimic IBD. The entity is characterir.ed by prolapse of 
the mucosa associated wi d1 diverticula, hyperplasia of the glands, 
and muscularization of the larniJ1a propria. Erosions and hemo
siderin deposition in the submucosa may suggest patl10logic and 
endoscopic similarities to ulcerative colitis or Crohn's colitis. In 
severe cases, mucin depletion, chronic architectural distortion, 
cryptitis, and crypt abscesses may be detected.16 1llls entity has 
been designated diverticular-associated colitis (DAC). Rectal 
sparing is a key finding to exdude ulcerative colitis, but d1e 
segmental natme of Crohns colitis may at times confound the 
diagnosis. 

In an attempt to dassify and define DAC, Mulhall and 
colleagues•- perrformed a systematic review of the literature and 
a review of palients from their own institution to define the 
clinical and pathologic features of DAC. Clinical features were 
characterized by tenesmus, bematochezia, diarrhea, and diar
rhea. Endoscopic diagnosis induded focal erythema submucosal 
ecchymosis, erosions, and ulcers. Patllologic fi.ndiJ1gs were char
acterized by inAan1marion d1at could be consistent with ulcer
ative colitis or Crohn's disease in areas of diverticular disease. 
Once straightforward diverticulitis and IBD had been ruled out, 
163 of 227 pa'tients in the systematic review were thought to 
have DAC. Most of these patients were able to be treated medi
cally; 25o/o of patients with DAC had recurrence, but more tllan 
50o/o of these :responded ro subsequent medical therapy. Few 
patients uJtimaitely required surgery. It was concluded that DAC 
is a distinct dinical entity that presents wi th segmental colitis 
and has a varie'ty of clinical and patllologic features. 

COLONIC VOLVULUS 
Voln•lus describes the condition in which the bowel becomes 
twisted on its mesenteric axis, a situation that results in partial 
or complete obstruction of the bowel lumen and a variable 
degree ofin1pairment of its blood supply. 1he condition usually 
affects the colon. Although colonic volvulus is relatively rare in 
tl1e United States, ranking behind cancer and diverticulitis, it is 
responsible for approximately 4o/o of cases oflarge bowel obstruc
tion. However, iJ1 the region known as the volvulus belt, an area 
extending along Soud1 America, Africa, the Middle East, Lndia, 
and Russia, colonic volvulus is more common, and accounts for 
approximately 50o/o of all cases of colonic obstruction. 

Any portion of the large bowel can torse if that segment 
is attached to a long and floppy mesentery that is fixed to tl1e 
retroperitoneum by a narrow base of origin. However, the 
mesenteric anatomy is such that volvulus is most common in 
d1e sigmoid colon, with less frequent occurrences iJwolvillg 
tl1e right colon and termiJ1al iJeum (usually referred to as cecal 
volvulus), tile cectun alone (the condition permitted by a 
highly mobile cecum, called a cecal bascule, tllat is mobile in a 
caudad to cephalad direction) and, most rarely, the transverse 
colon. 

Sigmoid volvulus accounts for two thirds of all cases of 
colonic volvulus. The condition is permitted by an elongated 
segment of bowel accompanied by a lengthy mesentery with a 
narrow parietal attachment, a situation that allows the two ends 
of d1e mobile segment to come close together and twist around 
d1e narrow mesenteric base. Associated factors include chronic 
constipation and agiJ1g, with tl1e average age of presentation 
beiJ1g in the seventh to eighth decade oflife.1here is an increased 
incidence of the condition in institutionalized patients affiicted 
with neuropsychiatric condhions and treated wid1 psychotropic 
drugs. These medications may predispose to volvulus by affect
ing intestinal motility. 1he increased incidence of volvulus in the 
so-called r;olvulus belt countries has been attributed to a diet high 
in fiher and vegetables. 

Patients with sigmoid volvulus may present as acute or 
subacute intestinal obstruction, with signs and sympwms indis
tinguishable from those caused by cancer of the dlstal colon. 
There is usually a sudden onset of severe abdominal pain, vomit
ing, and obstipation. The abdomen is generally markedly dis
tended and tympanitic, with the distention often more dramatic 
than would be associated with other causes of obstniCtion. There 
is always d1e possibility that tl1e condition is associated wiili 
ischemia caused by mural ischemia resultiJ1g from the increased 
tension of the distended bowel wall, or by arterial occlusion 
caused by rorsion of the mesenteric arterial supply. Therefore, 
severe abdominal pain, rebound tenderness, and tachycardia are 
omirwus signs. 

There may be a history of previous episodes of acute vol
vulus that spontaneously resolved. In this case, marked ahdomi
nal distention may occur with minimal tenderness. 

Radiographic findings are often dramatic and enable 
prompt diagnosis and treatment (Fig. 52-20). Abdominal x-rays 
reveal a markedly dilated sign10id colon thar resembles a 
bent inner tube, with its apex in the right upper quadrant. An 
air-Auid level may be seen in the dilated loop of colon and gas 
is usually absent from the rectum. CT, altllough not necessary 
to es tablish the diagnosis, will typically reveal a characteristic 
mesenteric whorl (Fig. 52-21). A contrast enema typically dem
onstrates the point of obstruction with the pathognomonic 
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FIGURE 52-20 Plain film of sigmoid volvulus. Note bent inner tube 
appearance. 

FIGURE 52-21 Computed tomography scan of abdomen in patient 
with sigmoid volvulus. Note characteristic whorl in mesentery. 

bird's beak deformity .revealing the twist that obstructs the 
sigmoid lumen (Fig. 52-22). 

Treatment of the sigmoid volvulus begins with appropriate 
resuscitation and, in most cases, involves nonoperative decom
pression. Decompression relieves the acute problem and 
allows resection as an elective procedure, which can be accom
plished with reduced morbidity and mortality. Patients with 
signs of colonic necrosis are not eligible for nonoperative 
decompression. 
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FIGURE 52-22 X-ray of barium enema iof sigmoid volvulus. Contrast 
and air fi ll the rectum and distal sigmoid colon. The contrast stops 
abruptly at the point of torsion. 

Decompression can be achieved by placement of a rectal 
tube through a rigid proctoscope, but more often a flexible 
sigmoidoscope is used. Decompression results in a sudden gush 
of gas and fluid, with a decrease in the abdominal distention. 
The reduction should be confirmed with an abdominal radio
graph. The rectal tube should be taped ro the thigh and left in 
place for l or 2 days to allow continued decompression and 
prevent immediate recurrence of rhe volvulus. The bowel can 
then be cleansed with cathartics and a complete colonoscopic 
examination performed. If detorsion of the volvulus cannot be 
accomplished with a rectal tube or flexible sigmoidoscope, lapa
rotomy with resection of the sigmoid colon (Hartmann's opera
tion) is required (Fig. 52-23). 

Even if detorsion of the sigmoid is successful, elective 
sigmoid resection is indicated in most cases because of the 
extremely high recurrence rate, which approaches 70%. Colo
noscopy should be performed before elective resection to exclude 
an associated neoplasm. The operation can be conducted through 
a small left lower quadrant incision or by a laparoscopic approacl1. 
Because the elongated colon and mesentery require almost no 
mobilization, resection with primary anastomosis is easily 
accomplished. 

For patients with signs of colonic necrosis or in whom 
endoscopic detorsion ha~ failed, the traditional treatment has 
been a sigmoid colectomy with closure of the rectum and end 
colostomy (Hartmann's procedure) . Some surgeons have recently 
demonstrated, however, that resection with primary anastomo
sis, with or without protection from a proximal ostomy (trans
verse colostomy or ileostomy), may be accomplished in tl1e acute 
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FIGURE 52-23 Algorithm for the management of volvulus. 

setting. For patient.~ who have had successful endoscopic detor
sion but have significant comorbidities, endoscopic colopexy 
may also be an option. 

Although the tem1 cecnlvolvulus is ingrained in the litera
ture, true volvulus of the cecum probably never occurs. There is 
a well-recognized condhion, a cecal bascule, in which the cecum 
folds in a cephalad direction anteriorly over a fixed ascending 
colon. Although gangrene may develop, this is exceedingly rare 
because there is no major vessel obstruction. 1he cecal bascule 
commonly causes intermittent bouts of abdominal pain because 
d1e mobile cecum permits intermittent episodes of isolated cecal 
obstruction that are spontaneously reBeved as the cecum falls 
back into its normal position. 

The condition commonly referred tn as cecal t;olvulus is 
actually a cecocolic volvulus. It consists of an axial rotation of 
d1e terminal ileum, cecum, and ascending colon, wid1 concomi
tant twisting of the associated mesentery. 'TI1is is a relatively rare 
condition, accounting for less than 2% of all cases of adult 
intestinal obstruction and approximately 25% of all cases of 
colonic volvulus in the United States. Cecocolic volvulus is pos
sible because of a lack of fixation of me cecum w the retroperi
toneLUu. Studies on cadavers have shown that between 11 o/o and 
22% of people have a right colon d1at is sufficiendy mobile to 
allow a volvulus to occur. Factors that have been implicated in 
causing a ceca! volvulus include previous surgery, pregnancy, 
malrotation, and obstructing lesions of the left colon. Cecocolic 
volvulus is somewhat more common in women, whereas sigmoid 
volvulus occurs. wid1 equal frequency in men and women. Ccco
colic volvulus affects a younger age group (most common iJl the 
late 50s) man sigmoid volvulus. 

'TI1e typical presentation of patients wim cecocolic volvulus 
is the sudden o nset of abdominal pain and distention. In the 
early phases of a cecocolic volvulus, the pain is mild or moderate 
i.n intensity. If the condition is not relieved and ischen1ia occurs, 
me pain increases significantly. Physical exanlination may reveal 
asymmetrical distention of the abdomen, wi.th a tympanitic mass 
palpable iJ1 the left upper quadrant or midabdomen. Plain radio
graphs of me abdomen reveal a dilated cecum mat is usually 
displaced to the left side of the abdomen. l11e distended cecLm1 

FIGURE 52-24 X-ray of barium enema in a patient with cecal volvu
lus. 11he contrast stops abruptly at the proximal end of the hepatic 
flexu re (arrowhead). TI1e dilated air-filled cecum crosses the midline 
of the abdomen toward the left upper quadrant (arrows). (Courtesy 
Or. Dina F. Caroline, Temple University Hospital, Philadelphia.) 

generally asstm1es a gas-filled comma shape, the concavity of 
which faces inferiorly and to the right. Occasionally, the dis
tended cecum appears as a circular shape with a narrow, trian
gular· density pointing superiorly and tu d1e right. Haustra\ 
markings in the distended loop indicate d1at d1e dilated bowel 
is colon. l11e torsion results in obstruction of d1e small bowel, 
and the radiographic pattern of dilated small intestine can cause 
diagnostic difficulty. 

Although there have been reports of detorsion of cecocolic 
volvulus with a colonoscope, most cases require surgery to 
correct d1e volvulus and prevent ischemia. rfiscbemia has already 
occurred, an immediate operation is obviously required. Con
trast enema can sometimes be helpful to confirm d1e diagnosis 
and exclude a carciJloma of the distal bowel as a precipitating 
cause of the volvulus (Fig. 52-24). Although there have been 
reports of endoscopic detorsion of cecal volvulus, the success rate 
is significantly lower than in sigmoid volvulus, and the proce
dure is associated with the risks of increasing distension because 
of insufflation of air during the procedure. Surgical intervention 
is therefore warranted in almost all cases of cecocolic volvulus. 

Right colectomy is the procedure of choice. Primary :mas
tomosis is usually preferred unless the volvulus has resulted in 
frankly gangrenous bowel, in which case resection of d1e gan
grenous bowel wim ileostomy is a safer approach. 'TI1ere have 
been many reports of correcting cecocolic volvulus with ceco
pexy, which should avoid the compllcation associated with an 
anastomosis. However, the procedure to provide fixation of d1e 
cecum is extensive and entails elevating and attaching a Aap of 
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peritoneum over the surface of the cecum and ascending colon. 
The recurrence rates are high with cecopexy, and right colectomy 
remains tl1e procedure of choice for most surgeons. 

Volvulus of the transverse colon is extremely rare and tends 
to be associated with other abnormalities, such as congenital 
bands, disral obstructing lesions, and pregnancy. Clinical fea
tures are indistinguishable from other causes of large bowel 
obstruction. Radiologic examination is not particularly useful 
because many cases are misdiagnosed as sigmoid volvulus. A 
contrast study may show a bird's beak deformity, indicating a 
volvulus. L1 such cases, colonoscopic reduction may result in 
detorsion and relief of obstruction. Elecrive resecrion should 
foUow co prevent recurrence. 

LARGE BOWEL OBSTRUCTION AND 
PSEUDO-OBSTRUCTION 
Large bowel obstruction can be classified as dynamic (mechani
cal) or adynamic (pseudo-obstruction). Mechanical obstruction 
is characterized by blockage of the large bowel (luminal, mural, 
or extramural), resultiJlg in increased intestinal contractility as a 
physiologic response to relieve tl1e ohstmction. Pseudo
obstruction is d1aracterized by tl1e absence of intestinal contrac
tility, c>ften associated with decreased or absent motility of the 
small bowel and stomach. 

Colorectal cancer is the single most common cause of large 
intestinal obstruction in me United States, whereas colonic vol
vulus is the more common cause in Russia, Eastern Europe, and 
Africa. Approximately 2o/o to 5% of patiems with colorectal 
cancer in tl1e United States present wim complete obstruction. 
Intraluminal causes of colorectal obstruction include fecal 
impaction, inspissated barium, and foreign bodies. [ntramural 
causes, in addition to carcinoma, include inflammation (e.g., 
diverticulitis, Crohn's disease, lymphogranuloma venereum, 
tuberculosis, schistosomiasis), Hirschspnmg's disease (agangli
onosis), ischemia, radiation, intussusception, and anastomotic 
stricture. Extraltmli.nal causes include adhesions, the most 
common cause of smaU bowel obstmction, but rarely a cause of 
colonic obstruction, hernias, nm1ors in adjacent organs, 
abscesses, and volvulus. 

The signs and symptoms of large bowel obstruction depend 
on the cause and! location of me obstruction. Cancers arising in 
tl1e rectum or left colon are more likely to obstruct than those 
arising in me more capacious proxinlal colon. Regardless of the 
cause of tl1e:: blockage, tl1e clinical manifestations of large bowel 
obstruction include the failure to pass stool and flacus associated 
wim increasing abdominal distention and cramping abdominal 
pain. 

The colon becomes distended as gas (approximately two 
thirds is swall.owed air, and the ren1ainder includes the products 
of bacterial fermentation), stool, and liquid accumulate proxi
mal co tl1e site of blockage. If tl1e obstruction is the result of a 
segment of colon trapped by a hernia or by a volvulus, the blood 
supply can become compromised, or strangulated. The venous 
return is blocked! initially, causing localized swelling iliac can, in 
turn, occlude tlle arterial supply with resultant ischemia mat if 
uncorrected, can progress to necrosis or gangrene. lhe strangula
tion at first involves only the entrapped, or incarcerated, segment 
of bowel, but tl1e colon proximal co that seg111em becomes pro
gressively dilatedl because of the obstruction. 

Another route to vascular compromise of the obstructed 
colon occurs if the bowel proximal to the point of obstruction 
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distends to the extent that the intramural pressure within me 
intestinal wall exceeds me capillary pressure, depriving the bowel 
of adoquate oxygenation. This route to ischemic necrosis can 
occur wim mechanical obstruction and pseudo-obstruction. 

A closed loop obstruction occurs when me proximal and 
distal pares of rl1e bowel are occluded. A srrangulaced hernia or 
volvulus almost always leads to this condition. The more 
common form of closed loop obstruction, however, is seen when 
a cancer occludes me lumen of me colon in me presence of a 
competent ileocecal valve. ill this situation, increasing colonic 
distention causes me pressure in rlle cecum to become so high 
that tl1e vessels in me bowel wall are occluded, and necrosis and 
perforation can occur. 

1l1e treatment oflarge:: bowd obstmction obviously deprnds 
on the cause of the obstruction, and specific treatments are 
covered in me discussion of iliose entities {see later). However, 
some principles of diagnosis and treatment can be generalized. 
The obstruction needs to be relieved with some expediency 
before compromise of the blood supply results in iscl1emia and 
gangrene. 'TI1e diagnosis should be established to guide appropri
ate treatment. History and physical examination provide impor
tant d ues. 'TI1e abdomen should be palpated for masses, the 
groins inspected for hernias, and a digital rectal examiJ1ation 
performed to exclude rectal cancer. Plain films of me abdomen 
provide considerable information concerning me location of the 
obstrucrion and, in some situations, may be d iagnostic of a 
volvulus. A CT scan may be helpful in revealing an in8amma
cory process, such as an abscess associated with diverticulitis. If 
a volvulus or distal sigmoid cancer is suspected, a water-soluble 
contrast enema may establish the diagnosis. Treatment options 
vary considerably, depending on d1e diagnosis, and it is helpful 
to establish the diagnosis before an operation to guide therapy 
properly. If rlle cause of me obstrucrion is a cancer of me distal 
or mid rectum, the preferred treatment is to relieve the obstruc
tion by a loop colostomy and then treat the cancer with neoad
juvant cllcmoradiation, wim me plan to resect me primary 
lesion at a later time. On tl1e other hand, if the obstructing 
cancer is in me sigmoid colon, me surgical oprions include 
Hartmann's operation {sigmoidectomy with descending colos
tomy and closure of me rectal stump), sigmoidectomy with 
primary colorectal anastomosis {wim or witl10ut intraoperative 
colonic lavage), and abdominal colectomy with ~eorectal 
anastomosis. 

Right-sided colonic obstruction, whether caused by cancer 
or me result of volvulus, is generally treated by resection and 
primary anastomosis of tl1e ileum and transverse colon. 

Pseudo-obstruction of tbe colon, also called Ogilvie's syn
drome, after its description by Sit William Heneage Ogilvie in 
1948, describes the condition of distention of the colon, witb 
signs and symptoms of colonic obstruction, in me absence of an 
actual physical cause of d1e obstruction. Ogilvie described two 
patiems wim clinical features of colonic obstruction, despite a 
normal barium e11en1a. Both patieJlts underwent laparotomy for 
me condition; neimer had mechanical obstruction, but bom had 
unsuspected malignant d isease invol.ving the area of me celiac 
axis and semilunar ganglion. The cause of the diJation was attrib
uted to the malignant infiltration of the sympathetic ganglia. 
Subsequently, there have been numerous descriptions of cases of 
colonic distention in the absence of mechanical obstruction and 
without malignant involvement of the visceral autonomic 
nerves. Very few cases of pseudo-obstruction have malignant 
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infiltration of the autonomic nerves as rhe cause; in fact, the 
exact pathogent-sis of the syndrome remains unknown, and it 
has been associated with a heterogeneous group of conditions. 

Primary pseudo-obstruction is a motility disorder that is a 
familial visceral! myopathy (hollow visceral myopathy syndrome) 
or a diffuse morility disorder involving rhe auronomic innerva
tion of the inrestmal wall 1he latter may be modified by a 
dlstLtrbance of intestinal hormones or may be principally caused 
by disordered autonomic innervation. 

Secondary pseudo-obstruction is more common and has 
been associated wirh neuroleptic medications, opiates, severe 
metabolic illness, myxedema, diabetes mellitus, uremia, hyper
parathyroidism, lupus, scleroderma, Parkinson's disease, and 
traumatic retroperitoneal hematomas. One mecl1anism thought 
to play a role in the pathogenesis is sympathetic overactivity 
overriding the parasympathetic system. Indirect support for this 
theory bas been derived from the success in treating the syn
drome with neostigmine, a parasym path om imetic agent. Further 
support comes: from reports of immediate resolution of the 

syndrome after administration of an epidural anesthetic that 
provides sympathetic blockade. 

Pseudo-obstruction may present in an acute or chronic 
form. The acute variety usually affects patients with chronic 
renal, respiratory, cerebral, or cardiovascular disease. It generally 
involves only the colon, whereas rhe chronic form affecrs other 
parts of the Gl tract, usually presents as bouts of subacute and 
partial intestinal obstruction, and tends to recur periodically. 

Acute colonic pseudo-obstruction should be suspected 
when a medically ill patient suddenly develops abdominal dis
tention. The ahdomen is tympanitic, usually nontender, and 
bowel sotmds are generally present. Plain abdominal radiographs 
reveal a disrended colon, with the righr and transverse segmenrs 
tending to be most dramatically affected. The radiologic appear
ance is one of large bowel obstruction. 

The most useful investigation is a water-soluble concrast 
enema, which should be performed in all patiems in whom rhe 
diagnosis is suspected, provided their condition is stable enough 
to warrant the procedure (Figure 52-25). 1l1e contrast enema 

Abdominal distention 
obstipation 

CT scan or KUB: dilated colon 

t 
Laparotomy ....:f..es Peritonitis or !No _ ::...;.;;. _ __ , Hypaque enema 

t 
Resection of perforated 

or ischemic colon 
with Ileostomy and 

mucous fistula 

subdiaphragmatic air? 

Cecum <12 em .__ 

No obstruction 

J 
NG tube 

correct fluid and 
electrolyte imbalance 
discontinue narcotics 

Cecum <12cm 

Observe 12-24 hrs 

l l 

J 
Obstruction 

Hartmann's operation 
or 

loop colostomy 

Neostigmine No resolution Resolution 
No resolution - or ._ or 

Colonoscopic 
decompression 

No resolution 

Laparotomy 

epidural anesthetic cecum <12 em 

- Resolution 

_ No ischemia or perforation Loop colostomy 

- Ischemia or perforation - Resection, ileostomy, mucous fistula 

FIGURE 52-25 Algorithm for Ogilvie's syndrome management 
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can reliably differentiate between mechanical obstruction and 
pseudo-obstruction, a differentiation that is essential to guide 
appropriate therapy. 

Colonoscopy is an alternative diagnostic investigation for 
pseudo-obstruction and has the attractive advantage that it can 
be used for rrearmenr. However, colonoscopy runs the risk nf 
distending the proximal colon even more, with insufflation of 
more air and, at present, d1e water-soluble contrast enema is 
generally the preferred initial test. 

When the diagnosis of acute pseudo-obstruction is sus
pected, treatment should accompany the diagnostic evaluation. 
Initial treatment includes nasogastric decompression, replace
mem of extracellular fluid deficits, and correction of electrolyte 
abnormalities. All medications that inhibit bowel motility, such 
as opiates, should be discontinued. Patienr response is moni
tored by serial abdominal examinations and radiography. Most 
patients improve with this regimen. Until the n:Ud-1990s, the 
treatment generally used when the colonic distention failed to 
resolve with supportive measures wa~ colonoscopic decompres
sion. Although tl:Us approach was usually successful, it required 
skilled pe.rsonnel and equipment and carried the risk for colonic 
perforation from instrument trauma and insufflation. In addi
tion, the procedure ofren had to be repeated because of recur
rence of the colonic distention. 

Sympathetic blockade by epidural anesthesia has been 
shown to relieve colonic pseudo-obstruction successful.ly. 
However, at present, the trend has been to treat this condition 
wid1 neostigmine, a parasympathomimetic agent. It is obviously 
imperative that mechanical obstruction be excluded by water
soluble contrast enema or colonoscopy before the administration 
of neostigmine because the subsequent high pressures generated 
in the colon against a distal obstruction could cause colonic 
perforation. 

Neostigmine enhances parasympathetic activity by com
peting with acetylcholine for acetylcholinesterase binding sites. 
In the treatment of colonic pseudo-ohstruction, 2.5 mg of neo
stigmine is given fV over 3 minutes. The resolution of cl1e condi
tion is indicated wid:Un less man 10 minutes of administration 
of cl1e drug by cl1e passage of stool and flatus by the patient. 1l1e 
recurrence rates foUowing the administration of neostigmine 
appear [0 be far lower man those associated with colonoscopic 
decompression, with satisfactory decompression being achieved 
in approximately 90% of pacicms after a single admi.J:Ustracion 
of the medication. 

A significant side effect of neostigmine is bradycardia. and 
all patients must be monitored by telemetry during administra
tion of the drug. Atropine must be immediately available; 
patients with significant cardiac disease or asthma are not can
didates for this treatmem. 

If treatment with neostigmine, an epidural anesmetic, or 
colonoscopic decompression is not successful, or if signs of 
peritonitis or intestinal perforation occur. laparotomy is required. 
In the absence of perforation or ischemia, a loop colostomy is 
indicated to vent the proximal and distal colon. Any areas of 
perforation or ischemia must be resected, which usually requires 
right colectomy, ileostomy and mucous fistula. 

INFLAMMATORY BOWEL DISEASE 
The term i1rjlnmmntory bowel disense is gener-ally used to denote 
two diseases of lllnknown cause wicl1 similar general characteris
tics, ulcerative ·Colitis and Crohn's disease. 1l1e distinction 
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between the two entities can usuaUy be established based on 
clinical and pathologic criteria, including history and physical 
examiJlation, radiologic and endoscopic studies, gross appear
ance, and hlstology. However, in approximately 10% to 15% of 
patients with inflammatory disease con£ned to the colon, a clear 
distinction cannot be made, and the disease is labeled indeter
minate coBtis. The medical and surgical management of ulcer
ative colitis and Croh.n's disease often differ significantly, so each 
entity is discussed separately here. A comparison of the charac
teristics of ulcerative colitis and Crohn's disease is presented in 
Table 52-1. 

Ulcerative Colitis 

Epidemiology and Cause 
Ulcerative colitis occurs more commonly in developed cotmtries 
and is relatively unusual .in Asia, Africa, and South America. 
There appears to be a sea~onal variation in the activity of the 
disease, with onset and relapse occurring statistically more often 
between August and January. The incidence of d1e disease has 
remained relatively stable during me past 25 years, with new 
cases reported as 4 to 6 ca~es/l 00,000 white adults/year, with a 
prevalence from 40 to 100 cases/100,000. AU ages are suscep
tible, but ir more commonly affects patients younger than 30 
years. A small secondary peak in the incidence occurs in the sixth 
decade. Born genders are equally affected, but cl1e condition is 
more common iJ1 whites, Jews, and persons of northern Euro
pean. ancestry. 

Almough me cause of ulcerative colitis is unknown, its 
prevalence in industrialized countries and me increased inci
dence in individuals who n:Ugrate from low-risk to high-risk 
areas suggest an environmental influence. Speculation on the 
influence of dietary factors has included inadequate fiber intake, 
chemical food additives, refined sugars, and cow's milk. However, 
none of cl1ese have been demonstrated to play a dcfiJlitive role. 
Infectious agents, including C difficile and OtmPJtlobacter jejuni, 
have been implicated as playiJ1g a causative role in cl1e patho
genesis, but such a role has not been confirmed. 

Smoking appears to confer a protective effect against the 
development of ulcerative colitis, as well as providing a thera
peutic influence; nicotine has been reported to induce ren:Ussion 
in some ca~es. 1l1is is in contrast to Crohn's disea~e, which is 
more common in smokers and appears co be aggravated by che 
habit. Bocl1 ulcerative colitis and Crohn's disease are more 
common in women who use oral contraceptives compared with 
tbose who do not. Patients who have had an appendectomy 
appear to be at decreased risk for developing ulcerative colitis. 

A fanilly hlstory of IB D is a significant risk factor. Several 
studies have demonstrated the existence of fanilly aggregates 
wicl1 ulcerative colitis and a l:Ugh degree of concordance in 
monozygotic twins. The genetic predisposition for ulcerative 
col.itis is not inherited in a classic mendelian pattern, suggesting 
the infl.uence of environme.n tal factors on an individual's suscep
tibility. Two genetic abnormalities found to be associated with 
ukerative colitis are variations in DNA repair genes and class IT 
major histocompatibility complex genes. Patients with ulcerative 
colitis display specific alleles of group HLA and DR2 (HLA
DRBl), with an association between cerrain alleles and expres
sion of d1e disease. The DRI501 allele is associated with a more 
benign course, whereas the DRI502 aiJde is associated with a 
more virulent form of the disease. 
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Table 52-1 Comparisons of Ulcerative Colitis and Crohn's 
Colitis 

ULaRATIVE COLITIS CROHN'S COLITIS 

Gross Appearance 

Thickened wall 0 4+ 

Thickened mesentery 0 3+ 

Serosal at fat 0 4+ 
wrapping 

Segmental disease 0 4+ 

MICI'OKOpk Appearaace 

Transmural 0 4+ 

Lymphoid aggregates 0 4+ 

Granulomas 0 3+ 

Cllnkal Features 

Bleeding per rectum 3+ 1+ 

Diarrhea 3+ 3+ 

Obstructive symptoms 1+ 3+ 

Anal or perianal Rare 4+ 
disease 

Risk for cancer 2+ 3+ 

Small bowel disease 0 4+ 

Colonoscopk Features 

Distribution Continuous Discontinuous 

Rectal disease 4+ 1+ 

Friability 4+ 1+ 

Aphthous ulcers 0 4+ 

Deep longitudinal 0 4+ 
ulcers 

Cobblestoning 0 4+ 

Pseudopolyps 2+ 2+ 

Operative Treabnent 

Total proctocolectomy Curative Combined disease: 
colon + rectum 

Segmental resection Rare Absence of 
anorectal disease 

Ileal pouch Preferred by most Contraindicated 
patients 

(omplkatioas 

Postoperative 0 4+ 
recurrence 

Fistulas Rare 4+ 

Sclerosing cholangitis 1+ Rare 

Cholelithiasis 0 2+ 

Nephrolithiasis 0 2+ 

Another theo ry of the cause of IBD concerns an altered 
immunologic response to external and host antigens. Although 
antkolon antibodies have been identified in blood and tissue of 
patients with IBD, there is little evidence that these play a 
pathogenic role. Other sntdies have shown that defective 

FIGURE 52-26 Ulce rative colitis-macroscopic appearance of colitis 
extending continuously from the rectum (upper right) to the mid
ascending colon (upper left). The proximal colon appears spared, with 
normal colo nic folds. Most the colon exhibits erythema and granular
ity of the mucosal surface. (Courtesy Dr. Jeffrey P. Baliff, Thomas 
Jefferson University, Philadelphia.) 

ceiJ-medjated immunity, leukocyte chemotactic imprurment, 
and abnormalities of antigen-specific helper and suppressor T 
cells may be involved in the pathogenesis. 

Pathologic Features 
Gross Appearance Ulcerative colitis is a disease in which the 
majOI pathologic process involves the mucosa and submucosa 
of the colon , with sparing of the muscularis. Despite the name, 
ulceration of tbe mucosa is not invariably present. In fact, the 
cypic.al gross appearance of ulcerative colitis is hyperemic mucosa. 
Friable and granular mucosa is common in more severe cases, 
and ulceration may not be readily evident, especially early in the 
course of the disease. H owever, ulceration may appear and vary 
widely, from small superficial erosions to patchy ulceration of 
the full thickness of the mucosa (Fig. 52-26). The recttm1 is 
invariably involved with the inflanlll1atory process. l11 fact, rectal 
involvemem (proctitis) is the hallmark of the disease, and the 
diagnosis should be seriously questioned if the reaal mucosa is 
not affected. The mucosal inflammation extends in a continuous 
fasbion for a variable distance into the more proxin1al colon. 
Pseudopolyps, or inflammatory polyps, represent regeneration 
of inflamed mucosa and are composed of a variable mixture of 
non-neoplastic colonic mucosa and inflamed lamina propria 
(Fig. 52-27). 

As implied earlier, a ruagnostic characteristic of ulcerative 
colitis is continuous uninterrupted inflammation of the colonic 
mucosa, beginning in the distal rectum and extending proxi
mally to a variable distance. 1his is in contrast to Crohn's rusease, 
in which normal segments of colon (skjpped areas) may be 
interspersed between distinct segments of colonic inflan1mation. 
'TI1e e ntire colo n, including the cecum and appendix, may be 
involved in ulcerative colitis. In contrast to Crohn's disease, 
L~cerative colitis does not involve the terminal ileum, except in 
cases of backwa.~h ileitis, when the ileal mucosa may appear 
inflan1ed in the presence of extensive proximal colonjc 
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FIGURE 51-27 Ulcerative colitis-macroscopic appearance of panco
litis. The entire length of the colonic mucosa exhibits prominent 
flattening. erythema, and friability. with focal a reas of green-yellow 
exudate. There is a suggestion of linear ulcerations along the bowel 
axis. Overall, the colon is narrowed and shortened. The terminal ileum 
(upper left) is spared. (Courtesy Or. Jeffrey P. Baliff, Thomas Jefferson 
University, Philadelphia.) 

iJwolvement. However, in such cases, contrast studies usually 
reveal the inflamed ileum to be dilated, in contrast to the fre
quently narrowed and contracted ileum characteristic ofCrohn's 
disease. 

Colonic strictures can occur in 5% to L2o/o of patients with 
chronic ulcerative colitis. Although these strictures are most 
often benign, caused by hypertrophy of the muscularis, cancer 
must be excluded as the cause of any colonic stricture occurring 
iJl the setting of ulcerative colitis. 'Tiuce important features arc 
suggestive of malignant strictures: 

I . Appearance later in the course of ulcerative colitis 
(60% after 20 years versus Oo/o before 10 years} 

2. Location proximal to the splenic flexure (86% 
malignant) 

3. Large bowel obstruction caused by the stricture 
(Fig. 52-28) 

Histologic Appearance The typical microscopic finding in ulcer
ative colitis is inflammation of the mucosa and submucosa. The 
most characterist ic lesion is the crypt abscess, in which collec
tions of neutrophils fill and expand the lumina of individual 
crypts ofLicberkuhn (Fig. 52-29). Crypt abscesses, however, arc 
not specific for ulcerative colitis and can be seen in Crohn's 
disease and infectious colitis. Hcmatochezia often results from 
the marked vascular congestion. Crypt branching may be seen 
in chronic ulcerative colitis ru1d is an important characteristic. 
1l1e number of goblet cells in the crypts is dirniJlished, as is 
mucus production. 

[t has been :stressed rhat rhe inllan:tmatory proces.~ in ulcer
ative colitis spares the muscular coats of the colon, a character
istic that differentiates .it from Crohn's disease--the latter is 
characterized by traJlsmural inflammation, or involvement of all 
layer"S of the intestinal wall. However, in rare cases of severe 
inAaJnmation characteristic of toxic megacolon in patients with 
ulcerative colitis, all layers of the colon may be involved, and 
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FIGURE 52-28 X-ray of stricture in chronic ulcerative colitis. Colonos
copy revealed chronic inflammation, but no dysplasia or cancer. 

FIGURE 52-29 Histologic section of active ulcerative colitis. There is 
glandular architectural distortion, manifested by irregular branching 
and ori·entation of glands relative to the surface. The lamina propria 
is expanded with inflammatory cells, and intraepithe lial neutrophils 
are present A crypt abscess is noted (lower left). (Courtesy Or. Jeffrey 
P. Baliff, Thomas Jefferson University. Philadelphia.) 

perforation may occur if treatment is delayed. However, the 
infla.rnmatory process in such cases is atypical and may be related 
to factors such as prolonged colonic distention with vascular 
compromise. 

Numerous studies have demonstr-ated that antint::utrophil 
cytoplasmic aJ1tibodies (ANCAs) with a perinuclear staining 
pattern (pANCA) are seen in up to 86% of patients with mucosal 
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ulcerative colitis. The presence of pANCA bas been used as a 
diagnostic test to help differentiate ulcerative colitis from Crobn's 
disease. 

Clinical Presentation 
Ulcerative colitis and colonk Crohn's disease often have similar 
clinical presentations. Botl1 may present with diarrhea and the 
passage of mucus. PatieJl tS with ulcerative colitis tend to have 
more urgency than those with Crohn's disease, likely because 
ulcerative colitis is invariable associated witl1 distal proctitis. 
Rectal bleeding is also common in ulcerative colitis; although it 
may be presem in patlenrs with Crohn's disease, it is typically 
not as severe. Patients with acute-onset ulcerative colitis often 
complain of abdominal discomfort, but the pain is seldom as 
severe as that found in patients with Crohn's disease. A tender 
abdominal mass is suggestive of a phlegmon or abscess more 
commonly associated with Crohn's. 

Perianal disease is an uncommon findi11g in patients with 
ulcerative disease, whereas it may be the only presentu1g 
symptom of Crohn's disease. lt is illteresti11g a11d seemil1gly 
paradoxical that rectal involvement is present ill almost I 00% 
of patients with ulcerative colitis, whereas ru1al involvement is 
rare. In contrast, patients with Crohn's disease may have normal 
rectal mucosa (so-called rectal sparin!Y, although anal disease 
(e.g., fissures, fis tulas, abscesses) is common. 

Extraintestinal Manifestations 
Extraill testiJ1al manifestations of ulcerative coUtis include arthri
tis, ankylosing spondylitis, erythen1a nodosum, pyoderma gan
grenosum, ru1d primary sclerosing cholangitis (PSC). Arthritis, 
particularly of tthe knees, ankles, hips, and shoulders, occurs in 
approximately 20% of patients, typically in association with 
increased activity of the intestiJlal disease. Ankylosing spondyli
tis occurs ill 3% ro 5% of patienrs and is most prevalent iJ1 
patients who are HLA-B27-positive or have a fan1ily history of 
ankylosing spondylitis. Erythema nodosum arises in 10% to 
15% of patients with ulcerative colitis and often occurs in con
junction with [peripheral arthropathy. Pyoderma gru1grenosum 
typically presents on the pretibial region as an erythematous 
plaque tl1at progresses into an ulcerated painful wound. Most 
padems who develop this condition have underlyu1g active IBD. 
Arthritis, anky~osing spondylitis, erythen1a nodosum, and pyo
derma gangrenosum typically improve or completely resolve 
after colectomy. 

PSC occurs ill 5% ro 8% of patients with ulcerative colitis. 
Most patients with IBD who develop PSC are younger than 40 
years ru1d most are men. Genetic~ likely play a role because 
patients with ulcerative colitis who have the HLA-B8 or 
HLA-DR3 haplotype are 10 times more Ukely to develop PSC. 
Patients wi th PSC and ulcerative colitis typically have a more 
quiescent disease course; however, the risk for colon cancer in 
these patients is up to 6ve times greater thru1 in patients with 
ulcerative colitis alone. 1l1ese rumors are more likely to arise 
proximal to the splenic flexure. PSC may be asymptomatic and 
diagnosed only by abnormal laboratory test results or it may 
presenc with symptoms of obstructive jaundice and abdominal 
pam. The disease is progressive and ultimately fatal unless Liver 
trru1splru1tation is w1derraken. Colectomy has no effect on the 
course of PSC. 

Diagtnosis 
Endoscopic examination of the colon ru1d rectum is essential in 
the d,iagnosis of fBD. ln tl1e acute phase of the disease, procto
sigmoidoscopy is often sufficient because the rectum is iJwari
ably inflamed in patients with ulcerative colitis. Complete 
colonoscopy offers little additional information in rhe acme 
setting and increases the risk for colonic perforation. 1l1e pres
ence of diffuse, confluent, symmetrical disease from the dentate 
Une proxm1ally is consistent with ulcerative colitis; the mucosal 
appearance can vary from loss of the normal vessel pattern sec
ondary to edema ll1 the early stages of the disease to frank 
ulceration in more advanced disease. If the inBa1111llation extends 
beyond the .level of the sigmoidoscope, a full colonoscopy should 
be carried out after the disease is under control. 

Conditions other than ulcerative colitis can present with 
sinlilar symptoms of diarrhea and bleeding; it is important to 
identify these conditions because their treatment may be con
siderably different. Crohn's disease has features similar to those 
of ulcerative colitis; however, the recrum is spared in 40% of 
patients with Crohn's colitis, even iJ1 the presence of periru1al 
disease. An upper GI radiograph with a small howe! follow
through should be obtained to ru.le out the possibility of small 
bowel involvement. a fiJ1diJ1g that would suggest Crohn's disease. 
Collagenous colitis is a condition that generally occurs in women 
older than 50 years. It typically presents with profuse watery 
diarrhea and is characterized histologically by marked thickeniJ1g 
of the colonic subepithelial basement membrane. On endo
scopic evaluation, the mucosa appears normal ill most patients 
and the diagnosis is made by endoscopic biopsy. Treatment of 
collagenous colitis is typically medical .. 

In addition to multiple mucosal biopsy specimens from 
serial sites, stool samples should be sent to the laboratory to look 
for bacteria, ova, and parasites. Infectious conditions that mlnllc 
ulcerative colitis include colitis caused by C difjicile, Entamoeba 
histof:ytica, C j ejuni, and SalmonellA enteritidis. 

Risk for Carcinoma 
One of the most serious sequelae of mucosal ulcerative colitis is 
tl1e development of colorectal carcinoma.18 1l1e most illlportant 
risk factors include prolonged duration of the disease, panco
lon.ic disease, continuously active disease, and severity of the 
inflammation. 1l1e cumulative risk for cancer increa<;CS with the 
duration of the disease, reachiJ1g 25% at 25 years, 35% at 30 
years, 45% at 35 years, and 65% at 40 years. Patients witb 
disease confined to the left side of tl1e colon have a lower risk 
for developing carcinoma than patients with disease involving 
the entire colon. CarciJ10mas arising in ulcerative colitis tend to 
be poorly differentiated and highly aggressive tumors. As briefly 
noted , a colonic stricture ill a patient with ulcerative colitis 
must be presumed carcinoma until proved otherwise. lf malig
llaJlC)' crumot be ruled out by endoscopy, the presence of a 
stricntre is an indication for operative intervention (Figs. 52-30 
to 52-32). 

There is considerable debate regardiJ1g the optiJnal method 
of surveillance colonoscopy in patients wi th ulcerative colitis. 
1l1e American Cancer Society guidelines recommend survdl
lruKe colonoscopy every I to 2 years, beginning 8 years after the 
onset of pancolitis and 12 to 15 years after the onset ofleft-sided 
colitis. Tills strategy is based on the premjse that a dysplastic 
lesion can be detected endoscopically before invasive carcinoma 
has developed (Fig. 52-33). Traditionally, 10 random biopsy 
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FIGURE 52-30 X-ray of barium enema demonstrating stricture in 
transverse colon of patient with ulcerative colitis of 15 years' 
duration. 

FIGURE 52-31 Resected colon from patient in Figure 52-30, revealing 
the stricture (arrow) to be invasive cancer. The patient had liver 
metastases. 
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FIGURE 52-32 Resected rectum from patient m Figure 52-30, 
showing invasive cancers in the rectum (arrows). 

FIGURE 52-33 Flat high-grade dysplasia arising in ulcerative colitis. 
Compared with the normal crypt epithelium (left), high-grade epithe
lial dysplasia exhibits an increased nudear-to-cytoplasmic ratio, 
hyperchromaticity, and loss of polarity (right). (Courtesy Dr. Jeffrey P. 
Baliff, Thomas Jefferson University, Philadelphia.) 

specimens were recommended; however, it has been suggested 
that at least 30 specimens be obtained. 

TI1e risk for cancer varies with the degree of dysplasia, with 
carcinoma found in 10% of colons displaying low-grade dyspla
sia, in 30o/o to 40o/o with high-grade dysplasia, and in more than 
50o/o of colons wi th dysplasia associated with a lesion or mass 
(DALM). Neoplastic lesions of the colon of patients with ulcer
ative co litis can develop in DALM or in a coincidental adenoma. 
and approximately 25o/o of carcinomas iJ1 patients with ulcer
ative colitis are not associated with dysplasia elsewhere in the 
colon. 

A meta-analysis of 10 prospective studies was performed to 
determine whether co lonoscopic surveiiJance of dysplasia was a 
reasonable alternative to prophylactic colecromy.19 Less than 3o/o 
of patients who had no dysplasia during the initial evaluation 
went on to develop evidence of dysplasia. l n patients with high
grade dysplasia, however, 32o/o were found to have invasive 
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carcinoma at the time of colectomy. These tumors tended to be 
of earUer stages when compared with rumors in patients in 
whom the diagnosis of cancer was made before colectomy. Other 
studks have shown no benefit to colonoscopic surveillance. 
Patients therefore need to be counseled about the potential for 
dysplasia so char rhey can take parr in rheir managemenr ratio
nally. When high-grade dysplasia is found and has been con
firmed by a second independent pathologist, proctocolectomy 
should be recommended. llis is also true for patients who have 
DALM. If low-grade dysplasia is confirmed, strong consider
ation should also be given to proctocolectomy. 

Flow cytometry of colonoscopic biopsies may also be useful 
for detecdng dysplasia. A strong corrcladon berween DNA 
aneuploidy and polyploidy and the presence of dysplasia has 
been found. Although the presence of these abnormalities should 
not serve as an indication for colectomy, they may indicate a 
need for more frequent colonoscopic surveillance. 

Treatment 
Medical Therapy There are a number medications available for 
the treatment of ulcerative coUtis. These medications can be 
grouped into tlhree broad categories-aminosalicylates, cortico
steroids. and imrntLJlomodulatory drugs. 

Aminosolkylotes 1l1e most common therapy in the treatment of 
mild to moderate ulcerative colitis involves arninosaUcylates. 
Sulfasalazine is composed of a molecule of5-anlin.osalicylic acid 
{5-ASA) Unked by a diazo bond to sulfapyridine. 5-ASA is 
released in the colon when bacterial azo reductases cleave the 
diazo bond; its actions iJwolve blocking the cydooxygenase and 
lipoxygenase pathways of arachidonic acid metabolism and scav
e11ging free radicals iJ1 the colonic mucosa. Its usefulness is 
limited by toxicity, most of which is attributed to the sulfapyri
dine portion of the drug. Newer 5-ASA medications such as 
mesalarnine {A:sacol, Penrasa) have been developed that do not 
contain sulfapyridine, thereby minimizing side effects. SaUcy
lares caJl be used in the treatment of active disease at higher 
doses and also play a role in maintaining remission at lower 
doses. 

Cortkosterolds Corticosteroids are highly effective in the treat
ment of active ulcerative colitis and CaJ1 be administered orally, 
IV, or topically through enemas. Steroids acr to block phospho
lipase A2, thereby decreasing prostaglru1dins and leukotrienes. 
Side effects of steroid therapy. including hypertension, diabetes 
mellitus, osteoporosis, and increased susceptibili ty to infection, 
preclude long-term therapy with these medications. Hydrocor
tisone enemas delivered rwo or three tin1es daily are often effec
tive in the treatment of disease limited to the rectum and left 
side of the colon; these have the benefit of less absorption and 
therefore fewer systemic side effects. Newer steroid ru1alogues 
have been developed that act locally in the colon ru1d are then 
inactivated during first pass in the liver. Budesonide, a water
soluble ru1alogue of hydrocortisone, has been shown to be as 
effective as prednisolone with far fewer side effects, including 
much less adrenal suppression. 

lmmunomodulatory MetDcotions ImrmmomoduJarory medi.ca
tions are often used in the long-term management of patients 
with ulcerative colitis. 6-Mercapropurine (6-MP), a purine ana
logue, a11d its precursor azaduoprli1e act by causing chromosome 

breaks ru1d inhibiting the proliferation of rapidly dividing cel1s 
such as lymphocytes (T cel1s more than B ceiJs). Azathioprine 
and 6-MP are useful in inducing remission in patients who are 
refractory to 5-ASA, and their use allows steroids co be tapered 
or minimized in more tbaJ1 50% of patients. Side effects of these 
medications include reversible bone marrow suppression and 
pancreatitis, and measurement of 6-MP metabolites ha~ been 
proposed as a method to guide dosing to help avoid toxicity:. 
Cydosporine is aJ1 imn1w1osuppressru1t used frequently in solid 
organ trru1splantation that inhibits interleuk.in-2 {IL-2) gene 
transcription, thereby reducing the activation of lymphocytes. 
Cydosporine has serious potential side effects, including neph
rotoxicity, hepatotoxicity, seizures, aJ1d lymphoproliferative dis
orders; it is typically reserved for use in acute severe tJcerative 
colitis and refractory Crohn's disea...e. 

In£liximab is a monoclonal aJ1tibody directed against tumor 
necrosis factor-a. (TN F-a.) a11d its receptor, which neutralizes its 
biologic activi.ty. lt is given IV, typically at 6-week intervals fol
lowing three loading doses. lnfliximab has been shown to have 
a clinical response almost 70% of those treated and can induce 
remission of ulcerative coUtis in a sigl:l.ificant number of patients. 
Patients treated with in£liximab also have a significantly lower 
risk -of requiring surgical intervention. Potential side effects 
include an increased susceptibility to infection aJ1d the develop
ment of lymphoma. 

Indications for Surgery Indications for the surgical management 
of mucosal ulcerative colitis include fulmlnaJ1t colitis with roxie 
megacolon, massive bleeding, imractable disease, and dysplasia 
or carcinoma {Box 52-1). Malnutrition and growth retardation 
may necessitate resection in pediatric a11d adolescent patients. 

Fulminant Colitis and Toxic Megacolon Patients with fulnunruu 
colitis typically present with high fever, severe abdominal pain, 
tenderness, tachycardia, and leukocytosis. The....e patients require 
hospitalization with IV hydration, nasogascric decompression, 
high-dose IV steroids if tbe patient is steroid-dependent, and 
broad-spectrum antibiotics. N hyperalin1entation may be 
useflll, depending on d1e patient's nutritional status ru1d length 
ofillness before the fulminant episode. Patients should be closely 
monitored with serial abdominal examinations ru1d leukocyte 
counts. Deterioration or lack of improvement within 48 to 72 
hours of the initiation of medical treatment warrruus aJ1 urgent 
procedure because the mortaUty rate is increased fourfold in 
patients with colonic perforation. 

Toxic megacolon is a serious life-threatening condition that 
can occur in patients with ulcerative colitis, Crohn's colitis, and 
infectious colitides such as pseudomembfaJlous colitis, in which 
the bacterial infiltration of the walls of the colon creates a dila
tion of the colon that progresses to the point of imminent 
perforation. This decompensation results in a necrotic thin
walled bowel in which pneumatosis can often be seen 

Intractability 
Dysplasia, carcinoma 
Massive colonic bleeding 
~c megacolon 
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radiographically. Although some patients with toxic megacolon 
have been successfLLily treated medically, a high rare of recur
rence with subsequent urgent operation ha.~ been reported. 
Aggressive preoperative stabilization is required, using volume 
resuscitation wid1 crystalloid solutions to prevent dehydration 
secondary m thi rd-space fluid losses, stress-dose steroids for 
patients previously on steroid therapy, and broad-spectrum 
antibiotics. 

Although a restorative proctocolecromy with ileal pouch
anal anastomosis (IPAA) as a single-stage procedure has been 
reported for toxic megacolon, proctectomy and anastomosis arc 
generally ill advised in the acutely ill patient with an unprepared 
bowel. Total procrocolecromy iJ1 the urgem setting carries a 
prohibitively high mortality rate, and the leak rate from a 
primary anastomosis is unacceptably high. Whereas the goal in 
elective surgery is to remove all the colonic or dysplastic mucosa, 
the aim in emergent surgery is w rescue the patient from a l.ife
threateniJ1g situation. A total abdominal colectomy with ileos
tomy and preservation of the rectum is therefore the preferred 
operation for this condition. This procedure can be expedi
tiously perfom1ed with relatively low morbidi ty and mortality, 
and it serves the main purpose of removing the diseased colon 
and avoiding a difficult and morbid pelvic dissection. 

Preserving the rectum leaves the option of fashioning an 
ileorecral anastomosis in the future (Fig. 52-34). This is particu
larly important for patients in whom the diagnosis is unclear 
an.d a subsequent ileoanal pouch might be contraindicated (e.g., 
iJ1 Crohn's disease). Some controversy exists regarding manage
ment of the distal segment of bowel. The remaining rectum or 
rectosigmoid can be delivered as a mucous fistula placed subcu
taneously, or closed as a Hartmaru1's pouch. Each management 
strategy has its proponents, but no randClmizcd prospective trial 

FIGURE 52-34 dvsure of rectal stump after resection of abdominal 
colon. 
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has been perfClrmed to date that has shown superiClrity of ru1y 
of these options. 

l11e blow-bole procedure was advocated in the past for 
treatment of patients with severe roxie megacolon in whom the 
distended colonic wall was so thin and fragile that ru1y handl.ing 
during the conduct of an operation would risk perforarion of 
the colon, with massive peritoneal contamination. Currently, it 
is distinctly unusual chat operative intervention is delayed to 
such a degree, but the operation may be advantageous in such 
dire circumstances. l11e technique consists of performing a ski11 
level (blow-hole) trru1sverse colostomy; sometimes the left colon 
is decompressed witl1 a simultaneous, second, sigmoid skin level 
colostomy. FasbloniJ1g a loop ileostomy is an essential compo
nent of this operation. 1l1e operation was often rewarded with 
dran1atic improvement in the patient's condition. After recovery 
from t he acute illness, usually over a period Clf several months, 
the patient could then be treated witb restorative proctocolec
tomy with IPAA or total procrocolectomy, depending on the 
circumstances. 

Massive Bleeding Massive hemorrhage from ulcerative colitis is 
an w1common event, occurring in less than 5% of patients 
requiring operation. Patients obviously require resuscitation and 
stabilization before surgery, with replenishment of extraceUular 
volume and transfusions, as needed. Subtotal colectomy is the 
procedure of choice ru1d will usually suffice. However, if bleeding 
continues from the remaining rectal mucosa, en1ergency proc
tecromy may be required. 

lntradobillty Colitis with debilitating symptoms refractory to 
medical therapy is the most common indication fm operative 
therapy. Patients with intractable disease have persistent symp
toms such as crampy abdominal pain, &equent bowel move
ments,, stool urgency, and anemia, which may result in 
deterioration of the patient's social ru1d professional relation
ships. It has hcen demonstrated that patients' quality of life afre.r 
surgery for ulcerative colitis is improved, regardless of the pro
cedure performed. Compl.ications of long-term steroid therapy, 
such as diabetes mellitus, avascular necrosis of the femoral head, 
cataracts, psychiatric problen1s, osteoporosis, and weight gain, 
are a frequent indication for smgical resection, even though 
the patient's symptoms may be controlled while on steroids. 
Elective surgery should also be considered for patients with 
significant extracolonk manifestations refractory to nonopera
tive measures. 

Dysplos/o or Carcinoma 1l1e findiJ1g of dysplastic changes in the 
colon or carcmoma is an indication for smgical intervention 
(see earlier). The presence of cancer may inAuence the proce
dure selected or tbe sequence of staged procedures. It does not 
exclude the possibility of performing ru1 ileoanal pouch, but the 
location ru1d stage of the cancer must also be taken iJ1to 
consideration. 

Surgical Procedures Elective surgical options for ulcerative colitis 
include total proctocolectomy with ileostomy, restorative proc
tocolectomy with IPAA, and total proctocolecwmy with a con
tinent ileal reservoir (Kock pouch). Segmental colectomy for 
ulcerative colitis, Ln contrast to Crohns disease, has been shown 
to be an inadequate procedure for controlliJ1g disease. For 
example, in the case of colitis confined to the left side, a 
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proctosigmoidectomy with an end-descending colostomy or 
coloanal anastomosis invariably results in the recurrence of 
disease in the remaining colon within a short time and is 
contraindicated. 

ln. the past, abdominal colectomy with ileorectal anasto
mosis was advocated for patients with ulcerative colitis and rectal 
sparing. However, these patients are exceedingly rare. The 
inflammatory process typical of ulcerative colitis almost always 
involves the rectum, and an anastomosis of the ileum to the 
inflamed rectum invariably results in intractable diarrhea. 
Patients with true rectal sparing and left colitis most likely have 
Crohn's disease. In that situation, a segmental colectomy or 
subtotal colectomy with rectal anastomosis is an appropriate 
procedure. 

Total Prodocoledomy With End Ileostomy Total proctocolcctomy 
has the advantage of removing all diseased mucosa, thereby 
preventing further inRammation and the potential for progres
sion to dysplasia or carcinoma. 1l1e major disadvantage of this 
procedure is the need for a permanent ileostomy. In addition, 
despite improvements in bowel preparation, antibiotics, and 
surgical tedmique, a total proctocolectomy still has a fairly high 
morbidity rate. Most of the morbidity is related to perineal 
wound healing, adhesions, the ileostomy, and complications of 
pelvic dissection. Perineal wound problems may be reduced if 
an intersphincteric proctectomy is performed. This approach 
involves a dissection between the internal and external sphinc
ters, preserving the external sphincter and levator ani for a more 
secure perineal wound closure. 

Total proctocolectomy with end ileostomy was 011e of the 
earliest operaticms performed for ulcerative colitis and, despite 
advances in sphincter-saving procedures, continues to have a 
role. Older patients, those with poor sphincter function, and 
patients with carcinomas in the distal recnm1 may be candidates 
for this procedure. All patients should be marked for an ileos
tomy preoperatively in the sitting and standing positions. The 
preferred si te of the stoma is within the body of the rectus 
abdomlnis muscle at the surnmlt of the infraumbilical fat mound 
on the right side, away from bony prominences, the umbilicus, 
and the rnidHne incision. 

Total Prodocoledomy With Continent Ileostomy 1l1e continent 
ileostomy was introduced by Kockin 1969 and became popular 
in the 1970s because it offered control of evacuations for patients 
with an ileostomy. A single-chambered reservoir is fashioned by 
suturing several limbs of ileum together after the anti mesenteric 
border has been divided. The outflow tract is imussuscepted into 
the reservoir to create a valve that provides obstruction to the 
pouch contents (continence). As the pouch distends, pressure 
over the valve causes it dose and retain stool, permitting patients 
to wear a simple bandage over a skin level stoma. Between nvo 
and four times daily, the patient introduces a tube through the 
valve to evacuate the poud1. 

1l1e major problem with the Kock pouch is the high com
plication rate necessitating reoperation in up to 50o/o of patients. 
11Je most common problem is a slipped valve, which occurs 
when the intussuscepted limb everts and the continent nipple is 
lost. This leads to the inability of the pouch to remain continent 
or the iJlabWty to intubate the pouch, leading to sponraneous 
emptying of the pouch as it overflows. Revision of the nipple 
valve corrects this problem. Other complications include 

inflammation of the ileal pouch mucosa (so-called pouchitis) in 
15o/o to 30% of cases, fistula formation (10%), and stoma stric
ture (1 Oo/o). 

Since tlle introduction of restorative proctocolectomy and 
IPAA, the popularity of the continent ileostomy bas declined, 
and it is now seldom used. High complication and reoperation 
rates have dampened enthusiasm among surgeons for tl1e tech
nique. Although ulcerative colitis patients in whom lPAA is 
contraindicated may be candidates, realistically, only a few 
centers presently offer the operation. The most common surgery 
related to continent ileostomies is revisional surgery. TI1e Kock 
procedure should not be performed in obese patients, debilitated 
pariems, or any patient with a physical or mental handicap that 
would prohibit safe catheterization of the reservoir. 1l1e proce
dure is contraindicated in patients with Crohn's disease because 
of the hlgh incidence of its recurrence, causing failure of the 
pouch. 

Total Prodocoledomy With Ileal Pouch-Anal Anastomosis Restor
ative proctocolectorny with lPAA has become the most common 
definitive operation for the surgical treatment of ulcerative 
colitis. 1l1e procedure involves a near-total proctocolectomy, 
with preservation of the anal sphincter complex. A single
chambered pouch is fashioned &om tl1e distal 30 em of the 
ileum (Fig. 52·35) and sutured to the anus using a double
stapled technique (Fig. 52-36). Alternatively, a hand-sewn anas
tomosis may be fashioned between the pouch and anus after 
stripping the distal rectal mucosa from the internal anal sphinc
ter (mucosecromy; Fig. 52-37). 

A critical consideration iJ1 restorative proctocolectomy is 
fashioning a tension-free anastomosis between the ileal reservoir 
and :anal dentate line. Usually, there is sufficient mesenteric 
length for an ileal pouch, fashioned from the distal 30 em of 
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FIGURE 52-35 Creation of an ileal J pouch using a cutting linear 
stapler. For replacement of the rectum. a reservoir is created from the 
distal ileum. The stapler joins two limbs of intestine with staples while 
dividing the intervening wall. The diameter of the pouch so created 
is twice as large as the original diameter of the ileum. 
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FIGURE 52-37 Hand-sewn ileal pouch-anal anastomosis following 
anorectal mucosectomy. 

ileum, to reach the anus without unacceptable tension. However, 
occasionally, the anatomy wi ll he such that specific maneuvers 
are required to allow the pouch to reach that level. lr should be 
routine to mobilize the posterior attachment of the entire small 
bowel mesentery to the third portion of the duodenum, 
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FIGURE 52-36 Fashioning of 
stapled ileal pouch- anal 
anastomosis . 
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FIGURE 52-38 Fry 1. 

exposing the inferior portion of the head of the pancreas. An 
estimate of the ease of the pouch reachi11g the anus can be made 
by drawing the selected apex of the anticipated pouch over the 
symphysis pubis, with the expectation that it sbould extend 
6 em !beyond the pubis to reach the anal canal easily {Fig. 
52-38). This length may occasionally be obtained without 
further mru1euvers, but generally an addi tional 2 to 5 em of 
length wiiJ be necessary. To achieve this length, we usually divide 
the remnant of the ileocolic artery dose to its origin from the 
SMA (Fig. 52-39). This is aided by crru1silluminati.ng the mes
entery to visualize the mesenteric arteries. The SMA will sustain 
the viability of the pouch after excision of the ileocolic artery. 
1l1e apex of the pouch can be moved a few centimeters in either 
direction to dete rmine the point that will reach the farthest. The 
peritoneum of the mesentery may be serially incised on its ante
rior and posterior surfaces; these relaxing incisions can confer 
an additional I ur 2 em of length and are especially beneficial if 
the mesentery has been thickened by adbesions from previous 
surgery (Fig. 52-40). These mru1euvers will almost always suffice 
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Superior 
mesenteric artery 

FIGURE 52-39 Fry 2. 

___ Jil? 

FIGURE 52-40 Fry 3. 

w provide adequate mesenteric length to fusluon an anastOmosis 
berween the apex of the ileal pouch and anus. 

Tn rare cases, the anatomy may be such that the ileal pouch 
wiJJ not extend to read1 the anus. 'There have been reports of 
extending the small bowel mesentery with a saphenous vein 
interposition graft to the SMA, but this approach should only 
be used as a last resort.20 Another alternative to be considered if 
cl1e ileal pouch will not reach the anus, despite cl1e maneuvers 
described, is to close the ileal enterotomy at the apex of tbe 
poud1, leave the pouch residing in the pelvis above ilie anus, 
and fashion a loop ileostomy proximal to the pouch. 'There have 
been several reports of successful ileal pouch anal anastOmoses 
achieved several months later, when postoperative mesenteric 
lengthening permits adequate length for ilie pouch to reacb 
the anus. 

Some controversy exists concerning the advantages of per
forming a mucosecromy, especially as a routine component of 
cl1e procedure. The double-stapling technique may leave a small 
remnant of rectal mucosa at the anastomosis, whid1 in theory is 
at risk for the development of dysplasia and cancer. Large retro
spective long-term analyses of outcome.~ of this technique have 
failed to bear clus out. Mucosectomy has, however, been com
plicated by cancer arising at the anastomosis and extraluminally 
in the pelvis, eviden dy from islands of glands that remained after 
cl1e mucosa was incompletely removed. Although cancer is 
exceedingly rare. the mucosectomy technique may conceal. 
retained rectal mucosa in more than 20o/o of patients. 1l1e 
double-stapling technique permits surveillance and biopsy of 
the remaining mucosa. Avoiding the mucosecromy preserves the 
anal transition zone, wbich contains nerve endings involved in 
differentiating liquid and solid stool from gas, a11d is thus 
thought co provide superior postoperative continence. 

Controversy also exists regarding temporary fecal diversion. 
The pouch and anastomosis were traditionally protected wiili a 
diverting loop ileostomy; however, there are some proponents 
of the single-stage procedure without diversion. 11Jis approach 
has tbe advantage of a single operation that avoids the complica
tions accompanying an ileostomy. Disadvantages, however, 
include an increased risk for pelvic sepsis, usually caused by 
anastomotic leak of a poueil suture line or cl1e anal anastomosis. 
Most surgeons routinely perform a two-stage operation in high
risk patients, particularly those taking steroids preoperatively." 

Patients who undergo total proctocolectomy and lPAA 
typically have berween five and seven bowel movements in a 
24-hour period. Function continues to improve with time, with 
numerous studies demonstrating a decrease in the number of 
daily bowel movements during the ensuing 3 to 24 months after 
reestablishment of continuity. 

Restorative proctocolecromy and IPAA are associated with 
early and late complications. A common complication is small 
bowel obstruction, occurring in up ro 27o/o of patients. Bowel 
obstruction after lPAA tends to be severe and requires surgery 
in almost 50o/o of cases. Another significant complication is 
pelvic sepsis. Anastomotic and pouch suture line leaks are dev
astatiJlg complications that can lead to pelvic abscess and seri
ously threaten the integrity and functionality of the poudl. 
Treatment of pelvic sepsis secondary to pouch leaks usually 
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requires a diverting Ueostomy and drainage of any abscesses. 
Delayed Ueostomy closure after reso.lution of IPAA complica
tions bas no deleterious functional effects. A pouch- vaginal 
fiswla is a specific form of pelvic sepsis that is difficult to manage 
and occurs in up to 7% of women. Persistence of the fistula after 
surgical closure (and nften temporary diversion) usually signifies 
w1derlying Crobn's disease and may result in the loss of the 
pouch in a signili.cant number of patients. 

Inflammation of the mucosa of the ileal pouch, or pouchi
tis, occurs in 7% to 33% of patients with ulcerative colitis 
treated by lPAA. Pouchitis typically presents with increased stool 
frequency, fever, bleeding, cramps, and dehydration. The cause 
is unknown but may be related to bacterial overgrowth, mucosal 
ischemia, or other local factors. Episodes usually respond to 
rehydration and oral antibiotics, usually metronidazole or cip
rofloxacin. Probiotics have been reported to provide dramatic 
resolution in some cases of pouchitis resistant to antibiotic 
therapy. 'Tl1e diagnosis of Crohn:~ disease must also be enter
tained in patients with significant pouchitis that does not 
respond to medical treatment. 22 

In some cases, the preoperative distinction between Crohn:~ 
disease and ulcerative colitis can be difficult, and the pathologist 
may label the disease indeterminate colitis. Patients with Crohn's 
disease are not candidate.~ for IPAA because the high incidence 
of recurrent inflammation in the pouch can cause abscesses, 
fistulas, and loss of the reservoir. Patients with indeterminate 
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colitis who w1dergo restorative proctocolectomy and JPAA who 
do not develop Crohn's disease have results that are more encour
aging; patients with indeterminate colitis are generally consid
ered candidates for IPAA if they w1derstand that they are at 
increased risk for pouch complications related to w1derlying 
Crohn's disease. 

Summary of Eledive Operations A suggested algorithm for elective 
operations for patients with intractable mucosal ulcerative colitis 
is presented in Figure 52-41 . Older patients or those with fecal 
incontinence should undergo a total proctocolcctomy with an 
end Ueostomy. Younger patients with no evidence of rectal dys
plasia should undergo restorative proctocolecromy and IPAA 
with a double-stapled anastomosis and diverting loop ileostomy. 
Patients with confirmed rectal dyspla~ia should be treated with 
mucosectomy and a hand-sewn JPAA. Patients with significant 
debility who are poor operative candidates should undergo a 
total abdominal colectomy with a very low Hartman n closure 
and an end ileostomy. 

Postoperative Care 
Postoperative care after restorative proctocolectomy with lPAA 
is similar to that for other major colorectal procedures. Naso
gastric tubes are usually removed at the completion of the pro
cedure, and liquid diets are offered to patients in the early 
recovery period. Diet is advanced with return of bowel fLLnction, 

;:o:65 years of age and/or .L fecal continence 
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ileostomy £ 

Yes 

' 

' Proctitis ± rectal dysplasia 

! 
No 

I 

t 
No 

l 
I PAA + anal mucosectomy 

with hand-sewn anastomosis 
+ diverting ileostomy 

Good operative risk 

t ' Yes 

IPAA with double
stapled anastomosis 
+ diverting ileostomy 

No 

~ 
Total abdominal 
colectomy with 

ileal-rectal anastomosis 
+ ileostomy + 

very low Hartmann 

FIGURE 52-41 Elective operations tor ulcerative colitis. 
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as evidenced by ileostomy funcrion. [fa pelvic drain is used, it 
is typically removed after 48 to 72 hours. Bladder catheters are 
typically left iJl place for 3 to 4 days, depending on the difficulty 
of pelvic dissection. A contrast enema is performed approxi
mately 10 weeks postoperatively to ensure an intacr IPAA. If the 
enema shows a leak, the conrrasr examination is repeated in 6 
weeks; almost 95o/o of anastomotic leaks heal in the absence of 
pelvic sepsis. lf the radiograph shows no leak, the diverting ileos
tomy is closed. 

Crohn's Colitis 
Originally desciibed as regional ileitis, Crohn's disease is a non
speci6c IBD tbar may affect any segmem of the Gl traer. Of 
patients with Crohn's disease, 15o/o have disease limited to the 
colon. The inflammatory process may affect the entire colon and 
mimic ulcerative colitis, or may affect only segments of the colon 
(Fig. 52-42). This section discusses C rohn's colitis; additional 
discussions of Crohn's disease are found elsewhere in this text. 

Epidemiology and Cause 
A rapid increase in the incidence of Crohn's disease occurred 
between 1965 and 1980 and, since then, the incidence has 
increased at a slow pace. Tius is in contrast to the incidence of 
ulcerative colitis, whlch has been relatively constant over the 
san1e time period. The incidence of Crohn's disease varies 
between I and 10/1 00,000, dependiJ1g on the geographic 

FIGURE 52-42 Crohn's colitis. This barium enema x-ray demonstrates 
segmental inflammation of the left colon, characteristic of Crohn's 
disease. The rectum is spared, a d inical finding that is useful in dis
tinguishing Crohn's colitis from ulcerative colitis. The rectal mucosa is 
almost always affected in patients with ulcerative colitis. whereas the 
pattern of colonic inflammation is variable in Crohn's colitis. 

location, with the highest incidence in Scandinavian countries 
and Scotland, followed by England and North America. Similar 
to ulcerative colitis, there is a bimodal age distribution, with 
peaks between ages 15 and 30 years and a second smaller peak 
between 55 and 80 years of age. Crohn's disease is more common 
among patients of Jewish descent and occurs more frequently in 
urban residents. 

The cause of C rohn's disease has not yet been deternliHed. 
Three prevalent theories include response to a speci6c infectious 
agent, a defective mucosal barrier allowing an increased exposure 
to antigens, and an abnormal host response to dietary antigens. 
One infectious agent that bas generated some interest is Mycobac
terium pamtuberculosis, whlch has been isolated in up ro 65o/o of 
tissue san1ples from Crobn's patients. A statistically signi6cant 
association between the onset of Crohn's diseao;e and prior use of 
antibiotics has also been observed. Smoking appears to be a risk 
factor for C robn's disease and, after intestinal resection, the risk of 
recurrence is greatly increased in smokers. Several studies have also 
shown an increased risk in patients taking oral contraceptives. 

Advances iJ1 molecular biology have intensi6ed the search 
for genetic factors and pathogenetic mechanisms in Crohn's 
disea~. The NOD2/CARDJ5 gene, located on chromosome 16, 
has been shown to be involved iJl the activation of nuclear 
factor-KB (NF-KB), a transcription facror that plays a significant 
role in C rohn's disease. Specific genotypes may also determine 
susceptibility, location, and behavior of Crohn's disease.23 

Pathologic Features 
Gross Appearance Crohn's disease is a transmural, predominantly 
submucosal in.flantmation characterized by a thickened colonic 
wall. lhe affected mucosa observed by endoscopy is often 
described as having a cobblestone appearance. In severe disease, 
the bowel wall may be entirely encased by creeping fat of the 
mesentery, and strictures may develop in the small and large 
intestines. The mucosa may demonstrate long, deep linear ulcers 
that resen1ble railroad tracks or bear claws (Fig. 52-43). Normal 
mucosa may intervene between areas of inflammation, causing 
skip areas characteristic of the disease. 

Histologic Appearance Crol111's disease is d1aracterized nlicroscop
ically by transmural inflammation, submucosal edema, lym
phoid aggregation and, ultimately, fibrosis. 'TI1e pathognomonic 
hlswlogic feature of Crohn's disease is the non caseating granu
loma, a localized, well-formed aggregate of epithelioid histocytes 
surro unded by lymphocytes and giant cells (Fig. 52-44). Granu
lomas are found in 50o/o of specimens resected in Crohn's disea.o;e; 
however, the number identified by colonoscopic biopsy is fa.r 
smaller. 

Clinical Presentation 
Patients with Crohn's disease may present with a wide spectrum 
of severi ty, from subtle symptoms to overwhelming fulminant 
disease. The d1aracteristic triad of symptoms-abdominal pain, 
diarrhea, and weight loss- mimics that of viral gastroenteritis 
or irritable bowel syndrome. Otl1er symptoms may include 
anorexia, fever, and recurrent oral aphthous ulcers. Patients with 
a fan1ily history of Crohn's disease tend to present with more 
extensive disease. In com:rast to ulcerative colitis, in which tbe 
rectum is invariably involved, only 60o/o of patients with Crohn's 
colitis have rectal disease. Two thirds of patients with Crohn's 
colitis have involvement of the entire colon. 
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FIGURE 52-43 Crohn's colitis. linear ulceration of the mucosa, giving 
appearance of a railroad track or bear daw ulcers. 

FIGURE 52-44 Crohn's colitis with noncaseating granuloma. 

Anal disease, .including anal fistulas, fissures, strictures, 
edematous skin tags, and erosion of the anoderm, occurs in up 
to 30% of patients with Crohn's disease of the terminal ileum 
and in more than 50% of patients with colonic disease. Anal 
disease in a patient with colitis suggests a diagnosis of Crohn's 
disease because primary anal disease is unusual in patients with 
ulcerative coUtis_ 

Diagnosis 
1he differential dlagnosis of Crohn's colitis includes ulcerative 
colitis and various infectious agents. As for patients with ulcer
ative colitis, stool should be sent for culture and examined for 
ova and parasites. The diagnosis of Crohn's colitis is made by a 
combination of clinical, endoscopic, and radiologic features. 
Barium enema may not den1onstrate any abnormalities in mild 
and early disease; colonoscopy is the more sensitive diagnostic 
modality. The dlisease is often patchy in distribution; however, 
some patients may have granular and friable mucosa in a con
tinuous pattern iJwolviJ1g the entire colon and rectum. Edema 
of the mucosa and aphthous ulcers are present in early Crohn's 
disease, with deep Unear Ldcers present in more severe disease 
aJ1d strictures more prevalent in chronic disease. It is at times 
difficult to distinguish Crohn's disease from ulcerative coUtis, 
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FIGURE 52-45 Small bowel contrast study demonstrating string sign 
caused by inflammation and narrowing of the terminal ileum. 

particularly if the rectunl is involved. Biopsy samples should be 
obtained. However, unless a granuloma is identified, distin
guishing between the two diseases may stiU be difficult. 

An air-contrast enema may provide useful information in 
making tbe diagnosis and determining the extent of the disease. 
Characteristic radiologic findings in Crohn's colitis are skip 
lesions , contour defects, longitudinal aJ1d transverse ulcers, a 
cobblestone-like mucosal pattem, strictures, thickening of the 
haustral margin, and irregular nodular defects. A smaU bowel 
series or enterodysis should be performed in aU patients with 
suspected Crohn's disease or ulcerative colitis. Lwolvemem of 
the smaU intestine strongly favors the diagnosis of Crohn's 
disease (Fig. 52-45). Cf may demonstrate thickening of the 
colon, adenopathy, or intra-abdominal abscess. 

Treatment 
Medical Therapy 'TI1e medical treatment of Crohn's disease is 
similar to that of ulcerative colitis and includes aminosaUcylates, 
steroids, and im.munomodulatory medications (e.g., 6-MP, aza
thioprine, cyclosporine). One imrnunomodulatory drug that 
deserves mention in the treatment of Crohn's disease is inilix
imab, a monoclonal anti-TNF-a. antibody designed to block 
the TNF-a. receptor in an effort to decrease inflammation. Inf
liximab is given as aJ1 IV infusion to treat Crohn's disease in 
steroid-dependent or intractable patients and has also been 
shown ro be of usc in patients with cl1ronic draining fistulas. 
Two thirds ofpatients with Crohn's disease and fistulas who were 
treated wiclJ inRiximab demonstrate a significant decrease in the 
number of fistulas. Methotrexate has also been shown to be of 
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Intractability 
Intestinal obstruction 
Intra-abdominal abscess 
Fistulas 
Fulminant colitis 
Toxic megacolon 
Massive bleeding 
Cancer 
Growth retardation 

benefit in pattients with colonic Crohn's disease who are 
steroid-dependent. 

Indications for Surgery The indications for surgery in patients 
wi.th Croh n's coli tis are presented in Box 52-2. Operative treat
ment in Crohn's disease is intended to relieve symptoms when 
medical management has failed, correct complications, and 
prevent the development of cancer. It must be recognized that 
Crohn's disease is a pan-GI disease, and surgical in tervention 
may therefore not cure the patient. 

lntrodobillty Patients who fail to respond to optimal medical 
therapy for C rohn's disease and remain debilitated are often 
referred for sttrgical consultation. As with ulcerative colitis, this 
represents the most common indication for operarive treatment 
for Crohn's disease. 

lntestinol Obstrodion Lnestinal obstruction in Crohn's disease 
may be caused by active inflan1mation, a fibrotic stricture from 
chronic disease, or an abscess or phlegmon causing a mass effect. 
Adhesions from previous abdominal operations must also be 
considered. Obstruction typically involves tbe smal l intestine, 
although large bowel obstruction from strictures may occur. 
Initial treatment includes bowel rest, nasogastric decompression, 
rv fluids, and anti-inflan1Jllatory medications, usual ly steroids. 
Obstruction caused by a stricture at a colonic anaHomosis may 
be treated by endoscopic balloon dilation. 

lntro-Abdomlnol Abscess An intra-abdominal abscess in Crohn's 
disease is the result ofi.ntestinal perforation caused by transmu
ral inflanm1ation. An abscess is usually diagnosed by CT and 
can often be managed nonoperatively with CT-guided percuta
neous drainage and antibiotics. If percutaneous drainage is not 
feasible or the patienr does not respond to this therapy, lapa
rotomy, drainage of the abscess, and resection of the involved 
bowel are indicated. 

Fistu/os Fistulas may develop between the intestine and any 
other intra-abdominal organ, including the bladder, bowel, 
uterus, vagina, and stomach. Up to 35% of patients with Crohn's 
disease develop these fistulas, most of which involve the small 
intestine. Asymptomatic enreroenteric or enrerocolic fistulas 
may not require operative therapy. A common fistula associated 
with Crohn's dlisease is an ileosigmoid fistula, which usually is 
caused by ileal disease with secondary involvemem of the 
sigmoid. Symprtomatic patients should undergo resection of the 
terminal ileum .. When the i11Aan1mation in the sigmoid colon 
is minimal, the sigmoid defect can be primarily closed. Extensive 

inflammation in the sigmoid, however, also requires resection of 
the s:igmoid colon. Colovesical and colovaginal fistulas require 
resection of the diseased bowel and closure of the bladder or 
vagina, with interposition of omentum between the bowel and 
contiguous organ. 

Emerocmaneous fistulas in Crohn's disease may develop 
spontaneously, typically with ileal d isease, or as the result of an 
early postoperative anastomotic breakdown. Patients are initialJy 
treated with bowel rest and drainage of any intra-abdominal 
abscess. Parenteral nutrition and medical treatment of the disease 
may result in spontaneous closure of the fistula; however, opera
tive treatment is often necessary. 

Fulmlnont Colitis ond Toxic Megocolon Patients wi th Crohn's 
disease may p resent with fulminant colitis in a fa~hion similar 
to patients with ulcerative colitis presenting with toxic megaco
lon. Fulminant colitis typically presents with high fever, severe 
abdomi11al pain, tenderness, tachycardia, and leukocytosis. 
Patients should be monitored in an intensive care unit and given 
rv fluids, bowel rest, antibiotics, and steroids. If there is evidence 
of clinical deterioration, or if there is no signi£cant improvement: 
withi n 48 to 72 hours, subtotal colectomy with an end ileostomy 
is indicated. Patients with toxic megacolon caused by Crohn's 
disease undergo surgical treatment similar to that for patients 
with toxic megacolon caused by ulcerative colitis. Because the 
pathologic process in Crohn's disease involves inflan1mation of 
the entire bowel wall, the colo.nic dilation d1aracteristic of toxic 
megacolon may not occur in patients with Crohn's disease, but 
the toxicity of the colitis may be no less severe. 

Mosslve Bleeding Massive bleeding, although less commoJJ in 
Crohn's disease than in ulcerative colitis, has occurred in up to 
13% of patients in some series. 1he terminal ileum represents 
the most common site of bleeding. If the disease involves the 
colon and spares tbe ileum, and the bleeding does not respond 
to medical therapy, flexible sigmoidoscopy or proctoscopy 
shotlld be performed to rule out a rectal source. Appropriate 
operative treatment in the rare cases of colonic bleeding for 
Croh.n's colitis is abdominal colectomy and ileostomy or ileorec
tal anastomosis if the rectum is not inflan1ed. 

Concer The risk for development of carcinoma of the colon is 
not as high as the risk in long-standing, chronic ulcerative colitis, 
but it is present; therefore, patients with chronic active disease 
require periodic colonoscopic surveillance and biopsy. 14 The 
presence of high-grade dysplasia is an indication for colectomy:. 
Patients who have undergone intesti11al bypass for Crohn's 
disease have an increased risk for developing carcinoma; there
fore, a bypassed segment of Crohn's disease should be resected, 
if possible. 

Extrocolonlc Monlfestotions Extraintestinal manifestations of 
Crohn's disease arc sinular to those associated with ulcerative 
colitis. With the exception of PSC, cirrhosis, and ankylosing 
spondylitis, most extracolonic manifestations of Crohn's disease 
improve after resection of the diseased bowel. 

Growth Retordotion Young paricms with Crohn's disease and 
ulcerative colitis may have impaired growth and mental develop
ment. Growth fail ure is often the result of prolonged inadequate 
caloric intake; therefore, nutritional support is an important: 
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component of care in these patients. Resection of severely dis
eased segments of bowel before puberty may help eliminate 
growth retardation and premature closure of bone epiphyses. 

Surgical Procedures Because surgical intervention is not curative, 
medical therapy is the mainstay of rreatmenr for Crohn's disease. 
Recurrence rates after surge•y are high, and the risk continues 
with the passage of time. Therefore, an important principle in 
the surgical treatment of Crolm's disease is to resect only enough 
intestine to improve symptoms or correct complications. lntes
tine should be resected with the aim of obtaining margins free 
of disease by gross inspection. Frozen sections of the margins of 
resection are unnecessary because positive microscopic margins 
are not predictive of postoperative recurrence. Resection of 
grossly nom1al-appearing intestine may eventually lead to a 
short bowel syndrome, with insufficient absorptive surface to 
maintain nutrition. A suggested algorithm for elective opera
tions for patients with intractable Crohn's disease is presented 
in Figure 52-46. 

Ileocecal Resedion ileocecal resection is .indicated for patients 
with severe disease of the terminal ileum resulting in obstruction 
or perforation. It typically iJwolves resection of approximately 6 
to 12 inches of the terminal ileum and cecum, with an anasto
mosis created be·tween the ileum and ascending colon. The ter
minal ileum is tr:ansected 2 em proximal to the grossly apparent 
Crohn's disease. Stricturoplasty is not indicated for disease of the 
terminal ileum. ln most series, the recurrence rate of Crohn's 
disease requiring reresection in patients who have undergone 
ileocolic resection, is approxiJ11ately 50% in 10 years. 

Occasionally, patients prcsentmg with acute distal ileal 
disease (fever, right lower quadrant abdominal pain, leukocyto
sis) are misdiagnosed as having appendicitis. Traditional therapy 
for patients with tem1inal ileitis found at the time of surgery for 
appendicitis has been to perform an appendectomy when the 
cecum is normal, leave the ileum in place, and treat with medical 
therapy after surgery. A contradictory experience, however, has 
reported that 92% of patients found to have terminal ileitis at 
the time of surgery and who did not undergo resection require 
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ileocolic resection for complications of Crolm's disease within 
12 yea:rs.24 Terminal ileitis may also be caused by Yersinia entero
colitica and Cttmpylobacter spp., and distinguishing these pro
cesses from Crolm's disease intraoperative!}' may be dlfficulc. 

Total Prodocoledomy With End Ileostomy Toral procrocolecromy 
with end ileostomy involves removing all tl1e abdominal colon, 
rectum, and anus and is indicated for patients with CrohH's 
disease involving d1e entire colon and rectum or when fecal 
incontinence is too severe to warrant preserving the recrum .. 
Disadvantages of this procedure include delayed healing of the 
perineal wound and problems with malabsorption. lntersphiJlc
teric procteccomy decreases the iJ1cidence of perineal wound 
complications. Rapid small bowel transit and malabst>rption of 
nutrients may occur more frequently after chis procedure in 
patients with Crolm's disease as compared with patients with 
ukerative colitis, because variable an1ounts of terminal ileum 
may be involved in the disease process. 

Toto/ Abdominal Coledomy With /leoredal Anastomosis or End 
Ileostomy Total abdominal colectomy with Ueorectal anastomo
sis is i.ndicated for patients with Crohn's colitis with sparing of 
the rectum and anus and offers the best functional result in 
patients who wish co maintain intestiJ1al contiJlllity. After tllis 
procedure, patients may expect to have between fom and six 
bowel movements daily. The major disadvantage of the opera
tion is the high likelihood of recurrence requiring completion 
proctectomy and ileostomy. Numerous studies have shown that 
approxinlateJy 50% of patients require proctectomy within 10 
years. Patients who are poor operative candidates may best be 
served with a total abdomiJ1al colectomy and proximal proctec
tomy, with low Hartmann's closure and end ileostomy. 

Segmental Colon Resedion Between 1 Oo/o and 20% of patients 
with Crolm's co)jtis bave disease limited to a segment of colon. 
Segmental colon resection may therefore be an option fnr 
patients with limited colonic disease associated with stricture or 
obstruction. Ir is contraindicated for patients with severe rectal 
or anal disease. As with total abdominal colectomy and il.eorectal 
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FIGURE 52-46 Elective operations tor Crohn's colitis. 
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anastomosis, the major disadvantage of segmental col.on resec
tion is the high rate of recurrence requiring subsequent opera
tions. Within 5 years, recurrence rates range between 30% and 
50%, with 60% of patients requiting reoperation by 10 years. 
Despite these high recurrence rates, segmenta1 colectomy may 
be a good oprio n for parienrs wi th limited disease who wish ro 
avoid an ostomy. 

Postoperative Recurrence A number of risk factors have been 
identified for recurrence of Crohn's disease after resection, 
including duration and severity of Crohn's disease before initial 
resection, smolk.ing, and the presence of granulomas in the 
resected specimen. Longer disease-free resection margins and 
various types of anastomoses (i.e., end-to-side or side-to-side) 
have not been shown to affect recurrence rates. The reoperative 
rate for patients with Crohn's disease is 4% co 5%/year. In 
patients wi th Crobn's disease limited to the colon, total procto
colectomy has tb.e lowest recurrence, with rates varying between 
10% and 25%, depending on the length of foUow- up. 

Maintaining remission of Crohn's disease after resection 
remains an area of active investigation. Options include treat
ment with 5-ASA compounds. antibiotics. and the thiopuri.nes 
azathioprine and 6-MP. A meta-analysis has demonstrated an 
18% reduction in postoperative recurrence in patients treated 
with 4 g/day of 5-ASA. Metronidat.ole given for 3 months after 
surgery also has been shown to decrease recurrence; however, the 
side effects oflong-term treatment with this medication preclude 
its routine use. In comparison with 5-ASA, azathioprine has 
been shown to l1ave equal reduction in postoperative recurrence, 
with an increased benefit in patients who have undergone at least 
one previous resection? 5 Prophylaxis is typically begun within 2 
weeks after surgery. 

INFEcnous couns 
Various forms of infectious enteritis are brought to the attention 
of the surgeon hecause they may present as an acute abdomen, 
masquerade as Crohn's disease or ulcerative colitis, result from 
standard ueatment for a surgical procedure (prophylactic anti
biotics for intestinal operations), or progress to the point that 
surgical treatment is required. The initial evaluation of a patient 
with diarrhea :suspected of having IBD should include stool 
samples to be evaluated for C jejuni, Y. emerocolitica, Sttlmone/M 
t;'j>hi, and C difficile. 

C jeju11i is a leading cause of infectious colitis worldwide 
and has become one of the major causes of infectious diarrhea 
in the United Sta.tes. C jejuni is a curved, microaerophilic, 
gram-positive rod. Symptoms and findings of Cttmpjdobttcter 
enteritis are similar to those of other nonspecific IBDs and 
include bloody diarrhea, abdominal pain, fever, nausea, and 
vomiting. Toxic megacolon resulting from C jeju11i is rare but 
has been reported. Endoscopic evaluation usually shows an 
edematous, inflamed mucosa, and histologic examination is 
usually nonspecific; dark .field microscopy may idenril)r the 
organism. Treatment of Cttmpylobttcter enteritis is with 
ciprofloxacin. 

Y. emerocolitictt can also cause an enteric infection, most 
commonJy in imfanrs, young chiJdren, and yow1g adults. It typi
cally occurs iJ1 the ~eocecal region, thereby mimicking appen
dicitis and CFohn's disease. Patients infected with Yersi11it1. 
typically presem with bloody diarrhea and abdominal pain. 
Diagnosis is made by isolation of the bacteria from the stool. 

Rad.iographica.Uy, the terminal ilelLm may dem.onsuate a coarse, 
irregular, nodular mucosal pattern with ulcerations; however, 
because the disease is confined to the mucosa and submucosa, 
the characteristic suiJ1g sign seen in Crohn's disease is absent.. 
Yersinia enteritis wiU often resolve with supportive care alone; 
however, in more severe cases, parienrs should be treated with 
an1in oglycos.ides or trimethoprim-sulfamethoxazole. 

S. typhi causes an infectious enterocolitis in 16 million 
people worldwide arulllally and is the cause of typhoid fever. 
invasion of the mucosa and submucosa of the small bowel and 
colon leads to an inBammatory reaction and release of an endo
toxin from the bacterial cell. Severe septicemia may also occur 
if d1e organism enters the bloodstream. Toxic megacolon and 
intest,iJ1al perforation have been reported with S. typhi iJ1fection 
and, on rare occasions, patients may develop massive lower GJ 
bleeding. Gangrenous cholecystitis has also been reported with 
typhoid fever. Diagnosis is based on culture of the organism 
from the stool or blood. Medical management includes treat
ment with Auoroquinolones or third-generation cephalosporins. 
Surgical intervention is warranted in cases of peritonitis second
ary to perforation and generaUy requires resection of the affected 
bowel or diversion. 

C dijficile is a gran1-positive, spore-forming anaerobic 
microorganism related to d1e bacteria d1at cause tetanus and 
botulism. The organism has two forms, an active, infectious 
form that is difficult to culture and cannot survive in the envi
ronment for prolonged periods, and an inactive spore that can 
survive for long periods and can be ofren be fOLmd in hospirals, 
operating rooms, nursing homes, and extended care facilities. 
'The spores can enter the intestinal tract and uansform iJlto the 
active form of the organism. Usua!Jy, the growth of the active 
organism is suppressed by the normal (autochthonous) bacteria 
of d1e colon, but antibiotics that suppress the colonic .Bora 
permit overgrowth of C. difficile, whjch releases toxins that cause 
diarrhea.. 

C difficile produces two rox.ins (A and B), both of whicl1 
are important in the pathogenesis of pseudomembranous colitis. 
Toxin A, the toxin that directly leads to the development of 
colitis, is released by the bacterium and binds to a colonocyte 
glycoprotein receptor. This leads to the destruction of the colo
nocyte and the release of inflan1.matory mediators. Toxi.n A is 
also a chen10attractant for neutrophils and activates macro
phages and mast cells, resulting in furtl1er inBammation and 
systemic symptoms of sepsis. Toxin B is also a potent cytotoxin 
and has the potential to cause colitis, even in strains of C difficile 
that do not produce toxin A. 

C difficile colitis typicaiJy begins within 4 ro 9 days after 
the initiation of antibiotics, although 25% of patients may nor 
become symptomatic until up to 10 weeks after a course of 
antibi.otics. ClinicaUy, it may present as diarrhea, self-limited 
colitis, pseudomembranous colitis, toxic megacolon, or fulmi
nant colitis. Diarrhea is often accompanied by crampy abdomi
nal pain and anorexia., and patients may also have fever, 
leukocytosis, and elecuolyte abnormali ties. 

Laboratory diagnosis can be made by den1onstrating the 
toxins in the stool with an enzyme-linked inmwnosorbcnt assay 
(ELISA). These tests can be performed within bours; however, 
their accuracy is not 100%. Therefore, a negative test does nor 
rule out the disease. The test of choice to confirm the suspected 
diagnosis is the stool cytotoxin test, which has a high sensitivi ty 
(94% to I 00%) and specificity (99%). A stool sample is filtered 
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and added to cultured fibroblasts. A cytopathic effect that is 
neutralized by specific antiserum confirms the diagnosis. 
However, the test is expensive and requires overnight incubation 
and a tissue cuJitllre facility. If the diagnosis remains unclear, 
proctoscopy or £1exible sigmoidoscopy may reveal inflamed 
mucosa covered by yellowish plaquelike membranes, or pseudo
membranes. These are composed of a mixture of inAan1matory 
cells, fibrin, and bacterial and cellular components and are seen 
in approximately 25o/o of patients with mild disease and 87% of 
patients with fulminant coUtis. 

Treatment should be tailored to the severity of the disease. 
For mild cases (patients without fever, abdominal pain, or leu
kocytosis), cessation of all antibiotics may be the onJy treatment 
necessary. Patients with more severe diarrhea or toxic symptoms 
should be treated by discontinuing the causative antibiotics and 
adminjstering antibiotics directed against C difficile. Vancomy
cin (oral) or metrorudazole (oral or IV) are equally effective 
against the organism and improvement is usually seen within 3 
days of initiating therapy. Treatment is generally continued for 
10 days, but relapse occurs in approximately 25o/o of cases after 
cessation of treatment. Recurrence is treated with a repeated 
course of vancomycin or metronidazole. 

There have been reports of patients with refractory C dif
ficile colitis in whom the pathologic bacteria cannot be eradi
cated with repeated and prolonged treatment by vancomycin or 
metronidazole, but in whom the symptoms of diarrhea and 
hematod1ezia persist but do not progress to a state of severe 
toxicity. Attempts ro resrore the normal coloruc flora with a fecal 
transplant, usually with srool obtained from a fan1ily men1ber, 
have been reported to be successful?6 For obvious reasons, this 
treatment has not gained popular acceptance. 

Severe cases of C difficile colitis may progress to a fulmi
nant disease and roxie megacolon. In sud1 cases, abdominal 
colectomy with nJeostomy is indicated. Unfortunately, the mor
tality rate associated with C difficile colitis of such severity that 
colectomy is required is higher than 50%. 

There have been reports of outbreaks of especially severe C 
difficile colitis associated with a higher mortality rate than cl1at 
expected with the usual strains. This strain has a defective gene, 
TxcD, wb.icl1 is associated with extremdy high toxin production 
by cl1e bacteria. Currencly used diagnostic tests do not distin
guish this strain from the usual strain, but it responds to treat
ment with metronidazole or vancomycin. 

COLONIC ISCHEMIA 
Colonic ischemja (Cl) is the most common form of intestinal 
ischemia. Most attacks are transient and resolve spontaneously; 
thus, the entity is often misdiagnosed or untecognized. Although 
the cause of many cases of Cl is obscure, aortic surgery, arterio
sclerotic disease, and conditions causing transient hypotension 
have heen implicated. Other factors a..o;.~ociated with ilie disease 
include the use of oral contraceptives, cocaine abuse, hereditary 
coagulopathies, long distance running, and certain bacterial 
pathogens, incllllding cytomegalovirus (CMV) and E. coli 
0157:H7. 

As described earlier, the colon is supplied with arterial 
blood from the superior and inferior mesenteric arteries. There 
are collateral chruu1els d1ar may develop berwee11 rhese major 
mesenteric arteries; it is not unusual for the marginal artery or 
the arc of Riolan to provide collateral circulation adequate to 

sustain the left colon if the lMA has been gradually occluded by 
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atherosclerosis. Actually, the IMA is frequencly occluded in con
ditions requiring aortic surgery and, in such circumstances, tran
section of the IMA does not require reimplantation. However, 
in this situation, the left colon is dependent 011 collateral blood 
supply and transient hypotension at me time of the vascular 
procedure or immediardy after surgery may result in ischemic 
injury to the vulnerable colonic mucosa 

Tl1e spectrum of CI includes transient ischemia, chronic 
ischemia, and gangrene. The disease is usually segmental in 
nature. lf the ischemia is Lin:Uted to the most vulnerable layer of 
the intestine, the mucosa, the disease may be transient and 
recovery may be complete. More significant ischemia involving 
the muscularis may result in scarring ru1d a chroruc stricrure. 
Ischen:tia affecting the full thickness of the bowel wall may result 
in gangrene, with perforation and fecal peritonitis. 

Tl1e signs and symptoms of CI include abdominal pain, 
bematod1ezia, and fever. The.~ symptoms vary considerably, 
depending on cl1e severi.ty of the ischemia and length and 
thickness of the colon that is affected. Ischemia limited to a 
small segment of mucosa may cause cran1ping abdominal pain 
and passage of a small amount of blood; more significant 
mucos:al ischemia may result in more severe abdominal pain 
ru1d tenderness over the affected segment of colon, bacterial 
translocation, fever, leukocytosis, and acidosis. Compromise of 
blood supply to the full thickness of the colonic wall results in 
severe abdominal pain, fever, leukocytosis, acidosis, and signs 
of peritonitis. 

Rapid and accurate diagnosis permits me instirution of 
supportive measures or wicl1drawal of offending medications 
(e.g., oral contraceptives) that may halt the progression of the 
disease and prevent mucosal ischemia from progressing to trans
mural gangrene. Early diagnosis is obviously facilitated by a high 
suspicion for CI in cl1e setting of mild to moderate abdominal 
pain, fever, ru1d bloody diarrhea. 

Radiologic investigation of Cl usually begins with a plain 
film of the abdomen. The resulting picture is often nonspecific, 
but findings suggestiveofCI include an ileus, an isolated segment 
of distended colon or, more specifically, rnumbprinting-a sign 
caused by iJJtestlnal wall edema or submucosal hen1orrhage. Free 
intraperitoneal air can result from gangrene causing intestinal 
perforation. 

'TI1e use of a barium enema for the diagnosis of acute CI 
has become obsolete. The risk for perforation and barium peri
tonitis in cl:Us circumstance is unacceptable. Water-soluble con
trast studies also carry a risk for perforation of the compromised 
intestine and should be avoided in the acute setting. However, 
contrast enemas are useful and acceptable for the detection and 
evaluation of a stricture that may have developed because of 
iscl1emia. 

Flexible sigmoidoscopy provides the advantage of direct 
visualization of the colonic mucosa. Bacterial or viral cultures 
may be obtained and biopsies may be taken. Unfortunately, 
biopsies of the mucosa in this setting are typically nonspecific 
and uninformative. The segment of large bowel most prone to 
ischemia is the sigmoid. Cases of isolated ischemic proctitis have 
been reported but are rare. All segments of tbe colon may be 
involved, but it is rarely necessary to visualize the co.lon beyond 
the level of the spleJlic flexure to establish the diagnosis. The 
finding of hemorrhagic dusky mucosa .is ty_pical. Patches of 
inflammation may be i.nterspersed with healthy-appearing 
mucosa. Tl1e major disadvantage of endoscopic diagnosis of CI 
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is the inability to distinguish between mucosal and cransmural 
gangrene. 

cr with IV contrast is useful in such a situation. This 
modality also may permlt visualization of the arterial supply to 
the entire intestine. Arteriography is not indicated unless it is 
believed that acme mesenteric ischemia involves the small intes
tine. Arteriography does not change the management or outcome 
of clinically apparent CI. 

Treatment of CI depends on the presentation and severity 
of signs and symptoms (Fig. 52-47). Hospital admission, N 
fluids, bowel .!'est, and gencral supportive measures until the 
patient is pain-free are usually adequate treatmellt for mucosal 
ischemia. Because loss of imegrity of the mucosa may result in 
bacterial translocation, broad-spectrum antibiotics are generally 
advocated for the treatment ofCI. Level l evidence for antibiotic 
treatment in humans is nonexistent, but antibiotics are associ
ated with increased survival in rat models of CI. 

There is a recognized risk for CI after abdominal aortic 
operations and this diagnosis must be considered when abdomi
nal pain, fever, leukocytosis, or acidosis occurs after this type of 
surgery. Flexible sigmoidoscopy is indicated to establish the 
diagnosis. Monitoring of the patient includes serial abdominal 
examinations and frequent recording of vital signs, urine output, 

Diagnosis by colonoscopy or BE 

Evolving 
peritoneal signs or 

clinical deterioration 

t 

IV fluids, antibiotics 
NPO 
Maximize cardiac output 
Avoid vasopressors 

Continued diarrhea, 
bleeding, protein-losing 
colopathy >2-3 weeks 

Stable or 
improving 

blood pH, and white blood cell count. Supportive measures are 
provided as described earl.ier. [f transmural gangrene is sus
peered, immediate operation is indicated. 

Surgical intervention for CI is relatively uncommon but, 
when it is indicated, the procedure of choice is partial or total 
colecromy with or wi[hour an end sroma (Box 52-3). Unlike 
mesenteric ischemia involving the small bowel, revascularization 
procedures to establish blood flow to the colon arc not indicated. 
Indications for operation in CI are fairly straightforward. 
Colo·nic perforation is a clear indication for laparotomy and 
resection of the ischemic segment with end ileostomy or colos
tomy. Total CI is rare, but cases have been reported to mimlc 
fulminant colitis or roxie megacolon. These require treatment 
by total colectomy and end ileostomy. Although rare, massive 
bleeding in the setting of acute ischemic colitis is a serious and 
life-threatening occurrence. Subtotal colectomy with an end 
ileostomy is usually indicated in this situation unless tbe specifi
cally involved segrnellt of colon can be accurately identified and 
resected. 

Indications for surgery in subacute situations are uncom
mon. However, patients who remain symptomatic, with pain, 
bleeding, diarrhea, or recurrent bouts of sepsis for 2 to 3 weeks 
after presentation with no improvement, may require operation. 

Laparotomy Consider repeat BE 
or colonoscopy after 

1-2 weeks 

Resection of 
involved bowel 

t 
Segmental 

colitis 
Normal 

J Symptomat~ l 
Recurrent fever ...., 

or sepsis 

Asymptomatic 

Stricture ____. 
formation 

• J 
Observe Treat as lBO? 

FIGURE 52-47 Management of colonic ischemia. 
BE, Barium enema. 
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Acute Indications 
Peritoneal signs 
Massive bleeding 

IS(hemia-:-lndicCitions for. Surgery . 

Universal fulminant colitis, with or without toxic megacolon 

Subacute Indications 
Failure of an acute segmental ischemic colitis to respond 

within 2 to 3 wk, with continued symptoms or a protein
losing colopathy 

Apparent healing but with recurrent bouts of sepsis 

Chronic Indications 
Symptomatic colon stricture 
Symptomatic s . mental ischemic colitis 

Whether to fashion an anastomosis in this setting is unclear. 1he 
nature of this disease and potential for serious septic complka
tions argues for creation of a stoma. 

Cbronlc sequelae of CI include stricture formation and 
chronic segmental colitis. Strictures can be symptomatic, 
depending on their location and diameter. Strictures usually 
affect the sigmoid colon. Indications for treatmem .include 
obstructive symptoms, diagnostic LU1Certainty {suspicion of 
cancer as a cause of stricture), and impediment to endoscopic 
examination of suspected colonic lesions in the colon proximal 
to the stricture. Ischemic strictures have been successfully dilated 
by endoscopic tecbnlques and stems. However, resection of the 
strictured segment with primary anastomosis is generally advo
cated for relatively healthy patients. 

Patients with chronic segmental colitis typicaUy have inter
mitcent symptoms of pain and bleeding. Endoscopic exanlina
tion reveals inflammation limited to a segment of colon, usually 
descending or sigmoid. Biopsy of the friable tissue is unrevealing 
but can rule out infectious causes. Frequendy, colonoscopic 
examination of patients after a bout of CI reveals completely 
normal mucosa, testifying to the transient, intermittent nature 
of the attacks. It is extremely rare that attacks recur in an inter
mittent fashlon that requi res surgical intervention. 

NEOPLASIA 
Adenocarcinoma of the colon and rectum is the third most 
common site of new cancer cases and deaths in men (following 
prostate and lung or brond1us cancer) and women. (following 
breast and lung or broncl1us cancer) in the Uni ted States. It was 
estimated that in 2009, there were 106,100 new cases of colon 
cancer (552,010 men and 54,090 women) and 40,870 new cases 
of rectal cancer (23,580 men and 17,290 women) diagnosed. In 
2009, 49,920 Americans (25,240 men and 24,680 women) were 
predicted ro die of colorectal cancer. The lifetime risk for devel
oping colorectal cancer in the United States is 5.51 o/o (1 in 18) 
for men and 5.10% (1 in 20) for women. 'TI1e risk for developing 
invasive colorectal cancer increases with age, with more than 
9Uo/o of new cases being diagnosed in patients older than 50 
years. 1l1e incidence of colorectal cancer in men from 1998 to 
2005 decreased at a rate of 2.8%/year and for women at a rate 
of 2.2%/year. The death rate for men and women decreased 
4.3% annually over the period from 2002 to 2005. There has 
been a significant increase in 5-year survival rates over the last 
30 years. The 5-year survival for colon cancer was 52% from 
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Table 52-2 Familial Risk and Colon cancer 

FAMILIAL SETTING 
General U.S. population 

One first-degree relative* with colon 
cancer 

Two first-degree relatives* with colon 
cancer 

First-degree relative* with colon 
cancer diagnosed ~0 yr 

One second- or third-degree relativel,l 
with colon cancer 

Two second- or third-degree 
relatives1,1 with colon cancer 

APPROXIMATE UFETIME 
RISK OF COLON CANCER 

6% 

Two- to threefold increased 

Three-- to fourfold increased 

Three-- to fourfold increased 

1.5-fold increased 

Two- to threefold increased 

One first-degree relative* with Twofold increased 
adenomatous polyp 

From Burt RW: Colon ca11<er screening. Gastroenterology 119:837-853, 2000. 
"First-<legree relatives include parents, siblings, and children. 
1Sa:ond-<legree relatives include grandparents, aunts, and uncles. 
'Third-degree relatives include great-grandparents and cousins. 

1975 to 1977, 59% from 1984 to 1986, and 65% from 1996 
to 2004. 1l1e 5-year survival for Americans with rectal cancer 
was 49% from 1975 co 1977, 57% from 1984 ro 1986, and 
67% from 1996 to 2004Y 

Colorectal cancer occurs in a hereditary, sporadic, or fanlil
ial form. Hereditary forms of colorectal cancer have been exten
sively described and are characterized by fan1.ily history, young 
age at onset, and the presence of other specific tumors and 
defects . Familial adenomatous polyposis (FAP) and hereditary 
non polyposis colorectal cancer (HNPCC) have been the subject 
of many investigations that have provided sig~lificant insights 
into the pathogenesis uf colorectal cancer. 

Sporadic colorectal cancer occurs in the absence of fan1ily 
history, generally affects an older population (60 to 80 years of 
age), and usually presents as an isolated colon or rectal lesion. 
Genetic mutations associated with the cancer are limited to the 
tumor itself, unlike hereditary disease, in wh.id1 the specific 
mutation is presem in all cells of the affected individual. Nev
ertheless, the genetics of colorectal cancer initiation and progres
sion proceed along sinillar pathways in. the hereditary and 
sporadic forms of the disease. Studies of the relatively rare inher
ited models of the disease have gready enhanced the understand
ing of the genetics of the fat more common sporadic form of 
the cancer. 

The concept offa.milial colorectal cancer is relatively recent. 
Lifetime risk for colorectal cancer increases for members in 
families in which the index case is young (<50 years) and the 
relative is dose (first-degree). 1he risk increases as the nun1bcr 
of fanilly members with colorectal cancer rises (Table 52-2). An 
individual who is a first-degree relative of a patient diagnosed 
with colorectal cancer before the age of 50 years is twice as likely 
as an iJ1dividual iJl me general population to develop the cancer. 
1llis more subtle form of inheritance has been the subject of 
much investigation. Genetic polymorphisms, gene modifiers, 
and defects iJl tyrosine kinases have all been in1plicated in 
various fom1s of fanlil.ial colorectal cancer. 
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APC K-RAS DCC p53 Other changes? 

Normal 
colonic 

epithelium 

l Dysplastic 
- aberrant 

crypt foci 

_ Early l lntermediate L late 
adenoma adenoma adenoma l Carcinoma l Metastasis 

Normal tissue - Tumor initiation Tumor progression - Neoplasia 

Familial 
adenomatous 
polyposis 

Accelerated 
(due to germline 
APC mutation) 

Normal Nearly 100% risk for 
colorectal cancer 

(5-10 years) 

Hereditary 
nonpolyposis 
cororectal cancer 

Normal Accelerated 70%-80% lifetime risk 
of colorectal cancer (due to germ line mutation 

in mismatch repair gene) 

(May be 1-3 years) 

FIGURE 52-48 Adenoma-carcinoma sequence in sporadic and hereditary colorectal cancer. (Ffom lvanovich JL. Read TE. Ciske OJ, et al: 
A practical approach to familial and hereditary colorectal cancer. Am J Med 107:68-77, 1999.) 

Coloredal Cancer Genetics 
The field ofcolo rectal cancer genetics was revolutionized in .1 988 
by the description of the generic changes involved iJ1 the progres
sion of a benign adenomatous polyp w invasive carciJ1oma. 
SiJ1ee then, there has been an explosion of additional informa
tion about the molecular and generic pathways that result in 
colorectal cancer. Tumor suppressor genes, DNA mismatch 
repair genes, and proto-oncogenes all contribute to colorectal 
neoplasia, in the sporadic and inherited fo rms. The Fearon
Vogclstcin adenoma-carcinoma multistep model of colorectal 
neoplasia represents one of the best-known models of carciJlO
genesis {Fig. 52-48). This sequence of tumor progression involves 
damage to proto-oncogenes and rumor suppressor genes. The 
multistep carcinogenesis model can serve as a template to illus
trate bow certaiJl early mutations produce accumulated defects 
resulting in neoplasia. Tl1e specific contributing mutations in 
genes such as adenomatous polyposis coli (APC) have been 
iJ1tenscly srudicd. It is iJnportant w view this model and others 
as progressive and ill flux while intercoru1ected cell cycle control 
pathways and new functions for well-known genes are becoming 
recognized (Talble 52-3). 

Specific Genes and Mutations 

Tumor Suppressor Genes 
Tumor suppressor genes produce pro teins that inhibit tumor 
formation by r;egulating mitotic activity and providillg illhibi
tory ceil cycle control. Tumor formation occurs when these 
inhibitory controls are deregulated by mutation. Point muta
tions, loss of heterozygosity (LOH), frame-shift mutations, and 
promoter hypermetbylation are aU types of genetic changes that 
can cause failuse of a wmor suppressor gene. These genes are 
often referred to as gatekeeper genes because they provide cell 
cycle inJJlbition and regulatory control at specific checkpoints 
iJ1 ceil division. TI1e failure of regulation of normal cellular fwlc
tion by rumor suppressor genes is appropriately described by the 

Table 52-3 Gene Mutations Ttlat Cause Colon Cancer 
TYPE OF DISEASE 

MUTAnON TYPE GENES INVOLVED CAUSED 
Germ line APC Familial adenomatous 

polyposis 

MMR HNPCC (Lynch 
syndrome) 

Somatic Oncogenes: Sporadic disease 
myc 
ras 
src 
erbB 

Tumor suppressor 
genes: 
TP53 
DCC 
APC 

MMR genes: 
bMSH2 
bMLH1 
bPMST 
bPMS2 
bMSH6 
bMSH3 

Genetic polymorpllism APC Familial colon cancer 
in Ashkenazi Jews 

DCC, Deleted in colorectal carcinoma. 

term loss of function. Both alleles of the gene must be nonfwlc
tional to initiate tumor formation. 

The APC gene is a tumor suppressor gene located on chro
mosome 5q21. Irs product is 2843 anlino adds ill length and 
forms a cytoplasmic complex with GSK-3~ (a serine-threonine 
kinase), P-catcniJl. and axin . P-Catenin, a multifunctional 
protein. is a structural component of the epitheUal cell adherens 
junctions and the actin cytoskeleton; it also binds in the 
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cytoplasm to Tcf/LEF and is then transported into the nucleus, 
where it activates transcription of genes such as c-myc and others 
that regulate cellular growth and proliferation. APC therefore 
participates in cell cycle control by regulating the intracytoplas
mk pool of 13-catenin. 

The Wnr signaling proteins are closely associated with 
the APC-!3-catenin pathway. APC also influences cell cycle 
proliferation by regulating Wnt expression. Wnr gene prod
ucts are extracellular signaling molecules that help regulate 
tissue development throughout the organism. The \X'nr signal
ing proteins are closely associated with the APC-13-catenin 
eathway. Undex normal condhions, reduced intracytoplasmic 
jj-catenin levels inhibit Wnr expression. When APC is 
mutated, however, 13-catenin levels rise and Wnt is activated. 
Overexpression ofWnt leads to activation of\X'nt target genes 
such as cydin D l and Myc, which drive ceU proliferation and 
tumor formation. 

1l1e earHest mutations in the adenoma-carcinoma 
sequence occur in the APC gene. 1l1e earliest phenotypic 
change present is known as abemtnt crypt fornuttion and the 
most consistent genetic ahetrations within these ceUs are 
abnormally short proteins known as APC truncations. Most 
clinicalJy relevant derangements in APC arc truncation muta
tions created by inappropriate transcription of premature ter
mination codons. 

A germline APC truncation mutation is responsible for the 
autosomal dominant inherited disease, FAP. 1l1irty percent of 
cases of FAP are de novo gcrmline mutations, thus presenting 
without a farnil)' history of the disease. FAP is rare, with an 
estimated incidence of 1 in 8000 of the U.S. population, occur
ring without gender predilection. It is typically characterized by 
more than 100 adcnomatous polyps present in the colon and 
rectum. These polyps often number in the thousands and are 
almosr always manifest by the late second or early third decade 
of life (Fig. 52-49). Because some of these polyps proceed 
through the adenoma-carcinoma sequence, most patients with 
FAP die of colo n cancer by their fifth decade of Life in the 
absence of surgical intervention. FAP is of great interest to those 
studying sporadic colorectal cancer because APC truncation 
mutations similar to those folmd in APC patients occur .in 85% 
of sporadic colorectal cancers. 

Most APC truncation mutations occur in the mutational 
cluster region of the gene, an area responsible for 13-cacenin 
binding. However, genotype-phenotype correlations exist with 
mutations in other regions of the gene. for example. mutations 
close to the 5' end of the gene produce a short truncated protein 
tbar causes rhe syndrome known as attenuated FAP or (AFAP). 
These patients usually have far less than the hundreds of polyps 
usually a~ociated with FAP, and the disease has a tendency to 

spare the rectum. 
Classic FAl' is characterized by truncation mutations 

occurring in the gene from codon 1250 to codon 1464. Muta
tions occmring further along the gene toward the 3' end are rare 
and most likely result in a much attenuated phenotype or no 
detectable abnormality (Fig. 52-50). 

The variability of the FAP phenotype is also demonstrated 
by the presence or absence of extraintestinal manifestations of 
disease. In the past, the term Gm-dner's syndrome was used to 

describe the cocxpression of profuse colonic adenomatous polyps 
along with osteomas of the mandible and skull, desmoid tumors 
of the mesentery, and periampullary neoplasms. 
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FIGURE 52-49 Familial adenomatous polyposis, macroscopic appear
ance. The colonic mucosa exhibits numerous small polyps, both 
pedunculated and sessile. The entire colon contained hundreds of 
polyps. (Courtesy Or. Jeffrey P. Baliff, Thomas Jefferson University, 
Philadelphia.) 
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Diseases Classic polyposis 
CHRPE 

c::::l Gardner 

Sequence 
II II-- I I • Ill I I II 

features 

Heptad repeats Catenin 20AA Basic TXV-COOH 
t.-,-J binding repeats region 

ARM repeats 
repeats 

FIGURE 52-50 Functional and pathogenic properties of APC. APC is a protein heterodimer 2843 amino acids in length. The figure depicts the 
functiona l domains of APC schematically as blue bars where regional mutations result in loss of protein binding. as described in the column 
on the right side of the figure. Mutations in these regions result in truncations that may affect cellular structure and cell signaling. such as the 
inability to bind catenins and interference with microtubule binding. Cellular processes such as apoptosis are affected by mutations occurring 
at many sites along the gene. Some mutational affects are unknown, such as those preventing EB1 and DLG binding (proteins with unclear 
functions). Diseases are similarly represented by ton bars. Mutations within the regions depicted result in the disease phenotypes described 
in the right column, including attenuated polyposis, classic polyposis, CHRPE, and Gardner's syndrome (extraintestinal manifestations of FAP). 
(From Kinzler 1<\N, Vogelstein B: Lessons from hereditary colorectal cancer. Cell 87:159-170, 1996.} 

Many other associated disorders have been subsequently 
described, including thyroid papillary n1mors, medulloblasto
mas, hypemophlc gastric fundic polyps, and congenital hyper
trophy of the retinal pigmented epi tl1elium of the iris (CHRPE). 
1l1e expression of extraintestinal manifestations of FAP is depen
dem on mutation location, with most of these signs seen only 
when the truncation occurs in a very small area of the mutational 
duster region. 

Another APC mutation implicated in approximately 25% 
of colorectal cancers afflicting Ashkenazi Jews is the Il307 point 
mutation caused by the substitution of a lysine for isoleucine at 
codon 1307. This was initially believed to be a genetic polymor
phism. a substitution tl1at does not affect the protein structure. 
However, it is now recogni:t_ed as probably the most important 
cause of familial colorcctal cancer in this population. 

MYH Mutations and MYH-Associated Polyposis 
A number of families have been characteriz.cd with a phenotype 
resembling that of FAP or AFAP, but without a discoverable 
APC gene defect. In 2002, a report of a Welsh family ("family 
N") with apparent recessive inJ1eritance of multiple colorectal 
polyps and a cancer was published. On analysis of tumor APC, 
frequent somatic mutations were found characterized by G: C 
to T :A substitutions typically caused by oxidative DNA 
damage. The authors folmd that those family members affected 
had two distinct mutations in the MYH gene, a gene responsi
ble for base excision-repair and used to repaLr oxidative DNA 
damage. From several subsequent surveys of kindreds with 
familial colorectal cancer or polyp inheritance patterns, it has 

become d ear that a munber of MYH mutations exist, and may 
coexist in the same patient.28 The mutation has been character
ized in Northern European, Indian, and Pakistani populations, 
appears to affect rhe production of polyps and tumors by pm
moting APC defects, and is called MYH-associated polyposis 
(MAP). Although the proportion of colorectal cancers attribut
able to germline MYH mutations is unknown, all patients with 
biallelic MYH mutations are at increased risk for colorectat 
cancer. Greater numbers of polyps (100 to LOOO), and even 
extracolonk manifestations such a~ duodenal adenomas, are 
associated with the presence of more than one germllne MYH 
mutation in a single patient. 

It is evident that the MAP phenotype is highly variable and 
that clinical management, for now, should follow guidelines 
previously established for FAP and AFAP. Surgery in carriers 
who have polyps is IPAA or ileorecral anastomosis, depending 
on the status of the rectum. Colonoscopic and duodenal surveil
lance every I or 2 years for tbosc witb biallclic mutations is 
warranted, given the uncertainty of the natural history of the 
disease. 

It remains w1clear whether heterozygotes are at increased 
risk for colorectal cancer; all offspring of those with the disease 
can be reasonably assured that they are heterozygotes unless they 
too have multiple polyps, an extremely unlikely event. However, 
it is certain that patients with MAP need to be distinguished 
from those with FAP or AFAP because it implies increased risk 
in siblings, rather than offspring. For those with biaJieUc muta
tions, spouses can also be tested in the wilikely event that both 
spouses possess a recessive MYH allele. 
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The most frequently mutated tumor suppressor gene in 
human neoplasia is p53 (TP53), located on chromosome 17p. 
Mutations in p53 arc present in 75% of colorectal cancers and 
occur rather Late in the adenoma-carcinoma sequence. Under 
nom1al conditions, p53 acts by inducing apoptosis in response 
to cellular dan1age or by causing G 1 cell cycle arrest, allowing 
DNA repair mechanisms to occur. One of the features of 
mutated p53 is that it is unable to activate the BAX gene to 
induce apoptosis. For its role in regulating apoptosis, p53 is 
known as the guttrdian of the genome. The minority of colon 
cancer patients who have intact p53 in their tumors may possess 
a survival advanr.age. Studies have indicated that prognostic sig
nificance may be related ro tumor p53 status. 

A munber of genes on chromosome 18q are implicated in 
colorectal cancer, including SMAD2, SMAD4, and DCC. 
SMAD proteins arc involved in the transforming growth factor-P 
(TGF-P) signal rransduction pathway. SMAD2 and SMAD4 arc 
mutated i11 5% to 10% of sporadic colorectal cancers. DCC is 
encoded by a large gene and is involved in ceiJ-cell or ceiJ-matrix 
interactions. It ~s not clear how DCC is directly involved in 
colorecral neoplasia. DPC4 is a gene adjacent to DCC and may 
be the tumor suppressor gene deleted in 18q mutations. 

Mismatch Repair Genes 
Mismatch repair (MMR) genes are caiJed caretttker genes because 
of their important role in policing the integrity of the genome 
and correcting DNA replication errors. MMR genes that 
undergo a Loss of function conrribure ro carcinogenesis by accel
erating rwnor progression. Mutations in MMR genes (including 
hMLH 1, hMSH2. hMSH3. hPMSJ, hPMS2, and hMSH6) 
result in the HNPCC syndrome. Approximately 3% of colo
rectal cru1cers in cl1e United States arc caused by HNPCC. 
Mutations in MMR genes produce microsatellite instability. 
Microsatellites are repetitive sequences of DNA that appear to 

be rru1domly distributed iliroughout d1e genome. Stability of 
these sequences is a good measure of the general integrity of the 
genome. MMR gene mutations result in errors in S phase when 
DNA is newly synthesized and copied. Microsatellite instability 
exists in lOo/o to 15% of sporadic tumors and in 95% of tumors 
iJ1 patients with HNPCC. Even so, only 50% of patients 
diagnosed with HNPCC have readily identifiable MMR 
mutations. 

Oncogenes 
Proto-oncogenes are genes that produce proteiJ1s that promote 
cellular growth =d proliferation. Mutations in proto-oncoge11es 
typically produce a gain of function and can be caused by muta
tion in only one of the rwo alleles. After mutation, the gene is 
called an oncogme. Overexpression of these growth-oriented 
genes contributes to the LmcontroUed proliferation of cells asso
ciated with cancer. The products of oncogenes can be divided 
into categories. For example, growth factors {e.g., TGF-p, epi
dermal growd1 factor, insulin-like growth factor), growth factor 
receptors (e.g., erbB2), signal transducers (e.g., src, ab~ ras), and 
nuclear proto-oncogenes an.d transcription factors (n~yc) are all 
oncogene products that appear to have a role in the development 
of colorectal neoplasia. The rtts proto-oncogene is located on 
chromosome 12, ru1d mutations are believed w occur early in 
the adenoma-carcinoma sequence. Mutated rll$ has been found 
to be present in aberrant crypt foci and adenomatous polyps. 
Activated rtts leads to constitutive activity of the protein, which 
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stimulates celJular growth. Of sporadic colon cancers, 50% 
possess rtts mutations and trials of farnesyl transfe.rase inhibitors, 
which block a step in rtts post-translational modification, may 
hold therapeutic promise. 

Adenoma-Carcinoma Sequence 
The adenoma-carcinoma sequence is recognized as the process 
through which most colorcctal carcinomas develop. Clinical ru1d 
epidemiologic observations have long been cited to support the 
hypothesis that colorectal carcinomas evolve through a progres
sion of benign polyps to invasive carcinoma, and the elucidation 
of the genetic pathways to cancer described earlier has confirmed 
the validity of this l1yporbesis. However, before dlc molecular 
genesis of colorectal cancer was appreciated, iliere was consider
able controversy about whether colorectal cancer arises de novo 
or evolves from a polyp that was initially a benign precursor. 
Although there have been a few documented cases of tiny 
colonic cancers ar.is.ing de novo from normal mucosa, these are 
rare, and the validity of the adenoma-carcinoma sequence is now 
accepted by almost all authorities. The historical observations 
that le<l to the hypothesis are of interest because of the thera
peutic implications in1plicit in an understanding of the adenoma
carcinoma sequence. Observations that provided support for the 
hypothesis include the following: 
• Larger adenomas are found to harbor cancers more often than 

smaller ones, and the larger the polyp, the higher the risk for 
cru1cer. Although the ceiJular characteristics of the polyp are 
important, with villous adenomas carryi11g a higher risk than 
tubular adenomas, the size of the polyp .is also important. l11e 
risk for CaJlCer in a tubular adenoma smaller thru1 1 em in 
diameter is less than 5%, whereas the risk for cancer in a 
tubular adenoma larger thanl em is 35%. A villous adenoma 
larger tbaJl 2 em in size carries a 50% chru1ce of contaiJling a 
cruKer. 

• Residual benjgn adenomatous tissue is found in most invasive 
colorectal cancers, suggesting progression of the cancer from 
the remaining benign cells to the predominant malignant 
ones. 

• Benign polyps have been observed to develop iJlto cru1cers. 
l11ere have been reports of the direct observation of benign 
polyps that were not removed progressing over time into 
malignancies. 

• Colonic adenomas occur more frequently in patiencs who have 
colorectal cancer. Almost one dlird of all patients with colorec
tal cancer will also have a benign colorectal polyp. 

• Patients who develop adenomas have an increased lifetime risk 
for developing colorectal cancer. 

• Removal of polyps dec.reases the incidence of cancer. Patients 
witl1 small adenomas have a 2.3 times increased risk for cancer 
after the polyp is removed, compared wir11 an eightfold 
increased incidence of colo rectal cru1cer in patients with polyps 
who do not undergo polypectomy. 

• Populations with a high risk for colorectal cru1cer also have a 
high prevalence of colorectal polyps. 

• Patients with FAP wi.IJ develop colorectal cru1cer almost 100% 
of the time iJ1 the absence of surgical imervention. l11e adeno
ma~ that characterize this syndrome are histologicaiJy the same 
as sporadic adenomas. 

• l11c peak incidence for the discovt:!f)' of benign colorectal 
polyps is 50 years of age. l11e peak incidence for the develop
ment of colorectal cancer is 60 years of age. 11us suggests a 
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l 0-year time span for the progression of an adenomatous 
polyp to a cancer. lt has bt-en estimated that a polyp larger 
than l em in diameter has a cancer risk of 2.5% in 5 years, 
8% in 10 years, and 24% in 20 years. 

'I11ese observations and St11Clies by molecular biologists have 
documenred that colonic mucosa progresses through stages ro 
the eventual development of an invasive cancer. Colonic epithe
lial cells lose the normal progression to maturity and cell death 
and begin prolitferating in an increasingly unconrrolled manner. 
With this uncontrolled proUferation, the cells acCLtmulate on the 
surface of d1e bowel lumen as a polyp. With more proliferation 
and increasing cellular disorganization, the cells extend though 
the muscularis mucosae to become invasive carcinoma. Even at 
this advanced stage, the process of colo rectal carcinogenesis gen
erally follows a:n orderly sequence of invasion of the muscularis 
mucosae, pericolic tissue, lymph nodes and, finally, distant 
metastasis (Figs. 52-51 and 52-52). 

Colorectal Polyps 
A colorectal polyp is any mass projecting into the lumen of the 
bowel above d1e surface of the intestinal epitheUum. Polyps 
arising from the intestinal mucosa are generally cla.~sified by their 
gross appearance as pedunculated (with a stalk; Fig. 52-53) or 
sessile (flat, without a stalk; Fig. 52-54). They are further classi
fied by their histologic appearance as tubular adenoma (with 
branched tubular glands), villous adenoma (with long 6nger-Uke 
projections of the surface epithelium; Fig. 52-55), or tubulovil
lous adenoma (with elemenrs of bod1 cellular pa([erns). 1he 
most common benign polyp is the tubular adenoma, constitut
ing approximately 65% to 80% of all po~rps removed. Approxi
mately lOo/o to 25% of polyps are tubulovillous and 5% to 1 Oo/o 
are villous adenomas. Tubular adenomas are most often pedun
culated; villous adenomas are more commonly sessile. The 
degree of cellular atypia is variable across the span of polyps, but 
there is generally less atypia in tubular adenomas, and severe 
atypia or dysplasia (precancerous cellular change) is found more 
often in villous. adenomas. 'I11e incidence of i.nvasive carcinoma 
being found in a polyp is dependent on the size and hiscologic 
type of the polyp. As noted, there is less than a 5% incidence of 
carcinoma in an adenomarous polyp smaUer than 1 em in diam
eter, whereas there is a 50% chance that a villous adenoma larger 
than 2 em in dian1eter will contain a cancer. 

The treatment of an adenomarous or villous polyp is 
removal, usually by colonoscopy. 1l1e presence of any polypoid 
lesion is an indication for a complete colonoscopy and polypec
tomy, if feasible. Polyps on a stalk are often ren1oved by a snare 
passed through the colonoscope, whereas ses.~ile (flat) polyps 
present technical problems with this method because of the 
danger of perforation a.~sociated with the snare technique. 
Although it may be feasible to elevate the sessile polyp from the 
w1derlying muscularis with saline injection, permitting subse
quent endoscopic excision, sessile lesions often require segmental 
colectomy for complete removal (Fig. 52-56). 

As noted, adenomatous polyps should be considered pre
cursors of cancer and, when cancer arises in a polyp, careful 
consideration needs to be given to ensure the adequacy of treat
ment. Lwasive carcinoma describes the situation in which 
malignant cells have extended through the muscularis mucosae 
of the polyp, whether it is a lesion on a stalk or a sessile lesion. 
Carcinoma confined to the muscularis mucosae does not metas
tasize and the cellular abnormalities should be described as 

t0Cb 
Cn;··· 

Normal epithelium 

Initiation ~ ----- 5q loss APC 

.6~ 
~ .. "" 

Hyperprolnerative epithelium (dysplasia) 

~ 

-~ 
Alterations in DNA methylation (early adenoma) 

Promotion ~ -.--- 12p activation K-ras 

Intermediate adenoma 

18q loss DCC 

Late adenoma 

Malignant conversion ~ _. _ _ _ 17p loss p53 

• 
Carcinoma 

Metastasis 

FIGURE 52-51 Model of colorectal carcinogenesis. (Adapted from 
Connan Ml [ed]: Colon and rectal surgery, ed 4, Philadelphia,l998, 
Lippincott-Raven, p 593.) 

atypia.. Complete excision of this rype of polyp is adequate 
treatment. 

lf invasive carcinoma penetrates the muscularis mucosae, 
consideration of the risk for lymph node metastasis and local 
recurrence is required to determine whether a more extensive 
resection is required. Haggitr and colleagues have proposed a 
classification for polyps containing cancer according to the 
depth of invasion as follows (Fig. 52-57): 

• Level 0: Carcinoma does not invade the muscularis 
mucosae (carcinoma-in-situ or intranmcosal carcinoma). 

• Level 1: Carcinoma invades through the muscLLiaris 
mucosae into the submucosa but is limited to the 
head of the polyp. 
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FIGURE 52-52 Colon adenocarcinoma arising in a n adenoma, micro
scopic appearance. A. Tubulovillous adenoma with finger-like projec
tions (right) reveals a deeper a rea of infil trating glands (leh). B. 
Glands have penetrated the musaJiaris mucosa. C. On high power, 
neoplastic angulated glands with central dirty necrosis present within 
a desmoplastic stroma. (Courtesy Dr. Jeffrey P. Sal iff, Thomas Jefferson 
University, Philadelphia.) 
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FIGURE 52-53 Pedunculated adenomatous polyp, microscopic 
appearance. The head of the polyp is lined with dysplastic epithelium, 
whereas the stalk is lined with nondysplastic epithelium (Courtesy 
Dr. Jeffrey P. Baliff, Thomas Jefferson University, Philadelphia.) 

FIGURE 52-54 Sessile adenomatous polyp, microscopic appearance. 
This tubular adenoma is called sessile because ot its broad base, the 
preservation of the muscularis mucosae underneath, and the absence 
of a stalk. (Courtesy Dr. Jeffrey P. Baliff, 01omas Jefferson University, 
Philadelphia.) 

• Level 2: Carcinoma invades rhe level of rhe neck o f 
rhe polyp (junction between rhe head and stalk). 

• Level 3: Carcinoma invades any part of the stalk. 
• Level 4: Carcinoma invades intO the submucosa of the 

bowel wall below the stalk of the polyp but above the 
muscularis propria. 

By definition, all sessile polyps wirh invasive carcinoma are level 
4 by H aggitt's criteria. 

If a polyp contains a histologically poorly differentiated 
invasive carcinoma, or if rherc arc cancer cells observed in the 
lymphovascular spaces, there is a more rhan a 10% chance of 
metastases and these lesions should be treated aggressively. A 
pedunculated polyp with invasio n ro levels l. 2. and 3 l1as a low 
risk for lymph node metastasis or local recurrence and complete 
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FIGURE 52-55 Villous adenoma. This photomicrograph reveals the 
finger-like projections that give the appearance of villi . (Courtesy Dr. 
Jeffrey P. Baliff, Thomas Jefferson University, Philadelphia.) 

I 
Levei O 

~ 
Level 1 

FIGURE 52-56 Colonoscopic view of sessile polyp. This polyp proved 
to be a carcinoma after it was removed by segmental resection. 

I 
Adenomatous 

-epithelium 

\ Adenocarcinoma 

mucosae FIGURE 52-57 Anatomic landmarks of peduncu
lated and sessile adenomas. (From Haggitt RC,. 
Glotzbach RE, Soffer EE, et al: Prognostic factors 
in colorectal carcinoma arising in adenomas: 

Pedunculated adenoma Sessile adenoma 

Implications for lesions removed by endoscopic 
polypectomy. Gastroenterology 89:328-336, 

1985.} 

excision of the polyp is adequate if tbe poor prognostic factors 
mentioned earlier are absent. A sessile polyp containlng invasive 
cancer has at least a 10% chance of metastasis co regional lymph 
nodes, but if the lesion is well or moderately differentiated, there 
is no lymphovascular invasion noted, and the lesion can be 
completely excised, the depth of invasion by the cancer may 
provide useful prognostic information. There is a high risk for 

lymph node and distant metastases associated with se.~Ue cancers 
in the rectum, and these lesions should be treated aggressively. 

Hyperplastic polyps are the most common colonic polyps 
but a re usually small and composed of cells showing dysmatura
tion and hyperplasia. The small djminutivc polyps have been 
regarded as benign in nature, with no neoplastic potential. The 
histoJogic appearance of these polyps is serrated (saw-toothed; 
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FIGURE 52-58 Hyperplastic polyp. Elongated crypts reveal a serrated 
(saw-toothed) or star-shaped appearance. There is no epithelial dys
plasia. (Courtesy Or. Jeffrey P. Baliff, Thomas Jefferson University, 
Philadelphia.) 

,. - . .... ...: '~', .. 
~· .. ... .. ..... , . ...." · . . 
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FIGURE 52-59 Sessile serrated adenoma. This view shows basilar 
crypt dilation, epithelium proliferating in a serrated (saw-toothed) 
manner, and so-called crypt architectural dysplasia in the form ot 
maloriented crypts, with one crypt extending horizontally. There is no 
cytologic dysplasia ot the epithelium. (Courtesy Or. Jeffrey P. Baliff, 
Thomas Jefferson University, Philadelphia.) 

Figs. 52-58 and 52-59). Of these polyps, 90% are smaller than 
3 mm b1 diameter, and these dimblUtive lesions are generally 
considered to bave no malignant potential. However, adenoma
reus d1anges can be fow1d in hyperpla~tic polyps, and therefore 
the polyps should be exdsed for histologic examination. These 
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serrated adenomas have been observed co be associated with the 
development of cancers that predominate in the right side of the 
colon, more frequently in older women and smokers. They 
appear to be associated with the microsatcllite instability char
acterist ic of defects in DNA repair mechanisms. 

Hereditary Cancer Syndromes 
Peutz-Jeghers syndrome is an autosomal dominant syndrome 
characterized by tl1e combination of hamartomatous polyps of 
the intestinal tract and hyperpigmentation of the buccal mucosa, 
llps, and digits (Table 52-4). Germline defects .in the tumor 
suppressor serine-threonine kinase 11 (STKll) gene are impll
cared in this rare autosomal dominam inherited disease. 
Although the syndrome was first described by Hutchinson in 
1896, later separate descriptions by Peutz and then Jeghers in 
the 1940s brought recognition to the condition. The syndrome 
is associated with an mcrea~d (2% to 10%) risk for cancer of 
the intestinal tract, with cancers reported throughout tile intes
tinal tract, from the stomach to the rectmn. 1l1ere is also an 
increased risk for extraintestinal mallgnancies, indudb1g cancer 
of the breast, ovary, cervix, fallopian tubes, thyroid, lung, gall
bladder, bile ducts, pancrea~. and testicles. 

'TI1e polyps may cause bleeding or imestinal obstruction 
(from intussusception). If surgery is required for these symp
toms, an attempt should be made to remove as many polyps as 
possible with ilie aid of intraoperative endoscopy and polypec
tomy. AJlY polyp that is larger tl1an I .5 em should be removed 
if possible. It is reasonable ro survey the colon endoscopically 
every 2 years, and patients should be screened periodically for 
malignancies of the breast, cervix, ovary, testicle, stomach, and 
pancreas. 

Juvenik polyps are benign polyps composed of cystic dila
tions of glandular structures withb1 the fibroblastic stroma of 
the lan1ina propria. They are relatively uncommon, yet may 
cause bleeding or intussusception. Therefore, the polyps should 
he treated by endoscopic removal. 

Multiple polyposis coli is an autosomal domiJ1ant syn
drome with high penetrance that carries an increased risk for 
both GI and extraintestinal cancer. The syndrome is usuaUy 
discovered because of Gl bleeding, intussusception, or hypoal
buminemia associated with protein loss through the intestine. 
1l1e juvenile polyps in tl:Us syndrome are predominately hamar
tomas, but the han1arwma~ may contain adenomarous elements, 
and adenomatous polyps also are conm1on. 1l1ere is an increased 
cancer risk m afllicted individuals. wiili a mallgnant potential of 
at least 10% in patients with multiple juvenile polyps. Muta
tions in the tumor suppressor gene SMAD4 arc believed to cause 
up to 50% of reported cases. 

In patients with relatively few juvenile polyps, endoscopic 
polypectomy should be carried out. However, patients wiili 
numerous polyps should be treated witl1 abdnminal coleccomy, 
ileorectal anastomosis, and frequent endoscopic surveillance of 
the rectum. If the diffuse form of polyposis involves the rectal 
mucos-a, consideration should be given to restorative procto
colectomy with IPAA. 

FAP is the prototypical hereditary polyposis syndrome.1l1e 
discovery of the gene responsible for the transmission of the 
disease, the APC gene, located on chromosome 5q21, lagged 
behind the first descriptions of cases ofFAP by an entire century. 
In 1863, Virc.how reported a 15-year-old boy with multiple 
colonic polyps. In 1882, Cripps described the occurrence of 

)> 
c::> 
0 
0 
:s: 
m z 

http://www.myuptodate.com


Table 52·4 Hereditary cancer_!yndromes _____________________________________ _ 

HEREDITARY NONPOLYPOSIS 
COLON CANCER 
CIFeatures 

Small number of colorectal 
polyps 

other Clinical FeatlftS 
Muir-Terre variant: sebaceous 

adenomas, 
keratoacanthomas, 
sebaceous eflitheliomas, 
and basal ce I epitheliomas 

Mallguacy Risk 
70%-BO% lifetime risk for 

colorectal cancer; 
300fo-60o/o lifetime risk for 
endometrial cancer; i risk 
for ovarian cancer, gastric 
carcinoma, transitional cell 
carcinoma of the ureters 
and renal pelvis, small 
bowel cancer, and 
sebaceous carcinomas 

Hereditary Adenomatous Polyposis 
Syndromes 
FAMILIAL 
ADENOMATOUS 
POLYPOSIS (FAP)/ 
GARDNER'S 
SYNDROME TURCOT'S SYNDROME 

Hundreds to thousands 
of colorectal polyps; 
duodenal adenomas 
and gastric J?Oiyps, 
usually fundic gland 

Osteomas, desmoid 
tumors, ~idermoid 
cysts, an conpenital 
hypertrophy o 
retmal epithelium 

Colorectal cancer risk 
aprroaches 100I¥o; i 
ris for periampullary 
malignancy, thyroid 
carcinoma, central 
nervous system 
tumors, 
hepatoblastoma 

Colorectal polyps, which 
may be few or 
resemble dassic FAP 

Brain tumors, induding 
cerebellar 
medulloblastoma and 
glioblastomas 

Colorectal cardnoma and 
brain tumors 

Hereditary Hamartomatous Polyposi.s Syndromes 

COWDEN'S DISEASE 

Polyps most commonly 
of colon and stomach 

Mucocutaneous lesions, 
thyro'1d adenomas and 
go1ter, fibroadenomas 
and fibrocystic disease 
of the breast, uterine 
leiomyomas, 
macrocephaly 

1 0% risk for thyroid 
cancer and up to 50% 
risk for 
adenocardnoma of 
breast in affected 
women 

FAMILIAL JUVENILE 
POLYPOSIS 

Juvenile polyps mostly 
in colon but 
throughout Gl tract; 
defined by ~10 
juvenile polyps 

Congenital 
abnormali ties in at 
least 20%, including 
malrotation, 
hydrocefehalus, 
cardiac esions, 
Meckel's 
diverticulum, 
mesenteric 
lymphangioma 

9% to 25% risk for 
colorectal cancer; i 
risk for gastric. 
duodenal, and 
pancreatic cancer 

PEUTZ-JECHERS 
SYNDROME 

Small number of 
polyps throughout 
Gl tract but most 
common in small 
intestine 

Pigmented lesions of 
skin; benign and 
malignant genital 
tumors 

i risk for Gl 
malignancy and 
pancreatic cancer 
and adenoma 
malignum of cervix; 
unkriown risk for 
breast cancer 

RUVALCABA-MYHRE· 
SMITH SYNDROME 
(BANNAYAN-ZONANA 
SYNDROME) 

Hamartomatous Gl 
polyps, usually 
lipomas, 
hemangiomas, or 
lymphangiomas 

Dysmorphic facial 
features, 
macrocephaiJi 
seizures, inte lectual 
impairment, 
pigmented macules 
of s~aft and glans of 
pen1s 

Malignant Gl tumors 
identified but lifetime 
risk for malignancy 
unknown 

VI 
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Screealng Reconneadatlons 

Colonoscopy at a~e 20-25 yr; Flexible procto- Same as for FAP; also Annual physical 
repeat eve;y 1- yr; sigmoidoscopy at co~sider imaging of the examination with 
transvagina ultrasound or age 10-12 yr; repeat bra1n special attention to 
endometrial aspirate at age every 1-2 yr until age tliyro'1d; mammography 
20-25 yr; repeat annually 35; after age 35 at age 30 or 5 r, 
(expert opinion only) repeat every 3 yr; before earl iest reast 

upper Gl endoscopy cancer case in the 
every 1-3 yr starting family; routine colon 
when polyps first cancer surveillance 
identified (expert opinion only) 

Cenetlc Basis 

AD AD AD AD 

MLHT (chromosome 3p) APC (chromosome 5q) APC mutations identified PTEN (chromosome 10q) 

MSH2 (chromosome 2p) 
f.redominantly in 
amilies with cerebellar 

MSH6/GTMP (chromosome 
2p) 

medullo-blastoma 

PMS 1 (chromosome 2q) MLHT, PMS2 mutations 

PMS2 (chromosome 7q) 
identified in families 
with ~redominance of 
gliob astomas 

Cenetlc Testlag 
Clinical testing of MLHI and dinical testint of APC Clinical testing of APC Research testing of PTEN 

MSH2 genes available gene availa le and MLH I genes gene available 
available 

AD, Autosomal dominant; Gl gastrointestinal; t, increased. 

Screeninf by age 
12 yr i symptoms 
have not yet arisen; 
colonoscopy with 
multiple random 
biopsies every 
several years (expert 
opinion only) 

AD inheritance in 
some families 

Subset of families 
with mutation in 
SMAD4 (DRC4) 
(chromosome 10q) 

Families being 
collected for 
research studies 
only 

Upper Gl endoscopy, 
small bowel 
radiography, 
colonoscopy every 
2 yr; pancreatic 
ultrasound and 
hemo~lobin levels 
annua ly; 
gyne~ologic 
exammat1on, 
cervical smear, 
pelvic ultrasound 
annually; dinical 
breast examination 
and mammography 
at age 25 yr; clinical 
test1cular 
examination and 
testicular ultrasound 
in males with 
feminizing features 
(expert opinion 
only) 

AD 

STKTT (chromosome 
19p) 

Research testing of 
STKIT ~ene 
availab e 

No known published 
recommendations 

AD 

PTEN (chromosome 
10q) in some 

Research testing of 
PTEN gene available 
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numerous colonic in nu1ltiple 
Lo•:ka1•ne derno111stlmte~d that was geJI1et:ic<Llly 
an autosomal dominant fashion. Dukes was the 
some form of a familial tumor which he •·pr.rwtPrl 

.ockhart-JV!urnn1ery in 1930. the century. 
various extraintestinal manifestations 
1986, Lemuel Herrera demonstrated 

abnormaliry was a mutation in the 
APC gene. 

1he common of the syndrome is the invariable 
presence of colonic 

duodenal, and peJ~imnpullary 
association of extraint:es;tin<Ll n1ar1ihcstations, ltlcl1Lld1ng 
moid cysts, desmoid tumors in the abdomen, osteomas. and 
brain tumors. Gastric and duodenal 

50% of affected individuals. 
rather than 

malig:nar1t pott~nti<Ll. However. duode
polyps arc adenomatous in nature and should be considered 

premalignarlt. Patients with FAP have an increased risk for 
arrJptlll<try car1ccr. Adenomatous 
been found in the atld ileum ntn~:Cit'1nt< 

Jn:llllsn<HH:ics in FAP patients include carKers of 
extr<Ll1LCp:ltic ducts, gallbladder, adrcnals, 

mterc~stlng marker 
indirect in ~n,nrc,Y>-

mately 75o/o of affected individuals. 
The gene is in 1 ()()Ofr, with the muta-

tion. Autosomal dominance results in expression in 50% of 
in 10% to 20% of 

the as the 
result of a the defective 
gene will cancer of the untreated. 1he 
average age of discovery of a new patient with FAP is 29 years. 
1he age of a who is newly discovered to have 

to FAP is 39 years. Eponymous 
sis to the 
of 

cysts, SUJJernume:raJT 
absent tumors can 

retro!JcritonctJnl ar1d abdominal wall of affected 
after surgery. 1hese tumors seldom metastasize 

arc often invasive; direct invasion of the mesenteric 
ureters, or walls of the small intestine can result in death. 

Surgical treatment of with FAP is directed at 
removal of all affected and rectal mucosa. Restorative 
pnxtoc<Jie<:tomy with IPAA has become the most co1111rnonly 

l11e is 
n1JUC<Jsect(Jl111)' to ensure that 

mucosa is the TPAA is fashioned between 
the ileal pouch and dentate line of the anal canal. Patients who 
un•l1er·go this for FAP have a better functional result 
thm1 similarlv treated for ulcerative colitis, in that the 
incidence ofinflamm~tion in the ileal is much 
lower in with FAP than in with ulcerative 
colitis. 

An alternative apJJIT>acll, total abdominal colectorny with 
ileorectal anastomosis, was 

of the tec·hniq11e 
the 

an FAP patient has reLHJvely in the rectum, con
abdominal colon sideration be 

is resected an anastomosis between the ileum 
and rectum. lt is technically a simpler to 
m1d the pelvic dissection is avoided. 1his the poten-
tial complication of injury to the autonomic nerves that could 
result in ln addition, there is less risk 
for anastomotic leak from the rclativcllv 
tomosis fashioned in the caviry, compared with the 

anus. 

lines required to form the ileal 
anastomosis between the ileal 

An additional argument in favor of abdominal col!ectmny 
and ileorectal anastomosis is the observation that sulindac 
celecoxib have been observed to cause the reg;ressio·n 
matous in some with FAP. arc 
that the rectum remains at high risk fiJr the formation new 

pr<xtos•COJJic examination is required 
and there 

is a increased risk for cancer 
the passage of time. 

lt has been that may help make 
the decision between restorative pr.oct:oc·ol<cctorrJy with TPAA 
and abdominal with 

f(x rectal cancer is almost three times 
with a mutation after codon 1250 than 

mutations befc1re this codon. This may influence 
to offer abdominal with ileorectal anas-

tomosis to those whose mutation occurs proximal to codon 
1250 if cxan1ination reveals no or few in 
the rectum. 

Patients who choose to be treated 
with ileorcctal anastomosis should realize that the risk for 

rectal cancer is real and has been shown to be 
10. 15, and 20 after the op:eratlon. 

sulindac 

anastomosis 
proctec-

de5m1<J1d tumor can be an esrlectally 
and difficult cxtraintcstinal manifestation of 
pr<1C<~dt1res, dense fibrous tissue forms in the mesentery 
small intestine or within the abdominal wall in some , 
with FAP. If the involved, the intestine can be 
tethered or invaded the tumor. 1hc invasive 
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tumor can also encroach on the vascular supply to the intestine. 
Small desmoid tumors confined to the abdominal wal.l are 
appropriately treated by resection, bur the surgical treatment of 
mesenteric desmoids is dangerous and generally futile. There 
have been sporadic reports of regression of desmoid tumors after 
treatmem wirh sulindac, tamoxifen, low-dose methotrexate, 
radiation, and various types of chemotherapy. ll1e ini tial treat
ment is usually with sulindac or tamoxifen. 

The ability tro identify the genetic mutation in most patients 
with FAP--although the mutation may not be identified in as 
many as 20% of patiems with a well-documented, transmissible 
FAP syndrome-permits a method of screening family members 
at risk for inheriting the mutation. [r is imperative that the APC 
mutation be clearly identified in the DNA of a family member 
known to have the disease. The DNA of other family members 
can then be analyzed directly, requiring only a venipuncture. If 
the analysis demonstrates noninberitance of a mutated APC 
gene, the individlual can avoid annual endoscopic screening and 
should require only an occasional colonoscopy. 

HNPCC is the most frequently occurring hereditary 
colorectal cancer syndrome in. the United States and Western 
Europe. It accounts for approximately 3% of all cases of colorec
tal cancer and for approximately 15% of these cancers in patients 
with a family history of colorectal cancer. Dr. AlderS. Warthin, 
Chairman of Pathology at the University of Michigan, initially 
recognized this hereditary syndrome in 1985. Dr. Warthin's 
seamstress prophesied that she would die of cancer because of 
her strong family bisrory of endometrial, gastric, and colon 
cancer. Dr. Warthin's investigations of her farnily's medical 
records revealed a pattern of autosomal dominant transmission 
of tbe cancer risk. This family (family G) has been further 
studied and d1aracterized by Dr. Hemy Lynch, who described 
the prominent features of the syndrome, including onset of 
cancer at a relative young age {mean, 44 years), proximal distri
bution (70% of cancers located in the right colon), predomi
nance of mucinous or poorly differentiated (signet cel.l) 
adenocarcinoma, increased number of synchronous and meta
chronous cancers and, despite all these poor prognostic indica
tors, a relatively good outcome after surgery. Two hereditary 
syndromes were initially described. Lynch I syndrome is charac
terized by cancer of the proximal colon occurring at a relatively 
yow1g age; Lynch Il syndrome is characteriz.ed by fan1ilies at risk 
for both colorectal and exrracolonk cancers, including cancers 
of endometrial, ovarian, gastric, small intestinal, pancreatic, and 
ureteral and renal pelvic origin. 

Before the genetic mecbanisms underlying the Lyncl1 syn
dromes were understood, the syndromes were defined by the 
Amsterdam Criteria, which required three criteria for tl1e 
diagnosis: 

1. Colorectal cancer in three family members (first
degree relatives) 

2. Involvement of at least two generations 
3. At least one affected individual being younger than 

50 years at the time of diagnosis 
1l1ese requiren1ents were recogni7..ed as being too restrictive, 

and the modified Amsterdam Criteria expanded the cancers to 
be included to not only colorectal but also endometrial, ovarian, 
gastric, pancreatic, small intestinal, ureteral, and renal pelvic 
cancers. Further liberalization for identifying patients with 
HNPCC occurred with the introduction of the Bethesda criteria 
(Box 52-4). 
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Amsterdam Criteria 
At least three relatives with colon cancer and all of the 

following: 
• One affected person is a first-degree relative of the 

other two affected persons 
• Two successive generations affected 
• At least one case of colon cancer diagnosed before 

age 50 yr 
• FAP excluded 

Modified Amsterdam Criteria 
Same as the Amsterdam criteria, except that cancer must be 

associated with HNPCC (colon, endometrium, small bowel, 
ureter, renal pelvis) instead of specifically colon cancer 

Bethesda Criteria 
The Amsterdam criteria or one of the following: 

• Two cases of HNPCC-associated cancer in one patient, 
including synchronous or metachronous cancer 

• Colon cancer and a first-degree relative with HNPCC
associated cancer and/or colonic adenoma (one case 
of cancer diagnosed before age 45 yr and adenoma 
diagnosed before age 40 yr) 

• Colon or endometrial cancer diagnosed before age 
4 5 yr 

• Right-sided colon cancer that has an undifferentiated 
pattern (solid, cribriform) or signet-cell histopatho
logic characteristics diagnosed before age 4 5 yr 

• Adenomas diagnosed before age 40 yr 

Molecular bi.ologists have demonstrated that the increased 
cancer risk in these syndromes is caused by malfunction of the 
DNA repair mechanism. Specific genes that have been shown 
to be responsible for the syndrome include hMSH2 (located on 
cl1romosome 2p2l), hMLHJ (3p21), hMSH6 (2pl6-2 l ), and 
hPMS2 (7p21). A mutation in hMSH2 has been shown to be 
responsible for the cancer prevalence in cancer family G. Muta
tions in hMSH2 or hMLHJ account for more than 90% of 
identifiable mutations in patients wicl1 HNPCC. ll1e ini tial ly 
reponed difference in tl1e types of cancers in Lynch [ and II 
syndromes cannot be accounted for by mutations in specific 
MMR genes. The cancer family syndrome involving hMSH6 
is characterized by an increased incidence of endometrial 
carcinoma. 

The mainstay of the diagnosis of HNPCC is a detailed 
fanilly history. Still, it should be remembered that as many as 
20% of newly discovered cases of HNPCC are caused by spon
taneous germllne mutations, so a family history may not accu
rately reflect the genetic nature uf the syndrome. Colorectal 
cancer, or an HNPCC-related cancer, arising in a person yoLmger 
than 50 years should raise the suspicion of this syndrome. 
Genetic counseling and genetic testing can be offered. If the 
individual proves to have HNPCC by identification of a muta
tion iJll one of the known MMR genes, then other fan"lily 
members can be tested after obtaining genetic counseling. 
However, faiJure to identify a causative MMR gene mutation in 
a patien t with a suggestive history does not exclude cl1e diagnosis 
ofHNPCC. In as many as 50% of patients with a family history 
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Table 52-5 Screening Recommendations for Familial Adeno
matous Polyposis and Hereditary Nonpolyposis Colorectal 
(an(er 

-------------------------------------
UFETIME CANCER RISK SCREENING RECOMMENDATIONS 
FAP 

Color ectal cancer, I 000/o 

Duodenal or periampullary 
cancer, 5%-100/o 

Pancreatic cancer, 20/o 

Thyroid cancer, 20/o 

Gastric cancer, <I Ofo 

Central nervous system cancer, 
<10/o 

HNPCt 

Colorectal cancer, 800/o 

Endometrial cancer, 400/o-600/o 

Upper urinary tract cancer, 
4%-100/o 

Gallbladder and biliary cancer, 
2%-18% 

Central nervous system cancer, 
<50/o 

Small bowel cancer, <50/o 

Colonoscopy annually, beginning 
age IQ-12 yr 

Upper Gl endoscopy every 1-3 yr, 
beginning age 2Q-25 yr 

Possible periodic abdominal 
ultrasound 

Annual thyroid examination 

Upper Gl endoscopy as for 
duodenal and periampullary 

Annual physical examination 

Colonoscopy, every 2 yr beginning 
age 20 yr. annually after age 
40 yr or 10 yr younger than 
earliest case in family 

Pelvic examination, transvaginal 
ultrasound, endometrial aspirate 
every 1-2 yr. beginning age 
25-35 yr 

Ultrasound and urinalysis every 
1-2 yr; start at age 30-35 yr 

No recommendation 

No recommendation 

No recommendation 

that clearly demonstrates HNPCC-type transmission of cancer 
susceptibility, DNA testing will fail to identi~, the causative 
gene. 

The management of patients with HNPCC is somewhat 
controversial, but the need for close surveillance in patients 
known to carry the mutation is obvious. It is usually recom
mended that a program of surveillance colonoscopy should begin 
at the age of20 years. Colonoscopy is repeated every 2 years until 
the age of 35 years, and then annually thereafter. In women. 
periodic vacuum curettage is begun at age 25 years, as are pelvic 
ultrasound and determination ofCA-1 25 levels. Annual tests for 
occult blood in the urine should also be carried out because of 
the risk for ureteral and renal pelvic cancer (Table 52-5). 

It has been shown that annual colonoscopy and removal of 
polyps, when fow1d, will decrease the incidence of colon cancer 
in patients wi1th HNPCC. However, there have been well
docunlented cases of invasive colon cancers occurring 1 year 
after a negative colonoscopy. It is obvious that the slow evolution 
from benign polyp to invasive cancer is not a feature of the 
pathogenesis in HNPCC patients, and this phenomenon of 
accelerated carcinogenesis mandates frequent (annual) colono
scopic examinations. Even with annual colonoscopic exanlina
tions, there is a documented risk for colon cancer but, when a 
cancer arises wl1ile the patient is under a vigorous surveillance 
progran1, the cancer stage is usually favorable (Fig. 52-60). 

When colon cancer is detected in a patient with HNPCC, 
an abdominal colectomy-ileorectal anastomosis is the procedure 
of choice. [f the patient is a woman with no further plans for 
childbearing, a prophylactic total abdominal hysterectomy and 
bilateral salpingo-oophorectomy are recommended. The rectum 
remains at risk for the development of cancer and annual proc
toscopic exan1inations are mandatory after abdominal colec
tomy. Other forms of cancer associated with HNPCC are treated 
according to the same criteria as for nonhereditary cases. The 
role of prophylactic colectomy for patients with HNPCC has 
been considered in some cases, but this has not received tuliver
sal acceptance. It is an interesting but well-docLUuented fact that: 
the prognosis is better for cancer patiems with HNPCC than 
for non-HNPCC patients witb cancer of the same stage. 

Sporadic Colon cancer 
It is important to recognize the increased risk for cancer in 
patients with hereditary cancer syndromes, but the most 
common form of colorectal cancer is sporadic in nature, without 
an associated strong family history. 

Although the cause and pathogenesis of adenocarcinoma 
are similar throughout the large bowel, signi ficant differences in 
the use of diagnostic and therapeutic modalities separate colonic 
from rectal cancers. This distinction is largely because of the 
confinement of the rectum by the bony pelvis. The lim ited 
mobility of the rectum allows MRI to generate better in1ages and 
increases its sensitivity. In addition , tl1e proximity of the rectum 
to the an us pernlits easy access of ultrasound probes for more 
accurate assessment of the extent of penetration of the bowel 
wall and the involvement of adjacent lymph nodes. 1l1e limited 
accessibility of the rectum, proximity to the anal sphincter, and 
d ose association with the autonomic nerves supplying the 
bladder and genitalia require special and u1lique consideration 
when planning treatment for cancer of the rectum. Therefore, 
colon and rectal adenocarci11omas are discussed separatd )r. 

The signs and symptoms of colon cancer are varied, non
specific, and somewhat dependent on the location of the tun1or 
in the colon, as well as the extent of constriction of the lumen 
caused by tl1e cancer. In the past 4 decades, the incidence of 
cancer in the right colon has increased in comparison to cancer 
arising in the left colon and rectum. This is an in1portant con
sideration, in that at lea~t 50% of all colon cancers are located 
proximal to the area that can be visualized by the flexible sig
moidoscope. Colorect.al cancers can bleed, causing red blood to 
appear in the stool (hematod1ezia). Bleeding from right-sided 
colon tun1ors can produce dark tarry stools (melena). Often, the 
bleeding is asymptomatic and detected only by anemia discov
ered by a routine hen10globi.J1 determination. Iron deficiency 
anemia in any male or 11onmenstruating fen1ale should lead to 
a search for a source of bleeding from the GI tract. Bleedu1g is 
ofte.n associated with coloJJ cancer but, in approximately one 
third of patients with a proven colon cancer, the hemoglobin 
level is normal and the stool test results arc negative for occult 
blood. 

Cancers located in the left colon are often constrictive in 
nature. Patients with left-sided colon cancers may notice a 
change in bowel habit, most often reported a~ increa~iJ1g consti
pation. Sigmoid cancers can mimic diverticulitis, presenting 
with pain, fever, and obstructive symptoms. At least 20o/o of 
patients with sigmoid cancer also have diverticular disease~ 
making the correct diagnosis difficult at times. Sigmoid cancers 
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can also cause colovesical or colovagin.al fistulas. Such fistulas 
are more commonly caused by diverticulitis, but it is imperative 
that the correct d iagnosis be established because the tr<.--atment 
of cdon cancer is substantially different than treatment of 
diverticulitis. 

Cancers in t he right colon more often present with melena, 
fatigue associated with anemia or, if the tumor is advanced, 
abdominal pain. Although obstructive symptoms are usually 
associated with cancers of the left colon, any advanced colorectal 
cancer can cause a cbange in bowel habits and intestinal obstmc
tion (Figs. 52-6 1 and 52-62). 

Colonoscopy is the gold standard for establishing the diag
nosis of colon cancer. It permits biopsy of the tLLruor to verify 
the diagnosis while allowing inspection of the entire colon to 
exclude metachronous polyps or cancers; the incidence of a 
synchronous cancer is approximately 3%. Colonoscopy is gener
ally performed even after a cancer is detected by barium enema 
to obtain a biopsy and to detect {and remove) small polyps that 
may be missed by the contrast study (Fig. 52-63). 

In patients with tumors causing complete obstruction, the 
diagnosis is best established by resection of the tumor without 
the bene£t of pn.~operative colonoscopy. A water-soluble contrast 
enema is often useful in such circumstances ro establish the 
anatomic level of the obstruction. Primary anastomosis between 
the proximal colon and the colon distal to the tumor bas been 
avoided in the past in the presence of obstruction because of a 
high risk for anastomotic leak associated with this approacl1. 
'Thus, sucb patients were usually treated by resection of the 
segment of colon containing the obstructing cancer, suture 
closure of the d istal sigmoid or rectum, and constructing a 
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FIGURE 52-60 Comparison of the development 
of cancer in FAP and HNPCC patients. (From 
Kinzler K\N. Vogelstein B: Lessons from hereditary 
colorectal cancer. Cell 87:159-170, 1966.) 

colostomy (Hartmann's operation). Intestinal continuity could 
be reestablished later, after the colon had been cleansed with 
purgatives, by taking down the colostomy and fashioning a 
colorectal anastomosis. 

Alternatives to dus approacl1 have been to resect the 
segment of left colon containing the cancer and then cleanse the 
remaining colon with saline lavage by inserting a catheter 
through the appendix or ileum into the cecum and irrigating 
the COJltcnts from the colon. A prin1ary anastomosis between 
the prepared colon and rectum can then be fashioned without 
the need for a temporary colostomy. A third approach occasion
ally used for obstructing cancers of the sigmoid colon is to resect 
the tumor and the entire colon proxin1al to the tumor and 
fashion an anastomosis between the ileum and distal sigmoid 
colon (subtotal colectomy and iJeosigmoid anastomosis). This 
approach has the advantage of avoiding a temporary colostomy 
and eliminating the need to search for synchronous lesions in 
the colon proximal to the cancer. However, patients treated by 
this approach may have more frequent bowel movements. 

More recently, endoscopic techniques have been developed 
that permit the placement of a stent introduced with the aid of 
a colonoscope that traverses the obstructed tumor and expands, 
re-creating a lumen, relieving the obstruction, and permitting a 
bowel preparation and elective operation with primary colorectal 
anastomosis. 

The approad1es discussed concern obstruction of the left 
colon. Complete obstruction of the right colon or cecum by 
cancer occurs less frequently. These patients present with signs 
and symptoms of a small bowel obstruction. If an obstruction 
of the proximal colon is suspected, a water-soluble contrast study 
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FIGURE 52· 61 X-ray of barium enema barium enema demonstrating 
apple core or napkin ring lesion caused by a constricting 
carcinoma. 

is useful to verify the diagnosis and evaluate the distal colon for 
the presence of a synchronous lesion. Obstructing cancer of the 
proximal colon is treated by right colectomy, wi th primary anas
tomosis between the ileum and transverse colon. 

Patients with tumors that are nor obstructing should 
undergo a thorough evaluation for metastatic disease. lhis 
includes a thorough physical examination, chest x-ray, liver 
function tests, and measurement of the carcinoembryonic 
antigen (CEA) level. Most surgeons now perform CT or MRI 
to inspect the liver more thoroughly for metastases and search 
for other intra-abdominal pathology. 

The presence of hepatic metastatic disease does not pre
clude surgical excision of the primary tumor. Unless the hepatic 
metastatic disease is extensive, excising the primary cancer can 
provide excellent palliation. Bleeding and obstruction caused by 
the tumor can be avoided and, if the metastatic disease in the 
liver is resectable, the patient may yet be cured. 

The objective of surgery for colon adenocarcinoma is the 
removal of the primary cancer wi th adequate margins, regional 
lymphadenectomy, and resrorati.on of the conti.nuhy of the GI 
tract by anastomosis. The extent of resection is determined by 
the location of the cancer, its blood supply and draining lym
pbatic system, .and presence or absence of direct extension into 

FIGURE 52-62 X-ray of barium enema demonstrating a polypoid 
carcinoma arising in the cecum of a 35-year-old woman (arrows). 
(Courtesy Dr. Dina F. Caroline, Temple University Hospital, 
Philadelphia.) 

FIGURE 52-63 Resected right colon containing large benign sessile 
polyp adjacent to an ulcerated carcinoma. 

adjacent organs. It is important to resect the lymphatics, which 
paraJJel the arterial supply, to the greatest extent possible in an 
attempt to render the abdomen free of lymphatic metastases. If 
hepat ic metastases are subsequent!}' detected, tl1ey may still be 
resected for cure in some cases if the abdominal disease has been 
completely eradicated. 
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FIGURE 52-64 Operative procedures for right-sided colon cancer, 
sigmoid diverticulitis, and low-lying rectal cancer. A. Right hemicolec
tomy involves resection of a few centimeters of terminal ileum and 
colon up to the division of the middle colic vessels into right and left 
segments. B, Sigmoidectomy consists of removing the colon between 
the partially retroperitoneal descending colon and the rectum. C. 
Abdominoperineal resection of the rectum is performed in a com
bined approach through the abdomen and through the perineum for 
the resection of the entire rectum a nd anus. 

To restore the contiJmity of the GJ tract, an anastomosis is 
fashioned with sutures or staples, joining the ends of the intes
tine {small or large). It is important that both segments of the 
intestine used for the anastomosis have an excellent blood supply 
and that cl1ere be no tension on the anastomosis. For lesions 
involving the cecum, ascending colon, and hepatic flexure, a 
right hemicolectomy is me procedure of choice. This involves 
removal of the bowel from 4 to 6 em proximal to the ileocecal 
valve to the porrilon of the transverse colon supplied by the right 
branch of the middle colic artery (Fig. 52-64). An anastomosis 
is fashioned between the terminal ileum and transverse colon. 
An extended right hemicolectomy is the procedu.re of choice for 
most transverse colon lesions; this involves division of the right 
and middle colic arteries at their origin, with removal of the 
right and transverse colon supplied by these vessels. lhe ana~to
mosis is fashioned berween the ten11inal ileum and proximal left 
colon. A left hemicolectomy {resection from the:: splenic flexure 
to the rectosigmoid junction) is the procedure of choice for 
tumors of tbe descending colon, whereas a sigmoidectomy is 
appropriate for tumors of cl1e sigmoid colon. Most surgeons 
prefer to avoid incorporating the proxin1al sigmoid colon into 
an anastomosis because of cl1e often tenuous blood supply from 
the IMA and frequent involvement of the sigmoid colon with 
diverticular disease. 

Abdominal colectomy (sometimes called subtottll colectomy 
or total colectomJ•) entails removal of the entire colon from the 
ileum to the rectum, with conriJmit:y restored by an ileorectal 
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anastomosis. Because of loss of the absorptive and storage capac
icy of lhe colon, this procedure causes an increase in stool fre
quency. Patients younger than 60 years generally tolerate clus 
well, with gradual adaptation of the small bowel mucosa, 
increased water absorption, and an acceptable stool frequency of 
one to three movements daily. In older individuals, however, 
abdominal colectomy may result in significant chronic diarrhea. 
Abdominal colectomy is indicated for patients with multiple 
primary tumors, for iJ1dividuals wirh HNPCC, and occasionally 
for those with completely obstmcting sigmoid cancers. 

ll1c chances d1at the patient bas been cured by an opera
cion perfoi"med to remove a colorectal cancer is dependent on 
several factors. These iJ1clude tedutical aspects of the operation, 
such as me complete removal of all tumor, certain biologic 
properties of the cancer that are poorly understood, and stage 
of the disease. 

$![aging may be defined as the process whereby objective 
data are assembled to try to define the state of progression of 
cl1e disease. Separate itenJs of data are summated co provide a 
designated stage for an individual patient's disease, from which 
htferences may be drawn regarding the relative likelihood of 
residual disease and hence the chance of cure without further 
treatment and the advisability of considering further treatment. 
l11e ideal staging system would provide one ultimately impor
tant and simple item of information. Has the operation cured 
the patient, or will he or she die unless further iJuervencion 
prevents it? Thus, there would be only two categories, those who 
are cured and those destined to die of their disease. Unforru
nately, no current system even remotely approad1es that goal. 
Still, every attempt should be made to assess cl1e extent of the 
disease accurately to provide guidance for prognosis and need 
for further treatment. 

Staging 
At present, the stage of the rumor is assessed by indicating the 
depth of penetration of the rumor into the howe! wall (T stage), 
the extent of lymph node involvement (N stage), and cl1e pres
ence or absence of distant metastases (M stage). The standard 
staging system was based on a system developed in l 932 by Dr. 
Cuthbert Dukes, a pathologist at St. Mark's Hospital in London 
that was later modified. The classification was developed for 
rectal cancer, but it was generally also used to describe the stage 
of colon cancer. 1he Dukes classification is simple to remember 
and is still frequently used. Dukes' stage A cancer is confined to 
the bowel wall. Stage B cancer penetrates the bowel wall, and 
stage C cancer indicates lymph node metastases. Kirklin and 
associates, from the Mayo Clink, established a distinction 
between tumors that partially penetrated the muscLLiaris propria 
(B l) and cl1ose that fully penetrated cl1is layer {B2). Astler and 
Coller further separated the tumors that had invaded lymph 
nodes but did not penetrate the entire bowel wall {Cl) from 
tumors that invaded lymph nodes and did penetrate the entire 
wall (C2). Turnbull and associates from the Cleveland Clinic 
added stage D for tumors wicl1 distant meta~tasis. All these 
modilications iJ1 various combiJ1ations are still m use and are 
often called the modified Dukes c!ttssijiclltion. 

The classification in use by most hospitals in the United 
States was developed by the American Joint Committee on 
Cancer (A]CC) and approved by the International U11lon 
Against Cancer (UICC). lb.is classification, known as the TNM 
{tumor, node, metasta~is) system, combines clinical infom1ation 
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obtained preoperatively with data obtained during surgery and 
after histologic examination of the specimen. There have been 
numerous and signilicant modifications i11 the system since its 
introduction in l987; the seventh edition of the A]CC Staging 
MrmUIIL (20 I 0} ha.~ taken into account survival and relapse data 
char refine rhe prognostic value of accurate staging of colorecral 
cancer.19 

Ru~forC~sH"K3tion 

Cllnkol stoglng A clinical assessment of the stage of d isea.~ 
(cTNM) is based on evidence obtained by medical history, 
physical examination, and endoscopy. Examinations designed to 
detect metastatic disease (M) include chest x-rays, CT (includ
ing pelvis, abdomen, chest), MRI, and positron emission tomog
raphy (PET) or fused PET-CT scans. Clinical staging in patients 
with rectal cancer often determines whether preoperative 
adjuvant treatment is indicated. Modalities to as.~ss the preop
erative stage of rectal cancer include endorectal ultrasound 
(EUS), pelvic CT, and pelvic MRI, with or without an endorec
tal coil. 

Pothologlc Stoglng The pathologic examination of the re.~cred 
specimen (pTNM) provides a basis for prognosis and consider
ation of the need for further (adjuvam) treatment. Patients who 
were given a clinical stage (cTNM) prior to the initiation of 
preoperative adjuvant treatment, usually combined radiation 
and dlemorherapy, will have a modified pathologic stage asse.~sed 
after examination of the surgically resected specimen; that stage 
is indicated by the "y" prescript (ypTNM). 

Cancer cells confu1ed within the glandular ba.~emenr mem
brane (intraepithelial) or lamina propria (intramucosal) with no 
extension through the muscularis mucosae are not associated 
with a risk of metastasis and are defined as in situ carcinoma 
-pTis. 

Accumulated survival data reviewed by the AJCC have 
allowed for the provision of more accurate prognostic data with 
further stratification based on accuracy of staging. For example, 
it is now recognized that outcomes are different for tumors 
withiJ1 the p T 4 category based on extent of disease. T 4 cancers 
that penetrate to the surface of the visceral peritoneum (p T 4a) 
have a better prognosis than tumors that directly invade or 
adhere to other organs (pT4b), and the staging classification has 
been refined to reflect this. [n addition, it is recognized that 
increasu1g numbers ofiJwolved lymph nodes are associated witb 
a worsening prognosis, and the most recent classification system 
takes this into account. 

The recent AJCC manual also recognizes prognostic factors 
in addition to serum CEA levels that should be ascertained. 
These include tl1e foiJowing: tumor deposits-TDs, the number 
of satellite tun1or deposits discontinuous from the edge of the 
cancer that are not associated with a residual lymph node; a 
rumor regression grade that permits the pathologic response to 
neoadjuvant therapy to be graded. the circumferential resection 
ma.rgu1-CRM, me distance from the edge of tumor to the 
nearest dissected margin of tbe surgical resection; microsatell.ire 
iJlStabiliry (MSI); perineural invasion- PN, histologic cancer
ous i nva.~ion of the regional nerves); and KRAS mutation status. 
The KRAS mmation has been shown to be associated with lack 
of response to treatment with monoclonal antibodies directed 
against the epidermal growth factOr receptor (EGFR) in patients 
with metastatic colorectal cancer. 

Tumor Regression Grode Although the data are not definitive, it 
appears that a significant pathologic response to preoperative 
adjuvant treatment is associated with a better prognosis. Patien ts 
with mi11imal or no residual disease after therapy may have a 
bette:r prognosis than patients with extensive residual cancer. A 
four-poinr regression grade has been developed m asses.~ the 
response to neoadjuvant therapy (Table 52-6). 

Treatment and Follow-Up 
Although the prognosis can be refined by careful and accurate 
pathologic stagu1g, patients treated with appropriate resection 
for scage I colon can.cer generally have a 5-year survival rate of 
approxin1arely 90%. The 5-year survival rare for patients with 
stage II colon cancer treated surgically is approxin1ately 75o/o_ 
1l1e survival of stage Ifl patients, with lymph node metasta.~is, 
is approxinlately 50%, and patients with stage IV disease (distant 
metastases) have a poor prognosis, witb a 5-yea.r survival of less 
tl1an 5%. 

Further treatment and follow-up of patients treated by 
segmental colectomy for colon cancer is directed by the stage of 
the disease. Approximately 85% of recurrences are detected 
withi n 2 years of the time of resection, so follow-up strategy 
should be especially i11tensivc during that period. 

A reasonable strategy to follow patients wid1 stage I 
colon cancer is a colonoscopic examination .I year after the 
operation to inspect the anastomosis but also to detect any 
new or missed polyps. 1l1e colonoscopy should be repeated 
rumuaiJy if any polyps are derecred and removed, untU an 
exanili1ation reveals the absence of polyps. Then, a colones
copy should be offered every 5 years unless a strong family 
history or other genetic risk factor is present, ill which case 
more frequent endoscopic exanlinations are obviously indi
cated. A CEA level should be determined every 3 months 
duri1:~g the fi rst 2 years, even if the preoperative CEA level 
was normal. A rising CEA level requires further tests ro seard1 
for metastatic disease, including a cr scan (or MRI) of the 
abdomen ru1d chest, ru1d possibly a PET scan. The goal of 
close follow-up resting is to detect early recurrence that is 
amenable to treatment. Isolated hepatic or pulmonary metas
tases are an1enable to resection, wid1 a 5-year survival rate of 
20%. Multiple or unresectable metastases may respond to 
current chemotherapeutic agents. 

Postoperative uearment of patiems with stage II colon 
cancer is somewhat controversial. To date, no large randomized 
trial has shown a benefit from adjuvant chemotherapy for thls 
rather heterogeneous group of patients. An attempt to stratify 
patients may identif}r a subset that would benefit from chemo
therapy. The 5-year survival rate of patients with stage IlA 
disease is 85%, compared with 72% for stage liB disease, which 
is actually worse than for patients with node-positive stage lilA 
disease. The American Society of Clinical Oncology (ASCO) 
suggests a course of 5-Aurouracil (5-FU)-based adjuvant che
motherapy for stage II patients with at least one poor prognostic 
indicator mcluding insufficient lymph node sampling (<l2 
nodes resected with tbe specimen), T4 lesions, poorly differenti
ated histology, or bowel perforation. Whether oxaliplatin-based 
regimens should be used in stage II disea.~ u1 addition to 5-FU
leucovorin is controversial, bur current practice in most areas 
appears to favor the addition of oxaliplatin in early-stage disease. 
Further follow-up of stage 11 patients includes a CEA level every 
3 months for 2 years, every 6 months for a total of 5 years, and 
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_Table 52-6 American Joint Committee on cancer TNM Staging System for Colorectal cancer 
STACE 

Primiwy l'llmor (1i) 

TX 

TO 

Tis 

T1 

T2 

T3 

T4a 

T4b 

RegtOIIal Lymph No4les (N) 

NX 

NO 

Nl 

Nl a 

Nib 

Nl c 

N2 

N2a 

N2b 

Distant Metastasis (M) 

MO 

Ml 

Mia 

Mlb 

STACE 

0 

I lA 

liB 

IIC 

lilA 

I liB 

IIIC 

IVA 

IVB 

FEATURES 

Primary tumor cannot be assessed 

No evidence of primary tumor 

Carcinoma in situ-intraepithelial or invasion of lamina propria• 

Tumor invades submucosa 

Tumor invades muscularis propria 

Tumor invades through the muscularis propria into peric.olorectal tissues 

Tumor penetrates to the surface of the visceral peritoneum1 

Tumor directly invades or is adherent to other organs or structuresM 

Regional lymph nodes cannot be assessed 

No regional lymph node metastasis 

Metastasis in one to three regional lymph nodes 

Metastasis in one regional lymph node 

Metastasis in two or three regional lymph nodes 

Tumor dep.osit(s) in the subserosa, mesentery, or nonperitonealized pericolic or perirectal tissues without regional nodal 
metastasis 

Metastasis in four or more regional lymph nodes 

Metastasis in four to six regional lymph nodes 

Metastasis in seven or more regional lymph nodes 

No distant metastasis 

Distant metastasis 

Metastasis confined to one organ or site (e.g., liver, lung, ovary, nonregional node) 

Metastases in morll than one organ/site or the peritoneum 

Stage Grouping 

T N M 

Tis NO MO 

T1 NO MO 

T2 NO MO 

T3 NO MO 

T4a NO MO 

T4b NO MO 

Tl-T2 Nl/Ni c MO 

Tl N2a MO 

T3-T4a NI/Nic MO 

T2-T3 N2a MO 

Tl-T2 N2b MO 

T4a N2a MO 

T3-T4a N2b MO 

T4b N1-N2 MO 

AnyT Any N Mia 

AnyT AnyN Mlb 

OUK~ MAV 

A A 

A Bl 

B B2 

B B2 

B 83 

c Cl 

c Cl 

c Q 

c CI/Q 

c Cl 

c Q 

c Q 

c C3 

Continued 
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Table 52-6 American Joint Committee on Cancer TNM Staging System for Coloredal Cancer-cont'd 
STACE FEATURES 
Hlstologk Grade (G) 

GX 

Gl 

G2 

G3 

G4 

Grade cannot be assessed 

Well differentiated 

Moderately differentiated 

Poorly differentiated 

Undifferentiated 

Residual Tlnor (R) 

RO Complete resection, margins histologically negative, no residual tumor left after resection (e.g., primary tumor, regional 
nodes) 

Rl Incomplete resection, margins histologically involved, microscopic tumor remains after resection of gross disease 
(primary tumor, regionaf nodes) 

R2 Incomplete resection, margins macroscopically involved or gross disease remains after resection (e.g., primary tumor, 
regional nodes. or liver metastasis) 

From EdgeS, Byrd 0, Compton C. et al (eds): AJCC cancer staging manual, ed 7, New York. 2010, SpringEr. 
*This includes cancer cells confined within the glandular basement membrane (intraepithelial) or mucosal lamina propria (intramucosaO. with no extension through the 
muscularis mucosae into the submucosa. 
'Direct invasion in T4 includes invasion of other organs or other segments of the colorectum as a result of direct examination (e.g., invasion of the sigmoid colon by a 
carcinoma of the cecum) or, for cancErS in a retroperitoneal or subpE!itoneallocation, direct invasion of other organs or structures by extension beyond the muscularis 
propria (i.e., respectively, a tumor on the posterior wall of the descending colon invading the left kidney or lateral abdominal wall, or a mid or distal rectal cancer with 
invasion of prostate, seminal vesicles, cervix. or vagina). 
trumor that is adherent to other organs or structures, grossly, is classified as cT4b. However, if no tumor is present in the adhesion, microscopically, the classification should 
be pn -4a, depending on the anatomic depth of wall invasion. The V and L classifications should be used to identify the presence or absence of vascular or lymphatic 
invasion whEreas the PN sitHpecific factor should be used for PErineural invasion. 
loukes B is a composite of better {T3 NO MO) and worse {T4 NO MO) prognostic groups, as is !Jukes C (any TNl MO and any T N2 MO). MAC is the modified Astler-CoiiEr 
classification. 

annual CT scans of the abdomen and chest for at least the first 
3 years. 

Patiems with stage Ill disease clearly benefit from adjuvant 
chemotherapy. The addltlon of oxaliplatin to the 5-FU-Ieucov
orin regimen (FOLFOX) has resulted in an improvement of 
disease-free survival rates at 3 years to 78% (compared with 73% 
with 5-FU- Ieucovorin alone) . .Irinotecan (Camptosar) has been 
investigated as an addition to 5-FU-based therapy in the adju
vant setting, based on its benefit against metastatic disease. 
Unfornmately, iriJ1otecan has not demonstrated efficacy in the 
adjuvant setting and is not currently used for the treatmem of 
stage rn patients. 

The method of deuvery of the chemotherapeutic agents is 
evolving. Continuous infusion 5-.FU is now generally considered 
to be superior to bolus i11fusions, with less toxicity. AJ1 oral Auo
ropyrirnidine, capecitabine (Xeloda), has been shown to be at 
least equivalent to 5-FU IV and may have superior efficacy. 

The treatment of stage N patients depends on the location 
and extent of the metastases. Isolated hepatic or pulmonary 
lesions may be an1enable to resection. Chemotherapy is indi
cated, with new agents complernenti11g the 5-FU regimens tbat 
remain the keystone of therapy. TI1e newest agents that have 
been shown to be effective for metastatic disease and are being 
studied iJl the adjuvant setting are the monoclonal antibodies 
bevacizumab (Avastin), cetuximab (Erbitux), and pan.itumumab 
(Vecrlbix). Cemxlmab, a chimeric (mouse-human) monoclonal 
antibody, and pru1itumumab, a fully human monoclonal anti
body, bind to and iJ1hibit the EGFR, which is overexpressed in 
60o/o to 80% of colorectal cancers ru1d is associated with a 

shorter survival time. Cetuximab and panltumumab ate effective 
only on tum<>rs that do not have a mutation of the KRAS gene. 
Accordingly, genetic testing is now recommended to confirm the 
absence of KRAS mutations (indicarlng the presence of the 
K.RAS wild-type gene) before recommending the use of these 
EGFR iJllubitors. TI1ese agents have shown cunical efficacy in 
patients with metastatic colorectal cancer, both as monotherapy 
ru1d in combiJ1ation with irinotecan and FOLFOX. Bevaci
zumab, a vascular endothelial growth factor inh.ibitor, has also 
improved survival when added to regimens that include irino
tecan, 5-FU-leucovoriJl, or oxaliplatiJl. 

Rectal Canc:er 
Cancers arising in the distal 15 em of the large bowel share many 
of the genetic, biologic, and morphologic characteristics of colon 
cancers. However, the unique ru1atomy of the rectum, with lts 
retroperitoneal location in the narrow pelvis and proximity to 
the moge11.ital organs, autonomic nerves, and anal sphincters, 
makes surgical access relatively difficult. In addition, precise 
dissection in appropriate anatomic planes is essential because 
dissection medial to the endopelvic fascia iJwesting the mesorec
tum may doom the patient to local recurrence of the disease, 
and dissection laterally to the avascuJar anatomic space risks 
injury to the mixed autonomic nerves, causi11g impotence iJ1 
men and bladder dysfunction in men and women.24 

Furthermore, the biologic properties of the rectum, com
bined with its ru1atomic distance from the smalJ intestine 
afforded by its retroperitoneal pelvic location, provides an 
opporru11ity for treatment by radiatio11 therapy that is not 
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feasible for colon tumors. The large bowel can tolerate properly 
delivered radiation doses up to 6000 cGy, whereas such levels of 
radiation targete·d at colon tumors would include small bowel 
in the treatment field. TI1e smalJ bowel cannot wi thstand radia
tion doses of this level without complications of radiation enteri
tis, including stricrure, hemorrhage, and perforation. 

The treatment of rectal cancer has changed significantly 
during the past 25 years; there is considerable controversy con
cerning the precise role of surgery, radiation therapy. and che
motherapy and the ideal tinung of each modality with relation 
to the others. Although information from clinical trials has 
provided data supporting d1e multin1odality treatment of rectal 
cancer, the criteria for patient selecdon remains controversial. 
However, some generalities can be made: 

• Radiation therapy offers significant benefit to many 
patients with rectal cancer, and preoperative radiation 
is superior to postoperative radiation. Preoperative 
radiation (combined with cl1emotherapy) was gener
ally reserved for localJy advanced distal rectal cancers 
(within 10 em of the anal verge, stage II or higher), 
but an analysis based on a cooperative 7 -year trial of 
the National Research CowKil (NRC) of the United 
Kingdom and the National Cancer Institute of 
Canada (NCIC) has revealed that short-term preop
erative radiation (25 Gy over 5 days) results in a sig
nificant reduction in me local recurrence rate and 
improved disease-free survival for all stages of rectal 
cancer.29 

• Chemotherapy mar has shown efficacy in the adju
vant setting .in the treatment of colon cancer is also 
beneficial in the adjuvant setting for patients with 
rectal cancer. 1l1e combination of neoadjuvant (pre
operative) radiation (usualJy, 4500 to 5040 cGy) with 
infusiona\5-FU-leucovorin (and, more recently, with 
cl1e addition of oxaliplatin) often results in dramatic 
reducdon in tumor size (downstaging), and may 
result .in apparently comp.lete eradication of tl1e tun1or 
in up to 25o/o of cases.~JJ Although interest has 
grown in using chemoradiation as the sole treatment 
for patients who have demonstrated a complete diJu
cal response to chemoradiadon, the ability to predict 
which patients acrualJy have a complete response has 
been shown to be difficult. At least one series has 
shown that a complete clinical response occurs in only 
10% of patients treated with neoadjuvant chemora
diationY There is considerable interest in elucidating 
factors associated wiclJ complete eradication of rectal 
cancer by nonoperative treatment, and strategies and 
methods for predicting a complete clinical response 
have been attracting international interest. 33 

• Ncoadjuvant chemoradiation may increa.~e the ability 
of the surgeon to preserve continence by downstaging 
the cancer, in some cases shrinking tumor size to 
permit the achievement of a cancer-free margin at the 
distal extent of the resection, when a clear margin that 
would permit an anastomosis iJl the anal canal cotLid 
not be achieved without such shri11kage.34 

• The best course of neoadjuvam treatment has not yet 
been determined. In Europe, the short course ufradi
ation (25 Gy), followed by extirpative surgery (low 
anterior resection or abdominal perineal resecdon), is 
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the most common approach. In the United Stares, 
stage II or higher rectal cancers are more commonly 
treated with preoperative chemoradiation consisting 
of 4500 to 5040 cGy of radiation in conjunction with 
infusional 5-FU-based chemotherapy. 'TI1e radiation 
is delivered over a period of 5 to 6 weeks, and surgery 
(low anterior resection or abdominal perineal resec
tion) is done 6 to 10 weeks after completion of the 
radiation therapy. A diverting stoma (ileostomy or 
transverse colostomy) is usually fashioned {with irra
diated rectum) to protect the anastomosis and the 
stoma is then closed 10 weeks later, when studies 
show satisfactory healing of tl1e anastomosis. In 
Europe, a diverting stoma is not usualJy done, and the 
anastomotic leak rates appear low. 

• Neoadjuvant therapy is not a substitute for a properly 
performed surgical procedure. As discussed later, dis
section in the proper plane is essential to achieve 
adequate margins and remove the rectal lymphatics 
that may harbor metastases. A total mesorectal resec
tion is appropriate for cancer of the mid and distal 
rectum, but tl1e mesorectum can be divided below a 
cancer of the proximal rectum (>I 0 em above the 
anus) to allow preservation of the distal rectum for 
the anastomosis. If a total mesorectal excision is per
formed and the anal sphincters are preserved, the 
anastomosis to establish continence will need to join 
the colon to the anus. 
TI1e most common symptom of rectal cancer is hemato

chezia. Unfortunately, this is often attributed to hemorrhoids, 
and the correct diagnosis is consequently delayed until the 
cancer has reached an advanced stage. Other symptoms 
include m ucus discharge, tenesmus, and change in bowel 
habit. 

1l1e differential diagnosis of rectal cancer includes ulcer
ative colitis, Crohn's proctocolitis, radiation proctitis, and proci
dentia. Occasionally, so-called hidden rectttl prolApse or internal 
intussusception of the sigmoid into the rectum can produce a 
solitary rectal ulcer that nlinlics an ulcerating cancer. ft is 
thought that the d1ronic trauma from the recurrent intussuscep
tion results in ulceration of the rectal mucosa. Instead of a soli
tary rectal ulcer, rlus mucosal trauma from intussusception can 
sometimes produce the enti ty of colitis cysdca proftmda, a pol
ypoid lesion characterized by the presence of benign columnar 
epithelium and mucous cysts residing deep to tl1e muscularis 
mucosae. 'TI:tis histologic pattem can be confused with invasive 
adenocarcinoma, and it is obviously important to recognize ellis 
completely benign entity. 

The preoperative assessment of patients with rectal cancer 
is similar to that described for patients with colon cancer, with 
some significant differences-the requirement for precise char
acterization of the cancer with respect to proximity to the anal 
sphincters and the extent of invasion, as deternlined by depth 
of penetration into the bowel wall and spread co adjacent lymph 
nodes. A complete colonoscopic examination should be done to 
exclude synchionous tumors in the colon, but the precise loca
tion of the rectal tLUllor is best determined by examination with 
a rigid procwsigmoidoscope. Rigid proctosigmoidoscopy should 
be dune, even if the tumor has been diagnosed wirb a colono
scopic exami11ation, because the flexible proctosigmoidoscope 
may not accurately measure the exact distance from the tumor 
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FIGURE 52-65 Endorectal ultrasound of patient with T3 Nl rectal 
cancer. The cancer pe netrates through all layers of the rectal wall, and 
an e nla rged lym;ph node is dearly visible. 

to the anal sphn11cter. The depth of penetration can be estimated 
by digital recml examination (superficially invasive rumors are 
mobile, whereas the lesions become tethered and fixed with 
increasi11g depth of penetration), and EUS or MRl with endorec
tal coil can provide a fairly accurate assessment of the extent of 
invasion of the bowel wall (Fig. 52-65).35 

Tumors located in the distal 3 to 5 em of the rectum 
present the greatest challenge for the surgeon. Thorough and 
adequate assessment of tlllllors in this location is mandatory to 
select the proper treatment. If the rumor is confined to the 
submucosa (uT I, NO), excision by a transanal approach is an 
attractive option. In such circumstances, the incidence of lym
phatic metastases is less than 8%, a factor that should be con
sidered when contemplating the mortality and morbidity that 
would be associated with an abdominal perineal resection in a 
frail or older p atient.36 Cancers in this location that invade or 
penetrate the muscular wall of the rectum have a high incidence 
of local recurrence after transanal excision (>20%), a11d consid
eration should be given to treatment that is more aru,>ressive than 
local excision. The preferred course of t reatment requires con
sideration of many facwrs, including the patient's overall health 
and preferences. However, consideration should be given to 
more aggressive treatment for a T2 rectal cancer: chemoradiation 
or formal surgical excision (proctectomy with total mesorectal 
excision). 

After the location aJld stage of the cancer have been deter
mined, various options need to be considered for the optimal 
treatment of the rectal cancer. Other important considerations 
include the presence or absence of comorbid conditions and rhe 
patient's body babitus (an obese man with a narrow pelvis pres
ents technical difficulties different than those in a thil1 woman 
with a wide pelvis). The appropriate operation should be tailored 
to eradicate the nm1or while preserving function to the fullest 
extent possible. l11e following procedures are all useful in certain 
circumstances. 

Local Excision 
Local excision of a rectal cancer may be appropriate for a small 
cancer in the distal rectlllll that has nor penetrated into the 
muscularis. 1bls is accomplished through a transanal approach, 
aJ1d usually involves excision of the fLtll thickness of the rectal 
wall underlying the rumor. Local excisions do nor allow com
plete removal of lymph nodes in the mesorectum, so operat ive 
staging is lin1ited. l11 addition, definitive treatment ofT l recrat 
cancers by local excision has been shown to be associated with 
a three- to fivefold higher recurrence rate compared wi th similar 
stage cancers treated by radical surgical resectionY The opera
tion is indicated for mobile rumors smaller than 4 em in diam
eter, that uwolve less chan 40% of the rectal wall circumference, 
aJ1d that are located within 6 em of the anal verge. These tumors 
should be stage T l (limited to the submucosa) or T2 (limited 
to the muscularis propria), well or moderately differentiated 
histologically, and with no vascular or lymphatic invasion. There 
should be no evidence of nodal disease on preoperative ultra
sound or MRI. Adherence ro these principles results in accept
able local recurrence rates compared with treatment by 
abdominal perineal resection. Local excision is also used for pal
liation of more advanced cancer in patients wi th severe comer
bid disease, in whom extensive surgery carries a high risk for 
morbidity or mortality. Various technical approaches have been 
described to achieve transanal local excision, including use of a 
special proctoscope equipped with a magnifying camera (trans
aJlal endoscopic microsurgery), but all approaches require com
plete excision of the cancer, with adequate margins of norma\ 
tissue. Although many surgeons suture the rectal defect closed 
after the l.ocal excision, this is not llJaJldarory because the opera
tive site is below the peritoneal reflection. Unfortunately, as 
experience has accumulated with this approach, it has become 
clear that close follow-up is mandatory, in that approximately 
8o/o ofT I lesions recur and the recurrence rate for T2 lesions 
has been shown in some series to exceed 20%. As noted, most 
clinicians believe that !neal excision is nor adequate treatment 
for a T2 rectal cancer aJld further treatment is required, adjuvaJlt 
radiation plus chemotherapy or radical excision (low anterior 
resection or abdominal perineal resection). 

Transanal Endoscopic Microsurgery 
Transanal endoscopic microsurgery is an approach for the local 
excision of favorable rectal rumors (Tl CaJlcers and sessile 
polyps) through a device designed to provide access to the mid 
and proximal rectum. The endosurgical device is a large (4-cm 
dian1erer) proctoscope through which four functions-carbon 
dioxide insufflation, water irrigation, suction, and monitoring 
of intratec.tal pressure-are simul taneously regulated. The trans
anal microsurgery endoscope itself is closed and sealed, so that 
the rectum distends when carbon dioxide is insufflated into the 
system. 1bls distention facilitates visualization afforded by hill
ocular lenses attached to the sysren1. 

The endoscope is inserted through the anus and positioned 
to provide optimum visualization and access to the tumor. Posi
tioning of tbe endoscope is cri tical for success of the operat ion, 
aJld the patient must be placed iJ1 the proper position on the 
operating table to permit it to be adequately secured i11 a stable 
position. Long operating instmmenrs are then inserted through 
ports in the system and used to excise the ttm10r under direct 
vision. l11e advantages of the technique iJKiude excellent expo
sure to tumors in a difficult area of access. However, the 
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technique is somewhat cli.fficult to perfect, the equipment is 
expensive, and the number of lesions amenable to this approad1 
is relatively smaU. The compUcations associated with the tech
nique are the same as for standard transanal local excision
bleeding, urinary retention, perforation into the peritoneal 
cavity, and fecal soilage. 'TI1e dilation of the anal sphincters by 
the large endoscope may be associated with subseguent fecal 
incontinence, but this appears to be a transient problem in most 
circumstances. 

Fulguration 
The technigue of fulguration, which eradicates the cancer by 
using an elecuocautery device that desuoys the tumor by creat
ing a full-thickness eschar at the tumor site, reguires extension 
of the eschar into the perirectal fat, thus destroying both the 
tumor and rectal wall. 1he procedure can be used only for lesions 
below the peritoneal reflection. Complications associated with 
thjs approach are postoperative fever and signH1cant bleeding, 
which can occur :as late as l 0 days after the operation. Obviously, 
this tcchJuquc cannot provide a specimen to assess the patho
logic stage because the tumor and margins are rusilltegrated 
by fuJguration . The procedure is reserved for patients with a 
prohibitive operative risk and Bruited life expectancy; it has 
largely been replaced by transanal excision, which provides the 
advantage of examination and more adeguate staging of the 
specimen. 

Abdominal Perineal Resection 
Complete excision of the recrum and anus, by conconutanr dis
section through tt.he abdomen and perineum, wicl1 suture closure 
of the peril1eum and creation of a permanent colostomy, was 
first described by Ernest Miles, and is thus sometin1es referred 
to as the Miles procedure. The rectum and sigmoid colon are 
mobilized thro ugh an abdominal incision. 1l1e pelvic dissection, 
done through the abdominal incision, mobilizes the mesorectum 
in continuity with the tumor-bearing rectum. The pelvic dissec
tion is carried to the level of the levator ani muscles. 1l1e perineal 
portion of the operation excises the anus, anal sphincters, and 
distal rectum. Although there arc different approad1cs to per
forming this operation, recent experience has shown that posi
tio•ling the patient in the prone position for the perineal excision 
permits a more cylindrical specimen (wider margins of normal 
tissue) to be obtained, with a reduction i.J1 positive circumferen
tial margins, which should reduce the incidence of local recu.r
rence.38 An abdominal permeal resection is indicated when the 
tumor involves the anal sphincters or is too d ose to the sphinc
ters ro obtain adequate ma.rgins, or in patients i11 wbom 
sphincter-preservi.Jlg surgery is not possible because of unfavor
able body habitus or poor preoperative sphincter control. A 
well-fashioned colostomy will often provide a superior quality 
of life to coloanal anastomosis in an older patient or i.J1 a patient 
whose sphincter !has been compromised by childbirth. radiation, 
or previous anorectal operations.39 

Low Anterior Resedion 
Resection of the rectum through an abdominal approach offers 
the advantage of removing the portion of bowel containing the 
cancer and the mesorecrum completely, wbid1 comai.J1s rhe lym
phatic channels that drain the tumor bed. The term anterior 
resection {an abbreviation for the more correct term, anterior 
proctosigmoidect0111J' with coLorectal ttnttstomosis) indicates 
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resection of the proximal rectum or rectosigmoid above the 
peritoneal reflection. The term low anterior resection indicates 
that the operation entails resection of the rectum below the 
peritoneal reflection through an abdominal approach. The 
sigmoid colon is almost always mcluded with the resected speci
men because diverticulosis often involves rhe sigmoid, and the 
blood supply to the sigmoid is often not adeguate to sustain an 
anastomosis if the IMA is transected. For cancers involving the 
lower half of the rectum, the entire mesorectum, which contains 
the lymph chan.nels draining the tumor bed, shouJd be excised 
in co1ninuity with the rectum. 'This tccilluque, total mesorcctal 
excision, produces the complete resection of an intact package 
of the recrum and irs adjacem mesorecrum, enveloped withi.J1 
the visceral pelvic fascia with uninvolved circumferential 
margins. 'TI1e use of the technigue of total mesorectal excision 
has resulted in a significant increase in 5-year survival rates (50% 
to 75%), a decrease in local recurrence rates {30% to 5%), and 
a decrease in the incidence of impotence and bladder dysfunc
tion {85o/o to <15%). 

lntestmal continuity is reestablished by fashioning an anas
tomosis between the descendmg colon and rectwn, whidl has 
been greatly facilitated by cl1e introduction of the circular sta
pling device. After the colorectal anastomosis has been com
pleted, it should be inspected with a proctoscope inserted 
through the anus. If there is concern about the integrity of the 
anastomosis, or if the patient bas received high-dose preopera
tive chemoraruation, a temporary proximal colostomy or ileos
tomy should be made to permit complete bea!Jng of the 
anastomosis.3?.4° The stoma can be closed in approximately 10 
weeks if proctoscopy and contrast studies verifY the integrity of 
the anastomosis. 

An end-to-end anastomosis between the descending colon 
and distal rectum or anus may result ill significant alteration of 
bowel habits attributed to the loss of the normal rectal capacity 
{Fig. 52-66). Patients treated with tllis operation often experi
ence frequent small bowel movements (low anterior resection 
syndrome or clustering). 'TI1is problem can be addressed by 
fashioni.Jlg a colonic J poudl as the proximal component of the 
anastomosis (Fig. 52-67).41 As experience has accumuJated with 
this approad1, it appears that improvement in bowel function is 
sigtUficant for cancers located in the distal rectum but, if the 
anastomosis is created above 9 em from the anal verge, there is 
little benefit of a J pouch compared with an end-to-end anasto
mosis. The limbs of the J pouch should be relatively short { 6 em) 
because patients with larger J pouches have a significant inci
dence of difficulty wicl1 evacuation. lt is generally thought to be 
preferable to avoid using the sigmoid colon as the proximal 
component of a colorecral anastomosis, because the blood 
supply to the sigmoid from the IMA may be tenuous, and cl1c 
presence of diverticular disease, common in the sigmoid colon, 
is often considered to be a risk factor for anastomotic leak. 
However, one study has demonstrated satisfactory results from 
fashioning the coloJuc J pouch from the sigmoid {u1stead of the 
descenrung) colon.42 

In obese patients and in patients with a narrow pelvis, i.t 
may not be technically fea.~iblc to fashion a J pouch as the 
proximal component of the low pelvic anastomosis because the 
bulk of the poud1 simply will not fit into the narrow pelvis. In 
such cases, a reservoir can be devised with a coloplasty. TI1is 
techni<jue provides a rectal reservoir by making an 8- to l 0-cm 
colotomy 4 to 6 em from the divided end of the colon. 1he 
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FIGURE 52-66 Anastomosis between descending colon and anus. 
following complete resection of the rectum. The absence of the 
rectum often results in frequent small bowel movements, a phenom
enon known as clustering or low anterior resection syndrome. (Cour
tesy Cleveland Clinic Foundation, develand, 2000.) 

colotomy is closed transversely to provide increased rectal space 
and capacitance (Figs. 52-6R and 52-69).4~ 

Sphinder-Sparing Abdominal Perineal Resection 
With Coloanal Anastomosis 
Abdominal perineal resection is sometimes required because a 
cancer in the distal rectum cannot be resected with adequate 
margins while preserving the anal sphincter. However, the use 
of preoperative radiation and chemotherapy has been shown, in 
some cases, to shrink the rumor to an extent that acceptable 
margins can be achieved. If the anal sphincters do nor need to 

be sacrificed to achieve adequate margins based on oncologic 
principles, a permanent stoma may be avoided with a sphincter
sparing abdominal perineal resection, with an anastomosis 
between the colon and anal canal.44 This procedure has particu
lar application for young patients with rectal nm1ors who have 
a favorable body habitus and good preoperative sphincter fwlc
tion. 1he operation can be conducted in a variety of ways, but 
all methods involve mobilizing the sigmoid colon and pelvic 
rectum through an abdominal approach, dissecting the rectal 
mucosa from tbe anal sphincters at the level of the dentate line, 
and completing the resection of the most distal rectLLm through 
the anal approach. AJ1 anastomosis is then fashioned between 
the descending colon and anus, often using a J pouch or colo
plasty proceduJi'e described earlier for the low colorectal anasto
mosis. 1l1e an.asromosis is made with sutures placed through a 
transanal approach by the surgeon in the perineal field. 

FIGURE 52-67 J pouch fashioned from descending colon to form 
proximal portion of coloanal anastomosis. This increases its capaci
tance to decrease the frequency of bowel movements. (Courtesy 
Cleveland Clinic Foundation, develand, 2000.) 

Colorectal Cancer Prevention and Screening 
Cancer prevention can be divided into a discussion of primary 
and secondary prevention. Primary prevention is the identi~ca
tion of environmental factors responsible for cancer and subse
guent modification of those factors to reduce risk (e.g., dietary 
modification, avoidance of environmental hazards, chemopre
vention). Secondary prevention involves finding a precursor 
lesion or cancer at a stage at which metastasis and death can be 
prevented. 

Cancer screening is the cornerstone of secondary preven
tion. Colorectal cancer is a preventable disease. An understand
ing of defined risk factors and screening options is essential for 
every health care pbysican. Our understanding of the natural 
history of colorectal cancer, precancerous conditions, parien£ 
risk factors, and efficacy of screening options is still i11 flux. Even 
so, achieving a basic facility with current evidence should be 
the goal. 

Colorectal cancer is an ideal candidate for screening strate-
gies for the following reasons: 

1. It is a common and serious problem. 
2. Precursor lesions exist. 
3. It is slow growing. 
4. Testing is avai lable. 

In 1993, the National Polyp Study Workgroup published 
a landmark study documenting a 76% to 90% reduction in 
colorectal cancer incidence compared with reference populations 
when adenomatous colon polyps are removed endoscopically. A 
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FIGURE 52-68 A coloplasty is perfonned by making an 8- to 10-cm 
colotomy 4 to 6 an from the cut end of the colon. The longitudinal 
colotomy is made between the taeniae on the antimesenteric side. 
It is dosed transversely with absorbable sutures. An end-to-end 
stapled anastomosis then joins the colon to the distal rectum or anus. 
(Courtesy Cleveland Clinic Foundation, Cleveland, 2000.) 

year before this, Selby and Newcomb independently showed a 
60% to 70% reccal cancer morcaHty reduction foUowing sig
moidoscopy and polypeccomy. Clearly, intervention results ln 
mortality reduction. 

Far more comroversial is the choice of screening method. 
This area of prevention is rapidly changing, and updated recom
mendations are made frequently. Patients are risk-stratified with 
frequency and method of screening dictated by category (see 
Table 52-5). Most patients (70%) a.re of average risk; these 
patients have no personal or family history of colorectal cancer 
or polyps, and no predisposing conditions such as ulcerative 
coli tis or Crobn's disease. 

The most difficult risk category m define is the moderate
risk group. The American College of Gastroenterologists has 
stratified these patients lnto two groups. Patients with one first
degree relative with coloreccal cancer diagnosed after age 60 
years are twice as likely as an average-risk individual co develop 
colorectal cancer themselves. Furthermore, their risk for colorec
tal cancer at age 40 years is the san1e a~ the general population's 
risk at age 50 years. Therefore, these individuals are considered 
at moderately increased risk; scr"Cening recommendations are the 
same as for average-risk patients but should begin at age 40 
years. Patients with a strong family history of colorectal cancer 
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FIGURE 52-69 The completed stapled coloplasty with anastomosis. 
(Courtesy Cleveland Clinic Foundation, Cleveland, 2000.) 

include those with multiple fuse-degree relatives with colorectal 
cancer or a single fuse-degree relative with cancer diagnosed 
before 60 years of age. Overall risk for developing cancer for this 
cohort is three to four times tl1e average. Patients at high risk 
for developing coloreccal cancer are those witl1 a hereditary 
cancer syndrome such a~ FAP or HNPCC or with ulcerative or 
Crohn•s colitis. 

Perhaps the most fre'luently used, and least well under
stood, screening tool is fecal occult blood resti11g (FOBT). It has 
the advantages of being inexpensive, easy to use, and interpre
table by primary care physicians. ln randomized studies, annual 
use of FOBT alone with three consecutive stools produced a 
colorectal cancer-specific mortality reduction rate of 33%. 
Unforcunarely, the false-negative rare using FOBT alone is unac
ceptably high. Only 30% co 50o/o of cancers were detectable in 
most serie.~. A report from the Veterans Administration Srudy 
Group documented that only 24% of coloreccal cancers produce 
a positive result. Only 7.0o/o of patients with polyps had a posi
tive FOBT (compared with 6.4o/o of polyp-free patients). Thus, 
FOBT alone is not an adequate rest for polyps or colorecral 
cancer in any risk group. 

For average-risk individuals, combining FOBT with flexi
ble sigmoidoscopy at 5-year intervals is deemed acceptable as a 
screening option. ln 2001, rhe Veterans Administration Coop
erative Study Group published the results of a large study (2885 
patients) comparing FOBT and flexible sigmoidoscopy with 
colonoscopy. All patients underwent FOBT followed by fuJl 
colonoscopy. n,e flexible sigmoidoscopy portion of the exan:ti
nation was carefully documented. Although sigmoidoscopy 
alone identified 70.3% of all cancers, the combination ofFOBT 
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and flexible sigmoidoscopy failed to detect 24% of proximal 
cancers. Flexible sigmoidoscopy is a valuable tool that can be 
used iJl an office-based setting by general physicians without a 
full bowel preparation. However, poor preparation, patient dis
comfort, and variable technique may limit its accuracy. Polyps 
dcteC[cd by flexible sigmoidoscopy should prompt full colono
scopic examination. Flexible sigmoidoscopy alone or with 
FOBT is not adequate for those in the strong family history or 
high-risk group. 

Double-contrast barium enema (DCBE) was once the 
diagnostic mainstay for lower GI disease. The advent of flexible 
fiberoptics has largely supplanted its use. Even so, it has retained 
a place in the screening armamentarium for the average-risk 
patient. In 2000, the National Polyp Study Work Group com
pared DCBE and colonoscopy in a prospective double-blinded 
trial in patienrs with a history of polyps. A1l 862 study subjects 
underwent bot11 types of examiJ1ation. Colonoscopists were 
blinded to the results of the antecedent barium enema. Of these 
colonoscopies, 45% revealed adcnomatous polyps, compared 
with only 26% of DCBEs. The rate of detection on DCBE is 
sign.ificantly influenced by size. Only 4R% of polyps 1.0 em or 
larger in diameter were detected on DCBE. 

Colonoscopy is considered the gold standard for screening. 
It is the rest of choice for patients with greater than average risk 
and has the advantage of providing a way to intervene in the 
natural history of colorectal ca1JCer by facilitating endoscopic 
polypectomy.45 However, it has several disadvantages. It is the 
most morbid screeJ1ing method. Colonic perforacion (1/2000 to 
2500 examinations), as well as significant bleeding ( <1% of 
exan1inations), can occur. Colonoscopy requires a fuU bowel 
preparation accompanied by fasting, sedation, and a ski.Ued 
endoscopist. Finally, colonoscopy is the most expensive screen
ing rest available. Even considering these limitations, the use of 
colonoscopy has become commonplace. It is the screening test 
reconm1e11ded for average-risk individuals; indeed, it may be the 
most cost-effective test if administered once every 10 years, as 
recommended. For those with greater than average risk, colo
noscopy is mandatory for initial screening and follow-up. 
Research has endeavored to establish reHablc accuracy statistics 
for colonoscopy. Studies pairing back to back colonoscopies have 
demonstrated a 15% polyp miss rate. In the National Polyp 
Study Workgroup trial, colonoscopic examination rcveaJed a 
20% overall polyp miss rate. Clearly, the gold standard could be 
improved on, particularly for polyps sma1Jer than 1.0 em in 
diameter. 

INTEmNAL STOMAS 
Occasionally, the intestinal rracr needs to be interrupted and 
fused to the skin to divert bodily wastes, temporarily or perma
ncndy, for a variety of reasons. A stoma, or ostomy, is an artificial 
opening of the intestinal or urinary tract to the abdominal wall. 
The techniques of fashioning a stoma have been developed to 
provide a cure ,or palliation for benign or malignant diseases or 
to provide diversion of waHe until conditions are anained that 
pernut the restoration of normal intestinal continuity. 

Basic Types 
A colostomy is an anaHomosis fa~hioned between the colon and 
skin of rhe abdominal wall. Colosromjes may be remporary or 
permanent, depending on the disease and conditions for which 
they are created. However, appropriate planning and careful 

FIGU RE 52-70 Hartman's operation. 

rechnica1 considerations should be given to the creation of any 
colostomy, because history has shown that even colostomies 
intended to be temporary may prove to be permanent in a sig
nificant number of patients.46 

A colostomy may be indicated to divert colonic contems 
temporarily from a pathologic process in the distal colon or 
rectum, such as an obstructing rectal cancer or phlegmon of the 
sigmoid colon associated with diverticulitis. Such a colostomy is 
usually a loop colostomy using the transverse colon. Other cir
cumstrulCes arc more appropriately treated by an end colostomy, 
in whid1 the end of the sigmoid or, more commonly, descending 
colon is fused with the skin of the abdominal wall. An end 
colostomy is an essential component of aJ1 abdominal perineat 
proctectomy performed for rectal cancer. As noted, resection of 
the sigmoid colon with closure of the rectal stump ru1d fashion
ing of a descending colon is usually referred to as Hartmann$ 
operation (Fig 52-70).1lus may be a useful approach for patients 
with diverticulitis and some patients with rectal cancer. 

An ileostomy is the union of the ileum to the skin of the 
abdominal waU. As described for colostomy, an ileostomy may 
also be fashioned as a loop or an end stoma. A temporary loop 
ileostomy may be fashioned to protect a distal anastomosis, such 
as a coloanal anastomosis in a patient who has received preopera
tive chemoradiation for rectal cancer, or to protect an ileal pouch 
ru1al anastomosis iJ1 a patient treated with restorative procto
colectomy for ulcerative colitis. An end ileostomy is requlred if 
the colon and rectun1 must be removed and the anal sphinctcr 
cannot be preserved. 1l1e most common indication for a perma
nent end ileostomy is Crobn's disease with severe involvemem 
of the anorectum. 

A urinary conduit is one method of compensatiJ1g for the 
loss of or severe malfunction of the urinary bladder. Construc
tion of a urUlaf)' conduit iJwolves isolation of a segment of 
intestine, usually ileum, with restoration of the continuity of the 
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remaining inrestime. One end of the conduit is brought onto the 
abdominal wall as a stoma and the other end is closed. The 
ureters are implanted into the intestinal pouch, which serves as 
a conduit for the excretion of urine. Significant advances in 
techniques of bladder reconstruction have made the use of the 
ileal urinary conduit less frcquenr than in the past few decades. 

Physiologic Considerations and 
Practical Implications 

Colostomy 
For practical purposes, the dominant physiologic properties of 
the proximal colon are the completion of digestion of complex 
carbohydrates by fermentation, retention of electrolytes, and 
absorption of water. The more distal colon participates to less of 
an exrem in these processes and serves as a reservoir for the waste 
products of digestion pending elimination. The motility charac
teristics of the colon are segmen ration and mass movements. 1he 
blood supply ro the ascending and transverse colon is from the 
SMA, whereas the blood supply to the sigmoid colon is primar
ily from the IMA, although there is normally collateral com
munication between these arterial sources from the marginal 
artery. In some cases. the collateral commun.ication via the mar
ginal artery is nor sufficient to sustain the sigmoid colon, so ir 
is generally preferred to fashion a distal colostomy from the 
descending colon, which has a more reliable blood supply, than 
the sigmoid colon (especially if the lMA has been divided). ln 
addition, d1e sigmoid colon is often afflicted with diverriClllosis 
and the thickening of the colonic wall associated with that 
disease process, so the more pliable and capacious descending 
colon is the preferred choice for a left-sided colostomy. 

lhc more proximal the sire of the colon that is selected to 
fashion a colostomy, the more likely it is that the effiuenr will 
be liquid, noxious, and foul-smelling. Descending colostomies 
that pass formed feces are relatively easy to care for with a wcll
firting enrerosromal appliance, whereas uansverse colostomies 
that expel significant amounts of femlent liquid are difficult to 
care for. Colostomies from the right colon are particularly trou
blesome, because there is a copious an1ow1t of liquid foul
smelling effiuenr that is diflicult to contain with an appliance. 

In addition, d1e motility characteristics of the colon are 
such that the more proximal the site of the colon selected to 
fashion a colostomy, the higher is the UkeUbood of prolapse 
through the stoma. 'This is distressing to the patient and makes 
maintenance of the stoma exceedingly difficult. As a general wle, 
with modern emerostomal techniques, it is much easier to care 
for an iJeosromy than ro care for a wet colostomy or a colostomy 
fashioned from the proximal colon. 

Transverse colostomies, although ar times very useful to 

protect a distal anastomosis or to divert colonic contents from 
a distal obstruction, should almost always be considered to be a 
temporary diversion to a transient problem. A transverse loop 
colostomy fashioned at skin .level will completely divert the fecal 
streanJ for a period of at lease 6 weeks but, with the passage of 
time and the natural maturation of the colostomy, the spur, or 
posterior wall of the colostomy, will retract and the stoma wiJJ 
no longer divert completely. [n addition, the incidence of sig
nmcanr prolapse from a transverse loop colostomy is high and 
increases over time. Somewhat surprisingly, it is usually (but not 
always) the distal limb of me loop colostomy mac prolapses 
through the stoma sire. 
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Ileostomy 
The terminal i.leum normally delivers up to 2 liters of succus 
enrericus ro the cecum during a 24- hour period. There is a 
remarkable adaptation following the construction of a stoma 
from the very distal ilewn, in that after several weeks the absorp
tive capacity of the ileum increases ro the exrenr that approxi
mately 900 mL of effluent will be expected to be produced by 
the ileum during a 24-hour period. However. the imestinal 
adaptation cannot completely compensate for d1e loss of the 
absorptive capacity of the colon, and ileostomy patients need to 
recognize the need to increase their intake of fluid. Supplemcmal 
sodium chloride may often be necessary for ileostomates, 
although liberal addition of salt to the daily diet usually will 
suffice. 

TI1e ileal chyme is liquid and contains digestive substances 
thar arc normally inactivated in the colon. lf the skin adjacent 
ro the ileostomy is exposed ro the effluent, significant erosion of 
the peristomal skin can occur. Therefore, the ileostomy is fash
ioned to protrude above d1e skin surface as a spigot that pours 
the ileal contents into an cnrcrostomal appliance fined ro the 
abdominal skin ar the base of d1e ileostomy so as ro protect the 
skin fro m the corrosive properties of the ileal effluent. 

Logistic Considerations 
lf it is anticipated that the creation of a stoma, a colostomy or 
iJeosco:my, will be parr of an operation, appropriate preparations 
should be made to optimize d1e outcome of the procedure. 
Preoperative consultation with an emerosromal therapist is 
helpful in most circumstances. This consultation provides the 
opportunity for education, counseling, and appropriate stoma 
site selection and marking. Such preparation significantly 
increases patient satisfaction and quality of life scores of patients 
who require permanent or temporary sromas.47 

The preferred location of a stoma should be in an area of 
tbe anrerior abdominal wall where there arc no creases that could 
prohibit the satisfactory seal of the appliance co the perisromal 
skin. The stoma should be visible to the patient-nor on the 
underside of a large panniculus in an obese individual-and 
easily accessible. Most surgeons think that it is desirable to bring 
the stoma through the rectus muscle, rraverslng an appropriacdy 
sized aperture (2 ern) that does not constrict the blood supply 
to the stoma but does nor result in a peristomal hernia. In a 
normal-sized patient, rhe preferred site for stoma location is 
through the rectus muscle, slighdy inferior to the umbilicus at 
the apex of the naturally occurring tissue mound of the abdomen 
(Fig. 52-7 1 ). 

Technical Considerations 

Colostomy 
End Descending Colostomy As noted, it is generally preferable ro 
use the descending colon, rather than the sigmoid colon, for the 
creation of a colostomy. The most common indication for an 
end descending colostomy is abdominal perineal resection for 
rectal cancer. In this case, we recommend dividing me IMA close 
ro the aorta (for oncologic and anatomic reasons; see later). 'The 
sigmoid colon should be resected with the rectun1, rakiJ1g care 
co preserve the mesentery to rhe descending colon. 'The blood 
supply ro the descending colon will be mainrained through the 
collateral circulation from the marginal artery, and this collateral 
circulation is better maintained by dividing thelMA close to its 
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FIGURE 52-71 Selecting a site. 

FIGURE 52-n End colostomy. 

origin. The colon is the mobilized from the posterior abdominal 
wall and the prerenal (Gerota's) fascia in such a marmer that the 
entire descending colon and its mesentery lie anterior to the 
small bowel {Fig. 52-72). Using this technique, there is no 
remaining lateral acrachmem of the colonic mesenrery for the 
small intestine to twist around, and it is not necessary to approx
imate the mesentery of the descending colon to tbe lateral peri
toneum to prevent an internal hernia. 

The closed end of the descending colon is brought through 
an abdominal wall aperture created through the left rectus 
muscle at the sire selected and marked prior to the operation. 
1he colostomy is matured by approximariJ]g the wall of rbe 
colon ro rhe skin with interrupted absorbable sumres. Some 
surgeons place the suwres in sum a fashion to elevate the colos
tomy above skin level slightly, but this is nor necessary with a 
descending colon because the effluent will be nonJjquid and 
noncorrosive, and maintaining an appliance does nor require 
eversion of the stoma. 

FIGURE 52-73 loop colostomy. 

Loop Colostomy A. loop colostomy may provide diversion from a 
distal obstruction (e.g., rectal cancer, diverticulitis) while simul
taneously decompressing the limb of the colon leading to tbe 
obstruction. 'The most commonly performed type of loop colos
tomy is the transverse loop colostomy but, as noted, this stoma 
ha~ the disadvantages of liguid effluent, eventual prolapse, and 
only temporary complete diversion. Although a loop transverse 
colostomy is certainly indicated in certain circumstances, con
sideration should be given to a loop ileostomy or loop descend
ing cdostomy. The former is easier to care for and maiJltail] an 
appliance, and the latter's effluent is thicker, with less Auid loss 
and less chance of prolapse of the more distally placed colos
tomy. The technique of fashioning rhe descending loop colc>s
romy is essentially the same a~ for rbe transverse loop colostomy; 
the transverse loop is often tecluucally easier because it is mobile 
and more easily accessible in rhe midabdomen. 

The transverse colon is brought through an abdominal wall 
aperture, usually selected in tl1e midline well cephalad to the 
umbilicus, ru1d well above a midline incision if the operation is 
cond ucted tluough such an incision. 1l1e exteriorized loop of 
colon is supported over a plastic sroma rod (Fig. 52-73). 1l1e 
ru1timesemeric surface of the colon is incised in a longitudinal 
incision and the edges of the resuhing colostomy are sutured to 
the skin of the abdominal wall with absorbable sutures. The 
supporting rod is removed after rhe fifth postoperative day. 1lcis 
stoma will provide complete diversion of the feces and ga~ from 
rhe proximal colon while simultaneous venting rhe distal colon. 
However, after a period of approximately 6 weeks, rhe posterio.T 
wall of the stoma (the spur) wiJJ retract and feces from the 
proximal colon can spill over inro the distal limb. 

Ileostomy 
In forming aJl ileostomy, the ileum is brought through tl1e 
abdominal wall ar a site selected prior to the operation to ensure 
mat the location is ideal for maintaining the seal of an appliance 
(i.e., away from natural abdominal. wall creases, scars, hernias). 
A disc of skin is excised, rhe dissection is carried longitudinally 
through the center of the rccrus muscle, and the posterior fascia 
is divided (Fig. 52-74). The abdominal wall aperture should be 
approximately 2.5 em in diameter, tl1us admitting two fingers 
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FIGURE 52-74 Dividing fascia for ileostomy. 

.· 

I· -
FIGURE 52-75 Aperture for ileostomy. 

(Fig. 52-75). Sufficient length of well-vascularized ileum is 
brought through the abdominal watl to permit creation of a 
spigot that wiU protrude above skin Level, allowing the ileal 
contents to porn into an appliance sealed to the adjacent skin 
(Fig. 52-76). The ileostomy is completed by approximating the 
full thickness of trhe divided wall of the ileum to the subcuticular 
tissue of the abdominal skin of the stoma site, placing sutures 
in so as to maintain tbe everted configuration of the stoma (Figs. 
52-77 and 52-78). 

Using these same principles, a loop ileostomy may be fash
ioned (Figs. 52-79 and 52-80). The loop ileostomy can be fash
ioned over an Ueosromy rod, bur a rod is nor necessary to 
maintain the configuration of the stoma. Some surgeons prefer 
not to use a supporting rod because it may interfere with main
raining the seal of the appliance. If an ileostomy rod is used, it 
can be removed on the fifth postoperative day. 
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FIGURE 52-76 Ileum brought through aperture. 

FIGURE 52-77 Maturing ileostomy. 

PELVIC FLOOR DISORDERS AND CON5nPATION 
Disorders of the pelvic floor can be classified as primarily 
colorectal, urologic, or gynecologic. Often, problems requiring 
tbe attention of multiple specialists present in a synchronous 
fashion, a condition known as complex p1·olttpse. Rectal prolapse 
(procidemia), enterocele, rcccocde, and functional disorders of 
the muscles of the pelvic floor (anismus, levator spasm) are 
an1ong the pelvic floor disorders treated by surgeons. A fwlC
tional .disorder is defined by the concurrent presence of normal 
anatomy and abnormal fw1ction. Surgeons are often consulted 
concerning functional disorders of the large bowel or pelvic 
fl oor. 'Il1ese prohlems do not usually require operative interven
tion: in fact, the surgical Literature is replete with examples of 
failed operations to correct these problems. However, the signs 
and symptoms of these disorders mimic surgical diseases and 
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FIGURE 52-78 Creating ileostomy spigot. 

FIG'URE 52-79 Completing loop ileostomy. 

require proper recogruuon and rreatmem. Almough chronic 
constipation is often considered an example of a functional 
problem, surgery is a consideration for some patiencs who fail 
medical manag:ement. The surgical evaluation and management 
of these disorders is discussed in this section. 

Diagnosis: Testing and Evaluation 

Anorectal Physiology Laboratory Testing 
Anorectal physiology testing refers co me systematic evaluation 
of anal canal resting and squeeze pressures, anal reflexes, puden
dal nerve conduction vdocities, and electromyographic muscle 
fiber recruitmem. Measuremem of anal canal pressures (manom
etry) involves d1e use of water-filled balloons attached co cath
eters and transducers place<! in the anal canal. The measurement 
of resting and sguee-.~:e pressures at various points in the anal 
canal reflects the strength, tone, ar1d function of the internal and 
external sphincter. Normal resting and squeeze values are 40 co 
80 mm Hg. Resting pressure reflects the function of the internal 

FIGURE 52-80 Loop ileostomy in continuity. 

sphincrer, whereas sgueeu: pressure measures external sphincter 
(volw1tary muscle) contributions. Measurement of anal canal 
pressures is useful in the evaluation of conditions ranging from 
incontinence to obstructive defecation. Electromyographic 
recruitmem refers co the moror unit potential of the puborecralis 
muscle and is compared for rest, squeeze, and push (simulated 
defecation). An increase in the recruitment of fibers during 
srraining is pathognomonic for the syndrome of paradoxic 
puborectalis, or inappropriate puborectalis conrraction. Puden
dal nerve terminal motor latency (PNTML) times are measured 
with a special transducer attad1ed to a glovelike apparatus 
desigr~ed co be worn on the finger and hand. A digital rcctat 
examination is required, with application of the finger electrode 
to the right and left levator ani complex. Values between 1.8 and 
2.2 milliseconds are normal. Prolonged values are seen in trau
matic injuries of the vagina or anal canal (obstetric in cause), 
sacral nerve root dan1age, or duonic diseases such as diabetes. 

Defecography 
Defecography is an extremely useful modality for determining 
the precise nature of various pelvic floor abnom1alities. Barium 
paste is placed in the vagina and rectum after the patient ingests 
water-soluble contrast to opacify the small bowel. As the patien£ 
evacuates the rectal barium paste. abnormalities occurring 
during the act of defecation can be recorded with fluoroscopic 
videotapi11g. A vast amowu of functional and anatomic infor
mation can be gathered from this rest. 'The presence of multiple 
anatomic abnormalities, such a.~ rectocele, emerocele, and 
vaginal vault prolapse, can be efficiently evaluated. Functional 
problems such as paradoxical puborectalis syndrome have char
acteristic dcfecograpl1ic patterns and can be evaluated in tl1is 
way. Many contributing anatomic problems can be readily 
identified. 
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Rectal Prolapse (Procidentia) 

Causes and Symptoms 
Most information regarding how patients develop rectal prolapse 
is based on observation of the clinical characteristics of those 
suffering from this problem. 'The condidon wa~ documented in 
the Hippocratic Corpus and, since then, descriptions of causes 
and rectif}ri11g procedures have been numerous. Howcvct, two 
competing theories of rectal prolapse did evolve. In 1912, Alexis 
Moschcowitz proposed that a rectal prolapse was caused by a 
sllding herniation of the pouch of Douglas through the pelvic 
Boor fascia imo the anterior aspect of the recrum. His rheory 
was based on the fact chat the pelvic Boor of prolapse patienrs 
is mobile and unsupported and 0 11 the observation that other 
adjacent structures can occa~ionally be seen alongside the rectal 
component of the prolapse. With the advent of defec.ography in 
1968, however, Broden and Snellmru1 were able to show con
vincingly that procidentia is basically a full-thickness rectal 
intussusception starting approxinlately 3 inches above the 
dentate llnc and extending beyond the anal verge. Both explana
tions take into consideration the weakness of the pelvic Boor in 
rectal prolapse cases, the concept of herniation, and the observa
tion that there are abnormal anatomic features that d1aracccri7-e 
this condition. 

Women aged 50 years and older are six times a~ likely as 
men to present with rectal prolapse. The peak age of incidence 
is the seventh decade in women, whereas the relatively few men 
afflicted with rhe syndrome may develop prolapse at d1e age of 
40 years or yotmger. One striking characteristic of yotmg male 
patients is their tendency to have psychiatric disorders, and 
mru1y are institutionalized. Young male patients with procidentia 
also tend to take constipating medications ru1d report significant 
symptoms related ro bowel fllllction. 

Anatomy and Pathophysiology 
Patients with prolapse are frequently fotmd to have specific 
anatomic characteristics. Diastasis of the levator ani, abnormally 
deep cul-de-sac, redundant sigmoid colon, patulous ru1al sphillc
ter, and loss of the rectal sacral attachments are commonly 
described. 

Large case reviews aimed at elucidating other predisposing 
factors have supported several observations. Chronic or lifelong 
constipation with a component of straining is present in more 
than 50% of patients, and 15% experience diarrhea. Comrary 
to the common assumption that rectal prolapse is a consequence 
of multiparity, 35% of patients with rectal prolapse are nullipa
rous. Once a prolapse is apparent, fecal incontinence becomes a 
predominant symptomatic feature, occurring in 50% to 75% of 
cases. Proxin1al bilateral pudendal neuropathy is present in 
incontinent prolapse patients and is responsible for denervation 
atrophy of the external sphincter musculature. This finding is 
absent in norma1 controls. It is speculated that pudendal nerve 
damage is responsible for pelvic Boor and anal sphincter weaken
ing and may be the underlying cause of a spectrtU11 of pelvic 
Aoor disorders. Pudendal nerve dan1age can result from direct 
t rauma (e.g., obstetric injury), chronic diseases (e.g., diabetes), 
and neoplanic p·rocesses causing sacral nerve root damage. 

Symptoms of prolapse progress as the prolapse develops. 
Often, the prolapse initially comes down with defecation or 
straining, only to reduce spontaneously afterward. Patients 
describe a mass or large lump chat they may have to push back 
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FIGURE 52-81 Procidentia, or rectal prolapse. The entire rectum has 
protruded through the anal canal. 

in after defecation (Fig. 52-8 1). 1l1e presenting complaim may 
be the concurrent fecal incontinence that results from the pro
lapse, or a sensation of dlronic moisture and mucous drainage 
in the perineal area. Mil1imal or spontaneously reducible pro
lapses may progress to a chronically prolapsed rectum, requiring 
digital reduction. Chronically prolapsed rectal mucosa may 
become thickened or ulcerated and cause significant bleeding. 
Occasionally, the presenratiOJl of rectal prolapse can be draJnatic 
when the prolapsed segment becomes incarcerated below the 
level of the anal sphincter. Emergent operative therapy is indi
cated in this situation. 

Differential Diagnosis and Investigation 
A common pitfall in the diagnosis of recral prolapse is the 
pocemlal for confusion with prolapsed incarcerated internal 
hemorrhoids. l11ese conditions may be distinguished by close 
inspecrion of the direction of the prolapsed tissue folds. In the 
case of rectal prolapse, the folds are always concentric, whereas 
hemorrhoidal tissue develops radial invagiJ1ations defi11ing the 
hemorrhoidal cushions. Prolapsed incarcerated hemorrhoids 
produce extren1e pain and can be accompanied by fever and 
urinary retention. Unless incarcerated, recral prolapse is easily 
reducible and painless. 

Before operative intervention, a careful history, physical 
examination, and colonoscopy should be performed. Of patients 
with rectal prolapse, 35% complain of urinary incontinence a11d 
another 15% have a significant vaginal vault prolapse. 1l1ese 
symptoms will require evaluation and potential multidisci
plinary surgical intervention. 

If the diagnosis is suspected from the history, but not 
detected on physical examination, confirmation can be obtained 
by asking the patient to produce the prolapse by straiJling while 
on a toilet. Inspection of the perineum with the patient in the 
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nec1pl~lsm may form the lead 
for a rectal rea-;on. and because this age 
group has the incidence of colorectal colonos-
copy or barium enema should an opcr~rtirJn. 

on colonoscopic inspection 
oocr<tti\'C approach. 

Anal and pudendal nerve terminal motor 
pn~orJcrativdlyto evaluate syJnt::>toms 

nificance for continence, more studies are recJUltt·ed 
confirm this. Patients with evidence of nerve 

rate of incontinence after 
pr•ola.pse. Decreased anal squeeze or 

condition and may the actual development of 
the prolapse. Routine manometric studies for obvious prolapse 
arc usually not done. 

prcKcdurcs described in the histori-
and in recent times, is lvlorc than 50 types 

have been documented, most of historical interest 
have included anal encirclement. 

anterior 
and a host 

m1;entmty of sur
op.cra.tlcm only 

intact because the rates of postr>pr:ra.tn•c 
arc higher in with lateral 

mobilization of the rectum, a 5-cm band of rcctan-
mcsh is around its anterior aspect at the level of the 

peritoneal and both sides of the mesh arc sutured with 

nonabsorbable suture to the pn~sa.cn1l fascia. appr<:Jx:tman:ly em 
t1·om the midline. Sutures are used to secure to the 
rectum and the rectum is pulled 

Various materials have been 
rectum, including awtol·ug<Jus 
pr<Jd1uc1:ssuch a~ Marlex 

to secure the 
svtltl·tetic non absorbable 

LJieiiJIICJLI, The \Vood
Teflon and absorbable 

prosthetics such as polyglycolic acid. recurrence rates for all 
these materials arc less tha11 10%, although follow-up times a11d 
evaluation criteria among studies have varied a11d strict co:rnr'art
sons cannot be made. bowel obstruc
tion, erosion of the mesh 

small bowel obstruction. re<:tc>VaQ:111al 

recto]Jexy results 
no rectal 

onxc~dttre to restore 
f"m.,L,,~,, esj:Jecially those prolapse for 

be warned of the possibility that inconti-

A corn[Jlic:atton of this is the incidence 
of new-onset or worsened Fifteen percent of 
patients for first time after "'-·'1-''L'"ll 

cr,,ti•vclv arc made worse. Although some of these arc 
attributed to of the such as mesh stric-

transit cor1stipation ch:a.racterizing 
Some advocate routine pn~o]Jer·ative 

select these out, but a 
will suffice. cause of any severe, 
defecation or obstruction problem should be imrcstigatc:d 
a barium enema a11d perhaps with a small bowel study. Stric

adhesions, and fistulas may be identified 

sia. citrate, or polyc~thylc:ne Q:l\'CO·I-IJas>ed thc:rapHcs 
may be necessa1y f(:Jt short Newer treatments for con-
"''"~''"·" involve oral administration of receptor 

teg;as,:rod n'~''"~t.~\ and may prove invaluable in the short-

Wells Procedure 1he Wells rm:>nYl!Jrc is an alternative mesh tech-
that reduces the of rectal obstruction by dimi-
thc anterior of the mesh. 1hc mesh is affixed 

to the posterior aspect of the rectal fascia propria and then to 
the fascia as described. 1hc I val on (polyvinyl 

is a that at one was popular 
H"r"'"""'n surgeons, but has since out of favor. The 

in the in a manner 
technitque. In fact. described 

rtt(n<:Ju:g;n pc•st<lp<:ratthre recurrence rate results 
immlvirtg S\'ntl1ettc nonabsorbable 

d1s;orrtcrs have been a dis-
feature a high rate of pelvic 

Although polyvinyl 
alcohol is a saJrcrl!na-]prt>d:uci[ng ca1·cinogcn in rats, this effect has 
not been dcmcms;trcltcd in huma11s. 
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FIGURE 52-82 Anterior resection with rectopexy, or the Frykrnan-Goldberg procedure, for rectal prolapse. A. After full mobilization by sharp 
dissection, the tissues lateral to the rectal wall are swept away laterally. 8, Resection of the redundant sigmoid colon. (. Anastomosis is com
pleted, and rectopexy sutures are placed. (From Gordon PH, Nivatvongs S [eds]: Principles and practice of surgery tor the colon, rectum and 
anus, ed 2, St Louis, 1999, Quality Medical Publishing.) 

Resedion Redopexy Resection rectopexy is a technique firsr 
described by Frykman and Goldberg in 1969 and popularized 
i11 the United Scates in the past 35 years (Fig. 52-82). Lack of 
artificial mesh, ease of operation, and reduction of redundant 
sigmoid colo11 are the principle advantages of the procedure. 
Recurrence rates are low, ranging from 2% to 5%, and major 
complication rates range from 0% to 20% and relate to obstruc
tion or anastomotic leak. Basically, the sigmoid colon and 
rectum are mobilized to the level of the levatores. 1l1e lateral 
ligaments are divided, elevated from the deep pelvis, and 
sutured to the presacral fascia. 1l1e mesentery of the sigmoid 
colon is d1en divided, with preservation of the IMA, and a 
tension-free anastomosis is created. A revised version of this 
procedure involves preservation of the lateral stalks and unilat
eral fastening of dle rectal mesemery to me sacrum at me level 
of the sacral promontory. Sigmoid resection is a wuque and 
conrroversial feature of dlis procedure. It appears to reduce 
constipation by 50% in those who complain preoperatively of 
this symptom in some studies. Others have argued that sig
moidectomy is an inadequate operation for a chronic motility 
problem that affects the entire bowel ru1d d1at those patients 
should be formally evaluated preoperatively and subtotal colec
tomy recommended if colonic inertia is detected. Lnterestingly, 
in patients who complain of incontinence before surgery, this 
symptom consistendy improves in approximately 35%, even 
with the sigmoid resection. A variant of this procedure involves 
forgoing the sigmoid resection in those who report no history 
of constipation and whose predominant complaint is fecal 
incontinence. 

Perineal Proctosigmoidectomy and the Alterneier Procedure Peri11eal 
procrosigmoidecmmy was fuse imroduced by Mikulic.t in 1899 
and remained the favored rrearmenr for prolapse in Europe for 

many years. Miles advocated this procedure in the United 
Kingdom and it wa~ promoted in d1e United States by Altemeier 
at the University of Cincinnati. As the abdominal approaches 
gai11ed favor, principally because of the reduced recurrence rates, 
the perineal approach was increasingly reserved only for those 
with the highest operative risk. However, renewed interest in the 
technique has accomprul.ied studies showing reduced recurrence 
rates, and a number of surgeons believe that strong consideration 
should be given to this technique when repairi11g prolapse in 
young men who have an increased risk for autonomic nerve 
injury resulting in impotence. 

ll1e Altemeier procedure combines a perineal procmsig
moidecmmy with an anterior levatoroplasty (Fig. 52-83). 1l1e 
latter procedure is performed to correct the levator diastasis 
commonly associated with this condition. 1l1coretlcally, restora
tion offecal contineJ1ce is enl1anced by this additional mru1euver. 
As always. the large bowel is memanically cleansed. The patient 
is placed in the prone jackknife position and a Foley catheter is 
placed. The rectal mucosa is serially grasped with Babcock or 
Allis damps unci! a full-thickness prolapse is demonstrated. A 
fuLl-thickness circumferential incision is made 1.5 on proximal 
to the dentate line. 1l1c low peritoneal reflection can usually be 
incised anteriorly ru1d the peritoneal cavity entered. 'The mesen
tery of the rectum ru1d sigmoid colon is sequentially damped 
ru1d tied unti l no redundant bowel remains. The colon is tran
sected at this point, and an anastomosis is fashioned between 
the colon and anal canal witb sutures or staples. 

P:atiems undergouJg perineal proctosigmoidectomy are 
generally older and have significantly more comorbidities d1an 
those who are considered for abdominal repair. Complication 
rates arc less than 10%, and recurrence rates have been reported 
as high as 16o/o although. as mentioned, some series have dem
onstrated significantly lower recurrence rates. Complications 
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FIGURE 52-83 Altemeier perineal rectosigmoidectomy. A. Circumferential incision of rectum proximal to dentate l ine. 8, Delivery of redundant 
rectum and sigmoid colon. C. ligation of blood supply to rectum. D, Placement of purse-string suture on proximal bowels and excision of 
redundant colon and rectum; whip stitch placed on rectal stump. 
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G 

FIGURE 52-83, cont' d E, Proximal purse-string suture secured around central shaft. F, Proximal bowel advanced through anus and dista l purse
string tied. G. Approximation of anvil to cartridge and activation of stapler. H, Completed anastomosis. (From Gordon PH, Nivatvongs S [eds]: 
Principles and practice of surgery for the colon, rectum and anus, ed 2. St l ouis, 1999, Quality Medical Publishing.) 
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include bleeding from the staple or suture line, pelvic abscess 
and, rarely, dehiscence of the suture line, with perineal eviscera
tion. Lack of an abdomiJJal iJ1dsion, reduced pain, and reduced 
length of hospitalization make this procedure ar1 attractive 
option. 

Anal Endrdement Anal encirclement is one of the oldest surgical 
techniques for rectal prolapse described. 1l1iersch described 
silver wire anal encirclement in 1891. Since then, it has been 
tried with a wide variety of materials, including stainless steel 
wire, nonabsorbablc mesh, small Silastic bands, nylon suture, 
and polypropylene. 1hls technique is reserved by most surgeons 
for patients of the highest surgical risk because it can be done 
under local anesthesia. With the patient in the prone jackknife 
or lithotomy position, the anal area is sterilely prepped and 
draped. Two small lateral incisions are made and the wire or 
suture is introdluced with a curved needle into one and brought 
out the other. This is .repeated, and a knot is tied and buried 
laterally. 1l1e ori~ce should be snug but should ea~ily admit aJl 
iJJdex finger. Anal encirclement does not correct the fecal incon
tinence assoda£ed with prolapse, and the recurrence .rate is high 
(>30%). Also. although the mortality rate is Oo/o, the morbidity 
rate is bigh. Erosion of the wire iJ1to the sphincter, aJ1ovagiJ1al 
fistula formation, rectal prolapse incarceration, fecal in1paction, 
and infection can occur. Reoperative rates of 7% to 59% have 
been reported. The safety of current anesthetic techniques and 
the low morbidity and relative functional success of perineal 
proctectomy have made anal encirclement, for the most part, a 
procedure of the past. 

Internal Prolapse and Solitary Rectal 
Ulcer Syndrome 
Two areas of controversy related to rectal prolapse uwolve the 
treatment of so·litary rectal ulcer syndrome (SRUS) and internal 
intussusception of the rectal mucosa. Although identmed as aJl 
ulcer, the gross pad10logy of SRUS can range &om a typical 
crater-like ulcer with a fibrinous central depression to a polypoid 
lesion. It is always located on the anterior aspect of the rectum, 
4 to 12 em from the anal verge, and is thought to correspond 
to the location of the puborectalis sling. It is frequently, altl10ugb 
not exclusively, associated with internal intussusception or full
thickness rectal prolapse. Patients are typically young and female, 
however, with aJl average age of 25 years aHd a history of strain
ing a11d difficult evacuation. 

The rectal ulcer is usually found on proctoscopy or flexible 
sigmoidoscopy and commonly presents with rectal bleeding in 
the setting of straini11g or constipation. l11e cause of SRUS 
remains somewhat unclear, but speculation centers on chronic 
ischemia. 1l1e fold with ilie ulcer is thought to form tl1e lead 
point of an intussusception into the anal caJ1al. Chronic, repeated 
straiJling or prolapse of this lead point product'S isd1emia, tissue 
breakdown, and ulceration. Possible digital self-disimpaction 
may also be a contributiJ1g factor. Histology reveals a cluck layer 
offibrosis obliterating the lamina propria and a central fibru1ous 
exudate. Other common pathologic findings include the pres
ence of mucus~ filled glands misplaced in the submucosa and 
lined witl1 normal colonic epithelium (colitis cystica profunda). 
Differentiating SRUS from malignancy, infection, or Crohn's 
disease is important, but not difficult. The anterior location in 
the context of classic symptoms and patbologic findings is 
conclusive. 

Diagnostic evaluation by defecograpby is d1e radiologic 
procedure of choice and usually reveals the underlying disorder. 
Full-thickness rectal prolapse, internal prolapse, paradoxical 
puborectalis syndrome (failure of relaxation of tl1e pelvic floor 
musculature on strainiJ1g), a11d thickened rectal folds are 
common findings. 

Data ~garding the treatment of this unusual disorder are 
retrospective aJld swdies have been small, but several common 
observations have been made. In general, one third of patients 
with SRUS also suffer from full-thickness ~ctal prolapse. 
Abdominal prolapse repairs have resulted in a cure rate of 80% 
iJ1 patients wim SRUS and full-thickness rectal prolapse. [n the 
same study, parlems rreared with the same procedure for mucosal 
prolapse and SRUS fared far worse-only 25% of patients 
~sponded to operative intervention. ln most studies, dietary 
management, pelvic floor retraiJili1g {biofeedback), and short
term use of topical anti-i.nflanm1atory medications contaiJllilg 
mesalamine result in remission for those wim internal prolapse 
or pelvic muscle dysfunction. Prompt diagnosis of the underly
ulg problem and appropriate treatment can be difficult but ate 
the keys to cure. Local excision usually results in a larger non
healing wound and has no role in management. Rarely, symp
toms of severe bleeding, pain, and spasm may ~quire a temporary 
divertiJJg sigmoid colostomy. 

Internal intussusception was first described in the late 
1960s, when defecography was first developed and can1e into 
widesp read use. The condition is also called intemal or hiddm 
probTpse aJld is confined to the rectal mucosa and submucosa, 
which separates &om the muscularis mucosae layer and slides 
down the aJlal canal (Fig. 52-84). Internal intussusception can 
be .identmed in a significant proportion of the asymptomatic 
population aJld appears to represent a normal variant. However, 
tl1ere are advocates of iJ1ternal prolapse repair when it is found 
in patients who complain of dysfunctional defecation. The trans
anal Delorme mucosal resection procedure involves circumfer
ential removal of redlU1dant anal canal aJld distal rectal mucosa 
a11d imbrication of the muscularis layer with serial vertical 
sutures. Although satisfactory results were reported for this pro
cedure in ilie 1990s, experience ha~ been discouraging, and 
enthusiasm for d1e procedure has waned. 

Abdominal repairs such as the RipsteiJ1 procedure have also 
been advocated as aJl alternative for symptomatic patients. 
Unfortunately, the results of these studies are not conclusive. Of 
patients who underwent repair by aJ1 abdominal approach, only 
24o/o to 38o/o reported improvement, whereas a significant 
number experienced worsening. Like SRUS, the treatment of 
patients with incomplete or obstructed defecation should be 
initially evaluated with defecography. Swdies have not sup
ported operative intervention for these disorders when internal 
intussusception alone is present. 

Rectocele 
A rectocele is an abnormal sadike projection of the aJlterior 
rectum that extends from the distal rectum to the distal anal 
canaL It usually begins just above the sphincter complex {Figs. 
52-85 and 52-86). 1l1c cause of rectoceles is multifactorial. 
Stretching of the endopelvic fascia from antecedent pelvic Aoor 
injury, followed by chro1lic increased inua-abdomiJ1al pressure, 
causes an aJHeri.or full-tluckness herniation of tl1e rectum into 
the vagina Rectal pressures are higher tha11 tl10se in the vagina; 
therefore, pressure tends to push ilie rectum anteriorly and 

http://www.myuptodate.com


COLON AND RECTUM CHAPTER 52 1373 

FIGURE 52-84 Defecogram showing progression of internal intussusception. 

FIGURE 52-85 Digital anorectal examination demonstrating anterior 
rectocele protruding from the vaginal introitus. 

stretch and shif l the rectovaginal septum as well. The major 
symptom of rectocele is stool trapping, a form of obstructed 
defecation. Wom en commonly describe requiring vaginal pres
sure to reduce the bulge, effectively stenting the anterior rectum 
and enabling defecation. 

C riteria for operative intervention include sympromatic 
stool trapping requiring digital evacuation or vaginal support 
and the presence of large protruding rectocdes that push vaginal 
mucosa beyond trhe introitus producing dryness, ulceration, and 

FIGURE 52-86 Triple-contrast radiograph demonstrates large anterior 
rectocele. Contrast mate rial is also in the vagina and small 
intestine. 

discomfort. Although small rectoceles are common, i.t is rare that 
a rectocele smatler than 2 em is symptomatic. 

l11ere are two major operative approaches to rectoceles, 
transanal and uansvaginal. Although the t ransvaginal approach 
bas been criticized b}' surgeons because d1e repair is done on the 
low-pressure side of the rectovaginal septum, it does have certaiJl 
distinct advantages. The bowel is fully prepared and the patiem 
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is placed in the lithotomy position. After the submucosal injec
tion of lidocaine with 1% epinephrine, a swath of vagina is 
excised, starting at the vaginal introitus and carried to the apex 
of the vagina. The size of this segment is determined by the 
depth of the rectocele. The goal is to excise a full-thickness 
segment of vagina, dissect our and reduce an enterocele if one 
is found in the rectovaginal septum, and then obliterate the deep 
cul-de-sac by suturing the cut edges of the vagina closed, aU ow
ing the space to contract by fibrosis. 

Alternatively, several approaches for the transanal correc
tion of rectocele have been described. This technique was prob
ably best described by Sullivan, who expecred 80% of patients 
to have good to excellent results. An incision is made longitu
dinally in the rectum over the bulge above the sphincters. The 
incision's length varies with the si"l.e of the rectocele. The under
lying vagina is exposed and imbricated to obliterate the sac and 
the rectum is separately imbricated and closed over that with 
absorbable sutures. Unfortunately, direct comparisons in the 
literature between these techniques are absent. However, the 
largely unsubstantiated argument has been made by surgeons 
that a repair based in the high-pressure, or rectal side, of the 
bulge may reduce recurrence. No matter the technique. patient 
selection and folJow-up are crucial. In one study, only 54% of 
patients who underwent rectocele repair obtained relief from 
their symptoms of obstructive defecation. Paradoxical puborec
talis syndrome was not ruled out and was responsible for 
continued problems. PostOperative biofeedback therapy is 
appropriate in these cases. Defecography evaluation is helpful to 
distinguish these problems before surgery. 

Constipation 
Constipation is a symptom, and it is often used by patients to 
describe different problems. It occurs &equently in older popula
tions; in one survey, 50% of women and 30% of men older than 
65 years were affected. Although functional constipation appears 
to occur most often in older patients, a small subset of patients 
present at a yow1g age with severe unrenutt.ing symptoms. These 
patients are evaluated differently (see later). Ald1ough most indi
viduals describe constipation in terms ofreduced stool frequency, 
up to 25% use the term to indicate straining, excessive pushing, 
or a feeling of incomplete defecation. Normal stool frequencies 
range from three times weekly to tluee times daily. The cause.~ 
of constipation are numerous, but the evaluation of constipation 
is relatively straightforward and the indications for surgery are 
few (Fig. 52-87). The initial evaluation of constipation should 
elicit infom1ati.on regarding acuteness of symptoms, stool fre
quency, changes in stool form, presence or absence of blood in 
the stool, new medications, and any newly diagnosed illnesses. 
The physical examination should always include a rectal exami
nation and proctoscopy. New-onset constipation can be divided 
into categories for further diagnostic consideration. These cate
gories are depression or debilitation, new medications, endo
crine conditions such as hypothyroidism, and obstructed 
defecation. For our purposes, we will focus on surgically correct
able causes while recognh.ing that most constipation is chronic 
and functional and is rectified simply by the addhion of fluid 
and fiber to the diet. 

A patiem whose symproms include srraini11g and incom
plete defecation with a normal stool frequency should be 
evaluated for obstructive defecation. The best way to obtain the 
most information is through the phys.ical examination and 

defecography. Symptomatic rectoceles are d10se that fail to 
empty completely on defecograru. Associated anatomic abnor
maUties (e.g., vaginal vault prolapse, enterocele} can be concur
rently corrected. Anal manometry with decrromyographic 
recrttitment is an invaluable investigatory tool for the patient 
wirh normal anaromy and suspected paradoxical puborectalis 
syndrome. Biofeedback therapy is indicated in rl1ese cases. Occa
sionally. surgicalJy correctable rectocele and functional defcca
tory disorders coexist. In this situation, biofCcdback is usually 
illitiated and rectocele repair is done subsequently. 

The primary concern for the physician evaluating new
onset constipation is to rule out large bowel malignancy. A 
patient who presents with complaints of an acure d1ange in 
bowel habits should be evaluated by colonoscopy in the absence 
of obvious causes such as narcotic usage. Suspect medications 
should be immediately stopped and reevaluation should take 
place shortly thereafter. No improvement or a guaiac-positive 
stool should lead to a colonoscopic exanli11ation. Barium enema 
is acceptable a~ well, but flexible sigmoidoscopy, even combined 
with stool guaiac testing, fails to detect 25% of right-sided 
malignancies. A normal colonoscopic examination is reassuring 
and should lead to trials of dietary therapy. Fluid intake should 
be increased to 2 Utcrs/day at minin1um. and fiber therapy 
should be instituted. Caffeinated beverages should be avoided_ 
There are many orher laxative-based straregies for rl1e short-term 
treatment of functional constipation. Long-term failure to 
respond to these strategies necessitates further investigation. 

Transit Studies 
Measurement of rl1e colonic transit time is a valuable aid in rl1e 
establishment of a diagnosis of slow-transit constipation, or 
colonic inertia. Although many different techniques exist to 
assess colonic transit times, two main goals of testing are to 
establish whole-gut and segmental transit values. A common and 
simple test has been devised by Martelli to do both. The patient 
is asked to refrain from the use of laxatives or constipating 
medications such as iron supplements for 3 to 4 days before rl1e 
test. The patient ingests a capsule containing 20 radiopaque 
markers and an abdominal x-ray is obtained on ead1 subsequent 
day for a total of 7 days, or until the markers are expelJed. The 
capsules are quantified in three areas of the colon-right, left., 
and rectosigmoid. Normal subjects expel 80% of markers within 
5 days after ingestion. Slow-transit constipation is diagnosed in 
patients who fail to meet d1ese criteria. 

Slow-Transit Constipation: Colonic Inertia ft has been estin1ated 
that 2% of the population suffers from chronic, unremitting 
functional constipation. The cause of this syndrome is not well 
understood, but it has been suggested that most of the motility 
alterations in slow transit constipation might be of neuropathic 
origin, and there is some evidence suggesting that subtle altera
tions of the enteric nervous system. not evident to conventionai 
histologic examination, may be present in these patients.48 Most 
patients are female, with a mean age younger than 30 years. 
Most of them will report rl1at they were constipated as children 
and tl1at rl1e constipation worsened during adolescence and early 
adtllthood. Bowel moven1ent frequency is widely variable and 
ranges from once or twice weekly ro once every 2 ro 3 weeks_ 
Abdominal pain, bloating, and nausea accompany the constipa
tion and make d1ese patients miserable. Frequent use of over
the-counter laxatives and enemas characterize this group, and 
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History and physical examination 

t ' t t 
Depression/ New Metabolic/ Obstructed 
debilitation? medications? endocrine? defecation? 

Yes l Yes t f No Yes I Yes l 
Treat illness, Alternatives Colonoscopy or Treatment Flexible 
start physical to offending barium enema sigmoidoscopy 
therapy, start medications, 

I 
Anal manometry 

fiber therapy fiber therapy Defecography 

t Malignant 
obstruction Paradoxical 

puborectalis 

No 1 Yes 
NoJ ' Yes 

Empiric trial of Surgery 
fiber and/or Rectocele Biofeedback 

laxatives >2cm 

l No 
- --,Yes 

No improvement 

Transit study 

I 

Normal-continue Atonic colon- aggressive medical 

Surgery 

medical management management with motility agents and 
stimulant laxatives. 
Obtain small bowel follow-through study. 
Biopsy for neurologic diagnoses. 
If no improvement, then could consider 
surgical management. FIGURE 52-87 Algorithm for manage

ment of patients with constipation. 

concurrent psychiatric conditions such as depression are 
common. Although malignancy in this group is exceedingly rare, 
it sbouJd be ruled out. A barium enema is a useful initial exami
nation; nor only does it screen for large obvious lesions, bur the 
morphology of the colon and presence of dilation can also be 
evaluated. A transit srudy is the next diagnostic step. Biopsies are 
usually nor indicated unless a strong suspicion of neuropathic 
constipation is harbored. A loss of the argyrophil plexus, with a 
marked increase jn Schwann cells indkati11g extrinsic damage to 
the myenreric plexus, may be found. This damage is thought to 
result from chronic laxative abuse. A delay in gastric emptying 
and small bowel follow-through has been noted in some patients, 
implying a global motility problem. 1l1is motility problem may 
be responsible for the mixed surgical outcomes reported. 

An aggressive bowel regimen is always the first course of 
acrlon after the diagnosis of slow-transit constipation. A combi
nation of laxatives, fiher, and polyethylene glycol-based solu
tions can be helpful. A new class of laxative approved for 
short-term use ~s 5-HT~ receptor agonjsrs. 'll1ese may prove 
beneficial and merit investigation. 

Surgery for idiopathic colonic iJlertia is controversial. The 
most commonly described procedure is subtotal colectomy with 
Ueorectal anastomosis. Traditionally, only patients with symp
toms in the setting of megacolon or megarectum were consid
ered for operative intervention, but now more patients with a 
normal-caliber colon and severe refractory constipation are 
being referred for surgery. The costs and inconvenience associ
ated wicl1 medical therapy for severe chronic constipation are 
nor inconsiderable. Intuitively, surgery may seem like an attrac· 
rive option. However, the data concerning lasting cure are 
unclear. In most series that included more than 20 patients and 
had l.m1ger than 2-year follow-up, results ranged from 33% to 
94% success rates (regular defecation wicl1out the use of laxa
tives). "The wide rru1ge of results is concemlng. It bas been noted 
that often the symptoms of nausea, bloating, and abdominal 
pain can persist and be accompanied by incapacitating diarrhea. 
In effect, many patients trade one symptom complex for anocl1er. 
1l1ere have been only a few small prospective studies exercising 
strict selection criteria for surgery that includes normal defecog
raphy resuJrs ru1d diffuse delay on transit study. 'll1ese patients 

)> 
o:> 
0 
0 
s:: 
m z 

http://www.myuptodate.com


1376 SECTION X ABDOMEN 

appear to fare best in foUow-up, enjoying a 94% success rare as 
defined by good or excellent patient satisfaction scores. Subtotal 
colectomy with iJeorectal anastomosis is an option for patients 
with normal-caliber colonic inertia, but shotdd not be advocated 
as a perfect solution. Carefw selection criteria applied to moti
vated, psychologically well-adjusted individuals result in the best 
long-term surgical reswts. 

Slow-Transit Constipation: Colonic Inertia Wltll Megacolon A smaU 
but important subset of constipation is neurologic iJl origin. ln 
contrast to coEonic inertia with a normal colon, as a group, 
50% of these patients are male. Surgical imervenrion is usually 
indicated in these cases because medical therapy evenrually 
fails. Among these entities, Cbagas' disease~ adult HlrschsprLmg's 
disease, and neuronal intestinal dysplasia will be considered. 
Commonly, all these causes present with slow-transit constipa
tion in the presence of a diJared colon. A diJated rectum is a 
variable finding ru1d is typically absent in Hirschsprung's 
disease. 

Hirsd1sprung's disease is occasionally diagnosed iJ1 adult
hood. These patients are typically young men m their 20s with 
lifelong evacuation complaints. Commonly, in these cases, a 
short, distal segment of rectum is involved. 1he remainder of 
the colon is dilated from chronic distal partial obstruction. Stool 
is characteristically absent from the distal rectum, similar to the 
physical finding in children. Barium enema characteristically 
demonstrates a narrow distal rectum w,ith proximal dilated 
colon. Anal manometric findiJ1gs reveal an absenr rectoanal 
inhibitory reflex (RAIR), indicating that the rectum has lost its 
neurologically mediated ability to relax in response to the pres
ence of a fecal load. Histologic diagnosis is made on biopsy of 
the distal rectal mucosa at least 3 em above the dentate line to 
avoid the normal agaJJglionic segment m this area. Suction 
mucosal and superficial punch biopsies are both diagnostic and 
can be done in the office setting. Acetylchoill1esterase staining 
of the submucosa and lamina propria reveals aJ1 increased 
number of large brown-stained nerve fibers ru1d is considered 
99% accurate im establishing the diagnosis. A discussion of surgi
cal interventions for this problem is found elsewhere in this text 
(see Chapter 67, "Pediatric Surgery"). 

Megacolon is the most common complication of intestinal 
trypanosomiasis. The organism involved is Trypanosoma cruzi, a 
parasite endemic ro South America. Nerve damage resultiJ1g 
from trypanosomiasis causes megacolon and megarectlllll. Fecal 
impaction and sigmoid volvulus are the most common compli
cations. Subtotal colectomy for this problem results in a residual 
dyskiJ1etic rectum; therefore, pull-through procedures with exci
sion of the colon and rectum aJld creation of an ileal reservoir 
(ileal J pouch or Park's poud1) are preferable. 

Neuronal intestinal dysplasia describes two distinct con
genital defects of the intestinal mural gru1glia. Type A is seen 
predominantly in children and consists of hypoplasia of the 
sympathetic iJmervation. Type B is present in children and 
adults aJld is characterized by dysplasia of the submucosal plexus, 
resulting in weak forward propulsion of stool. Histologically, 
hyperplasia and giant ganglia with seven to ten nerve cells arc 
present. Acetylcholinesterase staining shows a dense plexus of 
parasympathetic fibers with increased activity. laxative therapy 
in these individuals is usually a short-term strategy, and most 
patients fail treatment. Surgical resection with ileorectal anasto
mosis is the rream1ent of choice. 

LAPAROSCOPIC COLON RESEcnON 
The first laparoscopic co.lon resections were performed in 1991. 
l11e experience gai ned by surgeons performing laparoscopic cho
lecystectomy provided the impetus to develop cl1e laparoscopic 
colon resection. Patients tmdergoing laparoscopic cbolecystec
romy had smaller incisions, less postoperative pain, shorrer hos
pital stays, and earlier return to work. These benefits were 
achieved while preserving the time-honored teduuca.l aspects of 
removal of cl1e gallbladder. 

The goals of laparoscopic colecromy are similar to those of 
laparoscopic cholecystectomy. TI1e tedmical requlren1ents and 
principles of colonic resection cannot be compromised in aJl 

effon ro avoid the detrimem of a staJldard midline illcision. 
Earlier retmn to physical activity must be reliably provided. [n 
almost all studies investigating cl1e implementation of laparo
scopic colon resection for various diseases, patients have been 
discharged 2 to 3 days earlier cl1an patients treated by open colon 
resection. Laparoscopic colectomy has not been associated wid1 
an increased incidence of complications. It has been suggested 
that ptdmonary and inlmune system function is better main
tained after laparoscopic operation. Body image satisfaction 
subsequent to the diminished incision size is well documented. 
Th.e benefits of laparoscopic colon resection have been found in 
all age groups, indudmg older patients. 

The accelerated rerum of bowel function facilitates earlier 
discharge from the hospi tal. The propulsive moven1ent of intes
tinal content in the nonfed surgical patient is dependent on the 
migrating moror complex. ll1e migratiJ1g ruoror complex is 
inhibited by bowel handling, opiate iJ1take, and catecholamine 
(stress hormone) levels. It is hypocl1esized d1at laparoscopic 
colon resection provides earlier return of bowel function because 
cl1ere is less handling of the bowel, and cl1c benefit of the smaller 
incision includes decreased cated10lanline release aJld decreased 
narcotic requirement. 

Almost all colon and rectal diseases amenable to surgical 
treatment are an1enable to treatment by a laparoscopic approach_ 
Deocececromy for C rohn's disease, right, left, ru1d low ru1terior 
colon resection for colon polyps and cru1cer, ileostomy and 
colostomy creation and dosure, sigmoid resection for diverticu
litis, ru1d procrocolectomy with ileoanal J pouch formation for 
ulcerative colitis are all performed regularly at centers by colon 
ru1d rectal surgeons who have advanced laparoscopic training. 
The mdications for surgery are the same whether the approaclt 
is through a standard incision or by laparoscopic teduuque. The 
laparoscopic surgeon essentially performs a proven operation b)l 
a teclltlique that reduces the length of cl1e abdominal incision. 

There are various nuances of the techruques used by lapa
roscopic surgeons. Laparoscopic techniques of colon resecrion 
invariably involve laparoscopic mobilization of the diseased 
colonic segments. 1be postoperative recovery benefit of laparo
scopic colon resection is not altered if hand-assisted techniques 
are used or if bowel division and anastomosis are performed 
in tracorporeaUy or extracorporeally. 

ln the first decade after the development of laparoscopic 
colectomy, cl1ere was a concern that laparoscopic colon resection 
for cancer might not achieve cure rates established by standard 
oncologic operations. 1hese concerns seemed especially perti
nent given a reporr from Europe in 1994 of a high rare of port 
site cancer recurrence. As experience bas accumulated, port site 
recurrence appears equivalent to recurrence of cancer in cl1e 
indsion of patients treated by conventional operation. 
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If the operation is conducted correctly, proximal and distal 
resection margins and lymph node harvest are the same whether 
a laparoscopic or conventional incision approach is used. A 
landmark multi-institutional prospective randomized trial of 
patients undergoing curative colon cancer resection was reported 
in 2004,49 and subsequent experience has confirmed the validhy 
of laparoscopic colectomy as a viable oncologic operation.so 
1hese studies demonstrated noninferiority of laparoscopic col
ectomy when compared witl1 operation conducted through a 
conventional midline incision. I11 the hands of experienced sur
geons, laparoscopic colectomy has proven not only safe but also 
equally efficacious witl1 regard to survival. The studies also dem
onstrated decreased pain medicine requirements and shorter 
hospital stay of patients in the laparoscopic group. 

Technical Considerations and Highlights 

Equipment 
The performance of a laparoscopic colon resection requires 
instruments that will allow gentle handling of small and large 
bowel. We use 5-mm atraumatic Babcock graspers. A vessel 
sealant device permits the efficient division of vascuJarized struc
tures within the abdomen. Although not commonly required. 
we have ready access to endoscopic loop ligature devices if vas
cular pedicles bleed after division. 

Positioning and Port Placement 
Although there are many reported optimal patient and porr 
positions, individual preferences determine practice. Some 
important constants exist. Foremost is the development and use 
of a standardized setup and operative routine. Efficiencies 
develop that are of benefit to the entire operative team if ead1 
operation is not performed as if it is the surgeon's fust. ln 
general, all ports shot~d be separated by four fingerbreadths. 
Visualization is optimized by the placement of d1e camera port 
as far as possible from a hand-assist device. Use of a split-leg 
patient position allows the surgeon to stand between the patient's 
legs and enhances the abiliry to reach all quadrants of the 
abdomen. 

Conversion 
At times, regardless of surgeon experience, the safe completion 
of an operation requires the need to make a larger i11cision. 
Many reasons fur conversion exist, mcluding adhesions from 
prior surgery, bleedillg, obesity, inability to identif)r key struc
tures (e.g., the ureter), and fai lure to move an operation to 
completion. We consider conversion not to be a technical short
coming, but rather a necessary step to ensure an appropriate 
operation. Patients whose operations were converted from lapa
roscopic to open have not experienced adverse short- or long
term outcomes. Our advice is to convert early ill an operation 
to minimize operating tinle. Part of the learning curve in lapa
roscopic colectomy is earlier recognition of tl1e need to convert 
a laparoscopic pliocedure. 

Procedures 

Right Colon Resection 
Our technique uses four ports, with a camera port created 
througb an infraumbilical 10-mm incision. Two 5-mm ports 
are placed ill tl1e left lower quadrant. The first is two to tluee 
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fingerbreadtl1s superior and medial to the anterior superior 
iliac spine. Th.e next is four fingerbreadths superior to this. 
MobiUzation begins at the terminal ileum and proceeds to the 
hepatic flexure. The omerlttlm is then taken off the transverse 
colon. 1he hepatic flexure attacllments are divided with a 
tissue sealanr device. Once mobilized, we generally create a 
window around the ileocolic pedicle toward its origin and 
divide the pedicle intracorporeally. A 3- to 5-cm inferior 
extension of the camera insertion site is created aud a wound 
protector is placed in the wound. The terminal ilelml, right 
colon, hepatic flexure, and transverse colon arc delivered iJuo 
the wound. Bowel division and stapled anastomosis are per
formed extracorporeally i11 standard fashion. The anastomosis 
is returned to the abdomen. 

Figure 52-88 illustrates standard port placement. Figure 
52-89 illustrates the mobilized right colon resected to excise an 
endoscopically unresectable polyp discovered at colonoscopy. It 

FIGURE 52-88 Standard port placement for right colon resection. 

FIGURE 52-89 Right colon, mobilized and delivered through a small 
midline wound. The right colon is being resected to excise an endo
scopically unresectable polyp discovered at colonoscopy. It is helpful 
to note the ink tattoo that marked the location of the polyp. 
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is valuable to note the ink tattoo that marked the location of 
the polyp. Figure 52-90 represents ileocecal Crohn's disease, 
mobilized and d1en deBvered through a 4-cm wound. Figure 
52-91 represents a typical postoperative cosmetic result of a 
laparoscopic right colon resection. 

Hand-Assisted Laparoscopic Colon Resection 
Even if a surgeon has the skills and desire to completely mobilize 
the colon and divide all vasculature intracorporeally, the speci
men must be removed. Surgeons and device manufactmers have 
taken advantage of the need to make an incision of a few cen
timeters for specimen extraction . Hand-assist devices allow sur
geons to place a single band into a patient's abdomen through 
this wotmd whi.le not losing pneumoperi toneum. Such 

FIGURE 52-90 Completed right colon resection with ileotransverse 
colon anastomosis. The exteriorized anastomosis is ready to be 
returned to the abdomen. 

techniques return the sense of touch to the surgeon, facilitating 
maneuvers such as finger fracture of a diverticular phlegmon off 
the pelvic sidewall, division of a colovesical fistula, and speeding 
of the division of vascular structures. Hand-assist devices lower 
the threshold for surgeons to attempt laparoscopic techniques. 
Figure 52-92 illustrates rhe division of a colovesical fisrula thar 
formed in response to diverticuBtis. Recovery benefits are sin1ilar 
whether hand-assisted laparoscopic techniques are used or p ure 
laparoscopic surgery is performed. 

C learly, there are a number of approaches to colectomy. 
Many surgeons perform a medial to lateral approach when the 
vascular pedicle is divided early in the operation. We believe that: 
it is important for surgeons ro be facile wid1 all mobilization 
techniques. 

FIGURE 52-91 Immediate postoperative cosmetic result after total 
abdominal colectomy. 

FIGURE 52-92 A, Laparoscopic identification of a colonic tattoo. The ink on the colon wall corresponds to the endoluminallocation of a polyp. 
B. Hand-assisted division of a colovesical fistula . 
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Clinical Outcomes of Surgical Therapy Study Group: A comparison 
of laparoscopically assisted and open colectomy for colon cancer. N 
Engl J Med 350:205~2059. 2004. 

A multi-institutional study demonstrating similar results for laparc&opi
cally assisted colectomy and open colectomy performed for colon 
cancer. 

Conmm ML (cd): Colon and rectal surgery, ed 5. Philadelphia, 2005, 
Lippincott Williams & Wilkins. 

A surgeon's view of the entire spectrum of colon and rectal surgery. 
Scattered throughout the text are 1 39 thumbnail biographical sketches 
of historical surgeons filled with fun factoids. 

Dukes CE: The classification of cancer of the rectum. J Pathol Bac
tcriol 35:323- 332, 1932. 

A classification of rectal cancer that provided prognostic information 
based on the depth of penetration of the tumor and presence or absence 
of lymphatic metastases. 

Gordon PL., Nivatvongs S (eds): Principles and practice of surgery 
for the colon. rectum. and anus. ed 3. London. 2007. lnforma 
Hcalthcarc. 

This text pro.tides excellent anatomic illustrations and detailed descrip
tions of all aspects cJ diseases cJ the colon, rectum, and anus. The 
discussion of anorectal abscesses and fistula-in-ano is partiwlarly helpful. 

Haggitt RC, Glot1bach RE, Soffer EE, et al: Prognostic factors in 
colorcctal carcinomas arising in adenomas: Implications for lesions 
removed by endoscopic polypectomy. Gastroenterology 89:328-336, 
1985. 

Description of Haggitt's criteria, a classification for polyps with adenocar
cinoma that assesses malignant potential according to the depth of 
invasion 

Keighley MRB, Williams NS (cds): Surgery of the anus, rectum, and 
colon, ed 3, Philadelphia, 2008, Saunders Elsevier. 

This comprehensive two-volume text has been expanded to indude 
laparoscopic procedures and has added a number of contributers v.Alo 
are recognized authorities in their fields. Excellent illustrations accompany 
a lucid text 

Miles WE: Pathology of spread of cancer of rectum and its bearing 
on surgery of cancerous rectum. Surg Gynecol Obstct 52:35~359, 
1931. 

dassic article describing the lymphatic pathways whereby rectal cancer 
spreads, providing the rationale for abdominal perineal resection as a 
superior operation to perineal proctectomy. 

Wolff BG. Fleshman JW. Beck DE. et al (eds): The ASCRS textbook 
of colon and rectal surgery, New York, 2007. Springer. 

This text IS sponsored by the Amencan Society of Colon and Rectal 
Surgeons, with chapters written by recognized authorities in their field. 
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Vogelstein B. Fearon ER, Hamilton SR, et al: Genetic alterations 
during colorcctal-tumor development. N Eng! J Med 319:525-532, 
1988. 

An excellent description cJ the most common molecular pathllvays in the 
development cJ colorectal adenocarcinoma. 
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CHAPTER 53 

ANUS 
HEmr NELSOIN 

DISORDERS OF ii"HE ANAL CANAL 

PELVIC FLOOR D ISORDERS 

COMMON BENIGN ANAL DISORDERS 

LESS COMMON !BENIGN ANAL DISORDERS 

NEOPLASTIC DISORDERS 

DISORDERS OF THE ANAL CANAL 
The anal canal can be the site of rare lesions. Most conditions 
arising in this area, however, are common and benign but may 
be incapacitating and interfere with patiems' daily quality of life. 
Moreover, these disorders are often misdiagnosed or maltreated, 
leading at times to disastrous consequences. A better knowledge 
of the functional anatomy of this portion of the gastrointestinal 
tract, as welJ as recent changes in ou.r w1derstanding of its physi
ology and that of the pelvic floor, should facilitate diagnosis and 
management of these ailments and re,<;ult in more favorabl.e 
outcomes. 

Anatomy 
The anal canal, which extends for a distance of approximately 
4 em from the anorectal ring to the hairy skin of the anal verge, 
is the distalmost portion of the alimentary canal. Its lining, 
as we!J as its musculature, has important features that together 
with the pelvic Aoor structures, contribute significantly to the 
regulation of defecation and continence. Irs borders include the 
coccyx posteriorJy, ischiorectal fossa and its contents bilaterally, 
and perineal body and vagina in women and urethra in men 
anteriorly. 

Anal canal Musculature 
1l1e anal canal musculature, with its sphincteric apparatus, is the 
terminal muscular charmel of the gastrointe~tinal tract and can 
be conceptualized as two tubular strucru.res overlying each other. 
The inner component is the continuation of the smooth circular 
layer of the rectum forming the thickened and rounded internal 
sphincter, whid1 ends 1.5 em below the dentate line, slightly 
cephalad to the external sphi11cter (intersphincteric groove). The 
outer compone11t is a continuous sheet of striated muscle con
stituting the pelvic floor, which is comprised of the levator ani 
muscle, puborectalis muscle, ru1d external sphincter (Fig. 53-J ). 
The .latter is elliptical and engulfs the anal cru1al and imernal 
sphincter. beyond whid1 it terminates in a subcutaJleous portion. 
The other two portions, tl1e superficial and deep divisions, 

constitute a single muscular unit, which is continuous superiorly 
with the puborectalis and levator ani muscles. The external 
sphi11cter, bulbospongiosus, and transverse perineal muscles 
meet together centraiJy on the perineum a11d constitute the 
perineal body. 1l1e funnel-shaped configuration of the paired 
levator a1li muscles form the major part of the pelvic floor and 
their fibers decussate medially with the contralateral side to fuse 
with the perineal body around the prostate or vagina. 

The internal sphincter, which is innervated by the auto
nomic nervous system, is independent of voluntary control, 
whereas the external sphincter, which is supplied by the inferior 
rectal branch of me internal pudendal nerve and perineal braJldl 
of the fourth sacral nerve, is under voluntary comrol. 

Anal canal Lining 
1l1e epithelium that lines the anal canalincrementa!Jy transitions 
from normal, squan1ous, hair-bearing skin to gastrointestinal 
columnar epithelium in the short distance between the anal 
verge and top of the anal canal (Fig. 53-2). At the verge, the 
ski11 becomes anoderm, wluch is a modified squan1ous lining 
witltout skin appendages, such as hair. At the level of the dentate 
Line, the squan1ous and columnar epithelium comingle; this is 
referred to as the anal transition zone. Fina!Jy, cephalad to the 
top of the a11al canal, the lining becomes exclusively gastrointes
tinal columnar epithelium. 1l1ese epithelial distinctions are 
helpful for understanding the basis and treatment ofbe.ugn and 
malignant conditions. For example, fistul as developing from the 
condi tion of hidradenitis suppurativa CaJl only arise from 
the appe11dages of skin, so tlus disorder can only occur below 
the dentate line, typically outside the anal verge. In contrast, 
fistulas that are derived from crypto glandular disease arise 
withi11 rhe glands ar the level of the dentate line and Crobn's 
fistulas rypica!Jy arise in the gastrointestinal tract above the 
dentate line. 1l1ese distinctions help differentiate the diagnoses. 
For cancer cases, the histology is the key to tmderstaJlding the 
Likely origin, behavior, and mru1agement of the disease. Squa
mous cell lesions that arise in the ru1al margin skin or a11oderm 
are treated with wide excision as skin cancers (margin lesions) 
or with radiation chemotherapy (anal CaJlal). Adenocarcinomas 
arising in the distal rectum or within the anal canal are usuatly 
treated with surgical removal of the rectum, with the adjunctive 
use of radiation a11d chemotherapy. 

The li1ung also provides clues to the pattern of innervation 
or sensory perception and can help guide the appropriate surgi
cal approach. External hemorrhoids below the de.ltate are sensi
tive to touch a11d tl1erefore ru1esthesla (locoregional or general) 
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FIGURE 53-1 The anal canal mechanism is com
prised of two components, visceral and somatic,. 
each of which is tubular. The visceral tube is 
endosed by a skeletal musde tube whereby con
tinence is maintained. A. Diagrammatic repre
sentation of the skeletal musde compone nL 
B, Composite arrangement after insertion of a 
simple visceral component. (ffom Parks AG, 
Gordon PH, Hardcastle JO: A dassification of fistula
in-ana. Br J Surg 63:1- 12, 1976.) 
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FIGURE 53-2 The anal canal extends for a distance of 2 to 4 an from 
the anal verge to the top of the ana l canal musculature. The epithe
lium that lines the a na l canal incrementally transitions from normal, 
squamous, hair-bearing skin to gastrointestinal columnar epithelium. 
Between the anal verge and dentate line, the lining is referred to as 
anoderm, and from the dentate line to the top of the anal canal it is 
referred to as the anal transition zone. 

Table 53-1 Common causes of Fecal Incontinence 
CATEGORY MECHANISM 
Functional 

Sphincter weakness 

Sensory loss 

Fecal impaction; dilated internal anal 
sphincter 

Diarrhea; rapid transit and/or large volume 

Cognitive, psychological; social indifference 

Sphincter musde injury 

Pudendal nerve injury 

Central nervous system injury 

Afferent nerve injury: unable to detect 
rectal tilling 

Longitudinal 
muscle of rectum 
Internal sphincter 

Longitudinal 
layer of anal canal 
Genitourinary 
viscus 

is required for surgical management. Internal hemorrhoids 
above the dentate can be manipulated without the need for 
anesthesia, in a manner analogous to the treatment of gastroin
testinal polyps. 

Physiology 
The physiology of the anal canal and pelvic floor is complex, but 
the advent of more sophisticated means to evaluate its fw1etions 
(e.g .• manometry. defecography. evacuability testing, electromy
ography) has improved our understanding of it. The principal 
function of the anal canal is the regulation of defecation and 
maintenance of conti.nence. The ability to control defecation 
depends o n the coordinated fuJlctions o f the sensory and mus
cular activities of the anus, the compliance, tone, and evacu
ability of the rectum, the muscular activities of the pelvic floor, 
and the consistency, volume, and timjng of the colonic fecal 
movements. Perturbations of any of the critical flmctions can 
result in fecal incontinence (Table 53-l). 

The anal canal, which has a mean length of 4 em, lengthens 
with squeezing of the external sphincter and shortens with 
strainJng. Resting pressure, or tone, whJch depends largely on 
the internal sphincter, averages 90 em H20 and is lower in 
women and older patients than in men and younger patients. 
This high-pressure zone increases resistance to the passage of 
stool. Squeeze pressure, generated by contraction of the external 
anal sphincter and puborcctalis muscle, more than doubles the 
intra-anal canal resting pressure. lll.is maximal increase lasts for 
a minute, at the most; consequently, squeC'te pressure serves o nly 

COMMON CAUSES 
Pelvic floor dyssynergia (difficulty relaxing sphincter vvhen defecating), drug 

side effect, idiopathic, spinal cord injury 

Irritable bowel syndrome; infectious and metabolic causes of diarrhea 

Dementia, psychosis, willful soiling 

Obstetric trauma, motor vehide accident, foreign body trauma 

Obstetlic trauma, diabetic peripheral neuropathy, multiple sderosis, 
idiopathic 

Spina bifida, traumatic spinal cord injury, cerebrovascular accident, multiple 
sderosis 

Diabetic neuropathy, spinal cord injury, multiple sderosis 

Adapted from Whitehead WE, Wald A, Norton NJ: Treatment options for fe<al incontinence. Dis Colon Rectum 44:131-142, 2001. 
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co prevent leakage on presentation of the rectal content to the 
proximal anal canal at inappropriate times. The principal mecha
nism that provides contiJ1e.nce is the pressure differential between 
the rectum (6 ern H20) and anal canal (90 em H 20). Theano
rectal angle is produced by the anterior pull of the puborectalis 
muscle as it encircles rhe recrum ar the anorectal ring and con
tributes to fecal continence. This angle may act as a flap valve 
or have a sphincter-like function. Maneuvers that sharpen this 
angle augment continence, whereas those that straighten it favor 
defecation. 

Anorectal se11satlon allows discrimination of the character 
of the enteric content-gas, liquids, or solids-and detection of 
the need to pass that content through sensory receptors located 
iJ1 the rectal muscular wall or pelvic floor musculature. The fact 
that such sensations persist after proctectomy and ileoanal anas
tomosis suggests that the receptors arc situated in the pelvic 
floor. For the enteric content to reach the anal canal for discrimi
nation, the internal sphillcter must relax while the rectum dis
tends and contracts, the rectal anal inhibitory reflex. 1l1is reflex 
uwolves uiliibitory neurons of the myenteric plexus, whlcl1 
mnervate the illternal sphll1cter, and intramural nerves and neu
rotransmitters. Transient relaxation of the internal anal sphincter 
brings the rectal content into contact with the sensory mucosa 
of the proximal anal canal so that it can be recognized. Other 
factors importanl( to continence include rectal compliance, tone, 
and capacity, rectallilling and emptying, and stool volume and 
consistency. 

Diagnostic Evaluation of the Anus 
Systematic evaluation of anorectal disorders includes a careful 
history and physical examination of the anal canal area before 
elabc,rate laboratory testing. 

History 
Important symptoms include bleeding, pa.U1, discharge (mucoid, 
purulent, or fecal), and change in howel habits. It is also para
molll1t to know about associated illnesses, medications. family 
history, bleeding tendency, and exposure through travel or sexual 
contact. 

Bleeding is a common presenting symptom of benign and 
malignant conditions of the anus and large bowel. Derails 
regarding the type of bleeding can help differentiate between 
anorectal and large bowel disorders. Inquiry into the rype nf 
bleeding should include whether the blood is dark or bright red 
or associated with dots, whether it is mixed with the stool or 
separate, and whether it drips into the toilet bowl or only appears 
on the toilet paper. Blood that drips, is separate from srools, and 
is bright red is usually seen with bleeding internal hemorrhoids. 
Blood on toilet tissue may be associated with minor hemor
rhoidal disease but also with ru1al fissure. Clots or melena indi
cate colonic or more proxm1al blcedtllg, respectively. Although 
a careful bleeding history may suggest a specific cause, consid
eration must always be given to proxin1al bowel evaluati.on to 
exclude the possibility of more serious conditions, such as cancer. 
1l1is is partictdarly important when examination cannot confirm 
a bleediJlg source, when patients are at iJ1creascd risk for cancer 
by age or family history, or when bleeding does not resolve 
promptly after treatment of the presumed source. When there 
is doubt, evaluate the proximal bowel. 

Anorectal pain occurring during or immediately after stool
ing that is described as severe is usually associated with ru1al 
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fissure. Pa.U1 that may or may not be related to stoolli1g ru1d is 
throbbing in nature is most often seen with an abscess or poorly 
drainiJlg fistula Pain totally lll1related to stooliJlg is likely to be 
associated with proctalgia fugax or levator ani syndrome, a con
dition characterized by painful episodes of short duration (<20 
ro 30 minmes); rhese often occur at night and arc relieved by 
walking, warm baths, or other maneuvers. To ascertain change 
in bowel habits, it is necessary to establish the previous pattern 
of bowel habit by careful inquiry. Constipation may meaJl dif
ferent conditions to different patients, and it is important to 
know whether the condition is of recent onset or chronic to 
determine the course of illvcstigation. 

Physical Examination 
l11e left lateral position. with the buttocks projecting slightly 
beyond the edge of the cable, ru1d the prone jackknife position 
are both Sllitable for evaluation of anal conditions. Inspection 
with g<>Od lighting should precede any other type of examina
tion. Skin tags, excoriations, scars, and any changes in color or 
appearance of perianal skin are easily recognized. A patulous 
anus may indicate iJ1cominence and possibly prolapse. Inspec
tion w hile straining may help determine the presence of 
hemorrhoidal or rectal prolapse in multiparous women, and a 
protruding anus may be an indication of descending pcrillewn 
syndrome. A careful and systematic digital examination with a 
well-lubricated index finger gradually inserted into the anal 
cru1al helps tb.e exan1iner appreciate any ma<>S, induration, or 
stricmring ru1d assess the resting tone and strength of the squeeze 
pressure of the anal sphincter. In men, the prostate should be 
palpated; in women, the posterior vaginal wall should be pushed 
forwar<l to detect rectocele. 

After the preliminary evaluation has been completed, proc
tosigmoidoscopy after enema preparation enables satisfactory 
visualization of the anorectum. Early signs of mucosal inflam
mation iJ1clude the loss of the vascular pattern with erythema, 
granularity, friability, and even ulcerations. Gross lesions, such 
as polyps or carcinoma, should be readily identi£able. Any suspi
cious area or mass should be san1pled for biopsy, with the 
patient's permission, so that a precise histopathologic diagnosis 
can be established. On withdrawing the proctoscope, the ano
rectal area can be assessed for mucosal prolapse, hemorrhoids, 
fissure, polyps, and so forth. The anoscope can also be used for 
the same purpose; it optimizes the evaluation of lesions confined 
to tbe anus. 

Other uwestigations may u1dude barium enema, flexible 
sigmoidoscopy or colonoscopy, ru1d stool examination, espe
cially if infectious diarrhea or a sexua!Jy transmitted disease 
(STD) is suspected. Special studies, such as manometry, defe
cography, aJld electromyography, may hdp in the assessment of 
ru1orectal incontinence, constipation, or ru1y other pelvic floor 
disorders. Ultrasonography and magnetic resonance imaging 
(MRI) have show11 promise in the evaluation of anorectal sup
purative processes. 1l1e indications and usefulness of these tests 
are dis<:ussed later under the specific disorders. 

PELVIC FLOOR DISORDERS 

Incontinence 
A National Institutes of Health (NIH) State-of-the-Science 
Conference on the Prevention of Fecal and Urinary Inconti
nence in Adults was conducted in 2007.1 Several important 
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Clinical evaluation 
including digital rectal 

examination 

l 
Treat underlying disease 

and manage bowel 
disturbances 

Treat local 
anorectal problems 

Anal manometl)' 

Normal 
pressures 

Weak 
pressures . 

t 
Consider anal 

imaging, EMG if 
appropriate 

Persistent 
symptoms 

Rectal sensation 

Reduced 

Consider 
sphincteroplasty or 

sacral nerve stimulation 
if appropriate -

conclusions were reacl1ed, including that fecal and uriJ1ary 
incontinence wiU affect more thru1 25% of all U.S. aduhs 
during their lives. .Fecal incontinence is now recognized as 
having serious effects, causu1g people to suffer physical discom
fort, embarrassment, stigma, and social isolation. Fmthermore, 
the panel conduded that financial costs ru1d caregiver burden 
arc substaJltial and may be underestinlaced because of 
underreporting:. 

Clinical Evaluation 
Determining the extent and nature of the problem should scan 
by distinguishing true incontmence (i.e., complete loss of solid 
stools) from m'inor incontinence (i.e., occasional staining from 
seepage or urgency). Seepage of mucus from prolapsing hemor
rhoids or from a large secretory villous polyp, urgency from 
colitis or proctitis, ru1d overflow u1contincnce from fecal inlpac
tion may be cOJlfused with true incontinence. After true incon
tinence is established, the severity of the disability sbould be 
assessed by seeking information on control of flatus, liquid and 
solid stool, and effect on lifestyle ru1d activities (see Table 53-1).2 

Fecal u1concinence is often multifactorial; defects in the 
sphincter may be the resLLit of trauma from previous smgical 
procedures for hemorrhoids, fissures, or fistulas, forcefu l diJation 
of the anal canal, impalement iJ1jury, or obstetric iJ1juries, either 
directly because of a tear or breakdown of episiotomy repair or 

Rectal balloon 
expulsion 

' Abnormal 

! 
Evacuation 
disorder 

Pelvic floor 
retraining 

t 
Persistent 
symptoms 

FIGURE 53-3 dinical evaluation of fecal inconti
nence. EMG, Electromyogram. (From Whitehead W. 
Bharucha AE: Diagnosis and treatment of pelvic floor 
disorders: What's new and what to do. Gastroenter
ology 138:1231-1235, 2010). 

indjrectly from stretching of tl1e pudendal nerve during labor, 
which may develop decades later. 1l1e NIH consensus panel 
concluded that for fecal incontu1ence, a routine episiotomy is 
the most preventable risk factor, but that additional risk factors 
include female gender, older age, ru1d neurologic diseases, with 
contributions also from body mass, decreased activity, depres
sion, ru1d diabetes. The workup of fecal u1continence should 
include an evaluation of associated gastrointestinal disorders, 
such as diarrhea, which can aggravate disorders of continence 
(Fig. 53-3).3 1l1e physical examination should confirm a weak 
resting tone and squeeze pres.~urc or a patulous anus and the 
presence of scars, defects, deformities, or keyhole abnormalities
Exrunination can also exclude the presence of prolapse, hemor
rhoids, or other contributory or associated anorectal abnormali
ties. Endoscopy excludes the diagnoses of proctitis, fecal 
impaction, rectal polyps, ru1d colitis cystica profunda. 

Additional testing cru1 be restricted to a few tests, depend
ing on the extent of findings at examination.4•

5 Anal manometry 
confirms the extent of impairment of the internal ru1d external 
sphincters by the restiJ1g and squee-ze pressures, respectively. 
Manometry CaJ1 also ideJ1ti.f)r asymmetry, suggesting anatomic 
defects amenable to repair. Endoanal ultrasound has been rec
ommended to detect occult defects and, in some centers with 
expertise, is considered more accmate thru1 cluucal or conven
tional methods of evaluation. Finally, electromyography of the 
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FIGURE 53-4 Overlapping sphincteroplasty. A. A curvilinear incision is made midway between the anus and introitus, limited in its posterolateral 
extent to avoid pudendal nerve injury. The external sphincter ends are dissected, the scar excised when extensive, and the muscle ends reap
proximated using overlapping suture technique. The levator ani muscles are also reapproxirnated. B. Tightness is judged by digital rectal exami
nation. C. The wound edges are dosed over drains, at times using a Y configuration to lengthen the perineal body. (Courtesy Mayo Foundation 
for Medical Education and Research, Rochester, Minn.) 

pelvic Aoor can be used to differentiate benveen anatomic and 
neurogenic sources of incontinence, and pudendal nerve termi
nal motor latency testing can predict the likelihood of successful 
repai r. 

Treatment 
Medical Management Medical management is a preferred option 
for cases of mild incontinence and of generalized weakness in 
which reparable anatomic defects are not identified. A first-line 
approach includes the usc of diet and medications to slow 
transit and increase stool consistency. Coupled with sphincter 
exercises, this may improve symptoms and restore normal func
tion for mild cases.4 Biofeedback training focuses on strength
ening of rhe anal musculature and improving anorectal 
sensation and is reported with variable success rates of approxi
mately 75% for at least modest reduction in incontinence 
fre'luency, with 50% accomplishing complete continence. A 
bowd management program has been a successfltl approach for 
patients with anorectal matfuHctions, Hirschsprung's disease, 
and spina bifid a. 6 Of note, medical management can also be 
considered complementary co surgical therapy and may be 
carried out before and/or after surgery to optimize surgical 
results. 

Surgical Repair Surgical options range from the traditional 
approach of sphincter repair to the newer techniCJue of sacral 
nerve stimulation and to the final step of colostomy creation. 
For discrete anatomic defects, the most common surgical 
approach is the clirect overlapping sphincteroplasty, in which the 
separated muscular ends are dissected, reapprox.imated, and 
sutured (Fig. 53-4). Fecal diversion is not typically required for 
these repairs un'less there are extenuating circumstances. The 
overlapping sphincteroplasry is associated with low rates of mor
bidity and mortality aHd reasonable rates of success with good 
to excellent results achieved in 55% to 68% of patients.4 Direct 
repair of anterior sphincter defects from obstetric injuries can be 
expected to restore fecal continence in 59% of patients. A study 
of 10-year outcomes after aHal sphincter repair bas suggested 
continued deterioration of fimction over time. For nonanatomic 

defects, posranal repair is advocated by some surgeQns but 
reserved for highly select patients. 

Highly specialized approaches to treating fecal inconti
nence include the dynamic graciloplasty, sacral nerve sti.nmla
tion, and use of an artificial bowel sphincter. The transposition 
of the gracilis muscle is reserved for patients in whom the bulk 
of the anal sphincter is missing and requires total reconstruction. 
Sacral nerve stimulation, in contrast, is specificatly designed for 
patients in whom the anal sphincter is intact but there is inad
equate innervation. With proper patient selection, the success 
rates can be as ll.igh as 70%, at least in the short term. Finally, 
the complications associated with artificial sphincter include 
erosion, infection, and obstruction at defecation ba.~ Umited 
enthusiasm for this approach. 

Prolapse of the Rectum 

Pathogenesis and Clinical Presentation 
Prolapse of the rectlLm, or procidentia, is an uncommon 
problem of obscure cause d1aracterized by full-thickness ever
sion of the rectal wall through the anus. The exact cause is 
unclear, but the disorder rends to predominate in women, those 
who strain excessively, and those with chronic mental disorders. 
The concept that rectal prolapse is the result of intussusception 
or infolding of the rectum or rectosigmoid has been strongly 
supported. As the intussusception progresses caudally, the 
imussusceptum gradually pulls the upper rectal wall away from 
its sacral and lateral mooriJ1gs. With continued straining, the 
bowel continues to roll inside out until, injtially, the mucocuta
neous junction and eventually the rectal wall evert completely. 
1lus progressive phenomenon may explain why some patients 
have occult or bjdden prolapse and why the sigmoid mesentery 
may elongate, the cul-de-sac may deepen, and the pelvic floor 
muscuJatllfe may increasingly weal<en. Such findings have been 
implicated as causative, but it is more likely that they are the 
resu.lt of the prolonged process of gradual prolapsi.ng of the 
rectum. 

TI1e symptoms of early prolapse may be vague. including 
discomfort or a sensation of incomplete evacuation during 
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defecation. A long history of constipation and excessive straining 
is common. When prolapse is complete, protrusion of the 
rectum is noted as a mass during and after defecation. ln patients 
with occult prolapse, a feeling of pressure and sensation of 
incomplete evacuation may be the only symptoms. 

Preoperative Evaluation 
The preoperative assessment of the patient should focus on 
establishing the extent of the prolapse, patient's overall health 
statm, presence of associated conditions, such as constipation 
and pelvic floor disorders, and complications, such as inconti
nence. All these factors influence the operative and medical 
management. At history, almost 50% of patients have constipa
tion and mos1t have fecal incontinence.8·9 By observing the 
patient while he or she is straining on the commode, the pres
ence and extent of the prolapse can be verified. Complete 
prolapse demonstrates full-thickness rectal protrusion with con
centric rings (Fig. 53-5). Frail older patients and those with 
high-risk comorbid conditions or limited life expectancy are 
ideally suited for perineal procedures. Younger patients, particu
larly those with constipation or evidence of pelvic floor defecat
ing disorders, are best served with resection and fixation using 
open or laparoscopic approaches. 

Complete lower gastrointestinal tract evaluations are per
formed as indic.ated. On endoscopy, redness of the anterior rectal 
mucosa or a solitary rectal ulcer 6 to 8 em anteriorly may be 
present. A number of additional tests can be ordered but have 
limited value and are nor typically required. Manometry docu
ments the presence of sphincter damage but does not predict 
recovery. An abnormal pudendal nerve terminal motor latency 
predicts a high risk for postoperative anal incontinence but 
rarely influences the management. Defecography can demon
strate the extent of prolapse and transit studies can indicate the 

FIGURE 53-5 Complete rectal prolapse. The everted rectal wall 
appears as a tubular mass made up of several concentric mucosal 
folds. (Courtesy Mayo Foundation for Medical Education and Research, 
Rochester, Minn.) 

extent of constipation. Because a patient with significant pro
longation in transi t time may respond better to a more extensive 
colonic resection, this may be indicated for select patients with 
constipation. 

Surgical Correction 
Two general approaches are used to ad1ieve surgical correction 
of rectal prolapse, the perineal approach, which includes tbc 
Delorme and Altemeier procedures, and the abdominal 
approach, which includes but is not limited to anterior resection, 
with or without rectopexy and mesh fixation. The perineal 
approach is less taxing on the patient yet has a higher recurrence 
rare; thus, it is ideally suited for patienrs with high operative risk 
and Lim ited life expectancy. An abdominal approach is preferred 
for young healthy patients because they can tolerate the proce
dure with low risk and are less likely to suffer a recurrence 
requiring reoperation. 

Perineal Procedures 1l1e Delorme procedure is essentially a 
mucosal proctectorny and muscularis plicating procedure (Fig. 
53-6). It is ideally applied to patients with up to 3 to 4 em of 
prolapse, even though the mucosal tube resected can extend up 
to 15 em. Even in frail older patients, the Delorme procedure 
is associated with low rates of mortality and major morbidity; 
approximately l% and 14%, respectively.9 Incontinence 
improves in as many as 69% of patients. Prolapse recurrence is 
not uncommon and is likely ur1derestimated because this pro
cedure is performed in patients with limited life expectancies 
and therefore short follow-up. 

The Altemeier procedure is similar to the Delorme proce
dure, but rather than a mucosal resection, a full-thickness recta\ 
resection is performed, starting l or 2 em above the dentate line. 
The bowel and attendant mesentery are resected. Because the 

FIGURE 53-6 Schematic representation of Delorme repair of com
plete rectal prolapse. Mucosal proctectomy is folloiNed by muscular 
plication, anastomosing the proximal extent of the mucosal resection 
site to the distal mucosa, just proximal to the dentate. (Courtesy Mayo 
Foundation tor Medical Education and Research, Rochester, Minn.) 
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pelvic cavity is entered, injury to the small bowel must be 
avoided. A full-thickness anastomosis is accomplished after the 
full extent of resection is completed. For patients with inconti
nence, a levatorplasty may be added to the resection. Results are 
similar to those described for the Delorme procedure.8 

Abdominal Procedures The abdominal options include bowel 
resection and rectopexy, with or without mesh, perfom1ed alone 
or together. Complete mobilization of the rectum is required for 
the abdominal procedures; debate exists about whether the 
lateral stalks should be prescrved.10 Preservation of the stalks is 
thought to yield becter functional results but a greater risk for 
recurrence. Although the entire rectum is mobilized to d1e level 
of the levatores, if resection and anastomosis are being pet
formed, they should be performed high rather than low in the 
rectum, essentially an anterior resection. This minimizes the risk 
for anastomotic complications. Rectopexy is performed by 
securing the rectum to the presacral tissues. Resection with 
rectopexy is associated with low recurrence rates (Oo/o to 9o/o) 
and can be performed safely, with morbidity and mortality rates 
commensurate with any large bowel resection. Constipation 
improves in up to 50o/o of patients and incontinence in most 
patients. 

Rectopexy alone with mesh fixation is a well-described 
procedure, preferred by some centers. The risks for resection and 
anastomosis are avoided and recurrence rates are generally low. 
Complications can result, however, from the presence of a 
foreign body, and sympwms of constipation are often aggra
vated. The abdominal procedures can be performed through 
standard laparotomy or using lapa.roscopic techniques. Results 
have suggested mat postoperative recovery is typically faster after 
laparoscopic resection with rectopcxy. Furthermore, rates of 
morbidities, mortality, recurrence, and functional improvement 
are the same with laparoscopic and open techniques. 

Incontinence and Biofeedback 
Because incontinence resulting from d1ronic stretching may or 
may nor cause permanent pudendal nerve dan1age, many 
patients note improvement in continence after prolapse repair. 
TI1e role of biofeedback for treating persistent postoperative 
incontinence or for preventing recurrent prolapse in patients 
with obvious pelvic floor dysfwlCtion and a tendency toward 
excessive suaining has not been well established. However, ir can 
be beneficial to some patients and it is noninvasive, wb.id1 
encourages its use in select patients. 

Rectocele 

Clinical Evaluation 
Patients with a rectocele present wid1 a bulge or prolapse of the 
anterior rectal wall into the vagina. Symptoms attributable w a 
rectocele include the presentation of a vaginal bulge, inability to 
evacuate completely during defecation and, in most cases, the 
necessity to evaclllate digitally through ilie vagina or through the 
rectum or perineum. The cause of rectoceles remains unclear; it 
is probably multifactorial because it is associated with a constel
lation of a number of pelvic floor disorders, including constipa
tion, paradoxical muscular contraction, and neuropathies or 
anatomic disorders from childbirth." Rectocele may coexist 
with other defecation disorders, such as slow-uansit constipation 
or pelvic floor dysfunction, including pelvic organ prolapse, in 
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which factors such as age, parity, obesity, constipation, pelvic 
surgery, and pulmonary and medical conditions may play a role. 
Associated disorders must be addressed to achieve resolution of 
all symptoms. A careful physical exalllination will reveal the size 
of the defect where the rectum prolapse extends to the vagina. 

Defecography, which can demonstrate dynamic infom1a
tion on the process of rectal emptying, .is the only test that is 
specifically diagnostic for a rectocde.11 It is probably the most 
useful test for tmderstanding the relevance of the rectocele in 
the defecation process, even though there is no exact correlation 
between any single test finding and results from surgery. Further 
colorectal evaluations and tests can be ordered, as appropriate, 
for other symptoms or coexisting disorders. 

Treatment 
1he optinlization of bowel function through proper diet, fiber 
supplements, and good bowel habits is always appropriate as 
complementary therapy. Medical therapies, specifically biofeed
back, have met with limited success, providing only partial relief 
in most patients but major relief in only a minority of paticnts.'2 

Surgical Treabnetlt Patients with rectocele.~ should be considered 
for surgical correction if the rectocele is larger than 2 em and 
the patient has to perform digitally assisted defecation.13 

Although gynecologic surgeons often perform a transvaginal 
repair, the defect between the vagina and rectum can be cor
rected using a transperineal approach, with or without mesh and 
including a levatorplasty, or using a rransanal repair, with an anal 
mucosa flap and a plication reclulique without mesh. The repair 
should extend 7 to 10 cn1 above me anal canal. Symptomatic 
improvement can be anticipated in 73o/o to 79o/o of properly 
selected patients. Best results can be expected in patients who 
have a small rectocele, require digitally assisted evacuation, are 
without evidence of an ism us, and can be repaired using a trans
perineal approach. 

COMMON BENIGN ANAL DISORDERS 

Hemorrhoids 

Clinical Presentation and Diagnostic Evaluation 
Within the normal anal canal there are specialized, highly vas
cularized cushions forming discrete masses of thick submucosa 
containing blood vessels, smooth muscle, and elastic and con
nective tissue. They are located in ilie left lateral, righr anterior, 
and right posterior quadrants of the canal to aid in anal conti
nence. The term hemorrhoids should be restricted to clinical situ
ations in which these cushions are abnormal and cause symptoms. 
'TI1e cause of hen10rrhoids remains unknown. TI1ey may be no 
more than the downward sliding of anal cushions associated 
with gravity, straining, and irregular bowel habits. Hemorrhoids 
can be considered external or internal; the diagnosis is ba..~d on 
the history, physical examination, and endoscopy. External 
hemorrhoids are covered with anoderm and are distal to the 
dentate line; they may swell, causing discomfort and difficult 
hygiene, but cause severe pain only if actually thrombosed. 
Internal hemorrhoids cause painless, bright red bleeding or pro
lapse associated widl defecation. Internal hemorrhoids are clas
sified :according to the extent of prolapse, which influences 
treatment options (Table 53-2). 1l1e patient may report dripping 
or even squirting of blood in the toilet bowl. Chronic occult 
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Table 53-2 Internal Hemorrhoids: Cirading and Management 

GRADE 
First degree 

Second degree 

Third degree 

Fourth degree 

SYMPTOMS AND 
SIGNS 
Bleeding; no 

prolapse 

Prolapse with 
spontaneous 
reduction 

Bleeding. seepage 

Prolapse requiring 
di&~tal reduction 

Bleeding. seepage 

Prolapsed, cannot 
be reduced 

Strangulated 

MANAGEMENT 
Dietary modifications• 

Rubber band ligation 

Coagulation 
Dietary modifications 

Surgical hemorrhoidectomy 

Rubber band ligation 
Dietary modifications 

Surgical hemorrhoidectomy 

Urgent hemorrhoidectomy 
Dietary modifications 

*Dietary modificati·ons include increasing consumption of fiber, bran, or psyllium 
and water. Dietary modifications are always appropriate for the management of 
hemorrhoids, if not for acute care then for chronic management, and for preve~r 
tion of recurrence after banding and/or surgery. 

bleeding leading to anemia is rare, and other causes of anemia 
must be excluded. Prolapse below rhe dentate line area can 
occur, especially with straining, and may lead to mucus and fecal 
leakage and pruritus. Pain is not usually associated with uncom
plicated hen1orrboids but more often with fissure, abscess, or 
external hemorrhoidal thrombosis. 

The physical exanlination should include inspection during 
straining, preferably on a commode, digital rectal examination, 
and anoscopy (Fig. 53-7). Digital examination enables assess
ment of imernal and external hemorrhoidal dlsease and anal 
canal tone and exclusion of other lesions, es peciaUy low rectal 
or anal canal neoplasms. Because almost all anorectal symptoms 
are ascribed to hemorrhoids by patients, it is essential that other 
anorectal patho logies be considered and excluded. Anoscopy is 
the definitive examination, but a flexible proctosigmoidoscopy 
should always be added to exclude proximal inflammation or 
neoplasia. Colonoscopy or barium enema should be added if the 
hemorrhoidal disease is unimpressive, the history is somewhat 
uncharacteristic, or the patient is older than 40 years or has risk 
factors for colon cancer, such as a family history. Depending on 
the degree of disease, treatment falls into rwo main categories, 
nonsurgical and hemorrhoidectomy. 

Treatment 
Nonoperative Management fn many patients, hemorrhoidal 
symptoms can be ameliorated or relieved by simple measures, 
such as better local hygiene, avoidance of excessive straining, and 
better dietary habits supplemented by medication to keep stools 
soft, formed, a.J11d regular (see Table 53-2). A wide array of .fiber 
supplements are now available over the counter. Symptoms of 
bleeding but not prolapse can be significantly reduced over a 
period of 30 to 45 days with the use of fiber supplements. Over
thc-coumcr suppositories and ana.! salves, although popular, 
have never been tested for efficacy. Even though all patients 
should be counseled on dietary and fiber recommendations, 

FIGURE 53-7 Hemorrhoids. A. Thrombosed external. 8, First-degree 
internal vieiNed through anoscope. C. Second-degree internal pro
lapsed, reduced spontaneously. D, Third-degree internal prolapsed, 
requiring manual reduction. E, Fourth-degree strangulated internal 
and thrombosed external. (Courtesy Mayo Foundation for Medical 
Education and Research, Rochester, Minn.) 

patients wid1 prolapse and intemal plus external hemorrhoids 
benefit from additional interventions. 

In the absence of symptomatic external hemorrhoids, 
second- and some third-degree internal hemorrhoids can be 
treated with office procedures that produce mucosal fixation. 
Altho ugh sclerotherapy, infrared coagulation, heater probe, and 
bipolar electrocoagulation have all becn described, the simplest, 
most effective, and most widely applied office procedure is 
rubber band ligation. Rubber band ligation can be performed 
in the office without sedation through an anoscope, using a 
ligator (Fig. 53-8). Preferably, only one site shouJd be banded 
each time. Because severe perineal sepsis and even deaths have 
been reported after rubber band fjgation, patients should be 
instructed to return to the emergency department if delayed or 
undue pai11, inability to void, or a fever develops. With one or 
more applications, symptoms are alleviated in 79% of patients.14 

Because of the risk for bleeding and sepsis, it is preferable thar 
patients not be raking a.ntiplatelet or blood-thinning medica
tions and that subacute bacterial endocarditis prophylaxis is 
administered to patients at risk. Rubber band ligation should be 
avoided in immunodeficient patients. 
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Surgical Treatment Hemorrhoidectomy is the best means of 
curing hemorrhoidal disease and should be considered whenever 
patients fail to respond satisfactorily to repeated attempts at 
conservative measures, hemorrhoids are severely prolapsed and 
requlre manual reduction, hemorrhoids are complicated by 
strangulation or associated pathology, such as ulceration, fissure, 
or fistula, or hemorrhoids are associated with symptomatic exter
nal hemorrhoids or large anal tags. l11e choice of anesthesia 
should be individualized based on the patient's preference, build, 
and medical starus. In most cases, local or regional anesthesia 
with mild sedation can be used effectively. For simple, throm
bosed external hemorrhoids, excision in the office is best per
formed early in td1e course of the disease, during the period of 
maximum pain (Fig. 53-9). To remove complex internal or 
external hemorrhoids, an open or dosed hemorrhoidectomy can 
be performed as an outpatient procedure. 

C losed hemorrhoidectomy provides simultaneous excision 
of internal and external hemorrhoids (Fig. 53- I 0). Preoperative 
and intraoperative assessmem determines the number and loca
tion of hemorrhoids requiring excision; typically, three bundles 
are identified in the right anterior, right posterior, and left lateral 
positions. Using a large operative scope retractor, such as the 
Fansler, ensures that sufficient anoderm is preserved to avoid the 
long-term complication of anal stenosis. Postoperative complica
tions include fecal impaction, infection, urinary retention and, 
rarely, arterial bleeding. Patients typically recover sufficiently to 
return to work within I to 2 weeks. As an alternative to the 
closed technique, the surgical wounds can be left open ro reduce 
postoperative pain, but at the expense of longer healing times. 

Newer technology and techniques have been applied to the 
operative treatment of hemorrhoids, with the promise of less 
postoperative pain. The two maiJl categories of these treatments 
involve the application of ultrasonic or controlled electrical 
energy, such as the Harmonic Scalpel (Soma, Bloomfield, Conn) 
and LigaSure (Covidien, Boulder, Colo) respectively, or a new 
operative approach to hemorrhoidal tissue excision. Bod1 energy 
application modalities remove the excess hemorrhoidal tissue 
and coagulate or seal the blood vessels simultaneously, with 
minimal lateral thermal injury to nearby tissue. It is thought that 
the reduction in trauma to the surrounding anal canal mucosa 
and underlying anal sphincter will decrease postoperative edema 
and pain. Small single-institution reports have evaluated both 
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FIGURE 53-8 The band is advanced onto the end of the z 
ligator instrument using a conical attachment (insets). The 
hemorrhoid is identified at a level proximal to the dentate; 
this area is tested for sensation before banding. Occluding 
the suction port of the ligator instrument draws the hemor-
rhoid into the open end of the ligator, at which time the 
instrument is fired. The banded hemorrhoid typically sloughs 
off in 1 week. (Courtesy Mayo Foundation for Medical Educa-
tion and Research, Rochester, Minn.) 

FIGURE 53-9 Excision of thrombosed external hemorrhoid. The area 
is infiltrated with local anesthetic and the thrombosed hemorrhoid is 
excised sharply. The wound is left open. (Courtesy Mayo Foundation 
for Medical Education and Research, Rochester, Minn.) 

these newer technologies compared wim traditional excisional 
hemorrhoidectomy}5 These studies all demonstrated decreased 
postoperative pain and analgesic usc in the Ham10nic Scalpel or 
Liga-Sure groups compared with traditiunal ted1niques, with 
similar short-tcnn success rates. 

Another operative technique developed to treat circumfer
ential prolapsed and bleeding hemorrhoids was first described 
by Longo. l11us technique, commonly referred to as the stapled 
hemorrhoidectomy or stapled hemorrhoidopexy, excises a cir
cumferential portion of the lower rectal and upper anal canal 
mucosa and submucosa and performs a reanastomosis with a 
circular stapling device. As a result, the prolapsed anal cushions 
are retracted and fixed into tbeir normal anatomic positions 
within the anal canal. Stapled hemorrhoidectomy is perforn1ed 
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FIGURE 53- 1 o Closed hemorrhoidectomy. 
A. Hemorrhoidal tissues a re sharply excised, 
starting just beyond the external component 
and working proximally, finishing with resection 
of the internal component. 8, The sphincter 
muscles are preserved by dissecting only the 
tissues superficial to them. C, The pedicle is 
transfixed and the defect closed with a running 
absorbable suture. (Courtesy Mayo Foundation 
for Medical Education and Research, Rochester. 
Minn.) 

FIGURE 53-11 A. Grade 4 hemorrhoid before reduction. 8, Place
ment of stapling device obturator. c. Stapling device with circumfer

-----------------------.....a entia! excision of anal canal and hemorrhoid mucosa. 

using a dedicated device, including an obturator and circular 
stapler (Fig. 53- 11). To conduct the procedure, the hemor
rhoidal tissue must first be reduced and rhe anal canal gencly 
dilated w facil'itate introduction of rhe stapler. A purse-string 
suture is placed 3 to 4 em above the dentate line. Placemcnr of 
this suture should incorporate alJ rhe redundant tissue circtun
ferentially, with care being taken to avoid a full-thickness suture 

that would ensnare the vaginal walJ in women. [f the suture is 
placed roo dose ro the dentate UJ1e, it could lead to severe and 
prolonged pain or urgency. [f the suture is placed roo far cepha
lad o r does not include circumferential tissue incorporation, it 
wiJ ll ikcly not resolve aU symptoms. 

A systematic review and meta-analysis of prospective 
randomi7.ed comparisons of stapled hemorrhoidopexy with 
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FIGURE 53-12 Posterior anal fissure. (Courtesy Mayo Foundation for 
Medical Education and Research, Rochester, Minn.) 

conventional hemorrhoidectomy bas been conducted. 16 lhis 
review incorporated literature from 29 randomized clinical trials 
representing 205,6 patients. It concluded that the stapled hemor
rhoidopexy offers some short-term benefits over the:: conven
tional approad1. 1l1e total incidence of complications wa~ the 
same for both approaches but the stapled hemorrhoidopexy was 
associated with a higher rate of recurrent disease. Early reports 
of severe complications from stapled hemorrhoidopexy, includ
ing rectal perforation, rectovaginal fistulas, severe pelvic sepsis, 
and anastomotic dehiscence, appear to have abated as surgeons 
have gained experience with the technique. 

Anal F'ISSures 

Clinical Presentation and Diagnostic Evaluation 
An anal fissure is a Linear ulcer of the lower half of the anal canal, 
usualJy located in the posterior commissure in the midline (Fig. 
53-12). Oftetl m isnamed as rectal fissures, these lesions acruaUy 
involve just the anal tissues and are typically best secr1 by visually 
inspecting the anal verge with gentle separation of the gluteal 
cleft. Location may vary and an anterior midline fissure is seen 
more ofren in women, although most fissures in women and 
men are in the posterior midline. Characteristic associated find
ings include a sentinel pile or tag externally and an enlarged anal 
papilla internally. Fissures away from these two locations should 
raise the possibility of associated diseases, especially Crohn's 
disease, hidradenitis suppurativa, or an STD. Because it involves 
the highly sensitive squamous epithelium, fissure in ano is typi
cally a painful condition. With defecation, the ulcer is stretched, 
causing pain and mild bleeding. 

1l1e diagnosis is secured by the history of pain and bleeding 
wiclJ defecation , especially if associated with prior constipation 
and confirmed by inspection after gently parting the posterior 
anus. Digital and proctoscopic examination may trigger severe 
pain, interfering with ili.e abili ty to visualize the ulcer. An endo
scopic examination should be performed, but it can be delayed 
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4 to 6 weeks until the pain is resolved with medical managen1et1t 
or until surgery is performed for cases refTactory to medical 
therapy. 

Pathogenesis 
1l1e exact cause of anal fissures is unknown bur many facrors 
appear Likely, suclJ a~ ilie passage oflarge hard stools, whicl1 may 
be the initiating factor, inappropriate diet, previous anal surgery, 
childbirth, and Laxative abuse. Numerous authors have docu
mented higher than normal resting anal canal pressures and 
reduced anal blood flow in the posterior midline. It is therefore 
believed that anal fissures are the result of anal sphincter hyper
tonia and subsequem mucosal ischemia. More information 
regarding the pathogenesis of anal fissures bas led to the intro
duction of several new medical approaches. 

Treatment 
The concept that hypertonia and reduced blood flow contribute 
to anal fissures has facilitated the development of several new 
therapies. According to this new understanding of the patho
genesis of anal fissures, the goal of therapy is to acllleve imernal 
sphincter relaxation without causing fecal incontinence. Toward 
ellis aim, several p harmacologic approaches have beetl intro
duced, including topical Jlitric oxide donors (e.g., nitroglycerin), 
calcium channel blockers (e.g., di ltiaz.em, nifedipine), and botu
linum injections. These agents have been compared with each 
other and with surgical outcomes; reviews of these comparisons 
have been published. t' .tR 

Whether to start wiili medical or surgical ilic::rapy is a 
matter that now appeats to be at the discretion of the patient 
and treating physician. As medical therapies evolve, it was 
assumed that all patients should be treated first with conservative 
medical treatmetlt to avoid tl1e risk of long-term fecal inconti
nence. However, this concept has been challenged by several 
prospective randomized trials comparing lateral internal sphinc
terotomy with medical ilierapies, including topical approaches 
(e.g., ni troglycerin) and botulinum. Patients who had lateral 
internal sphincteroromy were more satisfied, with more durable 
healing rates and no differences in complication rates, including 
long-term fecal incontinence. Based on these favorable trial 
results, it would seem reasonable for a patient and physician to 

select a medical or surgical approach that seems applicable to 

the presenting symptoms. For exan1ple, a patietlt with short
duration an.d mild symptoms might do weU with a short course 
of topical therapy. with surgery reserved for failure to heal. In 
contrast, a patietlt who presents with a deep chronic fissure and 
severe pain would likely obtain the quickest relief from a lateral 
internal spllincterotomy, with botulinum reserved for refractory 
disease. 

Medical Management Medical therapies for anal fissures are 
gaining in popularity, particularly for acute fissures-mat is, 
those presenting within 3 to 6 weeks of symptom onset. 1l1e 
rradirlonal first-Line therapy for acute fissures was treatment with 
wam1 s.itz barbs and bran or bulking agents, with rates of fissure 
healing reported as 87o/o. Hydrocortisone and lidocaine were 
historically advocated a~ local topical therapies for acute fi ssures; 
however, prospective randomized evaluations have shown no 
benefit over sit2 baths and bran. Because improvi11g the dietary 
and bowel evacuation habits of parients is a good long-term 
strategy for reducing colon, rectal, a11d anal problems in general, 
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and for reducing the risk for fissures specifically, counseling on 
proper diet and institution of commercial bulking agents (e.g., 
psyllium seeds) are always indicated. 

Patients with dl!onic fissures should be started on the acute 
fissure regimen but are typically also started on other therapies 
simultaneously, including nitroglycerin or isosorbide dinirrare, 
theoretically producing reversible chemical sphincterotomy. For 
nitroglycerin, tl1c limiting side effects arc headaches and tadly
phylaxis, whid1 can be reduced by instructing the patient co rest 
lying down wlcile applying the ointment. 'TI1e topical application 
of diltiazcm (2%) produces fewer side effects and similar efficacy 
as nitroglycerin. Fissure healing can be anticipated in approxi
mately 70% of patients with duonic fissures using nitroglycerin 
or di.ltiazem. 

The concept of reversible chemical sphincterotomy has 
also been applied to the teclmiquc of internal sphincter injec
tion of botulinum toxin (Botox), a technique that transiently 
produces striated muscle denervation, leading to muscle paraly
sis and relaxation. It has been recommended as a nonsurgical 
treatment of fissures, with a low risk for complications. ln the 
treatment of chronic anal fissure, such relaxation of rl1e internal 
anal sphincter is thought to promote increased blood Aow to 
the affected perianal skin, allowing the fissure to heal. 1l1c lit
erature has documented a variable success rare, but 60% to 
80% has been achieved. The most common side effect associ
ated with botullinum toxin injections is temporary inconrinence 
to Aatus in up to !Oo/o of patients, with rarely any events of 
ren1porary fecal incontinence. Unforrunardy, there is no stan
dardization in rhe administration of botulinum toxin regarding 
rl1e appropriate dose, sire of iJ1jection, or number or timing of 
injections, which may contribute to the variable success that 
has been reported. However, in patients who have not responded 
co standard dietary measllTes and medical therapy, such as 
topical nitroglycerin or calcium channel blockers, and who are 
at high risk for compl.ications from surgery or wish t<> avoid 
surgery, borulliuun iJ1jection may he a reasonahle alternarive 
treatment. 

Surgical Management Patients wirl1 severe and chronic fissllfes 
and those who have been treated with and failed medical rl1erapy 
can benefit from surgery. The most commonly performed pro
cedure is the partial lateral internal sphincterotomy, which can 
be carried out t~sing chc closed or open (Fig. 53-13) tedmique, 
depending on surgeon preference, trainiJ1g, and experience. 
Although open sphincterotomy is more appealing from a rrain
ing standpoint because the internal sphincter can be directly 
visualized and the extent of transection more readily quanti
tated, results from the lirerarure do nor support better healing 
rates and generally describe a greater frequency of complications. 
A recent prospective, randomized, controlled trial bas examined 
the extent of mrernal sphiJlcterotomy, with sphincterotomy up 
to the dentate LiJ1c versus up to the level of the fissure apex.19 

1l1e trial showed that sphiJ1cterotomy to the dentate Line pro· 
vided quicker rdief of pain and faster healing of the fissure, but 
with significant postoperative alteration and fecal incontinence 
as COmpared \Virll sphincterotomy juSt up tO me fissme apex. 
Perfect continence was preserved in 89o/o co 98o/o of the patients 
evaluated. Healing at 4 weeks occurred in 87% to 96% of 
patients treated with surgery. The trial authors also pointed out 
that when carefully questioned, many patients may have mild 
incontinence prior to sphiJ1cterotomy and care should be 

FIGURE 53- 13 Partial lateral internal sphincterotomy, closed tech
nique. With an operating scope in place, a small transverse incision 
is made along the intersphincteric groove. The mucosa is elevated 
and the underlying internal sphincter is elevated and divided to 
release the tight band. (Courtesy Mayo Foundation for Medical Educa
tion and Research, Rochester, Minn.) 

exercised in these individuals so as not to further compromise 
sphincter function. 

An alternate surgical approach is the anorectal advance
ment flap. The flap procedure is partiCLdarly attractive for 
patients with low anal pressures- that is, rl1ose who have failed 
previous sphincterotomy despite a postoperative lowering 
of anal pressure-and those with severe anal stenosis. 'TI1e 
management of fissures in me setting of Crohn's disease is dis
cussed Iacer. 

Anoredal Suppuration 
Although anorecta.l suppuration may have several causes, the 
most commo11 is a nonspecific infection of cryptoglandular 
origin. Ocher causes are rare, except for Crohn's disease and 
hidradenitis suppurativa. The pathogenesis of abscesses and fis
tulas is usually rl1e san1e, with the abscess representing rl1e acure 
pbase and the fiswla the chronic sequela. ~0 

Abscess 
Infection originates i11 the intersphincteric plane, most likely in 
one of the anal glands. This may result iJ1 a simple imersphiJlc
teric abscess or it may extend vertically upward or downward 
(Fig. 53-14), horizontally (Fig. 53-15), or circumferemially (Fig. 
53-16), with varied clinical presentations. 

Clinical Presentations of Various Types of Abscesses An inrersphinc
teric abscess is limited to me primary site of origin and may be 
asymptomatic or result i.n severe rbrobbiJ1g pain that resembles 
rl1e pain of a fissure. Pain persisti11g after adequate treatment of 
a coexisting fissure should raise suspicion of an w1derlying, 
unrecognized intersphiJ1cterk abscess. A perianal abscess results 
from the vertical downward spread of the intersphincteric infec
tion to the anal margin and presents as a tender swellli1g, which 
can be misinterpreted as a t!Lrombosed external hemorrhoid. 

lf the infection spreads vertically upward, an intermuscular 
abscess wirl1in the rectal wall or a supralevaror abscess may 
develop, depending on wh.icb side of tbe longitudiJ1al muscle 
rl1e infection bas tracked. These abscesses are difficult co diag
nose because the patient may complain of vague discomfort and 
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FIGURE 53-14 Various modes of spread from the primary locus in 
the intersphincteric zone of the midanal canal. The puborectalis 
muscle has been cross-hatched for easy recognition. (From Parks AG, 
Gordon PH, HardcasUe JD: A classification of fistula-in-ano. Br J Surg 
63:1-12, 1976.) 
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FIGURE 53-15 Two mechanisms whereby an acute pararectal abscess 
can form. It is essential that drainage be carried out in a way appro
priate to the type of abscess. If incorrectly performed, a different 
extrasphincteric or suprasphincteric fistula may ensue. (From Parks 
AG, Gordon PH, HardcasUe JD: A classification of fistula-.in-ano. Br J 

Surg 63:1-12, 1976.) 

external manifestations are absent; tbe presence of rectal i11dura
rion and swelling may be dearly established only with the aid 
of an examination under anesthesia. 

Horizontal spread of infection may track across the internal 
sphincter into the anal canal or in the opposite direction across 
the external sphincter, into the ischiorectal fossa, to form an 
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FIGURE 53-16 Three planes in whicll ci rcumferential spread, or 
horseshoeing. can occur. (From Parks AG, Gordon PH, HardcasUe JD: 
A classification of fistula-in-ano. Br J Surg 63:1- 12,1976.) 

ischiorectal abscess. The abscess may be large, especially if 
neglected or treated only with antibiotics and allowed to expand 
to the roof of the fossa, or even through it into the supralevator 
space after traversing the levator ani muscle and downward to 
the perianal skin. The patieJ1t may complain of pai11 and fever 
before an erythematous mass is detectable. Ultimately, an 
obvious red flucruam mass is visible. The infectious process may 
spread circtmlferentially from one side to the other of the inter
sphincteric space, supralevator space, or isdliorectal fossa, pro
ducing rhe complex horseshoe abscess. 

Treatment Abscesses should be drained when diagnosed. Simple 
and superficial abscesses carl most often be drained under local 
arlesthesia in the office setting in patients who are otherwise 
healthy. Patients who manifest systemic symptoms, those who 
are immunocompromised for any reason (including AIDS, 
diabetes, cru1eer therapies, or d1ronk medical immwlosuppres
sion), ar1d those with complex complicated abscesses are best 
treated in a hospital setting. 

An intersphincteric abscess is drained by dividing the inter
nal sphincter at cbe level of the abscess. For a perlar1al abscess, 
a simple skin incision is all that is necessary (Fig. 53-17). [nter
muscular and supralevator abscesses, if not an ischiorectal abscess 
extension, need to be drained into the lower rectum ru1d upper 
anal canal. An ischiorectal abscess requires immediate, wide local 
drainage through an appropriate cruciform incision through the 
skin and subcutaneous tissue overlying the infected space. At 
times, these abscesses are sufficiently deep that needle localiza
tion of the purulent material may be required to guide the 
surgeon for optimizing the skin incision site. TI1e cavity should 
be gently examined digitally to break down locularions. 
Neglected abscesses can lead to devastating necrotizing infec
tions of tbe perineum d1at ca11 spread and become lethal. Failure 
of response to local treatment or recurrent abscesses may suggest 
inadequate drainage with residual pus, presence of a £snala, or 
immu.noincompetence. Under these circumstances, aJltibiotics 
may be useful, together with examination under anesthesia after 
prelinlinary evaluation by computed tomography (CT) of the 
pelvis and perineum. For a horseshoe abscess, the deep postanal 
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FIGURE 53-17 Incision and drainage of an anorectal abscess. A cruci
ate incision is made and the wound is probed for loculations. The 
wound edges are kept open to facilitate proper drainage by excising 
the comers of the cruciate (inset) and packing the cavity. (Courtesy 
Mayo Foundation for Medical Education and Research, Rochester. 
Minn.) 
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FIGURE 53-18 Modification of Hanley's technique for incision and 
drainage of a !horseshoe abscess. (From Gordon PH: Anorectal 
abscesses and fiStula-in-ano. In Gordon PH, Nivatvongs S [eds]: Prin
ciples and practice of surgery for the colon, rectum, and anus, ed 2, 
St Louis, 1992, Quality Medical, p 232.) 

space should be drained through a posterior midline incision 
extending from the subcutaneous portion of the external sphinc
ter over the abscess to the tip of the coccyx, separating the 
superfi cial external sphincter and thus unroofing the postanal 
space and its ischioanal extension {Fig. 53-18). Para-anal inci
sions can be made and setons placed to drain the anterior exten
sions of a horseshoe abscess. 

Fistula in Ano 
Anorectal sepsis can be complicated by a fistula in ano in approx
imately 25% of pat ients during the acute phase of sepsis or 
witllin 6 months thereafrcr.21 Most fis tulas are caused by sepsis 
origin ating in the anal canal glands at dte dentate line. The path 
of a fistula is determined by the local anatomy; usually, they 

Type 1 Type 2 

Type3 Type 4 

FIGURE 53-19 Four main anatomic types of fistulas. The external 
sphincter mass is regarded as the keystone, and the prefixes trans-. 
supra-, and extra- refer to it. The puborectalis muscle has been cross
hatched for easy recognition. Type I, lntersphincteric; type 2, trans
sphincteric; type 3, suprasphincte ric; type 4, extrasphincteric. (From 
Parks AG, Gordon PH, Hardcastle JD: A classification of fistula-in-a no. 
Br J Surg 63:1 - 12, 1976.) 

BOX 53-1 Classification of Anorectal Fistulas 

lntersphincteric (the most common): The fistula track is con
fined to the intersphincteric plane. 

Trans-sphincteric: The fistula connects the intersphincteric plane 
with the ischiorectal fossa by perforating the external 
sphincter. 

Suprasphincteric: Similar to trans-sphincteric, but the track 
loops over the external sphincter and perforates the levator 
ani. 

Extrasphincteric: The track passes from the rectum to perineal 
skin, completely external to the sphincteric complex. 

Adapted from Parks AG, Gordon PH, Hardcastle JD: A classification of fistula-in
ano. Br J Surg 63:1- 12, 1976. 

track i.n the fascial or fatty planes, especially the intcrsphi.ncteric 
space between the internal and external sphincter into the 
ischiorectal fascia. In sucb cases, the t rack passes directly to 
the perineal skin. C ircumferential spread may also occur in the 
ischiorectal fossa, with the track passing from one fossa to the 
contralateral one through the posterior rectum, a fistula known 
as the horseshoe jistu!tt. Fistulas usually fal l under four main 
anatomic categories, as described by Parks and colleagues22 (Box 
53-1; Fig. 53-19). 

Clinical Presentations lntersphincteric fistulas are the most 
common anal fistulas, and iJl most cases, the infection passes 
directly downward to the anal margin. However, there are some 
variants of this type of fistula that are less common and more 
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complex to treat. For instance, the track may travel upward in 
the rectal waU (higher track), with or without a perineal opening. 
Rarely, an intersphincteric fistula originates in the pelvis from 
the colon.21 In trans-sphincteric fistulas, tbe track traverses the 
external sphincter to travel through the ischiorectal fossa and 
end at the perineal skin. If it passes through the muscle at a low 
level, it is llllcomplicated and readily treatable; if. however, it 
penetrates the upper portion of the sphincter (high bli11d track), 
it constiwtes a more difficuh therapeutic dilemma. Indeed, it 
may be felt digi taUy through the wall of the rectum a11d may 
lead the surgeom to create aJl artificial com1ection with the 
rectum by forceful probing, a situation that can be difficult to 
correct. Suprasphincteric fistulas are rare, difficult to treat, and 
may be hazardous if dealt with by inexperienced smgeons. 

1he track may first travel upward in the intersphincteric 
plane before taking a lateral direction over the top of the 
puborectalis a11d finaUy downward through the ischiorectal fossa 
to the peri11eal skin. Because its trajectory is above all muscles 
of importance to continence, division of all external muscles 
results in incontinence. Moreover, the fistula may have aJ1 addi
tional extension into the pelvis that rlllls paraUel to the recwm 
(high blind track). [n this instance, an indurated area can be 
palpated thwugh the rectal waH. Finally, extrasphincteric fistula 
is rare, and its treatment is also hazardous. It travels from the 
perineal skin to the rectal wall above the levator ani that it 
pierces. The track is completely outside the sphincteric appara
tus. Causes typically include trauma, either external or internal 
(e.g., fish bone piercing one waU of rectlllll), carcinoma, or 
Crohn's disease. Trearmenr is difficuk lengthy, and usuaUy 
iJwolves colostomy. 

Treabnent A fistula may first present as an acute abscess or, at 
tin1es, simply as a draining sinus that may irritate the perineal 
skin. On examination, subcutaneous induration may be traced 
from the external opening to the anal canal. Digital examination 
may reveal a palpable nodule in the waU of the anal canal, an 
indication of the primary opening. A probe can be eased gently, 
not forcefully, from the external skin opening to the internal 
anal canal opening. 

Managememt of fistula in ano should include the following 
steps: 

I. Under anesthesia, palpation for i11duration, anoscopy 
for inspection, and gentle probing along tl1c dentate 
line for internal openings aUows accu.rate definition 
of me abnormal anatomy. The GoodsaU rule (Fig. 
53-20) is useful for aJ1ticipating the anatomy of 
simple fistulas. If the internal opening cannot be 
identified by direct probing, it should be identified 
by probing the external opening or by injecting a 
mixture of methylene blue a11d peroxide into the 
track usi11g a pediatric feeding tube (Fig. 53-21 A) . 

2. Drainage of primary intcrsphincteric infection in aU 
types of fistulas, as well as me primary track across 
the external sphincter and secondary tracks within 
cl1e aJlorectal fossa, is key. For superficial fistulas 
involving small quantities of sphincter muscle, 
primary fiistulotomy is sin1ple aJld definitive. For 
anterior fistulas in women and fistulas involving more 
than 25% to 50% of the btltk of sphiJlcter muscles, 
seton placement should be preferred over prin1ary 
fistulotomy (see Fig. 53-21 B to D). 

ANUS CHAPTER 53 1395 

Posterior 

Transverse 
anal I 
line \ 

- -·cc•••l():>-- .. ---- - - --- · 

Long. ant. fistula 

FIGURE 53-20 The Goodsall rule. The usual relationship of primary 
and secondary fistula orifices is diagrammed. The internal (primary 
orifice) is marked A. The rule predicts that it a line is drawn trans
versely across the anus. an external opening (B) anterior to this line 
will lead to a straight radial tract, whereas an external opening that 
lies posterior to the line will lead to a curved tract and an internal 
opening in the posterior commissure. The long anterior fistula is an 
exception to the rule. (From Schrock TR: Benign and malignant 
disease of the anorecturn. In Fromm 0 [ed): Gastrointestinal surgery, 
New York, 1985, Churchill Livingstone, p 612.) 

3. Close follow-up and careful nursing of the wound by 
a physician-nurse team involve sitz. baths and wow1d 
dressing to ensure healing from the depth of tl1e 
WOlllld to the surface. A seton of monofilament nylon 
tied loosely arou11d the fistulous track may be used 
to drain d1e trans-sphincteric track, traveling above 
the anal valves for a suprasphincteric fistula. The 
seton may be removed 2 to 3 months later, at whicl1 
t.ime the track may heal spontaneously. lf not, the 
track may be divided because fibrosis may cause 
mininlal separation nf the cut ends. For more straight
forward trans-sphincteric fistulas, a cutting seton can 
be placed at surgery and tightened in the office. 1his 
dlvides the track graduaUy over a few weeks and 
miJ1lmlzes tl1e sphincter defect and risk for significant 
fecal incontinence. 

In rare circumstances, with complex, deep, or recurrent 
fistulas, alternatives to fistulotomy are preferred to avoid the 
complication of fecal iJ1comincnce. Currently, there are two 
therapies that use biologic material to promote the closure of 
fistulas without division of any sphincter muscle, injection of 
fibrin glue into the fistula track and insertion of a porcine smaU 
intestinal submucosa (S[S) plug. Born products are thought to 
promote healing of the track by providing a naturaUy derived 
extracellular matrix to act as scaffolding, aUowing ingrowth of 
host tissue for incorporation and remodeling. Fibrin glue is a 
nmlticomponent system, with the primary agents being human 
pooled plasma fibri.nogcn and thrombin. Once prepared, the 
fibrin glue components are injected into the anal fistula track. 
Over a matter of minutes, the glue hardens and fills the entire 
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FIGURE 53-21 Seton placement. A. If the primary opening cannot be identified by gentle probing along the dentate line, methylene blue plus 
peroxide injections may better delineate the internal fistula source. 8, A probe is passed from the primary to the secondary openings and the 
skin is incised to reveal the tract and interposed sphincter muscle. C. An elastic cutting seton can be placed when generous muscle requires 
division. D. The seton is tightened in the operating room and again once or twice in the office to allow for fibrosis and gradual sphincter 
transection. (Courtesy Mayo Foundation for Medical Education and Research, Rochester, Minn.) 

track. Initially, successful fistula closure rate$ of almost 70% were 
reported. A comprehensive review of the literature has reported 
chat fibrin glue injection result in a broad range of successful 
fistula closure, from 14% to 60%.20 This review included a 
randomized control trial of fibrin glue compared with standard 
treatment of fistulas; it demonstrated no difference in closure 
rate or patient satisfaction with tbe procedure. The only real 
difference was rhat fibrin glue patients returned to work earlier 
than the convemionally treated patients. 

Based on this premise of providing scaffolding for tissue 
ingrowth, a biologically based product is now available, the 
Surgisis Fistula Plug (Cook Biotech, West Lafayette, lnd). This 
cone-shaped product is made of a porcine SIS. 1t is physically 
inserted into the fistula and then secured to the internal and 
external openil'llgs of the anal fistula with absorbable suture. Over 
time, tissue from the fistula wall will grow into the SIS plug and 
replace the matrix of tbe plug with new viable tissue that obHter
ates the fistula trrack. 1l1ere has only been one recently pubHshed 
report of the use of an SIS plug in the troument of benign anal 
fistulas?3 In this small series, patients were treated with fibrin 
glue or an SIS plug. 1l1e 3-monch fistula closure was 60% in the 
fibrin glue and 87% in the SIS plug group. Although the success 
rate of fistula closure for both these products is variable or rela
tively unknown because of their fairly recem clinical introduc
tion, the benefit is that there is no permanent injury to the anal 
sphincter mechanism and therefore no risk for incontinence 
related to the treatment. [f either modility fails to close the 
fistula, the patient has not been harmed. 

Difficult and persistent high fistulas can be treated by 
advancement of a sHding flap made of mucosa, submucosa. and 
circular muscle to cover the internal opening. The Gondsall ru1e 
(see Fig. 53-20) is of little help in defining the anatomy of 
complex and recurrent fistulas. Diagnostic tests such as pelvic 
MRl and endorectal ultrasound and treatment by a specialist 
may be helpful here. 

Pilonidal Disease 
Pilnnldal infections and chronic pilonidal sinuses typically occur 
in the midline of the sacrococcygeal skin of young men. Althougb 
the exact pathogenesis of pilonidal disease remains elusive and 
controversial, hair seems to play a central role in the process of 
infec1tion and perpetuation of granulation tissue in sinuses. 1l1is 
is consistent with the clinical observation that pilonidal patients 
are often hirsute and that pilonidal disease rarely occurs in those 
with less body hair. lt is uncommon for pilonidal disease to be 
confused with clinical disorders sucl1 as anal fistula~, skin disor
ders, underlying milignancies, or true sacrococcygeal sinuses. 

Treatment 
Arute Management Patients presenring acutely with new-onset 
disease may have a painfLLI fluctuant abscess or a draining 
i.n.feclted sinus. Both can be managed with simple office treat
ment, with more definitive procedures reserved for patients wbo 
suffer from a recurrence. Abscess can be drained in the office or 
emergency department using local anesthesia. Typically, the J:luc
ruance extends ro either side of the midline cleft, and incision 
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and drainage down to the subcutaneous tissues off the midline 
provide for the best drai11age and fastest healing. For abscesses 
and sinuses, hair should be removed from the wound and local 
ski11 should be shaved weekly to prevent the reintroduction of 
hair. Whereas short-tem1 razor epilation is advised, long-term 
razor epilation is nor advised; there is no proven efficacy in 
nonsurgical cases and, when performed as a long-term adjunct 
to surgery, it increases rates of recurrcnce.24 Laser depilation can 
also be used to accomplish effective long-lasting, hair removal, 
especially if repeated.25

.;!
6 Ideally, these patien ts sbould be seen 

weekly in the office for wound care until there is complete 
healing. Most do not require further care; those who do can be 
treated as described in the following section. 

Surgical Managenu!flt For patients who have recurring infections, 
definitive operative management is warranted. Numerous pro
cedures have been described in the Literature, ranging from 
simple incision and drai11age to complex plastic Aaps for cleft 
obliteration. 

Comparative studies in this field are rare. Most reports have 
been limlced to a single smgical approach, with only a few pro
spective randomized trials avai lable in the current literature. In 
one comparative trial, the complex V-Y advancement flap was 
fow1d not to be superior to simple primary suture mechods.~i 
In another trial, the Bascom cleft closure was found to offer 
more predictable healing than the Bascom simple surgery. The 
development of a classification scheme for pilonidal disease may 
help with furure comparative studies because there are likely 
numerous patient factors that contribute to the causes and/or 
fai lures of a given procedure. 

The simplest approad1 for duonic pilonidal disease is the 
ambulatory technique of midline excision and primary suture.28 

This approach was studied in 103 pariems at a single institution, 
with excellent long-term follow-up. Patients with chronic disease 
or acute but notr inflamed disease were treated with 3 days of 
preoperative oral antibiotics and the surgery was performed 
u11der local anesthesia. Methylene blue was injected into the 
sinus or pit, which stained the tissue to be excised. Suture closure 
i11cluded incorporation of the deep sacral fascia ru1d a vacuum 
drain. Three patients experienced a recurrence; otherwise, wound 
healing occurredl between LO ru1d 16 days postoperatively. For 
primary clostu:e, the o.mission of wound drainage was associated 
with a higher frequency of minor and major wound mfectlons 
and wound dehiscence. 

An alternative to simple excision plus closure is marsupial
ization. In this p rocedure, the areas of midline pits and simtses 
are removed and the wound reduced in size by suturing the 
wound edges to the fibrous base of the wound. This can reduce 
wound healing ritmes ru1d may be effective at removing extensive 
sinus tracts, but requires frequent office visits for meticulous 
wound care over several weeks. This approach is appealing 
because of its low rate of reinfection and wound breakdown. 

Several more complicated approaches to pilonidal disease 
have been described, including rhomboid excision, Limberg 
flaps, and oblique excisions with bilateral gluteus maxim us fascia 
advancement Aaps, Bascom's cleft closure, andY-Y advancement 
AapsY 1l1e Bascom closure and oblique excision are premised 
on the need to create an off-midline closure co facilitate healing. 
In most practices, the complex flap closures are reserved for 
patients wi th refractory disease for whom simple measures have 
failed. 
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LESS COMMON BENIGN ANAL DISORDERS 

Rectovaginal Fistula 
A rectovaginalfistula is a communication between the epithelial
lined surfaces of the rectum ru1d vagina. Patients usually com
plain that they pass gas, mucus, blood, or srool through the 
vagina_ Rectovaginal fistulas may be congenital or acquired 
through trauma, inflanm1atory bowel disease (IBD), irradiation, 
neoplasia, infection, or other rare causes. For fistulas associated 
wi th a history of t rauma, a11al manometry and endoanal ultra
sound can determine the severity of w1derlying sphincter defect 
and help guide surgical therapy. Rectovaginal fistulas are classi
fied as high or low, depending on whether they can be corrected 
transabdominally or traJ1Sperin eally, respectively. 

Surgical Repair 
Rectovaginal fistulas need not be corrected immediately; delay 
depends on the underlying disease, size of the fistula, presence 
of active inflrumnation, and severity of symptoms. Some fistu
las may close spontaneously, whereas others, ~uch as those 
a.-;sociated with IBD, may heal wi th medical therapy alone. 
Hjgh rectovaginal fistulas require a transabdominal approach, 
whereas low cectovaginal fistulas can be approached trans
vagina1ly, t ransrectally, trru1sperineally, trans-sphinctericaiJy, or 
trans an ally. 

1l1e most common surgical approaches to the low-lying 
fisrula-cypically, a true anovaginal fiswla-are the endorectal 
advru1cen1ent flap, sphincteroplasty, and transperineal proce
dures.29 An endorectal advancemem Aap consists of a fl.ap raised 
of rectal mucosa ru1d underlying internal sphincter that is 
advru1ced to cover the primary fistula's opening in the rectum or 
ru1us after the fistula's opening has been excised and the under
lying muscle reapproximated. The flap is best suited for the first 
attempt at repair or for patients without evidence of an under
lying sphincter defect, and is accordingly associated with a 
healing rate of 50%. 1l1e transperineal repair excises the fistula 
tract c-ompletely and accomplishes a primary reapproximation 
of the internal, external, and levator muscles in discrete 
layers. Success rates are as high as 85% to 1 UOo/o in patients 
with associated sphincter defects who have already failed other 
approaches?9 

For high recrovaginal fistulas, a [raJlsabdominal approach 
is necessary. Whether a portion or the entire recttm1 is sacrificed 
depends on the nature and extent of the underlying disease. lhis 
approach involves mobiliz~rion of the rectovaginal septum, divi
sion of the fistula, ru1d a layer closure of the rectal aJld vaginal 
defects. ln some cases, no rectal resection is necessary, and a live 
pedicle of tissue may be interposed between the two aJlastomotic 
structures to supplen1ent the repair. When rectal tissues are 
involved by severe irradiation changes, IBD, or neoplasia, rectal 
excision is required. Whenever possible, the sphincter apparatus 
can be preserved usi11g a low aJlterior resection or coloanal anas
tomosis.~9 Whether the outcome of such procedures is favorable 
depends on tl1e underlying disease, selection of patients, and the 
surgeo11's experience ru1d expertise. 

In the setting of Crohn's disea'>C, the low anovaginal fistula 
represems a unique challenge. Primary repaii avoids the need 
for a permanent stoma and can be accomplished in up to 68% 
of patients using a variety of horizontal, linear, and sleeve 
advru1cement Aaps. 
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Baderial 
Neisseria gonorrhoeoe 
Treponema pallidum 
Haemophifus ducreyi 
Chlamydia species 
Shigella flexneri 
Campylobader spp. 

Viral 
Herpes s implex 
Human papillomavirus 
Molluscum contagiosum 

Parasitic 
Entamoeba histolytica 
Giardia Iamblia 
Cryptococcus spp. 
Isospora belli 

Sexually Transmitted Diseases and Acquired 
Immunodeficiency Syndrome 
STDs, formerl)' referred to as venereal diseases, are exceeded in 
&equency only by the common cold and influenza. Multiple 
partners and anal-receptive imercourse increase the risk for STD 
cransmission.30 STDs can be bacterial, viral, or parasitic in origin 
(Box 53-2), and a variety of sexual practices may favor their 
devdopment. 

Clinical Presentation 
Patients with bacterial STDs may have no symptoms or may 
have symptoms of pruritus, bloody or mucopurulent rectal dis
charge, tenesmus, perineal or rectal pain, diarrhea, and fever. 
Depending on the causative agent, proctoscopy may reveal proc
titis, discharge (mucopurulent in gonorrbeal or Campylobacter 
spp. infection, bloody in chlamydia! infection), anal ulcerations, 
and abscesses. The diagnosis is based on the clinical signs and 
pl1ysical examination, including endoscopy and cultures of stool 
or discharge specimens. Treatment is based on the causative 
agent. 

Patients with vital STDs may complain of anorectal pain, 
discharge, bleeding, and pruritus. In molluscum contagiosum, 
the patient has painless dermal lesions that are flattened, rotmd, 
and umbilicated. Endoscopy may .reveal vesicles, ulcers, and 
diffuse friability, as in herpes, or anal warts, as in condylomata. 
The diagnosis is based on cultures, scrapings, or exdsional 
biopsy. Herpes is best treated with acyclovir, whereas the other 
vital lesions are treated by destruction or excision.30 

Patients with parasitic STDs have more systemic symp
toms, such as fever, abdominal cramping, and bloody diarrhea. 
Ulcerations caused by Entamoeba histo~'tica are typically 
hourglass-shaped, whereas they are more diffuse when caused by 
Gittrdia IambliA. Diagnosis is based on biopsy specimens or 
scrapings and specific stai11s. £ histolytica and G. Iamblia infec
tions are treated with metronidazole and Isospora belli infection 
is managed with cotrimoxazole. 

Acquired lmmunodefidency Syndrome Anorectal pathology is 
common in patients who arc positive for HN infection, 

affecting about one third of patients at some point in their 
disease. Anorectal pain, the presence of a mass, and bleeding per 
rectum are the most frequent presenting complaints. In a con
secudve series of260 HN-positive patients, the most frequently 
occurring diseases were condylomata (42%), nstulas (34%), and 
fissures (32%).31 For benign noninfectious disorders, fissures and 
ulcers are the most common presenting problems. This is 
uniquely different from HIY-negative patients, in whom the 
primary preseming diagnoses are hemorrhoids and skin tags.32 

When seei11g patients with HIV, it is important to distinguish 
between anal fissures that are an1enable to medical therapy or 
lateral internal sphincterotomy and anal ulcers that respond best: 
w operative evaluation, biopsy, viral culture, debridement, and 
topical antiviral therapy. Herpes, cytomegalovirus, and Chla
mydia spp. are the most typical infectious agents. 

Neoplastic disorders in HIV-positive patients include con
dyloma, anal intraepithelial neoplasia, epidermoid carcinoma, 
and Kaposi's sarcoma; their incidence is higher i11 HIV-positivc 
than HlV-negative patients.31•33 Although therapies for anal con
dyloma arc no different based on HN status, the recurrence 
rates appear to be higher for HIV-positlve than HN-negative 
patients. For the management of in situ and invasive squan10us 
cell carcinoma, it appears that the CD4 count and concomitant 
treatment with antiretroviral therapy are keys to succ<.'SS with 
local excision and radiation plus chemotherapy, respectively: 
Best-practice strategies for anorectal conditions complicating 
HIV arc likely to evolve as more effective therapies to treat HlY
infec{ed patients arc developed. 

Anal condyloma and human papilloma virus infections are 
considered as STDs. Because of their neoplastic potential, par
ticularly in HJV patients, they are discussed later (see "Neoplas
tic D is(lrdcrs"). 

Hidradenitis Suppurativa 
Hidradenitis suppurativa is a chwnic inflammatory process 
affecting the apocrine glands of the perianal region characterized 
by abscesse.~ and sinus formation. Although dermatologic studies 
have called into question the site of origin of hidradenitis, in1pli
cating occluding spongiform infw1dibulofoUiculitis, a follicular 
disease, hidradenitis bas traditionally been considered the result 
of keratotic debris plugging the apocrine gland. The plugging 
event is followed by bacterial proliferation, suppurative infec
tion, gland rupture, and spread of inflammation co surrounding 
subcutaneous tissues. Numerous tracks and pits develop, and tbe 
tissues become fibrotic and thickened from the persistent inflam
matory response. Various factors have been implicated in the 
development and perpetuation of hidradenitis, including the use 
of depilatories, dose shaving, poor personal hygiene, right
fitting and synthetic clothing, and antiperspirants. 'The most 
common bacterial organisms identified include Streptococcus 
milleri, Staph],fococcus aureus, Staphylococcus epidermidis, and 
Staphylococcus hominis. 

Clinical Presentation 
Clinically, patients may complain of burning, itching, and 
hyperhidrosis. Affected patients frequently have seborrheic skin 
and sometimes have iJwolvement of other areas in which apo
crine sweat glands are present, such as the axillae and mammary, 
inguinal, and genital regions. 'The affected areas have a purplish 
appearance, with drainage of watery pus. In advanced cases, 
numerous fistulous tracks are readily identified, and the 
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FIGURE 53-21 Hidradenitis suppurativa. (Courtesy Mayo Foundation 
for Medical Education and Research, Rochester, Minn.) 

Operative view 
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FIGURE 53-23 Relationship of fistulous tracks in Crohn's disease, 
above dentate line (A), cryptoglandular abscess or fistula disease at 
dentate line (B), and hidradenitis suppurativa distal to dentate line 
(q. (From Culp CE: Chronic hidradenitis suppurativa of the anal canal: 
A surgical skin disease. Dis Colon Rectum 26:669-676, 1983.) 

appearance is classic (Fig. 53-22). When the condition presents 
early and there are limited fistulous tracks around the anal and 
perianal tissues, hidradenitis must be differentiated from other 
types of fistulas, such as those arising from Crohn's disease or 
iJlfccted crypts. Fistulas from hidradenitis arise distal to the 
dentate lint: in the anal skjn, allowing their differentiation from 
cryptoglandular fistulas, which communicate with the dentate 
lli1e, and Crohn's disease, whim may track to the anorectum 
proximal to the dentate line (Fig. 53-23):14 Hidradenitis is more 
common in women and blacks; however, perianal ludradenitis 
is more common in men. 

Treatment 
Perianal hidradenitis cru1 present Ln one of several states, from 
early acute to late chro1uc and severe forms, and can present 
alone o r with associated complications, such as severe 
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anal fibrosis and incontinence, or even copresentation with 
squamous malignancies. To exclude the possibility of coexisting 
cancer, biopsies should be performed with liberal indications. 
For early llil:tited disease, emphasis should be placed on iJ1cislon 
and drainage of infections and prevention of recLLrrences. The 
role of oral antibiotic rrearmem, rypically eryrhromycin, is nor 
established but often recommended. Nthough not proved, fre
quent deru1sing and wam1 water soaking, avoidru1cc of tight
fitting ru1d synthetic clothiJ1g, and avoidance of local chen:tical 
irritru1ts may help prevent further disease or reduce the severity 
of active disease. 

When hidradCJ:titis sinus tracks are well established but 
relatively superficial, they cru1 be umoofed or laid open.34 

Because these tracks are lined by epithelium, tl1e floor of tbe 
track can be preserved; this facilitates rapid healing and mini
nlizes scarriJ1g. For more extensive and deeper disease, wide 
excision may be required. Although wide excision is tl10ught to 
be more effective for advanced cases, it is associated wid1 recLLr
rence rates of approximately 50o/o when both same-site and 
new-si'te disease arc considered. L1 cases of aggressive wide exci
sion, large wounds can he mru1aged priJnarily, with delayed 
healing, flaps, or skin grafts. Wound closure can be tailored to 
the specific conditions of ead1 patient. Skin grafring offers the 
advantage of early wound coverage, with a reduction in paiJ1 and 
time to complete healing, but re<:Juires compliance with delicate 
postoperative wound care. Healing by secondary intention 
requires less delkate wound care but takes 2 to 3 mond1s f<)r 
complete healli1g co be accomplished. 

Crohn's Disease of the Anorectum 

Clinical Presentation 
Anal manifestations of Croru1's disease cru1 be most devastating 
because of their painful nature and threat to the patient's conti
nence. Almost 20o/o of patients wid1 Crob11's disease will present 
with anal disease, includiJ1g fissures, fistulas, or ahscesses. Symp
toms and signs of anal Crohn's disease may include pain, swell
ing, bleeding, soilage or frank incontinence, and fever. Pain may 
be caused by skjn excoriation and maceration, hemorrhoids, 
fissures, or abscess ru1d fistula disease (Fig. 53-24). Edematous 
purplish tags are characteristic of the d.isease. llleeding may be 
from distal proctitis, fissures, hemorrhoids, or granulating fistu
las. Sollage may result from prolapsing rectal mucosa, seepage 
of liquid stool, drainage from abscess, or poor continence. Poor 
continence may result from sphmcter drunage caused by the 
disease or aggressive surgery, anoperineal fistu las, rectovaginal 
fistulas, or loss of rectal compliance. 

Evaluation and Treatment 
Early in tbe evaluation of a patient with Crohn's disease ru1d new 
anal symptoms, it is key to establish whether the problem is 
likely related to d1e manifestation of Crohn's disease iJ1 the ru1us 
or is just coincident ru1al disease. Patients with Crohn's disease, 
especially CJuiescent disease, may present common anorectal con
ditions. It is important that the anorectal exanlination be con
ducted by a cwucirul fan:tiliar with both common conditions and 
the rypical presentation of ru1al Crohn's disease, ru1d that the 
exanlination be thorough {including endoscopy) and nor painful. 
'This may require anesthesia for diagnostic and therapeutic pur
poses. ri the patient bas no rectal or ru1al Crohn's disease that is 
obvious and has an otherwise normal-appearing anus but has a 
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FIGURE 53-24 Perineal Crohn's disease. A. Characteristic of Crohn's fissures are the shaggy edges, deep ulceration, and granulation tissue. 
B. Uncontrolled perianal Crohn's with multiple fistulas can present as a watering pot perineum. (Courtesy Mayo Foundation for Medical Educa
tion and Research, Rochester, Minn.) 

simple fissure, fistula, or abscess, it may represent a non-Crohn's 
manifestation of these common conditions. In the absence of 
evidence of .rectal or perianal Crohn's disease, these conditions 
may be best treated using standard approaches. Although caution 
is advised against aggressive approaches when treating a Crohn's 
patient with anorectal problems, undertr<.>atment of symptom
atic conditions is also discouraged. 

When the clinician suspects the perianal involvement of 
Crohn's disease, a more complex treatment approach is requjred. 
For example, for Crohn's fissures which typically present as 
multiple, superficial, off-midline lesions, patienrs with lesions 
will typically respond to conservative measures with sit-.l baths, 
stool softeners, and oral analgesics. Those who have deeper ulcer
ations, such as true Crolm's ulcerations, may require medical 
treatment to control the disease. Sphulcte.rotomy and 6ssu.rec
tomy should be avoided when perianal C rohn's disease is present. 
In the case of anorectal suppurative disease caused by underlying 
Crohn's disease, a combination of surgical and medical therapy 
is advised (Fig. 53-25).35•37 For primary abscess, this should be 
drained tmder anesthesia; this allows an evaluation of the adja
cent rectal tissue as well as adequate drainage of the infection. 
If a true fistula is present, a seton can be placed primarily at the 
time of the infection or secondarily when a fistula develops. In 
the presence of a mid to low fistula, local therapy and/or primary 
fistulotomy or seton placement can be complemented with the 
use of ciproBoxacin and metronidazole therapy. When the fistu
las are more complex or severe. setons are required to maintai.Jl 
drainage whiJe the patient receives infliximab or a7..athioprine 
and mercaptopurine. Patients with severe fistula should be pre
pared for the possibility of requiring diversion or even proctec
tomy at some point. Antibiotic treatment of Crohn's disease is 
associated witb 48% complete heali.J1g and 24% advanced 
healing. For the more complex patiems treated with azathioprine 
and mercaptopuri.Jle, 39% of patients can expect a complete 
response. TI1e use of infliximab was associated with a 50% or 
greater reduction in the number of open fistuJas in 68% of 
patients. 

NEOPLASTIC DISORDERS 
Neoplasms of tthe anal area are rare and represent a wide spec
tnml of bcnjgtl and malignant tumors (Box 53-3). Benign 
lesions may range from innocuous in situ Bowen's disease to 
clinically aggressive verrucous lesions; malignant lesions range 

from favorable early-stage squamous celt cancers of the anal 
margin to anal canal adenocarcinoma and melanoma. In all 
cases, ir is essential to consider tumor location with reference to 
dear landmarks. such as anal verge, dentate line, and anorectal 
ring. For a number of reasons. the anatomy of the anus should 
be differentiated i.Jlto two parts, the anal margi.Jl and anal canal. 
Although it is not always possible to determine readily the exact 
anatomic origin of a large, bulky anal tumor, distinguishing 
between margin and canal tumors is directly relevant to theilT 
management. For example, as described i.Jl more detail later, a 
squamous cell tumor of the margin is treated with excision, 
sinlilar to any skin cancer, yet squamous ceU cancer of the canal 
is treated with radiation plus chemotherapy. 

Historically the distinction between anal margin and ana\ 
canal was clouded by two different working de£nltions, one char 
recognized the dentate line (anatomic canal) and the other that 
recognized the anal verge (surgical canal) as the key landmark. 
FortuJ1ately, the American Joint Commission on Cancer (AJ CC) 
bas recently recogni:ted38 the anal verge as the line of demarca
tion between anal margin and anal canal rumors (see Fig. 53-2). 
1l1ls definition is the easiest to apply because most clinicians can 
readily determine tl1e location of an anal tumor as i.Jlside or 
outside the anal verge using inspection alone-that is, ·without 
the aid of an anoscope or proctoscope. Differentiating tumors 
originati.J1g i.Jl the rectum, anal canal, and anal margin will 
always be diflicuh for ttm10rs that are bulky and spill over from 
one location to another. In these cases. one has to consider the 
epicenter of tl1e mass along with the histology. From a practicai 
standpoint, most bulky adenocarcinomas of the distal rectum 01r 

proximal anal canal are going to receive the same treatment and 
buJky squan10us cancers of the anal canal and margin wilt be 
treated in the same way, no matter the precise site of origin. 

Clinical Evaluation 
Preoperative assessment should include a complete history and 
physical examination. '111e nature and duration of local anal 
symptoms, such as a mass, bleeding, and pruritus and distant 
manifestations, such as weight loss, should be documented. ll1e 
perianal area should be closely i.J1spected for skin alterations. 
Digital exami.nation helps establish tumor location, tumor 
mobility or fixity, and imegrity of the sphincter mechanism. 
Anoscopy or rigid proctosigmoidoscopy can verifY the size and 
location of the tumor in relationship to the dentate line, anai 
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Perianal Crohn's disease 

~ ; l 
Abscess Mild + low fistulae Moderate/severe 

1 
complex fistulae 

~ ~ 
Drainage (1) Metronidazole (2) (2) + setons (3) 

Ciprofloxacin + infliximab 
Local therapy +AZA/6-MP 

Pimary fistulotomy 

~ 
Remission? Remission? 

t I t l 
Yes No Yes No 

' Observe Maintenance Diversion 
AZA/6-MP 

Proctectomy 
lnfliximab 

Advancement 
flap plasty 

FIGURE 53-25 Treatment algorithm for perianal fistulizing Crohn's disease. Primary abscesses require complete drainage. fistulas are managed 
by a combination of surgical and medical therapy, with proctectomy and diversion reserved for severe and refractory cases. (From Rutgeerts P. 
Review article: Treatment of perianal fiStulizing Crohn's disease. Aliment Pharmacal Ther 20:160- 110, 2004.) 

BOX 53-3 Summary of Anal Tumors and Management 

Anal Margin Tumors 
Anallntraepithelial Neoplasia 
Accurate lesion mapping 
Focal excision or ablation 
lmiquimod or 800/o trichloroacetic acid 
Oose observation 

Bowen's Disease 
Accurate lesion mapping 
Wide local excision for confluent disease, with flap repair as 

indicated 
Exclude presence of locally invasive component or associated 

gynecologic malignancy 

Paget's Disease 
Accurate lesion mapping 
Wide local excision with flap repair as indicated 
Exclude underlying malignancy 
APR and chemotherapy or radiation therapy if invasive adeno-

carcinoma present 

Basal Cell and Anal Margin Squamous Cell carcinoma 
local excision with clear margins 
Radiation therapy for complex primary or recurrent lesions to 

avoid APR 

Verrucous carcinoma 
Wide local excision; APR if extensive 
Combined-modality therapy if transformation to squamous cell 

cancer has occurred 

Anal Canal Tumors 
Epidermoid cancer 
local excision if favorable T1 
Combined-modality, external beam radiation therapy plus 5-FU 

plus mitomycin 
APR if incontinent or local treatment failure or recurrence after 

combined chemotherapy and radiation therapy 
Triple-modality therapy in bulky T3 and T4 lesions (role of APR 

controversial) 

Adenocarcinoma 
APR with 5-FU and radiation therapy as indicated 

Melanoma 
APR or local excision to achieve an RO resection 
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verge, or anorectal ring. Examining for organomegaly and groin 
adenopathy, as well as performing cr, chest radiography, and 
assessment of localiziJ1g symptoms, is important when evaluat
ing a malignant lesion. Given the importance of tumor size and 
nodal iJwolvement for staging, I would encourage the use of 
endorectal ulrrasound or pelvic MRI for staging purposes. 

Anal Margin Tumors 
The anal margin epithelial layer is considered skin and it con
tains typical skin appendages, such as hair. Neoplastic processes 
that exclusively involve the skin of the anal margin can be treated 
as for skin lesions at any other skin site. As discussed here, a 
number of precancerous condhions typically involve the margin 
and canal, such as condyloma, anal intraepithelial neoplasia, and 
squamous cell carcinoma. Each of these is considered separately, 
but they actually represent a clinical continuum. 

Condyloma Acuminata 
Condyloma acuminata is a perineal wart disease caused by the 
human papillomavirus (HPV); most types are transmim:d 
through sexual contact. Certaill types, such as HPV-6 and 
HPV-1 1, are fow1d in benign warts, whereas others, such as 
HPV-16 and HPV-18, are more aggressive and usually associ
ated with dysplasia and progression to cancer. The incidence of 
HPV has increased considerably siJ1ce the mid-1%0s and it is 
the most common STD seen by colorectal surgeons, with a 
million new cases annually. Most patients with condyloma acu
mlnata have a history of anal-receptive intercourse; the occur
rence of anal HPV infection is strongly related to HIV-associated 
immunosuppression. 

Clinical Presentation 1he usual symptoms include pruritus ani, 
bleeding, pain, discharge, and wemess. Examination reveals 
pinkish-white warts of varying sizes that may coalesce to form 
a mass, often foul-smelling (Fig. 53-26) . Anoscopy may reveal 

FIGURE 53-26 Perianal condyloma acuminatum. 

extension in the anal canal. A giant form of the disease has been 
observed rarely (Buschke-Lowenstein disease). Sudl lesions can 
invade, fistulize, and be associated with verrucous carcinoma and 
squamous cell carcinomas. The diagnosis is based on direct 
inspection of the perineum and genital organs; anoscopy and 
proctOsigmoidoscopy must be performed because the disease 
extends intra-anally and a small percentage of patients have only 
intra-anal disease. 1he diagnosis is confirmed histologically. Ana\ 
wares muse be differentiated from condylomata moUusclUU con
tagiosum, secondary syphilis, ru1d enlarged anal papillae. 

Diagnostic Evaluation Key to the successful management of the 
patient with condyloma acumlnara is the esrablishmem of the 
extent of disease, source of the infection, presence of underlying 
contributing conditions, and risk of disease for malignancy and 
degeneration. It is not uncommon for these patients to have 
other active sites of disease around the perineun1 or genitals. 
l11ese sites should be treated at the same time as the anal warts 
to eradicate all disease and minimize the risk of relapse. ln addi
tion, the sexual partner is at risk for contracting or carrying the 
disea:se ru1d ideally should he evaluated and treated co avoid 
relapse. 

When a patient presents with condyloma acuminata, it is 
appropriate for the clinician to inquire about the status of his 
or her immune system. The patient may have immunologic 
compromise caused by transplantation medications, oncologic 
conditions and treatments, or HIV infection. 1l1ls information 
can be imponru1r for the physician to understruld contributing 
conditions and the risk for this being a premalignant condition. 
Although most condylomata are harmless benign lesions, some 
are indicative of more serious conditions such as anal i.ntraepi
thclial neoplasia (AIN) or a more serious form ofHPV infection. 
ln the course of evaluating and treatiJ1g a patient with condy
loma acuminata, the patient should be asked about and tested 
for HIV, as appropriate, and tissue samples obtained for HPV 
ru1d AIN evaluation. High-resolution anoscopy or colposcopy 
can belp locate sites of high-risk lesions. 1l1e helpful algorithm 
shown in Figure 53-27 describes the iJ1Corporation of risk assess
ment into diagnostic and therapeutic strategies.39 

Treabnent Many treatments have been proposed and used, but 
none offers complete resolution of the disea<;e process. Podo
phylllit, which is cytotoxic to condylomata bur lrritatbtg to 
normal skin, must be applied to tl1e warts. Its use should be 
limited to minimal disease and extra-anal warts and not repeated 
because oflocal complications ru1d potential systemic toxicity. It 
requires no ane.~thesia and is inexpensive, but rhe results are 
often disappointing. Dichloroacetic acid (bichloracetic acid) can 
be u:sed to destroy periru1al and intra-anal warts, and is less 
irritating than podophyllin. The recurrence rate with both agen ts 
is much higher than with surgical excision. Early immunologic 
approaches to the treatment of perianal warts focused on the 
application of interferon injections. A more recent approacl1 to 
immune therapy is the topical application ofimiquimod, which 
creates an inflammatory response that eradicates the viral infec
tion. The most common recommendation is for tbe topica\ 
application of imiquin10d 5% cream three times weekly (6 to 
10 hours) until visible in£!an1l11ation is achieved.40 1his caJ1 be 
used as a primary treatment or as an adjunct after initial resec
tion or ablation of condylomata and after HPV and AIN testing 
is complete. 
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Anal condyloma 

Anal cytology and • 
oncogenic HPV-test - ------------. 

Hish risk lesion Low risk lesion 

HSILor 
(+)oncogenic HPV-test 

LSILor 
(- ) oncogenic HPV-test 

Repeat surveillance 
testing (3 months) 

! 
Anal colposcopy 

Perianal skin mapping 
with biopsies 

Definitive therapy 

t 
Topical treatment 

+fulguration 

Electrocauteri'l..ation with a needle tip is effective and used 
extensively, often in combination with excision. Local, regional, 
or general anesthesia is necessary. Carbon dioxide laser can also 
be effective but is more expensive and offers no added benefits. 
With either technique, vapors should be aspirated. Excision with 
small scissors is preferred because it is precise, provides a tissue 
diagnosis, minimlzes destruction of intervening skin, and can be 
used on larger lesions (Fig. 53-28). General or regional anesthe
sia is often necessary. No therapeutic option is completely 
satisfactory; they al l are associated with a significant chance 
of recurrence. Combination of treatments may be valuable. 
Because recurrence i.~ frequent, close follow-up nf patients is 
recommended. 

Anal lntraepithelial Neoplasia 
Diagnostic Evaluation .A proper medical history, illcluding a sexual 
history, should ascertain risks for exposure to or the known 
presence ofHTY and HPV. Subtyping HPV will identify patients 
at high risk for cancer, including types 16, 18, 31, 33, 35, 39, 
45, 51, and 52, and at low risk, rypes 6, ll, 42, 43, and 44.41 

Patients positive for HPV should be evaluated for other genital 
sites of viral involvement and should be considered for treatment 
with topical imidazoquinolones for perianal disease and in the 
future with antiviral vaccines. HTY patients should be treated 
and those with active disease followed closely . .At least one long
term series of patients with immunosuppression has shown a 
heightened risk for the subsequent development of invasive anal 
squamous cell carcinoma during follow-up.42 

Treatment Ln addition to diagnosing and treating underlying 
viral conditions, the neoplastic disease itself needs to be properly 
diagnosed with mapping and treated according to the extent and 
location of the disease. In situ lesions that are unlfocal and visible 
can be managed with mapping and focal excision to achieve 
negative margins. The resulting defects can be of sufficient size 
to require wound closure with other than primary approxima
tion; V-Y advancement Aaps work well for most defects (Fig. 

FIGURE 53-27 Treatment algorithm for managing 
patients with anal condyloma. HSIL, high-grade 
squamous intraepithelial lesion; ISIL, low-grade 
intraepithelial lesion. (From Papaconsatntinou HT, 
Lee AJ, Simmang CL. et al. Screening methods for 
high-grade dysplasia in patients with anal condy
loma. J Surg Res 127:8-13, 2005.) 

FIGURE 53-28 Sharp excision of perianal condylomata is facilitated 
by raising the lesion by injecting a local anesthetic agent. (Courtesy 
Mayo Foundation for Medical Education and Research, Rochester; 
Minn.) 

53-29). Multifocal disease can be mapped at multiple levels and 
in four quadrants. Perianalmultifocal disease can be treated with 
irniquimod or 80% trichloroacetic acid. Multifocal anal canal 
disease is rypically focaUy ablated. Imiquimod treatment has 
been associated with comllete clinical and histologic clearance 
of AIN in some reports. · .AJ.I cases are closely monitored for 
recurrence and for invasive disease. A management strategy for 
AlN observation proposed by Shepard considers the grade of 
AlN and immune starus of the patient. Patients with .AIN grade 
1 or 2 and without immune compromise can be reviewed every 
12 months in the absence of new or suspicious lesions. Patients 
with AIN grade 3 or with immunocompromise and AIN grade 
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1 or 2 should be reviewed every 4 or 6 months and treated for 
any suspicious lesions. 

Bowen's Disease 
The condition of anal squamous cell carcinoma in situ (Bowen's 
disease) was origiJ1all}' described by John T. Bowen iJ1 1912 and 
redescribed as AIN in 1985.44 The exact relationship bc::tween 
the two conditions has yet to be clarified; the histologies are the 
same and the clinical distinctions arc d1allenging because these 
are rare conditions. From a historical perspective, Bowen's 
disease was described before the clinical recognition ofHPV and 
before the outbieak ofHIV; thus, the contribution of viral infec
tions to the or"iginal Bowen's disease has nor been established. 
Bowen's disease typically presented as a single confluet1t area of 
squamous cell carcinoma in situ managed with wide excision. 
AINill has been more recently described iJ1 the setting of HIV 
and is diffuse, n onconfluent sites of dysplasia, not amenable to 
wide excision. 

Patients with perianal Bowen's disease typically present 
with no symptoms or with mi110r complaints, sum as burning 
or pruricus. Skin changes arc variable {Fig. 53-30) and can show 
erythematous changes, thickeniJ1g and 6ssming, or brown-red 
plaques or evem nodules. Such subtle physical findings can be 
difficult to differentiate from psoriasis, eczen1a, leukoplakia, and 
monilial infections. The description of AIN considers perianal 
and anal canal disease. It may be completely asymptomatic and 
detected during surgery for other conditions such as hemor
rhoids, or as part of a screening program for high- risk individu
als. Less important than the distinction of Bowen's ru1d AIN are 
the points regarding diagnostic and therapeutic strategies that 
should be considered once tl1e histology is confumed. Confluent 
Bowen's disease is usually mru1aged with wide local exdsion or, as 
more recently reported, with 16 weeks of copical5-fluorouracil.45 

Verrucous carcinoma 
Verrucous carcinoma, also referred to a.~ giant condyloma acu
nunatum or Buschke-Lowenstein tumor, is poorly ddined and 
best considered as an mtermediate lesion, between condyloma 
acuminata and! invasive squamous cell carcinomas, based on 

FIGURE 53-29 V-Y advancement flap for perianal Bowen's 
disease. A. Circumferential excision is performed with wide 
margins, histologically negative for Bowen's disease. The 
residual defect will be closed by advancing surrounding 
V-shaped islands of skin and underlying tissue. The Allis 
damps expose the anal canal. B, The V-shaped flaps are 
advanced and anastomosed to the residual anal canal at 
the dentate line. C. Closure of the flap wounds converts 
the V-shaped wounds to Y-shaped suture lines. D, Six 
months after surgery, the perianal scars a re soft, compliant, 
and without stenosis. The patient has normal sphincter 
tone and a good functional outcome. (From Nelson H, 
Oozois RR: Anal neoplasms. Perspect Colon Rectal Surg 
7:22. 1994.) 

FIGURE 53-30 Bowen's disease. (Courtesy Mayo Foundation for 
Medical Education and Research, Rochester, Minn.) 

their common HPV cause.45 TI1e large wartllke lesions are soft 
ru1d :slow-growing. They may fistulize, become infected, and 
undergo malignant transformatlon.46 Radical wide local excision 
or abdommal perineal resection {APR) is recommended. A poo.r 
prognosis can be expected for tumors progressing to invasive 
squamous cell carcinoma, although some may respond favorably 
co combined irradiation and chemotherapy. 
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FIGURE 53-31 Paget's disease. (Courtesy Mayo Foundation for 
Medical Education and Research, Rochester, Minn.) 

Squamous Cell Carcinoma 
Although the oncologic behavior of squamous cell carcinoma 
resembles that of skin tumors elsewhere, tbe location of these 
lesions resuhs in sire-specific symptoms, such as a mass, chronic 
pruritus, bleeding, pain, and associated fistulas and condylo
mata.46 Wide local excision is recommended for early anal 
margin squamous cell carcinoma, with excellent resuhs. In one 
study, radiation therapy was applied in patients with anal margin 
tumors but 33% experienced long-term side effects.4 7 Radiation 
is reserved for those who cannot be managed with local excision 
and/or those wid1 recurrent disease wishing co avoid an abdomi
nal perineal resection. Lymphadenectomy is indicated for those 
rare patients ( <l Oo/o) presenting with evidence of regional lymph 
node metastases. 

Paget's Disease 
Extramarnmary Paget's disease of the anus is a rare intraepithelial 
adenocarcinoma. The presence of inrraepithelial adenocarci
noma in an area of squan1ous epithditm1 has led to speculation 
about the origin of Paget's cells. Various hypotheses have been 
proposed, including the possibility that they are derived from 
pluripotent epidermal stem cciJs, arise from apocrine or sweat 
glands, or are metastatic from tmderlying adenocarcinomas. 
Unlike Bowen's disease, Paget's disease is more common in older 
patients, is associated with an underlying carcinoma in 50% to 
86% nf patients, and has a poor prognosis.46 The typical appear
ance of Paget's disease is that of well-demarcated eczematoid 
plaque, with whitish gray ulcerations or papillary lesions (Fig. 
53-31). As is rrue for Bowen's disease, Paget's disease can have a 
variable and at times a subtle appearance and can be confused 
with other dermatologic conditions, such as hyperkeratosis, 
ec-Lema, or lichen sclerosus et atrophicus. H istology demon
strates the presence of periodic acid-Schiff positive Pager cells, 
confirming the diagnosis. 

Treatment is based on the local extent of the disease and 
presence or abse11ce of underlying malignancies. More limited 
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FIGURE 53-32 Basal cell carcinoma of anal margin. (Courtesy Mayo 
Foundation for Medical Education and Research, Rochester, Minn.) 

Paget's disease can be widely excised and tl1e defect closed pri
marily or \vith V-Y advancement flaps. Biopsies of the proximal 
anal canal and distal anal skin margins can help map the extent 
of resection. Patients treated with repair of large perianal defects 
who have wide excision of Paget's disease experience acceptable 
functional results and quality of life similar to those for a norma
tive population. An alternative to wide excision for patients 
without invasive cancer and who are poor operative candidates 
is a course of topical retinoic acid (0.025%), applied topically 
to the affected area until it generates discomfort and then applied 
every other day. Close observation is advised and biopsies for 
symptoms are recommended.48 Patients with underlying rectal 
adenocarcinoma should undergo APR, whereas those with epi
dermoid anal canal cancer can be treated with combined radia
tion and chemotherapy. For patients with an invasive component, 
5-year overall and disease-free survival rates of 59% and 64%, 
respectively, can be expected. Close follow-up is advised. 

Basal Cell Carcinoma 
Basal cell carcinoma is a rare type of anal canal tumor. Macro
scopically, these lesions have the same pearly borders, with 
central depression, as other basal cell cancers of the skin (Fig. 
53-32). On occasion, it may be difficult to differentiate a cloaco
genic (or basaloid) carcinoma arising in the transitional zone 
from a basal cell cancer arisiJ1g in the anal skin. 1l1e distinction 
is crucial because of the dramatic behavioral difference and is 
based on location and histologic features.45 Usually, these tumors 
can be treated adequately by wide local excision, reserving APR 
for extensive lesions.46 Because almost one third of patients 
experience recurrence, close follow-up is indicated. 

Malignant Anal Canal Neoplasms 

Epidermoid Carcinoma 
Tumors arising in the anal canal or iJ1 the transitional zone that 
have a squamous, basaloid, cloacogenic, or mucoepidermoid 
epithelium are sinlilar in regard tu clinical presentation, response 
to treatment, an.d prognosis46 and are considered collectively. 
1l1ey typically present as a mass, sometin1es with bleeding and 
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pruriws (Fig. 53-33). At the time of diagnosis, almost 25% of 
these are superficial or in situ, half are smaller than 3 em and 
cl1e other half is larger. Approximately 71% have deep tumor 
penetration, 25Wo are node-positive, and 6% present with distant 
metastases. 

AJCC staging for anal canal cancers is based on the depth 
and local infiltration of adjacen t organs or structures (Fig. 53-34; 
Table 53-3).38 The size of the primary tumor is considered the 
measure of its greatest dimension. A wmor d1at is 2 em or 
smaller is designated Tl, larger than 1 em bur not more cl1an 
5 em is T2, and larger than 5 em is T3. Any size tumor that 
invades a local structure is designated as T 4. 

L1 the paS't, treatment modalities included surgery alone or 
radiation therapy alone. Patients with tumors confined to epi
thelial or subepithelial tissue were treated by local excision and 
patients wim more advanced lesions by APR. TI1e introduction 
of multimodaljty therapy combining irradiation and chemo
cl1erapy promised to preserve continence, avoid colostomy, and 
offer similar mrvival advantage. In keeping with this concept, 
local excision alone remains an option for superficial, early-stage 
lesions, which have been associated with variable survivorship 
(61% to 87%: I 00% in at least one study) if the lesion was 
smaller than 2 em. Although some small superficial lesions can 
be treated wim local excision, most patients are best treated with 
combined chemotherapy ru1d irradiation. 

Combined-modality d1erapy bas evolved as the preferred 
alternative to radical surge.ry because, in d1eory, surgical mortal
ity and morbidity are largely avoided, incestinal continuity is 

A 
T1 

:>2cm 
T2 

2-5cm 

preserved, and survival compares favorably witb that after 
surgery. Nigro and associates were the first to promote radiation 
therapy plus chemotherapy as definitive treatment for epider
moid ru1al canal malignancies. The current Nigro protocol 
includes external-beanl radiation therapy to rne pelvic tumor 

FIGURE 53-33 Squamous cell carcinoma of anal canal. (Courtesy 
Mayo Foundation for Medical Education and Research, Rochester; 
Minn.) 

T3 
>Scm 

c 
T4 

Invades 
adjacent organ 

FIGURE 53-34 Staging of primary tumors (T) of the anal canal. A. The greatest dimension of the T1 tumor is 2 em or less and for T2 tumors 
is larger than 2 an but not more than 5 em. B. T3 tumors are larger than 5 an. c. T4 tumors can be of any size. They invade adjacent organs 
or structures such as the vagina, urethra, or bladder. 
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Table 53-3 TNM Staging Classifications for Anal 
Malignancies 

---------------------------------
Pnnary Jwnor (1i) 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ (Bowen's disease, high-&':ade squamous 
intraepithelial lesion [HSIL). anal intraeptthelial neoplasia 
11-111 (AIN 11-111]) 

T1 Tumor 2 em or less in greatest dimension 

T2 Tumor more than 2 em but not more than 5 em in 
greatest dimension 

T3 Tumor more than 5 em in greatest dimension 

T4 Tumor of any size that invades adjacent organ(s) (e.g .. 
vagina, urethra, bladder*) 

RegjOIIall Lymph Nodes (N) 

Nx 

NO 

Nl 

Regional lymph nodes cannot be assessed 

No regional lymph node metastasis 

Metastasis in perirectal lymph node(s) 

N2 Metastasis in unilateral internal iliac and/or inguinal lymph 
node(s) 

N3 Metastasis in perirectal and inguinal lymph nodes and/or 
bilateral internal iliac and/or inguinal fymph nodes 

Distant Metastasis (M) 

IV() No distant metastasis 

Ml Distant metastasis 

Stage Cirauping 

0 Tis NO 1\f() 

T1 NO 1\f() 

II T2 NO 1\f() 

T3 NO 1\f() 

lilA T1 Nl MO 

T2 Nl MO 

T3 Nl MO 

T4 NO MO 

I liB T4 Nl MO 

AnyT N2 1\f() 

AnyT N3 1\f() 

IV AnyT AllyN Ml 

From EdgeS, Byrd D, Compton c. et al (eds): AJCC cancer staging manual, ed 7, 
New Vorl<, 2010, Springer. 
*Direct invasion of the rectal wall, perirectal skin. subcutaneous tissue, or the 
sphincter muscle(s) i's not classified as T 4. 

and pelvic and inguinal nodes, to a total dose of 3000 cGy 
starting on day 1 using 15 fractions (200 cGy/day). Systemic 
chemotherapy includes 5-fluorouradl (5-FU), 1000 mg/m2 for 
24 hours as colllt i.nuous infusion for 4 days, commencing on 
day 1 and again on day 28 {two cycles total}. Mitomycin C is 
delivered as an IV bolus at 15 mg/m2

, srarting on day 1 only. 
Many center"S bave modified the pdvic radiation doses, approx
imating the doses typically delivered in rectal cancer. Although 
some reportS have described comparable results using radiation 
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therapy alone, current studies support the continued use of 
5-FU :and mitomycin C. Although radiation plus chemother
apy has largely replaced the need for APR in anal canal cancers, 
there are still remain subsets of patients for whom APR may 
be considered appropriate as single-modality or combined
modaliry therapy. These groups would include patients who are 
already in need of a stoma for fecal iJKontinence, those for 
whom chemotherapy or radiation therapy is contraindicated, 
and those whose disease fails to resolve completely after radia
tion therapy plus chemotherapy. In patients treated with APR 
for persistent or locally recurrent disease, 5-yc:ar actuarial sur
vi val is reported at 57%.19 

Despite high success rates with combinadon radiation and 
chemotherapy, some cases of locally advanced disease recur or 
fail to respond completely in the locoregional tumor bed. 
Whether patients with recurrent or persistent disease arc treated 
with surgery or further radiadon and chemotherapy hinges on 
their willingness and ability to undergo surgery. The standard 
treatment of surgical candidates is APR. From 50% to 57% of 
patients treated with salvage APR can expect a 5-ye:ar cure. 50 In 
contrast, only 27% of patiCJlts treated with salvage radiation 
and concurrent cisplatin-based chemotherapy can expect to be 
cured. 

In those padents presenting with anal squamous cell carci
noma in the setting of HIV infection, standard treatments are 
not as well tolerated as for the general population. Historically, 
standard chen1oradiation was associated with a 50% rate of 
severe acute hematologic toxicity. In rbe current era of HIV 
treatment, the consensus is that standard protocols for radiation 
and chemotherapy should be attempted, regardless of HIV 
status. In one study, 2-ye:ar survival rates for HIV-positive rates 
were the same as for HlV-negative patients, 77% and 75%, 
respectively. 51 

Melanoma 
Melanoma involving the anal canal is a r:are tumor that can 
presem as a mass, pain, or bleeding and/or can be amelanotic 
and identified during histopathologic examination of a hemor
rhoidectomy specimen (Fig. 53-35). 1l1e overall outlook for 
patients with anal melanoma is poor with 5-ye:ar survival rates 
dependent on the extent of disease-32%, 17%, and Oo/o, for 
local, regional, and distant disease, respectively.s' Although 
extent of disease correlates wid1 long-term outcome, extent of 
surgery does not. Whether optin1al results can be acl:tieved with 
APR versus local excision remains an :area of controversy. Nev
ertheless, achieving an RO resection is key to achieving optimal 
5-year survival rates, with l~o/o 5-ye:ar survival for RO cases and 
6% 5-ye:ar survival for cases with involved margins. 

Adenocarcinoma 
True adenocarcinomas of the anal canal :are thought to :arise 
from t'he columnar epithelium of canal ducts, and :are r:are. For 
example, at a major cancer referral center, only 34 patients were 
diagnosed and treated with this condition over a 20-ye:ar period. 
Differentiating distal rectal cancer fTom true anal canal cancer 
may be difficult, but fortunately the treatment for both is the 
san1e. It is recommended that these patients be treated with 
multimodaliry therapy consisting of abdominal perineal exci
sion, external beam radiation therapy, and chemother~py. TI1is 
approach is superior to local excision53 and radiation therapy 
alone. 
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FIGURE 53-35 Anal canal amelanotic melanoma. (Courtesy Mayo 
Foundation for Medical Education and Research, Rochester, Minn.) 

Other Tumors 
Connective tissue sarcomas, such as leiomyosarcoma, rhabdo
myosarcoma, and myoblastoma, arc rare in the anal canal. Lym
phoma of the anus is unusual. Carcinoid tumors can occasionally 
originate from anal canal endocrine cells and APR may be 
required, especially for those Larger than 2 em. 
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CHAPTER 54 

THE LIVER 
]ASON K. SICKLICK, MICHAEL D'ANGEUCA, 

AND YUMAN FONG 

HISTORICAL PERSPECTIVE 

ANATOMY AND PHYSIOLOGY 

PORTAL HYPERTENSION 

INFECTIOUS DISEASES 

NEOPLASMS 

HEMOBIUA 

VIRAL HEPATITIS· AND THE SURGEON 

HISTORICAL PERSPECTIVE 
The surface anatomy of the liver was described as early as 2000 
years BC by the ancient Babylonians. Even Hippocrates under
stood and described the seriousness of Liver injllf}'. In 1654, 
Francis Glisson was the first physician to describe the essential 
anatomy of the blood vessels of the liver accurately. 'TIJe begin
nings of Liver surgery are described as rudimentary excisions of 
eviscerated liver from penetrating trauma. The first doc-umented 
case of a partial hepatectomy is credited to Berta, who ampu
tated a portion of protruding liver in a patient with a self
inflicted stab wound in 1716. 

In the late 1 800s, the first gastrectomies and cholecystecto
mies were being performed in Europe. At that time, surgery on 
the liver was regarded as dangerous, if not .impossible. In 1897, 
EUiot, in his report on liver surgery for trauma, said that the liver 
wa~ so "friable, so fuJJ of gaping ve.~els and so evidently incapable 
of being sutured that it had always seemed impossible to success
fully manage large wounds of its substance." European surgeons 
began to experin1enc with techniques of elective liver surgery on 
animals in the late 1800s. The credit for the first elective liver 
re.~ction is a matter of debate and many surgeons have been 
given credit, but it certainly occurred during this time period. 

The early 1900s saw some smaU but significant advances 
in liver surgery. Techniques for suturing major hepatic vessels 
and the use of cautery for smaU vessels were applied and reponed. 
The most significant advance of that time was probably that of 
J. Hogarth Pringle. In 1908, he described digital compression 
of the hilar vessels to control hepatic bleeding from traumatic 
injuries. The modern era of hepatic surgery was ushered in by 
the development of a better understanding of liver anatomy and 
formal anatomk liver resection. Credit for tbe first anatomic 
liver resection is usuaUy given to Lorrat-]acob, who performed 
a right hepatectomy in 1952 in France. Pack from New 
York and Quattelbaum from Georgia performed sin1ilar opera
tions within the next year and were unlikely to have bad any 

knowledge of Lorrat-Jacob's report. Descriptions of the segmen
tal nature of Liver anatomy by Couinaud, Woodsmith, and 
Goldburne in 1957 opened the door even wider and introduced 
the modern era of liver surgery. 

Despite these improvements, hepatic surgery was plagued 
hy tremendous operative morbidity and mortality from the 
1950s into the 1 980s. Operative mortality rates in excess of20% 
were common and usually related to massive hemorrhage. Many 
surgeons were reluctant to perform hepatic surgery because of 
these results and, understandably, many physicians were reluc
tant to refer patients for hepatectomy. With the courage of 
patients and their fan1ilies, as weiJ as the persistence of surgeons, 
safe hepatic surgery has now been realized. A complete list is not 
possible here, but courageous hepatic surgeons such as Blumgart, 
Bismuth, Longmire, Fortner, Schwartz, Stan!, and Ton deserve 
mention. 

Advances in anesthesia, intensive care, antibiotics, and 
interventional radiologic techniques have also contributed 
tremendously to the safety of major hepatic surgery. Total 
hepate-ctomy with liver transplantati.on and Live donor partial 
hepatectomy for transplantation are now performed routinely in 
specialized transplantation centers. Partial hepatectomy for a 
large n umber of indications is now performed throughout the 
world in specialized cmters, with mortality rates of 5% or less. 
Partial hepatectomy performed on normal Livers is now consis
tently performed, with mortality rates of 1 o/o to 2%. 

Safely performed open hepatic surgery and its liberal use 
in the management of a wide variety of diseases is now a reality. 
Moreover, minirnaUy invasive approaches to liver surgery have 
been developed and are now being used in significant numbers. 
However, the learning curve remains steep and the indications 
for rlus technique arc still being carefully defined. 'TI1ermal abla
tive techniques to treat hepatic tumors, including radio frequency 
and microwave ablation, have exploded in popularity. FinaUy, 
techniques to improve the safety of Liver resection further, such 
as portal vein embolization to induce preoperative hypertrophy 
of the future liver renmant (FLR), have been developed and are 
now being used. 

ANATOMY AND PHYSIOLOGY 

Anatomy 

Gross Anatomy 
A precise knowledge of the anatomy of the Liver is an absolute 
prerequisite to performing surgery on the liver or biliary tree. 
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With the dcvclopmcnr of hepatic surgery over the last several 
decades, a greater appreciation for the complex anatomy beyond 
the misleading minimal external markings has been realized. The 
days of using the falciform ligamenr as the only marker of the 
left and right sides of the liver arc over; the anatomic contribu
tions of Couinaud (sec later) and the description of the segmen
tal nature of the liver should be embraced and studied by 
students of hepatic surgery. 

General Desaiption and Topography 'TI1e liver is a solid gastroin
testinal organ whose mass ( 1.2 to 1.6 kg) largely occupies the 
right upper quadrant of the abdomen. The costal margin coin
ddes with the lower margin of the liver and the diaphragm 
drapes over the superior surface of the liver. The large majori ty 
of the righr liver and most of the left liver is covered by the 
thoracic cage. 1l1e liver extends superiorly to the height of the 
fifth rib on the right and the sixth rib on the left. The posterior 
surface straddles the inferior vena cava (!VC). A wedge of liver 
extends to the left side of the abdomen. It crosses the epigas
trium to lie above the anterior surface of the stomach and below 
the central and left portions of the diaphragm. The superior 
surface of the liver is convex and is molded to the diaphragm, 
whereas the inferior surface is mildly concave and extends to a 
sharp anterior border. 

The liver is invested in peritoneum except for the gallblad
der fossa, porta hcpatis, and posterior aspect of the liver on either 
side of the IVC in two wedge-shaped areas. The region of liver 
to the riglu of the rvc is called me bnre ttrett of the liver. 

'TI1c peritoneal duplications on the liver surface are referred 
to as ligamenrs. The diaphragmatic peritoneal duplications are 
referred to as the coronary ligaments whose lateral margins on 
either side arc the right and left triangular ligan1cnts. From the 
center of the coronary ligament emerges the faldform ligament, 
which extends anteriorly as a thin membrane connecting the 
liver surface ro the diaphragm, abdominal waU, and umbilicus. 

'TI1c Ligamentum teres (the obliterated umbilical vein} runs 
along the inferi or edge of the falciform ligament from the umbi
licus to the umbilical fissure. 'TI1e umbilical fissure is on the 
inferior surface of the left liver and contains the left portal 
pedicle. In early descriptions of hepatic anatomy, the falciform 
Ligan1ent, the most obvious surface marker of th€' liver, was used 
as the division of the right and left lobes of the liver. However, 
this description is inaccurate and of minimal usefulness to the 
hepatobiliary surgeon (sec later for detailed segmental anatomy). 

On the posterior surface of the left liver, running from the 
left portal vein in the porta hepatis roward the left hepatic vein 
and the £VC, is the ligan1cnrum vcnosum (obUtcratcd sinus 
venosus} which also runs in a fissure (Fig. 54- l ). Hepatic arterial 
and portal venous blood enter the liver at the hilum and branch 
throughout the liver as a single portal pcdjde urut, which also 
includes a bile duct. lhcsc portal triads are invested in a perito
neal sheath that invaginatcs a t the hepatic hilum. Venous drain
age is through the right, middle, and left hepatic veins that 
empty directly into the suprallcpatic rvc. 

Normal Development and Embryology The developing liver shares 
a common progenitor with the biliary tree and pancreas. During 
embryogenesis, signals arc tr:msmined from the cardiac mesen
chyme and $Cpwm transversum. 1he molecules regulating this 
(e.g .• FGF. BMP. Wnt) have begun to be elucidated. The liver 
primordium begins ro form in the third week of developmenr 
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FIGURE 54- 1 A. Historically, the liver was divided into right and left 
lobes by the external marking of the falciform ligament On the inte
rior surface of the falciform ligament, the ligamentum teres can be 
seen entering the umbilical fissure. B. The posterior and inferior 
surface of the liver is shown. The liver embraces the IVC posteriorly 
in a groove. The lumens of the three major hepatic veins and right 
adrenal vein can be seen directly entering the IVC. The bare a rea, 
bounded by the right and left triangular ligaments, is illustrated. To 
the left of the IVC is the caudate lobe, which is bounded on its left 
side by a fissure containing the ligamentum venosum. The lesser 
omentum terminates along the edge of the ligamentum venosum 
and tl1us the caudate lobe lies within the lesser sac and the rest of 
the liver lies in the supracolic compartment A layer of fibrous tissue 
can be seen bridging the right lobe to the caudate lobe posterior to 
the IVC. thus encirding it This ligament of tissue must be divided on 
the right side when mobilizing the right liver off the IVC. (From 
Blumgart LH, Hann LE: Surgical and radiologic anatomy of the liver 
and biliary tract. In Blumgart LH, Fong Y [eds]: Surgery of the liver and 
biliary tract. London, 2000, WB Saunders, pp 3-34.) 

as an outgrowth of cndodermal epithelium, known as the heptttic 
dit;erticulum or liver hud, known as the hepatic field. The con
nectio n between the hepatic diverticulum and the future duo
denum narrows co form the bile duct and an outpoucllillg of 
the bile duct forms into the gallbladder and cystic duct. Hepatic 
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cells develop cords and intermingle with the vitelline and umbil
ical veins to form hepatic sinusoids. Simultaneously, hematopoi
etic cells, Kupffer cells and connective tissue form from the 
mesoderm of the septum transversum. The mesoderm of the 
septum transversum connects the liver to the ventral abdominal 
wall and foregut. As the liver protrudes inro the abdominal 
cavity, these structures are stretched into thin membranes, ltlti
matdy formjng the falciform liganJCJ1t and lesser omentum, 
respectively. The mesoderm on the surface of the developing liver 
differentiates into visceral peritoneum, except superiorly, where 
contact bctwee11 the liver and mesoderm (future diaphragm) is 
maintained, forming a bare area devoid of visceral peritoneum 
(Fig. 54-2). 

The primitive liver plays a central role in the feral circula
tion. The vitelline veins carry blood from the yolk sac to the 
sinus venosus and ultimately form a network of veins around 
the foregut (future duodenum) that drain into the developing 
hepatic sinusoids. These vitelline veins eventually fuse to form 
the portal, superior mesenteric, and splenic veins. 1l1e sinus 
venosus, which empties into the fetal heart, becomes rhc hcpa
tocardiac channel and then the hepatic veins and retrohepatic 
NC. 'TI1e umbilncal veins, which are paired early on, carry oxy
genated blood ro the fetus. initially, the umbilical veins drain 
imo the sinus venosus bur at week 5 of developmem, they begin 
to drain imo the hepatic sinusoids. The right umbilical vein 
ultin1ately disappears and the left ltmbilical vein later drains 
directly into the hepatocardiac channel, bypassing the hepatic 
sinusoids through the ductus venosus. In the adult liver, the 
remnant of the left wnbilical vein becomes the ligamentum 
teres, which runs iJ1 the falciform ligament into the umbilical 
fissure, and the remnant of the ductus venosus becomes the 
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FIGURE 54-2 An approximately 36-day-old embryo is shown. The 
extensions of the septum transversum can be seen developing as the 
liver protrudes into the abdominal cavity, stretching out and forming 
the lesser omentum and the talcifonn ligament The liver is com
pletely invested irn visceral peritoneum, except for a portion next to 
the diaphragm known as the bare area. (From Sadler TW: Langman's 
medical embryology, ed 5, Baltimore, 1985, William & Wilkins.) 
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ligamentum venosus at the termination of the lesser omentlll11 
under the left liver (Fig. 54-3). 

ll1e fetal liver plays a very important role iJ1 hematopoiesis. 
ln week l 0 of gestation, the liver comprises l Oo/o of the fetal 
body weight because of developing hepatic sinusoids and active 
hemaropoiesis. During the last 2 momhs of imrauterine life, 
hepatic hematopoiesis decreases and the weight of the liver is 
decreased ro 5o/o of the fetal body weight. 

By week 12 of gestation, bile is formed in hepatocytes and 
secreted into the bile ducttdes of each hepatic lobule. Simultane
ously, bile duct epithelial cells (cholangiocytes) develop along 
intral1epatic and extrahepatic bile ducts while rhe gallbladder 
completes its developmem. Together, dlis allows for the drainage 
of bile into the foregut. 

TI1e adult liver is a complex system of numerous cell types. 
includi11g heparocytes, cholangi.ocyres, neuroendocrine cells, 
hepatic progenitors (known as ovnf cells), myo6broblasric mes
enchymal cells (kJ10wn as hepatic stellat.e cells and portal myofi
broblasts), resident macrophages (known as Kupjfer cells), and 
vascular endothelial cells. 

Functional Anatomy 
Historically, rhe liver was divided into left and right lobes by rhe 
obvious external landmark of the falciform ligament. Nor only 
was this description oversimplified, but it was anatomically 
incorrect in relation to the blood supply to the liver. Later, a 
more accurate uHderstanding of the lobar anatomy of the liver 
was developed. 'TI1e liver is divided into right and left Jobes 
determined by portal and hepatic vein branches. 

Our understanding of functional liver anatomy bas become 
more sophisticated. Briefly, a plane without any surface mark
ings, known as the portnl fomre or Cantlie's fjJ1e, runs from rhe 
gallbladder to the left side of the IV C. This divides the liver into 
right and left lobes. The right lobe is further divided into ante
rior and posterior sectors. The left lobe is divided into a mcdjal 
sector, also known as rhe quadrate /{)be, tl1ar lies co rhe right of 
rhe falciform liganJent a11d llmbilical fissure a11d a lateral sector. 
also known as the left fnteral segment, which lies ro the left of 
these structmes. 1l1is system, although anatomically more 
correct., is only sufficient for mobilization of the liver aJld simple 
hepatic resections. It does not describe the more intricate and 
fun ctional segmental aJ1atomy that is essential to understand 
before pursumg complex heparobiliary surgery. 

TI1e functional anatomy of rhe liver (Figs. 54-4 and 54-5) 
is com posed of eight segments, each supplied by a single portal 
triad (also called a pedicle) cmnposed of a portal vein, hepatic 
artery, and bile duct. 'TI1ese segments are further organjzcd into 
four sectors separated by scissurae containing the rhree main 
hepatic veins. The four sectors are even further organiz.ed into 
the right aJ1d left Uvcr. The terms right liver and left liver arc 
preferable to the terms right lobe and left lobe because there is 
no external mark that allows the identification of the right and 
left liver. This system was originally described in 1957 by Wood
smith and Goldburne, and by Couinaud. It defines hepatic 
anatomy because it is most relevant to surgery of the liver. TI1e 
functional anatomy is more often seen as cross-sectional imaging 
(Fig. 54-6). 

The main scissura conraiJ1S the middle hepatic vein, which 
runs .in an anteroposterior direction from the gallbladder fossa 
ro the left side of rhe vena cava. It divides the liver inro right 
and lefr hemilivers. 'TI1e line of the main scissura is also known 
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FIGURE 54-3 A. Umbilical and vitelline vein 
development of a 5-week-old embryo. The 
hepatic sinusoids have developed and, although 
there are channels that bypass these sinusoids. 
the vitelline and umbilical veins are beginning to 
drain into them. 8, In the second month, the 
vitelline veins drain directly into the hepatic sinu
soids. The ductus venosus has formed and 
accepts oxygenated blood from the left umbilical 
vein, bypasses the hepatic sinusoids, and directly 
enters the hepatocardiac channel. c. By the third 
month, the vitelline veins have formed into the 
portal system (splenic, superior mesenteric, and 
portal veins). The right umbilical vein has disap
peared and the left umbilical vein (future liga
mentum teres) drains into the sinus venosus. 
bypassing the hepatic sinusoids. Note the devel
opment of the IVC and hepatic veins. (From 
Sadler TW: Langman's medical embryology. 
ed 5, Baltimore, 1985, William & Wilkins.) 

FIGURE 54-4 Schematic depiction of the segmental anatomy 
of the liver. Each segment receives its own portal pedicle 
(triad of portal vein, hepatic artery, and bile duct). The eight 
segments are illustrated, and the four sectors, divided by the 
three main hepatic veins running in scissurae, are shown. 
The umbilical fissure (not a scissura) is shown to contain the 
left portal pedicle. (From Blumgart LH, Hann LE: Surgical and 
radiologic anatomy of the liver and biliary tract. In Blumgart 
LH, Fong Y [eds]: Surgery of the liver and biliary tract, London, 
2000, WB Saunders, pp 3-34.) 
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FIGURE 54-5 Segmental anatomy of the liver. A. As seen at laparotomy in the anatomic position. B. In the ex vivo position. (From Blumgart 
LH, Hann LE: Surgical and radiologic anatomy of the liver and biliary tract. In Blumgart LH, Fong Y [eds): Surgery of the liver and biliary tract, 
London, 2000, WB Saunders, pp 3-34.) 
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FIGURE 54-6 Segmental anatomy of the liver is demonstrated at 
three levels on contrast-enhanced a images. A. At the level of the 
hepatic veins, the caudate lobe (segment 1) is seen posteriorly 
embracing the vena cava. Segment 2 is separated from segment 4A 
by the left hepatic vein. Segment 4A is separated from segment 8 by 
the middle hepatic vein a nd segment 8 is separated from segment 7 
by the right hepatic vein. B, At the level of the portal vein bifurcation, 
segment 3 is visible as it hangs inferiorly in its anatomic position and 
is separated from segment 4B by the umbilical fissure. Note that 
segment 2 is not visible at this level. Tem1inal branches of the middle 
hepatic vein separate segment 4B from segment 5 and terminal 
branches of the right hepatic vein separate segment 5 from segment 
6. Note t!hat Segments 4A, 8, and 7 are not visible at this level. Segment 
1 is seen posterior to the portal vein and embracing the vena cava. 
C. Below the portal bifurcation, one can see the inferior tips of seg
ments 3 and 4B. The terminal branches of the middle hepatic vein and 
the gallbladder mark the separation of segment 48 from segment 5. 
Segments 5 and 6 are separated by the distal branches of the right 
hepatic vein. Note how the right liver hangs well inferior to the left liver. 
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as Cantlie's line (see earlier). The right liver is divided into ante
rior (segments 5 and S) and posterior (segments 6 and 7) sectors 
by the right scissura, which contains the right hepatic vein. The 
right portal pedicle is composed of the right hepatic artery, 
portal vein, and bile duct. It spli ts imo right anterior and right 
posterior pedicles, which supply the segmenrs of rhe amerior 
and posterior sectors. 

The lefr liver has a visible fissure along its inferior surface 
called the umbiliCill fissure. TI1e ligan1entum teres, containing the 
remnant of the umbilical vein, ru.ns into this fissure. The falci
fonn ligament is contiguous with the umbilical fissure and liga
mentum teres. The umbilical fissure is not a scissura and does 
not comain a !hepatic vein; it contains the left portal pedicle, 
which contains the left portal vein, hepatic artery, and bile duct. 
This pedicle runs in this fissure and branches to feed the left 
liver. 'TI1e left liver is split into anterior (segments 3 and 4) and 
posterior (segment 2, the only sector composed of a single 
segment) sectors by the left scissura. ll1e left scissura runs pos
terior to the ligamenmm teres and contains the left hepatic vein. 

At the hilum of the liver, the right portal triad has a short 
extrahepatic course of approxinlately 1 to 1.5 em before entering 
the substance of the liver and branching into anterior and pos
terior sectoral branches. 'The left portal triad, however, has a long 
extrahepatic course of up to 3 to 4 em and rw1s transversely 
along the base of segment 4 in a peritoneal sheath, which is the 
upper end of the lesser omentum. This connective tissue is 
known as the hilttr pfttte (Fig. 54-7). 1l1e continuation of the left 
portal triad runs anteriorly and caudally in the umbilical fissure 

and gives branches to segments 2 and 3 and recurrent branches 
to segment 4. 

The caudat<' lobe {segment I) is the dorsal portion of the 
Hver. It embraces the IVC on its posterior surface and Hes pos
terior to the left portal triad inferiorly and the left and middle 
hepatic veins superiorly. 1l1e main bulk of the caudate lobe is to 
the left of the IVC, but inferiorly it traverses between the IVC 
and left portal triad, where it fuses to the right liver (segments 
6 and 7). Tius part of the caudate lobe is known as the right 
portion or the caudate p1·ocess. 1l1e left portion of tht' caudate 
lobe Hcs in the lesser omental bursa and is covered anteriorly by 
the gastrohepatic Hgament (lesser omeJ1tum) that separates it 
from segments 2 and 3 ameriorly. 'TI1e gasuobepatic ligan1enr 
attaches to the ligamentum venosum {sinus venosus remnant) 
along the left side of the left portal triad {Fig. 54-8). 

The vascular inflow and biliary drainage to the caudate lobe 
comes from both the right and lefr pedicles. The right side of 
the caudate, the caudate process, largely derives its portal venous 
supply from the right portal vein or the bifurcation of the main 
portal vein. 'TI1e left portion of the caudate derives irs portal 
venous inflow from the left main portal vein. The arterial supply 
and biliary drainage of the right portion are g<'nerally through 
the right posterior pedkle system and the left portion through 
the left main pedicle. The hepatic venous drainage of the caudate 
is unique because a number of posterior small veins drain 
directly into the rvc. 

1l1e posterior edge of the left side of the caudate terminates 
as a fibmus component chat attaches co the crura of the 

FIGURE 54-7 The plate system. A. The cystic plate between the gallbladder and liver. B. The hilar plate at the biliary confluence at the base 
of segment IV. C. The umbilical plate above the umbilical portion of the portal vein. Shown are the plane of dissection of the cystic plate for 
cholecystectomy and the hilar plate for exposure of the hepatic duct confluence and main left hepatic duct (arrows). {From Blumgart LH, Hann 
LE: Surgical and radiologic anatomy of the liver and biliary tract. In Blumgart LH, Fong Y (eds]: Surgery of the liver and biliary tract, london. 
2000, WB Saunders, pp 3-34.) 
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FIGURE 54-8 Anatomy of the caudate lobe (segment 1). A. Seen in cross section, most of the caudate is to the left of the IVC and lies posterior 
to the lesser omentum, which separates the caudate from segments II and Ill. The termination of the lesser omentum at the ligamentum 
venosum is demonstrated. The caudate lobe traverses to the right insinuating itself between the IVC and the left portal vein (LPV), where it 
attad1es to the right liver. Note the proximity of the middle hepatic vein (MHV) to these structures. B, Segments II and Ill have been rotated 
to the patient's right, exposing the left side of the caudate. (From Blumgart LH, Hann LE: Surgical and radiologic a natomy of the liver and biliary 
trad. In Blumgart LH, Fong Y [eds): Surgery of the liver and biliary trad, London, 2000, WB Saunders, pp 3-34.) 

diaphragm and also runs posteriorly, wrapping behind the IVC 
and attaching to segment 7 of the right liver. ln up to 50% of 
people, this fibrous component is composed partially or com
pletely of liver parenchyma. 1l1us, liver tissue may completely 
encircle the IVC. 1his structure is known as tbc caval ligament 
and is important to recognize when mobilizing the right li.ver or 
the caudate lobe off the vena cava. 

Anomalous development of the liver is uncommonly 
encountered. Complete absence of the left liver bas been 
repon ed. A tongue of tissue extending inferiorly off the right 
liver has been described (Riedel's lobe). Rare cases of supradia
phragmatic liver in the absence of a hernia sac have been noted. 

Portal Vein The portal vein provides approximately 75% of the 
hepatic blood inflow. Despite being posrcapillary and largely 
deoxygenated, its high flow rate provides 50% to 70% of the 
liver's oxygen. TI1e lack of valves in the portal venous system 
provides a system that can accommodate high Aow at low pres
sure because of the low resistance. 1l1is allows for the measure
ment of portal venous pressure at any point along the system. 

The portal vein forms behind the neck of the pancreas at 
the co•~fluencc o f the superior mesenteric vein and the splenic 
vein at the level of the second lumbar vertebrae. 1l1e length of 
the main portal vein ranges from 5.5 to 8 em and its diameter 
is usually approximately l em. Cephalad to its formation behind 
the neck of the pancreas, the portal vein runs behind the first 
portion of the duodenum and into the hepatoduodenal liga
ment, where it nms along the right border of the lesser omentum, 
usually posterior to the common bile duct and proper hepatic 
artery. 

'TI1e portal vein divides into main right and left branches 
at the hilum of the liver. The left branch of the portal vein runs 
transversely along the base of segment 4 and into the umbilical 

fissure, where it gives off branches to segments 2 and 3 and 
feedback branches to segment 4. 1l1e left portal vein also gives 
off posterior branches to the left side of the caudate lobe. The 
right portal vein has a short extrahepatic course; it usually enters 
the substance of the liver where it splits into anterior and pos
terior sectoral branches. These sectoral branches can occasionally 
be seen extrahepatically and can come off the main portal vein 
before its hifurcation. There is usually a small caudate process 
branch off the main right portal vein or at the right portal vein 
bifurcation, which comes off posteriorly to supply this portion 
of liver (Fig. 54-9). 

TI1ere are a number of connections between the portal and 
systemic venous systems. Under conditions of high portal venous 
pressure, these portosystemic connections may enlarge second
arily to collateral flow. 1llis concept is reviewed in more derail 
in late:r in the chapter, but the most significant portosystemic 
collateral locations are the following: ( l) the submucosal veins 
of the proximal stomad1 and distal esophagus receive portal Aow 
from the short gastric veins and the left gastric vein and can 
result in varices, with the potential for hemorrhage; (2) the 
umbilical and abdominal wall vei.ns recanali:z.e from Aow through 
the umbilical vein in the Ligamentum teres, resulting iJl caput 
medusae; (3) the superior hemorrhoidal plexus receives portal 
Bow from inferior mesenteric vein tributaries and can form large 
hemorrhoids; and (4) other retroperitoneal communications 
yield collaterals that can make abdominal surgery hazardous. 

TI1e anatomy of the portal vein and its branches is .relatively 
constant and has much less variation than the biliary ductal and 
hepatic arterial systems. The portal vein is rarely found anterior 
to the neck of the pancreas and duodenum. Entrance of the 
portal vein directly into the vena cava has also been described. 
Very rarely, a pulmonary veln may enter the portal vein. Finally, 
there may be a congenital absence of the left branch of the portal 
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FIGURE 54-9 Anatomy of the portal vein. The superior mesenteric 
vein (SMV) joins the splenic vein (SV) posterior to the neck of the 
pancr·eas (shaded area) to form the portal vein. Note tile entrance of 
the inferior mesenteric vein (IMV) into the splenic vein, the most 
common anatomic arrangement. In its course superiorly in the edge 
of the lesser omentum posterior to the common bile duct and hepatic 
artery, the portal vein receives venous efflue nt from the coronary vein 
(CV). At the hepatic hilum, the portal vein bifurcates into a larger right 
portal vein (RPV) and a smaller left portal vein. The left portal vein 
(lPV) runs transversely at the base of segment IV and enters the 
umbilical fissure to supply the segments of the left liver. Just before 
the umbilical fissure, the lPV usually gives off a sizable brand1 to the 
caudate lobe. The RPVenters the substance of the liver a nd splits into 
right a nterior sectoral (RAS) and right posterior sectoral (RPS) 
branches. It also gives off a posterior branch to the right side of the 
caudate lobe-caudate process. (From Blumgart LH, Hann lE: Surgical 
and radiologic anatomy of the liver and biliary tract. In Blumgart lH, 
Fong Y [eds): Surgery of the liver and biliary tract, london, 2000, 
WB 5.aunders, pp 3-34.) 

Aorta 

Cystic 

Proper hepatic 

vein. In dus situation, the right branch courses through the right 
liver and curves around peripherally to supply the left Liver, or 
the right anterior sectoral vein can arise from the lefr portal veil1. 

Hepatic: Artery The hepatic artery, representil1g high-volume oxy
genated systemic arterial Bow, pro~ides approximately 25% of 
the hepatic b lood Aow and 30% to 50% of its oxygenation. A 
number of smaller perihepatic arteri.es derived &om the inferior 
phrenic and the gastroduodenal arteries also supply the Uver. 
1l1ese vessels are important sources of collateral blood Aow in 

FIGURE 54-10 Most common a natomy of the celiac 
axis and hepatic arterial system. The celiac axis, just 
below the diaphragmatic hiatlLS, trifurcates into the 
splenic, left gastric, and common hepatic arteries. 

Splenic The common hepatic artery heads to the right and 
turns superiorly toward the hilum. At the point of 
this turn, the gastroduodenal artery is given off and 
the proper hepatic artery is formed. The common 
hepatic artery gives off right and left hepatic arteries 
in the hilum. Note the middle hepatic artery off the 
proximal left hepatic artery. which goes on to supply 
segment IV. The cystic artery usually comes off the 
right hepatic artery within the triangle of Calot. (From 
Blurngart lH, Hann lE: Surgical and radiologic 
anatomy of the liver and biliary tract In Blumgart LH, 
Fong Y [eds]: Surgery of the liver and biliary tract, 
london, 2000, WB 5.aunders, pp 3-34.) 

case of occlusion of the maill hepatic arterial inflow. In the case 
of Ligation of the right or left hepatic artery, il1trahepatic col
laterals almost immediately provide for nutrient blood flow in 
most cases. 

The common description of the arterial supply to the Liver 
and biliary tree is only present approximately 60o/o of the time 
(Fig . 54-10). 1l1e celiac trunk originates directly off the aorta, 
just below the aortic djaph.ragmatic hiatus, and gives off three 
branches-the splenic artery, left gastric artery, and common 
hepat ic artery. The common hepatic artery passes forward and 
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co the right along the superior border of the pancreas and runs 
along the right side of the lesser omentum, where it ascends 
towards the hepatic hilum, lying anterior to the portal vein and 
to the left of the bile duct. At d1e point where the common 
hepatic artery begins to head superiorly towards the hepatic 
hilum, it gives off the ga~rroduodenal anery, followed by rhe 
supraduodenal artery and right gastric artery. l11e common 
hepatic artery beyond the takeoff of the gamoduodenal is called 
the proper hepatic a1·tery; it divides into right and Jeft hepatic 
arteries at the hiJun1. 1l1e left hepatic artery heads vertically 
towards the umbilical fissure to supply segments 2, 3, and 4. 
The left hepatic artery usually also gives off a middle hepatic 
artery branch that heads roward the right side of the umbilical 
fissure and supplies segment 4. 1l1e right hepatic artery usually 
runs posterior to the common hepatic bile duct and enters 
Calor's triangle, bordered by the cystic duct, common hepatic 
duct, and Uver edge, where it gives off the cystic artery to supply 
the gallbladder and then continues into the substance of the 
right Hver. 

Unlike portal vein anatomy, hepatic arterial anatomy is 
extraordinarily variable (Fig. 54- ll). An accessory vessel is 
described a~ an aberrant origin of a branch that is in addition 
to the normal branching pattern. A replaced vessel is described 
as an aberrant origin of a branch that substitutes for the lack of 
the normal branch. Usuatly, the hepatic artery originates off the 
celiac trunk. However, branches or the entire hepatic arterial 
system can originate off the superior mesenteric artery (SMA). 
The right and left hepatic arteries can also arise separately off d1e 
celiac axis. Replaced or accessory right hepatic arteries come off 
the SMA and are present apprmdmatdy 11% to 21% of the 
time. Hepatic vessels replaced to the SMA run belllnd the head 
of the pancreas, posterior to the portal vein in the portacaval 
space. The right hepatic artery, in its usual branching pattern, 
can also course anterior to the· common hepatic duct. A replaced 
or accessory left hepatic artery is present approximately 3.8% to 
l 0% of the time, originates from the left gastric artery, and 
courses within the lesser omentum, heading toward the umbili
cal fissure. Other important variations include the origin of the 
gastroduodenal artery, whkh has been found to originate from 
the right hepatic artery and is occasionally duplicated. 1l1e 
anatomy of the cystic artery is also variable; knowledge of these 
variations is of particular importance in the performance of 
cholecystectomy (Fig. 54-12). An accessory cystic artery can 
originate from the proper hepatic artery or gastroduodenal 
artery. where it runs anterior to the bile duct. A single cystic 
artery can originate anywhere off the proper hepatic artery or 
gastroduodenal artery, or directly from the celiac axis. These 
variant cystic arteries can nm anterior to the bile duct and are 
not necessarily present in the triangle of Calor. AJJ these varia
tions in hepatic arterial anatomy are of obvious importance 
during hepatic resection, hepatic arterial pump placement, cho
lecystectomy, and hepatic interventional radiologic procedures. 

Hepatic Veins The three major hepatic veins drain from the 
superior-posterior surface of the liver directly into the rvc (see 
Figs. 54-4, 54-5, and 54-6). 1l1e right hepatic vein runs in the 
right scissura between the anterior and posterior sectors of the 
right Uver and drains mosr of the right Liver after a short (l-cm) 
extrahepatic cou.rse into the right side of tbe NC. The left and 
middle hepatic veins usually join inrral1epatically and enter the 
left side of the NC as a single vessel, although they may drain 
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separately. 1l1e left hepatlc vein runs in the left scissura between 
segments 2 and 3 and drains segments 2 and 3; the mjddJe 
hepatic vein runs in the portal scissura between segment 4 and 
the anterior sector of the right Uver, comprised of segments 5 
and 8, and drains segment 4 and some of the anterior sector of 
d1e rig.hr liver. The umbilical vein is an additional vein rhat runs 
under the falciform Ligament, between the left and middle veins, 
and usually empties into the left hepatic vein. A number of smalJ 
posterior venous branches from the right posterior sector and 
caudate lobe drain directly into the IV C. A substantial inferiorly 
located accessory right hepatic vein is commonly encountered. 
1l1ere is also often a venous tributary from the caudate lobe, 
which drains superiorly into the left hepatic vein. 

Biliary System 1l1e intrahepatic bile ducts are the terminal 
branches of the right and left hepatic ductal branches that ilwag
inate Glisson's capsule at the hilum, along with their correspond
ing portal vein and hepatic artery branches, forming the 
peri toneal covered portal triads also known as portal pedicles. 
Along these intrahepatic portal pediclcs, the bile duct branches 
are usually superior to the portal vein, whereas the hepatic artery 
branches rlll1 inferiorly. The lefr hepatic bile duct drains 
segments 2, 3, and 4, which constitute the left liver. The intra
hepatic ductal branches of the left Hver join to form the main 
left duct at the base of the lLmbilical fissure, where the left 
hepatic duct courses transversely across the base of segment 4 to 
join the right hepatic duct at tl1e hilum. ln its transverse portion, 
the left hepatic duct drains one to duee small branches from 
segment 4. 1l1e right hepatic duct drains tl1e right liver and is 
formed by the joining of the anterior sectoral duct (draining 
segments 5 and 8) and d1e posterior sectoral duct (draining seg
ments 6 and 7). The posterior sectoral duct runs in a horizontal 
and posterior direction; the anterior sectoral duct runs vertically. 
The main right hepatic duct bifurcates just above the right portal 
vein. !be short right hepatic duct meets the longer left hepatic 
duct to form the confluence anterior to the right portal vein, 
constituting the common hepatic duct. The caudate lobe 
(segment l) has its own biliary drainage, which is usually 
through right and left systems. However, in up to 15% of indi
viduals, drainage is cluough the left systCill only and, i.n 5%, it 
is through the right systen1 only. 

1l1e common hepatic duct drains inferiorly. Below the 
takeoff of the cystic duct, i t is referred w as the common bile 
duct. 'The common bile duct usualJy measures 10 to 15 em in 
length and is typically 6 mm in diameter. The common hepatic 
(biJe) duct runs along the right side of the hepatoduodenal liga
ment (free edge of the lesser omennm1) to the right of the 
hepatic atte.ry and anterior to the portal vein. The common bile 
duct continues inferiorly belund the first portion of d1e duode
num and into the head of tl1e pancreas in an inferior and slightly 
rightward direction. The intrapancreatic distal common bile 
duct then joins with the main pancreatic ducr (of Wirsung), 
with or without a common channel. and enters the second 
portion of the duodenum through the major papilla of Vater. 
At the choledochoduodenal jllnction, a complex musctJar 
complex known as the sphincter of Oddi regulates bile £low and 
prevents reAux of duodenal contents into the biliary tree. There 
are three major parts ro this sphincter: (l) the sphincter cho
l~dochus, wluch is a circtJar muscle that regulates bil~ flow and 
the fill ing of tl1e gallbladder; (2) the pancreatic sphincter, present 
to variable degrees, which surrounds the intraduodenal pancreatic 
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FIGURE 54- 11 Variable anatomy of the hepatic artery. The common hepatic artery can originate off the superior mesenteric artery instead of 
the celiac axis. A replaced or accessory right hepatic artery comes off the superior mesenteric artery and runs posterior to the head of the 
pancreas, to the right of the portal vein and behind the common bile duct into the hilum. A replaced or accessory left hepatic artery originates 
off the left gastric artery and runs through the lesser omentum into the umbilical fissure. (Netter illustration from www.netterirnages.com. 

© Elsevier Inc. All rights reserved.) 
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FIGURE 54-12 Variations in the anatomy of the cystic artery. A. Most 
common anatomy. 8, Double cystic artery, one off the proper hepatic 
artery. c. Origin off the proper hepatic artery and coursing anterior to 
the bile duct. D, Originating off the right hepatic artery and coursing 
anterior to the bile duct. E. Originating from the left hepatic artery 
and coursing anterior to the bile duct F. Originating off the gastro
duodenal artery. G. Originating off the celiac axis. H. Originating from 
a replaced right hepatic artery. (From Blumgart LH, Hann lE: Surgical 
and radiologic anatomy of the liver and biliary tract. In Blumgart LH, 
Fong Y [eds]: Surgery of the liver and biliary tract, london, 2000, WB 
Saunders, pp 3- 34.) 

duct; and (3) the sphincter ampullae, made up of longitudinal 
muscle, which prevents duodenal reflux. 

The gallbladder is a biliary reservoir that lies against the 
inferior surface of segments 4 and 5 of the liver, usually making 
an impression against the liver. A peritoneal layer covers most 
of the gallbladder, except for the portion adherent co the liver. 
Here, the gallbladder adheres co the liver by a layer of fibrocon
nective tissue known as the cystic plate, an extension of the hiJar 
plate (see Fig. 54-7). Variable in size, but usually about 10 em 
long and 3 to 5 em wide, the gallbladder is composed of a 
fLmdus, body, infundibulum, and neck, which ultimately empty 
into the cystic duct. The fundus usually projects just slightly 
beyond the liver edge anteriorly and, when folded on itself, is 
described as a Phrygian cap. Continuing toward the bile duct, 
the body of the gallbladder is usually in dose proxinlity to 
the second portion of the duodenum and transverse colon. The 
iJlfundjbuJum (or Hartma1u1's pouch) hangs forward along 
the free edge of the lesser omentum and can fold in front of 
the cystic duct. The portion of gallbladder between the 
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infundibulum and cystic duct is referred to as the neck. 11Je 
cystic duct is variable in its length, course, and insertion into 
the main biliary tree. 1l1e first portion of the cystic duct is 
usually tortuous and contains mucosal duplications, referred to 
as tbe folds of Heister, which regulate the filling and emptying 
of the gallbladder. Usually, the cystic duct joins the common 
hepatic duct to fonn the common bile duct. 

Knowledge of the multiple and frequent variations in the 
anatomy of the biliary tree is absolu rely essential for performing 
hepatobiliary procedures. Anomalies of the hepatic ductal con
fluence arc common and arc present approximately one third of 
the time. The most common anomalies of the biliary confluence 
involve variations in the insertion of the right secroral ducts. 
Usually, this is the posterior sectoral duct. The confluence can 
be a trifurcation of the right anterior sectoral, right posterior 
sectoral, and left hepatic ducts. Either of the right sectoral ducts 
can drain into the left hepatic duct, common hepatic duct, cystic 
duct or, rarely, the gallbladder (Fig. 54-13). 

Anomalies of the gallbladder itself are rare. Agenesis of the 
gallbladder, biJobar gallbladder with two ducts or a single duct, 
septations, and congenital diverticulum of the gallbladder have 
all been described. Anomalies of the posi tion uf the gallbladder 
arc more common; these indudc an intrahepatic position or, 
rarely, located on the left side of the liver. The gallbladder can 
also have a long mesentery, which can predispose it to torsion. 

TI1e position and entry of the cystic duct into the main 
ductal system arc also variable. Double cystic ducts draining a 
unilocular gallbladder and drainage into hepatic duct branches 
have been reported. Usually, the cystic duct joins the conm1on 
hepatic duct at an angle, but can run parallel and enter it more 
distally. [n the latter situation, the cystic duct can be fused to 
the hepatic duct along its parallel course by connective tissue. 
1l1e cystic duct can also run a spiral course anteriorly or poste
riorly and enter the left side of the common hepatic duct. 
Finally, the cystic duct can be very short or even absent (Fig. 
54-14) . 

TI1e supraduodenal and infral1ilar bile duct are predomi
nantly supplied by two axial vessels that run at 3- and 9-o'clock 
positions. These vessels are derived from the superior pancreati
coduodenal, right hepatic, cystic, gastroduodenal, and retroduo
denal arteries. It has been estin1ated that only 2o/o of the arterial 
supply to this portion of the bile duct is segmental, arising 
directly off the proper hepatic artery. The bUe duct and its bifur
cation in the hihun derive their arterial blood supply from a rich 
network of multiple small branches from surrounding vessels. 
Sin1ilarly, the retropancreatic bile duct derives its arterial supply 
from the rcrroduodcnal artery, wluch provides a rich network of 
multiple small branches (Fig. 54-15). Venous drainage of the 
bile duct parallels the arterial supply and drains into the portal 
venous system. The venous drainage of tl1e gallbladder empties 
into the veins that drain the bile duct and does not flow directly 
into the portal vein. 

Nerves 1l1e innervation of the Liver and biHary tract is via sym
pathetic fibers originating from T7 through TlO, as weiJ as 
parasympathetic fibers from both vagal nerves. 1l1e sympathetic 
fibers pass through celiac ganglia before giving off postganglionic 
fibers £0 the liver and bile ducts. 1l1e right-sided celiac ganglia 
and right vagal nerve form an anterior hepatic plexus of nerves 
that rw1s along the hepatic artery. The left-sided celiac ganglia 
and left vagal nerve form a posterior hepatic plexus that runs 
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FIGURE 54-13 Variations of the hepatic duct confluence. A. Most 
common anatomy. B. Trifurcation at the confluence. c. Either of the 
right sectoral ducts drains into the common hepatic duct D. Either 
of the right sectoral ducts drain into the left hepatic duct. E. Absence 
of a hepatic duct confluence. F. Absence of right hepatic duct and 
drainage of right posterior sectoral duct into the cystic duct (From 
Blurngart lH, Hann lE: Surgical and radiologic anatomy of the liver 
and bil iary tract. In Blumgart LH, Fong Y [eds]: Surgery of the liver and 
bi liary tract,. london, 2000, WB Saunders, pp 3- 34.) 

posterior to the bile duct and portal vein. The hepatic arteries 
arc supplied by sympathetic fibers whereas the gallbladder and 
extrahepatic bile ducts receive irmervation &om sympathetic and 
parasympathetic fibers. 1he clinical significance of these nerves 
is still not well understood. Acute distention of the liver, and 
thus the liver capsule. can result in right upper quadrant pain, 
which may be referred to the right shoulder via phrenic nerve 
innervation of the diaphragmatic peritoneum. 

2 3 
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FIGURE 54-14 Variations in the anatomy ofthe gallbladder and c.ystic 
duct. A. Bilobar gallbladder. B. Septations of the gallbladder. C. Diver
ticulum of the gallbladder. D. Variations in cystic duct anatomy. The 
three types of union of the cystic duct and common hepatic duct are 
illustrated. (From Blumgart lH, Hann lE: Surgical and radiologic 
anatomy of the liver and bilia ry tract. In Blumgart lH, Fong Y [eds]: 
Surgery of the liver and biliary tract, london, 2000, WB Saunders, 
pp 3- 34.) 

Lymphatic:s Most lymph node drainage from the liver is to the 
hepatoduodenal ligament. From here, lymphatic drainage 
usuaUy continues along the hepatic artery to the celiac lympb 
nodes and then to the cisterna ehyli. Lymphatic drainage can 
also foiJow the hepatic veins to lymph nodes in the area of the 
suprahepatic rvc and through the diaphragmatic hiatus. lhe 
lymphatic drainage of the gallbladder and most of the extrahe
patic biliary tract is generally into the lymph nodes of the hepa
roduodenalligament. This drainage may foUow along the hepatic 
artery to the celiac lymph nodes, but can also Aow into lymph 
nodes behind the head of the pancreas or within the aortocaval 
groove. 

Microscopic Anatomy 
Functional Unit of tfle Uver The organization of hepatic parcn
cl1yma into microscopic functional units has been described in 
a number of ways, referred to a~ an acinus or a lobule (Fig. 
54-16). This wa~ originally described by Rappaport and then 
modified by Matsumoto and Kawakami.6 A lobule is made up 
of a central terminal hepatic venule surrounded by four to six 
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FIGURE 54- 15 The blood supply to the common bile duct and 
common hepatic ·duct is illustrated. A. Right hepatic artery. B. 9:00 
artery. c. Retroduodenal artery. D. left hepatic artery. E. Proper 
hepatic artery. F. 3:00 artery. G. Common hepatic artery. H. Gastro
duodenal artery. (From Blumgart LH, Hann LE: Surgical and radiologic 
anatomy of the liver and biliary tract .. In Blumgart l H, Rmg Y [eds]: 
Surgery of the liver and biliary tract, london, 2000, WB Saunders, 
pp 3-34.) 

terminal portal trriads that form a polygonal tmit. This unit is 
lined on its periphery between ead1 terminal portal triad by 
terminal portal triad branches. L1 between dK· terminal portal 
triads and the central hepatic venule, hepatocytes are arranged 
in one ceU-thick plates, surrounded on each side by endothelial
lined and blood-filled sinusoids. Blood Aows from the terminal 
portal triad through the sinusoids into the terminal hepatic 
venule. Bile is formed within the hepatocytes and empties into 
terminal canaliculi , which form on the lateral walls of the inter
ce!Jular hepatocyte. These ultimately coalesce into bile ducts and 
fl ow toward the portal triads. This fu.nctional hepatic unit pro
vides a structural basis for the many metabolic and secretory 
ftmctions of the liver. 

Between the termiJlal portal tri.ad and central hepatic 
veJ1ule arc three zones that differ in their enzymatic makeup, as 
well as exposure to nutrients and oxygenated blood. 'TI1ere is 
debate about the shape of these zones and their relationship to 
the hasic lohular Wlit hut, in general, zones I rnrough 3 splay 
out from the terminal portal triad toward the central hepatic 
venule. Zone l (periportal zone) is an environment rich in 
nutrients and oxygen. Zones 2 (intermediate zone) and 3 
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(perivenular zone) are exposed to environments that are poorer 
in oxygen and nutrients. The cells of the different zones di.ffer 
enzymatically ru1d respond differently ro toxin exposure and 
hypoxia. This ru1atomic arrru1gement also explains the phenom
enon of centrilobular necrosis from hypotension, because zone 
3 is the most susceptible ro decreases in oxygen delivery. 

Hepatic Micro<irallation Terminal portal venous ru1d hepatic arte
rial brand1es directly supply the hepatic sinusoids with blood. 
1l1e portal branches provide a constant-, but minimal Aow into 
this low-volume system; the arterial branches provide the sinu
soids wirn pulsatile-, but low-volume How that enhru1ces flow in 
the sinusoids. Hepatic arterial branches terminate in a plexus 
around the terminal bile ductules ru1d provide nutrients. Arterial 
and portal vein Aow vary inversely in the sinusoids and cru1 be 
compensatory. Local control of blood Bow in the sinusoids likely 
depends on arteriolar sphiJ1cters and contraction of the sinusoi
dal lining by endothelial cells and hepatic stellate cells or portal 
myofibroblasts. Blood withiJ1 the sinusoids empties directly into 
terminal hepatic venules at the center of a functional lobule. This 
process results in the Wlidirectional Bow of hlood u1 the lives 
from zones I to 3. 

The endothe)jum-liJled sinusoids of the hepatic lobule rep
resent the functional unit of the liver, where afferent blood Bow 
is exposed to functional hepatic parenchyma prior to being 
drained into hepatic venules (Fig. 54-17). The hepatic su1usoids 
are 7 to 15 J.!m wide but can increase in size by up to 10-fold. 
llus yields a low-resistance and low-pressure (generally, 2 co 
3 mm Hg) system. The sinusoidal endothelial cells accotU1t for 
15% to 20% of the total hepatic cell mass. 

Sinusoidal endothelial ceUs are separated from hepatocytes 
by the space of Disse (perisinusoidal space). This is an extravas
cular fluid compartmem into which hepatocytes project micro
villi, which atlows proteins and other plasma components from 
the sinusoids to be taken up by the hepatocytes. Within this 
space, the endothelial ceUs ru·e specialized in that they lack inter
cellular junctions and a basement membrru1e but contain mul
tiple large fenestrations. 11us arrangement provides for the 
maxin1al contact of hepatocyte membranes with this extravascu
lar fluid compartment ru1d blood u1 the sinusoidal space. Thus, 
tllis system permits bidirectional movement of solutes (high
and low-molecular-weight substru1ces) into and out of hepato
cytes, providing tremendous filtration potential. On the other 
hand, the fenestrations of the endothelial cells restrict movement 
of molecules between the suwsoids and hepatocytes and vary in 
response to exogenous and endogenous mediators. 

Other cell types are found along rhe sinusoidal lining. 
Kupffer cells, derived from the macrophage-monocyte system, 
are irregularly-sbaped cells tl1at also line the sinusoids insinuat
ing between endothelial cells. Kupffer cells are phagocytic, can 
nligrate along sinusoids to areas of injury, and play a major role 
u1 tl1e trappu1g of foreign substru1ces and initiating inflamma
tory responses. Major histocompatibility complex II ru1tigens are 
expressed on Kupffer cells, but do not confer efficient antigen 
presentation compared with macrophages elsewhere in the body. 
Otl1er lymphoid ceUs also exist iJ1 hepatic parenchyma, such as 
natural killer (NK), natural killer T (NKT), CD4 T, and CDS 
T cells. These provide the Liver with an innate immune system. 
Hepatic stellate celts, previously known as ito cells, arc cells higb 
in retinoid content (accow1tu1g for their phenotypic identifica
tion) found in the space of Disse. 1l1ey have dendritic processes 
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Hepatic lobule. Uver arranged as series of hexagonal lobules, each composed of series of 
hepatocyte cords (plates) interspersed with sinusoids. Each lobule surrounds a central vein 
and is bounded by 6 peripheral portal triads (low magnification) . 

FIGURE 54-16 Schematic illustration of a hepatic lobule seen as a three-dimensional polyhedral unit. The terminal portal triads (hepatic artery. 
portal vein, and bile duct) are at each comer and give off branches along the sides of the lobule. Hepatocytes are in single-cell sheets with 
sinusoids on eitlher end aligned radially toward a central hepatic venule. (From Netter FH: Netter anatomy collection, Elsevier.) 

Rough EA 

-Erythrocyte in 
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FIGURE 54-17 A hepatocyte and its sinusoidal and lateral domains. ER, endoplasmic reticulum. (From Ross MH, Reith EJ, Romrell U. The liver. 
In Ross RH, Reith EJ, Romrell U: Histology: A Text and Atlas. Baltimore, Williams & Wilkins; 1989, pp 471-478.) 
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that contact hepatocyte microvilli and also wrap around endo
thelial cells. The major functions of these stellate cells include 
vitamin A storage and the synthesis of extracdlu.lar coUagen and 
other extraceUular matrix proteins. In acute and chronic hepatic 
liver injuries, bei(Jatic stellate cells are activated to a myofibro
blasric srare associated wirh morphologic changes, cellular con
tractility, decreases in intracellular vitamin A, and production of 
extracellular matrix. Ultimately. stellate cells play a central role 
in the development and progression of hepatic fibrosis to cir
rhosis and are the target for the development of antifibrotic 
treatments. 

Hepatocytes Hepacocyres are complex multifunctional cells that 
make up 60% of the hepatic cel.lular mass and 80% of the 
cytoplasmic mass of the liver (see Fig. 54-17). Morphologically, 
the hepatocyte ls a polyhedral ceU with a central spherical 
nucleus. As noted, hepatocyres are arranged in single cell layer 
plates lined on either side by blood-filled sinusoids. Every hepa
tocyte ha~ contact with adjacent hepatocytes, the biliary space 
(bile canaliculus), and the perisinusoidal space, enabling these 
cells to perform their broad range of functions. Among the many 
essential functions of the hepatocyte are the following: (1) 
uptake, storage and release of nutrients; (2) synthesis of glucose, 
fatty acids, lipids, and numerous plasma protein (including 
C-reactive protein and albumin); (3) production and secretion 
of bile for digestion of dietary fats; and (4) degradation and 
detoxification of toxins. 

To carry our these functions, the plasma membrane of dle 
hepatocyte is organized in a specific manner into three specific 
domains. TI1e sinusoidal membrane is exposed to the space of 
Disse and has mlllltiple microvilli that provide a surface special
i7.ed in the active transport of substances between the blood and 
hepatocytes. The lateral domain exists between neighboring 
hepatocytes and contains gap junctions that provide for intercel
lular commuJlication. The canalicular membrane is a rube con
tainlng microvilli formed by two apposed hepatocytes. These 
bile canaliculi are sealed by zonula uccludens (tight jw1ctions), 
which prevent the escape of bile. The bile canaliculi form a ring 
around the hepatocyte that drains into small bile ducts known 
as canals of Herilrg, whicl1 empty into a bile duct at a portal triad. 
The canalicular membrane contains adenosine triphosphate 
(ATP)-dependent active transport systems that enable solutes to 

be secreted inco the canalicular membrane against large concen
tration gradients. 

The hepatocyte is one of the most diverse and metaboli
cally active cells .i n the body, as reAected by its abundance of 
organeUes. There arc 1000 mitochondrialheparocyre, occupy
ing approximately 20% of the ceU volun1e. Mitochondria gen
erate energy (ATP) through oxidative phosphorylation and 
provide the energy for the metabolic demands of the hepato
cyte. The hepatocyte mitochondria are also essential for 
fatty acid oxidation. 1he monoclonal antibody HepParl 
(hepatocyte paraffin-!) identifies a unique antigen on hepa
tocyte mitochondria and is widely used to identify hepato
cytes or hepatocellular neoplasms on immunohistochemical 
examination. 

An extensive system of interconnected membrane com
plexes made up of smooth and rough endoplasmic reticulum 
and the Golgi apparatus comprise what is known as the hepato
cyte microsomal fraction. These complexes have a diverse range of 
fUJlctions, including the foUowing: (1) synthesis of structural 
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and secreted proteins; (2) metabolism of lipids ru1d glucose; (3) 
production and metabolism of cholesterol; (4) glycosylation of 
secretory proteins; (5) bile formation and secretion; and (6) drug 
metabolism. Finally, hepatocytes also contain lysosomes, which 
are intracellular single-membrane vesicles that contaiJ1 a number 
of enzymes. 1l1ese vesicles srore and degrade exogenous and 
e.ndogenous substances. Coordination of these numerous organ
elles in the hepatocyte allows these cdJs to accompllsh a large 
variety of functions. 

Functions 
1lle unique anatomic arrangement of the liver described pro
vides a remarkable landscape on which the multiple central and 
criticaL ftmctions of this organ can be carried out. TI1e Liver is 
the center of metabolic homeostasis: it serves as the regulatory 
site for energy metabollsm by coordinating the uptake, process
ing, and distribution of nutrients ru1d their subsequent energy 
products. The liver also synthesizes a large number of proteins, 
enzymes, and vitan1ins that participate in a tremendously broad 
rru1gc of bodily functions. Finally, the liver detoxifies ru1d elimi
nates many exogenous and endogenous substances, serving as 
the major filter of the bun1an body. 1l1e following sections will 
summarize this broad rru1ge of functions. 

Energy 
The liver is the critical intermediary between dietary sources of 
energy and the extrahepatic tissues that require tllis energy. 1l1e 
criticalt and central nanare of the liver in regulariJ1g the body's 
energy metabollsm is evidenced by the fact that despite account
ing for only 4% of tl1e total body weight, the Liver consun1es 
about 28% of the total body blood flow and 20% of the total 
oxygen consumed. 1l1e liver also uses about 20% of the total 
body caloric intake. 

1l1e liver receives dietary byproducts through the portal 
circulation and sorts, metabolizes, and distributes them into the 
systemic circulation. The liver also plays a major role in regulat
ing endogenous sources of energy such as fatty acids and glyc
erol from adipose tissues ru1d lactate, pyruvate, and cerrain 
an1ino acids from s.keletal muscle. 1l1e rwo major sources of 
energy that tl1e llver releases into the extrahepatic circulation 
are glucose and acetoacetate. Glucose is derived from tl1e glyco
genolysis of stored glycogen and from gluconeogenesis from 
lacrare, pyruvate, glycerol, propionate, ru1d alanine. AcetOace
tate is derived from the (3-oxidation of fatty acids. Also, storage 
lipids such as rriacylglycerols and phosphollpids are synthesized 
ru1d stored as lipoproteins by dle liver. 1l1ese can be circulated 
systemically for uptake by peripheral tissues. 1l1ese complex 
and essential functions are regulated by hormones, overall 
nutritional state of the organism, and requirements of obllgate 
glucose-requiring tissues. 

Functional Heterogeneity 
To add to the metabolic complexity of the liver, hepatocytes vary 
in their ftmction, depending on their location within the lobule. 
This fimctional heterogeneity of hepatocytcs is anatomically 
related to their location in the dtree zones of tl1e lobule and is 
specifically related to the distance from the incoming portal 
triad. For example, cells located in the periportal zone (zone 1) 
are exposed to a high concentration of substrates. Thus, uptake 
of oxygen and solutes are greater here. A critically important 
function of hepatocytes, however, is their ability to change their 
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metabolic functionality and be recruited to perform specific 
functions under varying physiologic conditions, regardless of 
anatomic location. Sinusoids in the periportal zone are narrower 
and more tortuous, facilitating increased uptake of substrate by 
the hepatocytes in this area. ln contrast, sinusoids in zone 3 
(perivenous) have larger fenesrrations, allowing uptake of larger 
mol.ecules. 1lms, sinusoids are also variable in form and 
function. 

Enzymatic makeup, plasma membrane proteins, and ultra
structure are also heterogenous among the hepatocyte popula
tion. 'This cellular protein variability can also be distinguished 
based on the !hepatocyte location within the lobule. Glucose 
uptake and release, bile formation, and synthesis of albumin and 
fibrinogen take place in the periportal zone, whereas glucose 
catabolism, xenobiotic metabolism, and synthesis of 0.1-

antitrypsin and a.-fetoproteln (AFP) occur in the perivenous 
zone. Another example of enzymatic heterogeneity according to 
lobular zones is the location of the urea cycle enzymes in zone 
3, adjacent to the terminal hepatic veins. The functional hepa
tocyte heterogeneity and its anatomic relationship to the lobular 
unit account for pattems of dan1age fiom metabolic or p.hysi
ologic insults to the liver. 

Blood Flow 
There is a dua~ blood supply to the liver that comes from the 
portal vein aJld hepatic artery. The portal vein provides approxi
mately 75% of the blood Aow to the liver, which is oxygen-poor 
but rich in nurrienrs. The hepatic artery provides the other 25% 
of the blood flow, which is oxygen- rich and represents systemic 
arterial blood flow. 1l1e large flow rate of the portal vein is still 
able to provide 50% to 70% of the afferent oxygenation to the 
Liver. Overall, hepatic blood Aow represents about 25% of the 
cardiac output, demonstrating irs central role in whole body 
metabolism . Hepatic blood flow is decreased during exercise and 
increased after ingestion offood. Carbohydrates have the most 
profound effect on hepatic blood flow. Hepatic arterial pressure 
is representative of systemic arterial pressure. Portal pressure is 
generally 6 to 10 nm1 Hg and sinusoidal pressure is usually 2 to 
4 mm Hg. 

Hepatic blood flow is regulated by various factors. Differ
ences in. afferent and efferent vessel pressures, as well as muscular 
sphincters located at the inlet and outlet of the sinusoids, play 
a major role. Muscular sphincter tone is regulated by the auto
nomk nervous system, circulating hormones, bile salts, and 
metabolites. Specific endogenous factors known to affect hepatic 
blood flow include glucagon, histamine, bradykinin, prostaglan
dins, nitric oxide, and many gut hormones, including gastrin, 
secretin, ru1d cholecystokinin. TI1e sinusoids are also the primary 
regulators of :hepatic blood flow duough contraction and 
expansion of their endothelial cells, Kupffer cells, ru1d bepatic 
stellate cells. 

A one-way reciprocal relationship between hepatic artery 
and portal vein flow has been demonstrated. Increases in 
hepatic arterial Bow accompany decreases in portal vein flow, 
but the opposite does not occur. Hepatic arterial compensation, 
however, CaJlnot provide complete compensation to support 
hepatic parenchyma in total portal veiJl occlusion, which is 
Likely the cause of ipsilateral atrophy in this case. Experimental 
evidence bas st~ggested that the buildup of adenosine in the 
liver plays an importaJlt role in this hepatic arterial compensa
tory response. 

Table 54-1 Solute Concentrations of Hepatic Bile 
SOLUTE 
Na• 

Mg1.• 

a-
He~-

Bile acids 

Phospholipid 

Ololesterol 

Protein 

Bile Formation 

CONCENTRATION 
132-165 mEq/l 

4.2-5.6 mEq/L 

1.2-4.8 mEq/L 

1.4-3.0 mEq/l 

96-126 mEq/L 

17-55 mEq/l 

3-45 mM 

25-810 mg/dl 

60-320 mg/dl 

3()()-3000 mg/l 

Bile production ru1d secretion is one of the major flUlCtions of 
the liver. The physiologic role of bile is twofold. The first is to 

dispose of substances secreted into bile ru1d the second is to 
provide enteric bile salts to aid in the digestion of fats. Bile is a 
substance containing orgrulic and inorgatlic solutes produced by 
an active process of secretion and subsequent concentration of 
these solutes. The concentration of inorgruuc solutes in bile in 
cl1e main biliary tree resembles that of plasma (Table 54- 1). ln 
the case of bile loss (e.g., from atl external biliary 6stula), the 
high concentrations of protein and electrolytes must be consid
ered when replacing the losses. 1l1e osmolality of bile is approxi
mately 300 mOsruoUkg and is accounted for by the inorganic 
solutes. The major organic solutes in bile are bile acids, bile pig
ments, cholesterol, and phospholipids. 

The contents of bile are generally absorbed from the blood
stream through sinusoids into the hepatocyte through the sinu
soidal membrane. Bile is initially secreted by hepatocytes into 
the canal.iculi through special.ized microvilli containing lateral 
membranes of the hepatocytes that form the canaliculi. 11ght 
jwKtions along the canalicular membratles prevent leakage of 
bile i.n the normal state. 111is also provides a route for paracel
lular secretion of solutes and water into bile. The cru1aliwli 
coalesce into larger bile ductules containing biliary epitheliunl, 
which then form the intrahepatic and extrahepatic biliary uee. 
Thus, the Liver, in part, serves as aJl epitheual structure that 
moves solutes from the blood to the bile and provides a route 
of secretion for bile into the intestines. 

Approximately 1500 mL of bile are secreted daily and 
much of this (=o80%) is secreted by hepatocyres into CaJlaliculi. 
Such canalicular bile flow is largely the result of water flow in 
response to active solute transport. Bile acids are transported 
&om the sinusoidal blood into the hepatocyte by ATP-requlring 
active traJlsport. Intracellular transport to the canalicular mem
brane is through bile acid- bindjng proteins that are transported 
by a vesicular systenl derived from the Golgi apparatus. The bile 
acids are then actively pumped into the CaJlaliculus through an 
ATP-requ.iring active transport systen1. lt is well recognized that 
bile flow ba~ a linear a~sociation with bile acid secretion, known 
as bile ndd-depmdmt .flqw. Because bile acids form micelles in 
the bile and do not provide osmotic potential, it is likdy that 
Aow related to bile acid secretion is secondary to ions that 
accompany the bile acids (counterions). Bile flow can also occur 
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in the near-absence of bile acid secretion and is known as bile 
acid-independent: flow. Experimental evidence has suggested that 
bile acid- independent Aow is at least partially the result of 
biliary glutathione secretion. 

Once bile has passed from the canaliculi to the biliary 
ducrules and then w main bile ducts, bile undergoes furrher 
reabsorption and secretion. The epithelial cells of the biliary tract 
actively reabsorb and secrete water and electrolytes. Secretion is 
generally through a chloride channel activated by secretin, its 
most powerful activator, and its subsequent activation of cyclic 
adenosine monophosphate (cAMP) production. There is usually 
a net secretion of water and electrolytes, accotmting for the other 
20o/o of biliary secretion. Ultimately, bile becomes higluy 
enriched in bicarbonate ions. Many organic substances such as 
glutathione are degraded in the biliary tree. It is important to 
note that many drugs can be secreted into the biliary tree in a 
highly concentrated form (e.g., ceftriaxone). The gallbladder acts 
as the reservoir of the biliary tree; irs function is to store biJe in 
the fasting state. The gallbladder reabsorbs water, concentrating 
stored bile, and secretes mucin. Contraction of the gallbladder 
is mediated hormonally, largely through cholecystokinin, in 
response to a meal. with the simultaneous relaxation of the 
sphincter of Oddi and release of bile into the duodenum. 

Enterohepatic Circulation 
Bile salts are primarily produced in the liver and secreted to be 
used in the biJiary tree and intestine. The primary bile salts 
cholic acid and chenodeoxycholic acid are produced in the liver 
from cholesterol and subsequently conjugated witl1 glycine or 
tauri11e in the heiPatocyte. Once secreted in the gut, the primary 
biJe acids are modified by intestinal bacteria to form the second
ary bik acids deoxycholic acid and lithocholic acid. Bile acids 
are reabsorbed passively into the jejumun and actively into the 
ileum. Thus, the bile acids reenter the portal venous system, and 
up to 90o/o of the bile acids are extracted by bepatocytcs. OnJy 
a small fraction spills over into the systemic circulation because 
of efficient hepatic extraction, which accounts for low levels of 
plasma bile adds. After hepatic extraction, bile acids are recir
culated into tbe canaliculi and back into the bWary tree, com
pletu1g the circlllit. A small amount of intestinal bile acids are 
not absorbed by the portal system and are excreted .in the stool. 
1lms, the active secretion of bile salts from hepatocytes into bile 
and from ileal emerocytes iJ1to d1e portal veiJ1 is the engine 
behind the enterohepatic circulation. 

The enterohepatic circulation is more than a tmique mech
anism for reusing physiologically valuable bile acids. Thjs circu
lation of bHe constitutes the major mechanism for eliminating 
excess cholesteroJ because cholesterol is consumed during d1e 
production of bile salts and is excreted in tbe feces by mixed 
micelles formed by organic bWary solutes. BHe salts also play a 
critical role in the absorption of dietary fats, fat-soluble vitamins 
(i.e., vitanlins A, D, E, and K) and lipophilic drugs. Water 
movement from hepatocytes imo bile and water absorption 
through the small bowel is also regulated by bile salts. The 
enterohepatic circulation is therefore central to a number of 
solubilization, transport, and regulatory functions. 

Bilirubin M etabolism 
Bilirubin is rhe resulr of heme breakdown. ful t.oarly phase of 
heme breakdo\>vn, accowlting for 20% of bilirubin, is from 
hemoproteins (heme-contaiJling enzymes) and occurs within 
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3 days of labeling with radioactive heme. A late phase of heme 
breakdown, accounting for 80% of bilirubin, is from senescent 
red blood cells. This occurs in approxin1ately 110 days after 
administering radioactive labeled heme and is consistent with 
the Life span of red blood cells. Heme is initially broken down 
into a green-colored biJiverdin by heme oxygenase, which is then 
broken down into the orange-colored bilirubin by biliverdjn 
reductase. 

CircLuatiJlg bilirubin is bound to alblunin, which protects 
many organs from the potentially toxic effects of tbjs compound. 
1he bilirubin-albumiJ1 complex enters hepatic sinusoidal blood, 
where it enters the space of Disse through the large sinusoidal 
fenestrations. The bilirubin-albumin complex is disassociated in 
this space. Free bilirubin is internalized into the hepatocyte, 
where i t is conjugated to glucuronic acid. Conjugated bilirubin is 
then secreted in an energy-dependent fasluon into canalicular bile 
agaiJ1st a large concentration gradient. Bilirubin is secreted with 
bile illtO the gastrointestinal tract. Within the gastrointestinal 
tract, bili rubin is deconjugated by intestinal bacteria to a group of 
compounds known as urobilinogms. These urobilinogens arc 
furilier oxidized and reabsorbed into the CJlterohepatic cirClua
tion and secreted into bile. A small percentage of the reabsorbed 
urobiJinogens is excreted into urine. These oxidized urobilinogens 
account for the colored compounds that contribute to the yellow 
color of urine and the brown color of stool. 

Bilirubin has long been known to be a toxic com pound 
and is the agent responsible for neonatal encephalopathy 
and cochlear damage secondary to severe unconjugared hyper
bilirubiJ1emia (kernicterus). 1l1e bu1ding of seru.n1 bilirubin to 

albumi11 protects tl1e tissues from exposure to bilirubin. However. 
bu1ding sites can be overwhelmed by iJ1creasing amounts ofbili
rubiJ1 or displaced by other binding agents (e.g., various drugs). 
1l1e mechanism of bilirubin toxicity appears to be related to a 
number of its effects. Free bilirubin can uncouple oxidative 
phosphorylation, inhibit ATPascs, decrease glucose metabolism, 
and inhibit a broad spectrum of protein kinase activities. 

Portosystemic shunts, sucb a~ those seen with cirrhosis and 
portal hypertension, decrease tl1e first-pass hepatic clearance of 
bilirubin, resulting .in a mildJy increased serun1 wKonjugated 
hyperbifuubinemia. A number of disorders can resuJt in an 
unconjugated serum hyperbilirubinemia, including neonatal 
hyperbillrubinenua (see earlier), an iJ1creased bilirubin load 
caused by hemolytic syndromes, and uu1erired enzymatic defi
ciencies sum as C rigler-Najjar and Gilbert syndromes. Disorders 
presCJlting with serum conjugated h)'perbilirubinemia u1clude 
cbolestasis, Dubin-Jobnson, and Rotor syndromes. 

Carbohydrate Metabolism 
1l1e liver is the center of carbohydrate metabolism because it is 
the major regulator of storage and distribution of glucose to the 
peripheral tissues and, iJ1 particuJar, co glucose-dependent tissues 
such as the brain and erythrocytes. Both liver and muscle are 
capable of storing glucose in the form of glycogen, but only the 
liver can break down glycogen to provide glucose for systemic 
circulation. Glycogen tbat is broken down can only be used in 
muscle and is therefore not a source of systemically circulated 
g.lucose. 

In the fed state, carbohydrate absorbed through the intes
tines (mostly glucose) is circulated systenlically. Carbohydrates 
reaciUng the liver are rapidly converted to glycogen for storage. 
1l1e liver contains up to 65 g of glycogen/kg of liver tissue. 
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are obtained exogenously and absorbed in the intestine. 1J1eir 
adequate intestinal absorption is critically dependent on ade
quate fatty acid micellization, wl1ich requires bile acids. 

Vitamin A is &om the retinoid fami.ly and is involved in 
nom1al vision, embryonic development, and adult gene regula
tion. Storage of vi tamin A is solely in rhe liver and occurs in rhe 
hepatic stellate cells. Overingestion of vitamin A can result in 
hepatic toxicity. Vitamin D is involved in calcium and pho
sphorus homeostasis. One of vitamin D's activation steps 
{25-hydroxylation) occurs in the .liver. Vitamin E is a potent 
antioxidant and protects membranes from llpid pcroxidation 
and free radical formation. Finally, vitamin K is a critical cofac
tor in the post-cranslarional y-carboxylarion of the beparically 
synthesized coagulation factors II, VII, IX, and X, as well as 
protein C and protein S, the so-called vitamin K-dependent 
cofoctors. Cholestasis syndromes can result in the inadequate 
absorption of these vitamins secondary to poor micellization in 
the imestine. The associated vitamin deficiency syndromes, such 
as metabolic bone disease {vitamin D deficiency), neu.rologic 
disorders {vitamin E deficiency), and coagulopathy (vitamin K 
deficiency) can subsequently occur. 

The liver is also involved in the uptake. storage, and metab
oUsm cl a number of water-soluble vitamins, including thian1in, 
riboflavin, vitamin B6, vitaJllin B12, folate, biotin, and panto
thenic acid. The liver is responsible for converting some of these 
water-soluble vi.t:amins to active coenzymes, transfomling some 
to storage metabolites and using some for enterohepatic circula
tion (e.g., viranun B12). 

Coagulation 
l11e liver is responsible for symhesizing almost all the identified 
coagulation factors, as well as many of the fibrinolytic system 
components and several plasma regulatory proteins of coagula
tion and fibrinolysis. As noted, the liver is critical for the absorp
tioJl of vitami11 K, synthesizes the vitamin K-dependent 
coagulation facwrs, and conrains the enzyme that activates these 
factors. Also, the reticuloendothelial system of the liver clears 
activated clotting factors, activated complexes of the coagulation 
and fibrinolytic systems, al1d the end products of fibrin degrada
tion. Diseases of the liver are often associated with thrombocy
topenia, qualitative platelet abnormali ties, vitanlli1 K deficiency 
with impaired modulation of vitanlin K-dependent coagulation 
facwrs, alld disseminated imravascular coagulation (DIC). It is 
no surprise that liver disease is firmly associated with coagulation 
disorders that are often challenging to deal with. 

Warfarin, on e of the most commonly dispensed anticoagu
lams, acts i11 tl1e liver by blocking vi tamin K-dependent activa
tion of factors II, VII, IX, and X. Factor VII has the shortest 
half-life of the coagulation factors and its deficiency is nlalli
fested clinically as abnormalities of the measured prothrombin 
time (PT) or international normalized ratio (INR). Patients with 
hepatic synthetic dysfunction similarly have all abnormal PT. 

Metabolism of Drugs and Toxins (Xenobiotics) 
The humaJl body is exposed to an inordinate amount of 
foreign chemicals during a lifetime. 1his poses a challenge to 
our ability to detoxify ru1d dimi11ate these potentiaUy harmful 
chemicals. Many of these chemicals are not incorporated into 
cellular metabolism and are referred to as xenobiotics. 1l1e 
liver plays a central role in handling them through all enor
mously complex al1d numerous set of enzymes al1d reaction 
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pathways, which are increasingly recognized as new chemicals 
are discovered. 

Hepatic-based reactions to xenobiotics are broadly dassi
fied into phase I and II reactions. Phase [ reactions, through 
oxidation, reduction, and hydrolysis, increase the polarity and 
rhus water solubility of compounds. 1l1is in turn allows for easier 
excretion. [tis important to realize that p.ba~e I reactions do not 
necessarily detoxify chemicals alld may, in fact, create toxic 
metabolites. Phase I reactions occur in tl1e cytochrome P450 
{CYP) system. Pha~e [[ reactions generally act to create a less 
toxic o r less active byproduct. llis is generally accomplished 
through trallsferase reactions, in which a compound is usually 
coupled ro a conjugate, rendering the xenobiotlc more 
innocuous. 

Regeneration 
The liver possesses the unique quality of adjusting its volume to 
the needs of the body. 1l1is is observed clinically in its regenera
tion after partial hepatectomy or after toxic liver injury. It is also 
seen in liver transplal1tation, in that donor liver size mismatches 
adjust to tl1e new host. This quality is highly conserved evolu
tionarily because of the critical functions of the liver and the fact 
that tl1.e liver is the first line of exposure to ingested toxic agents. 

Liver regeneration is a hyperplastic response of all cell types 
of the liver, in which the microscopic aJlatomy of the functional 
liver is maintained. Much information that we have about the 
regenerative response of the llver is based on experin1ental evi
dence iJ1 rodents. Normally quiescent heparocytes rapidly enter 
tl1e cell cycle after partial hepatectomy. Maximal hepatocyte 
DNA synthesis occurs 24 to 36 hours after partial hepatectomy 
and maximal DNA synthesis occurs in the other cell types by 
48 to 72 hours later. Most of the increase in hepatic mass i11 
rodents is seen by 3 days after partial hepatectomy and is usually 
almost complete after 7 days. 

In the late 1960s, it was recognized that circulating factors 
were responsible, in part, for the regenerative response ru1d, over 
tbe last 40 years, much research has focused on tbe humoral and 
genetic control of hepatic regeneration. The major circulating 
factors that have been .identified, largely from rodent studies, are 
hepatocyte growth factor, epidermal growth factor, transforming 
growth factors, insuw1, and glucagon and the cytokines TNF-o., 
TL-1, and IL-6. 1l1ese factors, when infused into a normal host, 
do nor result in hepatic growth, indicating that heparocytes must 
be primed in some way before responding to these growth 
factors. Remarkable progress in the understanding of liver regen
eration ha~ been made because of the development of improved 
genetic and molecular biologic techniques. Hundreds of genes 
involved at all stages of regeneration have been identified by 
RNA microarray tedmiques. Also, numerous cytokine
dependenr and growth factor-independent pathways have been 
furthcr defined. A complete description is beyond the scope of 
this chapter, however, and many questions still ren1ain. 

Future Developments 
The study of the l.iver and its physiology continues to be a 
remarkable and exciting field. As the fields of molecular biology 
alld genetic manipulation have exploded, so ha~ the field of 
heparology. Given tl1e lack of alternative options to rransplanra
tion for patients with end-stage liver failure, tissue engineering 
and attempts to provide exogenous hepatic functional support 
continue to be studied. Liver repopulation with transplanted 
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cells-hepatocytes or hepatic progenitor and stem cells-may 
also provide future options for patients with liver failure. 
Although the identification of specific and reliable markers for 
hepatic stem cclls has been elusive, the concepts of liver pro
genitors and stem cclls, and their potential usefulness for 
hepatic repopU!larion, have gained acceptance, making this an 
exciting area of research. Ongoing genetic comparisons of 
normal and diseased Bver using new molecular biology and ceU 
biology techniques will provide dues about the genetic regula
tion ofliver diseases. Great strides have been made in the effec
tiveness of gene therapy and many groups continue to study 
liver-directed gene therapy strategies to treat acquired and 
inherited disorders. Ongoing molecular biology studies are 
researching hepatic cell cyclt- regulation, with implications for 
hepatocarcinogenesis. Research studies about the pathogenesis 
of hepatic fibrosis and, perhaps more exciting, reversing tbis 
process, are ongoing and likely to result in signmcant advances 
in the future. 

Assessment of Liver Function 
A wide variety of tests are available t<J evaluate hepatic diseases. 
Screening for hepatic disease, assessing hepatic function , diag
nosing specmc disorders, and prognosticating are critical in the 
management of hepatic pathology. For the surgeon, assessment 
of hepatic fur11ction and estimating the ability of a hepatic 
renmant to be sufficient after Liver resection are also of obvious 
importance. Unfortunately, most measures of hepatic disease are 
gross indicators and lack sensitivity, specificity, and accuracy. We 
have divided these hepatic function tests into three categories
routine screeni ng, specific diagnostic, and quantitative tests. 

Routine Screening Tests 
Screening blood tests are often used co determine whether there 
is pathology in the hepatobiliary system. Standard liver func
tions tests (LFfs) arc generally not tests of function and are not 
always specmc ·co hepatic pathology. Nonetheless, they arc valu
able as a general screening tool that can provide basic indications 
co recognize the presence of hepatic disease and yield clues about 
the cause of that disease. Total bilirubin, direct biBrubin (con
jugated), and indirect biBrubin (unconjugated) levels can be 
affected by a number of processes related to bilirubin metabo
Lism. Unconjugated hyperbilirubinemia can be a reflection of 
increased bilirubin production (e.g., hemolysis), drug effects, 
inherited enzymatic disorders, or physiologic jaundice of the 
newborn. Conjugated hyperbilirubinemia is generally a result of 
cholestasis or mechanical biliary obstruction, but can also be 
seen in some inherited disorders or hepatocellular disease. 

The transarninases, alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST), are the most common serum 
markers of hepatocellular necrosis, with subsequent leak of these 
intraccllular enzymes into the circulation. AST is found in other 
organs such as the heart, muscle, and kidney, but ALT is liver
specific. However, the degree of elevation of these enzyme levels 
has never been show11 to be of prognostic value. Alkaline phos
phatase (ALP) is expressed in Bver, bile ducts, bone, intestine, 
placenta, kidney, and leukocytes. Isoenzyme determinations can 
sometimes be helpful for disti11guisbing tbe source of an elevated 
ALP level. Elevations of ALP levels in hepawbiBary diseases are 
generally secondary to cholestasis or biliary obstmction. Such 
elevations are caused by increased production of this enzyme. 
1he ALP level can also be increased in maBgnant disease of the 

Bvcr. Gan1111a-glutan1yl transpeptidase (GGT) is an enzyme in 
many organs in addition to the Liver, such as the kidneys, seminal 
vesicles, spleen, pancreas, heart, and brain. Its level can be ele
vated in diseases affecting any of these tissues. It is also induced 
by alcohol intake and is elevated in biliary obstruction. 1l1t1s, it 
is also a nonspecific marker of liver disea~e bur can be helpful 
in determining whether an elevated ALP is from hepatic pathol
ogy. 5'-Nudcotidase is also found in a wide variety of organs in 
addition to the liver, but increased levels arc fairly specific to 
hepatic pathology. Like GGT, it can be helpfuJ in determining 
whether an elevated ALP level is secondary to hepatic 
pathology. 

Albumin is synthesized exclusively in rhc liver and can be 
used as a general measure of hepatic synthetic function . Because 
chronic malnutrition and acute injury or inflammation can 
decrease albumin synthesis, these facwrs must be taken into 
account when evaluating a low serum albumin level. Because of 
the remarkable protein synthetic capacity of the liver, hypoalbu
minemia is a marker of severe Liver disease. However, it lacks 
sensitivity and large decreases .in hepatic fLmction are required 
to be reflected in albumin levels. ll1 general, it is most helpfuJ 
in chronic Liver disease. 

Clotting factors are largely synthesized in the liver; abnor
maBtics of coagulation can be a marker of hepatic synthetic 
dysfunction. Measurement of specifi c dotting factors, such as 
factors V and VII, have been used to evaluate hepatic fLmction 
in the transplantation population. VT or INR is the best test to 
measure the effects of hepatic disease on dotting and is usually 
a marker of advanced chronic liver disease. Hepatic pathology 
can also affect dotting through intravascular coagulation and 
vitamin K malabsorption. 

Specific Diagnostic Tests 
Once screening tests, along with clinical findings, have suggested 
Uver disease, specific tests can be used to help elucidate tbc cause 
and guide treatment, if necessary. Hepatitis serologies are impor
tant to detem1ine the presence of viral hepatitis. Autoln1mune 
antibodies arc used to diagnose primary biliary cirrhosis (e.g., 
antimitod10ndrial), prinlary sderosiJ1g cholangitis (e.g., anti
neutrophil), and autoimmune hepatitis. a.1-Ancitrypsi.JJ and 
cemloplasmin levels assist in the diagnosis of a.1-antitrypsin 
deficiency and Wilson's disease, respectively. Tumor markers 
such as AFP and carcinoembryonlc antigen (CEA) can be 
hdpftJ in the diagnosis and management of primary and meta
static rumors of the liver. 

ln general, the LFT~ discussed in this section are gross, 
nonspecific, and of Utrle, if any, prognostic value. Many attempts 
have been made to formulate dynamic and quantitative tests of 
hepatic function based on the Bver's ability to dear various 
exogenously administered substances. Despite many years of 
research, it still remains unclear whether these tests of hepatic 
function are any better than scoring systems derived from simple 
blood tests and clinical observations. For exan1ple, the amlno
pyri.Jle breach test is based on CYP clearance of radiolabelcd 
an1inopyrine. A breath test measuring radiolabeled C02 as a 
breakdown product of aminopyrine is performed after adminis
tration at a specified time. 1l1e results largely depend on the 
functional hepatic mass, whicl1 is generally not depleted until 
end-stage Uver disease bas developed. There are varying results 
of studies comparing the aminopyrine breath test with standard 
LFTs: and scor.i.J1g systems; its main value appears to be prognosis 
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in chronic liver disease, but it is clearly not an effective test to 
detect subclinical hepatic dysfLmction. 

Substances such as antipyrine and caffeine can evaluate 
liver function in :a similar way, with similar results. The lidocaine 
clearance test yields similar information to the aminopyrine test 
because it is based on its clearance by the hepatic CYP test. 
Lidocaine cleara111ce is dependent on blood flow and a complex 
distribution process, but measurement of one of its metabolites, 
monocthylglycinexylidide (MEGX), has greatly simplified the 
test. It has been shown to have some prognostic value in the 
transplantation population. The galactose dimlnation test is 
based on the liver's role in phosphorylating galactose and con
verting it to glucose. The rate at which galactose is eliminated 
frmn the bloodstream can be used as a measme of hepatic func
tion. Problems related to this test are that the enzymes involved 
are genetically heterogeneous and considerable extrahepatic 
metabolism occurs. Also, multiple blood draws are necessary, 
which makes the test cumbersome. 1l1e value of cl1is test is 
probably in assessing the prognosis of patients with chronic 
liver disease, rather than screening. lndocyanine green is a dye 
removed by the liver by a carrier-mediated process and excreted 
into bile. This dye is rapidly cleared from the bloodstream and 
is not metabolized. 1his is the only test that has been shown to 
have some prognostic ability in cirrhotic patients undergoing 
liver resection, although this is not universally demonstrated in 
studies nor is it universally accepted. 

Quantitative Tests 
Finally, a large number of scoring systems based on clinical 
observation ;md standard blood tests have been proposed. 1l1e 
most commonly used system is Pugh's modification of the Child 
score (Table 54-2). Although all these systems are less cl1an 
perfect and not universally accepted, the Child-Pugh score is 
commonly used for cirrhotic patients who require liver surgery. 
Mortality and survival rates after hepatectomy have been shown 
to correlate wicll this score, bur are not always related to liver 
failw-e. Child-Pugh cla~s Band C patients have higher periop
erative mortality after any partial hepatectomy than. Child-Pugh 
class A patients who carl generally wicl1stand a major hepatec
tomy.•.? 1l1e presence of portal hypertension has been shown to 
predict poor outcome after partial hepatectomy. The presence of 
portal hypertension in cirrhotic patients is usually manifested 
as tbrombocywpcnia, splenomegaly, and presence of intra
abdominal varices on imaging or at endoscopy. The best evi
dence for portal hypertension is a hepatic vein wedge pressure 

Tclble 5~2 Child-P~~--C_Ia_ss_ifi_c_at_io_n ___ _ 

FACTOR 

Bilirubin (mg/dl) 

Albumin (g/dl) 

Prothrombin time Qncreased 
seconds) 

Ascites 

<.2 

>3.5 

1-3 

None 

No. of Points 
2 

2-3 

2.8-3.5 

4-6 

Slight 

Encephalopathy None Minimal 

dass A. S-6 points; class B. 7.13 points; class C. IQ-15 points. 

3 

>3 

<2.8 

>6 

Moderate 

Advanced 
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higher than 10 mm Hg, which has been shown to correlate 
strongly with postoperative liver failure. 

PORTAL HYPERTENSION 
At present, effective treatments for drrhosis are nonexistent. As 
a resull(, its rrcam1enr has largely been focused on the treatmem 
of porrtal hypertension and its complications. 1l1e major chal
lenge for the hepatologist and/or surgeon who is treating patients 
with cirrhosis an.d end-stage liver disease is determi.n.i.ng when 
definitive treatment (e.g., liver transplantation) rather than pal
liative treatment (e.g., interventions to prevent recurrent variceal 
hemorrhage) should be applied. 

Definition 
As noted, the liver has a dual blood supply from the portal vein 
and hepatic artery. Hepatic blood flow averages 1500 mU 
minute. 1lus represents approximately 25°/o of the cardiac 
output. The portal vein contributes two thirds of the total 
hepatic blood Aow, whereas hepatic arterial perfusion accounts 
for more than 50% of the liver's oxygen supply. The volume of 
portal venous Bow is indirectly regulated by vasoconstriction 
and vasodilation of the splanclmic arterial bed. In contrast. 
hepatic arterioles respond to circulating catecholan1ines and 
sympathetic nervous stimulation; thus, hepatic arterial Row is 
regulated directly. 

Portal hypertension is defined by a portal pressure higher 
than 5 mm Hg. However, higher pressures (8 to I 0 mm Hg) 
are typically requ.ired to begin stimulating the development of 
porrosystenuc collareralization. Collateral vessels usually develop 
where the portal and systemic venous circulations are in close 
proximity (Fig. 54-18). 1l1e collateral network through the 

Urroilical 
vein 

FIGURE 54-18 Portosystemic collateral pathways develop where the 
portal venous and systemic venous systems are in dose apposition. 
(From Rikkers LF: Portal hypertension. In Mi ller TA [ed]: Physiologic 
basis of modem surgical care, St louis, 1988, Mosby, pp 417-428.) 
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coronary and sllOrt gastric veins to the azygos vci11 is clinically 
the most impolitant because it results in formation of esophago
gastric varices. However, other sites include a recanalized 
umbilical vein from the left portal vein to the epigastric venous 
system (caput medusae), retroperitoneal collateral vessels, and 
the hemorrhoidal venous plexus. ln addition m exrral1epatic 
collateral vessels, a significant fraction of portal venous Aow 
passes through anatomic and physiologic (e.g .• capi.llarization 
of hepatic sinusoids) intrahepatic shunts. As hepatic portal per
fusion decreases, hepatic arterial Aow generally increases (buffer 
response).3 

Pathophysiology 
Portal hypertension usually occms because of increased portal 
venous resistance that is prehepatic, intrahepatic, or posthepatic 
in location. Several factors may contribute to this, including the 
following: (I) increased passive resistance secondary to fibrosis 
and regenerative nodules; (2) increased hepatic vascular resis
tance caused by active vasoconstriction by norepinephrine, 
endothclin, and other humoral vasoconstrictors; (3) increased 
portal venous inflow secondary to a hyperdynamic systemic 
circulation and splanchnic hyperemia. The last one is a major 
contributor to the maintenance of portal hypertension as portal 
systemic collac;erals develop. Unfornmately, the exact causes 
remain unknown, but splanchnic hormones, decreased sensitiv
iry of the splanchnic vasculature to catecholami.nes, and increased 
production of nitrous oxide and prostacyclin may be involved. 
Understanding the pathophysiology of portal hypertension may 
have therapeutic implications because these factors may repre
sent targets for treatment. 

The most .common cause of prehepatic ponal hypertension 
is portal vein duombosis. This accoums for approximately 50% 
of cases of portal hypertension in clilldreo. When the portal vcin 
is thrombosed in the absence of liver disease, hepatopetal (to the 
Liver) portal collateral vessels develop to restore portal perfusion. 
This combination is termed cavemomatous transformation of the 
portal vein. Isolated splenic vcin thrombosis (left-sided portal 
hypertension) is usually secondary to pancreatic inAanuoation 
or neoplasm. The result is gastrosplenic venous hypertension, 
with superior mesenteric and portal venous pressures remaining 
normal. The left gastroepiploic vein becomes a major coiJateral 
vessel and gastric, rather than esophageal, varices develop. 1l1is 
variam of portal hypertension is important to recognize because 
it is easily reversed by splenectomy alone. 

The site of increased resistance in intrahepatic portal hyper
tension may be at the presinusoidal, sinusoidal, or postsinusoidal 
level. Frequcndy, more than one level may be involved. The most 
common cause of intrahepatic presinusoidal hypertension is 
schistosomiasis. [n addition, many causes of nonalcoholic cir
rhosis result in presinusoidal portal hypertension. In contrast, 
alcoholic cirrhosis, the most common cause of portal hyperten
sion in the United States, usually causes increased resistance to 
portal flow at the sinusoidal (secondary to deposition of collagen 
in the space of Disse) and postsinusoidal (secondary to regener
ating nodules distorting small hepatic veins) levels. 

Posthcpatic or posts.inusoidal causes of portal hypertension 
are rare; they include Budd-Chiari syndrome (hepatic vein 
thrombosis), constrictive pericarditis, and heart failure. Rarely, 
increased portal venous flow alone, secondary to massive sple
nomegaly (e.g., idiopathic portal hypertension) or a splanchnic 
arteriovenous fistula, causes portal hypertension. 

Assessment of Chronic Liver Disease 
and Portal Hypertension 
The !key aspects of assessing a patient with suspected chronic 
Liver disease or complications of portal hypertension are d1e fol
Lowing: ( l) diagnosis of the underlying liver disease; (2) estima
tion of functional hepatic reserve; (3) definition of porral venous 
anatomy and hepatic hemodynamic evaluation; and (4) identi
fication of the site of upper gastrointestinal hemorrhage. if 
present. 1l1ese diagnostic categories take on varying degrees of 
importance, depending on the clinical situation. For example, 
estimation of functional hepatic reserve is useful in determining 
the risk associated wid1 therapeutic intervention and whether 
ddin.itive (e.g., hepatic transplantation) or palliative (e.g., endo
scopic variceal ligation or a shw1t procedure) treatment is 
indicated. 

Variceal Hemorrhage 
Bleeding from esophagogastric varices is the single most life
threatening complication of portal hypertension. 1t is responsi
ble for approximately one third of all deaths in patients with 
cirrhosis. Approximately 50% of these deaths are caused by 
uncontroiJed bleeding. The risk for death from bleeding is 
mainly related to the underlying hepatic functional reserve. 
Patients with extrahepatic portal venous obstruction and normal 
hepatic function rarely die of bleediJ1g varices, whereas those 
with decompensated cirrhosis (e.g., Child-Pugh class C) may 
face a mortality rate in excess of 50%. Once controUed, the 
greatest risk for rebleeding from varices is within the first few 
days after the onset of hemorrhage; the risk declines rapidly 
berween that point and 6 weeks. Subsequently, the risk returns 
to the prehemorrhage rate. 

Treatment 
Therapy for portal hypertension and variceal bleeding has 
evolved over time and now encompasses a spectrum of treatment 
modalities, in whicl1 sequential therapies are often necessary.4·~ 
Nonoperative treatments are generally preferred for acutely 
bleeding patients; they are often high operative risks because of 
decompensated hepatic function. However, only treatment asso
ciated with minin1al morbidiry and mortality should be consid
ered for prophylaxis because approximately rwo thirds of patients 
with varices will never bleed. 

Emergency treatment should be nonopcrative whenever 
possible. Endoscopic treatment (e.g., scLerosis or ligation) has 
become the mainstay of nonoperative treatment of acute hemor
rhage because bleediJ1g can be controlled in more tban 85% of 
patients. 1l1is allows for an interval of medical management for 
improvement of hepatic function, resolution of ascites and 
encephalopacl1y, and enhancement of nutrition before definitive 
treatment for prevention of recurrent bleeding is instin1ted. 
Pharmacotherapy can also be initiated and trials have suggested 
rhat it may be as effective as endoscopic treatment. Balloon 
tan1ponade, whicl1 is infrequently used. can be llfesaving in 
patients witb exsanguinating hemorrhage when other nonopera
tive methods are not successful. A transjugular intrahepatic por
tosystemic shunt (TlPS) is another treatment option whereby a 
percutaneously connection is created within the liver, berween 
the portal and systemic circulations, to reduce portal pressure in 
patients with compLications related to portal hypertension. TIPS 
bas replaced operative shunts for managing acute variceal bleed
ing when pharmacotherapy and endoscopic treatment fail to 
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control bleeding. As a result, emergency surgical imervention in 
most centers is reserved for select patients who are not TIPS 
candidates. 

Pharmacotherapy Medkal therapy should be initiated at the 
onset of variceal bleeding. Because infecdons are common in 
patients with variceal bleeding, antibiotic prophylactic should 
be initiated. This has been shown to decrease the infection rate 
by over 50%, decrease rebleeding, and improve survival. 
Randomized trials have also sbown that somatostatin, and 
its longer acting analogue octreotide, are as efficacious as 
endoscopic treatment for control of acute variceal bleeding. 
Because of rhe minimal adverse effects and ease of administra
tion, octreotide is now commonly used as an adjunct to endo
scopic therapy. ln fact, the combination of octreotide and 
endoscopic therapy is more effective in controlling bleeding than 
octreotide alone and is the preferred treatment for most patients. 
In severe cases of hemorrhage, vasopressin can be used to dimin
ish splanchnic b lood flow. However, because of the adverse 
systemic effects of vasopressin, nitroglycerin should be simulta
nt.'Ously infused and then titrated to achieve hlood pressure 
control. 

Variceal Tamponade Controlled trials have demonstrated that 
balloon tan1ponade is a~ effective as pharmacotherapy and endo
scopic therapy in controlling acute variceal bleeding. The major 
advantages of variceal tamponade using the Sengstaken
Biakernore cube are immediate cessation of bleeding in more 
than 85% of patients, as well as widespread availability of this 
device {Fig. 54- 19). However, there are also significant disadvan
tages of balloon tamponade, including frequent recurrent hem
orrhage in up to 50% of patients after balloon deflation, 
considerable discomfort for the patient, and a high incidence of 
serious complications when used incorrectly by an inexperienced 
health care provider. 

lnterventional Approadles In most institutions, TIPS bas become 
the preferred treatmenr for acute variceal bleeding when phar
macotherapy and endoscopic treatment fail. 

OperativeApproadles Operative procedures are typically reserved 
for those situations in which TIPS is not indicated or is not 
available. Selection of the appropriate emergency operation 
should mainly be guided by the experience of the surgeon. 
Although nonoperative therapies are effective in most patients 
with acute variceal bleeding, an emergency operation should be 
promptly carried! our when less inva~ivc measures fail ro conrrol 
hemorrhage or are not indicated. The most common situations 
requiring urgent or emergency surgery are failure of acute endo
scopic trcatmenr, failure of long-term endoscopic therapy, hem
orrhage from gastric varices or portal hypertensive gastropathy, 
and failure ofTIPS placement. 

Esophageal transection with a stapling device is rapid and 
relatively simple, but rebleeding rates after this procedure are 
high. Moreover, there is Little evidence that operative mortality 
rates are lower than after surgical portal decompression. 

A commonly performed shunt operation in the emergency 
setting is the portacaval shunt because it rapidly and effectively 
decompresses the portal venous circulation. Impressive results 
have been achieved by Orloff and coUeagues,G but not by others, 
when an emergency portacaval shunt is used as routine therapy 
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Gastric aspiration tube 

FIGURE 54-19 Modified Sengstaken-Biakemore tube. Note the 
accessory nasogastric tube for suctioning of secretions above the 
esophageal balloon and the two damps, one secured with tape, to 
prevent inadvertent decompression of the gastric balloon. (From 
Rikkers LF: Portal hypertension. In Goldsmith H [ed]: Practice of 
surgery, Philadelphia, 1981, Harper & Row, pp 1-37.) 

for acute variceal bleeding. L1 padenrs who are not actively 
bleeding at the time of surgery and those i11 whom bleeding is 
temporarily controlled by pharmacotherapy or balloon tampon
ade, a more complex operation, such as the distal splenorenal 
shunt, may be appropriate. The major disadvantage of emer
gency surgery is that operative mortality rates exceed 25% in 
most reported series. Early postoperative mortali ty is usually 
related to the status of hepatic functional reserve rather than to 
the type of emergency operation selected. 

Prevention of Recurrent Variceal Hemorrhage 
After a patient has bled from varices, the likelihood of a repeat 
episode exceeds 70%. Because most patients with variceal hem
orrhage have chronic liver disease, the challenge of long-term 
management is prevention of recurrent bleeding and mainte
nance of satisfactory hepatic function. Options available for 
definitive treatment include pharmacotherapy, chronic endo
scopic treatment, TIPS, shunt operations (e.g., nonselective, 
selective, partial), various nonshLmt procedures, and liver trans
plantation. The most effective treatment regimen usually requites 
two or more of these therapies in sequence. In most centers, 
initial treatment consists of pharmacotherapy or endoscopic 
therapy witl1 portal decompression by means of TIPS or an 
operative shunt reserved for failures of first-line tream1ent. 

)> 
00 
0 
0 
s: 
m z 

http://www.myuptodate.com


1434 SECTION X ABDOMEN 

A 8 

FIGURE 54-20 Endoscopic ligation of esophageal varices. A. The varix 
is drawn into the ligator by suction. 8, An 0 ring is applied. (From 
Turcotte JG, Roger SE. Eckhauser FE: Portal hypertension. In Greenfield 
U, Mulholland MIN, Oldham KT [eds): Surgery: Scientific principles and 
practice, 1993, Philadelphia, JB Lippincott, p 899.) 

Hepatic transplantation is used for patients with end-stage liver 
disease. 

Pharmacotherapy A meta-analysis of controlled trials of nonse
lective P-adrenergic blockade has shown that this treatment 
significantly decreases the Likelihood of recurrent hemorrhage 
and demonstrates a trend toward decreased mortality.~ The com
bination of a beta blocker and long-acting nitrate (e.g., isosor
bide 5-mononitrate) has been shown to be more effective than 
variceal ligation.8 Combination therapy is also more effective 
than beta blockade alone. Long-term pharmacotherapy should 
be used only in compliant patients who are observed closely by 
their physician_ 

Endosc:opic Therapy Several controlled trials and a meta-analysis 
comparing endoscopic sclerotherapy ro variceal Ligation have 
shown a significant advantage to the latter tedmique. Complica
tions are less frequent after variceal Ligation, and fewer treatmenr 
sessions are required to eradicate varices (Fig. 54-20). Also, 
rebleeding andl mortality rates appear to be lower following 
variceal Ligation. The combination of variceal Ligation and phar
macotherapy with nonselective beta blockade is more effective 
than variceal ligation alone.? 

Several controlled trials comparing d1ronic endoscopic 
therapy to conventional medical management have been com
pleted. Althougb fewer patients receiving endoscopic treatment 
than medical treatment experienced rebleeding in aU the inves
tigations, recurrent bleeding still occurred in approximately 
50% of CJ1doscopic therapy patients. Rebleeding is most fre
quent during the initjal year. RcbleciliJlg rate decreases by about 
15% arull!aliy thereafter. Althougb a single episode of recurrent 
hemorrhage does not signify failure of therapy, uncontrolled 

hemorrhage, multiple major episodes of rebleediJ1g, and hemor
rhage from gastric varices and hypertensive gastropathy all 
require that endoscopic therapy be abandoned and another 
treatment modalhy substituted. Endoscopic treatment failure 
secondary to rebleeding occurs in as many as one thlrd of 
patie!llts. 111Us, chronic endoscopic rherapy is a rarional initiai 
treatment for many patients who bleed from esophageal varices, 
but subsequent treatment with TIPS, a shunt procedure, a non
shunt operation, or liver transplantation should be anticipated 
for a significant percentage of patients. Because of its relatively 
high failure rate, a course of chronic endoscopic therapy should 
not be unde.rtaken for noncompliant patients and those Living a 
long distance from advanced medical care. 

lntervetttional Therapy TIPS is being increasingly used as a 
definitive treatment for patients who bleed from portal hyper
tension (Fig. 54-21). A major linlitation ofTIPS, however, is a 
high incidence (up to 50%) of shunt stenosis or shunt throm
bosis within the 6rst year. Shunt stenosis, which is usually sec
ondary to ncointimal hyperplasia, is more common than 
thrombosis and can often be resolved by balloon dilation of the 
TIPS or, i11 some cases, by placement of a second shunt. Total 
shunt occlusion occurs in I 0% to 15% of patiCJlts. Shunt ste
nosis and shunt thrombosis are often followed by recurrent 
portal hypertensive bleeding. TTPS stenosis and occlusion may 
become less frequCJlt as TIPS technology improves (e.g., 
covered ste.nts). 

TIPS has been compared with chronic endoscopic therapy 
in 11 randomized controlled trials. Fewer patieJlts rebled after 
TJPS (19%) than followi11g eJ1doscopic treatment (47%), bur 
encephalopathy was sig~lificantly more common in TIPS patients 
(34%). TIPS dysfunctioJl devcl<lped in 501Vo of patients. 111e 
majo.r advantage ofTIPS is that it is a nonoperative approach. 
Thus, it would appear to be the ideal therapy when only short
term portal decompression is rcqui.red. Liver transplantation 
candidates who fail endoscopic and/or pharmacotbe.rapy are 
therefme well suited for TIPS followed by transplantation wheJ1 
a donor organ becomes available. As a result, the patienr is 
protected from bleeding in the interim, and the transplantation 
procedure may be facilitated by the lower portal pressure. 
Another group of patients in whorn TIPS may be advantageous 
includes those with advanced hepatic functional decompensa
tion who are unlikely to survive long enough for the TIPS to 
malfunction. Because it funaions as a side-to-side portosystemic 
shunt, T IPS is also effective for the treatmeJlt of medically 
intractable ascites. 

Surgiul Therapy Portosystemk shwus arc dearly the most effec
tive means of preventing recurrent hemorrhage in patients with 
portal hypertension. These procedures arc effective because they 
all decompress the portal VCJlous system to varying degree$ by 
shw1ting portal flow into the lower pressure systemic venous 
system. However, diversion of portal blood, which contains 
heparotropic hom10nes, nutrients, and cCJ:ebral toxins is also 
responsible for the adverse consequences of shunt operations
nanlely, portosystemic encephalopatl1y and accelerated hepatic 
failure. Depending on whether they completely decompress, 
compartmentalize, or partially decompress tl1e portal venous 
circuJation, portosystemic shunts can be classified as nonsdec
tive, selective, or partial. L1 addition to variceal decompression, 
selective and partial portosystemic shunts also aim to preserve 
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FIGURE 54-21 Hepatocyte. Intracellular organelles are depicted. The endothelial-lined sinusoids on two sides of the cell are seen. In between 
the microvilli of the plasma membrane of the hepatocyte and the sinusoids, the extracellular Huid space of Disse is demonstrated. Along the 

lateral intercellular plasma membrane, bile canaliculi are fonned by the apposing cells where microvilli extend into the canaliculus. Envisioning 
the cell in three d imensions, the bile canaliculi fonn a ring around each hepatocyte. 

End to side 
portacaval 

Interposition 
1 - Portacaval 
2 - Mesocaval 
3 - Mesorenal 

FIGURE 54-22 Nonselective shunts completely divert portal blood flow away from the liver. (From Rikkers LF: Portal hypertension. In Moody 
FG, Carey LC, Scott Jones RS, et al [eds]: Surgical treatment of digestive disease, Chicago, 1986, Year Book Medical, pp 409-424.) 

of hepatic portal perfusion and therefore prevent or minimize 
the adverse consequences of these procedures. 

Nonseledive Shunts CommonJy used nonselective shunts, all 
of w.bid1 completely divert portal Aow, include the end-to
side portacaval shwlt (Eck fistuJa), side-to-side portacaval 
shunt, large-diameter interposition shunts, and conventional 

spleno:rcnal sbunt (Fig. 54-22). The end-to-side portacaval shunt 
is the prototype of nonselective shunts and is the onJy shunt 
procedure that has been compared with conventional medical 
treatment in randomized controlled trials. Figure 54-23 com
bines survival data from four controlled investigations of the 
therapeutic portacaval shunt, performed in patients with prior 
variceal hemorrhage. ll1e most common causes of death in 
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FIGURE 54-24 The distal splenorenal shunt provides selective vari
ceal decompression through the short gastric veins. spleen, and 
splenic vein to the left renal vein. Hepatic portal perfusion is main
tained by interrupting the umbilical vein, coronary vein, gastroepiploic 
vein, and any other prominent collaterals. (From Salam AA: Distal 
splenorenal shunts: Hemodynamics of total versus selective shunting. 
In Baker RJ, Fischer JE (eds]: Mastery of surgery, ed 4, Philadelphia, 
2001, Lippincott Williams & Wilkins, pp 1357-1366.) 

when using a small-diameter vein. Although selective variceal 
decompression is a sound physiologic concept, the distal spleno
renal shunt remains controversial after an extensive clinical expe
rience spanning almost 40 years. 

Although the distal splenorenal shunt results iJl portal flow 
preservation in more than 85% of patients during the early 
postoperative interval, the high-pressure mesenteric venous 
system gradually collateralizes to the low-pressure shunt, result
ing in loss of portal flow in approximately 50% of patients by 
I year. 1l1e degree and duration of portal flow preservation 
depend on the cause of porral hypertension ru1d the technical 
details of the operation, the extent to which mesenteric and 
gastrosplenic venous circulations are separated. Although portal 
fl ow is maintained .in most patients with nonalcoholic cirrhosis 
and noncirrhotic portal hypertension (e.g., portal vein throm
bosis), portal flow rapidly collateralizes to the shum in patients 
with alcoholic cirrhosis. 

Modification of the distal splenorenal shlUlt by purposeful 
or inadvertent omission of coronary vein ligation results in early 
loss of portal flow. Even when all major collateral vessels are 
interrupted, portal flow may be gradually diverted through a 
pru1ereatic coUateral network (pancreatic siphon). 1l1is pathway 
can be discouraged by dissecting the full length of the splenic 
vein from the pancreas, splenopancreatic disconnection, which 
results in better preservation of hepatic portal perfusion, espe
cially in patients with alcoholic cirrhosis. However, tl:Us exten
sion of the procedure makes it technically more challenging and 
a significant disadvru1tage in an era when fewer shunts are being 
done because of increased use of endoscopic therapy, TIPS, and 
liver transplantation. 

Six <>f tl1e seven controlled comparisons of the distal sple
norenal sbunt to nonselective shunts have included predomj
nrultly alcoholic cirrhotic patients. None of these trials has 
demonstrated aJll advantage to either procedure with respect to 

THE LIVER CHAPTER 54 1437 

long-tem1 survival. 1l1ree of the studies found a lower frequency 
of encephalopathy after the distal splenorenal shunt, whereas the 
other trials showed no difference in the incidence of this post
operative complication. ln contrast to survival, encephalopathy 
is a subjective end point that was assessed with various metl1ods 
in the trials. Another important end point in comparing treat
ments for variceal hemorrhage wa~ the effectiveness with which 
recurrent bleeding was prevented. ln almost all uncontrolled and 
controlled series of the distal splenorenal shunt, tl:Us procedure 
was equivalent to nonselective shunts in preventing recurrent 
hemorrhage. Mainly because of these inconsistent results of the 
controlled trials, there is no consensus as to whlch shtmting 
procedure is superior in patients with alcoholic cirrhosis. Because 
the quality of life (e.g., lower encephalopathy rate) was signifi
cantly better in the distal splenorenal shunt group in three of 
the trials, there appears to be an advantage to selective variceal 
decompression, even in tl:Us population. 

Considerably less data are available regarding selective 
shunting in nonalcobolic cirrhosis ru1d noncirrhotic portal 
hypertension. Because hepatic portal perfusion after the distal 
splenorenal shunt is better preserved in these disease categories, 
one might expect improved results. A single controlled trial in 
patients with schistosomiasis (prcsinusoidal portal hypertension) 
has demonstrated a lower frequency of encephalopathy after the 
distal splenorenal shunt than after a conventional splenorenal 
shunt (nonselective). Another large series from Emory Univer
sity has shown tl1at distal splenorenal shunt is associated with 
better survival i.n patients with nonalcoholic cirrhosis thru1 in 
those with alcoholic cirrhosis. However, this has not been a 
consisteJlt finding in all centers in which tl1e distal splenorenal 
shunts have been performed. 

Several controlled trials have also compared the distal spl
enoreJ1al shunt with clu-onic endoscopic therapy. 1n tl1ese inves
tigations, recurrent hemorrhage was more effectively prevented 
by selective shunting thru1 by sclerotherapy. However, hepatic 
portal perfusion was maintained in a significantly b.ighe.r 
fraction of patients undergoing sclerotherapy. Despite dus 
hemodynan1ic advantage, encephalopathy rates we.re similar 
after lx>th therapies. 

TI1e two North American trials were dissimilar with respect 
to the effect of these treatments on long-term survival. Sclero
therapy with sttrgical rescue for the one third of sclerotherapy 
failures resulted in significantly better survival than selective 
shunt alone, wbereas 85% of sclerotl1erapy failures could be 
salvaged by SLLrgery. L1 contrast, a sinillar investigation con
ducted in a sparsely populated area {intermountain West and 
Plains) showed superior survival after tbe distal splenorenal 
shunt. Only 31% of sclerotherapy failures could be salvaged by 
surgery in this trial. The survival results of these two studies 
suggest that endoscopic therapy is a rational initial treatment fClr 
patients who bleed from varices if sclerotherapy failure is recog
nized and these patients promptly undergo surgery or TIPS. 
However, patients living in remote areas are less likely to be 
salvaged by shunt surgery when endoscopic treatment fails, and 
therefore a selective shunt may be preferable initial treatment for 
such patients. 

ln one nonrandomized comparison to TIPS, the distal 
splenorenal shunt had lower rates of recurrent bleeding, enceph
alopathy, and shunt thrombosis. Ascites was less prevalent after 
TIPS. A multicenter randomized trial comparing TIPS ru1d the 
distal splenorenal shunt for the elective treatment of variceal 
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bleeding in good-risk cirrhotic patients bas shown generally 
equivalent results for these two procedures. Rebleeding rates 
were not significantly different between the distal splenorenal 
shunt (6%) and TIPS (ll %), but this represents the lowest 
reported rate of rebleeding foUowing TIPS. 1lus was likely sec
ondary ro meticulous surveillance of TIPS patency by duplex 
ultrasound and angiography. Frequent re-intervention in T JPS 
patients (82% compared with 11% for distal splenorcnal shunt 
patients) was necessar)' to achieve these results. ln this trial, 
post-shunt encephalopathy and survival were sinular after the 
two procedures. 

Partial Shunts The objecdves of pardal and selective shums are 
tl1e same: (I) effective decompression of varices; (2) preservation 
of hepatic portal perfusion; and (3) maintenance of some re~id
ual portal hypertension. Initial attempts at partial shunting con
sisted of small-diameter vein to vein anastomoses. In general, 
tl1ese tllrombo,~d or dilated with time and thereby became 
nonselective sb w1 ts. 

More recently, a small-diameter interposition portacaval 
shunt using a polytetra.Buoroethylene (PTFE) graft, combined 
with ligation of the coronary vein and other collateral ve,~ls, 
was described (Fig. 54-25). When the prostl1etic graft is I 0 mm 
or less in diameter, hepatic portal perfusion is preserved in most 
patients, at least during the early postoperative interval. Early 
experience with this small-diameter prosthetic shu.nt is chat 
fewer tllan 15% of shunts have thrombosed, and most of mese 
have been successfully opened by intcrvcnrional radiologic 

FIGURE 54-25 A small-diameter (8 to 10 mm) interposition portaca
val shunt partially decompresses the portal venous system and may 
preserve hepatic portal perfusion. (From Sarfeh U, Rypins EB, Mason 
GR: A systematic appraisal of portacaval H-graft diameters: Clinical 
and hemodynamic perspectives. Ann Surg 204:356-363, 1986.) 

techniques. A small prospective randomlzcd trial of partia\ 
(8 mm in dian1eter) and nonselective (16 mm in diameter) 
interposition portacaval shunts has shown a lower frequency of 
encephalopathy afcer cl1c partial shunt but similar survival after 
both types of slmnts. [n another controlled trial, ilie small
diameter interposition shunr was discovered to have a lower 
overall failure rate than T IPS. 

Hepatic: Transplantation Liver transplantation is not a trcatmenr 
for variceal bleeding per se, but rather needs to be considered 
for ali patients who present with end-stage hepatic failure, 
whether or not it is accompanied by bleeding. Transplamation 
in patients who bave bled secondary ro portal hypcrrcnsion is 
the only tllerapy that addresses me lUlderlying liver disease in 
addition to providing reliable portal decompression. Because of 
economic factors and a limited supply of donor organs, liver 
transplantation is not available to all patients. Also, transplanta
tion is not indicated for some of the more common causes of 
variceal bleeding, such a~ schistosomiasis (normal liver function) 
and active alcoholism (noncompliance). 

There is accumulating evidence iliac variceal hleeders with 
well-compensated hepatic functional reserve (ChiJd-Pugh class 
A and B+) arc initially better served by nontransplantation strat
egies. The fust-line treatment for such patients should be phar
macologic and endoscopic therapy. For those who fail first-line 
therapy, an operative shunt or TIPS can be performed. These 
can also be applied under circumstances in which pharmacologic 
or endoscopic trcarmem would be risky, sud1 as paticms with 
gastric varices and chose geographically separated from rertiary 
medical care. 

Patients with variceal bleeding who arc transplantation can
didates include nonalcoholic cirrhotic patients and abstin.enr 
alcoholic cirrhotic patients wiili limited hepatic funcrional 
reserve (Child-Pugh class B and C) or a poor quality of life 
secondary to their disease (e.g., encephalopathy, fatigue, bone 
pain). In these patients, the acute hemorrhage should be treated 
wim endoscopic therapy and pham1acomerapy and the patient's 
transplantation candidacy inlmediately activated. If endoscopic 
treatment and pharmacotherapy are ineffective, a TIPS should 
be inserted as a short-term bridge to transplantation. 

If a nontransplantation procedure (e.g., operative shunt or 
TJPS) is performed initially, cl1ese patients should be carefLLUy 
assessed ar regular iJ1tervals of 6 ro 12 months. Hepatic trans
plantation should be considered when other complications of 
cirrhosis develop or hepatic functional decompensation is 
evident clinically or by careful assessment with quantitative 
LFTs. 

Algorithm for Management of Variceal Hemorrhage 
ln summary, an algorithm for definitive management of variceal 
hemorrhage is shown in Figure 54-26. Patients are first grouped 
according to their transplantation candidacy. 1lus decision is 
based on a munber of factors, including cause of portal hyper
tension, abstinence for alcoholic cirrhotic patients, presence or 
abseJ1CC of omcr diseases, and physiologic rather than chrono
logie age. Transplantation candidates with decompensated 
hepatic ftmction or a poor quallry of life secondary to their liver 
disease should undergo transplantation as soon as possible. 

Most future transplantation and nontransplanration candi
dates should undergo iJ'litial endoscopic treatment and/or phar
macotherapy unless they bleed from gastric varices or portal 
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FIGURE 54-26 Algorithm for definitive therapy of variceal hemorrhage (see text for details). (Adapted from Rikkers LF: Portal hypertension. 
In l evine BA, Copeland E, Howard R, et al [eds]: Current practice of surgery, vol 3, New York. 1995, Churchill Livingstone.) 

hypertensive gastropathy or Live in a remote geographic location 
and have Limited access to emergency tertiary care. Patients who 
live in remote locations and those who fail endoscopic and drug 
therapy should receive a selective shunt or TIPS. A recent con
trolled trial has shown that if careful surveillance of TIPS 
patency and frequent TIPS re-interventions are done, these pro
cedures are equally efficacious. 

Until improvements in TIPS tedmology are fuJiy realized, 
the distal splenorenaJ shunt is Likely to remain a more durable 
long-term solution and a reasonable aJternatlve for TIPS failure. 
H owever, a TIPS is more commonly done and few sttrgoons who 
arc experienced in shunt surgery remain. Therefore, it is likely 
that operative shunts will play an even smaller role in the man
agement of variceaJ bleeding in the funue than they do now. 
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Patients wid1 medically intractable ascites in addition to variceal 
bleeding are best treated with TIPS when less invasive measures 
fail to control bleedi11g. [f the TIPS eventually fails, an open 
side-to-side type shunt can then be constructed if the patient 
has reasonable hepatic fw1ction and is not a transplantation 
candidate. On the other hand, TIPS is clearly indicated for 
patients widl endoscopic treatment fai lure who may require 
transplantation in d1e near future and for nontransplamation 
candidates with advanced hepatic functional deterioration. 
Future transplamation candidates should be carefully monitored 
so that they undergo transplantation at the appropriate time 
before d1ey become poor operative risks. 

The ueam1ent algorithm for variceal bleeding has changed 
considerably suKe the 1970s, during which time endoscopic 
therapy, liver transplantation, and TIPS have become available 
to these patients. Nontransplantation operations are now less 
frequently necessary, dle survival results are better because high 
operative risk patients are managed by od1er means, and emer
gency surgery has almost been eliminated. 

INFEOIOUS DISEASES 

Pyogenic Abscess 

Epidemiology 
Ochsner and DeBakey, in their classic paper on pyogenic liver 
abscess in 1938, described 47 cases and reviewed the world lit
erature. 1his was the largest experience at that time and the first 
serious attempt to study dtis disease. In dlat era, pyogenic liver 
abscess was largely a disease of people in their 20s and 30s, 
mostly the result of acute appendicitis. With the marked changes 
in medical care since then, notably effective antibiotics, prompt 
effective treatments for acute inflan1matory disorders, and an 
aging population, the spectrum of this disease has changed. 
Pyogenic liver abscess is now mostly seen in patients in their 50s 
to 60s and is more often related to biliary tract disease or is 
cryptogenic in nature. 

However, d1e incidence of pyogenic liver abscess has 
remained similar. In 193S, Od1sner and DeBakey reported an 
incidence of 8/lOU,OOO hospital admissions, whereas in 1975, 
Pitt and Zuidema reported 13/100,000 hospital admissions. 
Two large autopsy studies, one from 1901 ru1d another from 
1960, have reported sinlliar incidences of pyogenic liver abscess, 
0.45% and 0.59% respectively. More recent studies from tbe 
1980s through the 2000s have suggested small but significant 
increases in the incidence of pyogenic liver abscess as high as 
22/100,000 hospital admissions.10 1l1ese figures may be 

Table 54-3 Py~genic Abscesses Attributable to Specific cause (Ofo) 

declining based on more recent data. 1his may reflect better, 
more available and more frequently used high quality imaging 
ted miques. Hospital admission practices also affect dlese 
numbers. A recent population-based study from North America 
calculated an rumual incidence of 3.6 cascs/lOO,OOO popula
tion.11 l11ere is no significanr gender, ethnic, or geographic 
differences in disca..e frequency; d1e male-to-female ratio is 
approximately 1.5 to 1. Comorbid conditions associated with 
pyogenic abscess are cirrhosis, chronic renal failure, ar1d a history 
of malignru1cy. 

Pathogenesis 
The Uver is probably exposed to portal venous bacterial loads on 
a regular basis and usually dears tlus bacterial load without 
problems. The development of a hepatic abscess occurs when an 
inoculum of bacteria, regardless of the route of exposure, exceeds 
d1e liver's ability to dear it. 1his results in tissue invasion, neu
trophil infiltration, and formation of an organized abscess. l11e 
potential routes of hepatic exposure to bacteria are the biliary 
tree, portal vein, hepatic artery, direct extension of a nearby 
nidus of infection, and trauma. The relative contribution of 
d1ese routes to dle formation of hepatic abscess is summarized 
in Table 54-3. 

Along with cryptogetlic infections, infections &om d1e 
biliary tree are the most common identifiable cause of hepatic 
abscess. Biliary obstruction results in bile stasis wid1 tl1e poten
tial for subsequent bacterial coloniz.ation, infection, ru1d ascen
sion into the liver. 1his process is known as ascending suppurntit'e 
cholnngitis. The nature of biliary obstruction is mostly related to 
stone disease or malignancy. In Asia, intrahepatic stones and 
cholangitis (recurrent pyogenic cholangitis [RPC] ; see later) are 
a conm1on cause whereas in d1e West, malignru1t obstruction has 
become a more predominant cause. Other factors associated 
with increased risk include Caroli's disease, biliary ascariasis, and 
biliary tract surgery. The common link between all causes of 
hepatic abscesses from the biliary tree is obstruction and bacteria 
in the biliary tract. Also, prior biliary-enteric anastomosis has 
also been associated widl hepatic abscess formation, likely 
because of unimpeded exposure of d1e biliary tree to enteric 
orgru1isms. 

The portal venous system d rains dle gastrointestinal tract; 
d1erefore, ru1y infectious disorder of the gastrointestinal tract can 
result in aJl ascending portal vein infection (pydophlebitis), with 
exposure of the liver to large amou.nts of bacteria. Historically, 
untreated appendicitis was considered d1e most coJllmon cause 
of hepatic abscess but, with the advent of antibiotics ru1d d1e 
development of prompt and effective treatment of acute 

Cause 

YEAR OF REPORT 

1927-1938: One study* 

NO. OF PATIENTS 

622 

PORTAL 
VEIN 

HEPATIC 
ARTERY 

BILIARY DIRECT 
TREE EXTENSION TRAUMA CRYPTOGENIC 

42 17 4 20 

1945-1982: Eight studies 521 17 9 38 10 4 16 

1970-1999: Eight studies 1264 5 3 38 2 43 

Ochsner A. DeBakey M, Murray S: Pyogenic abscess of the liver. Am J Surg 40:292-319, 1938. 
*This is the classic study Ochsner-DeBakey that reviewed 2S6 previously reported cases and lf1 new cases. 

http://www.myuptodate.com


intra-abdominal infections, portal venous infections of the Uver 
have become less freq uent. The most common causes of pyelo
plllebitis are diverticulitis, appendicitis, pancreatitis, inflamma
tory bowel disease, pelvic inflammatory disease, perforated 
viscus, and omplhaUtis in the newborn. Hepatic abscess has also 
been a<>sociared with colorecral malignancy. 

Any systemic infection (e.g., endocarditis, pnelmlonia, 
osteomyelitis) can result in bacteremia and infection of the Uver 
via the hepatic artery. Microabscess formation is a relatively 
common fi nding: at autopsy in patients dying of sepsis, but these 
patients arc generally not included in analyses of pyogenic Uver 
abscess. Hepatic abscess from systemic infections may also reflect 
an altered inm1LU1e response, such as in patients with maUg
nancy, AIDS, or disorders of granulocyte function . Children 
with chronic granulomatous disease (CGD) are particularly 
susceptible. 

Hepatic abscess can be d1e result of direct extension of an 
infectiou.<; process. Common examples iJ1clude suppu.rative cho
lecystitis, subphrenic abscess, perinephric abscess, or even per
foration of the bowel directly into the liver. 

Penetrating and blunt trauma can also result in an intrahe
patic hematoma or an area uf necrotic liver, which can subse
quently develop into an abscess. Bacteria may have been 
introduced from the trau.ma or the affected area may be seeded 
from systemic bacteremia. Hepatic abscesses associated with 
trauma can present in a delayed fashion up to several weeks after 
iJljury. Other mechanisms of iatrogenic hepatic necrosis sucl1 as 
hepatic artery embolizadon or, more recently, d1ermal ablative 
procedures can be complicated by abscess. This is an uncommon 
complication of these procedures but is seen more ofren when 
there has been a previous biliary-enteric anastomosis. 

Usually, no cause for a hepatic abscess is found. Crypto
genic abscesses predominate in many series and are more 
common in some case reports. Possible exp.lanations for crypto
genic hepatic abscess are undiagnosed abdominal pathology, 
resolved infectious process at the time of presentation, or host 
factors such as diabetes or malignancy rendering rlle liver more 
susceptible co transient hepatic artery or porral vein bacterenua. 
ln patients with cryptogenic hepatic abscess, who have under
gone computed tomography (CT) and ultrasonography, it has 
been argued whether a diligent search for a cause should ensue. 
ln series evaluating colonoscopy and endoscopic retrograde 
cholangiopancreatography (ERCP) in patients with cryptogenic 
abscess, rlle yield has been low and often is only fruitful in 
patients wid1 some objective finding that might have suggested 
a subclinical abnormality (e.g., mildly elevated bilirubin level). 
In general, these patients should undergo a thorough lusrory, 
physical exanlination, and laboratory workup in search of abnor
malities in the intestinal tract or biliary tree. Furd1er invasive 
procedllfes or imaging studies should be based on clinical sus
picions raised by dlis workup. 

Pathology and ,Microbiology 
Most hepatic abscesses involve tl1e right henilliver, accounting 
for about 75% of cases. The explaJlation for this is not known, 
but preferential lan1inar blood flow to the right side has been 
postu.lated. The left liver is involved in approximately 20% of 
the cases; the caudate lobe is rarely involved (5%). Bilobar 
involvement with multiple abscesses is uncommon. Approxi
mately 50% of hepatic abscesses are solitary. 'The si7.e of hepatic 
abscesses can vary from less than 1 mm co 3 or 4 em in diameter 
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and can be multiloculated or a single cavity. At abdominal 
exploration, hepatic abscesses appear taJl and are fluctuant to 
palpation, although deeper abscesses may not be visible and can 
be difficult to palpate. SurroundiJ1g inflammation can cause 
adhesions to local structu.res. 

Smdies of d1e microbiol0gy of hepatic abscesses have had 
var.iabk results, for a number of reasons. In early series. 
sterile abscesses were commonly reported but probably 
reflected inadequate cultu.re techniques, whereas in modern 
series, few abscesses are sampled prior to the administration 
of aJ1tibiotics. Also, the heterogeneity of the routes of 
infection makes the microbiology variable. Abscesses from 
pyclophlebitis or cholaJ1gitis tend to be polymicrobial, with a 
high preponderaJKe of gran1-negative bacilli. Systemic 
infections, on the other hand, usually cause infection with a 
single orgaJusm. 

Although the rate of sterility reported by Ochsner's review 
in 1938 was approximately 50%, series in the 1990s reported 
sterile abscess rates in approximately l Oo/o to 20% of cases. MaJlY 
hepatic abscesses are polymicrobial in nature and account for 
approximately 40% of cases. Some have suggested that soUtary 
abscesses are more likely to be polymicrobial. Anaerobic orgaJl
isms are involved approxinlately 40% to 60% of d1e tin1c. 1l1e 
most common organisms cultllfed are Escherichia coli and Kleb
siella pneumoniae. Other commonly encountered orgaJcisms are 
Staphylococcus aureus, Enterococcus sp., Streptococcus viridans, and 
Bacteroides spp. Klebsiella is frequently associated wirll gas
forming abscesses. Enterococci and Streptococcus viridans are gen
erally fOLmd in polymicrobial abscesses whereas Staph:ylococcal 
infections are typically caused by single organism. Uncommonly 
encountered organisms (<10% of cultures) include species of 
Pseudomon11s, Proteus, Enterobacter, Citrob11cter, Serratia, beta
hemolytic streptococci, microaerophilic streptococci, Fusobacte
rium, Clostridium, and other rare anaerobes. Blood cultures are 
positive iJ1 approxin1atdy 50% ro 60o/o of cases. Of note, lugbJy 
resistaJ1t organisms in patients wid1 indwelW1g biliary catheters, 
multiple episodes of cholangitis, and repeated use of antibiotics 
are being encountered as rlle use of rllese catheters becomes more 
common. Fungal and mycobacterial hepatic abscesses are rare 
and are almost always associated with immunosuppression, 
usually from chemotherapy. 

Clinical Features 
'Ille classic description of the presenting symptoms of hepatic 
abscess is fever, jaundice, and right upper quadrant pain, with 
tendemess to palpation. Unfortunately, this presentation is only 
present in l Oo/o of ca<>es. fever, chills, and abdominal pain are 
the most common presenting symptoms but is a broad array of 
nonspecific sym proms can be present (Table 54-4). A study from 
Taiwan on 133 patients found fever in 96% of patients, dUlls 
in 80%, abdominal pain .in 53%, and jaw1dice in 20%. Many 
of rlle symptoms, such as malaise or vomiting, were constitu
tional in nature. lnvolven1cnt of the diaphragm may result in 
symptoms of cough or dyspnea. Rarely, patients can present with 
peritonitis secondary to rupture. Cases of rupture iJlto the 
pleural space or pericardium bave been reported but are dis
tinctly uncommon. 1l1e du.ration of presenting symptoms is 
variable, rangiJ1g from aJ1 acute illnes..<> to a cl1ronic presentation 
lasting monilis. It has been suggested that acute presentation is 
a<;Sociated wicl1 identifiable abdominal pathology, whereas a 
chronk presentation is often associated with a cryptogenic 
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Table 54-4 Pyogenic Abscesses With Noted Symptoms (Ofo) 
Symptom 

Year of No. of 
ANOREXIA, 

FEVER. NIGHT WEIGHT NAUSEA, ABDOMINAL OlEST 
Report Patients OliUS SWEATS MALAISE LOSS VOMITING DIARRHEA PAIN PAIN COUGH 

1927-1938: 333 94 33 92 
One study• 

1945-1982: 494 88 8 58 62 40 17 66 14 13 
Eight 
studies 

1970-1995: 1314 72 9 25 33 30 14 59 16 6 
Ten studies 

Ochsner A. DeBakey M, Murray S: Pyogenic abscess of the liver. Am J Surg 40:292-319, 1938. 
*This is the classic study Ochsner/DeBakey that reviewed 286 previously reported cases and 47 new cases. 

abscess. A rare complkation specific to Klebsiella hepatic 
abscesses is endogenous endophthalmitis, occurring in approxi
mately 3o/o of cases. This serious complication is more common 
in diabetics. Early diagnosis and treatment is the hest chance to 
preserve visual function. 

On physica.l examination, fever and right upper quadrant 
tenderness are rrhe most common findings. Tenderness is present 
in 40o/o to 70% of patients. Also, jaundice is found in approxi
mately 25o/o of cases and is often secondary to underlying biliary 
disease. Chest ·findjngs are often found in approximately 25% 
of patients and hepatomegaly is also commonly noted in approx
imately 50o/o. Ascites, splmomegaly and severe sepsis are tmcom
mon signs of hepatic abscesses. 

Nonspecific abnormalities of blood tests are common in 
pyogenic abscesses. Leukocytosis is present in 70% to 90% of 
patients and anemia is commonly encountered. Abnormalities 
of LFT remits are generally present. The ALP level is mildly 
elevated in 80% of patients whereas total bilirubin is elevated 
20o/o to 50o/o of the time. Transa.minases arc mildly elevated in 
approximately 60o/o of patients. Severe abnormal.i ties of liver 
function are almost always associated with underlying biliary 
disease. Hypoalbuminemia or mild elevations of the PT and 
JNR can be present and reflect a degree of chronicity. None of 
these blood tests specifically help diagnose a hepatic abscess. 
However, together tbey may suggest a liver abnormality that 
often leads to imaging swdies. 

The most essential element to establishing the diagnosis of 
hepatic abscess is radiographic imaging. Chest x-rays are abnor
mal approximately 50o/o of the time and findings generally 
reflect subdiaphragmatic pathology, such as an elevated right 
hcrrudiaphragm, right pleural effusion, or atelectasis. Occasion
ally, these can be left-sided findings in the case of an abscess 
involving d1e left liver. Plain abdominal x-rays, in rare cases, can 
be helpfuL They can show air-fluid levcls or portal venous gas 
(Fig. 54-27). 

Ultrasound and CT are the mainstays of diagnostic modali
ties for hepatic abscess. Ultrasound usually demonstrates a 
rOLmd or oval area that is less echogeruc than the surrounding 
liver. Ultrasound can reliably distinguish solid from cystic 
lesions. The limitations of ultra~ow1d are in its abiJity to visuali:te 
lesions high up in the dome of d1e liver and char it is a user
dependent modality. TI1e sensitivity of ultrasound i.o diagnosing 
hepatic abscess is 80o/o to 95o/o. cr dernonstrates similar find
ings to ultrasound and lesions arc of lower attenuation d1an 

FIGURE 54-27 Plain abdominal x-ray demonstrating an abnormal 
collection of air in the right upper quadrant consistent with a pyogenic 
hepatic abscess (black arrow). 

surrounding hepatic parenchyma. High-quality CT scans can 
demonstrate very small abscesses and can more easily identify 
multiple small abscesses. The abscess wall usually has an intense 
enhancement on contrast-enhanced CT. The sensitivity of cr 
in diagnosing hepatic abscess is 95% to 100%. Both cr and 
ultrasound are useful in diagnosing other intra-abdominal 
pathologies, such as biHary disease {ultrasound) or infla.tumatory 
djsor<lers such as appendidtis or diverticulitis (CT). Magnetic 
resonance in1aging (MRI) can be helpful in distinguishing the 
cause of many hepatic masses and evaluating the biliary tree for 
pad1ology, but does not appear to have any distinct advantage 
over cr in diagnosing hepatic abscess. 

Differential Diagnosis 
Differentiating pyogenic abscess from other cystic infective dis
cases of rhc Hver such as amebic abscess or edlliwcoccal cyst is 
important because of differences in treatment. Pyogenic abscess 
{see later) is largely treated by antibiotics and drainage. Amebic 
abscess is mainly treated by antibiotics, whereas echinococcal 
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cysts often require surgical management. Fortunately, echino
coccal cysts can u sually be diagnosed by history and character 
istic radiologic findings {see later}. The presentations of amebic 
and pyogenic abscess, however, are more similar, with some 
notable exceptions that are critical in distinguishing the two 
(Table 54-5}. Amebic abscesses generatly occur in young His
panic males whereas pyogenic abscess tends to occur in patients 
50 to 60 years of age, with no predominant gender or race. Fever 
is common in both, but chi.Us and symptoms of a severe acute 
bacteremia are more common in pyogenic abscess. Serologic 
tests for Entamoeba histo/.yti.ca antibodies are almost always 
present in amebi.<: abscesses but are uncommon in patients with 
pyogenic abscess .. A recenr sntdy comparing 471 patients witl1 
amebic abscess to 106 patients with pyogenic abscess found age 
older than 50 years, pulmonary findings on physical exanlina
tion, multiple albscesses, and low amebic serology titers to be 
independently predictive of pyogenic abscess. Occasionatly, dif
ferentiating the two is not possible and diagnostic. aspiration or 
a trial of antian1ebic antibiotics may be necessary. Unfortunately, 
aspiration is only diagnostic in amebic abscess approximately 
10% to 20% of the time.12 

Treatment 
Before the availability of antibiotics and the routine use of drain
age procedures, untreated hepatic pyogeni.c abscess was almost 
uniformly fatal. It was not until the classic review by Ocl1sner 
and OeBakcy in 1938 (see earlier} that routine surgical drainage 
was used and dran1atic reductions in mortality were noted. 
Open surgical drainage of pyogenic abscesses was the sole treat
ment {wid1 tl1e addition of antibiotics eventuatly} for hepatic 
abscess until the 1980s. Since then, less invasive percutaneous 
drainage teclmlques and IV antibiotics have been used. Lapa
rotomy is generatly reserved for failures of percutaneous 
drainage. 

Once tl1e diagnosis of pyogenic hepatic abscess is suspected, 
broad-spectrum IV antibiotics should he started immediately 

Table 54-5 Features of Amebic Versus Pyogenic Liver Abscess 
AMEBIC PYOGENIC 

CLINICAL FEATURES ABSCESS ABSCESS 
Age{yr) 20-40 >50 

Male-to-female ratio :2:10:1 1.5: 1 

Solitary versus multiple Solitary OOOio* Solitary 50% 

Location Usually right liver Usually right liver 

Travel in endemic area Yes No 

Diabetes Uncommon More common 
{~2%) (~27%) 

Alcohol use Common Common 

Jaundice Uncommon Common 

8evated bilirubin Uncommon Common 

8evated alkaline Common Common 
phosphatase 

Positive blood cultture No Common 

Positive amebic serology Yes No 
*In acute arrebic abscess, 50% are solitary. 
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to control ongoing bacteremia and its associated complications. 
Blood cultures and cultures of the abscess from aspiration 
should be sent for aerobic and anaerobic cultures. IJl immuno
suppressed patients, mycobacterial and fungal cultures of the 
aspirate should be considered. Patients who are at risk for amebic 
infections should have amebic serologies drawn. Unril cultures 
have specifically identified me offending organism{s}, broad
spectrum antibiotics covering gram-negative, gram-positive, and 
anaerobic organisms should be used. Combinations such as 
ampidllin, an an1inoglycoside and metronidazole, or a third
genera'tion cephalosporin with metronidazole are appropriate. 
1l1e optimal duration of antibiotic treatment is not well defined 
and must be individualized, depending on the success of the 
drainage procedure. Antib.iotics should certainly be continued 
while there is evidence of ongoiJlg infection such as fever, chills, 
or leukocytosis. Beyond this, it is unclear how long to continue 
antibiotics, but reconm1endations are usuatly for 2 or more 
weeks. 

Percutaneous drainage procedures for pyogenic hepatic 
abscesses was first reported in 1953, but did not gain widespread 
acceptance until the 1980s with the development of high-quality 
imaging and expertise in inrervenrional radiologic techniques. 
Over the last 25 years, percutaneous catheter drainage has 
become the treatment of choice for most patients (Fig. 54-28). 
Succes..<; rates range from 66o/o to Y0%.11•13 'TI1e obvious advan
tages are the simplicity of treatment {usuatly at the time of 
radiologic diagnosis} and avoidance of general anestiJesia and a 
laparotomy. Relative comraindications to percutaneous catheter 
drainage include tl1e presence of ascites, coagulopatl1y, and prox
imity to vital structures. Percutaneous drainage of multiple 
abscesses is usually met with a higher failure rate, but reports 
have demonstrated a high enough success rate that percutaneous 
approaches should be made first, reserving surgery for failures. 
A retrospective study comparing surgical with perc.utaneous 
drainage for large abscesses (>5 ern} has shown a better success 
rate with surgical drainage. Despite tl1is, two thirds of percutane
ous treatments were successful and the overall morbidity and 
mortality rate were similar. There has never been a randomized 
prospective comparison between percutaneous and surgical 
therapy for hepatic abscess. However, case series have suggested 
that for most cases tl1ere are similar success and morta1i ty rates. 
Modern series attempting to compare these two techniques ret
rospectively must be read witl1 caution because most patients 
treated surgically have failed other less invasive techniques. In 
general, surgery should be reserved for patients who require 
surgical treatment of the primary pathology (e.g., appendici tis) 
or for d1ose who have failed percutaneous techniques. It should 
be nored that laparoscopic drainage procedures have been 
reported with some success and this can be considered a reason
able option to pursue in select cases.10 

Percutaneous aspiration without tl1e placement of an 
indwelling drain has been investigated by a number of groups. 
Success rates are generatly 60% to 90o/o and are somewhat 
similar to those for percutaneous catheter drainage.13 Most 
patients, however, require more than one aspiration and 25o/o of 
patients require three or more aspirations. One randomized trial 
ha5 evaluated percutaneous aspiration versus percutaneous catl1-
eter drainage. Success rates were 60% in the aspiration group 
and l OOo/o in the catheter group. All but one patient in the 
aspiration group had a single aspiration. Another randomized 
trial of 64 patients has compared aspiration alone to catheter 
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FIGURE 54-28 A. CT scan demonstrating multiloculated hepatic abscess in the right liver. B, CT scan at the time of percutaneous drainage. 
C. Contrast study through the drainage catheter demonstrating typical irregular loculated type appearance, as well as communication with 
biliary tree. D, follow-up CT scan 3 months after treatment demonstrating complete resolution of abscess. (From Brown KT, Getrajdman Gl: 
lnterventional radiologic techniques in the liver and biliary tract In Blurngart LH, Rmg Y (eds]: Surgery of the liver and biliary tract, London, 
2000, WB Saunders, pp 575-594). 

drainage. There were similar ourcomes in terms of t:reacmem 
success rate, hospital stay, antibiotic duration, and mortality. In 
the aspiration-only group, 400;(, required two aspirations and 
20% required three aspirations. ln general, catheter drainage 
remains the treatment of choice, although a trial of a single 
aspiration is reasonable to consider. 

Some investigators have reported success with antibiotics 
alone. Most of these patients, however, have had a diagnostic 
aspiration and rhus at least a partial drainage. Also, other series 
have reported d1at antibiotic treatment without drainage carries 
a prohibitively higl1 mortality (59% to 100%). In patients who 
are not surgical candi.dares or who refuse any invasive procedure, 
an attempt at antibiotic treatment is reasonable. H owever, this 
is not recommended in other situations. 

Liver resection is occasionally required for hepatic abscess. 
This may be required for an infected hepatic malignancy, hepa
tolithiasis, or intrahepatic biJjary stricture. If hepatic destruction 
from infection is severe, some patients may benefit from 
resection. 

Outcomes 
Mortality from pyogenic hepatic abscess has dramatically 
improved over the last 70 years. Prior to the routine use of surgi
cal drainage, pyogenic abscess was uniformly fatal . W ith the 
routine usc of surgical drainage and the use of lY antibiotics, 
mortality was reduced to approximately 50%, a figure tbar 
stayed relatively constant from 1945 until the early 1980s. Since 
then. the mortali ty has been reported from I 0% to 20% and 
series from the 1990s have demonstrated a mortality rate under 
10%.'3 1he most recent series from Memorial Sloan-Kettering 
has reported a 3% mortality. A number of studies have analyzed 
facto rs predictive of a poor outcome in patients wi th hepatic 
pyogenic abscess. 1he presence of malignancy, factors associated 
with malignancy (e.g., jaundice, markedly elevated LFT results), 
and signs of sepsis appear to be a consistent marker of poor 
prognosis. Signs of chronic disease such as hypoalbuminemia 
arc aJso often associated with a poor outcome. Finally, signs of 
severe infection such as marked leukocytosis, APACHE II 
(Acute Physiology and Chronic Health Evaluation H) scores, 
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abscess rupture, bacteremia, and shock are also associated with 
mortality. 

Amebic Abscess 

Epidemiology 
Amebiasis is Largely a disease of tropical and developing cow1-
tries but is also a significant problem in developed countries 
because of immigration and travel between counrries. E. histc
/ytica is endemic in Mex.ico, India, Africa, and parts of Central 
and South America. 1J1 1995, the World Health Organization 
(WHO) estimated that 40 to 50 million people suffer from 
amebic colitis or amebic Liver abscess worldwide, resulting in 
40,000 to 100,000 deaths each year.'2 Pri.or to this, estimates of 
amebiasis were unreliable because E. histol)'tica (the pathogenic 
form) was not differentiated from Entamoeba dispar (nonpadlO
genic form). Male homosexuals with diarrhea, previously 
thought to harbor E histo~ytictl, were actually found to be 
infected with E. dispnr, which requires no treatment. Epidemio
logic studies specifically addressing E. histc/ytica infections have 
estinlated that as many a~ 55% of those in endenlic regions are 
infected, although less than 50% are symptomatic. 

[n contrast to pyogenic hepatic abscesses, patients with 
amebic Liver abscesses tend to be Hispanic men, 20 to 40 years 
of age, with a history of travel to (or origination from) an 
endemic area. Poverty and cramped liviJ1g conditions are associ
ated with higher rates of infection. A male preponderance of 
more d1an l 0: 1 has been reponed in almost aU swdies. For 
tmclear reasons, menstruating women have a low incidence of 
invasive amebiasis and pregnancy appears to abrogate this resis
tance. Heavy alcohol consumption is commonly reported and 
may render the liver more susceptible to an1ebic iJ1fection. 
Patients with impaired host inlmtulity also appear to be 
at higher risk of infection and have higher mortality rates. 
Patient.~ wid1 amebic liver abscess without a history of travel to 
an endemic area (lften have associated inlmunosuppression, sucl1 
as HTV infectio111, malnutrition, clJronic infection, or cluonic 
steroid use. 

Pathogenesis 
E. histoiytica is a protozoru1 and exists as a trophozoite or a cyst. 
All other species in the genus Entamoeba are considered non
padlogcnic and not all straiJ1s of E. histo/ytica arc considered 
virulent. illgestion of E. histolytica cysts ilirough a fecal-oral 
route is the cause of amebiasis. Humans arc the principle host 
and the main source of infection is human contact with a cyst
passiJlg carrier. Contaminated water and vegetables are also 
routes of humm Wcction. Once ingested, the cysts are not 
degraded in the stomach and pass to the intestines, where the 
trophozoite is rdeased and passed on to the colon. In ilie colon, 
the trophozoite can iJwadc mucosa resulting iJ1 disease. 

It is thought that the trophozoites reach tl1e liver through 
tl1e portal venous system. 1here is no evidence for trophozoites 
passing through lymphatics. As implied by its name, E. histo
lytica trophozoites can lyse tissues through a complex set of 
events, including cell adherence, ceU activation, and subsequent 
release of enzymes, resulting in necrosis. The principle mecha
nism is probably enzymatic cellular hydrolysis. Amebic liver 
abscesses are formed by progressing, localized hepatic necrosis 
producing a cavity containing acellular proteinaceous debris 
surrounded by a rim of invasive amebic tropbozoites. Early 

THE LIVER CHAPTER 54 1445 

development of an amebic liver abscess is associated wid1 aJl 
accumulation of polymorphonuclear leukocytes, which are then 
lysed by the trophozoites. 

Antiamcbic ruuibodies develop rapicUy in patients with 
mvasive disease or an an1ebic hepatic abscess. Secretory immu
noglobulin A (IgA) antibodies have been shown w inhibit adher
e,nce to colonic epitl1elinn1 in vitro. However, tl1e development 
of tl1ese aJltibodies does not halt the progression of disease. 
illtcrcstiJ1gly, clllldren who lack antiamcbic lgG have iJlnatc 
resistance to inva~ive infection, suggesting an alternative 
immtuae-mediated response. There is now evidence that a ccU
mediaccd helper T ceU response is probably d1e major mecha
nism of resistance. 

Pathology 
Hepatic amebic abscess is essentially the result of liquefaction 
necrosis of ilie Liver producing a cavity full ofblood and Liquefied 
Liver tissue. The appearruKe of this fluid is typically described as 
resembling anchovy sauce; the Auid is odorless unless secondary 
bacterial infection has taken place. 1he progressive hepatic 
necrosis continues tultil Glisson's capsule is reached because ilic 
capsule is resiHant to hydrolysis by the amebae. 111lls, an1ebic 
abscesses tend to abut the liver capsule. Because of tl1e resistaJJCe 
of Glisson's capsule, the cavity is typically criss-crossed by porral 
triads p rotected by this peritoneal sheath. Early on, the formed 
cavity is ill-defiJJed, wi tl1 no real fibrous response arOLmd the 
edges. However, a cluonic abscess can ultimately develop a 
fibrous capsule ru1d may even calcify. Like pyogenic abscesses, 
amebic abscesses tend to occur mainly in the right liver. 

Clinical Features 
Approximatdy 80% of patients witl1 amebic liver abscess present 
wiili symptoms lasting from a few days to 4 weeks. The duration 
of symptoms has been found to be typically less than 10 days. 
1l1e presenting clinical signs and symptoms arc summarized i11 
Table 54-6. The typical clmical picture is a patient 20 to 40 years 
of age who has recently traveled to an endemic area, witl1 fever, 
chills, anorexia, right upper quadrruu pain and tenderness, and 
hepatomegaly. 1l1e abdominal pain is typically constant, duU, 
and localized to the right upper quadrant. Aldwugh some 
studies report higher numbers, approximately 25o/o of patients 
have diarrhea despite aJ1 obligatory colonic infection. Synchro
nous hepatic absccs.~ is fow1d iJ1 one third of patients with active 
amebic colitis. Jatmdice, as a result of a large abscess compressiJ1g 
the biliary tree, is not as rare as was once thought, with an 
average 22o/o of patients presenting with this feature worldwide. 
\lifeight loss and myalgias may occur when symptoms have been 
present for weeks. Pleuritic or right shoulder pain can occur if 
there is irritation of the right hcmidiapbragm. Symptoms and 
tenderness may be epigastric or lefr-sided if the abscess is located 
in the left liver. Rupture iJlto the peritoneum with peritonitis 
occurs infrequently: when it does occur, it is more often with 
left-sided abscesses. Rare cases of rupture into the pleural space, 
pericardium. ru1d oilier intra-abdominal orgru1s have also been 
reported. 

Laboratory abnormalities are common in amebic abscess 
(see Table 54-6). Patients typicalJy have a mild to moderate 
leukocytosis. without cosinopllllia. Anemia is common. Mild 
abnormalities ofLFT restJts, induding albumin, PT-INR, ALP, 
AST, and bilirubin levels. are typical. 1l1e most common LFT 
abnormality is aJl elevated PT-INR level. Because more thru1 
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Table 54--6 si·gns, Symptoms, and Laboratory Findings in 
Amebic Liver Abscess* 

NO. OF CASES 
PARAMETER AVERAGE RANGE REVIEWED 

Symptoms and Sips 

Abdominal pain (%) 92 73-100 1701 

Fever(%) 90 72- 100 2192 

Abdominal tenderness 78 40-100 1424 
(%) 

Hepatomegaly (%) 62 20- 100 1539 

Anorexia (%) 47 28439 499 

Weight loss (%) 39 11433 871 

Diarrhea (%) 23 12-40 1426 

Jaundice (%) 22 5-50 1630 

laboratory Tests 
Stool cysts, 12 4-30 4908 

trophozoites (Clio) 

Amebae in cyst 
aspirate (%) 

42 30-76 1402 

Hemoglobin (g/dl) 12.1 10.2-12.8 229 

Alkaline phosphatase 76 65-91 589 
(% > 120 U/liter) 

Total bilirubin (g/dl) 1.4 0.8-2.4 509 

Albumin (g/dl) 2 .8 2.3-3.4 404 

AST (x uflper limit 1.7 1.0-2.5 459 
norma) 

*In an extensive literature review. 

70% ofpatients with amd)ic liver abscess do not have de tectable 
amebae in thei.r stool, the most usefuJ laboratory evaluation is 
the measurem ent of circuJa ting antiamebic antibodies, whkh are 
present in 90% to 95% of patients. A number of serologic tests 
have been devised over the years. An indirect hemagglutinin test 
was used extensively in the p ast and has a sensitivi ty of 90%. 
1his test has largely been replaced by enzyme imm unoassays 
{EIAs), which are simple, rapidly performed, and inexpensive. 
An EIA has a reported sensitivity of 99% and specificity higher 
than 90% in patients wid1 hepatic abscess. Unfortunately, the 
presence of antibodies may reflect prior infection and interpreta
tion call be difficult in endemic areas. Ongoing studies are 
focusing on identifying specific E. histolytic antigens i.n an 
attempt to identify acute infection . 

Patients presenting acutely (symptoms <10 days) versus 
those with a d u onic presentation (>2 weeks) differ clinically. 
Acute presentat ions are typically more dramatic with high fevers, 
d1il ls, and significant abdominal tenderness. In the acute pre
sentation, 50% of patiem s present with mul tiple lesions, whereas 
with the chronic presentation, more than 80% of patients have 
a single right-sided lesion. A more complicated course tends to 
ensue in the acute presentation, but response to therapy is 
similar in both groups. 

Radiologic srudie.s arc a critical clemenr in rhe diagnosis of 
amebic liver ab scess. Plain chest radiographs are abnormal in 
approximately 50% of cases, usually dem onstrating an elevated 
right diaphragm, pleural effusion, or atelectasis. Abdominal 

FIGURE 54-29 Typical ultrasound of an amebic hepatic abscess. Note 
the peripheral location, rounded shape with poor rim, and internal 
echoes. (From Thomas PG, Ravindra KV: Amebiasis and biliary infec-
tion. In Blumgart LH, Fong Y [eds): Surgery of the liver and biliary tract, 
London, 2000, WB Saunders, pp 1147- 1166.) 

FIGURE 54- 30 a scan of amebic abscess. The lesion is peripherally 
located and round. The rim is nonenhancing but shows peripheral 
edema (black arrows). Note the extension into the intercostal space 
(white arrow). 

ultrasound has a reported accuracy of approximately 90% when 
combined with a typical history and cllnical presentation. 
Typical findings on abdominal ultrasound are a rounded lesion 
abut t ing the liver capsule (see earlier) without significant rim 
ech oes, interpreted as an abscess wall. The contents of the cavit)l 
are usually bypoechoic and nonhomogeneous (Fig. 54-29). 
These findings on ultrasound are found in 40% to 70% of cases. 
Abdominal CT scanning is probably more sensitive than uJtra
sound and is helpful in differentiating amebic from pyogenic 
abscess, with rim enhancement noted in the latter {Fig. 54-30). 
CT can also be helpful in identifying simple cysts and necrotic 
tun1o rs. MRI of the Hver bas no distinct advantages over CT or 
ul trasound in typical cases, bur may be helpful in differentiating 
atypical lesions. Nuclear medicine studies such as gallium scan
ning or 99mTc liver scans call be helpfuJ in differentiating 
pyogenic from an1ebic abscesses because the latter typically do 
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not contain leukocytes and therefore do not light up on these 
scans.14 

When the above-described workup is still not definitive 
and diagnostic uncertainty persists, two options should be con
sidered. First, a clherapeutic trial of antiamebic drugs can be used. 
ff a rapid improvemem occurs, rhis supports rhe diagnosis. In 
situations in which an1ebi.c serology is inconclusive and a thera
peutic trial of antibiotics is deemed inappropriate or has failed 
to improve symptoms, the second option, a diagnostic aspira
tion, should be considered. A pyogenic abscess would have bac
teria and leukocytes whereas an amebic abscess would contain 
the typical so-called anchory sauce. Cultures of amebic abscess 
arc usually negative and do not contain leukocytes. In patients 
for whom neoplasm or hydatid disease is in the differential 
diagnosis, aspiration should not be performed. 

Differential Diagnosis 
1l1e differential diagnosis of an amebic liver abscess can be broad 
and include diseases sucb as viral hepatitis, ecbinococcal disease, 
cholangitis, cholecystitis, or even other inflan1matory abdominal 
disorders, such as appendicitis. Malignant Lesions of the liver can 
also have similar presentations in atypical situations. Occasion
ally, primary pulmonary disorders must be considered. Usually. 
the most important distinction to be made is ben-vecn pyogenic 
and amebic abscess. The essential elements of this distinction are 
summarized in Table 54-5 and in the earlier section on pyogenic 
abscess. 

Treatment 
1l1e mainstay of ltreatment for an1ebic abscesses is metronidazole 
(750 mg orally, duee times daily for 10 days), which is curative 
in over 90o/o of patients. Clinical improvement is usually seen 
within 3 days. Other nltroimldazoles (e.g., secnidazolc, tinida
zole) are also as effective and are commonly used outside the 
United States. If response to metronidazole is poor or the drug 
is not tolerated, other agents can be used. Emetine hydrodJlo
ride is effective against invasive an1ebiasis, particularly in the 
liver, but requires intran1Uscular injections and has serious 
cardiac side effects. A more attractive option is chloroquine, but 
this is a less effective agent. After treatment of the liver abscess, 
it is recommended that luminal agents such as iodoquinol, paro
momycin, and dHoxanide furoate be administered to treat the 
carrier state. 

Therapeutic needle aspiration of an1ebic abscesses has been 
proposed. Small randomi1-ed trials comparing metronidazole 
with or wi thoutt aspiration have shown minor benefits with 
aspiration, but no major improvement to justify romine aspira
tion. ln general, aspiration is recommended for diagnostic 
uncertainty (see earlier), failu re to respond to metronidazole 
therapy in 3 to 5· days, or in abscesses thought to be at high risk 
for rupture. Abscesses Larger than 5 em in diameter and in the 
left l.iver are tholllght to be carry a higher risk of rupture, and 
aspiration should be considered. 

Outcomes 
Although amebic liver abscesses usually respond rapidly to treat
ment, there are uncommon complications of which one must 
be aware. 1l1e most frequent complication of amebic abscess is 
rupture into the peritoneum, pleu.ral cavity, or pericardium. 1l1e 
size of the abscess appears to be the most important risk factor 
for rupture and the overall incidence of rupture ranges from 3o/o 
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to 17%. Most peritoneal ruptures tend to be contained by the 
diaphragm, abdominal wall, and/or omentum, but rupture can 
fistulize into a hollow viscus. A peritoneal rupture usually pres
ents as abdominal pain, peritonitis, and a mass or generalized 
distention. Laparotomy was advocated il1 the past for this com
plication, bur now many patients are rreared successfully wirh 
percutaneous drainage. Laparotomy is indicated in cases of 
doubtful diagnosis, hollow viscous perforation, fistulization 
resulting in hemorrhage or sepsis, and failure of conservative 
therapy. Rupture into the pleural space usually results in a large 
and rapidly accumulated effusion that collapses the uwolved 
Lung. Treatmem consists of thoracentesis but, if secondary bacte
rial infection ensues, more aggressive surgical approaches may 
be necessary. Rupture can occur into the bronchi and is usually 
self- linuted with postural drainage and bronchodilators. Rarely, 
a left-sided abscess may rupture into the pericardium and can 
present as an asymptomatic pericardia! effusion or even tanlpon
ade. TI1is must be treated with aspiration or drai11age via a 
pericardia! window. Other complications include compression 
of the biliary tree or rvc from a very large abscess and the 
development of a brain ahscess. 

TI1e mortality for all patients with an1ebic liver abscess is 
approximately 5o/o and does not appear to be affected by the 
addition of aspiration to metronidazole therapy or by chronicity 
of symptoms. When an abscess ruptures, mortality ranges from 
6o/o to as high as 50o/o. Factors independently associated with 
poor outcome are elevated serum bilirubin level (>3.5 mg/dl), 
encephalopathy, hypoalbLUninemia (<2.0 g/dL), ml.Jtiplc 
abscess cavities, abscess volume larger than 500 ml, anenua, and 
diabetes. AJcl10ugh clinical improvement after adequate treat
ment wicl1 antiamcbic agents is the rule, radiologic resolution of 
tbe abscess cavity is usually delayed. 11K' average time to radio
logic resolution is 3 to 9 months and, in some patients, can take 
years. Sn1dies have shown cl1at over 90o/o of the visible lesions 
disappear radiologically, but a small percentage of patieJlts are 
lefr with a clinically irrelevant residual lesion. 

Hydatid Cyst 
Hydatid disease or echinococcosis is a zoonosis cl1at occurs pri
marUy in sheep-grazing areas of the world, but is common 
worldwide because the dog is a definitive host. Echinococcosis 
is endemic in Mediterranean countries, the Middle East, Far 
Ease, South America, Australia, New Zealand, and East Africa. 
Humans contract cl1e disease from dogs but there is no human 
to human transmission. 15'16 

There are three species cl1at cause hydatid disease. Echino
coccus granulosus is the most common and Echinococcus mulri
locularis and Echinococcus ligartus account for a small number of 
cases. Dogs are the definitive host of E. granulosus; the adult 
tapeworm is attached to the villi of d1e ileum. Up to thousands 
of ova are passed daily and deposited in the dog's feces. Sheep 
are the usual intermediate host, but humans are an accidental 
intermediate host. Humans are an end stage to the parasite. In 
the hLtman duodenum, the parasitic embryo releases an onco
sphere containing booklets that penetrate clJe mucosa, allowing 
access to the bloodstream. In cl1e blood, the oncosphere reaches 
the liver (most commonly) or lungs, where the parasite develops 
its Larval srage-cl1e hydatid cyst. 

Three weeks after infection, a visible hydatid cyst develops, 
which then slowly grows in a spherical marmer. A pericysr or 
fibrous capsule derived from host tissues develops around the 
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hydatid cyst. TI1c cyst wall itself has two layers, an outer gelati
nous membrane (ectocyst) and an inner germinal membrane 
(endocyst). Brood capsules are smaiJ, intracystic cellular masses 
in which future worm heads develop into scoleces. In a definitive 
host, the scoleces develop into an adult tapeworm, but in the 
inrermediate host they can only differenriate into a new hydarid 
cyst. Freed brood capsules and scoleces are found in the hydatid 
Auid and form the so-called h;~dntid snnd. Daughter cysts arc 
true replicas of the mother cyst. Hydatid cysts can die with 
degeneration of the membranes, development of cystic vacuoles, 
and calcification of the waiJ. Calcification of a hydatid cyst, 
however, does not always imply that the cyst is dead. 

Hydatid cysts arc diagnosed i11 equal numbers of men and 
women at an average age of about 45 years. Approximately 75% 
of hydatid cysts are located in the right liver and are solitary. 
1he clliucal presentation of a hydatid cyst is largely asymptom
atic until complications occm. The most common presenting 
symptoms are abdominal pain, dyspepsia and vomiting. The 
most frequent sign is hepatomegaly. Jau11dice a11d fever are each 
present in approximately 8% of patients. Bacterial superu~fcc
tion of a hydatid cyst can occur and present like a pyogenic 
abscess. Rupmre of the cyst into the bWary tree, brond1ial 
tree, or free rupture into the peritoneal. pleural. or pericardia! 
cavities call occm. Free ruptures can result in disseminated 

echinococcosis and/or a potentially fatal anaphylactic reaction. 
ln cases of diagnostic uncertainry, a battery of serologic tests are 
available to evaluate antibody response, but all are plagued by 
low sensitivity and specificity. 

U ltrasound is most commonly used worldwide for the 
diagnosis of echinococcosis because of irs availability, afford
ability, and accuracy. A number of findings on LLitrasound can 
be diagnostic but depend on the stage of the cyst at the time of 
the exanlination. A simple hydatid cyst is well circumscribed 
with budding signs on the cyst membrane and may contain 
free-floating hyperechogenic hydatid sand. A rosette appeara11cc 
is seen when daughter cysts are presem. The cyst can be 6lled 
with an amorphous mass, which can be diagnostically nuslead
ing. Calcifications in the wall of the cyst are highly suggestive 
of hydatid disease and can be helpful in the diagnosis (Fig. 
54-31). Simaar findlngs are seen on CT or MRJ scans. These 
cross-sectional imaging studies CaJl also evaluate extral1epatic 
disease and demonstrate detailed hepatic anatomic relationships 
to the cyst. ]Jl patients with suspected biliary involvement, 
ERCP or percutaneous traJlsbcpatic cholaJJgiograpby (PTC) 
may he necessary. 

The treatment of hepatic hydatid cysts is primarily surgical. 
ln general, most cysts should be treated, but u1 older patients 
with small, asymptomatic, densely calcified cym, conservative 

FIGURE 54-31 Ultrasound demonstrating typical characteristics of a hydatid cyst at varying stages. A. Simple hydatid cyst with hydatid sand. 
B, Daughter and granddaughter cysts and typical rosette appearance. c, Hydatid cyst filled with amorphous mass giving a solid or semisolid 
appearance. D. Calcified cyst with eggshell appearance. (From Thomas PG, Ravindra KV: Amebiasis and biliary infection. In Blumgart LH, Fong 
Y [eds]: Surgery of the liver and biliary tract, london, 2000, WB Saunders. pp 1147-11 66.) 
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management is appropriate. ln preparation for an operation, 
preoperative steroids have been recommended, but are not un.i
versally used. The anesthesiologist should have epinephriJle and 
steroids ava.iJable in case of an anaphylactic reaction. A number 
of operations have been used but, in general, the abdomen is 
completely explored , the liver mobilized, and the cyst exposed. 
Packing off the abdomen is important because rupture can result 
in anaphylaxis and diffuse seeding. Usually, the cyst is then 
aspirated through a closed suction system and flushed with a 
scolicidal agent such as hypertonic saline. The cyst is then 
unroofed, which can then be followed by a number of possibili
ties, including excision (or pericystectomy), marsupialization 
procedures, leaviJ1g cl1e cyst open, drainage of cl1e cyst, omenro
plasty, or partial hepatectomy to encompass cl1e cyst. Total peri
cystectomy or formal partial hepatectomy can also be performed 
without entering the cyst (Fig. 54-32). Bocl1 radical (resection) 
and conservative (draiJ1age and evacuation) surgical approaches 
appear to be equally effective at controlling disease, al though a 
prospective comparison ha.~ never been performed. When bile 
duct communication is diagnosed preoperatively or at operation, 
it must he meticulously sought after. Simple suture repa.ir is 
often sufficient, but major biliary repa.irs, approaches through 
the common bile duct, or postoperative ERCP may be necessary. 
Laparoscopic techniques for drainage and unroofing of cysts 

FIGURE 54-32 A. Peripheral hydatid cyst of the left liver. 8, Intact 
specimen after pericystectomy. Note that the entire pericyst has been 
removed. (Ffom Milicevic MN: Hydatid disease. In Blumgart LH, Fong 
Y (eds]: Surgery of the liver and biliary tract. london, 2000, WB Saun
ders. pp 1167-1204.) 
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have been reported in a J1umber of series, with encouraging 
resuJts. Recurrence rates after surgical rream1enr range from 1% 
to 20% but are generally 5% or less in experienced centers. 

In the past, percutaneous aspiration of hydatid cysts was 
contraiJ1dicated because of ilie risk of rupture and w1controiJed 
spillage. However, percuraneous aspiration and injection of 
scolicidal agents with high success rates in highly selected 
patients have reported. 1l1is technique is known as PAIR (punc
ture, aspiration, in jection, and reaspiration) and has become 
more accepted in some centers. Two randomized trials, one 
comparing PAIR with surgery (N = 50) and one comparing 
PAIR wiili medical therapy have shown similar success rates. 
1l1ese trials were small and had significant mecl10dologic prob
lems, Limiting the ability to draw firm conclusions}7 Althougb 
surgery rema.ins the treatment of choice, furcl1er prospective 
trials a.re clearly indicated to address this interesting and poten
tially useful tedmique. Treatment of echinococcosis wiili alben
dazole or mebendazole is effective at shrinking cysts in many 
patients with £ gmnulosus, but cyst disappearance occurs in well 
under 50% of patients. Preoperative treatment may decrease ilie 
risk of spillage and is a reasonable and safe practice.15 Medical 
therapy without definitive resection or dra.inage should only be 
considered for widely disseminated disease or poor surgical 
candidates. 

Recurrent Pyogenic: Cholangitis 
RPC is a syndrome of repeated arcacks of cholangitis secondary 
to bi]jat)' stones and srricwres d1at involve the exrral1eparic and 
intrallepatic ducts. 1l1e condition has many names but is often 
referred to as Oriental cholangiohepatitis or heparolithiasis. 1l1e 
disease is almost exclusively found in Asians and Asian medical 
centers. However, it is also seen in Asian immigrants throughout 
ilie world. Men and womer1 are equally affected and, historically, 
the disease strikes at an early age (20 to 40 years) in patients 
from lower socioeconomic classes.18 

The cause of RPC is wlknown bur is related to recurrent 
infection of biliary radicals with gut bacteria. Ultimately, stones 
and strictures develop in rl1e biliary tree. but it is not known 
which occurs first. The scones are bilirubinate stones; in some 
patients, no stones are found and only biliary sludge is demon
strated. An association between RPC and Clonorchis sinensis and 
Ascaris lumbricoides infection has been noted, bur a true causal 
relationship bas never been proven. 

Strictures can be fow1d anywhere in cl1e biliary uee, bur 
usually involve the intrahepatic ma.in hepatic ducts, most often 
cl1e left hepatic duct. The gallbladder is only involved in approxi
mately 20% of cases. Cirrhosis and liver failure are or1ly seen in 
long-standing disease, usually after multiple operations. Other 
complications include choledocl1oduodenal fistulae and acute 
pancreatitis from common bile duct stones. An tncreased inci
dence of cholangiocarcinoma has beer1 noted, but a causal rela
tionship is difficult to prove. 

TI1e typical patient with RPC is a yotmg Asian of a lower 
socioeconomic background who presents with repeated bouts of 
cholangitis. 1l1e symptoms and presentation are those of chol
angitis. 1l1ese include fever, right upper quadram abdom.inal 
pa.in, and jaundice. Biliary obstruction is usually incompk-te and 
therefore marked jaundice and pruritus are nor common. TI1ere 
is usually leukocytosis and abnormal LFTs consistent with 
biliary obstruction. Evaluation of ilie anatomic distribution of 
disease is critical to formulating a sotmd cl1erapeutic plan. 
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FIGURE 54-33 A. Cholangiogram of a patient with recurrent pyogenic cholangitis and a common hepatic duct stricture (black arrow). There 
are numerous stones inside dilated left ducts (white arrows). B. A hepaticojejunostomy to the segment Ill duct (arrowheads) has been per
formed and a flexible choledochoscope is shown passing through the anastomosis into the peripheral left ducts. All stones have been deared. 
(From Fan ST, Wong J: Recurrent pyogenic cholangitis. In Blumgart LH, Fong Y [eds): Surgery of the liver and biliary tract, London, 2000, WB 
Saunders, pp 1205-1225.) 

A combination of ultrasound, CT, and dlrecr cholangiography 
are often necessary to evaluate these patients. Di.rect d1olangi
ography is performed endoscopically or transhepatically and is 
considered an important study complementing the cross
sectional imaging. Magnetic resonance cholangiopancreatogra
pb.y (MRCP) can combine cross-sectional imaging and 
cholangiography in one noninvasive test and may ultimately 
replace dlrecr cholangiography. 

In an acute presentation, most patients improve with con
servative management, allowing time for radiologic studies and 
planning of a definitive operation, which is the treatment of 
choice. If intervention is necessary during the acute phase, it 
must focus on adequate decompression of the biliary tree 
through open common bile duct exploration or endoscopic 
papiJiotomy with stcnting. Although nonoperative approaches 
such as percutaneous transhepatic d10langioscopic lithotomy 
(PTCSL) have been developed, surgical treaoncnt remains the 
treatment of choice. PTCSL is generally used for poor-risk surgi
cal patients and those who have failed surgical tream1ent. Stone 
clearance rates are high (>80%) and necessary for a successful 
long-term outcome. Unfortunately, stone recurrence is common 
and is mostly related to the presence of biliary srrictures. 19 

1l1e goal of operative approaches is to dear the biliary tree 
of stones and to bypass, resect, or enJarge strictures. Many cases 
only require exploration of the common bile duct, witl1 or 
without hepaticojejunostomy. In complicated cases, providing 

permanent access to tl1e biliary tree for interventional radiologic 
procedures by extending the end of the Roux-en-Y bepaticoje
junostomy to the skin or subcutaneous space has been a 
successful approad1 (Fig. 54-33). Other potentially necessary 
procedures include stricturoplasty or partial hepatectomy. 
Partial hepatectomy is advocated for patients with intrahepatic 
strictures, hepatic atrophy, liver abscess, or suspicion of 
cholangiocarcinoma. ' 0 

L1 a large series from Asia, where surgery and hepatectomy 
are liberally applied. surgical mortality rates are 1 o/o. Moreover, 
with aggressive treatment, there is almost a 100% stone clear
ance rate. Long-term outcome is excellent, with less than a 5% 
stone recurrence rate. Long-term survival is mostly related to the 
presence of d1olangiocarcinom, wbich is found in approximately 
l 0% of patients. Particularly complicated cases can have a higher 
rate of recurrent symptoms. 

NEOPLASMS 

Solid Benign Neoplasms 
It is estimated tl1at benign focal liver masses are present in 
approximately l Oo/o to 20% of the population in developed 
countries. With the i11creasing use of rapidly improving radio
logic examinations, these entities have been encountered more 
frequently. Familiarity with the clinical characteristics. natural 
history, imaging characreristics, and indications for surgery in 
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these n.mors is e-~ential. Many benign lesions can be adequately 
characterized by modern imaging Studies such as Cf, ultra
sound, and MRI. In unclear cases, serum tumor markers (e.g., 
AFP, CEA) and a search for a primary tumor in rhe case of 
suspected metastases should be carried out. A resection might 
be necessary m make a defi nitive diagnosis. Laparoscopic tech
niques for assessment, biopsy. and/or resection have become an 
important diagnostic technique as wcll.21

.:!
2 

Liver Cell Adenoma 
Liver cell adenoma (LCA) is a relatively rare benign proliferation 
of hepatocytes in the context of a normal liver. It is predomi
nantly found .in yotmg women (aged 20 w 40 years) and is often 
associated with steroid bornlOne use, such a.~ chronk oral con
traceptive pil ls (OCPs). 1l1e female-to-male ratio is approxi
mately 11: 1. LCAs are usually singular bur multiple lesions have 
been reported in 12% to 30o/o of cases. The presence of 10 or 
more adenomata is termed adenomatosis. Interestingly, cases with 
m ultiple adenomata are not associated with OCP use and do 
not have as dramatic a female preponderance. Histologically, 
LCAs arc composed of cords of henign hepatocytes containing 
increased glycogen and fat. Bile ductules are not observed his
tologically and the normal ardlitecturc of the liver is absent in 
these lesions. Hemorrhage and necrosis are commonly seen.23 

Molecular studies have recently identified generic signatures 
associated with a higher risk of malignant transformation.24 

Patients with LCA present with symptoms approximately 
50% to 75% of the time. Upper abdominal pain is common 
and may be related to hemorrhage into ilie tumor or local com
pressive symptoms. 1l1e physical examination is usually unre
vealli1g and tumor markers are normal. Dramatic presentations 
with free intraperitoneal rupture and bleeding can occur. cr 
usuaUy demonstrates a well-circumscribed heterogenous mass 
that demonstrates early enhancement during the arterial phase. 
MRI scans of LCA have specific imaging characteristics, includ
ing a well-demarcated heterogenous mass containing fat or 
hemorrhage. Although. in the past, .imaging studies lacked the 
accuracy to diagnose LCA, current imaging techniques can accu
rately identifY most of tl1ese tumors.25.:

6 Ultimately, however, 
resection may be necessary to secure a diagnosis in difficult cases. 

The two major risks of LCA are rupture, with potentially 
life-threatening intraperitoneal hemorrhage, and malignant 
transformation. Quantifying the risk of rupture is difficult but 
has been estimated to be as high as 30% to 50% and may be 
related to size. Although iliere are numerous reports of transfor
mation of LCA into hepatocellular carcinoma (HCC), the true 
risk of transformation is probably low. 

Patients who presenr with acute hemorrhage need emer
gent attention. If possible, hepatic artery embolization is a 
helpful and usually effective temporizing maneuver. Once stabi
lized and appropriately resuscitated, a laparotomy and resection 
of me mass are required. Symptomatic masses should be simi
larly resected. Patients with asymptomatic LCAs on OCPs can 
be watched for regression after stopping the OCPs, although 
p rogression and rupture have been observed in mis setting. 
Behavior ofLCAs during pregnancy bas been unpredictable and 
resection prior to a planned pregnancy is usually recommended. 
Overall, the surgeon must compare the risks of expectant man
agement with serial imaging studies and AFP measurements 
against those of resection. Resection is usually recommended 
because of low mortality in experienced hands and the 
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above-mentioned risks of observation. Margin status is not 
important in these resections and limited resections can be per
formed . The management of adenomatosis is controversial but 
large lesions should probably be resected because of the risk of 
ruptltre, whereas the risk of malignancy is low in lesions smaller 
than 5 cm .Z7 Occasionally, liver rransplanration is necessary for 
aggressive forms of adenomatosis.28.2'> 

Focal Nodula r Hype rplasia 
Focal nodular hyperplasia (FNH) is the second most common 
benign tumor of the liver and is predominantly discovered in 
young women. FNH is usually a small ( <5 em) nodular mass 
arising in a normal liver that involves the right and left liver 
equally. The mass is c1Jaracteri7..ed by a central fibrous scar with 
radiating septae, al though no central scar is seen in approxi
mately 15% of cases (Fig. 54-34) Microscopically, FNH con
tains cords of benign-appearing hepatocytes divided by multiple 
fibrous septae originating from a central scar. Typical hepatic 
vasClllarity is not seen, bur atypical biliary epithelium is fotmd 
scattered throughout the lesion. The central scar often contains 
a large artery that brand1~ out into multiple smaller arteri~ in 
a spoke wheel pattern. 

'TI1e cause of FNH is not known, but the most common 
theory is that FNH is related to a developmental vascular mal
formation. Female hormones and OCPs have been implicated 
in the development and growth of FNH but the association is 
weak and difficult to prove. Occasional cases of resolution of 
symptoms after stopping OCPs bave been reported. Nontypical 
forms of FNH have been described. Telangiectatic FNH, with 
or with out atypia, and mixed hyperpl a.~tic-adenomatous FNH 
account for approximately 20% of cases. Although these may 
have risks of rupture or malignant degeneration, this remains 
unclear. These FNHs occur more frequently in men and are 
more diffiCLJt to characterize radiologically. 

Most patients with FNH present as an incidental fi11ding 
at laparotomy or, more commonly, on imaging srudies. If symp
toms are noted, they are most often vague abdominal pain, but 

0 s 

FIGURE 54-34 Cross section of resected focal nodular hyperplasia 
(FNH). Note the well-defined central scar. (From Hugh TJ, Poston GJ: 
Benign liver tumors and masses. In Blumgart LH, Fong Y [eds]: Surgery 
of the liver and bilia ry tract, London, 2000, WB Saunders, pp 
1397-1422 .. ) 
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a variety of nonspecific symptoms have been described. It is 
often difficult to ascribe these reported symptoms to the pres
ence of FNH and therefore other possible causes must be sought. 
Physical examination is usually unrevealing and mild abnor
malities of liver function may be found. Serum AFP levels are 
normal. 

With advances in hepatobiliary imaging, most cases of 
FNH can be diagnosed radiologically with reasonable certainty. 
Contrast-enhanced CT ar1d MRI have become accurate methods 
of diagnosing FNH. These scans usually demonstrate a homo
geneous mass with a central scar that rapidly cnbaJlCes duriJ1g 
the arterial phase of contrast adminlstration. When no central 
scar is seen, however, radiologic dlagnosis is difficult ar1d dlf
ferentiating from LCA or a mallgnant mass, especially fibrola
mellar HCC, can sometimes be impossible. Occasionally, 
hlstologic confirmation is necessary and resection is recom
mended for definitive dlagnosis. Fine-needle aspiration for the 
dlagnosis of fNH has been recommended but is often 
unrevealing. 

The natural history of FNH is not fully understood. 
However, most FNHs are benign ar1d indolent tumors. Asymp
tomatic patients mostly remain for over long periods. Rupmre, 
bleeding, and ir1farction are exceedingly rare and malignant 
degeneration of FNH has never been reported. The treatment 
of FNH, therefore, depends on diagnostic certainty and symp
toms. Asymptomatic patients with typical radiologic features do 
not require treatment. ]f dlagnostic uncertainty exists, resection 
may be necessary for histologic confirmation. Symptomatic 
patients should be tlloroughly investigated to look for other 
pathology to explain the symptoms. Careful observation of 
symptomatic FNH with serial imaging is reasonable because 
symptoms may resolve in a significant number of cases. Patients 
with persistent symptomatic FNH or an enlarging mass should 
be considered for resection. Because FNH is a benign diagnosis, 
resection must be performed, with minimal morbidlty and 
m ortall ty. 'lO 

Hemangioma 
Hemangioma i:s the most common benign tumor of tl1e liver. lt 
occurs Ln women more than in men (3: 1 ratio) and at a mean 
age of approximately 45 years. Small capillary hemangiomata are 
of no clinical s·ignjf1cance, wbereas larger cavernous hemrulgio
mata more often come co the attention of d1e liver surgeon (Fig. 
54-35). Cavernous hemangiomata bave been associated with 
FNH ar1d arc also theorized to be congenital vascular malforma
tions. The enlargement of hemangiomata is by ectasia rather 
than neoplasia. 'TI1ey arc usually solitary, less than 5 em in 
diameter, ar1d occur with equal incidence in the right ar1d left 
hemilivers. Lesions larger than 5 em are arbitrarily called giant 
hemangiomata. involution or thrombosis of bemru1giomata can 
result in dense fibrotic masses that may be difficult to differenti
ate from malignancy. Microscopically, they arc endothelium
lined, blood-filled spaces separated by tllin fibrous septae.'11 

Usually, hemangiomata are asymptomatic and found inci
dentally on imaging studies. Large compressive masses may 
cause vague upper abdominal symptoms. Symptoms ascribed to 
a liver hemar1gioma, however, mandate a search for other pathol
ogy because, in approximately 50% of cases, an alternative cause 
of symptoms will be found. Rapid expansion or acute thrombo
sis can occasionally cause symptoms. Spontaneous rupture of 
liver hemangiomata is exceedingly rare. An associated syndrome 

FIGURE 54-35 A. B, CT scans of a large cavernous hemangioma 
showing displacement of left and middle hepatic veins and abutment 
of the left portal vein. The mass was symptomatic and required an 
extended right hepatectomy to remove. 

of tluombocytopenia and consumptive coagulopatl1y known as 
Kttsabach-Merritt syndrome is rare but well described. 

LFT.~ and tun1or markers are usually normal in liver hem
aJlgiomata. Radiologic investigation can make the diagnosis reli
ably in most cases. CT and MRI arc usually sufficicm lf a typical 
peripheral nodular tnhru1cement pattern is seen. Tsotope-labded 
red blood cell scans are aJl accurate test but are rarely necessary 
if high-quality CT and MRI are available. Percutaneous biopsy 
of a suspected hemangioma is potentially dangerous and inac
curate. 'TI1ereforc, biopsy is not recommended. 

'TI1e natural history of liver bcmangioma is generally 
benign; it appears that most remain stable over long periods of 
rime, with a low risk of rupture or hemorrhage. Growth and 
development of symptoms do occur, however. occasionally 
requiring resection. There has never been a report of mallgnant 
degeneration of a liver hemangioma. An asymptomatic patient 
with a secure diagnosis Carl therefore be simply observed. Symp
tomatic patients should undergo a thorough evaluation looking 
for alternative explru1ations for the symptoms, but arc candldates 
for resection if no other cause is found. Rupture, significant 
change in size, and development of the Kasabach-Merritt 
syndrome are indlcations for resection. In rare cases of 
diagnostic uncertainty, resection may be necessary to mal<e a 
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definitive diagnosis. Resection of liver hemangiomata should 
be performed, with minimal morbidity and mortal ity. The pre
ferred approach to resection is enucleation with arterial inflow 
control, but anatomic resections may be necessary in some cases. 
Surgery on large- central hemangiomata can be associated with 
significanr morbidiry. 

Liver hemangiomata in children are common, accounting 
for approximatdy l2o/o of all childhood hepatic tumors. 1hey 
are usually multifocal and can involve other organs. Large hem
angiomata in children can result in congestive heart failure 
secondary to arteriovenous shunting. Untreated symptomatic 
childhood hemangiomata are associated with a 70% mortality. 
On d1e other hand, almost all small capillary hemangiomata 
resolve. Symptomatic childhood hemangiomata may be treated 
with therapeutic embolization; medical therapy should be initi
ated for congestive hearc failure. Radiation and chemotherapeu
tic agents have been used but experience has been limited. 
Resection may be necessary for symptomatic lesions or rupture. 

Other Benign Tumors 
The vast majority of benign solid liver tumors are LCAs, FNHs, 
or hemangiomata, but there are o ther benign hepatic tumors. 
However. these are rare and can be difficult to differentiate from 
malignancy. Macroregenerative nodules, previously known as 
ttdenonlf1tous hyperp!ttsitt, are single or mult iple, well
circumscribed, bile-stained, bulging surface noduJes mat occur 
primarily in cirrhotics and result from the hyperplastic response 
to chronic liver injury. These lesions have malignanr potential 
and can be difficult to distinguish from HCC. Nodular regen
erative hyperplasia (NRH) is a benign diffuse mlcronodu1ar 
{usually <2 em) process associated with lymphoproliferative dis
orders, collagen-vascular diseases, and the usc of steroids or 
chemorl1erapy. NRH has no malignant potential and is not 
associated with cirrhosis. Biopsy may be necessary to distinguish 
these focal noduks from malignancy. 

Mesenchymal han1artomas are rare solitary tumors of 
d1ildhood that account for 5o/o of pediatric liver tumors. 1l1ey 
are usual ly large cyst ic masses fow1d in the right liver that 
present as progressive, painless, abdominal distention. Resection 
of mesenchymal hamartomas may be necessary in the case of 
large lesions causing a mass effect. 

Fatty tumo:rs of the liver are rarely encountered, but can 
usually be distinguished by rypical characteristics OJ) cr or MRl 
scans. Fatty tumors of the liver include primary lipomas, myelo
lipomas {which contain hematopoietic tissue), angiolipomas 
(which contain blood vessels), and angiomyolipomas (which 
contain smooth muscle). Focal fatty change i.n the liver ca11 be 
confused with a neoplastic process and is becoming more 
common with improved imaging and the increasing incidence 
of hepatic steatosis. 

Benign fibrous tumors of the liver can become large and 
symptomatic, requiring resection. InAan1matory pseudotumors 
of the liver are localized masses of inflan1matory cells that can 
mimic a neoplasm. The cause of these inflanl!11atory lesions is 
unknown, but may be related to thrombosed vessels or old 
abscesses. Other extremely rare benign hepatic tumors include 
leiomyomas, myxomas, schwannomas, lymphangiomas, and 
terawmas. 

Intrahepatic biliary cystadenomas or bile duct adenomas 
are rare, but can cause biliary symptoms. Biliary han1artomas or 
biliary hyperplasia are common and are often seen as small white 
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surface .lesions that can 111UU1C small metastatic tumors at 
abdominal exploration. Adrenal and pancreatic rests have also 
been found in the liver. 

Primary Solid Malignant Neoplasms 

Hepatocellular Carcinoma 
Epidemiology HCC is the most common primary malignancy of 
the liver and one of the most common malignancies worldwide, 
accounting for over 1 million deams annually. 1l1e geographic 
distribution of HCC is clearly related to the incidence of hepa
titis B (HBV) infection. The highest incidence of disease (> 1 0 
to 20 cases/100,000) is found in Southeast Asia and tropical 
Affica. The lowest incidence (I to 3 cases/100,000) is fotmd in 
Australia, North America, and Europe. In high-incidence areas, 
rates arc variable. For example, Taiwan has an incidence of 
150 cases/1 00,000 and Singapore bas an incidence of 28 
cases/toO,UOO. Epidemiologic evidence st rongly suggests that 
HCC is largely related to environmental factors; the incidence 
of HCC in immigrants eventually approacl1es that of the local 
population after several generations. An exception to chi~ is mar 
whites living in high-prevalence areas tend to have a low inci
dence of HCC. 1llis is likely related to the continuation of the 
lifestyle and environment of meir home country. It is probable 
that the variation in incidence rates among immigrants is related 
to H BV carrier rates. A significant rise in me incidence ofHCC 
in me United States and other Western countries has been noted 
over the last 35 years. The explanation for this rising incidence 
is not understood, but the emergence of hepatitis C (HCV) 
infection and immigration patterns have been suggested.32 

HCC is two to eight times more common in males com
pared wirl1 females in low- and high-incidence areas. Although 
sex hormones may play a minor role in the development of 
HCC, the higher incidence in males is probably related to higher 
rates of associated risk factors, such as HBV infection, cirrhosis, 
smoking, alcohol abuse, and higher hepatic DNA synthesis in 
cirrhosis. In general, the incidence of HCC increases with age. 
but a tendency ro develop HCC earlier in high-incidence areas 
has been noted. For example, in Mozambique, 50% of patients 
with HCC were found to be younger than 30 years. 1his may 
be related to differing ages at infection and d1e natural histories 
of hepatitis B and C infections. 

causative Fadors A large number of associations among hepatic 
viral infections, environmental exposure, alcohol use, smoking, 
genetic metabolic diseases, cirrhosis, oral contraceptives and 
development of HCC have been recognized. Overall, 75% to 
80% of HCC cases are related to HBV (50% to 55%) or HBC 
(25% c:o 30%) infections. It is also clear from researcl1 that rl1c 
development of HCC is a complex and multistep process that 
involves any number of these risk facrors.3334 

Many years of research have documented a dear association 
bet\veen persistent HBV infection and the development of 
HCC. Studies have estimated relative risks of 5 to 100 for the 
development of HCC i.n HBV-infected individuals compared 
wim noninfected individuals. Other evidence includes the fol
lowing observations: (J ) geographic area~ high in HBV infection 
have high ra(es of HCC; (2) HBV infection precedes t.he devel
opment ofHCC; (3) the sequence ofHBVinfection to cirrhosis 
to HCC is well documented: and (4) the HBV genome is found 
in d1e HCC genome. 1he HBV has no known oncogenes, but 
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insertional muuagenesis into hepatocytes may be a contributing 
factor to the development of HCC. Another proposed mecha
nism is related to cirrbosis and chronic hepatic iJlAammation, 
which is present in 60% to 90% of patients with HBV in fection 
and HCC. Cirrhosis, however, is not a prerequisite for tbe 
developmem ofHBV-rdated HCC. lr is important ro note rhar 
the risk of HCC is not simply related to HBV exposure, but 
requires chronic infection (i.e .. chronically positive HBV surface 
antigen). There is a higber risk of persistent infection (carrier 
state) when the infection is acquired at birth or during early 
childhood. Familial clustering of HCC is probably related to 
early vertical transmissio.n of d1e virus and establishment of the 
chronic carrier state. 

Hepatitis C has been discovered to be a major cause of 
chronic liver disease in Japan, Europe, and the United States, 
where there is a relatively low rate of HBV infection. Antibodies 
to the HCV are found in 76% of patients with HCC in Japan 
and Europe and in 36% of patients in the United States. HBV 
and HCV iJ1fecrion are botb independent risk factors for the 
development of HCC but probably act synergistically when an 
individual is Lnfected with both viruses. Although the natural 
history of HCV infection is not completely understood, it 
appears to be one of chronic infection. with a benign early 
course. However, the ultimate development of cirrhosis and 
HCC may ensue. Studies on the rates of progression to cirrhosis 
estimate a median time of 30 years, but differing progression 
rates yield a range ofless man 20 to over 50 years. Factors associ
ated with a more rapid progression include male gender, chronic 
alcohol use, and older age at dle time of infection. HCV is an 
RNA virus that does not integrate into the host genome and 
therefore the pathogenesis ofHCV-related HCC may be related 
to more chronic inflammation and cirrhosis than to direct 
carcinogenesis. 35 

1l1e true relationship of cirrhosis and HCC is difficult to 
ascertain, and suggestions of causation remain speculative. Cir
rhosis is not required for the development of HCC and hepa
tocarcinogenesis is not an inevitable result of cirrhosis. The 
relationship of cirrhosis and HCC is further complicated by dle 
fact that they share common associations. Furthermore, some 
associations (e.g., HBV infection, hemochromatosis) are associ
ated with higher risk of HCC, whereas odlers (e.g., alcohol, 
primary biliary cirrhosis) are associated with a lower risk of 
HCC. Rescarcll has demonstrated that cirrhotic livers with 
higber DNA replication rates arc associated with the develop
mentofHCC. 

Cbronica'lcohol abuse has been associated with an increased 
risk of HCC and there may be a synergistic effect with HBV 
and H CV infection. Alcohol causes cirrhosis, but has never been 
shown ro be directly be carcinogenic in hepatocytes. 1hus, 
alcohol likely acts as a cocarcinogcn. Cigarette smoking has been 
linked to the developmem of HCC, hut the evidence is not 
consistent and the contributing risk independent of viral hepa
titis is likely small. Aflatoxin, produced by AspergiUus spp .• is a 
powerful hepatotoxin. With chronic exposure, aflatoxin acts as 
a carcinogen and increases dle risk of HCC. 1l1e offending fungi 
grow on grains, peanuts, and food products in tropical and 
subtropical regions. lJlgestion of contanunated foods resuJts in 
aflatoxin exposure. levels of aflatoxin in these implicated foods 
are regulated in the United States. 

Other chemicals have also been implicated as carcinogens 
related to HCC. These include nitrites, hydrocarbons, solvents, 

pesticide, and vinyl chloride. Thorotrast (colloidal thorium 
dioxide) is an angiographic medium that was used .in the 1930s. 
It emits high levels oflong-lasting radiation and has been associ
ated wicl1 hepatic fibrosis, angiosarcoma, cholangiosarcoma, and 
HCC. Associations with inl1erited metabolic Liver diseases such 
as hereditary hemochromatosis, 0:1-anritrypsin deficiency, and 
Wilson's disease have also been implicated as risk factors for 
HCC. Associations widl hormonal manipulations, sucl1 as the 
usc of OCPs, and anabolic steroids have been suggested but are 
weak and are probably better linked specifically to adenoma and 
well-differentiated H CC. Research has been focusing on rela
tionships ofHCC widl diabetes, obesity, and nonalcoholic fatty 
Liver disease. 3l.36.37 

Clinical Presentation Most commonly, patients presenting with 
H CC arc men 50 to 60 years of age who complain of right upper 
quadrant abdomiJ1al pain and weight loss, aJld have a palpable 
mass. ln countries endemic for HBV, presentation at a younger 
age i,:s common and probably related to chiJdbood infection. 
Unfortunately, in unscreened populations, HCC tends to 
present at a later stage because of the lack of symptoms in early 
stages. Presentation at an advanced stage is often with vague 
right upper quadrant abdomiJ1al pain that sometimes radiates to 
tl1e right shoulder. Nonspecific S)'mptoms of advanced malig
nancy such as anorexia, nausea, lethargy, and weight loss are also 
common. An.other common presentation of HCC is hepatic 
decompensation in a patient with known mild cirrhosis or even 
in patients with unrecognized cirrhosis. 

HCC can rarely present as a rupture, with the sudden onset 
of abdominal pain followed by hypovolemlc shock secondary to 
intraperitoneal bleeding. Otl1er rare presentations include 
hepatic vein occlusion (Budd-Chiari syndrome), obstructive 
jaundice, hcmobilia, and fever of unknown origin. Less d1an 1 o/o 
of cases ofHCC present with a paraJ1eoplasticsyndrome, usually 
hypercalcemia, hypoglycemia, and erythrocytosis. Small inci
dentally noted tumors have become a more common presenta
tion because of the knowledge of specific risk factors, screening 
progran1s for diagnosed HBV or HCV infection, and increasing 
use of high-quality abdominal imaging:. 

Diagnosis Radiologic investigation is a critical part of the diag
nosis of HCC. in the past, liver radioisotope scans and angiog
raphy were common methods of diagnosis, but ultrasound, CT, 
and MRI have replaced tl1csc studies. Ultrasound plays a signifi
cant role in screening and early detection ofHCC. but definitive 
diagnosis and treatment planning: rely on CT and/or MRL 
Contrast-enhanced CT and MRI protocols aimed at diagnosing 
HCC take advaJltage of tl1e hypervascularity of these tumors, 
and arterial phase images are critical to a'1Sess the extent of 
disease adequately. CT aJld MRI also evaluate the extent of 
disease in terms of peritoneal metastases, nodal metastases, aJld 
extent of vascular and biliary involvement. Detection of bland 
or tumor thrombus in the portal or hepatic venous system is also 
important aJld can be diagnosed with aJlY of these modalities 
(Fig. 54-36). 

AFP measurements can be hdpfu.l iJl the diagnosis of 
HCC. An AFP level higher thaJl 20 ng/mL is noted in approxi
mately 75% of documented cases ofHCC. False-positive eleva
tions of serum AFP levels can be seen in inflammatory disorders 
of the Liver, such as duonic active viral hepatitis. 1l1e specificity 
and positive predictive values of AFP improve with higher cutoff 
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FIGURE 54-36 Contrast-enhanced CT scan demonstrating multifocal 
hepatocellular card noma. The left portal vein is invaded and expanded 
by tumor. (From Roddie ME, Adam A: Computed tomography of the 
liver and biliary tree. In Blumgart LH, Fong Y [eds): Surgery of the liver 
and biliary tract, london, 2000, WB Saunders, pp 309-340.) 

levels (e.g., 400 ng/mL), but at the cost of sensitivity. With 
improvements in imaging technology and the ability to detect 
smaller tumors, AFP is largely used as an adjunctive test in 
patients with liver masses. AFP levels are particularly useful in 
monitoring treated patients for recurrence after normalization 
of levels. 

At present, the diagnosis of HCC can be made according 
to the guidelines of the Barcelona-2000 European Association 
for the Study of the Liver (EASL) Conferenccft and to successive 
modlfications of guidelines &om the American Association for 
the Study of Liver Disease (AASLD).39 Pathologic diagnoses of 
HCC are made according to the International Working Party 
criteria. For hepatic nodtdes from l ro 2 em in size, a triple
phase CT and MRI scan must show typical features ofHCC
arterially enhancing mass with washout of contrast in delayed 
phases- to confum the diagnosis. If atypical features appear on 
imaging, a biopsy should be obtained for histologic diagnosis. 
For hepatic nodu.les larger than 2 em, a triple-phase CT or MRI 
scan is required if typical features of HCC are identified in 
combination with an AFP level higher than 200 ng/mL. If 
typical featmes appear on imaging, the diagnosis of HCC is 
confirmed. If atypical features are seen, then biopsy is required 
to confirm the h.istologic diagnos.is. 

Patients with appropriate risk factors and suggestive radio
logic features, with or without an elevated AFP level, who are 
candidates for potentially curative surgical therapy do not 
require preoperaitive biopsy Lmless the diagnosis is in question. 
Percutaneous fine-needle aspiration of HCC does run a small 
risk of tumor cell spillage (estimated to be""' 1 %) and rupture or 
bleeding, especiaLly in cirrhotic livers and subcapsular tumors. 

Once the diagnosis of HCC has been made, the patient 
must be staged to develop an appropriate treatment plan. Most 
patients with HCC have two diseases and survival is as much 
related to the tumor a~ it is to cirrhosis. Staging includes an 
extem of disease and extenr of cirrhosis workup. 

In assessing the extent of disease, the common sites of 
metastases must be considered. HCC largely metastasizes to the 
lung, bone, and peritoneum. Preoperative history should focus 
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on symptoms referable to these areas. Extent of disease in the 
liver, including macrovascular invasion and the presence of mul
tiple liver masses, must also be considered. Cross-sectional 
abdominal imaging, including arterial phase images (see earlier), 
yields information on the extent of disease in the liver, as well 
as periwneal disease. A preoperative cl1esr CT is mandatory 
because lung metasta-;es are usually asymptomatic.. Routine bone 
scans are not performed unless there are suggestive symptoms 
or signs. 

Assessment of liver function is absolutely critical when 
considering treatment options for a patient with HCC. Uver 
resection is considered the treatment of choice for HCC and the 
risk of posroperatlve liver failure andlor death must be consid
ered. This risk is related to the degree of cirrhosis, portal hyper
tension, an1ount of liver resected (functional liver reserve), and 
regenerative potential response. Other successful treatments are 
available for HCC, such as ablative techniques, embolization 
techJ1iques, and liver transplantation. Therefore, a complete 
assessment of tumor and liver function must be carried out. A 
number of tests of liver function are available, generally divided 
into cl.Ulical assessment and functional tests, and there are many 
clinica:J assessment schemes (see earlier). However, Child-Pugh 
status is used most often. Child-Pugh class C patients are not 
candidates for resectional therapy whereas Child-Pugh class 
A patients can usually tolerate some extent of liver resection. 
Many consider Child-Pugh class B patients as candidates for 
operation, but they are generally borderline and therapy must 
be individualized. 

Outside of scoring systems, it has been demonstrated that 
significant portal hypertension, regardless of biochemical a~
ments, is highly predictive of postoperative liver failure and 
death. Portal hypertension can be assessed directly through 
hepatic vein wedge pressmes, but is usually obvious on high
quality imaging in the form of splenomegaly, a cirrhotic
appearing liver, and intra-abdominal varices. Blood work usually 
demonstrates marked cytopenias. Most typically, patients have 
thrombocytopenia Functional tests of liver function have been 
well described but are not routinely used in most Western 
centers because the results of studies evaluating their predi.ctive 
value have been mixed. 

Staging laparoscopy has been used as a staging tool in HCC 
and spares about one in five patients a nontherapeutic laparot
omy. Laparoscopy yields additional information about the extent 
of disease in the liver, extrahepatic disease, an.d cirrhosis. The 
yield o f laparoscopy is dictated by the extent of disease and is 
only selectively used. The presence of di•lically apparent cir
rhosis, radiologic evidence of vascular invasion, or biJobar 
tumors increase the yield to 30%, whereas without these factors 
the yield is 5%.40 

There are a number of staging systems for HCC but none 
have been shown to be particularly superior; they probably 
depend on the specific population being staged, as well as the 
cause of HCC in that particular patient population. The TNM 
staging system is not routinely used for HCC because it does 
not accmately predict survival; it does not take liver function 
into accowlt. Moreover, the TNM stagiJlg system relies on 
pathology that is frequently w1available preoperatively. 1l1e 
Okuda staging system is an older but simple and effective system 
that takes liver function and nm1or-related factors into accOLmt. 
It adds up a single point for the presence of tumor involving 
more than 50% of the liver, presence of ascites, albumin level 
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_Table 54-7 cancer of the Uver Italian Group Score* 
CLINICAL PARAMETERS 
Olild-Pugh dass 

Tumor morphology 

AFP (ng/dl) 

Portal vein thrombosis 

CUTOFF VALUES 
A 

B 

c 
Uninodular, <500/o extension 

Multinodular, <50% extension 

Massive or extension >50% 

<400 

>400 

No 

Yes 

POINTS 

0 

2 

0 

2 

0 

0 

*Score ranges from o to 6; a score of 4 to 6 is generally considered advanced 
disease, whereas a score of o to 3 has the potential for long-term survival. 

less than 3 g/dL, and biliruhin level higher than 3 mg/dL. The 
Okuda staging system reliably distinguishes patients wi th a 
prohibitively poor prognosis from those with potential for 
long-term survival The most well-validated staging system is 
the Cancer of the Liver Italian Program (CLIP), which was 
rigorously developed and has been prospectively validated 
(Table 54-7). An exan1ple of a scoring system that is probably 
populatiOJl-specilic is d1e Chinese University Prognostic Index 
(CUPI), which takes into accowlt TNM stage, symptoms, 
ascites, and AFP, bilirubin, and ALP levels and appears to apply 
mainly to HBV-related HCC in China. 

Pathology Histologically, HCC is graded as well, moderately, or 
poorly differen tiated. The grade of HCC, however, has never 
bee11 shown to predict outcome accurately. Grossly, the growth 
patterns of HCC have been classified in a numher of ways. The 
most useful scheme divides HCC into three distinct growth 
patterns that have distinct relationships to outcome. 1l1e hanging 
type of HCC is connected to the liver by a small vascular stalk 
and is easily resected without sacrifice of a significant amount 
of adjacent non-neoplastic liver tissue. This type can grow to 
substantial size without involving much normal liver tissue. The 
pushing type of HCC is well demarcated and often contains a 
fibrous capsule. It is characterized by growd1 that displaces vas
cular strucnue-~ rather than invading iliem. 1llls type is usually 
resectable. The last type is called the infiltrative type of HCC, 
which tends to invade vascular structures, even at a small size. 
Resecting the infiltrative type is often possible, but positive 
histologic margins are common. Small rumors {<5 em) usually 
do not fall into any of these groups and are often discussed as a 
separate entity. 

Finally, HCC can present in a mu1tifocal manner. Most 
HCC probably starts as a single tumor, but ultimately multiple 
satellite lesions can develop secondary to portal vein invasion 
and metastases. Multifocal rumors throughout the liver probably 
represent the end stage of HCC, with multiple metastases and 
multiple primary tumors. 

Treatment There are a large number of treatment options for 
patients wi th HCC, reAecting the heterogeneity of this disease 
and the lack of a proven superior tream1ent, except complete 

Treatment Options. for Hepatocellular Carcinoma· 

Surgical 
Resection 
Orthotopic liver transplantation 

Ablative 
Ethanol (EtOH) injection 
Acetiic acid injection 
Thermal ablation (cryotherapy, radiofrequency ablation, 

microwave) 

Transarterial 
Embolization 
Chemoembolization 
Radiotherapy 

Combination Transarterial and Ablative: 
External Beam Radiation 
Systemic 
Chemotherapy 
Hormonal 
Immunotherapy 

------------------------------~ 

resection (Box 54-1 ). Deciding on a treatment regimen for any 
one patient must take into consideration the stage of malig
nancy, condition of the patient and of the liver, and experience 
of the treating physician{s). 

Complete excision of HCC by partial hepatectomy or by 
total hepatectomy and liver transplantation is the rreatmeJlt of 
choice, when possible, because it has the highest chance oflong
term survival. In general, however, only 1 Oo/o to 20o/o of patients 
arc wnsidered to have resectable disease. Historically, mortality 
rates for partial hepatectomy have ranged from 1 o/o to 20o/o but, 
if performed in healthy patients without advanced cirrhosis, 
most series have a mortality rate less than 5o/o. Advances in surgi
cal recllllique have also allowed the development of limited 
segmental resections when appropriate, which preserves liver 
fLmction and improves early postoperative recovery. Selection of 
d1e appropriate patient for resection is critical and must take 
into account the condition of the liver and extent of disease. 
Patients with Child-Pugh class B or C cirrhosis or portal hyper
tension do not tolerate resection. 1l1e volume of the FLR is also 
an importanr consideration and is associated with postoperative 
complications and mortality. Preoperative portal vein emboliza
tion is an effective strategy to increase d1e volume and function 
of the FLR and should be used liberally in patients with Child
Pugh class A cirrhosis with a small FLR (i.e., <30o/o to 40o/o of 
d1e t(Jtal liver volume) who are being considered for a major 
resection. The overall postresection survival rates for HCC are 
58% to 1 OOo/o at 1 year, 28% to 88% at 3 years, 11% to 75% 
at 5 years, and 19% to 26% at 10 years. The-<;e results obviously 
depend on the stage of d1e tumor and degree of cirrhosis in each 
particular series. Together, they give a sense of the possibilities. 

A variety of prognostic factors predictive of survival after 
resecrion have been identified, but none are universally agreed 
on . 1l1e most commonly cited negative prognostic factors are 
tumo r size, cirrhosis, infiltrative growth pattern, vascular inva
sion, intrahepatic metastases, multifocal wmors, lymph node 
metastases, margin less than 1 em, and lack of a capsule. 1l1e 
best outcomes are found in patients with single small tumors, 
but size alone sl1ould not contraindicate resection. Multifocal 
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rumors and major vascular invasion are generally associated with 
a poor outcome but some groups advocate resection in highly 
select patients.1

'
41 

Theoretically, orthotopic liver transplantation (OLT) is the 
ideaJ treatment for HCC because it addresses the liver dysfunc
tion and cirrhosis, and the HCC. 1l1e limitations of transplanta
tion are the need for chronic immwwsuppres.~ion and the lack 
of organ donors. 1l1ere has been growing interest in the usc of 
partial hepatectomy from Uve donors, which addresses the latter 
point but remains a somewhat controversial approach. Early 
series of transplantation for HCC had high recurrence rates and 
relatively poor long-term survival, largely attributed to the fact 
that most of cl1ese patiems were being transplanted for advanced 
disease. Refinements in patient sdection-nan1ely, patients with 
single tumors smaller than 5 em, or no more than three rumors 
and 3 em in size-have rcsulced in improved outcomes.4~ Long
term survival rates with more stringent selection criteria have 
ranged from 50% to 85%. Studies have begun to expand the 
indications for OLT without a major effect on long-term sur
vival but likely an increase i11 overall recurrence rates. Compar
ing results of resection wim transplantation is difficult and the 
two should be viewed as complementary rather than competi
tive.43 Patients with advanced cirrhosis (Child class B and C) 
and early-stage HCC should be considered for transplantation 
whereas those with C hild class A cirrhosis have similar results 
with transplantation and resection and should probably be 
resected.~~-16 

A number of other nonsurgical local ablative therapies are 
available for d1e treatmenr of small tumors. Percutaneous ethanol 
injection (PEI) is a useful technique for ablating small rumors. 
'The tumor is killed by a combination of ceiJular dehydration, 
coagulative necrosis, and vascular thrombosis. Most tumors 
smaller man 2 em can be ablated with a single application of 
PEl, but larger tumors may require multiple injections. Long
term survival afocr PEl for tumors smaller than 5 em has been 
reponed to range from 24% to 40%, hut no randomized trials 
have compared PEl with resection. Percutaneous injection of 
acetic acid is a similar technique to PEI but has stronger necro
tizing abilities, making it more useful in septated mmors. 

Thermal ablative tech11iques that freeze or heat tumors to 
destroy them have become popular. Cryotherapy uses a special
ized cryoprobe to free-£e and thaw tumor a11d surrounding liver 
tissue, wiili resull(ing necrosis. Cryotherapy is usually performed 
at laparotomy or laparoscopically, but has been performed with 
percutaneous techniques. One advantage is that the ice ball 
formed is easily monitored wid1 ultrasound. Disadvantages 
include a heat sink effect limhing the usefulness of freezing ncar 
major blood vessels and a relatively high complication rate of 
8% to 41 %. Reported 2-year mrvival rates for cryoablation of 
HCC range from 30% to 60%, bur no comparative studies to 
resection have been carried out. Radiofrequency ablation (RFA) 
uses high-frequency alternating current to create heat around an 
inserted probe, resulting in temperatures higher than 60° C 
{140° F) a11d immediate cell deaili. Although initially limited to 
smaller tumors, improvements in technology have created RFA 
probes reportedly able to ablate tumors as large as 7 em. None
theless, the efficacy ofRFA for HCCs larger than 3 em is limited 
because of increased local recurrence rates. RFA is also Limited 
by the protective effect of blood vessels and docs not ablate well 
iJ1 these areas. 1he procedure can easily be performed percutane
ously, with low complication rates, and optimal guidance systems 
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are being developed. Studies have suggested that RFA is superior 
to PEl for limited HCC for l.ocal tumor control but not survival. 
Recent data would also suggest that resection may be superior 
to RFA for small HCCs.47 However, no long-term data for RFA 
of HCC exist.48 

Transarrerial therapy for H CC is based on the fact thar 
most of the tumor's blood supply is from the hepatic artery. 
Hepatic arterial infusional chemotherapy using 5-Auorouracil 
(5-FU- based compounds, cisplatin, a11d doxorubicin has been 
studied in limited numbers. Response rates of25% to 60% have 
been reported, but the requirement of a laparotomy to place the 
pump a11d associated hepatic toxicity limits the applicability of 
this approach to highly select pacienrs. 

Similarly, percutaneous transarterial embolization CaJl 

induce ischemic necrosis in HCC, resulting in response rates as 
high as 50% (Fig. 54-37). Attempts to improve me efficacy of 
arterial embolization have included adding chemotherapeutic 
agents (chemocmbolization) to the bland embolization particles 
and oils such as ethiodized oil (Ethiodol) that are selectively 
taken up by HCCs.49 Randomized trials bave not shown che
mocmbolizadon to he superior to bla11d embolization alone wiili 
regard to survival. However, a recent trial have suggested an 
improvement in local contro\.50 Seven randomized trials have 
compared embolization or cbemoembolization to conservative 
management. Two of these trials and a meta-analysis have con-
6rmed an overall survival advantage from the embolization strat
egies.~• The selection of appropriate candidates for emboli7..ation 
is important and treatment should generally be limited ro 
patiems with preserved liver flLilction and asymptomatic multi
nodular tumors without vascular invasion. Poor selection will 
result in a ltigher incidence of treatment-induced liver failure, 
offsetting the potential benefits. 

External bean1 radiation therapy (EBRT) has a limited role 
in the treatment ofHCC, although occasional dramatic responses 
arc seen. EBRT is Umited by dan1age to normal liver paren
chyma a11d to surrounding organs, but newer methods of con
formal radiotherapy and breath-gated tecl1niques are improving 
the usefuiJ1ess of this treatment modality. Intra-arterial injec
tions of iodine-131 with Ed1iodol or yttrium.-90 in glass micro
spheres have also been used to deliver localized radiation to 
HCCs, with reports of dran1atic response rates. Transarterial 
radiotherapy is a potentially promising therapy for HCC as a 
primary or adjuvant therapy. 

Systemic chemomerapy wiili a variety of agents (e.g., ds
platin, doxorubiciJ1, etoposide, 5-FU. nlitomycin C, amsacrine, 
mitoxantrone, picibaniJ, tamoxifen, uracil, VM-26) has been 
ineffective and has bad a minimal role for the treatmenr of 

FIGURE 54-37 Angiograms demonstrating hypervascular hepatocel
lular carcinoma before {A) and after (B) embolization. 
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HCC. Response rates are generally under 20o/o and of short 
duration. Systemic immunotherapy and hormonal therapy have 
bee11 used in smaU numbers of patients with HCC, with some 
early promising results, but have not yet demonstrated superior
ity to standard regimens. 

With the large number of available uearment suaregies for 
HCC, it is no surprise that combinations of therapies and adju
vant or neoadjuvant strategies in conjunction with resection 
have been attempted. Two randomized trials have demonstrated 
a survival benefit to specilic adjuvant strategies after resection of 
HCC. The first is the use of the retinoid polyprenoic acid and 
the second is transarterial iodine-131 Ethiodol treatment. 
Further studies and larger trials are awaited to confirm these 
promising strategies. 

Most recemly, sorafenib, a molecular targeted therapy that 
inhibits the serine-threonine kinases Raf-1 and B-raf. the recep
tor tyrosine kinase activity of vascular endothelial growth factor 
receptor (VEGFR) 1, 2, and 3, and platelet-derived rowth 
factor-[3 (PDGF-[3) was evaluated. Llovet and colleagues 2 have 
randomized 599 patients \vith advanced stage HCC and Child
Pugh level A cirrhosis to oral sorafenib or placebo. The median 
overall survival was I 0.7 months in the sorafenib group and 
7.9 months i.n the placebo group (P <.001), a difference of 
2.8 months. The median time to radiologic progression was 5.5 
months in the sorafenib group and 2.8 months in the 
placebo group (P <.001, a difference of 2.2 months. Neither 
group demonstrated any complete responses by radiologic crite
ria. Although d1e adverse event profile of sorafenib was similar 
to the placebo group, this and earlier studies have shown that 
sorafenib is best tolerated in patients with Child-Pugh class A 
cirrhosis. 

Distind Variants of HCC Fibrolamellar HCC is a variant of HCC 
with remarkably different clinical features, summari1.ed in Table 
54-8. 'This tumor generally occurs in younger patients without 
a history of cirmosis. 1l1e tumor is usually well demarcated and 
encapsulated and may have a central fibrotic area. The central 
scar can make distinguishing this tumor from FNH difficult. 
Histologically, FHCC is composed of large polygonal tumor 
cells embedded! in a fibrous stroma, forming lamellar structures 
(Fig. 54-38). FHCC does not produce AFP. but is associated 
with elevated neurotensin levels. ln general, FHCC has a better 
prognosis than HCC, likely related to high resectability rates, 
lack of chronic liver disease, and a more indolent course. Long
term survival can be expected in approximately 50% to 75% of 

Table 54-8 Comparison of Standard Hepatocellular card~ 
_noma and Fibrolamellar Hepatocellular carcinoma 
PARAMETER 

Male-to-female ratio 

Median age (yr) 

Tumor 

Resectability 

Cirrhosis 

AFP-positive 

Hepatitis B positive 

HCC 
2:1-8:1 

55 

Invasive 

<250/o 

900/o 

800/o 

650/o 

FHCC 
1:1 

25 

Well circumscribed 

500/o-750/o 

50/o 

5% 

50/o 

patients after complete resection, but recurrence is common and 
occurs in at least 80% of patients. The presence of lymph node 
metastases predicts a worse outcome. Resection of lymph node 
metastases and recurrent disease has been advocated because of 
a lack of alternative therapy and the possibility of long-term 
survival. 

Rarely, HCC can present as a mixed hepatocellular
cholangiocellular tumor, witl1 cellular differentiation of both 
types present. Whether this is two separate rumors growing into 
ead1 other or mixed differentiation of the same tumor is not 
known. These mixed tumors tend to have a worse prognosis than 
standard HCC. 

A clear ceU variant of HCC also exists, in which the cells 
contain a clear cytoplasm. These tumors can resemble renal cell 
neoplasms. 'The clear cell variant may have a better prognosis 
than standard HCC, but this is a subject of debate. A pleomor
phic or giant cell variant of HCC has also been reported. Cells 
in this type are multinudeated, pleomorphic, and large and 
likely originate from primary hepatic cells. Some HCCs show 
evidence of sarcomatoid differentiation and are referred to as a 
sarcomatoid variant or carcin.osarcoma. These twnors tend not 
to produce AFP and have a higher incidence of metasta~s at 
preseJltation. 

Childhood HCC is a distinct entity mat comprises almost 
25% of pediatric liver tumors, but rarely occu.rs in infancy. Viral 
hepat itis is associated with childhood HCC in Asia, but less so 

FIGURE 54-38 FHCC. Abundant collagen is evident interconnecting 
d usters of cells. The cells are often in single-layer sheets. An acinus 
is present in the left upper field. 
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in the United Sttates. Other inherited metabolic liver diseases 
(see earlier) are often associated wi.tb childhood HCC. As in 
adult HCC, complete resection is the only potentially curative 
treatment. There is a high incidence of mulcifocali ry, vascular 
invasion, and extrahepatic metastases, resLdting in relatively poor 
long-rerm survival races of 1 Oo/o to 20%. 

Intrahepatic Cholangiocarcinoma 
Cholangiocarcinoma is an uncommon neoplasm, with an inci
dence of 1 to 2/100,000 in the United Scares, and can develop 
anywhere along rhc biliary tree, from the ampulla of Vater to 
the peripheral intrahepatic bile ducts. Most of these tumors 
(40% co 60%) involve the biliary confluence (K1atskin's rumor), 
but approximately 10% emanate from intrahepatic ducts, pre
senting as a Liver mass. fntral1epatic cholangiocarcinoma {IHC) 
is the second most common primary hepatic neoplasm and has 
also been referred to as peripheral cholangiocarcinoma or chol
angiolar carcinoma. Studies on the incidence and natural hjstory 
ofTHC have been confused by the fact that many series include 
mixed hepatoccllular-cholangiocarcinoma (sec earlier). Also, it 
is likely that .in the past, many of these tllmors were mistaken 
for metastatic adenocarcinoma because biopsy is unable to dif
feremiate the two. 

Historically, d1e most common risk factors for the develop
ment of cholangiocarcinoma (all types) were primary sclerosing 
cholangitis, choledochal cyst disease, and RPC. Recent epide
miologic evidence has now linked IHC to HBV infection, HCY 
infection, HIY infection, cirrhosis and diabetes.53'55 Increases in 
the diagnosis of IHC in the United States are likely related to 
better recognition of the disease and perhaps to the rise in HCY 
infections in the 1960s and 1970s. 

The dinlcal prescntaticm of lHC is similar to HCC. 1he 
most common symptoms are right upper abdomlt1al pain and 
weight loss. Jaundice occurs in approximately 25% of patients. 
Patient.~ have more been often presenting with incidentally 
fotll1d liver masses on cross-sectional imaging. Unlike HCC, the 
AFP level wiiJ be nom1al, although CEA or CA-19-9 levels can 
be elevated in some cases. Most often, a search for a primary 
tumor wi.th endoscopy and imaging of the d1est wiiJ be carried 
out and not yield any information. If a biopsy has been per
formed, it is often read as adenocarcinoma or adenocarcinoma 
of unknown primary. On Cf and MRJ, lHC is seen as a focal 
hepatic mass that may be associated with peripheral biliary dila
tion. The mass typically has peripheral or central enhancemeJ1t 
on contrast-enhanced scans. Intrahepatic metastases, lymph 
node metastases, and growth along the biliary tree are often 
encountered. 

Complete resection is the treatment of choice for IHC. 
Resectability rates generally range up to 60% and long-term 
survival in unresected patients is rare. If completely resected, 
3-year survival rates range from 16% co 61% and 5-year survival 
rates range from 24% to 44%. Factors associated with a poor 
outcome include intrahepatic metastases, lymph node metasta
ses, vascular invasion, and positive margins. There is litde known 
about the effectiveness of radiation and chemotherapy for rHC 
because of the rarity of the disease. Thus, their application is not 
routine. Chemotherapy is largely considered ineffective for rHC 
but improvements in chemotherapy for other gastrointestinal 
tumors will bopefLLUy translate into improved outcomes. 
Regional hepatic artery chemotherapy has been under study and 
may be a promising approach. 
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Other Primary Malignant Neoplasms 
Hepatoblastoma is the most common primary hepatic rumor of 
childhood. There are approximately 50 to 70 new cases/year in 
the United States. Rare cases of adult bepatoblastoma have been 
reported but, overall, the median age of presentation is 18 
months and almost all cases occur before the age of 3 years. 
Hepatobla.~toma has been associated with the familial polyposis 
syndrome. There are a number of histologic subtypes but, in 
genera], the tumor is derived from fetal or embryonic hepato
cytic progenitors and mesenchymal elements are often present. 
1lus tumor generally presents as an asymptomatic mass. Mild 
anemia and thrombocytosis are commonly found at presenta
tion. Serum AFP levels are elevated in 85% to 90% of patients 
and can serve as useful marker for therapeutic response. Most 
studies have supported the use of chemotherapy followed by 
resection and survival appears to be dependent on complete 
resection. Chemotherapy can serve to downstage tumors, which 
facilitates resection. ln patients without metastatic disease or the 
anapla.<;tic variant, long-term survival rates of 60% to 70% can 
be expected wid1 complete resection. [ntcrestingly, 50% of 
patients with pulmonary metastases can be cmed with resection 
of the hepatic tumor and chemotherapy and/or resection of the 
pulmonary metastases. 

A variety of sarcomas can rarely present as primary liver 
tumors, but must always be considered metastatic lesions until 
proveJJ otherwise. Angiosarcoma is probably the best- described 
primary hepatic sarcoma because of its well-known association 
with vinyl chloride or 1horocrast exposme. Angiosarcoma typi
cally presents as multiple hepatic masses and can appear in 
dlildhood. Long-te.rm survival is uncommon with primary 
hepatic angiosarcoma. Other sarcomas, including leiomyosar
coma, malignant fibrous histiocytoma, embryonic sarcoma, and 
prin1ary hepatic rhabdoid tumors have been described but are 
rare. The latter two lesions are typically seen in the pediatric 
population. 

Non-Hndgkin's lymphoma (NHL) can present primarily 
in the liver, with or without extrahepatic disease. Primary hepatic 
lymphoma should be rreated in the same marmcr as lymphoma 
elsewhere in the body if the diagnosis can be made prior to a 
liver resection. 

Primary hepatic neuroendocrine tumors or carcinoid 
tumors have been described but are probably extremely rare. 
Distinguishing the rare primary hepatic neuroendocrine tumor 
from a metastatic lesion can be difficult because the extral1epatic 
primary tllffior can be radiologically occult for many years, and 
the liver is the most common site of metastases. 

Malignant germ cell rumors of the liver including terato
mas, choriocarcinomas, and yolk sac tumors are very rare and 
are principally described in the pediatric population. 

Epithelioid bemangioendothelioma of the liver is a rare 
malignant vascular tllffior that presents with multiple bilateral 
hepatic ma~ses. Extrahepatic metastases occur in approximately 
25o/o of patients and clinical behavior is unpredictable, with 
some patients having a prolonged indolent course. Most patients 
ultimately die of liver failure, but cases of successful transplanta
tion have been reported. 

Metastatic Tumors 
1l1e mQSt common malignant tumors of the liver are metastatic 
lesions. 1l1e Jjver is a common si te of metastases from gastro
intestinal tumors, presumably because of dissemination via the 
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portal venous system. The most relevant metastatic tumor of the 
Liver to the s~eon is colorectal cancer because of the well
documented potential for long-term survival after complete 
resection. However, a large number of other tumors commonly 
metastasize to the liver, including cancers of the upper gastroin
testinal system (stomach, pancreas, biliary), genitourinary system 
(renal, prostate), neuroendocrine system, breast, eye (mela
noma), skin (melanoma). soft tissue (retroperitoneal sarcoma). 
and gynecologic system (ovarian, endometrial, cervix). The large 
majority of metastatic Liver tumors that present with concomi
tant extrahepatic disease will have unresectable liver disease or 
arc not curabl.e with resection, limiting the role of the surgeon 
to highly select cases. It is worth reemphasi7lng that metastatic 
adenocarcinoma to the liver of unknown prin1ary is often a 
primary intrahepatic cholangiocarcinoma, and this diagnosis 
must always be kept in mind. 

Traditionally, cancer spread to a distant site was cons.idered 
a systemic disea~ in which locoregional therapies (i.e., surgery) 
were not effective. Some metastatic tumors to the Liver and, in 
particular, metastatic colorectal cancer have been shown to be 
an exception to this rule. Over 35 years of clinical rescard1 has 
documented that metastatic colorectal cancer isolated in the liver 
can be resected. with the potential for long-term su.rvival and 
curc.56-58 Advances in systemic and regional chemotherapy have 
also broadened the number of patients eligible for surgical 
therapy and probably have in1proved long-term survival after 
resection.~9 Patient selection is the most important aspect of 
surgical therapy for metastatic disease in the liver and cLinical 
follow-up of resected patients has identified those most and least 
Likely to benefiit. Although long-term survival is common and 
occurs in up to 50% to 60% of patients in current series, recur
rence and chronic multimodal therapy arc common, occurring 
in approximately 75% of patients. 1l1ereforc, realistic expecta
tions and honest patient education is an important aspect of 
treatment. Tumors other than colorectal cancer presenting as 
isolated or Linrited hepatic metastases can also he resected for 
potential long-term survival, but data on these other tumors are 
sparse and less compelling than for colorectal cancer. 

Colorectal M etastases 
1l1ere are over 50,000 cases of colorectal liver metastases a year 
in the Unjted States. Most of these cases are associated with 
widespread disease and/or umesectable hepatic disease. It is esti
mated that approximately 5% to too/o of these patients are 
candidates for a potentially curative liver resection. With 
improved response rates to modern chemotherapy and advances 
iJ1 hepatic surgery, however, more patients are now candidates 
for hepatectomy than in the past; at present, up co 20% of 
patients may be candidates. [n the distant past, patients with 
hepatic colorectal metastases generally presented with symptoms 
and signs of advanced malignancy such as pain, ascites, jaundice, 
weight loss, and a palpable mass. Presentation with these symp
toms is a poor prognostic sign; few of these patients are candi
dates for therapy aside &om chemotherapy or supportive care. 
1l1is has led most physicians to follow patients witb resected 
primary colorectal cancer carefully who are potential candidates 
for aggres.~ive therapy with serial physical exan1inations, cross
sectional in1aging swdies, LFTs, and determination of CEA 
levels. Although not supported b}' randomized trials, clinical 
observations have indicated that patients who are carefully fol
lowed with these tests are those often found to have resectable 

metachronous disease and the greatest potential for long-term 
survival. In addition to these patients, some are found to have 
synchronous metastatic disea.~ at the time of diagnosis of the 
primary colorectal cancer on preoperative imaging or at 
laparotomy. 5:',58.60 

CEA is normally only secreted in mero, bur is also secreced 
by most colorectal cancers. Although an elevated CEA level is 
not specific for recurrent colorectal cancer. a rising CEA level on 
serial exanlinations and a new solid mass on imaging studies are 
diagnostic of metastatic disease. Mild elevations in LFT results 
arc common in metastatic colorectal cancer to the liver, bur are 
not effective as a screening tool. The most common elevated test 
levels are those of ALP, GGT, and lactate dehydrogenase (LDH). 
Imaging of hepatic metastases is generally adequate with 
high-quality CT. Most physicians use thin-cut (5 mm), high
resolution, dynantic, contrast-enhanced helical scaruling tech
niques. Ttming with [V contrast should correspond to the portal 
venous pha.~ to maximize hepatic parenchymal enhancement, 
which improves the disparity between parenchyma and tumor. 
Contrast-enhanced MRI can also be useful to characterize 
hepatic lesions of uncertain significance (see earlier). 

Once a patient with colorectalliver metastases is considered 
a candidate for surgical therapy, a complete extent of disease 
workup must be performed. Colonoscopy should be performed 
if it has been longer than I year since the last examination to 
n.le out Local recurrence or metachronous colorectal lesions. 
Complete abdominal and pelvic cross-sectional imaging must 
also be performed. Chest CT is often performed, but is of low 
yield. Many studies have evaluated the added benefit of PET 
scans: to detect occult extral1epatic disease. Approx.in1ately 25% 
of patients have a change in management based on PET scan 
findings but this is higWy variable, depending on the quality of 
cross-sectional imaging, radiologic interpretation, and patient 
selection (Fig. 54-39). Staging Laparoscopy prior to definitive 
laparotomy identifies approximately 50o/o of all unresectable 
patients. Overall, 10% of patients are spared a nontherapeutic 
laparo tomy and the yield of laparoscopy correlates with the 
number of poor prognostic factors present, allowing it to be used 
on a selective basis. 

To date, a prospective trial comparing surgery with no 
tream1ent or chemotherapy alone has not been perfom1ed, nor 
is tllis likely ever to be done. 1l1erefore, the rationale for liver 
resection comes from retrospective comparisons of these treat
ment strategies. The surgeon must understand the natural 
history of colorectal liver metastases left untreated or treated 
with systemic chemotherapy to interpret survival data associated 
with hepatectomy appropriately. Before the 1980s, most hepatic 
metastases were left untreated. Two key studies retrospectively 
identified patients with isolated single hepatic metastases or 
multiple but resectable tumors who received no therapy. One 
!>tudy documented a I 0% 3-ycar survival and the other a 2% 
5-year survival for patients with limited and potentially resect
able disease. It was clear from these studies that long-term sur
vival is extremely rare without treatment and that survival is 
closely related to the extent of disease. ln the past, 5-FU-based 
systemic chemotherapy was ineffective as sole therapy for hepatic 
colorectal metasta.~es, with median survivals of approximately 12 
momhs and response rates of20o/o to 30o/o. Tremendous advances 
in systemic d1emotherapy for metastatic colorectal c.ancer have 
now been ad1ieved. Combi11ation chemotherapy, including 
5-FU with irinotecan or oxaliplatin combined with targeted 

http://www.myuptodate.com


FIGURE 54-39 Positron emission tomography scan in a patient diag
nosed with colorectal cancer synchronously metastatic to the liver 
after resection of the colonic tumor. The scan demonstrates hyper
metabolic activity throughout the liver, but also shows two areas in 
the left upper quadrant consistent with an omental lesion as well 
as an anastomotic recurrence. A recent a scan demonstrated liver 
disease only. (From Akhurst T, larson SM: The role of nuclear medi
cine in the diagnosis and management of hepatobiliary diseases. In 
Blumgart LH, Fong Y [eds): Surgery of the liver and biliary tract, 
london, 2000, WB Saunders, pp 271-308.) 

antiangiogenic antibodies such as bevacizumab (anti-VEGF 
antibody) or ceruximab (Erbitux; antiepidermal growth factor 
antibody) have now resulted in response rates of over 50% and 
median survivals of 20 months and longer for patients with 
advanced disease.56 Although response rates and survival have 
improved, durable complete response and 5-year survival arc rate 
with the administration of chemotherapy alone. 

1he sporadic partial hepatectomies performed for meta
static colorectal cancer prior to the 1980s were appropriately 
viewed with great skepticism. 1he high morbidity and morta1ity 
for liver surgery at that time, and the questionable rationale of 
resecting bloodborne metastases, were the major issues. Over the 
last 30 years, however, large series have demonstrated that liver 
surgery can now be practiced with acceptable safety and that 
patients with isolated and resectable hepatic metastases have the 
potential for long-term survival. Five-year survivaJ rates range 
from 25% to 58%. l11ere is also a clear trend toward longer 
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survival in more recent series (Table 54-9). Peri operative mortal
ity in experienced centers is consistently less than 5% and, .in 
many series, has been less than 2%. Almost all demonstrate that 
almost 50% of patients undergoing a liver resection for meta
static colorectal cancer will survive 3 years and 20% will smvive 
1 0 years. Despite rhe low operative morraliry, ir musr be scared 
that liver smgery is still a~sociated with significan t morbidity 
rates of 30% to 50%. Complications arc most commonly bleed
ing, bile leak, abscess, and other generalized cardiorespirator)' 
complications. W ith improvements in d1emotherapy, a higber 
proportion of patients undergoing hepatectomy have been 
treated preoperatively. However, some studies have shown pre
operative chemotherapy is associated with hepatic toxkiry (ste
atobepatitis and sinusoidal obstructive syndrome) and higher 
rates of postoperative liver failure. 

From these large series, we have learned much about prog
nostic factors, as welJ as which patients are most likely to benefit 
from a liver resection for hepatic colorectal metastases. Althougb 
not al l studies agree, it has been found that poor prognostic 
factors include extral1cpatic metastases, iJwolvcd lymph nodes 
with the primary colorectal tumnr, synchronous presentation {or 
shorter disease-free interval), larger number of tumors. bilobar 
involven1ent, CEA level elevation more than 200 ng/mL. size of 
largest hepatic tumor more than 5 em, and involved histologic 
margins. In a series of IOU! liver resections from Memorial 
Sloan-Kettering Cancer Cemer (MSKCC), a multivariate analy
sis61 identified five preoperative factors as the most influential 
on Ollltcome-size larger than 5 em, disease-free imerval less 
than 1 year, more than one rumor, lymph node-positive primary, 
and CEA level higher than 200 ng/mL. Using these five factors. 
we have developed a risk score predictive of recurrence after liver 
resection (Table 54-l U). 

Traditionally, the presence of extrahepatic disease, fom or 
more !hepatic metastas<.->s, close margins, and the inability to 
resect all disease in the liver have been considered contraindica
tions to hepatectomy. The only one of these historic contraindi
cations that holds true today is the inability to resect all disease. 
Recent reports have shown that hepatectomy for four or more 
metastases is associated with an approximate 5-year survival of 
33%, despite a high recurrence rare. Ald10ugb the width of the 
closest margin has been shown to be associated with outcome, 
it is often confounded by its relationship to an overall poor 
prognostic tumor {i.e., multiple synchronous tumors). However, 
close or iJwolved margins do not appear to preclude the possibil
ity of long-term survival but patients with positive margins tend 
to fair poorly. Nonetheless, atten1pts at wide margins more than 
I em ate appropriate, when possible. c.! Resection of extral1epatic 
metastases that present simultaneously with llver metastases has 
recently been shown to be associated with Long-term survival in 
highly select cases.63 1he sites that appear to be associated with 
the best outcomes in this situation arc lin1ited lung metastases, 
locorcgional recurrences of the primary tumor, and portal lymph 
nodes. Patient selection is critical for this aggressive approach 
and generally requires preoperative chemotherapy to exclude 
progression and consideration of the overall buJk of metastatic 
disease. 

Although long-term survival after liver resection for hepatic 
colorectal metastases i~ clearly possihlc, recmrence of disease is 
common. Overall, approximately 75% of patients recur. but in 
high-risk situations (e.g., four or more tumors, extral1epatic 
disease) recmrencc rates approach I 00%. Approximately 50% 
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Table 54-9 Results of Hepati( Resection for Hepatk Colorectal Metastases* 
Survival Rate {%) 

OPERATIVE 
STUDY (YEAR) NO. OF PATIENTS MORTAUTY RATE (%) I YEAR 5 YEAR IOYEAR MEDIAN SURVIVAL (MO) 
Adson, 1984 141 2 82 25 24 

Hughes, 1986 607 33 

Schlag. 1990 122 4 85 30 32 

Doci, 1991 100 5 30 28 

Gay01111ski, 1994 204 0 9~ 32 33 

Scheele, 1995 469 4 83 33 20 40 

Fong. 1995 577 4 85 35 40 

Jenkins, 1997 131 4 81 25 33 

Rees, 1997 ISO 94 37 

Jamison, 1997 280 4 84 27 20 33 

Fong, 1999 1001 3 89 37 22 42 

Minagawa, 2000 235 0 35 26 37 

Scheele, 2000 597 36 35 

010ti, 2002 226 401 26 46 

Abdalla, 2004 190 58 Not reached 

Nicoli, 2004 228 0.9 16 9 

Andres, 2008 210 0.5 95 40 

de Jong, 2009 243 47 36 

House, 2010 1600 

1985-1998 1037 2.5 35 16 43 

1~2004 563 0.5 43 64 

*In selected series with more than 100 patients. 
'The s-year survival rate in the patients operated on in the most current time period in this study was 58%. 

Table 54-10 dinkal Risk S(ore and Survival in 1001 Patients 
Undergoing Liver Resection for Metastatk Coloredal can(er* 

Survival Rate (o/o) 

SCORE 1 YEAR 3 YEAR 5YEAR MEDIAN SURVIVAL (MO) 
0 93 72 60 74 

91 66 44 51 

2 89 60 40 47 

3 86 42 20 33 

4 70 38 25 20 

5 71 27 14 22 

Adapted from Fong Y, Fortner J, Sun RL, et al: dinical score for predicting recur
rence after hepatic resection for metastatic colorectal cancer: Analysis of 1001 
consecutive cases. Ann Surg 230:309-318, 1999. 
*Each of the following five risk factors equals one point node-positive primary, 
disease-free interval <12 months, >One tumor, size >5 em, carcinoernbryonic 
antigen level >200 n&'mL Score is total number of points in an individual patient 

of recurrences are isolated to the liver and a small number of 
these patienrs ('•==5% of all patienrs undergoing liver reseaion) 
are candidates for a second liver resection. These highly select 
patients, who undergo a second liver resection with complete 
removal of all disease, can expect further 5-year survival rates of 

30% to 40%. Limited and isolated lung recurrences can also be 
resected, with the potential for further long-term survival. Fur
thermore, multiple lines of effecrive chemod1erapy are now 
available, associated with prolongation of survival. Because of 
the potential for further effective therapeutic interventions after 
Liver resection, patients eligible for such treatment should be 
followed with serial CEA level determinations and imaging 
studies to derect recurrences at an early, pocemially treatable 
phase. 

Adjuvant chemotherapy has been used in attempt to reduce 
recurrence and improve long-term survival. Prospective random
ized clinical trials have shown a benefit to adjuvant hepatic 
intra-arterial chemotherapy but mere has been a lack of prospec
tive randomized trials that address the role of adjuvant systemic 
d1emotherapy. 

Recendy, a randomized controlled trial wa.~ reported on 
this topic; the EORTC intergroup trial recruited 364 patients 
from multiple institutions randomized into t\vo groups-182 
patients were treated with surgery alone and 182 patients had 
surgery plus systemic chen10therapy.64 Th.ree cycles of systemic 
5'-FU- folinic acid plus oxaliplatin (FOLFOX4) were adminjs
tered preoperatively and postoperatively in the d1emotherapy 
group. Among eligible parienrs after randomization, the 
progression-free survival of patients at 3 years was 28. 1% in the 
group with surgery alone and 36.2% in the group with surgery 
plus chemotherapy (P = .041). When analyzed by all patients, 
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there was no significant difference in outcome. Although this 
trial provides evidence that perioperative systemic chemotherapy 
can delay recurrence of disease, there is little difference in the 
recurrences of these groups. Also, the benefit of adjuvant cbe
modJerapy may be related ro better selecti011 of patients; on 
closer exan1inarion of the survival curve, rhe principal difference 
between the groups occurs at its initial measurement. 

Another m1.1lticenter randomized trial by Portier and asso
ciares65 has addressed the san1e question. This trial recruited 173 
patients randomly assigned to a group who had hepatic resection 
alone (87 patients) and a second group (86 patients) who had 
hepatic resection plus systemic chemotherapy for 6 months after 
the operation (5-FU-folinlc acid). Even though this chemo
therapy regimen is no longer standard, the 5-year disease-&ee 
survival rate was 26.7% for patients who had surgery alone and 
33.5% for patients who had surgery plus chemod1erapy (P = 
.028). As in the previous study, the difference in the progression
free survival was small between the two groups. In summary, 
there is level I clinical evidence that adjuvant systemic chemo
therapy, when combined with liver resection, modestly improves 
progression-free survival in patients with colorectal liver 
metastases. 

Ncoadjuvant chemotherapy for resectable metastases is also 
a common strategy to treat occult systemic disease and can be 
helpful in selecting the small group of patients (<10%) that 
progress while on chemotherapy and have a poor outcome after 
hepatectomy. A prospective randomized study by the National 
Surgical Adjuvant Breast and Bowel Project (NSABP) has begun 
accruing patients to study the role of adjuvant chemotherapy in 
these patients. 

A convincing argumellt for adjuvant therapy with the use 
ofbepatic arterial infusion (HAl) chen1otherapy can be made.66•

67 

The rationale for adjuvant hepatic artery chemotherapy is based 
on the fact that liver metastases derive most of their blood supply 
from the hepatic artery. Regio11al infusion of chemotherapeutic 
agents such a~ ftuorodeoxyuridine (FUDR) have hepatic extrac
tion rates of 90%. providing high local concentrations with 
minimal systemic toxicity. Furmermore, approxin1ately 50% of 
aU recurrences af(er hepatectomy involve the liver, so controlling 
the liver is likely to affect long-term outcome. There is clearly a 
higher response rate for liver tun1ors with HAl therapy com
pared with systemic therapy. A trial from MSKCC comparing 
HAl therapy with systemic chemotherapy to systemic chemo
therapy alone has demonstrated significantly lower recurrence 
rates (9% and 36%) and a survival advantage at 2 years (86% 
versus 72%).68 Otl1er trials have shown HAI therapy with 
FUDR robe more effective than hepatectomy alone, witb sig
nificantly improved disease-free survival. 

For patients with unresectable disease, preoperative sys
temic and HAl chemotherapy has been shown to convert some 
patients to resection candidates. A critical observation in these 
patients is that outcome after complete resection appears to be 
as good as those who were resectable at initial presentation. 
Strategies to extend the limits of liver resection have used 
parencl1yma-preserving segmental resections, two-stage opera
tions, and thermal ablative techniques, such as cryoablation or 
RFA. Most recen tly, microwave ablation is being studied as a 
treatment for these patiems,69 bur there are no long-term results. 
Thus, mtJtiple bilobar tumors can be extirpated by a combina
tion of resection and ablation with preservation of sufficient 
hepatic parenchyma. In our series of patients with extensive 
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hepatic disease treated with a combinations of resection and 
ablation, 3-year survival was 47%.?0 

In summary, the treatment of hepatic colorectal metastaseS 
is evolving at a rapid pace and improvements in hepatic surgery 
ru1d chemomerapy have greatly improved prospects for patients. 
Chemotherapy has improved, but long-rem1 survival with this 
modality alone is rare. Combinations of chemotherapy and 
complete resection of hepatic metastases are associated with 
long-term survival in up to 50o/o to 60% of patients. Long-term 
survival also appears to be possible in patients undergoing resec
tion of extensive hepatic metastases ru1d limited extrahepatic 
disease.63 Complete resection ofhepaticmetastases appears to be 
a critically in1ponru1t treatment modality that is necessary fnr 
long-term survival. 

Neuroendocrine Metastases 
Liver metastases from neuroendocrine tumors are comn1on, but 
vary according to the primary tumor type. Exan1ples of primary 
tumors that commonly meta.~tasize to the liver are gastrinomas, 
glucagonomas, somatostatinomas, ru1d nonfuHctional neuroen
docrine tumors. lJ1sulinomas and carcinoid rumors metastasize 
to the liver less commonly. 

'There are two issues to consider when determiJling the 
appropriate therapy for metastatic neuroendocrine tumors. First, 
these a re slow-growing, indolent mmors in which long-term 
survival is possible even in tl1e absence of treatment. Thus, assess
ing the effects of aJl}' treatment is difficult. Second, these tumors 
often secrete functional neurnpeprides that can create debili.rat
ing syndromes of hormonal excess so me goal of treatment is 
focused more often on quality of life ratl1er thru1 prolongation 
of life. 

A number of effective nonsurgical therapies exist for neu
roendocrine liver metastases. Long-acting somatostatin ana
logues are useful for alleviating hormonal symptoms and 
may have a cytostatic role as wcU. Liver rumors can also be 
treated by hepatic arterial embolization or thermoablarive 
approaches. Combinations of these dlerapies can be effective in 
cytoreducing tumor loads and alleviating symptoms of hor
monal excess. 

Liver resection can play a role in patients whose tumor can 
be completely encompassed. Because these tumors are iJ1dolent, 
ru1y therapy must be delivered with minimal morbidity. This has 
been che case in experienced hepacobiliary wlits.~ 1 Five-year 
survival rates in excess of 50% to 75% can be expected if a 
complete resection is accomplished. Retrospective comparisons 
have suggested that this survival is better than d1at in untreated 
patients, but selection bias accounts for at least some of this 
difference. Because of the rarity of this diagnosis, no prospective 
data exist. The other role of surgery is for those patients who 
have failed medical therapy and have recalcitrant symptoms of 
hormonal excess. lf preoperative staging suggests that at least 
90% of tumor can be removed without prohibitive operative 
risk, surgical cytoreduction is reasonable. Symptom inlprove
ment can be expected iJ1 most patients if adequate cyroreduction 
is achieved. Formal resections with wide margins are not neces
sary fo r neuroendocrine tumors ru1d tecluuques such as enucle
ation or wedge resection are reasonable options. Thermoablative 
approad1es sud1 as cryoablation or RFA are alsn attractive alter
natives in this type of cywreductive surgery. Recently, laparo
scopic RFA bas been used, although long-term follow-up is not 
available. ·'2 
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Noncolorectal, Non-Neuroendocrine Metastases 
Other tumors can present as isolated l.iver metastases, but these 
are uncommon situations and therefore data for these situations 
are sparse. ?3 There are many tumors that can present in this way, 
including breast, llll1g, melanoma, soft tissue sarcoma, Wilms', 
ocular melanoma, upper gastrointestinal (gastric, pancreas, 
esophagus, gallbladder), adrenocortical, urologic (bladder, renal 
cdl, prostate, testicular), and gynecologic (uterine, cervix, 
ovarian) tumors. General principles that should be considered 
when dealing with these tltl11ors as isolated liver metastases are 
similar to those for metastatic colorectal cancer. Prognosis tends 
to be dismal if there is extrahepatic disease, multiple tumors, 
large rumors, or a shore disease-free i.merval and padents should 
be careli.tUy selected for surgery based on these factors. 

Although there have been rare reports oflong-term survival 
after resection of isolated liver metastases from upper gastroin
testiJlal tumor, in general, these patients have a dismal prognosis 
and liver resection is not recommended. tn most serie.~, liver 
resection for genitourinary tumors bas the best prognosis and, 
in well-selected patients, liver resection should be considered. 
Breast tumor, melanoma, and sarcoma patients rarely present 
with isolated liver metastases and, with a long-disease free inter
val and/or long-term stabilhy on chemotherapy, tiver re.~ction 
should be considered. In general, liver resection for metastatic 
noncolorectal, non-neuroendocrine tumors has to be considered 
cytoreductive and should only be used in the most favorable 
situations (see earlier). Liver resection can also be an effective 
therapy for symptomaric tumors in patiems who have a reason
able life expectancy and no other effective therapy. 

Cystic Neoplasms 

Simple Cyst 
Simple cysts of the Liver contain serous fluid, do not communi
cate with the biliary tree, and do not have scptations. They are 
generally spherical or ovoid and can be as large as 20 em. Large 
cysts can compress nom1al Liver, inducing regional atrophy and 
sometin1es compensatory contralateral hypertrophy. In 50% of 
cases, the cysts are singular. Histologically a single layer of cuboi
dal or columnar ceUs without atypia line these cysts. Simple cysts 
are generally regarded as congenital malformations. 

Simple cysts are a relatively common findiJlg in adults and 
are mostly asymptomatic incidemal radiologic fi.ndi11gs. Occa
sionally, a large cyst will cause symptoms. Although cr dem
onstrates anatomic reladonships, ultrasound is a helpful test of 
choice tO confirm a single, thin-walled simple cyst. Hydatid 
disease, cystadenoma, and metastatic neuroendocrine tumor are 
the most important differential diagnoses to consider. A thick 
or nodular wall raises the suspicion of a cystadenoma but can 
also represent hemorrhage within cl1e cyst. The most common 
complication is intracystic bleeding hut overall, complications 
are rare. The treatment of simple hepatic cysts is only indicated 
if cl1ey arc symptomatic or there is diagnostic uncertainty. 
Because most cysts are asymptomatic, a thorough evaluation of 
the cause of the symptOms must be carried out before attributing 
them to the cyst. Nonsurgical treatment consists of aspiration 
and injection of a sclerosing agent. Few studies have docu
mented long-term follow-up of sclerorherapy for hepatic cysts. 
Surgical rherapy is achieved by fenestrarion, or w1roofing the 
portion of the cyst that is extral1epatic. This cru1 be performed 
at laparotomy with good long-term resulrs or through 

laparoscopic approaches. 1he latter approad1 is favored, but 
long-term efficacy has not been well documemed.?4 

Cystadenoma and Cystadenocarcinoma 
Cystadenoma of the liver is a rare neoplasm that generally pres
ents as a Large cystic mass, usually 1 0 to 20 em. l11e cyst has a 
globular external surface with multiple protruding cysts and 
locules of various sizes. The fluid contained in these cysts is 
usually mucinous. Microscopically, atypical cuboidal or colum
nar cells re.~ting on a basement membrru1e, with ovarian-like 
stroma, line the cysts. TI1e epithelium often forms polypoid or 
papillary projections. 

Cysradenoma of the liver mainly affects woman older than 
40 years. Although many cystadenomas are asymptomatic, 
symptoms can include abdominal pain, anorexia, nausea, and 
abdominal distention. The diagnosis is usually suspected by a 
combination of cross-sectional imaging (CT or MRI) and ultra
sound. Ultrasound usually demonstrates a cystic structure with 
varying wall tbickness, nodu1arity, septations, and Auid-6Lled 
locules. Importantly, contrast-enhanced CT demonstrates 
enhancement of the cyst wall and septae. Hydatid disease must 
always be considered in the differential diagnosis. Cystadenomas 
tend to grow slowly, but can eventually progress to their malig
nrult counterpart, cystadenocarcinomas. 

Cystadenocarcinoma is an extremely rare malignancy with 
Little docltl11entation of its natural history and outcome after 
re.~ction. Malignant degeneration is typically suggested on 
imag:ing, with large projections and a markedly rhickened wall. 
The u eam1ent of cystadenoma or cystadenocarcinoma is com
plete excision, whic\1 can be done with an enucleation if there 
is no evidence ofinvasive malignancy. Incomplete resection risks 
recurrence and/or the development of cystadenocarcinoma. 

Polycystic Liver Disease 
Liver cysts are commonly seen in patients with the autosomal 
dominant inherited adult polycystic kidney disease. Histologi
cally, the cysts are similar to sinlple cysts {see earlier). The main 
difference between the two entities is the number of cysts. When 
liver cysts are present in patients with adult polycystic kidney 
disease, they are always multiple .in number. Also, there are 
usually numerous microscopic hepatic cysts, as weU as the grossly 
visible macrocysts. Despite the large number of liver cysts, 
hepatic parenchyma and function are usually preserved. Liver 
cysts are always preceded by kidney cysts and their prevalence 
in adult polycystic kidney disease increases with age. In d10se 
yow~er thru1 20 years the prevalence of liver cysts is Oo/o, whereas 
in those older than 60 years it is 80%. 

Uver cysts in patients with adult polycystic kidney disease 
are generally asymptomatic bur, in a few patients, numerous 
large cysts may cause abdominal pain ru1d distention. LFT 
results are almost always JJormal. Rare complications can occur; 
these include infection and intracystic bleeding. Ultrasound and 
cr reveal multiple simple cysts throughout the liver and kidneys. 
Treatment of polycystic liver disease is reserved for severe symp
toms related to large cysts and complications. Treatment includes 
percutaneous aspiration with or without sclerotherapy, cyst fen
estration {via Laparotomy or laparoscopy) , hepatic resection, and 
orthotopic tiver rrru1splantation. Uver transplantation is only 
used with progressive disease after fenestrarion or resection with 
liver or renal dysflll1ction. In the context of renal failure, a com
b.ined kidney and liver trrulsplantation may be appropriate. 
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Bile Dud Cysts 
Bile duct cysts or choledochal cysts are congenital dilations of 
the biliary tree that are usually diagnosed in childhood but can 
present in adulthood. Because of the risk of malignancy and 
recurrent cholangitis, treatment is excision with reestablishment 
of biliary-enreric conrinuicy. Most bile duct cysts involve the 
extrahepatic biliary tree but, in type IV cysts, there is 
involvement of the extral1epatic bile duct and intrahepatic ducts. 
In contrast, Caroli's disease (type V) is characterized by 
m ultiple intrahepatic cysts. 1l1us, bile duct cysts must be con
sidered in the differential diagnosis of a patient with multiple 
hepatic cystic lesions. The intrahepatic lesions of type N bile 
duct cysts and Caroli's disease are multifocal diJations of the 
segmental bile ducts separated by portions of normal-caliber bile 
ducts. Approximately 50% of cases of Caroli's disease are 
associated with congenital hepatic fibrosis; the cysts are 
diffusely located throughout the liver. In the other 50% of cases, 
the di lations may be confined to a portion of the liver, usually 
the left hemiliver. Recurrent bacterial d1olangitis usually domi
nates the clinicaJ course of these diseases and death generally 
ensues within 5 to 10 years without adequare treatment. When 
intrahepatic bile duct cysts are localized, hepatic resection, 
with or wicl10u1t biliary reconstruction, is the treatment of 
choice. Treatment of diffuse hepatic involvement is poor and, in 
complicated cases, the only probably effective treatment is 
transplantation. 

Principles of Hepatic Resection 
AJthough liver resections were performed in clte late 1800s, it 
was not until 1952 that Lortat-]acob was given credit for the 
fust true anatomic right hepatectomy. 'This event ushered in the 
modern era of hepatic surgery. However, early series were plagued 
by rugh morbidity and mortality, wruch were largely related to 
massive intraoperative blood loss. Series from the 1970s and 
1980s often reported mortality rates in excess of 10%, often as 
rugh as 20%, especially for major resections. This high mortality 
limited cl1e use of liver resection and there was reluctance to refer 
patients for such operations. Over rhe last 3 decades, a number 
of advances have improved perioperative outcomes dramaticaJly 
for patients undergoing major hepatic surgery. 1l1e understand
ing that most blood loss during a liver resection comes from the 
hepatic veins has prompted surgeons to perform these opera
tions with a low cemraJ venous pressure (CVP). We perform 
partial hepatectomy wicl1 a central line in place, the patient in 
a mild Trendelenburg position. and fluid restriction and veno
dilators if necessary to maintain a CVP lower than 5 mm Hg. 
l11e other major advance has been an improved understanding 
of the segmental anatomy of the liver, making intrahepatic dis
section safer and more precise. 1here are numerous techniques 
to transect liver tissue and many methods to coagulate and 
control vessels. The most important concept, however, is that 
dividing liver tissue is a dissection done by a surgeon with com
plete understanding of the liver's vascular anatomy. 

[n experienced centers, perioperative mortality is routinely 
5% or less and depends on a number of factors. The three most 
critical factors related to perioperativc morbidity are blood loss, 
the an1ount of normal liver resecte.d, and the condition of the 
liver itself (e.g., cirrhosis). A partial heparectomy muse be per
formed with these factors in mind to minimize morbidity. In a 
review of over 1800 Liver resections over a I 0-year period from 
MSKCC, tl1e operative mortality was 3.1 %. 75 'The median blood 
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loss was 600 mL and two thirds of patients did not require a red 
blood cell transfusion. Overall, postoperative morbidity was 
45% but the median hospitaJ stay was 8 days. Morbidity was 
moscly related to blood loss and the extent of resection. Minor 
resections were associated with a mortality of 1 o/o. Most com
plications and deaths were seen in complex biliary rumors, cir
rhotics with HCC, and extensive resections. lmprovingoutcomes 
after partial hepatectomy continues and experienced hepatobill
ary centers have reported mortality rates that approach 1 o/o to 
2%, with fewer patients now requiring perioperative blood 
transfusions. As a result of the increasing safety of hepatic 
surgery, liver resection has become the treatment of choice for a 
many malignant and benign heparic conditions. 

Bile leaks are a problem in cases requiring complex biliary 
reconstruction but can also occur in approximately I Oo/o to 20% 
of hepatectomies without biliary reconstruction. CarefuJ ligation 
of biliary radicals is of obvious importance in minimi7Jng this 
complication. Because of the regenerative capacity of the Liver, 
resections of up to 80% of normal noncirrhotic livers can be 
performed, with functional compensation within a few weeks. 
Because many resections encompass tumors and normal liver, 
the concept of functional liver parenchyma and FLR volume are 
important because there is often compensatory hypertrophy of 
normaJ liver when tumors occupy a significant amount of the 
liver volume. The risk of hepatic dysfunction is minimal if the 
reduction of functional Liver parenchyma is less than 50% but 
begins to rise when this figu.re approad1es 20% to 25%. Patients 
with cirrhosis have much higher races of postoperative liver 
dysfunction because of in1paired regenerative capacity and 
inlpaired primary Liver function. Liver failure, extral1epatic mul
tiorgan failure, and death are serious hazards to performing 
major liver resections in cirrhotics. In general, patients wicl1 
Child class B or C cirrhosis or portal hypertension do not toler
ate liver resections and patient selection is therefore critical. 
Ascites and infectious complications are also common problems 
after major liver resection. One strategy to minimize postopera
tive liver dysfunction and morbidity after major hepatectomy is 
to embolize the portal vein percutaneously on the side of the 
liver to be resected. ln approxin1ately 4 weeks, cl1ls .induces 
atrophy of the Liver parenchyma to be resected and hypertrophy 
of the FLR. In tum, this increases me relative volLUllC of 
the FLR. 

Techniques of liver resection differ according to the disease 
being treated. In benig11 hepatic diseases requiring resection, the 
indications for operation are usually symptoms or infection. 
Removal of normal liver should be kept to a miJ1imum in these 
cases and techniques such as enucleation are appropriate, 
although a major resection is occasionally necessary. For malig
nant disease, a margin of normal t issue is important and formal 
anatomic resections yield the best results. Tecltniques such as 
wedge resection often result in rugher rates of margin involve
ment and disease recurrence and should therefore be used care
fuUy and sparingly. 

Detailed knowledge of liver anatomy is essential to the 
practice of safe hepatic surgery (see earlier). Unfortu.nately, 
detailed and complicated descriptions of liver anatomy and 
common liver resections can be confusing to the student. A 
2000 consensus conference conducted in Brisbane, Australia, 
wid1 d1e assistance of the American Hepato-Pancreato-Biliary 
Association (AHPBA), has published guidelines for this termi
nology (Table 54-11 ; Fig. 54-40). In general, the term lobectonl)' 
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Table 54-11 Nomenclature for Most Common Major Anatomic Hepatic Resect_io_n_s_* -------------
SEGMENTSt 

V-VIII 

IV-VIII1 

IHV 

11,111 

11,111,1\1. V, Vlll1 

COUINAUD, 1957 

Right hepatectomy 

Right lobectomy 

left hepatectomy 

Left lobectomy 

Extended left hepatectomy 

GOLDSMITH AND WOODBURNE, 1957 BRISBANE. 2000 

Right hepatic lobectomy Right hemi-hepatectomy 

Extended right hepatic lobectomy Right trisectionectomy 

Left hepatic lobectomy left hemi-hepatectomy 

left lateral SEgmentectomy left lateral sectionectomy 

Extended left lobectomy left trisectionectomy 

Adapted from the Terminology Committee of the International Hepato-Pancreatico-Biliary Association: The Brisbane 2000 te.rminology of liver anatomy and resections, 2000 

(http:jfwww.ahpba.or&fasset!ifdocuments/Brisbane_Article.pdf). 
*The original terminology is based on the anatomic descriptions of Couinaud and of Goldsmith and Woodburne. 
'See Rgure 54-31A-E. 

'Another common name for these operations is right or left trisegmentectorny. 

A B 

c D 

E 

FIGURE 54-40 Commonly perfonned major hepatic reSEctions are indicated by the shaded areas. A. Right hepatectomy, right hepatic lobec
tomy, or right hemihepatectomy (segments V to VIII). B. Left hepatectomy, left hepatic lobectomy, or left hemihepatectomy (segments II to 
IV). C. Right lobectomy. extended right hepatic lobectomy, or right trisectionectomy (trisegmentectomy; segments IV to VIII). D. Left lobectomy; 
left lateral segmentectomy, or left lateral sectionectomy (segments II to Ill). E, Extended left hepatectomy, extended left lobectomy, or left 
trisectionedorny· (trisegmentectomy; segments II to V. VIII). See Table 54-11. (From Blumgart LH, Jarnagin W. Fong Y: liver resection for benign 
disease and for liver and biliary tumors. In Blumgart lH, Fong Y [eds]: Surgery of the liver and biliary tract, l ondon, 2000, WB Saunders, 
pp 1639-1714.) 
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is not preferred because there are no external markings on the 
liver denoting a lobe. When in doubt, one should always revert 
back to the numeric segments of the liver if cl1ere is any confu
sion about the description of a liver resection. Recall that the 
right liver is comprised of segments 5 through 8 and right hepa
tectomy or right hemiheptttectom;• are appropriate cerms for resec
tion of mese segments. Segments 2 through 4 comprise the left 
liver and left hepatectomy or left hemihept1tectomy are appropriate 
terms for resection of these segments. A right hepatectomy can 
be extended further to the left to include segment 4 and a left 
hepatectomy can be extended further to the right to include 
segments 5 and 8. Terms such as extended right-Left hepatectom;~ 
right-left trisectionectonlJ~ or trisegmentectomy are appropriate co 
describe these resections. Resection of segment.~ 2 and 3 is a 
commonly pcrfo:rmed sublobar resection and is often referred to 
as a lefr lateral segmentectomy or left lateral sectionecromy. 
Other common sublobar resections, such as cl1at of the right 
posterior sector (segments 6 and 7) or the right anterior sector 
{segments 5 and 8), are referred to as a right posterior 
scctorectomy-sectionectomy and right anterior sectorectomy
sectionectomy, respectively. Single or bisegmental resections can 
always be simply referred to by a numeric description of the 
segments to be resected. 

A detail.ed discussion of the techniques ofUver resection is 
beyond the scope of this chapter and, in general, requires spe
cialty training but general principles can be discussed. A Liver 
resection must consider the disease to be treated and the goals 
of the operation, whether that be a margin negative resection of 
a malignancy or the removal of benign tissue to alleviate symp
toms. 1l1e most basic steps can be disti1led down to iJ1flow 
control (portal vein, hepatic artery, bile duct), outflow control 
{hepatic veins), and parenchymal transection, with preservation 
of a liver remnant of adequate size wicl1 intact inflow, biliary 
drainage and venous outflow. 

TI1e most common approach to an anatomic resection, in 
the most common order, is mobilization of the Uver to be 
resected, dissection of inflow aJld outflow structures, division of 
the inflow, division of cl1e outflow, and parenchymal transection. 
Mobilization of cl1e Liver involves division of tbe right or left 
triangular ligaments, freeing up the liver from the diaphragm. 
Often, the liver must be mobilized completely off the vena cava, 
which it straddles, and this requires careful dissection and divi
sion of multiple retrohepatic caval venous branches. For major 
resections, cl1e hepatic vein of the resected portion of liver is 
often encircled prior to me resection. There are various tech
niques to dissect, control, and divide inA.ow vessels. Clas..~ic 
inflow control is obtained by dissection of the Liver hilum, with 
control of the portal vein and hepatic artery to the hemiliver to 
be resected. l11ese can be suture-ligated or divided with vascular 
staplers. Unless tumor proximity mandates, we advocate divid
ing the bile duct within the Liver substance to minimize abso
lutely contralateral biliary injuries related to anatomic aJ1omalies. 
lnAow control can also be obtained by dissection of the intra
hepatic inflow pedicle to the aJlatomic section of liver to be 
resected. Recall that the inflow structures invaginate peritoneum 
at the hepatic hilus and run intrahepatically as an invested 
pedicle of the three inflow structures. The iJ1flow pedides can 
be encircled by making flanking heparoromies or by splitting 
parenchyma down to the pedicle of interest. The pedicle can 
usually be divided with a va~cular stapler, but suture ligation is 
sometimes necessary. Typically, the hepatic veu1 is divided .in its 
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extrahepatic position, which can also usually be done witb a 
vasCLdar stapler. 

TI1e hepatic vein can also be divided wicllin the substance 
of the Liver during parenchymal transection. There are a number 
of methods of parenchymal transection, raJ1ging from complex 
ul trasonic irrigators ro radiofrequency energy coagu.lacors ro a 
simple dan1p-crushing technique. In experienced bands. these 
CaJl al l be used effectively to rniJumizc blood loss and it is inlpor
tant to develop a specific technique that one is comfortable 
performing. Ultimately, parenchymal transection is about dis
secting iJ1trahepatic anatomy, controlling vascular aJld biliary 
structures, minimizing blood loss, and avoiding iJljury to me 
furLtie liver rernnant. 

HEMOBILIA 
A case of lethal hemobilia secondary to penetrating abdominal 
trauma was first described by Glisson in 1654. It was not w1til 
1948 that Sandblom coined cl1e term hemobilitJ in bis seminal 
paper o n the subject. Hemobilia is defiJ1ed as bleeding into the 
biliary tree from an abnormal communication between a blood 
vessel and bile duct. It is a rare condition iliat is often difficult 
to distinguish from common causes of gastrointestinal bleeding. 
1he most common causes of bemobilia are iatrogenic trauma, 
accidental trauma, gallstones, tumors, inflammatory disorders, 
and vascular disorders. Major hemohilia is relatively uncommon, 
whereas minor inconsequential hen1obilia is a common conse
quence of gallstone disease or interventional radiologic hepatic 
procedures. 

Causes 
1l1e most common cause of hemobilia is iatrogetuc trauma to 
the Liver and biliary tree. Prior to the 1980s, the ratio of heme
billa attributed to accidental trauma compared with iatrogenic 
tralLma was 2: I , but iatrogenic trauma is now regarded as the 
cause of hemobilia in 40% to 60% of cases. Percutaneous liver 
biopsy results iJ1 hen1ohilia iJ1 less than t Ofo nf cases, hut percu
taneous transhepatic biliary draiJ1age (PTBD) procedures have 
an inddence of 2% to tO%. Similarly, surgical exploration of 
the biliary tree can resu.lt iJl hemobilia from djrect injury or 
arterial pseudoaJleurysm. A number of cases of bemobilia fol
lowing cholecystectomy have beeJl reported. Hemobilia second
ary to accidental trauma is more common with blunt than 
penetrating abdominal trauma aJld occurs with a reported inci
dence of 0.2% to 3%. Risk factors for the development of 
hemobilia following accidental trauma are central hepatic 
rupture with a cavity, the use of packs, and inadequate drainage. 
1l1e gallbladder can be a source of bleeding from trauma, gall
stones, or acalculous cholecystitis. Primary vascular pathology 
such as aneurysms, angiodysplasia, and hemangiomata are rare 
causes of hemobilia. Malignant tumors of the liver, biliary tree, 
gallbladder, and pancreas, as well as parasitic infections, hepatic 
abscesses, and cholangitis, are uncommon causes of hemobilia 

Clinical Presentation 
Portal venous bleeding into the biliary tree is rare and often 
self-limited unless the portal pressure is elevated. Minor hemo
bilia generally ru.ns an uneventfLd asymptomatic cliJlical course. 
However, arterial hemobilia, tbe most common source, CaJl be 
dramatic. CliJ1kal sequelae ofhen1obilia are related to blood loss 
and the formation of potentially occlusive blood dots in the 
bWary tree. TI1e classic triad of symptoms aJld signs of hemobilia 
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arc upper abdominal pain, upper gastrointestinal hemorrhage, 
and jaundice. In one report, all three were present in 22% of 
patients. The symptoms and signs of major hemobilia are melena 
(90% of cases), hematemesis (60% of cases), biliary colic (70% 
of cases), and jaundice (60% of cases). Upper gastrointestinal 
bleeding seen in conjunction with biliary sympwms must 
always raise the suspicion of hemobilia. One interesting aspect 
of hemobilia is the tendency for delayed presentations. up to 
weeks after the inciting causal event, as well as recurrent and 
brisk but limited bleeding over months and even years. Blood 
clots in the bi1ary tree can masquerade as stones if hemobilia 
goes unrecognized. TI1ese clots can cause cholangitis, pancreati
tis, and cl1olecysritls. 

Diagnostic Workup 
Once hcmobilla is suspected, the first evaluation should be 
upper gastrointestinal endoscopy. which rules out other sources 
of hemorrhage and may visualize bleeding from the an1puila of 
Yater. However, upper endoscopy is only diagnostic of hemobi
lla .iJ1 approximately 10% of cases. If upper endoscopy is diag
nostic and conservative management is plaru1ed, no further 
studies are necessary. Ultra.~ound or CT may be helpful in dem
onstrating intrahepatic tumor or hematoma. Evidence of active 
bleeding into d1e biliary tree may be seen on contrast-enhanced 
cr in the form of pooling contrast, intraluminal clots, or biliary 
dilation. cr may also show risk factors associated with bemo
bilia, such a.~ cavitating central lesions and aneurysms. Arterial 
angiography is now recognized as the test of choice when sig
nificam hemobilia is suspected and will reveal the source of 

bleeding in approximately 90% of cases. Cholangiography dem
onstrates blood dots in the biliary tree, which may appear as 
stringy defects or smaller spherical defects. The latter may be 
difficult to distinguish from stones. 

Treabnent and Outcomes 
The treatment of hemobilia must be focused on stopping the 
bleeding and relieving biliary obstruction. Most cases of minor 
hemobilia can be managed conservatively with correction of 
coagulopathy, adequate biliary drainage (only if necessary), and 
dose observation. In a review of 1 71 reported ca.~cs from 1996 
to 1999, 43o/o of cases were successfully managed conservatively. 
The fust line of therapy for major hemobilia was transarterial 
en1bulization (TAE) and success rates of 80o/o to 100% were 
reported. Angiography with TAE is indicated for major hemo
bilia requiring blood transfusion (Fig. 54-41). 

Surgery is indicated wben conservative therapy and TAE 
have failed. lt is important to note that surgical tream1ent of 
hemobilia is rarely necessary and, even in cases in wh.ich a lapa
rotomy may be mandated for other reasons, TAE is still the 
therapy of choice for hemobilia because of its lower morbidity. 
Surgical approaches generally involve ligation ofbleeding vessels, 
excision of aneurysms, or nonselective ligation of a main hepatic 
artery. Hepatic resection may be necessary for failed arterial 
ligation or for ca~s of severe trauma or tumor. Hemorrhage 
from the gallbladder or hemorrhagic cholecystitis mandates cho
lecystectomy. 1l1cre have been isolated reports of successful man
agcmenrofhcmobilia with endoscopiccoagulalion, somatosratlJ1, 
and vasopressin. The management ofhernobilia following PTBD 

FIGURE 54-41 Classic findings of hernobilia. 
After a complicated cholecystectomy, an iatro
genic pseudoaneurysm developed and ruptured 
into the biliary tree. Exsanguinating hemobilia 
ensued; the diagnosis was made by endoscopy 
and then treated by arterial embolization. A. Arte
riogram demonstrating a pseudoaneurysm of the 
hepatic artery at the hilum. 8, A few seconds 
later, the contrast is seen flowing down the 
hepatic duct, with evidence of d ot in the biliary 
tree. The same aneurysm before (C) and after {D) 
successful embolization. (From Sandblorn JP: 

Hemobilia and bilhemia. In Blumgart LH, Fong ¥ 
(eds]: Surgery of the liver and biliary tract, London, 
2000, WB Saunders, pp 1319-1342) 
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usually consists of removal of the catheter or replacement with 
larger catheters but may require TAE. 

At the time of Sandblom's report from the early 1970s, the 
mortality for hemobilia was at least 25%. A report from 1987 
noted a mortality of 12%. In a review of cases from 1996 
through 1999, only four deaths were reported. 'TI1ere has clearly 
been a reduction in mortality from hemobilia, which is probably 
related to two factors. First, the incidence of minor self-limited 
hemobilia has increased secondary to the rising number of per
cutaneous hepatic procedures. Second, improvements in selec
tive angiography and TAE have greatly improved the treatment 
of major hemobilia. 

Bilhemia 
Bilhemia is an extremely rare condition in which bile flows into 
the bloodstream through the hepatic veins or portal vein 
branches. This flow occurs in the context of a high intrabiliary 
pressure exceeding that of the venous system. The cause can be 
gallstones eroding into the portal vein or accidental or iatrogenic 
trauma. The condition can be fatal secondary to embolization 
of large amounts of hile into the lungs. Usually, however, bile 
fl ow is low and the fistulae d ose spontaneously. 'TI1e clinical 
presentation is that of rapidly increasing jaundice, marked direct 
hyperbilirubinemia without elevation of hepatocellular enzyme 
levels (e.g., AST, ALT), and septicemia. 1l1is diagnosis is best 
determined by ERCP. Treatment is directed at lowering intrabili
ary pressures through stents or sphincterotomy. 

VIRAL HEPAnns AND THE SURGEON 
Epidemics of jaundice were noted in ancient civilizations and 
recorded by Hippocrates. During World War I] these epidemics 
were called ct1t11rrhal jau11dice. Over 28,000 cases were docu
mented at mat time. Epidemiologic studies in the 1940s docu
mented the difference between bloodborne hepatitis (hepatitis 
B) and enteric hepatitis (hepatitis A). Tbe most important dis
covery was that of the Australia antigen hy Blumberg and 
coworkers in 1965. This antigen proved to be the hepatitis B 
surface antigen (HBsAg) and provided a means for dlfferenriat
iJ1g the two types of hepatitis and d1aracterizing tl1e epidemiol
ogy of thls disease. This discovery also led to the development 
of HBV vaccines based on this antigen, with obvious and pro
fowld effects worldwide. Further research led to the discovery 
of the delta virus (hepatitis D) and hepatitis C, explaining cases 
of non-A, non-B hepatitis. Hepatitis E has been foLmd to be a 
Luliq ue enteral form of infectious hepatitis; the hepatitis G virus, 
discovered in 1995, is still being defined . 
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Vital hepatitis is a major health problen1 ru1d is the most 
common cause of liver disease worldwide. Although fulminant 
acute hepatitis is w1common, there are over 5 million people 
who suffer from chronic hepatitis. It is estinlated tl1at over 
15,000 patients die each year of viral hepatitis in the United 
Stares alone. Viral hepatitis is nor a surgical disease, bur has 
important consequences for surgeons ru1d surgical patients. For 
ru1y su.rgeon performing hepatic surgery, the functional state of 
tl1e liver is extremely importrult ru1d patients witl1 chronic viral 
hepatitis require special attention prior to any surgical interven
tion. Also, chronic viral hepatitis is a common cause of HCC. 
Final.ly, the risk of trru1smission from patient to surgeon and vice 
versa is an issue all surgeons should be familiar with. 

Definition 
Viral hepatitis is an infection of the liver by one of six known 
viruses that have diverse genetic compositions and structures. 
HAV, HCV, HDV, HEV, and HGV have RNA genomes whereas 
HBV h as a DNA genome that replicates d1rough RNA inter
mediates. HAV ru1d HEV arc both responsible for forms of 
epidemic hepatitis ru1d are transmitted via the fecal-oral route. 
HBV is d1e only one with the potential to integrate into host 
genomes, although this is not required for replication. HCV 
replicates in the cytoplasm of hepatocytes and bas complex 
mechanisms of evading host immunity through hypervariable 
areas in its genome. HDV requires the presence of HBV coinfec
tion for repBcation and infectivity and can alter d1e clinical 
course of HBV infection. HGV was discovered more recently 
and has sin1ilarities to HCV, but has no definitive association 
with clinical hepatitis. 

Diagnosis 
Table 54-12 summarizes the serologic tests and tl1eir implica
tions for HAY, HBV, and HCV.1hediagnosis of HAV infection 
relies o n the determination of antibodies to HAY. Both lgM and 
IgG antibodies are present early in the infection, hut only IgG 
persists long term. HAV ru1tigens and tests for HAY RNA have 
been developed, but are generally restricted to research 
laboratories. 

HBV infection has been characterized by a number of 
aJltigens and ru1tibodies (Fig. 54-42). HBsAg is the hallmark of 
the diagnosis of HBV in fection and appears in the serum from 
I ro I 0 weeks after infection; it usually disappears in 4 ro 6 
months, but persistence in d1e serum implies chronic infection. 
A.nti-HBs antibodies usually appear during a window period 
after the disappearance of HBsAg and indicate recovery after 

_Table 54-!2 Serologic Evaluation of the Most Common Viral Hepatitides 
VIRUS 
HAV 

HBV 

HCV 

ANTIGEN NAMI 
HAV antigen 

HBsAg 

HBeAg 

None 

INTERPRETATION 
Acute infection 

Acute or chronic infection 

HBV replication, infectivity 

AN11BODY NAME INTERPRETATION 
Anti-HAV lgM Acute infection 

Anti-HAV lgG Immunity 

Anti-HBs Immunity 

Anti-HBc All phases of infection 

Anti-HBe late convalescence 

Anti-HCV late convalescence or chronic infection 
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Acute Hepatitis 8 

HBVDNA 

----------Anti-HBc 

A 
I 
I 

I 
I 

' • • • 
Chronic Hepatitis 8 

, , , , 
L HBVDNA 

....... 
I ... ... ... 

"'.., Anti-HBc ... 
"'.., lgM 

I' "'..,.., 
......... 

Time (months) 

Anti-HBs 

HBsAg 
....-!::::============Anti-HBc 

/ Anti-HBe 

8 Time (years) 

HBV infection. Anti-HBs antibodies are also induced by the 
HBV vaccine. The hepatitis core antigen (HBcAg) is an intracel
lular antigen that is nor detectable in serum. On rhe other hand, 
anti-HBc antibodies are detectable early on after infection and 
persist after recovery and in chronic infections. Hepatitis B e 
antigen {HBeA.g) is a secretory protein that is a marker of HBV 
replication and infectivity. It is usually present early on and may 
persist for years in chronic infection, bur generally disappears 
within months in the absence of chronic infection. Seroconver
sion to anti-HBe antibodies is usually associated with resolution 
of infection. It has also been shown that many patients who have 
scroconvcrred often have measurable HBV DNA, albei t at low 
levels. Quantification of HBV DNA in the serum has become 
the most accurate way of assessing HBV activity. Evidence has 
shown that many patients thought co have resolved acute HBV 
may have persistent viral infection and may be at risk for ongoing 
hepatitis or reactivation. 

1he diagnosis of HCV infection relies on the detection of 
antibodies to a number of HCV antigens. Current immunoas
says are highly specific and sensitive. No specific HCV antigen 
tests exist, but ~there are a variety of quantitative and qualitative 
tests for HCV RNA, which have become important in confirm
ing the diagnosis in unclear cases and assessing responses to 
therapy. 

HDV coinfectlon of HBV-lnfected patients is best diag
nosed by detection of HDV RNA, which can be measured in 

FIGURE 54-42 Serologic makers in acute (A) and chronic HBV 
infection (B). (From Ooo EC. L.ian TJ: The hepatitis viruses. In Schiff 
ER, Sorrell MF, Maddrey WC [eds]: Schiff's diseases of the liver;. 

Philadelphia, 1999, Lippincott-Raven, pp 725-744.) 

~lUll. The HDV antigen can he detected in Uver specimens. 
H.EV infection can be diagnosed by measurement of antibodies 
in serum or by detection of the virus or its components in feces, 
serum, or in the l.iver itself. 

Epidemiology and Transmission 
The incidence of hepatitis A has fallen dran1atically since the 
i.J1croduction of effective vacci.J1es but vaccination is nor routine 
in all countries. Hepatitis A is common in third-world countries, 
with seropositivity rates approaching l OOo/o in some popula
tions. L1fection occurs in childhood and is facilitated by poor 
hygiene and sanitation. Infection rates arc much lower in devel
oped cotmtries. In the United States, approximately l Oo/o of 
cb.iJdren and 35% of adults have been infected with HAY. 
Despite vacci.J1ation availability, 6000 cases were reported iJl the 
U.S. in 2004, likely representing an estimated 60,000 cases 
nationwide. The primary route of HAY infection is the fecal-oral 
route. Most cases of HAY occur because of ingestion of con
tanlinated water or food, and person to person contact. Paren
teral transmission is possible, but uncommon. Sexual transmission 
has been documented in homosexual men. 

Hepatitis B is a major worldwide health problen1. There 
are over 300 million carriers and 250,000 associated deaths 
ru1nually. TI1c prevalence of HBV infection has considerable 
geographic variation. Low prevalence areas such as the United 
States and Western Europe have carrier rates of 0.1% to 2%. In 
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these regions, transmission is generally through sexual inter
course or IV drug abuse (IVDA). Carrier rates in intermediate
prevalence areas such as Japan and Singapc>re range from 3% to 
5%. In high prevalence areas such as Southeast Asia and sub
Saharan Africa, carrier rates range from 10% to 20%. Transmis
sion in high-prevalence areas is largely perinaral and horizomal 
during childhood. 

Transfusion-associated HBY was common in the 1960s 
and the risk J1as been estinlated to be as high as 50% at that 
time. Currently, screening programs and limitation of blood 
donation to voluntary donors has decreased the risk of acquiring 
HBV from a blood transfusion to 1 in 63,000. Percutaneous 
transmission through the use of any contaminated needle is a 
major route of HBV infection and is common in IV drug 
abusers. Sexual transmission is common in low- prevalence 
countries and is estimated to account for approxinlately 30% of 
cases in the United States. There is a particularly high incidence 
in male homosexuals and heterosexuals with muJtiple sexual 
partners. Perinatal HBV infection accounts for less than. 10% of 
cases in the United States bur is common in endcmlc regions, 
with rates of transmission of 90% in some areas. Horizontal 
transmission among chiJdren is common and is probably related 
to minor breaks in the skin and mucous rnembranes. HBY is 
the most commonly transmitted virus among health care per
sonnel and transmission is usually patient to patient or patient 
to worker. NeedJestick risk has been related to HBeAg positivity. 
Rare cases of physician to patient transmission have been 
reported. 

Hepatitis C is the most common cause of chronic liver 
disease in the United States, wi.th an estimated prevalence of 
1.8% accounting for 3.9 million infected people. New infections 
typically occurs at a younger age (20 to 39 years) and the most 
common risk factor is IVDA. Health care workers have higher 
carrier rates than the general public. Transmission among health 
care workers is usually related to needlestick incidents and the 
risk of transmission is higher than that ofHBY and HIV.ln the 
past, blood transfusion was the major cause of HCV infection, 
accounting for at least 85o/o of cases. Currently, less than 2o/o of 
acute infections are caused by t ransfusions and the risk of 
transfusion-associated transmission is estimated to be about 1 in 
10,000. Although HCV has never been documented in semen, 
it is estimated that approximately 20o/o of HCV infections are 
caused by sexual transmission. Risk of sexual transmission 
appears to be related to the number of partners and presence of 
other sexually transmitted diseases. Monogamous sexual part
ners of HCV-infecred people occasionally test positive for HCV 
in the absence of other risk factors, bur rlus appears to be quite 
rare. Perinatal transmission has been documented, but is also 
rare as. No identifiable risk factors are found in 30o/o to 40o/o of 
HCY cases. 

HDV infection occurs worldwide, witl1 a variable distribu
tion that parallels that of HBV infection. Approximately 5o/o of 
HBsAg-positive patients also harbor HDY infection. Transmis
sion ofHDV is parenteral and can only occur in patients previ
ously infected with HBV. 

HEY is endemic in Southeast and Central Asia and occurs 
with low frequency in other areas of the world. HEV outbreaks 
are usuaJJy Large, affecting hundreds co thousands of people ac 
once, and often foiJow large rains and flooding. There is a par
ticularly high incidence and mortality in pregnant women. 
Transmission is fecal-oral and usually related to contaminated 
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drinking water or food. Person to person and vertical transmis
sion are rare. 

Pathogenesis and Clinical Presentation 
1l1e pathogenesis of hepatic injury from these viral infections is 
nor complerely undersrood. For all rhe viruses discussed in this 
section , hepatic inflammation appears to be caused by direct 
cytotoxicity or immune-related phenomena. A combination of 
tl1ese two mechanisms probably underlies tl1e cause of hepatic 
damage. 

Humans are the only host for HAY and no reservoir of 
infection has been identified. After oral intake, HAV can survive 
the acidic gastric pH, bur the mechanism of hepatic uptake is 
not known. HAV infection resLLits in acute in.Aan1mation of the 
liver and has no associated chronic sequelae. 1l1e most recent 
data suggest that hepatocyte damage is most likely an immuno
pathologic response ratl1er than direct hepatotoxicity. Most chil
dren with HAY infection younger than 2 years are asymptomatic, 
whereas in pediatric patients o lder than 5 years, 80% will 
develop symptoms. Fulminant hepatitis develops in 1 o/o to 5o/o 
of cases and mortality is generally under 1%. 

Approximately 70% of patients with acute HBV infection 
have subclinical or anicteric hepatitis; the other 30% have icteric 
hepatitis. The incubation period for HBV ranges from 1 to 4 
months. A prodromal serum sickness-like syndrome may 
develop, followed by a multitude of constitutional symptoms 
such as malaise, anorexia, and nausea. 'TI1e constitutional symp
toms last about 10 days and are followed by jaundice in 30% of 
patients. Cllnical symptoms usuaiJy disappear within 3 months. 
FuJminant hepatic failure develops in 0.1 o/o to 0.5% of patients. 
Almost 80o/o of patients with fulminant HBV-related hepatitis 
will die unless Bver transplantation is performed. 

Risk of chronic HBV infection is related ro immunocom
petence and age. Immunocompetent adults have a risk of less 
than 5%, whereas 30o/o of children and 90o/o of infants will 
develoiP chronic disease. Most patients with chronic HBV infec
tion are asymptomatic, but some may experience exacerbations 
of symptoms. Laboratory tests may be entirely normal in 
HBV carriers or mild elevations of ALT and AST levels may be 
the only findings. Progression to cirrhosis is marked by 
hepatic synthetic dysfunction and often cytopenias, related to 

hypersplenism. Exrral1epatic manifestations of HBV infection, 
caused by circulating inllllWle complexes, occur in approxi
mately lOo/o to 20o/o of patients; tbese include polyarteritis 
nodosa, glomeruJonephritis, essential nlixed cryoglobulinemia, 
and papuJar acrodermatitis. The sequelae of chronic HBV 
infection range from none to cirrhosis, HCC, hepatic failure, 
and death. It has been noted that patients thought to have previ
ously cleared their infections can have a reactivation, especially 
during a period of immunosuppression. ln nonendenlic areas 
the long-term risk appears to be low, bur in endemic areas 
chronic HBV infection is a significant cause of morbidity and 
m ortali. ty. 

Acute HCV infection generaiJy presents with mild eleva
tion of hepatocellular enzyme levels. In general, 80% of cases 
occur from 5 to 12 weeks after infection. Symptoms occur in 
less than 30o/o of patients and are usually so mild and nonspecific 
that rbey do nor affect daily life. Jaundice occurs in Less than 
20o/o of patients and fulminant hepatic failure caused by HCV 
is extremely uncommon. Chronic HCV infection develops in 
approximately two thirds of patients; the other third appear to 
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dear the infection. Most patients with chronic HCV infection 
are asymptomatic without evidence of overt Liver disease and 
only present with mildly elevated hepatocellular enzyme levels. 
Despite this quiet clinical course, patients with chronic HCV 
infection are at risk for developing cirrhosis and HCC. Estimates 
place the risk of cirrhosis at 2% ro 20% at a 20- w 30-year 
interval. 1l1e risk of developing HCC from tbat point bas been 
estimated ar 1 o/o to 4%/year. Progression of liver damage can be 
variable and several factors appear to affect its rate. Factors asso
ciated with a more rapid progression include male gender, older 
age at infection, imn1unosuppression (e.g., HN infection), 
coinfection with HBV, moderate alcohol intake, and obesity. 
Extrahepatic manifestations such as aucoimmune disorders and 
lymphoma can occur with HCV infection and are likely related 
to circulating immune complexes. 

The clinical presentation of HDV infection is related to a 
complex relationship between the degree of HBV and HDV 
infection. Simultaneous coin fection with high expression of 
HBV and HDV results in higher rates of acute fLLim inant hepa
titis. Superinfection in a previous HBV carrier generally results 
in more rapidly progressive chronic liver damage. Some milder 
forms of acute HDV infection are associated with decreased 
expression of HDV and repression of HBV infection. 

Hepatitis E has a different histologic picture than the other 
viral hepatitides in that a cholestatic type of hepatitis is seen in 
over 50% of p-atients. HEY is introduced orally and it is not 
known how the vir us travels to the liver. The incubation period 
of HEY ranges. from 2 co 9 weeks. The most conm1on form of 
illness is acute icteric hepatitis; most series report jaundice in 
over 90% of patients. Asymptomati.c forms of the disease occur 
and are probably more common than the icteric form, but the 
actual frequency is unknown. The disease is usually self-limited, 
but fLUminant hepatic failure can occur in a small percentage of 
patients. Overall, the mortali ty rate is probably significantly less 
than 1%. Pregnant women tend to have a more severe clinical 
course; mortality rates range from 5% to 25%. 

Prevention 
HAY prophylaxis has relies on sanitary measures and administra
tion of serum immunoglobulin (Ig). The development of safe 
and effective HAY vaccines, however, has made the use of pre
exposure Ig un;necessary. Serun1 Ig is still the therapy of choice 
for posccxposure prophylaxis and may be safely given, along with 
active immunization. In the United States, the Centers for 
Disease Control and Prevention has recommended lmiversal 
vaccination of children based on the safety and efficacy of the 
vaccine in high-risk populations. Public health researchers are 
investigating vaccination schemes to eradicate HAY in high-risk 
populations throughout the world. However, cost-benefit analy
ses have not supported universal vaccination worldwide. Sinli
larly, HEY prophylaxis has focused on sanitary measures, 
particularly strategies ain1ed at drinking water. Unfornmately, 
HEY lg has not been successful in preexposure or postexposure 
prevention of HEY infection, whereas anti-HEY antibodies 
appear to be effective at attenuating the dinical syndrome. Vac
cines for HEY infection have been developed and evaluated in 
dinical trials. 

Remarkable advances have been made in the prevention of 
HBV infection . In the past, prevention of HBV infection was 
linlited to passive immuni7..ation with Ig containing high titers 
of antibody to HBsAg. Currently, Ig inm1unlzation is only used 

in postexposure prophylaxis. HBsAg-containing vaccines have 
been developed, with good safety and efficacy profiles. These 
vaccines are used primarily for preexposure prophylaxis but can 
also be used in a postexposure setting along with Ig. HBV vac
cination is recommended for high-risk groups such as health care 
workers. 'TI1ere are also programs for HBV vaccination w prevent 
perinatal transmission; cmrently, all children 11 or 12 years old 
should be vaccinated if this has not been done previously. HBV 
DNA-based vaccines have been developed, and a combined 
HBV and HAY vaccine was approved by the U.S. Food and 
Drug Adnllilistration (FDA) in 2001. Although no vaccine is 
available for HDV, effective HBV prevention prevents HDV 
infection. 

The only effective preventive strategy for HCV iJ1fection 
relies on public health principles aimed at the major risk factors 
for transmission. Conventionally prepared anti-HCV Ig has 
been evaluated in a number of trials and has not been demon
strated to prevent transfusion-related non-A, non-B hepatitis. 
Screening of blood donors has rendered this issue irrelevant 
today. Unfortunately, because of various obstacles, a successfuJ 
HCV vaccine has not heen developed. 

Treabnent 
'Ifeatmenr for HAY or HEV infection is supportive in nature 
and is general ly aimed at correcting dehydration and providing 
adequate caloric intake. Although futigue may mandate sigrtifi
cant periods of rest, hospitalization is usually not necessary, 
except iJ1 cases of fulminant liver failure. 

The treatment ofHBV infection is largely ain1ed at patients 
with duonic active disea~. The two approved tl1erapies are 
interferon-Ct. (IFN-Ct.) and the nucleoside analogue lamivudine. 
LFN-Ct. is an inm1unomodulatory agent wid1 some antivira\ 
properties that can induce a virologic response in 35o/o to 40o/o 
of patients. However, long-term benefit wi th IFN therapy 
has not been proven. Many nucleoside analogues for the treat
ment of HBV have been developed and probably work through 
inhibition of DNA synthesis. 'TI1ey have simi lar viral response 
rates to IFN-a, are inexpensive, are given orally, and have few 
side effects. On the other hand, nucleoside analogues o 
ften require long-term therapy {>1 year) and the development 
of resistant HBV mutants bas been documented. Randomized 
trials have shown oral lan1ivudine to be effective at 
decreasing the risk of cirrhosis progression and HCC. Newer 
antiviral agents are .in development and are likely to improve 
outcomes. 

Over the last 20 years, tremendous advances in the treat
ment of HCV infection bave occurred. A benefit for IFN-a in 
tl1e treatment of non-A, non-B hepatitis was originally demon
strated in 1986, before the discovery of HCV. With current 
LFN-a treatment regimens, complete viral response, defined as 
sustained loss of senm1 viral RNA, occurs in 12o/o to 20% of 
patients. 1l1e addition of ribavirin to IFN-a has resulted in 
response rates of 35% to 45%. In the most recent trials, treat
ment witl1 pcgylated IFN-Ct. and ribavirin for 48 weeks resulted 
in vi ral clearance in 55% of patients. The specific genotype 
appears to be predktive of response, with some types resulting 
in response rates of 80% and others of 45%. Relapse can occur 
bur tlsually occurs with monotberapy and shorrened courses of 
therapy. Because therapy with IFN-a has significant side effects, 
controversies such as indications for treatment, optin1al doses, 
and duration of treatment are stU! being resolved. 
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CHAPTER 55 

BILIARY SYSTEM 
PATRICK G. jACKSON AND STEVEN R T. EvANS 

ANATOMY AND PHYSIOLOGY 

GENERAL CONSIDERATIONS IN BIUARY TREE PATHOPHYSIOLOGY 

BENIGN BILIARY DISEASE 

MALIGNANT BIUARY DISEASE 

METASTATIC AND OTHER TUMORS 

ANATOMY AND PHYSIOLOGY 
Biliary anatomy is extremely variable, and precise knowledge of 
the nom1al and anatomic variants is critical to surgical interven
tion in the biliary rree. The distal common bile duct (CBD) 
inserts into the duodenum via the an1pulla of Vater, passing 
through the sphincter of Oddi. Ascending from the duodenum, 
the common bile duct may join with the pancreatic duct in the 
waU of the duodenum, within the pancreas prior to insertion 
into the duodenal wall, or may enter the duodenum separately 
from the pancreatic duct {Fig. 55- I). The most inferior portion 
of the CBD is encompassed by the head of the pancreas. Supe
rior to this portion, the common bile duct is divided into ret
roduodenal and supraduodenal segments. The insertion of the 
cystic duct marks the differentiation of the common hepatic 
duct above and the common bile duct below. 

The cystic duct drains the gallbladder, which is divided into 
the neck, infLLI1dibulum with Hartmann's pouch, body, and 
fw1dus of the gallbladder. Roughly the size and shape of a 
common light bulb, the gallbladder holds 30 to 60 mL of bile 
as an extral1epatic reservoi.r. The gallbladder is attached to the 
inferior surface of the liver and is enveloped by liver for a variable 
portion of its circumference. Although some gallbladders are 
almost enveloped by liver parenchyma, others hang on a roes
emery, predisposing to volvulus. The arracl1menr of the gallblad
der to the uver, known as the gallblAdder fossa, identifies the 
separation of the left and right lobes of the liver (Fig. 55-2). 
Where the gallbladder attaches to the liver, Glisson's capsule does 
not form, and this common surface provides the venous and 
lymphatic drainage of the gallbladder. The cystic duct drains at 
an acute angle into the common bile duct and can range from 
l to 5 em in length. There are a number of anatomic variations 
in insertion of the cystic duct, including into the right bepatic 
duct {Fig. 55-3). Within the neck of the gallbladder and cystic 
ducts ue folds of mucosa oriemed iJl a spiral pattern, known as 
the spiral valves of Heister, which act to keep gallstones from 
entering the common bile duct, in spite of distention and intra
luminal pressure. The dependent portion of Hartmann's pouch 
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may overlle the common hepatic or right hepatic ducts, thus 
placing these structures at risk during the perfom1ance of a lapa
roscopic cholecystectomy. 

Above the cystic duct lies the common hepatic duct, drain
ing the left and right hepatic duct systems. 1he confluence of 
these ~trucrures lies at the hilar plate, which is an extension of 
Glisson's capsule. 1l1e absence of any vascular structures overly
ing the bile ducts at this location allows exposure of the bifurca
tion by incising dus layer at the base of the segment IV, lifring 
the liver off these structures, known as lowering the hilar plate, 
and is generally used to expose the remainder of the extrahepatic 
biliary tree for resection or reconstruction. 

Vascular Anatomy 
'TI1e segmental anatomy of the liver parenchyma is based on the 
vascular supply and drainage, and the biliary drainage is described 
by the corresponding vascular segment. 1l1e hepatic parenchyma 
is divided into lobes, each of which is divided into lobar seg
ments {Fig. 55-4) to define the basic hepatic anatomic resec
tions. 'TI1e left lobe is comprised of medial and lateral segments. 
The right lohe is divided into posterior and anterior segments. 
Altematively, the hepatic parenchyma can be divided into seg
ments based on the specific hepatic venous drainage and portal 
inflow, allowing for a more precise description of anatomic 
pathology. In this classification system, as developed by Coui
nard, 1 the liver is composed of eight segments. Segmenr I refers 
to the caudate lobe. The left lobe of the liver, suppued by the 
left portal vein, constitutes segments li through IY. The left lobe 
is further subdivided by the falciform ligament, wlud1 separates 
segments II and ill. also known as the left lateral segment, &om 
segment rv. W.ithin the left lateral segment, segment fJ lies 
superior to the i11sertion of the portal vein and segment Ill lies 
inferior to it. Segment IV is similarly divided into segments IVA, 
above, and segment IVB, below the portal vein insertion. 11Je 
right portal vein supplies the right lobe of the liver and divides 
into the posterior and anrcrior sector. Ead1 sector is then sub
divided based on its relative location compared with the portai 
vein. Segment V is supplled by the inferior brand1 of the ante
rior sector and segment VIII is supplied by the superior branch. 
In the posterior sector, segment Y1 is supplied by the inferior 
branch and segment VII is supplied by the superior branch. 
'TI1ere are three major hepatic veins that drain into the inferior 
vena cava, in addition to a number of small veins char drain 
directly from tl1e right lobe. The right hepatic vein constitutes 
most of the venous drainage from the right lobe and generally 
ues in the intersegmental fissure between the anterior and 
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FIGURE 55-1 Patterns of biliary-pancreatic duct junction and inser
tion into the duodenal wall. 

FIGURE 55-2 Laparoscopic photograph of the gallbladder in situ. The 
gallbladder is being suspended by the fundus to expose the infun
dibulum and porta hepatis. 

posterior sectors. of the right lobe. The middle hepatic vein 
drains the medial segment of the left lobe and a small amount 
of the medial portions of segments V and VITI. ln most cases, 
the middle hepatic vein fuses wid1 the left hepatic vein tl1at 
drains the left lateral segment. 

As opposed to the liver, where most perfusion comes from 
portal venous A.ow, the entire biliary tree is supplied solely 
by the arterial anatomy. This anatomic arrangement makes it 
particularly susceptible to ischemic i.njury at the intraiJepatic 
and extrahepatic levels. 1l1e inferior bile duct, below the .level 
of the duodenal bulb, receives its perfusion from tributaries of 
the posterosuperior pancreaticoduodenal and gastroduodenal 
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FIGURE 55-3 Variability in cystic duct anatomy. Knowledge of these 
variations is important to try to avoid inadvertent injury to the biliary 
tree during cholecystectomy. 

arteries. The small branches coalesce to form tlle two vessels mat 
run along the common bile duct at the 3 and 9 o' dock positions. 
With dose dissection of the areolar tissue surrounding the bile 
duct, these vessels can be damaged, leaving the bile duct at risk 
for ischemic i.njury. The superior common bile duct, from the 
duodenal bulb co the cystic duct, and common hepatic ducts 
receive their blood supply from the right hepatic and cystic 
arteries. As the proper hepatic artery ascends on the anterior 
medial side of the porta, it divides into right and left .hepatic 
arteries. in most cases, the right hepatic artery passes posterior 
to the common hepatic duct to supply d1e right lobe of the liver. 
After crossing the duct, the right hepatic artery passes through 
the triangle of Calor, bordered by the cystic duct, common 
hepatic duct, and edge ofHver. Indus triangle, the right hepatic 
artery gives off the cystic artery to the gallbladder and is at risk 
for injury during a cholecystectomy. An accessory or replaced 
right hepatic artery, when present, passes through the portocaval 
space and ascends to the right lobe along the lateral aspect of 
the common bile duct. A pulsatile structure on the most lateral 
aspect of the porta during a Pringle maneuver identifies this 
anomaly. 

Normally, the cystic artery arises from the righr hepatic 
artery, whid1 can pass posterior or anterior to the common bile 
duct to supply the gallbladder. Similar to the variability of the 
cystic duct, the cystic artery may arise from me right hepatic, 
left hepatic, proper hepa(ic, common hepatic, gastroduodenal, 
or superior mesenteric artery. Although variable, the cystic artery 
generally Lies superior to the cystic duct and is usually associated 
with a lymph node, known as Calor's node (Fig. 55-5). Because 
tllis node provides some of the lymphatic drainage of the gall
bladder, it can be enlarged in me setting of gallbladder patllOl
ogy, whether i.nfianlffiatory or neoplastic. 

Both within the liver and immediately outside the paren
chyma, the bile ducts ge11era.lly lie superior to the corresponding 
portal veins, wllich in turn arc superior to the arterial supply 
(Fig. 55-6). Retaining a longer extral1epatic segment before 
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FIGURE 55-5 Operative photograph of Calot's node. This node 
(arrow) is useful for identification of the common location of the 
cystic artery. 

inserring into the liver, the left hepadc duct travels under the 
edge of segmen r N before slipping superior and posterior to the 
left portal vein. During this transverse portion, it can receive a 
few subsegmental branches from segment rv. The left duct 
drains segmems II, III, and N, with the most distal branch 
draining segment IVa. Further superolateral, the ducts draining 
segment fVb arise, and further up the left duct are the ducts for 
segments II and ill. These fused ducts can generally be fow1d 
just posterior and lateral to the nn1bilical recess. 1l1e caudate 
lobe drains via :smaller ducts that enter the right and left hepatic 
duct systems. l11e drainage of the right duct system includes 
segments V, VI, VII, and VITI and is substantially shorter than 
the left duct, bifurcating almost inlmediately. The fusion of rwo 
sectoral ducts, posterior and anterior, creates this short right 
hepatic duct. The anterior sectoral duct runs in a vertical direc
tion to drain segments v and vm. whereas the posterior sectoral 
duct follows a horizontal course to drain segments V1 and vn. 

FIGURE 55-4 Couinard segmental anatomy. A left lateral 
segmentectomy involves resection of the portion of the left 
lobe lying lateral to the falciform ligament A left lobectomy 
includes the lateral and medial segments, whicll extend to 
the gallbladder fossa. A right lobectomy removes the portion 
of the liver lateral to the interlobar fissure at the gallbladder 
fossa. A trisegmentectomy resects most liver parenchyma, 
sparing only the left lateral segment Segment I is the caudate 
lobe. Segments II and Ill are supplied by the lateral bran ell of 
the left portal vein, with segment II lying above the passage 
of the portal vein and segment Ill below it Segment IV is 
supplied by the medial branch of the left portal vein and is 
further subdivided into IVA, above, and IVB, below the seg
mental portal vein. Segment V is supplied by the inferior 
distribution of the anterior brancll of the right portal vein and 
segment VIII receives flow from the superior distribution of 
this brancll. Similarly, with respect to the posterior brancll of 
the right portal vein, segrnentVIIies inferior to the portal vein, 
whereas segment VII lies superior. 

Physiology 
Bi.le secretion from the hepatocyte serves rwo major roles in 
human physiology. First, because the liver is a major site of 
detoxification and cellular recydi11g, bile transport allows excre
tion cl toxins and normal cellular metabolites. Second, bile salts 
have a critical role in the absorption of most lipids. Bile is 
secreted imo bile canaliculi, which encircle eacb hepatocyte. 
Within the hepatic lobule, these canaliculi coale,5ce to form small 
bi.l.e ducts, eventually entering a portal triad. Four to six portal 
triads combine to create a hepatic lobule, the smallest functional 
unit of the liver, identified by its central terminal hepatic venule. 
On the opposite aspect from the canalicular surface of the hepa
rocyre lies the sinusoidal surface, whid1 contacts the space of 
Disse. In this contact area, the hepatocyte is responsible for the 
absorption of circulating components of bile, an important step 
in the enterohepatic circulation of bile. Once absorbed and 
sccrercd into the bile canaliculi, the tight junctions in the biliary 
tree keep these components within d1e bile secretory pathway: 
The secretion of bi.le components into the biliary tree form a 
major stimulus to bile Aow, and the volume of bile Aow is an 
osmotic process. Because bile salts combine ro form spherical 
pockets, known as micelles, the salts themselves provide no 
osmotic activity. Instead, the cations rl1at are secreted into the 
biliary tree along with the bile salt anion provide tbe osmotic 
load to draw water into the duct and increase Aow to keep bile 
electrochemically neutral. For this reason, bi.le maintains an 
osmolali ty approximately comparable to that of plasma. 

Although some bile flow is bile salt- independent, serving 
ro expel toxins and metabolites from tbe body, much of the How 
is dependent on neural, htlllloral, and chemical stimuli. Vagal 
activity induces bile secretion, as does the gastrointestinal 
hormone secretin. Cholecystokinin (CCK), secreted by the 
intest inal mucosa, serves to induce b~iary tree secretion a11d 
gallbladder wall contraction, thereby augmenting excretion of 
bile i nro the intestines. 
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FIGURE 55-6 Hepatic lobar segmental 
biliary anatomy. 

Biliary secretion = pool x cycles 

(12-36 g/d) (-3 g) X (4-12/d) 

1 

Fecal excretion 
(0.2-0.6 g/d) 

Bile salts, such as cholic acid and deoxycho.lic acid, are 
originally created from cholesterol and secreted into bile cana
Hcu.li as cho.lic acid and its metabolite, deoxycholic acid. 1lle 
liver actuaUy makes only a small amollllt of the total bile salt 
pool used on a daily basis, because most bile salts are recycled 
after usc in the intestinal lumen (Fig. 55-7). After passage into 
the intestinal tract and reabsorption by the termlnal ileum, bile 
acids are transported back to the liver for recycling bound to 

FIGURE 55-7 Enterohepatic circulation. 

albumin. Less than 5% of bile salts are lost each day in the stooL 
\XTJJen sufficient quantities of bile salts reach the colonic lumen, 
the powerfltl detergent activity of the bile salts can cause inflam
mation and diarrhea. 

1l1e passage of bolllld bile salts through the space of Disse 
allows uptake into the hepatocyte in an efficient process that 
involves sodium cotransport and sodium-independent path
ways. ln the less specificsodium-independent pathway, a number 
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of organic anions arc transported, including unconjugated or 
indirect bilirubin. The transport of bile salts across the canalicu
lar membrane remains the rate-limiting step in bile salt excre
tion. Given the vast differences in concentration of bile salts, the 
transport of bile up an extreme concentration gradient is adenos
ine [riphospha[e (ATP)-dependenr. 

In addhion to bile salts, bile contains proteins, lipids, and 
pigments. The major lipid components of bile arc phospholipids 
and cholesteroL These Lipids not only dispose of cholesterol from 
low- and high-density lipoproteins, but also serve to protect 
hepatocytes an<l cholangiocytes from the toxic nature of bile. 
The sources of most biliary cholesterol are circulating Lipopro
teins and hepatic synrhesis. Therefore, the biliary secretion of 
cholesterol actually serves to excrete cholesterol from the body. 
These lipids fo rm micelles and thereby allow absorption of 
dietary lipids. 

Although cholesterol, bile salts, and phospholipids play an 
important role in nutritional homeostasis, bile also serves as a 
major route of exogenous and endogenous toxin disposal. One 
such example of the disposal system is that of bilirubin. Bile 
pigments, such as hilirubin, are breakdown products of hemo
globin and myoglobin. These are transported in the bl.ood bound 
to albumin and transported into the hepatocyte. Here, they are 
transferred into the endoplasmic reticulum and conjugated to 
form bili rubin glucuronides, also known as conjugated or direct 
bilirubin. 1r is the bile pigments that give the color to bile and, 
when converted to urobiJjnogen by bacterial enzymes in the 
inrestines, give stool its characteristic color. 

In the fasting state, secreted bile will pass through the biliary 
tree into the intestine and be reabsorbed. Additionally, bile will 
collect in the gallbladder, which serves as an extral1epatic storage 
site of secreted bile. To store bile secretions, the gallbladder is 
extremely efficient in water absorption and thus concentration of 
bile components. This absorption is an osmotic process per
formed via the active NaCI transport. With the absorption of 
NaCl and water across the gallbladder epithelium, the chemical 
composition of bile changes in the gallbladder lumen. Increases 
in cholesterol concentration, in addition to calcium, which is not 
as efficiently absorbed, then lead to decreased stability of phos
pholipid cholesterol vesicles. The reduced vesicle stability predis
poses to nucleation of this stagnant pool of cholesterol and thus 
to cholesterol stone formation. 'TI1e gallbladder neck and cystic 
ducc also secrete glycoprotcins co help protect the gallbladder 
from the detergent activity of bile. 'TI1ese glycoproteins also 
promote cholesterol crystallization. 

'TI1e gallbladder fills through a retrograde mechanism. With 
an increase in the tonic accivity of the sphincter of Oddi in the 
fasting state, pressure increases in the common bile duct. This 
increased pressure allows filling of the lower intraluminal pres
sure gallbladder, whkh is capable of storing up to 600 mL of the 
daily productioJ1 ofbile. The pa'iSage of fat, protein, and acid into 
the duodenum induces CCK secretion from duodenal epithelial 
cells. Cholecystokinin, as its name suggests, then causes gallblad
der contraction, with intraluminal pressures up to 300 mm Hg. 
Vagal activity also induces gallbladder emptying, but is a less 
powerfLLI stimulus to gallbladder contraction than CCK. 

The distal portion of the bile duct passes through the 
sphincter of Oddi {Fig. 55-8). The musculature of this sphincter 
is iJ1dependent from that of the duodenal intestinal walJ and 
responds differently to neurohumoral controls. This muscular 
sphincter, which normally maintains high tonic and phasic 

~'---------Common bile 
duct 

~------ Pancreatic 

duct 

FIGURE 55-8 Sphincter of Oddi. Because the sphincter responsible 
for control of most bile flow, this sphincter maintains a high tonic 
contraction, but is inhibited by CCK. 

activity, is inhibited by CCK. With CCK-induced relaxation of 
the sphincter, bile flows more readily from tl1e biliary tree. 
Coordinated with gallbladder contraction, the relaxation of this 
sphincter allows for evacuation of up to 70% of the gallbladder 
contents within 2 hours of CCK secretion. During the fasting 
state, the oblique pa'>Sage of the bile duct through the duodenal 
wall and the tonk activity of the sphincter prevent duodenal 
contents from rcfl uxing into the biliary tree. 

GENERAL CONSIDERAnONS IN BILIARY 
TREE PATHOPHYSIOLOGY 

Symptoms 
The common symptomatic manifestations of biliary tree disease 
are pain, fever, and jaundice. As is seen in other tubular struc
tures, pain associated with other symptoms may be from obstruc
tion with increased intralLUu inal pressure, infection with its 
ao;sociated inflammatory process, or both. Obstruction will gen
erally precede infection, because stasis of bile is an inciting factor 
of biliary infection, along with sufficient quantity of infectious 
inoculum in a susceptible host. 

Pain 
Pain of bll.iary tract origin is generally termed biliary coLic, actu
ally a misnomer because the pattern of pain is not colicky in 
nature. This paiJ1 is usually constant, located in the right upper 
quadrant or epigastrium, and can be associated with meals. 
Rlghtt upper quadrant pain seen 1 hour or more after a meal is 
frequently caused by contraction of the gallbladder induced by 
CCK secretion. When the gallbladder ltu11en cannot fully empty 
because of a stone in the gallbladder neck, visceral pain fibers 
are activated, causing pain in the epigastrium or right upper 
quadrant. The same luminal obstruction of biliary colic, bur 
associated with sufficient stasis, pressure, and bacrerial inocu
lum, creates in fection and thereby inflammation. With tl1is 
infection and infiammarion, the right upper quadrant pain of 
biliary colic will be accompanied by tenderness noted on 
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palpation of the right upper quadrant. Specifically, the voluntary 
cessation of respilration when the examiner exerts constant pres
sure under the rigiH costal margin, known as a Murphy's sign, 
suggests inflammation of the visceral and parietal peritoneal 
surfaces, and can be seen in diseases such as acute cholecystitis 
and hepatitis. Alternatively, biliary colic in the absence of infec
tion and inflanm1ation is not associated with any reproducible 
physical examination finding or systemic symptom. 

Fever 
Although biliary colic is not generally associated with other 
systemic manifestations, infection or inflammation in the gall
bladder or biliary tree will usually cause fever. It can be seen in 
a number of inflammatory diseas<.>s, but fever associated with 
right upper quadrant pain is a hallmark of infectious process in 
the biliary tree. With immediate and direct access to the meta
bolically active hepatic parenchyma, infection of the gallbladder 
an.d biliary tree induces cytokine secretion and thereby direct 
systen1ic manifestations. 

Jaundice 
Jaundice, caused by elevation of the serum bilirubin level, can 
be demonstrated in the sclera, the frenulum of the tongue, or 
skin. Serum bilirubin levels over 2.5 mg/dl are necessary to 
detect scleral icuerus routinely, and levels over 5 mg/dl will 
manifest as cutaneous jaundice. Failure to excrete bile from tbe 
liver iJlto the intestines is a prerequisite of jaundice. 1l1erefore, 
although both are associated with fever and pain, acute chole
cystitis does nott cause the jatmdlce seen in infection of the 
biliary tree, known as ascending cholangitis. The constellation 
of fever, right upper quadrant pain, and jaundice, known as 
Charcot's triad, suggests blockage of the biliary secretion from 
the liver, not just the gallbladder. With the addition of hypoten
sion and altered mental status, known as Reynolds' pentad, 
patients will demonstrate the systemic manifestations of shock 
from biliary origin. ]auJ1dlce is generally divided into surgical, 
from obstruction, and medical, from a hepatoceiJular process. 

Laboratory Tests 
Although termed liver Junction tests, the routine hepatic panel 
for most laboratories tests a mtmber of aspects of metabolic and 
hepatic activity. 1l1e tests most tt~efu l for evaluation of biliary 
physiology include determination of levels of bilirubin, alkaline 
phosphatase, seen in any cholestatic process, and serum traJls
anllJ1ases, suggesting evidence of hepatocellular injury. Bilirubin 
can be subdivided into the conjugated and unconjugated forms, 
thereby allowing delineation of cause based on ceUular location 
of derru1gemenr. In other words, hyperbilirubinemia may be 
caused by increased synthesis of bilirubin, impaired hepatocyte 
uptake of unconj ugatcd bilirubiJl, decreased intraceUular conju
gation, reduced intracellular transport and excretion of conju
gated bilirubin, or obstruction of the biliary tree. Although an 
oversimplification of a complex process, derangements up to and 
including conjugation will manifest as elevated unconjugated 
bWrubin levels. 

Imaging Studies 

Plain Films 
PlaiJ1 radiographs are of limited usc in the overall evaluation of 
the biliary tree. Gallstones are not regularly seen by plain films 

BILIARY SYSTEM CHAPTER 55 1481 

and, even when seen, rarely change therapy. 1herefore, the role 
of plain radiographs in the evaluation of possible biliary disease 
is limited to exclusion of other diagnoses, such as a duodenal 
ulcer with free air, small bowel obstruction, or right lower lobe 
pneumonia causing right upper quadrru1t pain. 

Ultrasound 
Transabdominal ultrasound is a sensitive, inexpensive, reliable, 
ru1d reproducible test to evaluate most of the biliary tree, being 
able to separate patients with medical jaundice from those with 
surgical jaundice. 1l1erefore, this modality is seen as the study 
of choice for the initial evaluation of jaundice or symptoms of 
biliary disease. The finding of a dilated common bile duct in the 
setting of jatmdice suggests aJ1 obstruction of the duct from 
stones, usually associated with pain, or from a rumor, which is 
commonly painless (Fig. 55-9). Gallbladder diseases are regu
larly diagnosed by ultrasound, because its superficial location 
with no overlying bowel gas enables its evaluation by sotmd 
waves. Uh rasound has a high specificity and sensitivity for cllo
lclithiasis, or gallstones. The density of gallstones allows crisp 
reverberation of the sound wave, showing an echogenic focus 
with a characteristic shadowing behind the stone (Fig. 55-10). 
Most gallstones, unless in1pacted, will move with positional 
changes in the patient. 11lls feature allows their differentiation 
from gallbladder polyps, which are fixed, and from sludge which 
will move more slowly ru1d does not have the sharp echogenic 
pattern of gallstones. Pathologic cl1anges seen in many gallblad
der diseases can be idemified by ultrasound. For example, the 
gallbladder wall thickening and pericholecystic fluid seen in 
cholecystitis are visible by ultrasound (Fig. 55-11 ). Porcelain 
gallbladder, with its calcified wall, wilJ appear as a curvilinear 
echogenic focus along the entire gallbladder wall, with posteriQr 
shadowing (Fig. 55-12). In addition to division of medical 
versus surgical jaundice, ultrasound can sometimes identify the 
cause of obstructive jaundice, showing common bile duct stones 
or even cholru1giocarcinoma. 

FIGURE 55-9 Ultrasound of dilated biliary tree. The dilated CBD is 
di lated. As it travels parallel to the portal vein (PV), it is easy to iden
tify. The depiction of the parallel stripes of duct and vein help ensure 
that the common duct diameter is not overestimated by a tangential 
view, which would artificially increase the anteroposterior diameter. 
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FIGURE 55- 10 Ultrasound of a gallstone in the gallbladder neck. The 
sharp echogenic wall of the gallstone (a"ow), with the characteristic 
posterior shadowing stripe under the stone, help differentiate it from 
other intraluminal findings. 

FIGURE 55- 11 Ultrasound with acute cholecystitis and thickened gall
bladder wall (a"ows). 

Hepatic lminodiacetic Acid Scan 
Although incapable of providiJ1g precise anatomic delineation 
of pathophysiology, biliary scintigraphy, also known as a hepatic 
iminodiacetic acid scan (HIDA) scan, can be used to evaluate 
the physiologic secretion of bile. The injection of an iminodi
acetic acid, wbj ch is processed iJl the liver and secreted with bile, 
allows identification ofbile flow. 'TI1erefore, the failure to fill the 
gallbladder 2 hours after injection demonstrates obstruction of 
the cystic duct, as seen in acute cholecystitis (Figs. 55-13 and 
55-14). In addjtion, the scan will identify obstruction of the 
biJjaf}' tree ru1d bile leaks, whid1 may be useful in the postopera
tive settiJ1g. HillA scans can also be used to determme gallblad
der function, because the injection of CCK during a scan will 
document physiologic ejection of the gallhladder. This may be 
useful in patients with biliary tract paiJl but without stones, 
because some patients have pain from impaired cmptyiJlg, 
known as biliary dyskinesia. As a nuclear medicine test, the rest 

FIGURE 55-12 Ultrasound of porcelain gallbladder. The curvilinear 
sharp echogenic focus (arrow) combined with substantial posterior 
shadowing help confirm this diagnosis. 

f'r: 6-10 Duration: 300 sec 

- ~r: 21-25 !JuratiOn: 300sec-

FIGURE 55-13 HIDA scan showing filling of the gallbladder. With 

gallbladder filling (a"ows), the diagnosis of acute cholecystitis is 
effectively eliminated. 

demonstrates physiologic flow, but does not provide fine ana
tomic derai l, nor can it identify gallstones. 

Computed Tomography 
Although ultrasound is clearly the first test of choice for delinea
tion of biliary pathology, computed tomograpby (Cf) provides 
superior anatomic information. Because most gallstones are 
radiographically isodensc to bile, mru1y will be indistinguishable 
from bile. However, because ultrasound is operator-dependent 
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FIGURE 55-14 HIDA scan showing nonfilling ofthe gallbladder. With 
no filling of the gallbladder (arrows) even on delayed images, HIDA 
confirms occlusion of the cystic duct, the characteristic feature of 
acute cholecystitis. 

FIGURE 55-15 cr scan showing dilated biliary tree (arrow) at the 
portal confluence. This dilation continued down to the head of the 
pancreas. 

and provides no anatomic reconstruction of the biliary tree, Cf 
can be used to identify the cause and sire of biliary obstruction 
{Fig. 55-15). When performed for the evaluation of hepatic or 
pancreatic parenchyma or possible neoplastic processes, cr is 
invaluable in preoperative planning, and the use of arterial 
phase, portal venous phase, and delayed phase imaging, known 
as a triple-phase cr. has esscntiaiJy replaced diagnostic angiog
raphy of the liver. 

Magnetic Resonance Imaging and Magnetic 
Resonance Cholangiopancreatography 
Magnetic resonance imaging (MRI) uses the water in bile to 

delineate the biliary tree and thus provides superior anatomic 
definition of the intrahepatic and extrahepatic biliary tree and 
pancreas. AJthougb management of most patients witb biliary 
pathology does not require the fine detail of anatomic evaluation 
shown by cross-sectional imaging, MRI is noninvasive, requires 
no radiation exposure, and can prove extremely useful when 
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FIGURE 55-16 Normal MRCP image. Note the normal CBD and pan
creatic duct (PO). 

FIGURE 55-11 Normal ERCP image. 

planning resection ofbiliary or pancreatic neoplasms or manage
ment of complex biliary pathology. By using the water contenc 
of bile, a chola.ngiopancreatogram can be created (Fig. 55-16). 

Endos.copic Retrograde Cholangiopancreatography 
Endoscopic retrograde cbolangiopancreatography (ERCP) is an 
invasive test using endoscopy and fluoroscopy to inject contrast 
through the ampulla and image the biliary tree (Fig. 55-17). 
Although it does carry a complication rate of up to 10%, its 
usefulness lies in its ability to diagnose and treat many diseases 
of the biliary tree. For patients with maljgnant obstruction, 
ERCP can be used to provide tissue samples for diagnosis while 
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also decompressing an obstruction, but does not stage patients 
accurately. Many benign diseases, such as choledocholithiasis, 
can be easily treated by endoscopic means. ERCP has also 
proven extremely useful in the diagnosis and treatment of com
plications of biliary surgery. 

Percutaneous Transhepatic Cholangiography 
lnterventional radiologic techniques can be used in the evalua
tion of biliary anatomy. Similar to ERCP, percutaneous transbe
patic cholangiography (PTC) is an i.nvasive procedure used to 
evaluate the biliary tree. A needle is passed directly into the Uver 
to access one of the biliary radicals, and the tract is then used 
for insertion off transhepadc catheters. Useful for patients with 
intrahepatic biliary disease or in whom ERCP is not technically 
feasible, PTC can decompress biliary obstruction, stent obstruc
tions nonoperativcly, and provide anatomic information for 
biliary reconstruction. 

Intraoperative Cholangiography 
Another imaging tool for the diagnosis of biliary tract abnor
malities is the use of intraoperative cholangiography. With the 
injection catheter inserted via the cystic duct during a cholecys
tectomy or through another point in the biliary tree, intraopera
tive cholangiography can help delineate anomalous biliary 
anatomy, identify choledocholithiasis, or guide biliary recon
struction. Some surgeons advocate routine cholangiography 
during cholecystectomy. Advocates for routine cholangiography 
note that common duct injuries are less frequent when cholan
giography is used routinely. However, bt:cause it adds operative 
time and fluoroscopic exposure to the operation, many surgeons 
use intraoperative cholangiography selectivdy during the perfor
mance of a cholecystectomy. Lndications for the selective usc of 
cholangiography include pain at the time of operative interven
tion, abnormal hepatic function panel, anomalous or confusing 
biBary anatomy, or i11abiliry to perform ERCP followiJlg dlole
cystectomy, dilated biliary tree, or any preoperative suspicion of 
cboledod10lithiasis (Box 55-1 ). 

Endoscopic Ultrasound 
Although of Bmlted use iJJ the evaluation of gallbladder pathol
ogy or intrabepatic disease of tbe biliary tree, endoscopic ultra
sound (EUS) is valuable in the assessment of distal common bile 
duct and ampulla. With the close apposition of the distal 
comn10n bile duct and pru1creas to tbe duodemun, sound waves 
generated by EUS provide detailed evaluation of the bile duct 
and an1pulla and have proven most useful in assessing tumors 
for invasion in to vascular structure.~. Echocndoscopes are sub
divided into those that scan perpendicular to the long axis 
of the endoscope, known as radial echoendoscopes, and those 
that scan parallel, known as Li.near echocndoscopcs. Radial 

BOX 55-1 Indications for Selective Cholangiography 

Pain at time of operation 
Abnormal hepatic function panel 
Anomalous or confusing bi liary anatomy 
Inability to perform postoperative ERCP 
Dilated biliary tree 
Any suspicion of choledocholithiasis 

ecboendoscopes are most useful for providing a tomographic 
evaluation (Fig. 55-18), whereas linear echoendoscopes can 
guide interventions such as needle biopsies under real-time 
ultrasound guidance (Flg. 55-19). 

Fluorodeoxyglucose Positron Emission Tomography 
Fluorodeoxyglucose positron emission tomography (FDG-PET) 
exploits the metabolic difference between a highly metabolically 
active tissue, sud1 as a neoplasm, and normal tissue. With the 
injection of a radiolabeled glucose molecule, FDG-PET scans 
can differentiate benign and malignru1t lesions, detect recur
rence, and identify metastatic disease. Unfortunately, FDG-PET 
is incapable of den1onscrating carcinomatosi~ and, given d1e high 
metabolism of the im111W1e system, is of Bruited value in tbe 
setting of infection or inflammation. 

FIGURE 55-18 Radial EUS showing choledocholithiasis in the distal 
CBD. 

FIGURE 55-19 Linear EUS with needle (offow) biopsying a lymph 
node. 
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Baderiology 
Without previous biliary intervention, most bile is considered 
sterile. However, with the presence of stones or obstruction, the 
likelihood of bacterial contamination increases. With nucleation 
of bile and gallstone formation, gallstones can provide a reservoir 
for bacteria, bur- rhe source of the bacteria is unclear. ln rhat 
most bactibilia is caused by gram-negative aerobes, passage of 
bacteria upward from the duodenum into the biliary tree is a 
commonly held explanation for bacterial contamination. 1he 
most common types of bacteria found in biliary infections are 
Enterobacteriacae, such as Escherichia coli, Klebsiella, and Entero
bacter; followed by EntmJcoccus spp. Stasis increases the likeli
hood of bacterial comamination of bile. 

Prophylactic antibiotics should be used in most patients 
undergoing interventions in their biliary tree, such as ERCP or 
PTC. To cover trhe most common bacterial species, a first- or 
second-generation cephalosporin or £1uoroquinolone should 
suffice. For those undergoing elective laparoscopic cholecystec
tomy for bWary colic, no antibiotic prophylaxis is necessary. 
However, antibiotics should be used for any patient with sus
pected or documented infection of the biliary tree, such as acute 
cholecystitis or ascending cholangitis, and should be chosen to 
cover gran1-negative bacteria and anaerobes. 

BENIGN BILIARY DISEASE 

Calculous Biliary Disease 
Gallstones can be subclassified into r-wo major subtypes, depend
ing on the principle solute that precipitates into a stone. More 
than 70% of gallstones in America are formed by preci.pitation 
of cholesterol and calcium, with pure d10lesterol stones account
ing for or1ly a small (<10%) portion. Pigment stones, further 
subclassified as black or brown stones, are caused by precipita
tion of concentrated bile pigments, the breakdown products of 
hemoglobin. Four major factors explain most gallstone 
formation-supersaturation of secreted bile, concentration of 
bile in the gallbladder, crystal nucleation, and galJbladder dys
motility. High concentrations of cholesterol and lipid in bile 
secretion from the liver constitute one predisposing condition 
to cholesterol stone formation, whereas increased hemoglobin 
processing is seen in most patients with pigment stones. Once 
in the gallbladder, bile is concentrated further through the 
absorption of water and NaCl, increasing the concemrations of 
the bile solutes and calcium. With respect to cholesterol stones 
(Fig. 55-20), cholesterol precipitates out into crystals when the 
concentration in vesicles exceeds the solubility of cholesterol 
(Fig. 55-21).2 1his process of crystal formation is further acceler
ated by pronucleating agents, including glycoproteins and 
immunoglobulins. Finally, abnormal gallbladder motility can 
increase stasis in the gallbladder, allowing more time for solutes 
to precipitate in the gallbladder. Therefore, increased stone for
mation can be seen in conditions associated with impaired gall
bladder emptying, such as prolonged fasting states, use of total 
parenteral nutrition, postvagotomy, and use of somatostatin 
analogues. 

Pigment stones can be divided into black stones, as seen in 
hemolytic conditions and cirrhosis, or brown stones, which tend 
to be fow1d in the bile ducts. 1he difference in color comes from 
incorporation of cholesterol into the brown stones. Because 
black pigment stones occur in hemolytic states from concentra
tion of bilirubin, they are found almost exclusively in the 
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FIGURE 55-20 Gallbladder, with characteristic yellow cholesterol 
stones. 

gallbladder. Alternatively, brown stones occur within the biliary 
tree and suggest a disorder of biliary motility and associated 
hacrerial infection. 

Natural History 
'The vast majority of gallstones are asymptomatic, often being 
identified at time of abdominal imaging for other reasons or 
during laparotomy. To become symptomatic, the gallstone must 
obstruct a visceral structure, sucl1 as the cystic duct. Biliary colic, 
caused by temporary blockage of the cystic duct, tends to occur 
following a meal in which the secretion of CCK leads to gall
bladder contraction. Stones that do not obstruct the cystic duct 
or pass through the entire biliary tree into the intestines 
withour impaction do not cause symptoms. Only 20% to 30% 
of patients with asymptomatic stones will develop symptoms 
within 20 years and, because approximately 1 o/o of patients with 
asymptomatic stones develop complications of their stones 
before onset of symptoms, prophylactic cholecystectomy is not 
warranted in asymptomatic patients. 

Certain subsets of patients, however, constitute a higher 
risk pool, so prophylactic cholecystectomy shouJd be considered. 
Among these are patients with hemolytic anemias, such as sickJe 
cell anemia. These patients have an extren1cly high rate of 
pigment stone formation, and cholecystitis can precipitate a 
crisis. Parlems wicl1 a calcified gallbladder wall, known as por
celain gallbladder, those with large (>2.5-cm) gallstones, and 
those with a long common channel of bile and pancreatic ducts 
all have a higher risk of gallbladder cancer and should consider 
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FIGURE 55-21 Triangle of solubil ity. With the three 
major components of bile that determine choles
terol solubility and stability, each can be quantified 
by molar% to show a relative ratio to the other two. 
Cholesterol is completely soluble in only the small 
area in the left lower corner, where a dear micellar 
solution exists, below the closed circles. Just above 
this, in the area between the open and dosed 
circles, cholesterol is supersaturated but stable, and 
thus only crystallized with stasis. In the remainder 
of the triangle, cholesterol is significantly supersatu
rated and unstable. In this region, crystals form 
immediately. (From Admirand WH, Small OM: TI1e 
physicochemical basis of cholesterol gallstone for
mation in man J Clin Invest 47:1043-105~, 1968.) 

cholecystectomy. Additionally, patients with asymptomatic gall
stones undergoing bariatric surgery may also benefit from cho
lecystectomy. Not only docs rapid weight loss favor stone 
formation but also, following gastric bypass, ERCP to remove 
common bile duct stones in ascending cholangitis is extremely 
challenging and usually unsuccessful. Finally, because severe 
infection can be life-threatening in the immunocompromised 
patient, some transplantation surgeons recommend prophylactic 
d1olecystectomy prior to receipt of an organ transplant. 

Nonoperative Treatment of Cholelithiasis 
Medical treatment of gallstones is generally unsuccessfu.l and is 
used rarely. Options include dissolution with oral bile salt 
therapy, contact dissolution, which requires cannulacion of the 
gallbladder and infusion of organic solvent, and extracorporeal 
shock wave lithotripsy. With the dissolution strategies, unac
ceptable recurrence rates of up to 50% limit their application to 
the most sclec£ group of patients. Extracorporcal shock wave 
lithotripsy has a lower recurrence rate, approximately 20%, and 
can be used in patients with single stones 0.5 to 2 em in size. 
The widespread use, safety, and efficacy of laparoscopic chole
cystectomy have relegated nonoperative therapy to patients for 
whom general anesthesia presents a prohibitively high risk. 

Chronic Cholecystitis 
Recurrent attacks of biliary colic, whicl1 only temporarily 
occlude the cystic duct and do not cause acute cholecystitis, can 
cause some inHan1mation and scarring of the neck of the gall
bladder and cystic duct. This process, called chronic cholecystitis, 
causes fibrosis as histologic evidence of repeated self-limited 
episodes of inflammation. The diagnosis of chronic cholecystitis 
lies along a continuum with biliary colic because it is results 

from recurrenr attacks. Therefore, the presentation is that of 
symptomatic cholelithiasis, or biliary colic. Pain occurring after 
ingestion of a fatty meal, with the attendant increase in CCK 
secretion in response to duodenal intraluminal fat, is classic for 
biliary colic, although only 50% of patients will report an asso
ciation with fo<ld. Pain from sto11es tends to locate in the epi
gastrium or right upper quadrant and may radiate arow1d to the 
scapula. These attacks of pain generally last a few hours. Pain 
lasting longer than 24 hours or when associated with fever sug
gests acute cl10lecystitis. The pain of biHary colic, even in the 
absence of cholecystitis, may also cause other gastrointestinal 
symptoms sudJ as bloating, nausea, or even vomiting. 

Symptomatic stones constitute a different risk profile than 
the routine patienc with asymptomatic scones, with a higher 
likeli:hood of complications from stones. TI1erefore, symptom
atic cholelithiasis is an indication for cholecystectomy. To 
perform a d1olecystectomy for symptomatic stones, one needs 
presence of symptoms and documentation of stones. 

DiagJnosis 
The diagnosis of symptomatic cholelithiasis, the cli•~ical mani
festation of chronic cholecystitis, relies on a history consistent 
with biliary tract disease. Transabdominal ultrasonography reli
ably documents the presence of cholelithiasis. Ultrasound can 
provide otl1er important information, such as common bile duct 
dilation, gallbladder polyps, porcelain gallbladder, or evidence 
of hepatic parenchymal processes. Cholesterolosis, or the accu
mulation of cholesterol found in gallbladder mucosal macro
phages, can also be seen (Fig. 55-22). Even in the absence of 
frank stones, so-called sludge found in the gallbladder on ultra
sonography, with appropriate symptoms, is consistent with 
biliary colic. 
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FIGURE 55-22 Ultrasound of cholesterolosis. 

Treatment 
Patients with suffident symptoms from gallstones should 
undergo elective cholecystectomy. Cholecystectomy carries a 
low-risk profile but is not without complications, SQ an analysis 
of risks and benefits is important. Because patients with very 
mild symptoms bave a low rate of complications from gallstones 
(I o/o to 3%/year), observation and dietary and lifestyle changes 
are appropriate in this population. Patients with more severe or 
recurrent symptoms have a higher rate of complications of the 
disease (7%/yea~r), so elective laparoscopic cholecystectomy is 
warranted. In more than 90% of patients, cholecystectomy is 
curative, leaving them symptom-free. 

Acute Calculous Cholecystitis 
Obstruction of the cystic duct from stone impaction eventually 
causes acute calculous cholecystitis. Temporary impaction, as 
seen with biliary colic, does not create inflarnmation as the 
obstruction resolves. If it does not resolve, however, inAanlma
tion ensues, with edema and subserosa! hemorrhage, a process 
known as acute cholecystitis. Wection of the stagnant pool of 
bile is a secondary phenomenon; the primary pathophysiology 
is unresolved cystic duct obstruction. \'V'ithout resolution of 
the obstruction, the gallbladder will progress ro ischemia and 
necrosis. Evennaally, acute cholecystitis becomes acute gan
grenous cholecystitis and, when complicated by infection with 
a gas-forming organism, acute emphysematous cholecystitis 
(Fig. 55-23). 

Presentation 
The inAan1matory changes in the gallbladder wall manifest as 
fever, right upper quadrant pain, tenderness to palpation, and 
guarding in the right upper quadrant. This process will cause an 
arrest of inspiration with gentle pressure under the right costal 
margin, a finding known as Murphy's sign. Tendemess and a 
positive Murphy's sign help distinguish acute cholecysti tis from 
biliary colic. in which there is no inflammatory process. Given 
that the common bile duct is not obstructed, profound jaundice 
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FIGURE 55-23 a scan of emphysematous cholecystitis. Significant 
pericholecystic inflammatory changes and air in the gallbladder wall 
(a"ows) are signs of emphysematous cholecystitis. 

in the setting of a picture of acute cholecystitis is rare and should 
raise the suspicion of cholangitis, with obstruction of the 
common bile duct, or Mirizzi syndrome, in which inAan1mation 
or a stone in the gaiJbladder neck leads to inflammation of the 
adjoining biliary system, with obstruction of the common 
hepatic duct. Mild elevations of alkaline phosphatase, bilirubin. 
and transaminase Levels and a leukocytosis support the diagnosis 
of acure cholecystitis. 

Diagnosis 
Transabdominal ultrasonography is a sensitive, iJlexpensive, and 
reliable wol for the diagnosis of acute cholecystitis, with a sen
sitivity of85o/o and specifidt:y of95o/o. In addition to identifying 
gallstones, ultrasound can demonstrate pericholecystic fluid, 
gallbladder wall thickening, and even a sonographic Murphy's 
sign, documenting tenderness spedfica!Jy over the gallbladder 
(Fig. 55-24). In most cases, an accurate history and physical 
examiJlation, along with supporting laboratory studies and an 
ultrasound, make d1e diagnosis of acllte cholecystitis. L1 atypical 
cases, a HIDA scan may be used to demonstrate obstruction of 
the cystic duct, which definitively diagnoses acute cholecystitis. 
Filling of tl1e gallbladder during a HIDA scan essentially elimi
nates the diagnosis of cbolccystitis. CT may show similar find
ings to ultrasOtmd with pericholecystic liuid, gallbladder wall 
thickening, and emphysematous changes, but CT is less sensitive 
than ultrasound for the diagnosis of acute cholecystitis. 

Treatment 
Although infection is a secondary event following stasis and 
inAan1mation, most cases of acute cholecystitis are complicated 
by superinfection of tl1e inflamed gallbladder. Therefore, patients 
are given nothing by mouth and IV fluids and parenteral anti
biotics arc started. Given that gran1-negative aerobes are the 
most common organisms found .in acute cholecystitis, followed 
by anaerobes and gram-positive aerobes, broad-spectrum antibi
otics are warranted. Parenteral narcotics are usually required co 
control the pain. 
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FIGURE 55-24 Ultrasound of pericholecystic fluid. The thickened 
gallbladder wall] with pericholecystic fluid (a"ow) indicate acute 
cholecystitis. 

Cholecystectomy, whether open or laparoscopic, is the 
treatment of choice for acU£e cholecystitis. 1he timing of opera
tive intervention in acute cholecystitis has long been a source of 
debate. In the past, many surgeons advocated for delayed cllO
Iecysrectomy, with patients managed nonoperativdy during 
their initial hospitallzation and discharged home with resolution 
of symptoms. An interval cholecystectomy was then performed 
at approximately 6 weeks following the initial episode. 
More recent studies have shown tbat when performed early in 
the disease process (within the fuse week), the operation can 
be performed laparoscopicalJy with equivalent or improved 
morbidity, monallty, and length of sray, as well as a sinillar 
conversion rare to open cholecystectomy.3 AdditionalJy, approxi
mately 20o/o of patients initially admitted for nonoperative man
agement failed medical rreatment prior to the planned interval 
cholecystectomy and required surgical intervention. Initial non
operative therapy remains a viable option for patients who 
present in a delayed fashion and sbouJd be decided on an indi
vidual basis. 

Given the inflammatory process occurring in the porta 
heparis, early conversion to open cholecystectomy should be 
considered when delineation of anatomy is nor clear or when 
progress cannot be made laparoscopically. With substantial 
inflammation, a partial cholecystectomy, transecting the gall
bladder at the infundibuJum with cauteri7.ation of the remaining 
mucosa, is acceptable to avoid injury to the common bile duct. 
Some patients present with acute cl1olecystitis but have a pro
hibitively high operative risk. For these patients, a percutane
ously placed cholecystostomy rube shouJd be considered. 
Frequently performed using Ltltrasound guidance under local 
anesthesia with some sedation, cholecystostomy can act as a 
temporizing measu.re by draining the iJ1fected hile. Percutaneous 
drainage allows improvement iJl symptoms and physiology, 
allowing for a delayed cholecystectomy, 3 to 6 months after 
medical optimi7.ation. 

Choledocholithiasis 
Choledocholithiasis, or common bile duct stones, are classified 
by their point of origin, with primary common duct stones 
arising de novo in the bile duct and secondary common duct 
stones passing from the gallbladder into the bile duct. Prin1ary 
c.holedocl1olithiasis is generally from brown pigmcnr stOnes, 
which are a combination of precipitated bile pigments and cho
lesterol. Brown stones arc more common iJ1 Asian populations 
and are associated witl1 a bacterial infection of tl1e bile duct. The 
bacteria secrete an enzyme that hydrolr1.es bilirubin glucuro
nides to form free bilirubin, which then precipitates. Most 
common duct ston<:.'S found in the United States are secondary, 
and are termed retained commo11 duct stones when found within 
2 years following cholecystectomy. 

Many common duct stones arc clinically silent and may be 
identified only during cholangiography, if performed routinely 
during cholecystectomy. Without pain or an abnonnal liver 
function panel, a setting in which selective cholangiography is 
not performed, l % to 2% of patiems following cholecystectomy 
will present with a retained stone. When performed routinely, 
intraoperative cholangiography identifies choledocholirblasis in 
approximately 1 Oo/o of asymptomatic patients, suggesting that 
most cl1oledocl1olithiasis remains clinicalJy silenr.4· 5 

When not cllnically silent, common duct stones may 
present with symptoms ranging from biliary colic to the clinical 
manifestations of obstructive jaundice, such as darkening of tl1e 
urine, scleral icterus, ru1d Hghtening of the stools. jaLtndice with 
cl1oledocholithiasis is more likely to be painful because the onset 
of obstruction is acute, causing rapid distention of the bile duct 
and activation of pain fibers. Fever, a common symptom, can 
be associated with right upper quadrru1t pain and jaundice, a 
constellation known as Charcot's triad. 1his triad suggests 
ascending cholangitis and, if untreated, may progress to septic 
shock. The addition of hypotension and mental status changes, 
both evidence of shock, to Charcot's triad is known as Reynolds 
pentad. 

Dia8inosis 
ln the setting of choledocl10lithjasis, abnormalities of the hCJntic 
function panel are common but neither sensitive nor specific 
ru1d, with superinfection, leukocytosL~ may also be present. 
Ultrasound may show choledocl1olithiasis or only bi liary ductaJ 
dilation. L1 patiems with biliary pain, gallstones ru1d jauJldice, 
a dilated bile duct (>8 mm) is l:tighly suggestive of choledocho
lithiasis, even if common duct stones are not documented 
ultrasonographically. Even without symptoms of biliary colic, 
a dilated bile duct in the presence of gallstones suggests 
choledocholithiasis. 

ERCP .is hjghly sensitive and specific for choledocholithia
sis (Fig. 55-25) and can usually be therapeutic by clearing the 
duct of all stones in approximately 75% of patients during 
the first procedure ru1d approxin1ately 90o/o witl1 repeat ERCP. 
During tl1e endoscopic procedure, a sphincterotomy is 
performed with a balloon sweep and cxrraction of the stone, al l 
of whicl1 have a complication rate of 5o/o to 8%. Indkations 
for preoperative ERCP prior to cholecystectomy include 
cl1olangitis, biliary pancreatitis, l.i.mited surgeon experience with 
common duct exploration, and patients with multiple 
comorbiditics. 

AJternatively, magnetic resonance cholangiopancreatogra
phy (MRCP) is highly sensitive (>90%) with an almost 100% 
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FIGURE 55-25 ERCP with choledocholithiasis. With retrograde con
trast injection, a filling defect noted within the lumen of the common 
bile duct (affow) identifies choledocholithiasis. ERCP can also be 
used to remove the stone via sphincterotomy and balloons or baskets. 

FIGURE 55-26 MRCP with choledocholithiasis. The dilated common 
bile duct ends abruptly, with a convex intraluminal filling defect 
(arrow) consistent with choledocholithiasis. 

specificity for the diagnosis of common duct scones (Fig. 55-26). 
As a noninvasive test, MRCP provides accurate imaging of the 
biliary tree but, in the setting of cholcdocholirbiasis, docs not 
provide a therapeutic solution. A dear cholangiogram by MRCP 
eliminates the need for ERCP. However, choledocholithiasis 
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identified by MRCP requires intervention by some other 
method. With more surgeons becoming adept at laparoscopic 
common duct exploration, the inability of MRCP to remove 
common duct stones may prove less clinically relevant. 

PTC can also be used to diagnose and treat choledocholi
thiasis. PTC is an invasive test with a complication rare similar 
to ERCP. Although requiring less skiU, and at a lower cost, PTC 
is as effective in patients with a dilated biliary ductal system but 
less effective in the setting of a nondilated biliar)' tree. 

Ultrasound should be used routinely for evaluation of the 
gallbladder and biliary tree, but the remaining studks should be 
chosen selectively based on the likelihood of finding common 
duct stones. Patients wicl] highest risk, such as those with chol
angitis or a dilated biliary tree, should undergo ERCP. 'Those 
with lower risk can undergo laparoscopic cholecystectomy with 
cholangiography, and possible laparoscopic common duct explo
ration, or MRCP, depending on the surgeon's expertise. Gener
ally, choledocholithiasis identified but not removed during 
cholecystectomy mandates an ERCP for stone extraction. 

Treatment 
Endosc:opic Retrograde Cholangiopancreatography Endoscopic 
sphincterotomy with stone extraction is effective for the treat
ment of choledocholiclllasis. When used in the preoperative 
setting, i.t can avoid an open procedure and, when unsuccessful 
at removing stones, wiJJ alter intraoperative decision making. 
Common reasons for endoscopic failure include large stones, 
i.mrahepatic stones, multiple stones, altered gastric or duodenal 
anawmy, i.mpacred stones, and duodenal diverticula. Sphincter
otomy with stone extraction does not eliminate the ris.k of 
recurrent biliary stone disease. When managed by ERCP and 
sphjncterotomy, almost 50% of all patients have recurrent symp· 
toms of biliary tract disease if not also treated by cholecystec
tomy.6 More than one third of these patients eventually require 
cholecystectomy, suggesting that cholecystectomy should be 
offered to patients who present with choledocholithiasis. Inter
estingly, older patients (>70 years), have only a 15o/o rate of 
symptom recurrence, so cholecystectomy can be offered selec
tively to this patient population. 

laparoscopic Common Bile Dud Exploration At roe time of d101e
cystectomy, an intraoperative d10langiogram wiJJ help identify 
choledocholiclllasis. A laparoscopic common duct exploration 
can men be performed in an attempt to manage aU calculous 
biliary tract disease i.n one setting, without roe need for an 
additional anesthetic or procedure. Access to the common duct 
wicl1 a small-caliber cholangioscope is provided via the cystic 
duct or clllough a separate incision in cl1e common duct itself. 
In the transcystic approach, the cystic duct is dilated aJld a flex
ible cholangioscopc is passed down imo the common bile duct. 
For the traJ1scystic approach in the setting of a narrow cystic 
duct, the duct can be dilated with a flexible dilator passed over 
a wire, using a Seldinger technique. Given the angle of insertion 
of the cystic duct into the common bile duct, stones in the 
common hepatic duct above roe cystic duct insertion arc not 
accessible through the transcystic route. Other contraindications 
for the transcystic approach include a smaU, friable cystic duct, 
numerous (more than eight) stones in the common bile duct, 
and large stones(> I em), wbkh would be difficult or impossible 
to extract through the cystic duct orifice. In any of these settings, 
a separate incision can be made in the common bile duct, with 
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the only contraindication being that of a small common duct 
that may become strictured on closure. 

Open Common !Bile Dud Exploration With greater use of endo
scopic and laparoscopic methods, the frequency of open common 
duct exploration has decreased. Open exploration should be 
used when endoscopic and laparoscopic means are not feasible 
for documented common duct stones, or when concomitant 
biliary drainage is required. Open exploration carries a low mor
bidity (8% to 15%) and mortality (1% to 2%), with a low rate 
of retained stones (5%). Impacted stones at the ampulla present 
a difficult problem for ERCP and common duct exploration. 
With unsuccessful anempts to remove an impacted scone in the 
setting of a nondilated biliary tree, a transduodenal sphi.nctero
plascy can provide drainage. In a similar setting, bur with a 
dilated biliary tree, drainage of the biliary tree through a separate 
choledochoemerostomy can be successful. The two options for 
drainage are that of a choledochoduodenostomy and Roux-en-Y 
choledochojejw1ostomy. Anastomosi$ tO the duodenum can be 
performed rapidly with a single anastomosis (Fig. 55-27). This 

c D 

anatomic arrangement continues co allow endoscopic access to 
the emire biliary tree. 1l1e downside of this approach is that the 
bile duct distal to the anastomosis does not drain well and may 
collect debris that obstructs the anastomosis or the pancreatic 
duct, a process known as sump syndrome. Anastomosis to tbe 
jejunum in a Roux-en-Y arrangemem provides excellcm drain
age of tl1e biliary tree without a risk of sump syndrome, but does 
not allow future endoscopic evaluation of the biliary tree. 

Intrahepatic stones, which are almost Lllliform.ly brow11 
pigment stones, represent a different management d1allenge 
than secondary bile duct stones. Relatively uncommon in 
Western compared with Asian populations, these scones tend to 
occur specifically in patients with stasis of tl1e biliary tree, such 
as those with strictures, parasites, choledochal cysts, or sclerosing 
cholangitis. Because rl1ese stones collect at sites above obstruc
tions, the transhepatic approach to cholangiography is generally 
more successful. Percutaneous drainage catheters are left in place 
and upsized to perform percutaneous stone extraction. Long
term management of intrahepatic stones rnust be carefully tai
lored to the disease but frequently rcqujres hepaticojejunostomy 

FIGURE 55-27 Choledochoduodenostomy. In the 
setting of a dilated common bile duct with inability 
to dear all the stones from the distal duct, an 
anastomosis can be performed betvveen the 
common bile duct and adjacent duodenum. 
Although maintaining the possibility of futu re 
endoscopic therapy, this arrangement risks sump 
syndrome in the undrained distal duct 
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for better biliary drainage. Liberal use of choledochoscopy at the 
time of drainage procedure ensures removal of all current stones. 
1l1is approad1 allows a stone dearance rate of more than 90%. 

Gallstone Pancreatitis 
Pancreatitis can occur from rhe passage of a gallsrone rhrough 
the sphincter of Oddi and temporary blockage of the pancreatic 
exocrine secretions. A generally accepted pathophysiology 
involves temporary elevation of pancreatic ductal pressures 
causu1g a secondary inAammation of the pancreatic parenchyma. 
As opposed to the gallbladder, in which r:d.icf of the obstruction 
is accompanied by pain resolution, the symptoms in pancreatitis 
cond.nue in spire of passage of the stone. With the diagnosis of 
pancreatitis m which the cause is lUlclear, ultrasound will help 
identify gallstones and may show choledocholithiasis or a dilated 
bile duct. Usually, the offending stone passes spontaneously but 
may still cause severe pancreatitis. In most cases of gallstone 
pancreatitis, the pathophysiology of pancreatitis is self-limited. 
If, by clinical assessment, the pancreatitis is severe, early ERCP 
to remove a stone that may not have passed is indicated and has 
been shown to reduce the morbidity of the episode of pancre
atitis.7 To prevent a future episode of gallstone pancreatitis, a 
laparoscopic cholecystectomy is warranted; this is generally 
recommended d!uring the same hospitalization, just prior to 
discharge. Given. the suspicion of choledocholithiasis, an intra
operative cholangiogram should be performed if the duct bas 
not been previously cleared of stones by ERCP. 

Biliary Dyskinesia 
Patients may present with classic symptoms of calculous biliary 
disease but have no ultrasonographic evidence of stones or 
sludge. In some of these cases, the dysfunction of the gallbladder 
creates pain, even in the absence of stones. 1l1ese patients will 
have other diagnoses excluded by CT and upper endoscopy, and 
should undergo a CCK-stimulated HlDA scan, in whid1 the 
radiolabeled irn.illodiacetic acid will collect in the gallbladder. 
The patient is given an N dose of CCK and the percentage 
ejection of the gallbladder in response to CCK calculated. An 
ejection fraction less than one third at 20 minutes following 
CCK administration in patients without stones is considered 
diagnostic of dyskinesia, and should be managed with cholecys
tectomy. The symptoms of dyskinesia are fairly responsive to 
d1olecystecwmy,. with more than 850/1• of patients showing 
improvement or resolution. [n nonresponders, an ERCP with 
sphincterotomy may prove useful. 

Sphinder of Oddi Dysfunction 
Sphincter of Oddi dysfunction, which manifests as biliary tract 
pain, with normal liver function tests and recurrent pancreatitis, 
may be caused by a structurally abnormal sphincter or histologi
cally normal but functionally abnormal one. With injury ro the 
sphincter from rraun1a. pancreatitis, gallstone passage, or con
genital anomalies, inflanliilation and subsequent fibrosis lead to 
elevated sphincter presSllre. Alternatively, patients may have 
elevated sphincter pressure in the absence of fibrosis, suggestiJ1g 
a spasm of the m uscu.lar component. 'This subset of patients may 
have evidence of a ltered mot~ity elsewhere in the gastrointestinal 
tract. The diagnosis of sphincter of Oddi dysfunction should be 
suspected in patients with biHary pain and a common duct 
diameter more than 12 mm. 1lle bile duct m these patients 
tends to increase in diameter in response to CCK, as does the 
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pancreatic dua following secretin administration. Manometry 
has also been used to make the diagnosis, with sphincter pressure 
higher than 40 mm Hg predicting good response to therapy. 
1l1erapy consists of endoscopic sphincterotomy or transduode
nal sphincteroplasty, with approxlnJately equivalent results from 
the ~:wo approaches. In pariems with objective evidence of 
sphincter of Oddi dysfunction, division of the sphincter will 
improve or resolve the pai11 in 60% to 80% of patients. 

Surgery for Caltulous Biliary Disease 

Laparoscopic Cholecystedomy 
Following the advent of laparoscopic surgery, with its accompa
nying smaller mcisions, less pain, and shorter hospitali7.ation, 
surgeons have performed an increasing number of laparoscopic 
cholecystectomies. Most cholecystectomies are performed for 
biliary colic, but the operation can be performed safely in the 
setting of acute iJtAammation. Acute cholecystitis carries longer 
operative times and a higher conversion rate to the open proce
dttre than when laparoscopic cholecystectomy is performed in 
the ele-ctive settiJ1g. General anesthesia with muscle relaxation is 
required when performing a laparoscopic cholecystectomy,. 
'TI1ereforc, one contraindication to the procedure is the inability 
to tolerate general anesthesia. Others include end-stage liver 
disease with portal hypertension, precluding safe portal dissec
tion, and coagulopathy. Because most pnetm1operitoneun1 lapa
roscopy is performed using C02 and bas a number of adverse 
physiologic effects, severe chronic obstructive pulmonary disease, 
with poor ability for gas exchange, and congestive heart failure 
are considered relative contraindications. 

Patient preparation, induction of anesthesia, and sterile 
draping are performed as for an open cholecystectomy. Although 
use of a urinary catheter depends on the clinical setting, an 
orogastric tube is standard to decompress the stomach and help 
with exposure of the upper abdomen. Access to the peritoneal 
cavity and creation of pneumoperitoneum can be performed by 
the open or closed technique according to the expertise and 
discretion of the surgeon. The open technique involves making 
a small incision at the umbilicus, cutting down through the 
fascia of the abdominal. wall, incising the peritoneum directly, 
and inserting a blunt trocar, known as a Hasson carmula. Alter
natively, in the dosed tedmjque, an incision is made and a 
needle inserted into the peritoneal cavity to insufflate the 
abdomen prior to the placement of any trocars. Following the 
establishment of a col pneumoperitoneum, a brief exploration 
i~ performed and additional 5-mm ports are placed in the right 
amerior axillary UJle, right midclavicular line, and subxiphoid 
location (Fig. 55-28). 'The lateral port at the anterior axillary line 
is used to elevate the fundus of the gallbladder toward the right 
shoulder. This retraction provides exposure to the infundibulum 
and porta hepatis. The middavicular trocar is used to grasp the 
gallbladder infundibulum, retracting it inferolaterally to open 
the triangle <l Calor (Figs. 55-29 and 55-30). By discractiJ1g 
Hartmann's pouch laterally, the cystic duct no longer lies almost 
parallel to the common hepatic dua. 

T11e dissection is then carried along the infundibulum on 
the anterior and posterior surfaces to expose the bao;e of the 
gallbladder. 1lus dissectio11 will eventually dear all fibrofatry 
tissue from the triangle of Calot. Inferolateral traction of the 
infundibulw11 then atlows documentation of two structures 
entering the gallbladder, the cystic duct and cystic artery. A 
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FIGURE 55-28 llaparoscopic cholecystectomy ports. The assistant 
uses the perium'bilical port to provide access for the camera and the 
most lateral port to elevate the fundus and expose the neck. The 
surgeon can then provide inferolateral traction on the infundibulum 
and open the critical view of safety. 

FIGURE 55-29 Laparoscopic view of the porta and gallbladder infun
dibulum, without inferolateral traction on the infundibulum. Note that 
the gallbladder infundibulum (G) lies immediately adjacent to the 
CBD. 

useful landmark for the cystic artery is the overlying lymph 
node, known as Calor's node. The view of the liver bed through 
the space between cystic duct and cystic artery and above the 
cystic artery is known a~ the critical view of safety, and mini
mizes the risk of inadvertent iatrogenic bile duct injury (Fig. 
55-31 ).8 W itb sufficient dissection, clips are placed on the cystic 
artery and cystic duct. If a cholangiography is performed, the 
cystic duct is only clipped adjacent to the gallbladder and the 
cystic duct incised, although not transecred. A cholangiographic 

FIGURE 55-30 laparoscopic view of the same patient as in Figure 
55-29, but with inferolateral traction on the infundibulum. Note the 
angul'ar change to the cystic duct (CD) compared with the CBD. 
The dissecting tool indicates the location of the right hepatic artery. 
The key element to this view in minimizing CBD injury i.s the identi
fication of the cystic a rtery (CA) and duct entering the gallbladder. 
with !the inferior aspect of segment V of the liver identified in the 
space on either side of the artery and duct. 

FIGURE 55-31 An artist's representation of Figure 55-30, showing 
hidden anatomy. 

catheter is then fed through the incised duct and fluoroscopic 
images obtained with injection of contrast into the cystic ducr 
and biliary tree. On obtaining a normal cholangiogram or when 
cholangiography is not performed, the cystic duct is doubly 
clipped on the common duct side and transecred. The previously 
dipped artery is also rransected and the gallbladder dissected off 
the liver bed using electrocautery. Because the venous drainage 
of the gallbladder is directly into the liver bed through venules, 
excellent hemostasis must be achieved during this dissection. 
The cystic duct and cystic artery clips are inspected just prior to 
completion of the djssection of the fundic attachments, because 
tl1e superior tractioJJ of the fundus has provided exposure to the 
porta and triangle of Calor. 1l1e gallbladder is then brought out 
of the abdominal cavity through the umbilical port. In the 
setting of acute cholecystitis, or if during dissection the gallblad
der was entered. a plastic bag should be used for retrieval. Any 
stones that are spilled during a cholecystectomy should also be 
retrieved. 
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Opinion is sharply divided regarding the performance of 
selective versus routine cholangiography, with supportive data 
for each approach. Routine cholangiography will identifY unsus
pected stones in less than 10% of patients and the natural 
history of these asymptomatic stones suggests that they will 
remain asympw:madc. larrogenic bile duct inj ury occurs less 
often when cholangiography is performed routinely.9·

10 However, 
even when performed routinely, cholangiograms arc frequently 
misinterpreted and thus do not adequately prevent an inj ury.11 

In many cases of laparoscopk cholecystectomy performed for 
biliary collc, a cholangiogram will nor alter management. Also, 
i t increases the operative time and adds fluoroscopic expo
sure. Indications for cholangiography in the selecrive setting 
include unexplained pain at the time of cholecystectomy, any 
suspicion of current or previous choledocholithiasis without pre
operative duct clearance, any question of anatomic delineation 
during cholecystectomy, elevated preoperative Liver enzyme 
levels, dilated common bile duct in preoperative imaging. and 
suspicion of intraoperative biliary injury. Although just as 
accurate as cholangiography for the identification of cholcdo
chollthiasis, laparoscopk ultrasonography is highly operator
dependent, requiJ·es additional instrumentation. and is not 
widely available. 

Open Cholecystedomy 
As laparoscopic cholecystectomy has become the procedme of 
choice for the treatment of most gallbladder disease, experience 
with open cholecysrecromy has drasticaUy declined. Open cho
lecystectomy is generally perfom1ed following conversion from 
the laparoscopic :approach or as a step during ru1other operation, 
such as a pancreaticoduodenectomy. The open cholecystectomy 
cru1 be performed through a midline or right subcostal incision. 
Retraction of segment IV provides exposure of tile cystic duct 
and artery. With similar inferolateral traction to the gallbladder 
infundibulum, the cystic duct is mken out of aHgnment from 
the common duct for its identification and division. Early iden
tification and ligation of the cystic artery limits the blood loss 
during the procedure, but may prove difficult because of inflanl
mation. Anotbe:r approach to the gallbladder infundibulum 
involves dissecting the fundus off the liver in a dome- down 
approach. Here, tl1e attachments of tl1e gallbladder are divided, 
allowing inferolateral traction of the entire gallbladder to open 
the triangle of Calor and identify the appropriate duct and 
artery. When performed for severe cholecystitis, the dissection 
of the gallbladder of the Hver bed may be associated with sub
stantial blood loss, but ·with removal of the infected gallbladder 
and packing of the area, the bleeding is usuaUy well 
controlled. 

Laparoscopic Ccmmon Bile Dud Exploration 
Given the risk of ascending cholangitis, gallstone:: pancreatitis, 
or cystic duct stump leak, all attempts must be made to remove 
known bile duct :stones. Mru1y factors arc relevant to the decision 
regarding whi.ch approach to duct clearance should be used. 1l1e 
experience of the surgeon ru1d/or endoscopist is importrult in 
determining if operative clearance or postoperative ERCP will 
be most effective, with lowest morbidity. Anatomic aspects such 
as duct size and stone size and number should be considered. As 
experience with laparoscopic surgery has grown, laparoscopic 
approaches to the bile duct clearance have become more preva
lent. With a common bile duct stone identified fluoroscopically, 
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the common duct can be irrigated ru1d glucagon is given to relax 
the sphincter of Oddi. Lf this technique fails to A.usb the stone, 
a balloon catheter or wire basket can be passed under fluoro
scopic guidance to attempt stone exr.raction.lf still unsuccessful, 
flexible d1oledochoscopy is indicated. The two common laparo
scopic approaches w explore the common bile ducr for srone 
removal include the trrulSC)'Stic approach and via choledochot
omy. Ln the transcystic approach, at the completion of rbe dlol
angiography, a wire is fed down the cystic duct into the common 
bile duct. Through a Scldinger technique or use of a balloon 
catheter, tbe cystic duct ls gently dilated to aUow passage of a 
flexible choledochoscope. Alternatively, a flexible ureteroscope 
can be used. To pass the fiberopdc scope through tl1e duct 
system, a water irrigation system is attached and allowe::d to 
constantly infuse out the end of the scope. ff available, the 
d1oledochoscopic image is projected onto a corner of the lapa
roscopic screen. With the surgeon feeding the choledochoscope 
into the cystic duct and the assistant adjusting the tip of the 
choledochoscope, keeping the lumen in the screen, the flexible 
choledocl10scope is advanced to the distal bile duct. With iden
tification of the offending scone, a wire basket is passed to 
ensnare the stone, withd rawing it and the choledochoscope 
together. 

ln the laparoscopic choledochotomy approach, a longitu
dinal incision is made in the common bile duct (i.e., below the 
cystic duct). To expose the CBD, two stay sutures are placed on 
either side of the planned choledochotomy (Fig. 55-32). 1l1e 
size of the incision should be ar least as large as the diameter of 
the largest scone. The choledochoscope can then be fed down 

--

FIGURE 55-32 l aparoscopic choledochotomy for common bile duct 
exploration. 
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into the distal bile duct and stone extraction performed as 
described earlier. At the completion of the exploration, aT tube 
should be placed via the cl1oledochotomy and the bile duct 
closed using 4-0 absorbable sutures. Completion cholangiogra
phy via the T tube documents stone removal. 

In addition ro being technically easier, because it does not 
require fine laparoscopic suturing, the transcystic approach 
avoids a T tube. Contraindications to the transcystic approach 
include numerous (more than eight) stones, a stone larger than 
I em, intrahepatic stones, and a cystic duct that does not allow 
dilation and choledochoscopc passage. Given the need for suture 
closure of the incision in the bile duct, the only contraindication 
to the choledochoromy approacl1 is that of a small-caliber bile 
duct (<6 mm)., which could be strictured by closure. Both 
approaches are successful at stone removal, with most studies 
showing a 75% to 95% rate of stone clearance. This is compa
rable to that of laparoscopic cholecystectomy followed by post
ope.rative ERCP, with the only difference being a shorter 
hospitalization aJld lower physician fees for patients undergoing 
common duct exploration, as the cl10lecystcctomy and clearaJlCC 
of stones are performed in one setting by a single physician.12 

Open Common Bile Dud Exploration 
With advanced laparoscopic, endoscopic, and percutaneous 
tecbniques, the use of open exploration of the bile duct has 
become less common. Wben open surgery is otherwise required, 
or previous surgery such as gastric bypass make other techniques 
Wlsuccessful, clearance of choledocholithiasis must be performed 
by the open approach. The exposure to the bile duct is through 
a midline or right upper quadrant incision. A Kod1er ma11euver 
must be performed to expose the distal bile duct. Gentle palpa
tion of the dis.tal bile duct wW frequently find the offending 
stone, which may be milked backward. As in the laparoscopic 
approach, stay .sutures are placed and a choledochotomy is per
formed in the supraduodenal bile duct. In the setting of dilated 
ducts with multiple stones in an older patient, the dlOledo
chotomy can be made transversely and used for future choledo
cl1oduodenosromy, if necessary. In most patients, a longitudinal 
incision is appropriate. Flushing of the duct with a soft rubber 
catheter wW frequently remove the offending stone(s). Balloon 
catheters a11d, with fluoroscopic guidance, wire baskets may be 
useful to withdraw the stone. Flexible choledochoscopes are used 
to visualize the distal bile duct. With complete removal of 
stones, aT tube is placed and a cholangiogran1 obtained prior 
to closure to document cleara11ce. 

In the setting of common bile duct stones, some patients 
should be considered for a drainage procedure. With dilated bile 
duces, multiple distal impacted stones, a distal duct stricture 
with stones, intral1epatic stones, or primary bile duct stones, 
drainage procedures provide more successful long-term out
comes. Options in this setting include choledochoduodenos
tomy and Roux-en-Y hepaticojejunostomy. A side-to-side or 
end-to side cl1oledochoduodcnostomy is a fast and safe approach 
that allows futme endoscopic intervention of the upper biliary 
tree, if necessary. In the side-to-side approach, however, by 
leaving the distal bile duct in continuity, patients are at risk for 
sw11p syndrome, in which the distal bile duct that does not drain 
well may collect debris and even food stuffs. Occlusions of the 
ampulla, with subsequent pancreatitis, or anastomosis with cbol
aJlgitis have been reported. An alternative to duodenostomy is 
that of a Roux-en-Y choledochojejunostomy. By using a 60-cm 

FIGURE 55-33 Transduodenal sphincteroplasty. Note the generous 
opening of the distal common duct with sequential duct to mucosa 
approximation (arrows). 

limb of jejunum for drai11age, occlusion of the aJlastomosis by 
food debris is rare but endoscopic treamletlt of the hepatic duct 
is impossible. 

lnlpacted stones at the ampulla that cannot be removed via 
choledochotomy or several stones in a nondilated tree can be 
addressed by a transduodenal sphincteroplasty (Figs. 55-33 and 
55-34). Having completed the Kocher ma11euver, a longitudinal 
duodenotomy is made on the lateral wall. Compression of the 
Lateral wall against the medial wall will allow palpation of the 
aJUpulla to plan placement of the duodenotomy appropriately:. 
With identificatiOJl of the ampulla, an incision is made at 11 
o'clock and each wall elevated with stay sutures. The pancreatic 
duct usually enters at 5 o'clock on the an1pulla and must be 
avoided. Sequential straight clamps are placed along the plaJmcd 
incision of the ampulla to guide visualization through hemosta
sis. Wlth each seep. the duodenal mucosa is sewn to the bile duct 
mucosa with absorbable 4-0 sutures. A 1.5-cm sphincterotomy 
is usually sufficient to allow scone removal and subsequent drain
age. Closure of the longitudinal duodenotomy in transverse 
fashioJl avoids a future duodetlal stricture. 

Postdlolecystedomy Syndromes 

Bile Dud Injury 
Although seen with any operation involving right upper quad
rant dissection, injuries occurring during or following cholecys
tectomy account for more than 80% of all iatrogenic bile duct 
injuries. During laparoscopic or open cholecystectomy, injury to 
the common bile duct is an unusual but devastatiJlg complica
tion. In£1an1mation in the porta, variabl~ biliary anatomy, inap
propriate exposure, aggressive attempts at hemostasis, and 
surgeon inexperience are commonly cited risk factors. Although 
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FIGURE 55-34 Transduodenal sphincteroplasty. 

early rt:porrs suggesrt:d that surgical int:xperit:nce, performing 
less than 20 laparoscopic d1olecysrec.tomies, was highly corre
lated with bile duct injury, evidence has suggested that visual 
misperception accounts for 97% of iatrogenic bUiary injuries 
and technical skill or knowledge account.~ for only 3%.13 With 
sufficient cephalad retraction of the gallbladder fundus, the 
cystic duct over:Ues the common hepatic duct, running iJl a 
parallel path. Without inferolatera1 traction of the gallbladder 
infundibulum to dissociate these structu.res, dissection of the 
apparent cystic duct may actually include the common hepatic 
duct, placi11g it in jeopardy. By retracting Hartmaru1's poud1 
inferolatcraUy, and openi11g the triangle of Calor, the cystic duct 
is displaced from the porta, no longer collinear with the hepatic 
duct. The use of a 30-degree laparoscope is useful to provide 
adequate visualization of the critical view of safety during lapa
roscopic d1olecystectomy. AJso, in many of these cases, a con
fumation bias occurs, in which surgeons rend to rely on evidence 
that supports their perception while simultaneously discounti11g 
visual cues that suggest an alternative explanation. Confirmation 
bias helps explain why most bile duct injuries are identified in 
the postoperative setting, not intraoperatively. 

'TI1e multifactorial nature of biJia.ry i11j ury highlights the 
concept that injury avoidance consists of many levels ofprotec
tive mechanisms. Surgeon knowledge of biliary anatomy and 
aberrant anatomy, use of an angled laparoscope, appropriate and 
directed traction and countertraction on the gallbladder, suffi
cient suspicion of findings that discount the current perspective, 
and a low threshold for conversion to an open operation can 
help minimize the likelihood of biliary injury. Although the use 
of routine versus selective cholangiography is controversial, evi
dence has suggested that cholangiography docs not completely 
avoid bile duct injury, but may reduce the incidence and extent 
of injury.14 'TI1e original analysis of biliary reconstruction was 
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FIGURE 55-35 Strasberg dassification of postoperative bile duct 
strictu res. 

ba~d on the Bismuth cla~sification, and bas been modified by 
Strasberg. Classification of bile duct injuries is determjned by 
location of injury and helps guide later surgical reconstruction 
(Fig. 55-35)! 5 Among postoperative bile duct strictures, type.s 
El and E2 involve the common hepatic duct but not the bifur
cation, with type El maintaining more than 2 em of common 
hepatic duct below the bifurcation and type E2 being withiJl 
2 em of the confiuence. Type E3 strictures occur at the conflu
ence preserving the extrahepatic ducts and, in type E4, tbe 
structuring process includes the extrahepatic biliary tree. Type 
E5 strictures involve aberrant right hepatic duct anatomy, with 
injury to the aberrant duct and common hepatic duct. 

Presentation Bile duct injury may be identified intraoperatively 
but usually presems iJ1 the postoperative period. Leak of bile 
into the peritoneal cavity, with subsequent bile peritonjtis, tends 
to present earlier than bile duct stricture and its associated jaun
dice. I11 the setting of bile leakage, patients may present with 
fever, increasing abdominal pain, jaundice, or bile leakage from 
an incision. Alternatively, injury to the bile duct that does not 
leak bile will usually present with jaundice, with or without pain. 
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Overall, only 10% of postoperative bile duct strictures arc rec
ognized within the first week and approximately 70% are diag
nosed within 6 months of the original operation. Regardless of 
timing or presentation, adequate repair and subsequent outcome 
depend on diagnosis, sufficient delineatiOJl of anatomy, creation 
of a tension-free anastomosis, and liberal use of rransanasro
motic stents. 16•

1 ~ 

Treabnent 
Recognized at the Time of Cbolecystedomy When suspected imra
operativdy, conversion to an open operation and use of cholan
giography help delineate management. Goals for the immediate 
treatment of bile duct injury indude maintenance of ductal 
length, elimination of any bile leakage that would affect subse
quent management, and creation of a tension-free repai r. 

In the adult, for ducts smaller than 3 mm, which by chol
angiography drain only a si11gle segment or subsegment of liver, 
simple ligatio111 should suffice for managemem. Ducts larger 
than 3 mm usually drain more than a single segment of liver 
and thus, if transected, should be reimplanted into the biliary 
tree. If the injury occurs to a larger duct, hut is not caused by 
electrocautery and involves less thall 50% of the circumference 
of the wall, aT tube placed through the injury, which is effec
tively a choledochotomy, usually will allow healing without the 
need for subsequent biliary enteric anastomosis. Any cautery
based injury, in which the extent of thermal damage may not 
manifest immediately, or an injury involving more than 50% of 
the duct circumference requires resection of the injured segment 
with anastomosis to reestablish biliary enteric continuity. When 
the defect is smaller than 1 em and not near the hepatic duct 
bifurcation, mobilization with end-to-end anastomosis of the 
bile duct can provide acceptable reconstruction. lhis approach 
should be accompanied with transanastomotic T tube place
ment. The tube should be inserted through a separate choledo
dJotomy, and not exit d1e bile duct though the anastomosis. To 
ensure a tension-free anastomosis, a generous Kocher maneuver, 
mobilizing the duodemun and the head of the pancreas out of 
the retroperironeum, is necessary. 

L1juries adjacent to the bifurcation or involving more than 
a 1-cm defect between the ends of the bile duct require rcanas
tomosis to the gastrointestinal tract. In tlus setting, tl1e distal 
end is oversewn and the proximal end debrided to normal tissue. 
lhe choice of reconstruction depends 011 location and extent of 
injury, history of previous atten1pts at repair, and surgeon prefer
ence. Low injuries to the bile duct can be reimplanted into the 
duodenum, although the new choledochoduodenostomy anas
tomosis risks a duodenal fistula. Cboledocboduodenostomy 
allows for endoscopic intervention if necessary, but the Roux
en-Y approach to reconstruction can be appiJed to injuries 
throughout tl1e biliary tree. In addition, most injuries to the bile 
duct occur higher in the biliary tree, dose to the hilum, thus 
not allowing for tension-free anastomosis to the duodenum. 
ll]erefore, in almost all cases of bile duct injury, a resection of 
the injured segmellt with mucosa to mucosa anastomosis using 
a Roux-en-Y jej1unal Limb is preferred. Transanastomoticstenting 
has been shown to in1prove anastomotic patency, with longer 
duration of scenting providing a more favorable outcome. 

Because most bile duct injuries, and therefore most imme
diate repairs, occur at centers where biliary reconstruction is 
performed infrequently, most immediate repairs go unreported 
in the Literature. However, the importance of surgical judgment 

and experience in biliary reconstruction cannot be overempha
sized. Although reports of previous failed attempts at reconstruc
tion have not documented injuries successfully managed 
immediately, they do highlight d1e value of experience in the 
treatment of bile duct injuries.'8 l11erefore, when one is con
fronr·ed with a bile ducr injury and no surgeon with experience 
in bitiary reconstruction is available, placement of a drai11 and 
immediate referral to an experienced center is the most appropri
ate management strategy. 

Identified After Cbokcystedomy Diagnosis and Management.. 
Patients suffering a bile duct injury who present in the postop
erative setting are generally found to have jaundice, with an 
elevated alkaline phosphatase level, or leakage from the .injured 
duct. Leakage may manifest as bilious drainage into a subhepatic 
drain placed at the time of operation or bilious drainage from a 
surgical incision. Without a site for external drainage, bile 
leakage can present as a biloma, whether sterile or infected, or 
with biliary ascites. 

The diagnosis of iatrogenic bile duct injury should be sus
pected in any patient who presents with new or increasing 
symptoms following a laparoscopic cholecystectomy. Changes in 
serum bilirubin and alkaline phosphatase levels can be seen, even 
in the first few days following injury. Symptoms of shoulder 
pain, postprandial pain, fever, and malaise tend to improve after 
ilie first few days, because a laparoscopic cholecystectomy is 
generally well tolerated. Complaints d1at persist or increase over 
time should raise the suspicion of a bile duct injury. 

Patients suspected of having an iatrogenic bile duct injury 
shouJd undergo imaging to assess for a fluid collection and 
evaluate the biliary tree. Ultrasonography can achieve both these 
goals, but because percutaneous drainage may be required and 
anatomic ddineation is valuable, cross-sectional imaging via cr 
will generally provide more usefu.l data. Some surgeons advocate 
ilie use of radionudeotide scanning to confirm bile leakage, but 
with any documentation of a leak, CT will be necessary to plan 
management. Also, ischemia is a common cause of bile duct 
stricmre. In the setting of a bile duct injury, 20% or more 
of patients will have concomitant unrecognized vascular 
. . • I? Ll1JUrleS. 

In the delayed presentation of a bile duct injury, three 
major goals guide therapy (Box 55-2). First, control of infec
tion wiili drainage of any fluid collections will minimize the 
inflammatory process. Inflanm1ation in the porta hepatis leads 
to fibrosis, whicl1 only acts to increase stricture formation
Broad-spectrum antibiotics, decompression of the biliary tree, 

1. Control of infection limiting inflammation 
• Parenteral antibiotics 
• Percutaneous drainage of periportal fluid collections 

2. Clear and thorough delineation of entire biliary anatomy 
• MRCP/PTC 
• ERCP (especially if cystic duct stump leak suspected) 

3. Re-establishment of biliary enteric continuity 
• Tension-free, mucosa-to-mucosa anastomosis 
• Roux~n-Y hepaticojejunostomy 
• Long-term transanastomotic stents if involving bifurca

tion or higher 
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and drainage, whether percutaneous or operative, of any Auld 
collections wi ll achieve this goal. With control of sepsis, there is 
no urgency for biliary reconstruction. In fact, with time, resolu
tion of the periportal inflammation helps with the execution of 
a durable reconstruction. Additionally, the retraction of an 
injured bile duct: inro rhc hilum of rhe liver, as well as inflam
mation in this region, make successful repair in the immediate 
postoperative setting unlikely. 1l1creforc, although immediate 
reexploration to manage the injury as expeditiously as possible 
is tempting, successful-long term management of bile duct inju
ries identified postoperatively depends on clear and deliberate 
preoperative planning of rhe reconstruction. 

A second goal of management is clear and thorough delin
eation of the biliary anatomy with cl10langiography. Without 
preoperative cholangiography, any attempts at repair are unlikely 
to be successful. The cholangiogram must indicate the intrahe
patic anatomy and bile duct bifurcation. For patients with bile 
duct continuity, ERCP may be possible, but PTC is generally 
more useful. PTC will demonstrate the intral1epatic biliary tree, 
identif)' rbe location of the injury, provide drainage of bile, and 
possibly even allow the k'a.k to close {Fig. 55-36). Percutaneous 
biliary catheters can also be left in place during reconstruction 
to assist in dissection and provide drainage perioperatively. PTC 
can be combined with ERCP as necessary, depending on the site 
and extent of injury. Small bile leaks with bile duct continuity 
and cystic duct stump leaks can be succcssfuJly managed via 
endoscopic scenting and sphincterotomy. 

The third goal of management is to reestablish durable 
biliary enteric drainage. Although a combination of percutane
ous and endoscopic biliary dilations and stenting may establish 
continuity, surgical reconstruction has the highest patency rates. 
To achieve a successful and durable repair, the anastomosis must 
be performed between a minimally inflamed bile duct to intes
tines in a ten~ion-free, mucosa to mucosa fashion. When the 
anastomosis is within 2 em of the hepatic duct bifurcation, or 
lnvolv~ intrahepatic ducts, long-term scenting appears to 

FIGURE 55-36 Percutaneous transhepatic cholangiogram of bile duct 
injury. Note the contrast extravasation (arrow) and the Jackson-Pratt 
drain (JP) placed at the time of initial operation. 
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improve patency. If cl1e bifurcation is involved, scenting of both 
right and left ducts shouJd be performed. When the reconstruc
tion involves the common biJe duct or common hepatic duct 
more than 2 em from the bifurcation, stenting is not necessary; 
therefore, a preoperatively placed transbepatic drain or intraop
eratively placed T rube will provide adequate decompression in 
the immediate postoperative period. 

At the time of operation, the adhesions of the duodenum 
and colon to the liver should be separated. The porta hepatis can 
be encircled with a Penrose drain. Although the bile duct should 
Ue on the lateral border of the porta hepatis, cl1e marked fibrosis 
and in:Aammatory process may make its identification d.iffiaJt. 
Preoperatively placed percutaneous biliary drainage catheters 
can assist in tht dissection. Also, clips placed at the previous 
operation may be identified. If necessary, a small-caliber needle 
attad1ed to a syringe can be used to aspirate and identify the 
bile duct while avoiding inadvertent injttry to a vascular struc
ture (Fig. 55-37). Once identified, the distal end of the strictured 
segment is transected and oversewn. Once above the stricttue, 
only a Umitcd segment of bile duct (<5 rom) is dissected free. 
Any fttrther dissection of normal duct risks vascular compromise 
of the segment to be used in the anastomosis. Preservation of as 
much normal biliary tree as possible remains a goal of the recon
struction. Next, the bile duct can be opened and the percutane
ously placed catheters advanced through the incision. At this 
point, a wire can be used to exchange the catheters for long-tenn 
Silastic stents, if appropriate, or the catheters left in place f<)r 
transanasromotic decompression. TI1e mucosa-co-mucosa anas
tomosis can be created in an end-to-side fashion to the Roux
en-Y jej unallimb. ln the setting of substantial inflammation at 
the bifurcation, another reconstruction option involves anasto
mosis of the Roux limb to the left hepatic duct. As noted, the 
left hepatic duct retains a substantial extraparencl1ymallength, 
allowing for an anastomosis in this portion of normal duct. Prior 
to using this section for drainage of the entire liver, cholangiog
raphy must confum that the hiliary bifurcation is widely patent, 

FIGURE 55-37 Needle aspiration of porta used to identify the CBD 

in the setting of substantial inflammation. 
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thus ensuring drainage of the right lobe across the bifurcation 
to the left duct system. 

Interventional Radiologic and E ndoscopic Techniques. 
Although long-· term patency rates arc lower than those seen wi tb 
surgical reconstruction, nonoperative techniques can be used. 
When the ducr remains in cominuity, rransheparic managemem 
of bile duct strictures can be performed using fluoroscopy, with 
sedation and local anesthesia. With percutaneous access to the 
biliary tree, a wire is used to traverse the stricture. Using balloon 
dilation techniques, the str.icture is dilated and a catheter is left 
in place to decompress the system, allow beali.ng, document 
resolution and, if necessary guide repeat dilations (Fig. 55-38). 
1his approach is successful in up co 70% of paticnts?° Compli
cations, although frequent, are generally limited, and include 
cholangitis, hemobilia, and bile leaks requiring repeat interven
tion. Endoscopic balloon dilation of bile duct strictures is gener
ally reserved for those with primary bile duct strictures or 
patients who !have u11dergone choledochoduodenostomy for 
reconstruction, because the Roux limb does not usually atlow 
for endoscopic strategies. Therefore, series arc lim.itcd, but results 
are encouraging, with 88% of patients responding to cl1erapy 
and a complication rate of 8% from pancreatitis and 
cholangitis. 

Outcomes Successful outcomes can be achieved in patients 
undergoing biliary enteric reconstruction following bile duct 
inju.ry, with many series showi11g more than 90% of patients free 
of jaundice and cholangitis. High success rates arc generally 
achieved wheJlJ injuries are identified early and patients are 
referred immediately to experienced centers. In several studies, 
referral to centers performing complex biliary surgery routinely 

was associated with better l011g-term succcss.21 In one study, 
reviewing the records of 85 patients, repair by the primary 
surgeon was only successfuJ in 17% of patients ru1d secondary 
repair by the primary surgeon was invariably unsuccessful. Alter
natively, referral to a tertiary care biliary surgeon was associated 
wirh a success rare of 94% on rhe first attempt ar repair. Inde
pendent factors associated with stricture recurrence include 
cholru1gitis prior to repair, primary repair within 3 weeks of tbc 
initial injury, and incomplete cholangiography. The number of 
attempts at repair is inversely correlated with the likelihood of 
a successful long-term outcome. In some studies, .results were 
generally better if transanastomotic scents we.re used during 
rcconsuuction.22 Chronic liver disease and hepatic fibrosis are 
associated with b.igher operative mortality and lower success 
rates_ 

Given variable definitions of success, and insufficient long
term follow-up, comparison of operative and nonoperative fluo
roscopic and endoscopic management is difficult. Although 
tl1ere are no prospective randomized studies, surgical therapy 
generally reports longer follow-up with higher success rates, as 
defined by absence of symptoms, jaundice, or cbolangitis. Two 
large retrospective reviews have been performed ru1d both have 
shown higher success rates from surgical therapy, with lower 
morbidity and lower mortality foUowi11g operative management 
compared with those for nonoperative strategies. 

Lost Stones 
In the era of laparoscopic d1olecysreccomy, inadvertent opening 
of the gallbladder with spillage of stones is not infrequent, occur
ring in 20% to 40% of cholecystectomies. Risk factors for iJltra
operativc perforation of the gallbladder include cholecystitis, 

FIGURE 55-38 PTC catheter (PTC) traversing common bile duct 
iatrogenic injury. This catheter was used to guide ERCP stenting 
(ERCP) in a poor operative candidate with iatrogenic injury but 
common bile duct continuity. 
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presence of pigmented stones, number of stones (> 15), and 
performance of the operation by surgical resident. Unfortu
nately, stones lost during a cholecystectomy can have significant 
and even substa:ntially delayed consequences, such as chronic 
abscess, fistula, wound infection, and bowel obstruction ?J Most 
dropped srones settle imo Morrison's pouch or the rcrroheparic 
space along the abdominal wall, which may develop into a 
chronic abscess in this location. 1l1c likelihood of developing 
complications from lost stones is difficult to quantify, because 
surgeon documentation of gallbladder perforation is variable 
and a substantial delay frequently exists between cholecystec
tomy and complication from lost stones. Based on available 
studies, lost scones do nor necessitate conversion ro an open 
operation; treatment should .include extensive irrigation, signifi
cant attempt ro retrieve lost stones. a course of antibiotics, and 
documentation of the perforation in the operative notes. 

Postcholecystedomy Pain 
Although unusual, pain similar to biliary colic may persist or 
recur following cholecystectomy. A thorough evaluation of the 
biliary tree should be undertaken following cholecystectomy if 
the pain recurs. Recurrence of pain, if associated with other 
systen1 findings of jaundice, fever. or chills within days to weeks 
following cholecystectomy, raises the suspicion of a secondary 
choledochofjthiasis or a bile leak. Other biliary tree phenomena 
may cause a similar picture, sud1 as sphincter of Oddi dysfunc
tion. Postoperative bile duct strictures, which usually present 
with jaundice, are generally identified within the first year fol
lowing cholecystectomy and may present with pain or fever if 
only one lobar duct is obstructed. In tbe setting of a normal Llver 
panel, other causes of right upper quadrant pain should be 
investigated. 

Retained Biliary Stones 
Retained common bile duct stones, or secondary common duct 
stones, can be identified for up to 2 years following cholecystec
tomy. Secondary common duct stones, which by definition 
originate in the gallbladder and pass into the common duct, are 
usually d10lesterd stones and frequently become symptomatic 
within weeks of a cholecystectomy. Patients will complain of 
sharp right upper quadrant pain, with jatmdice. Fever, complet
iJlg Charcot's triad, is also common. Hyperbilirubinemia and an 
elevated alkaline phosphatase level should raise the suspicion of 
a retained stone. Ultrasound may not show intrahepatic biliary 
ductal dilation if the stone does not fully occlude the duct or 
the obstruction is early. Endoscopic removal of these stones 
via a generous SIPhincterotomy is almosr universally successful 
{Fig. 55-39). 

Biliary Leak 
Fol lowing a d10lecystecromy, patients may suffer a leak from the 
cystic duct or an unrecognized duct of Luschka. Fever, chills, 
right upper quadrant pain, jaw1dice, leakage of bile from an 
incision or into a drain, or persistent anorexia or bloating should 
raise the suspicio11 of a bile leak. Although it can be seen after 
any cholecystectomy, those performed for acute cholecystitis 
carry the greatest risk. With inflan1mation and fibrosis aroLmd 
an obstructed cystic duct, clips placed on the duct may nor fully 
occlude it or may dislodge as the inflammatory process resolves. 
Patients will generally present withln 1 week of cholecystectomy 
as the bile collects and becomes clinically manifest. On 
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FIGURE 55-39 ERCP showing multiple retained common bile dud 
stones (arrows). 

FIGURE 55-40 ERCP showing cystic duct stump leak (arrow). 

presentation, cr should be performed and will show ascites or 
a right upper quadrant Auid collection consistent with a biloma. 
Not only is reexploration in this setting unsuccessful, but it 
further complicates later reconstruction attempts that may be 
necessary. Endoscopic cholangiography should be performed, 
with percutaneous drainage of any fluid collections (Fig. 55-40). 
If the leak is from a cystic duct stump, sphincteiotomy with 
scenting of the common duct will allow the leak to seal without 
need for surgical management. Reexploration in this setting is 
reserved for patients with evidence of septic shock or those in 
whom the leakage is not percutaneously accessible. If percutane
ous drainage is not feasible because of overlying bowel, or tbe 
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fiuid is not localized and thus not an1enable to percutaneous 
drainage, a laparoscopic washout of the abdomen and placement 
of subhepatic d rains should be considered. No attempt shouJd 
be made to fix 'the leak, because any such intervention is almost 
always unsuccessful and carries a risk of further injury to the 
biliary rree. Persistence of a bile leak after longer than 6 weeks 
should raise the suspicion of an w1recognized bile duct injury, 
thus mandating complete cholangiography by MRCP and repeat 
ERCP. Similar to common bile duct illjuries, surgical treatment 
of a duct leak is most successful once the inAan1matory process 
has resolved. 

Gallstone Ileus 
A large stone in the dependent portion of the gallbladder may 
cause substantial inflammation and eventually fistulize into the 
adjacent duodenum. The stone may be o{ sufficient size co 
obstruct the small intestine. A mechanical small bowel obstruc
tion from a gallstone passed through a spontaneous cholecysto
enteric fismla is given the misnomer gallstone ileus. Most of 
these fistulae occur ,ill older patients and may be caused by 
iltllammation in the gallbladder or silnply pressure necrosis. 

Presentation and Diagnosis Patients will present with clinical evi
dence of a mechanical smaU bowel obstruction ill the absence 
of surgical history or hernias. A history of symptoms referable 
to the biliary tree is variable. Although most patients will have 
constant pain from the obstruction, others can present with only 
episodic discomfort because the gallstone only imerminencly 
obstructs the intestinal tract. The most common site of stone 
impaction is in the distal ileum, a few centimeters proximal to 
the ileocecal valve, where the caliber of the ileum decreases (Fig. 
55-41). Plain radiographs demonstrate air-fluid levels consistent 
with a small bowel obstruction, although the offendi!Jg stone 
may or may not be identified. Pneumobilia, which may only be 
identified by CT scan, is a ubiquitous finding, because tbe fistula 
that permined a swne to pass into the duodemuu allows air into 
the gallbladder and biliary tree (Fig. 55-42). 

FIGURE 55-41 a scan of stone (arrow) obstructing distal ileum. 

Treatment Exploration and enterotomy are required to relieve 
the o bstruction. A longitudinal incision is made on the antimes
enteric border of the ileum, a few centimeters proximal to the 
impacted stone. The stone can then be milked back through the 
enterotomy. 1l1e site of impaction is at risk for ischemia and 
pressure necrosis, wi[h evenrual perforation. ll1erefore, any sug
gestion of nonviability of this region should mandate resection. 
lhe remainder of the small intestine should be i11Spected , 
because approximately l Oo/o of patients will have multiple large 
stones that have passed through the fismla. Although some 
sUigcons advocate surgical treatment of the biliary enteric fistula 
at the same settil1g, the intense iJillammatory process ill the right 
upper quadrant may complicate the cholecystectomy and duo
denal repair. In addition, because most of these patients are 
older, their overall physiologic status may not permit fistula 
repair in the emergent setting. One-stage repair should generally 
be performed in healthy patients without severe inflan1matory 
changes in the right upper quadrant. Enterotomy with removal 
of the offending stone shouJd suffice for patients with multiple 
comorbidltlcs. A second operation can be considered to avoid 
cl1e possihility of future hiliary complications. 

Acute Cholangitis 
Acute cholangitis is caused by a11 acute, ascending bacterial 
infeettion of the biliary tree caused by an obstruction. Although 
stones are a common cause, ascending cholangitis can be seen 
with any obstructing phenomenon, including malignancy. l11e 
two absolute requiremems for the development of acure dlOI
angitis are bacteria in the biliary tree and obstruction of Aow, 
with increased intraluminal pressure. The source of bactibi lia in 
patients with acute cholangitis is unclear, because culture of 
most bile is sterile. With obstruction from a stone, bactibilia can 
be identified ill up to 90o/o of patients. TI1e most common 
pathogens include Klebsiella, E. coli, Enterobttcter; Pseudomonm, 
and Citrobacter spp. 

The classk presentation of cholangitis is that of Charcot's 
triad, with fever, jaundice, and rigbt upper quadrant pain. All 
three findil1gs are seen in less than 50% of patients, with jaun
dice being the most variable. When the infection begins to 
manifest with shock, the two additional findings of memal status 
changes and hypotension join Charcot's triad to become 

FIGURE 55-42 a scan of cholecystoduodenal fistula (arrow). 
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Reynolds' penta<l. With the acute obstruction of a visceral 
tubular structure, the pain can be severe but is not usually associ
ated with abdominal tenderness. 

Diagnosis As with any severe intra-abdominal infection, tachy
cardia and manifestations of shock arc nor llllcommon. Leuko
cytosis with an abnormal liver panel is common. Hepatocellular 
injury from the infection and inflammation elevate serum trans
aminase levels, and alkaline phosphatase levels generally are sig
nificantly elevated. U ltrasound should be the first screening test 
and will commonly show dilation of the biliary tree. HIDA 
scans should be interpreted with caution, because infection of 
the biliary tree reduces the secretion of these agents into the 
biliary tree. CT can be helpful in identifying the site of obstruc
tion, although not always the cause. Cholangiography via ERCP 
or PTC is critical not only to diagnosis but also therapy. 1hesc 
two modalities can usually identify the location and cause of 
obstruction, drain the biliary tree, allow for culture, and biopsy 
a lesion if necessary. 

Treabnent Acute cholangitis is a severe medical condition that 
can progress quicldy to septic shock and death. Adequate hydra
tion and LV antibiotics should be started immediately. Many 
patients will respond to medical therapy, so prompt diagnostic 
measures should be taken to identifY the location and cause of 
obstruction. Others, however, will not respond to medical 
therapy and will progress to shock. These patients require emer
gent decompression of their biliary tree. Historically, this could 
only be achieved through a surgical route, with high morbidity 
and mortal ity. Endoscopic or percutaneous drainage achieve tbe 
same goal with Less morbidity. Removal of the stone can be 
accomplished via endoscopic means, thus providing an advan
tage over percutaneous methods, which simply decompress the 
obstructed biliary tree. If endoscopic and percutaneous means 
are unavailable or unsuccessful, surgical drainage consists of 
common duct exploration with placement of aT tube. Given 
the unstable nature of the patient, definitive surgical treatment 
of the cause is deferred until the patient is stabilized, d1olangitis 
treated, and the diagnosis confirmed. 

Recurrent Pyogenic Cholangitis 
Recurrent pyogenic cholangitis is caused by cholangiohepatitis or 
intrahepatic stones and is usually fOtmd in East Asian populations. 
Biliary pathogens such as Clo1rorchis sirwrsis and Ase~tris lumbricoi
des populate the biliary tree. These and other pathogens secrete an 
enzyme that hyd rolyzes water-soluble bilirubin glucuronides to 
form free bilirubin, which then precipitates to form brown pign1ent 
stones. These stones may partially or fully obstruct the biliary tree, 
causing recurrent episodes of cholangitis and eventually abscesses 
or even cirrhosis. The chronicity of the infection and i nflan1 mation 
place these patients at risl< for the development of d10langiocarci
noma. It is unclear whether the primary inciting event is infection 
causing inflarrunatory stricture or inflammatory stricture with 
subsequent infec~ion of stagnant bile. 

Presentation Recurrent pyogenic cholangitis tends to occur in 
the thi.rd to fourth decade of life, affecting men and women 
equally. The di.nical presentation is that of d10langitis with fever, 
right upper quadrant pain, and jaundice. Because the infection, 
inflammation, and stones commonly present in a segmental or 
lobar pattern, the jaundice tends to be mild. Serum studies are 
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FIGURE 55-43 MRCP of recurrent pyogenic cholangitis. Intraluminal 
filling defects from stones are noted in both lobes (arrows). 

similar to other causes of d1olangids, with a leukocytosis and 
elevated bilirubin and high alkaline phosphatase levels. Diagno
sis is usually made by a combination of CT or MRCP with 
ERCP (Fig. 55-43). Lobar or segmental atrophy or hypertrophy 
may be seen in chronic cases. 

Treatment ln the setting of an acute attack, conservative treat
ment with parenteral antibiotics, LV fluids, and analgesics will 
usually suffice. Failure of this approach, with dinical deteriora
tion, mandates biliary drainage via ERCP or percutaneous 
methods. Once the attack has subsided, a thorough investigation 
of biliary tree anatomy will help direct treatment. Definitive 
operative treatment is almost always required. The goals of surgi
cal therapy are threefold: (1) remove all stones; (2) bypass, 
enlarge, or resect the strictures; and (3) provide adequate biliary 
drainage. The variability of presentation and location of disease 
has spurred the development of a number of operations to 

achieve these goals. The presence of intral1epatic strictures con
notes a complicated case and may warrant resection, stricturo
plasty, or hepaticocutaneous jejunostomy. When clearance of alJ 
stones is not possible, or future need for endoscopic therapy is 
anticipated, the terminal end of the Roux limb for a hepatico
jej llllostomy can be brought out as a stoma to provide easy access 
for ciH.>ledochoscopy. Given the risk of cholangiocarci.noma, 
disease affecting predominantly one lobe should be resected in 
patients wim adequate hepatic reserve. 

Nontalculous Biliary Disease 

Acute Acalculous Cholecystitis 
Obstruction of the cystic duct in the ahsence of frank stones is 
known as acalculous cholecystitis. AJrhough the exact patho
physiology is poorly Lmderstood, concentration ofbiliary solutes 
and stasis in the gallbladder clearly play important roles. Risk 
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factors for the development of acalculous cholecystitis Lndude 
older age, critical illnt-ss, burns, trauma, prolonged use of total 
parenteral nutrition, diabetes, and Lmmunosuppression. The 
disease process is generaUy more fulminant than that of calcu
lous cholecystitis and may progress to gangrene and perforation 
of the gallbladder. 

l11e presentation of acalcu1ous cholecystitis can be similar 
to that of calculous disease, with fever, anorexia, and right upper 
quadrant pain. Because many of these patients are criticaUy ill, 
history may be impossible to obtain and the physical exanlina
tion may be unreliable. The workup of fever iJl the intensive care 
patient may reveal a thickened gaUbladder wall, with perichole
cystlc 8uid (Fig. 55-44). H IDA scans may make the diagnosis 
but can have a false-positive rate of up to 40%. 

Treatment!: of acalculous cholecystitis is similar to that for 
calculous cholecystitis, with cholecystectomy being therapeutic. 
Given the substantial in8ammation and high risk of gallbladder 
gangrene, an open procedure is generally preferred. However, 
many of these patients are criticaUy m and would not tolerate 
the physiologic insult of a laparotomy, explaiJ1iJ1g why the mor
tality rate of cholecystectomy for acalculous cholecystitis is up 
to 40%. Accordingly, percutaneous drainage of the distended 
and inA.an1ed gallbladder is carried out in patients unable to 
tolerate a lapar<Jtomy. l11e cholecystostomy rube used to draiJ1 
the gal lbladder can be placed by ultra~ound or CT guidance. 
Approximately 90% of patients will improve with percutaneous 
drainage and the tube can eventually be removed. If follow-up 
imaging conti.111ues t<> demonstrate no scones, interval cholecys
tectomy is generally unnecessary. 

Primary Sclerosing Cholangitis 
Primary sclerosing cholangitis (PSQ is an idiopathic, likely 
autoimmune process affecting the intrahepatic and extrahepatic 
biliary trees. Although the cause is Lmknown, it is associated with 
other autoimnume disea~s. such as ulcerative colitis and Riedel's 
thyroiditis. As its name suggests, the disease causes inflammation 
and scarring in the biliary tree and must be distinguished from 
secondary sclerosing cholangitis, which involves a similar clinical 
picture but has an identifiable cause, such as malignancy, infec
tion, or ischemia. The disease of PSC is characterized by 

FIGURE 55-44 Ultrasound of gallbladder with acute acalculous cho
lecystitis. The diffusely thickened gallbladder wall (a"ows) is highly 
suggestive of cholecystitis. 

progressive chronic cholesrasis, and advances at an unpredictable 
rate to biliary cirrhosis and eventuaUy death from liver failure. 
Although historically the diagnosis was only made in the late 
stages of disease, liJlderstanding of the disease, as well as increased 
frequency of liver fLmction analyses and increased use of ERCP, 
have com ribmed m earlier diagnosis, freCjuendy in rhe asymp
tomatic ph a~. l11e microscopic picture is one of inflammation, 
fibrosis, and cholcstasis. Ln the absence of previous biHary 
manipulation, acute ascending cl1olangitis is uncommon in 
patients presenting witb PSC. 

Clinical Presentation The presentation of PSC is variable, but 
most patients present with fadgue, pruricus, and jaundice. Thls 
symptom complex spurs cl1e physician to perform ERCP, 
although many patients have symptoms for 12 to 24 months 
before the diagnosis is made. l11e abnormalities seen on cholan
giography confirm tbe diagnosis. Asymptomatic elevations of 
alkaline pbospharase levels can also occur and may be associated 
with evidence of hepatocellular injury and hyperbilirubinemia 
prior to clinical manifestations of symptoms. Abnormal liver 
function rests in a patient followed for inflanm1arory bowel 
disease should raise the suspicion of PSC. Elevation of perinu
clear antineutrophil cytoplasmic antibodies (pANCAs} can be 
seen in 80% of patients. Disease severity does not correlate with 
pANCA titer. 

ERCP is the preferred route for cholangiography and can 
demo nstrate the characteristic multifocal, diffusely distributed 
dHaci.ons and strictures of d1e incral1epatic and. exrral1eparic 
biliary trees. The sequential srricruring, proximal dilation, and 
more proximal stricruring create a pattern described as beading. 
PTC is frequently tmsuccessfLtl because the proxin1al ducts are 
both fibfCised and generally not dilated. Other cholangiographic 
findings include multiple diverriculuro-Ukc outpouchings of the 
bile ducts and multiple short-segment strictures. M RCP can also 
be useful for diagnosis and monitoring elf disease, but docs nor 
aUow for interventions rhar may be necessary, such as brushing, 
balloon dilation, or srenting (Fig. 55-45). Liver biopsy tends to 

show an onion skin concentric periducral fibrosis. As rhe disease 

FIGURE 55-45 MRCP showing primary sclerosing cholangitis. Note 
the multilevel strictures (arrows). 
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progresses, periportal fibrosis occurs, progressing to bridging 
necrosis and eventually biliary cirrhosis. Unfortunately, PSC is 
associated with cholangiocarcinoma, and distinguishing the 
strictures of PSC fibrosis from those of cholangiocardnoma can 
be challenging. 

Treabnent No specific effective medical therapy exists for the 
treatment ofPSC. Although some experimental trials of ursode
oxycholic acid have shown improvement in liver function tests 
and histologic appearance compared with controls, this did not 
result in any significant clinical improvement when followed long 
term. Early in the disease, with mild symptoms, observation is a 
reasonable approach. Intervention must be speci6cally tailored to 

the pattem of disease and its clinical manifestations. Medical 
therapies are generally targeted to the underlying hepatobiliary 
disease process; tlhese include choleretic agents such as ursodeoxy
cholic acid, inmnmosuppre..~sive agents, and anti6brogenlc agents 
such as colchicine. However, none of these agents has shown a 
consistent benefit. When performed in the symptomatic patient, 
endoscopic therapy, consisting of balloon dilation of the domi
nant strictures, has heen shown to alleviate pruritus, reduce likeli
hood of cholangitis, and even prolong SLLrvival. 

With the lack of effective, durable medical therapy in tbls 
progressive and ultimately fatal disease, an aggressive surgical 
approach is advocated. Options include biliary reconstructive 
procedures and liver transplantation. Although associated with 
ulcerative colitis, proctocolectomy does not appear to affect 
biliary disease progression or survival in patients with both ulcer
ative colitis and PSC. Biliary reconstruction is an option for 
patients with a dominant stricture at the hepatic bifurcation, for 
which resection of this region with long-term Silastic scenting 
can be performed. With increased success of orthotopic liver 
transplantation, tthc use of biliary reconstructive procedures has 
decreased. 

Orthotopic liver transplantation appears to be the onJy 
lifesaving nption for patients with progressive hepatic dysfunc
tion from PSC. The survival rates for patients undergoing liver 
transplantation for PSC is approximately equivalent to those 
being transplanted for other n oninfectious end-stage Hver disease 
causes, with 5-year survival rates ranging from 75% to 85%.24 

Although the development of cholangiocardnoma in a PSC liver 
is generally considered a contraindication to transplantation, 
some centers have shown cxceUem survival rates, up to 70% at 
5 years, for patients wicl1 limited disease localized within cl1e 
liver who undergo an extensive neoadjuvant protocol of chemo
therapy and radiation followed by transplantation.75 11ecause 
these results have not been reproduced elsewhere, rhe use of Hver 
transplantation for the treatment of cholangiocarcinoma occur
ring in the setting of PSC is limited to experimental protocols. 
Following liver transplantation, many PSC patients develop 
strictures, raising the possibility of recu.rrence of disease in the 
donor liver. Biopsy may show identical findings as the original 
disease, but tlus is obviously complicated by the possibility of 
development of secondary sclerosing: cholangitis from ischemia, 
infection, or rejection. Even wicl1 the development of strictures, 
disease progression does nor usually follow the aggressive course 
for which PSC is known. 

Biliary Strictures 
Benign strictures of the bile ducr have a number of causes and 
generally affect the extrahepatic biliary tree, although 
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cholangiohepatitis can create intrallepatic biliary strictures as 
well. Any inflammatory process occmring along the length of 
the common bile duct can cause a strictu.re. For example, the 
fibrotic in1lammatory process of chronic pancreatitis can create 
a stricture of the intrapancreatic portion of the bile duct. The 
cholangiographic pattern of this stricture is that of a long (2 to 

4 em), smooth, gradually tapered narrowing affecting the distal 
common bile duct. 

Strictmes may occur in cl1e middle portion of rhe common 
duct and are frequently associated with a process in the galJblad
der. Any in1lammatory process involving the gallbladder and 
cystic duct can secondarily in1lame rhe common bile duct, 
causing an obstruction. Alternatively, a large stone in Hart
mruJn's pouch can compress the adjacent bile duct and cause aJl 

apparent stricture. Both of these fall under the diagnosis of 
Mirizz:i syndrome (Fig. 55-46). 1he prerequisites for tlus syn
drome, characterized by gallbladder pathology causing obstruc
tive jaundice, include a cystic duct that courses parallel to the 
common hepatic duct, an impacted stone in the gallbladder 
neck o:r cystic duct, and obstruction of the common hepatic duct 
caused by the stone or inflammatory response. The resultant 
i11Aanm1ation can cause a cholecystocholedochal fistula. The 
treatment of Mirizzi syndrome is cholecystectomy, which may 
require repair of the common duct; when a large fistula exists, 
a choledochojejunostomy may be necessary. 

Other strictures of the biliary tree include inflammatory 
strictures from long-standi11g choledocholithiasis, whid1 rends 
to occur in the intrapancreatic ponion of tbe bile duct, and 
stenosis of the sphincter of Oddi. ERCP with sphincterotomy, 
balloon dilation, an.d stent placement is generally regarded as 
primary treatment for benign bile duct stricwres to make the 
diagnosis and potentialJy treat the process. Endoscopic and per
cutaneous therapy can provide long-term success in over 50% 
of patients. When unsuccessful, sLtrgical management with anas
tomosis of the biliary tree to a Roux-en-Y jejunal limb has 
success rates of up to 90%. 

Biliary Cysts 
Cysts of the biliary tree are rare, occurring in less than 1/100,000 
patients, but are more common in those of Asian descent and 
are three to eight times more common in women thru1 men. 

FIGURE 55-46 Miriu i syndrome. Obstruction of the bile duct from 
an inflammatory process is the hallmark of this syndrome; the dlo
lecystocholedochal fistula may or may not be apparent 
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FIGURE 55-47 Anomalous pancreaticobiliary junction. With fusion of 
the CBD and pancreatic ducts long before they pass through the 
duodenal wall, the pancreatic secretions can reflux into the CBD and 
may cause damage to the common duct through pressure or chemi
cal injury. 

Biliary cysts, known as choledochal cysts, are considered a pre
malignant condition requiring surgical intervention. They are 
commonly diagnosed in infancy, but many present in adult
hood. Although not proven, the commonly accepted theory of 
their pathogenesis relies on the presence of an anomalous pan
creaticobiliary j unction (APBJ; figs. 55-47 and 55-48). 

With APBJ, the pancreatic duc.t and biliary tree fuse to 
form a common channel prior to passage through the duodenal 
wall; APBJ is seen i.n up to 90% of patients with choledochal 
cysts. l11e fused duct forms a long common channel, which 
allows pancreatic secretions to reflux into the biliary tree. Because 
the pancreatic duct has higher secretory pressures than tbe 
biJjary tree, exocrine pancreatic secretions reflux up into the bile 
duct and can in£lan1e and dan1age the biliary tree, resulting in 
cystic degeneration. 

The original classification for choledochal cysts by Alonso
Lej and colleagues has been modified byTodani and associates to 
include intrahepatic cystic disease (fig. 55-49).26 The most 
common ffioledochal cyst, type I, involves only the extral1epatic 
biliary tree and is generally a fusiform dilation. Type Il cysts 
appear as a saccular diverticulum off the common bile duct and 
may be mistaken for an accessory gallbladder. Type Ill cysts 
appear as a cystic dilation of the intramural common bile duct, 
within the wall of the duodenum, and are also known as choled
ochocdes. Cysts involving the intrahepatic and extrahepatic 
biJjary tree are known as type IVa, with type IVb being multiple 
cysts limited to the extrahepatic biliary tree. Type V cysts, also 
known as Caroli's disease, involve the intrahepatic ducts only. 
Type V cysts may be solitary but usually occur diffusely in all seg
ments. Although classified as a single disease, debate continues as 
to whether these constitute more than one pad1ologic entity. 

Presentation l11e classic presentation of jaundice, right upper 
quadrant pain, and a palpable mass occurs rarely. Most patients 

FIGURE 55-48 MRCP showing anomalous pancreaticobiliary junction 
with long common channel. The pancreatic duct fuses with the CBD 
(slender arrow) and the common channel enters the duodenum 
(bold arrow). Also noted in this illustration is the fusiform dilation of 
only the extrahepatic bile duct, as seen in a type I choledochal cyst. 

Type I Type II Type Ill 

Type IV TypeV 

FIGURE 55-49 Choledochal cyst classification. 

have two of d1e three symptoms, with jaundice being the most 
consistent symptom prior to Lmdergoing any diagnostic imaging. 
Other symptoms indude nausea, pruritus, and weight loss
Long-standing disease can induce a chronic injury to the liver 
with cirrhosis. Cholangitis, pancreatitis, hepatic fibrosis, and 
malignancy have all been reported at the time of presemation. 
An u:nusual presentation is that of acute rupture of the cyst, with 
subsequent bile peritonitis. 

Most cystic biliary lesions are originally identified and 
subsequendy diagnosed by imaging, because the common 
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presenting syrup-corns are nonspecific. With the current liberal 
use of CT, the djagnosis of a choledochal cyst is suspected, but 
further classified by MRCP. With a cl10ledochal cyst, the upper 
biliary tree is difficult to 611 and therefore evaluate by a retro
grade route. Accordingly, MRCP helps create a complete chol
angiogram. 1hc distal bile duct is difficult ro analyze by MRCP, 
so ERCP is more useful for defining d1e distal biliary tree and 
pancreatic duct-bile duct junction. Laboratory studks may 
identify cholesrasis and jaundice. In late stages of rusca.<:e, sec
ondary hepatic injury and evidence of cirrhosis may be seen. 

Because choledod1al cysts arc a premaJjguant condition, 
the original presentation of a choledochal cyst may be that of 
cholangiocarcinoma. The incidence of malignancy in patients 
with biliary cysts ranges from 10% to 30%. The pathogenesis 
appears to be one of a field defect, because the entire biliary tree 
is at risk. even in nondiJated ponions of the biliary tract, and 
complete excision of a benign choledochal cyst does not elimi
nate the risk of subseguent cholangiocarcinoma development. 
Malignant cyst degeneration is common and is thought to relate 
to chronic mucosal irritation from the rcfluxed pancreatic 
enzymes. 

Treabnent Surgical management of choledochal cysts consists of 
resection of the entire cyst and appropriate surgical reconstruc
tion. Historically, enteric drainage of the cyst was performed 
without resection, but this approach is complicated by recurrent 
biliary stasis, infection, and development of malignancy. Type I 
cysts are created by complete surgical excision, cllolecystecromy, 
and Roux-en-Y heparicojejtmosromy. TI1e proxin1al extent of 
resection should continue to the nondilated biliary tree and may 
reguire anastomosis to the left and right hepatic .ducts. If the;e 
is substantial pericyst fibrosis, an intramural plane can be devel
oped to excise the entire epithelium while leaving the fibrotic 
outer cyst wall in place. The distal duct is oversewn, with care 
not to injure the pancreatic duct. Type Il cysts should be excised 
entirely and, in the presence of an APBJ, biliary enteric diversion 
by Roux-en-Y hepaticojej unostomy is appropriate. Type IU cysts 
are uncommon a:nd may be approached rransduodenally. Because 
the pathogenesis of type Ill cysts i.s not clear, and may not 
involve APBJ, endoscopic drainage may suffice. In the setting of 
duodenal or biliary obstruction, transduodenal excision or 
sphincteroplasty can be performed. Surgical treatment of type 
IV cysts must be <:arefuJly individualized to me affected anatomy. 
Type IV cysts affecting only the extrahepatic bile ducts should 
be managed similarly to type I cysts, with excision and hepati
cojejwlostomy. 1l10se with intrahepatic extension involviJ1g only 
one lobe can be treated with partial hepatectomy and recon
strucrion. Surgical treatment of Caroli's rusease ranges from 
resection if the d isease is unilobar to liver transplantation wben 
diffuse disease is detected. 

Polypoid Lesions of the Gallbladder 
Benign masses of the gallbladder are common, and consist of 
pseudotumors and adenomas. Pseudotumors are furd1er divided 
into cholesterol polyps and adenomyomatosis. Cholesterol 
polyps appear as pedunculated echogenic lesions of tbe gallblad
der, ·are usually smaUer than l em, and are freguendy multiple. 
Alternatively, adenomyomatosis is seen as a sessile lesion, com
monly in the fundus. with characteristic mkrocysts within the 
lesion, and freguently larger than l em (Fig. 55-SO). Adenomas 
are benign growths in the wall of the gallbladder that may be 
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FIGURE SS-50 Ultrasound of adenomyomatosis. Seen in the fundus 
of the gallbladder is a sessile thickening (arrow) with smaller micro
c.ysts within it, consistent with adenomyomatosis. 

diffictt1t tO differentiate from adenocarcinoma preoperatively, 
because the only difference is that of transmural invasion, which 
can be challenging to detect by ultrasonography. Size larger than 
10 mm is a risk factor for adenocarcinoma, along with growth, 
presence of gallstones, and patient age older than 60 years. The 
management of all symptomatic polypoid lesions of the gallblad
der is laparoscopic cl1olecysrecromy. Patients with a polypoid 
lesion and risk facrors for adenocarcinoma or those susptcred of 
having in situ or invasive cancer should undergo open cllolecys
tectomy, because perforation during laparoscopy may spread 
tumor cells throughout the peritoneal cavity. Asymptomatic 
lesions smaller man 10 rum, widl no other risk facrors and no 
ultrasonographic features suggesting malignancy, can be observed 
with serial ultrasonography. 

Benign Biliary Masses 
Benign intraluminal growths of the biliary tree are unusual, bur 
mosdy consist of adenomas. TI1ese lesions are soft fleshy growths 
occurring mosdy in the perian1pullary bile duct arising from the 
glandular epithelimn. The presentation is that of biliary obstruc
tion, with jaundice and sometimes right upper guadrant pain. 
Treatment consists of complete resection widl a small rim of 
nom1al epidlelium, bt:cause incomplete excision of affected epi
thelium carries a high risk of recurrence. These lesions occur ln 
the periampullary duct, so a transduodenal approach can be used. 

Inflammatory lesions of the biliary tree, known as pseudo
tumors or benign fibrosing disease, may be mistaken for chol
angiocarcinoma. When this process occms following smgical 
intervention on the biliary tree, the masslike strictmc may be 
the result of ischemia to the duct, with subseguent inflammation 
and fibrosis. Alternatively, pseudotumors may occm de novo; 
these commonly affecr the extrahepatic biliary tree above the 
bifmcation. 

MALIGNANT BILIARY DISEASE 

Gallbladder Cancer 
Gallbladder cancer is an aggressive malignancy and carries an 
extremely poor prognosis. Patients have no specific presenting 
symptoms and therefore presentation with late-stage disease is 
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common. l he poor prognosis corresponds to the high propor
tion of patients presenting with advanced disease. For patients 
with earlier stage disease, a more aggressive surgical approad1 is 
warranted. 

Incidence 
Gallbladder cancer generally presents in the sixth and seventh 
decades of Life· and is two to three times more conuuon in 
women than men. Ethnicity plays an important role in the 
development of gallbladder cancer, with the highest incidence 
in women from India and Pakistan. Among North American 
populations, Native Americans and immigrants from Latin 
America have the highest rates. 

Cause 
Although not proven scientifically, the prevailing theory regard
iDg gallbladder cancer focuses on dlronic inflarDmation with 
subsequent cellular proliferation. Therefore, the presence of gall
stones is considered to be the primary risk factor, and larger 
stones (>3 em) carry an increased risk of cancer development. 
More than RO% of patients with gallbladder cancer have chole
lithiasis, and gallbladder cancer is approximately 7 times more 
common in patients with gallstones than in those without 
stones. The type of stone does not correlate with incidence of 
gal lbladder cancer. Other risk factors include entities that may 
also cause inflamm ation in the gallbladder wall, sud1 as APBJ, 
choledochal cysts, and PSC. 

Porcelain gallbladder and gallbladder polyps larger than 
10 mm are addjtional risk factors for the development of cancer. 
Extensive calci6cation of the wall of the gallbladder can cause a 
brittle gallbladder wall, leading what is termed /!.orceh in gnllbhd
der, and carries a risk of cancer development.- ' 

Pathology and Staging 
Gallbladder cancer is generally adenocarcinoma and pathologic 
specimens show the progression from dysplasia to carcinoma in 
situ to invasive carcinoma, as has been described for other car
cinomas, and are staged using the standard TNM staging system 
(Table 55-1).28 A small subset of gallbladder cancers are of the 
papillary subtype and carry a significan tly betcer prognosis. 
These lesions tend to have an indolent course and are commonly 
limited to the gallbladder wall at the tin1e of diagnosis (Fig. 
55-51). Most gallbladder carcinomas, however, have systemic 
disease at the time of presentation, with nodal disease in 35% 
and distant me·tastases in 40%. 

The drai1u ng nodal basin for gallbladder cancer includes 
the heparoduodenalligament. From there, affected lymph nodes 
may include periaortic nodes near the celiac axis or pancreatico
duodenal nodes around the superior mesenteric artery. Because 
the venous drainage of the gallbladder includes direct venous 
tributaries into the liver parenchyma, these rumors may spread 
directly into segment IV of the liver. Also, transperitoneal spread 
is common and can progress to carcinomatosis. 

Clinical Presentation 
Because 90% of gallbladder cancers originate in the fundus or 
body of the gallbladder, most do not produce symptoms w1tiJ 
the disease is advanced (Fig. 55-52). Symptoms of acll(e chole
cysti tis, with obstruction of the neck of the gallbladder, may 
portend a better prognosis, because patients with these symp
toms may present with earlier stages of disease. Weight loss, 

Tab!e 55-1 Staging for Gallbladder cancer 
Pmliary Tlnor (T) 

Tx 

TO 

TIS 

T1 

Tla 

Tlb 

T2 

T3 

T4 

Primary tumor cannot be assessed 

No evidence of primary tumor 

Carcinoma in situ 

Tumor invades lamina propria or muscular 
layer 

Tumor invades lamina propria 

Tumor invades muscle layer 

Tumor invades perimuscular connective 
tissue; no extension beyond serosa or into 
liver 

Tumor perforates the serosa (visceral 
peritoneum) and/or directly invades the 
liver and/or one other adjacent organ or 
structure, such as the stomach, duodenum, 
colon, pancreas, omentum, or extrahepatic 
bile ducts 

Tumor invades main portal vein or hepatic 
artery or invades two or more extrahepatic 
organs or structures 

Re&ienallynlph Nodes (N) 

Nx 

NO 

N1 

N2 

Dtstant Metastasis (M) 

MO 

M1 

Regional lymph nodes cannot be assessed 

No regional lymph node metastasis 

Metastases to nodes along the cystic duct, 
common bile duct, hepatic artery, and/or 
portal vein 

Metastases to periaortic, pericaval. superior 
mesenteric artery, and/or celiac artery 
lymph nodes 

No distant metastasis 

Distant metastasis 

Anatomic StaJe •d Prepostk Craups 

Stage 0 lis NO MO 

Stage I T1 NO MO 

Stage II T2 NO MO 

Stage lilA T3 NO MO 

Stage IIIB T1-3 Nl MO 

Stage IVA T4 N0-1 MO 

Stage IVB AnyT N2 MO 

AnyT AnyN Ml 

From Edge SB, Byrd DR, Compton CC. et al (eds): AJCC cancer staging manual, ed 
7, New Vorl<. 2010, Springer, pp 213-214. 

jaundice, or an abdominal mass are associated with later stages 
of disease. Some patients describe symptoms of chronic cllole
cystitis in which the pain has recently changed in quality or 
frequency. Other common symptoms include chronic epigastric 
pain, early satiety, and a sense of fullness. 

Diagt11osis 
Ultrasonography is generally the first examination used in the 
evaluation of right upper quadrant pain. Ultrasonographic find
ings of gallbladder cancer iJldude an irregularly shaped lesion in 
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FIGURE 55-51 Ultrasound showing intraluminal polypoid gallbladder 
wall mass (arr01111) but without extraluminal extension. 

FIGURE 55-52 cr scan showing gallbladder cancer with invasion into 
the duodenum arnd liver parenchyma. 

the subhepatic space, heterogeneous mass in the gallbladder 
lumen, and asymmetrically thickened gallbladder wall (Fig. 
55-53). The findling of a polyp larger than 10 mm should raise 
the suspicion of gallbladder cancer. 

cr can be useful in the stagiJlg and therefore treatment of 
gallbladder cancer. Although the sensitivity of cr for detection 
of dlrect extension iJlto the liver is poor, cr can demonstrate 
peritoneal metastases, hepatic parenchymal metastases, lymph
adenopathy, and adjacent vascular involvement (Fig. 55-54). 
Cho.langiography can help delineate the location of obstruction 
in patients with gallbladder cancer, but most of these patients 
are incurable. Triphasic CT can be used to identify hepatic arte
rial or portal venous involvemem. ln the setting of unresect
abiHty (portal veLn encasement or extensive hepatic i nvolvcment) 
or incurability (hepatic or peritoneal metastases), percutru1eous 
methods for confirmatory tissue diagnosis should be used. 

BILIARY SYSTEM CHAPTER 55 1507 

FIGURE 55-53 Ultrasound of gallbladder mass with loss of continuity 
of gallbladder wall (arr01111), suggesting extraluminal growth. 

FIGURE 55-54 cr scan showing gallbladder mass with local invasion 
into portal vein (arrow). 

Treatment 
Rcscctjon of gallbladder cancer remains the only potential for 
cure. Patients with gallbladder cancer can be divided into four 
specific subgroups of presentation-patients with an incidental 
polyp on imaging, patients with ru1 incidental finding of gall
bladder cancer at time of or following cholecystectomy, patients 
suspected of having gallbladder cancer preoperatively, and 
patients with advanced disease at presentation. 

Patients With Incidental Findings 
Col/bladder Polyp Because gallbladder polyps larger than 10 mm 
carry an increased risk of malignru1cy, cholecystectomy is the 
treatment of choice, and should be performed via an open 
approach, because laparoscopic perforation in the setting of 
cancer may convert a potentially cmable disease into an incur
able one. 
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Collblodder Cancer Following Cholecystedomy With the finding of 
carcinoma following cholecystectomy, subsequent treatment 
depends on depth of penetration of the gallbladder waH and 
surgical margins. With Tla lesions, in which the carcinoma 
penetrates the lamina propda but does not invade the muscle 
layer, cholecysrecromy should suffice for therapy. The likelihood 
of nodal disease in this setting is less than 3%. For those pen
etrating the muscularis but not the deeper connective tissue or 
serosa, classified as Tlb lesions, cholecystectomy is sufficient as 
long as the margins are negative. With Tl b lesions and periJleu
ral, lymphatic, or vascular invasion, the likelihood of nodal 
disease increases significantly and therefore ru1 extended chole
cystectomy is indicated. The extended cholecystectomy is 
directed at obtaiJlli1g an RO resection of the disease, including 
the draining lymph node basins. 1l1erefore, removal of the peri
choledochal, periportal, hepatoduodenal, right celiac, ru1d pos
terior pru1creaticoduodenal lymph nodes should be included. 
Resection of the cystic duct margin to uninvolved mucosa may 
require resection of the common bile duct witl1 Roux-en-Y 
reconstruction. Because local extension into the hepatic paren
chyma is common, 2 em of apparently normal hepatic paren
chyma from the gallbladder fossa is resected. Because port site 
recurrences have been reported for patients with even in si tu 
disease, all port sites should also be excised. Management of 
patients with T 2 lesions, in which the cancer extends past the 
muscularis but not beyond the serosa, a similar approach with 
radical ciJOlecystectomy is indicated, because more than 40% of 
these patients have lymph node metastases and up ro 25% have 
positive margins when treated with standard cholecystectomy 
alone. 

Patients Suspected of Having Gallbladder cancer Preoperatively 
Patients in whom preoperative evaluation suggests possibly 
resectable gallb-ladder cancer without metastatic disease should 
be offered an attempt at resection, even though survival is poor 
compared with those found incidentally. These patients tend to 

present with advanced locoregional disease and may require an 
extended liver resection. Because surgical intervention provides 
the only potential for cure or prolongation of life, radical resec
tion should be considered for adequate operative candidates. The 
operation begins witl1 a diagnostic laparoscopy to identify small
volunle peritoneal o.r hepatic metastases that would preclude a 
resection, thereby avoiding an unnecessary operation. L1 the 
setting of metastatic disease, nonoperative strategies should be 
used to palliate symptoms. Radical resection in the setting ofT3 
and T4 lesions includes at least segments IVb and V, but more 
often requires a central hepatectomy, including alJ of segments 
IV. v, and vm. If necessary to adlieve RO margin Status, an 
extended right trisegmentectomy may be used. Direct extension 
of tumor in.to adjacent structu.res such as the hepatic flexure is 
not a contraiJKiication to resection as long as negative margins 
can be obtained ru1d al l disease resected. Debulking without the 
possibility of complete resection has no role in the management 
of gallbladder cru1cer. 

Patients Wrth Acfvanced Disease at Presentation Many patients with 
gallbladder cancer will present with advru1ced disease, ru1d there
fore the goal of therapy is palliation of symptoms. Common 
symptoms reqllliring palliation include jaundice, pain, and intes
tinal obstruction. Jaundice can be mru1aged by endoscopic 
biliary stenting ru1d self-expanding endobiliary metal stems can 

provide a durable solution, with less need for repeated interven
tions than plastic stents. Pain is generally treated with oral nar
cotics, but may progress to require parcnteral opioids in the 
hospice setting. Percutaneous neurolysis of the celiac gru1glion 
can help witl1 the palliation of paiJ1. Intestinal obstruction is 
usually gastric oudet obstruction from local extension of tumor 
ru1d is generally managed by an endoscopic duodenal wall stent. 
Unfortunately, neither chemotherapy nor radiation therapy have 
shown a survival benefit in the mru1agCJ11ent of gallbladder 
cancer. 

Survival 
Survival of paticnts diagnosed with gallbladder cancer is depen
dent on the stage of disease at presentation and whether surgical 
resection is performed. Independent factors affecting survival 
include T status, N status, llistologic differentiation, and 
common bile duct involvement.29 Advances in surgical manage
ment and extent of resection have led to improvements in sur
vival, although most patients present with late-stage disease and 
arc not cru1didates for resection. Patients with Tla lesions, 
limited to cl1e mucosa and lanlina propria, have an excellent: 
prognosis. Complete resection of T l b lesions to negative 
margins also affords ru1 excellent prognosis. Survival of patients 
with T2 lesions depends on nodal status and radical resection in 
this setting improves 5-year survival from approximately 20% 
to more than 60%. Tl1e 5-year survival of patients with T3 
tlmlors is less than 20%, and patients with T4 lesions have a 
survival measured in months. Paticnts with metastatic disease at 
presentation have a median survival of 13 months. Because most 
patients with gallbladder cancer present with advanced disease, 
the overall survival of gallbladder cancer is less than 15%. 

Bile Dud Cancer 
Cholangiocarcinoma is a rare disease entity that carries a dismal 
prognosis. Historically, evaluation ru1d management of dlolan
giocarcinoma required arbitrary division of the bile duct into 
thirds based on tl1e location of obstruction. Lesions of the 
nliddle third, however, are decidedly rare, so investigations have 
recently focused on perihilar and intral1epatic lesions, known as 
proximal lesions, versus those involving the periampullary 
regio11, known as distal disease. More than two thirds of all 
cholangiocarcinoma iJwolve the proximal biliary tree near the 
bifurcation, known as Klatskin tumors {Table 55-2). 

Risk Factors 
Although most patients with cholangiocarcinoma have no iden
tifiable cause, the risk of development of cholangiocarcinoma 
appears to correlate with chroilic inflanlJllation in the biliary tree 
and compensatory cellular proliferation. TI1erefore, a number of 
predisposing disease states carry ru1 increased risk of develop
ment of cholangiocarcinoma. Congenital lesions, such as dlOle
dochal cysts, predispose to the develupmcn t of cl1olangiocarci noma 
from exposure of the biliary epithelium to toxic pancreatic secre
tions .. Cholangiocarcinoma is more prevalent in Soud1east Asia, 
where infection with the Liver Aukes Clonorchis sinensis and 
Opisthorchis vir1errini create chro•lic biliary inflammation, with 
obstructions and strictures. Recurrent pyogenic cholangitis is 
cbaracterized by prin1ary bile duct stone formation wirn infec
tions ru1d carries a risk of cholaJ1giocarcinoma development. 
Finally, PSC with its autoimmw1e muJtifocal strictures of the 
intrahepatic and extrahepatic biliary trees, carries ru1 i11creased 
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_Table 55-2 Staging for Intrahepatic Bile Duct cancer 
Primary TUmor {1!) 

Tx 

TO 

Tis 

T1 

T2a 

T2b 

T4 

Primary tumor cannot be assessed 

No evidence of primary tumor 

Carcinoma in situ (intraductal tumor) 

Solitary tumor without vascular invasion 

Solitary tumor with vascular invasion 

Multiple tumors, with or without vascular 
invasion 

Tumor perforating the visceral 
peritoneum or mvolving local 
extrahepatic structures by direct 
extension 

Tumor with periductal invasion 

Regtonal Lymph Nodes (N) 

Nx 

NO 

N1 

Regional lymph nodes cannot be assessed 

No regional lymph node metastasis 

Regional lymph node metastasis present 

Distant Metastasis (M) 

MO No distant metastasis 

M1 Distant metastasis present 

Analomlc Slage and Propslk Cireelps 

Stage o Tis NO MO 

Stage I T1 NO MO 

Stage II T2 NO MO 

Stage Ill T3 NO MO 

Stage NA T4 NO MO 

AnyT N1 MO 

Stage NB AnyT AnyN M1 

From Edge SB, Byrd DR, Compton CC. et aJ (eds): AJCC cancer staging manual, ed 
7, New York. 2010, Springer, pp 203-204. 

risk of cholangiocarcin oma. Although sporadic cases of cholan
giocarcinoma tend to occur at the bifurcation, patients with PSC 
may have mul tifocal disease n o t amenable to resection. Medica
tions and chemical carcinogens have been associated with the 
development of c:holangiocarcinoma, including Thorotrast, oral 
contraceptives, asbestos, and cigarette smoke. 

Staging and Classification 
The three distiJlCt pathologic subtypes include sclerosing, 
nodular, and papillary cholangiocarcinoma. Sclerosing cholan
giocarcin oma tends to occur in the proximal bile ducts, causing 
periductal fibrosis in a concentric pattern and a circumferential 
duct occlusion. The papillary and nodular subtypes tend 
to occur in distal cholangiocarcinomas and present with intra
luminal growths. In the nodular subtype, a firm mass based in 
the duct wall caJl be seen growing into the duct ltlmcn, 
whereas the more common papillary subtype appears as a pol
ypoid lesion d1ar is soft, with less periductal fibrosis and a better 
prognosis. 

l11e staging of cbolangiocarcinoma relies on the TNM 
staging system, but is slighdy diffe rent based on anatomic 
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Table 55-3 Staging for Perihilar Bile Duct cancer 
Prlmiwy Tlnor (T) 

Tx 

TO 

Tis 

T1 

T2a 

T2b 

T3 

T4 

Primary tumor cannot be assessed 

No evidence of primary tumor 

Carcinoma in situ 

Tumor confined to the bile duct, with 
extension up to the muscular layer or 
fibrous tissue 

Tumor invading beyond the wall of the bile 
duct to surrounding adipose tissue 

Tumor invades the adjacent hepatic 
parenchyma 

Tumor invades unilateral branches of the 
portal vein or hepatic artery 

Tumor invading main portal vein or its 
branches bilaterally; or the common 
hepatic artery; or the second-order biliary 
radicals bilaterally; or unilateral 
second-order biliary radicals with 
contralateral portal vein or hepatic artery 
involvement 

Regtonal Lymph Nodes (N) 

Nx 

NO 

N1 

N2 

Distan1 Metastasis (M) 

MO 

Ml 

Regional lymph nodes cannot be assessed 

No regional lymph node metastasis 

Regional lymph node metastasis {induding 
nodes along the cystic duct, common 
bile duct, hepatic artery, and portal vein) 

Metastasis to periaortic, pericaval, superior 
mesenteric artery, and/or celiac artery 
lymph nodes 

No distant metastasis 

Distant metastasis 

Anat0111k stage aed Prognostic Ciroups 
Stage 0 Tis NO MO 

Stage I T1 NO MO 

Stage II T2a-b NO MO 

Stage lilA T3 NO MO 

Stage 1118 T1-3 N1 MO 

Stage NA T4 NCH MO 

Stage IVB AnyT N2 MO 

AnyT AnyN M1 

From Edge SB, Byrd DR, Compton CC. et al (eds): AJCC cancer staging manual, ed 
7, New York. 2010, Springer, p 221. 

location. The three staging subdivisions in clude intral1epatic (sec 
Table 55-2), extral1epatic (Table 55-3), and distal bile duct 
(Table 55-4).18 Similar to many adenocarcinomas, direct local 
invasio n ru1d local lymph node spread are common and portend 
a worse prognosis. Tumors confined to the bile duct (Tl), and 
those extending outside the bile duct bur no t invading adjacent 
structures such as the hepatic artery or portal vein (T2), carry a 
significantly better prognosis than those invading any nearby 
structure. The two pathologic factors most influencing prognosis 
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Table 55-4 StaBing for Distal Bile Duct cancer 
Prilnary T~nor {T) 

Tx 

TO 

TIS 

Tl 

T2 

T3 

T4 

Primary tumor cannot be assessed 

No evidence of primary tumor 

Carcinoma in situ 

Tumor confined to the bile duct 
histologically 

Tumor invades beyond the wall of the bile 
duct 

Tumor invades the gallbladder, pancreas, 
duodenum, or other adjacent organs 
without involvement of the celiac axis or 
superior mesenteric artery 

Tumor involves the celiac axis or superior 
mesenteric artery 

Regional Lymph Nodes (N) 

NO 

Nl 

IHstant Metastasis (M) 

Ml 

No regional lymph node metastasis 

Regional lymph node metastasis 

No distant metastasis 

Distant metastasis 

Anatomk stage •d Prognostic Groups 

Stage 0 Tis NO 

Stage lA Tl NO 

Stage 18 T2 NO 

Stage IIA T3 NO 

Stage liB T1 Nl 
T2 Nl 
T3 Nl 

Stage Ill T4 AnyN 

Stage IV AnyT AnyN 

MO 

MO 

MO 

MO 

MO 
MO 
MO 

MO 

Ml 

From Edge SB, Byrd DR, Compton CC. et al (eds): AJCC cancer staging manual, ed 
7, New York, 2010, Springer, p 229. 

following resection arc complete (RO) resection to negative 
margins, and absence of lymph node metastases. 

Clinical Presentation 
l11e presentation of cholangiocarcinoma depends on the site of 
origin and manifestations of biliary obstruction at that site. 
Painless jaundice is a common symptom, but patients with 
unjlobar obstruction of a bile duct may proceed with unJateral 
lobar atrophy and subsequent contralateral lobar hypertrophy 
(Fig. 55-55). The resultant hepatic compensation can delay pre
sentation unru the later stages of disease. 'TI1erefore, cholangio
carcinoma causing obstruction at or below the hepatic bifurcation 
tends to prcsen t at earlier stages than intrahepatic cholangiocar
cinoma. With obstruction of the biliary tree, the common maru
festations of direct hyperbilirubincnlia, such as pruritus, dark 
urine, and steaii:Orrhea, can he seen. Cholangiocarcinomas rend 
to extend in a submucosal route, with associated perineural 
invasion, but constant pain on presentation suggests more 
advanced disease. 

FIGURE 55-55 CT scan of cholangiocarcinoma with left lobar atrophy 
caused by obstruction of the left dud. Noted in the atrophied left 
lobe are dilated biliary radicals (arrows). 

Dia~nosis and Assessment of Resectability 
At the time of presentation, most patients will have manifesta
tions of obstructive jaundice witb hyperbilirubinemia and an 
cleva11:ed alkaline phosphatase level. Other markers of hepatic 
function, such a~ prothrombin time and albumin level, are gen
erally unaffected unless they occur later in the disease or the 
biliary obstruction is long-standiJ1g. Tumor markers, including 
carcinoembryonic antigen (CEA) and carbohydrate antigen 
19-9 (CA19-9), are unreliable for diagnosing cholangiocarci
noma, but may be foUowed postoperatively in the surveillance 
of recurrence. 

The radiologic evaluation of jaundice includes a right upper 
quadrant ultrasound, which may show intrahepatic biliary 
ductal dilation but does not usually identify the acntal si te of 
obstruction. Wirl1 hilar cholangiocarcinomas, the gallbladder 
and visuali7..ed extrahepatic biliary tree are usually decompressed, 
whereas distal lesions will have extrahepatic biliary ductal dila
ti.on and gallbladder distention. Cross-sectional imaging by tri
phasic cr allows not only a'\Sessment of metastatic disease, but 
also evaluation of rcscccabiliry. The location of the tumor can be 
identified and its relationship to vascular structures can also be 
assessed. Identification of aberrant anatomy and determination 
of segmental or lobar involvement by cr are helpful for preop
erative planning. 

Typically, CT alone is insufficient for the assessment of 
feasibility and appropriateness of resection. Cholangiography by 
MRCP, ITC, or ERCP helps determine the proximal extent of 
resection. Endoscopic cholangiography carries the additional 
risk of cholangitis by the introduction of enteric bacteria into 
an undrained portion of the biliary tree. Bilobar intral1epatic 
metasta'iCS or any extral1epatic disease are contraiJ1dications to 
resection, as is tbe involvement of bilateral secondary bJjary 
radicals. Because complete (RO) resection is the only strategy 
that :affords the possibility of cure, other contraindications to 
resection include encasement of the main portal vein (Fig. 
55-56), bilateral hepatic lobar artery involvement, and lobar 
atrophy wirl1 involvement of the contralateral portal vein or 
biliary radicals. involvement of unilobar vascular structures is 
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managed with resection of d1e primary and affected lobe in 
continuiry, and therefore is not a contraindication. 

T issue diagnosis prior to resection in operative patients is 
unnecessary. With obstructive jatmdice, bile cytology and brush
ings are tmreliable, and thus a negative cytology report does not 
exclude malignancy. 1l1erefore, invasive aHempts ro establish a 
diagnosis prior to resection carry risk but do not alter subsequent 
management. Establishing a tissue diagnosis is only important 
when the patient is not a surgical candidate. However, preopera
tive biliary drainage may be useful in select cases. fn patients 
with distal cholangiocarcinoma, preoperative biliary drainage 
increases the ratt: of infectious complications of resection, but is 
generally useful for those with preoperative hyperbilirubinemia 
(bilirubin level > 10 mg/dL) and those wid1 a prolonged time 
interval between presentation and resection. For patients with 
hilar cholangiocarcinoma, hepatic resection remains an impor
tant feature of their operative strategy. In the setting of complete 
biliary obstruction, hepatic resection carries an additional risk 
of bleeding, sepsis, and hepatic failure. ln this setting, drainage 
of the obstructed but unaffected segments can enhance the 
postresection hy[pertrophy of the remaining liver,30

·
3

' hut may 
increase perioperative infectious complications.32 

Treatment 
Operative Management With the cliJlical suspicion of cholangio
carcinoma in adequate operative cru1didates without comraindi
cations to resection, exploration should proceed, even in tbe 

FIGURE 55-56 CT scan of Klatskin tumor (arrow) encasing the main 
portal vein, consistent with unresectable disease. 

Bismuth, Nakac:lle, and Diamond 

Type I Type II Type lila Type lllb 
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absence of a confirmed tissue diagnosis. Between 7% and L5% 
of patients undergoing resection for suspected biliary malig
nancy will prove to have benign disease. Alternatively, more than 
50% of patients undergoing exploration will have findings pre
cluding resection, such as peritoneal metastases, hepatic metas
tases, or locaUy advanced lesions. 

Distal CholongloCLII'cinomo Distal cholangiocarcinoma is mru1aged 
by pancreaticoduodenectomy. Because d1ese lesions tend to 
grow in a submucosal plru1e, a fro7..en section of the proximal 
bile duct margin helps ensure ru1 RO resection. An RO resection 
remains one of d1e most importaJH prognostic factors for dus 
disease, with 5-year survival rates of up ro 50% in node-negative 
patients wi th aJl RO resection. 

Proximo/ Cholonglocorcinomo Surgical managemem of proximal 
cholan~giocarcinoma involves resection of regional nodal tissue 
and en bloc resection of the common bile duct with hepatic 
parenchyma as necessary to achieve negative margins. The 
Bismuth-Corlette classification of the tumor by assessment of 
the involvement of biliary radicals helps with operative plaJUling 
(Fig. 55-57).33 Types I ru1d II lesions are treated with common 
duct resection, cholecystectomy, ru1d a 5- to 10-mm margin of 
resection. Type II lesions may also reqttire partial hepatic resec
tion, which commonly includes resection of the caudate lobe. 
Resection of the bile duct and nodal tissue requires skeletoniza
tion of the hepatic artery ru1d portal vein. Reconstruction is 
performed using a Roux limb of jejunum. Types ill and [V 

lesions may involve complex resection ru1d reconstruction of the 
portal vein, hepatic artery, or both. Wim resection to secondary 
biliary radicals, transanastomotic scenting is used liberally to 
allow healing and even confirmation of ru1astomotic integrity. 

A substantial improvement in long-term survival has cor
related with the increasing usc of hepatic resection to achieve 
negative margins. Negative margiJ1 status is the most important 
variable associated with outcome. 31 Five-year survival races as 
high as 59% have been reported in selected series and, with 
vascular resection ru1d reconstruction rechniques, resectabili ty 
rates have also increased.35 increases in the magnitude of d1e 
operation have also correlated widJ an expected increase in surgi
cal mortaliry, &om 2o/o to 4% to 3% to 11 o/o. 

Palliation In patients found to have umescctable or incurable 
diseaSt: preoperatively, all attempts to palliate meir symptoms 
nonoperativcly should be used. The goals of palliation should 
include relief of jaundice, alleviation of pain, md relief of duo
denal obstruction, if necessary. Surgical palliation has nor been 
shown to prolong survival or reduce complication rates, and thus 

Type IV 

FIGURE 55-57 Bismuth-Corlette dassification of ._ _____ ,_ _____ ,_ _____ ,_ _____ ,_ ____ __. tumor involvement. 
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should be reserved for candidates found to be unresectable or 
metastatic at time of operation. Depending on the location of 
the biliary obstruction, endoscopic or percutaneous routes of 
drainage can be used, and placement of a self-expandable metal
Lic wall stent provides a durable solution. When plastic stents 
are used, additional manipulation or placement of subsequent 
stems may be required. For distal cholangiocarcinomas, ERCP 
is the preferred. route of non operative biliary drainage, whereas 
PTC is more useful for proximal lesions. Drainage of atrophic 
lobes with stents does not improve paUiation of disease. Pain can 
be treated with oral narcotics. [V narcotics and even percutane
ous destruction of the celiac plexus have shown some benefit. 
For distal cholangiocarcinomas, in which duodenal obstruction 
may occur, endoscopic duodenal scenting can relieve the obstruc
tion in this pretem1inal condition. 

Medical Treabnent Chemotherapy has not been shown to improve 
survival in patients with cholangiocarcinoma. Additionally, 
radiation therapy has not been proven in a prospective fashion 
to affect survival. Therefore, neither chemotherapy nor radiation 
therapy are used routinely in the adjuvant or neoadjuvant 
setting. Although some retrospective studies have shown a small 
survival advantage wid1 adjuvant radiation. prospective studies 
of adjuvant radiotherapy have shown no benefit in completely 
resected patientrs. Radiation therapy may provide a small survival 
advantage when used as an adjunct to resection when micro
scopic residual disease remains. Most studies have reported a 
clinical response rate of less than l OOA Even in the absence of 
supportive clara, adjuvant chemoradiation is used routinely 
at many centers, but should be limited to patients with 
nodal disease, those with Rl resections, and those undergoing a 
diJucal trial. 

Outcomes 
Long-term survival is l1ighly dependent on stage at presentation 
and whether surgical resection co negative margins is achieved. 
W ith the use of common duct resection with partial hepatec
tomy, negative margin rates have increased ro over 75%. This 
has resulted in 5-year survival rates of 20% to 45% in most 
series. Although morbidity rates of 35% to 50% are common, 
mortality rates are generally low (<10%). In d1e setting of distal 
bile duct cancers, resection rates are generally higher, with 
approximately :similar 5-year survival among patients undergo
ing RO resections. Al ternatively, because there is no reliable 
therapeutic alternative, the median survival of unresecred 
patients ranges from 5 to 8 months. 

Because negative margin stams is easier to obtaiJ1 by 
explanting the liver, some have advocated total hepatectomy 
with liver transplantation for treatment.36 Unfortunately, initial 
experience with therapeutic transplantation was plagued by early 
mortality and high recurrence rates. Even the most aggressive 
and radical resections wi th multivisceral transplantation have 
not shown a survival advantage. 'TI1erefore, without a specific 
clliucal trial, cholangiocarcinoma is considered a contraindica
tion to transplantation. However, some centers have attempted 
neoadjuvant chemoradiation followed by exploration for the 
evaluation of resectability and metastases, and finally transplan
tation, with improved survival over resecrion alone.37 At present, 
the role of transplantation in the management of cholangiocar
cinoma is at best controversial, and should be Bmited to research 
protocols. 

METASTATIC AND OTHER TUMORS 
Any primary or secondary tumor affecting the l.iver can cause 
biliary obstruction. The most common exan1ples include portal 
nodal disease from adenocarcinomas such as hepatocellular car
cinoma, pancreatic adenocarcinoma, and colorectal carcinoma. 
l11e metastatic nodes can compress the common bile duct at any 
point along its length. Lymphoma may affect the portal lympb 
node chai11 and, when isolated to periportal nodes, is notoriously 
difficult to differentiate &om cholangiocarcinoma. Placement of 
temporary pla~tic stents to relieve the obstruction is usually the 
only therapeutic biliary iJ1tervcntion required, because these 
lymphomas will generally respond to chemotherapy and the 
obstruction wiU usually resolve. 

Primary lesions of the Liver or metastatic disease may 
obstruct the biliary t ree from direct compression or extension, 
as seen in hepatocellular carcinoma, but this phenomenon does 
not create an intraluminal biliary growth. Rarely, rumor cells 
may actually pass into the biliary tree and embolize distally. As 
the exfoliated cellular mass grows, it may present wid1 iJ1tralu
minal biliary obstruction. lntral1epatic biliary cystadenomas or 
cystadenocarcinoma may obstruct the hile duct direcrly or by 
passage of the mucin that they produce. 
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CHAPTER 56 

EXOCRINE PANCREAS 
Eruc H. j ENSEN, DANIEL. BoRJA-CACHO, 
WADDAH B. AL-R.EFAlE, AND SELWYN M. VICKERS 

ANATOMY 

EMBRYOLOGY 

PHYSIOLOGY 

ACUTE PANCREATITIS 

CHRONIC PANCREATITIS 

CYSTIC NEOPLASMS OF THE PANCREAS 

ADENOCARCINOMA OF THE EXOCRINE PANCREAS 

PANCREATIC TRAUMA 

ANATOMY 
The average pancreas weighs between 75 and 125 g and mea
sures 10 to 20 em. It lles in the retroperitonewn just anterior to 
the first lumbar vertebrae and is anatomically divided into four 
portions, the head, neck, body and tail. 1he head lies to the right 
of midline withim the C loop of the duodenum, immediately 
anterior to the vena cava at the confluence of the renal veins. 
1he uncinate process exte11ds from the head of the pancreas 
behind the superior mesenteric vein (SMV) and terminates adja
cent to the superior mesenteric artery (SMA). 1l1e neck is the 
short segment of pancreas that immediately overlies the SMV. 
1l1e body and tail of the pancreas then extend across the midline, 
anterior to Gerota's fascia and slightly cephalad, terminating 
within the splenic hilum (Fig. 56-1). 

Arterial Blood Supply 
1he pancreas is suppued by a complex arterial network arisi.ng 
from the celiac trunk and SMA. The head and uncinate process 
are supplied by the pancreaticoduodenal arteries (anterior and 
posterior), which arise from cl1e hepatic artery via the gastro
duodenal artery (GDA) superiorly and me SMA inferiorly. 1l1e 
neck, body, and tail receive arterial supply from the splenic arte
rial system. Several small branches originate from the length of 
the splenic artery, supplying arterial blood Bow to d1e superior 
portion of cl1e organ. The dorsal pancreatic artery arises from 
cl1e splenic artery and courses posterior to the body of tl1e gland 
to become the inferior pancreatic artery. The inferior pancreatic 
artery then runs along the inferior border of the pancreas, 
terminating at its tail. 

Venous Drainage 
The venous drainage murucs the arterial supply, with blood 
Aow from the head of the pancreas draining into the anterior 
and posterior pancreaticoduodenal veins. The posterior superior 

pancreaticoduodenal vein enters the SMV laterally at me supe
rior border of the neck of the pancreas. 1l1e anterosuperior 
pancreaticoduodenal vein enters cl1e right gastroepiploic vein 
just prior to its confluence with cl1e SMV at the inferior border 
of me pancreas. The anterior and posteroinferior pancreatico
duodenal veins en.ter the SMV along the inferior border of me 
uncinate process. 1l1e remaining body and tail are drained via 
the splenic venous system. 

EMBRYOLOGY 
The exocrine pancreas begins development during the fourd1 
week of gestation. Pluripotent pancreatic epithelial stem cells 
give rise to exocrine and e11docrine ceU lines, as weU as the 
intricate pancreatic ductal network. Initially, dorsal and ventral 
buds appear from cl1e primitive duodenal endoderm (Fig. 
56-2A). The dorsal bud typically appears first and ultimately 
develops iJ1to the superior head, neck, body, and taU of cl1e 
mature pancreas. The ventral bud develops as part of d1e hepatic 
diverti<:ulum and maintains communication with the biliary tree 
throughout development. 1l1c ventral bud will become the infe
rior part of me bead and uncinate process of me gland. Between 
the fourth and eighth week, the VCJltral bud rotates posteriorly 
iJ1 a clockwise fashion to fuse with the dorsal bud (see Fig. 
56-2B). At approximately 8 weeks' gestation, cl1e dorsal and 
ventral buds are fused (see Fig. 56-2C). 

The initiation of pancreas bud formation and differentia
tion of the ventral bud from cl1e hepatic-biliary fates is depen
dem on the expression of pancreatic duodenal homeobox 1 
(PDXI) protein and pancreas-specific transcription factor 1 
(PTFl). In d1e absence ofPDXJ expression in mice, pancreatic 
agenesis occurs, indicating its importance in the early phases of 
organogenesis. PTFI expression is first detectable shortly after 
PDXI in cells of me early endoderm, which will become cl1e 
dorsal and ventral pancreas. By llneage analysis, 95% of acinar 
cells express PTFl. ln PTFl null mice, acini do not form. The 
notch signaling pamway is also critical ro duct and acinar dif. 
ferentiation. In me absence of notch signaling, en1bryonic cells 
conmlit to endocrine llneagc, suggesting that notch signaling is 
vital to exocrine differentiation. L1 addition to PDXl, PTFl, 
and notch signaling, complex interactions between mesenchy
mal growth factors such as transforming growcl1 factor-~ (TGF
~) and other signallng pathways, including hedgehog and Wnt, 
seem to play critical roles in pancreas developmem.1 The precise 
interactions that lead to normal organogenesis continue to be 
defined. Table 56-1 summarizes the factors and pathways that 
affect pancreas development. 
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Table 56-1 Molecular Factors and Pathways Asso(iated With 
Pantreati( Organogenesis 
MUTATION RELEVANCE 
PDXI 

PTFI 

Notch signaling pathway 

Hedgehog signaling pathway 

Wnt signaling pathway 

Oitical role in exocrine 
differentiation; knockout mice 
develop primitive pancreatic buds, 
but agenesis of the organ. 

Coexpression with PDXT determines 
progenitor cells to pancreatic fate. 

Suppresses endocrine differentiation. 
promoting exocrine development. 

Inhibition of hedgehog in PDXT
positive cells leads to initiation of 
endoderm differentiation into 
pancreas lineage. 

Complex Wnt signaling is important 
in all aspects of pancreas 
development; lack of Wnt signaling 
results in absence of acinar tissue. 

FIGURE 56-3 MRCP showing pancreas divisum, with the dorsal pan
creatic duct draining through the minor papilla and the ventral pan
creatic duct joining the biliary tree draining through the major papilla. 

Pancreas Divisum 
During normal organogenesis, the dnrsal and ventral buds most 
commonly fuse to form a common duct, which enters the duo
denum along with the common bile duct via the an1pulla of 
Yater. Failure of the dorsal and ventral ducts to fuse during 
embryogenesis leads to pancreas divisum, a condition .identified 
by a ventral pancreatic duct and common bile duct, which enter 
the duodenum via a major papilla, whereas a dorsal pancreatic 
ducr enrers through a minor papilla, whid1 is slighdy proximal 
(Fig. 56-3). Because most pancreatic exocrine secretions exit via 
the dorsal duct, pancreas divisum can lead to a condition of 
partial obstruction caused by a small minor papilla, leading to 
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chronic backpressure in the duct. Tlus relative outflow obstruc
tion has been implicated in the development of relapsing acute 
or chronic pancreatitis. Although lOo/o of d1e population is 
affected by pancreas divisum, only rarely do affected individuals 
develop pancreatitis. 

Annular Pancreas 
Annular pancreas results from aberrant migration of the 
ventral pancreas bud, which leads to circumferential or near
drcwnfcrential pancreas tissue surrounding the second portion 
of the duodenum. Tlus abnormality may be associated with 
ocher congenital defects, including Down syndrome, malrota
tion, intestinal atresia, and cardiac malformations. If symptoms 
of obstruction occur, surgical bypass via duodenojejLmostomy is 
performed. 

Ectopic Pancreas 
Ectopic pancreas may arise anywhere along d1e primitive foregut, 
but is most common in the stomad1, duodenum, and Meckel's 
diverticulum. Clinically, ectopic nodules may result in bowel 
obstruction caused by intussusception, bleeding, or ulceration. 
1l1ey can sometimes be found incidentaUy as firm yellow nodules 
that arise from d1e submucosa. AJ.though there have been rare 
case reports of adenocarcinoma arising in ectopic pancreas 
tissue, resection is not necessary unless symptoms occLLr. 

PHYSIOLOGY 
Tl)e human pancreas is a complex gland, with endocrine and 
exocrine functions. It is mainly composed of acinar cells (85% 
of the gland) and islets cells {2%) embedded in a complex extra
cellular matrix, whid1 comprises lOo/o of d1e gland. The remain
ing 3% to 4% of the glan.d is comprised of the epithelial duct 
system. and blood vessels. 

Major Components of Pancreatic Juice 
11le main function of the exocrine pancreas is ro provide the vast 
majority of the enzymes needed for alimentary digestion. Acinar 
cells synthesize many enzymes (proteases) that digest food pro
teins such as trypsin, d1ymotrypsin, carboxypeptidase, and elas
tase. Under physiologic conditions, acinar cells synthesize these 
proteases as inactive proenzymes that are stored as intracelJular 
zymogen granules. With stimulation of the pancreas, d1ese pro
enzymes are secreted into the pancreatic duct and evenwaUy the 
duodenal lumen. The duodenal mucosa synthesizes and secrete.s 
enterokinase, which is the critical enzyme in the enzymatic 
activation of trypsin from trypsinogen? Trypsin also plays an 
important role in protein digestion by propagating pancreatic 
enzyme activation through autoactivation of trypsinogen and 
other proenzymes, such as d1ymotrypsinogen, procarboxypepti
dase, and proelastase. Figure 56-4 summarize.s the med1anisms 
of pancreatic exocrine secretion. 

In addition to protease production, acinar cells also produce 
pancreatic amylase and lipase, also known as glycerol ester h;,dro
lttse, as active enzymes. Wid1 d)e exception of cellulose, pan
creatic amylase hydrolyJ.es major polysaccharides into small 
oligosacd1arides, which can be further digested by the digosac
charidao;es present in the duodenal and jejunal epid1elium. Pan
creatic lipase hydrolyzes ingested fats imo free farry acids and 
2-monoglycerides. In addition to pancreatic lipase, acinar cells 
produce od1er enzymes d1at digest fat, but they are secreted 
as proenzymes, like the proteases previously mentioned. These 
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Colipase 
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include colipasc, cholesterol ester hydrolase, and phospholipase 
A2. 1l1e main function of colipase is to increase the activity of 
pancreatic lipase. Cholesterol esters are cleaved by cholesterol 
ester hydrolase into free cholesterol and one fatty acid, phospho
lipase A2 hydrolyzes phospholipids, and pancreatic acinar cells 
also secrete deoxyribonuclease and ribonuclease. lllese are 
enzymes required for the hydrolysis of DNA and RNA, 
respectively. 

Pancreatic enzymes are .inactive inside acinar cells because 
they are synthesized and stored as inactive enzymes. [n addition 
to this autoprotrective mechanism, acinar cells synthesi7.e pancre
atic secrcrory uypsin inhibiror, which also protects acinar cells 
from autodigestion because it counteracts premature activation 
of trypsinogen Inside acinar cells. Pancreatic secretory trypsin 
inhibitor is encoded by serine protease inhibitor Ka7~ type 
1 (SPINK-I} gene. SPINK-/ gene mutations arc associated 
with the development of cluonic pancreatitis, especially In 
cl1ildhood. 

The primary function of pancreatic duct cells is co provide 
the water and electrolytes required to dilute and deliver the 
enzymes synthesized by acinar cells. Although the concentra
tions of sodium and potassium are sinlilar to their respective 
concentration in plasma, the concentrations of bicarbonate and 
chloride vary significantly, according to the secretion phase. 

TI1e mechanism responsible of the secretion of bicarbonate 
was first described in 1988 based on in vitro studies. According 
to this model, extracellular C02 diffuses acros.~ the basolateral 
membrane of ductal cells. Once C02 is inside pancreatic duct 
cells, it is hydrated by Intracellular carbonic anhydrase; 
as a result of this reaction, HC03- and H+ are generated. The 

FIGURE 56-4 Physiology of the secretion of pancreatic 
enzymes. The presence of peptides and fatty acids from 
food triggers the release of CCK. CCK induces the release 
of pancreatic enzymes into the duodenal lumen. Con
versely, S cells located in the duodenum release secretin 
in response to the acidification of the duodenum. Secre
tin induces the secretion of HCO$- from pancreatic cells 
into the duodenum. 

apical membrane of pancreatic duct cells contains an anion 
exd1anger that secretes intracellular HC03- into me lumen of 
the cell and favors the exchange ofluminal Cl inside the ductal 
epithelium. Recent studies have shown that this exchanger inter
acts with the cystic fibrosis transmembrane conductance regula
tor (CFTR). 11Jis may correlate with the inability of patients with 
cystic fibrosis to secrete water and bicarbonate. Although the 
nature of this excl1anger has not been completely elucidated, it 
is possible that t.his anion exchanger is an SLC26 family member. 
Ths family contains different anion exchangers that transport 
monovalent and divalent anions, such as cr and HC03 . Some 
of these exchangers are known to interact with CFTR. 

L1 addition to HC03- . C01 hydration also generates H ,. 
ions, which are secreted by Na+ and H ' excl1angers present in 
the basolateral membrane of ductal cells. These exchangers 
belong to the SLC9 gene family. 1l1e mail1 function of these 
exchangers is to maintain the intracellular pH within a physi
ologic range. In addition, the basolateral membrane of duct cells 
contains multiple Na·t,K•-ATPases that provide tl1e primary 
force that drives HC03- secretion: the Na+,K4 -ATPase maintains 
the Na+ gradient used to extrude H+ as well. Finally, K4 channels 
present in the basolateral membrane of acinar cells maintain tl1e 
membrane potential to allow recirculation of K• ions brought 
by the Na+,K+ pump inside the cell. Figure 56-5 illustrates 
HC03- secretion inside pancreatic duct cells. 

Once the HC03- secreted by pancreatic duct cells reaches 
tl1e d uodenallumen, it neutralizes the hydrochloric acid secreted 
by parietal cells. Pancreatic enzymes arc inactivated at a low pH; 
tl1ere.fore, pancreatic bicarbonate provides an optimal pH for 
acinar cell enzyme function. 1l1e optimal pH for the function 
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FIGURE 56-5 Cellular mechanism proposed for HC01- secretion by 
pancreatic duct epithelium. (From Steward MC, lshiguro H, Case RM: 
Mechanisms of bicarbonate secretion in the pancreatic duct. Annu 
Rev Physiol 67:3n-409, 2005.) 

of chymotrypsin and trypsin is from 8.0 to 9.0, for amylase the 
optimal pH is 7.0, and for lipase it i$ from 7.0 ro 9.0. 

Phases and Regulation of Panc:reatic: Sec:retion 
Pancreatic exocrine secretion occurs during the ioterdigestive 
state and after the ingestion of food, which is also known as the 
digestit;e strrte. The same phases of secretion that have been 
identified in the stomach during the digestive state have been 
also described in pancreatic secretion. 1he first phase is the 
cephallc phase, in which d1e pancreas is stimulated hy the vagus 
nerve in response to the sight, smell, or taste of food. This phase 
is generally mediated by the release of acetylcholine at the ter
minal endings of postganglionic fibers. 1l1e main effect of ace
tylcholine is to induce acinar cell secretion of enzymes. This 
phase accounts for 20% to 25% of me daily secretion of pan
creatic juice. 

The second phase of pancreatic secretion is known a~ the 
gastric phnse. It is mediated by vagovagal reflexes triggered by 
gastric distention after the ingestion of food. These reflexes 
induce acinar cell secretion. It accounts for 10% of the pancre
atic juice produced daily. 

The most in1porrant phase of pancreatic secretion is d1e 
iMestinal phase, which accounts for 65% to 70% of the total 
secretion of pancreatic juice. It is mediated by secretin and 
cholecystokinin (CCI<). Acidification of the duodenal lumen 
induces me release of secretin by S cells. Secretin was the first 
polypeptide hormone identified more than 100 years ago. It is 
the most important mediator of the secretion of water, bicarbon
ate, and other electrolytes into tbe duodenum. Secretin receptors 
are located in me basolateral membrane of alJ pancreatic duct 
cells but cannot be identified in other pancreatic components, 
such as islet cells, hlood vessels, or extracellular matrix. Secretin 
receptors are members of d1e G protdn- coupled receptor super
family. The most i.mporram effect of secretin stimulation is an 
increase of innacellular cyclic adenosine monophosphate 
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(cAMP), wb.icl1 activates d1e HC03--Ct· anion exchanger in the 
apical membrane of pancreatic duct cells. It also increases the 
activity of rl1e enzyme carbonic anhydrase, the excretion of H• 
outside the duct cell, and cl1e activity of the CFTR. 

The presence of lipid, protein, and carbohydrates inside tbe 
duodenum induces d1e secretion of CCK-releasing facror and 
monitor peptide. Both peptides induce release ofCCK by I cells 
present in the duodenal mucosa. Whereas secretin is rhe main 
mediator of the secretion of water and bicarbonate in the intes
tinal pha~, CCK is the main mediator of the secretion of 
pancreatic enzymes. CCK exerts a number of effects: 

1. It travels duough the bloodstream and induces d1e 
release of pancreatic enzymes by acinar cells. 

2. It induces local duodenal vagovagal reflexes that cause 
the release of acetylcholine, vasoactive intestinal 
peptide, and gastrin-releasing peptide, which pro
mores the release of pruKreatic enzymes. 

3. CCK induces rl1e relaxation of d1e sphincter ofOddi. 
Also, it sbould be noted mat CCK potentiates the 
effects of secretin, ru1d vice versa. 

ACUTE PANCREATITIS 
1he incidence of acute pancreatitis (AP) has increased during 
the past 20 years. AP is responsible for more rhru1 300,000 
hospital admissions rumually in the United States. Most patients 
develop a mild and self-limited course; however, 1 Oo/o to 20o/o 
of patients have a rapidly progressive inAammatory response 
associated widl prolonged lengd1 of hospital stay ru1d significant 
morbidity and morrallty. Patients wim mild pancreatitis have a 
monallty rate of less man 1% but, in severe pancreatitis, dlis 
increases up to l Oo/o to 30o/o.3 11le most common cause of death 
in this group of patients is multiorgan dysfunction syndrome. 
Mortality in pru1creatitis bas a bimodal distribution; in me first 
2 weeks, also known as the earl]' phnse, the multiorgan dysfwK
ti.on syndrome is the final result of an intense inflammatory 
cascade triggered initially by pru1crearic inflammation. Mortallty 
after 2 weeks, also known as the lnJ:e period, is often caused by 
septic complications.4 

Pathophysiology 
1l1e exact mechanism whereby predisposing factors such as 
ethanol and gallstones produce pru1creatitis is not completely 
known. Most researchers believe that AP is the final result of 
abnom1al pancreatic enzyme activati.on inside acinar cells. 
lmn1lmolocallzation studies have shown that after 15 minutes 
of pancreatic injury, both zymoge11 grru1Ules and lysosomes colo
calize iJ1Side d1e acinar cells. 1l1e fact that zymogen and lysosome 
colocallzation occurs before an1ylase level elevation, pancreatic 
edema, ru1d orl1er markers of pancreatitis are evident 5uggests 
that colocalization is an early step in the pathophysiology and 
not a consequence of pru1ereatitis. In addition, the inflammatory 
response seen in AP can be prevented if acinar cells are pretreated 
wiili cathepsin B inhibitors. L1 vivo studies bave also shown mat 
cathepsin B knockout mice have a significant decrease in the 
severity of pru1creatitis.' 

L1tra-acinar pancreatic enzyme activation induces autodi
gestion of normal pancreatic parenchyma. In response to tllis 
initial insult, acinar cel l~ release proinBammatory cytokines, 
such as tumor necrosis factor-a. (TNF-a.), interlettkiJ1S (IL)-1, 
-2, and -6, ru1d ru1ti-inflan1n1atory mediators such as IL-l 0 
and IL- l receptor antagonise 1l1ese mediators do not initiate 

)> 
o:> 
0 
0 
s: 
m z 

http://www.myuptodate.com


1520 SECTION X ABDOMEN 

pancreatic injury but propagate the response locally and systemi
cally. As a result, TNF-a, IL-l, and IL-7, neutroph.i ls, and 
macrophages are recruited into the pancreatic parenchyma and 
cause the release of more TNF- a, IL-l, IL-6, reactive oxygen 
metabolites, prostaglandins, platelet-activating factor, and leu
korrienes. 1l1e local inAammamry response further aggravates 
the pancreatitis because it increases the permeability and damages 
the microcirculation of the pancreas. In severe cases, the inAam
marory response causes local hemorrhage and pancreatic necro
sis. fn addition, some of the inAammatory mediators released by 
neutrophils aggravate the pancreatic injury because they cause 
pancreatic enzyme activation.5 

The inflammatory cascade is self-limjred in approximately 
80% to 90% of patients. However, in the remruning patients, 
a vicious cycle of recurring pancreatic injury and local and 
systemic inflammatory reaction persists. In a small number of 
patients, there is a massive release of inflammatory mediators to 
the systemic circulation. Active neutrophils mediate acute lung 
injury and induce the adult distress respiratory syndrome fre
quently seen in patients with severe pancreatitis. The mortality 
seen in the early phase of pancreatit is is the result of thls persis
tent inflammatory response. A summary of the inflammatory 
cascade seen in AP is shown in Figure 56-6. 

Gallstones 

Ethanol ERCP 

Idiopathic 

Autoimmune 
pancreatitis 

Pancreatic injury 

t 
TN F-a. and IL-1 

Inflammatory cascade 

Drugs 

Anatomic 
obstruction 

(IL-2, IL-6, IL-8, IL-10, bradykinin, PAF) 

Systemic inflammatory response syndrome 

' Multi-organ dysfunction syndrome 

i 
Death 

FIGURE 56-6 Pathophysiology of severe acute pancreatitis. The local 
injury induces the release of TN F-a. and IL-l. Both cytokines produce 
further pancreatiic injury and amplify the inflammatory response by 
inducing the release of other inflammatory mediators, which cause 
distant organ injury. This abnormal inflammatory response is 
responsible for the mortality seen during the early phase of acute 
pancreatitis. 

Risk Factors 
Gal.lstones and ethanol abuse account for 70% to 80% of AP 
cases. ln pediatric patients, abdoncinal blu11t trauma and sys
temic ruseases are the two most common conrutions that lead 
to pancreatitis. Autoimn1w1e and drug-induced pancreatitis 
should be a differenrial diagnosis in pariems with rheumarologic 
conditions such as systemic lupus erythematosus and Sjogren's 
syndrome. 

Biliary or Gallstone Pancreatitis 
Gallstone pancreatitis is the most common cause of AP in the 
West. lt accowltS for 40% of U.S. cases. The overall incidence 
of AP in patients with sympcomacic gaiJscone disease is 3% co 
8%. lt is seen more frequently iJl women between 50 and 70 
years of age. 1l1e exact mechanism that triggers pancreatic injury 
has not been completely understood, but two theories have been 
proposed.6 In the obstructive theory, pancreatic injury is tl1e 
result of excessive pressure inside the pancreatic duct. This 
increased intraductal pressure is tl1e result of continuous secre
tiOJJ of pancreatic juice in the presence of pancreatic ducr 
obstruction. 1he second, or reflux, theory proposes that stones 
become impacted in the an1pulla ofVater and form a common 
channel that allows bile salt reflux into the pancreas. AnjmaJ 
models have shown that bile salts cause direct acinar cell necrosis 
because they increase the concentration of calcium in the cyto
pla~m; however, tl:tis has never been proven in humans.2 

Alcohol-Induced Injury 
Excessive ethanol consumption is me second most common 
cause of AP worldwide. It accoums for 35% of ca~es and is more 
prevalent in young men (30 to 45 years of age) than in women. 
However, only 5% to 10% of patients wlw drink alcohol develop 
AP. Factors that contribute to ethanol-induces pancreatitis 
include heavy ethanol abuse (> 100 g/day for at least 5 years), 
smoking, and genetic predjsposition. As compared with non
smokers, the relative risk of alcohol-induced pancreatitis in 
smokers is 4.9.7 

Alcohol has a number of deleterious effects in the pancreas. 
It triggers proinflammatory patl1ways such as nuclear factor KB 
(NF-KB), which increase the production ofTNF-a and IJ.....l. It 
also increases the expression and activity of caspases. Caspases 
are proteases that mediate apoptosis. ln adrution, alcohol 
decreases pancreatic perfusion, induces sphincter of Oddi spasm, 
and obstructs pancreatic ducts through me precipitation of 
proteins inside the ducts.8 

Anatomic Obst.ruction 
Abnormal flow of pancreatic juice into the duodenum can resulr 
in pancreatic injury. AP has been described in patients with 
pancreatic rumors, parasites, and congerutal defects. 

Pancreas djvisum is an anatomic variation present in 10% 
of the population. Its association with AP is controversiaL 
Patients with this variation have a 5% to 10% lifetime risk of 
developing AP caused by relative outflow obstruction tl1rougb 
the mb1or papilla. Endoscopic retrograde cholangiopancreatog
raph)' (ERCP) witb minor papilJotomy and stenti.ng may be 
beneficial for such patients. 

JJlfrequent anatomic obstructions tl1at have heen associated 
with AP include Ascaris lumbricoi.des infection and annular pan
creas. Although pancreatic cancer is not w1common, patients 
with pancreatic cancer usually do not develop AP. 
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Endoscopic Retrograde Cholangiopancreatography
lnduced Pancreatitis 
AP is the most common complication after ERCP, occurring in 
up to 5% of patients. AP occurs more frequently in patients who 
have undergone therapeutic procedures as compared wid1 diag
nostic procedures. It is also more common in patiems who have 
had multiple attempts of cannulation, sphincter of Oddi dys
fu nction, and abnormal visualization of the secondary pancre
atic ducts after contrast injection. 'The clinical course is mild in 
90% to 95% of patients.8 

Drug-Induced Pancreatitis 
Up co 2% of AP cases are caused by medications. The most 
common agents include sulfonamides, metronidazole, erythro
mycin, tetracyclines, didanosine, thiazides, furosemide, 3-
hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase 
inhibitors (statins), a7..atruoprme, 6-mercaptopurine, 
5-aminosalicylic acid, sulfasalazine, valproic acid, and acetamin
ophen. More recently, antiretroviral agents used for the treat
ment of AIDS have been implicated in AP. 

Metabolic Factors 
Hypertriglyceridemia and hypercalcemia can also lead to pan
creatic dan1age. Direct pancreatic injury can be induced by tri
glyceride metabolites. It is more common in patients with type 
I, II, or V hyperlipidemia. It should be suspected in patients 
wiili a triglyceride level higher th:u1 I 000 mg/dl. A triglyceride 
level higher than 2000 mg/ dL confirms the diagnosis. Hypertri
glyceridemia secondary to hypothyroidism, diabetes mellitus, 
:u1d alcohol does not typically induce AP. 

Hypercalcemia is postulated to i11duce pancreatic injury 
through the activation of trypsinogen to trypsin and intraductal 
precipitation of calcitun, leading to ductal obstruction and sub
sequent attacks of p:uKreatitis. Approximately 1.5% to .13% of 
patient.~ with primary hyperparathyroidism develop AP.8 

Miscellaneous Conditions 
Blwn and penetrating abdominal trauma can be associated with 
AP i11 0.2% :u1d 1 o/o of cases, respectively. Prolonged intraopera
tive hypotensio11 and excessive pancreatic m:ulipulation during 
abdommal surgery can also result in AP. Pancreatic ischemia m 
association with acute pancreatic inflan1mation CaJl develop after 
splenic artery embolization. Other rare causes include scorpion 
venom stings :u1d perforated duodenal ulcers. 

Clinical Manifestations 
1l1e cardinal symptom of AP is epigastric and/or periumbilical 
pain that radiates to the back. Up to 90% of patients have nausea 
and/or vomiting that typically does not relieve the pain. 1he 
nature of the pain is const:u1t; ilierefore, if the pain disappears 
or decreases, another diagnosis should be considered. 

Dehydration, poor skin turgor, tachycardia, hypotension, 
and dry mucous membr:u1es are commonly seen in patients with 
AP. Severely dehydrated and older patients may also develop 
mental status changes. 

'TI1e physical exami11ation of the abdomen varies according 
to the severity of the disea~e. W ith mild p:u1creatitis, the phys.ical 
examination of d1e abdomen may be normal or reveal only mild 
epigastric tenderness. Significant abdominal distention, associ
ated with generalized rebou.nd and abdominal rigidity, is present 
iJ1 severe p:u1creatitis. Note the nature of the pain described by 
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the patient may not correlate with the physical exantination or 
the degree of pancreatic inflammation. 

Rare findings include flank and periumbilical eccl1ymosis 
(Grey Turner and Cullen's signs, respectively). Both are indica
tive of retroperitoneal bleeding associated with severe p:u1creati
tis. Pariems with concomitam choledocholithiasis or significant 
edema in the head of the pancreas that compresses the intra
pancreatic portion of the common bile ducr can present with 
jaundice. Dulli1ess to percussion and decreased breathing sounds 
in the left or, less commonly, in the right hencithorax suggest 
pleural effusion secondary to AP. 

Diagnosis 
1l1e cornerstone of the diagnosis of AP are ilie clinical findings 
plus aJ1 elevation of p:u1creatic enzyme levels in the plasma. A 
threefold or Jtigher elevation of aJUylase and lipase levels con
firms the diagnosis. Amylase's serum half-life is shorter as com
pared with lipase. Jn patients who do not present to the 
emergency department witllin the first 24 or 48 hours after the 
onset of symptoms, determination of lipase levels is a more 
sensitive indicator to establish the diagnosis. Lipase is also a 
more specific marker of AP because serum an1ylase levels 
can be elevated in a number of conditions. such as such as 
peptic ulcer disease, mesenteric ischemia, salpingitis, and 
macroan1yla~emia. 

Patients with AP are typically hyperglycenlic; they c:u1 also 
have leukocytosis and abnormal elevation of liver enzyme levels. 
'TI1e elevation of alanine anililotr:uJsferase levels iJ1 the serum in 
d1e context of AP confirmed by high pancreatic enzyme levels 
has a positive predictive value of 95% in the diagnosis of acute 
biliary pancreatitis.6 

Imaging Studies 
Although simple abdominal radiographs are not useful to diag
nose pancreatitis, they CaJl help rule out other conditions, such 
as perforated ulcer disease. Nonspecific findings in patients with 
AP include air-fluid levels suggestive of ileus, cutoff colon sign 
as a result of colonic spasm at the splenic flexure, and widening 
of the duodenal C loop caused by severe pancreatic head eden1a. 

TI1e usefulness of ultrasound to diagnose pancreatitis is 
linuted by intra-abdomi11al fat :u1d increased intestinal gas as a 
result of the ileus. Nevertheless, this test should always be 
ordered iJ1 patients with AP because of its high sensitivity (95%) 
in diagnosing gallstones. Combmed elevation of liver transami
nase and pancreatic enzyme levels, and the presence of gallstones 
on ultrasound, have an even higher sensitiv.ity (97%) and speci
ficity (1 00%) for diagnosi11g acute biliary pancreatitis. 

Contrast-enhanced computed tomography (CI) is cur
rently the best modality to evaluate the p:u1creas, especially if 
the study is performed using a multidetector CT scaru1er. The 
most valuable contrast phase to evaluate the pancreatic paren
chyma is the portal venous phase (65 to 70 seconds after contrast 
i11jection), wlucl1 allows evaluation of the viability of the pan
creatic parencl1yma an10unt of perip:u1creatic inflammation :u1d 
presence of intra-abdonunal free air or fluid collections. Non
contrast CT scarmjng may also be of value in the setting of renal 
fai lure by identifying Auid collections and/or extralununal air.9 

AbdomiJ1al magnetic reson:u1ce imaging (MRI) is also 
useful to evaluate the extent of necrosis, inflanm1ation, and pres
ence of free Auid. However, its cost :u1d availability, and the fact 
that patients requiriJ1g imagiJ1g are critically ill and need to be 
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in imensive care units, limit its applicability in the acute phase. 
Although magnetic resonance cholangiopancreatography 
(MRCP) is not indicated in the acute setting of AP, it has an 
important role in the evaluation of patients with unexplained or 
recurrent pancreatitis because it allows complete visualizati011 of 
the biliary and pancreatic duct anatomy. ln addition, N admin
istration of secretin increases pancreatic duct secretion, which 
causes a transient distention of the pancreatic duct. For exan1ple, 
secretin MRCP is useful in patients with AP and no evidence of 
a predisposing condition to rule out pancreas divisum, intra
ductal papillary mucinous neoplasm (IPMN), or the presence 
of a small tumor in the pancreatic duct.9 

In the seaing of gallstone pancreatitis, endoscopic ultra
sound (EUS) may play an important role in the evaluation of 
persistent choledocholithiasis. Several studies have shown that 
routine ERCP for suspected gallstone pancreatitis reveals no 
evidence of persistent obstruction in most cases and may actually 
worsen symptoms because of manipulation of the gland. EUS 
has been provem to be sensitive for identifying choledocholithia
sis; it allows for examination of the biliary tree and pancreas with 
no risk of worsening the pancreatitis. In patients in whom per
sistent choledocholithiasis is con£rmed by EUS, ERCP can be 
used selectively as a therapeutic measure. 

Assessment of Severity of Disease 
11Je earliest scoring system designed co evaluate the severi ty of 
AP was introduced by Ranson and co.lleagues iJl I 97 4. 10 It pre
dicts the severity of the disease based on 11 parameters obtained 
at the tin1e of admission and/or 48 hours later. The mortality 
rate of AP directly correlates with the number of paran1eters that 
are positive. Severe pancreatitis is diagnosed if three or more of 
the Ranson cri1teria arc fulfilled. The main disadvantage is that 
it does not predict the severity of disease at the rime of the 
admission because six parameters are only assessed after 48 hours 
of admission . Ranson's score bas a low positive predictive value 
(50%) and high negative predictive value (90%). Therefore, it 
is mainly used to rule out severe pancreatitis or predict the risk 
of mortality.11 The original scoring sympcom designed to predict 
the severity of ttbe disease and its modification for acute biliary 
pancreatitis are shown in Boxes 56-I and 56-2. 

AP severity can also be addressed using tile Acute Physiol
ogy and Chronk Health Evaluation (APACHE II) score. Based 
on the patient's age, previous health staws, and 12 routine physi
ologic measure,ments, APACHE [J provides a general measure 
of the severity of disease. An APACHE II score of 8 or higher 
defines severe pancreatitis. ll1e main advantage is that it can be 
used on admission a11d repeated at any tin1e. H owever, it is 
complex, not specific for AP, and based on the patient's age, 
whid1 easily upgrades the AP severity score. APACHE II has a 
positive predictive value of 43% and a negative predictive value 
of89%}' 

Using imaging characteristics, Balthazar and associates" 
have established the CT severity index. 1his i11dex correlates Cf 
findings with the patiem's outcome. The CT severity index is 
shown in Table 56-2. 

In 1992, the International Symposium on Acute Pancre
ati tis defined severe pancreatitis as the presence of local pancre
atic complications (necrosis, abscess, or pseudocyst) or any 
evidence of organ failure. Severe pancreatitis is diagnosed if there 
is any evidence of organ failure or a local pancreatic complica
tion (Box 56-3). 

At presentation 
• Age >55 yr 
• Blood glucose level >200 mg/dl 
• WBC > 16,000 cells/mm3 

• Lactate dehydrogenase level >350 IU/L 
• Aspartate aminotransferase >250 IU/L 

After 48 hours of admission 
• Hematocrit*: Decrease > 10% 
• Serum calcium level <8 mg/dl 
• Base deficit >4 mEq/L 
• Blood urea nitrogen level1: Increase >5 mg/dl 
• Auid requirement >6 liters 
• Pa~ <60 mm Hg 

Ranson score :8 defines severe pancreatitis. 
*As compared with admission value. 

II :l•J~ .. "l~ t:f.IIJ.ll lii-1\I.J.:.!~W - _....~_.._ _..:.., ~11J:l[o!if:1 
I :t.TiKi 7-1 !i ~ 

At presentation 
• Age >70 yr 
• Blood glucose level >220 mg/dl 
• WBC > 18,000 cells/mm3 

• Lactate dehydrogenase level >400 IU/liter 
• Aspartate aminotransferase level >250 IU/liter 

After 48 hours of admission 
• Hematocrit*: Decrease > 10% 
• Serum calcium level <8 mg/dl 
• Base deficit >5 mEq/ L 
• Blood urea nitrogen Ieveii: Increase >2 mg/dl 
• Auid requirement >4 liters 
• Pa~: Not available 

Ranson score :8 defines severe pancreatitis. 
*As compared with admission value. 

I 

C-reactive protein (CRP) is an inllarnmarory marker thal 
peaks 48 to 72 hours after the onset of pancreatitis and correlates 
with the severity of the disease. A CRP level 150 mglmL or 
higher defines severe pancreati tis. The major limitation is that it 
cannot be used on admission; the sensitivity of the assay decreases 
if CRP levels are measured within 48 hours after the onset of 
symptoms. In addition to CRP, a number of studies have shown 
other biochemical markers (e.g., serum levels of procalcitonu1, 
!L-6, IL- l , elaswe) that correlate with the severity of the disease. 
However, their main limitation is their cost and that they are 
not widely available. 

Treabnent 
Regardless of the cause or the severity of the disease, the comer
stone of the treatment of chro11ic pancreatitis is aggressive Auid 
resuscitation using isotonic crystalloid solution. 1l1c rate of 
adminjstratjon should be individuali7..ed and adjusted based on 
age, comorbidities, vital signs, mental status, skin turgor, and 
urine output. Patients who do not respond to initial fluid 
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Table 56-2 Computed Tomography Severity Index (CTSI) for 
Acute Pancreatitis 
FEATURE POINTS 

Pancreatic Inflammation 

Normal pancreas 0 

Focal or diffuse pancreatic enlargement 

Intrinsic pancreatic alterations with peri pancreatic 2 
fat inflammatory changes 

Single fluid collection/or phlegmon 3 

Two or more fluid collections or gas. in or 4 
adjacent to the pancreas 

Pancreatic Necrosis 

None 

s300/o 

30%-50% 

>500/o 

0 

2 

4 

6 

CTSI, D-3, mortality 3%, morbidity 8%; CTSI, 4-6, mortality 6%, morbidity 35%; 
CTSI, 7-10, mortality 17%, morbidity 92%. 

Organ Failure As Defined 
Shock (systolic blood pressure <90 mm Hg) 
Pulmonary insufficiency (Pa~ <60 mm Hg) 
Renal failure (creatinine level >2 mg/dl after fluid 

resuscitation) 
Gl bleeding (>500 ml/24 hr) 

Systemic Complications 
Disseminated intravascular coagulation (platelet count 

~100,000) 

Fibrinogen <1 gr/l 
Fibrin split products >80 fl&fdl 
Metabolic disturbance (calcium level 9.5 mg/dl) 

Local Complications 
Necrosis 
Abscess 
Pseudocyst 

Severe pancreatitis is defined by the presence of any evidence of organ failure or 
a local complication. 

resusci tation o r have significant renal, cardiac o r respirarory 
comorbidities often require invasive monitoring with central 
venous access and a Foley catheter. 

In addition to fluid resuscitation, patients with AP require 
continuous pulse oximetry because one of the most common 
systemic complications of AP is hypoxemia caused by the 
acute lung .injury associated with this disease. Patients should 
receive supplementary oxygen to maintain arterial saturation 
above 95%. 

[t is also essential to provide effective analgesia. Narcotics 
are usually preferred, especially morphine. One of the physio
logic effects described after systemic administration of morphine 
is an increase in cone in the sphincter of Oddi; however, there 
is no evidence that narcotics exert a negative impact in the 
outcome of patients wid1 AP. 
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There is no proven benefit in treating AP with anti pro teases 
(e.g .• gabexate mesilate, aprotinin), platelet-activating factor 
inhibitors (e.g., lexipafant), or pancreatic secretion inhibitors.3 

Nutritional support is vital in the treatment of AP. Oral 
feeding may be impossible because of pe rsistent ileus, pain, or 
imubation. In addition, 20% of pariems with severe AP develop 
recurrent pain shortly after the oral route has been restarted. 1l1e 
main options to provide this nutritional support are enteral 
feeding and total parenteral nutrition (TPN). Although there is 
no difference in the mortality rate between both types of nutri
tion, enteral nutrition is associated with less infectious complica
tions and reduces the need for pancreatic surgery. Although 
TPN provides most nutritional requirements, it is associated 
with mucosal atrophy, decreased intestinal blood flow, increased 
risk of bacterial overgrowth in the small bowel, antegrade colo
nization with colonic bacteria, and increased bacterial trans
location. In addition, patients with TPN have more central 
li11e infections and metabolic complications (e.g., hyperglyce
mia, e.lectrolyte imbalance). Whenever possible, enteral nutri
tion should be used, rather than TPN. 

Given the significant increase in mortality associated with 
septic .complications in severe pancreatitis, a number of physi
cians advocated the use of prophylactic antibiotics in d1e 1970s. 
Recent meta-analyses and systematic reviews that have evaluated 
multiple randomized control trials have proven that prophylac
tic antibiotics do not decrease the frequency of surgical interven
tion, i'tlfected necrosis, or mortality in patients with severe 
pancreatitis. ln addition, they are associated with gram-positive 
cocci i1rtection such as by Staph_ylococcus aureus, and Candida 
infection, which is seen in 5% to 15% of patients.13 

Special Considerations 
EndOS<opic Retrograde Cholangiopancreatography Early ERCP, 
with or without sphincterotomy, was initially advocated to 
reduce the severity of pancreatitis because the obstructive theory 
of AP states that pancreatic injury is the result of pancreatic duct 
obstruction. However, d1ree randomized trials have demon
strated that ERCP is only beneficial for patients with severe 
acute biliary pancreatitis. Routine use of ERCP is not indicated 
for patients with mild pancreatitis because the bile duct obstruc
tion is usually transient and resolves within 48 hours after the 
onset of symptoms. In addition to severe acute biliary pancre
atitis, ERCP is indicated for patients who develop cholangitis 
and those with persistent bile duct obstruction demonstrated by 
other imaging modalities, such as EUS. Finally, in older patients 
with poor performance status or severe comorbidities that pre
clude surgery, ERCP with sphincterotomy is a safe alternative 
to prevent recurrent biliary pancreatitis. 

Laparosropic Ololecystectomy In the ahsence of definitive treat
ment, 30% of patients with acute biliary pancreatitis will have 
recurrent disease. With the exception of older patients and those 
with poor performance status, laparoscopic cl10lecystectomy is 
indicated for aU patients with mild acute biljary pancreatitis.3 

Studies have shown that early laparoscopic cholecystectomy, 
defined as laparoscopic cholecystectomy duri11g the initial 
admission to the hospital, js a safe procedure that decreases 
recurrence of the disease.6 Choledocolithiasis can be excluded 
via intraoperative cholangiography, ERCP, or laparoscopic 
common b.ile duct exploration. 

)> 
c::> 
0 
0 
:s: 
m z 

http://www.myuptodate.com


1524 SECTION X ABDOMEN 

For patients with severe pancreatitis, early surgery may 
increase the mo rbidi ty and length of stay. 14 Current reconmlen
dations suggest conservative treatment for at least 6 weeks before 
laparoscopic cholecystectomy is attempted in ti:Us setting. This 
approach ha~ significantly decreased morbidity.6 

Complications 

Sterile and Infected Peripancreatic Fluid Collections 
1l1e presence of acute abdominal fluid during an episode of AP 
has been described in 30% to 57% of patients.3 In contrast to 
pseudocysts and cystic nt.'Oplasias of the pancreas, £uid collec
tions are not surrounded or encased by epithelium or fibrotic 
capsule. Treatment is supportive because most fluid collections 
will be spontaneously reabsorbed by the peritoneum. 1l1e pres
ence of fever, elevated white blood cell (WBC) cow1t, and 
abdominal pain suggest infection of ellis fluid and percutaneous 
aspiration is comfirmatory. Percutaneous drainage and fY admin
istration of antibiotics should be instituted if infection is present. 

Pancreatic Necrosis and Infected Necrosis 
Pancreatic necrosis is the presence of nonviable pancreatic paren
chyma or pcripancrcatic fat; it can present as a focal area or 
diffuse involvement of the gland. Contrast-enhanced CT is the 
most reliable technigue to diagnose pancreatic necrosis. It is 
typically seen as areas of low attenuation (<40 to 50 HU) after 
tl1e injection of 1V contrast. Normal parenchyma usually has a 
density of lOO co 150 H U.9 Up co 20% of patients with AP 
develop pancreatic necrosis. 1t is in1portant to identify and 
provide proper treatment of this compl.ication because most 
patients who develop multiorgan failure have necrotizing pan
creatitis; pancreatic necrosis has been documented in up to 80% 
of the autopsies of patients who died after an episode of AP.4 

The main complication of pancreatic necrosis is infection. 
The risk is directly related to the amount of necrosis; in patients 
with pancreatic necrosis involving less tl1an 30% of the gland, 
the risk of infection is 22%. The ri.sk is 37% for patients with 
pancreatic necrosis that involves 30% to 50% of the gland and 
up to 46% if more than 70% of tl1e gland is affected.4 1l1is 
compl.ication is associated with bacterial translocation usually 
involving enteric fl ora, such as gram-negative rods (e.g., Esche
richia coli, Klebsie!ltt and PseudomonllS spp.) and Entet'ococcus spp. 

Infected pancreatic necrosis should be suspected in patiems 
with prolonged fever, elevated WBC cowlt, or progressive cl.ini
cal deterioration. Evidence of air within tile pancreatic necrosis 
seen on a CT scan confim1s the diagnosis but is a rare finding. 
If infected necrosis is suspected, fine-needle aspiration {FNA) 
should be performed. A positive Gram stain and/or culture 
establish tile diagnosis. Although positive cultures are confirma
tory, a recent review has demonstrated that despite negative 
preoperative culmres, 42o/o of patients with so-called persistent 
unwellness will have infected necrosis.'5 Figure 56-7 illustrates 
the pathophysiology of pancreatic necrosis infe·ction. 

Once infection has been demonstrated, N antibiotics 
should be given. Because of their penetration into the pancreas 
and spectrum c<>verage, carbapenems are the first option of tr<.>at
menr. Alternative therapy includes quinolones, metronidazole, 
third-generatio111 cephalosporins, and piperacillin. 

Definitive treatment for iltfectcd pancreatic necrosis is sur
gical debridemem with necrosectomy, dosed continuous irriga
tion, and open packaging (Fig. 56-8). The overall mortality rate 

Bloodbome 

Mucosal ischemia/ 
reperfusion injury 

i 
Impaired local immunity/ 

bacterial overgrowth 

i Intestinal permeability 

t 
Bacterial translocation 

dissemination ., Necrosis infection 
(distant 
infection) 

Direct 
contamination 
(interventional 

procedure/ 
surgery) 

FIGURE 56-7 Pathophysiology of panaeatic necrosis infection. The 
acute inflammatory injury that occurs during the first 48 to 72 hours 
causes mucosal ischemia and reperfusion injury. Both effects favor 
bacterial overgrowth because they alter local immunity. Mucosal isch
emia also produces an inaease in the permeability of intestinal cells, 
which is initiated 72 hours after the acute episode but typically peaks 
1 week later. These transient episodes of bacteremia are associated 
with panaeatic necrosis infection. Less frequently, distant sources ot 
infection such as pneumonia, vascular, or urinary tract infection asso
ciated with central lines and catheters are associated with bacteremia 
and panaeatic neaosis. Finally. local contamination after surgery or 
interventional procedures such as ERCP is responsible for necrosis 
infection. 

after open necrosecwmy is 25o/o to 30%.'~ Outcomes are time
dependent, witll patients who undergo surgery in tile first 14 
days having a mortality rate of75%; those who Lmdergo surgery 
between 15 and 29 days and after 30 days have mortality rates 
of 45% and 8%, respectively. 16 As a result of d1e elevated mor
bidity and mortality rates with open debridement, endoscopic 
and laparoscopic technigues are being used more often. Both 
may ultimately provide sinillar outcomes, with h opes of reduc
ing perioperative morbidity and mortal.ity, although level l data 
are lacking. 

Pancreatic Pseudocysts 
Pancreatic pseudocysts occur in 5% to 15% of patients who have 
peripancreatic fluid collections after AP. By definition, the 
capsule of a pseudocyst is composed of collagen and granulation 
tissue and it is not Lined by epitl1dium.' ~ The fibrotic reaction 
typically reguites at least 4 to 8 weeks w develop. Figure 56-9 
shows CT scans of a large pseudocyst arising in the tail of the 
pancreas. 

Up to 50% of patients with pancreatic pseudocysts will 
develop symptoms. 1l1e presence of persistent pain, early satiety; 
nausea, weight loss, and elevated pancreatic enzyme levels in 
plasma suggest this diagn osis. 1l1e diagnosis is corroborated with 
by CT or MRL EUS witb FNA is iJldicated for patients in 
whom the diagnosis of pancreatic pseudocyst is not clear. Char
acteristic features of pancreatic pseudocysts include high amylase 
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levds associated with the absence of mucin and low carcinoem
bryonic antigen {CEA) levels. 

Observation is indicated for asymptomatic patients because 
spontaneous regression has been documented in up to 70% of 
cases; this is particularly true for patients with pseudocysts 
smaller rhan 4 em in d ian1erer, locared in rhc rail , and no evi
dence of pancreatic duct obstruction or communication with 
the main pancreatic duct. 17 Invasive therapies are iJldicatcd for 
symptomatic patients or when the differentiation between a 
cystic neoplasm and pseudocyst is not possible. Because most 
patients arc treated with decompressive procedures and not with 
resection, it is inlperative to have a pathologic diagnosis. Surgical 
drainage bas been the traditional approach for pancreatic pseu
docysts. However, there is increasing evidence that transgastric 

FIGURE 56-8 Infected pancreatic necrosis. This 45-year-old man had 
severe ethanol-induced pancreatitis. Four weeks after the initial 
episode, the patient developed fever (39S C [103° F]), hypotension, 
and leukocytosis (19,000 cells/mm3). The CT scan documented pan
creatic necrosis involving 35% of the gland. After FNA, Gram staining 
documented the presence of gram-negative rods. The exploratory 
laparotomy indicated pancreatic necrosis involving mainly the body 
of the gland (arrow). The patient was treated with necrosectomy, 
dosed drainage, and IV meropenem. Final culture documented the 
presence of Escherichia coli. The patient was disdlarged home 56 
days after the initial episode. 
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and transduodenal endoscopic drainage are safe ru1d effective 
approaches for patients with pancreatic pseudocysts in close 
contact (defined as <l em) with the stomach and duodenum, 
respectivdy. In addition, transpapillary drainage cru1 be 
attempted in pancreatic pseudocysts commw1icating with the 
main pancreatic dueL For patients in whom a pancreatic duct 
stricture is associated with a pancreatic pseudocyst. endoscopic 
dilation and stcnt placement are indicated. 

Surgical drainage is indicated for patients with pru1creatic 
pseudocysts that cannot be treated with endoscopic tedmiques 
and patients who fail endoscopic treatment. Definitive treat
ment depends on the location of the cyst. Pancreatic pseudocysts 
closdy attached to the stomach should be treated with a cyst
gastrostomy. In this procedure, an anterior gastrostomy is per
formed. Once the pseudocyst is located, it is drained through 
the posterior wall of the stomad1 using a linear stapler. 1he 
defect in the amerior wall of the stomach is dosed in two layers. 
Pru1erearic pseudocyst.~ located in the head of the pancreas that 
are in dose contact witb the duodenwn are treated with a cys
toduodcnostomy. Finally, some pseudocysts are not in contact 
with the stomach or duodenum. 1he surgical treatment for these 
patients is a Roux-en-Y cystojejw1ostomy. Surgical cyst enteros
tomy is successfuJ iJ1 achieving immediate cyst drainage in over 
90% of cases. FoUowing initial resolution, recurrent pseudocyst 
formation may occur in up to 12% of cases during long-term 
foUow-up, depending on the location of the cyst and w1derlying 
cause o f the disease.• ~ 

Complications of pancreatic pseudocysts include bleeding 
and pancreaticopleural fistula secondary to vascular and pleural 
erosion, respectively, bile duct and duodenal obstruction, rupture 
into the abdominal cavity, ru1d infection. Percutru1eous drainage 
is only indicated for septic patients secondary to pseudocyst 
infection because it bas a high incidence of external fistula. 

Pancreatic Ascites and Pancreaticopleural Fistulas 
Although very rare, complete disruption of the pru1creatic duct 
can lead to significant accumulation of, Auid. 1l1is condition 
should be suspected in patients who have an episode of AP, 
develop significant abdominal distention, and have free intra
abdominal fluid. Diagnostic paracentesis typically demonstrates 
elevated Ml)'lase ru1d lipase levels. Treatment consists of 
abdominal drainage combined with endoscopic placement of a 

FIGURE 56-9 CT scans showing a large pseudocyst arising in the tail of the pancreas. 
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FIGURE 56-10 Massive left pleural effusion secondary to a pancreati
copleural fistula .. 

pancreatic stent across the disruption. Failure of this therapy 
requires surgical treatment; it consists of distal resection and 
closure of the proximal stump. 

Posterior pancreatic duct disruption into the pleural space 
has been described rarely. Symptoms that suggest tl1ls condition 
include dyspnea, abdominal pain, cough, and chest pain. The 
diagnosis is confirmed with chest x-ray, thoracentesis, and cr 
scan. Figure 56-10 demonstrates a large, left-sided pleural effu
sion caused by a pancreatic-pleural fistula. Amyla~e levels above 
50,000 IU in the pleural Auid confirm the diagnosis. It is more 
common after alcoholic pancreatitis and, in 70% of patients, is 
associated with pancreatic pseudocysts. lnitial treatment requires 
cl1est drainage, parenteral nutritional support, and administra
tion of octreotide. Up to 60% of patients respond to this therapy. 
Persistem drainage should also be treated with endoscopic 
sphincterotomy and stent placement. Patients who do not 
respoJld to these measures require surgical treatment, similar to 
that described for pancreatic ascites. 

Vascular Complications 
Acute pancreati tis is rarely associated with arterial vascular com
plications. The most common vessel affected is the splenic artery, 
but the superior mesenteric, cystic, and gastroduodenal arterie.s 
have also been found to be affected. It has been proposed that 
pancreatic elastase dan1ages the vessels, leading to pseudoruleu
rysm formation. Spontaneous rupture results in massive bleed
ing. Clinical manifestations include sudden onset of abdominal 
pain, tachycardlia, and hypotension. lf possible, arterial emboli
zation should be artempted to control the bleeding.9 Refractory 
cases require ligation of the vessel affected. The mortality ranges 
from 28% to 56%. 

Pancreatic in£laJ11mation can also produce vascular throm
bosis; the vessel usually affected is d1e splenic vein bur, in severe 
cases, it can extend into the portal venous system. Lnaging 
demonstrates splenomegaly, gastric varices, and splenic vein 
occlusion. Thrombolytics have been described in d1e acute early 

phase; however, most patients can be managed with conservative 
treatment. Recurrent episodes of upper gastrointestinal bleed
ing caused by venous hypertension should be treated with 
splenectomy. 

Pancreatocutaneous Fistula 
'The frequency of pruK.reatic fistulas is low. Only 0.4% of patients 
develop d:Us complication after ru1 acute episode. However, the 
incidence of these complications increases in patients with ocher 
complications after AP-4.5% in patients with pancreatic 
pseudocysts (4.5%) ru1d 40% in patients with infected necrosis 
after surgical debridement.15 Treatment is conservative for most: 
patients. 

CHRONIC PANCREATITIS 
[n contrast to AP, the histologic hallmark of chronic pancreatitis 
is the persistent inflammation and irreversible fibrosis associated 
with atrophy of the pru1crearic parenchyma. These histologic 
features are associated with chronic pain ru1d endocrine and 
exocrine insufficiency that significantly decrease the quality of 
life of these patients. Chronic pancreatitis affects herween 3 and 
10/100,000 persons. 

Risk Fadors 
The specific cause ru1d frequency of each condi tion varies ru11ong 
cow1tries, hospital population, ru1d referral practice. In general, 
heavy alcohol consumption is the most common cause of 
chronic pru1creatitis (70% to 80% of cases), especially iJ1 urban 
hospi tals. Conditions such as chronic duct obstruction, trauma, 
pru1creas divisum, cystic dystrophy of tl1e duodenal wall, hyper
parathyroidism, bypemiglyceridemia, autoimmune pancreatitis, 
tropical pru1creatitis, and hereditary pancreatitis are rare ru1d 
account for less than 1 0% of all cases. However, hereditary; 
chronic, and autoimmune pancreatitis are more common in 
referral centers. In up to 20% of patients, a dear cause cannot 
he documented ru1d cases are considered to he idiopathic.18 

Alcohol Abuse 
Prolonged alcohol abuse is the most important risk factor associ
ated with chronic pancreatitis. The fact that only 3% to 7% of 
heavy drinkers develop chronic pancreatitis suggests that alcohol 
is only a cofactor and that other factors are required to develop 
this complication. Alcohol exerrs multiple noxious effects in the 
pru1creas-it increases the total protein concentration in the 
pancreatic juice, it promote.s the synthesis ru1d secretion of 
lithostathine by acinar cells, ru1d increases glycoprotein 2 (GP2) 
secretion in pancreatic juice. These factors lead to protein pre
cipitation ru1d subsequent formation of protein plugs ru1d even
tually stones inside the pancreatic duct. As a result of tbe 
obstruction, acinar cells are no longer able to secrete pru1creatic 
enzymes and are predisposed to autodigestion. In addition, 
several products of alcohol metabolism, such as fatty acid etl1yl 
esters ru1d reactive oxygen species, cause fragility of intra-acinar 
orgru1elles such as zymogen grrulllles ru1d lysosomes, which leads 
to abnormal pancreatic enzyme activation inside acinar cel.ls. 
Aceraldel1yde, another alcohol metabolite, causes direct acinar 
injury. Chronic alcohol consumption is associated with enhanced 
NF-Kj) activity, decreased perfusion in the microcirculation of 
the pru1creas, Md increased intracellular calcium levels.18 

The identification of pru1creatic stellate cells (PSCs) in the 
late l 990s is one of the most in1porcanr discoveries in the 
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pathophysiology of chronic pancreatitis.'9 PSCs are specialized 
quiescent 6brob:lasts found at the base of acinar ceUs. Once 
stimulated, PSCs differentiate into activated myofibroblasts, 
which synthesize proteins that form the extracellular matrix. 
Examples of these proteins include coHagen ] and ill, fibronec
tin, lan1inin, and marrix meralloproteinases. PSCs have similar 
responses as hepatic steUate cells: chronic necrosis and inflan1-
mation (necroinflammation) induce the release of infian1matory 
mediators such as platelet-derived growth factor, TGF-P, TNF-
0., IL-l , and JL..6 which are known to activate PSCs. Conse
quently, the synthesis of collagen and other components of 
pancreatic fibrosis is increased. It has been postulated that the 
chronic necroinflammarion induced by ethanol activates PSCs 
and induce.~ pancreatic fibrosis. interestingly, it has also been 
shown that alcohol and some of its meraboli tes (e.g., acetalde
hyde) cause direct activation of PSCs. 

Although they only have been evaluated in preclinical 
studies, novel therapies that target the activation of PSCs 
are being investigated. It has been reported tbat anti
oxidants, angiotensin-converting enzyme inhibitors, peroxi
some proliferator-activated receptor gamma (PPAR-y) ligands, 
and vitan1in A inhibit the acrivi ty of PSCs. 

Smoking 
Epidemiologic st udies have shown that smoking increases the 
risk of alcohol-induced d1ronk pancreatitis. Active smokers 
develop chronic pancreatitis at a younger age as compared with 
nonsmokers. In addition, the risk of pancreatic calcifications and 
diabetes mellitus is increased in patients who smoke as compared 
with nonsmokers. 

Gene Mutations 
Under physiologic conditions, pancreatic enzyme activation 
is strictly controlled. Mutations in proteins that regulate this 
activation i_ncrease the risk of chronic pancreatitis. Mutations 
in the cationic trypsinogen gene (also known as protease serine 1 
[PRSSJ] gene) are common in hereditary chronic pancreatitis. 
PRSSJ is located in cl1romosome 7 and regulates trypsinogen 
production; mutations in this gene are associated with intra
acinar trypsinogen activation. PRSSJ mutations have been docu
mented in hereditary pancreatitis but are uncommon in other 
forms of cl1ronic pancreatitis. 

SPINK-I is. a peptide secreted by acinar cells thar regulates 
the premature activation of trypsinogen. Because SPINKJ muta
tions are present in 1 o/o to 2% of healthy patients, but the preva
lence of chronic pancreatitis is much lower, it has been 
hypothesized that SPINKJ mutations are not enough ro trigger 
pancreatic inflammation. However, they lower the cl1reshold to 
develop it and influence the severity of the disease. SPINKJ 
mutations are more prevalent in alcoholic, hereditary, and idio
pathic pancreatitis. 

The secretion of bicarbonate and chloride in respiratory 
and pancreatic secretions is regulated by the CFTR gene. CFTR 
mutations affect the normal secretion of bicarbonate, decrease 
pancreatic juice volume, and augment the concentration of pan
creatic ellZ}'mes inside the pancreatic duct. Homozygous CTFR 
mutations resul t in cystic fibrosis; heterozygous miJd mutations 
predispose to pancreatic exocrine iJ1Sufficiency and chronic pan
creatitis. The prevalence of CFTR gene mutations is higher in 
patients wi th alcoholic, idiopathic, and hereditary pancreatitis 
as compared with the general population. 
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Types of Chronic Pancreatitis 

Autoimmune Pancreatitis 
Autoimmune pancreatitis is a chronic inflammatory disorder 
that involves the pancreas. At least two different histologic vari
ants have been defi ned. Type I is rhe most common; it is char
acterized by dense, periductal lymphoplasmacytic infiltrates, 
storiform fibrosis, and obliterative venulitis. Plasmatic cells typi
cally stain positive for immunoglobulli1 G4 (IgG4). In rype 2, 
the pancreas is infiltrated by neutrophils, lymphocytes, and 
plasma cells that destroy and obliterate the epithelium in the 
pancreatic duct. Autoimmlme pancreatitis is more common in 
men than women. Up to 80% of patienrs are older than 50 
years. Patients with autoirnn1lme pancreatitis can develop acute 
~ymptoms sud1 as jaundice or AP, closely mimicking patients 
with pancreatic adenocarcinoma. However, most patients with 
chronic pancreatitis develop chronic abdominal discomfort asso
ciated with abnormal elevation of amylase and lipase levels. 

Tropical Pancreatitis 
Tropical pancreatitis is not common in the United States; it is 
more common in tropical areas within 30 degrees of the equator. 
particularly i11 India. Its pathophysiology has not been com
pletely delineated but it has been associated with cassava inges
tion and SPINKJ mutations. Up to 45% to 50% of patients 
with tropical pancreatitis have SPINKJ mutations. 

Idiopathic Pancreatitis 
In up to 10% to 20% of patients with chronic pancreatitis, a 
dear cause that predisposed to the disease is not evident. Future 
identification of genetic defects associated with chronic pancre
atitis may allow for tlJC identification of individuals at highest 
risk for development of this disease. 

Clinical Manifestations 
Pain is the prin1ary manifestation of chronic pancreatitis. Ini
tially p recipitated by oral intake, the intensity, frequency, and 
duration of pain gradually increase with worsening disease. 
Quality of life of these patients is significantly affected because 
of decreased oral intake, interference with daily activities, and 
dependence on narcotic pain medications. Nausea and vomiting 
are not common early on; however, they may appear a~ the 
disease progresses. 

Pancreatic inBanm1ation and fibrosis not only affect the 
pancreatic ducts, but also decrease the number and function of 
acinar cells. At least 90% of the gland needs to be dysfunctional 
before stearorrhea, diarrhea, and other symptoms of malabsorp
tion develop. In severe cases, diseases associated with fat-soluble 
vitamin deficiency, such as bleeding, osteopenia, and osteoporo
sis, develop. Exocrine insufficiency occurs in 80% to 90% of 
patients with long-standing chronic pancreatitis. 

C hronic pancreatitis also affects islet ceU populations. As a 
result, 40% to 80% of patients will have clinical manifestations 
of diabetes mellitus. The prevalence depends on the predisposing 
condition and onset of symptoms. Diabetes mellitus typically 
occurs many years after the onset of abdominal pain and pan
creatic exocrine iJJsufficiency. 

Jaundice or clwlangitis occurs in 5% to 10% of patients 
because of fibrosis of the distal common bile duct. Extensive 
scarring in the head of the pancreas can also obstruct the duo
denum, leading to severe nausea, vomiting, and abdominal pain. 
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FIGURE 56- 11 Typical a find ings associated with chronic pancreatitis. Shown are pancreatic duct dilation (long arrow) and intrapancreatic 
calcifications, which are also typical of chronic pancreatitis (small arrow). 

Upper gastrointestinal bleeding secondary to portal or splenic 
vein thrombosis is a rare manifestation of chronic pancreatitis. 

Diagnosis 

Imaging Studies 
1he diagnosis of chronic pancreatitis may be challenging early 
in the wurse of the disease because the correlation between 
symptoms and the structural changes seen on imaging studies is 
poor. The most common CT findings in chronic pancreatitis 
include dilated pancreatic duct (68%), parenchymal atrophy 
(54%), and pancreatic calcifications (50%; Fig. 56-11). Other 
findings include peripancreatic Auid, focal pancreatic enlarge
ment, biliary duct dilation, and irregular pancreatic parenchyma 
contour. cr has a sensitivity of 56% to 95% and a specificity 
of 85% to lOU% for the diagnosis of chronic pancreatitis. In 
addition to establishing the diagnosis, cr is particularly useful 
to a~sess complications, such as pancreatic duct disruption, pseu
docysts, pnrcal and splenic vein thrombosis, splenic, and pan
creaticoduodenal artery pseudoa.neurysms. 

MRJ is a reliab.le alternative to evaluate patients with 
cbronic pancreatitis. The sensitivity for the diagnosis of pancre
atic calcificatiom is lower, but MRI is useful to detect changes 
in the pancreatrlc parenchyma suggestive of chronic inflamma
tion, such as changes in intensity, pancreatic atrophy, and irregu
larities in the contour. In addition, MRCPwith secretin injection 
is particularly useful to evaluate intraductal strictures and pan
creatic duct disruption. 

Although ERCP was historically considered the gold stan
dard for the diagnosis of chronic pancreatitis, the advent of 
secretin MRCP and EUS have significantly decreased its role as 
a diagnostic test. Current indications include patients for whom 
other diagnostic tests, including CT and MiKP, are contrain
dicated or have failed ro corroborate the diagnosis. ERCP should 
be cons.idcred a therapeutic modalities in patients wbo develop 
pancreatic duct compllcations amenable to endoscopic therapy, 
such as stricture, stone, pseudocysts, and biliary stenosis. 

EUS has emerged during the past 25 years as the most 
accurate technique to diagnose chronic pancreatitis in patients 
with minimal-change disease or in the early stages. Recently, a 
panel of cndosonographers ha~ defined the criteria required to 
diagnose duonic pancreatitis, known as the Rosemont criteria 
(Box 56-4). Histologic evidence of inflancmation, atrophy, and 
fibrosis is the gold standard for the diagnosis of dcronlc pancre
atitis; however, current evidence does not support the use of 
EUS-guided FNA or Tru-Cut biopsies to diagnose this disease. 20 

Functional Tests 
Measuren1ent of the fecal clasrase-1 level is the preferred nonin
vasive study to diagno.~e pancreatic exocrine insufficiency. It 
CJUan tines the amount of fecal elastase- I usiJ1g monoclonal or 
polyclonal anti-human elastase-! antibodies. A fecal elastase-1 
concentration above 200 J..lglg feces is nom1al; a fecal ela~tase-1 
concentration between 100 and 200 J..lg/g defines mild to mod
erate pancreatic insufficiency. Finally, a fecal elastase-1 concen
tration below 100 J..lglg establishes the diagnosis of severe 
pancreatic exocrine insufficiency. 

The fecal fat and weight estimation test measures tbe stool 
content of fat after a nutritional intake of 100 g of fat/day oveJr 
3 days. If the stool fat content exceeds 7 g/day, the diagnosis of 
steatorrhea is established. 

Treabnent 

Medical Treatment 
The main goal in the treatment of these patients is palliation of 
symptoms. Optimal treatment requires that a multidisciplinary 
tean1 follow a systematized and well-structured therapeutic plan. 
Patient counseling is an important component because current 
evidence suggests that this disease is irreversible, but disease 
progression can be delayed if the predisposing condition is eradi
cated. Patients should he strongly encouraged to stop drinking 
ru1d smoking. 

Because mosr patients develop pain during the natural 
history of the disease, analgesic selection is a cornerstone of 
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Parenchymal Features 
Major A criteria 

• Hyperechoic foci with postacoustic shadowing 
Major B criteria 

• Honeycombing lobularity* 
Minor criteria 

• Hyperechoic, nonshadowing foci :8 mm in length 
and width 

• Lobularity including three or more noncontiguous 
lobules in the body or tail 

• Pancreatic cysts ~ mm in short axis 
• At least three strands' 

Dudal Features 
Major A criteria 

• Main pancreatic duct calculi* 
Minor criteria 

• Irregular main pancreatic duct contour 
• Dilated side branches§ 
• Main pancreatic duct dilation ~3.5 mm in the body 

or ;?:1.5 mm in the tail) 
• Hyperechoic main pancreatic duct margin >50% of 

the main pancreatic duct in the body and tail* 

Diagnosis of Chronic Pancreatitis 
Consistent chronic pancreatitis 

• One major A criteria + three or more minor criteria 
• One major A criteria + major B criteria 
• Two major A criteria 

Suggestive of chronic pancreatitis~ 
• One major A criteria + less than three minor 
• Major B criteria + three or more minor criteria 
• F"rve or more minor criteria 

Indeterminate ohronic pancreatitis' 
• 3-4 minor criteria in the absence of major 
• Major B criteria + less than three minor criteria 

Normal 
• Fewer than three minor criteria 

*Defined as lobularity that includes at least three contiguous lobules in the body 
or tail. It should be assessed in the body and tail. 
1Strands are defined as hyperechoic lines ~ mm in length see in at least two 
different directions in the body or tail of the pancreas. 
'The presence of calculi in the main pancreatic duct regardless of its the kxation, 
is the most predictive finding of chronic pancreatitis. 
l[)efined as at least tihree tubular anechoic structures, each one ~1 mm in width, 
budding from the main pancreatic duct 
rw.th suggestive and indeterminate chronic pancreatitis, the diagnosis needs to 
be confirmed with another imaging modality. 
Adapted from Catalano MF, Sahai A, levy M, et al: EUS-based criteria for the 
diagnosis of chronic pancreatitis: The Rosemont classification. Gastrointest Endosc 
69:1251-1261, 2009. 

treatment. Nonsteroidal anti-inflammatory drugs (NSA!Ds) are 
the first line of treatment. Moderate to severe pain that does not 
respond co NSAIDs should be created with rramadol or pro
poxyphene. Finally, patients with severe pain that does not 
respond to these recommendations should be treated with 
potent long-acting narcotics. It cannot be overemphasized that 
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adjuvant measures to prevent addiction, depression, and poor 
quality of life should be considered for patients with severe pain 
who require narcotics. Alternative drugs useful in the treatment 
of other conditions associated with chronic pain, such as tricyclic 
aJltidepressants, selective serotonin reuptake inhibitors, com
bined serotonin and norepinephrine reuprake inhibitors, and 
0.20 inl1ibitors may also be considered. 

T11ere is no question about the digestive benefits of pancre
atic enzyme replacement in patients with pancreatic exocrine 
insuffidency. However, it is controversial whether pancreatic 
enzyme replacement helps control the chronic pain seen in this 
condition. 1herapeutic trials with pancreatic enzymes should 
last at least 6 weeks and should be given along wi th pro ron pump 
inhibitors because acid suppression improves the effects of 
uncoated pancreatic enzymes.18 

lnterventional Therapy: Endoscopic Treatment 
ERCP is the primary modality for treating symptomatic pancre
atic duct obstruction with dilation ru1d polyethylene stent place
ment. A number of sessions are usually required because of 
symprom recurrence. Note that the differential diagnosis of pan
creatic duct strictures includes pancreatic cancer. Only after a 
thorough evaluation, which includes Cf, MRCP. and/or EUS, 
has completely ruled out the possibility of malignru1cy should 
endoscopic treatment be considered. Surgical resection is indi
cated if any concern of malignancy exists. 

Endoscopic stone extraction should be considered for 
patlems with pain aJld pru1crearlc duct dilation secondary ro 
stones. Extracorporeal shock wave lithotripsy followed by thera
peutic ERCP may be required for the treatment of large impacted 
srones. The success rate varies from 44o/o to 77o/o for tllis 
tedmique. 

Biliary obstruction caused by chronic pancreatitis occurs in 
10% of patients and is best treated with surgical bypass. Tem
porary relief of the obstruction using plastic stents is indicated 
for patients with cholru1gitis or for those who are severely 
malnourished. 

Surgical Treatment 
Several factors, including intractable pain, biliary, pancreatic 
duct o r duodenal obstruction, pseudocyst or pseudoaneurysm 
formation, and theinability to rule out malignancy may prompt 
surgical i.nrervention. The choice of surgical procedure depends 
on d1e symptoms requiri11g palliation and the presence or 
absence of pancreatic ductal dilation. In general, patients with 
a dilated pancreatic duct (defined as dian1eter >7 mm) require 
a decompressing procedure and patients with normal pancreatic 
duct require a resectional procedure. Several clinical scenarios 
that require surgical inte.rvenrion are described here. 

Panaeatic Dud Dilation Secondary to Dud Stones or StridUres 
Pru1crearic duct dilation is defined as a main pancreatic duct 
measuring at least 7 rum in dian1eter. Pancreatic duct dilation 
can be: secondary to a single srone or stricture; however, it is 
often caused by multiple str.ictures and stones in the pancreatic 
duct. The pancreatic duct dilation observed i,n chronic pancre
atitis is classically described as a chaiJ1 of lakes, which reAects 
the presence of multiple dilations aJld stenosis. When accompa
nied by intractable pain, this condition is best treated with 
side-to-side Roux-en-Y pancreaticojejunostomy, also known as 
the modified Puestow procedure. 
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FIGURE 56-12 Frey procedure, intraoperative photographs. A. Significant dilation of the main pancreatic duct at the level of the head (short 
arrow) and body of the pancreas (Iorge arrow) after the anterior surface of the pancreas has been opened. B. Side-to-side anastomosis between 
the pancreatic duct (short arrow) and jejunum (large arrow). 

1l1e anterior surface of the pancreatic duct is opened and 
the anterior surface of the duct is completely unroofed. This 
tissue may be sent for frozen section to rule out Lmderlying 
malignancy. 1l1e proximal extent of tissue resection is within 
1 em of the duodenum and the distal limit is within 1 to 2 em 
of the end of dhe pancreas. After all stones are removed, a stan
dard Roux-en-Y is used to create a two-layer lateral pancreatico
jejtmostomy. The main advantage offered by this procedme is 
parenchymal conservation, which preserves endocrine and exo
crine funcdon. The modified Puesrow procedttre provides pallia
tion of pain in 80% of cases; however. 30% of cases will recur, 
usua!Jy after 3 to 5 years of smgery. Decompressive procedures 
temporarily relieve the ductal obstruction but, b1 most cases, 
they do not modify tbe natural history of the disease and chronic 
pancreatitis progresses. Other factors associated with recurrence 
include smoking and alcohol ingestion after surgery, failure to 
decompress the bead and uncinate process properly, and length 
of the pancreaticojejunosromy.7 1 

Ln 1987, Andersen and Freya described the local resection 
of the pancreatic head with longitudinal pancreaticojejtmosromy 
as an alternative procedure. 1l1e surgical approach is similar to 
the Puestow procedure; however, once the anterior surface of the 
pancreatic duct has been completely exposed, ilie anterior 
portion of the head of the pancreas is also resected, leaving a 
1-cm rim of pancreatic tissue along the duodenal margin. Figure 
56-1 2 shows bntraoperative in1ages of a Frey procedure. 1l:Us 
procedure is also an alternative for patients with a dilated pan
creatic duct secondary to a benign stricture in the head of the 
pancreas associated with severe inflammation, scarring, or portal 
hypertension surrounding the head of the pancreas that pre
dudes a safe pancreaticoduodenectomy. The main disadvantage 
is the removal of pancreatic parenchyma. A recent study has 
demonstrated that 62% of patients are completely free of pain 
and 95% of patients have satisfactory pain conuol after this 
procedure. L1 tbe same series, 34% of patients developed endo
crine or exocrine pancreatic insufficiency.23 

Panaeatic Dud Dilation Secondary to a Single Stricture and/or 
Stone Occasionally, a single stricture that is proximal to the 
papilla produces pancreatic dua dilation. As an alternative to 
a Puestow or Frey procedure. a pancrcaticoduodcncctomy can 
be performed to relieve the obsuuction. This procedure will 
be described later in the surgical treatment of pancreatic 

adenocarcinoma. It must be emphasized that this procedure is 
absolutely contraindicated if more than one obstruction is 
present in the duct. Single distal obsrructions can occasionally 
be treated with a distal pancreatectomy. 1l1e main disadvantage 
of both procedures is chat they can be associated with pancreatic 
insufficiency because normal parenchyma is removed. 

Fo<al Inflammatory Mass Without Significant Dilation of the Panae
atic Dud In a small percentage of patients wid1 chronic pancre
atitis, a predominam mass in the head or, les.~ commonly, in the 
tail of the pancreas wiiliout any evidence of pancreatic duct 
di lation is seen. Long-standing d1ronic pancreatitis is also a risk 
facto:r for developing pancreatic cancer; therefore, even in 
patients with a known history of chronic pancreatitis, finding a 
focal mass is concerning because it may represent an area of 
panc.-eatic adenocarcinoma that has developed in the setting of 
chronic pancreatitis. Resection is recommended for surgical 
candidates to avoid any error in diagnosis. 

Diffuse Glandular Involvement Without Dilation of the Panaeatk 
Dud Decompressive procedures and local pancreatic resections 
are associated wid1 an elevated failure rate in this group of 
patients. Patients who do not respond to medical and endo
scopic therapies require surgical treatment. 1l1e most effective 
tream1enc to elimb1ate pab1 is coral pancrcareccomy. However, 
this procedure is invariably associated with diabetes mellitus. ln 
contrast to type 1 diabetes mellitus, the severity and risk of 
hypoglycemia are increased in tl1ese patients.24 In 1977, research
ers at the University of Minnesota described islet autotransplan
tation after total pancreatectomy to prevent the effects of 
surgically induced diabetes. In the largest experience there, one 
third of patients who underwent this procedure were blSlalin
independent, an additional one third requires insulin intermit
tently, and the other third was fully dependent. According to 
this study, 90% had pain relief or reduction and 50% were able 
to discontinue narcotics. Similar results were demonstrated at 
the University of Cincbmati; up to two thirds of patients had 
complete or partial islet function, and 40% were .inSlLLin
bldependenr. Narcotics were discontinued in 66% of patients.25 

Although preliminary results have been encouraging, routine 
implementation of tllis operative intervention has been contro
versial. Major Lin:Utations associated with this procedure indude 
the cost and lack of islet processing facilities. 
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FIGURE 56-13 Bile duct stricture secondary to chronic pancreatitis. 
This MRCP indicates common bile duct dilation (large arrow) second
ary to a stricture at the level of the intrapancreatic portion of the 
common bile duct (small arrow). 

Biliary Stridures Chronic scarring and fibrosis of the head of the 
pancreas result in external compression of the intrapancreatic 
portion of the common bile duct. Up to one third of patients 
with chronic pancreatitis develop radlologic evidence of bile 
duct diJarion; however, significant biliary obstruction occurs in 
6% of patients.39 Biliary stric[Ures rypically appear as a long 
symmetrical narrowing that involves the intrapancreatic portion 
of the common bile duct in MRCP or ERCP (Fig. 56- I 3). IV 
fluid and antibiotic therapy and temporary bile duct decompres
sion with plastic:stents is incllcated for patients who present with 
d1olangitis. Pancreaticoduodenecromy is i.ncllcaced for patiem$ 
in whom malignancy cannot be excluded before surgery. A 
Roux-en-Y hepaticojejunostorny is an alternative rreatment for 
patients without evidence of mallgnancy or significant scarring 
that precludes resection of the head of the pancreas. 

Duodenal Stenosis Up to 1.2% of patients with chronic pancre
atitis develop duodenal strictures.3Q Clinical manifestations 
iJ1clude abdomiJ1al paln, nausea, vomiting, and significant 
weight loss. Differential diagnoses include other causes of gascric 
outlet obsrructiolll secondary to upper gastroi.ntestiJ1al malignan
cies and gastroparesis. Severely malnourished patients require 
IV hydration, nutritional support, and gastric decompression 
with a nasogasrric tube. Permru1ent treatment requires a 
gasrrojej unostomy. 

Pancreatic PsetJdocyst Pancreatic pseudocysts develop more fre
quently in patients with chronic pancreatitis as compared with 
AP. Up to 30% to 40% of patients develop pseudocysts during 
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FIGURE 56-14 Ovarian-like stroma is a histologic feature often seen 
in MCN. 

the course of their disease. Only I 0% of patients have spontrule
ous pancreatic pseudocyst regression. Spontaneous regression is 
less likely to occur in these patients because prulCreatk pseudo
cysts arise more frequently in the setting of pancreatic. duct 
obstruction. Indications for rreatment include symptoms sec
ondary to gastric, duodenal, or biliary compression or associated 
complications, such as bleeding, pancreaticopleural fismlas, 
rupture, or spontaneous bleedings. Alternative modalities in the 
treatment include endoscopic ru1d surgical dralnage (see earlier). 

CYSnC NEOPLASMS OF THE PANCREAS 
Cystic tumors are the second most common exocrine prulctcatic 
neoplasm, following only adenocarcinomas of the pancreas in 
incidence. Given the advances in modern cross-sectional 
imaging, the identi£ca.tion of cystic lesions of the pru1creas is 
becoming common. Surgeons must be familiar with the charac
teristics and trt'atment of tl1ese lesions to determine incllvidual 
mru1agement appropr.iately. 

Types of Cystic Neoplasms 

Mucinous Cystic Neoplasm 
In the 1970s, the cllJucupatholugic spectrums of mucinous and 
serous cystic tumors were described. Mucinous cystic neoplasms 
(MCNs) are the most conunon cystic neoplasms of cl1e pan
creas.~& 'TI1ese tumors span the histologic spectrum from benign 
to invasive carcinomas. MCNs contain mucin-producing epi
thelium and are identified histologically by me presence of 
mucin-rich cells and ovarian-Ukc stroma (Fig. 56- 14). Estrogen 
and progesterone stalning are positive in must cases. Frequently 
seen in young women, the meru1 age at presentation is i.J1 the 
fifth decade. Men are rarely affected. MCNs are rypicaiJy found 
in cl1e body ru1d tai l of the pru1creas, but infrequently cru1 occur 
elsewhere. Although incidental MCN is becoming increasingly 
common, up to 50o/o of patients p1·esent with vague abdominal 
paln. A hlstory of pru1creatitis may be found in up to 20% 
of patients, which explains the common misdiagnosis of 
pseudocyst. 

Tile racllologic characteristic of an MCN on a cr SCaJl is 
the presence of a solitary cyst, which may have fine septations 
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FIGURE 56- 15 a scan of the tail of the pancreas mucinous cystic 
neoplasm showing a large multiloculated cyst in the absence of 
pancreatic ductal communication. 
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FIGURE 56-16 Sensitivity and specificity curves of cyst fluid CEA 

concentrations (ng/ml; log scale) for differentiating between muci
nous and nonmucinous cystic lesions. An optimal cutoff value of 
192 ng/ml correlated with the crossover of the sensitivity and speci
ficity curves. (From Brugge WR, lewandrowski K, lee-lewandrowski 
E, et al: Diagnosis of pancreatic cystic neoplasms: A report of the 
cooperative pancreatic cyst study. Gastroenterology 126:1330-1336, 

2004.) 

and be surrounded by a rim of calcification (Fig. 56-15). Cross
sectional imaging may not be able to disti nguish between benign 
and malignant MCNs; however, the presence of eggshell calci
fication, larger tumor size, or a mural nodule on cross-sectional 
imaging is suggestive of malignancy. 

EUS and cyst fluid analyses play an important role in the 
diagnosis of MCN and other cystic neoplasms. FNA witb cyst 
fluid analyses of MCNs demonstrate mucin-rich aspirate and 
high CEA levels (> 192 ng/mL; log scale). Figure 56-16 illus
trates the sensitivity and specifidt:y of CEA in identifying mud
nous neoplasms based on fine-needle fluid aspiration. Unlike 
pseudocysts, MCNs typically have low levels of cyst fluid 

FIGURE 56-17 CT scan of serous cyst neoplasm. The arrow depicts 
the sunburst appearance and central calcification. 

amylase. These fluid analyses provide accurate diagnosis in up 
co 8Uo/o of cases.2~ Table 56-3 summarizes the distinguishing 
features of cystic neoplasms of the pancreas.18 

Pancreatic resection is the standard treatment for MCNs, 
given the potential for malignant uansformarion. L1 the absence 
of invasive malignancy, resection is curative and no further sur
veillance is required. 'The prognosis of patients who undergo 
pancreatectomy for invasive MCNs is poor, although more 
favorable than that for ductal adenocarcinoma of the pancreas. 
Lwasive MCNs exhibit slower growth, less frequent nodal 
involvement, and less aggressive clinical behavior compared with 
ductal adenocarcinoma; a 5-year survival of50o/o to 60o/o can be 
expected following resection. Despite limited experience with 
invasive MCNs, most centers offer adjuvant systemic chemo
therapy following surgical resection, especially when node
positive disease is present. 

Serous Cystic Neoplasm 
Com pared with MCNs, serous cystic neoplasms (SCNs) have a 
predilection for the head of the pancreas and occur in patients 
with a higher median age. Patients commonly present with 
vague abdominal pain and less frequently with weight loss and 
obstructive jaundice. On gross inspection, SCNs are large, weJI
circu mscribed masses. Microscopic examination reveals multi
loculated, glycogen-rich small cysts. Central calcification, with 
radiating septa giving the sunbmst appearance, is a radiographic 
sign on CT in 10% to 20o/o of patients (Fig. 56-17). With the 
advent of EUS, these features can now be better delineated. 
Recently, differential cyst fluid protein expression was observed 
between SCNs and IPMNs, with accurate discrinlination in 
92% of patients.29 Although serous cystic tumors are generally 
considered benign, pancreatectomy is suggested when the diag
nosis of malignancy is uncertain, or in symptomatic serous cyst
adenomas. Patients with a tumor larger than 4 em are more 
likely to be symptomatic and display a more rapid median 
growth rate than patients with tumors smaller than 4 em. 1l1us, 
in select patients with large (>4 em) or rapidly growing lesions, 
resection of an SCN is appropriate. 
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Table 56-3 Defining Characteristics of Pseudocysts and Pancreatic Cystic Neoplasms -
CHARACTERISTICS PSEUDOCYST SCN MCN IPMN 
Epidemiology 

Gender F=M F»M(4: 1) F >» M (10: 1) F=M 

Age (years) 40-60 60-70 5(}-60 60-70 

Imaging findings 

location Evenly distributed Evenly distributed Head « body/tail Head > diffuse > body/tail 

Appearance Round, tflick-walled large 
cyst; gland atrophy ± 

Multiple small cysts 
separated by Internal 

Thick-walled, se~tated 
macrocyst wit smootfl 

Poorly demarcated, 
lobulated, polycystic 

calcification septations witfl central contour; ± solid mass witfl dilation of 
starburst calcifications comti:ent, egg-shell main or branch ducts 

cald ications 

Communication with Yes No Very rare Yes 
ducts 

Cyst fluid analysis 

Cytology Inflammatory cells Scant glycogen-rich cells. Sheets and dusters of Tall, columnar 
witfl positive Periodic columnar, mucin- mucin-containing 
Add Schiff stain containing cells cells 

Mucin stain Negative Negative Positive Positive 

Amylase Very high low low High 

CfA low low High High 

SCN, Serous cystic neoplasm. 
From Tran Cao HS, Kellogg B, lowy AM, et al: Cystic neoplasms of the pancreas. Surg Oncol Clin N Am 19:267-295, 2010. 

lntradudal Papillary Mucinous Neoplasm 
Several names have been given to !PMNs, such as mucin
secreting carcinoma, villous adenoma of the duct of Wi.rstmg, 
diffuse intraductal papillary adenocarcinoma, intraductal cyst
adenoma, mucinous duct ectasia, and intraductal papillary 
mucinous tumor. First described by Ohashi, £PMNs of the 
pancreas typically present in the sixth to seventh decade of life. 
rPMNs encompass a wide spectrum of epithelial changes, 
including benign adenoma, borderline, carcinoma in situ, and 
invasive adenocarcinoma. Patients with invasive rPMNs tend to 
be 6.4 years older than patients with adenomas or borderline 
lesions. IPMNs appear to demonstrate no racial predilection, 
as shown by several studies of patients with different ethnic 
backgrounds. 30 

IPMNs are further characterized by the extent to which 
they involve the pancreatic ducts. Neoplasia that affects only the 
small side brancl1es are termed side branch or branch duct IPMNs, 
whereas those that involve the main pancreatic duct are termed 
main duct IPMNs. Side branch IPMNs that extend into the 
main duct are termed mb::ed-type IPMNs. 

Side Brandllntradudal Papillary Mutinous Neoplasm As the name 
implies, a side branch IPMN involves dilation of the pancreatic 
duct side branches that communicate with but do not involve 
the main pancreatic duct. Side branch IPMNs may be focal, 
invo.lving a single side branch, or multifocal, with multiple cystic 
lesions throughout the length of the pancreas. Risk of malignant 
transformation has been described in side brancl1 fPMNs and is 
directly related to the si.ze of the cystic dilation. Other features 
that predict risk of malignancy include mural nodules or general 
thickening of the cyst wall. ln addition, several clinical symp
toms have been associated with elevated risk of malignancy, 
including jaundice, pai11, and diabetes.30

.3
1 For asymptomatic 

lesions smaller than 3 em, the risk of invasive malignancy is 
small, and therefore serial surveillance has been proposed.32 A 
clinical dedsion tree for the management of side branch IPMN 
is shown in Figure 56-18. For individuals incidentally fow1d to 
have small (<1 em) IPMNs, surveillance with CT or MRI in 1 
year is appropriate. For those with asymptomatic cysts between 
1 and 3 em, in1aging at 6 months is appropriate, followed by 
annual evaluation if no change in size has occurred. Cysts larger 
than 3 em warrant surgical resection because of the increased 
risk of malignancy. Any patient with symptoms or worrisome 
fearures related to side branch IPMNs (e.g., jaundice, mural 
nodule, dilated main pancreatic duct, pain, diabetes) should 
undergo surgical resection because the risk of malignancy in 
symptomatic patients is heightened. Overall, the risk of invasive 
malignancy in the serting of side branch IPMN is approximately 
I Oo/o to 15%. 

Main Dud lntradudal Papillary Mucinoos Neoplasm In contrast to 

side branch IPMN, main duct rPMN indicates abnormal cystic 
dilation of the main pancreatic duct with columnar metaplasia 
and thick mucinous secretions, which can be seen oozing from 
a patulous papilla on endoscopic evaluation (Fig. 56-19). 
Involvement of the main pancreatic duct may be focal or diffuse; 
it is most relevant because of the significantly increased risk of 
malignant degeneration. Individuals with main duct rPMN have 
a 30% to 50% risk of harboring invasive pancreatic cancer at 
the time of presentation. Thus, surgical resection is the corner
stone of treatment. Figure 56-20 demonstrates main duct rPMN 
with dilation of the entire pancreatic duct. 

Unlike patients with pancreatic ductal adenocarcinomas 
(PDACs), 50% of patients with IPMNs of the pancreas presem 
wid1 abdominal pain and up to 25% present with AP, which. 
not surprisingly, has led to the diagnosis of chronic pancreatitis 
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FIGURE 56-18 Algorithm for the management of side branch IPMN. 

FIGURE 56-19 Classic endoscopic view of IPMN showing viscous 
fluid oozing from a patulous ampulla of Vater. 

in many series. Several investigators have studied clinical and 
pathologic markers as predictors of malignancy and found that 
jaundice, elevated serum alkaline phosphatase level, mural 
nodules, diabetes, and main pancreatic duct dian1eter of 7 mm 
or larger are strongly associated with invasive IPMNs.;lO..l J On a 
molecuJar level, recent investigations using genomic array analy
sis of pancreatic cystic neoplasms have shown that fPMNs have 
several distinct cytogenetic alterations that separate it as an 
entity from ductal adenocarcinoma of the pancreas. 

The radiographic features of IPMNs on pancreatic CT 
scans may include a dilated main pancreatic duct, cysts of 
varying sizes. and possibly mural nodules (Fig. 56-20). MRCP 
and EUS arc in1portant secondary diagnostic studies for the 
evaluation of patients with suspected IPMN. MRCP may allow 

FIGURE 56-20 Cross-sectional imaging of main duct IPMN through
out the entire panaeatic gland and a prominent ampulla of Vater. 

for localization of mural noduJes and pretreatment classification 
of suspected side branch or main duct types of IPMN. EUS can 
evaluate the pancreatic duct and assess the fluid and solid com
ponems of the neoplasm. Aspirated fluid is typically viscous and 
clear, and contains mucin. Cytology studies demonstrate mucin
rich fluid with variable celluJarity; columnar mucinous ceUs with 
variable atypia may also be seen. As in MCNs and side branch 
IPMNs, fluid aspirates characteristically reveal an elevated CEA 
level (> 192 ng/m L; log scale) . lt should be noted that this eleva
tion of the CEA level is not predictive of invasive malignancy, 
only the presence of mucinous metaplasia. 

Mixed-Type Intraductal Papillary Mucinous Neopla.sm Mixed-type 
lPMN denotes a side branch rPMN that has extended to involve 
the main pancreatic duct to a varying degree. Concern for 
mixed-type IPMNs should be raised in individuals with side 
branch cysts who exhjbit upstream dilation of the pancreatic 
duct, because this is an indication of main duct involvcmcm. 
The biologic behavior of mixed-type IPMNs most dosely resem
bles chat for main duct IPMNs. with a significa.llt risk of invasive 
malignancy at the time of presentation (30% to 50%). Like 
main duct IPMN, surgical resection is indicated for the treat
ment of mixed-type rPMN. 

Treabnent Surgical Resection for Intraductal 
Papillary Mucinous Neoplasm 
Partial pancreatectomy is the primary treatment for main duct, 
symptomatic, and large branch-type IPMNs (>3 em), or IPMNs 
with an invasive component; however, the optimal extent of 
pancreatic resection for some patients remains unknown. Many 
panaeatic surgeons recommend partial pancreatectomy with the 
knowledge that the disease is most often located in the head of 
cl1e gland, even though ductal cbanges may extend m involve 
other parts of the pancreas.~3 Partial pancreatectomy also elimi
nates the risk of brittle diabetes. which accompanies total pan
createctomy. Although some investigators continue to advocate 
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total pancreatecwmy for the crea[l11ent of any IPMN, 
the evidence supporting this approach is decreasing with 
longer foUow-up of patients treated by RO and RJ partial 
pancreatectomy. It is appropriate to recommend partial pancre
atectomy and discuss management of the pancreatic margin with 
the patient preoperatively, advising him or her them that approx
imately 15% of patients will require conversion to total pancre
atectomy to achieve negative parenchymal resection margiJlS. 
The surgical margins are assessed imraoperatively and additional 
margins are obtained for carcinomas i.n situ or invasive cancer. 

Survival outcomes are significantly better io patients with 
IPMNs than in patients with PDACs. Sohn and associates34 

have analylCd a series of 136 patients with IPMNs; survival races 
for patients with noninvasive IPMNs are 97o/o at 1 year, 94% 
at 2 years, and 77o/o at 5 years. When the group of patient.s with 
noninvasive IPMNs was analyzed further, no survival differences 
were found between patients with IPMNs and those with bor
derline lPMNs. On tl1e contrary, there was a significant differ
ence in survival rate between patients with noninvasive IPMNs 
and those with invasive IPMNs. The 1-, 3-, and 5-year survival 
rates for patients with invasive IPMNs were 72%, 58%, and 
43%, respectively. Therefore, survival is clearly dependent on the 
invasive component of the lesion. 

It is increasingly clear that not aU patients with IPMNs 
require surgery. A recent consensus conference has recom
mended observation for patients with asymptomatic smaU 
(<3 em) branch duct IPMNs that have no associated nodular
ity.31 A plan for watchful surveillance with delayed intervention 
in iliese patients is reasonable because the risks for malignancy 
witl1 small, asymptomatic branch duct tumors is low. most 
patients are older, and the time required to develop invasive 
malignancy may be longer than the patient's life expectancy. 

ADENOCARCINOMA OF THE 
EXOCRINE PANCREAS 

Epidemiology 
In 2009, it was estimated that PDAC would affect approxi
mately 42,470 individuals in the United States and 35,240 
would dk of the disease. Although it is ilie ninth most common 
cancer diagnosis, pancreatic cancer ran.ks fourth in cancer deaths 
each year. Despite significant advances in the treatment of other 
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cancers, the prognosis of pancreatic cancer ren1ains dismal. 
Overall, less than 5o/o of individuals will survive 5 years beyond 
their d.iagnosis. Men are affected slightly more commonly tl1an 
worneo, with a 1.3: 1 incidence ratio. African Americans have a 
slightly higher risk of developing pancreatic cancer and dying of 
their disease compared with whites. 1l1e risk of pancreatic cancer 
increases wiili age beyond the sixth decade: the mean age at 
diagnosis is 72 years.35 

RiskFadors 

Environmental Risk Fadors and Causes 
Although the cause of pancreatic cancer remains unclear, several 
environmental risks have been associated with its .increased inci
dence. 1l1e most notable risk factor is related to smoking. Several 
epidemiologic studies have shown an association with the 
amount and duration of smoking history with an elevated risk 
of pancreatic cancer. On average, smokers face a one- to three
fold increase in risk for developing pancreatic cancer compared 
with nonsmokers. Tius risk seems to be a linear association, with 
pancreatic cancer incidence directly related to the number of 
pack-years smoked (packs/day X number of years smoking). As 
with other cancers. ilie risk of pancreatic cancer persists many 
years beyond smoking cessation. Over the years, there have been 
several other factors, including chronic pancreatitis, diabetes, 
and occupational exposure, which were thought to contribute 
to an elevated risk of pancreatic cancer; however, population 
data have been somewhat controversial. It is likely rhat these 
factors are associated with an elevated risk, but the magnitude 
of the risk is uncertain. Obesity has recently become the focus 
of .investigation; several authors have found that obese patients 
may be up to three times more likely to develop pancreatic 
cancer than nonobese individuals. It remains lmclear whethei 
obesity itself or one of the comorbidities related to obesity is 
associated with the higher incidence of pancreatic cancer seen 
in dtis population. 

Hereditary Risk Fadors 
A nun1ber of inheritable risk factors have been identified iliat 
are associated with elevated risk of developing pancreatic cancer. 
Table 56-4 summarizes several known gene mutations and their 
clinical significance. 

_!able 56-4 Hereditary~sk Factors Assodated Wrth Development of_!anc_reat_ ic_ ca_n_ce_r ___________ _ 
GENE 
PRSSI 

STKTT 

CDKN2A 

CTFR 

BRCA2 

MUIT 

APC 

ASSOCJATED SYNDROME 
Familial pancreatitis 

Peutz-Jeghers syndrome 

Familial atypical mole and multiple 
melanoma syndrome 

Cystic fibrosis 

Hereditary breast and ovarian cancer 

lynch syndrome 

Familial adenomatous polyposis 

atNICAL SIGNIFICANCE 
Mutation results in chronic pancreatitis and 40% lifetime risk of POAC. 

Mutation results in >100-fold increase in risk of POAC. 

Mutation leads to increased risk of melanoma and >40-fold increase risk of PDAC. 

Thick secretions result in chronic pancreatitis and 30-fold increase in risk of PDAC. 

Mutation results in elevated risk of breast and ovarian cancer and 10-fold increase in 
risk of PDAC. 

Mismatch repair gene mutation leads to increased risk of colon cancer and eightfold 
increase in risk of PDAC. 

Mutation results in polyposis coli and colon cancer with fourfold increase in risk 
of PDAC. 
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Familial Panaeatitis (PRSSl Gene Mutation) lt bas long been noted 
that individuals with familial pancreatitis have an elevated risk 
of pancreatic cancer. Unl.ike sporadic chronic pancreatitis, thjs 
association is more uniformly accepted. Mutations in the cat
ionic trypsinogen gene (PRSSJ) lead to increased trypsin activity 
and chronic inAammamry conditions in the pancreas. Individu
als with fanulial pancreatitis have a greater than 50-fold increase 
in their risk of dcvelof!ng pancreatic cancer compared with 
unaffected individuals.3 ? 

Peutz-Jeghers Syndrome (STK11 Gene Mutation) lndividuals with 
Peurz.. Jcghcrs syndrome are distinguished by the development 
of gasrroinrestinal hamartomatous polyps and pigmented muco
cutaneous lesions. The specific role of STKJ 1 is not defined, 
although it is thought to act as a tumor suppressor gene, with 
loss of heterozygosity leading to the development of gastrointes
tinal tumors. In addition to gastrointestinal cancers, individuals 
with Peutz.-Jeghers syndrome are at a higher risk oflung, ovarian, 
breast, uterine, and testicu]ar cancers. TI1e risk of pancreatic 
cancer in the setting ofPeutz.-Jeghers syndrome is over l 00 times 
greater than that in nonaffected individuals:36•37 

cystic Fibrosis (CFTR Gene Mutation) AJthough the cause remains 
w1clear, those with cystic fibrosis ( CFTR gene mutation) are up 
to 30 times more likely to develop pancreatic cancer than the 
general popu_lation. It is postLLlated that this elevated risk is 
caused by the chronic inAanm1atory condition of the pa11creas 
resulti11g from a lifcrime of thickened secretions and partial 
ductal obstruction.36-37 

Familial Atypical Mole and Multiple Melanoma Syndrome (COKN2A 
Gene Mutation) CDKN2A enwdes for protein pl6 which nor
mally inhlbits cell proliferation by binding to cyclin-dependent 
kinases (CDKs). Mutations of CDKN2A lead to uninhibited 
cell cycle activation and proliferation. AJthough most noted for 
its as.~ociated mcrcased risk of melanoma, individuals with 
CDKN2A mutations have up to a 20-fuld increa~ in risk for 
the developmem of pancreas ca11cer.3637 

Hereditary Breast and OVarian cancer (BRCA2 Gene Muta
tion) AJthough germline BRCA mutations are most recognized 
because of their as.~ociation witb breast cancer, 1 Oo/o of individu
als from high-risk pancreatic cancer families (at least two first
degree relatives. with pancreas ca11cer) have been foLmd to have 
BRCA2 mutations. Gcrmline mutations of the BRCA2 gene lead 
to an elevated risk forpancreatic ca11cer, which is up to 10 times 
tbat of the general population.36.37 

Lynd! Syndrome (Mismatd! Repair Gene Mutations) Although most 
strongly associated with colon cancers caused by mutations in 
mismatch repair genes (MLHJ, MSH2, MSH6), Lynch syn
drome also leads to an increased risk of paJKreatic cancer. The 
microsatellite instability noted in colon CaJ1Cer cells have also 
been seen in pancreatic cancer cells from individuals with Lynch 
syndrome, indicative of a common genetic cause. lt is estimated 
that the risk of pancreatic cancer is increased eightfold in indi
viduals with Lynch syndrome.J6.~~ 

Familial Adenomatous Polyposis (APC Gene Mutation) Fanlilial 
adenomatous polyposis (FAP) results from mutation of the 
adcnomatous polyposis coli gene (APC), leadiJ1g to the 

development of thousands of colonic polyps. lt has been found 
that individuals affected by FAP are also signi6cantly more likely 
to develop pa11creas cancer, witl1 a fourfold increase over that in 
the general population. These data remaiJ1 observational because 
the cause of pancreatic cancer in this setting bas not been 
defined.36•3? 

Pathogenesis of Sporadic Pancreatic Cancer 
AJthougb there are several inherited forms of PDAC, mosr 
cases are sporadic. Like many other caJKers, a sequential 
pathway has been observed in the development of PDAC from 
pancreatic inrraepithelial nt:oplasia (PaniN) to invasive cancer. 
A number of tumor suppressor and oncogenes have been iden
tified that play a significaJlt role i.n the pathogenesis of PDAC, 
including PDXI, KRAS2, CDKN2Aipl6, P53, and DPC4 
(SMAD4). 

Genetic Progression of Pancreatic lntraepithelial 
Neoplasia to Invasive Pancreatic Ductal Adenocarcinoma 
Pan IN is defined histologically by progressive abnormality of the 
ductal epithelium from columnar metaplasia (PaniN-lA) 
through carcinoma in situ (PaJllN-3). PaniN- lA is histologically 
characterized by the presence of colun111ar, mucin-produciJ1g 
ductal epithelium that maintains basally located homogeneous 
nuclei wi thout atypia. The development of papillary archi tecture 
defines PaniN-lB, but is otherwise identical to Pa11lN- lA. 
PanLN-2 denotes the progression from simple papilJary growth 
w evidence of nuclear atypia not seen in Pa11lN-lB. Enlarged 
nuclei with n uclear crowding and loss of polarity are present. 
Prominent nuclear abnormalities with complete loss ofpolari.ty 
and marked cytologic atypia are characteristic of PaniN-3 {car
cinoma in situ). Clusters of abnormal cells can be usual ly seen 
within the duct lumen. 

The KRAS2 oncogene is activated in more than 95o/o of 
pancreatic cancers and is d1ought to be tbe initiating event in 
tumorigenesis. KRAS2 is activated by point mutation (codons 
12, 13, or 61), which causes constitutive activation and loss of 
regulation of mitogen-activated protein kinase cell signa] trans
duction. Mutation of the KRAS2 oncogene is one of the earliest 
genetic abnormalities identified in the progression of Pan IN to 
PDAC and has been noted in 36% of PanlN- 1 cases, 44o/o of 
Pa11LN-2, and 87o/o ofPanlN-3. 

CDKN2A!p16, P53, and DPC4 arc rumor suppressor genes 
d1at also appear to play critical roles .in the development of 
PDAC. CDKN2A encodes a protein, pl6, which binds to 
cyclin-dependent kinases (CDK4, CDK6), resu_lting .in cell cycle 
arrest.. Mutation of CDKN2A and loss of p 16 leads to a loss 
of cell cycle regulation. Like KRAS, mutation of CDKN2A 
(Joss of p 16 expression) has been idemified in 30o/o of Pa11IN-l , 
55% of Pa11lN-2 and 7lo/o of PanlN-3 cases. Approximatel)' 
90% of PDACs dcmonsuate loss of p 16 function. Also, p53 
encodes for the protein p53, which regu_lates cell proliferation 
through cell cycle arrest a11d proapoptoti.c mechanisms. AJd10ugh 
rare in PaniN, 79o/o of invasive PDACs demonstrate p53 muta
tions, indicatiJ1g its potential importance in the transition from 
noniJwasivc to invasive tumors. Similarly, DPC4 mutations 
occur late in the pathway from PanlN to PDAC. Normally 
functioning as a downstream mcdiaror related to TGF-~, loss of 
DPC4leads to decreased inhibition of cell growth and prolifera
tion. Loss of DPC4 function has been observed in 20o/o to 
30o/o of PaniN-3 and localized caJ1cers, whereas 78o/o of widely 
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~ Normal -1 ~ PaniN-1A~ 1- PaniN-1 B ~I-- PaniN-2 ---111----- PaniN-3 --~ 
..- p53 ____.. ~ K-ras ~ 

FIGURE 56-21 Molecular genetic progression 
from PanlN to invasive ductal adenocarcinoma. 
(Adapted from Wilentz RE, lacobuzio-Donahoe 
CA, Argani P, et al: Loss of expression of DPC4 
in pancreatic intraepithelial neoplasia: Evidence 
that OPC4 inactivation occurs late in neoplastic 
progression. Cancer Res 60:2002-2006, 2000.) 

Table 56-5 Presenting Symptoms for Periampullary Tumors 
of the Pancreas 
PRESENTING SYMPTOM 
Jaundice 

Weight loss 

Abdominal pain 

Nausea/vomiting 

Pruritis 

Fever 

Gastrointestinal bleeding 

FREQUENCY (%) 

75 

51 

39 

13 

II 

3 

metastatic tumors show loss of DPC4. Figure 56-21 demon
snares the molecular genetic alterations involved in the PaniN
PDAC pathway. 

Clinic:al Presentation 
The defining presenting symptom for patients with PDACs in 
the periampullary region is jaLmdice. Although painless jaundice 
has frequently been described, a significant number of patients 
present with pain in addition to jaundice, typically arising in the 
epigastriLLm andl radiating to the back. Weight loss is also 
common at the time of presentation, affecting more than 50% 
of individuals. For tumors of the body and tail of the pancreas, 
pain and weight loss become more common at presentation. In 
the largest single-institution experience reported to date, Winter 
and coworkers38 have described 1423 pancreaticoduodenecto
mies for PDAC. Table 56-5 Usts the most common presenting 
symproms and their frequency. Except for jaundice, the physical 
exanunation is otherwise unremarkable for most patients with 
PDAC. A palpable distended gallbladder can be identified in 
approximatdy ome dti:rd of patients with perian1puiJary PDAC, 
an association fuse described by Courvoisier, a Swiss surgeon, in 
J 890. He noted that choledocholithiasis was commonly associ
ated with a shrumken fibrotic gallbladder, whereas the slow pro
gressive occlusion of by other causes, including tumors, was 
more U.kely to result in ectasia of the organ. Although not diag
nostic in itself, Courvoisier's sign is familiar to medical students 
as a defining characteristic ofPDACs. With widespread disease, 
a left supraclavicular node (Virchow's node) may be palpable. 
Similarly, periumbilical lymphadenopathy may be palpable 
(Sister Mary Joseph's node). In cases of peritoneal dissemination, 

DPC4 

perirectal tumor involvement may be palpable via digital rectal 
examination, referred to as Blumer's shelf 

Diagnosis 

Laboratory Evaluation 
Laboratory evaluation of patients presenting with suspected 
PDAC should include hepatic function evaluation, including a 
coagulation profile and nutritional assessment. An elevated bili
rubin level is expected, but careful attention should be paid ro 
nutritional values, including prealbumin and albumin levels if 
surgical intervention is to be considered. Individuals with mal
nutrition should be given preoperative nutritional supplementa
tion. Several tumor markers may be appropriate at the initial 
evaluation, including CEA, carbohydrate antigen 19-9 (CAJ9-
9), and «-fetoprotein. Of these, CAl 9-9 is most sensitive for 
pancreatic adenocarcinoma, with a sensitivity of approximately 
79% and a speci£dty of 82%. A notable limitation of CA19-9 
testing in the setting of periampullary tumors is the false eleva
tion caused by biliary obstruction, whim can be misleading. In 
addition, I 0% to 15% of individuals do not develop elevation 
of the CA19-9 level, a finding that has been a~ociated with 
blood Lewis antigen-negative status. Accepting these limita
tions, CA19-9 continues to be the most reliable tumor marker 
for pretreatmem evaluation and post-treatment surveillance for 
pancreatic adenocarcinoma 

Imaging Studies 
Multidetector CT is the imaging study of choice for the evalu
ation oflesions arising in the pancreas. CT aiJows for an accurate 
determination of the level of biliary obstruction, the relationship 
of the tumor to critical vascular anatomy, and the presence of 
regional or metastatic disease. For suspected perian1pu1Jary 
patholog>~ a three-phase (noncontrasr, arterial, and portal 
venous) CT scan with 3-mm slices and coronal and three
dimensional reconstruction shou.ld be routine. Because of its 
widespread availability and exceiJent sensitivity (85%), CT has 
become clJe imaging modality of cl10ice for the evaluation of 
suspeC!ted pancreatic cancer. 

ERCP is frequently used ill the assessment of the jaundiced 
patient because of its ability to perform a biopsy and palliate 
jaundice, if necessary. Although palliative biliary scenting 
remains routine for PDAC tumors resulting in jaundice, its 
usefulness is questionable for patients who are candidates for 
surgical resection. Preoperative biliary decompression may 
increase the rate of wound infection caused by bactibilia, 
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although overall morbidity and mortallty are Lmchanged. In 
modem medical practice, ERCP should be reserved for cases 
requiring therapeutic or palliative intervention because other 
imaging modalities provide superior diagnostic abilities without 
the invasiveness of ERCP. 

EUS is becoming widely used for the evaluation of sus
pected pancreatic pathology. Perbaps its most important use is 
the ability to provide tissue diagnosis of suspected tumors 
through the use of FNA prior to initiating systemic therapy. 
FNA has a sensitivity and specificity that are far superior to 
brush cytology, with a diagnostic accuracy of 92o/o to 95o/o. It 
may also play a crucial role in the molecular evaluation of tumor 
samples &om patients undergoing neoadjuvant therapy. 
Although the use of EUS is increasing for the evaluation of 
peritumoral vasculature and regional lymph node evaluation, it 
has not been shown to provide any significant benefit over cr 
alone in the absence of a need for tissue diagnosis. EUS may be 
beneficial for identif)riJ1g small tumo.rs that do not appear on 
CT scans and to delineate more clearly suspicious lesions smaller 
than 2 em; it tbcrcfore plays ru1 important complementary role. 

For cases ·that require detailed assessment of luminal pan
creatobiliary anatomy, MRCP should be considered . MRCP has 
become usefuU for the investigation of cystic lesions of the pru1-
creas, with sensitivity and specificity slightly superior to cr 
alone. MRCP also provides several advantages over ERCP, it is 
noninvasive, has no risk of inciting pru1creatitis, and provides 
three-dimensional reconstruction of the ductal system. 

Biologic Imaging 18F-fluorodeoxyglucose positron elllJsston 
tomography (FDG-PET) in combination with CT scanniJ1g bas 
been increasingly used iJ1 the evaluatio11 of pancreatic cancer. 
lhe ability of FOG-PET to detect cancers is based on the prin
ciple that ceUs that are actively metabolizing will preferentially 
take up 18 F-labeled glucose compared with surrounding normal 
tissues. Severa~ studies have noted the potential benefits of 
FOG-PET with cr, including me ability to differentiate 
between benign and malignant pancreas tumors (autoimmune 
pancreatitis versus adenocarcinoma) and also to identify unsus
pected patholo,gy, which alters clinical planning in more man 
I Oo/o of cases. False-positive findings are also possible, most 
notably because ofinBan1matory conditions, and the risk-benefit 
ratio of FOG-PET with CT has not yet been determined.. 
Further studies will be necessary to clarify the role of FOG-PET 
with CT in the evaluation of pru1creatic cancer before its routi ne 
use should be advocated. 

Staging 
Pancreatic cru1eer staging is based on the American Joint Com
mittee on Cancer (AJCC) tlllllOr-node-metastasis (TNM) 
system (Table 56-6). FoUowing biopsy confirmation, typically 
via EUS-FNA, accurate staging is accomplished by mulridetec
tor cr scrumi.ng of the abdomen aJ1d pelvis with three-phase 
contrast admiJlistration and three-dimensional reconstruction. 
Chest radiography is sufficient for the evaluation of potential 
pulmonary metastasis and should be followed by cr of tbe chest 
if any suspicious lesions are noted. Individuals with stages I A to 
2B tumors-rumor confined to the pancreas or peripru1creatic 
tissue without evidence of celiac artery o.r SMA involvemenr and 
no evidence of metastasis.-are considered potential candidates 
for surgical resection. Individuals with stage 3 (T4) disease 

Table 56-6 Current AJCC Staging Guidelines for Pancreatic 
cancer 

---
,.,..._, T1nor (T) 

TX 

TO 

lis 

Tl 

T2 

T3 

T4 

Primary tumor cannot be assessed 

No evidence of primary tumor 

Carcinoma in situ• 

Tumor limited to the pancreas, 2 on or 
smaller in greatest dimension 

Tumor limited to the pancreas, more than 
2 em in greatest dimension 

Tumor extends beyond the pancreas but 
without involvement of the celiac axis or 
superior mesenteric artery 

Tumor involves the celiac axis or superior 
mesenteric artery (unresectable primary 
tumor) 

Reptlllill l.ynlpla Nodes (N) 

NX 

NO 

Nl 

IMsfallt Metastasis (M) 

MO 

Ml 

Regional lymph nodes cannot be assessed 

No regional lymph node metastasis 

Regional lymph node metastasis 

No distant metastasis 

Distant metastasis 

Anatomk Stage-Prognostic Croups 

Stage 0 lis NO 

Stage lA Tl NO 

Stage IB T2 NO 

Stage liA T3 NO 

Stage liB Tl Nl 
T2 Nl 
T3 Nl 

Stage 111 T4 Any N 

MO 

MO 

MO 

MO 

MO 
MO 
MO 

MO 

Stage 1V Any T Any N Ml 

From EdgeS, Byrd D, Compton C. et al (eds): AJCC cancer staging manual, ed 7, 
New Yor1<, 2010, Springer. 

*This also includes the PaniN-3classification. 

involving the celiac artery or SMA or stage 4 (metastatic disease) 
are not candidates for immediate surgery. 

Following CT in1aging, patients are classified into resect
able, borderlme resectable, or unresectable. Resectable tumors 
are defined as localized to the pancreas, with no evidence of 
SMV or portal veiJ1 involvement (i.e., no abutmem, distortion, 
thrombus, or encasement) and a preserved fat plane surrounding 
the SMA and celiac artery branches, mcludiJ1g the hepatic artery. 
Patients with imaging consistent with resectable disease should 
proceed with operative resection. 

The appropriate definition of borderline resectable run1ors 
continues to evolve. The National Comprehensive Cru1eer 
Network (NCCN) defines borderline resectable a~ tumors that 
exhibit one of the foiJowing characteristics: (I) severe w1iJateral 
or bi1areral SMV-porcal impiJ1gemem; (2) less than 180-degree 
tumor abutment on the SMA; (3) abutmenr or encasement of 
hepatic artery, if reconstructible; ru1d (4) SMV ocdusion, if of 
a short segment, ru1d reconstructible..l9 It should be noted that 

http://www.myuptodate.com


historically, many of these patients would be considered co have 
locally advanced, unresectable (T 4) disease, and the benefit 
of arterial resection in the setting of significant vascular 
involvement remains to be determined. Complex procedures 
required for the extirpation of borderline tumors should be 
performed only by experienced surgeons, ideally in the setting 
of a clinical trial. 

Unresectablc tumors arc those that exhibit metastasis, 
including lymph node metastasis outside the field of resection, 
ascites, or vascular involvement beyond what has been 
detailed here. 

Laparoscopy 
Staging laparoscopy has been advocated by several authors as a 
means to reduce 1the frequency of nonthcrapeutic laparotomy for 
patients with unsuspected metastatic or locally advanced unre
sectable disease identified at the time of surgery. For patients 
who appear resectable on imaging studies alone, laparoscopy 
identifies additional unresectable disease in up to 30% of cases. 
Others have argued that with current imagiJlg used properly, the 
benefit of additionallaparoscopy only rarely alters surgical plan
ning. Recently, there has been some consensus on a more selec
tive usc of laparoscopy for chose at particularly high risk for 
occult disease, including those with large tumors (>3 em), sig
nificantly elevated CA 19-Y level (>I 00 U/mL), uncertain find
ings on cr, or body or tail tumors. [t may be clinically pmdent 
also to consider laparoscopy for patients with clinical indicators 
of widespread disease, including signi6canr weight loss, malnu
trition, or paim.~ 0 There are no levd I data available co define 
the role of staging laparoscopy and therefore its use remains at 
the discretion of the surgeon. 

Treatment 
Surgical resection remains the only potentially curative treat
ment of pancreas cancer. 

Surgery for Tumors of the Head of the Pancreas 
For rumors involving the head of the pancreas, pancreaticoduo
denectomy is the procedure of choice. AJthough first described 
in 190Y by Kauscl1, the technique becan1e widely known after 
the first successful surgical resection was performed by Whipple 
and Parsons and presented to the American Surgical Association 
by Parsons in 1935. 'TI1e fuse cwo attempts, in 1934, resulted 
in operative mortality but in 1935 a two-stage procedure, 
which included lbiliary decompression followed by pancreatico
duodenectomy, was successful. The initial operative description 
included ligation of rhe pancreas remnant without reanasromosis. 

The fuse one-stage Whipple procedure was reported bX 
Trimble and colleagues at Johns Hopkins University in 1941. 1 

'The modern Whipple procedure maLntaincd a pcrioperativc 
mortality of 25% and morbidity of well over 50% up tmtil the 
lace 1970s. The advent of improved outcomes for this complex 
procedure can be attributed to many surgeons and institutions. 
Most notable on this list of early and seminal leaders in regard 
to improved mortality and outcome arc Can1eron Qohns 
Hopkins Hospital, Baltimore), Tredi (Mannheim Clinic, 
Mannheim (Germany), Warshaw (Massachusetts General Hos
pital, Boston), and Brennan {Mernorial S.loan Kettering Cancer 
Center, New York). Each mrgeon and cencer performed more 
than 100 procedures without any deaths in the 1980s and 
1990s. 
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.-.:t""~IIW~ ....... rr- Gallbladder 

FIGURE 56-22 Complete mobilization of the head of the pancreas is 
shown. The vena cava is visible posteriorly. The gallbladder has been 
freed from the gallbladder fossa. 

Surgical Tedtnique 1l1e modern pancrcaticoduodenectomy begins 
w:itb exploration of the peritoneal surfaces for evidence of mcra
static disease, which would deem the patient inoperable. The 
right colon is then fully mobilized ru1d reflected medially 
(Cattell-Braasch maneuver), exposing the infrapancreatic SMV. 
A Kocher maneuver is performed to the l.evel of the left lateral 
border of the aorta, with attention to clearance of the lymphatic 
tissue overlying the gr<.'<~t vessels. The trru1sverse mesocolon is 
separated o.ff the head of the pru1creas. Figure 56-22 shows 
complete mobilization of the head of the pancreas and gallblad
der. 1l1e lesser sac is entered via the gastrocolic ligament, sparing 
the gastroepiploic vessels. The right gastroepiploic vein is ligated 
at its confluence with the SMY, allowing the SMV to be dis
sected from the inferior border and posterior neck of the pan
creas. The middle colic vein may also be sacri.6ced, if necessary, 
to allow adequate dissection at this level. 

Once the infrapru1creatic SMV is dissected and the head of 
the pancreas is fLtUy mobilized, the gallbladder is removed and 
the common hepatic duct is circurnfcrcntially dissected. Divi
sion of the common hepatic duct allows for visualization of the 
suprapancrcatic SMY. 11Ie duodenum is divided at lcasr 2 em 
distal co the pylorus using electrocautery or a blue load stapler. 
The hepatic artery is exposed proximally and distally and as.~essed 
for replacement or aberrant anatomy. The GOA and right gastric 
artery are visuali7-ed. Prior to division of the GDA, the vessel is 
temporarily occluded and blood flow through the distal common 
hepatic artery is ensured using a Doppler device. 1llis maneuver 
is vital in patients with atherosclerosis of celiac origin to ensure 
that the hepatic blood supply is not dependent on collateral 
retrograde arterial flow from the SMA via the GOA. Once 
hepatic arterial flow is confirmed, the right gastric artery and 
GOA are ligated and divided. If Bow i.n the hepatic artery is 
imcrruptcd by occlusion of the GOA. resection may onJy 
procec.d with preservation of the GDA or arterial resection and 
bypass, typically as an aortohepatic conduit. 
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The pancreas is then divided after four-point ugation of the 
inferior and superior pancreaticoduodenal arteries. Blunt dissec
tion is used to separate the portal vein from the uncinate process. 
This dissection often includes ligation of a superior and inferior 
branch from tbe portal vein and SMV to the tmcinate process. 
The jejunum is divided approximately I 0 em distal ro the liga
ment ofTreitz and the short mesenteric vessels are divided to 
allow for retromcscnteric rotation of the jejunum and third and 
fourth portions of the duodenmn. The head of the pancreas and 
attached small bowel are then retracted to d1e patient's right 
and the remaining portal vein and uncinate dissection is 
completed. 

With the portal vei11 completely &ee, the gland is retracted 
further to the right to allow for complete visualization of the 
uncinate process and SMA. 1l1e retroperitoneal tissue is dis
sected from the SMA, allowing for complete removal of the 
caudate and periarterial lymphatic tissue. Figure 56-23A shows 
the anatomy following removal of the head of the pancreas and 
Figme 56-23B highlights complete clearance of periarterial 
tissue from the SMA. If portal venous or SMV tumor involve
ment is encotm.tered, as shown in Figures 56-24A and B, venous 
resection should be performed. Resections that compromise less 
than 50% of the venous diameter can be dosed primarily (see 
Fig. 56-24C); otherwise, segmental resection with primary anas
tomosis or interposition graft using internal jugular or femoral 
vein should be performed. 

Recon.strudion Prior to reconsrruction, frozen seaion evaluadon 
of the surgical margins is performed. Once negative margins are 
ensmed, the proximal jejunun1 is brought through the transverse 
mesocolon or the retromesenteric defect in preparation for pan
creaticojejunostomy and hepaticojejunostomy. 1l1e pancreatico
jejunostomy is created in two layers, anterior and posterior, with 
a duct to mucosa anaswmosis (Fig. 56-25). An internal pancre
atic stent can be left in place for ducts smaller than 5 mm. 1l1e 
hepaticojejtmosromy anaswmosis is then created 6 co 8 em 
downstrean1 from the pancreaticojejunostomy in an end-to-side 
fashion. If the duct is smaller than 5 mm, it is spatulated to 
improve patency. FollowiJlg this, an antecolic duodenojejunos
tomy is completed. External drains are selectively placed adja
cent to the pancreaticojejunostomy and hepaticojejunosromy. 
Similarly, a feeding jejunostomy is placed in selected patients 
with signi.ficam preoperative mall1utritlon (albumin level 
<3.5 g/dL). 

Surgery for Tumors of the Body and Tail of the Pancreas 
Tumors arising: in rhe body and tail of the pancreas are rarely 
resectable at the time of presentation, given the lack of symp
toms with small tumors. Only 5o/o to 7o/o of individuals with 
body or tail PDACs wiJI ultimately undergo surgery, and median 
survival is significantly shorter than PDACs of the pancreatic 
head because of the more advanced natme of resected tumors. 
AJthough tumor involvement of the splenic artery or vein does 
not preclude surgery, involvement of the celiac axis is a contra
indication to resection. For resectable tumors, distal pancreatec
tomy and en bloc splenectomy should be performed. After 
inspection of the peritoneal surfaces, the gastrocolic and spleno
colk ligaments and short gastric vessels are divided to expose the 
pancreas and spleen. 1he inferior border of tbe pancreas is dis
sected, exposing dte retroperitoneal plane belllnd the gland. This 
anatomic plane can be used to mobilize the body and tail of the 

FIGURE 56-23 A. Surgical anatomy following pancreaticoduodenec
torny. The SM\1. portal vein, hepatic artery, and vena cava are visual
i.zed. Complete lymphatic d earance is noted. 8, SMA dissection 
illustrating complete dearance of periarterial lymphatic tissue. 

pancreas anterior to Gerota's fascia completely. At the superior 
border of the pancreas, the splenic artery is circumferentially 
dissected and divided at its origin from the celiac trunk. 1l1e 
splenic vein is carefully dissected from the posterior wall of the 
pancreas at irs confluence with the SMV and divided. At this 
point, the distal pancreas and spleen are devascularized and the 
neck of the pancreas is divided. A medial to lateral dissection ,is 
completed and the spleen is detached from its posterior perito
neal attacl1ments to al low en bloc removal of the specimen and 
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FIGURE 56-24 A. CT scan showing POAC of the pancreatic head with involvement of portal vein-SMV confluence (Jorge arrow). A metal biliary 
stent is in place (small arrow). B. Operative image demonstrating tumor involvement of the lateral aspect of the portal vein-SMV confluence. 
C. Primary dosure of portal vein-SMV confluence following tumor removal with lateral vein resection. 

FIGURE 56-25 Completed pancreaticojejunostomy. 

surrounding lymph node basin. Several techniques may b<:> used 
to dose the pancreatic duct remnant, with the most common 
being di rect suture ligation or use of a linear stapling device. 
Either technique is appropriate, with similar risk for the devel
opment of pancreatic £srula. 

laparoscopic Distal Pancreatedomy 
1l1ere bas been growing i.nterest in the use of minimally invasive 
surgery for the resection of tumors of the distal pancreas. Lapa
roscopic distal pancreatectomy (LOP) may offer advantages over 
open resection for select patients, with smaller incisions and 
shorter hospital stay. [n a review of over 800 LOPs, Borja 
and coUeagues42 described an overall morbidity rate of 38% and 
hospital length of stay of 5 days, wbid1 compare favorably with 
large series following open pancreatectomy. Although LOP is 
increasingly used for benign conditions, its usefulness for the 
treatment of PDAC remains to be valjdated. There have been 
no randomized trials to evaluate LOP versus open resection, and 

_table 56-7 Morbidity Following Pancreaticoduodenectomy 
COMPLICATION FREQUENCY (lVI) 

Delayed gastric emptying 18 

Pancreas fistula 12 

Wound infection 7 

Intra-abdominal abscess 6 

Cardiac events 3 

Bile leak 2 

OVerall reoperation 3 

few studies have reported outcomes of LOP for POACs. Cur
rently, LOP in the setting of PDACs should be considered 
experimental. 

Outcomes 

Perioperative Mortality: long-Term Survival 
Perioperative mortality has become a rare event following the 
Whipple procedure, occurring in less than 2% of cases at high
volume cencers. Despite signi£cant reduction in mortality, 
however, morbidity remains common, occurring after 30% to 
50% of procedures.38Table 56-7 lists several of the most common 
postoperative morbidities and their frequencies. 

Following surgical resection and adjuvant therapy for pan
creatic cancer, the median survival is approximately 22 montl1s, 
with 5-year survival of 15% to 20%. Most patients experience 
relapse of disease in the form of metastatic disease (85%) and, 
less commonly, local recurrence (40%). ln the absence of surgi
cal resection, those with locally advanced disea~e who receive 
palliative chemotherapy may survive 10 ro 12 months, whereas 
those with metastases rarely survive beyond 6 months. 1l1e role 
of adjuvant chemotherapy and radiation is described later in this 
chapter. 
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Table 56-8 ISGPF Cassification of Pancreatic Fistulas 
Grade 

PARAMETER A B ( 

Oinical conditions Well Often well Ill-appearing. 
bad 

Specific treatment No Yes/no Yes 

US, a scan (if Negative Negative/ Positive 
obtained) positive 

Persistent drainage 
(after 3 wk) 

No Usually yes Yes 

Reoperation No No Yes 

Death related to No 
POPF 

No Possibly yes 

Signs of infections No Yes Yes 

Sepsis No No Yes 

Readmission No Yes/no Yes/no 

From Bassi C. Oe!venis C. Butturini G, et al: Postoperative pancreatic fistula: 
An international study group OSGPF) definition. Surgery 138:8- 13, 2005. 

POPF. Postoperative pancreatic fistula. 

M orbidity 
The most common difficulty following pancreaticoduodenec
tomy is delayed gamic emptying, d1aracterized by the need for 
prolonged nasogasrric decompression and/or inability to tolerate 
oral intake. There are variable criteria used to define delayed 
gastric emptying precisely, but lOo/o to 50% of individuals have 
some alteration in food tolerance following Whipple surgery. 
The International Study Group of Pancreatic Surgery (ISGPS)43 

has suggested a uniform definition for delayed gastric emptying 
to allow for more rigorous investigation: «output via an intra
operatively placed drain (or percutaneous drain) of any measur
able volume of drain Auid on or after postoperative day 3, with 
an1ylase >3 times normal serum value." This is frequently 
described following pancreaticoduodenectomy, occurring after 
5o/o to 22o/o of surgeries. Perhaps the most predictive factor is 
the texture of the gland, with soft fatty glands at significantly 
hlgher risk of leak. Most fistulas are controlled by drainage 
catheters placed at the time of surgery and require no additional 
intervention. Rarely, tmcontrolled fistulas require addhional 
drain placemem or operative exploration, sometimes mandating 
completion pancreatectomy to elim inate further abdominal con
tamination. 'The classification of pancreatic fistulas is given in 
Table 56-8. 

Anastomotic leaks from the hepaticojejunostomy and duo
denojejunostomy are rare, and occur after less than 5% of pro
cedures. [nfectious complications (e.g., intra-abdominal abscess, 
wound infection) are slightly more common and may require 
intervention with percutaneous drainage or open wow1d. dress
ing changes. 

Pancreatic endocrine and exocrine insLtfficiency can occur 
after pancreaticoduodenectomy, but the risk of these event~ is 
w1predkrable . . For individuals with a normal gland , pancreatic 
insufficiency is rare. However, for those with preexisting 
chronic pancreatitis, fibrosis of the gland, or insulin resistance, 
exogenous enzyme and insu.lin replacement are usually 
needed. 

Controversies 

Pylorus~Preserving Versus Non- Pylorus-Preserving 
Whipple Procedure 
We have described the pylorus-preserving Whipple procedme, 
which is the operation of choice for a growing number of pan
crearobiliary surgeons. It wa~ initially proposed as a means to 
reduce postpancreatectomy dumping and bile reflux. which is 
common after a non-pylorus-preserving Whipple procedure. 
Although initial result~ were encouraging, there has been no trial 
to suggest the superiority of a pylorus-preserving over non
pylorus-preserving Whipple procedure. We prefer pylorus pres
ervation when possible, bllt do not hesitate to proceed with a 
non-pylorus-preserving Whipple procedure in case of tumor 
involvement of the duodenum or concern for duodenal blood 
supply. 

Pancreaticojejunostomy Versus Pancreatogastrostomy 
The pancreaticojejunostomy remains the AchiiJes' heel of the 
Whipple procedure because of the frequency of pancreatic 
fistula. Several studies have reported successful outcomes with 
pancreatoga~trostomy and reduced leak rates compared with 
pancreaticojejun.ostomy, but thls finding has not been reproduc
ible in several randomized trials and most surgeons continue to 
prefer pancreaticojejunostomy.44 In cases in which the pancreatic 
duct is nor identified, invagination of the gland into the jejunal 
stump may also be performed. 

Extent of Lymphadened omy 
Given the fact that 75% to 80o/o of patients are found to have 
lymph node (LN) involvement at the time of the Whipple pro
cedure and, overall, 80% to 85o/o of patients will experience 
tumor recurrence and cancer-related death, some have proposed 
that radical lymphadenectomy may improve outcomes. Regional 
pancreatectomy was first proposed by Former in 1973 and has 
been used widely in Japan, where significant improvements in 
survival. for patients undergoing extended lympbadenectomy 
have been reported. In addition ro peripancreatic, portal, and 
pyloric LN, extended lymphadenectomy includes retrieval of 
bilar and retroperitoneal LNs, extending from the celiac origin 
to the level of the inferior mesenteric artery and including all 
tissue between the renal hi lun1 laterally. Several randomized 
comrol trials have since been completed, with no evidence w 
suggest in1proved survival following extended lymphadenec
tomy. In fact, more than one trial has shown increased morbidicy 
assodated with extended lymphadenectomy, including delayed 
gastric emptying, pancreatic fistula, and dumping.45 ln view of 
the current evidence, standard pancreaticoduodenectomy is the 
operation of dwice for localized pancreatic adenocarcitwma. 

Laparoscopic Pancreaticoduodened omy 
The first laparoscopic pancreaticoduodenectomy was performed 
in 1994 by Gagner and Pomp. Since then, several case reports 
and small series have been published, whld1 have demonstrated 
the feasibility of the minimally invasive apg roach. ln the largest 
U.S. series to date, Kendrick and Cusati 6 have reported out
comes of 65 laparoscopic pancreaticoduodenectomies, wi th an 
overall morbidity rate of 42%-pancreatic fisrula rare 18%. 
delayed gastric emptying 15%, bleeding 8%, wow1d infection 
6o/o, reoperation 5o/o, and mortality of 1.5%. 1l1ese results indi
cate that laparoscopic pancreaticoduodenectomy bas similar 
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shon-term outcomes as the open approach. Given the complex
ity of the procedure and the fact that the major morbidities 
following pancreaticoduodeJlectomy are not related to the size 
of the incision, the laparoscopic Whipple procedure has not 
become widely adopted. 

Antecolic Versus Retrocolic Duodenojejunostomy 
Delayed gastric emptying is a common occurrence following 
pancreaticoduodenectomy with an dusive cause. Emerging 
data suggest than: creation of an antecotic duodenojejunostomy 
may improve gastric emptying compared with the retrocolic 
technique. 

Adjuvant Therapy for Pancreatic Cancer 

Chemotherapy .and Radiation 
Over the last 30 years, there have been con£licting reports regard
iJlg the survival benefit of adjuvant therapy following surgical 
resection of localiz..ed pru1creatic cru1eer, particularly with regard 
to radiation therapy. AJthough the use of chemotherapy is widely 
accepted, the usefuL1ess of radiation therapy has been increas
ingly guestioned. In the United States, chemotherapy and radia
tion are still widely used, whereas European centers have stopped 
using radiation therapy as part of standard adjuvrult therapy 
because of lack of evidence to support a survival benefit. 

Several randomized trials have attempted to clarify the roles 
of chemotherapy and radiation as adjuvrult treatment of prulcre
atic cru1cer following surgical resection. Table 56-9 summariz..es 
the findings of several important trials. In 1974, the Gastro
imestinal Tun101r Study Group (GITSG) began a prospective 
randomiz..ed trial comparing adjuvant 5-fluorouracil (5-FU) and 
4000-rad radiation with observation following curative rcsec
tion.47 The trial was terminated prematurely because of low 
accrual and the observation that the chemoradiation arm had a 
significant survival advantage. Over an 8-year period, only 49 
patients were accrued and randomiz..ed ( 43 patients were included 
in the final analysis because of withdrawal of 5 individuals and 
misdiagnosis of 1). Median survival for the chemoradiation 
group was 20 months compared with 11 months for observa
tion. Despite its Umitations, this was the first randomized 

Table 56-9 Summary of Clinical Trials Defining Role of Adju
v! nt Thera~ Following Resection of Pancreatic cancer 
TRIAL CONCLUSIONS 

GITSG 

ESPAC-1 

CONK0-()()1 

RTOG 97.()4 

ESPAC-3 

Adjuvant chemoradiation with 5-FU and 40 Gy 
radiation therapy improves survival compared with 
observation alone. 

Adjuvant chemotherapy improves survival; 
chemoradiation is deleterious. 

Adjuvant gemcitabine improves disease-free survival 
compared with observation. 

Gemcitabine before and after 5-FU-based 
chemoradiation provides similar overall survival 
co'"!"pared with 5-FU, but with significantly less 
toXJaty. 

Adjuvant chemotherapy alone with gemcitabine 
provides similar overall survival as 5-FU, but with 
significantly less toxicity. 
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control trial that demonstrated aJ1 overall survival benefit fol
lowing chemoradiation. 

TI1e Europeru1 Study Group fo.r Pancreatic Cancer-1 
(ESPAC-1) trial was a 2 X 2 factorial design that compared 
chemoradiotherapy alone (5-FU, 20 Gy over 2 weeks) versus 
chemotherapy alone (5-FU), versus chemoradiot.herapy and che
motherapy versus observation.48 At a median follow-up of 47 
months, it was noted that the estimated 5-ycar survival for those 
who underwent chemoradiotherapy was significantly less thru1 
those who did not (10% versus 20%; P= .05).At the same time, 
those who received chemotherapy had a 5-year survival of 21% 
versus 8% for those who did not (P <.009). 11K-se findings led 
to the conclusion thar although d1emotherapy provided signifi
cant improvement in overall survival, the routine use of chemo
radiation may be detrimental. 

In 2007, the Charite Onkologie (CONK0-001) trial of 
368 individuals enrolled over a 6-year period evaluated whether 
chemotherapy with gemci.tabine (without radiation) could 
extend disease-free survival compared witl1 observation.49 Trial 
patients received six cycles of gemcitabine (days 1, 8, and 15 
every 4 weeks for 6 months) and nutcomes were compared with 
observation alone. Mediru1 disease-free survival was significantly 
improved in the gen1citabine group compared with observation 
(13.4 versus 6.9 months). There was a trend toward in1proved 
overall survival but this did not meet statistical significance 
(median, 22.1 versus 20.2 months). This trial established the 
use of adjuvant gemcitabine for the treatment of pancreatic 
cancer. 

TI1e Radiation 1l1erapy Oncology Group (RTOG 97 -04) 
trial compared 5-FU versus gemcitabiJle chemotl1erapy before 
and after 5-FU-based chemoradiation.50 1l1e purpose of the 
study was to determine whether gemcitabine provided a survival 
benefit over 5-FU in combination with 5-FU-based chemora
diation. lt was noted that although overaH survival was similar 
(20.5 months for gemcitabine versus 16.9 months for 5-FU; 
P = NS), tl1e treatment-related toxicity was significantly higher 
in the 5-FU group. 1l1ese data have led to the use of gemcitabine 
as the first-line agent for adjuvant chemotherapy, with or without 
radiation. 

TI1e most recent international randomiz..ed controlled trial 
to be -completed (ESPAC-3) was designed to evaluate overall 
survival comparing 5-FU (425 mg/m2 IV bolus, given on days 
l to 5 every 28 days) versus gemcitabine (1000 mg/m1 IV, days 
1, 8, 15 every 4 weeks) following curative surgery. No observa
tion arm was included because it was thought to be unethical. 
given the existing data suggesting a survival benefit of chemo
therapy over observation alone. More rban 1000 participants 
from 16 countries were randomiz..ed. Overall survival was similar 
between d1e groups (23.0 months for 5-FU, 23.6 months for 
gemdtabine), but gemcitabine was found to have less treatment
related. toxicity, with fewer severe adverse events and better com
pliance. These results are currently awaiting publication, but 
support the continued use of gcmcitabine as first-line treatment. 
A multicenter rru1domized trial evaluating the efficacy of 
albumin-bound paditaxel and gemcitabine in the setting of 
metastatic disease is currently underway. 

Current NCCN guidelines continue to recommend gem
citabine or 5-FU alone, or in combination with 5-FU- based 
chemoradiation, as adjuvant treatment following resection for 
PDAC. Given the overall poor prognosis, enrollment into clini
cal trials is encouraged. 
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Role of Neoadjuvant Therapy 
The administration of chemotherapy, with or without radiation, 
prior to planned surgical resecti.on for pancreatic cancer is 
becoming increasingly common. The rationale for the neoadju
vant approach is multifaceted. FoUowing surgical resection, 
approximately 25% of patiems do not receive adjuvant therapy 
because of refusal, surgical complications, or an inability to 
recover physiologically. Giving therapy prior to surgery ensures 
that aU patients will receive multimodality therapy and, by deliv
ering therapy to an intact gland with an established blood 
supply, the efficacy of therapy may be maximized. ln addition, 
by treating patients with measurable disease, response to therapy 
can be assessed more readily. Progression of disease during nco
adjuvant treatment is indicative of aggressive tumor biology and 
may prevent these patients from undergoing extensive surgery, 
which is lUilikdy to provide any survival benefit. finaUy, the 
administration of chemotherapy and radiation prior to surgery 
has been viewed as a physiologic stress test and helps select 
patients who would be unlikely to tolerate the major stress of 
surgical resection. Ncoadjuvant therapy may provide in1proved 
patient selection, avoiding ~:urgery for those who progress, but 
also improved negative margin rates and reduced LN metastasis. 
Despite all these benefits, no studies have shown an improve
ment in overall survival for patients who receive neoadjuvant 
chemotherapy and radiation. 

In select patients, the role of neoadjuvant therapy is 
clearer, particularly those with significant venous or lin1ited 
arterial involvement who are classified as borderline resectable. 
ln these patients, where up-front surgical exploration bas a 
significant risk of exposing patient~ to nontherapeutlc laparot
omy, the argumenr for neoadjuvant therapy is strengthened. 
For individuals with significant SMV- portal vein involvement 
(> 180 degrees or short-segment encasement), or hepatic arterial 
or SMA abutment (<180 degrees) who have been traditionally 
considered unresectable, neoadjuvant therapy may play an 
important role in identifying the subset of patient~ most 
Likely to derive benefit from aggressive multimodality therapy, 
including surgical resection with vascular reconstruction.51 

1l1is type of aggressive treatment should be undertaken only 
by an experienced multidisciplinary team in the setting of a 
clinical trial. 

Palliative lberapy for Pancreatic Cancer 
Given that 80o/o to 85% of those with pancreatic cancer have 
locaUy advanced or metastatic disea.~ at the time of presenta
tion, and are therefore not candidates for surgical resection, it is 
imperative that all surgeons be familiar with nonoperativc and 
operative palllative options. ln general, nonoperative manage
ment should be pursued whenever possible to expedite systemic 
therapy and optimize quality of life for these patients. 

Biliary Obstruction 
Palliation of biliary obstruction is commonly required for 
patients who are not candidates for surgical resection. ERCP 
with metal stent placement provides excellent palliation of jaun
dice and, at high-volume lUuversity centers, successful biliary 
drainage is possible in more than 90% of ca~s. Ln patients for 
whom endoscopic paUiacion is impossible, percutaneous biliary 
drainage with subsequent internalization may be required. For 
patients who are found at laparotomy to have unresectable 
disease, or those for wbom nonsurgical measures have failed, a 

surgical biliary-enteric bypass may be performed via Roux-en-Y 
hepat icojejunostomy, with excellent long-term patency. 

Gastric Outlet Obstruction 
Approximately 20% ofpatients wid1 locaUy advanced pancreatic 
cance r will develop gastric outler obstruction. For those with 
meta.-;tatic disease or disease found to be lUlresectable ba~d on 
in1aging findings, who have symptoms of gastric outlet obstruc
tion, endoscopic luminal stenting should be carried out. Pallla
tive e ndoscopic stenting has excellent short-term results, with 
almost immediate improvement in oral intake, but is linllted in 
its ability to provide long-term patency. For this reason, patients 
who are found to have unresectable cancer at the time of 
laparotomy may benefit from preventive gastrojejunostomy, 
with no increase in perioperative morbidity. For patients who 
require surgical intervention, a double bypass consisting of a 
Roux-en-Y hepaticojejunosromy and gastrojejLUlOstomy may be 
performed. 

Pain Relief 
Pain is a common component in the natural history of pancre
atic cancer, affecting most patients with advanced disease. Pallia
tion of pain is paramount for optimizing the quality of life for 
patients and should be a primary goal for physicians. The initial 
management of pain may include anti-inAanm1atories or long
acting opioids, taken orally or v.ia a cutaneous patch. for patients 
with pain that is not well controlled, or who suffer side effects 
of narcotic use, celiac nerve block sholLid be considered. 1l1e 
procedure involves injecting a combination of 3 mL of 0.25% 
bupivacaine and 10 mL of absolute alcohol into each celiac 
plexus. For cases that are found at exploration to be unresectable, 
tlus can be performed intraoperatively, as described by Lillen10e 
and coworkers.52 For those with unresectable disease based on 
staging evaluation, who do not undergo surgical exploration, 
neurolysis can be achieved via EUS guidance, with pain relief 
expected in 80% of patientsY CT-guided percutaneous neuroly
sis may also be performed. 

PANCREAnC TRAUMA 
Pancreatic injuries are uncommon. The mechruusm of injury 
varies according to the age of the patient. The most common 
mechruusm in pediatric patients is abdominal bllUlt trauma. 
Direct compression of the epigastrium against the vertebral 
column and a blunt object (handlebar) is typicaUy seen after 
bicycle injuries. The most common segment of the pancreas 
affecred is the body. Penetrati11g injuries into the abdomen are 
the most common injuries seen in adults.51 

Isolated pancreatic injuries are not common. Up to 90% 
of patients present with associated hepatic, gastric, splenic, renal, 
colonic, or vascular lesions.54 The diagnosis and therapy in 
unstable patients with severe retroperitoneal injuries, gunshot 
wounds, or penetrating injury into the abdomen arc usually 
straightforward a11d do not require further evaluation. Hemo
dynamically stable patients represent a challenge because isolated 
pancreatic i11jures are normally associated with subtle or absent 
physical symptoms ru1d signs. Undiagnosed pancreatic injuries 
are associated with significant complications, such as imra
abdominal abscess, fisrula, or fiujd collections in 60% of 
patients. 55 Pancreatic injuries should always be considered after 
epigastric compression during a car or bicycle accident. 
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Table 56-10 American Association for the Surgery of Trauma 
Pancreatic Injury Grading 
GRADE 

Hematoma 

laceration 

II Hematoma 

Laceration 

Ill Laceration 

IV Laceration 

INJURY DESCRIPTION 
Minor contusion without ductal injury 

Superficial laceration without ductal injury 

Major contusion without ductal injury or tissue loss 

Major laceration without ductal injury or tissue loss 

Distal transaction or pancreatic parenchymal injury 
without ductal injury 

Proximal transaction or pancreatic parenchymal 
injury involving the ampulla 

V Laceration Massive disruption of the pancreatic head 

From Subramanian A. Dente CJ, Feliciano DV: The management of pancreatic 
trauma in the modern era. Surg Oin North Am 87:1515- 1532, 2007. 

1he modality of choice to evaluate patients with abdominal 
trauma is CT scanning of the abdomen. Findings such as peri
pancreatic hematomas, free Auid in the lesser sack, or abnormal 
thickening of Gerota's fascia suggest pancreatic injury. Recent 
studies have shown that MRCP provides excellent visualization 
of the pancreatic duct, peripancreatic Auid contiguous to frac
tured segments of the pancreas, and hemorrhage after non
penetrating trauma. Its main limitations include high cost, 
availability, and amount of time required to perform the sntdy. 
Isolated pancreatic amylase level measurement is not recom
mended because up to 40% of patients with pancreatic duct 
transected have normal serum amylase levels. Serial quantifica
tion levels increase the sensitivity o f the assay. Abnormal amylase 
level elevations require further imaging. 

1l1e most reliable test to demonstrate pancreatic duct integ
rity is ERCP. However, its applicability is frequently Lin1ited by 
the risk of inducing pancreatitis, availability, and severity of the 
trauma 

Pancreatic injuries are classified according to the system 
described by tl1e American Association for the Surgery of 
Trauma (AAST; T able 56- l U.) Definitive treatment is based on 
surgical findings. Major pancreatic resections have been described 
in stable patients with isolated pancreatic iJljury. H owever, pan
creatic resections. iJ1 unstable patients are associated with signifi
cant morbidity and mortality. Therefore, damage control surgery 
is mdicated for complex injuries or unstable patients. Most 
pancreatic lesions can be temporarily controiJed with drains. 
Once the physiologic insult has been controlJed, definitive treat
ment should be considered, if indicated. Up to 75% of deaths 
occur within d1e 48 to 72 hours after trauma, and most are 
related to hypovolemic shock.'>~ 
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CHAPTER 57 

THE SPLEEN 
}ULI E SHELTON AND M ICHAEL D. HOLZMAN 

SPLENIC ANATOMY 

SPLENIC FUNcnON 

SPLENEOOMY 

LATE MORBIDITY AFTER SPLENEOOMY 

PROPHYLACTIC TREATMENT OF SPLENEOOMIZED PATIENTS 

SPLENIC ANIATOMY 
1l1e spleen is an 80- to 300-g organ that initially develops from 
mesenchymal cells in the dorsal mesogastrium during week 5 of 
embryogenesis and settles into the left uppermost aspect of the 
abdomen. Its superior surface is roofed by the diaphragm, sepa
rating it from the pleura. It should be noted, however, that the 
costodiaphragmatic recess extends to the inferiormost aspect of 
a normal-sized spleen. The spleen's visceral relationships include 
the greater curvamre of the stomach, splenic flexure of the colon, 
apex of the left kidney, and tail of the pancreas (Fig. 57-1). It is 
protected by ribs 9, 10, and lland is suspended in its location 
by multiple peritoneal reflections, the splenophrenic, gastro
splenic, splenorenal, and splenocolic Ligaments. ln patients 
without portal hypertension, the splenophrenic and splenocolic 
ligaments are relatively avascular. TI1e gastrosplenic ligament 
carries the short gastric vessels in its superior aspect and the left 
gastroepiploic in its inferior aspect. The splenorenal Ligament 
houses the splenic artery and vein, as well as the tail of the 
pancreas. 1l1e tail of the pancreas abut-~ d1e splenic hilum in 30% 
of individuals and is within 1 em of the hilum in 70%. 

The splenitc artery, a branch of the celiac trunk, is a tortuous 
vessel d1at gives off multiple branches to the pancreas as it travels 
along its posterior aspect (Fig. 57 -2). 1l1ere are two typical arrays 
of the splenic artery-the magistral, which branches into termi
nal and polar arteries near the hilum of the spleen and the dis
tributed, which, as the name in1plies, gives off its branches early 
and distant from the hilum. There is typically a superior polar 
artery, which sometimes commLmicates with the short gastric 
arteries, superior, middle, and inferior terminal arteries, and an 
inferior polar artery. Knowing these variable distributions is 
necessary when perfom1ing resections, especially a spleen
preserving procedure. Because of the variable nature of the 
splenic artery, one must be cautious when operating near rllis 
vessel and its tributaries. 

The spleen .is encased within a fibroelastic capsule. Trabecu
lae tha.r compartmentali7,.e the spleen pass from the splenic 
capsule. 1l1e spleen is also segmented by the divisions of the 
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splenic vessels as they branch within the organ and merge with 
these trabeculae. The arterioles brand1 into even smaller vessels 
and leave these trabeculae to merge with the splenic pulp, where 
tl1eir adventitia is replaced by a covering oflymphatic tissue that 
continues until the vessels thin to capillaries. These lymphatic 
sheaths make up the white pulp of the spleen and are inter
spersed an10ng the arteriolar branches as lymphatic follicles. 1l1e 
white pulp then interfaces with tbe red pulp at the ma.rgiJlal 
zone. It is in this marginal zone that the arterioles lose their 
lymphatic tissue and the vessels evolve into thin-walled splenic 
sinus-es and sinusoids. The sinusoids then merge into venules, 
draining into vciJ1s that travel along the trabeculae to form 
splenic vein~ that nlirror rueir ar terial coumerpa.rts. The splenic 
vein leaves the splenic hilum, travels posteriorly to the pancreas, 
joining with pancreatic brand1es and often the inferior mesen
teric veio to finally receive the superior mesenteric vein fornling 
the portal veiJl. 

SPLENIC FUNtnON 
During fetal development, the spleen has in1portant hematopoi
etic fLUlCtions, which include white and red blood cell produc
tion. 1l1is production is usurped by the bone marrow by the 
fifth month of gestation and, under normal conditions, the 
spleen has no significant hematopoietic .function beyond this 
point. In certain pathologic conditions, such as myelodysplasia, 
the spleen may reacquire this function. Beyond hematopoiesis, 
the specialized vasculature in the spleen is directly related to its 
remaining functions, defense and cleansing. It is likely that the 
spleen's mechanical flltration contributes to control of infection 
by removing pathogens within cells (e.g., malaria) or circulating 
in the plasma. 1l1is filtration may be particularly important for 
removing microorganisms for which the ho.~t does not have a 
specific antibody (Box 57- L). 

The in1mune functions of the spleen become obvious after 
splenectomy, when patients are noted to be significantly at risk 
for infection. The most serious sequela is overwhelming post
splenectomy infection (OPSO, with meningitis, pneumonia, or 
bacteremia. ' Older studies have demonstrated that the risk of 
OPSI is greatest within the first 2 years after splenectomy but 
recent studies have confirmed that a lifelong risk remains. One 
third of cases occur more than 5 years after surgery, with the 
overaU incidence reported to be 3.2% to 3.5%. For those who 
acquire OPSI, mortality is becween 40% and 50o/o.2 1lle risk is 
greatest in patients with thalassemia major and sickle cell disease. 
orsm is typically caused by polysaccharide-encapsu.lated organ
isms, such as Strepwcoccus pneumonide, Neisseria meningitidis. 
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FIGURE 57-1 A. Spleen, from the front (1} Diaphragm, (2} stomach, (3} gastrosplenic ligament, (4) gastric impression, (5} superior border, 
(6} notch, (7} diaphragmatic surface, (8) inferior border, (9) left colic flexure, (10) costodiaphragmatic recess, (11) thoracic wall. The left upper 
abdominal and lower anterior thoracic walls have been removed and part of the diaphragm {1) turned upward to show the spleen in its nonnal 
position, lying adjacent to the stomach (2} and colon (9}, with the lower part against the kidney (8, 9 and 10}. 8, Spleen, in a transverse 
section of the left upper abdomen. (1) Left lobe of liver, (2} stomach, (3) diaphra.gm, (4) gastrosplenic ligament, (5) costodiaphragmatic recess 
of pleura, (6) ninth rib, (7) lOth rib, (8) peritoneum of greate r sac, (9) spleen, (10) left kidney, (11) posterior layer of lienorenal ligament, 
(12} tail of pancreas, (13) splenic artery, (14} splenic vein, {15} anterior layer of lienorenal ligament, (16} lesser sac, (17} left suprarenal gland, 
(1 8) intervertebral disc, (19} abdominal aorta, (20} celiac trunk, (21) left gastric artery. The section is at the level of the disc (1 8) between the 
12th thoracic and! first lumbar vertebrae and is viewed from below looking toward the thorax. The spleen (9) lies against the diaphragm 
(3) and left kidney (10} but is separated from them by peritoneum of the greater sac (8}. The peritoneum behind the stomach (2), fonning 
part of the gastrosplenic (4} and ileorenal (15) ligaments, belongs to the lesser sac (16). (From McMinn RMH, Hutchings RT, Pegington J, 
Abrahams PH: Color atlas of human anatomy, ed 3, St Louis, 1993, Mosby-Year Book, pp 230-231.} 

and Haemophifus in.fluenzae. These and other organisms are 
identified and bound by antibodies and complement compo
nents in preparation for phagocytosis by macrophages in the 
spleen. After splenectomy, the antibodies continue co bind but 
digestion by sple ruc macrophages is no longer possible. 

Asplenic patients have been noted to express similar post
vaccination immunoglobuJjn G (lgG) antibody levels wben 
comparing timing of pneumococcal vaccinations in postsplenec
tomy trauma patients; functional antibody levels, however, were 
lower.3 Also, asplenic patients have been found to express sub
normal lgM levds and their peripheral blood mononuclear cells 
exhibit a suppressed immunoglobulin response. 1he risk of 
developing OPSI or asplcnk or hyposplenic overwhelmlng 
sepsis for reasons other than surgical removal of the spleen is 
linked to patient understanding of the risks of infection.4 Reg
istries cl1at allow for long-term follow-up and periodic teaching 
of current recommendations should be considered for this high
risk population.:;..<> 

Other factors involved in the immune response, such a~ 
properdin and tuftsin, opsonlns produced iJl the spleen, exhibit 
reduced serum levels after splenectomy. Properdin, a globulin 
protein also known as foetor P, initiates the alternate pathway of 

complement activation; this increases cl1e destruction of bacte
ria, foreign, or otherwise abnormal cells. Tuftsin, a tetrapeptide, 
enhances the phagocytic activity of mononuclear phagocytes and 
polymorphonuclear Leukocytes. Absence of a circulating media
tor appears to result in suppressed neutrophil function. 1l1e 
spleen also plays a key role in cleaving rufrsin from the heavy 
chain of lgG; thus, circulating levels of tufrsin are subnom1al in 
asplenic patients. 

The filtration consists of two methods of blood flow within 
the spleen, the closed and open systems. [n the closed system, 
blood Hows directly from arteries to veins. ln the open system, 
most of the spleen's blood How occurs when blood Hows through 
the arterioles and then trickles through a sieveli.ke parenchyma 
made up of reticuloendothelial cells into the spleruc sinuse.s 
before draining imo the venous system (Fig. 57-3). 1he cellular 
clements are directed toward these reticuloendothelial cells, in 
which cellular cleansing processes take place. These include 
removal of senescent cells, cellular inclusion (e.g., red cell nucle
oli), parasites, and sequestration of red cells (for maturation) and 
platelets (reservoir). The plasma is directed to tbe lymphoid 
tissue, where soluble antigens stimula te rhe production of 
antibodies. 

)> 
co 
0 
0 
s:: 
m z 

http://www.myuptodate.com


1550 SECTION X ABDOMEN 

Stomach Splenic artery and vein 

Celiac axis 

Superior Aorta 
mesenteric 

Inferior mesenteric vein 

vein and artery 

FIGURE 57-2 Anlatomic relationships of the splenic vasculature. (From Economou SG, Economou TS: Atlas of surgical techniques, Philadelphia. 
1966, WB Saunders, p 562.) 

BOX 57-1 Biologic Substances Removed by the Spleen 

Normal Subjects 
Red blood cell membrane 
Red blood cell surface pits and craters 
Howell-Jolly bodies 
Heinz bodies 
Pappenheimer bodies 
Acanthocytes 
Senescent red blood cells 
Particulate antigen 

Patients With Disease 
Spherocytes (hereditary spherocytosis) 
Sickle cells, hemoglobin C cells 
Antibody-coated red blood cells 
Antibody-coated platelets 
Antibody-coated white blood cells 

Adapted from Eichner ER: Splenic function: Nonnal, too much and too little. Am 
J Med 66:311-320, 1979. 

Red cell morphology, and thus red cell fLmction, is main
tained by splenic filtration. Normal red blood cells are bjconcave 
and deform easily. This plasticity allows passage through tbe 
microvasculatwre and optimizes the exchange of oxygen and 
carbon dioxide. Imperfect red cells with inclusions such as nucle
oli, Howeii-Jollly bodies (nuclear remnant), Heinz bodies (dena· 
rured hemoglobin) , Pappenhcimer bodies (iron granules), 
acanthocytes (spwr cells), codocytes (target cells), and stippling 
cause these red. blood cells to undergo cleansing in the spleen. 

Aged red blood cells with decreased plasticity (>120 days) 
become trapped and destroyed in the spleen. 

Abnormal erythrocytes that result from sickle cell anemia, 
hereditary spherocytosis, thalassemia, or pyruvate kinase 
deficiency arc also trapped and destroyed by the spleen. 1l1e 
overall effect is worsc11iJ1g anemia, splenomegaly, and some
times autoinfarction of the spleen. Similarly, the spleen is 
involved in platelet destruction in immune thrombocytopenk 
purpura (ITP). 

SPLENECTOMY 
Splenectomy may be performed for a number of reasons and 
conditions. 

Benign Hematologic Conditions 

Immune Thrombocytopenic Purpura 
ITP, classically known as idiopathic thrombocytopenic purpura, is 
characterized by a low platelet COL.Lilt despite normal bone 
marrow and the absence of other causes of thrombocytopenia 
that could be responsible for the finding. Autoantibodies arc 
responsible for the djsordered platelet destruction mediated by 
the overactivated platelet phagocytosis within the reticuloendo
thelial system. Within the bone marrow, normal (or sometimes 
increased) amow1ts of megakaryocytes are present. There per
sists, however, a relative bone marrow failure in that production 
carmot match destruction to compensate sufficiently. 

The typical presentation ofiTP is characterized by purpura, 
epistaxis, and gingival bleeding. Less commonly, gastrointestinal 
bleeding and hematuria are noted. Intracerebral hemorrhage is 
a rare but sometinles fatal presentation. The diagnosis of ITP 
involves the exclusion of other relatively common causes of 
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thrombocytopenia-pregnancy, drug-induced thrombocytope
nia (e.g., heparin, quinicUne, quinine, sulfonamide.s), viral infec
tions, and hypersplenism (Box 57-2). Mild thrombocytopenia 
may be seen in approximately 6% to 8o/o of otherwise normal 
pregnancies and in up ro 25% of women with preeclan1psia. 
Drug-induced thrombocytopenia is thought to occur rarely, in 
approxinlately 20 to 40 cases/ mHLion users of common medica
tions, such a~ trimethoprim-sulfonamide and quinine. Other 
medications, such as gold salts, have a higher incidence, almost 
1% of users.' Viral infection (e.g., hepatitis C virus [HCV], 
HIV, rarely, Epstein-Barr virus [EBV)) can be responsible for 
thrombocytopenia independent of splenic sequestration. Once 
again, other processes must be ruled out but health care provid
ers can be confident of these causative factors if platelet counts 
improve with successful treatmenc of the responsible infection. 
Bacterial infectio n, specifically Helicobacter pylori, has also been 
linked to in fection-related thrombocytopenia that improves 
with eradication. Other causes are listed in Bt>X 57-2; spurious 
laboratory values caused by platelet clum ping or the presence of 
giant platelets should not be ignored. 

ITP is predominantly a disease of young women; 72% of 
patients older than 10 years of age arc women and 70% of 
affected women are younger than 40 years. ITP manifests some
what differendy in children-both genders are affected equally, 
onset is sudden, thrombocytopenia is severe, and complete spon
taneous rcmjssions arc seen in approximately 80% of affected 
children. Girls older than 10 years with more chronic purpura 
are those in whom the disease seems to persist. 
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FIGURE 57-3 Structure of the sinusoidal spleen showing the open 
and dosed blood flow routes. (From Bellanti JA: Immunology: 
Basic brocesses. Philadelphia, 1979, WB Saunders.) 

; soi_57;2'. Differenti.ai-Dia~osis ' of, lmnuJne 
Thrombocytopenic Purpura ~---- _ 
Falsely Low Platelet Count 
In vitro platelet d umping caused by ethylenediaminetetraacetic 

acid (EDTA)-dependent or cold-dependent agglutinins 
Giant platelets 

Common Causes of Thrombocytopenia 
Pregnancy (gestational thrombocytopenia, preedampsia) 
Drug-induced thrombocytopenia (common drugs include 

heparin, quinidine, quinine, sulfonamides) 
Viral infections, such as HI\/, rubella, infectious mononucleosis 
Hypersplenism caused by chronic liver disease 

other Causes of Thrombocytopenia Mistaken for 
Immune Thrombocytopenic Purpura 
Myelodysplasia 
Congenital thrombocytopenias 
Thrombotic thrombocytopenic purpura and hemolytic-ure mic 

syndrome 
Chronic disseminated intravascular coagulation 

Thrombocytopenia associated with other disorders 
Autoimmune diseases, such as systemic lupus erythematosus 
lymphoproliferative disorders (chronic lymphocytic leukemia, 

non-Hodgkin's lymphoma) 

Adapted from George JN, EI-Harake MA. Raskob GE: Chronic idiopathic throm
bocytopenic purpura. N Engl J Med 331:1207-1211, 1994. 
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Management of ITP depends primarily on the severity of 
the thrombocytopenia.8 Asymptomatic patients with platelet 
counts higher than 50,000/mm3 may be observed without 
further intervention. Platelet counts of 50,000/mm3 and higher 
are rarely associated with clinical sequelae, even with invasive 
procedures. Patiems with slightly lower platelet counts, between 
30.000 and 50,000/mm\ may always be observed but with 
more routine follow-up because they are at increased risk for 
progressing to severe thrombocytopenia. Initial medical treat
ment for patients with platelets counts less than 50,000/mm3 

and symptoms such as mucous membrane bleeding, high-risk 
conditions (e.g., active lifestyle, hypertension, peptic ulcer 
disease), or platelet counts less than 20,000 co 30,000/mmJ, 
even without symptoms, is glucocorticoid administration (typi
cally, prednisone, I mg/kg body weight/day). Clinical response 
with increases ln platelet levels to higher chan 50,000/mm3 is 
seen in up to two thirds of patients within I to 3 weeks of ini
tiating treatment. Of patients treated with steroids, 25% will 
experience a complete response. Patients wi th platelet counts 
higher than 20,000/n:un3 who remain symptom-free, or who 
experience minor ptupura as their only symptom, do not require 
hospitalization. Hospitalization may be required for patients 
whose platelets counts remain below 20.000/ mm3 with signifi
cant mucous membrane bleeding and is required for those who 
have life-threatening hemorrhage. Platelet transfusion is iJldi
cated only for those who experience severe hemorrhage. IV 
immunoglobulin is important for the treatment of acute 
bleeding, in pregnancy, or for patiems being prepared for opera
tion, including splenectomy. The usual dose is 1 g/kg body 
weight/day for 2 days. 1l1is dose usually .increa~es the platelet 
count within 3 days; .it also increases the efficacy of platelet 
transfusions. 

Prior to the establishment of glucocorticoids as treatment 
for JTP in 1950, splenectomy was the treatment of choice.8 For 
those two thirds of patients in whom glucocorticoids result in 
the normalization of platelet counts, no funher treatmenr is 
necessary. For patients with severe thrombocytopenia, with 
counts less tham 10,000/mm3 for 6 weeks or longer, tl1ose with 
thrombocytopenia refractory to glucocorticoid treatment, or 
chose who require toxic doses of steroid to achieve remission, 
the treatment of choice is to proceed to splenectomy. Splenec
tomy is also the treatment of choice for patients wi th incomplete 
response to glucocorcicoid creatmem and for pregnam women 
in the second trimester of pregnancy who have also failed steroid 
treatment or IV Ig therapy with platelet counts less than 1 0.000/ 
mm3 without symptoms or less than 30,000/mm3 with bleeding 
problems. It is nor necessary to proceed to splenectomy for 
patients who have platelet cow1cs higher chan 50,000/mmJ, have 
had ITP for longer than 6 mon d1s, are not experiencing bleeding 
symptoms, and who are not engaged in high-risk activities. A 
recent review of short-term and long-term failure oflaparoscopic 
splenectomy has repon ed an overall approximate failure rate of 
28o/o at 5 years after splenectomy.9 

A systematic review of 436 published articles &om 1966 to 
2004 has reported that 72% of patients with ITP had a complete 
response to splenectomy. Relapse occurred in a median of 15% 
of patiCJlts (range, 1% to 51 o/o), with a median follow-up of 33 
momhs.10 

In addition to relapse rates, predictors of successful sple
nectomy were examined. Of the variables iJl the multivariate 
model, age at the time of splenectomy was an independent 

variable chat was most correlated with response.10 Younger 
patients had improved responses. Preoperative indium-Ill 
(' 

11 l11)- labeled platelet scintigraphy with platelets sequestered 
predominantly within the spleen had a significantly higher 
response rate than those noted to have hepatic sequestration.'' 

Most patients will exhibit improved platelet counts within 
10 days postoperatively ru1d durable platelet responses are a~sod
ated with patients who have platelet cow1ts of 150,000/mm3 by 
postoperative day 3 or more than 500,000/mm3 by the post
operative day l 0. Even with splenectomy, however, some patients 
may relapse (~12o/o; rru1ge, 4% to 25%).12 A recent review of 
1223 ITP patients has estimated the long-term failure rate of 
laparoscopic splenectomy at approximately 8o/o ru1d approxi
mately 44/1000 patient-years of follow-up.9 Another study has 
estimated the complete response of ITP patients postsplenec
tomy to be 66%.10 

Altl1ougb a thorough search for accessory spleens is com
pleted during the initial surgery, evaluation for a missed acces
sory spleen must be undertaken in patients who experience a 
relapse. L1 their evaluation of 394 patients treated with laparo
scopic splenectomy, Katkhouda ru1d colleagues12 noted 15% of 
patients wi th accessory spleens. In those with acces.~ory spleens, 
cxanlination of a peripheral blood smear will Lack the dlaracter
istic red cell morphology resulting from excision of the spleen. 
Radionuclide imaging may also be helpful in locating the pres
ence and location of any accessory splenic tissue. Patients with 
chronic JTP in whom an accessory spleen is identified should 
have this removed, as long as the patiem can withstruld the 
surgical risk. 

Otl1er treatment options for these patien ts include observa
tion of stable nonbleeding patients with platelet cow1ts higher 
tl1an 30,000/mm3, long-term glucocorticoid therapy, and treat
ment with azatllioprine or cyclophosphanlide. RecCJlt evidence 
regar<ling thrombopoierin receptor agonises may offer a novel 
medical therapy for patients wi th no response to steroids, IV 
immunoglobulin therapy, or splenectomy. '3 

Other conditions linked to thrombocytopenia include 
thrombotic tllfombocytopCJlic purpura, chronic dissenlinated 
iJltravascular coagulation, congenital thrombocytopenja, 
myelodysplasia, autoimmune disorders (e.g., systemic lupus 
erytl~ematosus), ru1d lympboproliferative djsorders (e.g., dlfon.ic 
lymphocytic leuken1ia, non-Hodgkin's lymphoma). 

Approximately 1 Oo/o co 20% of otherwise asymptomatic 
patients with HIV will develop lTP. Splenectomy is a safe treat
ment option for tllis cohort of patients and may actually dela}' 
HfV d isea~e progres.~ion. 14·' 5 

Hereditary Spherocytosis 
Hereditary spherocytosis is an autosomal dominant disease 
affecting the production of spectdn, a red blood cell cytoskeletal 
protein. Loss of this protein causes red blood cells to lack their 
characteristic biconcave shape. 11lis affects the red blood cells' 
deformability, because lack of this protein results in rigid eryth
rocytes tbat are small and spbere-shaped. Also, these ceUs have 
increased osmotic fragility and are more susceptible to trapping 
and destruction by the spleen. The resulting clinical features are 
anemia, occasionally with jaundice, and splenomegaly. Diagno
sis is made by examination of a peripheral blood smear, increased 
reticulocyte count, increased osmotic fragiJiry, and a negative 
Coombs' test. 
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The resulra111t anemia can be successfully treated witb sple
nectomy, but normalization of the erythrocyte morphology does 
not occur. Splenectomy should be delayed unti l the age of 5 
years to preserve immunologic function of the spleen and reduce 
the risk of 0 PSI. Just as with other hemolytic anemias, tbe pres
ence of pigmented gallsmnes is common. The preoperative 
workup should ~nclude ultrasound evaluation; if gallstones are 
present, cholecystectomy may be performed at the same time as 
splenectomy. 

Hereditary elliptocytosis, hereditary pyropoikilocytosis, 
hereditary xerocytosis, and hereditary hydrocytosis also result in 
anemia secondary to red blood cell membrane abnormalities. 
Splenectomy is indicated in cases of severe anemia with these 
conditions, except hereditary xerocytosis, which results in only 
mild anemia of Limited clinical significance. 

Hemolytic Anemia Caused by Erythrocyte 
Enzyme Deficiency 
Pyruvate kinase deficiency and glucose-6-phosphate dehydroge
nase (G6PD) deficiency are the predominant hereditary condi
tions associated. with hemolytic anemia. Pyruvate kinase 
deficiency is an autosomal recessive disea~e that results in 
decreased red blood cell deformabWcy and the formation of 
cchinocytes, a type of spiculated red blood cell. 1llis morpho
logic variant inc!7eases the likelihood that the cell will be trapped 
and destroyed by tbe spleen, which resuhs in splenomegaly, 
hemolytic anemia, and associated transfusion requirements, 
which can be mitigated with splenectomy. Again, for reasons 
discussed earlier, splenectomy is delayed until 5 years of age. 

In G6PD deficiency, however, splenectomy is rarely indi
cated. 1llis X-linked condition is typically seen in people of 
Mrican, Middle Eastern, or Mediterranean ancestry. Hemolytic 
anenlia in tbese patients most often occurs after infection or 
exposure to certain foods, medications, or chemicals. Primary 
treatment, therefore, is avoidance of exacerbation of the 
condition. 

Hemoglobinopathies 
ln addition to defects of cellular membranes or enzymes, heredi
tary anemias may also result from defects in hemoglobin mol
ecules. Sickle ceU disease and thalassemia are two disorders in 
which the hemoglobin molecules exhibit qualitative or quantita
tive defects. 1l1ese lead co abnormally shaped erythrocytes, 
which may lead to splenic sequestration and subsequent 
destruction. 

Sickle cell anemia results froJ"U a single amino acid substitu
tion (valine for glutanlic acid) iJl the sixth position of the~ chain 
of hemoglobin A, which causes those hemoglobin chains, under 
reduced oxygen conditions, to become rigid and unable to 
deform within the microvasculature. This rigidity causes the red 
cells to assume the elongated crescent or sickle shape. Sickle ceU 
disease results from hom<Yqgous inheritance of the defective 
hemoglobin (hemoglobin S) although sickling can also be seen 
when hemoglobin S is inherited along with other hemoglobin 
variants, such as hemoglobin C or sickle cell ~-thalassemia. Ln 
African Americans, 8o/o are heterozygous for hemoglobin S 
(sickle cell trait) and approximately 0.5o/o are homozygous for 
hemoglobin S. During conditions of low oxygen tension, rhesc 
hemoglobin S molecules crystallize, distorting the cell into a 
crescent shape. These misshapen cells are unable to pas.~ through 
the nlicrovasculature, which results in capillary occlusion, 
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thrombosis, and ultimately nlicroinfarction. This cascade of 
events &equently occurs in the spleen. These episodes of vase
occlusion and progressive infarction result in autosplenectomy. 
1l1c spleen, which is usually hypertrophied early in life, typically 
atrophies by adulthood, although splenomegaly may occasion
ally persist. 

Other causes of hemolytic anemia are the thalassemias. 
These are inJ1erited as autosomal dominant traits and result from 
a defect in hemoglobin synthesis that causes variable degrees of 
hemolytic anemia. Splenomegaly, hypersplenism, and splenic 
infarction, common in sickle cell disease, arc also seen com
monly in the thalassenlias. 

Hypersplenism and acll(e splenic sequcsuation are life
threatening disorders in ch.ildreJ1 with thalassemia and sickle cell 
disease. In these conditions. there may be rapid splenic enlarge
ment, which results in severe pain and may require multiple 
blood transfusions. Patients with acute splenic sequestration 
crisis present with severe anemia, splenomegaly, and an acute 
bone marrow response, with erytlliocytosis. 1l1ere may be a 
concurrent decrease in hemoglobin levels, abdominal pain, and 
circulatory collapse. R'-'Suscitation witb hydration and transfu
sion may be followed by splenectomy in these patients. Hyper
spleJlism related to sickle cell disease is characterized by anemia, 
leukopenia, and thrombocytopenia requiring transfusions; 
transfusions may be reduced by performing splenectomy. Symp
tomatic massive splenomegaly that interferes with daily activities 
may also be improved by splenectomy. Finally, in children witl1 
sickle cell disease who exhibit growth delay or even weight loss 
because of increased metabolic rate and whole-body total protein 
turnover, splenectomy may relieve these symptoms. 

Sple1lic abscesses may also be seen in patients with sickle 
cell anemia. These patients present with fever, abdominal pain, 
and a tender enlarged spleen. Most patients with splenic abscesses 
will have a leukocytos.is, as well as thrombocytosis and Howell
Jolly bodies indicati11g a functional asplenia. SalmonellA and 
Enterobacter spp. and other enteric organisms arc commonly 
seen in those with a splenic abscess. 1l1ese patients regu.ire resus
citation with hydration and transfusion and may require urgent 
splenectomy after stabilization. 

Malignancy 

Lymphomas 
Hodgkin's Disease Hodgkin's disease is a malignant lymphoma 
tbat usually affects young adults in thei.r 20s and 30s. Rarely, 
patients present with constitutional symptoms such as njgbt 
sweats, weight Joss, and pruritus but, more typically, asymptom
atic lymphadenopathy usually involving tbc cervical nodes. 
Hodgkin's disease is characterized histologically as lymphocyte
predonlinant, nodular-sclerosing, mixed cellularity, or 
lymphocyte-depleted. The disease is pathulogica11y staged 
according to the fum Arbor classification. Stage I is disease in a 
single lymphatic site. Stage II is disease in two or more lymphatic 
sites o n the same side of the diaphragm. Stage ill indicates 
disease on both sides of the diaphragm and includes splenic 
involvement. Stage IV disease is disease in which there is 
dissemination into cxcralymphatic sites sud1 as liver, lung, or 
bone marrow. The addition of a subscript E to stage I, ll, 
or m indicates single or contiguous extralymphatic spread; 
subscript S indicates splenic involvement. Patients who exhibit 
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constin•tional symptoms are denoted with a B (presence) and 
those without symptoms are denoted with an A (absence). 

Historically, patient~ with Hodgkin's disease underwent a 
staging laparotomy that included splenectomy to provide patho
logic staging information required to determine appropriate 
therapy. 1his was particularly common in srages 1 and II disease 
to rule out splenic or subd.iaphragmatic involvement. In addi
tion to splenectomy, the procedure invo.lves splenic bilar lymph
adenectomy, liver biopsy, retroperitoneal node biopsy, and 
biopsy of a hepatoduodenal node and oophoropexy in 
premenopausal women. Staging methods have evolved to 
include imagiJng techniques-computed tomography (CT), 
18F-£1uorodeoxyglucose positron emission tomography (FOG
PET), and lymphangiography-thus making invasive staging 
methods almost obsolete. Staging laparotomy remains appropri
ate for select patients, such as those with early clinical d.isease 
stages (lA or IIA) i11 whom abdominal staging will significantly 
alter therapeutic management. Early-stage Hodgkin's disea~e is 
often cured with rad.iation therapy alone. Laparotomy is no 
longer indicated for patients likdy to relapse, those with evi
dence of intra-abdominal involvement on imaging, and d10se 
with B sympttoms. These patients should receive systemic 
chemotherapy. 

Non-Hodgkin's Lymphomas Splenomegaly or hypersplenism is a 
common occurrence during the course of non-Hodgkin's lym
phoma (NHL). Splenectomy is indicated for NHL patients with 
massive splenomegaly leadiJ1g to abdominal pail1, early satiety, 
and fullness. It may also be indicated for patients who devdop 
anemia, neutropenia, and thrombocytopenia associated witb 
hypersplenism. 

Splenectomy may also be iJ1Strumental in the diagnosis and 
staging of patients with isolated splenic disease. 1he most 
common primary splenic neoplasm is NHL. le11s than 1 o/o of 
patients present with splenomegaly without lymphadenopathy; 
however, 50% w 80% of patients with NHL have uwolvement 
of the spleen}6 Patients with clinically isolated splenic disease 
are said to have malignant lymphoma with splenic involvement. 
Most patients have low-grade NHL, with frequent iJwol.venlent 
of the splenic hilar lymph nodes, extrahilar nodes, bone marrow, 
or liver. Approximatdy 75% of these patients have clinically 
apparent hypersplenism. Ln patients with spleen-predominant 
features, survival is significantly improved after splenectomy 
compared with similar patients who did not tmdergo 
splenectomy. 

Leukemia 
Hairy Cell Leukemia Hairy cell leukemia, a rare disease that 
accounts for approxin1ately 2% of adult leukemias, is character
ized by splenomegaly, pancytopenia, and neoplastic mono
nuclear cell~ in the peripheral blood and bone marrow. The cells 
that give the disease its nan1e are B lymphocytes that have a 
ruffling of the cell men1branc. This ruffling causes the cdls to 
appear to have cytoplasmic projections under the light micro
scope. 'TI1is d isease affects older men who presents with 
palpable splenomegaly. Approximately lOo/o ofpaticnts require 
no treatment because of the indolent course of their disease. 
Treatmem for cytopenias or splenomegaly typically begins 
with purine analogue chemotherapy.1

' "
18 For more refractory 

cancers, a second-line immunotherapy may be i.nstituted. ln 
others, however, the extent of splenomegaly or symptoms from 

hypersplenism, symptomatic anemia, infections from neutrope
nia, or hemorrhage from thrombocytopenia can lead to splenec
tomy. Most patients show improvement after the procedure, 
with a response lasting approximately 10 years after splenec
tomy, and some patients (~Oo/o to 60%) show normalization 
of blood counts after splenecromy.19 Patients with diffusely 
involved bone marrow without massive splenomegaly are less 
responsive to splenectomy. Patients with hairy cell leukemia are 
also at a two- to threefold risk for devdopiJ1g other malignancies 
after their diagnosis of hairy cell leukemia. Most of tl1ese second 
malignancies arc solid tumors, such as skin cancers, lung cancer, 
prostate cancer, and gastroultestinal adenocarcilwmas. Hairy 
cell leukemia behaves like a chronic leukemia; many patients can 
achieve a din.ical remission, with a normal or near-.normal life 
span. 

Chronic Lymphocytic Leukemia Chronic lymphocytic leukemia 
(CLL) is a clinically heterogeneous d.isease of B lymphocytes 
d1aracterized by the progressive accunllllation of relatively 
mature but functionally incompetent lymphocytes. CLL is seen 
with a slight predominance u1 men, mainly after the age of 50 
years .. CLL is staged according to the Rai system and correlates 
fairly well with survival. Low-risk CLL (formerly stage 0) 
uwolves bone marrow and blood lymphocytosis only. 
intermediate-risk CLL (formerly stages l and ID involves lym
phocytosis and lymphadenopathy u1 any site or splenomegaly, 
hepatomegaly, or bepatosplenomegaly, and high-risk CLL (for
merly srages Ill ru1d IV) involves lymphocytosis and anemia or 
thrombocytopenia. The Rai sysrCJll hdps clinicians determil1e 
when therapy should be started. New molecular tests, sucl1 as 
that for ZAP-70, zeta-chain-associated proteiJ1 70 (an uma
cdluJar protd.n rarely fotiJld in normal B cdls) are Ulcrcasingly 
helpful for determilling prognosis?0 Med.ical treatment, consist
ing of nucleoside analogues or combination therapy, is indicated 
for symptomatic patients or those exhibiting evidence of rapid 
d.isease progression. Monoclonal antibodies are also used in the 
treatment of CLL. 

Bone marrow transplantation currently offers the only 
known cure for CLL. Splenectomy is indicated for patients with 
refractory splenomegaly and pancytopenia, which results in 
improvements in blood counts in 60% to 70% of patients.21 

Chr0111ic Myelogenous Leukemia Chronic myelogenous leukemia 
(CML) is a mydoprolifera6ve disorder that devdops as a result 
of a neoplastic transformation of myeloid elements. CML is 
characterized by the progressive replacement of normal diploid 
clement~ of the bone marrow with mature-appearu1g neoplastic 
myeloid cells. Although CML can be asymptomatic at presenta
tion, patients commonly present with fever, fatigue, malaise, 
effects of pancytopenia (infections, anemia, easy bruisu1g), and 
occasionally splenomegaly. A duomosomal marker, the Phila
delphia chromosome, is highly associated with CML ru1d is 
caused by the fusion of fragments of cl1romosomes 9 and 22. 
This fusion results in expression of tl1e bcr-abl gene product, a 
tyrosine kmase, which then accelerates cell division and inhibits 
DNA repair. 

CML may occur in patients from childhood to old age. It 
usually presents with ru1 asymptomatic chronic phase bur may 
progress to an accelerated phase associated with fever, nighr 
sweats, and progressive splenomegaly. The accelerated phase may 
be asymptomatic, and may be detectable only by changes in 
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peripheral blood! or bone marrow. The accelerated phase may 
then progress to the blastic phase. This phase is also characterized 
by fever, night sweats, and splenomegaly but is also associated 
with anemia, infections, and bleeding. 

The bcr-abl gene product is the target for therapy with 
tyrosine kinase inhibitors and other chemorherapeuric modali
ties. Bo.ne marrow transplantation is an option but prognosis 
has improved dran1atically with the advent of recent therapies, 
making transplantation less common. Studies evaluating the 
efficacy of newer therapies and combination therapies are 
ongoing. Symptomatic splenomegaly and hypersplenism in 
CML can be effecdvely treated with splenectomy, but there does 
not appear to be a survival benefit when performed during the 
early chronic phase.~~ Surgery is therefore reserved for patients 
with significant symptoms. 

Non-Hematologic Tumors of the Spleen 
The spleen can also be the si te of metastatic disease, seen in up 
to 7% of autopsies of cancer patients. The solid mmors that 
most frequently spread to the spleen arc carcinomas of the 
breast, lung, and melanoma. Any primary malignancy, however, 
can metastasize to the spleen?3 Metas tases are often asymptom
atic but may be associated wicl1 splenomegaly and even splenic 
rupture; tlllls, splenectomy may provide palliation for carefully 
chosen patients with symptomatic splenic metastases. 

Primary tumors of the spleen are commonly vascular neo
plasms and indude benign and malignant variants. Hemangio
mas are frequem findings in spleens removed for other reasons. 
Angiosarcomas (or hemangiosarcomas) of tl1e spleen usually 
occur spontaneously, but have been linked to environmental 
exposures, such as thorium dioxlde or monomeric vinyl clllo
ride. Patients with angiosarcomas may present wid1 spleno
megaly, hemolytic anemia, ascites, pleural effusions, or even 
spontaneous splenic rupture. These tumors are aggressive and 
have a poor prognosis. Lymphangiomas, by contrast, are 
endotheHum-lined cysts that come to attention because of sple
nomegaly secondary to cyst enlargement. These are usually 
benign tumors; however, lymphangiosarcoma has been found 
within lymphangiomas. Splenectomy is appropriate for the diag
nosis, treatment, and/or palliation of these conditions. 

Mist:ellaneous Benign Conditions 

Splenic Cysts 
Splenic cysts have been seen with increasing frequency since the 
advent of CT and ultrasound scanning. They are classified as 
true cysts, which can be parasitic or nonparasitic, or as pseudo
cysts. Tumors of the spleen may also appear to be cystic; these 
include lymphangiomas and c-avernous hemangiomas (see 
earlier).'-4 Prin1ary true cysts of the spleen account for approxi
mately 10% of all nonparasitic splenic cysts, whereas most non
parasitic cysts are pseudocysts secondary to trauma. True cysts 
are lined wicl1 a squan10us epithelium and many are considered 
congenital. These epithelial cells are often positive for carbohy
drate antigen 19-9 (CA19-9) and carcinocmbryonic antigen 
(CEA) by immLLnohisrochemisrry. Patients with splenic epider
moid cysts may have elevated serum levels of one or borb of 
these tumor markers. These cysts, however, are benign and 
apparently do nor have malignant potential beyond that of the 
surrounding native tissue. 
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True splenic cysts are often asymptomatic and discovered 
incidentally. Patients may complain of abdominal fLLLlness, early 
satiety, pleuritic chest pain, shortness of breath, and/or left 
shoulder or back pain. 1l1ey may also experience renal symptoms 
from compression of the left kidney. On physical examination, 
an abdominal mass may be palpable. Rarely, splenic cysrs present 
with acute symptoms related to rupture, hemorrhage, or infec
tion. Diagnosis is best made by CT and operative intervention 
is indicated for those with symptomatic or large cysts. Total or 
partial splenectomy may provide appropriate treatment. Partial 
splenectomy bas the advantage of preserving splenic function; 
25% of the spleen appears to be sufficient to protect against 
pneumococcal pneumonia. Open and laparoscopic procedures 
allow total or r,artial splenectomy, cyst wall resection, or partial 
decapsulation. 4.25 

Most true splenic cysts are parasitic cysts and occur in areas 
of endemic hydatid disease (Echinococcus spp.). Radiographic 
imaging reveals cyst wall calcifications or daughter cysts and, 
altl1ough hydatid d isease is w1common in North America, this 
diagnosis must be excluded before invasive procedures are 
undertaken that might result in spillage of the cyst contents. 
Rupture of the cyst and expulsion of contents in to the abdomen 
may precipitate anaphylactic shock and can also lead to intra
peritoneal dissemination of the infection. Serologic testing is 
helpful for veri fying the presence of these parasites. Splenectomy 
is the treatment of d10ice. As with hydatid cysts of the Hver, the 
cysts may be sterilized by iJljection of a 3% sodium chloride 
solution, alcohol, or 0.5% silver nitrate. Even so, great care 
should be taken to avoid intraoperative rupture of the cyst. 

Pseudocysts comprise tl1.e remaining 70% to 80% of non
parasitic splenic cysts. A history of prior rrawna can typically be 
elicited. Pseudocysts of the spleen are not lined with epithelium. 
Radiologic in1aging usually reveals a smooth, unilocular, thick
walled lesion, sometimes wi th focal calcifications. Asymptom
atic, small (<4-cm) pscudocysts do not require treatment and 
may involute with time. Symptomatic pseudocysts present in a 
similar fashion as true splenic cysts: these are treated surgically 
with total or partial splenectomy, again remembering that partial 
splenectomy preserves splenic function. Percutaneous drainage 
has also been reported for splenic pseudocysts26 although, in a 
recent case series, recurrence was common and subsequent com
plications were deemed roo high?~ 

Splenic Abscess 
Splenic abscess is an unusual but potentially life threatening 
iJ iness, with a 0.7o/o incidence in autopsy series.28 The mortality 
rate for splenic abscess ranges from 15% to 20% in previous!}' 
healthy patients, with single unilocular lesions, to 80o/o for mul
tiple abscesses in immunocompromised patients. illnesses and 
other factors that predispose to splenic abscess indude 
malignancies, polycythemia vera, endocarditis, prior trauma, 
hemoglobinopathies. urinary tract infections, IV drug use. 
and AIDS. 

Approximately 70o/o of splenic abscesses result from hema
togenous spread of the infective organism from another location, 
as in cn.docarditis, osteomyelitis, and fV drug use. Spread may 
also occur in a contiguous fash ion from local infections of the 
colon, kidney, or pancreas. Gram-positive cocci (commonly 
Stnpkylococcus, Streptococcus, or E11terococcus spp.) and gran1-
negative enteric organisms are typically involved. Mycobacterium 
tuberculosis, Mycobacterium nvium, and Actinomyces spp. have 
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also been found. Fungal abscesses (e.g., Candida spp.) also occur, 
typically in immunosuppressed patients. 

Splenic abscesses present wi th nonspecific symptoms
vague abdominal pain, fever, peritonitis, and pleuritic chest 
pain. Splenomegaly is not typical. CT is the preferred method 
for diagnosis; however, rhe diagnosis can also be made with 
ultrasound. 

Treatment of splenic abscesses depends on whether the 
abscess is unilocular or multilocular. In one third of adult 
patients, the abscess is multilocular. In one third of children, the 
abscess is unilocular. Unilocular abscesses arc often amenable to 
percutaneous drainage, along with antibiotics/ ? with success 
rates reported at 75% to 90% for unilocular lesions. Multi
locular lesions, however, are usually treated with splenectomy, 
drainage of the left upper quadrant, and antibiotics.30 Laparo
scopic splenectomy for abscess has been reported.31 

Wandering Spleen 
Wandering spleen is a rare finding, seen in children and in 
women between the ages of20 and 40 years. One of two causes 
is suspected. The first is theorized to result from a failure to form 
normal splenk peritoneal attachments that suspend the organ 
securely within its usual anatomic position. Failure to form these 
attachments is moughr to arise from lack of fusion of the dorsal 
mesogastrium to the posterior abdominal walJ during embryo
genesis. The second theory surmises that in multiparous women, 
hormonal changes and abdominal laxity lead to an acquired 
defect in splenic attachments. In either case, without these 
attachmen ts, the splenic pedicle is unusually long and prone to 
torsion. 

Intermittent abdominal pa.iJ1, splenomegaly resulting from 
venous congestion, or severe persistent pain are suggestive of 
wandering spleen and tension or intermittent torsion of the 
splenic pedicle. A mobile mass may be palpable on physical 
examination. CT, with [V contrast of the abdomen, provides 
confirmation of the diagnosis, with the spleen located outside 
its usual position. A noncontrasted spleen or whorled appear
ance of the vascular pedicle provides additional evidence for 
the condition and may be helpful in d wosiJ1g splenopexy or 
sple11ecromy.3' 

Other Considerations 

Splenic Trauma 
See Chapter 18. 

Elective Laparoscopic Splenedomy 
Laparoscopic splenectomy is now the preferred method for 
resecting the spleen. This technique was first described in 199133 

and many studies have supported i rs use in terms of outcomes 
and patienr safety.12 Disadvantages of the laparoscopic technique 
are longer oper:aring times and difficult)' removing large organs; 
however, reduced hospital stay and more rapid postoperative 
recovery alleviate these limitations. Complications are typically 
linked to patients comorbidities. 

Laparoscopic splenectomy has been reported for most 
splenic disea~es and is tbe preferred method for most situations, 
barring trauma or cases of massive splenomegaly. When dedding 
whether to pursue laparoscopic methods for splenectomy, certain 
considerations should be taken into accowlt, sucl1 as operative 
indication (e.g., benign or malignant disease), splenic size, and 

any potential contraindications to laparoscopy. Preoperative 
planning is aided by CT imaging especially regarding spleno
megaly. Melman and Manhews3'1 have noted that spleens mea
suring more than 22 em in crani.ocaudal dimension, more than 
19 em in width, or more than 1600 g estimated weight will 
requi.re hand-assisted laparoscopic procedures, if not open sple
nectomy. Laparoscopic splenectomy can be completed in 
approxin1ately 90% of patients. The reported conversion to open 
splenectomy is between Oo/o and 20%. Most conversions are 
caused by intraoperative bleeding, lack of sur~ical experience, 
prohibitive adhesions,35 massive splenomegaly,2 and obesit)r.1•

15 

As with other laparoscopic procedures, there is a learning curve 
and with increasing experience, conversion to open splenectomy 
declines.3..3G Recently published guidelines regarding laparo
scopic splenectomy reiterate the importance of indications for 
the procedure, preoperative in1agi11g for determining size and 
volume and presence of accessory splenic tissue, choices regard
ing hand-assist techniques {early in cases of sp.lenomegaly), con
traindications {e.g., portal hypertension, major medical 
cornorbidities), and splenic vaccinationsY Vaccinations for N 
mmingitidis, S. pneumoniAe, and H. i11jluenz11e should be given 
15 days prior to elective splenectomy or within 30 days of an 
emergent splenectomy to reduce the risk of OPSI (see earlier). 

Postoperative recovery from laparoscopic splenectomy is 
rapid, as seen with laparoscopic cholecystectomy. l11e length of 
stay ranges from 1.8 to 6 days; shorter hospital stays are a major 
advantage of laparoscopic procedures.'6.17 A prospective ran
domized comrolled trial comparing open and laparoscopic 
approaches was performed in patients with J3-thalassemia major. 
Tius study reported a shorter median. hospital stay i11 the lapa
roscopic patients but longer operative rimes and an increase in 
blood transfusions.38 It is not known whether these results can 
be generalized to all patients with splenic disease. Several case 
series have also compared the laparoscopic with the open 
approach and consistently favored the laparoscopic approach, 
particularly in regard to earlier resumption of diet, decreased 
postoperative pain, and shorter hospital stay.11 

Treatment outcomes are the primary concern when com
paring these approaches. In published results to date, laparo
scopic outcomes are equivalent to those of open splenectomy. 
In a review of laparoscopic splenectomy for malignant disease, 
Burch and associates39 have reported cl1at cl1is patient population 
benefits from laparoscopic splenectomy, similar to those widt 
benign disease. Katkhouda and coworkers12 have reported that 
in cl1e treatment of ITP. laparoscopic and open splenectom}' 
results appear to be similar. 

As noted, laparoscopic surgery needs careful consideration 
for special populations. Portal hypertension and its risk of 
operative hemorrhage prohibit laparoscopic splenectomy. Lapa
roscopic splenectomy during pregnancy for refractory tb.rom
hocytopenia carries an associated fetal mortality rate of 31%. 
There is scant literature regarding d1is rare patient population, 
although laparoscopic splenectomy can be performed d uring 
pregnancy.-1- ·40 

The laparoscopic technique may be perfom1ed with the 
patient in the supine or lateral position, or a combination. After 
induction of general anesthesia and endotracheal intubation, a 
nasogastric tube and urinary catheter are inserted. Standard 
antithrombotic precautions are taken. Patient positioning is 
cruci:al for cl1e completion of a laparoscopic splenectomy. For all 
three positions, the patient is placed so cl1ar d1e kidney rest can 

http://www.myuptodate.com


be raised to maximize the space between the iJlac crest and costal 
margin. The patient is positioned so that the table may be flexed 
to widen the working space. FiJlaUy, the patient is t il ted in a 
reverse Trendelenburg posicion to facilitate retraction of the 
viscera caudally away from left upper quadrant. 

In the supine position, the surgeon stands ro rhe patiem's 
left and the first assistant and camera a~sistant stand to the 
patient's right. 35 It may be easier for a right-handed surgeon to 
work from a position between the patient's legs, with me patient 
in a modified Lithotomy position. The scrub nurse stands to the 
patient's left side, near the foot of the table. Alternatively, the 
patient may be placed in a 60-degree right lateral decubitus 
position using a beanbag and axillary roll. In thls case, the 
patient's left arm is placed on an arm board or supported by a 
splint. With this approach, the surgeon and scfllb nurse stand 
to the patient's right and the assistants stand to the patient's left. 
The spleen will thus be suspended from its diaphragmatic attach
ments, gravity retracts the stomach, omentum, and colon, and 
the splenic hilum will be under some degree of tension. For 
either approach, the video monitors are placed on either side of 
the table, at or abnve the levd of the patient's shnulders. 

Trocar access to the abdomen is gained and pneLLmoperi
toneum is cstabllshed to a pressure of 12 to 15 mm Hg. Three 
to five 2- to 12-mm-diameter ports are used, with the camera 
port at the umbilicus or offset between the umbilicus and costal 
margin. The other port si tes are positioned as depicted in 
Figure 57-4. 

The operadon is begun with a thorough search of the 
abdominal cavity for the presence of accessory splenic tissue 
(Fig. 57-5); the stomach is retracted to the right side to facilitate 
examination of the gascrosplenic Ligament. ll1c splcnocolic liga
ment, greater omentum, and phrenosplenic ligament are 
iJJSpected next. 'll1e small and large bowel mesenteries, pelvis, 
and adnexal tissues are examined. Finally, the gastrosplenic liga
ment is opened and the tail of the pancreas is confirmed to be 
free of splenic tissue. 

My preference has been to use the lateral decubitus 
approach. ll1e unitial dissection is begw1 by mobilizing the 
splenic flexure of the colon. Using sharp dissection, th.e spleno
colic ligament is .divided. ll1e spleen can then be retraced cepha
lad; care should be taken not to rupture the splenic capsule 
during retraction. The lateral peritoneal attad1ments of the 
spleen arc incised ncxr, usiJ1g scissors or ultrasonic shears. A 
1-cm cuff of pelii toneum is left along the .lateral aspect of the 
spleen, which cam then be grasped to facilitate medial retraction. 
The lesser sac is entered along the medial border of the spleen. 
Continuing the cephalad retraction, the short gaHric vessels and 
main vascular pedicle can be identified. The tail of the pancreas 
is also visualized and care is tal<en to avoid it as it nears the 
splenic hilum. 1l1e short gastric vessels arc divided. There arc a 
number of optio ns available currently available for this, includ
iJlg ultrasonic dissectors, hemoclips, bipolar devices, LigaSure 
(Covidien, Boulder, Colo), and endovascular stapling devices. 
Hemodips are used mjnimally around the area of the splenic 
hilum to prevent iJ1terference with future use of a stapling 
device, wbi.cb could lead to significant bleeding from improperly 
ligated hilar vessels. 

After dividing the short gastric vessels, the splenic pedicle 
is carefuiJy dissected from the medial and lateral a~pects . After 
the artery and vein are dl&.~cted, the vessels are divided by 
application of endovascular staplers or suture ligatures. In the 
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FIGURE 57-4 Strict lateral position of the patient for laparoscopic 
splenectomy. The table is angulated, giving forced lateral flexion of 
the patient to open the costophrenic space. Trocars are inserted along 
the left costal margin more posteriorly. The spleen is hanged by its 
peritoneal attachments. The numbered lines show the position of 
laparoscopic ports. (From Gigot Jf. lengele B, Gianello P. et al: Present 
status of laparoscopic splenectomy for hematologic diseases: Certi
tudes and unresolved issues. Semin Laparosc Surg 5:147-167, 1998.) 

more prevalent distributed mode there are multiple vascular 
branches entering tl1c spleen close ro tl1e hilum, so the dissection 
is carded out approximately 2 em from tl1e splenic capsule. 
Several branches may stUI be encountered, but these may be 
individually controlled more easily. A pedicle formed by the 
ar tery and vein that enters the hilum is known a~ the magistral 
mode. If this is seen, the pedicle is trru1sected en bloc usiJ1g a 
linear vascular stapler. The tail of the pancreas, whkh is within 
1 em of the splenic hilum iJl 75% of patients and toud1es the 
hilwn in 30%, should be well visuali 7..ed as the stapler is applied 
to avoid injury. 

TI1e now-devascularized spleen is suspended only from a 
small cuff of avascular splenophrenic tissue at the superior pole. 
lllis tissue facilitates transfer of the spleen into a retrieval bag. 
To remove the detached spleen the puncture-resistru1t nylon bag 
is grasped by its drawstring, which can be drawn through a port, 
usually the epigastric or supraumhilical site. 1l1e bag is opened 
sUghtly, providing access to the still intra-abdominal spleen. The 
spleen is then morcel1ated with riJ1g forceps or finger fractLLre 
and removed piecemeal (Fig. 57-6). In the rare cases requiring 
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FIGURE 57-5 Usual location of accessory spleens. (1) Gastrosplenic 
ligament, (2} splenic hilum, (3} tail of the pancreas, (4} splenocolic 
ligament, (5) left transverse mesocolon, (6) greater omentum along 
the greater curvature of the stomach, (7} mesentery. (8) left meso
colon, (9} left ovary. (1 0) Douglas pouch, (11) left testis. (From Gigot 
JF, Lengele B, Gianello P, et al: Present status of laparoscopic splenec
tomy for hematologic diseases: Certitudes and unresolved issues. 
Semin l aparosc Surg 5 :147-167, 1998.} 

pathologic examination of an intact spleen, an incision large 
enough co allow extraction of the spleen must be made. Care 
must be taken to avoid spillage of any splenic fragments into the 
abdominal cav~ty or wotmd. The laparoscope is then reinserted 
and the splenic bed assessed for hemostasis. Drllins may be 
placed, if necessary. Pneumoperitoneum is then released and the 
fascia of all trocar ports larger than 5 mm are closed. 

Robotic Splenectomy 
1l1ere have beem few reports of splenic disease treated robotical ly 
and only one report specifically comparing laparoscopic with 
robotic splenectomy. In their retrospective report, Bodner and 
colleagues41 compared operative times, hospital stay, and cost. 
1l1ey concluded that although tbe robotic procedure is feasihk 
and safe for the patient, cost and operative times are both lllgher 
in the robotic group. In another study, Cordone and associates42 

evaluated the use of a robotic systen1 in common general surgical 
procedures. Although they noted some benefits (e.g., availabWty 
of three-dinlensional vision. greater dexterity with instruments). 
they reported concerns regarding the ability to control bleeding 

FIGURE 57-6 Extraction of the spleen within a heavy plastic bag. with 
instrumental morcellation of the organ with forceps. (From Gigot JF. 
Lengele B, Gianello P, et al: Present status of laparoscopic splenec
tomy for hematologic diseases: Certitudes and unresolved issues .. 
Semin Laparosc Surg 5:147-167, 1998.} 

with only two instruments available; in these cases, they 
were required to convert to a traditional laparoscopic proce
dure. Overall, the addi tion of the robot to a mllightforward 
procedure such as laparoscopic splenectomy is currently deemed 
unnecessary. 

LATE MORBIDITY AFTER SPLENECTOMY 
Postsplenectomy thrombocytosis occurs particularly in patients 
with myeloproliferative disorders (e.g., CML, polycythemia 
vera, essential d1rombocyrosis), which can result in thrombosis 
of the mesenteric, portal, and renal veins and can be life
threatening because i t can lead w hemorrhage and thromboem
bolism. 1l1e lifelong risk for deep venous thrombosis and 
pulmonary embolism has not been established but may be sig
nifica nt. Also, there have been case reports of acute myocardia\ 
infarction in postsplenecromy patients with thrombocytosis. 

OPSI is the most common fatal lace complication of sple
nectomy. Infection may occur at any time after splenectomy1

; 

in one recent series, most infections occurred more than 2 years 
after splenectomy and 42o/o occurred more than 5 years after 
splenectomy, although the true incidence of OPSJ has been dif
ficult to determine because infection in postsplenectomy patients 
is likely to be underreporced. 

OPSI typically begins with a prodromal phase character
ized b)' fever, rigors, and chills and other nonspecific symptoms, 
including sore throat, malllise, myalgias, diarrhea, and vomiting. 
Pneumonia and meningi tis may be present. Many patients 
have no idcn tifiable focal site of infection and present onJy with 
lllgh-grade primary bacteremia. Progression of the illness is 
rapid, with the development of hypotension, disseminated 
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intravascular coagulation, respiratory clistress, coma, and death 
within hours of presentation. Despite antibiotics and imensive 
care, the mortality rate is between 50% and 70% for Aorid 
OPSI. Also, survivors often have a long and complicated hospi
tal comse with multiple sequelae, such as peripheral gangrene 
reqwnng an1purarion, deafnes.~ from meningitis, ma~roid 
osteomyelitis, bacterial endocarditis, and cardiac valvular 
destruction. 

The most frequently involved organism in OPSI isS. pneu
moniae and is estimated to be responsible for between 50% 
and 90% of cases. Other organisms involved in OPSJ include 
H. inftuenzae, N . meningitidis, Streptococcus and Salmonelftt spp., 
other pneumococcal organisms, and Capnocytophaga canimorsus, 
in1plicated in OPSI as a result of dog bites. 

In an autopsy series by Pimp! and coworkers,43 lethal pneu
monia was identified twice as often in the postsplenectomy 
patients as in controls. Also, lethal sepsis with multiorgan failure 
was identified in 6.9% of postsplenectomy patients compared 
with 1.5% of autopsies on the controls. One intriguing observa
tion is that the risk for OPSI is greater among patients who have 
received splenectomy for malignancy or hematologic conditions 
than for tl1ose who underwent splenectomy for trauma The risk 
is also greater for young dlildren (<4 years of age). The risk for 
fatal OPSI is estimated to be 1/300 to 350 patient-years 
follow-up for children and 1/800 to 1000 patient-years follow-up 
for adults. A review of selected reported splenectomy series of 
7872 total cases, including cbildren and adults, has revealed 270 
episodes of sepsis (3.5%), with 169 septic fatalities (2.1 o/o).151lle 
incidence of nonfatal infection and sepsis is therefore likely to 
be significantly greater. 

PROPHYLACTIC TREATMENT OF 
SPLENECTOMIZED PAnENTS 

Immunization 
Currently, the scandard of care for postsplenectomy patients 
includes immuni1.ation with polyvalent pneumococcal vacci11e 
(PPV23), H. injluenzae type b conjugate, and meningococcal 
polysaccl1aride vaccine widlin 2 weeks of splenectomy if the 
patient clid not receive these prior to surgery. 3 Despite this 
established standard, the literature reflects a cliverse 11 o/o to 75% 
post~plenectomy immuni.zation rate. This may represent lack of 
lmderstancling by patient and caregiver regarding the risk for 
postsplenectomy infection ru1d sepsis.44 

As noted, most cases of infection are caused by S. pneu
moniae, H. influenztte, and N. meuingitides and thus are poten
tially preventable if appropriate prophylactic vaccinations arc 
given. 1l1ere are repons of other, less common organisms as tl1e 
cause of postsplenectomy infection? Continued education of 
patients, fanlilies, and caregivers must stress the need for prompt 
meclical attention if these patients show signs of infection. 

Many cases of delayed OPSI have been in non immunized 
immunocompetent patients, before the current PPY23 that was 
introduced in 1983, which replaced the 14-valent vaccine 
licensed in 1977. PPV23 is composed of purified preparations 
of pneumococcal capsular polysaccharide aJltigens of 23 types 
of S. pneumoniae (25 mg each) that cause 88% of the bacteremic 
pneumococcal disease in the United States. 

The relatio111ship between antibody titer and protection 
from invasive disease bas not been established. Most healthy 
adults show a twofold or greater rise in type-specific aJltibody 
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witllin 2 co 3 weeks of vaccination. However, it has been clearly 
documented that after vaccination with PPY23, antibody levels 
decline after 5 to 10 years, ru1d may fall to prevaccination levels. 
Even with vaccination, the development of a protective level of 
aJltibody against pneumococci is only about 50%. Currently 
available vaccines elicit aT cell- independenr response ru1d do 
not pr:oduce a sustained increase in antibody titers. 1lms, the 
ability to defiJle the need for revaccination based on serology 
continues to represent a diJlical challenge. 

Routine revaccination ofimmw1ocompetent persons is not 
recommended by the U.S. Centers for Disease Control and 
Prevention (CDC). Revaccination is, however, recommended 
for high-risk individuals. Candidates for revaccination with 
PPV23 include the following: 

Persons who received the 14-valent vaccine who are at 
highest risk for fatal pnelUnococcal infection (e.g., asplerlic 
patients): 

• Adults at highest risk who received the 23-valent 
vaccine 6 years prior 

• Adults at highest risk who have shown a rapid decline 
in pneumococcal aJltihody levels (e.g., patients with 
nephrotic syndrome, those with renal failure. trans
plant recipients) 

• Children at highest risk (e.g., those with asplenia, 
nephritic syndrome, sickle cell anemia) who would be 
10 years old at revaccination 
Only one PPY23 revaccination dose is recommended for 

these high-risk inclividuals and it is administered 5 years after 
the initial dose. Rutherford and colleagues45 have examined the 
efficacy and safety of pneun10coccal revaccination after splenec
tomy for trauma. Of 45 patients offered revaccination 2 or more 
years after primary vaccination, 24 patients demonstrated a lack 
of understanding of me postsplenectomy State, confirming poor 
patient understanding of postsplenectomy risk. After revaccina
tion, 48% of patients den1onstratcd at least a twofold increase 
in at least one titer (serotypes 6 aJld 23 pneum()coccus). 

ll1e CDC has concluded mat despite physician and patient 
education, pan1phlets, and MedicAlert bracelets, patient reten
tion regarding the risks of the postsplenectomy state is poor. 
Tiley recommend that all splenectomy patients, including those 
with bereclitary spherocytosis, be revacciJ1ated and reeducated 
between 2 and 6 years after splenectomy. Recommendations 
iJ1clude deternlination of pneumococcal aJltibody titers after 
in1mlll!'lization of every splenectomized patient because non
responders to vacciJ1ation may be at high risk for OPSI. Subse
quent foiJow-up of antibody titers is recommended at 3 to 5 
years co evaluate for possible need for revacciJ1ation. 

In an effort to inlprove host inlmunocompetence, partial 
splenic salvage or splenic autotransplru1tation bas been consid
e.red because tl1.is may in1prove the hmnoral inm1une response 
to PPV23.46 The difficulty with splenic salvage teduliques is the 
lack of objective functional immune testing in humans. This is 
also true for paticms who have undergone ru1giograpllic embo
lization for cessation of splenic hemorrhage in trauma. No 
studies are available regarding the risk of these patients for OPSL 
Preclinical sruclies have cxan1ined the optimal site and an1ount 
of splenic tissue for autotransp.lantation. 'The most effective si te 
of splenic aurouansplanration was f()und ro be the omental 
pouch, and approximately 50% of the spleen would be necessary 
for the prevention of pneun10coccal sepsis. Although aU efforts 
need to be made to preserve the spleen in trauma victims, the 

)> 
c::> 
0 
0 
:s: 
m z 

http://www.myuptodate.com


1560 SECTION X ABDOMEN 

strategy of splenic autotransplantation seems co have limited 
applicability in humans. 

Currently, it is suggested that educational intervention for 
patients who have tmdergone splenectomy is necessary; patients 
may require a mtmber ofinstructional sessions. Commurtication 
with and educarional efforts for primary care providers who 
assume medical care for asplenic patients is also extremely 
important because OPSl is preventable if appropriate precau
tions are taken. CDC immunization guidelines for 2010 have 
recommended the following for asplenic patients: tetanus (Td/ 
Tdap), human papillomavirus (HPY), measles, mumps, rubella 
(MMR), varicella, zoster, influenza, pneumococcal polysaccha
ride, hepatitis A, hepatitis B, and meningococcal vaccines (see 
Table 57- l). 

The 2006 recommendations of the Surgical lnfection 
Society for patients 2 to 64 years of age are H. influmzae type 
B, meningococcal vaccine, and 23-valent pneumococcal vaccine. 

Table 57-1 Cente.rs for Disease Control and Prevention 
Vaccine Recommendations for Asplenic Patients 

---·-----: 
VACCINE RECOMMENDATION 
Tetanus (fdfTdap) 

Human papilloma virus (HPV) 

Measles, mumps, rubella (MMR) 

Varicella 

Zoster 

Influenza 

Pneumococcal polysaccharide 

Hepatitis A 

Hepatitis B 

Meningococcal 

One dose f!llery 10 years 

Three doses for women through 
age 26 (0, 2, 6 mo) 

One or two doses 

Two doses (0, 4-8 wk) 

One dose 

One dose annually 

One or two doses 

Two doses (0, 6- 12 moor 0, 
6-lB mo) 

Three doses (0, 1-2 mo. 4-6 mo) 

One dose 

Splenectomy 

Elective 

Several sources have reported that tbe conjugate pneumococca\ 
vaccine is more effective in asplenic patients than the poly
saccharide vaccine and should be given immediately post
operatively, as well as every 5 years to maintain efficacy. Shatz 
and associates-' have evaluated antibody titers to pneumococcal 
vaccination in uaumatic splenecromy parienrs randomized to 
receive the vaccine ar 14 or 28 days postoperatively. Prior work 
by this group suggested that a delay in therapy might increase 
titer production; in the follow-up study, they determined thar 
there was no statistically significant difference in antibody 
response between the two groups. 

Despite lack of high-level evidenct· and because of tl1e 
lifelong risk of OPSI, most recommend vaccines (H. influenzae 
type B, meningococcal vaccine, 23-valent pneumococcal vaccine) 
immediately for pneumococcal vaccination and ar 14 days post
operatively or at least 2 weeks prior to elective splenectomy. 
Depending on patient reliability, these vaccinations may be 
given prior to hospital discharge for emergent splenectomy. 1l1e 
current recommendations are sttmmari7..ed in Figure 57-7. 

Antibioti~ 
Significant controversy sti ll exists regarding antibiotic prophy
laxis in postsplcnectomy patients. 'The primary goal of this pro
phylaxis is to prevenr OPSl, particularly that secondary to 
pneumococcal infection, which is reported to be the cause of 
OPSI in 50% to 90% of patients. However, OPSI secondary to 
penicillin-sensitive pneumococcal infection has been reported in 
childxen and adults receivi11g penicillin prophylaxis. 

Regardless, prophylaxis with peJl.icillin is routinely prac
ticed in children, at least during cl1e first 2 postsplenectomy years 
and :some authors advocate this practice in adults, although 
evidence for clus is scarce. Others recomme11d lifelong prophy
laxis in adults and chilchen. This length of treatment may be 
unacceptable to patients and there is evidence that there is no 
difference iJ1 the incidence of sepsis in postsplencctomy sickle 
cell patients when the antibiotic prophylaxis is ceased after 5 
years .. 47 Other studies have reported significant differences in the 
incidence of sepsis, with and without antibiotic prophylaxis. 

Emergency 

At least 2 weeks 
preoperatively 

Immediate postoperative 
period 

At least 2 weeks 
postoperatively 

• Pneumococcal PPV 23 
vaccine 

• Children <2 years 
Pneumococcal 7 Valent 
vaccine 

• Haemophilus Influenza 8 
• Meningococcal C vaccine 

• Pneumococcal PPV 23 
vaccine 

• Children <2 years 
Pneumococcal 7 
Valent vaccine 

• Haemophilus Influenza 8 
• Meningococcal C 

vaccine 

FIGURE 57-7 Splenectomy immunoprophylaxis flow chart. (From Harji DP, Jaunoo SS, MistJy P, Nesargikar PN: lmmunoprophylaxis in asplenic 
patients. lnt J Surg 7:421-423, 2009.) 
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Again, OPSI has been reported in patients taking prophylactic 
medications and patients should be made aware that even with 
daily antibiotics, all infections may not be preventable. 

A rational approach may be to provide a supply of oral 
antibiotics {standby antibiotics) to postsplenec.tomy adults, with 
insrrucrions co begin taking rhe medicarion at the onset of a 
febrile illness o r rigors if there is no access to immediate medical 
evaluation. 1l1ere is evidence that the risk of OPSI is lowest in 
patients who exh.ibit the greatest understanding of the infectious 
risks of asplenia. 4 1l1is highlights the importance of patient 
education, particularly at follow-up visits, to ensure compliance 
with antibiotic and vaccine prophylaxis. 

Whether the patiem elects to take antibiotic prophylaxis, 
and because of tlhe risk of OPSI and the extreme level of associ
ated mortality, any asplenic patient who presents with rigors or 
fever must be started immediately on aggressive empiric anti
bio tic coverage, even without culture data. 
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LUNG, CHEST WALL, 
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MEDIASTINUM 
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ANATOMY 

SELECTION OF PATIENTS FOR THORACIC OPERAnONS 
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PULMONARY INFEcnONS 

MASSIVE HEMOPTYSIS 

EMPHYSEMA AND DIFFUSE LUNG DISEASE 

PULMONARY METASTASES 

MISCELLANEOI.JS LUNG TUMORS 

CHEST WALL 

THORACIC OUTtET SYNDROME 

PLEURA 

MEDIASTINUM 

The term thorfl.'l{ refers to the area betweCJl the neck and abdomen 
enclosed by the ribs, sternum and vertebrae radially, the thoracic 
inlet superiorly, and the diaphragm inferiorly. l11e chest or 
thorax supports and protects the internal thoracic organs, pro
vides for the negative .inspiratory force that initiates ventilation 
and the positive expiratory force needed for vocalization, and 
creates a frame for the neck, upper extremities, thoracic struc
tures, and abdomCJl. The major thoracic structures include the 
heart and lw1gs, chest wall, including the overlying musculature, 
ribs, sternum , vertebrae, diaphragm, trachea, and great vessels. 

ANATOMY 
The thoracic organs are protected by the bony thorax and overly
ing chest musculature. The parietal pleura, the internal lining of 
the chest wall, is separated from the visceral pleura, the outer 
lining of the lung, by a small amount of pleural fluid. The pari
etal pleura covers the chest wall, mediastinum, diaphragm, and 
pericardium. Tl1e visceral pleura covers the lung and separates 
the lobes from one another. The pleural space is a potential space 
that may compress the lungs or heart with fluid, nunor, or infec
tion. The right and left pleural spaces are separated from one 
another by the mediasti num. 

The bony thorax is covered by tl1ree groups of muscles
the primary and secondary muscles for respiration and those 
attaching the upper extremity to the body (Fig. 58-1). The 
primary muscles include the diaphragm and intercostal muscles. 
The intercostal muscles of the intercostal spaces include the 
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external, internal, and transverse or innermost muscles. Eleven 
intercostal spaces, each associated numerically with the rib supe
rior to it, contain the intercostal bundles (vein, artery, and nerve) 
tl1at travel along the lower edge of each rib. AU intercostal spaces 
arc ·wider anteriorly and eacb intercostal bundle falls away from 
the rib posteriorly to become more centrally located within each 
space. The intercostal muscle layers assist with respiration and 
protect the thoracic structures. The extrinsic muscles of the 
chest, latissimus dorsi muscle, serratus anterior muscle, pectora
lis major and minor muscles, and cervical muscles (sternocleido
mastoid, scalene muscles) attach to the bony thorax, protect tl1e 
chest wall itself. and may assist wi tl1 ventilatory efforts in those 
with chronic obstructive pulmonary disease (COPD). 

The secondary muscles consist of the sternocleidomastoid, 
serratus posterior, and levatores costarU111. 1l1e third muscle 
group attaches the upper extremity to the body. The pectoralis 
major and minor muscles lie anteriorly and superficially. Poste
rior superficial musculature includes the trapezius and latissimus 
dorsi. Deep muscles include the serratus anterior and posterior, 
levatores, and major and minor rhomboids. 1l1esc superficial 
and deep muscles help hold me scapulae tc> the chest wall. ut 
respiratory distres.~, the deltoid, pectoralis, and latissimus dorsi 
muscles form a tertiary systenl for ventilatory assistance tlnough 
fixatiQn of the upper extremities. 

The bony thorax consists of 12 ribs peripherally extending 
from the vertebrae posteromedlally, to the sternum or costal arch 
anteriorly (Fig. 58-2). The I I th and 12th ribs are floating ribs 
and are not attached directly co tl1e sternum. Ribs 1 to 5 are 
directly attad1ed to the sternum by costal cartilages. 1l1e lower 
ribs (6 to 10) coalesce into the costal arch. The first rib is rela
tively flat, dense, and travels from the first thoracic vertebra to 
the manubrium tO create rhe thoracic inlet (Fig. 58-3). Tlnougb 
tlus relatively small area pass the great vessels, trachea, esopha
gus, and iimervation to the upper extremity, diaphragm, and 
larynx. Trauma to this area, manifested by a first rib fracture, is 
the consequence of a significant mechanical force with likeli
hood of injury to one or more of these structures. Other struc
tures witnii1 the thoracic inlet include the plnenic nerve, 
recurrent laryngeal nerve in cl1e tracheoesophageal groove, which 
recurs around the aona at the Ligamentum arteriosum on the 
left and around the U1J1ominate artery on the right, and insertion 
of the thoracic duct posteriorly at the junction of the left sub
clavian with the left internal jugular veins. 1l1e remainiJ1g ribs 
gradually slope downward. Each rib is composed of a head, neck, 
and shaft. Ead1 head has an upper facet, which articulates with 
the vertebral body above it, and a lower facet, which articulates 
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FIGURE 58-1 Musculature of the chest wall. (From Ravitch MM. Steichen FM: Atlas of General Thoracic Surgery. Philadelphia, WB Saunders, 

1988.) 

FIGURE 58-2 The relationships of the lobes of the lung to the ribs and the pleural reflections with respiration. The topographic anatomy and 
the relationship o·f the fissures of the lobes to specific ribs in inspiration and expiration are important in evaluation of the routine postero

anterior and lateral chest film. 
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with the corresponding thoracic vertebra to that rih, establishing 
the costovertebral joint. 1he neck of the rih has a tubercle with 
an articular facet; this articulates with the transverse process, 
creating the costotransverse joint and imparting strength to the 
posterior rib cage. 

The stermm1 is Aat, 15 to 20 em in length, approximately 
l.O to 1.5 an in thickness, and comprised of the manubrium, 
body, and xiphoid. 1l1e manubrium articulates with each clavicle 
and the first rib. The manubrium joins the body of the sternum 
at the angle of Louis, which corresponds to the anterior aspect 
of the junction of the second rib. 'TI1e angle of Louis is a super
ficial anatomic landmark for the level of the carina. The anterior 
cartilaginous attachments of the true ribs to the sternum, along 
with intercostal muscles and the hemidiaphragms, allow for 
movement of the ribs with respiration. 

1he trachea in adults is approximately 12 em in length, 
with 18 to 22 cartila!,>inous rings. The internal diameter is 
2.3 em laterally and 1.8 em anteroposteriorly. 'TI1e larynx ends 
with cl1e inferior edge of cricoid cartilage. The cricoid is cl1e only 
complete cartilaginous ring in the tracl1ea. l11e tracl1ea begins 
approximately 1.5 em below the vocal cords and is not rigidly 
fixed to surrou:nding tissues. Vertical movement is easily possi
ble. l11e most rigid point of fixation is where the aortic arcll 
forms a slli1g over the left mainstem bronchus. The innominate 
artery crosses over the anterior trachea in a left inferolateral to 
high right anterolateral direction. 1he azygos vein arcl1es over 
the proximal right mainstem bronchus as it travels from poste
rior to anterior to empty into the superior vena cava. 'TI1e esoph
agus is closely applied to the membranous rrachea and lies to 

the left of the midtine of the trachea. The recurrent laryngeal 
nerves run in the tracl1eoesophagcal groove on both the right 
and left. The blood supply to the trachea is lateral and segmental 
from the inferior cl1yroid, intemal thoracic, supreme intercostal, 
and bronchial arteries. CircLmlferential dissection more than 1 
to 2 em during tracheal reconstruction may lead to vascular 
insufficiency, with necrosis or anastomotic ddliscence. 

Lung development begins at approximately 21 to 28 days' 
gestation. The true alveolar stage, with air sacs surrounded on 
all sides by capillaries, occu.rs from approximately 7 months to 
term. Alveolar proJjferation continues after birth. There are 
approximately 20 million alveoli at birth, which increase to 
approximately 300 million by age 10 years, wicl1 no more 

FIGURE 58-3 Relationship of the neurovascular bundle to the 
scalenus muscles, clavicle, and first rib. (From Urschel HC: Thoracic 
outlet syndromes. In Baue AE, Gena AS, Hammond Gl, et al [eds): 
Glenn's Thoracic and Cardiovascular Surgery, ed 6, Stamford, a; 
Appleton & Lange, 1996, p 567.) 

increase after that time. There are 23 generations of bronchi 
between the trachea and terminal alveoli. In the lung, 80% of 
its vohm1e is air. 1 Oo/o is blood, and approximately I Oo/o is solid 
tissue. Alveoli make up approximately 50% of the entire lung 
volume. 

The lungs are broadly divided into five lobes, with multiple 
segments in eacb lobe (Fig. 58-4). The right lung is composed 
of three lobes, the upper, middle, and lower. Two fissures sepa
rate d1ese lobes. The major, or oblique, fissure separates the lower 
lobe from the upper and middle lobes. 1l1e minor or horizontal 
fissure separates the upper lobe from the middle lobe. The left 
lung has two lobes-the upper lobe and lower lobe. 1l1e lingula 
corresponds embryologically to the right middle lobe. A single 
oblique fissure separates the lobes. 

The bronchopulmonary segments are divisions of each lobe 
that contain anatomically separate arterial, venous, and bron
chial supplies. 1here are 10 bronchopulmonary segments on the 
righr and eight bronchopulmonary segments on cl1e left. 

The blood supply of the lung is rwofold. Unoxygenated 
blood circulates from the right ventricle cl1rough cl1e pulmonary 
artery to each lung. After oxygenation in the lung, the blood is 
returned to the left atrium through the pulmonary veins. Blood 
supply to the bronchi is from the systemic circulation via bron
clual arteries arising from the superior thoracic aorta or the 
aortic arcl1, either as discrete branches or in combination with 
the intercostal arteries. 

Lymphatic vessels are present throughout the lung paren
chyma and pleura and gradually coalesce toward the bilar areas 
of the lungs. Generally, lymphatic drainage from the lung affects 
cl1e ipsilateral lymph nodes; however, Aow of lymph from the 
left lower lobe may drain ro the right mediastinal (paratracheal) 
lymph nodes. Lymphatic drainage within the mediastinum 
moves cephalad. The pulmonary parenchyma does not contain 
a nerve supply. 

The visceral pleura is separated from the parietal pleura b}' 
a sm:all amount of pleural fluid that allows almost frictionless 
movement during respiration. TI1e b lood supply of the parietal 
pleura comes from the systemic arteries and veins, including the 
posterior intercostal, internal man1mary, anterior mediastinal, 
ru1d superior phrenic arteries, and corresponding systemic veins. 
The blood supply of cl1e visceral pleura is systemic ru1d pulmo
nary. The lymphatic drainage of the parietal pleura is into 
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FIGURE 58-4 Segments of the pulmonary lobes. (Adapted from Jackson CL. Huber JF: Correlated applied anatomy of the bronchial tree and 
lungs with a system of nomendature. Dis Chest 9:319, 1943.) 

regional lymph nodes, including rbe intercostal, mediastinal, 
and phrenic nodes. Visceral pleural lymphatics follow the super
ficial lung lymphatics and drain inro the mediastinal lymph 
nodes. The parietal pleura underlying the ribs has ricl1 nerve 
endings from the intercostal nerves. Generous local anesthesia 
is therefore necessary for chest tube insertion. The visceral pleura 
is innervated by vagal branches and the sympathetic system. 

The anatomic boundaries of the mediastinum include rbe 
thoracic inlet SU[periorly, diaphragm inferiorly, sternum anteri
orly, vertebral column posteriorly, and medially to the parietal 
pleura. 'Thoracic tumors that penerrate through the pleura (by 
definition) invade the mediastinum. Traditionally, the mediasti
num can be divided into anterosuperior, middle, and posterior 
compartments. There no specific anatomic planes that define 
these areas. Fat and lymph nodes are found throughout the 
mediastiJ1un1. 

'T11e anterosuperior compartment includes the thymus 
gland. The right and left lobes of rbe thymus extend imo the 
cervical areas; these portions of the thymus must be resected to 
provide for complete extirpation of the gland. 

1l1e middle mediastinum contains the heart, pericardium, 
great vessels, including the descending, transverse, and descend
ing aorta, superior and inferior vena cava, pulmonary artery and 
veins, trachea and bronchi, and phrenic, vagus, and recurrent 
laryngeal nerves. The phrenic nerve enters tbc thorax through 
the thoracic inle;r on the:: anterior a~pect of the anterior scalene 
muscle. 

The vagus nerve enters the thoradc inlet through the 
carotid sheath. It lies anterior to the subclavian and posterior to 
the innominate artery on the right. The right recurrent laryngeal 
nerve loops or recurs around the innominate artery to innervate 
the right vocal cord.. The vagus nerve then continues posteriorly 
i.n the tracheoesophageal groove to innervate the trachea and 
continues down to innervate the esophagus. On the left side, 
the vagus nerves enters the thorax through the thoradc inlet and, 
as it exits the carotid sheath, moves along the anterior aspect of 

the aortic arch. The recurrent laryngeal nerve arises &om rbe 
vagus nerve, loops around under the ligan1entum arceriosum, 
continues superiorly under the aona, and lies in the tracheo
esophageal groove as it i.tu1ervares rhe left recurrent laryngeal 
nerve. 1l1e left vagus continues posteriorly within the mediasti
num posteriorly along the esophagus to ilu1ervate the trachea 
and esophagus. 

The posterior mediastinum contains those structures 
between the heart and pericardium and trachea anteriorly, and 
the vertebral column and paravertebral spaces posteriorly. 1l1c 
posterior mediastiJ1Um contains the e$ophagus, descending 
aorta, azygos and hemiazygos veins, thoracic duct, symparbetic 
chain, and lymph nodes. The thoradc duct originates &om the 
cisterna chyli in the abdomen. It enters the chest through the 
aortic hiatus i.t1 an anterolateral position, and travels superiorly 
just to the right of midline in the cl1est along the anterolateral 
surface of the vertebral column. At approximately the level of 
T5, it crosses ewer w the left and continues superiorly w 
empty, posteriorly, into the junction of the left jugular and 
subclavian veins. 

1l1e inferior border of the mediastinum is the diaphragm, 
which separates the abdom.i.t1al contents &om the thorax. 
Hernias through the esophageal hiatus (paraesophageal hernias), 
or through the foramen of Bochdalek (posteriorly) or the 
foran1en of Morgagni (anteriorly), may be initially identified as 
a mediastinal mass. 

Ead1 spinal root exits the neural foramina of the vertebral 
body and bifurcates to form a branch to the intercostal nerve, 
to innervate the skin and intercostal musculature, and a branch 
to the sympathetic ganglion. Intercostal nerves innervate tbe 
skin and musculature of rbe i.t1tercostal muscles. The spinal root 
divides as it exits the neural forantina. One branch goes to the 
intercostal nerve and one lies i.n the posterior vertebral gutter to 
form the sympathetic ganglion. 1l1c thoracic sympathetic trun.k 
is composed of several ganglia that lie along the ribs. The most 
superior ganglion is the stellate ganglion. 
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FIGURE 58-5 Initial chest roentgenogram (CXR). This patient is a 67 year old man with weight loss of 10 pounds in 4 weeks and a 35 pack
year history of cigarette use. He quit smoking 10 years ago. He had left shoulder pain for 4 months with no dyspnea, cough, hemoptysis, or 
other symptoms. Massage and other musculoskeletal manipulation did not improve his symptoms. A CXR with posterior-anterior {A) and lateral 
views {B) demonstrates an 8.4 an left upper lung mass. Some deviation of the distal trachea is noted. 

SELECTION OF PATIENtS FOR 
THORACIC OPERATIONS 
1he physiologic evaluation of the thoracic surgical patient must 
be individualized for each patient, but generally emphasizes 
pulmonary and cardiac function. The assessment of a patient's 
ability to tolerate lung resection from a cardiopulmonary stand
point is fundamental to patient selection for surgery. Patients 
with advanced pulmonary disease and severe pulmonary dys
function may have a prohibitive risk, which may exist in more 
than one third of patients with otherwise resectable I ung disease.1 

Cigarette smoking is associated with up to a sixfold increase 
in the incidence of postoperative pulmonary complications after 
surgery.2 lf the patient is a smoker, he or sbe must stop smoking 
immediately. The physician must clearly communicate rllis 
message. Although there are few studies specific to pulmonary 
resection, there is evidence that preoperative smoking abstinence 
of 4 to 8 weeks' duration is necessary to reduce rhe incidence of 
complications. ldeaUy, patients are smoke-free for a minimum 
of2 weeks and preferably 4 to 8 weeks before surgery,-' although 
smoking cessation at any time is valuable.4 Smoking cessation 
progran1s may !be helpful for these patients, and they may need 
pharmacologic assistance. This combination may have increased 
efficacy in smoking cessation effort~ over counseling alone. 

Prior to the operation, and in the perioperative period, 
deep venous thrombosis prophylaxis is provided by subcutane
ous hepariJl and/or by sequential compression stockings. Also, 
perioperative antibiotics are used to minjmi:f..e complications 
from infections. Postoperative morbidity may also be minimized 
by adequate pain control to facilitate early ambulation. Routine 
use of a thoracic epidural catheter {or patient-controlled aJ1alge
sia [PCA]) provides excellent pain controL lncentive spirometry 
assists in expanrung the lung and reducing the incidence of 
pulmonary morbidity. Nasal bilevel positive airway pressure for 
patients with obstructive sleep apnea may delay or el.iminate the 
need for intubation or rcintubation after pulmonary resection. 
Early mobilization is essential to avoid most perioperative 
complications. 

FIGURE 58-6 Spirometry with subdivisions of lung volumes. ERV. 
Expiratory reserve volume; FRC, functional residual capacity, that is. 
lung volume at end-expiration; /C, inspiratory capacity; R\1, residual 
volume, that is, lung volume after forced expiration from FRC; TLC, 
total lung capacity; VC, vital capacity, that is. the maximal volume of 
gas inspired from RV; Vt, tidal volume. 

Physiologic Evaluation 
Before thoracic operations, patients may be evaluated by a com
bination of physiologic studies.5 A plain chest roentgenogranl is 
commonly obtained (Fig. 58-5). Spirometry measures the lung 
volumes (Fig. 58-6) and mecl1ru1ical properties oflung elasticity. 
recoil, and compliance. Pulmonary function testing (Fig. 58-7) 
also evaluates gas cxchru1ge functions. such as DLCO (diffusion 
of carbon monoxide i.n the lung). 

The predicted postoperative forced expiratory volume 
(FE.V) in 1 second (FEY1) is the most commonly used indicator 
of postoperative pulmonary reserve. Most patients with ru1 FEY 1 

in excess of 60% predicred will tolerate an anatonlic lobectomy, 
depending on other evaluable factors. If the FEV1 is less than 
60% of predicted, further testing might be considered in an 
attempt to estimate postoperative FEV1 (predicted postoperative 
FEY1 [ppo-FEV1]). The quantitative ventilation-perfusion lung 
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Last Name: 
Identification: 

Section of Pulmonary Medicine 
Pulmonary Function Report 

First Name: 

Age: 
Sex: 

56 years 
Male 

Room: 
Race: 

Out-patient 
Caucasian 

Height: 65 inches 
1771bs 

Physician: 
Weight: 
Date 
Time 

Spirometry 

Operator: 

FVC ........................................... [I] 
FEV1 ......................................... p] 
FEV 1/VC .................................. [%] 
FEF 25-75 .............................. [1/s] 
PEF ......................................... [I/s] 
FIVC .......................................... [l] 
FlV1 ........................................... [1] 
FIV 1/FVC ................................ [%] 

Pred 

3.48 
2.83 
80.81 
3.01 
7.57 
3.48 

Pre 80 %Pred 1 Post 80 %Pred o/oChg 

3.07 88 3.07 88 0 
2.23 79 2.26 80 1 
72.26 89 69.78 86 -3 
1.37 45 1.46 49 7 
6.43 85 7.10 94 10 
3.09 89 3.24 93 5 
3.09 3.24 5 
100.00 I 100.00 0 

Lung Volumes Pred _ Measured I o/oPred 

SVC .............................. ............. [I] 
TLC ..................... ...................... [I] 
RV ............................................. [I] 
RV/TLC ................................... [%1 
FRC-8ox ................................... [l] 

Diffusion S8 
DLCO S8 .............. [ml/min/mm Hg] 
OLeo Hb Corr[ml/min/mm Hg] 
VA ............................................. [I] 
DLcdVA ............ [ml/min/mm Hg/1] 
Hb .................................. [g/100ml] 
Interpretation 

3.48 
5.51 
1.96 
35.9 
2.24 

Pred 
22.59 
22.6 

3.93 

3.04 
5.54 
2.49 
45.0 
3.01 

Measured 
23.81 
24.2 
5.27 
4.52 
14.1 

87 
101 
127 
125 
134 

%Pred 
105 
107 

115 

Spirometry reveals an isolated reduction in mid-expiratory flows consistent with an obstructive small 
airways defect. Increased residual volume (RV) is consistent with air trapping. Following the inhalation 
of a bronchodilator, there is no improvement of the obstructive airway defect. The diffusing 
capacity is normal. 

FIGURE 58-7 Pulmonary function report. The pulmonary function report provides complete spirometry data based on predicted values for 
height and weight. In this patient, the forced expiratory volume in 1 second (FEV1) is 2.26 l after bronchodilators, which is 80% of predicted. 
The carbon monoxide diffusing capacity (DLCO) is measured as 23.81 ml/rnin/rnm Hg which is 105% of predicted. FEF, Forced expiratory flow; 
FIV,, forced inspiratory volume in 1 second; FIVC, forced inspiratory vital capacity; FRC, functional reserve capacity; FVC, forced vital capacity; 
HB, hemoglobin; PEF, peak expiratory flow; SB, single breath; SVC, slow vital capacity; TLC, total lung capacity; VA, alveolar volume; VC, vital 
capacity. 

scan is used to assist iJl the calculati on of postoperative residual 
pulmonary funcrion afte r resection. Patients with a ppo-FEV1 

of 35% to 40% should fw1ctionally tolerate the operation. 
Quantitative rad.ionucleotide perfusion scruming involves 

the injection of 99mT c-radiolabeled albumin particles fo iJowed 
by the visual inspection of plru1ar images {Fig. 58-8). Qurul tita
tive perfusion provides a measurement of the relative ftmcti on 
of each lobe and llmg, allowing a prediction of pulmonary func
tion after lung resection: 

Ppo-.FEV1 = preoperative FEV1 x 
{1- fraction of perfusion to region of planned resection) 

A postoperative FEV1 less than 30% predicted carries a 
greate r postoperative risk for oxygen, and c::ven ventilator depen
dence, but a decision to deny surgical resection to this group of 
patients must be considered on an individual basis because some 
will do better chan expected with careful selection at experienced 
centers. Finally, in the imm ediate postoperative period, the 
objectively calculated ppo-FEV1 will likely not be realized sec
ondary to limited a111bulation , pain, or o ther em otional or 
physical factors. 

1l1e carbon monoxide diffusing capaci ty (DLCO) can be 
measu.red by several methods, although the single-breath test is 
most commonly performed. The D LCO measures the rate at 
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Left lung Right lung 

% Kct % Kct 
Upper zone: 4.7 22.66 9.5 46.27 
Middle Zone: 24.0 116.91 28.3 138.05 
Lower zone: 13.2 64.20 20.3 99.02 

Total lung: 4 1.8 203.77 58.2 283.34 

FIGURE 58-8 The quantitative perfusion lung scan report provides 
the lung volume:, and the perfusion to each lung. In a patient with a 
large Left hilar tl!.lmor, perfusion may be reduced in the involved left 
lung compared with the uninvolved right lung. The predicted post- left 
pneumonectomy right lung function can be obtained by multiplying 
the right lung percent perfusion (58.2%) by the observed best FEV1 

(2.26 L). The resl!.llting value, 1.31 L, 46.5% predicted, is the predicated 
postoperative FEV1 (following left pneumonectomy). This value sug
gests that a left pneumonectomy would be functionally tolerated. 

which test molecules such as carbon monoxide move from the 
alveolar space to combine wid1 hemoglobin in the red 
blood cells. The DLCo is determined by calculating the 
difference between i.nspired and expired samples of gas. D LCO 
levels less than 40% to 5Uo/o are associated with increased 
perioperative risk.6 

1l1e ratio of FEV1 in I second to forced vital capacity ratio 
(FEV1/FVC) describes the relationship between the FEV1 and 
the functional lung volume. L1 obstructive disease, the ratio is 
low (FEV1 is low and FVC is high); in restrictive disease, the 
ratio is approximately normal because both FEV1 and FVC are 
reduced. 

Flow-voiLune loops derived &om spirometry describe the 
relationship between lung volume and air Aow as the lung 
volume cbanges during a forced expiration and iJ1Spiration. The 
typical test consists of tidal breatbing at rest, maximal inspira
tory effort to total lung capacity, and maximal expiratory effort 
to residual volume, concluding with maximal inspiratory effort 
to total lung capacity. 

Cardiopulmonary Exercise Testing 
Cardiopulmonary exercise testing (CPET) can be extremely 
useful for the evaluation of marginal candidate.~ (ppo-FEV1 or 
ppo-DLCO <50% predicted) or for patients who appear more 
disabled than expected from simple spirometry measurements. 
Formal CPET includes an exercise electrocardiogram (ECG), 

heart rate response to exercise, and measurements of minute 
venti lation and oxygen uptake/min. CPET allows a cakldation 
of maximum oxygen consumption (Vo2 max) and provides 
insigh t imo overall cardiopulmonary function (the cardiopul
monary axis) that carmot be ascertained from otber objective 
studies. CPET may idemify clinically occult cardiac disease and 
provide a more accurate assessment of pulmonary fw1etion d1an 
spirometry and DLCO, which tend to overestimate fu11ctionat 
loss after resection. 

A patient's risk of perioperative morbidity and mortality 
may be stratified by Vo2 max. Those with V~ max above 
20 rnlJkg/miJ1 are not at increased risk for compucations or 
death after resection of non-small cell lung cancer (NSCLC). A 
level ?elow 15 mL/kg/ mi.n is associated with an il1creased risk, 
and Vo2 max less than 10 mUkg/min indicates very high risk, 
generally precluding operation."·8 Some have advocated stair 
climbing as a suitable measure of preoperative cardiopulmonar)l 
assessment.9 Given the wide availability of more objective and 
standar&zed noninvasive tests for cardiopulmonary fLtnction, 
stair cUmbing performance should not be used as the sole 
criterion to determine physiologic suitability for lung cancer 
resection. L1 patients w1dergoing evaluation for lung volume 
reduction surgery or for lung transplantation, a 6-minute walk 
test is used for a measure of the cardiac and pulmonary reserve. 
Patiems are told to walk as far and as fast as they can during this 
time period. Distances of more than 1000 feet suggest an 
uncomplicated course. 

Measuremem of diaphragm function by fluoroscopy, the 
sniff test, is needtd to determine symmetry of effort and 
exclude paradoxical movement of the diaphragm. Paradoxical 
movement--elevation of one hemidiaphragm with active con
traction or retraction of the other diaphragm-suggests paresis 
or paralysis. Thls finding may suggest a specific reason for 
brt:athlessness. Diaphragm plication may be therapeutic. 

No single test result should be viewed as an absolute con
traindication en surgical resection. Although rhe physiologic 
assessment for patients Ltndergoing normal spirometry and 
minimal comorbidiry is fairly straightforward, patients with 
marginal preoperative indices must be considered on an indi
vidual basis. 

Tboracic Incisions 
The cl10ice of incision depends on the operation, patient's 
uJ1derlying physiologic condition, and anticipated benefits and 
Limitations of the plarll1ed approach. 

Video-assisted thoracic surgery (VATS) and ocher mini
mally invasive techniques have been developed to treat most 
rhoracic problems, including lung cancer, mediastinal tumors, 
pleural diseases, and parenchymal diseases, and diagnosis and 
staging of thoracic malignancies. Minimally iJwasive techniques 
apptar to minimize pain and surgical trauma from the incisions, 
decrease hospitalization, and improve convalescence. Small illci
sions are made for the camera and other instruments, depending 
on the location of the tw110r. The ribs are not spread. Improved 
lightblg and optics create excellent exposure and visualization. 

The posterior or posterolateral thoracotomy is used for 
operations on a single rhorax, pulmonary resection, esophageal 
surgery or resection, or resection of portions of rhe chest wall. 
1he patient is placed in a lateral decubitus position. An oblique 
incision is used posreriorly or a vertical axillary incision is made 
just anterior to the latissimus dorsi muscle. 
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The anterior or anterolateral thoracotomy is created by a 
curvil.inear incision underneam the inferior border of the pec
toralis major muscle at the infran1ammary fold. A median ster
notomy is performed using a vertical incision from d1e sternal 
notdl to me xiphoid. A Sternal saw is then used to divide the 
sternum in rhe midline. Wirh genrle rerracrion, rhe sternum can 
be spread approximately 8 to 10 em to allow access to the medi
astinum, heart, great vessels, and right and left thorax. 1l1e 
pleura can be opened on eimer side to explore the benUthorax. 
The sternum is usually closed with stainless steel wire. 

TI1e transverse sternotomy, or clamshell incision, is larger 
than a median sternotomy and more uncomfortable for the 
patient. Tius incision combines two anterior thoracotomy 
incisions in the inframammary fold with transverse division 
of the sternum at the fourth intercostal space. Both internal 
man1111ary arteries are ligated. This approach is ideal for 
accessing the right and left hilum, as weU as providing addi
tional exposure for large mediastinal tumors, bilateral lular 
dissections, bilateral ltmg transplantation, or posterior-based 
metastases in both lungs. 

LUNG 

Congenital Lesions 
Various congenital lung abnormalities can occur as a conse
quence of disturbed embryogenesis}0 Bilateral agenesis of the 
lungs is fatal. Unilateral agenesis may occur more frequendy on 
the left (""70o/o) than on the right {""30%), with more than a 
2: 1 male-to-female ratio. 

Hypoplasia of the lungs may occur as a result of interfer
ence wid1 the development of the alveolar system during the last 
2 months of gestation. Bochdalek's herni.a is me most frequent 
cause of hypoplasia. Conditions associated with hypoplasia of 
the l.u.ngs include oligohydramnios, prune belly syndrome {defi
ciency in the abdominal musculature, ge1litourinary abnormali
ties), scimitar syndrome (ahnormal pulmonary vein draining 
into the inferior vena cava. demonstrated as a crescent along the 
right heart borde.r on a cardiac angiogran1), and dextrocardia. 
Isolated pulmonary hypoplasia is rare. 

Hyaline membrane disease (or infant respiratory distress 
syndrome) is frequent in premature infants (24 to 28 weeks' 
gestation) and infants of diabetic mothers. At that point iJ1 gesta
tion, infanrs have an inlmature surfactant system. Hyaline mem
brane disease develops iJ1 the alveoli, causing congestion and a 
grossly deep purple-appearing lung. Respiratory distress fre
quently ensues, requiring high concentrations of oxygen. C hest 
x-rays demonstrate a ground glass appearance from the iJHersti
tial edema. As needs for oxygen and ventilator pressure increase 
to counteract tllis interstitial eden1a, pneumothorax frequently 
occurs. Of these infants, 10% to 30o/o do not survive. 

Cystic Lesions 
Congenital cystic lesions generally occur secondary to separation 
of me pulmonary remnants from airway branchings. Cwucally, 
about one third of patients are \vithout symptoms, one third 
have cough, and one third have infection or, rarely, hemoptysis. 
Treatment may be antibiotics or, for more severe locali.zed cases, 
resection. Any thoracic cystic lesion that enlarges on serial radio
graphs needs to be considered for resection. 

A bronchogenic cyst arises from a tracheal or brond1ial 
diverticulum (see later, "Mediastinal Cysts and Tumors"). TI1is 

diverticulum becomes completely separated &om d1e trachea 
and is frequently found as an asymptomatic mass on routine 
chest x-rays. Computed tomography (CI) of the chest demon
scrates tlus abnormality as a homogeneous-type mass, weU 
circumscribed, and adjacent to the trachea (Fig. 58-9). 1he 
bronchogenic cysr accounts for IOo/o of mediastinal masses in 
children and i.s located i.n the midmediastinum. Treatment con
sists of excision, even if the patient is asymptomatic, to confirm 
me diagnosis. 

Cystic fibrosis is an autosomal recessive disorder found 
more commonly in whites. Approximately 20o/o of patients 
with cystic fibrosis survive to the age of 30 years. Lung 
failure is the most &equenr cause of death in most patients. 
Excessively dlick mucus leads to inspissation, .recurrent infec
tions, bronchitis, and bronchiectasis. Pneumothorax second
ary to air trapping is also fOlmd. Fibrosis and cystic changes 
on pathologic examination are identified. A tension cyst may 
be a complication of cystic disease. A rapid increase in the 
si.ze of the cyst may cause mechanical ventilation problems as 
well as mediastinal shift. Resection, usually lobectomy, cor
rects this problem. Pneumatoceles may develop as a result of 
childhood Staphylococcus aureus infection. They can be large 
and may cause mechanical complications, which may resolve 
completely as the pneumonia resolves. Resection may be 
needed. 

Congenital Bronchopulmonary Malformations 
Lobar emphysema10 is the mosr commonly resected congenital 
cystic lesion (50%). 1l1e onset of rapidly progressive respiratory 
distress usually occurs from 4 to 5 days to several weeks after 
birth. It rarely occurs after 6 months of age. It predominantly 
affects the upper lobe. Brond1iolitis is probably the most 
common cause overall. Treatment is lobectomy. 

Congenital cystic adenomatoid malformations are the 
second most commonly resected congenital cystic lesion. They 
are closely related to a hamartoma without cartilage. Ternlinal 
bronchioles proliferate, yielding the adenomatoid malfornla
tion. l11e ltmg bas the appearance of S\viss cheese and feels 
like a large rubbery mass. With air trapping and overdisten
tion, respiratory distress may occur, which is optimally 
relieved by lobectomy. 

Pulmonary sequestration is an area of embryonic lung 
tissue, separate from the lung, which receives blood supply 
from an anomalous systemic artery from me aorta, not the 
pulmonary artery. This condition occurs secondary to an 
accessory lung bud caudal to the normal lung, but with a lack 
of absorption of primitive surrounding splanchnic vessels. 
During lung development, interlobar sequestration (75o/o) 
occurs early. Later, after the pleura forms, extralobar sequestra
tion (ELS) occurs (25o/o), primarily on the left side (66o/o), 
and is completely enclosed hy its own pleura. The ELS blood 
supply is usually from the thoracic or upper abdominal aorta 
to systemic {a.zygous or hcnliazygous) veiJ1s. ELS is more 
common in males. Resection is recommended. Intralobar 
sequesn ation (ILS) mainly occurs within the lower lobes 
(>95%) and is equally distributed between the right and left 
lower lobes. ILS blood supply is from the descending thoracic 
aorta, which usually traverses the pulmonary ligament. Venous 
drainage is via the pulmonary veins. Ninety-five percent of the 
systemic blood supply to the pulmonary sequestration comes 
from tlle tl10racic aorta. 
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FIGURE 58-9 Two chest roentgenograms (A) and a cr scan (B) of the chest of a patient with a bronchogenic cyst (arrow). 

Congenital Abnormalities of 
the Trachea and Bronchi 
Esophageal atresia with tracheoesophageal fistula is the most 
frequent abno:rma}jty of the trachea iJ1 infants (sec later, 
"Trachea") Bronchial atresia is the second most frequent con
genital pulmonary lesion after tracheoesophageal fistula. ll The 
lung tissue distal to the atresia expands and becomes emphyse
matous as a result of air entry through the pores ofKohn. With 
no exit for air or mucus because of this blind bronchial stump, 
emphysema &om air trapping or development of a mucocele 
may develop. Chest x-rays may demonstrate hyperinflation of a 
lobe or segment . The oval density may he identified between the 
byperinflated lung and l1ilurn. TI1e left upper lobe is the most 
frequently involved of all lobes withiJl the lung. Diagnosis may 
be confirmed with bronchography or cr. The surgeon must 

rule out a mucous plug, adenoma, vascular compression, and 
sequestration. 

Tracheal agenes.is is a rare phenomenon ru1d is fatal . 1l1e 
trachea is absent from the larynx to the carina, ru1d bronchi 
communicate with the esophagus. 

Tracheal stenosis is also rare ru1d consists of generalized 
hypoplasia, a fum1ei -Like trachea, and brond1ial and segmental 
malformations. The right upper lobe bronchus may come from 
the rrad1ca directly and may be associated with an abcrrru1 t left 
pulmonary artery (so-called pulmonnr_y artery sliniJ. Completely 
circular vascular rings are common. Repair is by incision of the 
tradlea vertically and widening of the tracheal lumen. 

Tracheomalacia can be identified by bronchoscopy. l11e 
surgeon will notice marked variation of the tracheallwuen with 
inspiration and expiration. The tracheal rings are ineffective in 
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maintaining cl1e lumen of the trachea and, with negative intra
thoracic pressure, the trachea collapses. With the positive pres
sure exerted by exhalation, the trachea expands. Respiratory 
difficulty ensues from the intermittently collapsing trachea. 
Relief of the extrinsic compression .is needed. Stent placement 
in adult.~ or primary repair may be required. 1his condition may 
have a congenital predisposition but is most often seen in adults 
with COPD. 

Congenital Vascular Disorders 
Congenital vascular disorders of the lungs may occur.'2 In 
Swyer-James-Mackod syndrome, there is an idiopathic hyper
lucent lung. This problem develops from chronic pulmonary 
infections such as bronchiectasis. As the consolidation persists, 
decreased pulmonary artery blood supply may cause a so-called 
autopneumonectomy and hyperlucent lung. 

Scimitar syndrome is associated with a hypoplastic right 
lung, with drainage of the pulmonary vein to the inferior vena 
cava. Usually, tlhe anomaly is corrected using extracorporeal 
cardiopulmonary support. A patch from the puLnonary vein to 
the left atrium via an atrial septal defect corrects this problem. 

Pulmonary arteriovenous malformations may exist as one 
or more pulmornary arteries to pulmonary vein connections, 
bypassing the pulmonary capillary bed. Tllls connection results 
in a right-to-left shunt. Approximately one third of these patients 
have llereditary hemorrhagic telangiectasia {Osler-Weber-Rendu 
syndrome). Approxin1ately 50% of the malformations are small 
(<l em) and tend to be multiple. Also, 50% are larger than 
1 em, usually smaller than 5 em, and tend to be subpleural. 
1l1ese lesions need to be considered in the differential diagnosis 
of any patient with hemoptysis that is uJ1explai11ed on the basis 
of bronchoscopy or routine imaging. Local resection or catheter 
embolization of ·these lesions can be curative. 

A. pulmonary vascular sling consists of an anomalous or 
aberrant left pulmonary artery, which causes airway obstruction 
and is associated wiili other anomalies. The aberrallt left pulmo
nary artery arises from the right {main) pulmonary artery and 
courses between the trachea and esophagus to supply the left 
lw1g. More than 90% of patients have wheC"ting and stridor. 
Esophagoscopy will sbow the anomalous vessel anterior to the 
esophagus; bronchoscopy or bronchography will demonstrate 
the vessel posterior to the tracl1ea. Surgical correction requires 
exploration of the left chest, division of the artery, and oversew
ing of the vessel as far as possible distally within cl1e mediasti
num. Reanastomosis to the main pulmonary artery is then 
performed. 

Vascular rings13 represent 7% of aU congenital heart prob
lems.14 The most common vascular ring is a double aortic arcl1, 
which occurs in 60o/o of ali cases. 'The right, or posterior, arch is 
the larger and gives rise to the right carotid and right subclavian 
arteries. The ring wraps around the trachea and esophagus. A. 
posterior indentation is noted in the esophagus on barium 
swallow. Simple division corrects the anomaly. A right aortic 
arch with retroesophagealleft subclavian artery and left Ligamen
tum arteriosum occurs in approximately 25o/o to 3Uo/o of patients 
with vascular rings. Imracardiac defects occur with double aortic 
arch. Most of these infant.s require operation within the first 
weeks or mond1s of Life. 

Most patients with vascular rings require only a careful 
history and barium swallow for diagnosis. Typically, one doe$ 
not need bronchoscopy or esophagoscopy because it may be 

harmful; aortography adds litcle additional information. Repair 
is performed through the left chest. Divisi.on of the smaller arch, 
usually cl1e left, is undertaken. Tl1e ligamentum is divided and 
the trachea and esophagus are freed from the surrou11ding 
tissues. When a retroesophageal right subclavian artery with left 
ligan1enr occurs, the patienr may complain of dysphagia, which 
is referred to as dysphagia lusoria. Tl1e differential diagnosis 
includes neuromotor diseases of the esophagus or stricture. 

LUNG CANCER 
Lung cancer is a significant global health problem. In the United 
States in 2010, there were ru1 estimated 222,550 new cases of 
cancer of the lw1g ru1d bronchus.15 Ltmg cancer is the most 
frequent cause of cru1eer death in men and women and accounts 
for 14.5% of all cancer diagnoses and 27.6% of all cancer deaths 
in the United States. Lung cancer deaths exceed the combined 
total deaths of breast, prostate, and colorectal cancer patients. 
Since 1987, more women have died of lung cancer than brea.~t 
cancer. ln men and women, cl1anges in lung cancer incidence 
and the mortality rate probably reflect decreasing cigarette 
smoking over the previous 50 years and potemially earlier detec
tion of smaller and asymptomatic lung cancers. However, 
smoking cessation in women has lagged behind smoking cessa
tion in men, and the incidence of ltmg cancer in women con
tinues to increase. African American men have the highest 
incidence and highest death rate from cru1eer of the lung and 
bronchus. 

Cigarette smoking is w1equivocaliy the most important risk 
factor in the development of lung cancer. Other environmental 
factors that may predispose to lung cancer include industrial 
substances such as asbestos, arsenic, chromium, or nickel, 
organic chemicals, radon, or iatrogenic radiation exposure, air 
pollution, ru1d other factors, such as secondary smoke in 
nonsmokers. 

Radon is cl1e second leading cause of lung cancer in the 
United States and is associated with approxinlately 18,000 ltmg 
cancer deaths/year. 16 Radon is a natural radioactive gas released 
from the normal decay of uranium in cl1e soil. Inhalation is 
associated with a health risk. Inexpensive test kits are available 
to determine the amotmt of radon present in a person's home. 

Optin1al treatment of lw1g cancer requires accurate diag
nosis and clinical staging before treatment begins. The anatomic 
basis for staging {tumor, lymph nodes, metastases) includes the 
physical properties of the tumor and presence of regional or 
systemic metastases. The biologic basis for staging (molecular 
markers prognostic for survival, as well as indicators predictive 
for response to therapy) will be incorporated in to staging systems 
of the future. Clinical trials are available for patient enrollment 
to better understand and evaluate various treatments.17 11le 
National Cru1cer Institute Clinical Trials Cooperative Group 
Program conducts clinical trials for patients with lung cancer 
and orher malignancies throughout the United States.18 

Pathology 
The pathology of ltmg cancer has been recently reviewed in 
detail.19 Development of lung cancer follows a progression of 
histologic chru1ges that results from smoking ru1d includes the 
following: (1) proliferation of basal cells; (2) development of 
atypical nuclei with prominent nucleoli; (3) stratification: (4) 
development of squamous metaplasia: (5) carcinoma in situ: and 
(6) invasive carcinoma. 
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Adenocarcinoma (ACA) of the lunlf0 is the most frequent 
histologic type and accounts for approximately 45% of all lung 
cancers. ACA of the lung develops from the mucus-producing 
cells of the bronchial epithelium. Microscopic features consist 
of cuboidal to columnar ceUs with adequate to abtmdant pink 
or vacuolated cytoplasm and some evidence of gland formation. 
Most of these lUJllors (75%) are peripherally located. ACA of 
the lung tends to metastasize earlier thru1 squamous cell carci
noma (SCCA) of the lung and more frequently to the central 
nervous system (CNS). Bronchioloalveolar carcinoma (BAC) is 
a type of ACA but cru1 sometimes be a more indolent disease. 
It is well differentiated and spreads along alveolar walls without 
invasion of stroma, blood vessels, or pleura. BAC may presem 
as a solitary nodule, multiple nodt~es, or diffuse parencl1ymal 
infiltrates. Most ACAs, including those with a BAC component 
would be categorized as ACA, mixed subtype, because invasive 
components would be present.21 BAC may require resection to 
confirm the diagnosis. A solitary focus is treated in a manner 
similar to ACA. Multifocal disease generally is not amenable to 
surgical resection. 

SCCA of the lung occms in approximately 30% of patients 
with lung cancer. Approximately two thirds of these tumors 
are centrally located ru1d te11d to expand against the bronchus, 
causing extrinsic compression. 'TI1ese tumors are prone to undergo 
central necrosis and cavitation. SCCA tends to metastasize 
later than ACA Microscopically, keratinization, strati£cation, 
and intercellular bridge formation are exhibited. SCCA may be 
more readily detected on sputum cytology than ACA. 

A diagnosis oflarge cellundifferCJltiated carcinoma may be 
made iJ1 approximately LOo/o of all lung tumors. Specific cyto
logic featmes of SCCA or ACA are lacking. These tumors tend 
to occur peripherally and may metastasize relatively early. Micro
scopically, these tumors show anaplastic pleomorphic cells, with 
vesicular or hyperchromatic nuclei and abundant cytoplasm. 
Neuroendocrine histopathology in ACA can also portend a 
poorer prognosis and is somewhat more common in the large 
cell variant. 

Small cell lung cancer represents approximately 20% of 
all lw1g cancers; approximately ~Oo/o are cent.raiJy located. 'The 
disease is characterized by an aggressive tendency to meta.~tasize. 
Ic often spreads early to mediastinal lymph nodes and distant 
sites, especially bone marrow and brain. Small cell lw1g cancer 
appears co arise in cells derived from the rmbryologic neural 
crest. Microscopically, these cells appear as sheets or clusters of 
cells, with dark nuclei and little cytoplasm. This catlike appear
ance under the microscope gives the tem1 oat ceiL carcinoma to 
tllis disease. Neurosecretory granules are evident on electron 
microscopy. This tumor is staged as limited stage (disease 
restricted to aJll ipsilateral hemithorax within a single radiation 
port) ru1d extensive stage (obvious metastatic disease). These 
tumors are often advru1ced at presentation, with an aggressive 
tendency to metastasize. Chemoradiotherapy is generally used 
for treatment. Prophylactic crruual irradiation needs to be con
sidered if the patient with limited- or extensive-stage disease 
responds well to first-line therapy. Complete responses may 
occur in approxin1ately 30% of patients; however, the 5-year 
smvival rate is only 5%. Patients with clinical early-stage 
disease (e.g., <3 em in size, no nodal metasrases, and no exua
thoracic metastases) may be considered for surgical resection, 
followed by adjuvaJJt systemic therapy. Preresection staging 
includes 18F-fluorodeoxyglucose positron emission tomography 

(FOG-PET), braiJ1 CT or magnetic resonance imaging (MRI), 
and mediastinoscopy. Mediastinal metastases on clinical staging 
suggest advru1ced disease best treated witi1 cbemoradiotherapy. 

Ltmg cancers commonly metastasize to the pulmonary and 
mediastinal lymph nodes (lymphatic spread). Hematogenous 
spread of lung cru1cer is indiscriminate ru1d almost aU areas of 
ti1e body are at ri.sk. Metastases to the adrenal glands, brain, 
lung, and bone are common. ACA is more likely to metastasize 
to the CNS. Bone metastases are osteolytic. Extrathoracicmetas
tases may occur without hilar nodes or mediastinal metastases. 

Saeening 
Patients with lung cancer often are SCCJl with advanced-stage 
disease and symptoms at iJutial preSeJl tation. The pulmonary 
parenchyma does not contain nerve endings and tumors may 
grow undetected tmtil symptoms of paiJ1, hemoptysis, or 
obstructive pneumonia develop. With the increased use of CT 
in the United States, smaller asymptomatic lung cancers are 
being identified. 

Screenillg for lung cru1cer reduces lung cru1cer mortality.22 

The National Lung Screenlrlg Trial (Nl.ST) randomized partici
pants to Lmdergo three armual screenings with either low dose 
helical computed tomography or chest radiography; 53.454 
patients were CJ1foUed. Participants were between the ages of 55 
and 7 4 years, and current or former heavy smokers {230 pack 
years of cigarette smoking at the beginning of the trial). Partici
pants bad no signs or symptoms of lung cancer on trial entry. 
Fewer lung cancer deaths occmred ill ti1e CT group (n = 356) 
compared to the CXR group (n = 443). 'The NLST demon
strated that low-dose helical CT scree11iJ1g iJ1 high-risk patients 
reduced the death rate from lung CaJlCer by 20o/o (95% Cl, 6.8-
26.7; p = 0.004), and reduced aU-cause mortality by 6.7% (95% 
CI, 1.2-13.6; p = 0.02). The study was closed early giveJl the 
significant difference between the two arms. 

At present, mass screenmg for early lung cancer detection 
ill asymptomatic individual~ is not recommended. However, 
patients with significant tobacco history, and falling witi1in the 
eligibility cl1aracreristics of the NLST, may elect to undergo 
testing for early stage lung cancer on an iJ1dividual basis based 
upon consultation aJJd evaluation by their personal pbysiciru1s
ti1e shared-decision making model. Screening of asymptomatic 
patients may identify nonspecific findings causing unnecessary 
rulXiety in the patiCJlt and fanlily. Patients in areas of endemic 
histoplasmosis with a smokiJ1g history and a newly discovered 
pulmonary nodule can be particularly challenging. Al1 update 
related to shared-decision making for testing for early lung 
cancer is not planned until tbe results of prospective cliJ1ical 
trials are available. 

Diagnosis 
The diagnosis of lung cancer Call be el1allenging?3 Many he11ign 
conditions mimic hmg CaJlCer. Physical exan1ination should 
focus on the cardiorespiratory system. ln addition, ti1e presence 
of su praclaviculat lymph nodes, idCJlt.i£ed by careful examina
tion of the cervical ru1d supraclavicular lymph nodes, suggests 
advanced disease (N3 status for NSCLC) and therapy other than 
resection is recommended. Paraneoplastic syndromes are distant 
manifestations of lung cancer (not metastases) as revealed in 
extrathoracic nonmetastatic symptoms. The lW1g cancer affects 
ti1ese extrathoracic sites by producing one or more biologic or 
biochemical substances. 
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NSCLC typically occurs in patients who are 50 to 70 years 
of age who have a history of cigarette smoking. Patients develop 
symptoms based on the physical impact of tumor growth within 
the lung parencl1yma. Symptoms such as cough, dyspnea, chest 
waU pain, and hemoptysis are related to the physical presence of 
the rumor and its interactions with the structures of the lung 
and chest waU.Z4 

Pathologic confumatiOJl of NSCLC can assist d1e patient 
and physician in discussions of risk and benefit for specific treat
ment options. Guidelines for management of the indeterminate 
(or solitary) pulmonary nodule (SPN) are avaUable.25 Under 
certain circumstances, a SPN may be deemed benign with ade
quate confidence in the absence of a pathologic diagnosis. SPNs 
that are entirely calcified or radiologicaUy stable by CT of the 
chest for a minimum of 2 years are likely to be benign.2

6-l
7 

Review of old radiographs or other prior imaging srudies will 
assist in evaluation of changes in the mass. 

In patients with a clinically suspicious SPN and nondiag
nostic fiberoptic bronchoscopy {FOB) and/or transthoracic 
needle aspiration (TINA) studies, more invasive means for 
diagnosis are indicated. If histologic information is needed to 
assess risk a11d benefit for the patient, the least invasive strategy 
possible would be re9uired. Newer techniques include naviga
tional bronchoscopy~8 to match CT images of smaU peripheral 
lung nodules with guided real-time direction of small broncho
scopic catheters to improve access for biopsy. In a physiologicaUy 
fit patient with a suspicious SPN nodule, nonanatomic or wedge 
resection provides diagnosis. Confirmation of NSCLC by the 
pathologist should be followed by definitive resection iJ1 the 
san1e setting. Fo:r an SPN iJ1 the absence of a CaJKer diagnosis 
that cannot be removed by wedge resectio11, a lobectomy can be 
considered for diagnosis (and treatment). A pneumonectomy is 
not performed wid10ut a cancer diagnosis. 

Up to one third of patients with NSCLC have a pleural 
effusion at the tinle ofprese11tation. Pleural fluid sampling with 
thoracentesis is required for cytologic examination. 

Malignant pleural effusion (MPE; T4) represents a contra
indication to resection; However, many pleural effusions in this 
setting may have a sympathetic or reactive cause. 

Bronchoscopy is recommended before any plaJmed pulmo
nary resection. The surgeon also will independently assess (via 
bronchoscopy) the endobronchial anatomy to exclude secondary 
endobroncllial primary tumors a11d ensure d1at all known cancer 
will be encompassed by the planned pulmonary resection. When 
pneumonectomy or bronchoplastic resection is contemplated 
for a central rumor, the surgeon's assessrnent at broncl1oscopy is 
critical to the determination of whether complete (RO) resection 
can be achieved. 

TTNA guided by CT or fluoroscopy is particularly useful 
in tl1e evaluation of peripheral lesions smaUer thaJl 3 em in 
diameter, but is limited by a high rate of nondiagnostic exanlina
tion. A nondiagnostic TINA does not completely rule out 
malig:tlaJlC}'; lung cancer can be excluded only in the presence 
of a specific benign alternative diag:tlosis. TINA is not routinely 
recommended for the patient with good physiologic reserve and 
otherwise appropriate for surgery (e.g., stage l or II patients). lf 
the patient does have bard palpable lymph node.~ i11 the cervical 
or supraclavicular area, fine-needle aspiration (FNA) or biopsy 
ma}' provide an accurate diagnosis of N3 disease. Otherwise, a 
superficial lympb node biopsy or a scalene node biopsy could 
be perfom1ed to obtain tissue for further evaluation. 

Staging 
Staging is a description of the extent of the cancer based on 
similarities in survival for the group of patiems with those 
characteristics. The staging system creates a shorthand descrip
tion of the tumor, nodes, and metastatic characteristics of the 
patienr ro facilirate choice of optimal therapy and evaluate 
outcomes ba<>ed on the clinical and pathologic stage. 1he 
American Joint Committee on Cancer (AJCC) and the Inter
national Union Against Cancer (UICC) have worked ro estab
Lish and promulgate staging system guidelines. The current 
international staging system for NSCLC29 provides the basis 
for specific patient stage groupings and is used for current 
treacmem recommendations. 

1l1e clinician's responsibility .is to ensure the highest pos
sible degree of certainty of the clinical srage or extent of the 
disease and recommend therapy or a therapeutic combination 
of greatest efficacy. Optimal staging assists the clinician i.n pro
viding the best recommendations for therapeutic imervemions 
for the patient. The clinical stage is the physician's best and final 
estirualte of the extent of disease based on aU available informa
tion from invasive and noninvasive studies and prior to the 
initiation of definitive therapy. The pathologic stage is the deter
mination of the physical extent of the disease based on histologic 
examination of the resected tissues, including the hllar and 
mediastinal lymph nodes. 

Evaluation of Stages 
T (Tumor) Stage As the tumor size increases, survival decreases. 
Chest x-ray aJld CT of the cl1est and upper abdomen, iJlCluding 
the liver and adrenals, are the most frequent diagnostic imaging 
studies performed in patients with lung cancer (Fig. 58-10). the 
chest x-ray provides information on the size, shape, density, and 
location of the primary tumor and its relationship to the medi
astinal structures. CT of the chest provides more detai I than the 
chest x-ray on rumor characteristics, and provides information 
on tbe relationship of the tumor to the mediastinum. chest waU, 
and diaphragm, as well as invasion iJ1to the vertebrae or medi
astinal structures {clinical T4). MRl may complement CT in 
these patients (T4). MRI brain imaging may be reserved for 
patients with stage] or IJ cancer with new neurologic symptoms 
only (e'f', vertigo, beadacl1e), all patients with stage III or fV 
cancer,3 and those with small cell carcinoma or superior sulcus 
tumors (Pancoast tumor), because these patient have a highex 
iJ1cidence of occult brain metastases. 

N (Nodal) Stage Determination of metastases to mediastinal 
lymph nodes constitutes a critical point in stagu1g and treatment 
recommendations.30 Mediastinal lymph node metastases are 
present in 26% to 32% of patients at the time of diagnosis and 
iJ:titiaUy assessed with chest CT. Lymph nodes may be enlarged 
normally from infection (e.g., histoplasmosis, previous bronchi
tis or pneumonia} or other inflanm1atory processes. Mediastinal 
adenopathy is most often defined as lymph nodes with a maximal 
transverse diameter more than l em on axial tomographic 
images. In the absence of mediastinal nodes more than 1 em in 
diameter, the likelihood of N2 or N3 disease is low. [f medias
tinal nodes more than J em are identified, nodal tissue must be 
examined (e.g., by endoscopic broncl:tial ultrasound, cervical 
medi.astinoscopy, esophageal ultrasound, VATS) for bistologic 
evidence of metastases before definitive resection. 
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FIGURE 58-10 Radiographic evaluation for any patient with known or suspected lung cancer includes a plain chest roentgenogram (posterior
anterior (A); and lateral (B)- Other studies commonly perfonned include computed tomography (Cl) of the chest (C). Evaluation of the plain 
films and a gui'des subsequent evaluations. FOG-PET with fused a (D) provides the ability to correlate metabolic activity with physical find
ings. Although FDG-PET uses the increased metabolism in most neoplasms to create the FDG-PET image, other processes such as infection, 
inflammation, or sequelae of trauma or fractures can be identified as well. Sites of increased metabolism should be carefully evaluated for 
metastases. 

cr has a reported sensitivity for mediastinal lymph node 
assessmcm in NSCLC of57o/o to 79o/o, with a positive predictive 
value of just 56%.30 No CT si7..e criterion is entirely reliable for 
the determination of mediastinal lymph node iJwolvement. 
Larger mediastinal lymph nodes arc more likely co be associared 
with metastasis (>70o/o); however, normal-si1..ed lymph node.s 
(<1 em) have a 7o/o to 15% chance of containing metastases. 

PET31 may assist in evaluating the local extent aJld presence 
of known or occult metastases based on the differential increased 
metabolism of glucose by cancer cells compared with normal 
tissues (Fig 58- 11 ). A PET scan is not a caJlcer-speci6c study 
because high cellular glucose metabolism is seen in inflamma
tory processes in addition to malignancy. Histologic confirma
tiOJl of suspicious mediastinal lymph node involvement is 
indicated prior to final treatment decisions. Other areas of FDG 
uptake must be considered for the evaluation of histologic evi
dence of NSCLC. FDG-PET coupled with CT may yield 
increased sensitivity a11d specificity in determining the stage of 
patients with lung CaJlcer before treatment interventions.32 R(.-ed 
and colleagues33 have determined that PET and CT together are 
better than either one alone in determining a patient's suitabWty 
for resection. The negative predictive value of PET for medias
tinal lymph node metastases from NSCLC was 87%. 

Invasive staging includes cervical mediastinoscopy (CME) 
or mediastinotomy (ChaJ11berlain's procedure), endoscopic 
brond1ial ultrasound (EBUS), and esophageal ultrasound 
(EUS):14 CME is traditionally indicated for patients with 
otherwise operable NSCLC wich enlarged paratracheal or sub
carina! lymph nodes, particularly if the cancer is proximal, 
pneumonectomy is planned, or the patient is at increa.~ed risk 
for the planned resection. CME is commonly performed for 
the biopsy of bilateral paratracheal (levels 2 and 4) and subcari
nal (level 7) lymph nodes. A mediastinotomy is used to gain 
access to the mediastinum after resection of the second cos
to.~tcrnal cartilage to evaluate the aortopulmonary window 
(level 5) or anterior mediastiJlllm (level 6) lympb nodes. CME 
has a negative predictive value (NPV) above 90%, may be per
formed as an outpatient procedure, and is associated with a low 
rate of significant complications. When pathologic fro:t.en 
section evaluation fails to demonstrate malignaJl t nodal involve
ment, mediastinoscopy may be folJowed by resection under the 
same anesthetic. The use of CME, regardless of radiographic 
evidence of nodal involvement (routine mediastinoscopy), is 
not a cost-effective approach, and adds little to the accuracy of 
staging in patients with an adequate noninvasive preoperative 
evaluation.35 
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FIGURE 58- 11 A subcarinaiLN has mild FOG uptake. Based on these 
findings, additional invasive staging is warranted to indude brondlos
copy, and invasive staging of mediastinal lymph nodes. Endobrondlial 
ultrasound with tiranstradleal needle aspiration can be performed 
with real-time ultrasound guidance to facilitate transtradleal needle 
placement Other stations can be biopsied as well. If needed, cervical 
mediastinoscopy i:s performed with biopsy of high paratradleal (2R 
and 2 L), low paratradleal (4R and 4 L), pretracheal (3A), and sub
carina! (7) lymph nodes. If left-sided aortopulmonary lymph nodes 
were FOG avid, Chamberlain's procedure (anterior mediastinotomy), 
or VATS with biopsy of aortopulrnonary (AP) window lymph nodes, 
or hilar lymph nodes could also be performed. Additional evaluation 
of the patient would be warranted if the patient would be considered 
a surgical candidate. 

Additional samplli1g techniques may be bclpfuJ.30.34 EBUS 
may be more sensitive than mediastinoscopy. Combining EBUS 
and surgical staging may provide greater sensitivity for medias
tinal nodal metastases than surgical staging alone and avoid 
unnecessary rho·racotornies.36 VATS techniques can evaluate 
enlarged level 5 or 6 lymph nodes, as weU as enlarged level 8 or 
9 or low-level 7 lymph nodes. EUS-guided aspiration can be 
easily used for trnnsesophageal needles a~p.iration of subcarinal 
and left anteroposterior (AP) window lymph nodes.30 

Extrathoracic or distant metastases (Mlb) are common in 
lung cancer. Beyond a thorough history and physical examina
tion, and standard staging tecluuques, additional evaluation for 
metastatic disease is indicated only for selected cases.30 If meta
static disease is suspected based on imaging results, a tissue 
sample should be obtained for diagnosis to confirm the presence 
or absence of metastases . .\'I Nodule.~ iJl the contralateral lung arc 
cl1aracterized as metastatic disease (Mla), as are MPE and 
pleural carcinomatosis. 

Metastatic adrenal involvement is present in up to 7o/o of 
patients at presen.tation. The standard CT evaluation of the chest 
should also include evaluation of the upper abdomen to include 
the liver and adrenal glands. L1determinate adrenal lesions on 
CT may be evaluated further with MRI or CT-gui.ded percuta
neous biopsy. 

Current American Joint Committee on 
Cancer Staging System 
The International Association for the Study of Ltmg Cancer 
(IASLC) embarked on its lung cancer staging project to include 
all trearmem and diagnostic groups. coUect data for analysis, 

and reform future revisions.37 The cu.rrent AJCC descriptions 
for lung cancer staging reflect the impact of the lASLC lung 
cancer staging project.38 1l1e IASLC collected over 100,000 
NSCLC cases treated between 1990 and 2000. Each patiCilt 
had a minimtun of 5 years of foUow-up and all treatment 
modali£ies were included. Over 81,000 cases were submitted 
that were eligible for analysis, including 67,725 patients with 
NSCLC and 13,290 patients with small cell carcinoma. Sur
vival was calculated by the Kaplan-Meier method. Prognostic 
groups were created using Cox regression analyses and results 
were internally and externally valldated. Stage groupings were 
revised to reflect these analyses and internally and externally 
validared.29 External validation was assessed against the Surveil
lance, Epidemiology and End Results (SEER) program data
base. 1l1e data co llected were retrospective and an audit of the 
data was not performed; however, information was provided by 
credible centers, wb.icl1 facilitated data collection, and analysis 
of a large patient population. Future directions wil l most cer
tainly include prospective data collection39 and proteomic and 
genomic characteristics. 

I haveincluded rhe TNM definitions (Table 5R-l), nodal 
characteristics (Box 58-1), and stage groupings of the TNM 
subsets with survival (Table 58-2). Other schematics have been 
created for rhe lymph node map40 and T characteristics.41 

1l1e mediastinal and regional lymph node classification 
scheme is presented .in Figure 58-12. Tbis map presents agraphic 
representation of mediastinal and pulmonary lymph nodes in 
relation to od1er thoracic strucwres for nptimal dissection and 
anatomic labeling by the surgeon. 

Tumor (1) In the IASLC lung cancer stagiJ1g project, over 18,000 
patients had a Tl to T4 tumor with NO lymph node dissection 
and RO resection.4

! Tl was divided into Tla (Q em) and Tlb 
(>2 to 3 em). T2 was divided into T2a (>3 to 5 em) and T2b 
(>5 to 7 em). T2c would have been more than 7 em; however, 
these patients had a survival that was statistically similar to the 
survival ofT3 patients. Lung cancers larger than 7 em are cat
egorized as T3. 

Other T2 descriptors, such as visceral pleural invasion and 
partial atelectasis (less than me entire luJ1g), could not be evalu
ated because of small number of patients and inconsistent data. 
In the current AJCC staging system, nodules in the same lobe 
were categorized as T3, nodules in a different lobe were catego
rized as T4, and a nodule in a contralateral lobe would be des
ignated as Mla unless there was compelling evidence to suggest 
synchronous pr.imary tumors. 

T3 rumors may be characterized as a rumor with invasion 
into the pleura, pericardium, or diaphragm, an endobronchial 
tumor less than 2 em from the carina, or an obstructing tumor 
causing atelectasis of the entire lung and, as noted, nvo nodLJes 
ill the same lobe. 

T 4 tumors would involve the mediastinal structures such 
as the heart, great vessels, esophagus, and trachea, as well as the 
vertebral body or carina. Two nodules, one each in nvo separate 
ipsilateral lobes, would also be characterized as T4. 

Pleural metastases, or MPE, wa~ cl1anged from T4 (in the 
AJCC sixth edition) to MJ. Patients previously categorized as a 
cli•ucaJ T4 based 011 an MPE, malignant pericardia! effusions, 
or pleural noduJes, are now categorized as clinical M 1 based on 
poor survival more closely resembling patients with metastatic 
disease. 
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_Table 58-1 T, N, and M Descriptors for Lung cancer Staging 
T (Primary TUIDIII') 

TX Primary tumor cannot be assessed, or tumor proven by the presence of malignant cells in sputum or bronchial washings but not visualized by 
imaging or bronchoscopy 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

Tl Tumor S3 an in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence of invasion more proximal than the 
lobar bronchus (1.e., not in the main bronchus)• 
• Tl a Tumor :::1 em in greatest dimension 
• Tl b Tuma >2 em but :>3 ern in greatest dimension 

T2 Tumor >3 em but :>7 em or tumor with any of the following features• 
• Involves main bronchus. ;U em distal to the carina 
• Invades visceral pleura 
• Associated with atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve the entire lung 
• T2a Tumor >3 em but !>5 em in greatest dimension 
• T2b Tumor >5 em but :>7 ern in greatest dimension 

T3 Tumor > 7 em or one that directly invades any of the following: chest wall (including superior sulcus tumors), diaphragm, phrenic nerve, 
mediastinal pleura, parietal pericardium; or 
• Tumor in the ma.n bronchus <2 em distal to the carina" but without involvement of the carina; or 
• Associated atelectasis or obstructive pneumonitis of the entire lung or 
• Separate tumor nodule(s) in the same lobe 

T4 Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, recurrent laryngeal nerve, esophagus, vertebral 
body, carina; or 
• Separate tumor nodule(s) in a different ipsilateral lobe 

N (Reponal Lympll Nodes) 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

Nl Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, induding involvement by direct extension 

N2 Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s) 

N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular lymph node(s) 

M (Distallt Metastasis) 

MX Distant metastasis cannot be assessed 

M3 No distant metastasis 

Ml Distant metastasis 
• Mia Separate tumor nodule(s) in a contralateral lobe; tumor with pleural nodules or malignant pleural (or pericardia!) effusion1 

• M I b Distant metastasis 

Adapted from Goldstraw P, Crowley J, Chansky K, et al: The IASLC Lung cancer Staging Prcject Proposals for the revision of the TNM stage groupings in the forthcoming 
(seventh) edition of the TNM Classification of malignant tumours. J Thorac Oncol2:706-714, 2007; and Edge SB, Byrd DR, Compton CC. et al: AJCC cancer staging manual, 
ed 7, New York. 2010, Springer.) 
*The uncommon superficial spreading tumor of any size with its invasive component limited to the bronchial wall, which may extend proximally to the main bronchus, is 
also classified as n. 
tMost pleural (and pericardia~ effusions with lung cancer are due to tumor. In a few patients, however, multiple cytopathologic examinations of pleural (pericardia~ fluid 
are negative for tumor, and the fluid is non bloody and is not an exudate. Where these elements and clinical judgment dictate that the effusion is not related to the tumor, 
the effusion should be excluded as a staging element and the patient should be classified as n. T2, T3, or T4. 
*T2 tumors with these features are classified T2a if ::;s em or if size cannot be determined, and T2b if >5 em but S7 em. 

Lymph Nodes (N) The nodal characteristic and designations did 
not change in the current AJCC guidelines .~3 O ver 67,000 
patients had T, N, and M characteristics as well a.~ a description 
of histologic type and survival; 38,265 patients had clinical 
nodal and 28,371 had pathologic nodal staging information. 
Clinical staging studies included tests such as diagnostic imaging, 
cr, and mediastinoscopy. Thoracotomy for staging was excluded. 
PET was not widd y used internationally in tlUs cohort during 
this period. A new imernationallymph node map was proposed 
combining the integral aspects of the Japanese-Naruke and the 
North American-MoLmtain lymph node maps .~4 Of special 
note, the autho rs proposed radiographic regions for the location 
of specific mediastinal lymph nodes, particularly for integration 
with cr. to guide the radiologic staging of patients with NSCLC. 

Metastases (M) Metastases were divided into Mla and Mlb.45 

Patients wid1 metastasis to the contralateral lung only were des
ignated as Mla and metastases to regions (lUtside the h mg (lf 

pleura were designated as M 1 b. A second nodule in the non pri
mary ipsilateral lobe, previously designated as M 1, was changed 
to T 4MO. In tll.is situation , the patient received the benefit of the 
doubt approach because this might represent a second primary. 

Results of Treabnent of Lung Cancer 
According to Stage 
The choice of initial therapy, whether single modality or multi
modality therapy, depends on the patient's clinical stage at pre
sentation and availability of prospective protocols. However, 
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N2 Nodes* 
1. Highest mediastinal nodes: Nodes lying above a horizontal 

line at the upper rim of the brachiocephalic (left innomi
nate) vein where it ascends to the left, crossing in front of 
the trachea at its midline. 

2. Upper paratracheal nodes: Nodes lying above a horizontal 
line drawn itangential to the upper margin of the aortic arch 
and below the inferior boundary of number 1 nodes. 

3. Prevascular and retrotracheal nodes: Pretracheal and ret
rotracheal nodes may be designated 3A and 3P. Midline 
nodes are considered to be ipsilateral. 

4. Lower paratracheal nodes: The lower paratracheal nodes on 
the right li'e to the right of the midline of the trachea 
between a horizontal line drawn tangential to the upper 
margin of the aortic arch and a line extending across the 
right main bronchus at the upper margin of the upper lobe 
bronchus and contained within the mediastinal pleural 
envelope; the lower paratracheal nodes on the left lie to 
the left of the midline of the trachea between a horizontal 
line drawn itangential to the upper margin of the aortic arch 
and a line extending across the left main bronchus at the 
level of the upper margin of the left upper lobe bronchus, 
medial to the ligamentum arteriosum and contained within 
the mediastinal pleural envelope. 

Regional {N2) Lymph Node Classification 
5. Subaortic (aortopulmonary window): Subaortic nodes are 

lateral to the ligamentum arteriosum or the aorta or left 

pulmonary artery and proximal to the first branch of the left 
pulmonary artery and lie within the mediastinal pleural 
envelope. 

6. Para-aortic nodes (ascending aorta or phrenic): Nodes lying 
anterior and lateral to the ascending aorta and the aortic 
arch or the innominate artery, beneath a line tangential to 
the upper margin of the aortic arch. 

7. Subcarinal nodes: Nodes lying caudad to the carina of the 
trachea, but not associated with the lower lobe bronchi or I 
arteries within the lung. 

8. Paraesophageal nodes (below carina): Nodes lying adjacent 
to the wall of the esophagus and to the right or left of the 
midline, exduding subcarinal nodes. 

9. Pulmonary ligament nodes: Nodes lying within the pulmo
nary ligament. induding those in the posterior wall and 
lower part of the inferior pulmonary vein. 

Nl Nodest 
10. Hilar nodes: The proximal lobar nodes, distal to the medi

astinal pleural reflection and the nodes adjacent to the j 
bronchus intermedius on the right; radiographically, the 1 
hilar shadow may be created by enlargement of both hilar 
and interlobar nodes. 

11. Interlobar nodes: Nodes lying between the lobar bronchi. 
12. Lobar nodes: Nodes adjacent to the distal lobar bronchi. 
13. Segmental nodes: Nodes adjacent to segmental bronchi. 
14. Subsegmental nodes: Nodes around the subsegmental 

bronchi. 

From Mountain CF, Dresler CM: Regional lymph node dassification for lung cancer staging. Chest 111:1718-1723, 1997. 
*All N2 nodes (single-digit designator) lie within the mediastinal pleural envelope. 
'All N1 nodes lie distal to the mediastinal pleural reflection and within the visceral pleura 

Table 58-2 AJCC 71t1 Edition TNM Stage Groupings 
5-Year Survival (%) 

STAGE T N M aiNICAL STAGE PATHOLOGIC STAGE 

Occult cancer TX NO M) Not calculated 

0 Tis NO M) Not calculated 

lA T1a/b NO M) 50 73 

IB T2a NO M) 43 58 

IIA Tlb NO M) 36 46 
Tl a/b; T2a Nl M) 

liB T2b N1 M) 25 36 
T3 NO M) 

IliA AnyTI ; T2 N2 M) 19 24 
T3 N1/N2 M) 

T4 NO/NI M) 

1118 T4 N2 M) 7 9 
AnyT N3 M) 

IV Any T Any N M1a/b 2 13 

From Goldstraw P, Crowley J, Chansky K, et al: The IASLC lung Cancer Staging Project proposals for the revision of the TNM stage groupings in the forthcoming (seventh) 
edition of the TNM dassification of malignant tumours. J Thorac Oncol 2:706-714, 2007. Edge SB, Byrd OR, Compton CC, et al: AJCC Cancer Staging Manual, ed 7, New 
Vorl\. 2010, Springer. 
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Superior mediastinal nodes 
D 1 Highest mediastinal 
D 2 Upper paratracheal 

Brachiocephalic 
(innominate) a.-~~~;;:-;J, 

~--Mediastinal 

pleura 

ltl 3 Prevascular and retrotracheal 
• 4 Lower paratracheal 

(including azygos nodes) 

Aortic nodes 
• 5 Subaortic (A-P window) 
• 6 Para-aortic 

(ascending aorta or phrenic) 

Inferior mediastinal nodes 
D 7 Subcarinal 
D 8 Paraesophageal 

(below carina) 
D 9 Pulmonary ligament 

N1 nodes 
D 10 Hilar 
D 11 Interlobar 
D 12 Lobar 
D 13 Segmental 
D 14 Subsegmental 

FIGURE 58-12 Regional lymph node station location. AO, aorta; PA. pulmonary artery. (From Mountain CF, libshitz HI, Hermes KE: l ung Cancer: 

A Handbook for Staging, Imaging, and l ymph Node dassification. Houston, 1999, Mountain, pp 1-71.) 

treatment options may vary, even among different subsets of 
patients within the same clinlcal stage. Pretreatment staging 
remains the critical step before initiating therapy. With current 
efforts, 5-year survival rates by pathologic stage are 73% for stage 
lA, 58o/o for lB, 46o/o for ITA, 36o/o for liB, 24o/o for IUA, 9o/o 
for rnB, and l3o/o for IV?9 Treatment for lw1g cancer can be 
roughly grouped into three major categories: 
I. Stages l and li tumors are contained within the lung and 

may be completely resected with surgery. Recently, stereo
tactic body radiation therapy bas had good early results in 
selected patients not amenable to resection.46 

2. Stage TV disease includes metastatic disease and is not 
typically treated by surgery, except for patients requiring 
surgical palliation. Systemic therapies for metastatic disease 
arc common. Targeted therapies have provided carefully 
screened patients with excellent results. 

3. Resectable stages IUA and IIIB tumors are locally advanced 
tumors with metastasis to the ipsilateral mediastinal (N2) 
lymph nodes (stage IHA) or involving mediastinal struc
tures (T4NOMO). These rumors, by their advanced nature, 
may be mechanically removed with surgery; however, 
surgery does nor consistently control the micrometastases 
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SURGICAL PATHOLOGY REPORT 

DIAGNOSIS: 
1) LYMPH NODE, 4R, EXCISION: FRAGMENTS OF LYMPH NODE, NEGATIVE FOR MALIGNANCY. 
2) LYMPH NODE, 2R, EXCISION: FRAGMENTS OF LYMPH NODE, NEGATIVE FOR MALIGNANCY. 
3) LYMPH NODE, PRE-CARINAL, EXCISION: FRAGMENTS OF LYMPH NODE, NEGATIVE FOR MALIGNANCY. 
4) LYMPH NODE, LEVEL4, EXCISION: FRAGMENTS OF LYMPH NODE, NEGATIVE FOR MALIGNANCY. 
5) LYMPHNODE, LEVEL2L. EXCISION: FRAGMENTS OF LYMPH NODE. NEGATIVE FOR MALIGNANCY. 
6) LYMPH NODE, LEVEL 7, EXCISION: FRAGMENTS OF LYMPH NODE, NEGATIVE FOR MALIGNANCY. 
7) LYMPH NODE, LEVEL 8, EXCISION: INVOLVED BY METASTATIC ADENOCARCINOMA. 
8) LYMPH NODE, LEVEL 11, EXCISION: 1 LYMPH NODE, NEGATIVE FOR MALIGNANCY (0/1). 
9) LYMPH NODE, LEVEL 10, EXCISION: FRAGMENTS OF LYMPH NODE, NEGATIVE FOR MALIGNANCY. 
10) LUNG, LEFT LOWER LOBE, LOBECTOMY: POORLY-DIFFERENTIATED ADENOCARCINOMA, SIMILAR TO 

PREVIOUS (SEE S10-37167), PREDOMINANTLY SOLID TYPE, 4.9 CM IN GREATEST EXTENT, INVADING 
INTO VISCERAL PLEURA; RESECTION MARGINS NEGATIVE FOR MALIGNANCY; LARGE VESSEL 
INVASION PRESENl; CENTRIACINAR EMPHYSEMA. 

11) LYMPH NODE, LEVELS, EXCISION: FRAGMENTS OF LYMPH NODE, NEGATIVE FOR MALIGNANCY. 

COMMENT: These findings correspond to AJCC 7th Edition pathologic Stage lilA (pT2a, pN2, pM n/a). 

Lung Carcinoma Summary Findings 

Specimen Type: lobectomy 
Laterality: left 
Tumor site: lower lobe 
Tumor size: 4.9 x 4.1 x 3.8 em 
Tumor focality: unifocal 
Histologic type: adenocarcinoma 
Histologic Grade: poorty-differentiated 
Visceral Pleura Invasion: present (confirmed with elastin stain) 
Direct extension of tumor: limited to lung and visceral pleura 
Venous (large vessel invasion): present 
Arterial (large vessel invasion): negative 
Lymphatic (small vessel invasion): negative 
Treatment effect n/a 

Margins: 1.1 em from parenchymal margin 

Ancillary testing: 
EGFR mutational analysis: yes 
KRAS mutational analysis: yes 
Other (specify): ALK 

Pathologic staging (pTNM): lilA 
Primary tumor: p T2a 
Regional lymph nodes: pN2 
Distant metastasis: pM n/a 

FIGURE 58-13 Structured pathology report following left lower lobectomy. lung Carcinoma Summary Findings are helpful in identifying factors 
critical for pathological staging, and which may influence survival subsequently. Today, ancillary testing for mutational analysis of EGFR. KRAS, 
and ALK is done routinely. Targeted agents exist, and others are being developed, for treatment of tumors with these characteristics. 

that exist in the general area of the operation or systemi
cally. Combinations of chemotherapy and radiotherapy arc 
used for locally advanced disease or prior to resection. 

Lung carcinoma should be resected when the local disease 
can be controlled, the patient's physical condition can tolerate 
the planned resection and reconstruction, and the anticipated 
operative mortality i s less than the stage-specific 5-ycar sUivival. 
Conditions such as superior vena cava syndrome, tumor inva
sion across the mediastinum into the main pu1monary artery, 
N3 nodal metastases, malignant pleural or pericardial disease, 
and excrad10racic metastases carry greater risk than benefit for 
most patients. Some centers have had good results with resection 
and reconstmction of the trachea, atrium, great vessels, or od1er 
mediastinal or vertebral suuctu res. These are corn plcx operations 
requiring dedicated teams dUiing the periope.rative stage and 
multidisciplinary care. Patients wid1 tracheoesophageal fistula 

from esophageal or lung carcinoma have a l imited life expec
tancy. Palliative care should be considered. 

Local Therapy for Earty-Stage Non-Small 
Cell Lung Cancer 
Stages I and II NSCLC can be treated safely with surgery and 
media.~tinal lymph node dissection alone and, in most patients. 
provides long-term survival.4:·.4s Anatomic resection, lobectomy, 
with systematic mediastinal lymph node dissection and sam
pling, is the procedure of choice for lung cancer confined to one 
lobe (Fig. 58-13). The American College of Surgeons Oncology 
Group (ACOSOG) has defined a systematic sampling strategy 
for specific mediastinal lymph nodes.49 Ar a minimun1, nodal 
(not adipose) tissue from stations 2R, 4R, 7, 8, and 9 for right
sided cancers atld stations 4 L, 5, 6, 7. 8, at1d 9 for left-sided 
cancers should be san1pled. Mediastinal lymphadenectomy 
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should include exploration and removal of lymph nodes from 
stations 2R, 4R, 7, 8, and 9 for right-sided cancers and stations 
4 L, 5, 6, 7, 8 and 9 for left-sided cancers. 

Lesser operations such as wedge resection or segmentec
tomy may be considered for patients at greater risk for lobec
tomy.<;() Prospective clinical trials are ongoing ro evaluate the role 
of parenchyma-sparing surgery, such as wedge alone compared 
with lobectomy in select patiems with small peripheral NSCLC. 
These prospective trials are evaluating the role of wedge resection 
with or without brachytberapy 1311 threads, radiofrequency abla
tion, and wedge resection compared with stereotactic body 
radiation therapy.51 Patients with NSCLC that invade into the 
chest wall may be resected with lobectomy with en bloc chest 
wall resection. 

Other local control modalities include stereotactic body 
radiation therapy (SBRT).46 Treatment with 54 Gy in three 
fractions appears to be well tolerated, with good early results. 
Prospective clinical trials (ACOSOG Z4099/RTOG 1021) are 
under.vay to evaluate high-risk patients (w1able to tolerate a 
lobectomy) with early-stage NSCLC randomized between 
wedge resection and SBRT. 

Neoadjuvant and Adjuvant Therapy 
Advanced-stage lw1g cancer, particularly with nodal spread, 
cannot typically be considered a disease effectively treated with 
a single modality. Survival following resection may be improved 
in select patientt:s with adjuvant chemotherapy. The International 
Adjuvant Lung Trial (IALT)~1 enrolled 1867 patients with com
pletely resected stages I to Ill NSCLC. These patients were 
randomized to observation or chemotherapy. Radiation therapy 
was at the discretion of the institution. The treatment group 
received one of four cisplatin-based doublet adjuvant regimens.~3 

Survival was increased 5o/o in the adjuvant chemotherapy group. 
All patients staged lB to liB were considered for adjuvant che
motherapy following resection.4? 

Surgery alone for stage IliA (N2), IIIB, or N lung cancer 
is iJ1frequently performed: however. select patients may benefit 
from a multidisciplinary approach to treatment.~ Resection for 
isolated brain metastasis is warranted for improvement in symp
toms, qualhy of Life, and survival rate. The primary lw1g t11mor 
can the11 be treated according to T and N stage. Additional 
treatment beyond resection is needed. 

Even with complete resecdon, padems with resectable 
NSCLC have poor survival. Preoperative tl1erapy (induction or 
neoadjuvant) h as been evaluated; preoperative paclitaxcl and 
carboplatin followed by surgery was compared with surgery 
alone in patients with early-stage NSCLC. Median overall sur
vival (OS) was 41 months in the surgery-only arm and 62 
months in the preoperative chemotherapy arm (hazard ratio 
[HR], 0.79; 95% confidence interval [CI], 0.60 to 1.06; P = 
.11). Median progression free survival wa.~ 20 months for 
surgery alone and 33 months for preoperative chemotherapy 
(HR, 0.80; 95% CI, 0.61 to 1.04; P= .1 0). OS and progression
free survival (PFS) were both higher with preoperative chemo
therapy, although the differences did not reach statistical 
significance. 55 

Induction chemoradiotherapy ha.~ been evaluated for the 
treatment of climical stage IliA (N2) NSCLC. 56 In one phase Ill 
trial, concurrent chemotherapy and radiotherapy followed by 
resection were compared with standard concurrent chemother
apy and definitive radio therapy without resection. The median 

OS was similar in both groups (::.:23 months). PFS was better in 
the surgery group (median, 12.8 versus 10.5 monrhs; P= .017). 
The authors noted that pneumonectomy was associated with 
poor outcomes and OS was improved for patients undergoing 
inducti.on chemoradiotherapy and lobectomy. In selected resect
able stage OIA NSCLC patients, induction chemoradiorherapy 
followed by resection is an alternative treatment to chemoradio
therapy alone. 

Patients with local extension of lung cancer at tl1e apex of 
the lung into the thoracic inlet may have shoulder and arm pain, 
Horner's syndrome, and occasionally paresthesia iJJ the uL1ar 
nerve distribution of tl1e band (fourm and fifth fingers; Fig. 
58-14). Patients with all these characteristics may be classified 
as having Pancoast syndrome. Pain comes from the C8 and 
Tl nerve root~. Sympathetic nerve involvement may result in 
Horner's syndrome-miosis, ptosis, anhidrosis, and enophthal
mos. Typically, the first, second, and third ribs are involved and 
requi re resection, but the bony spine ru1d imraforaminal spaces 
cru1 also be involved. MRI is necessary, in addition to CT, to 
plru1 the surgical procedure. Preoperative therapy iJ1cludes 
chemoradiotherapy. 5?.5S 

Treatment of Metastatic Disease 
Metastatic disease (stage [V NSCLC) is usually incurable.~? Per
formance and quality oflife decline. Patients and families should 
be infom1ed about the diagnosis and potential outcome.~ of 
treatment. Treatment decisions should be respectfu.l of the 
patient's and family wishes and realistic expectations should be 
set and monitored during therapy. 

Combination cl1en1otherapy with platinum doublets has 
been well tolerated and associated with a modest improvement 
in survival rates.53 The additional of bevacizumab (a mono
d onal antibody to me vascular endothelial growth factor 
receptor) to paditaxel and carboplatin has improved survival 
compared with patients treated with paclitaxcl and carboplatin 
alone.60 InductioJJ chemotherapy followed by radiation appears 
to improve survival rate in patients with locally advanced 
unresectable lung cancer, as shown in prospective randomized 
studies.61 ln these studies, cisplatin-based combination chemo
therapy improved survival. Additional strategies to identify the 
molecular characteristics of the tumor as part of the initial 
staging could also improve survival by creati ng better models 
for treatment of NSCLC. Advances in tumor biology have 
made available predictive markers of response to epi.dem1al 
growth factor receptor (EGFR) mutations62 and anaplastic 
lymphoma kinase (ALK), a chimeric protein originally identi
fied in anaplastic large cell lymphoma) receptors.63 'These 
studies have focused efforts to target specific genetic mutations 
in specific lung cancers. Mutations in the EGFR gene strongly 
predict the response to EGFR inhibitors. Clinical trials have 
shown significant PFS in patient~ with metastatic NSCLC 
treated with gefitinib and platinum-based doublet chemo
therapy compared with chemotherapy alone.M.G5 Targeted 
therapies in addition to, or alone, may limit toxicity and 
improve outcomes compared with current chemotherapeutic 
regimens. 

Quality of life issues arise in patients with metastatic 
NSCLC. Dyspnea from MPE, superior vena cava syndrome, 
tracheoesophageal fistula, bone metastases, and pain occurs. 
Nutr:ition and hydration become significant issues. Palliation 
from symptoms may be accomplished, with good rcsults.c.G 
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FIGURE 58-14 The patient is a so-year-old man with a right superior sulcus tumor. Diagnostic imaging revealed a right apical mass. Transtho
racic biopsy was positive for poorly-differe ntiated adenocarcinoma (non-small cell lung carcinoma). Endobronchia l ultrasound tor mediastinal 
staging was negative. Induction chemoradiotherapy was given with 48 Gy in 24 fractions over one month with chemotherapy (carboplatin AUC 
of 5 + pemetrexed 500 mg/m1) . A. a chest demonstrated the mass is presen t in the apex of the chest with complete destruction of the 
posterio r aspect of the right second rib and cortical erosion of the right T2 vertebra l body secondary to the mass. The patient is left hand domi
nant. B, The MRI o f the thoracic spine demonstrates a medial right apical lung mass, consistent with a Pancoast tumor involving right lateral 
aspect of the T2 vertebral body, articular facet, and transverse process. There was a lso extension into the neural foramen and involvement of 
the nerve roots 011 the right at Tl -2 and T2-3. There was no extension into the centra l canal or involvement of the spinal cord; a head: no 
acute findings involving the brain. Complete resection was performed with a two surgeon team: Thoracic Surgery and Neurosurgery. The tumor 
was resected with right upper lobectomy en bloc with chest wall and a portion d the vertebral body. Spine stabilization was required. 

TRACHEA 
The trachea's position can be up to 50% cervical, with hyperex
tension in the young patient. lhe location of the carina is at the 
levd of the angle of Louis anteriorly and the T 4 vertebra poste
riorly. Stenosis o f the trachea implies significant functional 
impairment. A normal 2-cm trachea bas a 100% peak expiratory 
Aow rate. A I 0-rmm opening provides an 80% peak expiratory 
Bow rate. At 5 w 6 mm, nnly a 30°A> expiratory Bow rate is 
obtained. Tracheostomy is one of the most commonly per
formed operations. Percu taneous tracheostomy is &equent,c> 
although open pr.ocedLLTes may be selected.lnfection and inflam
mation are uncommon causes of tracheal obstruction. 

Primary neoplasms of the rrachea68•6? include SCCA in 
approximately two thirds of patients and adenoid cystic carci
noma in other patients. SCCA may be focal, diffuse, or multiple. 
1l1e physical appearance may be exophytic or ulcerative. One 
third of these primary tracheal rumors have extensive local 
spread or metastases at initial presentation. Adenoid cystic car
cinoma (previously caUed cylindroma) has a propensity for intra
mural and perineural spread. ln adenoid cystic carcinoma, 
negative margins are important. Margin evaluation with frozen 
section control is perfo rmed for stricture resection. C linical fea
tures include dyspnea on exertion, wbeezing, cough with or 
without henwptysis, and recurrent puLnonary infections. 

lnvolven1ent of the trachea from local extension from bron
chogenic carcinoma may contraindicate resection. Involvement 

of the n achea caused by local extension of esophageal carcinoma 
may require palliative therapy or stenting. 

Tracheal Trauma 
Penetrating injuries to the trachea are usually cervical; penetrat
ing injuries that involve the mediastinal trachea are often lethal. 
Penetrating cerv.ical injuries often invo lve the esophagus, and 
concurrem esophageal injury needs to be excluded by barium 
esopbagography or esophagoscopy. Neck exploration may be 
required. Blunt trauma to the neck or t rachea can produce lac
erations, transections, o r shattering injLLTies of the cervical and 
mediastinal trachea. Clinical features of a tracheal injury are 
suggested by subcutaneous air in the neck, respiratory distress, 
and hemoptysis. Diagnosis is made by bronchoscopy. Anesthetic 
management with a laryngeal mask airway may be helpful for 
initial examination for full visualization of the airway before 
endotracheal intubation. Primary repair o f a tracheal injury may 
be accomplished with cervical exploration. Bronchial disruption 
may require thoracotomy. A right thoracotomy provides excel
lent visual ization of the carina and proximal left mainstem 
broncbus. 

Postintubation tracheal stenosis may occur because of 
laryngeal or tracheal irritation from an in.dwclling endotracheal 
tube. Low-pressure cuffs on the endorracheal tube have reduced 
pressure necrosis. Tracl1eal stenosis may present with dyspnea on 
exertion, stridor, or wheezing, which is easily noted , and perhaps 
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FIGURE 58-15 A, Exposure of the mid-trachea through a cervical and partial sternal-splitting incis ion. The extent of the resection has been 
marked by sutures. B. After distal division, a sterile, armored endotracheal tube is placed. After proximal resection, two mattress sutures are 
placed in the ed'ges of the cartilaginous rings. A simple, running suture completes the membranous anastomosis. C. At this point, the original 
endotracheal tube is positioned in the distal trachea so that the anastomosis can be completed with interrupted, simple sutures between 
cartilaginous rings. 

episodes of obsitruction by small amounts of mucus. Emergency 
management of obstruction may include sedation, humidified 
ait, or racemic epinephrine by nebulizer. ln addition, dilation 
under general an<:.'Sthesia may be helpful. 

Acquired tracheoesophageal fistula is the result of pro
longed intubation with erosion posteriorly. Repair involves sepa
ration of the trachea and esophagus, repair of the fistulous tract, 
and interposition of normal tissue, such as muscle, between the 
two structures. 

TrachcoiJ1J1ominatc fistula may result from prolonged cuff 
erosion inferiorly and anteriorly in the trachea. An inappropriate 
low stoma may further increase the likelihood of direct erosion 
of the trachea by the iru10minate artery. The tip of the endotra
cheal rube may predispose to erosions or granulomas within the 
trachea. Trachcoinnominate fistula may present with sudden 
exsangulnati11g hemorrhage or with one or more previous sen
tinel hemorrhages. Investigation of these sentinel hemorrhage 
episndes is critucal. 

The surgical treatment of tracheal problems may be 
complex. General inhalational anesthesia is used and iJlduction 
may take a long time if the stenosis is tight. The patient should 

be maintained spontaneously breathing, if possible. [f the steno
sis is les..~ thru1 5 to 6 mm, dilation may be required with the 
rigid bronchoscope before passing the endotracheal rube. This 
may be performed with rigid bronchoscopy. If the stenosis is 
more thaJJ 5 to 6 mm. the endotracheal tube may be positioned 
to a point above the stricture for induction. Subglottic stenoses 
must be dilated for intubation. The endotracheal tube often goes 
alongside tumors. 

1l1e cervical approach is usually used for tumors of the 
upper half of the trachea, plus aiJ benign tracheal stenoses, 
because these usually occur as a result of endotracheal tube 
placement. Occasionally, aJJ upper stemal split may be needed 
(Fig. 58-15). 1l1e posterolateral thoracotomy (fourth interspace) 
is used for tumors of the lower half of the trachea, plus ca.rimll 
reconstruction. Rigid bronchoscopy for diagnosis, biopsy; 
dilation, or morcellation of tumor, or other treatment modali
ties, such as laser treatment, may be required if the rumor crumor 
he immediately resected (Fig. 58- 16). 

In general, the maximal amowlt of trachea that can be 
resected is approxinlately 5 em, but varies from person co 
person. Various techniques are used to mobilize the trachea to 
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Pharyngeal pack 

Superior 

Laser fiber 

Endobronchial obstruction 

Flexible 

B 

Rigid bronchoscope 

A 

FIGURE 58-16 A. Proper technique for rigid bronchoscopy in a patient with a tracheal mass. Top, Pharyngeal packing is shown here and used 
to protect the esophagus. The surgeon should be cautious as this packing can move and may obstruct the larynx. Complete removal of the 
packing at the end of the operation is done. Middle, A nearly obstructing tumor is shown. Bottom, A flexible bronchoscope is placed into the 
rigid scope for the biopsy. This protects the airway. 8, A technique for endoscopic resection of a tracheal mass with a rigid bronchoscope 
without (top) and with (bottom) use of the laser. (From Sugarbaker OJ, Mentzer SJ, Strauss G, Fried MP: laser resection of endobronchial 
lesions: Use of the rigid and flexible bronchoscopes. Oper Tech Otolaryngol Head Neck Surg 3:93, 1992.) 

create a repair without undue tension on the anastomosis. 'The 
anterior cervical approach, plus mobilization of tbe trachea and 
neck flexion, cam allow for 4 to 5 em of trachea resection. A 
suprahyoid release may allow for I em of addi tional length. 
Mobilization of tbe right hilum, together with division of the 

pericardium around the right hih .un, may allow for an addi
tional 1.4 em. 

S(enosis of the subglottic larynx or cricoid stenosis is a 
challenging technical procedure. The recurrent nerves innervate 
the larynx just superior to the posterolateral cricoid on each side. 
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If the tracheal lesions only involve the anterior surface, the 
anterior cricoid can be removed and distal trachea beveled to 
match the defect. This maneuver spares the recurrent laryngeal 
nerves. With circumferential involvement, it may be necessary 
to perfom1 a laryngectomy. 

Reconstmcrion of the lower trachea is performed in the 
right fourth intercostal space. Intubation of the distal trachea or 
the left maiJ1stem is performed. Carinal reconstruction is usually 
performed for tumors and is the most feasible option of alterna
tive reconstructions. 

Comraindications to trachea repair include the followiJ1g: 
(1) an inadequately treated laryngeal problem, which does not 
include single vocal cord paralysis; (2) need for ventilatory 
support or permanent tracheostomy for patients with an1yo
trophic lateral sclerosis, myasthenia gravis, or quadriplegia; (3) 
use of high-dose steroids; and (4) inflan1ed or recent tracheos
tomy. Poor pulmonary reserve is not a contraindication for 
repair in patients who have been weaned from the ventilator. 

PULMONARY INFECTIONS 
Pulmonary infections requiring surgical interventions are infre
quent compared with pleural space infections. Clinical features 
are similar to those of pneumonia and include fever. cough, 
leukocytosis, pleuritic paiJ1, and sputtun production . 1he patient 
is specifically questioned about aspiration of a foreign body. 
Evaluation includes chest x-ray and often CT of the cilest and 
upper abdomen. Bronchoscopy can be performed to dear secre
tions and, when the diagnosis is suspected, to rule om cancer, 
foreign bodies, brondlial stenosis, and stricture. Cultures may 
be obtamed to facilitate antibiotic treatment. Medical treatment 
is optimized; this mcludes discontinuation of smoking and insti
tution of postural dra.inage, bronchodilator medications, a.nd 
oral antibiotics. 

Bronchiectasis 
Brondliectasis is an infection of the hrondlial wall and sur
rounding lung of sufficient severity to cause destruction and 
dilation of the air passages. This condition has been decreasing 
in frequency and severity because of the use of antibiotics. There 
are numerous predisposi11g faccors, including cystic fibrosis, 0.1-

antitrypsin defficiency, inlmunodeficiency states, Kartagener's 
syndrome {sinusitis, bronchiectasis, si.tus inversus, and hypomo
tile cilia), and bronchial obstruction from foreign bodies, extrin
sic lymph nodes that compress tbe bronchus, neoplasm, or 
mucus plug. The distribution is primarily in the basal segments 
of the lower lobes. Destructive changes ru1d dilation of the 
bronchi accompany the infection. Massive hemoptysis is rare. 
Frequently, symptoms can be conrrolled with medical treatment, 
such as chronic antibiotic therapy and postural drainage. Disease 
limited to but involving one lobe is best treated surgically. If 
bilateral hrondliectasis exists, medical management continues. 

Lung Abscess 
The incidence of ltmg abscess is decreasing in frequency as a 
result of the use of antibiotics. A lung abscess may occur from 
a11 infection behind a blocked bronchus. Staph;dococcus bactere
mia is frequently associated with lung abscess. Necrotizing pneu
monia from Klebsielln spp. may rapidly destroy the involved 
lung, with minimal surrounding reaction. Rupture of a ltmg 
abscess may yield empyema ru1d pneumothorax. Lung abscess 
may also be superimposed on structural abnormalities-for 

example, a bronchogenic cyst, sequestration, bleb, or ntbercu
lous or fungal cavities. The chest x-ray and CT scan of the chest 
may demonstrate an air-fluid level within the abscess cavity. 

The d.ifferential diagnosis of a mediastiJ1al or thoracic air
fluid level includes loculated empyema, epiphrenic diverticu
lum, and a tuberculous or fungus cavity or cavitary lung cancer 
{usually SCCA). Tubercular and fungus cavities do not retain 
fluid. so no air-Auid level is present; however, they may contain 
debris or a fungus ball. Aspergillus spp. infection may presem in 
this manner. Medical treatment is with antibiotics and pulmo
nary care (e.g., reexpansion). Bronchoscopy may be used for 
treatment to assist .m drainage of cl1e cavity directly via trans
bronchial catheterization of the cavity. Most patients (85% to 
95%) respond to medical treatment with a rapid decrease in 
fluid, collapse of the walls, and complete healing in 3 to 4 
months. Patients with symptoms for longer than 3 months 
before treatment or cavities larger than 4 to 6 em are less likely 
to respond. 

Surgical therapy is indicated for persistent cavity ~ em 
ru1d thick-walled), failure to clear sepsis after 8 weeks of medical 
therapy, hemoptysis, and exdudsion of cancer. If a lung abscess 
ruptures into the pleural cavity, simple drainage may suffice, and 
the patient is treated for empyema or bronchopleural fistula. 
Lobectomy is typically required; the mortality rate is 1 o/o to 5%. 
Occasionally, external drainage may be required for critically ill 
patients if pleural symphysis has ocmrred. 

Other Bronchopulmonary Di.sorders 
Bronchopulmonary disorders caused by inflanm1a.tory lymph 
node disease are usually the result of tuberculosis or histoplas
mosis. Loba.r atelectasis, hemoptysis, or broncholithiasis cru1 
Clccur. Bronchial compressive disease usually occurs in the 
middle lobe. More than 20% of cases are caused by cancer. This 
condition results in repeated infection in the same area of the 
lung, whicl1 usually responds to antibiotics. Bronchoscopy is 
essential to rule out cancer and foreign bodies and co evaluate 
for stricture. Medical therapy is required to treat infection. 
Surgery is indicated to treat bronchostenosis, irreversible bron
chiectasis, or severe recurrent i11fection. 

Broncilolithiasis is a calcified node tightly adherent to a 
bronclms. An innocent hemoptysis may occltr, even with a nega
tive d1est x-ray. Sudden bleeding caused by erosion of a smaU 
bronchial artery ru1d mucosa by a spicule in the calcified node 
causes this hemoptysis. Bright red bleeding occurs; it usually 
stops with sedation and antitussive d1erapy. This type of hemop
tysis .is almost never massive (~600 mL in 24 hours). BrondlOS
copy is possible during a bleeding episode to localize the site of 
cl1e bleeding. Nasal or pharyngeal lesions, or hematemesis from 
a gasnointestiJ1al (GI) source shCluld be excluded. 

Organizing pneumonia may replace lung parenchyma with 
scar tissue or persistent atelectasis or consolidation. If the shadow 
or mass persists over 6 to 8 weeks, resection is performed to 
exclude carcinoma. The d.ifferential diagnosis mcludes pneumo
nia, congenital abnormality, and anemysm of the aorta. 

ftnycoba~allnfections 
Tuberculosis infects approximately 7% of patients exposed and 
develops in 5% to 1 0% nf those patients infected. A pril11a.ry 
infection develops. The exudative response progresses to caseous 
necrosis. Postprimary tuberculosis tends to occur i11 the apicai 
ru1d posterior segments of the upper lobes and superior segments 
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of the lower lobes. Healing occurs with fibrosis and contracture. 
Extensive caseation with cavitati.on may occur early. Coale.scing 
areas of caseous necrosis may form cavities. Frequently, there are 
iJ1complete septations and lobulations. Erosions of septations 
supplied by bronchial arteries cause hemoptysis, and may be 
secondarily infecred . 

Medical treatment is with isoniazid {INH), rifan1pin, eth
ambutol, streptomycin, or pyrazinan1idc.70 Bronchoscopy may 
be required for patients not responding to medical treatment. 
Cancer should be excluded for a newly identified mass on che.st 
x-ray, even with a positive tuberculosis skin test and acid-fast 
bacillus-positive sputum. 

Surgical therapy may be considered when medical rreat
ment fails and persistent tuberculosis-positive sputum remains, 
as well as when surgically correctable residua of tuberculosis may 
be of potential danger to the patient.?1

•
72 1his is not the same 

tream1ent as for atypical mycobacteria; many of these patients 
remain clinically well, even with positive sputum. indications 
for surgery include the foUowing: 

1. Open positive cavity after 3 to 6 months of chemo
t11erapy, especially if resistant mycobacteria 

2. Destroyed lung, atelectasis, bronchiectasis, broncho
stenosis an1cnablc to resection 

3. Open negative cavities if thick-walled, slow response, 
or wueliable patient 

4. Exclusion of cancer 
5. Recurrent or persistent hemoptysis if more than 

600 mL of blood is lost in 24 hours or less 
Surgical options include resection, with preservation of 

good lung tissue. Surgical complications are doubled if the 
sputum is positive for M]rcobncterium tuberculosis and decreased 
if tl1e ren1aining luJ1g tissue is fully expanded witl1in the chest. 
Infectious complications include empyema, bronchoplemal 
fistula, and endobronchial spread of the disease and are associ
ated witb a higher mortality rate. Tuberculosis infection of the 
pleural space without lung destruction is primarily treated 
medically. 

Thoracoplasty or muscle flap interposition may be used to 
control postresection empyema space. Collapse therapy, with 
thoracoplasty or plombage, is rarely used to manage parenchy
mal djsease alone. 

Fungal and Parasitic Infections 
1he surgical management of flmgal infections includes diagnosis 
and treatment of complications of fungal disease. Frequently, 
cancer has to be excluded or otl1er infectious or benign condi
tions confirmed. Medical treatment may be considered as initial 
nearmcnt of fungal diseases in the lung and as part of the 
patient's overall management. 

Immtmocompromised patients suffer from Aspergillus spp. 
infection as the most frequent opportunistic irlfection, followed 
by Cnndida and Nocardia spp. and mucom1ycosis infections. 
Normal or in1mumocompetent patients may be affected by his
toplasmosis, coccidioidomycosis, or blastomycosis. Both groups 
may be affected by actinomycosis and cryptococcosis. AJ though 
Nocardia and Actinomyces spp. are bacteria, they an:- usually 
discussed with fungal infections. Diagnosis is most often made 
by spumm examination using potassium hydroxide preparations 
(Fig. 58-17) . Cultures are poor and may take some time for 
results to be obtained; Papanicolaou test cytology may be best. 
Silver methenamine stain is used for microscopic evaluation. 

Most infections are self-limited and do not require treatmem. 
TV or oral antifungal agents may be used for ueatment of these 
diseases. 

Aspergillosis is an opporturustic infection, characterized by 
coarse fragmented septa and hyphae (see Fig. 58-17 A). There are 
three rypes of aspergillosis-a~pergi lloma, invasive pulmonary 
aspergillosis, and allergic bronchopulmonary aspergillosis. 
Aspergilloma is the most common form of aspergillosis. 1he 
fungus colonizes an existing hmg cavity, commonly a tubercu
losis cavity. The chest x-ray may demonstrate a crescent radio
lucency next to a rounded mass. Cavities may form because of 
destruction of the tmde.rlying puLnonary parenchyma and 
debris and hyphae may coalesce and form a fungus ball, which 
lies free in the cavity and can move with the patient's change in 
position. Lnvasion and destruction of parenchymal blood vessels 
occur in this cavity. Patients with aspergilloma fungus baUs arc 
at higb risk for fatal hemorrhage, are treated aggressively, and 
undergo resection, when possible. 73 Lnvolvement and destruc
tion of parenchymal blood vessels occm. Prophylactic resection 
is controversial, although some recommend resection if isolated 
disease is present in low-risk patients. Surgery is indicated for 
treatment or massive or recurrent bemoprysis, or to rule out 
neoplasm. 74 TI1e procedure of choice is lobectomy. The opera
tion can be complex, with a significant inRarnmatory response 
within the hilum. Invasive a~pergillosis occu.rs in immunocom
promised patients and presents with chest pain, cough, and 
hemoptysis. The t reatment is priruarily medical, although lw1g 
biopsy may be necessary for diagnosis. Allergic aspergillosis 
is diagnosed by bronchoscopy and represents the allergic reac
tion to chronic colonization with the fungus. It is usually 
treated medically. Rarely, resection is performed for localized 
bronchiectasis. 

Histoplasmosis is the most common of aU U.S. fungal 
infections and is usually a serious systemic fungal disease.75 

HistoplAsma capsu!Atum is endemic to the Mississippi and Ohio 
River Valleys, as well as portions of the southwestem United 
States. A high percentage of patients are affected, usual ly with a 
subclinical form of tlus disease. An inoculun1, from the mycelial 
form found in soil, decaying materials, and bat or bird guano, 
can produce an acute pneumoni.c illness in imnumocompetem 
hosts and usually resolves witl10ut specific treatment. The yeast 
form exists in macrophages or witl1in the cytoplasm of the 
alveoli- Pathologic examination demonstrates granulomas 
(similar to tuberculosis) or caseating epithelioid granulomas. 
The lymphogenous reaction to HistoplAsma causes mediastinal 
lymph node enlargement, middle lobe syndrome, brond1iecta
sis, esophageal traction diverticulum, broncholithiasis with 
hemoptysis, tracheoesophageal fistula, constrictive pericarditis, 
fibrosing mediastinitis with superior vena cava syndrome, or 
other problems relating to compression of mediastinal struc
tures. In addition to the compressive symptoms, the lymphade
nopathy caused by histoplasmosis may confound radiographic 
evaluation of the mediastinal lymph nodes in patients with lung 
cancer and may complicate lung resection. 

Coccidioidomycosis is endemic to the Southwest and is 
localized iJ1 the soil. It is second only to histoplasmosis in fre
quency. Inhaling the organism results iJ1 a primary lung 
disease that is usually self-limited (see Fig. 58-178). L1 
endemic areas, coccidjoidomycosjs is a frequent cause of lung 
nodules, and resection may be required to ru.le out malig
nancy. Medical treatment is preferred. Surgery may be 
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FIGURE 58--17 A, The coarse, fragmented, septate mycelia of Aspergillus fumigatus. B. Microscopic section of a coccidioidal granuloma (x400) 

shows spherules packed with endospores. C, Candido olbicons w ith both the mycelial and the yeast forms. D, Actinomycotic granule shows 
branching filaments of a microscopic colony of Actinomyces israelii (Gomori stain, x250). (A and C. from Takaro T: Thoracic mycotic infections. 
In Lewis' practice of surgery. New York, 1968, Hoeber Medical Division, Harper & Row. B. from Scott S, Takaro T: Thoracic mycotic and actino

mycotic infections. In Shields TW [ed.]: General thoracic surgery, ed 4, Baltimore, 1994, Williams & Wilkins.) 

considered for the rreatment of cavitary disease or complica
tions of cavitary disease. 

Cryptococcosis the second most common lethal fungus, 
after histoplasmosis. Llmgs are frequently involved. CNS 
involvement with meningitis is the most frequent cause of death. 
Any patient diagnosed with pulmonary cryptococcosis should 
undergo lumbar pw1cture to rule out CNS involvement. Surgery 
may be required for open lung biopsy for diagnosis or ro exclude 
lung cancer. 

Mucormycosis is a rare, opportunistic, rapidly progressive 
infection that occurs in immunocompromised patients, includ
ing those with diabetes. The appearance is that of a black mold; 
it has wide, nonseptate branching hyphae. 1he infection causes 
blood vessels to thrombose and lung tissue to infarct. ClinicalJy, 
the rhinocerebral form occurs much more frequently cl1an the 
pulmonary fom1 of consolidation and cavities. Medical rreatment 
is cessation of steroids and antineoplastic drugs; an1photericin 
and control of diabetes are initiatied. 1he disease is often too 
advanced for effective treatment. Aggressive surgical and medical 
trcam1cnr may improve what is usua1Jy a grave prognosis. 

Candida is a small, thin-walled budding yeast that occurs 
in immunocompromised patients (see Fig. 58-17C). Lung 

involvemem alone is rare. Surgery may be needed to confirm 
tl1e diagnosis. 

Pneumocystis jiroueci (formerly, Pneumocystis carinit) is an 
opportunistic infection that is positive on silver methcnan:Une 
stain. Bronchoalveolar lavage obtains the diagnosis in more than 
90% of patients. However, lung biopsy may be required to 
confi rm tl1e diagnosis. 

Surgery may also be used ro manage rhe sequelae and 
complications of parasitic infections. Wections with Entamoeba 
histof:ytiCil are usually confi.ned to the right lower thorax and are 
related to extension from a liver abscess below tile diaphragn1 
via d·irect extension or lymphatics to the right thorax. Metroni
dazole (Fiagyl) is usually effective, although metronidazole and 
tube drainage may be required for treatment of empyema. Open 
resection is infrequently required. Similarly, infection with Echi
nococcus spp. may occur. 1lle hydatid cyst may rupn1re, .flooding 
cl1e lung or producing a seve.re hypersensitivity reaction. A lung 
abscess could occur with compression of the airway, great vessels, 
or es-ophagus. Surgery, if feasible, may include simple enucle
ation by cleavage of planes between the cyst and normal tissue. 
Aspiration and administration of hypertonic salli1e 10% may be 
done before enucleation. Positive pressure on the lung needs to 
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be maincained u11til the cyst has been removed to prevent con
tamination, soilage, or hypersensitivity reaction. Nonoperative 
therapy for smal l, asymptomatic calcified cysts may be consid
ered. Paragonimiasis is another common infection and cause of 
hemoptysis in Asia. In endemic areas, prevalence may reach 5%, 
and hemoptysis from paragonimiasis must: be differentiated 
from tuberculosis or lung cancer.~6 

Actinomycosis is caused by a bacterium that is not found 
free in nature. It produces a chronic anaerobic endogenous infec
tion deep within a wound. SulfLLr granules draining from 
infected sinuses are microcolonies (see Fig. 58-l?D). TI1e cervi
cofacial form is the most common. The thoracic form usually 
occurs as a pulmonary parenchymal disease resemblli1g cancer. 
Medical treatment is usually penicillin. Surgery may occasionally 
be required for radical excision of chest wall disease and 
empyema. 

Nocardiosis is caused by an aerobic bacterilllll that is widely 
disseminated in soiJ and domestic animals; it was formerly rare, 
although its frequency is increasing iJl immunocompromised 
patients. Nocardiosis resembles actinomycosis in invading the 
chest wall and produces subcutaneous abscesses and sinuses 
draining sulfur granules. Surgery is performed to exclude cancer, 
obtaiJJ a diagnosis, or treat complications of the disease. Medical 
therapy may include sulfonamides. 

MASSIVE HEMOPTYSIS 
Massive hemoptysis may be defined as more than 500 to 600 ml 
of blood loss from the lungs in 24 hours. However, the proxin1al 
airways may be occluded with as little as 150 ml of cloned 
blood, ru1d even lower volun1e hemoptysis may be life
threatening.:>:' The current mortality rate is approxinJately 13% 
and is related to drowning or suffocation rather than exsanguina
tion. Diagnosis and treatment of massive hemoptysis typically 
include a chest x-ray and emergency rigid bronchoscopy. The 
major causes of massive hemoptysis arc tuberculosis, brondliec
tasis, and cancer. Flexible bronchoscopy is usually inadequate 
for tre.am1ent of hemoptysis, but may be considered for diagno
sis, localization of cl1e source of the bleeding, or observation if 
active bleeding has stopped.78 Mortality is high with urgent or 
emergency resection. 

Conservative management may consist simply of maintain
ing a functional and patent airway, bronchoscopy, clearing the 
airway of blood, cough suppression (with codeine}, and moni
toring until stabilized. 

Angiographic catheterization for massive hemoptysis may 
be considered for patients wi th hemoptysis ru1d inability to local
ize a bleeding site.79 Risks include spinal cord ischemia and 
paralysis. Embolization with small particles of polyvinyl alcohol 
or oilier synthetic emboHc materials occlude vessels at a periph
eral level. Embolization may be repeated. 

EMPHYSEMA AND DIFFUSE LUNG DISEASE 

Emphysema 
Emphysema is defined as dilation and destruction of the termi
nal ai r spaces. 1hesc air cavities are blebs, subpleural air spaces 
separated from the lung by a thin pleural covering, with only 
minor alveolar communications, or bullae, larger cl1an a bleb, 
with some destruction of the underlying lung parenchyma. 
Bullous enlphysema (Fig. 58-18} is congenital, without general 
lung disease, or is a complication of COPD, with more or .less 

FIGURE 58-18 Bullous emphysema. The patient is a chronic smoker 
(> 100 pack/years) and developed emphysema which is progressing. 
The superior segment of the right lower lobe is completely destroyed 
and the resultant bullae is compressing functioning lung in the right 
upper lobe, and the basilar segments of the right lovver lobe. 

generalized hmg disease. The challenge is to separate the dis
ability related to the bullae from that caused by tlle chronic 
emphysema or chronic bronchitis. '111c D LCO is a good i11dex of 
the state of severity of the generalized ltmg disca~e. On pulmo
nary angiography, bullae are vacant ru1d do not contain vessels. 
The bullae may compress normal lung, with crowding of the 
relatively normal pulmonary vasculatLLre. COPD may show 
abrupt: narrowing and tapering of vessels. Surgical therapy 
includes resection of the bullae to leave functioning lung tissue. 
Sinlple removal of the bulla alone is required. Lobectomy is 
seldom indicated because good lung tissue is removed, which is 
frequently needed for independent function by patients with 
significant lung inlpairmenr. 

Treatment of emphysema is primarily medical, but there 
are surgical cl1erapies. Although emphysema usually diffusely 
involves the ltmg, it may have a heterogenous distribution 
within the lung. These areas may be identified by cr aJld perfu
sion scanning. Often, me disease predominates in the upper 
lobes and superior segment of the lower lobes. Lung volun1e 
reduction surgery (LVRS) removes areas of greatest emphysema
tous involvemeJlt. The remaining lung tissue expands, with 
improved elastic recoil, improved aeration, and perfusion of the 
remaining lung, and inlproved chest wall mechrulics. The 
National Emphysema Trial (NETT) has compared LVRS with 
best medical therapy. Patients with predominantly upper lobe 
emphysema and low exercise capacity had lower mortality with 
LVRS than medical therapy.80 ln patients with non- upper lobe 
emphysema and high exercise capacity, mortality was higher in 
the operative group. Long-term results have been favorable.81 

Endoscopic therapies have been developed, including airway 
bypass ru1d one-way valves. 1 hese devices are still in the investi
gational stage. 

Lung trru1splantation is performed for COPD, including 
C:X1-antitrypsin deficiency, pulmonary fibrosis, primary pulmo
nary hypertension, cystic fibrosis, and bronchiectasis.82 1l1e sur
vival rates after lung transplantation (all lungs) are approximately 
78% at 1 year, 56% at 5 years, ru1d 30% at I 0 years. a~ Chronic 
immunosuppression is required. Unilateral lung transplantation 
is mor-e readily tolerated than bilateral lung transplantation; 
however, bilateral lung uansplantation is more frequently per
formed and has a survival advantage after 1 year. 
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Diffuse Lung Disease 
1he surgeon's role in diffuse lLmg disease is to obtain a diagnosis, 
typically by open lw1g biopsy after other methods (e.g., TINA, 
bronchoscopy with transbronchial biopsy) have failed. The chest 
x-ray may demonstrate an alveolar pattern, fluffy with air bron
chograms, or an interstitial parrern, ground glass or granular 
appearance, indicating a diffuse iJlcrease in interstitial tissue 
(Box 58-2). Patients may be mildly symptomatic and need 
biopsy to confum or exclude a specific diagnosis before embark
ing on aggressive medkal therapy, such as cyclophosphamide for 
Wegner's granulomatosis, or may be critically ill, in the intensive 
care unit, requiring mecl1anical ventilation. 

Sarcoidosis affects the lungs in 90% of patients with this 
diagnosis, causing symptoms of dyspnea and dry cough. Foci of 
noncaseating epithelioid granulomas may be found in any part 
of the body. Insidious respiratory complaints without constitu
tional symptoms are seen in 40% to 50%, severe progressive 
pulmonary fibrosis may develop in I Oo/o to 20%, and bilateral 
hilar mediastinal lymph nodes are involved in 60% to 80% of 
patients. Bronchoscopic lung biopsy is the initial diagnostic 
procedure. If reqtlired, mediastinal lymph nodes may he hiop
sied. Steroids may be used for treatment. 

Lung biopsy may be required for progressive interstitial 
parenchymal changes for which no diagnosis can be obtained. 
Lung biopsies can be performed using minimally invasive tech
niques. Biopsies are sent for routine, fungal, and acid-fast bacil
lus culture. In immunocompromised patients, NoCLtrdia cultures 
arc considered. If possible, the surgeon should sample more than 
one area of the lung. One method is to resect the radiographi
cally worst-appearing region and the most normal-appearing 
area. 1l1e normal-appearing lung may exhibit early-stage disease 
and may aid the pathologist in making the diagnosis. Frozen 
section is only used to con.fum that adequate samples of the 
pathologic process were obtained. In the acute setting of a criti
cally ill patient, an open lung biopsy is only performed when 
the results will significantly modify subsequent ueatmcnt, such 
a~ the ini tiation of protocol-based treatment for experimental 
antibiotics, or to withdraw futile care. 

Adult Respiratory Distress Syndrome 
1hc adult respiratory distress syndrome is a complex biologic 
and clinical process. 1his acute deterioration of pulmonary fwlc
tion occurs exclusive of pulmonary edema, pneumonia, or exac
erbation of CO PD. Approximately 50,000 cases occur each year 
in the United States. with a mortality rate of 30% to 40%. 

TI1e initial clinical presentation of dyspnea, tachypnea, 
hypoxemia, and mild hypocapnia is nonspecific. A chest x-ray 
may show d.i.ffusc bilateral infiltrates secondary to increased 
interstitial fluid. Pathologically, vascular congestion occurs with 
alveolar collapse, edema, and inflan1matory cell infiltration. The 
underlying mechanism is increased pulmonary capillary perme
ability, with extravasation of intravascular fluid and protein into 
the interstitium and alveoli. 1he leukocyte is the most promi
nent mediator of this injury. Stimuli such as sepsis activate the 
complement pathway, causing recruitment of leukocytes to the 
site of the infection. The lung rclea~es potent med.iators such as 
oxygen free radicals, arachidonjc acid metabol.ites, and protease.~. 
lf the underlying disease is not controlled, these changes progress 
to vascular thrombosis, inter-stitial fibrosis, and hyaline mem
brane deposition in th.e alveoli. 1l1is p rocess call~es hypoxentia, 
pulmonary hypertension, C02 retention, secondary iJ1fcctions, 

Infections (More Commonly Cause Focal Disease. 
Granuloma Formation) 
Viruses-especially influenza, cytomegalovirus 
Bacteria-tuberculosis, all kinds of regular bacteria, Rocky 

Mountain spotted fever 
Fungi-all types can cause diffuse disease 
Parasites-Pneumocystis species infection, toxoplasmosis, par-

agonimiasis, among others 

Occupational Causes 
Mineral dusts 
Chemical fumes-NO:! (silo filler's disease), a, NH3, 502, ca., 

Br, HF, HCI, HN011 kerosene, acetylene 

Neoplastic Disease 
Lymtphangitic spread 
Hematogenous metastases 
Leukemia, lymphoma, bronchioloalveolar cell cancer 

Congenital-Familial 
Niemann-Pick, Gaucher's, neurofibromatosis, and tuberous 

fibrosis 

Metabolic and Unknown 
l.iver disease, uremia, inflammatory bowel disease 

Physical Agents 
Radiation, 0 2 toxicity, thermal injury, blast injury 

Heart Failure and Multiple Pulmonary Emboli 

Immunologic Causes 

Hypersensitivity Pneumonia 
Inhaled antigens 
Farmer's lung (actinomycosis) 
Bagassosis (sugar cane) 
Malt workers (Aspergillus species) 
Byssinosis (cotton) 

Drug Reactions 
Hydralazine, busulfan, nitrofurantoin (Macrodantin), hexame

thonium, methysergide, bleomycin 

Collagen Diseases 
Sderoderma, rheumatoid, systemic lupus erythematosus, der

matomyositis, Wegener's granulomatosis, Goodpasture's 
syndrome 

other 
Sarcoidosis 
Histiocytosis 
Idiopathic hemosiderosis 
Pulmonary alveolar proteinosis 
Diffuse interstitial fibrosis, idiopathic pulmonary fibrosis 
Desquamative interstitial pneumonia 
Eosinophilic pneumonia (Note: some are caused by drugs, 

actinomycosis, and parasites) 

and eventually right heart failure, hypoxia, and death. Other 
criteria include impaired oxygenation wid1 d1c Pao2/Fr~ ratio 
less d1an 200. Also, pulmonary edema is present without cardiac 
failure, and the pulmonary capilJary wedge pressure is less than 
18 mm Hg (noncardiac pulmonary edema). 
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Treaonenc is supportive and directed co improve oxygen
ation. Maintaining the inspired oxygen concentration and 
positive end-expiratory pressure a~ low as possible to maintain 
adequate oxygenation and carbon dioxide exchange is helpfuJ.84 

Tidal volumes are kept low.~ Prone or rotational therapy does 
nor improve ourcome.~ 0f these patienrs.86 

PULMONARY METASTASES 
Isolated pulmonary metastases represent a unique manifestation 
of systemic spread of a primary neoplasm. These patients, with 
metastases located only within the lungs, may be more amenable 
to local or local and systemic treatment options than other 
patient.~ with multi organ metastases.8? AJchough primary tumors 
can be locally controUed with surgery or radiation, extraregional 
metasta~s are usually treated with systemic chemotherapy. Radi
ation therapy may be used to treat or palliate the local manifesta
tions of metastatic disease, particularly when metastases occur 
withiJl the bony skeleton ru1d cause pain. Resection of solitary 
and multiple pulmonary metastases from sarcomas and various 
other primary neoplasms bas been performed, with improved 
long-term survival rates in up to 40% of patients so treated. 
1l1erefore, isolated pulmonary metastases are treatable. 

Certain cJjnical dtaracteristics (prognostic indicators) may 
be used co select patients with more favorable disease-free and 
overall survival expectations. Patients who have complete resec
tion of all metastases have associated longer survival thru1 those 
whose metastases are unresectable. Long-term survival (>5 
years) may be expected in approximately 20% to 30% of all 
patients with resectable pulmonary metastases. Optimal and 
more consistent survival statistics await improvements in local 
control, systemic therapy, and regional drug delivery to the 
lungs. 

Surgical Treatment 
Predictors for improved survival rate have been srudied retro
spectively for various tumor types. 'These may allow the clinician 
co identify select patients who will optimally benefit from pul
monary metastasectomy. Patients should have pulmonary paren
cl1ymal nodules cons.istent with metastasis (or metastases), 
absence of uncontrolled or untreated extrathoracic metastases, 
control of the primary tumor, sufficient physiologic ru1d pulmo
nary reserve to tolerate surgery, and probability of complete 
resection. Regar.dJess of histology, patients with pulmonary 
metastases isolated to the lungs that are completely resected have 
improved survival rates when compared with patients with unre
sectable metastases. Resectability consistently correlates with 
improved post-thoracotomy survival rates for patients with pul
monary metastases. In one series of more than 5000 patients 
with metastases treated witlt resection, overall actuarial 5-year 
survival rare was 36%. Favorable clinical indicators included a 
disease-free interval longer than 3 years, aJl SPN, and germ cell 
histology.88 Soft tissue sarcomas of all types predominantly 
metastasize to the ltmgs. cr usually underestimates tl1c number 
of metastases by 50% to 100%. 

Resectio.n CaJl be accomplished safely. Open or minimally 
invasive procedlllfes may be used, with mininlal mortality and 
morbidity. Patients with pulmonary metasta~ may also w1dergo 
multiple procedures for rereseccion of metastases, with pro
longed survival expectations after complete resection. VATS 
procedures limit the ability of the surgeon to palpate the lung 
to identify occult metastases.I>'J Follow-up with radiographic 

screening ar regular intervals is recommended co exclude 
recurrence. 

MISCELLANEOUS LUNG TUMORS 
Slow-growing lung tumors may arise from the epithelium, ducts, 
and glands of the bronchial uee and account for 1% to 2% of 
all lung neopl.asms. Most are of low-grade malignrult potential. 

Carcinoid rumors (1 o/o of l.ung neoplasms) arise from 
Kulchitsky (APUD [amine precursor uptake decarboxylase]) 
cells in bronchial epithelium. 1l1ey have positive histologic reac
tions to silver staining and chromogran.iJ1. Special stains and 
tests can identify neurosecretory granules by electron micros
copy. '111ese typical carcinoid wmors (least malignant) are the 
most indolent of the spectrum of pulmonary neuroendocrine 
tumors, which include atypical carcinoid, large cell undifferenti
ated carcinoma, and small cell carcinoma (most malignam).90 

Histologic findings include less than 2 to 10 mitoses/lO high
power field (HPF). Peripheral tumors are usually without symp
toms, although central tumors may produce endobronchial 
obstruction with cough, hen10ptysis, recurrent infection or 
pnewnon.ia, bronchiectasis, lung abscess, paiJ1, or wheezing. 
Symptoms may persist for mru1y years w.itl1out diagnosis. par
ticularly if only an endobronchial component partially obstructs 
the airway. Carcinoid syndrome (flushing, tacl1ycardia, wheez
ing, and diarrhea) is not common and occurs with large tumors 
or extensive metastatic disease. Bronchoscopy is usually positive 
unless the nodule or mass is peripheral. Most carcinoids can be 
identified in this matter and , although they tend w bleed, biopsy 
can usually be performed safely. 

Atypical carcinoids may have lymph node or vascular inva
sion with metastasis.9' They are located iJ1 the mainstem bronchi 
(20%), lobar brond1i (70% to 75%), or peripheral bronchi (5% 
to l Oo/o); they rarely occur in the trachea. Local iJwasion with 
involvement of peribronchial tissue occurs. At bronchoscopy, 
most carcinoids arc sessile, although a few arc polypoid. 1lte 
histology is that of small uniform cells with oval nuclei and 
interlaciJ1g cords of vascular connective tissue stroma. Mitoses 
are infrequent but, occasionally, bizarre cells are noted. Atypical 
carcinoids are more pleomorphic ru1d have more mitoses (>2 to 
lU mitoses/HPF) than typical carcinoids. 1l1ey have more prom
inent oucleoJj but are more monotonous and have more cyto
plasm than oat cell carcinoma 'TI1ese tumors are more aggressive, 
with a 5-year survival rare of approximately 60o/o. They rend w 
metastasize to the Hver, bone, or adrenal glru1ds. El.ectron micros
copy cru1 be used to identify neurosecretory granules. 

Surgical re.~ction is standard, with complete removal of the 
rumor and as much preservation of lung as possible. Lobectomy 
is the most common procedure; endoscopic removal is per
formed only for rare polypoid tumors if thoracotomy is contra
indicated. Survival rate is typically 85% at 5 to 10 years. large 
cell neuroendocriJ1e rumors and small cell cancers are not typi
cally treated with surgery and may be best treated with combina
tions of chemotherapy and radiation; survival of these patients 
is poor. 

Adenoid cystic cardnoma is a slow-growing malignancy 
involving the trachea ru1d mainstem bronchi tl1at is similar to 
saHvary gland tumors.92 Adenoid cystic carcinoma is more 
malignruu than carcinoid rumors and has a slight female pre
ponder~ce. 'TI1e tumor typically involves the lower trachea, 
carina, and takeoff of the mainstem bronchi. Stridor is often the 
presenting symptom of adenoid cystic nrmors because these 
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tumors are most often found in the trachea and mainstern 
bronchi. One third of patients have tumors that have metasta
sized at the time of treatment. 'They typically have involvement 
of the perineural lymphatics, regional nodes, or uver, bone, or 
kidneys. The tumor arises from ducts in the submucosa and 
extends proximally and distaiJy in that plane. Microscopic exam
ination demonstrates cells with large nuclei, a small cytoplasm, 
and surrounding cystic spaces (pseudoacinar type); the medul
lary type has a Swiss cheese appearance. Treatment is wide en 
bloc resection, with conservation of as much lung tissue as pos
sible.93 Radiation treatment alone may be effective for patients 
not amenable to surgical resection. 

Benign rumors of the lung accolU1t for less than 1% of aU 
lung neoplasms and arise from mesodem1al origins (Box 58-3). 
Hamartomas are the most frequent benign lung tumor; they 
consist of normal tissue elements found in an abnormal location. 
Hamartomas are manifested by overgrowth of cartilage, are 
typically identified at 40 to 60 years of age, and have a 2: 1 
male-to-female predominance. They are usually peripheral and 
slow-growing. 1he chest x-ray demonstrates a 2- to 3-ou rnass 
that is sharply demarcated and frequently lobulated. It is usually 

Hamartoma 

Epithelial Origin Tumors 
Papilloma: Single or multiple, squamous epithe lium, occurs in 

childhood, probably viral, may require bronchial resection 
but frequently recur 

Polyp: Inflammatory-squamous metaplasia on a stalk; 
bronchial resection may be needed; these do not usually 
recur 

Mesodermal Origin Tumors 
Fibroma: Most frequent mesodermal tumor 
Chondroma 
Lipoma 
leiomyoma: lntrabronchial or peripheral; conservative 

resection 

Granular Cell Tumors 
Rhabdomyoma 
Neuroma 
Hemangioma: Subglottic larynx or upper trachea of infants; 

radiation therapy 
lymphangioma: Similar to cystic hygroma-upper airway 

obstruction in neonates 
Hemangioendothelioma: Newborn lungs, often progressive 

and lethal 
lymphangiomyomatosis: Rare, slowly progressive-death from 

pulmonary insufficiency; fine, multinodular lesions, loss of 
parenchyma and honeycombing; usually women in their 
reproductive years 

Arteriovenous fistula : Congenital, right-to-left shunt; cyanosis, 
dyspnea on exertion, dubbing, brain abscess; associated 
with hereditary hemorrhagic te langiectasia of lower lobes 

Inflammatory Tumors and Pseudotumors 
Plasma cell granuloma 
Pseudolymphoma 
Xanthoma 

Teratoma 

not calcified, but the popcorn appearance on chest x-ray may 
provide the diagnosis of hamartoma. Cystic adenomatoid mal
formation may represent adenomatous hamartoma, which occur 
in infants as cysts or immature dements in the lung. 

Very low-grade malignancies include hemangiopericytoma 
and pulmonary blastoma that arises from embryonic lung tissue. 
Treatment is resection. Tumodets are epi thelial prolife rative 
lesions that may resemble oat cdl carcinoma or carcinoid. 1hese 
are typically incidental findings noted on examination of resected 
lung specimens. They rarely metastasize. 

Primary sarcomas of the lung occur rarely. Resection, 
similar to lw1g carcinoma, is feasible for 50% to 60% of 
patients.9'1 Prognosis of patiems with leiomyosarcoma is excel
lent, with an approximately 50% sm vival rate at 5 years: all 
others have poor survival expectations. 

Lymphoma of the lung usually occurs as disseminated lym
phoma involving tile lung. The disseminated lymphoma occms 
in 40% of patients with Hodgkin's disease and 7% in those with 
non-Hodgkin's disease. Primary lymphoma of the lung is rare. 
The diagnosis is usually made at surgery. A thorough evaluation 
for other primary sites of lymphoma is carried out if primary 
pulmonary lymphoma is suspected preoperatively. 

CHEST WALL 

Pectus Exc:avatum 
Pectus excavatum is the most co.mmon chest wall deformity; 
occurring in 1 of 400 children, with a male predominance 
(4: 1).95 More than 30% of patients have a family history of 
chest wall anomalies. Pectus excavatum refers to tile sternal 
depression (depressed dorsally) caused by lUlequal growth rates 
or development of the lower ribs and costal cartilages, usually 
after the third rib. The sternum is not depressed equally or sym
metrically, but is also rotated. This syndrome may be associated 
with other musculoskeletal abnormalities. Most patients are 
asymptomatic bur some have decreased exercise capacity or pul
monary reserve. Patients are evaluated with plain chest x-ray; 
cr, pulmonary function studies, ventilation perfusion lung 
scans, and other physiologic studies. 

Surgical repair of pectus excavatwu can be accomplished 
by various teclmiques, including sternal osteotomy, osteotomy 
with posterior strut or o ther stabilization (e.g., a metal plate), 
removing the sternwu and turning it over with stabilization, 
placement of a prosthesis to 6ll the defect, and placement of an 
internal (posterior) sternal support. whlch is more effective in 
yotmger patients. Open teclmiques typically reflect tbe overlying 
pectoraus major and rectus muscles. Involved costal cartilages 
are removed, leaving the perichondrilUn. The sternum is mobi
lized and stabilized. The muscles are reapproximated in the 
midline over the repair. 

Pectus carinanlOl (also called pigeon breast) refers to the 
anterior protmsion of the sternum and costal cartilages and 
occurs with a male predominance (4 : 1). 1l1is condition is 
approximately 6ve times less likely to occur tl1an pectus 
exca\'atum. 

Poland's syndrome is a rare nonfumilial disease of u11known 
cause that occurs iJl 1/30,000 births. Characteristics include 
absence of the pectoralis major muscle, absence or hypoplasia of 
the pectoralis minor muscle, absence of costal cartilages, hypo
plasia of brea~t and subcutaneous tissue (i11cluding the nipple 
complex), and various hand anomalies. 
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Table 58-3 Oassification of Tumors of the Chest Wall 
TYPE BENIGN MALIGNANT 

Bony Tissue 

Bone Osteoid osteoma Osteosarcoma 
Aneurysmal bone cyst Ewing's sarcoma 

cartilage Enchondroma Chondrosarcoma 
Osteochondroma 

Fibrous Fibrous dysplasia Malignant fibrous 
histiocytoma 

Marrow Eosinophilic granuloma Plasmacytoma 

Vascular Hemangioma Hemangiosarcoma 

Soft Tissue 

Adipose lipoma and variations liposarcoma 

Musde Leiomyoma Leio7cosarcoma 
Rhabdomyoma Rhab omyosarcoma 

Neural Neurofibroma Neurofibrosarcoma 
Neurilemoma Malignant schwannoma 

Askin's tumor (primitive 
neuroectodermal tumor) 

Fibrous Desmoid Fibrosarcoma 

Adapted from Faber LP. Somers J, Templeton AC: Chest wall tumors. Curr Probl 
Surg 32:661-747, 1995. 

Chest Wall Tumors 
Chest wall tumors are rare.% The most frequent chest wall 
tumors are metastatic chest wall tumors related to metastasis to 
the chest wall from another primary tumors. Primary chest wall 
tumors are typically sarcomas of the chest wall (rib). Primary 
bone tumors can also occur in the ribs, scapula, and sternum 
(Table 58-3). 

C linical presentation of chest wall tumors can range from 
an enlarging painless mass to a painful and fungating mass. Pain 
can occur with periosteal invasion. Local tumor extension onto 
the lung or mediastinum can create associated symptoms. Evalu
ation requires diagnostic imaging such as chest radiography, cr. 
and FDG-PET. MRI is dfective for tumors involving the thoracic 
inlet or upper chest that may involve d1e brachial plexus and for 
tumors that involve or abut the vertebral bodies. Histologic con
firmation is required. A core needle biopsy is frequently effective. 
Excisional biopsy with minimal contamination of the surgical site 
may be required for a larger tumor. Consideration for future 
resection may dictate thesizeandlocation of theincisional biopsy. 
Resection and reconstruction with prosthesis or muscle flaps can 
be accomplished, with excellent results.97 A multidisciplinary 
approach to the patient's therapeutic strategy will be comple
mented by a multispecialty team in the operating room. 

Bone Tumors 
Benign bone tUJmors include fibrous dysplasia of the bone, 
which accounts for approximately 30% of these tumors. Chon
dromas accowu: for 15% to 20% of benign chest wall 
lesions and arise from the anterior costochondral junction. 
Osteochondroma commonly occurs iJ1 young men as an 
asymptomatic tumor originating from the cortex of the rib. 
Eosinophilic granuloma is a benign component of malignant 
fibrous histiocytosis and primarily affects men. SkuJJ and rib 
involvement are common; these appear as expansile lesions 
on radiographic evaluation. Excisional biopsy is iJ1dicated for 

FIGURE 58-19 Aneurysmal bone cyst. 

solitary lesions and radiotherapy for multiple lesions. Aneurys
mal bone cysts occLLr in the ribs that may be associated with 
previous trauma. Radiographic cl1aracteristics include a blow
out lytic lesion {Fig. 58-19). Resection is recommended for 
diagnosis and relief of pain. 

Malignant bone tumors include chondrosarcoma as the 
most common malignant tumor of the chest walL accounting 
for 20% of aU bone tumors; these arise in the third and fourth 
decades. Radiographic characteristics include a poorly defined 
tumor mass that is destroying cortical bone. Resection with wide 
margins (3 to 5 em) is the treatment of choice. Five-year survival 
is approximately 70% following complete resection. Osteosar
coma (osteogenic sarcoma) usually arises in the long bones of 
adolescents and young adults. Primary osteosarcomas in the 
cl1est account for 1 Oo/o to 15% of malignant tun10rs. TI1e tumor 
grows rapidly; radiographic features include a sunburst pattern 
on chest x-ray. Ewing's sarcoma commonly arises iJl bones of the 
pelvis, humerus, or femur of young men. It is the third most 
common malignant che.st wall tumor (5o/o to 1 Oo/o). Radio
g.raphic characteristics include an onion peel appearance, with 
periosteal elevation and bony remodeling. A 500A, 5-year survival 
can be achieved with multi modality therapy. Solitary plasmacy
toma is a rare tumor that occurs in older men as a painful solitary 
tumor arisi.ng from plasma cells. Multiple myeloma is the same 
tumor arising in more than one location. Radiographic charac
teristi.cs include a diffuse, motheaten, or pund1ed-out appear
ance of the bone. Systemic disease can be confirmed using serun1 
protein electrophoresis, uriJ1alysis (Bence Jones protein), and 
bone marrow aspiration. Complete resecti.on of a solitary plas
macytoma is recommended. 

Soft Tissue Tumors 
Soft tissue sarcomas are the most common malignant primary 
chest wall tumors.98 Core needle or incisional biopsy is per
fomled to establish the diagnosis (Fig. 58-20). Resection with 
wide local excision (3 to 5 em) is required. These tumors should 
not be shelled out, despite the presence of a pseudocapsule. 
Complete resection is associated with excellent local control and 
prolonged survival. Combinations of cl1emotherapy and radia
tion therapy may be used a~ components of the multidisciplinary 
treatment plan. 

Metastatic Tumors 
Metastatic neoplasms may involve the chest wall by direct exten
sion, lymphatic metastasis, or hematogenous metas tasis. Lw1g 
cancer and breast cancer can involve the chest wall by direct 
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FIGURE 58-20 A. Primary chest wall tumor, desmoid tumor of the right lateral and posterior chest wall, is shown by computed tomography 
(CT). 8, FOG-PET demonstrates mild FOG avidity. No sites of metastases vvere identified. C. A fused image of the a and FOG-PET is shown_ 
Resection of the tumor included chest wall musculature and chest wall. Reconstruction with prosthetic material, and muscle Hap was required_ 

extension and, if identified, chest wall resection should be per
formed concurrently with resection of the primary neoplasm. 

Reconstruction 
Reconstruction of the chest waU is dependent on the size, loca
tion, cosmetic, and functional impairment that results from 
resection. Prevention of Aai1 chest and maintenance of physio
logic stability requires careful judgment about the choice of 
prosthetic reconstruction, autologous tissue coverage available, 
including myocutaneous flaps, and free tissue flap transfer. 

Chest Wall Infections 
Chest waU infections may occur after thoracic surgery, thoracic 
trauma, or other interventions. Inflanmlatory breast carcinoma 
is not an infection but may mimic a chest waU infection. Biopsy 
may be needed to confirm the diagnosis. Mondor's disease, 
thrombophlebitis of the superficial veins of the breast and ante
rior chest waU, is also not an infection. Ultrasound or biopsy 
may be necessary to confirm the diagnosis. Tiet7.e's syndrome, 
or costochondritis, is usually self-limited and can be treated with 
nonsteroidal anti-inflanllllatory drugs (NSAIDs) and rest. 
Because of me tin:Uted blood supply to the cartilage, infection 
in this area may be difficult to diagnose. Debridement and 
reconstruction may be necessary. Sternal wound infections are 
complications following median stemowmy or cardiac surgery. 
Spontaneous prin1ary chest waU infections can arise from various 
sources as a consequence of immunosuppression, drug-resistant 
organisms, including tuberculosis, or HIV infection. 

Chest Wall Trauma 
Trauma to the cl1est wall is common. Plain chest radiography 
and chest CT are perforn1ed, often as part of me secondary 
survey in chest wall trauma. CT can identify rib, parenchymal, 
and other abnormalities. Blunt chest wall trauma commonly 
results in contusion of me chest wall tissues and underlying lung 
parenchyma. Supportive care is warranted. 

Rib fractUies are perhaps the most common traumatic 
injury sustaiJ1ed after blunt chest waiJ trauma. Symptoms 
iJ1dude pain on inspiration and localized point tenderness. Plain 
films can confirm the diagnosis. Fracrurcs of me first or second 
ribs may occur after significant traLUua or high-velociry injury. 
Because of the size and thickness of tl1e first rib, tremendous 
force is needed to fracture this rib. This traumatic event 

is associated with aortic disruption. Contusion or injury to 
undeiiying structures should be suspected with any rib fracture. 
Contusion of the lung parenchyma and/or injury to the spleen, 
liver, diaphragm, or kidney can occur. Treatment with analgesia 
and nerve blocks can be helpful. Flail chest may occur with 
multiple rib fractutes; this results in an unstable cl1est wall that 
develops paradoxical motion during respiration (e.g., depression 
during the negative inspiratory phase and extrusion during tl1e 
positive expiratory pha~e) . Flail chest is ofren associated with an 
underlying pulmonary conrusion and should be supported with 
pain relief, stabilization of the chest waU, or even mechanical 
ventilation. 

Sternal injuries are UJlcommon and may result from blunt 
trauma to the anterior chest, typically from a steering wheel 
injury during a motor vehicle accident. A11 underlying cardiac 
injury must be considered, such as aortic disruption, cardiac 
contusion, pericardia! effusion, or arrhythmia. Evaluation by 
heart rhythm monitoring, serial cardiac observations with 
modalities such as electrocardiography and enzyme level mea
surements, and echocardiography are used to exclude these inju
ries. Clavicular fractures may be a~ociated with injury to the 
great vessels or the brachial plexus. Supportive care and stabiliza
tion are recommended. 

THORACIC OURET SYNDROME 
Thoracic outlet syndrome (TOS) refers to compression of tbe 
subclavian vessels and nerves of tl1e braclllal plexus in me region 
of the thoracic inlet. Symptoms usually develop secondary to 
neural compromjse; however, vascular and neurovascular symp
toms have been reported.99 The patient population most com
monly affected by TOS is middle-aged women. The subclavian 
vessels and braclual plexus can be compressed at various loca
tions as they pass between tl1e thoracic inlet and upper extren:U
ties (Fig. 58-2 1). From medial to lateral, these anatomic regions 
are the interscalcne triangle (artery and nerves), costoclavicular 
space (vein), and subcoracoid area (artery, vein, nerves). 

Diagnosis 
The :symptoms a~ociated with TOS vary, depending on the 
anatomic structure that is compressed. ln more tl1ru1 90o/o of 
cases, neurogenic mru1ifestations are reported. Symptoms of sub
clavian artery compression include fatigue, wealwess, coldness, 
upper extremity claudication, thrombosis, and paresthesia. 

http://www.myuptodate.com


LUNG, CHEST WALL. PLEURA, AND MEDIASTINUM CHAPTER 58 1595 

CORDS: 
lateral------. 
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FIGURE 58-21 Detailed view of brachial plexus. (From Urschel HC, 

Rauuk M: Upper plexus thoracic outlet syndrome: Optimal therapy. 
Ann Thorac Surg 63:935-939, 1997.) 

1hrombosi.~ with distal embolization rarely can occur, producing 
vasomoror symp roms (Raynaud's phenomenon) in the hand or 
ischemic changes. Venous compression resuJts iJ1 edema, venous 
distention, colta·ceral formation, and cyruwsis of the affected 
limb. Venous TOS may be characterized by upper extremity 
edema, venous distention, or effort thrombosis, also known as 
Paget-Schroetter syndrome. 

The diagnosis of neurogenic TOS is initially made clini
cally. Evaluation for TOS includ~ chest and cervical spine 
films. 100 A cervical rib or bony degenerative cervical spine 
changes may be present, and MRI or cervical myelography is 
sometimes helpful to ruJe out narrowing of the in tervertebral 
foramina or cervical disc pathology. Doppler studies or vascular 
imaging (e.g., angiography, venography) may be in dicated if the 
extent of vascular impairment cannot be determined clinically 
or if aJl aneurysm or venous thrombosis is suspected. Neuro
genicTOS needs to be confirmed with nerve conduction studies 
to localize the area of slowing of nerve conduction ru1d ruJe out 
other compression ~yndromes, such as carpal tunnel syndrome. 
Elecrromyelography or nerve conduction studies arc helpful to 

rule out carpal runnel syndrome. Patients with moderate 
to severe slowing of nerve conduction usually .respond to 
nonoperativc therapy. Vascular TOS must be confirmed with 
objective studies. 

Diagnostic Tests 
Clinical maneuvers to evaluate a patient suspected of having 
TOS are performed to identify the loss or decrease of radial pulse 
or reproduce neurologic symptoms. A clear, objective validated 
definition for TOS is needed. Evocative tests may be used to a 
elicit patient's symptoms. These tests include the following: 

Adson (Scalene) Test The patient inspires maximally and holds his 
or her breath while the neck is fully extended and the head is 

turned toward the affected side. This mru1euver narrows the 
space !between the scalenus anticus and medius, resulting .in 
compression of the subclavian artery ru1d brachial plexus. 
Decrease o.r loss of the ipsilateral radial puJse suggests 
compression. 

Halsted (Costodavirular) Test The patient is instructed to place the 
shoulders in a military position (drawn backward and down
ward) to narrow the costoclavicular space between the first rib 
and clavicle, thereby causing neurovascular compression. Repro
duction of neurologic symptoms or decrease or loss of the ipsi
lateral radial pulse suggests compression. 

Wright (Hyperabduction) Test The patient's arm is hyperabducted 
180 degrees. which cause the neurovascular structures to be 
compressed in the subcoracoid region by the pectoralis tendon, 
head of the humerus, or coracoid process. Decrease or loss of 
the ipsilateral radial pulse suggests compression. 

Roos Test The patient abducts the involved arm 90 degrees, with 
external rotation of the shoulder. Maintaining this body posi
tion, the modified Roos test is performed by opening and closing 
the hand rapidly for 3 minutes in an attempt to reproduce 
symptoms. AJso, neurogenic comprornlse may be detected using 
provocative tests such as percussion of the nerve (Tinel's sign) 
or flex.ion of the elbow or wrist (Phalen's sign). 

Treabnent 
ResuJts of treatment of TOS are variable because there are 
inconsistent objective criteria for the diagnosis of TOS ocl1er 
thru1 clinical diagnosis. lnitial mru1agement of TOS is non
operative. Physical therapy is needed. Repetitive upper extremity 
mechanical work and m uscular trauma are elinlinated. Indica
tions for surgery include failt~re of conservative management, 
progressive neurologic symptoms, prolonged utnar or median 
nerve conduction velocities, narrowing or occlusion of the sub
clavian artery, and thrombosis of the axilJary or subclaviru1 vein. 
Objective agreed on outcome measures and clinical trials are 
needed to compare outcomes of surgery forTOS compared with 
no surgcry. 10 1 Success rates with surgery only approach 70% at 
5 years. Recurrent symptoms may prompt operation in up to 
one third of patients. 

PLEUIRA 

Pleural Effusions 
'TI1e pleural space is a potential space normally defined by the 
small amount of pleural flu id separating the visceral and parietal 
pleura. Pleu.ral space disorders, benign and malignant, can 
disrupt the balru1cc of fluid production and absorption, leading 
to various pleural space problems, including increased mass 
effect from air, fluid, or tumor on the ipsilateral lung paren
chyma and heart, infection, or dyspnea and pulmonary dysfunc
tion. TI1e causes of pleural effusions vary (Box 5!:!-4). 

Tl1e movement of fluid across the pleural membrru1es is 
governed by Starling's law of capillary exchange. The amount of 
pleural fluid is therefore controlled by a balance of oncotic and 
hydrostatic pressure within the pleural space and pleural capil
laries. Under normal circumstances, the net pressure moves Auid 
from the parietal pleura into cl1e pleural space. [t is estimated 
that 5 l(O 10 liters of fluid are produced and transgress the pleural 

http://www.myuptodate.com


1596 SECTION XI CHEST 

causes of Transudative Effusions 
Congestive heart failure 
Cirrhosis 
Nephrotic syndrome 
Hypoalbuminemia 
Auid retention/overload 
Pulmonary embolism 
Lobar collapse 
Meigs' syndrome 

causes of Exudative Effusions 

Malignant 
Primary lung. pleural, or metastatic carcinoma 
Lymphoma 
Mesothelioma 

Infectious 
Bacterial (parapneumonic) I Empyema 
Tuberculosis 
Fungal 
Viral 
Parasitic 

Collagen-Vasallar Disease Related 
Rheumatoid arthritis 
Wegener's granulomatosis 
Systemic lupus erythematosus 
Churg-Strauss syndrome 

Abdominal and Gastrointestinal Disease-Related 
Esophageal perforation 
Subphrenic abscess 
Pancreatitis, pancreatic pseudocyst 
Meigs' syndrome 

others 
Chylothorax 
Uremia 
sarcoidosis 
After coronary artery bypass grafting 
Radiation I Trauma 
Dressler's syndrome 
Pulmonary embolism with infarction 
Asbestosis related 

space over a 24-hour period. However, the normal volume of 
pleural Auid is small. The balance of forces favors flu id resorp
tion from the pleural cavity across the visceral pleura However, 
under physiologic conditions, most pleural fluid is resorbed 
through lymphatics of the parietal pleura because protein that 
enters the pleural space cannot enter the relatively impermeable 
visceral pleura. 1l1e parietal pleura and its lymphatics have sig
nificant capacity for protein and fluid removaL A small imbal
ance of accumulation and absorption will lead to the development 
of a pleural effusion. 1l1ese causative factors include increased 
hydrostatic pressure, increased negative intrapleural pressure, 
iJlcrea.sed capillary permeabiHty, decreased p,lasma oncotic pres
sure, and decreased or interrupted lymphatic drainage. 

Pleural fluid is characterized as a transudate or exudate. 
Transudative effusions are protein-poor and result iJl change in 
the fluid balance in the pleural space. Exudative effusions are 

protein-rich and may be related to disruption of pleural or 
lymphatic resorption. Following drainage, the fluid is evaluated 
by Light's criteria.102

'
103 An exudate is defined as (1) a pleural 

fluid protein-t~serum protein ratio more than 0.5, (2) a pleural 
fluid lactate dehydrogenase (LD H)-t~serum LD H ratio more 
than 0.6, or {3) a pleural fl uid LDH level 1.67 times the normal 
serum level or higher. In addition, pleural fluid should be 
assessed for its visual characteristics (e.g .• serous, bloody. milky. 
turbid, frankly purulem). Pleural fluid should be analyzed by 
cytology, cell counts, Gran1 staining, culture for aerobic, anaero
bic, and fungal orgruusms, and tuberculosis testiJtg, and by labo
ratory tests for simultaneous pleural rutd serum protein, glucose, 
ru1d LDH levels and pH. 

The treatment goals for patients with pleural effusion 
include obtaining a diagnosis. relieving or eliminating symptoms 
such as dyspnea, optimizing patient function, minimizing or 
eliminating hospitalization, and minimizing costs of care. 

Benign Pleural Effusions 
Most be1tign pleural effusions arc trrutsudates, free-HowiJtg, and 
without loculation. Treatment should he directed at the Lmderly
ing cause, such a~ congestive heart failure, asci tes, or malnutri
tion. Symptoms are typically dyspnea or cough. Pleural fluid can 
be identified on an upright chest radiograph; 300 mL of fluid 
causes blunting of the costophrenic angle. C linical examination 
can detect 500 mL of fluid or more. Initial thoracentesis should 
achieve complete draiJtage for diagnosis and treatment. Ln addi
tion, radiographic evidence of complete lung reexpansion should 
be sought. Failure of the ILmg to expand completely suggests a 
trapped lung, whkh may require decortication, particularly if 
symptoms such as dyspnea persist. Relief of symptoms with 
thoracentesis usually indicates the pleural effusion as the cause. 
Occasionally, symptoms are not relieved by thoracentesis and 
another diagnosis should be sought. 

Recurrent effusions can occur, and repeat thoracenteses 
may be required. Alternative therapies such as chest tube inser
tion {tube thoracostomy) or thoracoscopic drainage, with or 
without mechanical and cbentical pleurodesis, can be consid
ered. Visceral and parietal pleural. apposition are required to 
achieve pleurodesis. Drainage of the effusion can be diagnostic 
rutd therapeutic, as can video-assisted thoracoscopic drainage of 
effusions. Sclerosing agents can be placed to faci litate pleural. 
symphysis. This pleurodesis is most effectively accomplished 
with a slurry of 5 g of talc in 100 mL of saline placed througb 
the chest tube. Alternative sclerosants include doxycycline (300 
to 500 mg). Pleural biopsies or wedge resection of the lung can 
be easily performed to facili tate diagnosis. Mechrutical pleural 
abrasion or chemical pleurodesis with talc is typically used. The 
talc is insuf!l.ated within the hemithorax to cover all visceral 
pleural surfaces (e.g., talc poudrage). Pleurectomy is not com
monly needed; however, persistent pleural effusio1lS and trapped 
lung may not be antenable to more conservative measures. 
Decortication may be required. 

Malignant Pleural Effusion 
Patients with known or previous malignaJlC)' can develop an 
MPE; 25% of MPEs will not have a histologic diagnosis of 
cancer within the fluid after two thoracenteses. Drainage is 
required for relief of dyspnea (Fig. 58-22). 

MPE is an effusion with positive cytopathology. Not all 
pleural effusions associated with malignancy are caused by direct 
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FIGURE 58-22 A. Malignant pleural effusion causing dyspnea. A chronic indwelling pleural catheter was placed as an outpatient to facilitate 
drainage at home to prevent dyspnea. Hospitalization was not required. B. Following drainage. A chronic indwelling pleural catheter is effective 
in patients with trapped lung. Every other day drainage reduces impairment of tile contralateral lung and prevents mediastinal shift. 

or metastatic pleural involvement. There are other mechanisms 
for their development (e.g., bronchial or lymphatic obstruction, 
hypoproteinemia, and sympathetic accumulation from infraclia
phragmatic involvement). Although repeated cytologic evalua
tion of a pleural effusion achieves l1igh positive and negative 
preclictive values, limitations of this cliagnostic procedure are 
in1porrant. After three thoracenteses, 70% to 80% of patients 
will have a cancer cliagnosed. 'll10racoscopy is cliagnostic in 92% 
of patients. 

A patient with an MPE has a limited Life expectancy 
(meclian survival, 90 days).101 Patients with bf(>aSt cancer and an 
MPE have a median survival of approximately 5 months; those 
with lymphoma typically have a longer median survival.105 Local 
treatment of malignant effusions does not affect the systemic 
disease process but may provide significant symptomatic relief. 
Complications of treatment include hemothorax, loculation of 
fluid, empyema, failure of pleurodesis, with recurrence of effu
sion, and Iu11g entrapmem caused by a nonexpansile lung. Open 
surgical pleurectomy and pleurodesis are reserved for patients 
who fail other therapies and who have a reasonably long life 
expectancy. A phase 3 study has demonstrated that a chronic 
indweWng pleural catheter is as effective as chest tube drainage 
with doxycycline pleurodesis.106 Talc slurry is as effective as 
VATS wid1 talc pleurodesis. 107 A treatment algorithm for MPE 
is shown in Figu re 58-23. 

Empyema 
Empyema is an imfection of the pleural space and is commonly 
an exudate.108 Empyemas progress from aJl acute phase with 
fluid that is dun and can be drained completely with a chest 
tube or small-bore catheter. 1l1is process typically worsens as the 
fluid becomes more turbid and thick and begins to loculate. 
Mucopurulent debris develops wichll1 rhe pleural space and 
compresses the underlying lung parend1yma. The orgrulizing or 
cllfonic phase is reflected in more lung entrapment, with capil
lary ingrowth and creation of a pleural rind that traps the lung. 

An empyema typically occurs following a reactive p leural 
effusioJ1 as a consequence of a lw1g infection.109 1l1ese infections 
historically were the results of streptococcal or pneumococcal 
pneumonia; at presenr however, gran1-negative and anaerobic 
organisms are common causes of empyema. Tuberculous 
empyema CaJl also be identified. Empyema can follow trauma 
or tho:racic surgery (from a residual pleural space or broncbo
pleural fisnua), hematologic spread, rupture of a pulmonary or 
mediastinal abscess, or es<>phageal perforation. 

Symptoms typically include constitutional symptoms of 
general malaise, fever, Joss of appetite, ru1d weight Joss. Cough 
ru1d dyspnea are common if lung infection is present. Evaluation 
includes a chest x-ray, posterior row anterior and lateral, and CT 
of the chest and upper abdomen. 

Treatment of empyema depends on the extent of the clisease 
ru1d its location.11° Complete and dependent drainage is required. 
Antibiotics and supportive care (e.g., fluids, nutrition, skin care) 
are commonly initiated. Use of fibrinolytic agents sucl1 as tissue 
plasminogen activator can be effective with nUld loculations. 

Simple dependent and complete drainage is required for a 
successful outcome. 1l1is drainage can be easily achieved with 
posterior rib resection and insertion of an empyema tube. 1l1e 
teclwque can be effectively used and can mininlize operative 
time for patients who are critically ill or septic. Complete expan
sion of the lung may not be achieved at the time of surgery but, 
with time and drainage, the ILmg typically reexpands ru1d the 
space closes. VATS decortication and thoracotomy, with debride
ment or formal decortication in later stage empyema, is reserved 
for treatment failures wiili persistent symptoms of dyspnea, 
loculations, or continued sepsis.111 

Bronchopleural fistula fo!Jowing lobectomy or pneumo
nectomy will predispose to empyema. Management ofbroncho
pleural fistula will require evaluation of the underlying cause of 
the fistula, drainage of the infection, and obliteration of the 
residual pleural space, with general supportive care. Chronic 
empyema with a residual pleural space can be treated with 
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Chest tube with 
drainage and talc 

slurrf for pleurodesis 

A patient with a pleural effusion and dyspnea 
A CXR demonstrates a pleural effusion 

Perform diagnostic and therapeutic thoracentesis 
to dryness. Cough or pleuritic pain may occur. 

Was dyspnea 
relieved? 

Did lung 
completely 
~xpand? 

Treat underlying ~S Transudate, 
cause. exudate? 

Malignant 
pleural 

effusion? 

YES l 

NO Consider other cause 
- of dyspnea; fluid may 

be loculated. 

0 
Repeat thoracentesis. 

N _ Consider thoracoscopy. 
Consider chronic 

indwelling catheter. 

Follow patient until pleural 
effusion-related dyspnea recurs. 

Therapeutic options based on patient's r condition, presumed diagnosis, inpatient 
or outpatient status prior treatments, 

patient/family considerations 

I l 
Thoracoscopy with pleural 
biopsy and drainage with 

talc poudrage for pleurodesis 

Insert chronic indwelling 
pleural catheter with at-home 

(outpatient) drainage. 

Repeat 
thoracentesis when 
dy~ea recurs. 

FIGURE 58-23 Algorithm to facilitate management of patients with pleural effusion. 

drainage, gauze packing, or a skin flap {Eioesser fl ap), with 
eventual muscle transposition and skin closure. Lung resection 
or pleuropnettmonectomy is rarelyrequired. 112 

Chylothorax 
Chylothorax occurs when chyle from the thoracic duct empties 
into the pleural. space.113 Chyle is a milky white fluid with a high 
concentration of triglycerides, chylomicrons, and white blood 

cells. lt is nutritionally rich and depends on the nutritional and 
dietary status of the patient. I t may be clear. Chylothorax has 
multi pie causes (Box 58-5). 

Symptoms from chylothorax are similar to those of any 
pleural fluid (e.g., dyspnea, cough). In addition, because of the 
nutritional consequences of chronic chyle leak (e.g., loss of fat, 
protein) and voltlllle of the leak (0.5 to 3.0 liters/day), fluid and 
nutritional replacement and correction of the underlying 
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Traumatic (Chest and Ned<) 
Blunt 
Penetrating 

Iatrogenic 
catheterization, particularly subclavian vein 
Postsurgical 
Excision of cervical/supraclavicular lymph nodes 
Radical lymph node dissections of the neck or chest 
l ung, esophageal, or mediastinal resection 
Thoracic aneurysm repair 
Sympathectomy 
Congenital cardiovascular surgery 

Neoplasms 
lymphoma, lung, esophageal, or mediastinal neoplasms 
Metastatic carcinoma 

Infectious 
Tuberculous lymphadenosis 
Mediastinitis 
Ascending lymphangitis 

Other 
lymphangioleiomyomatosis 
Venous thrombosis 

Co 

problem are necessary. D iagnosis may be made with thoracen
tesis or drainage of the fluid with a chest tube. Analysis of pleural 
fluid with chylomicrons confirms the diagnosis. Conservative 
measures such as a medium-chain triglyceride diet or total par
enteral nut ri tion are used ini tially. [f conservative measures fail, 
operative intervention may be considered between days 7 and 
L 4. Commonly, ligation of the thoracic duct where it enters the 
d 1est through the diaphragmatic hiatus is achieved via a right 
thoracotomy or thoracoscopy. Placement of olive oil or ice cream 
by a nasogast ric tube at the time of surgery may increase chyle 
drainage into the operative field and help identify the area of 
thoracic duct disruption. Percutaneous techn iques with needle 
cannulation and duct occlusion have been proposed.11 4 

Pneumothorax 
Pneumothorax is che accumulation of air within the pleural 
space. It may occur after trauma, surgery, needle aspiration, 
central line insertion, increased pressure from mechanical ven
ti lation, or as a consequence of lung disease (e.g., COPD, cystic 
or pulmonary fibrosis) or other conditions (e.g., catamenial 
pneumothorax; Box 58-6). A primary spontaneous pnewnotho
rax occurs as a consequence of subpleural blebs or some other 
pulmonary disease. Tension pneumothorax occurs when air con
tinues to enter the pleural space without decompression. 11tis 
problem resul ts in positive intrathoracic pressure causing com
pression of the lung and mediastinum, shift of the mediastinum 
into the contralateral chest, and decrease in ventilation and 
venous return. Cardiopulmonary collapse and death ensue. 
Immediate decompression with needle or chest rube insertion is 
lifesaving. 

Symptoms of pneumothorax include p ain and dyspnea. 
Patients with spontaneous pneumothorax are usually tall, thin 

Spontaneous 
Primary 
Secondary 

• Chronic obstructive pulmonary disease (COPD) 
• Bullous disease 
• Cystic fibrosis 
• Pneumocystis-related 
• Congenital cysts 
• Id iopathic pulmonary fibrosis (IPF) 
• Pulmonary embolism 

catamenial 
Neonatal 

Traumatic 
Penetrating 
Blunt 

Iatrogenic 
Mechanical ventilation 
Needle puncture: Thoracentesis, FNA lung nodule, central line 

insertion 
Postsurgical 

Other 
, Esophageal perforation 

young men. D iagnostic imaging includes chest x-ray and occa
sionally CT. Apical blebs and bullae are common. CT should 
be reserved for patients with concern for other puLl1011at)' dis
eases. Subcutaneous emphysema may or may not be present. 

Treatment depends on sit:e and symptoms. Smaller pneu
mothorax may be followed; this may resolve spontaneousl}r, par
ticularly those that occur after needle aspiration for lung biopsy. 
Progression in size of the pneLLmothorax requires intervention 
with d rainage. 

'TI1e initial spontaneous pneumothorax may be t reated with 
small-bore drainage or chest tube .insertion, with resolution of 
the air space and cessation of the air leak. A persistent air leak 
(>72 hours) or failure of the lung to expand fuJ iy suggests that 
additional intervention may be needed. 

O perative intervention is recommended for patieJltS who 
have a persistence or recurrence of a spontaneous pneumothorax 
or who develop a contralateral pneumothorax. High- risk profes
sions (e.g., scuba diver, airplane pilots) should be avoided. O per
ative repair typically includes thoracoscopy to identify apical 
blebs, which are resected with endoscopic staplers. Mechanical 
abrasion of d1e parietal pleura is performed. Pleurodesis with 
talc in patients with malignancy or in older patients may he 
considered. 

Mesothelioma 
Mesothelioma is a rare neoplasm that arises from mesothelial 
cells lilling the parietal and visceral pleura and can present in a 
localized or diffuse manner. Pathology of pleural tumors has 
been recently reviewed. 115 Mesothelioma develops from the 
mesothelial cells that line the plt:!ural caviry. Histologic subrypes 
include epithelial, sarcomatoid, and those of mixed histology.116 

Epithclial histology alone has the more favorable prognosis. 
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The localized variant, the solitary fibrous tumor of the 
pleura, is an uncommon benign neoplasm that usually presents 
as a well-define·d, encapsulated tumor that is not associated with 
asbestos exposure. Historically, this was classified as a benign 
mesothelioma. Typically, the lesions are diagnosed as an asymp
tomatic mas.~ on a chest radiograph. Complete surgical resection 
is the treatment of choice. 

Diffuse malignant p.leural mesothelioma presents as a 
locally aggressilve tumor common!)' associated with asbestos 
exposure {75%). A long latency period between asbestos expo
sure and the development of disease has been reported. Diag
nostic imaging includes plain chest radiography, CT, and MRI. 
FOG-PET is useful co determine the extent of rumor invasion 
and for the evaJuation of occult metastases, including mediasti
nal metastases. Echocardiography to determine cardiac involve
ment is also used. Diagnosis is made with pleural biopsy, which 
may include thoracentesis or pleural biopsy alone, or incisiona1 
biopsies via thoracoscopy or open techniques. 

Survival for this disease is poor, from 4 to 12 months. 
Treatment includes chemotherapy, both standard and conformal 
radiation therapy, and extrapleura1 pneumonectomy. Combina
tion tl1erapy is commonly used. Extrapleural pneumonectomy 
and total pleurcctomy are two commonly used surgical proce
dures.117"118 Patients with epithelioid histology, negative margins, 
and negative mediastinal lymph nodes can achieve a 46% 5-year 
survival following extrapleura1 pneumonectomy wicl1 adjuvant 
chemoradiotherapy.119 Other techniques include preoperative 
chemotherapy followed by exuapleura1 pneumonectomy and 
conformal radiotl1erapy for the pleural surface.120 Even with 
treatment, survival remains poor. unproved therapies are 
needed. 

MEDIAmNUM 
Mediastinal abnormalities may present as an asymptomatic mass 
identified on screening cl1est x-ray or with significant symptoms, 
including hypoxia, facial swelling, and acute respiratory distress. 
Symptoms are related to the involvement of the specific medi
astinal structures. Diagnosis is needed to optimize treatment 
planning.121 Cytology from FNA. core, or surgical biopsy may 
be needed for diagnosis and to determine optimal therapy. 
Sin1ple observation of a mediastinal mass can rarely be justified. 
'TI1ese lesions s.hould be removed prophylactically to obtain a 
definitive diagnosis, achieve local conuol, and avoid future 
symptoms. If cancer is identified, adjuvant therapy given after 
complete resection may treat microscopic disease better than 
bulky disease. 

Mediastinal masses differ between adults and childrcn.122 

The most common mediastinal masses (Box 58-7) in adults are 
thymomas and tl1ymic cysts {26.5%), neurogenic tumors 
(20.0%), thymomas (21%), other cysts (16. 1%), germ cell 
tumors (13.8%), and lymphoma~ (12.7o/o). u1 a combined series 
of 718 cl1ildren with mediastinal masses, neurogenic tumors 
{41.6%), germ cell tumors {13.5%), prin1ary cysts (13.4%), and 
lymphomas (13.4%) were diagnosed most frequently. Pericardia! 
cysts and thymomas are uncommon in children. 

Malignant mediastinal neoplasms vary from 25% to 50% 
of mediastinal ma~ses in adults. Lymphomas, thymomas, germ 
cell tumors, primary carcinomas, and neurogenic wmors are 
the most common. Prinlary carcinomas of the mediastinum 
constiwte up to 10% of primary mediastinal masses and need 
to be differentiated from malignant thymomas, germ cell 

Thymoma 
Benign 
Malignant 

Lymphoma 
Hodgkin's disease 
Lymphoblastic lymphoma 
Large cell lymphoma 

Germ Cell Tumors 
Teratodermoid (Benign, malignant) 
Seminoma 
Non seminoma 

• Embryonal 
• Choriocarcinoma 
• Endodermal 

Primary carcinomas 

Mesendlymal TUmors 
Fibroma/fibrosarcoma 
Lipoma/liposarcoma 
Leiomyoma/leiomyosarcoma 
Rhabdosarcoma 
Xanthogranuloma 
Myx<>ma 
Mesothelioma 
Hemangioma 
Hemangioendothelioma 
Hemangiopericytoma 
Lymphangioma 
Lymphangiomyoma 
Lymphangiopericytoma 

Endocrine Tumors 
Intrathoracic thyroid 
Parathyroid adenoma, carcinoma 
Carcinoid 

cysts 
Bronchogenic 
Pericardia I 
Enteric 
Thymic 
Thoracic duct 
Other 

Giant Lymph Node Hyperplasia 
Castleman's disease 

Chondroma 

Extramedullary Hematopoiesis 

Neurogenic Tumors 
Neurofibroma 
Neurilemoma 
Paraganglioma 
Ganglioneuroma 
Neuroblastoma 
Chemodectoma 
Neu rosarcoma 
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FIGURE 58-24 Lateral chest radiograph demonstrating the mediasti
num divided into 'three anatomic subdivisions. 

tumors, carcinoid tumors, lymphomas, mediastinal extension of 
bronchogenic carcinomas, and metastatic tumors, which may 
have a similar appearance by light microscopy. 

Many mediastinal lesions occur in characteristic sites 
within the mediastinum (Fig. 58-24). Approximately 50% of aU 
mediastinal masses arc located in the ancerosupcrior mediasti
num, with the remainder divided between the posterior and 
middle mediastinum. In addition, the location of rhe mass 
explains some of the typical symptoms related to a mediastinal 
mass because of compression or invasion of adjacent mediastinal 
structures. 

Anatomy 

Anterosuperior Compartment 
The anterosuperior compartment of the mediastinum borders 
the undersurface of the sternum ventrally, pericardium dorsally, 
and visceral pleura laterally, at the apposition of the pleura and 
pericardium. Tumors of the anterior mediastinum include thy
momas, teratoma or germ cell tumors, a spectrum of lympho
mas, including Hodgkin's disease, and thyroid goiter. In most 
cases, t issue (core biopsy) is required for diagnosis; FNA biopsy 
is usually inadcq uate. 

Thymomas are usually the most fre,quem neoplasm of the 
anterior mediastinum; lymphomas are second. Germ ceiJ neo
plasms include benign and malignant teratomas, choriocarci
noma, seminoma, and embryonal cell neop lasm. Teratomas 
frequently occur in young adults. The gonads are the most 
common primary site, followed by the mediastinum . Most germ 
cell neoplasms are benign but 20o/o are malignant. Malignant 
teratomas may produce high serum levels of a-fetoprotein and 

FIGURE 58-25 Thyroid carcinoma within the mediastinum. The 
tumor WdS resected via median sternotomy. No invasion WdS identi
fied. A complete resection was accomplished. 

carcinoemhryonic antigen (CEA). Endocrine disease of the 
thyroid and parathyroid may occur in the anterior mediastinum 
as a result of tl1cir anatomic position in the adult (substernal 
goiter), or embryologic development (Fig. 58-25). Carcinoid 
tumors may be found within the thymus. Primary carcinomas 
of the mediastinum are often unresectable and respond poorly 
to treatment. 

Middle Compartment 
1he middle (or visceral) compartment extends from (and con
tains) the structures of the thoracic inlet (superiorly), the peri
cardium anteriorly, and the anterior surface of the vertebrae 
posteriorly. Lymphomas can occur in the middle mediasti
num. Tumors of the heart and great vessels may be considered 
tumors of the middle compartment, as wdl as tumors of the 
trachea and mainstem bronchl and esophagus. Benign diseases 
such as pericardia! cysts and bronchogenic cysts also occur 
here. 

Posterior or Paravertebral Sulci Compartment 
1l1e posterior compartment is bounded by the middle compart
ment anteriorly and the costophrenic angle laterally. Neuro
genic tumors arc usually the most common primary tumors of 
the mediastinum; approximately 25o/o of these tumors are 
malignant. 'lllC)' are located within the paravertebral sulcus and 
may erode the adjacent vertebra or rib. Schwannomas and neu
rilcnlmomas arc the most co.mmon neurogenic tumors. Neuro
fibromas arise from the nerve sheath and fibers and occur in 
middle-aged patients. In children, ganglioneuroma is the most 
common neurogenic rumor. Frequently, the ttUnor attains a 
large size prior to the presentation of symptoms. Increased 
levels of catecholan1ines may produce symptoms. Surgical resec
tion of these neurogenic tumors is usually the procedure of 
choice. 

Embryologic development of the neural crest cells forms 
the basis of neuroendocrine tumors in the mediastinum; 1 o/o of 
pheochromocytoma~ occur within the mediastinum . Chemo
dectOmas or paragangliomas may arise from chemoreceptOr 
tissues around rhe aorta and grear vessels, including the carotid. 
Sympto ms may result from catecholamine production and can 
be alleviated by surgical resection. 
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Mediastinal Masses and Tumors 

Clinical Manifestations and Diagnosis 
In adults, approximately one third of patients may develop 
symptoms from a mediastinal mass, including chest pain, 
dyspnea, and cough. l11e sympwms may vary widely and relate 
to size {fatigue, weight l.oss), location, extent of compression or 
invasion of mediastinal structures {superior vena cava syn
drome), and production of hormones, markers, or other bio
chemicals (e.g., resulting il1 myasthenia gravis, fatigue, night 
sweats). Larger mediastinal. tumors are more Ukcly to produce 
symptoms; benign lesions are more often asymptomatic. Supe
rior vena cava syndrome (obstruction of the superior vena 
cava, with head, neck, and upper extremity sweUing), cough , 
hoarseness {from involvement of the recurrent laryngeal nerve), 
dyspnea from tllmor volume or phrenic nerve paral.ysis, and/ or 
dysphagia occur with compression or invasion of mediastinal. 
structures. Other manifestations include Horner's syndrome and 
Pancoast syndrome. 

Infections in the mediastinum are devastating. Because of 
the extensive, thin areolar planes between major structures, 
infections in a Hmited portion of the mediastinum may spread 
vertically or hori7..ontally and become extensive. Synergistic 
aerobic and anaerobic infections from the perforated esophagus 
are particularly Life-threatening. Treatment consists of surgical 
drainage and antibiotics. 

Specific d inical syndromes may occur as a result of medi
astinal. tumors. Physical. exam.inadoo may reveal. swelling of the 
head, neck, or upper extremities. Dyspnea may result from 
compression of the tracl1ea, bronclms, or a portion of the lung 
parenchyma. Recurrent respiratory symptoms may occur for 
some time, until a cl1est x-ray is obtained and the abnormaHty 
identified. Postobstructive pneumonitis or infection of benign 
pericardia! or enteric duplication cysts may produce fever or 
sepsis. Myasthenia gravis may result from thymomas. In addi
tion, thymomas may result in autoinmmoe problems, such as 
hypogan1maglobulinemia, red cell aplasia, and smooth muscle 
degeneration. Mediastinal. Hodgkin's disease may produce an 
intermittent fever (Pei-Ebstein symptom). Patients with hyper
tension from pheochromocytoma, thyrotoxicosis from goiter, 
hypercal.cemia from ectopic mediastinal. parathyroid adenoma or 
carcinoma, or hypogammaglobuUnencia should be eval.uated 
carefully; mediastinal. findings may affect subsequent therapeutic 
reconm1endations. 

Evaluation and Diagnostic Imaging 
Diagnostic imaging typically includes a plain chest x-ray taken 
in two planes, posteroanterior and left lateral., which provides 
basic information about the location of the mass within the 
mediastinum. Given the known propensity of specific lesions to 
occur in the anterior, visceral. (middle), or paravertebral sulcus 
(posterior), based on the anatomy and embryologic develop
ment of cervicothoracic organs, a differential. diagnosis may be 
obtained. 

A diaphragm fluoroscopy, or sniff test, is used to evaluate 
paradoxical mo·tion of the diaphragm on rapid insp.iration indic
ative of phrenic nerve paralysis. CT of the chest has replaced 
plain chest radiography as the diagnostic procedure of cl10ice for 
mediastinal masses. MRI may enhance the diagnostic abilities 
of chest CT. Anterior mediastinal masses such a~ thymoma can 
be eval.uated for the extent of compression or possible invasion 

into the pulmonary artery, innominate vein, or superior vena 
cava. Evaluation of the extent of invasion .in to the brachial 
plexus, great vessels, vertebral. body, neural foran1lJ1a, and spinal 
column may be easily accomplished with MRI. 

Echocardiography and FDG-PET have been commonly 
used. Hi.gh FDG uptake is more likely to correlate with invasion 
iJ1 thymic carcinomas and invasive thymomas. 

Mediastinal tumors may secrete specific hormones or bio
logic markers. Parathyroid adenomas or functioning parathyroid 
carcinomas may secrete parathormone. Pheochromocywmas 
may secrete various catedlolamiJJes (in serum and urine), which 
might cause hypertension. Carcinomas may secrete CEA. Non
seminomarous germ cell neoplasms may secrete cx-fewprotein 
or ~-human chorionic gonadotropm (~-hCG) . Skin tests for 
tuberculosis, histopla~mosis, and coccidioidomycosis may also 
yield positive results. Od1er diagnostic tests for mediastinal. 
tuberculosis include sputum cytology, plain chest x-ray, and 
urine cytology. 

Histologic Diagnosis A mediastiJ1al mass caruJot be treated until 
a diagnosis is obtained. Although radiographic diagnosis may 
suffice for mediastmal cysts, tissue for defi11itive diagnosis is 
needed for solid masses. FNA or needle b.iopsy with Cf guid
ance of a mediastinal. mass may provide sufficient tissue for 
diagnosis of thymic carcinoma or other defined neoplasms. For 
lymphomas in particular, and thymomas and neural. tumors, 
larger amounts of tissue may be required for cellular analysis. In 
these patients, core needle biopsy, mediastinoscopy, or iluratho
racic biopsy (via thoracoscopy or open thoracotomy) may be 
considered. Electron microscopy may be required for confirma
tion of specific histologies. For recurrent lymphomas following 
chemotherapy, an open ted111ique for i11cisional biopsy is often 
required. 

Median sternotomy provides a direct visual approach to the 
mediastinum and may be used for treatment of a wide range of 
medi astinal. diseases. VATS and robotic techniques of resection 
are mcreasingly beings used for treatment of these noninvasive 
rumors. More extensive approacl1es include the transverse 
sternotomy or '·dam-shell" i.ncision. Anesthetic considerations 
should include avoidance of airway obstruction, awake
intubation, and avoidance of muscle paralytics or drugs such as 
AuoroquiJ1olones with potential paralytic effects. 

Types of Mediastinal Cysts and Tumors 
Primary cysts Primary cysts of d1e mediastinum account for 
approximately 20o/o of mediastinal. ma-;ses in most collected 
series. Cysts are characterized by the organ of origin and may be 
brond1ogenic, pericardia!., enteric, thymic, or of an unspecified 
nature. More than 75% of patients are asymptomatic, and these 
tumors rarely cause morbidity; however, with proxinllty to vital 
structures within the mediastinum and increasing size, the cyst 
may cause significant problems. A diagnosis for benign or mal.ig
nant characteristics is needed. Benign cysts may be resected with 
m.io.imally iJ1Vasive teclllliques. 

Bronchogenic cysts account most the primary cysts of the 
media~tinum (see Fig. 58-9). 1hey origi11ate as sequestrations 
from the ventral foregut, the antecedent of the tracheobronchial 
tree, and can be situated withil1 the lung parenchyma or medi
astinum . Bronchogenic cysts are usually located proximal to the 
traclcea or bronchi and may be just posterior to the carina. A 
connection to the bronchus rarely exists; however, when it 
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occurs, these cysts may become infected. Diagnostic imaging 
may reveal an air-fluid level within the mediastinum. Two thirds 
of bronchogenic cysts are asymptomatic. In infants, cysts cause 
severe respiratory compromise by compressing the trachea or the 
bronchus. Resection is recommended. 

Pericardia! cysts are second in frequency to bronchogenic 
cysts and occur ~n the cardiophrenic ru1gle, mostly on the right 
(70%). 1hese cysts may or may not communicate with the 
pericardium. Typically, clear Auld is encountered. The character
istics of pericardia! cysts include location in the cardiophrenic 
ru1gle, characteristic appearance, smooth borders, ru1d attemla
tion approximating that of water for the cyst Buid. Needle 
aspiration ru1d routiJ1e surveillance may be aU that is needed. 
Resection may be used for diagnosis and to exclude malignant 
tumors. 

Enteric cysts or duplication cysts arise from the prinutlve 
foregut, which develops into ilie upper division of the CI tract. 
These cysts are usually attached to the esophagus. Symptoms 
occur as size increases, with compression of the esophagus and 
dysphagia. Neuroenteric cysts are associated with anomalies of 
the vertebral column. Excision is recommended. 

Primary Mediastinal Neoplasms 
Thymoma The paroology of thymoma bas been recently 
reviewed.123 Thymoma is the most common neoplasm of the 
anterosuperior compartment. The peak incidence is in the third 
through fifth decades, but may occur d1Ioughout adulthood. 
Thymoma is rare in the first 2 decades of life. On a radiograph, 
the thymoma may appear as a small, well-circumscribed mass or 
a~ a bulky lobulated mass confluent with adjacent mediastinal 
structures (Fig. 58-26). Symptoms at presentation would be 
related to local mass effects causing chest pain, dyspnea, hemop
tysis, cough, and the superior vena cava syndrome or systemic 
syndromes caused by immunologic mechanisms. The most 
common syndrome is myasthe11ia gravis; others include pure red 
blood cell aplasia, pure white blood cell aplasia, aplastic anemia, 
Cushing's ~·yndrome, hypogammaglobulinemia, bypergan1ma
globulinenua, dermatomyositis, systenuc lupus erythematosus, 
progressive systemic sderos.is, hypercoagulopathy with dlrombo
sis, rheumatoid arthritis, megaesophagus, and granulomatous 
myocarditis. Early surgical treatment of myasthenia gravis and 

small thymomas is often carried out. When thymeccomy is 
performed early in the course of myasthenia gravis, a greater 
percentage of thymomas are benign. 

Differentiation between benign and malignant disease is 
determined by the presence of gross invasion of adjacent struc
tures, metastasis, or microscopic evidence of capsular invasion. 
Tumors smaller than 3 em are frequently benign; however. 
determination of malignancy (invasion) can be challenging for 
patients with tumors from 3 to 5 on in size. For tumors larger 
than 5 em, a malignant process may be present. 

Whenever possible, treatment for thymoma is excision, 
without removing or injuring vital structures. 12~ Even with well
encapsulated thymomas, extended thymectomy with eradication 
of all accessible mediastinal fatty areolar tissue is performed to 
ensure removal of all ectopic thymic tissue and lower the risk of 
tumor recurrence. Protection and preservation of the phrenic 
nerves are integral components of thymectomy. 

The peri operative managen1ent in patients with myasthenia 
gravis is extremely in1portant to prevent complications. Anticho
linesterase inhibitors are discontinued to decrease the amount 
of puLnonary secretions and prevent inadvertent cholinergic 
weakness. Plasmapheresis is used routinely within 72 hours of 
thymectomy. In most patients, plasmapheresis is effective in 
controlling generalized weakness. 

Survival is based on stage. Stage T tumor is characterized as 
a well-encapsulated tt.m1or, without evidence of gross or micro
scopic capsular invasion; stage D tumor exhibits pericapsular 
growth imo adjacenr far or mediastinal pleura or microscopic 
invasion of the thymic. capsule; stage TIT rumor invades adjacent 
organs; stage rva tumor is d1aracterized by intrathoracic metas
tases; and stage IVb rumor is d1aracterized by extrathoracic 
metastases (uncommon). Complete resection (RO) is required 
and, for patiems wid1 stage I roymoma, resection alone is suf
ficient, without the need for adjuvant therapy. The use of adju
vant radiation therapy for stages II and Ill disease is common 
practice. Tumors larger roan 5 on, locally invasive tumors, lll1fe
sectable tumors, and metastatic tumors are treated accordi11g co 
protocols that include chemotherapy followed by surgical explo
ration, with the goal of complete resection and postoperative 
(adjuvant) radiation therapy. Cisplatin-based regimens have 
exceJJe:n t response rates. 125 

FIGURE 58-26 A. a Chest in a patient with myasthenia gravis and thymoma. The thymoma is small with a plane of separation between the 
tumor and the pericardium. B. a Chest in a patient with a larger mediastinal mass. The location, character, and size are noted. Transthoradc 
core needle biopsy was performed. Germ cell tumor markers were normal. Pathology demonstrated thymoma. Subsequently, a 6.5 em thymoma 
was resected. The<re was no invasion of the pericardium. A complete resection (RO) was accomplished. 
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Invasive thymomas require radical resection of involved 
structures, which may include vascular reconstruction of the 
superior vena cava, innominate vein, or its branches.126 Using 
this aggressive approach to obtain complete resection, a signifi
cant difference in 5-year survival rates has been seen in patients 
with stage IH thymomas (94%) compared with those with 
incomplete resections (35%). Thymomas frequently recur and 
reoperation for recurrent disease has been recommended. 

Cerm Cell Tumors Germ cell tumors arise from primordial germ 
cells that fail to complete the migration from the urogenital 
ridge and rest in the mediastinum. 'TI1e anterosuperior medias
tinum is the most common exuagonadal primary site of these 
tumors. Although these lesions are identical histologically to 
germ cell tumors originating in the gonads, they are not consid
ered metastatic from primary gonadal tumors. 'TI1e current 
recommendations for evaluating the testes of a patient with 
mediastinal ge.rm cell tumor are careful physical examination 
and ultrasonography of the testes. Biopsy is reserved for positive 
findings. Blind biopsy or orchiectomy is contraindicated. 

Teratomas Teratomas are the most common mediastinal germ 
cell neoplasms and are usually located in the anterosuperior 
mediastinum. 'They are composed of multiple tissue elemenrs 
derived from the three primitive embryonic layers foreign to the 
area in which they occur. The peak incidence is in the second 
and thi rd decades of life. 1l1ere is no gender predisposition. 
Radiographic evidence of normal tissue (e.g., welJ-formed cee.th 
or globular calci£cations, a fatty mass) in an abnormal location 
can be considered specific. 1l1e teratodermoid (dem10id) cyst is 
the simplest form of a teratoma and composed of derivatives of 
the epidermal layer, including dermal and epidermal glands, 
hair, and sebaceous material. Teratomas are histologically more 
complex. The solid component of the tumor often contains 
well-differentiatted elements of bone, cartilage, teeth, muscle, 
connective tissllle, fibrous and lymphoid tissue, nerve, thymus, 
mucous and salivary glands, lung, liver, or pancreas. Malignant 
tumors are differentiated from benign tumors by the presence 
of primitive (embryonic) tissue or of malignant components. 
lmmatl.lre teratomas contain combinations of mature epithelial 
and connective tissues, with immature areas of mesenchymal 
and neuroectodermal tissues. Teratoma~ with malignant 
components are divided into categories based on the elemems 
present. 

Diagnosis and therapy rely on surgical excision. For 
benign tumors that are so large or with involvement of adjacent 
mediastinal structures so that complete resection is impossible, 
partial resection can lead to the resolution of symptoms, fre
quently without relapse. For malignant teratomas, chemother
apy and radiation therapy, combi.ned with surgical excision, are 
individualized for the type of malignant components contained 
in the tumors. The overall prognosis is poor for malignant 
teratomas 

Malignant Nonteratomatous Cerm Cell Tumors Matignant germ 
cell tumors occur predominantly in the antcrosuperior medias
tinum with a marked male predominance, usually occurring 
in the tllird and fourth decades of life.127 Most patients 
have symptoms of chest pain, cough, dyspnea, aud hemoptysis; 
the superior vena cava syndrome occurs conu11only. A 
large anterior mediastinal mass is identified on diagnostic 

imaging. To determine intrathoracic spread of disease. CT and 
MRI are helpfu l to define the extent of disease and involve
ment of mediastinal structures. Serologic measurements of 
a-fetoprotein and ~-hCG are useful for differentiating semino
mas from nonseminomas tumors, assessing response to therapy, 
and diagnosing relapse or failure of therapy. Seminoma~ rarely 
produce ~-hCG and never produce a,.fetoprotein; in contrast, 
more than 90o/o of nonseminoma~ secrete one or both of 
these hormones. 'This differentiation is important because 
seminomas are radiosensitive and nonseminomas are relatively 
radiosensitive. 

Seminomas Seminomas consti tute 50% of malignant germ cell 
tumors; they usually remain intrathoracic. Symptoms are related 
to the mechanical effects of the tumor on adjacent media~tinai 
and pulmonary structures. The superior vena cava syndrome 
occurs in lOo/o to 20% of patients. These tumors are sensitive to 
irradiation and chemotherapy. Therapy is determined by the 
stage of the disease. Cytoreductive resection before cilemother
apy or radiation therapy is unnecessary. Treatment consists of 
systemic and local therapy---<hemotherapy with salvage surgery 
or combined chemoradiotherapy. Radiation therapy may be 
coJlSidered for early-stage disease, but is not recommended for 
regional disease. Platinum-based chemotherapy is common. 
Occasionally, excision is possible without injury to vi.tal struc
tures and can be recommended. When complete resection is 
possible, the use of adjuvant tl1erapy is unnecessary. When exci
sion is not possible, a biopsy sample of sufficient size to establish 
the diagnosis is obtained. 

Nonsemioomatous Tumors Malignant nonscminomatous germ 
cell tumors include cl10riocarcinomas, embryo11al ceU carcino
mas, imn1ature teratomas, teratomas with malignant compo
nents, and endodermal cell (yolk sac) tumors, which occur 
mostly in men in their third or fourth decade. Diagnostic 
imaging reveals a large anterior mediastinal mass with frequent 
extension to the lung, chest wall, and mediastinal structures. 
Nonsen1inomarous gem1 cell neoplasms are more aggressive 
tumors and more frequently dissen1inated at the time of diag
nosis, they are rarely radiosensitive, and more d1an 90% 
produce ~-hCG or o.-fetoprotein. All patients with choriocarci
noma and some patients with embryonal cell tumors have ele
vated levels of ~-HCG. The a,.fetoprotein level is usually 
elevated in patients with embryonal cell carcinomas and yolk 
sac tumors. Mediastinal nonseminomas, but not testicular germ 
cell tumors, are associated with the development of rare hema
tOlogic mal1gnancies, such as acute megakaryocytic leukemia, 
systemic mast cell disease, and malignant histiocytosis, as well 
as other hematologic abnormalities, including myclodysplastic 
syndrome and idiopad1ic thrombocytopenia refractory to 
tteatmenr. 

Cmrently, treatment of these nonseminomatous tumors is 
wi th cisplatin and etoposide-based regimens. Advanced disease, 
invasion into thoracic structures, and metastasis preclude surgi
cal resection. Serum markers, a-fetoprotein or ~-HCG, are fol
lowed to assess response to systemic treatment. If a complete 
serologic and radiologic response is achieved, patients are closely 
observed. If the disease progresses during therapy, salvage cile
motherapy .is initiated. Operative inte!Vention may be required 
to establish a histologic diagnosis in patients without elevations 
in serum a-fetoprotein or ~-HCG levels, for salvage resection 
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after tissue, or for serologic response to therapy.128 The pathology 
of the resected postchemotherapy specimen appears to be the 
most significant predictor of survival. The presence of residual 
disease after chemotherapy portends a poor prognosis and the 
need for additional chemotherapy. When tumor necrosis or a 
benign teraroma is found during surgical exploradon after che
motherapy, an excellent or intermediate prognosis is conferred, 
respectively. 

Neurogenic Tumors Neurogenic tumors are usuaiJy located in 
the posterior mediastinum and originate from the sympathetic 
ganglia (ganglioma, ganglioneuroblastoma, and neuroblas
toma), imercosr.al nerves (neurofibroma, neurilemoma, and 
neurosarcoma), and paraganglia cells (paraganglioma). Although 
the peak incidence occurs in adults, neurogenic tumors make 
up a proportionally greater percentage of mediastinal masses in 
children. Most neurogenic tumors in adults are benign, but a 
greater percentage of neurogenic tumors are malignant in 
children. 

1he most common neurogenic tumor is the neurilemoma 
or schwannoma, which originates from perineural Schwann 
cells. They are benign, slow-growing neoplasms that frequently 
arise from a spinal nerve roQt, but can involve any thoracic 
nerve. 'These tumors are weiJ circumscdbed and have a defined 
capsule. 1l1ey anise from the nerve sheath and compress the 
nerve fibers extrinsically. The peak incidence of these tumors is 
in the third through fifth decades of life, with men and women 
being equally affected. 

Many of these tumors are asympwmatic. Sympwms such 
a~ pain occur from compression or invasion ofintercostal nerve, 
bone, and chest wall, cough and dyspnea are caused by compres
sion Qf the trad1eobronchial tree, and Pancoast syndrome and 
Horner's syndrome result from involvement of the brachial and 
the cervical sympathetic chain. Approxinlately I 0% of neuro
genic tumors have extensions into the spinal column. 1l1ey are 
termed dumbbell tumors because of their characteristic shape, 
with relatively large para~pinal and intraspinal portions con
nected by a narrow isthmus of tissue traversing the intervertebral 
fQramen. Patients with para~pinal tumors should have an MRI 
scan w evaluate the presence and extent of the tumor and its 
relationship to the neural foran1en and intraspinal space. During 
resection, the intraspinal component should be removed first via 
a posterior lanlinecromy. 1lus appwach minimizes the potential 
for spinal column hematoma, cord ischemia, and paralysis. A 
separate transtl1oracic approach is then needed fm resection of 
the intrathoracic component. 

Neuroblastoma~ originate from the sympathetic nervous 
system. The most CQmnlon location for a neuroblastoma is in 
the retroperitoneum; however, 10% to 20% occur primarily in 
the mediastinum. 1l1ese are highly invasive neoplasms that have 
frequently metastasized before diagnosis. Most of these tumors 
occur in children 4 years of age or younger. A 24-hour urine 
CQllection to measure catecholamine levels is obtained in chil
dren with a posterior mediastinal mass. Therapy is determined 
by the stage of the disease-stage I, surgical excision; stage IT, 
excision and radiation therapy; stages III and IV, multimodality 
therapy using surgical debuiJ<ing, radiation therapy, and multi a
gem chemotherapy as well as a seCQnd-look explQfatiQn to resect 
residual disease, when necessary. Chemotherapeutic agents 
include cisplatin, vincristine, doxorubicin, cyclophosphamide, 
and etoposide. 

Cangtion Tumors Ganglioneuroblastomas are composed of 
mature and immature ganglion ceiJs. Treatment ranges from 
surgical excision alone to various chemotherapeutic strategies, 
depending on histologic characteristics, age at diagnosis, and 
stage of disease. Ganglioneuromas are benign tumors originating 
from the sympad1eric chain that are composed of ganglion cells 
and nerve fibers. l11ese tumors typically present at an early age 
and are the most common neurogenic tumors occurring during 
childhood. The usual location is the paravertebral region. These 
tumors are well encapsulated and, when cross-sectioned, fre
quently exhibit areas of cystic degeneration. Surgical excision is 
curative. 

Paraganglioma (Pheodlromocytoma) Mediastinal paragangliomas 
are rare tumors, representing less than I o/o of all mediastinal 
tumors and less than 2% of aU pheochromocywmas. Although 
most are found in the paravertebral sulcus, an increasing 
number occur in the branchial arch structures, coronary and 
aortopulmonary paraganglia, atria, and islands of tissue i"n 
the pericardium. Although adrenal pheochromocytomas often 
produce epinephrine and norepinephrine, extra-adrenal para
ganglioma~ rarely secrete epinephrine. Multiple paraganglio
mas will occur in 10% Qf patients. These tumors are nwre 
common in patients with multiple endocrine neoplasia 
syndrome, family history of disease, and Carney's syndrome 
(pulmonary chondroma, gastric leiomyosarcoma, and func
tioning extra-adrenal paraganglioma). In patients who have 
had excision of an adrenal pheoduomocytoma and conrinue 
to have symptoms, a search for an extra-adrenal lesion is 
undertaken, with careful attention to the mediastinum. 
TlUnor localization has improved through the use of CT and 
1311-metaiodobenzylguan.idine (MIBG) scintigraphy, particu
larly when the tumors are hormonally active. When appropri
ate, surgical resection is the optimal therapy. In patients with 
tumors involving the middle mediastinum, cardioplLlmonary 
bypass may be necessary co enable resection. Preoperative 
embolit.ation to reduce perioperative bleeding may be consid
ered . Although 50% of tumors appear malignant morphologi
cally, metastatic disease rarely develops. 

Lymphomas Although the mediastinum is frequently involved in 
patients with lymphoma at some tin1e during the course of their 
disease, it is infrequently the sole site of disease at the time of 
presentation. Hodgkin's and non-Hodgkin's lymphoma are dis
tinct clinical entities with overlapping features. Patients usually 
have symptoms; chest pain, cough, dyspnea, hoarseness, and 
superior vena caval syndrome arc the most common clinical 
manifestations. Nonspecific systemic symptoms of fever and 
chills, weight loss, and anorexia arc frequently noted and arc 
important in the staging of patients with Hodgkin's lymphoma. 
Sympwms characteristic of Hodgkin's lymphoma include cl1est 
pain after consumption of alcohol and the cyclic fevers first 
described by Pel and Ebstcin. 

Surgical excision Qf all disease is rarely possible, and the 
surgeon's primary role is to provide sufficient tissue fQr diagnosis 
and to assist in pathologic staging. A needle biopsy is Qften 
unsuccessful because larger tissue san1ples are needed to make a 
histologic diagnosis, particularly with nQdular sclewsing lesions. 
1l1oracoscopy, mediastinoscopy, or mediastinotomy and, rarely, 
tboracotomy or median sternotomy may be necessary co obtain 
sufficient tissue. 1he role of staging laparotomy has been 
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rulnlmized, and its only current indication is for patients with 
dinically limited disease who opt for Dmited treatment. 

Patients witl1 non-Hodgkin's lymphoma usually have 
symptoms because of involvement of adjacent mediastinal 
structures. Superior vena caval S}IJ1drome is relatively common. 
Lymphoblastic lymphoma occurs predominandy in children, 
adolescents, and young adults and represents 60o/o of cases of 
mediastinal non-Hodgkin's lymphoma. 

After treatment of lymphomas, residual radiographic 
abnormwties within the mediastinum are commonly noted 
(64o/o-88o/o). CT cannot differentiate fibrosis or necrosis from 
residual tumor. FDG-PET has shown promise as a noninvasive 
way to detect active mediastinal disease and predict relapse in 
patients with Eympboma but tissue confirmation is required. 
Needle biopsy ·does not provide significant diagnostic material. 
Transthoracic incisional biopsy under general anesthesia is 
often needed given the significant fibrosis which remains after 
therapy. 

Endocrine Tumors 

Thyroid Tumors 
Although substernal extension of a cervical goi ter is common, 
totally intrathoracic thyroid tumors are rare and make up only 
l% of all mediastinal masses in coUecred series. These tun1ors 
arise from heterotopic thyroid tissue, which occurs most com
monly in the anterosuperior mediastinum but may also occur 
in the middle mediastinum between the trachea and esophagus 
as weU as in the posterior mediastinum. Although there may be 
a demonstrable connection wiili tl1e cervical gland (usually a 
fibrous connective tissue band), a true intrathoracic thyroid 
gland derives its blood supply from thoracic ves.-;els. Substernal 
extensions of a cervical goiter can usuaUy be excised using a 
cervical approach. 

Parathyroid Tumors 
Although parathyroid glands may occur in the mediastin um in 
l Oo/o of patienrs, tl1ey are usuaUy accessible through me cervical 
incision. Most often, these adenomas are found in the antero
superior mediastinum (80o/o) embedded in or near the superior 
pole of the thymus. This anatomic relationship is the result of 
the common embryogenesis of the inferior parathyroi.d glands 
from the third branchial cleft. TI1e superior parailiyroid glands 
and the lateral lobes of the thyroid gland are derived from 
the fourth branchial pouch. Because they migrate with the 
lateral lobes of the thyroid gland to a paraesophageal position, 
parathyroid adenomas can also be found in the posterior 
mediastinum. 

Most frequently, the mediastinal parathyroid adenoma may 
be excised after a negative exploration of the cervical region, 
through the existing cervical incision. UsuaUy, the vascular 
supply extends from cervical blood vessels. In patients with 
persistent hyperparathyroidism after cervical exploration iflocal
ization studies show residual parathyroid in the mediastinum, 
mediastinal exploration using a median sternotomy or thoracos
copy is indicated. 

Parathyroid carcinomas have been reported and are usually 
hormonaUy acdve. Patients differ in clinical presentation in that 
they often have higher serum calcium levels and manifest more 
severe symptoms of hyperparathyroidism. When possible, resec
tion is the optimal therapy. 

Neuroendocrine Tumors 
Mediastinal neuroendocrine tumors, carcinoid rumors, arise 
from cells ofKulcl1itsky located in the thymus commonly occur 
in men in their 40s and 50s and are usuaUy located in the 
anterosuperior mediastinum. These tLLmors are aggressive and 
20% have merasratic spread ro mediastinal and cervical lymph 
nodes, liver, bone, skin, and lungs and presentation. Over fifty 
percent of thymic neuroendocrine tumors arc hormonally active, 
ofren associated witl1 Cushing's syndrome because of production 
of adrenocorticotropic hormone, less frequently as.~ociated witb 
multiple endocrine neoplasia syndromes, and only rarely associ
ated with carcinoid syndrome (0.6%). If possible, resection is 
recommended; however, local invasion and metastasis often pre
cludes complete excision. Adjuvant tl1erapy .is controversial, but 
irradiation should probably be added, particularly in patients 
with capsular invasion. 
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CONGENITAL HEART 
DISEASE 
CHARLES D. FRASER, j R, AND l<A:rHLEEN E. CARBERRY 

HISTORY AND OTHER CONSIDERATIONS 

ANATOMY, TERMINOLOGY, AND DIAGNOSIS 

PERIOPERATIVE ·CARE 

LESION OVERVIEW 

SINGLE VENTRICLE 

M ISCELLANEOUS ANOMALIES 

SUMMARY 

This chapter is designed to provide medkal students, general 
surgery residents, and practicing general surgeons with a working 
tool to aid in their understanding of the features of anatomy and 
physiology in patients presenting for general surgical procedures 
iJ1 the setting of repaired or w1eepaired congenital cardiac lesions. 
l11e large scope and breadth of the evolving field of congenital 
heart surgery precludes aJl exhaustive treatise on aU aspects of 
tbis specialty. Several excellent and thorough textbooks of con
genital heart surgery will be referenced in this chapter, and the 
reader is encouraged to usc them for additional in-depth under
standing of the lesions to be reviewed. Todais practicing general 
surgeon needs to be well versed in the basics of cardiac anatomy, 
physiology, and specific derangements associated with the 
various known conge11ital cardiac l.esions. Furthermore, there are 
few patients witb complex congenital cardiac lesions who may 
be considered cured of their cardiac problem, even after success
ful reconstructive surgery. Thus, it is imperative that the general 
surgeon who needs to perform a noncardiac operation on such 
a patient be familiar with the specific issues of ongoing concern 
in those with congenital cardiac disease. 

HISTORY AND OTHER CONSIDERAnONS 
The era of surgical treatment for congenital cardiac ru10malies 
was initiated in November 1944, when Dr. AJfred Blalock and 
associates Vivien Thomas and Dr. Helen Taussig combined their 
unique talents and vision to treat a young cbild dying of cyanotic 
congenital hear1: disease (CHD).' 1l1is palliative operation 
involved the surgical creation of a systemic to pulmonary artery 
connection in the patient suffering from inadequate pulmonary 
blood Aow. The procedure has since been recalled as miraculous 
and has carried 1the eponym of the Blalock-Taussig shunt (BT 
shunt) during the ensuing years, now more thru1 60 years later. 
1he striking success of this simple concept and the reproducible 
nature of d1e operation in cbildren suffering from otherwise fatal 
cardiac conditions has emboldened subsequent surgical innova
tors to venn•re inside the congenitally malformed heart. At first, 

' 

'"' '--a parent was asked to serve as a biologic oxygenator using the 
technique of controUed cross-circulation; soon thereafter, the 
mecbru1ical, extracorporeal, heart-lung bypass pump was devel
oped.:u With the aid of tbis ability to support the patient's 
circulation during intracardiac exploration, surgeons have 
sequentially attacked almost every described congenital cardiac 
ru1omaly. The prospect of meaningful survival for patients born 
with otherwise devastating congenital cardiac lesions is now 
expected in most, if not aU, cases. 

As a result of this success story, there is now a large and 
growing population of adults with repaired or uruepaired CHD; 
estimates in the United States for 2005 placed the number of 
adult patients surviving with repaired or palliated congenital 
cardiac lesions at more thru1 1 million persons.4 This reality has 
been associated with new challenges in the 011going medical 
maintenance of such patients, with particular focus on the care 
of patients with congenital cardiac lesions presenting for surgery 
for noncardiac illnesses. 1he evolving subspecialty of adult CHD 
points to the unique needs of this population of patients. 

PATHWAYS FOR PRAcnCtNG CONGENITAL 
HEART SURGERY 
Before embarking on a .review of the field, it is worthwhile to 
describe the setting in whicll patients with CHD seel< and 
receive care in today's medical environment. With the develop
ment of sophisticated methods of fetal ultrasound, a large per
centage of children requiring surgery for CHD are diagnosed 
during gestation (Fig. 59- l). Although not yet confirmed as 
affecting overall survival rates, a fetal diagnosis of complex CHD 
is of inordinate help to parents ru1d the medical management 
team. This is particularly important in the serting of lesions 
dependent on persistent patency of the ductus arteriosus for 
posmatal survival. In these individuals, survival after delivery is 
predicated on the maimenance of ductal patency through the 
TV i11fusion of prostaglandin El (PGEl) initiated in the delivery 
suite, often through an tunbilical vein catheter. 

A growing number of congenital cardiac lesions is known 
to be associated with specific genetic mutations, many clearly 
inherited and some presumed to be sporadic. As such, a chro
mosomal analysis is frequently performed in those found to have 
major structural cardiac abnormalities; this ru1alysis may be per
formed during gestation through an amniocentesis. The cluo
mosomal evaluation is of benefit to the family when planning 
the risk of such aJ1 occurrence in future offspring. For tht! clin.i
ciru1, kJ10wledge of cllromosomal abnom1alities in their patients, 
such as DiGeorge sequence, velocardiofacial syndrome, and 
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FIGURE 59-1 Normal fetal ultrasound (four chamber; left) and fetal 
ultrasound of a child with HLHS (right). LV, left ventride; MV, mitral 
valve. 

Marfan syndrome, aids in the delivery of acute medical 
management. 

1n general terms, the timing of surgery for various congeni
tal cardiac conditions depends on the presenting symptomatol
ogy and expectations for further as.~ociated complications. 
Children presenting with limited pulmonary blood flow or 
atretic pulmonary com1ections typically require surgery duri11g 
the first few days of life and occasionally within hours of delivery. 
Lesions associated with excessive pulmonary blood flow result 
in early heart failure, whkh may manifest as poor feed.ing, 
tachypnea, or even respiratory failure. These patients are oper
ated on during early infancy to ameliorate their symptoms and 
prevent the development of pulmonary vascular disease. 

Pretcrm and low-birth-weight babies with CHD have been 
presenting for surgical consideration with more frequency. This 
trearmenr strategy requires thoughtful planning and coordina
tion among the surgery, anesthesia, cardiology, intensive care, 
and neonatology reams. Recently, at our institution, the Texas 
ChHdren's Hospital, we successfully operated on an 800-g baby 
with transposition of the great arteries (TGA). 

The specialty of congenital heart surgery is now recognized 
as a subspecialty of cardiothoracic surgery. Congenital heart 
surgeons were previously certified in cardiothoracic surgery by 
the American Board of Thoracic Surgery (AnTS) and received 
additional fellowship training in the United States or abroad in 
congenital heart surgery. As of 2009, the ABTS offers a formal 
certification process for subspecialty training in Congenital 
Heart Surgery. At this time, there are 10 congenital cardiac 
surgery residency programs approved by the Accreditation 
Council for Graduate Medical Education. Most pediatric cardiac 
surgery is performed in large, multispecialty children's hospitals 
u1 association with formal programs focused on the care of these 
complex patiemts. 1l1e management team includes pediatric 
cardiac anesthesiologists, perfusionists, and nursiJ1g staff. 
Focused pediatric cardiac intensive care units have been devel
oped to optimi.ze the patients' opportwury for recovery. 

Historical]y, pediatric cardiologists have provided the 
medical rnanagement of patient~ burn with CHD. Pediatric 
cardiology is also evolving. Wicl1 advances in catheter-based 
technology, lesions previously treated with surgery are now being 
addressed by interventional pediatric cardiologists. Examples 
include device closure of atrial and ventricular septal defects 
(VSDs), occlusion of parent ductus arteriosus (PDA), and dila
tion and scenting of stenotic vessels in the systemic and pulmo
nary circulation. For a more in-depth recent review of this 
specialty, see the exceLlent tcd1Jlical text by Mullins.5 

The situation of care for adults with CHD is not as well 
organi7£d as fo:r children. This issue is of particular relevance to 

the general surgeon faced with operating on ru1 adult patient 
with significant CHD. One overriding message needs to be clear 
to the general surgeon in this setting: it must be assumed that 
in patients with previously repaired congenital cardiac lesions, 
even without overt cardiac symptomatology, the potential for 
significant perioperative cardiorespiramry derangement exists. 
More s.imply stated, the presence of a surgical scar on the chest 
of a patient with known CHD does not suggest that the lesion 
has been cured. With this firmly in mind, the ge11cral surgeon 
may !find it challenging to determine the best soLuce for a quali
fied consult for such a patient. At present, mru1y adult cardiol
ogists are not adequately trained in CHD to be expected to 
provide competem consultation on adult patients widJ CHD. 

On the uther hand, pediatric cardiologists are not educated 
in adult medicine and cardiology; mru1y feel uncomfortable 
providiJ1g consultation on adult patients with CHD. As noted, 
the subspecialty of adult CHD is still in a state of development 
but, at present, there are few physicans who have been educated 
specifically to care for these patients. 1his underscores the 
necessity of the practiciJ1g general surgeon to become familiar 
with the specific issues of concern for patients with CHD to 
ascertain that the patient's unique anatomic and physiologic 
issues have been evaluated properly. Adult patients with CHD 
who present for care in a center without a designated quali6ed 
specialist must be evaluated by a pediatric cardiologist in 
coordination with an adult cardiologist. Of equal importruKe, 
the anesthesiologists and intensivists caring for such a patient 
musr have a working understandiJ1g of the complexities and 
nuances of the patient's cardiac wndition.6 1he ancstherk man
agement of patients with CHD undergoing general surgical 
procedures is complicated and can become disastrous if 
managed improperly. 

ANATOMY. TERMINOLOGY. AND DIAGNOSIS 

Anatomy and Terminology 
One of the most intinudating aspects for the student of CHD 
is developing a level of comfort with the ternunology used for 
describiJ1g specific lesions. To begin, a thorough and sound 
understru1ding of normal cardiac anatomy is mandatory. There 
are several excellent texrs on this subject; in particular, the one 
edited by Wilcox and coworkerl is especially concise and clear. 
One difficulty that d1allcnges proper underscru1ding of ru1acomy 
is the frequent use of abbreviations ru1d eponyms for variuus 
congenital lesions-for example, congenitally corrected transpo
sition of the great arteries (ccTGA), ventricular inversion, and 
L-tra11Sposition all describe the same heart, but none provides a 
complete ru1atomic description. Unless otherwise clear to all 
involved in the care of these complicated patients, the anatomic 
description needs to be segmental and complete to avoid mis
takes and nusinterpretatiuns uf structure. 

L1 describing congenital cardiac lesions, a segmental 
approach is used to determine the relationship of the various 
strucrural elements. 1l1e situs describes the relationship of 
sidedness-sicus solitus (normal), situs inversus (reversed), or 
situs ambiguous (indeterminate). The cardiac elements described 
include (in sequence) the atria, ventricles, and great vessels. The 
relationship of the connections must be understood; connec
tions are concordant (e.g., right atrium connecting to right 
ventricle) or discordant (e.g., right ventricle coru1ecting to 
the aorta). The chamber sidedness must be clarified (e.g., a 

http://www.myuptodate.com


s 
D 

s m LA 

I' 1 

"NORMALS" 

Isolated ventricular inversion 

~Htv l ~ IAffiV I ~~Av l 
S RA LA I LA RA I LARA 

2 
1
1 1

1 

3 4 
1

1 

Situs solitus Situs inversus 

FIGURE 59-2 Model depicting cardiac morphology for normal 
hearts- that is, hearts with atrioventricular concordance and ventricu
loarterial concordance using Van Praagh nomendature. The vertical 
line above the box denotes the position of the ventricular septum. 
(From Kirkl in JW, Barratt-Boyes BG: General considerations: Anatomy. 
dimensions, and terminology. In Kirklin J1N, Barratt-Boyes BG: Cardiac 
surgery, ed 2, New York, 1993, Churchill Livingstone.) 

morphologic right atrium may be on the left side of the patient). 
1l1e relationship :and connections of the cardiac valves must then 
be assessed; coru1ections may be normal, stenotic, atretic, or 
straddHng. Of note to the general surgeo.n, abnormal sidedness 
of the cardiac structures is frequendy associated with abnormal 
relationships of the thoracic and abdominal organs. A thorough 
assessment of the patient's anatomy is recommended before 
surgery. 

There are two widely accepted and applied schools of 
cardiac morphologic description. l11e Van Praagb nomenclature 
uses abbreviations to describe the relationship of the atria, ven
tricular looping, and poshion of the aorta sequentially. 1l1e first 
letter describes the situs of the atrial chambers (and usually the 
abdominal organs): S for situs solitus (normal), I for situs inver
sus (reversed), or A for situs ambiguous (indeterminate). 1l1e 
second lerrer describes the relationship of the embryologic 
looping of the ventricles; D for dextro looping or right-handed 
topology (normal) or L {levo) for left-banded topology. 1l1e third 
and last letter describes the relationship of the aortic valve to 
the pulmonary valve, D for right-sided and L for left-sided 
(Fig. 59-2). 

The Anderson nomenclature is more wordy and longer. 
but is perhaps simpler to understand. The descriptions are again 
of d1e sequential relationship of the structures. Starting with 
tbe atria, the connections and relationships are sequentially 
described. Thus, the atrial sidedness is described, followed by 
the sequence of connections to the ventricles and then 
great vessels. For example, atrial situs solitus (normal) with 
atrioventricular discordance (reversed) and ventriculoartcrial dis
cordance (reversed) describes the heart mentioned earlier as cor
rected transposition, or S,L,L by the Van Praagh classification 
(Fig. 59-3). 

Diagnosis 
As with all aspects of surgery, there is a wide variety of highly 
sophisticated diagnostic tools available to examine cardiac struc
ture and function. Despite the widespread availability and appli
cation of these tools, none has replaced or eliminated the 
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FIGURE 59-3 Congenitally corrected transposition of the great arter
ies. Atrial situs solitus (nonnal) with atrioventricular discordance and 
ventriculoarterial discordance using Anderson nomendature, S,l,l by 
Van Praagh dassification. Ao, Aorta; LA, left atrium, LV, left ventride; 
Mil, mitral valve; RA, right atrium; RV, right ventride; TV, tricuspid valve. 

necessity of a thorough history and physical examination. Most 
patients who bave a history of CHD become very well informed 
about the specifics of their cardiac conditions, as do their parents. 
A detailed review of the patient's past medical history is abso
lutely mandatory. This includes, when possible, securing records 
from a]J previous diagnostic and procedural reports. It is disturb
ing how often an incorrect assumption is made about a patient's 
previous surgical history and anarom.y, frequently i.n a setting in 
which a patient's old operative report or clinical summary could 
easily clarify tbe misunderstanding. 

IJ1 aduhs with CHD, in particular, there are specific points 
of medical history that must be elucidated. A history of palpita
tions, syncope, and neurologic deficit must be further investi
gated. The incidence of significant dysrhythmias in certain 
categories of adults with CHD is high and, in many cases, war
rants further investigation, including continuous monitoring 
(Holter), elecrrophysiologic study, and/or provocative testing. 

Physical Examination 
A complete physical examination in a patient with previously 
repaired CHD wi.IJ often yield information critical to the proper 
planning of a general surgical procedure. Patients need to be 
completely undressed and thoroughly examined. L1 many cya
notic patients, color cl1anges may be prominent, particularly in 
the na:il beds. lips. and mucous membranes. In other patients, 
cyanosis may be subtler, giving the patient a gray or even pale 
appearance. Previous surgical incisions need to be noted and 
reconciled with the known medical history. Thoracotomy inci
sions on either side may indicate a previous BT shwlt using the 
turned-down, divided subclavian artery or with a prosthetic 
interposition grafr, d1e so-called modified BT shunt. ln patients 
with a left aortic arch, a left thoracotomy incision will be present 
if a previous coarctation repair has been carried out. Median 
sternotomy incisions or anterior thoracotomy incisions may 
i.ndicate previous inrracardiac or extracardiac surgery. 

A complete vascular exami.nation is often overlooked in 
patients with CHD. It is important to assess pulses and obtain 
blood pressure measurements in all four extremities. Patients 
who have an existing or have previously had a BT shunt often 
have diminished or absent pulses in the upper extremity corre
sponding to the previous shunt. This may also be true in the left 
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upper extremity in patients wid1 previous coarctation repairs, 
especially if a subclavian £lap angioplasry was performed (Wald
hausen procedure). Furthermore, a history of previous coarcta
tion repair does not guarantee mat the lower extremity pulses 
and blood pressures will be normal. Also, patients wbo have 
undergone previous cardiac catheterization may have chronicatly 
stenosed or occluded femoral vessels. All these issues may be of 
significance for monitoring and vascular access in a patient 
w1dergoing a general surgical procedure. 

Later in this chapter, the Fontan procedure for single
ventricle palliation will be reviewed. Briefly, tllis operation 
results in significant systemic venous hypertension, often in the 
range of 12 to 15 mm Hg. L1 patients with a Foman circulation, 
physical exanlination may reveal hepatic congestion, ascites, 
pedal edema, venous varicosities, and jugular venous distention. 
l11 some individuals, macronodular hepatic cirrhosis may be 
suspected on the basis of a firm fibrotic Liver edge. 

Entire textbooks have been dedicated to the physical exanl
ination of patients with cardiac disease and a thorougb discus
sion of this issue, particularly the specifics of cardiac auscultation, 
is beyond our scope here. ill general, however, the cardiac exami
nation includes an assessment of the patient's rhythm, point of 
maximal impulse, and character of any auscultated murmurs. It 
must also be emphasized that the absence of a significant cardiac 
murmur does not rLJe out significant cardiac pathology. 

Diagnostic Tests 
Pulse Oximetry Four-extremity pulse oximetry is an essential part 
of the clinical assessment of a patient with suspected CHD. ill 
patie11ts with ductal-dependent circulation to the lower body 
(severe aortic coarctation or aortic arch interruption), differen
tial cyanosis may be pre.~nting. This indicates the ejection of 
desaturated systemic venous blood ilirough me patent ductus to 
the descending aorta contrasted with fu lly saturated pulmonary 
venous blood ejected to the ascendiJ1g aorta and, thereby, the 
upper extremi.ties. Baseline (room air) saturation must be docu
mented in all patients for whom an operative intervention is 
anticipated w establish their normal range. 

Plain Radiography Standard d1est radiography with anteroposte
rior and lateral views is still an essential component of the assess
ment of a patient with CHD. Standard dements to be exan1ined 
il1dude a skeletal survey, assessment of the diaphragms and 
hepatic shadow, and location of me gastric bubble. 1l1e lLmg 
fields are assessed for pulmonary plethora (arterial or venous). 
air space disease, and presence of effusions. 1l1e cardiac silhou
ette may reveal much important information, such a.~ a cardlo
thoradc ratio indicative of cardiomegaly or pericardia! effusion, 
presence of atrial enlargement, presence or absence of the pul
monary artery :shadow, and arch sidedness (Fig. 59-4). 

Electrocardiography 1l1e electrocardiogran1 (ECG) is of signifi
cant importa11ce in assessing patients with CHD. 1l1e rate and 
rhyilim must be noted, including the presence or absence of P 
wave activity and axis. Many patients with CHD, especially 
those with complex conditions such as hcterotaxy syndrome, 
may exhlbit deranged or absent sinus node activi ty, giving rise 
to a predominant junctional rhythm, which may significandy 
compromise cardiac output. The QRS duration and axis )'ield 
important information concerning conduction delay and 
abnormal ventricular forces. For example, patients with 

FIGURE 59-4 Cardiomegaly and increased pulmonary vascular mark
ings in a patient with complete atrioventricular canal defe<:t. 

atrioventricular canal defects are known to have left axis devia
tion. Furmem1ore, in padents Lmdergoing repair of certain 
forms of CHD, mere may be an early or late predisposition to 
malignant dysrhytlmuas. lt is particularly important to elucidate 
a history of palpitations from a patient with repaired or unrc
paired CHD; sud1 a lustory may warrant fLLtdler investigation 
with 24-hour continuous ECG monitoring (Holter). 

Echocardiography Noninvasive imaging is well established as the 
primary diagnostic modality for structural cardiac disease. For 
most patients, excellent anatomic derail may be obtained using 
two-dlmensi.onal transthoracic imaging. Standard images iJ1clude 
subcostal, suprasternal, parasternal, and subxiphoid views and 
are o riented in long and short axis directions. Furthermore, 
significant hemodynamic information may be inferred using 
echo Doppler blood flow velocities and iJlterpreted usiJ1g the 
modified Bernoulli formula (pressure gradient= 4V~. where V 
is echocardiographic velocity in mlsec). To assess the padent's 
cardiac lesion properly, segmental analysis of the cardiac struc
tures, connections, and valves must be performed. A quantitative 
estimate of ejection fraction, shortening fracrion, and valvular 
inflow velocity will aid in assessing cardiac fuJ1ctlon. For most 
patients with congenital cardiac disease, adequate diagnosdc 
information is attaiJ1able through echocardiography i11 the hands 
of a qualified pediatric cardiologist. 

Magnetic Resonance Imaging and Computed Tomography Cardiac 
magnetic resonance imaging (MRD and computed tomography 
(en are adjuncts to echocardlography for no1u nvasive struc
tural and fw1ctional assessment of the heart. MRJ has been used 
with increasil1g frequency to provide anatomic detail in congeJu
tally malformed hearts in which echocardiographic detail is 
lacking or w1attainable. 1l1is modality has proved particularly 
useful for imaging the extracardiac great vessels and systemic and 
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pulmonary venous connections, and for providing accurate esti
mates of cardiac function, especially right ventricular ejection 
fraction. cr may also be used for sudl imaging detail but has 
the potential detrimental association with significant radiation 
exposure. 

cardiac catheterization Cardiac catheterization has long been 
considered the gold standard for diagJ10stic imaging of congeni
tally malformed hearts. With the current sophistication of echo
cardiography, this is no longer the case for most patients. 
Nonetheless, there arc still circumstances in which diagnostic 
cardiac catheterization is necessary to obtain accurate anatomic 
derail. This may true for patienrs who have poor ecbocardio
graphk windows, although even this issue may be overcome 
using transesophageal echocardiography. More often, there are 
specifics of anatomic derail that neither echocardiography nor 
MRI can delineate, such as branch pulmonary artery (or seg
mental) stenoses, origin and course of aortopulmonary collateral 
vessels, and fistulous connections and intracardiac commLUlica
tions (septal defects) not clari£ed by other imaging modalities. 

Usually, however, diagJlOStic cardiac catheterization is per
formed to obtain precise hemodynamic information needed to 
make an informed assessment of the consequences of the patient's 
cardiac lesions. Using oximetcic measurements, pressure data, 
and them1odilllltion cardiac output determination, accurate 
assessment of tbe patient's hemodynamic profile is obtained. 
Measured or derived data include central venous pressure, atrial 
pressure, ventricular pressures (including end-diasrolk pressure), 
shlU1t fraction (in the case of atrial or VSDs), pulmonary artery 
pressures, pulmonary capillary wedge pressure, systemic arterial 
pressure, and segmental oximetry of cardiac structures, includ
ing systemic and pulmonary venous return {Fig. 5~-5). 1l1us, 
critical information is obtained about the presence and degree 
of shunting, systemic and puJmonary vascular resistance, and 
cardiopulmonary fu nction. In certain clinical settings, these data 
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arc mandatory to a successful clinical management strategy. This 
may be particularly true for the adLLlt patiem with congenital 
cardiac disease requiring noncardiac surgery. 

A thorough understanding of normal cardiorespiratory 
physiology is critical in interpreting data obtained by cardiac 
catheteri7Attion in d1e patient with CHD. Specifically, rhc normal 
pressu.re range, pulse waveforms, and oxygen saturations for 
the va:rious cardiac chambers must be compared against data 
obtained in a deranged circulation. 1he various cardiac cban1-
bers have norrnal pulse waveforms. In the atria, there are char
acteristic waveforms-a wave corresponding to atrial contraction, 
c wave corresponding to atrioventcicular valve closme, and v 
wave corresponding ro atrial filling from venous return against 
the closed atrioventricular valve. Typical normal right atrial 
mean pressures range from I to 5 mm Hg and left atrial pres
sures range from 2 ro 10 mm Hg. Right ventricular pressure 
tracings in normal hearts demonstrate a more gradual upstroke 
when compared with the left ventricle. Filling or end-diastolic 
pressu.res range be. tween 2 and I 0 mm Hg iJ1 normal hearts. The 
normal right ventricular systolic pressure ranges from 15 to 
30 mm Hg {and thus pulmonary artery systolic pressmc) and 
the left ventricular systolic pressure ranges from 90 to 
l lO mm Hg. 

ln normal hearts, there is a small, physiologically insignifi
cant right- to-left shunt, which result~ from ventilation-perfusion 
mismatcl1 in the ILU1gs and coronary venous retmn directly to 

the left ventricle {thebesian venous return). This physiologic 
sbunr represems less than 5% of the cardiac output and, in 
normal circumstances, does not produce detectable systemic 
arterial desaturation. Thus, significant systemic arterial desatura
tion represents a pathologic finding, consistent with pulmonary 
disease, intracardiac shunting, or both. As noted, the origin and 
degree of intracardiac shunting may be assessed by echo study. 
In certain circumstances, however, cardiac cathcteri7.ation is nec
essary Ito measure cardiac oximetry, calculate shunt fraction, and 
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cons 150 mVmin/m2 !FIGURE 59-5 Hemodynamic information obtained following 

(asSiTnied) cardiac catheterization. 
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derive systemic and pulmonary vascular resistance. Using a deri
vation of the Fick principle, the ratio of pulmonary blood Aow 
(Qp) to systemic blood flow (Qs) flow can be determined as 
follows: 

Qp/Q~ = (Sao2 sat - (Mo2 sat}/(Po2 sat} - PaOz sat} 

where SaOz sat is systemic arterial oxygen saturation, Mo2 sat is 
mixed venous oxygen saturation, PO:z sat is puLnonary venous 
oxygen saturation, and Pao~ sat is pulmonary arterial oxygen 
saturation. 

Thus, in a patienc with M sat of 60%, Po2 sat of 100%, 
Sa~ sat of l 00%, and PaOz sat of 80%, 

Qp/0!; = (100-60)/(100-80) = 40/20 = 2: J 

Calculating vascuJar resistances may also be extremely 
important in determining operability in the patient with CHD. 
ln many settings, a precise measure of vascular resistance is 
unnecessary based on the clinical evidence. For exan1ple, .in the 
small child with a large VSD seen on the echocardiogram, the 
clinical findings of tachypnea, cardiomegaly, and failure tO thrive 
confirm a large left-to-right shunt and thereby infer acceptable 
pulmonary vascular resistance. ln less clear ci.tclllllstances, 
however, a precise calculation may be important in clinical deci
sion making. The pulmonary vascular resistance may be calcu
lated from cardiac catheterization data as foUows: 

PuJmonary vascular resistance (Rp) =(mean pulmonary 
artery pressure [in mm Hg] - mean left atrial pressure [in 
mm Hg])/(pulmonary blood flow (Qp, in liters/min/rn2 ]) 

ln generall, patients with an elevated Rp are further evalu
ated with pulmonary vasodilation-hyperventilation, hyperoxy
genation, and inhaled nitric oxide-to determine whether the 
resistance is responsive. This information may be critical for 
patients who are otherwise marginal candidates. 

Finally, it must be mentioned that cardiac catheterization 
has been. evolving as the primary therapeutic method for a 
number of in1portant structural cardiac defects. In many chil
dren's hospitals, including Texas Children's Hospital, most cath
eterizations now performed are for interventional procedures 
rad1er than diagnostic. This may be particularly pertinent to the 
general surgeon faced with treating a patient with a previous 
catheter-based correction of a cardiac defect. For example, the 
patient may have had an atrial or VSD dosed with an ocduder 
device i_n d1e past. This information may have in1portant rami
fications for infectious exposure and vascular access. 

PERIOPERATIVE CARE 
Perioperative management of the patient with unrepaired or 
palliated congenital cardiac disease can be an extremely challeng
ing proposition. Standard hemodynamic, respiratory, and phar
macologic marlipulations appropriate for structurally normal 
hearts may be entirely inappropriate in settings of complex 
CHD. This is especially tnte in the operating room and intensive 
care settings. General rules include a thorough knowledge of the 
patient's imracardiac anatomy and expected physiology. lt is 
certainly possible to make significant management errors based 
on iJ1correct physiologic expectations in the setting of incom
plete understanding of the patient's anatomy. For example, in a 

patient wid1 unrepaired tetralogy of Fallot (TOF) and associated 
significant right ventricuJar outflow tract obstruction (RVOTO), 
it is expected tbat the patient will exhibit some degree of sys
temic arterial desaturadon. However, the patient with repaired 
tetralogy, with no residual iJ1tracardiac shunts, needs to be fully 
sarurared. 1l1is is nor an infrequent clinical scenario; a parienr 
with a specific cardiac diagnosis, despite having undergone a 
succes.~ful correction, continues to be incorrectly presumed to 
have ongoing physiologic perturbation. 

Anesthesia Pitfalls 
Providing physiologic anesthetic management can be challenging 
in patients wi d1 congenital cardiac disease, especially in situations 
such as chronic single-ventricle palliation, umepaired CHD, 
chronic cyanosis, and residual intracardiac pathology. It is impor
tant to note that standard anesthetic management paradigms may 
be completely inappropriate and potentially disastrous in t1Je 
setting of complex CHD. A tl10rough understandu1g of 
d1e patient's anatomy is mandatory, along with knowledge of the 
potential for unexpected response to anesthetic agents and ven
tilator settings. The field of pediatric and congenital cardiac 
anesthesia has evolved relative to this specific clinical need: the 
recent text by Andropoulos and colleagues is an exccUen t resource. 8 

Several points concerning anesthesia ma11agement merit 
discussion. The first is vascu.lar access for intraoperative and 
postoperative management. In patients with complex CHD, 
especially those who have undergone previous complex surgical 
and catheterization procedures, obtaining appropriate vascular 
access may be challenging. Typically, a large-bore, multilumen 
central venous Line i.s necessary for appropriate resuscitation and 
monitoring of right-sided filling pressures. In some patients, the 
placement of a thermodilution pulmonary artery catheter (oxi
metric) must be considered because one cannot presllllle that 
right-sided filling pressures correlate well with left heart volume 
or functional status (e.g., after a Fontan operation). Options for 
central access include percutaneous internal jugular or subcla
vian routes, with a secondary option of common femoral access 
ro the inferior vena cava (IVC). Access may be difficuJt in the 
setting of previous catheterization or venous reconstruction; this 
situation may be addressed with the aid of ultrasound-guided 
cad1ete.r placement, which has become a standard in many 
cardiac operating theaters. Arterial access for continuous blood 
pressure monitoring and sampling is important for many 
patients. Percutaneous radial arterial cannulation can be readily 
achieved in most patients; however, upper extremity blood pres
sure val.ues may be factitiously altered by previous systemi.c-to
pulmonary artery shunts, previous aortic arch surgery (especially 
coarctation), and abnormalities of vascular origin (e.g., aberrant 
subdavian origiJ1 from the descending aorta}. 

Ventilator management in the perioperative setting of 
CHD requires special understanding. ln settings nflarge poten
tial left-to-right shums (e.g., unrepaired VSDs}, hyperventila
tion and hyperoxygenation will promote excessive pulmonary 
blood B.ow and potentially d.im.inish systemic cardiac output. 
Positive pressure ventilation, particularly positive end-expiratory 
pressure. (PEEP), will negativdy influence hemodynamics in 
many patients, especially in palliated single ventricle patients 
after the Fonran procedure. Early extubation in this pnpulation 
can be done to Umit the deleterious effects of PEEP on the 
Fontan circulation. Early data have shown that dus improves 
outcomes for tl1ese patients and reduces overall hospital costs.9 
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Finally, pharmacologic manipulation of systemic and pulmo
nary vascular resistance and cardiac performance is an impor
tant adjunct in the perioperative management of patients with 
CHD. In general, a low-dose infusion of epinephrine (0.05 J..Lg/kgl 
min) with the addition of a phosphodiesterase inhibitor is an 
effecdve pharmacologic cockrail ro promote cardiac inorropic 
state, lower systemic and pulmonary vascular resistance, and 
limit tad1ycardia. Other agents frequently used include dopa
mine, vasopressin, sodium nitroprusside, and nitroglycerin. 
Appropriate peliioperative analgesia and sedation are also 
important aspects of the patient's management.10 

Neurologic Outcomes 
With expectations of almost I 00% survival following smgery for 
CHD, emphasis ha~ been placed on the long-tem1 neurologic 
outcomes and quality of life of these patients. 1he potential for 
nemologic insult in children following CHD arises from the 
nature of their disease (e.g., cyanotic defects, low cardiac output 
srate, genetic syndromes, effects of cardiopulmonary bypass, cir
culatory arrest). There is also evidence to suggest that perhaps 
patients with CHD are genetically predisposed t<> neurologic 
insult. Recently, gestational age has been found to bean important 
factor to consider in the optimization of neurologic outcomes.' ' 

LESION OVERVIEW 

Defects Associated W'lth Increased 
Pulmonary Blood Flow 

Persistent Arterial Duct (Patent Ductus Arteriosus) 
A persistent arterial duct or PDA is a frequently encountered 
congenital cardiac condition. 1l1e arterial duct is necessary 

Left pulmonary 

Patent ductus 
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during gestation to shunt right ventricular blood away from the 
unventilated puJmonary vasculamre; ductal Aow is from the 
pulmonary artery to the aorta during gestation. At delivery, after 
the first breath of cl)e neonate, ductal flow reverses and becomes 
left to right in most individuals. Over the first several hours or 
days of postnatal life, the PDA closes sponraneously and is 
completely closed in most infants by 2 to 3 weeks of life. 

ln the absence of other congenital cardiac lesions
although a PDA may be present in association wid1 other struc
tmal cardiac conditions and may sometimes be necessary for 
systemic or pulmonary blood flow--a PDA becomes pathologic 
related to its presence and degree of left-to-right shunting. The 
amount of shunting produced relates to tbe size and geomerry 
of the duct and the pulmonary vasetdar resistance. A PDA may 
be responsible for a large Qp/Q~ and result in pulmonary over
circulation, left heart volume overload, and congestive heart 
fail me (CHF). A large unrestricted PDA will be associated wid1 
pulmonary hypertension; if left untreated, this will proceed to 
irreversible pulmonary vascular disease (Eisenmenger's syn
drome), ultimately proceeding to puLnonary and right heart 
failure, only treatable by puJmonary transplantation. Even with 
a small, pressme-restrictive PDA, there is an ongoing risk for 
pulmonary congestion and left heart volume ovcrloadi11g; endo
carditis is always of concern for even small PDAs. As such, 
closure is recommended for all PDAs. 

'TI1e gold standard of therapy for closure of PDA is surgery, 
usually accomplished through a left thoracotomy using ductal 
division, Ligation, or clipping (Fig. 59-6). 1his needs ro be a 
low-risk procedw-e associated with minimal potential for persis
tence. Nonetheless, d1e invasive nature of this proven method 
has led to the development of alternative strategies for ductal 
occlusion. From a surgical perspective, many PDAs are 

Incision 

Aortic arch 

FIGURE 59-6 Anatomic relationships of a patent ductus arteriosus, exposed from a left thoracotomy. (From Castaneda AR, Jones RA. 
Mayer JE Jr, Hanley Fl : Patent ductus arteriosus. In Castaneda AR, Jones RA, Mayer JE Jr, Hanley A.: Cardiac surgery of the neonate and infant, 
Philadelphia, 1994, WB Saunders.) 
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amenable to thoracoscopic clipping through very small port 
incisi.ons; robot-assisted PDA occlusion has been performed in 
many patients, with good results.12 At present, however, most 
PDAs are ocduded il1 the cardiac catheterization laboratory 
using occlusive devices. Even the repair of large defects i11 small 
babies bas been successfuUy addressed. The long-term effecrs of 
the devices remaining in the vascular tree are as of yet not fully 
understood; however, successful device closure appears to be an 
extremely effective and durable therapy.13 

A PDA irn an adult patient can be challenging. As noted , 
a long-standmg large PDA may be associated with puLnonary 
vascular disease. Clearly, a right-to-left shunt il1 a PDA is cause 
for significant concern and warrants further investigation. In 
adults with PDAs, the arterial wall may calcify, mal<ing an 
attempt at ligation or division hazardous. In these patients, 
ductal occlusion may require resection of the adjacent descend
ing aorta with patch grafting or short-segment graft replacement 
(Dacron). 

Aortopulmonary Septal Defect 
(Aortopulmonary Window) 
An aortopulmonary septal defect is a communication between 
the ascendi11g aorta and, usually, the main pulmonary artery. 
Thls is a rare defect; it relates to the common embryologic origil1 
of the arterial trunk and failure of complete separation into the 
aorta and pulmonary artery. Defects are classified by their .loca
tion: type r is proximal, just above the aortic sinuses; type II is 
more distal on ·the ascendmg aorta and often involves the origin 
of the righr pll!lmonary artery; and rype III is more distal and 
associated with a separate origin of the right pulmonary artery 
from d1e aorta (Fig. 59-7). An aortopulmonary septal defect may 
occur iJ1 isolation or in association with other conditions, includ
mg il1terrupted aortic arch (IAA) and anomalous origin of a 
coronary artery. Defects are typically large and responsible for a 
large left- to-right shunt with systemic pulmonary artery pres
sures. Children with this problem typically present with CHF, 
fai lure to tluive, and frequent respiratory infections. Diagnosis 
may be made by echocardiography, MRI, or catheterization. 

All aortopulmonary septal defects are surgically closed; tl1is 
lesion is nor amenable to catheter-based closure and such an 
attempt is hazardous. A small defect may be ligated througb a 
thoracotomy or mediaJl sternotomy approach, but this method 
is nor recommended because of significaJ1t risk for rupture 
or il1complete closure. Surgical closure is accomplished with 
cardiopulmonary bypass support. Options for closure i11clude 
complete division and separate patch repairs of the great vessel 
defects or a sandwich type of closure, using a patch ro consrruct 
a common interveni11g wall; both methods are effective (Fig. 
59-8). 

Atrial Septal Defect 
An isolated atrial septal defect (ASD) is one of the most common 
congenital cardiac lesions. The most frequently encotmtered 
ASD relates to a defect in the interatrial wal l, as defined by the 
fossa ovalis. The defect develops as the result of incomplete 
closure of tl1e embryologic patent foramen ovale; thus, the defect 
is a result of i11complete closure of the septum prim urn. Although 
the terminology can be confusing, these defects are typically 
termed secundum atrial septal defects. 1hcy present in a wide 
variety of configurations, rangil1g from smgle small defects to 
multiple fenestrations to complete absence of the septtllll 

LCA 
A 

B 

c 
FIGURE 59-7 Native anatomy and classification of aortopulmonary 
septa1 defect. A. In type I, the communication is between the ascend
ing aorta (Ao) and the main pulmonary artery (PA) on the posterior 
medial wall of the ascending aorta. The left main coronary artery 
(LCA) orifice may be close to the defect. 8, In type II, the defect is 
more cephalad on the ascending aorta. C. In type Ill, the defect is 
more posterior and lateral in the aorta. The communication is with 
the right pulmonary artery, which may be completely separate from 
the main pulmonary artery. (Adapted from Fraser CD: Aortopulmonary 
septaJ defects and patent ductus arteriosus. In Nichols DG, Unger
leider RM, Spevak PJ, et al [eds): Critical heart disease in infants and 
children, Philadelphia, 2006, Mosby. pp 664-666.) 

primum. The confines of the defect may extend from the NC 
orifice up co the superior atrial wall adjacent co the aortic root 
(Fig. 59-9). 

The primary patbophysi.ologic derangement in ASDs 
relates to a significant left-to-right shum m the setting of normal 
pulmonary vascular resistance. It must be emphasiud , however, 
that even ill the setting of a normal Rp, patients with ASDs are 
capable of transient right-to-left shunting, particularly during 
times of increased intrathoracic pressure. 1he effects of cl1ronk, 
large left-to-right shuntmg (in some patients producing a 
Qp/Q~ >3: 1) include right heart volume overloading and 

http://www.myuptodate.com


A 

8 

FIGURE 59-8 A, Surgical exposure of aortopulmonary (AP) septal 
defect includes a transverse indsion in the ascending aorta (Ao). 
B. Aortopulmonary septal defect is dosed by suturing a patch over 
the aortic side of the defect. PA, Pulmonary artery. (Adapted from 
Fraser CD: Aortopulmonary septal defects and patent ductus arterio
sus. In Nichols DG, Ungerleider RM. Spevak PJ, et al [eds]: Critical 
heart disease in infants and children, Philadelphia, 2006, Mosby, 
pp 664-666.) 

enlargement. Most children arc not overtly symptomatic but 
may exhibit some degree of exercise intolerance or frequent 
respiratory tract infection. Symptoms typically become more 
prevalent in adulthood and iJ1clude dyspnea on exertion, palpi
tations and, ultimately, evidence of right heart failw-e. Pulmo
nary vascular disease is not a typical finding in secundum ASDs, 
but one may demonstrate an ASD in a patient with primary 
pulmonary hypertension. A rare form of presentation relates to 
the potential of right-to-left shunting at the atrial level; the ever
present risk for paradoxical embolus and cerebrovascular acci
dent must be considered when recommending ASD closure. 

Most centers recommend ASD closure before school age. 
1he stru1dard therapy for ASDs since the late 1950s has been 
sw-gical closw-e using cardiopulmonary bypass support. The 
defect is closed using direct sutw-e closw-e, autologous 
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FIGURE 59-9 Types of atrial septal defects as vie\1\/ed through the 
right atrium-ostium secundum, ostium primum, and sinus venosus. 
(Adapted from Redmond JM. Lodge AJ: Atrial septal defects and 
ventricular septal defects. In Nichols DG, Ungerleider RM, Spevak PJ, 
et al [eds]: Critical heart disease in infants and children, Philadelphia, 
2006, Mosby, p 580.) 

pericardium, or prosthetic patch material (Fig. 59-10). This is 
an effective method, with a low associated perioperative risk, 
including the virtual absence of residual or recw-rent defects, as 
noted in one study.14 Minimally invasi.ve techn.iques for ASD 
closure have also gained popularity. 

TI1c potential for closing defects usiJ1g nonsw-gical methods 
has led to the development of catheter-based therapies, whicl1 
arc now being widely applied to large numbers of patients world
wide for the treatment of ASD.1hc most commonly used device 
is the Amplatzer septal occluder (St. Jude Medical, St. Paul, 
Minn) device, of nitin<>l metal mesh, which is placed percutane
ously ru1d delivered with echocardiographlc ru1d fluoroscopic 
guidaJlCC. Early reports have mdicatcd an acceptable rrocedure
related complication rate and successful closure rate.1 It is clear. 
however, that the long-term effects of having such a device ill 
mobile cardiac structures are not fully understood. Several recent 
reports have documented ru1 alarming incidence of device 
erosion through the atrial waiJ ru1d into the adjacent ascending 
aorta, as well as disruption of the conduction system! G. I? A 
recent case of late severe endocarditis mvolvmg a previously 
placed Amplatzer ASD device has highlighted the need for 
ongomg observation of the long-term consequences of placiJ1g 
large prosthetic devices into the circulation.18 

Sinus venosus atrial septal defects occur as the result of 
embryologic malalignmcnt between the superior vena cava 
{SVC) or NC. These defects are not associated with the ovale 
fossa ru1d arc frequently associated with partial anomalous pul
monary venous return. A superior sinus venosus ASD occurs 
high m the atrium, near the orifice of the SVC. TI:Us lesion is 
frequently associated with anomalous drainage of a portion of 
the right lung to the SVC. An inferior sinus venosus ASD is 
located low in the atrium, often extending into the NC orifice. 
1llis lesion is typically associated with anomalous pulmonary 
venous drainage of the entire right lung to the NC (potentially 
intrahepatic); pulmonary sequestration and ru1 abnormal sys
temic artery perfusing the right lower Lobe, with origin from tbc 
abdominal aorta, may also be present. [n patients with total 
anomalous pulmonary venous return (TAPVR) to the NC, the 
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FIGURE 59-10 Surgical closure for atrial septal defect. A. Right atri
otomy. 8 , Direct suture closure. C, Patch closure. D, Deairing the left 
atrium (LA). Ao, Aorta; CS, coronary sinus; PA, pulmonary artery; Tv, 

tricuspid valve. (Adapted from Redmond JM, Lodge AJ: Atrial septal 
defects and ventricular septal defects. In Nichols DG, Ungerleider RM, 
Spevak PJ, et al [eds): Critical heart disease in infants and children, 
Philadelphia, 2006, Mosby, p 583.) 

anomalous pulmonary vein may be readily obvious on a plain 
chest rawograph and has been described as appearing like a saber 
(scimitar syndrome), first described by Sabiston and Neill.19 

Surgery for sinus venosus ASDs is recommended for the 
same pathophysiologic reasons as secundum ASDs. The repair 
is not amenable to catheter techniques, and surgery is more 
complicated than for an isolated secundum ASD. Superior sinus 
venosus defects with partial anomalous pulmonary venous 
rewrn to the SVC may be treated with an intracardiac patch 
baffle; however. in the setting of high drainage of the anomalous 
pulmonary veins, an SVC translocation operation (Warden 

procedure) may be necessary.~0 Surgery for an inferior sinus 
venosus ASD with a scimitar vein can be more complicated, 
potentially involving the need for a patch baffle within the 
intrahepatic IVC, which may require periods of hypothermic 
circulatory arrest. 

Ventricular Septal Defect 
.A VSD is a pathologic communication involving a defect in tbe 
interventricular septum. Defects are classified in terms of their 
location and surrounding structures. Patient~ may be entirely 
asymptomatic, depending on the size and location of the VSD, 
along with associated lesions and pulmonary vascular resistance. 
In rbe setting of otherwise normal carwac morphology and 
appropriate pulmonary vascular resistance, the net shunt in 
patiems with VSD is left to right; the Qp/Qs is dependent on 
d1e slze of the defect and pulmonary resistance. Large defects 
result in large shunts, high right ventricular and pulmonary 
artery pressures, and significant pulmonary overcirculation, 
CHF, and left heart volume overload. in these settings, UJlrestric
tive pulmonary blood How exposes tbe patient to the risk for 
pulmonary vascular disease and Eisenmenger's syndrome. 

The ventricular septum can be best thought of in tem1s of 
d1e pathway of blood and associated carwac anatomy. Thus, the 
right ventricular (RV) aspect of the septum bas an inlet portion, 
mid muscular portion, apical, posterior, anterior, and outlet por
tions, and subaortic component. This knowledge aids in the 
dassi fication ofYSDs. Furthermore, defects are understood rela
tive to their embryologic origins and have varying propensities 
for spontaneous decreases in size or closure. 

Perimembranous Ventricular Septal Defect 
.A perimembranous VSD occurs as a defect in d1e membranous 
portion of the interventricular septum; its associated margins 
include the annulus of the tricuspid valve, the muscular septum, 
and potentially the aortic annulus. The defects may be large and 
have associated prolapse of the noncoronary or right coronary 
aortic valve cusps. Perimembranous VSDs exhibit a potential for 
spomaneous closure, particularly small defects presenting early 
iJl childhood. 

Muscular Ventricular Septal Defect 
Muscular VSDs occur in all aspects of the muscular interven
tricular septum. Margins of these defects are emitcly muscle. The 
lesions may be isolated or involve multiple openings in tl1e 
septum (so-called Swiss cheese septum). Small defects have great 
potential for regre.<oSion or spontaneous closure. 

Subarterial (Supracristal or Outlet) 
Ventricular Septal Defect 
Subarterial VSDs occur in association with the annulus of the 
aortic valve, pulmonary valve, or both. The defects are almost 
always associated with significant prolapse of the adjacent aortic 
valve cusp, usually the right coronary cusp, which may lead to 
significant cusp distortion, aortic valve insufficiency, and even 
cusp perforation. The only mechanism for spontaneous closure 
of these defects relates to the cusp prolapse and valve distortion 
and is generally not complete or a favorable arrangement. All 
d1ese defects are surgically closed because of the ongoing risk for 
aortic valve iJljury (Fig. 59-1 1 ). 

The inwcations for surgery to close VSDs relate to the size 
of the VSD, degree of shunting, and associated lesions. Thus, 

http://www.myuptodate.com


Membranous 
septum . . . 

Inlet 
septum 

. . . 
FIGURE 59-11 location of VSDs in the ventricular septum (view of 
the ventricular septum from the right side). 1, Perimembranous VSD; 
2, subarterial VSD; 3, atrioventricular canal-type VSD; 4, muscular 
VSD. (From Tche~nkov Cl, Shum-Tim D: Ventricular septal detect. In 
Baue AE, Geha AS, Hammond Gl [eds]: Glenn's thoracic and cardio
vascular surgery, ed 6, Stamford, Conn, 1996, Appleton & lange.) 

small babies presenting with large VSDs, refractory heart failure, 
and large shunts undergo surgical closure of the defects in the 
newborn period, irrespective of age or size. Other defects are 
addressed based on the ongoing concerns of left-w-right shw1t
iJ1g, aortic valve cusp distortion, and risk for endocarditis. 
Asymptomatic patients with evidence of significant shunts and 
cardiomegaly arc proposed for surgical therapy. Prophylactic 
closure of small defects u1 asymptomatic patients with normal 
cardiac size and function is advocated by some surgeons because 
of the lifelong risk for endocarditis and comparatively low risk 
for surgery. 

Although catheter-based therapies for some VSDs have 
been developed, particularly muscular defects, this mode of 
therapy is still not widely applicable to most VSDs.21 1l1e 
complex relationship of many defects, illcludmg close associa
tion with the aortic valve and cardiac conduction tissue, makes 
the existing technology less than ideal. At present, surgery 
remains the primary mode of therapy for VSD closure. Defects 
are approached with the aid of cardiopulmonary bypass support 
and may be closed with various materials, illcludi.ng autologous 
pericardium (our preference), Dacron, polytetraBuoroethylene 
(fYfFE), and homograft material. Surgical closure ofVSDs is a 
low-risk procedure with a high expectation of complete dosure.22 

Challenging anatomic situations such as Swiss cheese septum or 
multiple apical muscular VSDs may be initially palJjated by 
limiting pulmonary blood flow with a pulmonary artery band 
and deferrillg corrective surgery to later in life. 

Atrioventricular Septal Defect 
(Atrioventricular canal Defect) 
Atrioventricular septal defects (AVSDs) are a complex constella
tion of cardiac lesions illvolvillg deficiency of the atrial septum, 
ventricular septum, and atrioventricular valves. 1l1is lesion 
results from an embryologic maldevelopment iJwo.lving the 
endocardial cushions; thus, the term endocardinL cushion defect 
is often applied. AVSDs may be partial, involving no ventricular 

CONGENITAL HEART DISEASE CHAPTER 59 1621 

rw.."""'J'~<- Bridging 
portion 
of LIL 

A Normal valves B "Partial A-V canal" 

"Rastelli A" "Rastelli B" "Rastelli C" 

C "Complete A-V canal" or "common A-V orifice" 

FIGURE 59- 12 Rastelli classification type A, B, or C. The difference in 
valve morphology in a normal (A). partial (B). and complete (C) canal 
defect is illustrated. AL, Anterior leaflet; A-11, atrioventricular; Mil, mitral 
valve; PL, posterior leaflet; RIL, right inferior leaflet; RLL, right lateral 
leaflet; RSL, right superior leaflet; TV, tricuspid valve. (From Kirklin JW, 
Pacifico AD, Kirklin JK: The surgical treatment of atrioventricular canal 
detects. In Arciniegas E [ed]: Pediatric cardiac surgery. Chicago, 1985, 
Year Book Medical.) 

level component, intermediate or transitional, involving a small 
restrictive VSD, or complete, involving a large nonrestrictive 
VSD. 1l1e atrioventricular valve tissue is always abnormal iJ1 
AVSD, although there is great illdividual variability in terms of 
the severity of the valvular malformation and thereby valve fwK
tion. Complete AVSDs are frequently seen ill patients with 
trisomy 21, but do occur in patiems with normal chromosomes. 
l11e morphology of the septal defects in tllis condition is differ
ent than that previously discussed. The ASD i.n tllis defect is 
termed a primum ASD and is distinctly separate from the ovale 
fossa. There is displacemem of the atrioventricular node and 
bw1dle of His to the inferior aspect of the primum defect and 
atrioventricular jtmction. a feature of critical importance during 
surgical repair. Patients with AVSD have an inlet VSD, whicb 
may extend into the subaortic region and have a component of 
septal malalignmenr. The chordal support of d1e atrioventricular 
valves has a variable relationship to the interventrictLiar septum. 
1l1c relationship of the chordal support ru1d superior bridging 
component of d1e left atrioventricular (AV) valve have been used 
to classify complete AVSD, as described by Rastelli ru1d associ
ates23: type A with superior leaflet and el1ordal support commit
ted to the left side of the ventricular septum; type B with 
straddling, shared chordal support; ru1d type C with a HoatiJ1g 
left superior leaflet component ru1d chordal support on the right 
side of the ventricular septum (Fig. 59-12). 

Patients with complete AVSD typically present in i.nfancy 
with large left-to-right shunts, cardiomegaly, and CHF. Without 
surgical treatment, patients exhibit severe failure to thrive, a 
susceptibility to severe respiratory infections, and potential for 
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early development of pulmonary vascular disease. Smgical repair 
is recommended in infancy (usually before 6 months oflife) but 
may be necessary in the newborn period for neonates with 
refractory heart failure, especially in association with aortk arcb 
anomalies. Patiems with partial or Lntermedtate defects may have 
the surgery deferred until later in childhood, depending on the 
degree of atrial level shunting and presence of atrioventricLLiar 
valve regurgitation. AVSD may also present iJl unbalanced 
forms, with domlnru1ce of right- or left-sided components. In 
severely affected individuals, biventricular repair is not feasible, 
and patients are managed along a single-ventricle pathway. 
AVSD may also be found in association with TOF; this combi
nation is associated wid1 cyanosis and repair is more challenging 
than for either condition considered in isolation. 

Surgery is. the primary mode of therapy for patients with 
AVSD. Operative goals include complete:: closure of ASDs and 
VSDs and effective use of availab.le AV valve tissue to achieve 
valve competence. As noted, the inferiorly displaced conduction 
tissue must be p rotected to avoid the complication of surgically 
induced AV blocl< (Fig. 59-13). Patients arc approached with 
the aid of cardiopulmonary bypass support. TI1e atrial and ven
tricular septal components are d osed with a common patch 
(single-patch method) or separate patches (two-patch tech
nique). We beJjeve the two-patch method to be superior Ln 
preserving AV valve tissue (Fig. 5Y-14).14 1be cri tical component 
of the repair lies in the valve repair; rypically, after suspending 
the valve tis.~ue to the reconstructed septun1, the line of coapta
tion between the superior and inferior leafier components (cleft) 
is closed. However, care must be exercised ro avoid valvular 
stenosis. 

Pcrioperative care is predicated on an accurate and hemo
dynamically favorable repair. Patients with long-standing 
pulmonary overcircu1ation may have a potential for early peri
operative pulmonary hypertensive crisis. This may require 
therapy, indudling continuous sedation, hyperventilation and, 
possibly, inhaled nitric oxide. 

Adult Patient With Atrioventricular Septal Defed 
A number of patients wi th partial or transitional AVSD survive 
well 'into adulthood without surgery. 1l1ese patients have vari
able modes of presentation but may exhibit severe exercise intol
erance, evidence of right heart dysfLLnction, some elevation of 

Edge of atrial 
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FIGURE 59-13 Position of the conducting system in complete atrio
ventricular canal defect (CAVQ. The anatomic relationships and mor
phology of the common atrioventricular (A-V) valve are shown. The 
view is through a right atriotomy. Ao, Aorta; 88, left bundle branch; 
CS, ooronary sinus; LIL, left inferior leaflet; ill, left lateral leaflet; 
LSL., left superior leaflet; PA, pulmonary artery; P8, penetrating bundle; 
R88, right bundle branch; RIL., right inferior leaflet; RLL, right lateral 
leaflet; RSL, right superior leaflet. (From Bharati S, Lev M, Kirklin JW: 
Cardiac surgery and the conducting system, New York, 1983, Churchill 
Livingstone.) 
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FIGURE 59-14 Two-patch closure of complete atrioventricular canal detect. A. A ventricular septal patch is placed first and a separate patch is 
used to close the ASD component. 8, Note the position of the coronary sinus and conducting system relative to the ASD patch suture line to 
avoid injury to tlhe AV node. (From Kirklin JW, Barratt-Boyes BG: Cardiac surgery, New York, 1986, Churchill Livingstone.) 

http://www.myuptodate.com


pulmonary vascular resistance and, possibly, atrial dysrhythmias, 
including atrial fibrillation. In such late-presenting patients, 
cardiac catheterization is often recommended to rule out occult 
coronary artery lesions and evaluate pulmonary vascular resis
tance. Nonetheless, in the absence of obvious surgical contrain
dicadon, surgery is recommended for adults with unrepaired 
AVSD to eliminate the chronic left-to-right sl1w1t and repair the 
typicaUy insufficient atrioventricular valves. 

Od1er patients are now presenting wclJ into adulthood with 
previously repair·ed AVSDs. 'TI1ese patients may have a widely 
disparate constellation of findings, including atrial and vcntdcu
lar dysrbythruias, valvular insufficiency or stenosis, and right 
heart dysfunction. ln many of them, secondary reparative 
surgery may become necessary. Furthermore, in the setting of a 
patient with remotely repaired AVSD requiring noncardiac 
surgery, it must be expected that there arc potential ongoing 
hemodynamic concerns that will affect the peri operative course. 

Persistent Arterial Trunk {Truncus Arteriosus) 
Truncus arteriosus or persistent arterial trunk results from failure 
of ~eparation of the embryonic arterial trunk and ~cmilunar 
valves. [t is almost always associated with a large nonrestr.ictive 
VSD, is typically pcrimembranous, and is associated with 
varying degrees of truncal override of the interventricular 
septum, including 100% association of the trunk with the right 
ventricle. The condition is classified by the relationship of the 
origins of the pulmonary arteries: in type 1 truncus arteriosus, 
there is a demonstrable common main pulmonary artery with 
subsequem origins of the brancll pulmonary arteries; in cype rr 
truncus arteriosus, the brancl1 pulmonary arteries arise closely, 
but separately, from the tmnk; and in type ll1 arteriosus, the 

CONGENITAL HEART DISEASE CHAPTER 59 1623 

branch pulmonary arteries are widely separated in origin on d1e 
ascending aorta (Fig. 59-15). 

In distinction to aortopulmonary septal defects, patients 
wid1 truncus arteriosus have a single-outlet valve of highly vari
able morphology. The valve may have a nom1al appearance, with 
three well-formed and distinct cusps similar ro those of a normal 
aortic valve. In other patients, the truncal valve may be severely 
malformed, with m ultiplc cusps, dysmorphic leaflets, and abnor
mal commissural relationships. The tnmcal valve morphology 
and function have significant bearing on patient symptoms and 
the difficulty of surgery. Patients with truncus arteriosus fre
quently have coronary ostial abnormalities, including juxtacom
missural origin and intramural course. There is an associated 
interruption of the aortic arch in as many as 25% of newborns 
presenting with truncus. Abnom1alities of thymic genesis, T cell 
function, and calcium homeostasis may frequently be seen in 
this group of patients in association wid1 a chromosorne 22 
deletion {DiGeorge syndrome). 

Patients with truncus arteriosus present in the newborn 
period with unrestricted pulmonary blood flow and systemic 
pulmonary artery pressure. With the expected postnatal decrease 
in pulmonary vascular resistance, massive pulmonary overcircu
lation, and CHF, patients may exhibit a wide pulse pressure 
because of diastolic runoff of blood into the pulmonary vascu
lature. lhis situation will be further exacerbated in the setting 
of significant truncal valve insufficiency, resulting in poor 
systemic perfusion and cardiovascular collapse. Some infants 
can be initially managed with medical decongestive therapy 
(e.g., diuretics, angiot<::nsin-converting enzyme inhibitors, and 
digoxin) and fortified nutdtional support (through gastric intu
bation); however, tllis is a precarious arrangement. In cl1e few 

Collett and Edwards 

Type I Type II Type Ill 

Van Praagh 

TypeA-1 TypeA-2 TypeA-3 Type A-4 

FIGURE 59-15 Collett-Edwards and Van Praagh dassification systems for persistent truncus arteriosus (see text for details). Ao, Aorta; MPA, 
main pulmonary artery; LPA, left pulmonary artery; RPA, right pulmonary artery. (Adapted from St louis, JD: Persistent truncus arteriosus. In 
Nichols DG, Ungerleider RM, Spevak PJ, et al [eds): Critical heart disease in infants and children, Philadelphia, 2006, Mosby, p 690.) 
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individuals who survive infancy, irreversible pulmonary vascular 
disease develops rapidly and patients become inoperable. In 
other patients, refractory CHF results in poor weight gain, respi
ratory insufficiency, and susceptibility to infection. In many 
newborns with unrepaired tmncus arteriosus, the profound 
hemodynamic compromise places the pariem ar high risk for 
necrotizing enterocolitis {NEC). Patients with truncus arteriosus 
and lAA have ductal-dependent systemic blood flow. They arc 
therefore dependent on IV PGEl to maintain ductal patency 
until they undergo repair. Given these considerations, it is rec
ommended that most newborn patients undergo repair in their 
first several weeks of life. 

The surgical repair is performed on cardiopulmonary bypass 
support. Components of cl1e repair include division of tbe 
common trunk and reconstruction of confluent central branch 
pulmonary arteries. The large VSD is closed with a patch, typi
cally through a right ventriculotomy. In patients with abnormal, 
insufficient uuncal valves, a valve repair may be necessary. lt is 
unusual to bave to replace the trwKal valve at the initial opera
tion; most valves can be at least partially repaired to provide cl1e 
patient wicl1 an adequate aortic valve. Right ventricle-pulmonary 
artery continuity must then be established. Most surgeons prefer 
to interpose a valved conduit between cl1c right ventriculotomy 
and pulmonary artery bifurcation (Fig. 59-16). 

A 8 

C VSD 
repaired 

FIGURE 59-16 Surgical repair of truncus arteriosus. A. Origin of 
truncus arteriosUis is excised and the truncal defect closed with direct 
suture. The incision is made high in the right ventricle (RV). B. VSD 
is closed with a prosthetic patch. C. Placement of a valved conduit 
into the pulmonary arteries. D. Proximal end of conduit is anasto
mosed to the RV. LPA, Left pulmonary artery; RPA, right pulmonary 
artery. (From Wallace RB: Truncus arteriosus. In Sabiston DC Jr, 
Spencer FC [eds]: Gibbons surgery of the chest, ed 3, Philadelphia, 
1976, WB Saunders.) 

Conduit options are .linllted and include homograft 
{pulmonary artery or aorta, valved) or heterograft {bovine 
or porcine). Experience with a commercially available, 
glutaraldehyde-preserved, bovine jugular vdn valved conduit 
(Contegra, Medtronic, Minneapolis) has been encouraging.25 

Successful rruncus arreriosus repair in infants using a direct 
hooded anastomosis between cl1e pulmonary artery bifurcation 
and right ventriculotomy has also been reported.26 Unfortu
nately, no currently available option offers the patient me life
time solution of a connection capable of somatic growcl1 along 
wicl1 a competent, durable pulmonary valve. 'TilUs, it is expected 
mat all Wants undergoing successful truncus repair will require 
multiple subsequenr cardiac surgeries as mey outgrow mei.r 
current right ventricle-pulmonary artery conduit. Recent expe
rience with a percutaneously delivered, cacl1cter-mounted pul
monary valve bas been encouraging as an interim solution for 
these patients in an effort to limit the number of required cardiac 
rcoperations?~ 

A growing number of adults have been surviving after 
childhood truncus arteriosus repair. It is dear iliat all cl1esc 
patients require diligent longitudinal cardiology surveillance and 
cl1at many will require reoperation. lssues of concern include late 
ventricular dysrhythmias. often related to surgical scarring from 
ilie previous right ventriculotomy, branch pulmonary artery ste
nosis , stenosis or insufficiency of the right ventricle-pulmonary 
artery conduit, trw1cal valve insufficiency, and right ventricular 
dysfun ction.28 

Abnormalities of Venous Drainage 

Total Anomalous Pulmonary Venous Return 
TAPVR results from embryonic failure of connection of the feta\ 
pulmonary venous sinus to the left atrium. This fatal condition 
has a spectrum of clinical presentations and may be associated 
with addi tional complex structural cardiac disease, including a 
single ventricle. In TAPVR, pulmonary venous return may take 
one of several pathways to return eventually to the right heart. 
IrlltiaJ survival is predicated on an unobstructed pathway and 
unrestricted atrial level communication so that sufficient intra
cardiac mixing affords me patient adequate systemic oxygen
ation. Patients wicl1 TAPVR are desatLLrated to varying degrees, 
depending on the adequacy of the anomalous pathway, atrial 
mixing, and pulmonary funcdon. The abnormal venous connec
tion drains in several typical patterns. 

In supracardiac TAPVR. d1e pulmonary veins drain to a 
vertical vein, which courses in a cephalad direction tO join a 
systemic vein. In the most common variation, the vertical vein 
courses anterior to the left pulmonary artery to join d1e left 
innominate vein. This vein may cou.rse posterior to the left 
pulm.onary artery, resulting in compression of the pulmonary 
venous pacl1way between the left pulmonary artery and left 
main stem bronchus (so-called pulmonar_y artery vise). TI1e verti
cal vein may also join the SVC or azygos vein. In intracardiac 
TAPVR, cl1e pulmonary veins drain into the coronary sinus and, 
i.n most cases in which the coronary sinus is in tact, into the right 
atrium. This variant is rarely obstructed and may not be diag
nosed unrillater in life in some patients. In Wracardlac TAPVR, 
cl1e vertical veins descend iJ1 a caudal direction through cl1e 
diaphragm to join the embryologic ductus venosus, and then 
through me liver to joi.n cl1e IVC. This variation is almost always 
obstructed at some level (Fig. 59-17). In mixed TAPVR, the 
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FIGURE 59-17 Types of total anomalous pulmonary venous connection (TAPVC). A. Supracardiac type with a vertical vein joining the left 
innominate (U) vein. 8, lntracardiac type with connection to the coronary sinus. C. lnfracardiac type with dra inage through the diaphragm 
through an inferio:r connecting vein. CS, Coronary sinus; D\1, ductus venosus; LA, left atrium; LV, left ventricle; RA, right atrium; R\1, right ventricle. 
(From Hammon JW Jr, Bender HW Jr: Anomalous venous connections: Pulmonary and systemic. In Baue AE [ed]: Glenn's thoracic and cardiac 
surgery, ed 5, Norwalk, Conn, 1991, Appleton & lange.) 

puJmonary venous pathway drains in several pathways to reach 
the heart. Frequently, in mhed TAPVR, one or several pulmo
nary veins will connecr to the SVC, with others draining to an 
infracardiac or supracardiac connection. 

Obstruded Total Anomalous Pulmonary Venous Return Obstructed 
TAPVR is one of the few true surgical emergencies in congenitaJ 
heart surgery. It is diagnosed with transthoracic echocardio
graphic evaluation when the condition is suspected. The condi
tion occu.rs when one of the drainage patterns noted earlier is 
obstructed, resulting in severe pulmonary venous hypertension. 
Secondary effecrs include pulmonary edema, puJrnonary artery 
hypertension, and profound hypoxemia. lnterstitial pulmonary 
emphysema and frank pneumothorax may develop while 
attempting vigorous ventilatory support in profow1dJy desatu
rated children. Patients with obstructed TAPVR may present 
within hours of !birth in extremis and will not respond to resus
citative efforts. 1l1e only useful therapy is rapid surgical repair, 
irrespective of the severity of the patient's preoperative status. 

For other forms of TAPVR, elective surgical repair is 
recommended after the condition is diagnosed. On occasion, 
the diagnosis is not made wHil later in childJ10od in patients 
with an unobstructed vertical vein and widely patent atrial 
communication. These patients tmdergo elective repair to relieve 
the cyanosis, intracardiac mixing, and rigbt beart volume 
overload. 

Surgical repair ofTAPVR requires cardiopuJ.monary bypass 
support; often, periods of profound hypothermia and circula
tory arrest are necessary. The principles of repair include identi
fication uf the pulmonary venous confluence and indjvidual 
puJmonary veins. An anastomosis is constructed between the 
venous confluence and left atrium using a superolateral29 

FIGURE 59-18 A. Repair of supracardiac total anomalous pulmonary 
venous connection (TAPVC) through a superior approach. B. Repair 
of infracardiac TAPVC. Elevating the apex of the heart to the right side 
exposes the left atrium and pulmonary confluence. Anastomosis is 
created as shown. (From lupinetti FM, Kulik TJ, Beekman RH, et al: 
Correction of total anomalous pulmonary venous connection in 
infancy. J Thorac Cardiovasc Surg 106:88o-885, 1993.) 

approach, with the heart reflected to the patient's right, or an 
incision directly through the interatrial septum and correspond
ing region of the posterior right atrial waiL TIK· ASD and PDA 
that is typically present are dosed as weU (Fig. 59-18). 

Cor Triatriatum Cor triatriatum is a rare condition in which the 
pulmonary veins enter a chan1ber posterior to the left atrium 
with a .small connection to the right or lefr atrium. These patients 
exhibit evidence of pulmonary hypertension and variable 
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desaturation. Surgical decompression is necessary to relieve the 
pulmonary venous obstruction; this is accomplished by resection 
of the membrane between the pulmonary venous chamber and 
left atrium. 

A dreaded consequence ofTAPVR occurs when there is a 
progressive, malignant sclerosing process involving rhe individ
ual pulmonary veins. This process may be initiated by inaccurate 
surgery resulting .iJl obstruction of the venous confl uence and 
individual veins, or it may progress independently of surgical 
manipulation. It may progress to intrapulmonary pulmonary 
venous stenoses. A technique to deal with the individual pulmo
nary venous stenoses uses a pedicled flap of adjacent pericardium 
to augment the pulmonary venous orifices (suturdess tech
nique), but this method is not applicable to alJ patients with 
pulmonary venous obstruction. Catheter-ba<;ed dilation and 
scenting have !been attempted in this setting but have been 
largely unsuccessful. In the most severe cases, the only meaning
ful surgical option is lung transplantation. 

Anomalous Systemic Venous Drainage 
Congenital abnormalities of systemic venous drainage may 
occur in isolation or in a~sociation with other signi6cam struc
tural cardiac defects. ln the setting of an ocl1crwise normal heart, 
the anomaly is frequently not of physiologic significance. The 
most common example is a persistent left SYC draining to the 
coronary sinus. [n the absence of an intracardiac communication 
or unroofu1g of the coronary s.inus, this is of ru1atomic signifi
cance only. In many cases, a persistem left SVC occurs, with 
absence of a communicating innominate vein. This becomes 
important in situations of mechanical occlusion, which may be 
seen with trauma or chronic venous intubation wicl1 thrombosis. 
It is not infrequent for a persistent left SVC to be incidentally 
discovered after placement of a left internal jugular central line, 
which is apparently found to track into the heart on plain chest 
radiography. A persistent left SVC becomes more significant in 
patients requiring intracardiac or extracardiac surgery. [f the left 
SYC drains to an unroofed coronary sinus in a patient undergo
ing atrial septation, the patient will be profotmdly desaturated 
after surgery. TI:tis situation requires reconstruction of the coro
nary sinus or some other method to reroute the left SVC to the 
right atrium. 

An interrupted rvc usualJy occurs in association witb 
other structural cardiac disease. The IVC drainage i11 dlis sertiJ1g 

is to the azygos (azygos continuation) or bemiazygos vein and 
ultimately the SVC. In these patients, the hepatic veins drain 
into the atrium as a common confluence or as individual veins. 
The physiologic significance of interrupted IVC relates to the 
coexisting cardiac lesion and necessity of appreciating me abnor
maliry of systemic venous drainage in performing corrective 
surgery. b1 patients requiring noncardiac surgery or catheter 
intervention, the presence of an interrupted rvc is noted when 
aJl atrempt is being made to pass a venous catheter &om tl1e 
groin into the heart. 

Cyanotic Congenital Heart Disease 

Tetralogy of Fallot 
TOF is a common form of cyanotic CHD ru1d is probably the 
most studied lesion in tl1e era of surgical correctio11 for CHD. 
Many believe mat the Johns Hopkins Hospital was the bi.rm
place of cardiac surgery. The first successful palliative operation 
forTOF was performed by Blalock in November 1944, assisted 
by Ius laboratory technician.' Blalock was encouraged by Taussig. 
the matriarch of pediatric cardiology (Fig. 59-19). Until rather 
recently, some degree of controversy has surrounded me relative 
degree of contribution by these three individuals in bringing this 
historical event to fruition. In actuality, alJ three were significant 
participants in this momentous medical advance. While working 
at Vanderbilt Medical School, Blalock had charged his young 
ru1d capable laboratory tecllJlician, Vivien Thomas, wi th the 
developmem of a surgical model of pulmonary hypertension. 
Thomas and Blalock developed a memod of ru1astomosing tl1e 
left subclavian artery to the divided left pulmonary artery in a 
canine model. Specifically, Thomas worked out the technical 
details, iJ1duding craftiJlg the necessary surgical iJ1struments, 
and mastered the operation. This work did not produce tl1e 
desired effect; in fact, canine pulmonary vascular re,.,istance is 
almost infinitely low, and the animals did not develop a hyper
tensive pulmonary vasculatme. Nonetheless, the tech1lique was 
developed and published some 10 years in advance of tbe clinical 
application in 1944. 

Blalocl< subsequently becan1e tl1e Chair of Surgery at Johns 
Hopkins. Taussig had, by that time, established a reputation as 
a meticulous diab>nostician of complex congenital heart lesions. 
She bad a large clinic of desperately ill children with disabling 
cyanosis, so-calJed blue babies. At her suggestion (and probably 

FIGURE 59-19 Drs. Alfred Blalock, Helen Taussig, and VIVien Thomas. 
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her insistence), Blalock was convinced to attempt a surgical pal
liation for TOF by constructing the subclavian to pulmonary 
artery anastomosis in a human that had been perfected in the 
research laboratory (Fig. 59-20). Blalock performed d1e opera
tion in conditions and with iJlStruments that would be consid
ered extremely crude by roday's standards. 1l1omas stood 
immediately behind Blalock during d1at operation and many 
subsequent cases. providi11g instruction and encouragement. 
The clinical success was an earth-shattering event; literally hun
dreds of patients subsequently traveled to Johns Hopkins for 
surgical treatment and d1c era of cardiac surgery was ushered 
in. (These historic accounts are factual, me resuJt of personal 
inrcrviews with many of those iJ1 attendance at that evenr, 
including Drs. Vivien Thomas, Taussig, J. Alex Haller, and 
Denton Cooley.) 

The historic account of the development of the BT shunt 
has reJevaJlCC tO me practice of congenital heart surgery today. 
First, it is important that the facts surrow1ding this achievement 
are acknowledged. Second, this remarkably simple concept still 
remains a frequently applied technique for chiJdren with inad
equate pulmonary hlood flow. Finally, over almost 75 years of 
treatment ofTOF, d10usands of patients have been successfully 
treated, but most arc not cured; many require subsequent 
reoperative cardiac surgery, even after complete repair. 

1l1e anatomic hallmark ofTOF is anterior malalignment 
of the infundibular septum, whicll leaves a deficiency i.n the 
subaortic region- a malalignment VSD. 1l1is is usually peri
membranous, large, and pressure-nonrestrictive. The relative 
degree of malalignment influences me relationship of the aorta 
to the interventricular septum, producing varying degrees of 
aortic override. 1l1e deviated infundibular septum produces 
varying degrees of RYOTO. 1l1e path of pulmonary blood flow 
may be impeded at a number of levels, including ilie infundibu
lum, pLLimonary valve and annulus, and main and branch pul
monary arteries. Secondary right ventricular hypertrophy occurs 
relative co me degree and duration of me ohstruction and is 
progressive, contributing to the propensity for d1e lesion to 
worsen over time (Fig. 59-21). 

1l1e pathophysiology ofTO.F relates to shunting of desar
urated, systemic venous blood mrough me VSD to mix with 
the systemic cardiac output. The greater d1e degree of obstnac
tion ro pulmonary blood Aow, the larger me right- ro-lefr shunt 
ru1d dlereby the worse dlc dcsaruration. There are several modes 
of presentation. Newborns wid1 TOF and severe RVOTO may 
present soon after birth with profotmd cyanosis; some require 
PGEl to maintain ductal patency for ade<juate oxygenation. 
1l1e other end of d1c spectrum is iJ1 chiJdrcn with little infun
dibular obstruction and normal puLnonary valve and branch 
pulmonary arteries. These patients may have net left-to-right 
flow through the VSD, occasionally to the extent that d1cy 
experience pulmonary overcircuJarion and CHF (so-called pink 
TOF). Most clilldren present between d1esc extremes; ru1 iJli
tially nu[d (0 moderate degree of infLtnrubu[ar Stenosis prO
gresses over time to become severe with worseniJ1g desaruration. 
A TOF spell occurs when there is ru1 acute change in the cardiac 
U10tropic State, o ften in me setting of agitation and dehydra
tion. 'll1e Wundibular stenosis acutely worsens and patients 
become profoUlldly desaturated; this may be an extren1ely 
serious event, leading to brain damage or death. Acute treat
ment modalities include sedation. hydration, systemic :afrerload 
augmentation (o:-adrenergic agonises), beta blockade to reduce 
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Left pulmonary a. 

FIGURE 59-20 Blalock-Taussig shunt 

Malalignment 
VSD 

FIGURE 59-21 Anatomy of tetralogy of Fallot A malalignment VSD, 
aortic override, RVOTO, and subsequent right ventricular hypertrophy. 
Ao, Aorta; PA, pulmonary artery. (Adapted from Davis S: Tetralogy of 
Fallot with and without pulmonary atresia. In Nichols DG, Ungerleider 
RM, Spevak PJ, et al [eds]: Critical heart disease in infants and chil
dren, Philadelphia, 2006, Mosby, p 756.) 

dle iJ10tropic state, ru1d even endotracheal intubation widl sup
plemental mspired oxygen. 

The natural history of untreated TOF is dismal, with most 
children succumbiJ1g to d1e ravages of progressive cyanosis 
before 10 years of age. Surgery remaiJ1S d1e mainstay of d1erapy. 
Medical and cad1erer-based merapy may be used co temporize, 
hut TOF is a surgical disease. The principles of surgical correc
tion include patch closure of the VSD and relief of alJ levels of 
the RVOTO ru1d puLnonary artery stenosis. The classic med10d 
ofTOF repair uses a longitudinal incision through the RVOT; 
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this provides an excellent transventricular view of the VSD, 
which is closed with a patch. The pulmonary artery, pulmonary 
valve, and annulus are incised if stenotic and then the RVOT is 
patched. 'This method was used for many years but has tbe 
complicating feature of the long ventriculotomy, with attendant 
righr vemricular dysfunction and often severe pulmonic insuf
ficiency {Fig. 59-22). An alternate method, cl1e transatrial or 
transpulmonary• approach, first proposed by lmai, has gained 
popularity. [n thls method, the VSD closure and RVOT resec
tion are accOm[plished through a right atriotomy via the tricus
pid valve. TI1c main pulmonary artery and pulmonary ruuwlus 
are only incised if stenotic, but there is no trru1smural infun
dibular incision. Thls method is technicaUy more demanding 
cl1an the classic method but may offer the patient improved 

FIGURE 59-22 Long right ventriculotomy in a dassic transventricular 
approach. (From Morales DL. Zafar F, Heinle JS: Right ventricular 
infundibulum sparing (RVIS) tetralogy of Fallot repair: A review of over 
300 patients. Ann Surg 250: 611--617, 2009.) 

A 

long-term RV function (Figs. 59-23 to Flg. 59-25).1he approach 
has been further developed as an RV infundibulum-sparing 
(RVIS) strategy cl1at focuses on minimjzing the RV incision and 
preserving the pulmonary valve. TI1e RVIS strategy includes an 
algoriclun for optimal timiHg of the repair cl1at considers the 
individual patient's weighr, age, and overall clinical picture (Fig. 
59-26). Midterm results with this approach have demonstrated 
preserved RV function.30 

The long-term sequelae ofTOF repair have been unfold
ing. It is dear that for most patients, successful cl1ildl1ood repair 
ofTOF docs not translate into a cure. As patients age aftcrTOF 
repair, long-term complications may develop. Patienrs with long 
RVOT incisions (crru1sa1U1ular) wW by necessity have severe 
pulmonary insufficiency and a noncontractile inftmdibulum. 
Over time, the effects of chronic right heart volume overload 
include right ventricle dilation and decreased function, often 
with progressive tricuspid insufficiency and elevated central 
venous pressure. These patients may present with hepatomegaly; 
peripheral edema, and severe exercise intolerance. Dysrhythmias 
may frequently occur; patients with Large right ventriculotomks 
develop endocardial scarring, which may be the substrate for 
ventricular tachycardia. Chronic right atrial dilation may ulti
mately lead to atrial dysrhytbmias, including atrial tachycardia 
ru1d fibrillation. Relative to these and other potential issues after 
TOF repair, patients require careful and lifelong medical 
follow-up. Many will need re-intervention; this is frequently the 
case in patients with chronic, severe pulmonary insufficiency; 
which is indicated when rlgbt ventricle dilation and dysfunction 
become significant. In these patienrs, placing a competent pul
monary valve will be necessary to relieve cl1ronic right ventricle 
overload. TI1esc issues arc of particular importance to the patient 
with repaired TOF presenting for noncardiac surgery. A careful 
assessment of the patient's cardiac Matomy ru1d function is 
performed, including echocardiography, Holter monitoring 
and, on occasion, cardiac catheteri7..ation. 

Pulmonary Atresia and lntad Ventricular Septum 
Pulmonary atresia wicl1 ru1 intact ventricular septum (PA-IYS) 
presents with profow1d desaturation and ductal-dependent pul
monary blood flow in newborns. The cardiac morphology in this 

FIGURE 59-2l A. Surgeon's view through a transatrial incision in the transatrial/transpulmonary approach. B. RVOT muscle resection through 
the right atriotmmy. (From Morales DL. Zafar F, Heinle JS: Right ventricular infundibulum sparing (RVIS) tetralogy of Fallot repair: A review of 
over 300 patients. Ann Surg 250:611-617, 2009.) 
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FIGURE 59-24 VSD patch closure with pledgets around the defect 
and on to the tricuspid valve annulus to avoid the conduction system. 
(From Morales DL. Zafar F, Heinle JS: Right ventricular infundibulum 
sparing [RVIS] tetralogy of Fallot repair: A review of over 300 patients. 
Ann Surg 250:611- 617, 2009.) 

FIGURE 59-25 Mini-transannular incision in the transatrial
transpulmonary approach. (From Morales DL.. Zafar F. Heinle JS: Right 
ventricular infundibulum sparing [RVIS] tetralogy of Fallot repair: 
A review of over 300 patients. Ann Surg 250:611- 617, 2009.) 

condition varies widely. On the most severe end of the spectnun, 
patients have very small right ventricles, tiny tricuspid inlets, 
and often a righ r ventricle-dependent coronary circulation. ln 
these cases, the right ventricle must remain hypertensive to 
provide flow to these segments of the coronary circulation. At 
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FIGURE 59-26 Algorithm for the right ventricular infundibulum
sparing (RVIS) strategy. The goal of this strategy is to minimize the 
RV incision and preserve the pulmonary valve. It is an individualized 
approach that considers the patient's weight, age, and overall clinical 
picture. (From Morales DL.. Zafar F. Heinle JS: Right ventricular infun
dibulum sparing [RVIS] tetralogy of Fallot repair: A review of over 300 
patients. Ann Surg 250:611 -617, 2009.) 

the other end of the anatomic spectrum, patients have a rela
tively normal tricuspid valve and rigbt ventricle. Most patients 
fall in between these extremes, with some degree of tricuspid 
valve and right vemricle underdevelopment. 

Because patients are ductal-dependent at birth, an assess
ment must be made as to whether the right heart will be capable 
of ultimately supporting a biventricular circulation. If the coro
nary circulation is truly right ventricle-dependent, decompress
ing the right ventricle will result in coronary insufficiency. In 
these situations, a palliative BT shunt will be created in anticipa
tion of promoting the patient down a single-ventricle pathway. 
In other patients, the atretic pulmonary valve must be opened 
with percutaneous balJoon dilation or open surgical valvotomy. 
Over time, the hypertensive, often apparently underdeveloped 
right ventricle wiJI improve in sir.c and function and be capable 
of supporting all or a significant proportion of the cardiac 
output. At initial presentation, many patients have a large patent 
foran1en ovale or ASD; in patients wi th a restrictive ASD and 
marginal right heart, an aerial scptoswmy (balloon) allows for 
atrial-level right-to-left shunting until the right ventricle 
improves. Ultimately. if the right ventricle is adequate, the ASD 
can be closed. 

Pulmonary Atresia With Ventricular Septal Defed 
Pulmonary atresia (PA) witb VSD (PA-VSD) is morphologica.Uy 
similar to TOF, with the exception of an atretic pulmonary valve. 
Patients may have confluent, normal-sized pulmonary arteries 
perfused by a PDA. In severe cases, the pulmonary arteries arc 
djscontinuous and the lungs are variably perfused by dinlinutive 
native branch pulmonary arteries and muscularized, collateral 
vessels originating from the descending aorta and brachioce
phalic vessels. 1l1est' major aortopulmonary collateial arteries 
(MAPCAs) have a propensity to develop severe stenoses as they 
are exposed to systemic arterial pressure. Many of these MAPCAs 
eventually occlude at an unpredictable rate during chjJdhood. 
Because they may provide the only blood supply to some ltmg 
segments, patients will become progressively desaturated. 
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The goal of surgical therapy for PA-VSD is biventricular 
repair to achieve nom1al cardiac workload and systemic arterial 
saturations. In patients with confluent native pulmonary arteries 
of adequate caliber, the VSD is surgically dosed and a valved 
conduit (homograft or heterograft) is interposed between the 
right ventricle and pulmonary bifurcation. fn patients wi th 
PA-VSD and MAPCAs, the pulmonary arteries must be repaired 
by connecting tthe various lung segments into a common trunk 
through a process known as pulmonary nrter_y unifoC11liZtTtion.J1 

Depending on the source and size of the MAPCAs and native 
pulmonary arteries, this may be a challcJ1ging surgical proce
dure, but the goal is constructing a pulmonary tree as dose to 
normal as possible, so that bivencricular repair is feasible (see 
earlier). 

The long-term issues of repair of PA-VSD are similar to 
those concerns described earlier for TOE The addition of a right 
ventricle-pulmonary artery conduit guarantees the need for 
reoperation because no currently available condLLit choice offers 
the potential for somatic growth or an indefinitely durable valve. 

Valvular Pulmonic Stenosis 
Patients with isolated valvLLiar pLLlmonary stenosis (PS) are 
almost always treated in infancy with a percutaneous balloon 
pulmonary valvotomy. The intermediate-term results of this 
treatment are good; however, all patients are left with significant 
pulmonary valve insufficiency and eventually require pLLlmonary 
valve replacement. 

Conotruncal Anomalies 

Transposition of the Great Arteries 
TGA is a commQn cyanotic congenital cardiac lesion. In this 
section, our discussion relates only to TGA in which tl1ere are 
two good ventricles identified as being capable of independent 
function as the right and left ventricle. TGA is commonly 
referred to as o-TGA, in relationship to the typically nQrmal o 
(dextro) ventricLLiar looping that occurs in association witb the 
discordam venniculoarterial connection and normal atrioven
tricular connection. TGA occurs in the setting of an iJltact 
ventricular septum (TGA-IVS) or wirn associated VSD (TGA
VSD). ln TGA-VSD, rl1ere may be associated aortic arch hypo
plasia and coarctation. On the other extreme, there may be 
severe pulmonic and subpulmonic stenosis (left vemricular 
outflow tract obstruction [LVOTO]) or even pulmonary atresia 
(TGA-VSD with PA). 

Patients with TGA-NS typicaUy present in the early 
newborn period with profound cyanosis, associated with nom1al 
perinatal PDA closure. [n the absence of a significant ASD, the 
cyru10sis will be severe and progress to deam if left untreated. 
Administering IV PGEl is almost uniformly successful iJ1 rees
tablishing ductal patency to improve the patient's arterial satura
tion by providirlg left-to-right shunting ru1d inlproved pulmonary 
blood Row. 

[n most patients, a balloon atrial septostomy is performed 
(percutaJleQUS ·through me umbilical vein or femora\ vein) to 
allow atrial-level mixing (Fig. 59-27). This procedme is usually 
effective in allowing sufficient atrial-level mixing so that the 
patient is adequately samrated (70% to 80%). 

Following the procedure, the prostaglandin infusion can be 
discontinued. In TGA with significant VSD. tl1ere is often suf
ficient shunting at the level of the VSD to promote adequate 

FIGURE 59-27 Angiogram during balloon atrial septostomy. The 
arrow points to the inflated balloon catheter at the atrial septum. The 
interventional cardiologist will forcefully pull the balloon across 
the patent foramen ovale to create an open, unobstructed secundum 
atrial septal defect. 

systemic saturation; in fact, in patients with large VSDs, the 
predominru1t presenting symptom may be pulmonary overcir
culation and CHF. Patients with TGA-PA clearly have ductal
dependent pulmonary blood Row. In patients with TGA.VSD 
and aortic arch hypoplasia or coarctation, PGEl may be neces
SaT)' to maintain ductal patency and systen1ic perfLLSion. Echo
cardiography is the primary diagnostic modality for TGA. 

The treatment ofTGA has evolved significantly during the 
past 60 years of surgical mcrapy for congenital cardiac disease. 
Initial success was achieved by smgical reconstruction to create 
a physiologic repair. The atrial switch operation involves a series 
of imra-atrial baffles using a parch chrumd (Mustard proce
dure)32 or u1folding of the native atrial wall and interatrial 
septum (Sennlng procedure).33 Born procedures achieve me 
san1e physiologic result; the systenlic venous blood is redirected 
to tl1e lefr ventricle (and thereby d1e pulmonary circulation) and 
the pulmonary venous blood to the right ventricle. Mter a suc
cessful atrial switch, patients are fully saturated but are left with 
their morphologic right ventricle supporting the entire systemic 
cardiac output. Unfortunately, in mru1y (perhaps ultimately aU) 
patients wldergoulg rne atrial switch procedure, the right ven
tricle becomes dysfw1ctional over time, which is manifested by 
dilation, decreased ejection fraction, rricLLSpid insufficiency, and 
dysrbythmias. 11le observation ()f problems witlJ rne systemic 
right ventricle in patients afrer the atrial switch operation was 
the prinlary inlpetus behind the development and application 
of the arterial switch operation (ASO), which is now established 
as d1c surgical treaoucnt of choice for patients with TGA. Cur
rently. operative survival rates for rneASO have been approach
ing l 00%:~.35 
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FIGURE 59-28 Frve basic coronary artery configurations, as described 
by Yacoub and Radley-Smith. (Adapted from Mee R: The arterial 
switch operation. In Stark J, de Leva! M [eds]: Surgery for congenital 
heart defects, ed 2, Philadelphia, 1994, WB Saunders, p 484.) 

The ASO provides physiologic and anatomic correction of 
TGA by establishing ventriculoarterial concordance. The proce
du"re involves trnnsection and translocation <>f the malposed 
great vessels. The technically challenging requirement of the 
ASO relates to the translocation of the coronary arteries to the 
pulmonary root (the neoaona). As noted, there are numerous 
possible brancbimg patterns for the coronary arteries in TGA
some arc cas~y transferred in the ASO, whereas others arc more 
challenging (includil~ single coronary ostium and intramural 
course; Fig. 59-28). Nonetheless, precise surgical technique~ 
have been described and successfulJy applied to aU coronary 
branching pattems. Given this, and the known henefit of align
ing the morphologic left ventricle with the systemic circulation, 
the ASO is offered to all patients with TGA irrespective of the 
coronary branching pattern. 'TI1us, there is no need for precise 
anatomic definition before surgery; aU patients wililmdergo the 
AS0:11 ln most patients undergoing this procedure, the pulmo
nary artery bifurcation is moved anterior to the reconstructed 
neoaorta co minimize the potemial for pulmonary artery disror
tion and compression of the translocated coronary arteries, tl1e 
maneuver of Lt."Compte (Fig. 59-29). Although there are inter
institutional biases in terms of nuances of treatment for TGA, 
tbe following surgical strategic.~ are gcncraUy agreed on for this 
group of patients. 

Transposition of tile Great Arteries-Intact Ventricular Septum After 
balloon atrial septostomy (BAS) and weaning from PC El, if 
possible, newborns with TGA-IVS undergo semlclectivc ASO 
in tl1e first few days to weeks of life. Rarely, patients present with 
profound desaturation refractory to BAS and PGEI; in this 
setting, an emergent ASO is indicated. We have found tllis to 

be necessary in one patient during tl1e past decade in an experi
ence involving more than 200 newborn ASOs. For other 
patients, the ASO needs to he performed in a timely hut non
emergent setting. Even in the presence of adequate systemic 
saturation, the patient's morphologic left ventricle is func
tioning in a low-pressure work environment-supponing the 
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FIGURE 59-29 Arterial switch operation. A. The aorta (Ao) and pul
monary artery (PA) are transected above the sinuses of Valsalva. 
B, The coronaries are excised from the aorta and anastomosed to the 
pulmonary artery using a trapdoor technique. C. The distal aorta is 
brought behind the pulmonary artery (LeCompte maneuver) and 
anastomosed to the neoaorta. D, Separate pericardia! patches are 
sutured to replace the excised coronary artery tissue from the aorta. 
E, Completed repair. LCA, Left coronary artery; RCA, right coronary 
artery. (Adapted from Karl TR, Kirshbom PM: Transposition of the 
great arteries and the arterial switch operation. In Nichols DG, 
Ungerleider RM, Spevak PJ, et a l [eds]: Critical heart disease in infants 
and children, Philadelphia, 2006, Mosby, p 721 .) 
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pulrrtorJary circulation. Thus. left ventricle mass and function 
will involute in the first few weeks of lite. 6 weeks of 

the left be mcapaLI:lle 

Tra1nsposil:ion of the Great Arteries-Ventricular Defect With or 
Without Arch 1hcre arc several of pn:scJilt~ttirm 
for TGA-VSD. ln with pressure-
restrictive VSD, the symptoms arc similar to those of 
TGA-lVS. These require the ASO early in life, 
with VSD closure left ventricle involution. In 
with TGA and nonrestrictive there may be 

to allow reasonable arterial saturation. In this 
ore~ssttre--lo:ad<cd and 

does not in'volut·~; 
ASO is less tirrte-<:ont1pt·essed. 

on to 
normal decrease in newborn pulmonary resistance occurs. Our 
pn:tercrtcc for this is to follow them for 
evidence of semiclcctivc ASO md VSD 

surgeon pn:tcrer1ce 
outcome. In 

to 
sooner; this appears to be a matter of 

not been shown to affect 10112:--tet-nl 
with TGA-VSD with arch hy~JOp,la.<;Jta 

coarctation. 
terred treatment one-stage, coJ11J:=det:e 

ASO, VSD closure, md aortic 

Tra1nsposil:ion of the Great Arteries-Ventricular Defect With 
Stenosis-Left Ventricular Outflow Tract Obstruction or 

Pulm•on;~rv Atresia The issue of concern in this 
of LVOTO. In 

su ,cc,:ssJ:ully used in this 
1hc Rastelli involves an interventricular 

which commirs the left ventricle to the aorta 
a vcntt·tcle-pulmtortary artery is 

to achieve pulmonary flow. Issues of concern 
the for LVOTO or bdow the level of the 

and 
artery conduit revision. The REV is to mml-
mize the of LVOT obstruction and to use all 
native tissue-tissue connections to limit the potential need for 
future surgery. This involves resection of the muscular 
conus between the aorta and roots, interventricular 
baffie of the left ventricle to aorta, and translocation of the 
native main pulmonary to the right ventricle 
LL,~u'lHLJLLmancuvcr) without usc of mmttcrvc11int2: ujw.""-'· 

involves aortic root translocation, which 
includes resection of the entire native aortic root ~md coronary 

resection of the in1,FrvF11ir"' 

rior translocation of the aortic root to the sm·gi<:ally enlarge:d 
pu!m.ortary root to achieve a direct connection 
ventricle and aorta. The VSD is then closed and a conduit is 

or a direct connection is created between the ven-
tricle and arteries. 

Tratnsposi1tion of the Great Arteries in Adults 1he prog-
undcrgcmc childhood repair of 

in<:ornplct.dy un<krstood; it is clear that 

ultimately in the form of cardiac transplantation. 
1hc long-term issues related to the ASO arc less wdl under-

stood. technical adv~mccs in reconstructive nH:thods, 
there is a troubling incidence of po:stopcrativc sujpratvalvutlar 
and brmch stenosis. The neoaortic root may dilate in 

undergoing the ASO, to ncoaortic insuf-
md coronary artery distortion. The of the sut·gi<:allly 

translocated there is 

Double-Outlet Ventricle 
Double-outlet right ventricle occurs when both 
vessels arc committed to the RV. 1his may 
assoctatwn with a VSD, a noncommittcd ,i~Hl'-'C'' 

or a subpulmonary VSD As with 
other cardiac conditions. the 
to the pre:serttintg hemndvnamic 

L"'"-"'·"i"'"!O issue of con
relates to achieving unobstructed 

ventricles. In with DORY 
with subaortic and RVOTO, reconstruction is similar to 
that for TO F. More remote VSDs with 
interventricular tunnel For the 
rcl:lt1<mstup of the VSD to the makes the ASO 
the of choice. These RVOTO md 
aortic arch which at the time of 
coJmj:>let:e correction. For rare of the 
great vessels and of the VSD a biventricular 

md the must be as if he or she ha.-; a 
functional 

or L-TGA, a of conditions with 
the common feature of atrioventricular :md vcntriculoartcrial 
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discordance. 1his may be in association with VSD, pulmonic 
and subpulmonic stenosis, and displaced left AV valve (ebstein
oid left AV valve). In ccTGA, the morphologic mitral valve is 
right-sided and associated with the morphologic left ventricle; 
the morphologic tricuspid valve is associated with the morpho
logic right ventricle. Patients with this condition are physiologi
cally corrected in that in theabsenceofventricular-levelshwlting, 
they arc fully saturated-hence, the term corrected trt!nsposition. 
The age and mode of patient presentation in this condition 
depend on the contribution of associated defects and the func
tion of the morphologic right ventricle, which acts as the sys
temic ventricle. Controversy exists regarding the timing and 
mode of surgical treatment for patients presenting with various 
manifestations of ccTGA. 

Congenitally Corrected Transposition of the Great Arteries With Intact 
Ventric:ular Septum Patients with ccTGA-IVS may be entirely 
asymptomatic tluoughout childhood and early adulthood. Fre
quently, the diag111osis is made incidentally. L1 other patients, the 
disease presents with symptoms of CHF in association with right 
ventricular dysflU1Ction or left AV valve insufficiency. There is 
also a high incidence of complete heart block in patients with 
ccTGA, and the first manifestation may be this dysrhymmia, 
with associated symptoms. 

Treatment for patients presenting with CHF is a challeng
ing management scenario. For patients with ccTGA and pre
served RV function, left AV valve repair or replacement may be 
considered. Unforrunately, in many of these patients, the valvu
lar insufficiency may be more a manifestation of declining sys
temic RV function, with septal shift and annular dilation, rather 
than intrinsic valve pathology. In this setting, valve replacement 
will not correct the progression of RV dysfunction. For patients 
with systemic RV dysfunction, one option for treatment is 
through a complex reconstruction known as a double switch 
(Fig. 59-30). Tltis procedure includes an atrial switch in 

VSD patch 

FIGURE 59-30 Double-switch operation (Senning and arterial 
switch). Ao, Aorta; LV, left ventricle; MV, mitral valve; PA, pulmonary 
artery; Tv, tricuspid valve. (Adapted from Karl TR, Cochrane AD: Con
genitally corrected transposition of the great arteries. In Mavroudis C. 
Backer CL [eds): Pediatric cardiac surgery. Philadelphia, 2003, Mosby, 
p 488.) 
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combination with an arterial switch to align the morphologic 
left ventricle with the systemic circulation. L1 almost all patients 
witll ccTGA-IVS and RV dysfunction (and in tl1e absence of 
structural LVOTO), a period of left ventricle retraining wilJ be 
required before the double-switch procedure. This relates to tbe 
fact that the lefr venrricle will have been functioning in the low
pressu.re pulmonary circulation and will be incapable of per
forming systemic work. Retraining or conditioni11g the left 
ventricle requires the surgical creation of PS by the placen1ent 
of a pulmonary artery band. Most surgeons agree that the left 
ventricle must work at or very near systemic blood pressure for 
many months (we favor a minimum of 6 months) before the 
double-switch operation. 1l1e double switch is a technically chal
lenging operation, with significant perioperative risk. Because 
of the small numbers of patients treated worldwide with this 
complicated surgical strat,y, there are only limited data of the 
acute and midterm results. 7 An issue of concern centers on the 
long-term ability of the retrained left ventricle to function as 
tl1e systemic ventricle. Nonetheless, patients with ccTGA and 
depressed RV function have a poor prognosis otherwise and, 
as such, the complexity and risk of the double-~witch process 
appear justified. 1he only other surgical option for these patients 
is cardiac transplantation. 

Congenitally Corrected Transposition of the Great Arteries With 
Ventric:ular Septal Defect and Pulmonic Stenosis Patients in this 
category are often well balanced and have mild cyanosis, with 
ml11inlal symptoms in childhood, whereas others with more 
severe PS or pulmonary atresia presenr early in life with symp
tomatic cyanosis. Treatment for me overtly cyanotic infant with 
ccTGA-PS is initially palliative in the form of a Blalock slllmt. 
1l1e ultimate goal for all patients is a biventricular circulation, 
with normal arterial oxygen saturation. One option for these 
patients is to d ose the VSD surgically and place a conduit 
between the morphologic left ventricle and pulmonary arteries 
to relieve the pulmonary ohstruction. This classic repair benefits 
the patient by separating tl1e systemic and pulmonary circula
tions and allowing normal oxygen tension. The issue of concern 
in patients undergoing clus repair is that the morphologic right 
ventricle must act independently as the systemic ventricle fol
lowing repair. As noted, the ability of the right ventricle to 
support me systemic circulation may be of question over the 
long ccnn in some parlents. As such, an altemarlve strategy in 
these patients is to baffie tile LV outflow to the aorta through 
the VSD, then perform an atrial switch to reroute the systemic 
and pulmonary venous return, and finally to place a conduit 
from the morphologic righr ventricle to tl1e pulmonary arteries. 
1his option is a modincation of the double-switch arrangement, 
affording the patient the benefit of a systemic left ventricle. 
Because the left ventricle has been working at systemic pressure 
before correction, a period of retraining is LUlnecessary. 

Adult patients with ccTGA, with or without previous 
surgery, metit careful attention before any non cardiac operation. 
1l1ese patients may have various complex ongoing cardiac issues, 
including rhythm disturbance, ventricular dysfunction, and val
vular insu£6deJ1cy. 

Left Ventricular Outflow Tract Obstruction 
LVOTO may present in isolation or in combination with other 
complex cardiac lesions. 1l1e physiologic consequences of severe 
LVOTO may be catastrophic, including diminished systemic 
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cardiac output and tremendous LV pressure overload. Newborns 
with severe LVOTO may present in shock with diminished 
peripheral perfusion, cardiomegaly, and pulmonary congestion. 
1l1ere is a significant risk for NEC in these babies. [n older 
patients, gradual onset of LVOTO may be initially asymptom
atic, only w manifest over rime as decreasing exercise rolerance 
and declining LV function. Patients with severe LVOTO and 
cardiomegaly are at higb risk for myocardial ischemia and 
sudden cardiac death. The resting ECG will often demonstrate 
LV hypertrophy, with a strain pattern. If performed, an exercise 
stress test may demonstrate worrisome ST-scgment depression 
and ventricular dysrhythmias. Echocardiography is the primary 
diagnostic roo! for patients with LVOTO. L1 rare cases, diagnos
tic cardiac catbeterizatioJl may be considered to delineate the 
level of obstruction. 

Valvular Aortic Stenosis 
Congenital valvular aortic stenosis (AS) is a common cause of 
LVOTO. 'TI1e degree of obstruction may range from mild in 
patients with a congenitally bicuspid aortic valve to severe in 
patients with critical AS with unidentifiable valve comnussures 
and annular hypoplasia. Babies presenting with critical AS are 
ofren symptomatic early in the newborn period, presenting with 
shock and profOLmdly depressed ventricular function. Currently, 
these patients are almost all taken w the cardiac catheterization 
laboratory for balloon aortic valvotomy. 'This procedure may be 
lifesaving in relieving the AS and allowing for recovery of ven
tricular function. For most of the pariencs, however, the proce
dure is palliative, with a sigtuficam incidence of recurrence of 
AS or development of significant aortic insufficiency following 
the procedure. In patients with AS refractory to balloon dilation, 
an open aortic valvotomy may be necessary (Fig. 59-31). A 
surgical valvotomy, especially in small babies with adequate 

FIGURE 59-31 Close-up of the aortic valve demonstrating a surgical 
valvectomy. A. The valve is bicuspid, with a prominent raphe in the 
anterior valve leaflet. B. The orifice is enlarged by incising the fused 
commissure between the two leaflets. (From Chang AC, Burke RP: 
Left ventricular outflow tract obstruction. In Chang AC. Hanley 
Fl. Wernovsky G, Wessell Dl [eds): Pediatric cardiac intensive care. 
Baltimore, 1998, Williams & Wilkins.) 

annular dimension, can be accomplished by an accurate incision 
down a rudimentary commissure or raphe to improve cusp 
mobility. 

Recurrent AS after previous ballooning may be amenable 
to repeat dilation; however, when associated with significant 
aorric insufficiency, the patienr will require surgery. Severe aonic 
insufficiency after previous balloon dilation is usually related to 
an avulsed cusp. L1 these cases, valve repair may be possible, but 
replacement may prove necessary. Recem published series have 
confirmed the usefulness of aortic valve repair procedmes, which 
is a particularly attractive option for growing clllidren .38 

The decision to replace the aortic valve in growing clllidren 
is clouded by the lack of an ideal aortic valve substlrute-a valve 
capable of lifelong durability, appropriate somatic growth, easily 
implantable, and not requiring anticoagulation. Criteria for 
aortic valve replacement are beyond the scope of this chapter; 
however, severe valvltlar AS not amenable to catheter or open 
valvotomy is clearly an appropriate indication. Options for 
aortic valve replacement in children include a mechanical pros
thesis, heterograft, homograft, and pulmonary autograft. A 
mechanical prosthesis may be considered in childhood; however, 
the valve size must be sufficient to provide adequate function as 
the patienc grows. Most surgeons and cardiologists recommend 
therapeutic anticoagulation in children with a mechanical valve 
prosthesis, but this can be challenging and potentially dangerous 
in growing children and adolescents. As such, many smgeons 
believe the risk for such medical treatment outweigbs tl1e poten
tial benefit of a theoretically durable valve. 

Heterograft aortic valve prostheses lustorically have been 
associated with limited dmabJiity in cl1ildren and are also not 
capable of somatic growth. Currently available heterograft pros
theses have not undergone sufficient use in children to provide 
useful data concerning improved durability. Human cadaver 
aortic valves (aortic homograft) have been used extensively in 
clllidren and young adults. 'TI1cse valves are usually implanted 
as a complete aortic rooc replacement, which require coronary 
ostial implantation. 'Tims, surgery to place an aortic homograft 
is considerably more complex and with potentially lugher risk. 
1l1e positive features of an aortic homograft include improved 
durability in comparison to heterograft and avoidance of anti
coagulation. Nonetheless, these valves will eventually fail, neces
sitating a complicated reoperative aortic root replacement. 

Pulmonary autograft aortic root replacement (Ross opera
tion) involves translocation of the pulmonary valve to the aortic 
position with subsequent replacement of the pulmonary valve 
with a homograft or heterograft valved conduit (Fig. 59-32). 
'TI1e ~theoretical advantages of the Ross procedure include the 
potential for somatic growth, avoidance of anticoagulation, and 
possibility of extended durability. Enthusiasm for this proce
dme has been tempered by tbe rccogtlition that the need for 
extension cardiac dissection to harvest the autograft, along with 
a more complex implantatlon, is associated with increased 
operative risk. Fmthermore, the unsupported pulmonary root 
may dilate in the presence of systemic arterial pressure, leading 
to progressive autograft aortic insufficiency. 1l1is observation 
has led co various modifications of the implantation tedmique 
to support the aortic armulus and even the sinus segment. 
Given these considerations and the certain need for reoperation 
to replace the right ventricular-pulmonary artery conduit, great 
caution must be exercised in the application of the Ross 
operation.3? 
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FIGURE 59-32 Ross procedure. A. The great arteries are transected 
above the sinotubular ridge. The coronary arteries are excised using 
coronary artery buttons. B, The pulmonary autograft is excised from 
the right ventricular outflow tract and the proximal end of the auto
graft is anastomosed to the annulus. C. The coronary artery buttons 
are then anastomosed to the pulmonary autograft. Ao, Aorta; PA 
pulmonary artery. (Adapted from St Louis JO, Jaggers J: Left ventricular 
outflow tract obstruction. In Nichols DG, Ungerleider RM, Spevak PJ, 
et al [edsj: Critical heart disease in infants and children, Philadelphia, 
2006, Mosby, p 615.) 

Fibromuscular Subaortic Stenosis 
This condition is a progR~ive narrowing of the LVOT related 
to a dense fibrou.s membrane usually found in assodation with 
asymmetrical protrusion of the interventricular septum into the 
outAow tract. 'The membrane is ofren concentric and becomes 
densely adherent to the septum and mitral valve. The membrane 
progresses toward and eventually onto the undersurface of the 
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aortic valve cusps, which leads to progressive LVOTO, aortic 
valve cusp retraction, and aortic insufficiency. 

Ecbocardiography is the primary diagnostic tool when 
assessing the degree of obstruction and progression of subaortic 
stenosis. Unfornmately, it is not accurate for assessing subtle 
degrees of cusp exrension.4° Cardiac carhereri7.arion is rarely 
needed to diagnose this condition; balloon dilation is of no use 
in treating the LVOTO. 

Surge!)' is thl:' mainstay of treatment for subaortic stenosis 
but there is disagreement about surgical indications. Most sur
geons believe that new onset of any degree of aortic insufficiency 
in association with a subaortic membrane, irrespective of the 
pressure gradient, is an indication for surgery. In other patients, 
an escalating LVOT gradient, associated LV hypertrophy, and 
appropriate anatomic substrate are acceptable indications for 
operation. 

'TI1e surgical procedure for subaortic stenosis .involves a 
transaortic resection of the subaortic membrane, including all 
attachments to tbe mitral valve, septum, and aortic valve cusps. 
A septal myectomy is performed, along with membrane resec
tion, in most patients (Fig. 59-33). Complications include 
membrane recurrence, injury to the bundle of His, and iatro
genic VSD creation. Nonetheless, with careful technique, the 
risk for these complications is minimized. 

Tunne1 Subaortic Stenosis 
1l1is is a more severe form of LVOTO that is often associated 
with aortic annular hypoplasia and valvular aortic stenosis. In 
severe cases, the LVOTO is not amenable to subaortic resection 
alone. In this situation, an aortic root enlarging procedure may 
be necessary to relieve the obstruction (aortoventriculoplasry, or 
Konno procedure). 'TI1is complex reconstruction generally is 
associated with the necessity of aortic valve replacement using 
one of the aforementioned options. lt is also of note that all 
degrees of LVOTO may be seen in association with a number 
ofleft heart obstructive lesions (Sh()ne's syndrome41

), which may 
require extensive reconstruction. 

Aortic Arch Anomalies 

Aortic Coarctation 
Coarctation of the aorta is one of the most frequently encou.n
tered congenital cardiac lesions. This condition has a wide range 
of presentations, from the severely symptomatic newborn with 
CHF and depressed ventricular function to the adult with proxi
mal hypertension and minimal symptoms. Coarctation is clas
sified relative to its association with the ligamentum arteriosus 
and aortic arch. An infantile or preductal aortic coarctation is 
seen in combination with a large PDA, which may have pre
dominantly right-to-left flow to the lower descending aorta. In 
this setting. the patient is ductal-dependent for systemic blood 
flow until the coarctation is repaired, and a PGEl infusion must 
be maintained to prevent ductal closure. A periductal or juxta
ductal coarctation occurs in the region of rl1e ductal insertion 
and is distal to the aortic isthmus, which may be normal or 
hypoplastic (Fig. 59-34). 

Aortic coarctation with or without aortic arch hypoplasia 
is frequently a~sociated with intracardiac anomalies, including 
multiple left heart obstructive lesions (e.g., mitral stenosis, left 
ventricular hypoplasia or endocardial fibroelastosis, subaortic or 
aortic s tenosis) known as Shone's syndrome.41 Patients with large 
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FIGURE 59-34 Coarctation of the aorta (Ao). A. Infantile or preductal 
coarctation. 8, Adult coarctation. PA, Pulmonary artery. (From Backer 
CL. Mavroudis C: Coarctation of the aorta. In Mavroudis C, Backer CL 
[eds]: Pediatric heart surgery. Philadelphia, 2003, Mosby, p 252.) 

VSDs may present .in infancy with severe aortic coarctation, with 
or without subaortic stenosis. 

Aortic coarctation may be suspected on clinical examina
tion by a sign.ifiicanc upper-lower cxuemity blood pressure gradi
eJlt and diminished or absent femoral and pedal pulses. In older 
patients with well-developed .intercostal collateral arteries, a con
tinuous mum11ur may be auscultated over the posterior thorax. 
Echocardiography is now the primary diagnostic modality for 
aortic coarctation. MRl and CT angiography may also be useful 
in some patients. In rare cases, cardiac catheterization is required 
to define the anatomy, but this modallty is now used more 
frequently for treatment, induding balloon dilation with or 
without scenting. 

Treatruen£ strategies for aortic coarctation have evolved 
significantly since the first successful surgical treatment almost 
70 years ago. Newborns presenting with severe aortic coarctation 
with or without associated ductal-dependent systemic blood 
flow are best neared by surgery. Llirial enthusiasm regarding 
balloon dilation in these patients has diminished as it has become 
dear that there is a high incidence of recurrent coarctation after 
neonatal dilarionY Most congenital cardiac surgeons perform 
isolated coarctation repair through a left thoracotomy incision 

FIGURE 59-33 A. Excision of discrete subaortic ste
nosis. The aorta is opened obliquely and the aortic 
valve leaflets are retracted to expose the subaortic 
membrane. The membrane is excised ci rcumferen
tially along the indicated line. 8, This is usually com
bined with a muscle resection. (From de Leval M: 
Surgery of the left ventricular outflow tract In Stark 
J, de Leval M [eds]: Surgery for congenital heart 
defects, ed 2, Philadelphia, 1994, WB Saunders.) 

(third or fourth interspace) using resection of the coarctation 
and primary anastomosis. For patients with relative hypoplasia 
of the distal aortic arch, the anastomosis can be brought along 
the lesser curve of the aortic arch using an extended end-to-end 
method. Other methods include subclavian artery Bap aono
plasry (Waldhausen method) and prosthetic parch aorroplasty. 
'TI1ese laner methods are used now less frequently than primary 
repair (Fig. 59-35). Catheter therapy as a primary treatment for 
aortic coarctation remains a controversial therapy in most sur
geons' opinions. Although this methodology has been widely 
applied, its true comparability to surgery requires further pro
spective study. There are several issues of concern regarding 
angioplasty for coarctation. The balloon dilation results in trans
mural disruption of the aortic wall in many patients, and there 
is an acute and ongoing risk for aneurysm fom1arion. To limit 
rllis risk and minimize the potential of recurrence, off-label use 
of stents has been done for treatment of coarctation. Obvious 
issues of concern include somatic growth and lifetime risk 
potential of a metal device in the descending aorta. 

Anorher issue of controversy surrou11ds the concornlt:a~u 
treatment of coarctation and significant intracardiac pathology. 
Several series have now demonstrated superior outcomes for 
simLL1t:aJleous therapy in selected groups of patients, i11cluding 
neonates with large VSDs and coarctation wirl1 arcl1 hypoplasia. 
Our :approach to ellis has included one-stage complete repair of 
intracardiac defects along with aortic arch advancemenr through 
median sternotomy on cardiopulmonary bypass. 

Interrupted Aortic Arch 
lAA results from lack of proper fusion and involution of the fetal 
aortic arches. This is a fatal condition without treatment, and 
lAA is frequently associated witb serious intracardiac pathology. 
lAA is classified based on tl1e level of the interruption. Type A 
is distal to the left subclavian artery; rype B occurs berweenlefr 
subclavian and common carotid arteries; and type C occurs 
proximal to tbe left subclavian artery (Fig. 59-36). Tl1erc is a 
frequent finding of an aberrant right subclavian artery (retro
esophageal) from the descending aorta. Survival for patients witl1 
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FIGURE 59-35 Surgical repair for aortic coarctation. A. Surgical inci
sion and anatomic orientation. B, Four different methods are shown: 
end-to-end anastomosis; patch augmentation; subclavian flap aorto
plasty; and extended resection with primary anastomosis. Ao, Aorta; 
LA, left atrium; PA, pulmonary artery. (Adapted from Hastings LA. 
Nichols DG: Coarctation of the aorta and interrupted aortic arch. In 
Nichols DG, Ungerleider RM, Spevak PJ, et al [eds]: Critical heart 
disease in infants and children, Philadelphia, 2006, Mosby, p 635.) 

IAA is initially predicated on ductal patency: thus, a PGEl infu
sion is required to stabilize the patient. Diagnosis is confirmed 
by echocardiography; other methods, including cardiac catheter
ization, are needed infrequently. 

IAA requires surgical treatment i.n the newborn period, 
which typically involves simultaneous repair of i.ntracardiac 
lesions (Fig. 59-37). Repair may he accomplished with the aid 
of an aortic arch augmentation patch, although researchers at 
Texas Children's Hospital have recently reported a series con
firming that a primary tissue- tissue repair can be performed in 
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FIGURE 59-36 Classification of interrupted aortic arch. AAo, Ascend
ing aorta; DAo, descending aorta; LCA,. left common carotid artery; 
LSA, left subclavian artery; MPA, main pulmonary artery; RCA, right 
common carotid artery; RSA, right subclavian artery. (Adapted from 
Monro Jl: Interruption of aortic arch. In Stark J, de Leval M [eds]: 
Surgery for congenital heart defects, ed 2. Philadelphia, 1994, WB 
Saunders, p 299.) 

most patients and minimizes the potential for recurrent aortic 
arch obstructionY 

SINGLE VENTRICLE 
Si.ngle-ventricle physiology is a frequently encountered form of 
congenital cardiac disease. Patients may present as newborns 
with inadequate pulmonary blood flow, excessive pulmonary 
blood flow, or balanced circulations. The single ventricle may be 
of right. lefr. or i.ndeterminate morphology. Surgical treatment 
is required to provide adequate systemic oxygen delivery while 
protect ing the pulmonary vasculature. 'TI1e function of the single 
ventricle must be preserved to afford the patient the best possible 
long-tem1 outcome. 

1l1c rapid evolution of successful palliation for patients 
with various forms of single ventricle since the late 1970s has 
led to a large and growing population of adults with single 
ventricle. For most of these patients, lifelong cardiac attention 
is needed and the potential for subsequent cardiac reoperation 
is high. Patients in tlus category who present for noncardiac 
surgery may be especially difficult to manage. 

An exhaustive discussion of the various forms of single 
ventricle is well beyond the scope of this chapter. As such, this 
djscussion witJ be limited to common forms of single right and 
left vemrides to provide examples of the surgical managen1ent 
strategies for a single ventricle. 

("\ 
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FIGURE 59-37 A. Type B interrupted aortic arch. B, Cannulation and site of incision for repair. The descending thoracic aorta is brought upward 
into the mediastinum {C) and then anastomosed to the ascending aorta in an end-to-side fashion (D). (From Hirooka K, Fraser CD: One-stage 
neonatal repair of complex aortic arch obstruction or interruption. Tex Heart lnst J 24:317- 321, 1997.) 

Tricuspid Atresia 
Tricuspid atresia (TA) is the template of a single-ventricle lesion 
for which most[ of our current palliative strategies were devel
oped. Patients with TA have a single morphologic left ventricle 
and may have normally related or transposed great vessels (Fig. 
59-38). 1hey may presenr with excessive pulmonary blood Aow 
and require pulmonary artery banding early in infancy to relieve 
pulmonary overcirculatlon and CHF. Conversely, patients may 
have PS or pulmonary atresia and require creation of a Blalock 
slllmt to provide adequate pulmonary blood flow and systemic 
oxygenation. 

As noted, the injtial paUiativc goals in patients with TA 
include adequate systemic O>.')'genation, protection of ventricular 
function, and adequate pulmonary arterial growth. Patients with 
ductal-dependent pulmonary blood flow require a Blalock shunt 
in the newborrll period. Our preference is to construct the shunt 
to the morphologic right pulmonary artery through a right 
thoracotomy. 'TI1is allows shunt flow to be governed by the size 
of the subclavian artery. Furthermore, the right pulmonary 
artery is rypicaUy longer and runs in a more horizontal plane in 
comparison to tbe left pulmonary artery. This facilitates avoiding 
distortion of a lobar branch. The goal of the shunt is to protect 
the pulmonary arteries, promote adequate pulmonary artery 
development, aJld support systemic arterial oxygenation for the 
first 4 to 6 monclJs of Life until the next plaru1ed stage of pallia
tion (see later discussion of Glenn and Fonran operations}. The 

shunt is not designed for long-term use; thus, in most patients, 
a small interposition graft (expanded PTFE, 3.0 to 4.0 mm) is 
selected. ln the early era of single-ventricle palliation, less well
controlled shunts were constructed, including classic Blalock 
(divided native subclavian artery to branch pulmonary artery), 
Pott's (side to side left pulmonary artery to descending aorta), 
and Waterston (side to side right pulmonary artery to ascending 
aorta) shunts (Fig. 59-39). These native tissue-tissue connections 
arc capable of somatic growth but have the confounding risks 
for pulmonary overcirculation, pulmonary artery hypertension 
(potentially irreversible), and branch puJmonary artery distor
tion with hypoplasia. During the early stages of dcvdopmcm 
of single-ventricle palliation, many patients were treated with 
these poorly controlled shunts. Thus, there are now significant 
numbers of adult patients presenting witb complications of these 
palHations, includ.ing chronic cardiac volume overload and 
decreased ventricular function, severe pulmonary artery distor
tion or isolation, puJmonary vascuJar disease, and profound 
cyanosis. 1hese patients may present for surgery for noncardiac 
iJJncss and are extremely difficult to manage. 

Hypoplastic Left Heart Syndrome 
Hypoplastic left heart syndrome (HLHS) is the prototypical 
single righr ventricle. Patients wicl1 this condjtion present with 
inadequate left heart structures ranging from mitral and aortic 
stenosis with left ventricular hypoplasia to almost complete 
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absence of the left heart structures with aortic and mitra1 atresia 
(AA-MA). In the case of AA-MA, the ascending aorta is typically 
small (I to 2 mm) and is perfused through retrograde aortic arch 
Bow provided by the PDA In HLHS, ductal closure results in 
rapid cardiovascular collapse, with profound systemic hypoper
fusion and bypoxia, followed quickly by death. Therefore, 
patients diagnosed in the antenatal period must be bClrn in a 
facility quali.fied to institute appropriate medica] management 
immediately, including the establishment of suitable vascular 
access (umbilical artery catheter) and institution of JV PGEl to 
maintain ductal patency. Patients undiagnosed at birth will typi
cally have an ea:rly grace period of a few hours but, with the 
initiation of ductal closure, these children become critically ill 
and require aggressive resuscitation for su.rvival. Without treat
me1lt, HLHS is a uniformly fatal condition. This fact is extremely 
poignant given tbat most children with HLHS are otherwise 
normal (Fig. 59-40). 

After delivery, medical treatment is directed at maintaining 
ductal patency and baJancing systemic and pulmonary blood 
flow. BaJancing the circulations will become increasingly chal
lenging with the normal decline in neonatal pulmonary vascular 
resistance (PVR), resulting in massive pulmonary overcircula
tion. As the overclrculation progresses, babies become tachy
pneic and may exhibit decreased ~ystemic perfusion. NEC is a 
signi.ficant risk in these children and, if there is any question of 
visceral malperfusion, many centers avoid enteral nutrition in 
an effort to minimize thls potential. Other medical maneuvers 
include deliberate bypoventilation, low inspired oxyge11 concen
tration, and add1tional carbon diox.ide in an attempt to increase 
PVR and thereby Umit pulmonary flow. l11ese options are of 
limited use in newborns with HLHS; over days to weeks, tbe 
clilldren become progressively ill, with pulmonary congestion 
and marginal systemic cardiac output. Patients fortunate enough 
to be maintained have the potential of developing increased 
PVR as they age, and there is a known association with advanced 
age (>30 days) a11d increased operative mortality. 
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FIGURE 59-38 Anatomy of the various types of tricuspid atresia. 
Top, Normally related great vessels. Bottom, o-Transposition of 
the great vessels. Ao, Aorta; CoA, coarctation of the aorta; LA, left 
atrium; LV, left ventride; PA, pulmonary artery; RA, right atrium; 
RV, right ventride. (Adapted from Lok JM, Spevak PJ, Nichols DG: 
Tricuspid atresia. In Nichols DG, Ungerleider RM, Spevak PJ, et al 
[eds]: Critical heart disease in infants and children, Philadelphia, 
2006, Mosby, pp 800-801.) 

Surgery in the newborn period is the only realistic option 
for long-term survival in bab.ies born with HLHS. Currently, 
outcomes for surgical palliation of HLHS bave come ro be 
synonymous with the reputation of the treating center and sur
geons. As with TA, patients with HLHS require a staged pallia
tive approach. The first stage is, in aU centers' experiences, the 
most challenging and risk-laden. The various first-stage options 
are described Ul the following sections. 

Neonatal Cardiac Transplantation 
Transplantation is a theoretically attractive option in babies with 
HLHS that replaces the malforn1ed heart witl1 a structuraiJy 
normaJ one. Dr. Leonard Bailey has been an influential chanl
pion of this approach and was the first to report exciting results 
with traJ1Splanration in newborns wid1 HLHS.44 Furthermore, 
although there is an ever-present risk for rejection and infection 
in transplanted children, long-term meaningful survival is pos
sible and the quality of life of rhe recipients is good. Clearly, the 
option of cardiac transplantation is limited by tl1e smaJI numbers 
Clf suitable donClr hearts and, for most clilldren wid1 HLHS, 
waiting for a donor graft is unsuccessfuL This bas led most 
centers, including Texas Childrens Hospital, to abandon cardiac 
transplantation as the primary mode of therapy for most neo
nates with HLHS. 

Norwood Reconstruction 
After initial work and success at Boston Children's Hospital. 
Norwood and colleagues at the Children's Hospital of Plilladd
phia gained international attention for developing and imple
mentiJ1g a reconstructive technique to palJiate newborns with 
HLHS; ti:Us methodology nClw carries the widely used eponym 
of the Norwood procedure.45 1his was gradually relined as expe
rience accrued. The most common method involves surgical 
connection of the divided main pulmonary artery to the recon
structed aortic arch. In a1mClst aJJ children with HLHS, there is 
associated aortic arch hypoplasia, with coarctation. As such, a 
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FIGURE 59-39 Systemic to pulmonary artery shunts. Ao, Aorta; MPA. 
main pulmonary artery; LPA, left pulmonary artery; RIA; right innomi
nate artery; RPA, right pulmonary artery; RSA, right subclavian artery. 
(Adapted from Marino BS, Wernovsky G, Greeley WJ: Single-ventricle 
lesions. In Nichols DG, Ungerleider RM. Spevak PJ, et al [eds]: Critical 
heart disease in infants and children, Philadelphia, 2006, Mosby, 
p 793.) 

critical featu.re of the operation is to reconstruct the aortic arch 
to provide unrestricted systemlc blood flow. Most surgeons use 
some form of prosthetic material, usually pulmonary artery 
homograft patching. Some have reported accomplishing the 
arch reconstruction without the necessity of additional material. 
Afrer reconstrll!cting rhe aortic ard1, the divided main pulmo
nary artery is anastomosed ro the arch and small ascending aorta 
to create a neoaortic confluence providing systemic output from 
the right ventricle. The challenging feature of the reconstruction 
involves the accurate connection of dtis often miniscule 
ascending aorta to the confluence of the arch and main pulmo
nary artery stump. The opporturuty for torsion and thereby 
coronary insufficiency is high. The fu1al element of the classic 
Norwood reconstruction is the creation of a controlled source 
of pulmonary blood flow in the form of a modified BT shunt 
(Fig. 59-41). 

Sano Modification of Norwood's Operation 
Achieving survival after the Norwood operation is a challenging 
proposition, involving innumerable technical and medical 

FIGURE 59-40 Anatomy of hypoplastic left heart syndrome. The tiny 
ascending aorta is seen arising from a markedly hypoplastic left ven
tricle. The ductus arteriosus is large, providing forward flow to the 
systemic circuit The right ventricle is hypertrophied and the pulmo
nary artery is enlarged. (From Wemovsky G, Bove El : Single ventricle 
lesions. In Chang AC, Hanley fl. Wemovsky G, Wessell Dl [eds]: 
Pediatric cardiac intensive care, Baltimore, 1998, Williams & Wilkins.) 

details. At best, after a Norwood procedure, the patient is fragile, 
with a delicate balance between systemic and pulmonary blood 
How. This fact and the observation of widely disparate outcomes 
for the procedure have led to a number of important advances 
in the treatment of these children. One issue relates to the dif
ficLJty of halancing the systemlc to pulmonary artery shunt, 
which lowers diastolic blood pressure (and thereby coronary 
perfusion pressure) and volume loads the heart. Sano and associ
ates46 from Okayama University in Japan were the first to report 
a series of babies undergoiJlg a successful Norwood procedure, 
but with the modi.fication of a right ventricle to pulmonary 
artery (RY-PA) conduit rather than a Blalock s11lmt. 1l1e theo
retical advamage of dus approach is the increase in diaswllc 
pressll.lTe, creating a physiology more akin to a banded circulation 
rather than shunted. Early reports with this method were 
encou raging, although patients appeared to become more rapidly 
desaturated as they aged when compared with rhe shunted 
patients. The long-term effects of the right ventriculotomy on 
cardiac function are as of yet w1known. In a recently published 
report, patients undergoing the Norwood operation were ra.n
dom i7.ed to receive an RV-PA shunt or modi.fied Blalock-Taussig 
shwllt:. Twelve months after randomization, transplantation-free 
survival was higher in the RY-PA shunt group, as was the rate 
of un planned re-iJ1terventions and complications.47 

Hybrid Procedure 
The notion of a combined therapy between interventional car
diology and surgery for the first-stage palliation of HLHS has 
achjcved significant ancntion. The idea is to miJljmjzc tht• risk 
of the first operation by banding the branch pulmonary arteries 
and delivering a scent into the ductus to maintain patency. This 
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FIGURE 59-41 Norwood procedure for first-stage palliation of hypoplastic left heart syndrome. A. The main pulmonary artery (MPA) is divided 
proximal to the bifurcation, the ductus arteriosus is ligated and divided, and the aortic ard1 is opened from the level of the transected MPA to 
a point distal to the ductal insertion in the descending aorta. B. A segment of homograft is cut to an appropriate size and shape. This is sutured 
into place, creating an unobstructed outflow from the right ventride to the pulmonary artery and aorta. c. PTFE tube graft is placed from 
the innominate artery to the right pulmonary artery. The atrial septectomy is done while the patient is under circulatory arrest as well. (From 
Castaneda AR, Jonas RA, Mayer JE, Hanley FL: Hypoplastic left heart syndrome. In Castaneda AR, Jonas RA, Mayer JE, Hanley Fl Cardiac surgery 
of the neonate and infant, Philadelphia, 1994, WB Saunders.) 

hybrid arrangement is designed to allow newborn survival so 
that a more com plete reconstruction may be performed later in 
infancy in a larger child. There appears to be a significant learn
ing curve with t'his approach, as with any new procedure, and 
the incidence of complications warrants further ~rudy. Recent 
data have shown that the prevalence of NEC following the 
hybrid procedure is significant and comparable to reports fol
lowing the Norwood procedure.18 ln addition to this, concern
ing features include the effect of the banding on long-term 
pulmonary artery growth, the fact that cardiac perfusion is still 
retrograde through the aortic arch, and the risk profile of the 
more extensive reconstruction later in life. The true place for this 
mode of therapy is currencly w1clear, but it represents an impor
tant direction of advancement to optimize the opportunity of 
survival for these children. 

Fontan Operation 
The long-term g:oal of single-ventricle palliation is to optimize 
ventricular function and promote systemic oxygen delivery. As 
noted earlier, patients with a si11gle ventricle who are shunted 
or banded have ongoing concerns, including systemic desatura
tion, continued intracardiac mixing, and chronic cardiac 
volume overload . The current strategy for addressing these con
cerns uses a direct cotmection between the branch pulmonary 
arteries and systemic venous retmn, as initially proposed by 
Fonran in the early 1970s.49 The Fontan operation is now the 
treatment of choice for children born with al l varieties of single 
ventricle and, in suitable patients, provides acceptable long
term palliation. It must be recognized, however. char the Fontan 
circulation is nor normal and even in the best of circumstances 

results in significant alteration in normal cardiorespiratory 
physiology. 

l11e Fonran circulation is established by com1ecting the 
systemic venous return directly into isolated branch pulmonary 
arteries without an intervening power source. Thus, blood flow 
in the Fonran circuit is passive, being promoted only by the 
pressure differential between the systenuc venous system and 
pulmonary venous atrium. As such, an impediment to flow in 
the systemic to pulmonary pathway wilJ result in a poor Fontan 
outcome. Established criteria for creating an effective Fontan 
circu1ation include the ability to connect tl1e systemic venous 
rerum surgically w the pulmonary arteries in an Lmobstntcted 
manner, normal pulmonary artery ard:titecture and resistance, 
normal pulmonary venous drainage and low left aerial pressure. 
absence of significant AV valve regurgitation, good ventricular 
fun ction (and thereby low ventricular end-diasrolic pressure), an 
unobstructed systen1ic arterial ouclet, and good aortic valve 
function. Compromise of any of these elements may compro
mjsc the quality of the Fontan circulation. 

The Fontan operation has undergone St:vcral technical 
modifications in the almost 40 years of successful application to 
patients with single-vemricle physiology. Many patients w1der
wenr an atriopulmonary connection in which the open right 
atrial appendage was directly anastomosed to the pulmonary 
artery bifurcation with surgical closure of the ASD. Many of 
these patients are now presenting with extreme dilation of the 
right atrium, with resulting sluggish Aow, hepatic congestion, 
and atrial dysrhytbmias (Fig. 59-42). Today, the most widely 
practiced modification of the Fontan operation is the total cavo
pulmonary connection (TCPC). First described by DeLeval, this 
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FIGURE 59-42 Angiogram of a dilated right atrium in a patient with 
an atriopulmonary Fontan connection. 

operation involves connection of rhe divided SVC to the supe
rior and inferior aspects of the right pulmonary artery (typically 
somewhat off.~t), along with the creation of a channel to direct 
rhe rvc flow into the pulmonary arteries. The channel may be 
created using a surgically created lateral runnel in the right 
atrium (Fig. 59-43) or interposing a conduit between the IVC 
and pulmonary arteries (extracardiac F(mtan; Fig. 59-44). 

The change from a volume-loaded circulation in shunted 
or banded single-ventricle patients m a Fonran circulation results 
in acute volume unloading of the systemic ventricle. In the 
chronic overloaded hearr, tlus acute cl1ange may be poorly toler
ated, with resultant diastolic dysfunction and decreased ven
tricular compliance. To deal wirll this problem, patients wirb a 
single ventricle typically undergo an intervening stage of pallia
tion in the form of a bidirectional, superior cavopu.lmonary 
anastomosis (Glenn shum). The bidirectional Glcru1 shum is 
constructed by anastomosing the cephalad end of the divided 
SVC to tbe superior aspect of the right pulmonary artery (Fig. 
59-45). Other sources of pulmonary blood Aow arc typically 
eliminated, and rhus the hcarr is volume-unloaded; however, 
systemic cardiac output is maintained because the rvc return 
is preserved. After the Glenn sbunr, rhe patients are not futly 
saturated; typically, patients run saturations of about 80%. 
Over time, the unloaded ventricle remodels and the patient is 
promoted to reoperation and completion of the Fontan 
circulation. 

Note that perioperative care of the Fontan patient can be 
chaUenging. The acute cl1anges in cardiac volume loading may 
negatively affect cardiac output. Even in patients with suppos
edly ideal Fonran connections, the central venous pressure 
acutely rises to J 2 to 15 mm Hg. Consequences of this increased 
venous pressure include pleural effusions, hepatic congestion, 
and ascites. In marginal Fontan candidates, some smgeons rou
tinely place an intentional leak, or fenestration; the goal here is 

A 
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FIGUIRE 59-43 A. B. l ateral tunnel Fontan procedure. Ao, Aorta; PA. 
pulmonary artery; RA, right atrium; RPA, right pulmonary artery; 
(Adapted from Lok JM, Spevak PJ, Nichols OG: Tricuspid atresia. In 
Nichols DG, Ungerleider RM, Spevak PJ, et al [eds]: Critical heart 
disease in infants and children, Philadelphia, 2006, Mosby, p 813.) 

to preserve systemic ventricular volume loading and decrease 
systemic venous congestion at the expense of some degree of 
desaturation caused by the right-to-left shunting. The practice 
of routine fenestration following the Fonrru1 operation has been 
exanuned and some early data have shown that excelJent out
comes can be achieved with highly selective application of a 
fenestration, whicl1 mitigates the risks associated with such a 
procedure, iJ1duding hypoxia ru1d systenuc embolism.50 Any 
impediment to passive pu]monary blood flow will inhibit Fontan 
flow and result in right beart failure. Positive-pressure ventila
tion, especially elevated levels of PEEP, will impede pulmonary 
blood Aow in the Fontan patient. Conversely, early extubation 
ru1d effective spontaneous ventilation will improve pulmonary 
blood fiow in tbe Fontan patient. Recent data have suggested 
that early extubation in the operating room for patients 
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FIGURE 59-44 A. Extracardiac Fontan procedure. B, Creation of a 
fenestration in an extracardiac Fontan procedure using a graft between 
the extracardiac conduit and right atrial appendage (RAA). Ao, Aorta; 
PA, pulmonary artery; RPA, right pulmonary a rtery. (Adapted from 
lok JM, Spevak PJ, Nichols DG: Tricuspid atresia. In Nichols DG, 
Ungerleider RM, Spevak PJ, et al [eds]: Critical heart disease in infants 
and children, Philadelphia, 2006, Mosby, p 814.) 

following the Fontan procedure improves hemodynan1ics, 
decreases the length of stay for patients, and decreases hospital 
costs.9 

The chronic complications of living with a Fonmn circula
tion are still unfolding, bur include chronic hepatic congestion 
and cirrhosis, protein-losing enteropathy, atrial dysrhythmias, 
and venous stasis disease. Management of patiems with failing 
Fontan circLtlations is especially challenging. These patients are 
at high risk for severe cardiac compromise while undergoing 
general anesthesia with positive-pressure ventilation or any pro
cedure involving large Auid shifts, including abdominal surgery. 
Patients with chronic hepatic congestion may develop a coagu
lopathy related to a decrease in factor production. 

MISCELLANEOUS ANOMALIES 

Vascular Rings and Pulmonary Artery Slings 

Vascular Rings 
Vascular rings are abnormalities of the aortic arch and its 
branches, compressing the trachea, esophagus, or both. The ring 
may be complete or partial. A pulmonary artery sling occurs 
when the left pulmonary artery arises from the right pulmonary 
artery, passing leftward berween the trachea and the esophagus. 
The trachea may be compressed, the cartilage may be soft, or 
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FIGURE 59-45 Bidirectional Glenn shunt. Ao, Aorta; Az, azygos vein; 
PA, pulmonary artery; RPA, right pulmonary artery. (Adapted from 
Lok JM, Spevak PJ, Nichols DG: Tricuspid atresia. In Nichols DG, 
Ungerleider RM, Spevak PJ, et al [eds]: Critical heart disease in infants 
and children, Philadelphia, 2006, Mosby, p 809.) 

there may be intrinsic stenosis of the trachea in the form of 
complete cartUage rings. Categorization of the defects is useful 
for de~cription : 

Complete Vascular Rings 
• Double arch: Equal arches o r left or right arch dominant 

(Fig. 59-46) 
• Right arch: Left ligamentum arteriosus from anomalous left 

subdavian artery 
• Right arch: Mirror image branching, with left ligan1entlllll 

from descending aorta 

Partial Vascular Rings 
• Left ard1: Aberrant right subclavian artery 
• Left arch: Innominate artery compression 

Pulmonary Artery Slings 
The double aortic arch is the most common form of complete 
ring. Two arches arise from tbe ascending aorta, forming a true 
ring. The left arch is usualJy smaller. 1l1e right arch- left Hgamen
tum complex is formed from persistence of the right fourth arch 
and regression of the left fourth arch. The anomalously arising 
left subclavian artery is often associated with a diverticulum at 
its base (KommerdJ's diverticulum). In partial rings, the most 
common form is an aberrant right subclavian artery arising distal 
to the kfr subclavian artery with a left arch. The right subclavian 
artery passes behind the esophagus from left ro rigll[. Innomi
nate artery compression arises from a more posterior and left
ward origin of the innominate artery from a left arch, leading 
to anterior compression of the trachea. 
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FIGURE 59-46 Double aortic arch, posterior (A) and superior (B) 
views. LCC, left common carotid artery; LPA, left pulmonary artery; 
LSA, left subclavian artery; MPA, main pulmonary artery; RA, right 
atrium; RCC, right common carotid artery; RSA, right subdavian artery. 
(Adapted from Jonas RA: Comprehensive surgical management of 
congenital heart disease. New York, 2004, Oxford University Press, 
p 499.) 

Diagnosis and Indications for Intervention 
Symptoms reflect the degree of tracheal and esophageal com
pression, as well as the presence of coexistent tracheomalacia or 
stenosis from complete rings. Upper respiratory symptoms pre
dominate, with a characteristic brassy cough, recurrent respira
tory infections., failu.re to thrive, and sometimes esophageal 
motiJjry problems. In children, documentation of a ring is an 
indication for surgery. Older patients are often asymptomatic. 
Initially, diagnosis is made by a high index of suspicion and the 

barium swalJow is the first investigation. Echocardiography can 
document an abnormal head and neck vessel branching pattern, 
excluding intracardiac abnormalities. MRI provides complete 
anatomic detaiJ. 

Surgery 
Most vascular rings are accessible through a left posterolateral 
thoracotomy; the exception is a left arch with right-sided liga
mentum. Division of the ring and, in the case of double ard1, 
preservation of the dominant arch is performed. Preservation of 
the recurrent laryngeal nerve is ofimportance. The initial experi
ence.> with endoscopic roboticalJy assisted repair of vascuJar rings 
has also been reported. Pulmonary artery slings are approadled 
through tbe midline; currently, the use of cardiopulmonary 
bypass facilitates tracheal reconstruction and relocation of the 
right puJmonary artery (Fig. 59-47). Repair can be achieved 
with low risk. Symptoms may take months to resolve, with slow 
resolution of the underlying tracheomalacia. 

Coronary Artery Anomalies 
Anomalies occur as a result of anomalous origin, termination, 
courses, and aneurysm formation. Of these variables, only an 
anomalous left coronary artery rising from the pulmonary artery 
(ALCAPA) and coronary artery fistulas will be discussed here. 

Anomalous Left Coronary Artery Rising 
From the Pulmonary Artery 
An ALCAPA is a rare lesion often lethal in early infancy. 
Untreated, the mortality rate approaches 90%. 

Anatomy and Patllophysiology Developmentally, failure of the 
normal cormection of the left coronary artery bud to the aorta 
results in an abnormal connection to the pulmonary artery. 11le 
abnormal origin can be situated in the main pulmonary artery 
or proximal branches. Associated abnormalities are rare but 
important to recognize because lowering of the pulmonary 
artery pressure by PDA ligation or closure of a VSD can be fatai 
if the ALCAPA is not noted. In utero, with equal pulmonary 
arterial and aortic pressures, satisfactory perfusion of the 
ALCAPA can occur. Afrer birth, the pulmonary artery pressure 
falJs and left coronary artery perfusion decreases. Ischemia causes 
impaired ventricular function and myocardial infarcts and leads 
w left vemricular dilation. Papillary muscle dysfunction causes 
mitral regurgitation. Early coronary collateral development may 
prevent ongoing infarction. 

Diagnosis and Indications for Intervention ALCAPA is suspected in 
any infant with mitral regurgitation, ventricular dysfunction, or 
dilated cardiomyopathy. Infants present with a low cardiac 
output and systemk heart failure. Feeding may also precipitate 
sudden death and angina in infants. Sudden death has been 
described in older children. The ECG may reflect ischemic 
changes. The echocardiogram is usualJy diagnostic. However, 
because this diagnosis is often confused wicl1 dilated cardjomy
opatby, there is an argument in favor of catheterizing all patients 
with dilated cardiomyopathy in whom cl1e coronary artery 
anatomy caru1ot be clearly defined on echocardiography. Sec
ondary findings of dilated cardiac chambers and segmemal wall 
motion abnormalities together with mitral regurgitation prompt 
a search for an ALCAPA. Diagnosis of an ALCAPA is an indica
tion lfor intervention. 
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FIGURE 59-47 Method for the management of a pulmonary artery sling with associated tracheal stenosis, using cardiopulmonary bypass. 
A, Tracheal resection of the involved segment. B. Anterior translocation of the left pulmonary artery after transection of the trachea. C. Direct 
anastomosis of the trachea. (From Castaneda AR, Jonas RA, Mayer JE, Hanley FL: Vascular rings. slings, and tracheal anomalies. In Castaneda 
AR. Jonas RA. Mayer JE. Hanley Fl: Cardiac surgery of the neonate and infant, Philadelphia, 1994, WB Saunders.) 

Surgery A degree of ventricular dysfuncti<m is usually present. 
Preoperative inotropic support and optimization of hemody
namic.~ may be required before surgical intervention. Severe 
cardiomyopathy may, rarely, necessitate car&ac transplantation. 
Current experience in&cates that creation of a dual coronary 
system is safe an·d reproducible and offers the best opportw1ity 
for recovery of fLmction. 51 Operative considerations include 
optimal myocardial protection and prevention of left heart &s
tention. Direct reimplantation of the ALCAPA into the ascend
ing aorta is currencly the procedure of choice (Fig. 59-48). 
Sometimes, Limited mobility of the coronary artery will preclude 
reimplruuation. and a surgically created aorta-pulmonary 
artery-coronary artery tw1nel is created, tbe Takeucl1i proce
dure. Ligation of the ALCAPA is not recommended. 

Postoperative mru1agement is directed toward maintaining 
adequate coronary perfusion and cardiac output. Mechanical 
support of the bcart may be temporarily required. Mitral regur
gitation usually nmproves ru1d valve replacement is rarely neces
sary. Current intervention has a low operative mortality. Risks 
for nonsurvival relate to preoperative ventricular dysfunction 
and cardiogenic shock. 1l1e Takeuchi repair is associated with 
tum1d complications such as obstruction, leak, aortic valve 
damage, a11d RVOTO in the long term. 

Coronary Arteriovenous Fistula and Aneurysms 
Isolated coronary artery fistula is more rare than ALCAPA. 
Drainage of coronary artery fistula is reported to terminate more 
commonly in the right side of me heart or pulmonary artery 

FIGURE 59-48 Direct reimplantation of ALCAPA. A. Excision of 
ALCAPA from the pulmonary artery (PA). B, Aortic reimplantation of 
the coronary ostium into the aorta. C. Reconstruction of the PA with 
autologous pericardium. fl{), Aorta. (From Vouhe PR, Tamisier D, Sidi 
D, et al: Anomalous left coronary artery from the pulmonary artery: 
Results of isolated aortic reimplantation. Ann Thorac Surg 54:621-
626, 1992.) 

than in the left side of the heart. A shunt from the high-pressure 
coronary artery system inro a low-pres.~ure cardiac chamber may 
result in coronary steal and some degree of cardiac volume 
overload. Coronary artery aneurysms are associated witb Kawa
saki disease. 
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Diagnosis and Indications for Intervention Presencation depends on 
the amount of fFtUlctional compromise produced by the ischemia 
and volume overload. &hocardiography may be able to delin
eate the a.nomaly, but coronary angiography is di<l!,r:tlostic. 
Details of coronary anatomy are essential for determining inter
vention. lntervcnrional carhereri7_a.tion is useful for the oblitera
tion of fistulas and terminal aneurysms. 

Surgery If the lesion is not amenable to transcathctcr interven
tion, surgery is indicated. The options include suture ligation 
without bypass, cardiopulmonary bypass, and aneurysmectomy 
with closure of the fistula. Early and late mortality rates are low. 
Risk factors for dead1 and ventricular dysfunction relate w coro
nary artery insufficiency a.nd infarction after fistula ligation or 
aneu rysmectom y. 52 

Ebstein's Anomaly of the Tricuspid Valve 
Ebstein's anomaly of the tricuspid valve is a. rare defect in which 
the tricuspid valve attadm1ents are displaced into the right ven
tricle to varying degrees. Ebstein's anomaly includes a spectrum 
of abnormalities involving a degree of displacement of the tri
cuspid valve, variable right ventricular size, and variable pulmo
nary outflow obstruction. Associated abnormalities arc an ASD, 
pulmonary atresia, and ccTGA. The tricuspid valve's posterior 
and septal leaflets are variably displaced to the apex of the right 
ventricle, which results in a.n atrialized portion of the right 
ventricle. The anterior leaflet remains large and sail-like. The 
major hemodynamic issue is tricuspid incompetence wid1 
decreased pulmonary blood flow and, if an ASD is present, 
right- to-left shw1ting causing cyanosis. Long-standing tricuspid 
incompetence leads to volume overload of an abnormal right 
ventricle. Variable pulmonary outflow tract obstruction will 
limit effective pulmonary blood Bow. If adequate pulmonary 
blood flow requires continued ductal patency, the need for neo
natal intervention is almost certain. 

Diagnosis and Intervention 
l11e more severe forms of Ebsrein's anomaly present with cyano
sis in infancy. lU neonates tend to have a severe form of the 
disease, with a grossly inefficient right ventricle compounded by 
the high pulmonary resistance of the neonate or by pulmonary 
valve atresia. The mortality rate iJl this group is high. Older 
paticms prescm in heart failure and may have cyanosis. Supra
ventricular dysrbythmias a.nd the pre-excitation syndrome, 
Wolff-Parkinson-White syndrome, arc associated wid1 Ebstein's 
anomaly. Ecboca.rdiography is diagnostic. Critically ill neonates 
have poor survival rates, and surgery is indicated only after 
stabilization with PGEl and controlled ventilation. In the older 
patient, cyanosis and heart failure are indications to intervene, 
alth<lugh earlier intervention iJ1 the asymptomatic patient, 
before exces..~ive right ventricular dilation, has now been more 
actively pursued. 

Surgery 
In critically W neonates, after stabilization, palliation with a 
systemic-to-pulmonary artery shunt may be required. The 
Starnes opc•ration has allowed salvage in previously hopeless 
cases. 111is consists of patch closure of the tricuspid orifice, atrial 
scptcctomy, and a systemic-to-pulmonary artery shunt. ln 
patients with less severe fonns of this disease. tricuspid valve 
repair or replacement is also an option.53 Surgical techniques for 
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FIGURE 59-49 Repair of Ebstein's malformation using the Carpentier 
method. A. The anterior and posterior leaflets of the tricuspid valve 
are detached from the annulus. B. The atrium is plicated, reducing 
the annular diameter. The detached leaflets are reattached to the 
annulus. (From Castaneda AR, Jonas RA. Mayer JE. Hanley Fl: Ebstein's 
anomaly. In Castaneda AR, Jonas RA. Mayer JE. Hanley Fl: Cardiac 
surgery of the neonate and infant, Philadelphia, 1994, WB 
Saunders.) 

the treatment of Ebstein's aJ1omaly have been evolving and 
outcomes are improvi.ng for thls challenging group of patients 
(Fig. 59-49).~ 

Mitral Valve Anomalies 
Most abnormalities of the mitral valve arc associated with other 
complex lesions (e.g., Slwne's complex). More commonly, micra\ 
disease iJ1 ch.ildrcn is inflammatory in nature-that is, rheumatic 
disease or infective endocarditis. It may also be associated with 
collagen vascular disease and Marfan syndrome. 

Mitral Stenosis 
Mitral stenosis is caused by obstruction at a supravalvular, val
vular, or subva.lvular level, singly or in combination. Supraval
vular stenosis is caused by a ring of fibrous tissue above the 
aJmuJus of the mitral valve or attached to the proximal leaflets. 
Valvular stenosis involves the leaAets, with commissural fusion 
occurring with or without hypoplasia of the valve ring. Hypo
plasia of the mitral valve is often associated with left ventricular 
hypoplasia. Frequently. the leaflets and subvalvular apparatus are 
also dyspla.~tic. Fusion of me leaflets can lead to a.n accessory 
orifice and produce mitral stenosis at a purely valvular level 
(so-called double-orifice mitmi valve). Three types of subvalvular 
stenosis have been recognized-parachute mjtral valve, hanm10ck 
valve, aJld absence of one or both papiJJary muscles. Mitral 
regurgitation is a result of secondary aJlnula.r dilation, congenital 
isolated clefts of the valve, aJld prolapse of the leaflets from 
abnormal chordae or papillary muscle insertion. 

Echoca.rdiography . is diagnostic. lnterventi.on includes 
balloon valvuloplasty, particularly for selected forms of rheu
matic mitral stenosis, a.nd surgical intervention. Intervention is 
timed to avoid irreversible sequelae related to chronic volume 
overload or pulmonary hypertension. Surgical intervention is 
aimed at preserving the mitral valve and valvuloplasty tech
niques have a valuable place iJ1 children. Prosthetic valves are the 
least desirable option. Bioprosthetic or tissue valves need to be 
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avoided in children. Supra-annular placement of the prosthesis 
may be necessary. Repeat placement is ensured. 

SUMMARY 
This chapter provides a basic overview of the major congenital 
cardiac lesions and a framework for the diagnosis and crearmenr 
of these conditions. It must be empbasized that for most patients, 
the diagn<>Sis of CHD, whether surgically treated or not, carries 
lifelong implications. For patients with CHD presenting for 
noncardiac surgery, a thorough w1derstanding of the patient's 
unique anatomy and physiology is mandatory in deriving a 
rational management strategy. The reader is directed to several 
exceUem texts on CHD for a more thorough review of each nf 
the lesions reviewed in this chapter. 
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ATHEROSCLEROTIC CORONARY ARTERY DISEASE 
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ADJUNCTS TO CABG 
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REOPERATION FOR CORONARY ARTERY DISEASE 

MECHANICAL COMPLICATIONS OF CORONARY ARTERY DISEASE 

CORONARY ARTERY BYPASS GRAFTING AND SPECIAL PATIENT 

POPULATIONS 

Cardiovascular disease is the leading cause of death in the United 
States. Coronary artery disease, which is responsible for more 
than 50% of all cardiovascular disease-related deaths, was 
expected to account for more than $80 billion in direct costs in 
2010. In the United States, approximately 1 million people 
sustain an acute myocardial infarction (MI) every year because 
of atherosclerotic coronary disease. Although recent advances in 
percutaneous intervention have reduced the number of referrals 
for surgical imervention, coronary artery bypass grafting (CABG) 
still remains one of the most effective treatmems for coronary 
artery disease aJlld is the most commonly performed opeJ1 cardiac 
procedme in the United States. 

CORONARY ARTERY ANATOMY AND PHYSIOLOGY 

Anatomic Considerations 
The coronary arteries are the predominant blood supply con
duits to the heart. The coronary arteries arise from the sinuses 
ofValsalva, which are elastic saccular bulges of the aortic root. 
1he coronary arteries are the first arterial branches of the aorta 
and usually two are preseJ1t. TI1ey are designated as right and 
left according m the embryologic chan1ber that they predomi
nantly supply. The left coronary artery (LCA) arises from the 
left coronary siJ1us, which is located posteromedially, whereas 
the right coronary anery (RCA) arises from the right coronary 
sinus, which is located anteromedjaiJy. The LCA. also called the 
left mttin cor01u:try ttrtery, averages approximately 2 to 3 em in 
length and courses in a left posterolateral direction, winding 
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bdli.nd the main pulmonary artery trunk and then splitting into 
the left anterior descending (LAD) and left circumflex arteries. 
l11e LAD courses in an anterolateral direction to the left of the 
pulmonary trunk and runs anteriorly over the interventricular 
septum. 1he diagonal branches of the LAD supply the antero
lateral wall of the left ventricle. The LAD is considered the most: 
important su.rgical vessel because it supplies more than 50o/o of 
the left ventricular mass and most of the interventricular septum. 
The LAD has several septal perforating branches that supply the 
interventriCLLiar septun1 from the anterior aspect. 1he LAD 
extends over ilie interventricular septum up to ilie apex of d1e 
heart, where it may form an anastomos.is with the posterior 
descendll1g artery (PDA), which is t:ypically a brand1 of the right 
coronary system (Fig. 60-1 ). 

The c.irclLJl1flex artery passes through the atrioventricular 
groove (AV) and follows a clockwise course. Where the circum
flex artery courses through the AV groove, it gives off branches 
in a perpendicular fashion that extend toward, but do not quite 
reach, the apex of the heart. These branches are designated the 
obtuse marginal braches and are designated numerically from 
proxirmal to distal. The circumflex coronary artery usually ter
minates as the left posterolateral brand1 after taking a perpen
dicular turn toward the apex. 

The term ramus intermedius is used to designate a dominan t: 
epicardial coronary vessel that arises from the occasional trifurca
tion of the left main coronary artery. The ramus typically emerges 
from under the left atrial appendage, whicl1 is used as a landmark 
for identifying this branch and courses over the amerolateral wall 
of the left ventricle. This brancl1 can be mtramyocardial and 
difficult to locate at times. 

The RCA supplies most of the right ventricle, as well as the 
posterior part of the left ventricle. 1he RCA emerges from its 
ostium in the right coronary sinus, passes deep in the right AV 
groove, and then proceeds over d1e anterior surface of the heart. 
At the superior end of the acute margin of the heart, the RCA 
turns posteriorly toward the crux and usually bifurcates into d1e 
PDA over the posterior interventricular sulcus and right postero
lateral artery. The RCA also supplies multiple right ventricular 
branches (acute marginal branches). Occasionally, the PDA 
arises from both the RCA and LCA and the circulation is con
sidered to be codomlnant. The AV node artery arises from the 
RCA in approximately 90o/o of patients. The sinoatrial node 
artery arises from the proximal RCA in 50% of patients. Other 
prominent branches arising from the RCA include the acute 
marginal artery and anterior ventricular brancl1es. Al though the 
source of the PDA is often used clinically to define dominance 
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FIGURE 6o-1 Anatomy of normal coronary artery vasculature. 

Table 60-1 Anatomic Architecture of Coronary Arteries 
NAMED VESSELS 

Left main coronary artery 

Left anterior descending 

Circumflex coronary artery 

Right coronary artery 

BRANCHES 

Left anterior descending 
Circumflex coronary 
Ramus intermedius 

Diagonal arteries 
Septal perforators 

Obtuse marginal branches 
Lett posterorater al artery 

Acute marginal artery 
Posterior descending artery 
Right posterolateral artery 

of circulation in the heart, anatomists define it according to 
where the sinoatrial node artery arises. Table 60-1 summarizes 
the hierarchy of the coronary artery anatomy. 

AU the epicardial conductance vessels and septal perforators 
from tbe LAD give rise to a multitude of branches, termed 
resistance vessels, whkh traverse perpendicularly into the ven
tricular waU. 1hese vessels play a crucial role in oxygen and 
nutrient exchange with the myocardium by forming a rid1 
plexus capillary net\¥Ork. 'The rich capillary plexus offers a low
resistance sink to aUow for unimpeded increase of artcdal blood 
Aow when oxygen demand rises. This is important because the 
myocardial vascular bed extracts oxygen at its full capacity, even 
i"n low-demand circumstances, thereby allowing no margin for 
further oxygen extraction when demand is high. 

An intricate network of veins drains the coronary circula
tion and the venous circulation can be divided into three 

BOX 60-1 Unique Features of Coronary Blood Flow 

• Autoregulated over wide pressure ranges 
• Blood flow: 0.7 to 0.9 ml/g of myocardium per minute 
• 75% oxygen extraction 
• Coronary sinus blood is the most deoxygenated blood in the 

body 
• 4 to 7 fold increase in flow with increased demand 
• 6Wo blood flow occurs during diastole 
• Flow limited oxygen supply 

systenls-the coronary silws and its tributaries, the anrerior 
right ventricular veins, and the thebesian veins. The coronary 
sinus predominantly drains the lefr ventricle and receives 85% 
of coronary venous blood. It lies within the posterior AV groove 
and empties into the right atrium. The anterior right ventriCLdar 
veins travel across the right ventricular surface to cl1e right AV 
groove, where they enter directly into the right atrium or form 
the smaU cardiac vein, whld1 enters into the right atrium directly 
or joins the coronary silllls just proximal to its orifice. The the
besian veiJlS are small venous tributaries that drain directly into 
the cardiac chan1bers and exit primarily into the right atrium 
and right ventricle. Understanding the anatomy of the coronary 
sinus is essential for placing the retrograde cardioplegia cannula 
during cardiopulmonary bypass. 

Physiology and Regulation of 
Coronary Blood Flow 
Aortic pressure is a driving force in the maintenance of myocar
dial perfusion. During resting conditions, coronary blood Bow 
is maintained at a fairly constant level over a wide range of aortic 
perfusion pressures (70 to 180 mm Hg) through cl1e process of 
autoregulation. 

Because the myocardium has a blgh rate of energy use, 
normal coronary blood flow averages 225 mL/mi.n (0.7 to 
0.9 mllg of myocardium/min) and delivers 0.1 mllg/min of 
oxygen to the myocardium. Under normal conditions, more 
than 75% of tbe delivered oxygen is extracted in clle coronary 
capiJlary bed, so any additional oxygen demand can only be met 
by inc:reasb1g the flow rate. This highllgbts the importance of 
unobstructed coronary blood Aow for proper myocardial func
tion. Box 60-1 summarizes the unique features of coronary 
blood flow. 

In response to increased load, such as that caused by strenu
ous exercise, the healthy heart can increase myocardial blood 
flow fourfold to sevenfold. Increased blood Aow occurs through 
several mechanisms. Local metabolic neurohumoral factors 
cause coronary vasodilation when stress and metabolic demand 
increase, thereby lowering tbe coronary vascular resistance. 1l1ls 
results in increa..ed delivery of oxygen-rich blood, mimicking 
the phenomenon of reactive hyperemla. When a transient occlu
sion to the coronary artery is released (e.g., during the perfor
mance of a beating. heart operation) , blood Aow immediately 
rises to exceed the normal baseline flow and then gradually 
retums to its baseline level. 1l1e autoregulatory mechanism 
responsible is gulded by several. merabollc factors, including 
C02, 0:~ tension, hydrogen ions, lactate, potassium ions, and 
adenosine. Of these, adenosine is one of the leading candidates 
in cl1e :autoregulatory mechanism. Adenosine, a potent vasodila
tor and a degradation product of adenosine triphosphate {ATP), 
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accumulates in the interstitial space and relaxes vascular smooth 
muscle. This results in vasomotor relaxation, coronary vasodila
tion, and increased blood flow. Another substance that plays an 
important role is nitric oxide (NO), which is produced by the 
endotlJelium. Without the endomelium, coronary arteries do 
not auroregulate, suggesting that the mechanism for vasodilation 
and reactive hyperemia is endothelium-dependent. 

Extravascular compression of the coronaries during systole 
also plays an important role in me regulation of blood flow. 
During systole, tl1e intracavitary pressures generated in the left 
ventricular wall exceed intracoronary pressure and blood flow is 
impeded. Hence, approximately 60% of me coronary blood flow 
occurs during diastole. During exercise. increased heart rate and 
reduced diastollic time can compromise flow time but this can 
be off.<>et by va~odi latory mechanisms of the coronary vessels. 
Buildup of atherosclerotic plaques and fixed coronary occlusion 
significantly impair coronary blood compensatory mechanisms 
during increased heart rates. This forms the basis for exercise
induced stress tests, in whicb increased activity or exercise 
unmasks underlying coronary disease. 

HISTORY OF CORONARY ARTERY 
BYPASS SURGERY 
One of the first attempts at myocardial revascularization was 
made by Dr. Arthur Vineberg from Canada. He operated Oil a 
series of patients who presented with symptoms of myocardial 
ischemia and impJanted the left imernal mammary artery i11to 
the myocardium by creating a pocket. The operarion did 
not entail a direct anastomosis to any coronary vessel and was 
performed O il a beating heart through a left anterolateral thora
cotomy. Dr. Mirchad DeBakey performed a successful aortocoro
nary saphenous vein graft in 1964. Dr. Mason Sones, who is 
credited witl1 inventing cardiac catheterization, helped establish 
coronary artery bypass surgery as a planned and consistent 
therapy in patients with angiograpbically documented coronary 
artery disease. 

The development of the heart-lung machine and demon
stration of successful clinical use by Dr. John Heysham Gibbon 
in the 1950s and cl1e advancement of cardioplegia techniques in 
later years by Dr. Gerald Buckberg allowed surgeons to perform 
coronary anastomosis on an arrested (nonbeating) heart with a 
relatively bloodless field, thus increasing the safety and accuracy 
of me coronary bypass. In the 1990s, the advent of devices mat 
could atraumatically stabilize the heart provided another pathway 
for me development of off-pump techniques of myocardial 
revascularization. Today, an armamentarium of techniques, 
ranging from conventional on-pump CABG to minimally inva
sive robotic and percutaneous approaches, is available to manage 
coronary artery disease. Table 60-2 summarizes the timeline of 
major historical events in ilie development of surgery for myo
cardial revasculatization. 

ATHEROSCLERonC CORONARY ARTERY DISEASE 
Coronary atherosclerosis is a process dtat begins early in me 
patient's life. Epicardial conductance vessels are me most suscep
tible and i.ntramyocardial arteries, the least. Risk factors for 
atherosclerosis iJlclude elevated plasma levels of total cholesterol 
and low-dens~ty lipoprotein cl1olesterol (LDLc), cigarette 
smoking, hypertension, djabetes mellitus, advanced age, low 
p lasma levels of higb-density lipoprotein cholesterol (HDLc), 
and a family l1istory of premature coronary artery disease. 

Table 60-2 Evolution of Surgical Coronary Artery Interven
tions: Timeline 

-------------------------------
1950 A. Vineberg Direct implantation of mammary artery 

into myocardium 

1953 J. H. Gibbon First successful use of cardiopulmonary 
bypass machine 

1962 F. M. Sones Successful cine-angiography 

1964 M. E. DeBakey First successful coronary artery bypass 
grafting 

1964 T. Sondergaard Introduced routine use of cardioplegia 
for myocardial protection 

1964 D. A. Cooley Routine use of normothermic arrest for 
all cardiac cases 

1968 R Favoloro First large series demonstrating success 
ofCABG 

1973 V. Subramanian Beating heart coronary artery bypass 
graft 

1979 G. Buckberg Introduced the use of blood 
cardioplegia as preferred method for 
to arrested myocardial protection 

Epidemiol.ogic evidence suggests that coronary artery ath
erosderosis is closely Linked to the metabolism of lipids, specifi
catly LDLc. The development of lipid-lowering drugs has 
resulted in a signilicanr reduction in mortality. In one observa
tional study of patients who received statin therapy and were 
known to have coronary artery disease (CAD), statin treatment 
was associated wiili improved survival in all age groups. ' The 
greatest survival benefit was fouJld in those patients in the 
highest quartile of plasma levels of high-sensitivity C-reactive 
protein (hs-CRP), a biomarker of inflammation and CAD.2 

Animal and human studies have demonstrated that statin 
therapy also modifies me lipid composition within plaques 
by lowering the amotmt of LDLc and stabilizing the plaque 
through various mechanisms, including reduction in macro
phage accumulation, collagen degradation, reduction in smooth 
muscle ceU protease expression, and decrease in tissue factor 
expression. 

Pathogenesis 
The primary cause of atherosclerotic coronary disease is endo
thelial injury induced by an infian1II1atory wall response and 
lipid deposition. There is evidence that an inflammatory response 
is involved in all stages of the disease, from early (jpid deposition 
to plaque formation, plaque rupture, and coronary artery throm
bosis .. Vulnerable or bigb-risk plaques that are prone to rupture 
are characterized by me following: 
l. A large, eccentric, soft lipid core 
2. A thin fibrous cap 
3. Inflammation withi11 the cap and adventitia 
4. Increased plaque neovasculatity 
5. Evidence of ourward or positive vessel remodeling 

Thinner fibrous caps are at a higher risk for rupture, prob
ably because of an imbalance berween the synthesis and degrada
tion of me extracellular matrix in the fibrous cap that results in 
an overall decrease in tbe collagen and matrix components (Fig. 
60-2) . Increased matrix breakdown caused by matrix degrada
tion by an infian1matory cell-mediated metalloproteinase or 
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FIGURE 60-2 Components of atherosclerotic plaque. Thinning of d1e fibrous cap eventually results in plaque rupture with extrusion of highly 
duombogenic lipid laden material into the coronary artery. This causes an acute occlusion of dle coronary artery resulting in myocardial infarc
tion. (Adapted from Choudhury RP, Fuster V, Fayad ZA. Molecular, cellular and functional imaging of adlerodlrornbosis. Nature Rev Drug Oiscov 
3:913-925, 2004.) 

reduced production of extraceUular matrix results in thinner 
fibrous caps. N011: aU plaque ruptures are symptomatic; whether 
they are is dependent on the cluombogenicity of the plaque's 
components. Tissue factor within the Jjpid core of the plaque, 
secreted by activated macropbages, is one of the most potent 
thrombogenic stimuli. Rupture of a vulnerable plaque may 
be spontaneous or caused by extreme physical activity, severe 
emotional distress, exposure to drugs, cold exposure, or acute 
infection. 

Fixed Coronary Obstrudions 
More than 90% of patients with symptomatic ischemic heart 
disease have advanced coronary atherosclerosis caused by a fixed 
obstruction. Atherosclerotic plaques of the coronary arteries are 
concentric (25%) or eccentric (75%). Eccentric lesions compro
mise only a portiJon of the lumen; through vascular remodeling, 
cl1e arterial lumen may remain patent until late in the disease 
process. 1l1e impact of an arterial stenosis on coronary blood 
How can be appreciated in the context ofPoiseuille's law. Reduc
tions in luminal diameter up to 60o/o have minimal impact on 
How bur when the cross-sectional area of the vessel has decreased 
by 75% or more, coronary blood Bow is significantly compro
mised. ClinicalJy, this loss of Aow often coiJlcides with the onset 
of exertional angina. A 90o/o reduction i.n luminal dian1eter 
results in resting angina. 

CLINICAL MANIFESTATIONS AND DIAGNOSIS OF 
CORONARY ARTERY DISEASE 

Clinical Presentation 
1l1e most common presenting symptom of CAD is angina. Ir 
may be accompanied by dyspnea or mistaken for a gastrointes
tinal disruibance. The symptoms cypicaUy arc exacerbated nr 
incited by effort but subsequently resolve with rest. Unstable 
angina encompasses resting angina, new-onset angina, and accel
erated angina and is usually indicative of severe ischemia and 
impending Ml. However, not all cases of angina are necessarily 
indicative of CAD, because disease processes from other systems 
can closely mimic cl1ose of angina. Approximately 15% of 
patients with CAD do not present with angina. 

The term ttcute coronttry syndrome (ACS) has evolved to 

refer to a constellation of clinical symptoms that represent myo
cardial ischemia. It encompasses both ST-segment elevation Ml 
(STEM]) and non-ST-segment elevation Ml (NSTEMI). Ml 
often presents as crushing chest pain that may be as.~ociated with 
nausea, diaphoresis, anxiety, and dyspnea. Symptoms of hypo
perfusion may also include dizziness, fatigue, and vomiting. 
Heart .rare and blood pressure may be initially normal, hut both 
i.ncreasc in response ro the duration and severity of pain. Loss 
of blood pressure is indicative of cardiogenic shock and indicates 
a poorer prognosis. At least 40o/o of cl1e ventricular mass must 

http://www.myuptodate.com


1654 SECTION XI CHEST 

Abnormal neck vein pulsations, which may be seen in patients 
with second- or third-degree heart block or CHF: 
• Bradycardia-a subtle presentation of ischemia involving the 

right coronary territories and a possible sign of heart block 
• Weak or thready pulse suggestive of ectopic or premature 

ventricular beats 
• Third heart sound that is noted with elevated left ventricular 

filling pressures/CHF 
• Fourth heart sound, which is commonly heard in patients 

with acute and chronic CAD 
• Mitral regurgitant heart murmurs caused by ischemic papil

lary muscles 
• Ejection systolic murmur indicative of aortic stenosis, which 

can contribute to coronary ischemia 
• Holosystolic murmurs caused by ventricular septal rupture 
• Manifestations of CHF, such as rales, hepatomegaly, right 

upper abdominal quadrant tenderness, ascites, and marked 
peripheral and presacral edema 

be involved for cardiogenic shock to occur. The first manifesta
tion of CAD in 40% of patients is sudden onset of a non per
fusing ventricular rhythm, such as ventricular tachycardia or 
fibrillation. 

The prehuspital mortality rare for an acute MI (AMD is 
approximately 50%. Of those patients who reach the hospital, 
another 25% dlie during the hospital stay and another 25% dk 
in the first year afrerward.3•

4 Mechanical complications of MI 
include acute ventricular septal defect (VSD), papillary muscle 
rupture, and free ventricular rupture. They usually occur approx
imately 7 to 10 days after the initial ML 

Physical Examination 
Some clinkal findings are generic and are related to the systemk 
manifestations of atherosclerosis. Eye examination may reveal a 
copper wire sign, retinal hematoma or duombosis secondary to 
vascular occlusive disease, and hypertension. Corneal arcus and 
xanthelasma are features noticed in cases of hypercholesterol
emia. Other cllinlcal man.ifesraclons are caused by sequelae of 
CAD, as notedl in Box 60-2. 

A thorough vascular evaluation is essential for any patient 
who presents with coronary disease because atherosclerosis is a 
systemic process. ln addition, if surgery is being planned, the 
extremities should be evaluated for any previous surgical scars 
or fractures that could potentially preclude vein harvest. 

Diagnostic Testing 

Biochemical Studies 
Patients suspectted of having an ACS should w1dergo appropri
ate blood testing. Levels of creatinine kinase muscle and brain 
subunits (CK-MB) and troponiJl T or I should be assessed at 
least 6 to 12 hours apart. Additional laboratory tests include a 
complete blood count (CBC), comprellensive metabolic panel, 
and Lipid profile (total cholesterol, triglycerides, LDLc, HDLc). 
Elevated brain natriuretic peptide {BNP) and CRP levels suggest 
a worse outcome. 

Chest Radiography 
The chest radiograph is helpful in identifying causes of chest 
discomfort or pain other than CAD. Chest radiography does 
not detect CAD directly; it only identifies sequelae, such as 
cardiomegaly, pulmonary edema, and pleural effusions, that are 
indicative of heart failure. Evidence of calcification in the coro
nary arteries, although suggestive of CAD, is not reflective of 
cl1e severity of the disease. 

Resting Electrocardiography 
A 12-lead resting electrocardiogram (ECG) should be obtained 
in patients suspected of having CAD or irs sequelae. 1he ECG 
is evaluated for evidence of left venuicular hypertrophy; 
ST-segment depression or elevation, ectopic beats, or Q waves_ 
In addition, arrhythmias {atrial fibrillation or ventricular tachy
cardia) and conduction defects (left anterior fascicular block, 
right btmdle branch block, left bundle branch block) are sug
gestive of CAD and MI. Persistent ST-segment elevation or an 
evolving Q wave is consistent with myocardial injury and 
ongoing ischemia. Fifty percent of patients have normal electro
cardiographic results despite having significant CAD, and 50% 
of ECGs obtained during cl1est pain at rest will be normal, 
indicating the inaccurate nature of the test. 

Risk Stratification and Further Testing 
Bao;ed on age, clinical history, symptomatology, physical signs, 
and diagnostic tests, CAD patients are classified as ]ow, interme
diate, or high risk. Such stratification enables the clinician to 
determine the intensity of medical therapy and timing of coro
nary angiography. 

Low- to intermediate-risk patients treated early and with a 
conservative strategy may undergo stress testing for further risk 
stratification. The choice to conduct stress testing depends on 
the patient's resting ECG and abili ty to perform exercise. 

An exercise stress ECG is helpful in unmasking underlying 
CAD and is a more reliable screening test than a resting ECG 
in patients older cl1an 40 years. The Bruce protocol is the most 
commonly used standardized treadmill exercise prorocol. TI1e 
protocol iJwolves five 3-mi.nute bouts of treadmill exercise, each 
designed to elicit greater myocardial oxygen demand than cl1e 
last, to determine the patient's ischemic threshold. A typical. 
protocol requires the patient to expend about 12 metabo(jc 
equivalents (METs) of energy to ensure a complete test. A posi
tive exercise ECG may show progressive flattening of the ST 
segment or ST-segment depression as exercise progresses. During 
cl1e recovery phase, ST depression may persi.st, with downslop
ing segments and T wave inversion. Additional fiJ1dings associ
ated with an adverse prognosis and the presence of multivessel 
occlusive disease iJ1dude a duration of symptom-Limited exercise 
of less than 6 METs, the failure of systolic blood pressme to 
increase to more than 120 mm Hg, and the appearance of ven
tricular arrhythmias. For detection of CAD, the sensitivity and 
specificity of an exercise ECG approach 70% and 80%. respec
tively (Box 60-3). 

Conditions that preclude accurate interpretation of the 
stress ECG include digoxin therapy, widespread restir1g ST
segment depression ~I mm), left ventricular hypertrophy, left 
bundle brand1 block, and orher conduction abnormalities. For 
patients with these conditions and those unable to exercise, a 
pham1acologic stress test with an in1aging modality using a 
radionuc(jde agent such as thai Bum or sestanlibi, multiple-gated 
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Exercise Stress ECG• 
• Bruce protocol (vide infra) 
• Five 3 minute bouts of treadmill exercise 
• Determines the ischemic threshold 
• 12 metabolic equivalents of energy expenditure needed for 

complete test 
• l ow cost and short duration 
• Highly sensitive in multivessel disease 

Limitations: 
• Suboptimal sensitivity 
• l ow detection rate of one-vessel disease; 
• Nondiagnostic with abnormal baseline ECG 
• Poor specificity in premenopausal women 
• Many cannot accomplish the 12 mets for a complete test or 

an appropriate heart rate response 

Exercise/Pharmacologic SPECT Perfusion Imaging 
• Simultaneous evaluation of perfusion and function 
• Higher sensitivity and specificity than exercise ECG 
• Quantitative image analysis 
Limitations: 
• l ong procedure time with 99"'Tc 
• Higher cost 
• Radiation exposure 
• Poor-quality images in obese patients 

Exercise/Pharmacologic Stress Echocardiography 
• Higher sensitivity and specificity than exercise ECG 
• Comparable value with dobutamine stress 
• Short examination time 
• Identification of structural cardiac abnormalities 
• Simultaneous evaluation of perfusion with contrast agents 
• No radiation 
Limitations: 
• Decreased sensitivity for detection of one-vessel disease or 

mild stenosis 
• Highly operator dependent 
• No quantitative image analysis 
• Poor imaging in some patients 
• Infarct zone poorly defined 

*Commonly known as the treadmiD test 

acqutsttton [MUGA] scaruililg, or positron emis.~ion tomogra
phy (PET) should be considered. Echocardiography may be 
considered as an alternative. Pharmacologic stress agents include 
adenosine, dobuttamine, a11d dipyridamole. 

Echocardiography 
Ma~1y patients undergoing CABG also undergo tra11sthoracic 
eclwcardiography by the evaluating cardiology team to estimate 
ventricular wall abnormalities a11d the ejection fraction. 
Common indications for a resting ecbocardiogram i.ndude heart 
murmurs and a suspicion of a structural problem, such as aortic 
stenosis or insufficiency, hypertrophic cardiomyopatl1y, mitral 
valve stenosis or regurgitation, and congesrive heart failure. Ven
tricular dilation and wall thinning are other featmes 11oted on 
the echocardiogram in patients wicl1 chronic ischemic CAD or 
prior infarcts. 

Multidetedor Computed Tomography 
Multi detector computed tomography (MDCT), one of the most 
recent imaging modalities, allows imaging of the coronary arter
ies, especially of coronary artery bypass grafts. Studies have 
indicated that the sensitivity and specificity MDCT approach 
or exceed those of other noninvasive methods of visualizing the 
coronary artery anatomy.5 MDCT is especially useful for imaging 
proximal CAD and coronary artery bypass grafts. More recent 
technology improves on conventional MDCT by adding more 
arrays to the imaging process; 128-slice MDCT arrays are cur
rently available. These sca~mers Call acquire myocardial images 
within 1 second while exposing the patient to less radiation than 
traditional scanners. Although it is still preferable that patients 
have relatively low heart rates during imaging (to reduce arti
fact), the technology has significa11tly adva11eed a11d produces 
itnages on par with those generated by the gold standard, con
ventional angiography.6 

Magne tic Resonance Imaging and Gadolinium 
Magne tic Resonance Imaging 
Myocardial first-pass perfusion magnetic resonance imaging 
(MRl) has been considered a good al ternative to nuclear cardiac 
ischemia and viability testing. However, me procedure bas not 
gained widespread populari ty because special training and exper
tise are required to perform this type of imaging and interpret 
the res ults. 

Cardiac Catheterization and Intervention 
Cardiac cailieterization remains the gold stru1dard for evaluating 
tl1e a11.atomy of the coronary arteries. High-quality coronary 
angiography is essential. for identifying CAD and assessing its 
extent a11d severity. 

Cardiac catheterization is commonly performed by insert
ing a short, self-sealing vasc.ular sheath into either femoral artery. 
Vascular access may also be obtained via a bracllial or radial 
artery. Angiography is done by using hollow preshaped catheters 
(5 or 6 Fr}, which are placed Lmder fl uoroscopic guida11ce ret
rograde cl1rough the aorta into me ostia of tl1e coronary arteries 
a11d co ronary bypass grafts. A solution of radiographic contrast 
material is injected through the catheter to opacify the lumen. 
Images are recorded in rapid succession onto film or in a digital 
format . The surgeon typically uses the coronary angiography 
images to determine me number alld location of coronary 
targets where bypass anastomoses are to be constructed (Figs. 
60-3, 60-4, and 60-5). 

O tl1er inforn1ation obtained from cardiac catl1eterization 
includes coronary a11d aortic calcification, ventricular function, 
a11d, if ventriculography is performed, mitral regurgitation. 
Injection of contrast into me aortic root provides useful root 
a11d ascendmg aortic in1ages when indicated. 

Right heart catheterization is used to measure central 
venous, right atrial, right ventricular, pulmonary artery, and 
pulmonary wedge pressures, as weU as cardiac output. It ca11 also 
be used to identify intracardiac shwm, assess arrhythmias, and 
i11itiate temporary cardiac pacing. Preoperative right heart 
catheterization is used selectively a11d is generally not necessary 
ut1les.~ right ven tricular dysfunction or pulmonary vascular 
disease is suspected. 

Percutaneous coronary intervention (PC]) techniques in 
current use include balloon dilation, stent-supported dilation, 
amerectomy, a11d plaque ablation with a variety of devices, 
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FIGURE 60-3 Left coronary angiogram demonstrating hemodynami
cally severe lesions in the left anterior descending artery (small arrow) 
and the circumfl'ex arte ry (large arrow). 

FIGURE 60-4 Right coronary angiogram demonstrating hemodynam
ically significant lesions (arrow). The right coronary artery terminates 
as a posterior descending a rtery in the right dominant system. 

thrombectomy with aspiration devices, specialized imaging, and 
physiologic assessment with intracoronary devices. 

Coronary artery stems were the first substantial break
through in the prevention of restenosis after angioplasty. 
Al though sten t recoil or compression are not completely 

FIGURE 60-5 Coronary angiogram demonstrating critical left main 
coronary artery stenosis (arrow). 

'BO?C: f.?~-4 Indications for Coronary Artery Revascularization 

1. Angina unresponsive to medical therapy 
2. Unstable angina 
3. Congestive heart fai lure with viable myocardium 
4. Cardiogenic shock 
5. Left main stenosis >50% 
6. Left main equivalent disease-a combination of hemody

namically significant lesions involving the proximal circum
flex and LAD te rrito ry 

7. Concomitant triple-vessel CAD, EF <500fo, and diabetes 
8. Acute coronary ocdusion after failed PCI 
9. Mechanical complication of acute Ml 

insignificant problems, the greatest cause oflumen loss in stented 
coronary arteries is neoinrimal hyperplasia. This is the principal 
mechanism of in-stent stenosis and results from inappropriate 
cell proliferation-hence, the advent of cytotoxic drug-eluting 
stents. 

INDICATIONS FOR CORONARY ARTERY 
REVASCULARIZATION 
Box 60-4 summarizes d1e indications for myocardial revascular
ization. The first four indications are managed preferably by 
PCI. whereas indications 5 through 7 are managed preferably 
by surgical revascularization. The last two indications constitute 
surgical emergency. AJthough this stratification is broad and 
provides a bird's eye view of the management approach, each 
patient should be risk-strati fied before an appropriate strategy is 
initiated. When possible, proper risk stratification is absolutely 
essential to determine the balance of risks and benefits of medical 
management, PCl, and CABG. 

Chronic Stable Angina 
Cardiovascular risk reduction strategy is essential to treating 
patiems with chronic Stahle angina. In the 2007 focused update 
of the 2002 American Heart Association (AHA)/ American 
College of Cardiology (ACC) guidelinei for managing chronic 
stable angina, card iovascular risk reduction strategies included 
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smoking cessation, blood pressure control, lipid-lowering 
regimens, physical activity, antiplatelet agents, angiotensin
converting enzyme (ACE) iJlhibitors, weight control, diabetes 
management, and influenza vaccination. Such risk reduction 
strategies should be used for all patients, ir respective of the type 
of inrervenrion p la11ned on the coronary arrery. 

Coronary Artery Bypass Grafting 
Versus Medical Management 
In the 1970s and 1980s, several prospective randomized clinical 
trials evaluated the survival benefit of CABG in patients with 
chronic stable angina. The most inBuential of these trials were 
the Veterans Administration Srudy of Chronic Stable Angina 
(VA Study), EmopeaJl Coronary Surgery Study (ECAS), aJld 
Coronary Artery Surgery Study (CASS). These studies have 
shown cl1at CABG has significant benefits, resulting in d1e wide
spread use of CABG to treat patients with CAD. 'TI1ey also 
helped identify specific categories of patients wicl1 aJlgina who 
were most likely to benefit from CABG-naJnely, patients with 
left main CAD, one-, two-, or three-vessel disease with proximal 
LAD involvement, and duee-vessel disease with impaired left 
ventricular function . 

[n the current practice of medicine, the results of tl1ese 
trials should be viewed with caution because of advancements 
in modalities aJld therapeutics not available at the time. Mally 
patients were not on aspirin or beta blockers, aJld most patients 
did not receive an internal thoracic artery {ITA) graft. Calcium 
channel blockers, ACE inhibitors, and lipid-lowering agents 
were not availabl·e. ln addition, women aJld young patients were 
excluded from most of tl1e trials. Nonecl1eless, modern compara
tive studies have shown a persistent advantage of revasculariza
tion over optimal medical maJlagement, especially in higher risk 
patients with more severe coronary disease. 

Percutaneous Coronary Intervention 
Versus Medical Management 
In the 1980s. PCI was introduced as aJl alternative to CABG. 
Aliliough the short-term symptomatic success rate for PCI 
approaches 85% to 90%, tbe usefulness ofPCI remains contro
versial for patients with angina whose symptoms are adequately 
controlled with medical therapy.89 The main results of the VA 
Clinical Outcomes Utilizing Revascularization aJld Aggressive 
druG Evaluation (COURAGE) trial revealed no significant dif
ferences i11 cl1t· primary end point of all-cause mortality or non
fatal MI, or in the major secondary end points, during a median 
4 .6-year follow-up period in patients with stable CAD who were 
raJldomly assigned to receive optimal medical d1erapy (OMT), 
with or wiiliout PCI.10 

Coronary Artery Bypass Grafting Versus 
Percutaneous Coronary Intervention 
Pre-stent Era One of the first large-scale, prospective, raJldom
ized studies of iPCl aJld CABG was the Bypass Angioplasty 
Revascularization Investigation (BARI) trial reported in 1996.11 

Patients with multivessel disease were raJ1domly assigned to 
CABG or PCI and followed up for a meaJl of 5.4 years. In the 
short term, the incidence of MI was higher in cl1e CABG group 
( 4.6cvo versus 2.1 %) , but stroke rates were similar (0.8% versus 
0.2%, CABG versus PCD. Five years after treatment, the sur
vival rate was 89.3% for the CABG cohort aJld 86.3% for the 
PCI cohort (P = .19). Of ilie PCI patients, however, 54% 

required additional revascularization procedures, whereas o.nly 
8% of the CABG patients requ ired repeat revascularization. 
1hus, although PCJ did not compromise the 5-year survival rate 
in patients with multivessd disease, subsequent revasculariza
tion, including CABG, was required more often. Among tl1e 
diabetic pariems, the 5-year survival rare for rhe CABG patiems 
was markedly greater (80.6% versus 65.5%). 

Bare Metal Stent Era lo the 1990s, coronary stents were intro
duced to address the problematic occurrence of restenosis after 
PCI. Six raJldomizcd trials have compared PCI with stentlng 
and CABG.'2"

14 Except for the Angina With Extren1ely Serious 
Operative Mortality Evaluation (AWESOME) trial, these trials 
enrolled patients who were relatively low risk aJld had no serious 
comorbidities, normal ventricular function, aJld mostly two
vessel CAD that was aJnenable to both PCI and CABG. All these 
trials showed similar survival rates but there were higher revas
cularization rates in patients with bare meta.! stents. A meta
aJlalysis of four raJldomized trials has shown that PCI with 
stenting is associated with a long-term safety profile similar to 
that of CABG. However, as a r~u.lt of persistently lower repeat 
revasculari:t..ation rates in the CABG patients, overall major 
adverse cardiac and cerebrovascular event rates were significaJldy 
lower in the CABG group at 5 years.15 Although these raJldom
b~.ed studies are often used to demonstrate survival equivalence 
ofCABG aJld PCI in patients wid1 multi vessel CAD, the studies 
were underpowered, the patients were low-risk, and the follow-up 
was too short. L1 contradistinction, a large New York State 
registry study has demonstrated that patients with double- or 
triple-vessel disease derive a greater survival benefit from CABG 
thaJl from PCJ widl stenting.16 Analysis of dus large database of 
more thaJl 50,000 patients fou11d that during the 3-year 
follow-up, repeat revascularization was 11 times higher in the 
percutaneous traJlsluminal coronary aJlgioplasty (PTCA) group 
(37% versus 3.3% CABG). Furtl1ermorc, 3-year mortality was 
significantly lugher in the PTCA group. 

Drug-EiutingStentEra The proponents of drug-eluting stem (DES) 
implantation claim that improved technology has made the 
results of randomized controlled trials (RCTs) favoring CABG 
obsolete. However, in patients with multivessel disease, PCJ wiili 
DES can produce survival rates equivalent to d10se associated 
widl CABG only if the reduction in restenosis rare translates imo 
reduced mortality. Additionally, no mortality benefit of DES 
compared with bare metal stems has been den10nstrated; in a 
meta-analysis of 11 RCTs of PCI wid1 DES versus bare metal 
stents, none of the trials found a mortaHty benefit for DES.11 

The Synergy between PCI with Taxus and Cardiac Surgery 
(SYNTAX) trial compared PCI and CABG for patients with 
previously lmtreated three-vessel or left main CAD. At 12 
monms, major adverse cardiac or cerehrovascular events were 
significaJ1tly more frequent in the PCI group (17.8% versus 
12.4%). This finding was attributed primarily to the greater use 
of imaging surveillance in the CABG group (13.5% versus 
5.9%). Although ilie trial found sim ilar rates of death and MI, 
stroke was significaJltly more likely to occttr in CABG patients 
(2.2% versus 0.6%). Neverd1eless, the study findiJ1gs suggested 
that CABG remaiJ1S a favorable option in rhe care of patients 
with three-vessel or left main CAD. 

It is likely cl1at the use of a DES, or any stent, does not 
confer a mortality benefit because subsequent coronary events 
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arc often related to the progression of disease in arteries other 
than the stented artery or in other segments of the stented artery. 
In contrast, CABG treats the stenosis present at the time of 
surgery and any additional stenoses that develop proximal to the 
bypass graft in the future. 

Finally, one must remember that CABG has a long uack 
record, with sttudies reporting over 2 decades of follow-up, 
whereas reports on DES performance are short- to midterm 
studies. 1hls is an important li.nlitation on comparisons of the 
durability and cost-effectiveness of the two procedures. Reports 
of early thrombosis of a DES have dictated the use of a dual 
antiplatclet regimen for at least I year after stem deployment. 
Clopidogrcl is usually used in conjunction with aspirin, but 
there are other more potent antiplatelet agents on the horiZOJl. 
1l1e increased risk of bleeding and additional cost of dual 
antiplatclet therapy arc important limitations of treatment 
with DES. 

ln summary, compared with PC!, CABG confers superior 
long-term survival in patients with specific anatomic lesions 
(e.g., multivessel disease, left main CAD, one- and two-vessel 
disease with proximal LAD obstruction) and is as$ociated with 
fewer subsequent interventions. 

Acute Coronary Syndrome 

Unstable Angina and Non-Sf-Segment 
Elevation Myocardial Infarction 
Patients who present with unstable angina (UA) nr NSTEMI 
may have associated symptoms that confer a high short-term risk 
of death that necessitates invasive intervention. Two treatment 
pathways arc used for treating UA-NSTEMl patients: the early 
invasive strategy and an initial conservative strategy. Patients 
treated with an invasive strategy generally tmdcrgo coronary 
angiography whhin 4 to 24 hours of admission.2 Estimating the 
risk of an adverse outcome is paramount for determining which 
strategy is best for an individual patient. High-risk patients who 
benefit from invasive therapy include those with recurrent 
angina, ischemia at rest, low-level activity despite intensive 
medical therapy, elevated levels of cardiac biomarkers (tropo
nins), new ST-segmcnt depression, signs or symptoms of conges
tive heart failme or of new or worsening nlitral regurgitation, 
findings from noninvasive testing that suggest high risk, hemo
dynamic instability, sustained ventricular tachycardia, PCI 
within the previous 6 months, prior CABG, and reduced left 
ventricular function (<40%). 

According to the AHA/ ACC/ American Association for 
1l1oradc Surgery (MTS) guidelines, UA-NSTEMl and features 
associated with high short-term risk of death or nonfatal MI 
indicate rcvascularization of the presumed culprit artery. These 
indications are sinillar to those for coronary revascularization in 
patients with chro11ic stable angina. '~ 

Adjunctive Therapy to Percutaneous 
Coronary Intervention 
To minin1i1..e the complications of acute coronary occlusion and 
restcnosis after PCI with stenting, current catheter-based revas
cularization now includes adjuvant (i.e., in addition to aspirin) 
use of platelet GP llb!Illa receptor inhibitors and adenosine 
diphosphate (ADP) receptor inhibitors (thienopyridines) such 
a~ clopidogrel. Antiplatelet therapy has been shown to reduce 
the risk of cardiac cvencs in patients who present with acute 

coronary syndrome. However, all effective antiplateler therapies 
also increase the risk of bleeding. 

For patiellts who received clopidogrel on admission in 
anticipation of PCI but who did not undergo it, it is preferred 
to wait for 5 days for the effect to wear off before proceeding 
with CABG unless the patient is unstable and requires urgenr 
CABG. 

ST-Segment Elevation Myocardial 
Infarction-Acute Myocardial Infarction 

Percutaneous Coronary Intervention Versus Medical 
Management for Acute Myocardial Infarction 
In general, PCI has a survival advantage over thrombolytics as 
an initial treatment for STEMl-AMl, and the use of delayed 
PCI as an adjunct to therapy, including therapy with thrombo
lytics, does not affect survival. ln the Global Use of Strategies 
to Open Occluded Coronary Arteries in Acute Coronary Syn
dromes (GUSTO) llb trial / > the 30-day rate of the composite 
end point of death, nonfatal MI, and nonfatal disabling stroke 
was 9.6% for PCI patients and 13.7% for recipients of 
tbrombolytics. 

Prospective observational data collected from the Second 
National Registry of Myocardial Infarction between June 1994 
and March 1998 i.ncluded a cohort of 27,080 consecutive 
patients with AMI associated with ST-segment elevation or left 
bLmdle branch block. These patients were all treated with 
primary angioplasty; the srudy revealed that the adjusted odds 
of mortality were significantly higher (62% versus 41 %) for 
patients with door to balloon times longer than 2 hours. The 
longer the door to balloon time, the higher the mortality risk, 
emphasizing that door to balloon time has a significant impact 
on the outcomes for patients with AMI.10 

On the basis of this evidence, PCI facilitie,s have been 
required to establish a target door to balloon time of no longer 
than 90 minutes. Depending on the available facilities in a 
particular region, it is the responsibility of emergency medical 
services (EMS) personnel to detemline whether that goal can be 
achjeved by transferriJ1g the patient to a PCI-capable facility. lf 
tllis cannot be accomplished, a medical management strategy 
should be considered, with the goal being a door to needle time 
of 30 minutes or less.2 1 

Role of Coronary Artery Bypass Grafting 
Although an inc.reasi.J1g number of patients undergo catheter
ization early after AMI, the initial treatment is directed by the 
intervcntionalist, which has significantly din1inished tl1c role of 
emergency CABG. In general, patients who undergo CABG 
early after AMl are sicker and efforts to improve myocardial 
function are typically refractory to medical therapy. These 
patients typically have a higher incidence of comorbidities and 
arc more likely to require intra-aortic balloon pump (lABP) 
iJ1sertion. 'TI1e optimal timing of CABG after AMI is not well 
established. A review of California Discharge Data has identi
fied 9476 patients who were hospitalized for AMI and subse
quently underwent CABG. Of these, 4676 (49%) were in tbe 
early CABG group and 4800 (51 Ofo) were in the late CABG 
group. 1l1e mortality rare was highesr amnng patients who 
underwent CABG on day 0 (8.2%) and declined to a nadir of 
3.0% among patients who w1derwent CABG on day 3. 1l1e 
mean time to CABG was 3.2 days. Early CABG was an 
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independent predictor of mortality, suggesting that CABG may 
best be deferred for 3 or more days after admission for AM1 in 
non urgent cases . .!.' 

The SHOCK (Should We Emergently Revascularize 
Occluded Coronaries for Cardiogenic Shock) trial bas sbown 
the survival advamage of emergency revascularizarion versus 
initial medical stabilization i11 patients in whom cardiogenic 
shock developed. after AMI. A subanalysis that compared the 
effects of PCI and CABG on 30-day and 1-year survival 
showed that survival rates were similar at both time points. 
Among SHOCK trial patients randomly assigned to undergo 
emergency revascularization, those treated with CABG had a 
greater prevalence of diabetes and worse coronary disease 
than those treated with PCI. However, survival rates were 
similar.23 

In patients with AMI. CABG is usually performed in con
junction with an operation to treat a specific complication, such 
as refractory posti nfarction angina, papillary musde rupture 
with mitral regurgitation, and infarction ventricular septal 
defect. The rationale for urgent or emergent surgery is often 
based on high early mortality risk hecause of mechanical 
com p Iicari ons. 

Preoperative Evaluation 
1l1e success of coronary artery revasculariz.ation depends on 
proper workup and patient selection. Comorbidities that affect 
CABG outcomes and that are typically incorporated into risk 
models include age, gender, urgency of the procedure, ejection 
fraction, need for mechanical circulatory support, Ml, smokil1g 
status, use of immunosuppressive drugs, prior coronary inter
ventions, and presence of hypertension, diabetes, peripheral 
vascular disease, and cerebrovascular disease. ln addition, the 
severity of angina, as designated by the Canadian Cardiovascular 
Society (CCS) classification of anginas and New York Heart 
Association (NYHA) classification for congestive heart failure 
are important risk variables. 

The following are essential components of a preoperative 
workup for CABG patients: 

l. Detailed h istory and physical examination, including 
conduit evaluation 

2. Review of medications, including ACE inhibitors, 
beta blockers, anti platelet agents, and anticoagulants 

3. Carotid duplex ultrasonography in patients who have 
clinical bruit or are at high risk for cerebrovascular 
disease 

4. Cardiac echocardiography to evaluate ventricular 
function and the structural integrity of valves and 
chambers 

5. Cardiac viability study in high-risk or reoperation 
surgical candidates and in patients with suspected 
end-stage cardiac disease with depressed ejection 
fraction 

6. Cardiac catheterization to delineate the coronary 
anatomy 

7. Chest radiography 
8. Coagulation and platelet profile, comprehensive met

abolic panel, and CBC 
Depending on the findings of these tests, patients may need 

additional workup. In emergenc}' circumstances, several of d1ese 
tests may be skipped so that immediate revascularization can be 
performed. 

Technique of Myocardial Revascularization: 
Conventional On-Pump Cardiopulmonary Bypass 

Positioning and Draping 
General anesthesia with a single-lun1en endotracheal tube is the 
anesthetic technique of choice. lsoflurane is rhc preferred inhala
tion anesthetic for cardiac surgery. After anesthetic induction 
and placement of necessary access and monitoring lines, the 
patient is positioned supine, with the rollLmderneath the shoul
der blades. 1l1e arms are tucked beside the patient with appropri
ate padding to minimize the chance of any nerve injury. A 
warming blanket is typically placed underneath the patient to 
assist in rewarming after controlled hypothermia during cardio
pulmonary bypass. The entire chest, abdomen, and lower 
extremities are prepped. Circumferential prepping of the lower 
extremities is important, because d1e leg may have to be maneu
vered during harvesting of d1e saphenous vein conduit. If radial 
artery harvesting is being conten1ptated, the arm also has to be 
drcwnferentiaUy prepped and positioned 90 degrees from the 
bedside on an arm board. Because most patients have a multilu
men central line in the internal jugular vein. or a Swan-Ganz 
catheter, the anesthesiologist must have continuous access to the 
central line in the internal jugular vein or a Swan-Ganz catheter, 
but without compromising the domain of the surgeon. Anchor 
points on the drapes are designated appropriately to allow for 
cardiopulmonary bypass circuit lines to be secured without com
promising sterility. 

Cardiopulmonary Bypass 
Cardiopulmonary bypass (CPB) is the establishment of artificial 
oxygenation and perfusion of the human body by diverting all 
returning venous blood from the body to the beart-lung machine 
and returning the oxygenated blood in a controlled, pressurized 
manner. In essence, most blood flow to the heart and lungs 
is bypassed. Establishing CPB is a critical step for any 
major cardiac procedure and allows complete control of the 
operation. 

'TI1e basic components of an extracorporeal heart pump 
circuit are venous cannulas to drain the returning venous blood, 
venous reservoir that collects blood by gravity, oxygenator and 
heat exd1anger, perfusion pump, blood filter in the arterial Line, 
and arterial cannula {Fig. 60-6). 1he blood conduits are designed 
to minimize turbulence, cavitation, and changes iJ1 blood flow 
velocity, which are detrimental to the integrity of component 
blood cells. Because tbe circuit contains a dead space created by 
the rubi11g and pump, a certain volume of non blood solution is 
necessary to prime the pump and tubing. The priming solution 
consists of a balanced salt solution and ofteJl a starch solution. 
Homologous blood or fresh-frozen plasma (FFP) may be added 
if the patient is anemic or if a bleeding problen1 is anticipated. 
The circuit has multiple access ports or sites to obtain blood 
san1ples for laboratory studies and to illfuse blood, blood prod
ucts, crystalloids, or drugs. 

Supplemental components include a cardiotomy suction 
system to collect undiluted or clean blood from open cardiac 
chan1bers and the surgical field. This blood is fi ltered, de-aired, 
and returned ro the bypass pump. Diluted field blood and blood 
that has mixed with inflammator}' C}'tokil1es or fat is collected 
tbrough a separate device that concentrates washed red cells 
before returning them directly to d1e patient. 
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Heat exchanger 

-
A cardioplegia infusion device consists of a separate pump, 

reservoir, and heat exchanger. It is used to deliver cold, potassium
enriched blood o r crystalloid solutions into the coronary circula
tion to arrest and protect the heart. 

Use of CPB requires suppression of the clotting cascade 
with heparin because the surgical wound and components of the 
bypass pump are powerful stimuli for thrombus formation. A 
strict anticoagulation protocol should be enforced before cardio
pulmonary bypass is init.iated. 1l1e pump prime is premixed witb 
4U/ mL heparin and tbe patient is systemically heparinized with 
300 U/kg before cru111ulation. An activated clotting time (ACT) 
obtained approximately 3 minutes after the injeerion of heparin 
should be more than 400 seconds before carumlation is begun 
and should be mainrained for more than 450 seconds through
out CPB, with intermittent doses given a.~ needed during the 
operation. 

The usual pumps are roller head pumps, which consist of 
circumferential tubing that is compressed by a roller on the 
outside, thereby forcing blood in one direction. This pump 
mechanism is associated with higher rates of hemolysis than 
centrifugal pumps, so roller head pumps are used only in cardi
otomy suction and cardioplegia pum ps. The main systemic 
pump is a centrifugal pump that consists of a vortex polyurethane
embedded magnetic cone housed in a conical chamber. The 
vortex spins at approximately 2000 to 5000 rpm, thereby gen
erating centrifugal force to pump blood. Because the flow is 
entirely caused by a nonturbulem vortex generated hy a fin less 
cone, tl1is mechanism is almost at.raumatic to the blood ceiJs and 
is therefore associated with less hemolysis than the roller head 
pump mechanism (Fig. 60-7). 

t 

Cardioplegia pomp 

FIGURE 60-6 Schematic of total cardiopulmonary 
bypass circuit All returning venous blood is siphoned 
into a venous reservoir and is oxygenated and tem
perature regulated before being pumped back through 
a centrifugal pump into the arterial circulation. The 
common site for inflow into the patient is the ascend
ing aorta, but alternate sites indude the femoral arter
ies or the right axillary artery in special circumstances 
(vide infra). A parallel drcuit derives oxygenated blood 
that is mixed with cold (4° C) cardioplegia in the ratio 
4 : 1 and administered in an antegrade or retrograde 
fashion to accomplish cardiac arrest Antegrade car
dioplegia is administered into the aortic root and 
retrograde through the coronary sinus. During the 
administration of retrograde cardioplegia, the efflux of 
blood from the corona ry ostium is siphoned off via the 
sump drain. The sump drain, a return parallel circuit 
connected to the venous reservoir (not shown), also 
he lps to keep the heart decompressed during the 
arrest phase. 
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FIGURE 60-7 Main centrifugal pump used in most cardiopulmonary 
bypass circuits. The entire unit is sterile molded and contains a fin less 
cone that spins at 2000 to 5000 rpm generating a powerful yet non
turbulent vortex. A flowmeter (shown) must be used with these 
pumps as the ultimate volume of flow depends on outflow resistance 
rather than rprn. The conventional roller head pumps are still being 
used for the auxiliary circuits such as cardiotomy suction and car
dioplegia circuits. 

Neurologic Protection During Cardiopulmonary Bypass 
The incidence of stroke after CPB is approximately 2.5%, hut 
neurocognitive deficits arc more frequent. 1l1us, several steps 
should be taken during CPB to minimize the risk of neurologic 
insul11:, including maintaining adequate cerebral perfusion, 
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minimizing fat mlcroemboli by eliminating the unnecessary use 
of cardiotomy suction, minimizing aortic manipulation by using 
single-damp techniques when feasible, and instituting moderate 
hypothermia. 

TI1e oxygelll consumption of a patient 011 CPB at normal 
temperamres averages 80 m 125 mUmin/m2

, similar m thar nf 
an anesthetized adult not on bypass. However, with the use of 
hypothermia, the oxygen consumption is markedly lower and 
the flow rate can be reduced to less than 2.2 Vmin/ml. TI1is is 
because the mean oxygen consumption of the body decreases by 
50% for every 10• C decrease in body temperature. Below 28" 
C, a flow rate of 1.6 Llm.in/m2 may be safe for as long as 2 hours. 
Significam disadvantages of using systemic hypothermia to 

accommodate lower Aow rates include the extra time required 
to rewarm the patient and associated changes in the reactivity 
of blood elements, particularly platelets. These changes may 
resu.lt in a greater propensity for bleeding once the patient has 
been rewarmed. 

Median Sternotomy 
The most common approach for performing coronary arrery 
bypass is a medlian sternotomy, although anteiOiateral thora
CCltomy is used in certain circumstances. A traditional sternot
omy incision commences at the midpoint of the manubrium 
and is carried dClwn tCl the xiphoid. The sternum is split through 
the middle with a sternal saw. It is essential that gentle upward 
fClrce and a backward rUt be applied to the saw to prevent it fmm 
engaging the lung or soft dssues in the anterior mediastinum. 
Once the sternotomy is completed, the periosteum of the pos
terior table is cauterized, and a passive hemostatic agent sucl1 as 
bone wax or a reconstituted mixture of vancomycin may be used 
to prevcm bleeding from the marrow. The most important con
sideration during the sternotomy is staying in the midline, 
because the most common cause of sternal dehiscenc.e is an off
midline sternotomy and the consequent technically suboptimal 
closure. Ocher potential problems associated with the sternot
omy include indirect injury to the liver and direct injury to the 
heart, innominate vein, and lungs. 

Conduit C.hoice and Harvesting 
Left lntemal Mammary Artery L1 a seminal study !Tom the Cleve
land Clinic, Loop and colleagues24 have shown improved 1 0-year 
survival in patients who received a left internal mammary artery 
{UMA) graft; patients who received an SVG had 1.6 times the 
risk of death chan patients who received a LIMA graft. The 
long-term patency rate of the LIMA graft has been shown to be 
approxinlately 95o/o and ~Oo/o at l 0 and 20 years, respectively. 
The best patency races are achieved when the LIMA is used as 
an in situ pedicled graft and is anastomosed to the LAD. 

Bllaterallntema/ Mammary Arlery Although currently available 
data are weak, it has been suggested that the usc of bilateral 
internal mammary artery {BIMA) grafts improves survival and 
significantly reduces the need for reopration without increasing 
mortality. However, CClmparcd with saphenous vein grafts 
(SVGs), BIMA grafrs are associated with a higher {twofold) 
incidence of deep sternal wound infection and a 30- to 45-mlnute 
prolongation of surgery. 1l1ese grafts are best used by experi
enced surgeons Ln younger, nondiabetic, nonobesc patients. 
Four major studies that tilted the balance in favor of BIMA were 
the C leveland Clinic studies {1999 and 2004), in which 

FIGURE 60-8 Surgeons view of the left internal mammary artery as 
it is being harvested. A mammary retractor is used to elevate the left 
hemithorax to provide adequate visualization. The mammary artery 
is dissected away from the chest wall as a pedicle with its accompany
ing venae comitatantes. low-voltage electrocautery with no-touch 
technique is crucial for the atraumatic harvest of this most important 
conduit. Understanding the relation to the phrenic nerve and subcla
vian ~.eins is important to prevent injury to these structures during 
the harvest of the left internal mammary artery. 

propensity scores were used to match SIMA and BIMA graft 
recipients; the Oxford meta-analysis {2001), and a retrospective 
study &om Japan (2001). Skelctonization Clf the ITA grafts may 
reduce the wound complication rate. 

The mammary artery is harvested after the sternotomy is 
completed. A specially designed mammary retractor is used to 
elevate the appropriate hemithorax, typically the left for harvest
ing the LIMA. Adequately exposing the undersurface of the 
sternum is essential for successful harvest of the mammary artery 
{Fig. 60-8). 1l1e artery may be harvested as a pedicle that includes 
the two venae cornitantes and surrotmding soft tissue from the 
level of the subclavian vein to the level of the bifurcation of the 
artery into the superior epigasnic and musculophrenic branches. 
'The alternative method of harvesting is the skeletonized harvest, 
in which only the internal manunary artery is dissected away 
from the cl1est waU. 

The basic principle ofharve.sting the mammary artery relies 
exclusively on the no-toucll technique, using low-voltage elec
trocautery, and clipping the anterior intercostal branches. Care 
must be taken during the harvest co identify d1e course of the 
phrenic nerves and avoid injuring them. 1l1is is particularly 
important while harvesting the right internal mammary artery, 
becaure the phrenic nerve is more closely related to it at the level 
of the second or third intercostal space. The man1mary artery is 
a fragile vessel, and direct handliJlg or undue traction should be 
avoided because it may cause traumatic dissection of the vessel. 
l11e distal end of the manunary artery should be divided only 
after tbe patient is fully heparini:zed to avoid thrombosis of the 
conduit. Once the mammary artery is divided, the distal end is 
spatulated appropriately to fashion cbe anastomosis. 

Greater saphenous ~n Grafts made from crus vein have a patency 
rate of90% at 1 year (BARI).2s Beyond 5 years after surgery, graft 
atherosclerosis develops in a substantial number of these grafts 
and, b)' 10 years. only 60% to 70% of grafts arc pacem. and 50% 
of those have angiographic evidence of atherosclerosis. 
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Saphenous 
vein 
bypass 

FIGURE 6~9 Typical configuration for a three-vessel coronary artery 
bypass. The left internal mammary artery is anastomosed to the left 
anterior descending artery. Aorto-coronary bypasses are created using 
reversed saphenous vein to the distal right coronary artery and an 
obtuse marginal branch of the ci rcumflex coronary artery. The circum
flex coronary artery is usually avoided as a target for bypass since it is 
located well into the atrioventricular groove and difficult to visua lize. 

\Vhile the sternotomy is heing done, a separate team begins 
harvesting saphenous or radial artery conduits. Saphenous vein 
harvesting can be performed by open or eJ1doscopic teclmiques. 
1l1e conventional method of open vein harvesting involves 
making a long incision along the entire length of the harvested 
vein. Alternatively, a bridging technique can be used in which 
multiple I- to 2- inch incisions are made, with intact bridges of 
skin between them. The most common complications associated 
with long open incisions are pain, slow wound healing, and 
dehiscence, wh.ich is compounded by the fact that a significant 
number of CATIG patients have diabetes or peripheral vasclllar 
djscasc. 'TI1e use of endoscopic or bridging techniques signifi
candy aUeviates, but does not entirely eliminate, these problems. 
There are some centers that avoid endoscopic vein harvesting 
entirely on the assumption that the technique is too traumatic 
to the vein itself, may be associated with intin1al trauma, and 
may in1pair the long-term patency of the conduit. However, 
recent studies have shown reduced graft patency in endoscopi
cally harvested veins. 'TI1ese reports were based on post hoc 
analysis of data from trials designed to address other aspects of 
coronary revascularization.Z6 Once the vein is extracted and the 
branches are ligated, the graft is soaked in heparinized solution 
while waiting to be implanted. The veins are typically used in a 
reversed fashion and hence may not require valvotomy. A typical 
configuration of a three-vessel coronary artery bypass graft is 
shown in Figure 60-9. 

Right 
internal 

Left internal 

FIGURE 6~ 10 Total arterial revascularization using bilateral 
mammary artery and radial a rtery conduits. The right internal artery 
mammary artery. bypassed to an obtuse marginal branch, is routed 
behind the aorta and the pulmonary artery through the transverse 
sinus. 

Alternative conduits may be needed in patients who have 
had previous coronary bypass, peripheral vascular surgery with 
the use of of vein conduits, or lower extremity amputations, and 
those who have unusable saphenous vein conduits because of 
severe varicosities of the saphenous vein. Other manjfestations 
of ve11ous insufficiency or disease may also pose problems. In 
addition, patients who have severely calcified ascending aortas 
may not be an1enable to a vein-based aortocoronary bypass 
because anaswmosis w the ascending aona is complicated. [n 

these cases, alternative bypass strategies include total arterial 
revascularization with bilateral mammary artery pedicles (Fig. 
60-I 0). in addition, the mammary artery may be used as the 
main conduit from whkh further arterial conduits may be 
Christmas-treed in an off-pump setup so that any aortic 
manipulation is avoided. 

other Conduits 
Radial Artery At 1 year. radial artery conduits have an occlusion 
rate of approximately 1 Oo/o, and another 15% have diffuse angie
graphic narrowing {string sign), which indicates a bad graft. Ir 
is of interest that inducible iscl1emia is uncommon in myocardial 
territories supplied by grafts with a string sign, so the patency 
of these grafts may improve over time as the native vessel stenosis 
progresses. At 5 years, the patency rate is 80% to 85%. Radial 
grafrs are more likely than SVGs to become occluded or have a 
cliffuse spasm when grafted to a coronary artery that is not 
severely stenotic because of competitive flow in the native 
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coronary vessel, resulting in a retrograde stagnation point in the 
conduit. 

Gastroepiploic Artery Bergsma and associates/ ? in 1998, used 
gastroepiploic artery (GEA) grafrs in conjunction witb BIMA 
grafts for mml arrerial revascularization and reported one of rhe 
best results for the GEA conduit. At 5 years, the rate of freedom 
from angina was 86o/o and the GEA graft patency rate was 90o/o. 
The GEA conduit is se11sitive to competitive flow and is best 
used as a pedicled graft because free grafts have not done weU. 

Ca nnulation for Cardiopulmo nary Bypass 
Cannulation for establishing CPB commences after conduit 
harvest aJ1d preparation is completed, the pericardium is opened, 
and the thymus is divided along the embryologic fusion plane. 
1he patient is fully heparinized at a dose of 3 mg/kg. A purse 
string is created on the anterior surface of the distal ascending 
aorta at the CaJlllulation site. The aortic purse string should 
involve only a partial thickness of the aorta, incorporating the 
advcmitia a11d media but cnrircly avoiding the intimal layer. It 
is essential that the CaJlllulation site he free of calcified plaques 
or atheroma £O mininlize the chance of embolization and can
nulation site bleeding. MaJwal palpation, the commonly prac
ticedmethod ofassessment, is unreliable. Doppler traJlsesophageal 
or epiaortic ultrasound guidance should be used whenever aortic 
disease is suspected. Also, the presence of calcium elsewhere in 
the ascending aorta may preclude safe claJnp application. 
Although cannulating the aorta may be a simple task, loss of 
control of the aortic caJmulation site or inadvertent dissection 
could lead to a disastrous situation. 

With a sharp scalpd, the adventitia is teased and a fuU
thickness stab incision is made. 1he aortic cannula is inserted 
with the outflow bevel ainled toward the aortic arch. Tourniquet 
snares are used to secure the CaJlnula in position and are tied. 
After the cannula is de-aired, it is connected to the arterial line 
of the cardiopulmonary hypass circuit. Alternate sites of arterial 
cannulation include cl1e femoral artery and right axillary artery, 
which are used un reoperations or cases in which concomitallt 
complex aortic and ard1 reconstruction may be required. Axil
lary artery cannulation is usually achieved via aJ1 8-rnm graft 
anastomosed end-to-side to the axillary artery. 

For venous cannulation, a purse string is then placed 
arow1d the right atrial appendage. TI1e tip of this appendage is 
an1putated and a dual-stage venous cannula is inserted aJld posi
tioned wicl1 the tip at the levd of cl1e diaphragm. The basket of 
the dual-stage cannula sbould rest in the main d1amber of the 
right atrium to capture drainage from the superior vena cava 
(SVC) into the right atriwn (Figs. 60-11 and 60-12). 

Cardiac Arrest and Myocardial Protection 
The initiation of cardiopulmonary bypass allows the heart to be 
stopped. To achieve cardiac arrest, a large dose of potassium 
solution (cardioplegia) is injected into the coronary vessels. This 
requires me coronary blood Aow to be completely isolated from 
the S}'Stemlc circulation, which is done by applying a cross clamp 
to the ascending aorta proximal to the aortic cannula. 

There are several different delivery options for cardioplegia 
solutions. One involves taking a balanced approach; the 
cardioplcgic solution is administered aJ1tcgradc through the 
ascending aorta proximal to the cross clan1p aJld then retro
grade through a coronary sinus catheter inserted through a 

FIGURE 60-11 Surgeon's view of the heart after cannulation. The 
cross damp isolates the aortic root and coronary vessels from the rest 
of the systemic circulation. This allows administration of cardioplegia 
in a dosed circuit and prevents the systemic blood from washing the 
cardioplegia out of the coronary system during the arrest phase. 
Application of the cross damp prevents active blood flow through the 
coronary arteries and thus allows the surgeon to perform the distal 
anastomoses in a bloodless field. 

FIGURE 60-12 Aortic cannula (top): The specially designed tip is 
angulated to allow laminar flow of blood into the aortic arch. Dual
stage venous cannula (bottom): The first stage is the fenestrated 
basket that usually rests at the level of the hepatic veins and captures 
all venous return from the infe rior vena cava. The second-stage basket 
is located such that it remains within the right atrium and captures 
venous return from the superior vena cava, azygos vein, coronary 
sinus and direct collateral drainage into the right atrium. The venous 
drainage is a passive siphon aided by gravity. 

purse-string suture placed in the right atrium using special can
nulas (Fig. 60-13). The extensive collateralization aJnong the 
coronary veins and arteries a11d paudty of valves in the coronary 
vein system eJ1sure a relatively homogeneous distribution of 
cardioplegia when the retrograde approach is used. Patients with 
high-grade proximal lesions, especially those wicl1 suboptimal 
collateral vessels, may benefit from the application of both tech
niques. After the initial administration of cardioplegia, addi
tional .doses are usually administered every 15 to 20 mimttcs. 

An aJltegrade cardioplegia line wicl1 a Y-connector to the 
circuit is inserted into the ascending aorta. 1l1is is to allow 
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FIGURE 6Q-13 Retrograde cardioplegia cannula (bottom) used for 
administering cardioplegia into the coronary sinus. The self-inflating 
balloon distends forming a seal only when cardioplegia is admini.s
tered. Antegrade cardioplegia cannula (top) used to administer car
dioplegia into the aortic root. The side port functions as a sump. 

administration of antegrade cardioplegia and also to sump and 
decompress the ascending aorta wllile retrograde cardioplegia is 
administered into the coronary sinus. The sump drain also func
tions to keep th.e coronary arteries free of any blood, thus provid
ing the surgeon with a bloodless field in which to fashion the 
distal anastomoses. The sump drain also performs the important 
function of decompressing the left ventricle while the heart is 
arrested (see Figs. 60-6 and 60- 11). 

The most important task for ensuring myocardial protec
tion is establishing complete diastolic arrest with an uJlloaded 
heart. In this state, the myocardial consumption of ATP is 
extremely low and aUows maximal preservation of myocytes. ln 
a conventional CABG with total CPB, the decompression of the 
ventricle by off-loading, systemic cooling, topical cooling, and 
diastolic arrest of the heart with potassium cardioplegia serves 
to decrease myocardial oxygen consumption. Approximately 
40% of the myocardial metabolic demand is eliminated when 
total CPB is established hefore diastolic arrest or cooling are 
instituted. 

Target Identifi cation and Distal Anastomosis 
Once successful diastolic arrest of the heart is accomplished, the 
target coronary arteries to be bypassed are identified. Some of 
the epicardial co nductance vessels are intran1yocardial and there
fore may not be directly visible. Once a target vessel is identified, 
it is opened with a sharp blade. Typically arteri.otomy is approxi
mately 5 rum long. The conduit. which is prepared and spatu
lated, is then grafted in an end to side fashion with running 7-0 
Prolene suture. 1l1is component of the operation is technicaUy 
the most challenging and requires precision. The flow and 
integrity of each vein conduit is tested by flushing it with cold 
blood or cardioplegia mix. The LIMA to LDA anastomosis is 
usually the last one to be performed (Fig. 60-14) because it 
is best to avoid manipulating the heart once this anastomosis is 
completed in case avulsion of the LIMA conduit occurs. Bypass
ing the PDA and obtuse marginal (OM) targets requires the 
apex of heart to be lifted out of the pericardium. 

Typically, a single segment of conduit is anastomosed to 
each planned distal target. Occasionally, a single conduit can be 
used ro supply blood to rwo targets, which is known as a sequen
tilli onnstomosis. 1llis is a good technique to use when there is a 
shortage of available vein conduits or when the target vessels are 
small; in these cases, usii1g d1is technique ensures a higher rate 

FIGURE 60-14 Technique of constructing the distal anastomoses: left 
internal mammary artery to left anterior descending artery- magnified 
surgeon's view. A 5-mm longitudinal arteriotomy is made on the 
coronary artery to be bypassed. The distal end of the left internal 
mammary artery is spatulated to an appropriate size match. 7-o 
Prolene suture is used to create the anastomosis with a parachuting 
technique. 

of blood flow through the vein conduit, reducing the risk of 
grafr thrombosis (Fig. 60-15). 

As the last distal anastomosis is being completed, the patiem 
is warmed back to physiologic temperature. The cross damp is 
released after the final dose of warm cardioplegia is ad.rniJlistered, 
which helps in scavenging the accumulated fi-ee radicals in the 
myocardium. A partial damp is then applied tO the ascending 
aorta and the proximal anastomoses are constructed in an end to 
side fasllion wid1 running 5-0 Prolene sutures. If there arc con
cerns about the quality of the aorta, use of a partial clamp is typi
cally av()ided in favor of a single-damp teclulique. 'll1e latter 
approach involves constructing the proximal anastomoses on an 
arrested heart, as for the distal anastomoses. 

In patients in whom the ascending aorta is calcified or a 
fi-ee manuuary artery pedicle needs to be used, a branching 
pattern of proximal anastomosis is used. 1l1is conserves vein 
length to a certain extent but also minimizes the number of 
aortotomies, especially if the ascending aorta is shon or a con
comitant aortic procedure bas been performed. 'The ascending 
aorta is allowed to de-air as the aortic clamp is released, afrer 
whicl1 the vein grafts are de-aired. 
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'A:-f'"Pr-Saphenous 
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FIGURE 60-15 Alternate configuration for a three-vessel coronary 
artery bypass. The left internal mammary artery is anastomosed 
sequentially to a diagonal branch and to the distal left anterior 
descending artery. Aortocoronary bypasses using reversed saphenous 
vein in sequential configuration to left posterolateral and an obtuse 
marginal branch of the circumflex coronary artery. The ideal configura
tion depends on the extent and distribution of the coronary 
blockages. 

Weaning from Cardiopulmonary Bypass 
Weaning commences once a set of physiologic parameters has 
been ensured, as follows: 
1. Resumption of rhythmic clectromechankal activi ty 
2. Attrunment of physiologic temperature >36.5°C 
3. Availabili ty of adequate reserve blood volume 
4. Restoration of normal systemic potassium levels 
5. Resumption of vcmilation with an acceptable arterial 

blood gas 
A few other actions that may be considered at this point 

are placing temporary pacing wires and inserting an. lABP, if 
needed. Typically, the cardiopulmonary bypass Aows are progres
sively decreased as the following paran1etcrs arc closely observed: 

I. Data from the Swan-GarlZ catheter 
2. Direct visual observations of cardiac fu11ction and 

chamber volume 
3. 1l1e transesophageal echocardiogram 

Most patients usually have a t ransient systemic inllan1!1la
tory response, causing vasodilation that becomes more pro
nounced as they arc warmed. Thus, administration of 
i.ntravascular Auids to restore volun1e deficit or vasoconstrictive 
pressors may be needed to maintain systemic blood pressure. 
Inotropic agents may be used if ventricular function is not 
adequate. Weaning from cardiopulmonary bypass is the primary 

·BOX 60-5 Major Steps in· pn-P_ump. Coron~I,.Y Artery 
Byp~~_s .. G~f_!!~g - -·. :, ~ .· -·- .. -... : c •• 

• Induction of anesthesia and establishment of intraoperative 
monitoring adjuncts 

• Positioning and draping 
• Median sternotomy or appropriate approach 
• Harvest and evaluation of blood conduits 
• Heparinization and cannulation for cardiopulmonary bypass 
• l:stablishment of cardiopulmonary bypass 
• Myocardial arrest and protection 
• Identification of target vessels and construction of distal 

anastomoses 
• Restoration of myocardial electromechanical activity 
• Creation of proximal anastomoses 
• Weaning from cardiopulmonary bypass 
• Evaluate and establish necessary adjuncts-inotropes, IABP, 

pacing wires 
• Reversal of anticoagulation and establishing hemostasis 
• Evaluate surgical sites and establish surgical drainage 
• Oo.sure of sternotomy 

responsibility of the surgeon and requires dynan1ic communica
tion between the pe.rfusionist and anesthesiologist. 

Once weaning fi-om cardiopulmonary bypass is accom
plished, the venous caru1ula is removed and the purse string is 
tied down. Once it is confirmed that the heart is providing 
satisfactory perfusion, protamine is admin istered. C lose moni
toring is needed because adverse reactions to protamine range 
from transient hypotension to fatal anaphylaxis. Such reactions 
necessi tate the resllluption of cardiopulmonary bypass. 

Hemostasis 
As protamine is being acLninistcred, hemostasis is expeditiously 
accomplished. As the patient rewarms, blood vessels that had 
been hemostatic may dilate and rebleed. Persistent bleeding 
sl1ould alert the surgeon to the followiJ1g possible causes: 
l. Aspects of surgical technique 
2. Platelet dysfLmcrion 
3. Inadequate protamine reversal 
4. Hypothermia 

The administration of blood and blood products may be 
necessary. 

Sternal Closure and Completion of Surgery 
Chest tube and temporary pacing wires should be checked for 
appropriate positioning. The sternum is approximated with 
stainless steel wires. 11K' soft tissues and skiJl arc closed in layers 
with absorbable sutures. Box 60-5 outlines all the major steps 
of an on-ptmlp coronary artery bypass graft operation. 

ADJUNCTS TO CABG 

TransesophageaiEchocardiography 
Using rransesophageal echocardiography (TEE) enables the 
assessment of ventricular wall motion abnormalities and the 
detection of any chamber or valve anomalies that may change 
the strategy of the operation. Some TEE findings that may affect 
the conduct of the operation are an incidentally discovered large 
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patent foramen ovalc (PFO) or fibroclastoma of the valves. New
onset or worsening mitral regurgitation after CABG suggests 
i11ferior wall ischemia and may indicate reevaluation of the 
bypass grafts or valve repair or replacement. Also, TEE helps in 
assessing ejection fraction and the volume status of the heart 
after surgery. 

lnotropes and Pharmacotherapy 
Cardioplegic arrest causes transient myocardial ischemia and 
lactic acid accumulation. After perfusion is reestablished, the 
ventricles arc stiffer and require higher filling pressures to main
tain adequate stroke volume. Also, CPB may cause significant 
third spacing a:nd vasodilation. Thus, epinephrine as an inotro
pic agent is ideal to maintain adequate contractility in the initial 
recovery phase and during separation from cardiopulmonary 
bypass. Alpha agonises such as norepinephrine, phenylephrine, 
and vasopressin may be used to counteract the effects of inaam
matory vasodilation. Ln patients with depressed myocardial 
function, such as lefr or rigbt heart failure, dobutan1ine or a 
phosphodiesterase inhibitor such as miliinonc may be required 
to enhance myocardial contractility and decrease afterload or 
pulmonary vascular resistance. Because hypotension is a common 
side effect of these drugs, the systemic volume must be adequate 
and an alpha agonist may be required. Calcium channel blockers 
or nitroglycerin may be needed in patients with preexisting 
hypertension. It is essential to maintain a mean arterial pressure 
(MAP) higher than 60 mm Hg in the initial postoperative 
period, but hypertension should be avoided because it puts stress 
on a myocardium that is trying to recover and increases the risk 
of bleeding from anastomotic suture lines. Blood pressure man
agement requires a thorough understanding of physiologic and 
pham1acologic principles. It is a balancing act geared toward 
maintaining adequate systemic pressure, cardiac output, and 
peripheral perfusion while minimizing myocardial stress. Urine 
output is the most reliable indicator of peripheral organ 
perfusion. 

Intra-Aortic Balloon Pump 
For patients who have profOLmd myocardial dysfunction and are 
unresponsive to volume resuscitation and significant pharmaco
logic therapy, IABP support may be indicated. l11e IABP is a 
special Silastic baUoon with a capacity of 40 to 60 mL that is 
positioned in dhe descending aorta just beyond the origin of the 
left subclavian artery. The balloon is designed to be actively 
inflated and deflated during each cardiac cycle; its timing is 
controlled by a specially designed computer with input from an 
arterial line tracing or ECG. Intra-aortic balloon counterpulsa
tion has the unique benefit of decreasing myocardial work and 
oxygen consumption while increasing coronary perfusion. 'TI1c 
balloon is actively deflated just before systolic contraction begins, 
thereby decreasing left venoicular (LV) impedance and assisting 
in the ejection of blood. The balloon then actively inflates at the 
time of aortic valve closure- that is. it is timed to occur at 
the dicrotic notch of the arterial line tracing. This increases the 
diastolic perfusion pressure and improves coronary blood flow, 
both of which decrease the time-tension iJ1dex and increase the 
diastolic pressure-tin1e index, thereby increa~ing the myocardial 
oxygen supply-to-demand ratio. ll1c usc of IABP is absolutely 
contraindicated in patients with aortic regurgitation and aortic 
dissection. It is relatively contraindicated in patients with 
peripheral vascular disease or aortic aneurysm. 

POSTOPERAnVE CARE 
Postoperative care in the intensive care unit (ICU) begins with 
a thorough physical and hemodynamic assessment. Mediastinal 
chest tube drainage should be recorded and assessed hourly. 
Initial ventilator settings should be set to match those in the 
operating room. Further adjustments in vemilaror serrings are 
made according to the postoperative blood gases. Hjgh positive 
end-expiratory pressure (PEEP) should be avoided iJ1 patients 
with hemodynamic iJlstability. The ideal mode of ventilation is 
that with whicb the surgical or intensive care teanJ is comfort
able. A portable chest radiograph is obtained to confirm the 
position of the endotracheal tube, central Lines, Swan-Ganz cath
eter, and IABP and identify a pneumothorax, atelectasis, pulmo
nary edema, or pleural effusions. Initial laboratory studies should 
include hemoglobin, hematocrit, electrolyte, blood urea nitro
gen, creatinine, and arterial blood gas levels, platelet count, 
prothrombin time, and partial thromboplastin time. 

'TI1e patient should have aJ1 ECG with the ability to assess 
ST-T wave abnormalities, aJl arterial line to measure arteria\ 
blood pressure, ru1d a line to measure central venous pressure, 
pulse oximetry and core temperature. In select patients, pulmo
nary artery pressu.res and cardiac output are monitored continu
ously usiJ1g a Swan-Ganz catheter. Neurologic assessment should 
be completed as soon as the patient wakes up to ensme that no 
cerebrovascular accident has occurred. 

l11e prin1ary considerations during the first 12 homs after 
the operation should be the maintenance of adequate blood 
pressure, cardiac output, correction of coagulation defects, cor
rection of electrolytes, stabilization of intravascular volun1e, and 
normalization of the peripheral vascular resistance. l11is often 
involves the administration of crystalloid solutions, blood or 
blood products, iJ1otropic agents, calcium, ru1d vasodilators or 
vasoconstrictors. 

Some of the goals in the postoperative period are as 
follows: 

1. Avoidance of marked elevations in blood pressure 
2. Maimaining adequate perfusion pressure (60 to 

80 mm Hg) 
3. MaimaiJling core body temperature higher than 

36S C by warming the patient with forced hot air 
blrulkets 

4. Maintaining adequate cardiac output and a cardiac 
index of 2.2 liccrs/min/m2 

5. Keeping mixed venous oxygenation at 60% 
6. Reducing afterload, as appropriate, to minimize 

myocardial ·work 
7. Volume resuscitation with crystaUoid or blood 

products, as necessary 
8. Maintaining hemoglobin higher than 8 gldL, or 

higher than 10 g/ dL in older patients or those with 
severe cerebrovasclJar disease 

9. Maimaining homeostatic pH. Metabolic acidosis 
may be caused by hypoperfusion from low cardiac 
output, poor resuscitation, hypovolemia, or end
organ ischemia from embolism. 

10. Monitoring neurologic and peripheral vascular 
status 

11. Maintaining a sinus or perfusing rhythm at a rate 
of70 to 100 beats/min 

12. Monitoring ru1d treating postoperative cardiac 
arrhythmias 
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13. Ensuring adequate pain control to minimize fluc
tuations in blood pressure and myocardial stress 

14. Keeping blood sugar levels below 180 mg/dL. 
Insulin infusion based on standardized regimens 
should be initiated if needed. 

Pulmonary Care 
It is desirable to initiate the process of ventilator weaning as soon 
as the patient awakens, is hemodynanlically stable with millimal 
chest tube drainage, and can maintain a satisfactory spontaneous 
tidal volume and! respiratory rate. Coughing and deep breathing 
exercises with appropriate sternal precautions are essential for 
postoperative recovery. Suboptimal postoperative pulmonary 
function may re-quire additional therapy, including the use of 
bronchodilators, mucolytics, and chest physical therapy. Although 
~-adrenergic bronchodilators and N-acetyl cysteine are useful 
adjuncts, they have the capacity to induce atrial fibrillation. 

After extubation, it is important to provide the patient with 
sufficient pain relief to minimize emotional distress, poor cough
ing, and the rdl!lctance to begin ambulation. Unrelieved pain 
can al~o be a source of tachycardia, hypertension, myocardial 
ischemia, atelectasis, hypoxia and pneumonia. 

Disdtarge from the Intensive Care Unit 
Before the patient leaves the ICU, unnecessary lines and cath
eters should be removed. Chest tubes are removed at approxi
mately 48 hours when the combined drainage is less than 
200 mL per shift and the cl1est x-ray reveals no effusion. Removal 
of temporary atrial and ventricular pacing wires is often deferred 
to the third postoperative day. 

Outcomes 

Hospital Mortality 
Seven core varialbles-emergency of operation, age, prior heart 
surgery, gender, left ventricular ejection traction (LVEF), per
centage stenosis of left main, number of major coronaries with 
more than 70% stenosis-have the greatest in1pact on CABG 
mortality. Other variables are important but have minimal 
impact when added to these core variables; these include recent 
MI (<1 week), angina severity, ventricular arrhythmia, conges
tive heart failure (CHF), mitral regurgitation (MR), diabetes, 
peripheral vascul ar disease (PVD), renal insufficiency, and cre
atinine level. 

In cardiac sLUgery, operative mortality has traditionally 
included 30-day and in-hospital mortality. The mortality figure 
for CABG is 1% to 3o/o iJJ most modern series. Risk-adjusted 
outcomes have become the gold standard when reporting and 
comparing cardiac surgery outcomes. The Society of 1l1oracic 
Surgeons (STS) database is the largest and most authoritative 
voluntary national database ro date. "TI1e STS has developed a 
risk calculator that estimates morbidity and mortality for a 
given patient risk profile. 'TI1e observed-to-expected mortality 
(0/E) ratio for a given surgeon or institution can then be 
determined. 

Long-Term Survival 
Survival after CABG is related to cardiac and noncardiac comor
bidities. Risk factors for atherosclerosis, partiet~arJy cigarette 
smoking, hypercholesterolemia, hypertension, and diabetes, are 
associated with decreased survival. 

In no longitudinal study has CABG obliterated the nega
tive impact of abnormal LV function on late survival. Incom
plete revasculari:r.ation is associated with decreased survival, 
whereas complete revascularization, the use of the LIMA and, 
in some studies, the use of BIMA are associated with improved 
survival. 

1l1e CASS has documented overall survival of 96%, 90%, 
74%. 56%, and 45% at 1, 5. 10, 15, and 18 postoperative years, 
respectively.28 These figures are inferior to those for the age
matched U.S. population and inferior to modern series of 
patients receiving single or bilateral mammary grafts. 

Morbidity 
Tamponade Pericardial tan1ponade is cau~d by the formation of 
pericardia( clot and compression of the heart. The condition 
should be suspected if the patient exlubits evidence of low 
cardiac output, hypotension in the setting of tachycardia, and 
elevated central venous pressure (CVP). 1l1e quantity of medi
astinal drainage is unreliable in predicting tamponade, although 
an abrupt decliJle in mediastinal chest tube drainage should raise 
the suspicion for tamponade caused by absence of an exit path 
for the blood. Widening of the mediastinum on chest x-ray and 
evidence of a pericardial effusion by eclwcardiography should 
confirm the diagnosis. 

If a Swan-Ganz catheter is in place and right and left heart 
pressures are monitored, d1e CVP and pulmonary capillary 
wedge pressure are usually elevated and equal. TI1e earliest mani
festation of tamponade is an acute drop in mixed venous oxygen 
saturation. After the diagnosis is made, the patient should be 
returned to the operating room for evacuation of d1e clot and 
relief of the compression. Lf the patient's condition is rapidly 
deteriorating, the sternotomy incision may have to be opened 
at the bedside. 

Postoperative Bleeding 'TI1e combination of heparinization, hypo
thermia, CPB, and protamine reversal is a..~ociated with increased 
risk for bleeding after CABG. Bleeding after CABG requiring 
transfusion or reoperation to stop d1e bleeding is associated with 
a significant increase in morbidity and mortality. A minority of 
patients having cardiac procedures (15% to 20%) consume 
more than 80% of the blood products transfused at operation. 
Blood must be viewed as a scarce resource that carries sig•uficant 
risks and unproven benefits. There is a high-risk subset of 
patients who require multiple preventive measures to reduce the 
chance of postoperative bleeding. Nine variables stand out as 
important indi.cators of risk (Box 60-6). 

• Advanced age 
• low preoperative red blood cell volume (preoperative anemia 

or small body size) 
• Preoperative antiplatelet or antithrombotic drugs 
• Reoperative or complex procedures 
• Emergency operations 
• Noncardiac patient comorbidities 
• Renal failure 
• Chronic obstructive pulmonary disease 
• Congestive heart failure 
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Available evidence-based blood conservation techniques 
include the following: 

l. Drugs that increase preoperative blood volume {e.g., 
erythropoietin) or decrease postoperative bleeding 
{e.g., epsilon arninocaproic acid). Aprotinin is cur
rently banned in the United Stares because some 
studies have shown increased mortality, stroke, and 
renal failure when administered to cardiac surgery 
patients. 

2. intraoperative blood salvage and blood-sparing 
mterventions 

3. Interventions that protect the patient's own blood 
from the stress of operation (e.g., autologous pre
donation, normovolemk hen1odilutiOJ1) 

4. Institution-specific blood transfusion algorithms 
supplemented with point of care testing 

Despite efforts at blood conservation to limit perioperative 
bleeding and blood transfusions, 2% to 3o/o of patients will 
require reexploration for bleeding and as many as 20% will have 
excessive bleediing and blood transfusion after operation. Bleed
ing more than 500 mL in the first hour or persistent bleeding 
more than 200 mL/hour for 4 hours is an indication for medi
astinal exploration. Exploration is also indicated if a large hemo
thorax is identified on d1est x-ray or pericardia! tanlponade 
occurs. Usually, a specific bleeding site is not identified. Box 
60-7 summarizes the common causes of immediate postopera
tive bleeding. 

Neurologic Complications 
'TI1ere are two types of neurologic deficit after CABG-type l 
deficit, in which there is a focal neurologic deficit, and type ll 
deficit, which manifests as nonspecific encephalopathy. ln a 
1996 multi-i.Jls"titutional prospective study, adverse outcomes in 
Go/o of patients, evenly distributed between the two types of 
deficit, were idemified. Mortality was 20% for type I, which is 
twice the mortality for type II deficit. Age (especially older than 
70 years) and hypertension are consistent risk factors for both 
types. History of previous neurologic abnormality, diabetes, and 
atherosclerosis of the aorta are risk factors for type 1. Significant 
atherosclerosis of the ascending aorta mandates a surgical 
approach that will minimize the possibility of atherosclerotic 
emboli. Patients with concomitant carotid stenosis are at a 
higher risk for neurologic complications. One approach i.Jwolves 
a staged procedure i11 whid1 the more symptomatic and more 
critical vascular bed is addressed first. Otherwise, a combined 
approach may be used, but with increa~d overall risk. 

~uses of Immediate _postoperative Bl~ing 

Surgical 
• Conduit 
• Anastomoses 
• Cannulation sites 
• Mammary bed 
• Thymic veins 
• Pericardia! edge 
• Sternal wire sites 

Platelet dysfunction 
Inadequate protamine reversal 
Hypothermia 

Mediastinitis 
The incidence of deep sternal wound infection is 1 o/o to 4% m 
CABC patieJlts. Risk factors include obesity, reoperation, dia
betes, and duration and complexity of operation. BIMA use can 
increase the risk of sternal wound complications in high-risk 
patiems. The use of peri operative antibiotics and a strict protocol 
aimed at controlling the blood glucose l.evel to less than 
180 mg/dL by continuous IV insuUJl has been shown to reduce 
the incidence of mediastinitis signi.fi.candy. Early debriden1enr 
and muscle Aap closure improve outcome. More recently, good 
outcomes have also been reported with the use ofwow1d VACs 
after adequate debridement.2? 

Renal Dysfunction 
Mangano and coworkers30 have reported an incidence of post
operative renal dysfunction (PRD) in 7.7% of patients, with 
mort:ality rates of 0.9%, 19%, and 63% in patients without 
PRD, patients with PRD but without need for dialysis, and 
patients who required dialysis, respectively. The latter figure was 
confirmed in a large Veterans Admistration (VA) study.31 

Medical Adjuncts for Postoperative Management 
The following drugs are considered essential components in the 
postoperative management of CABG patients: 

l. Aspirin, 81 to 325 mg orally or rectally, is begun on 
the same day after CABG, unless the patiem is bl.eed
ing from platelet dysfw1ction. 1his is a quality of care 
index and has been shown to be of long-term benefit 
in graft patency. 

2. Beta blockers should begin after all inotropes have 
been weaned. The goal is to maintain a heart rate of 
60 to 80 beats/min with adequate mean perfusion 
pressures. 

3. Afterload reduction is important in all patients with 
a low ejection fraction (EF). Afrerload reduction is 
commenced after all inocropes are weaned and ade
quate beta blockade is achieved. ACE inhibitors are 
first-li.J1e drugs for afterload reduction. Creatinine 
levels should be monitored. 

4. For antiarrhythmic treatment, antiodarone is used .in 
many cardiac centers as a prophylactic or treatment 
against atrial fibrillation. 1l1is drug should be used 
with caution in patients with preexisw1g i.Juersritial 
lLmg disease or those who take concurrent warfarin. 
A prolonged Q-T interval is a contrai.Jldication. 

5. Furosemide, a diuretic, is begun on the first postop
erative day; the goal is to mamtain a negative Auid 
balance. Chest x-ray, creatini.Jle levels, physical exam
ination, and input-output d1arts help guide rl1e dose 
of furosemide. 

ALTERNAnVE METHODS FOR 
MYOCARDIAL REVASCULARIZAnON 

Cardiopulmonary Bypass With 
Hypothermic Fibrillatory Arrest 
Hypothermic fibriUatory arrest is a good on-pump alternative to 
conventional cardioplegic arrest and avoids the use of the aortic 
cross clamp. Although cardioplegic arrest offers maximal myo
cardial protection while allowing a stable immobile target for 
d1e surgeon to perform the distal anastomoses, not aU patients 
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are amenable to cardioplegia-based arrest. In patients witb an 
extensively calcified aorta, cross damp application may be pre
carious and associated with a higher incidence of stroke. 

In these cases, a hypod1ermic 6brillatory arrest strategy may 
be used in which aortic manipulation is minimized. Once car
diopulmonary bypass is initiated, the patient is cooled to 28• C. 
1l1e heart typicalUy begins fibrillating at approximately 32• C. A 
left ventricular sump is usually introduced through the right 
superior pulmonary vein to ensure LV decompression. Handli11g 
tbe distal and proximal targets is similar to off-pump CABG 
(OPCAB) techniques because me coronaries are still fully per
fused while me anastomoses are being performed. Vessel loops 
or occluders may be needed. In patients with extensive aortic 
calcification, there may not be any room for placing an aortic 
canula or proximal vein graft on the ascending aorta. In these 
cases, me right axillary artery may be used for arterial perfusion 
and me saphenous vein can be anastomosed to the innominate 
artery if it is free of disease, or a total arterial vasculariy_ation 
approach should be considered witb the use of one or both 
mammary arteries. 

Once the anastomoses are completed, me patient is 
rewam1ed to physiologic temperature and the heart is defibril
lated into sinus rhythm. The use of hypothermic fibrillatory 
arrest is contraindicated in patients wim significant aortic valve 
incompetence because the ventricle would distend with the 
regurgitant blood once fibrillation sets in and no stroke volume 
is generated. Increased ventricular wall tension and energy con
sumption could lead to myocardial ischemia. 

On-Pump Beating Heart Bypass 
On-pump beating heart bypass is a selective strategy used for 
patients who have a very low EF and have suffered a fresh M L 
The logic behind iliis approach is mat the myocardium is severely 
compromised and would tolerate further ischemic compromise 
poorly. Despite currently available techniques for myocardial 
protection, mere is always a certain degree of ischemia associated 
with cardioplegic arrest. This is especially true in patients with 
severe coronary .disease and a sturmed myocardium, in whom 
w1iform protection of d1e ventricle with cardioplegia may be 
difficult to achieve and an on-pump beating heart strategy can 
be considered. The coronaries continue to be perfused, and 
exposure and handling of the anastomoses are similar to d1ose 
for OPCAB. The use of CPB offloads me ventricle and offers a 
safety margin to manipulate me heart and visualize all the targets 
that need to be bypassed. Use of lABP should be considered for 
most of these patients because their bemodynan1ics is precarious 
to begin with. 

Off-Pump Coronary Artery Bypass Grafting 
Cardiopulmonary bypass is associated with a systemic inflam
matory response caused by contact of hlood components with 
the surface of the bypass circuit. This has been shown to con
tribute to postoperative bleeding, neurocognitive dysfunction, 
thromboen1bolism, fluid retention, and reversible organ dys
function. OPCAB eliminates the use of a cardiopulmonary 
bypass circuit and can potentially reduce some pump-associated 
complications. An initial wave of enthusiasm was tempered by 
the number of OPCAB cases in the United States stabilizing at 
20% for the last several years. This is because of the added 
technical complexity ofOPCAB and mixed reports regarding its 
outcomes. 

Puskas and colleaguesl2 have compared in-hospital major 
adverse cardiac events {MACEs) and long-term survival after 
OPCAB versus on-pump CABG in 12,812 consecutive isolated 
CABG patients from 1997 to 2006. OPCAB was associated 
with a significant reduction in operative mortality, stroke, and 
MACEs. OPCAB, however, did nor offer a long-rerm survival 
advantage. The same group and others have also demonstrated 
the unique benefit of OPCAB in women and higher risk 
patients.33 Using nationwide data in a cohort of 63,000 patients, 
Chu and associates·11 have shown that traditional on-pump 
CABG and OPCAB have similar rates of in-hospital mortality 
(3.0% versus 3.2%) and postoperative stroke (1.8o/o versus 
1.7%). However, OPCAB patients had longer hospital stays and 
higher hospital costs than on-pump CABG patients. 

In view of persistent controversy surrounding the benefits 
of OPCAB, the multicenter VA Randomized On/Off Bypass 
(ROOBY) trial was initiated.35 Patients scheduled for surgical 
revasculari7_ation were randomly assigned to w1dergo on-pump 
CABG or OPCAB. The proportion of patients wi th fewer grafts 
completed than originally planned was higher with off-pump 
than with on-pump CABG. Follow-up angiograms demon
strated d1at the overall rate of graft patency was lower in the 
OPCAB group than in the on-pump group (82.6% versus 
87.8%). There were no treatment-based differences in neuropsy
chological outcomes or short-term use of major resoLLrces. 'TI1e 
study concluded d1at at 1 year of follow-up, patients in the off
pump group had worse composite outcomes and poorer graft 
patency than patients in d1c on-pump group. 

TI1e primary benefit from OPCAB is preswnably believed 
to arise from the neuroprotective effect caused by d1e absence of 
aortic manipulation. Patel and associates36 have studied 2327 
consecutive patients and divided them into three groups-on
pump, off-pump with aortic manipulation (aorta used as source 
of graft inJiow), and off-pump without aortic manipulation 
(pedicle-based inflow). In this study, CPB was a risk factor for 
focal neurologic deficit, hut mere were no differenct.'S in focal 
deficits between d1c OPCAB surgery patients wim or without 
aortic manipulation. Aliliough this study also supported the 
concept that CPB may be associated with more neurologic 
events, it did not appear to be related to aortic manipulation as 
defined by d1e investigators. Hammon and coworkers,37 in a 
randomized trial, have den1onstrated that surgical technique is 
important in detem1ining cognitive outcome after CABG. All 
patients in their study lll1derwent an 11-part neuropsychologic 
examination preoperatively and at 1 week, 6 weeks, and 6 
months postoperatively. Neuropsyd1ological examinations were 
carried out on 107 patients with no postOperative neurologic 
deficits at all four testing periods. At 6 months, 26% of 27 
multiple aortic cross damp patients had ncuropsyd1ological 
deficits, 27% of26 off-pLUup CABG patients had neuropsycho
logical deficits, and only 9% of 54 single aortic cross damp 
patients had neuropsychological deficits (P = .067 versus mul
tiple aortic cross damp and off-pump CABG). 'TI1e results 
suggest that CPB is not the most important factor in determin
ing outcome and, when carefully performed with single cross 
clamp and minin1al aortic manipulation, is equal or may be 
superior to off-plll1lp operation. [twas inferred that mild bypo
therrni.a in on-pump surgery is additionally neuroprotective, 
which is a benefit not possible with OPCAB. 

TI1e technique and operative strategy for OPCAB differ 
significantly from on-pump CABG. Certain adjuncts arc needed 
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to provide adequate exposure of the coronary vessels. Because 
the heart is fully contractile and maintaining systemic perfusion, 
tl1e manipuJation shouJd proceed in a planned and systematic 
manner. Both the pleural spaces are opened to allow the heart 
to rotate into either side to visualize the targets, especially the 
lateral and inferior wall. 1l1e more critical areas of the myocar
dium are revascuJarized first, which minimi:t~s ischemic time, 
improves myocardial reserve. and permits more complex manip
ulation of the l1earr for tl1e other targets. Mammary artery-based 
pedicles are typically approacbed first because these do not 
require a proximal anastomosis, thus providing immediate coro
nary blood flow to the bypassed vessel. 

Once the rarger vessel is selected, a small area of the coro
nary artery is exposed proximal and distal to the plaiLiled area 
of anastomosis to allow placement of vessel loops or bulldog 
clamps for proximal and distal control. A coronary ocdudcr may 
also be used. Two stabilizers are used to stabilize rhe myocardillln 
(Fig. 60-16). TI1e fork-octopus has a suction padded tip with 
two limbs tl1at straddles the coronary artery target and is attached 
to a multifunctional versatile arm. The fork is positioned so that 
the limbs HraddJe the coronary target and suction is applled, 
which attaches me device to the myocardium while the arm is 
secured in position. 1l1e omer device consists of a suction cup 
that is applied tto the apex of the heart and used to lift it out of 
the chest to visualize the posterior aspect. A sling attached to the 
posterior pericardium allows the heart to be elevated our and 
enhances visuali:t,.ation of the posterior targets. 

FIGURE 60-16 Off-pump coronary artery bypass requires the use of 
vacuum assisted multi-articulating arms to position and stabilize the 
myocardium. This minimizes the movement of the heart thereby 
allowing the surgeon to feasibly perform the distal anastomoses. Here 
the stabilizer is positioned in preparation for creating a bypass to the 
left anterior descending artery. 

FulJ heparinization is not needed; generally, 50o/o of the 
usual dose is used. Success of the operation requires coordinated 
efforts between the surgeon and anesthesiologist so rlJat ade
quate systemic perfusion is maintained throughout the opera
tion wh.ile allowing a comfortable milieu in which the surgeon 
can operate. Shorr-acting bera blockers ro slow the bean rare 
and alpha constrictors to maintain systemic perfusion pressures 
arc important adjuncts for this. 

The management of the postoperative course of off-plmlp 
coronary bypass is significantly different compared with patients 
who undergo conventional coronary bypass grafting, primarily 
because of the reduced inflammatory effects, which are more 
prominent in CPB patients. 1l1ese patients do not manifest tl1e 
vasodilarory response or massive Auid shifts seen with CPB. 
Rather, these patients behave more like tl10sc who have under
gone a major general surgery operation and require early deep 
venous thrombosis (DVT) and stress ulcer prophylaxis and 
balartced postoperative Auid management. ]J1 our practice, all 
patients who undergo off-plll11p coronary artery bypass are 
placed on aspirin and dopidogrd (Plavix) 011 the day of surgery: 

Minimally Invasive Direct Coronary Artery Bypass 
Minimally Invasive Direct Coronary Artery Bypass (MIDCAB) 
describes any technique of coronary artery bypass that uses a 
minimally invasive approach, such as an anterolateral thora
cotomy (Fig. 60-17), min.isternotomy, or subxiphoid approach, 
without rlle use of a robot. Most MlDCABs are performed on 
tl1e beating heart and involve vascularization of the anterior walJ. 
A meta-analysis of all published outcome studies of MIDCAB 
grafting performed from January 1995 through October 2007 
has revealed early and late (>30 days) death rates of 1.3% and 
3.2%, respectively. Of the grafts that were studied angiographi
cally immediately after surgery, 4.2o/o were occluded and 6.6% 
had a significant stenosis (50% to 99o/o). At 6-momh follow-up, 

-Lett internal 

FIGURE 6Q-17 Left thoracotomy approach for performing off-pump 
left internal mammary to left anterior descending bypass. This is com
monly used in the minimally invasive direct coronary artery bypass 
approach (MIDCAB). Multiarticulating stabilizers are essential for this 
technique. 
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3.6% were occluded and 7.2% had significant stenosis.38 Long
term follow- up resLdts and fLLrther randomized, prospective, 
clinical trials comparing MIDCABs with standard revasculariza
tion procedures in large patient cohorts are needed. Although 
MIDCAB offers. several advantages, sucl1 a.~ the avoidance of 
sternoromy and CPB, it is subject to the same limitarions of 
OPCAB in addiuion to its own technical challenges aJ1d limited 
revascularization territory. 

Robotics: Totally Endoscopic 
Coronary Artery Bypass 
Rapid advances in technology have led to the application of 
robotic CABG. Robotically assisted microsurgical systems have 
the theoretical advaJ1tage of enhaJ1cing surgical dexterity and 
minimi.zing the Envasive nature of conventional coronary artery 
surgery. 1l1e da Vinci system (Intuitive Surgical., Mountain 
View, Calif) is the most commonly used. It consists of three 
major components-the surgeon-device interface module, com
puter controller, and specific patient interface instrumentation. 
It allows real-time surgical manipulation of tissue, advanced 
dexterity in multiple degrees of freedom, and optical magnifica
tion of the operative field, all through minimal access ports. The 
technology has seen signi6caJ1t usc iJ1 valve repair operations and 
other surgical specialties as well. 

fn a multicenter totally endoscopic coronary artery bypass 
(TECAB) trial, 98 patients requiring LAD revascularization 
were enrolled at 12 centers.J? The procedure was performed with 
femorofemoral CPB, endoaortic balloon occlusion, and thora
coscopy. All aspects of the procedure were performed with the 
robotic system, from internal mammary artery harvest to coro
nary anastomosis. Robotic TECAB was accomplished with no 
mortality and low morbidity; the angiographlc patency and re
intervention rates were suboptimal but encouraging. 

Oehlinger and colleagues40 have demonstrated the feasibil
ity of this procedure iJ1 the largest single-center series, 2001 to 
2007, that was performed in 100 patienrs All patients received 
LIMA grafts to the LAD artery using the da Vinci system. There 
was no perioperative mortality. For the entire patient series, 
5-year postoperative survival, freedom from aJ1gina, and freedom 
from major adverse cardiac and cerebral events were 100%, 
91%, aJ1d 89%, respectively. The learning curve for operative 
times and improvements in clinical outcome conti11ued, even at 
100 procedures, although the curve was steep duru1g the early 
experience. 

Current limitations of robotic TECAB include its lack of 
applicability to al l patients, prolonged operating room time, 
limited applicability to access all vessels, cost, aJld limited train
ing opportunities. However, over time, the use of robotic surgery 
is Likely to be more of a niche for a subset of surgeons tailored 
to a specific patien t population. 

Transmyocardial Laser Revasculamation 
Patients with cllfonic severe angina refractory to medical therapy 
who cannot be completely revascularized with percutaneous 
catheter intervention or CABG present clinical challenges. 
Transmyocardial laser revasculari7..ation (TMLR), either as sole 
therapy or as an adjLmct to CABG surgery, may be appropriate 
for some of these patients. The STS Evidence-Based Workforce 
has reviewed available evidence and reco mmends the use of 
TMLR for patiems with aJ1 EF greater than 0.30 and CCS class 
ill or IV angu1a that is refractory to maximal medical therapy.41 

1hese patients should have reversible ischemia of the LV free 
waU and CAD corresponding to the regions of myocardial isch
emia. ln all regions of the myocardium, the coronary disease 
must not be amenable to CABG or PCL 

TMLR uses a bigh-eJ1ergy laser beam to create myocardial 
transmural channels that were originally thought ro provide 
direct access to oxygenated blood in the LV cavity. 1l1is is no 
longer considered the mechanism whereby TMLR causes a 
reduction in symptoms of ischemic heart disease. Although 
some Local neovascularization has been documented, the mag
nitude of chaJ1ges docs not account for any substantive increases 
in myocardial perfusion. One mechanism that has been pro
posed relates to a local dfeC[ on cardiac neuronal signaling. lc 
has been hypothesized that local tissue inj LLry by TMLR damages 
ventricular sensory neurons and autonomic efferent axons, 
which leads to local cardiac dencrvation and anginal relief. 
Regardless of the mechanism, TMLR therapy is associated with 
a reproducible improvement in symptoms. Patients undergoing 
T MLR show a persistent improvement in angina class using the 
CCS dassification.8 'This improvement is achieved in 60% to 
RO% of patients within 6 months after the operation. 

Hybrid Procedures 
It is generally accepted that the LIMA to LAD anastomosis is 
the single most important component of CABG that confers 
long-term bene£t unmatched by any other intervention. State 
of the art PCis with drug-eluting stents have produced competi
tive omcomes compared to vein grafts ro non-LAD targets. 'Ibis 
has k:d to an integrated approach to coronary revascularization, 
termed the hybrid procedtJre. 1he hybrid procedure consists of a 
minimally invasive LIMA to LAD aJ1astomosis in conjunction 
with PCI to non-LAD-obstructed coronary arteries. 

This approach has met with uutial success, but many 
potential pitfalls exist. The procedural costs may be greater than 
those of either CABG alone or DES implaJltation alone. 1l1e 
timing and staging of the procedures is uncerrain and linuted 
data are available on long-term outcomes. 

REOPERATION FOR CORONARY ARTERY DISEASE 
Within 5 years, L5% ofCABG patients experience a recurrence 
of symptoms, typically angina. This increases to approximately 
40% within I 0 years. Recurrent symptoms almost always iJ1di
cate progression of disease iJ1 the native coronary circulation or 
graft disease. In most cases, the indications to proceed with 
coronary aJ1giography, PCI with or without stenting, or repeat 
CABG are the san1e as for the first operation. Patients who are 
considered candidates for reoperative CABG are usually older, 
have more diffuse CAD, and have diminished ventricular func
tion. Factors that increase the risk for reoperation include the 
absence of an ITA graft, yow1ger age at the time of primary 
surgery, prior iJ1eomplete reva.~culari7..ation, congestive heart 
fai lure. and NYHA Class Ill or IV angina. 

Technical aspects of reoperative CABG differ significantly 
from those of the prin1ary procedure. Reentry Ulto the chest aJ1d 
dissection of the old grafts can sometimes be challenging. Pre
paration for femoral cannulation for fumorofemoral bypass or 
axillary CaJumlation should be considered with preemptive avail
ability of blood products. Redo sternotomy is typically com
pleted with an oscillating saw or after dissecting the heart away 
from the sternum via a subxiphoid approad1. Lnjury to the right 
ventricle or to the aorta or veu1 grafts is of potential concern. A 
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poorly placed LIMA graft from the prior operation is also at risk 
during the sternotomy. If a cardiac or vascular injury is identi
fied, an assistant holds the sternum together to tamponade 
further bleeding, and expeditious cannulation of alternate sires 
is begun with ![he institution of cardiopuLuonary bypass. Pre
operative cr scans are helpful in planning rhe operation. 

O nce the sternotomy is completed, the rest of the adherent 
cardiac structures arc dissected away from the underside of the 
sternum to allow placement of a sternal retractor. No retractor 
should be placed unless the heart is adequately dissected away; 
rlus will result iJ1 disruption of the aorta or right ventricle, which 
may be difficult to control. 

The next steps are geared reward establishing sires for can
nulation. The right atrium and aorta are dissected first; then, the 
rest of the heart is dissected away from the pericardium, which 
may be performed on CPB. The areas of previous cannulation 
and vein grafts are the most adherent regions, whereas the dia
phragmatic aspect is least adherent and provides a good starting 
point to gain entry into the correct plane. 

Manipulation of the old grafts should be kept to a minimum 
to avoid distal coronary bed mlcroemholization. Isolation of the 
LIMA pedicle is often neces.~ary and should be carefully per
formed, with tbe abi lity to start bypass rapidly if an inadvertent 
injury were to occur (Fig. 60-18). 1l1e rest of the operation 
proceeds in a similar fashion to primary CABG and can be 
performed on or off pump. In some cases, the surgery could be 
accomplisl1ed through a left anterolateral thoracotomy approach. 
Typically, this is used in patients who had previous mediastinitis 
or multiple stemoronues, or when an extensive area of the heart 
is adJ1erent to the sternum, precluding a safe entry. The vein 

vein grafts 

FIGURE 60-18 Redo corona ry artery bypass graft. The cannulation is 
very similar to a first time coronary artery bypass operation in most 
cases. However, identification of coronary targets are much more 
difficult due to scarring. The course of the prior grafts is useful in 
identifying the targets. In addition to d amping the aorta above the 
previous ~in grafts, the left inte rnal mammary pedicle should be 
dissected and damped separately if feasible. A single-damp tech
nique is preferred as it avoids the tedious and potentially dangerous 
dissection around the proximal aorta that may be needed to place a 
partial side-biting clamp. 

conduit is anastomosed to the descending aortas in these cases 
(Fig. 60-19). 

To summarize, some of the unique difficulties that could 
be encountered in redo CABG are as follows: 

1. Injury to heart during sternotomy 
2. Injury ro mammary pedicle 
3. Limited space on ascending aorta for placement of 

new grafts 
4. Inability to identifY distal targets because of scars and 

adhesions 
5. Availability of conduits 
6. Increased risk of perioperatlve MI because athero

embolic embolization from diseased vein grafts 
and diffuse coronary disease preclude optimal 
cardioplegia 

7. Increased bleeding because of rugher inflammatory 
response and more raw surface 

8. Injury to pulmonary artery during cross-clamping of 
the aorta 

In most published series, the mortality rate of reoperative 
CABC exceeds that of primary CABG; in some series, it has 
been reported to be as high as 10%. Also, overall patient survival 
and freedom from angina over time are diminished. 

MECHANICAL COMPLICAnONS OF 
CORONARY ARTERY DISEASE 

Left Ventricular Aneurysm 
The incidence of ventricular aneurysm after AM1 has been 
declinjng because of early inrerventional therapies. Of left ven
tricular aneurysms, 90% are the result of a transmural MI sec
ondary to an acute occlusion of the LAD. Patients may develop 
an aneurysm (pseudoaneurysm) as early as 48 hours after infarc
tion, but most patients develop one within weeks. Approxi
mately two thirds of patients who develop ventricular aneurysms 
remain asymptomatic. 

The I 0-year survival rate is 90% for asymptomatic patients 
and 50% for symptomatic patients. The most common causes 
of deacl1 are arrhythmias (>40%), CHF (>30%), and recurrent 
MI (>10%). The risk for thromboembolism is low and long
term anticoagulation is not recommended unJess there is a mural 
thrombus. The diagnosis is usually made by ecl10cardiography. 
Thallium imaging or PET is useful for detecting the extent of 
tl1e aneurysm and viability of adjacent regions. 

Surgery for left ventricular aneurysm is indicated if the 
patient is scheduled to undergo CABG for symptomatic coro
nary artery disease, there is contained rupture or evidence of a 
false aneurysm, or the patient experiences a duomboembollc 
event despite anticoagulation. The 5-year survival rate afta 
surgery has been reported to range between 60% and 80%. In 
general, surgical repair or resection in conjunction with CABG 
results in angina relief and resolution of heart failure symptoms 
for most patients. Surgicni ventriculnr rest.omtion is a technical 
term that describes the surgical resection of cl1e aneurysm witl1 
reconstruction of the native ventricular geometric shape. lllis is 
ideally performed with CPB, without cardioplegic arrest, as long 
as the aortic valve is competent. 1l1c aneurysm is usually recog
nized by tbe paradoxical moven1ent of tbe waiJs compared with 
the rest of the viable LV myocardium. 1he aneurysm is opened 
and a purse-string Fontan stitch is placed at the junction of d1e 
viable and nonviable myocardium, whicl1 can be manually 

http://www.myuptodate.com


ACQUIRED HEART DISEASE: CORONARY INSUFFICIENCY CHAPTER 60 1673 

palpated on the beating heart. A Dacron or bovine pericardia! 
patcb is used to exclude the aneurysm and the aneurysm is 
closed over the parcl1. 

Two potentrially acute complications that require surgical 
intervention are postinfarction ventricular septal defect and 
postinfarction mitral regurgitation caused by papillary muscle 
rupture. 

Ventricular Septal Defect 
This occLLrs in less than 1 o/o of patients and is associated with an 
acute LAD occlusion. 1he defect is more common in me.n (3: 2) 
and typically presents within 2 to 4 days of the infarction. 
However, a VSD that occu.rs in the first 6 weeks after an infarct 
is still considered acllte. The VSD is usually located in the ame
rior or apical aspect of the ventricular septllll1. A posterior VSD 
occurs in approximately 25% of patients caused by an inferior 
wall MI from occlusion of the RCA system or a distal brancb 
LCA. A full- thickness infarct is a prerequisite for a VSD to 
occur. A new, loud, systolic cardiac murmur after an MI suggests 
the diagnosis; an echocardiogram is effective for determining the 
size and character of the VSD, as well as the degree of left to 
right shunting. Right heart catheteri7_ation typically shows an 
increase in oxygen saturation levels in the right ventricle and 
pulmonary artery. The defect is usually approximately 1 to 2 em 
in size. 

After the diagnosis is established, patients should undergo 
in1mediate left beart catheterization to cbaracterize the degree of 
CAD, magnitude of LV dysfunction, and presence of mitral 
valve insufficiency. Approximately 60% of patients with an 
iJlfarction VSD have significant CAD iJ1 aJl unrelated vessel. 1he 
mortality rate in the Lllltreated patient is high, with 25% of 
patients dying within 24 homs from refractory heart failure. 

FIGURE 60-19 left thoracotomy approach for recurrent 
coronary artery disease. This approach avoids the 
hazards of a difficult redo sternotomy and is used as an 
alternative in some cases. New saphenous vein graft: 
descending thoracic aorta to obtuse marginal bypass. 

Patient survival rates at 1 week. 1 month, and longer cl1an 1 year 
are 50%, 20%, ru1d less than 3%, respectively. 

Patients who are considered candidates for surgery should 
be managed early with closure of the defect and concomitant 
CABG. In the absence of refractory heart failure and hemody
namk instabWty, the survival rate may be as high as 75%. 'TI1e 
infarct exclusion technique is used to repair the VSD and is 
technically one of the most challenging procedmes. The left 
ventricle is opened longitudinally on the infarct and the defect 
is evaluated. Multiple VSDs may be present and necrotic myo
cardium is debrided to viable tissue. A prostl1etic Dacron patch 
or bovine pericardium is then sutured to the LV side of the septal 
defect and brought out through the ventriculotomy, where it is 
incorporated with the closure (Fig. 60-20). L1 chis method, che 
posterior aspect of cl1e patcl1 is thus anchored to the remnant 
viable septum and the anterior aspect is incorporated with the 
free ventricular wal l, fom1ing the neointerventricular septtm1. 
Felt strips arc used to bunress the ch~ure. 

Mitral Regurgitation 
Approximately 40% of patients who sustain an AMJ develop 
cbronic ischemic. mitral regmgitation (IMR) detectable by color
flow Doppler echocardiography. In 3% to 4% of cases, che 
degree of mitral regurgitation is moderate or severe. 

The cause of chronic I.MR is ischemic papiiJary muscle 
dysfunction ru1d LV dilation associated witb mitral annular dila
tion and restriction of tbe posterior leaflet. The operation for 
chronic IMR is usually performed on an elective basis. It consists 
of complete myocardial revasCLdari.7_ation and mitral valve repair 
with the usc of an rumuloplasty ring. 

Acute IMR may occur as a result of papillary muscle necro
sis and rupture caused by occlusion of the overlying epicardial 
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arteries that give rise to the penetrating vessels that supply the 
papillary muscles. 1l1e posterior papillary muscle is involved 
three to six times more often than the anterior muscle (Fig. 
60-21), and either the entire trunk of the muscle or one cl the 
heads co which cl10rdae attach may rupture partially or totally. 

In most cases, prompt surgical imervention provides the 
best chance for survival. Predictors of in-hospital death include 
CHF, renal insufficiency, and muldvessel CAD. Emergem su.rgi
cal t reatment usually involves mitral valve replacement and con
comitant CABG. The hospital mortality rate may be as high as 
50% in the acme setting. Mitral repair should not be attempted 
in the acute setting because it may not be feasible in papillary 
muscle rupture; it requires prolonging the cross clamp time 
(compared with replacement), which is not ideal in an acute 
setting. Operations on pacicms with acute mechanical complica
tions from MI are challenging; the surgeon bas to anticipate and 
be prepared for placing an LV assist device if failure to wean off 
CPB develops (Fig. 60-22). 

CORONARY ARTERY BYPASS GRAmNG AND 
SPECIAL PATIENT POPULATIONS 

Patients With Diabetes 
Mortality and morbidity races after CABG arc higher in diabetic 
patients than in the general population. 'The BAR! trial demon
strated the benefits of CABG in diabetics with multivessel 
disease over any other treatment modality 

Older Patients 
Approximately 10% of patients who undergo CABG are older 
than 80 years. Older age is an independent predictor of surgical 
morbidity and mortality and a nonroutine discharge status.4' 

CABG should not be denied to patients based on age alone, 

FIGURE 60-20 Infarct exdusion tedlnique for repair of acute ven
tricular septal defect secondary to acute myocardial infarction. A 
ventriculotomy is made through the zone of infarct and all necrotic 
muscle is debrided. The repair is accomplished with a patch placed 
on tile left ventricular aspect of the septum. Felt buttress are used 
to reinforce the dosure of the ventriculotomy and it is essential that 
all sutures are incorporated into healthy myocardium to ensure 
durability of the repair. 

FIGURE 60-21 Medlanical complication of acute myocardial infarc
tion: Acute papillary musde rupture (shown here) and acute ventricu
lar septal defect are two sequelae in patient who suffer from extensive 
zones of infarct. Acute papillary musde rupture results in acute mitral 
regurgitation that manifests as cardiogenic shock and immediate 
pulmonary decompensation. If the patient is a surgical candidate, 
mitral valve replacement is the only option. 
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FIGURE 60-22 The axia l flow left ventricular assist device is used as 
temporary mechamical support or a bridge to transplant for patient in 
end-stage cardiomyopathy due to coronary artery disease not ame
nable to bypass surgery. The inflow of blood into the pump is from 
the apex of the left ventricle. The blood is then pumped into the 
ascending aorta via specially designed grafts that are incorporated 
with the pump. Tlhe axial flow pumps are I~ bulky and relatively 
easy to implant They have only a single moving part, which is the 
axial impeller. 

although it should be considered in the .risk stratification. 
Appropriate arrangements should be made beforehand with the 
expectation that only one in five patients will be able to go borne 
without additional support. 

Women 
Although women in every age group have a lower incidence of 
CAD tllan me11, CAD is still the leading cause of death in 
women in the United States. Historically, serious manifestations 
and associated complications of CAD in women were consid
ered uncommon. Exami11ation of the STS database in two sepa
rate stuclies bas revealed that the operative mortality rate is 
higher in women-3.15% versus 2.61 o/o in men.4M1 

W ith evolving strategies, studies have been designed t<J 

evaluate specific aspects of coronary artery bypass that would 
benefit women. OPCAB has demonstrated favorable outcomes 
i11 women. A recent review of 42,477 patients in the STS 
National Cardiac Database has revealed that women have a 
significantly greater adjusted risk of death, prolonged ventila
tion, and longer length of stay d1an men in on-pump CABG. 
In contrast, among OPCAB cases, women had a lower risk of 
reexploration than men a11d a similar risk for death, Ml, and 
prolonged ventilation and hospital stay.45 

Patients With Renal Disease 
Renal insufficiency is also an independent risk factor for survival 
after CABG. A preoperative serum creatinine level higher 1.4 to 
2.5 mg/ dL is independently associated with a twofold increase 
in mortality.46 L1 one retrospective studl~ of 59,576 patients 
who underwem CABG or PCl, a survival benefit with CABG 
in patients with a serum creatinine level higher than 2.5 mg/dL 
was demonstrated. 1he 1-, 2-, and 3-year survival rates were 
84.1 o/o, 77.4%, and 65.9%, respectively, for CABG compared 
with 70.8%, 5I.Y%, and 46.1 o/o for PCl. This effect was more 
dramatic in diabetic patients. Long-term survival is also affected 
by the presence of preoperative renal dysfunction, especially if 
the creatinine clearance is less than 30 mlJmin.48 Although 
CABG in patients with renal insufficiency and failure is associ
ated wi th increa<ied morbidity and mortality, CABG is a-;sociated 
with better survival when compared with PCI. 

Obese Patients 
The incidence of postoperative renal failure, prolonged ventila
tion, and sternal wound infection arc significantly higher in 
obese patients. Extremes of weight are risk factors for CABG 
mortatity. 

Increasing evidence has suggested that obesity and renal 
insufficiency are associated with increased systemic inflamma
tion, thrombogenlcity, and endothelial dysfunction. Obese 
patients with preoperative renal insufficiency had higher rates of 
postoperative M I and low carcliac output syndrome and i11creased 
hospital stay rhru1 nonobese patients with preoperative renal 
insufficiency i11 a single-institution retrospective study of 10,000 
patients. 
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CHAPTER 61 

ACQUIRED HEART 
DISEASE: VALVULAR 
DAviD A FuLLERfON AND ALDEN H. HARKEN 

HISTORICAL PERSPECTIVE 

DIAGNOSTIC CONSIDERATIONS 

M ITRAL VALVE 

AORTIC VALVE 

OPERATIVE TECHNIQUE 

SURGICAL OUTCOMES 

CHOICE OF PROSTHETIC VALVES 

Stenotic or regurgitant cardiac valves create hemodynamic 
demands on one or both ventricles of the bean. The compensa
tory mechanisms of the vent.rides permit the heart to tolerate 
these lesions for varying periods of time, sometimes years, before 
surgical intervention is required. Ultimately, however, significant 
valvuJar lesions produce systolic and/or diastolic ventricular dys
function, leading to heart failure. As a general rule, surgery for 
stenotic valve lesions may be deferred until the patient develops 
symptoms. Regurgitant valve lesions, however, may produce 
significant ventricular dysfunction hefore symptoms develop; 
therefore, surgery in patients who do not have symptoms may 
be indicated. Among the heart's valves, the aortic and mitral 
valves are the most Likely to acquire disease; therefore, this 
chapter focuses on diseases of the aortic and mitral valves. 

HISTORICAL PERSPECTIVE 
Heart failure from mitral stenosis was well recognized by che Lace 
19th century, and efforts at surgical correction began weU before 
the heart-lung machine was available.' In 1897. Samways sug
gested (but never acted on) the possibility of diJating the stenotic 
mitral valve. Based on his postmortem studies of rheumatic 
heart disease in London, Bnmton in 1902 proposed surgical 
intervention for mitral stenosis by passing a diJator through the 
waLJ of the left ventricle retrograde into the mitral valve orifice. 
His proposal was slllumed by London physicians, and Brunton 
never tried this maneuver. The concept, however, was applied 
20 years later in Boston when the first report of successful surgi
cal correction of mitral stenosis appeared in 1923. Cutler and 
Levine reported successful relief of mitral stenosis by incision of 
the valve with a knife introduced through an apical left ventricu
lotomy. ln 1925·, Soutter performed the first successfuJ dosed 
mitral commissurotomy at the London Hospital by iJmoducing 
his index fu1ger through the left atrial appendage. Despite Sout
ter's success, he received no more patient referrals, and another 
20 years elapsed before the procedure becan1e widespread. In 

June 1948, Bailey in Philadelphia and Harken in Boston each 
performed a successful closed mitral commissurotomy. 1hereaf
ter, it became widely used to treat mitral stenosis. 

By the mid-1970s, the dosed technique was supplanted by 
open mitral commissurotomy. Although dosed mitral commis
surotomy achieved good palJiation of mitral stenosis for its era, 
open mitral commissurotomy offered several advantages. First, 
the valvuloplasty could be performed under direct vision. 'TI1e 
primary reason for failure of dosed mitraL commissurotomy was 
residual stenosis, not restenosis. In up to 75o/o of patients, the 
subvalvular apparatus of the mitral valve contributes signi.fi
camly to the stenosis. 'TI1e open technique permitted precise and 
maximal division of fused commissures, as weU as fused chordae. 
In addition, calcium couJd be sharply debrided from the valve, 
ru1d any residual mitral insufficiency could be corrected at the 
time of operation. Finally, the dosed technique had the disad
vantage of potentialJy dislodgi11g a left atrial thrombus, resulting 
in intraoperative embolization and stroke. Today, however, open 
mitral commissurotomy is rarely performed; it was supplanted 
by balJoon mitral valvuloplasty by the mid-1990s. 

Surgical attempts to correct aortic stenosis also begru1 in 
the early 20th century. ' In 1912, Tuffier, in Paris, unsuccessfuUy 
attempted transaortic digital dilation of a stenotic aortic valve. 
ln Charleston, Soutl1 Carolina, in 1948, Smithy performed the 
first successfuJ aortic valvotomy in a 21-year-old woman from 
Ohio. Smithy died later that san1e year of aortic stenosis at the 
age of34 years. 'Tiuee years later, in Philadelphia, Bai]ey reported 
successful aortic valvowmy by insertion of a mechanical dilatOr 
across the stenotic valve of patients to open fused conmussures. 
In 1952. Hufi1agel and Harvey at Georgetown University placed 
the first prosthetic ball valve into the descending aorta of a 
patient with aortic insufficiency. Surgery on the aortic valve 
under direct vision required tl1e developmenc of cardiopuJmo
nary bypass by Gibbon in 1954. In 1955, Swann performed cl1e 
first successful aortic valvotomy using hypothermia and inflow 
occlusion. Initially, open aortic valve operations were Limited to 
aortic valve commissurotomy and debridement of calcified 
aortic valve leaflets. Harken, in Boston, in 1960. and Starr, in 
Portland, Oregon, in 1963, however, reported replacement of 
the aortic valve with a prosthesis. In 1%2, Ross in London suc
cessfuUy performed orthotopic homograft valve replacement. In 
1967, Ross performed the first puJmonary autograft procedure 
(Ross procedure) for correction of aortic stenosis. In the mid-
1960s, stent-motrnted porcine aortic valves were implanted, but 
these formaldel1yde-fixed valves degenerated rapidly. In 197 4. 
Carpentier, in Paris, reported superior longevity of the 

1679 

http://www.myuptodate.com


1680 SECTION XI CHEST 

glutaraldehyde-preserved porcine valve; thereafter, their usage 
was well established. By 1981, bileaflet mechanical valves were 
widely implanted in the aortic and mitral positions and largely 
supplanted rhe use of ball cage mechanical valves. In rhe mid-
1990s, bovine pericardia! valves were shown to have durability 
similar co porcine valves and borh types ofbioprosrbescs became 
widely implanted. By 2004, most valves implanted in the United 
States were tissue valves. ln 2002. transcarhetcr aortic valve 
replacement was performed by Cribier in Rouen, France. 

DIAGN05nC CONSIDERATIONS 
Valvular heart disease may be suggested by a patient's history or 
by a heart murmur deteeted on physical exan:tination. Regardless 
of the valve lesion in question, tchocardiography should be used 
to assess the severil)' of the stenosis, regurgitation, or both. 
Wormation available from the echocardlogran1 includes defini
tion of valve anatomy, assessment of ventricular contractile fwK
tion, determination of the magnitude of valve regurgitation 
using color Aow Doppler imaging, and determination of the 
severity of valve stenosis. 

Transthoracic echocardiography i~ noninvasive and may 
provide the necessary information. lf more information is 
needed. transesophageal echocardiography may provide better 
definition of aortic and mitral valve anatomy; it is also a more 
sensitive imaging modality for the detection of mitral 
regurgi ration. 

Although most valve lesions may be accurately diagnosed 
by echocardiography, cardiac catheterization may be necessary 
to confirm tht diagnosis or to provide additional information 
pertaining to ventricular function . Before surgery, ir may be 
appropriate to exclude the presence of coronary artery disease. 
Mitral or aortic valve areas may be determined at cardiac cath
eterization using the Gorlin formula,2 which permits calcLdation 
of the valve area, as follows: 

Valve area= 

flow across the valve/ ( C x [ .J mean transvalvular gradient]) 

where C is an empirical constant, 44.5 for the aortic valve and 
38 for the mitral valve. 

MITRAL VALVE 

Surgical Anatomy of the Mitral Valve 
The normal function of the mitral valve is dependent on coor
dinated interaction of the mitral valve apparatus, which 
includes the mitral valve annulus, valve leaflets, valve chordae 
tcndineae, and left ventricular papillary muscles. 1he normal 
mitral valve has two leaAets, the anterior (or aortic) and poste
rior or (mural) leaflet. Two papilJary muscle.~ arise from the 
left ventriCLdar wall, the posterior (or posteromedial) and 
anterior (or anterolateral). Each leaflet of the mitral valve is 
connected to ead1 of the papillary muscles by tendons, the 
chordae tendineae. 

TI1e leaflets are suspended from the mitral annulus, a col
lagenous structure that encircles the orifice between the left 
atrium and ventricle. Although the two leaflets have approxi
mately the same surface area, they have different shapes (Fig. 
61-1). The anterior leaBet is rectangula.r. Its base is attached to 
the mitral annulus anteriorly and the width of the base is 
approximate.ly one third the circumference of the mitral annulus. 

Subaortic 
curtain -+-l.f~~~ 

Mitral valve 
Aortic (ant.) I. 

Mural (post.) I.--'-__..,;~~~~~ 

Circumflex 
coronary a. 

Coronary Post. descending 
sinus coronary a. 

FIGURE 61-1 Anatomy of the mitral valve as it relates to other cardiac 
structures. Important surgical landmarks indude the relationship 
of the mitral valve to the aortic valve, circumflex coronary artery; 
and atrioventricular (AV) node. (From Buchanan SA. Tribble CG: 
Reoperative mitral replacement. In Kaiser LR. Kron II.. Spray Tl [eds]: 
Mastery of cardiothoracic surgery. Philadelphia, 1998, tippincott
Raven, p 351.) 

This attachment of the anterior leaflet to the tTtitral annulus 
extends to the aordc annulus through fibrous tissue, providing 
fibrous continuil)' between the aortic and mitral valves; the left 
ventricular side of the anterior leaflet of the mitral valve is visible 
immediately as the surgeon looks down through the aortic valve 
into the left ventricle. 1l1e posterior leaflet is rectangular and its 
attachment to the mitral annulus extends for approximately two 
thirds of the circwnference of the mitral annulus. The two leaf
lets arc separated by two distinct commissures. 

There are three important surgical landmarks (see Fig. 
6 1-1). First, the circumAex coronary artery runs along the epi
cardial smface of the heart overlying the posterior mitral annulus. 
Only millimeters of left atrial muscle separate cl1e artery from 
cl1e annulus, making it susceptible to injury during mitral valve 
smgery. Second, the aortic valve is in close approximation to the 
anterior leaflet of the mitral valve (aortomitral continuity). 1l1e 
noncoronary leaflet of the aortic valve is therefore susceptible to 
injmy during mitral surgery. Tilird, the atrioventricular node is 
located deep to the posteromedial commissure of the mitral 
valve. 

Mitral Stenosis 

Causes 
Rht:LLmatic fever is the principal cause of mitral stenosis, and 
approximately two tllirds of patients with rheumatic mitral ste
nosis are female. Rheumatic fever usually occurs in cllildhood 
or adolescence {mean age, S to 12 years) and creates an inflam
matory infiltration of the myocardium and valves. Perhaps 
because the disease affii.cts young people and many years pass 
before symptoms are manifest, a prior history of rheumatic fever 
is often difficult to cortfirm. As the mitral valve heals after acute 
rheumatic fever, the mitral apparatus may become deformed 
slowly and the patient typically remains asymptomatic for at 
least I 0 years. Symptoms most commonly appear during the 
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patient's third or fourth decade of life. Healing of the inflam
mation from rheumatic fever ultimately causes the cusps and 
commissures of t he mitral valve to thicken and fuse, with con
comitant fusion and shortening of the chordae tendineae. The 
structure of the valve apparatus then calcifies and narrows, 
becoming funnel-shaped. Such thickening and fusion of rhe 
valve not only creates stenosis but also often prevent complete 
closure of the valve. Of all patients wid1 rheumatic mitral valve 
disease, approximately 50o/o have combined mitral stenosis and 
mitral regurgitation. 

Other causes of mitral stenosis that are far less common 
than rheumatic fever include malignant carcinoid, systemic 
lupus erythematosus, and rheumaroid arthritis. Rarely, congeni
tal malformation of the:- valve may cause mitral stenosis, and 
congenital mitral stenosis is almost never an isolated congenital 
cardiac Lesion. 

Pathophysiology 
The cross-sectional area of the normal mitral valve is 4 to 6 cm2• 

A mitral valve area of 2 cm2 is considered moderate mitral ste
nosis and an area of 1 cm2 is considered severe mitral stenosis. 
Under normal conditions, there is no pressure gradient across 
d1e mitral valve and d1e left atrial pressure is usually less rl1an 
15 mm Hg. As ilie mitral valve becomes more narrowed, an 
increasing presstllre gradient is required to move the blood 
across tl1e mitral valve from tl1e left atrium into the left ventri
cle during diastole; a transvalvular gradient of 10 mm Hg indi
cates severe mitral srenosis. The significance of ilie transvalvular 
gradient is that left atrial pressure progressively increases as the 
mitral valve becomes more stenotic. In turn. the iJKreased left 
atrial pressure is transmitted retrograde into the pulmonary 
veins, pulmonary capillaries, and ultimately pulmonary arteries. 
A left atrial pressure of approximately 25 mm Hg increases 
pulmonary capillary pressure enough to produce pulmonary 
edema. 

The severity of obstruction across the valve is determined 
by the transvalvu lar gradient and flow rate across the valve. The 
flow rate is a function of cardiac output and heart rate; because 
fl ow across tl1e mitral valve occurs during diastole and diastole 
is shortened as heart rate increases, a faster heart rate at any given 
cardiac output increases the transvalvuJar gradient and raises left 
atrial pressure. 'TI1e contribution of the atrial contraction (kick) 
to cardiac outpu·t is particularly importam in mitral stenosis; it 
accomplishes as much as 30% of ilie transvalvular gradient. 
Thus, tl1e onset of symptoms is genera!Jy associated with exec
tiona! activities or loss of ilie atrial kick with the onset of atrial 
fibriUa.tion. 

To maintain adequate left ventricular 6lling across a l -cm2 

valve, for example, a pressure gradient of20 mm Hg is required. 
A normal left ventricular end-diastolic pressure of 5 mm Hg 
results in a left aniaJ pressure of 25 mm Hg. Left atrial pressure 
rises further if Aow rate across the valve increases (increased 
cardiac output), transit time across d1e valve is shortened 
(decreased diastolic time), or atrial kick is lost (atrial fibrillation). 

Pulmonary hypertension is an important component of 
the pathophysiology of mitral stenosis and, when severe, may 
domi11ate the clinical picture. At least three patl1ophysiologic 
mechanisms conrribute co the pulmonary hypertension seen 
in long-standil1g mitral valvular disease: (1) increased left atrial 
pressure transmitted retrograde into tl1e arterial circulation; 
(2) vascular remodeling of ilie pulmonary vasculature in response 
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to chronic obstruction to pulmonary venous drainage (fixed 
component); and (3) pulmonary arterial vasoconstriction (reac
tive component). 

Diagnosis 
Symptoms Dyspnea is the principal symprom of mitral stenosis. 
Dyspnea is typically brought on with exertion or is associated 
wiili tbc abrupt onset of atrial fibrillation. The increased cardiac 
output or heart rate wiili exertion or ilie loss of atrial kick and 
tachycardia wiili atrial fibrillation result in an increased trans
valvular gradient. 111is in turn increases left atrial pressure and 
the pulmonary veins and capillaries become engorged, produc
ing the sensation of dyspnea and promoting pulmonary edema. 
If ilie left atrium enlargement is sufficient to compress surround
ing structures, the patient may complain of dysphagia or hoarse
ness. Marked elevation i11 left atrial pressure may produce 
hemoptysis. 

Physical Examination 1l1e left ventricle is typically normal in size 
and ilie apex is ilicrefore not displaced. 1l1e murmur of mitral 
stenosis is best heard at ilie apex. It is a low-pitched, n unbling 
diastoUc murmur that decreases witl1 inspiration and increases 
during expiration; it may be markedly decreased by d1e Yalsalva 
maneuver. An opening snap precedes ilie murmur, is heard at 
the apex, and represents tl1e completed excursion of tbe mitral 
valve leaflets. [f the mitral leaflets are stiff or calcified, an opening 
snap may not be heard. ln patients with pulmonary hyperten
sion, signs of elevated tight vemricular and cenrra.l venous pres
sure may dominate ilie clinical picture. Physical filldings, sucl1 
as distended neck veins, hepatomegaly, asci tes, and peripheral 
edema, combined wiili a loud pulmonary valve component of 
the second heart sotmd (P2) heard on cardiac auscultation, 
suggest significant pulmonary hypertension. 

Diagnostic Tests 
Chest Radiography Several findings may be noted on ilie chest 
radiograph. 1l1e cardiac siU1ouette may be normal in si7.e, but 
tl1e left atrilml is enlarged. The enlarged left atrium may be seen 
as a double density behind tl1e right atrium on tl1e poster ante
rior projection or it may be seen to displace d1e left mainstcm 
bronchus superiorly. On ilie lateral projection, the enlarged left 
atrium may displace the esophagus posteriorly. Calcification of 
the mi'tral leaflets or d1e mitral am1ulus may be seen. Pulmonary 
venous hypertension should be suspected when ilie pulmonary 
arteries are enlarged and tl1ere is cephalization of pulmonary 
blood flow. 

Echocordiogrophy Echocardiograpby is the principal modality 
used to confirm tl1e diagnosis. Using the echocardiogram, tl1e 
mitral valve area may be determined by rwo mechanisms. First, 
ilie mitral valve area may be determined directly from ilie echo
cardiogram by planimetry. Second. measurement of the veloci ty 
of blood flow across the valve by Doppler echocardiography 
permits calculation of the transval vular gradient. Because ilie 
transvalvular gradient persists longer with greater stenosis of the 
valve, the time required for the transvalvular gradient to decline 
may be measured; th is is referred to a~ the pressure balf-time. 
1he mitral valve area may tl1en be calculated using the following 
fomutla: 

Mitral valve area= 220/(pressure half-time) 

http://www.myuptodate.com


1682 SECTION XI CHEST 

CtB'diac Cothetenzation Ahhough rarely necessary, mitral stenosis 
may also be diagnosed by cardiac catheterization. However, 
before undergoing surgical correction of mitral stenosis, cardiac 
catheterization and coronary angiography should be considered 
i.n patients with a history of angina and in those who are older 
than approximately 50 years ro exclude occlusive coronary artery 
disease. At the t ime of cardiac catheterization, left atrial pressure 
may be determined directly (by transatrial puncture) or inferred 
from pulmonary capillary wedge pressure. Simultaneous mea
surement of the left ventricular diastotic pressure permits calcu
lation of the transvalvular gradient; a transvalvular gradient 
higher than lO nun Hg is consistent with significant mitral 
stenosis. Using the Gorlin formula, the mitral valve area (MVA) 
may be calculated as follows: 

MYA= F/(38x[.JM>]) 

where b.P is the mean diastolic transvalvular gradient (in rum 
Hg) , F is the mean diastolic mitral flow in nuUiBters per second 
(derived from the measured cardiac output and determination 
of diastolic duration), and 38 is a constant. 

Natural History 
Currently, the natural history of mitral stenosis is impossible to 
know precisely because of successful surgical intervention. Data 
collected from tl1e era before widespread surgery for mitral ste
nosis, however, have indicated tl1at after diagnosis, tl1e mean 
survival of parients with asymptomatic mitral stenosis was 15 
to 20 years; on the other band, patients with symptoms bad a 
mean survival of only 2 to 7 years.3 Left atrial distention predis
poses to atrial :fibrillation and its associated imra-atrial throm
bus formation. Up to 20% of patients with mitral stenosis and 
atrial fibrillation may sustain systemic embolization, especially 
strokes. 

Treatment 
1l1e symptom-free patient in sinus rhythm requires only pro
phylaxis against bacterial endocarditis. When symptoms appear, 
medical treatment of mitral stenosis includes diuretics to lower 
left atrial press.ure and efforts to maintain sinus rhythm with 
beta-blocking agents or calcium channel blocking agents. 
Digoxin may be helpful in controlling ventricular rate in patients 
who do go into atrial fibrillation. Patiems in atrial fibrillation 
may requirt' chronic anticoagulation wiili warfarin (Coumadin) 
ilierapy to lower d1e risk for systemic embolization. 

Mechanical intervention for mitral stenosis should be con
sidered when patients develop symptoms, evidence of pulmo
nary hypertension appears, or the mitral valve area is reduced to 
approximately 1 cm2

• Other conditions that should prompt sur
gical consideration include systemic embolization, worsening 
pulmonary hypertension, and endocarditis. The options for 
mecl1anical intervention for mitral stenosis include balloon 
mitral valvuloplasty, open surgical mitral valvuloplasty (commis
surotomy), and mitral valve replacement. 

Balloon Mitral Valvuloplasty First performed in 1984, balloon 
mitral valvuloplasty has become the treatment of choice for 
select patients wid1 mitral srenosis.1 Echocardiography may be 
used to determine patienrs considered to be good candidates, 
including those with pliable valve leaflets but wi tbout significant 
valvular calcification or deformation of the chordae tendineae. 

Contraindications to this procedure include the presence of 
moderate mitral regurgitation, thickening and calcification of 
tl1e n1itral leaflets, and scarring and calcification of the subval
vular apparatus.5 Performed in the cardiac catheterization suite 
tmder £luoroscopic guidance, the technique entails advancement 
of one or two balloon carherers across the interatrial septum and 
inflation of the balloon within the stenotic mitral valve. 

BaUoon mitral valvuloplasty bas provided good short-term 
and intermediate-term results in appropriately selected patients. 
Balloon inflation should increase the mitral valve area to approx
imately 2 cnl. This increase in mitral valve area is usually associ
ated with a significant decline in left atrial pressure and 
transvalvular gradient and witl1 at least a 20% increase in cardiac 
output. The mortwty rate associated witl1 balloon mitral valvu
loplasty is 0.5% to 2%. Other risks associated wi th this proce
dure include systemic en1bolism, cardiac perforation, and 
creation of mitral regurgitation; the risk of each of these com
plications is approximately I% to 2%. Increased pulmonary 
vascular resistance has been shown to decline after successfu\ 
balloon valvuloplasty. Approximately 10% of patients are left 
with a residual interatrial septal defect. Three years after balloon 
valvuloplasty, at least 66% of patients are free of subsequent 
intervention. ln appropriately selected patients, the results of 
balloon valvuloplasty compare favorably with those of surgical 
valvuloplasty.6 

Open Mitral Commissurotomy Open surgical valvuloplasty (com
missurotomy) is not commonly performed and has largely been 
supplanted by balloon mitral valvuloplasty. However, the proce
dure permits careful exantination of the mitral valve and chordae 
tendlneae under direct visuafuation and removal of left atrial 
thrombus. Left atrial tl1.rombus typically origiJ1ates in tl1e left 
atrial appendage; this open procedure permits surgical closure 
of the orifice of the appendage from within the left atrium, 
tl1ereby reducing the risk for subsequent embofuation. 1l1e 
surgeon may then sharply divide fused commlssures and leaflets, 
mobilize scarred chordae, and debride calcincation. Further
more, reconstmction of the valve may eliminate preexistent 
mitral regurgi tation. The presence of significant mitral regttrgita
tion, however, should prompt consideration of mitral valve 
replacement. 

The mortality rate associated with open mitral valvulo
plasty is less than 2%.6 When performed in appropriately 
selected patients, the freedom from subsequent mitral valve 
intervention is approximately 75% at 5 years. Nonetl1eless, 
because of less p rocedure-related morbidity, balloon valvulo
plasty is the procedure of choice. 

Mitral Valve Replacement The mitral valve should be replaced 
when valvuloplasty is precluded by dense calcification of the 
leaflets or subvalvular apparatus or because of concomitant 
mitral regurgitation. Regardless of whether a tissue or mechaJu
cal prosthesis is implanted, efforts should be made to preserve 
d1e continuity between tl1e left ventricular apex and mitral 
aJlmtlus provided by the chordae tendineae. This may be accom
plished by preservation of the cbordae tendineae at the time of 
mitral valve replacement. 

The comribution of the mitral apparatus to overall left 
ventricular function is now well appreciated.: A mechanical 
advantage is afforded the left ventricle by tbe connection of its 
apex (via the papillary muscles) to the mitral annulus dlrougb 
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the chordae tendineae; elimination of this connection by removal 
of the entire mitral apparatus leads to loss of left ventricular 
function . Convincing data have demonstrated tl1at preservation 
of at least some of the chordae tendineae at the rime of mitral 
valve replacement results in better long-term left ventricular 
function than mitral valve replacemenr with chordal separation. 
1l1erefore, if mitral valve replacement is required, efforts should 
be made to preserve tl1e posterior and, in some cases, anterior 
leaflets of me native mitral valve. 

TI1e operative mortality rate associated with mitral valve 
replacement for mitral stenosis is 2% to 10%.8 Operative mor
tality is inaeased with advanced age and me presence of coro
nary disease. Pulmonary hypenension typically resolves after 
valve replacement, but several weeh or months may be reCjLtired. 
TI1e 5-year survival rate after replacement is 70% to 90%.6•9 

Mitral Regurgitation 

Causes 
Competency of ·the mitral valve re<:Juires an intact mitral valve 
appararus. Abnormalities of any componmt of the mitral valve 
apparatus may produce mitral regurgitation-the mitral leaf
lets, cl10rdae tendineae, mitral valve annulus, or papillary 
muscles. Worldwide, rheumatic fever remains me most common 
cause of mitral regurgitation; it results in deformity and retrac
tion of the leaflets and shortening of the chordae. The leaflets 
may be perforated by trauma or infective endocardi.tis. Calcifi
cation of d1e miual annul us may result in annular rigidity and 
prevenr valve closure, and mitral annular dilation resultant to 
left ventricu.lar dilation may similarly preclude leaflet apposi
tion during systole. 

Chordal m pture may result from trauma, endocarditis, 
rheumatic fever, or diseases of collagen formation; chordae to 

the posterior leaflet rupture more frequently than those to the 
anterior leaflet. Mitral valve prolapse is found in approximately 
2% of me u.s. population and up to 5% of patients wim mitral 
valve prolapse develop mitral regurgitation secondary to chordal 
elongation or rupture. Coronary artery disease may cause infarc
tion of tl1e papillary muscle, resulting in mitral regurgitation. 
Infarction in the distribution of me anterior descending coro
nary artery may necrose the anterolateral papillary muscle, 
whereas tl1e posteromedial muscle may infarct if blood flow 
through me posterior descending coronary artery is interrupted. 
Mitral regurgitation caused by myocardial infarction typically 
presmts as a new murmur several days after infarction. 

Pathophysiology 
1he regurgitant mitral valve offers an alternative route whereby 
blood may exit the left ventricle. During isovolumetric contrac
tion and systole, blood is preferentially ejected into me low
pressure lefr atrium. TI1e volume of me regurgitant Bow 
(regurgitant fraction) is dependent on me si7.e of tile regurgitant 
orifice and pressure gradient between tl1e left ventricle and left 
atrium. 

[ncreased left ventricular afterload or decreased forward 
left ventricular stroke volume increases left ventricular pressure 
and thereby increases the pressure gradient between the left 
ventricle and atrium. 1l1e mitral valve annulus is enlarged by 
dilation of me left ventricle. lllerefore, the size of the regurgi
tant orifice is increased by dimiJlisbed left ventricular contrac
tility, increased left ventricular preload, and increased afterload. 
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Because the valve leaks during systole, ilie volume of regurgi
tant Aow also increases as heart rate (number of systoles per 
minute) in.crea..~s. 

The compensatory mechanism whereby the left ventricle 
adapts to maintain an ade'luate systemic blood Aow (forward 
cardiac output} is volume overload; ir musr pump the combined 
volume of systemic and regurgitant Aows (Fig. 6 1-2}. Volume 
overload leads to cardiac dilation as well as left ventricular byper
trophr. Because the left vmtricle ejects into tl1e reduced resis
tance of the left atrium, parameters of systolic function (ejection 
fraction) are inaeased in mitral regurgitation. As wim aortic 
insufficiency, however, me left ventricle ultimately fails wiili 
chronic volume overload. Normal parameters of systolic fwlc
tion indicate significant contractile dysfLmction of the left ven
tricle. An ejection fraction less than 40% in tl1e setting of mitral 
regurgitation indicates significant left ventricular contractile 
dysfLmction. 

As iJl mitral stenosis, left atrial hypertension resul ts from 
mitral regurgitation. 1l1is pressure is transmitted retrograde into 
the pltLnonary circulation and, if high enough, produces pul
monary hypertension. The magnitude of me left atrial pressure 
is a function of the compliance of the left atrium. Normal or 
low compliance of the left atrium, sucl1 as tl1at which may occur 
in acute mitral regurgitation, results in a relatively rapid rise in 
left atrial pressure. On the otl1er hand, chronic left atrial volume 
overload that develops slowly may create significant enlargement 
of a compliant left atrium with relatively low left atrial 
pressure. 

Diagnosis 
symptoms The symptoms of mitral regurgitation are iliose of 
heart f:a.ilure-shortness of breath, dyspnea on exertion, orthop
nea, pulmonary edema, and diminished exercise tolerance. 
Sympt-oms are determined by the degree of mitral regurgitation, 
rate of its progression, degree of pulmonary hypertension, and 
magnitude of left ventricular contractile dysfLmction. For 
example, patients witl1 mild mitral regurgitation may remain 
symptom-free for most of meir lives. At d1e other extreme, 
patients witl1 acute, severe mitral regurgitation, such as that 
which may occur wim endocarditis or a ruptured chordae ten
dineae., may have pulmonary edema and re<:Juire urgent surgery. 
TI1e onset of atrial fibrillation impairs tl1e patient's functional 
Status, but nor to me same degree as wim mitral stenosis. With 
chronic moderate to severe mitral regurgitation, patients may be 
symptom-free for long periods. Lack of symptoms, however, 
may be deceiving because the contractile function of me left 
ventricle may be slowly deteriorating from volume overload. 
Whm symptoms occur, left vmtricular contractile dysfLlllCtlon 
may be irreversible. 

Physical Examination On cardiac auscultation, a holosystolic 
murmur is heard best at me apex and radiates to the axilla and 
left scapular region. 1l1e pulmonary examination may be sig
nificant for rales and bronchospasm caused by increased pul
monary interstitial Auid. Mitral valve pathology should be 
considered in the differential diagnosis of patients with adul t
onset a~thma. 

Diagnostic Tests 
Eledrocordiogrophy The electrocardiogram is notable for left 
atrial enlargemem and, frequently, atrial fibrillation. 
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FIGURE 61 -2 Pathophysiology and compensation tor acute and chronic mitral regurgitation. A. With acute mitral regurgitation, end-diastolic 
volume (EDV) increases from 150 to 170 mL Because the left ventricle ejects b lood into both the aorta and the left atrium (LA), end-systolic 
volume (ESV) decreases from 50 to 30 mL The ejection fraction therefore increases acutely but, because a significant percentage is ejected 
into the LA, the volume of blood flow into the aorta (forward stroke volume, FSV) decreases from 100 to 70 mL The regurgitant volume into 
the LA increases LA pressure. B, Myocardial compensation for chronic mitral regurgitation includes eccentric left ventricular hypertrophy. l eft 
ventricular EDV increases from 170 to 240 mL The larger ventricle results in an increased total stroke volume as well as FSV. Enlargement of 
the LA increases in capacitance, which accommodates the regurgitant volume at a lower pressure. The left ventricular ejection fraction is 
supernormal. C. Ultimately, the heart decompensates, and the contractile force (CF) of the left ventricle declines; the end-systolic volume 
increases from 50 to 110 mL FSV declines. The left ventricle dilates, which further compromises the ability of the mitral valve apparatus to 
dose; the regurgitant volume increases. The ejection traction remains above normal until contractile function declines further. EF, Ejection frac
tion; ESS, end-systolic stress; RF, regurgitant fraction; SL, sarcomere length. (From Carabello BA: Mitral regurgitation: Basic pathophysiologic 
principles. Mod Concepts Cardiovasc Dis 57:53, 1988.) 

Chest Radiography The chest radiograph may be significant for 
cardiomegaly and left atrial enlargement. Pulmonary venous 
hypertension may manifest a~ cephalization of pulmonary blood 
Row and pulmonary edema. 

Echocordiogrophy The diagnosis is conlirmed by echocardiogra
pb.y. Transesoplhageal ecbocardiography is particularly effective 
for providing an anatomic explanation for the regurgitation, 
such as perforated leaflets, poor leaflet coaptation, or ruptured 
d1ordae. Doppler echocardiograpby reveals a high-velocity jet of 
regurgitant blood flow into tbe left atrium during systole. 

By convention, the determination of the severity of mitral 
regurgitation is semiquantitative. 1h· severity of the regurgita
tion is gauged as a function of the distance from the mitral 
annulus that the jet can be visualized (e.g .. into the pulmonary 
veins) and the width of the regurgitam jet. The rcgurgi.tation is 
scored subjectively on a scale from I (mild) to 4 (severe). 1l1e 
cbronid ty of the regurgitation may be inferred from the size of 
the left atrium; an enlarged left atrium suggests chronic mitral 
regurgitation. Contrast ventriculography, performed at cardiac 
catheterization, may similarly demonstrate mitral regurgitation 
during systole. 

Natural History 
The natural history of the disease is variable, determi11ed by 
the cause of mitral regurgitation, regurgitant volume, and 
magnitude of left ventricular systolic dysfunction. Patients 

with mild nlitral regurgitation typicaUy remain symptom-free 
for years and rarely go on to develop severe mitral regurgita
tion. As is the situation witb most valve diseases, the natura\ 
history of mitral regurgitation is obscure because surgical 
intervention has effectively altered this history. In the presurgi
cal era, however, approximately 80% of patiems with severe 
nlitral regurgitation survived 5 years and 60% survived 10 
years .. 10

•
11 Patients with combined mitral stenosis and regurgi

tation had a worse prognosis, witb a 5-year survival rate of 
only 67%. 

Treatment 
The comersrone of medical management is diuresis and after
load reduction with angiotensin-converting enzyme (ACE) 
inl1ibitors. The importance of aft:erload reduction cannot be 
overemphasized. Because blood leaving the left ventricle travels 
the path of least resistance, lowering systemic vascular resistance 
increases systemic cardiac output. In tbe setting of heart faibre 
from acute mitral regurgitation, IV vasodilators (nitroprusside) 
may ·be needed. When a patient is stabilized, conversion to oral 
ACE inllibitors may be achieved. Diuretics function not only to 
relieve pulmonary edema. but also to reduce left ventricular 
diameter. TI1e size of the mitral annulus is thereby diminished 
and the regurgitant fraction reduced. 

The indications for sUigical intervention include symptoms 
d1at persist despite medical management, severe mitral regurgi
tation in the presence of an identified structural abnormality, 
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FIGURE 61 -3 Postoperative ejection fraction after mitral valve replace
ment with (drcfes) and without (squares) preservation of the chordae 

tendineae. The ejection fraction decreases significantly without chords 
severed but is preserved w ith choral preservation. (From Roseate JO, 
Carabello BA, Ushere BW. et al: Mitral valve replacement with and 

without chordal preservation in patients with chronic mitral regurgita
tion. Circulation 86:1718-1726, 1992.) 

such as a ruptured chorda tendinea, development of pulmonary 
hypertension, or evidence of deteriorating left ventricular con
tractile function as determined by echocardiography or contrast 
ventriculography. 

Asymptomatic Left ventricular dysfunction may develop 
insidiously. It may therefore be helpful to follow up closely with 
serial echocardiograms. Two parameters of left ventricular func
tion are usefLLI in making the decision regarding timing of 
surgery--ejection fraction (EF) and end-systolic diameter 
(ESD). Because mitral regurgitation lowers the total impedance 
against left ventricular ejection, the EF should be supernormal 
in the presence of normal myocardial contractile function. An 
EF less than 60% suggests myocardial dysfunction and operative 
mortality begins to increase. 12 1l1e other useful parameter of left 
ventricular fuJlction is the left ventricular ESD. ESD is less 
preload-dependent than EF and the information it provides is 
complementary. When the left ventricular ESD exceeds 45 mm, 
the prognosis after surgery is worse. '3 Even in the absence of 
symproms, therefore, patients should be referred for surgery 
when the left ventricular EF is less than 60% or when the left 
veJ1tricular ESD is more than 45 mm.14 

in those cases, there arc two surgical options, mitral valve 
repair or replacement. When possible, the valve sbould be 
repaired. The fu1al decision about which of these options to usc 
is made intraoperatively after valve inspection. Mitral valve 
repair has several advaJ1tages over replacement. First, left ven
tricular function is better preserved after repair' 5·'

6
; valve repair 

preserves the continui ty between the mitral a1111ulus and ven
tricular papillary muscle provided by the chordae tendineae, 
thus providing the left ventricle a med1aJucal advantage and 
optirnizing irs ftnnction. When the chordae tcndlneae arc sacri
ficed during a mitral valve replacement, the postoperative ejec
tion fraction typically decreases (Fig. 61 -3). Therefore, even 
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when mitral valve replacement is necessary for mitral regurgita
tion, the chordae tendineae should be preserved, if possible.' ~ 

Seco11d, mitral valve replacement SLLbjects the patient to the 
risks associated with the valve prosthesis, such as thromboem
bolism and risk for prosthetic valve endocarditis. Bioprosthetic 
valves may ultimarcly experience srrucrural dereriorarion and 
mechaJ1ical prosthetic valves obligate the patient to lifelong anti
coagulation with warfarin. After mitral valve repair, patients in 
sinus rhythm do not require Long-term warfarin therapy. 

1l1ird, the operative mortality rate associated with mitral 
valve rerair (0 o/o to 2%) is less than that for replacement (4o/o 
to 8o/o). Long-term survival also appears to be better with repair. 
1l1ese outcomes likely derive from the superior left ventricular 
function after mitral repair than after replacement. 

TI1e operative risks of mitral repair or replacement are 
increased in the setting of signifiCaJlt left ventricular dysfunc
tion. However, current surgical series have demonstrated excel
lent results with mitral valve repair, even in parients with severe 
heart failure and a left ventricular EF below 20%. 18 The func
tional status of such patients has been significantly improved 
aJld the need for hospital admission for treatment of heart failure 
has been markedly decreased. Preservation of the mitral appara
tus at the time of repair is essential to achieve those results. 

AORTIC VALVE 

Surgical Anatomy of the Aortic Valve 
1l1e normal aortic valve is composed of three thin pliable leaflets, 
or cusps, attached w the heart at the junction of the aorta and 
left ventricle. 1l1e leaflets are attached in d1e three sinuses of 
Valsalva of the proximal aorta aJld join together in three com
mlssures, which create the shape of a coronet. Because the coro
nary arteries arise from two of the three sinuses ofValsalva, the 
aortic leaflets are named after their respective sinuses as the left 
coronary leaflet, right coronary leaflet, and noncoro11ary leaflet. 
1here are two important surgical landmarks. First, the commis
sure between the left aJ1d noncoronary leaflets is positioned over 
the anterior leaflet of tl1e nutral valve. Second, the commissure 
between the noncoronary and right coronary leaflets is posi
tioned over the Left bundle of His. injury to this conduction 
bundle during aortic valve surgery may create heart block 
(Fig. 6 1-4). 

Aortic Stenosis 

Causes 
Acquired aortic stenosis usually results from calcification of the 
aortic valve associated with advanced age. Although che process 
is usuaJJy idiopathic, 19 rheumatic fever may affect the aortic valve 
tn a process similar to that of the mitral valve. In rheumatoid 
aortic stenosis, inflammation produces adhesions and fusion of 
the commissures aJld leaflets, wid1 thickening aJld calcification. 
Retraction of the leaflets often makes these valves regurgitant 
and stenotic. 1l1e inflammatory process of rheun1atic fever rarely 
tnvolves the aortic valve alone; it usually involves the mitral valve 
as weU. In idiopathic degenerative or senile aortic stenosis, 
grossly normal leaflets become calcified as a result of normal 
leaflet stress at the flexion points, causing leaflet inm1obility. 1l1is 
calcification may extend down unto the anterior mitral valve 

leafier or upward along the aorta, occasionally causing coronary 
ostial stenosis. 
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Congenital valvular abnormalities may be clinically signifi
cant immediately after birth, as wi.th unicuspid and dome
shaped valves. Patients born with a congenitally bicuspid aortic 
valve are uncommonly symptomatic in childhood bur are prone 
to develop aortic stenosis early i.n adulthood. The bicuspid valve 
produces rurbulenr Aow across the leaflets, leading ro fibrosis, 
calcification, and stiffening. Patients with a bicuspid aortic valve 
arc prone to develop aortic stenosis at an earlier age (fifth and 
sixth decades of life) than those with a tricuspid valve (seventh, 
eighth, and ninth decades; Fig. 61-5). 

Pathophysiology 
In acquired aortic stenosis, there is a chronic progressive narrow
ing of the aortic valve. As the valve narrows, the appropriate 
compensatory !l'esponse of the left ventricle is hypertrophy. As 
the ventricle hypertrophies, ir becomes stiffer as irs compliance 
decreases; a hjgher left ventricLJar end-diastolic pressure is 

FIGURE 61-4 Surgical anatomy of the aortic valve. The commissure 
betv.leen the noncoronary and left coronary leaflets lies anterior to 
the left bundle of the His. Injury to this conduction tissue during aortic 
valve surgery may result in heart block. AV, Atrioventricular. 
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needed to maintain the same volume of cardiac output. To 
achieve a sufficiently high left venrricular end-diastolic pressure 
(dia~ tolic loading), the heart becomes i11creasingly dependent on 
the anial kick; loss of the atrial kick, as occurs with atrial fibril
lation, may result in a significant decline i11 cardiac output and 
acme hemodynan1ic decompensation. 

Although left ventricular hypertrophy is an appropriate 
biologic response to an increasing aftcdoad, it has detrimcntat 
effects. The combined effecrs of any of d1e following will culmi
nate in increased myocardial oxygen demand: (1) greater left 
ventricular muscle mass; (2) decreased left ventricular compli
ance, resulting in greater ventricular wall tension; (3) higher 
systolic ventricular pressure; and ( 4) longer sysrolic ejection 
time. At the same rime, coronary artery blood Aow is compro
mised by increased wall tension compressing the vessels and by 
higher left ventricular diastolic pressure, which lowers the coro
nary artery perfusion pressure. These factors contribute ro inad
equate coronary arterial perfusion of the subendocardium, 
leading to chronic ischemia. ln turn, chronic ischemia leads to 
cell death and fibrosis. 

Left ventricular hypertrophy may allow the heart to achieve 
a normal cardiac output under resting conditions?0 To do so, 
however, a pressure gradknr across me valve is required and, as 
the aortic valve area becomes smaller, the gradient across the 
valve from left ventricle to aorta increa~es. l11is relationship of 
A ow across the valve, valve area, and transvalvular pressllfe gradi
ent is expres.5ed in the Gorlin formula,' as follows: 

AVA= F/(44.5x[.Jill>J) 

where LlP is the mean pressure gradient across the valve, F is 
aortic valve Aow, equal to cardiac output (in mLfmjn) divided 
by systolic ejection period (in sec/min), AVA is the aortic valve 
area (in cm2

), and C is an empirical orifice constant, 44.5. 
For quick calculations, this simpli.fies to the following: 

AVA= cardiac output!(.Jmerul pressure gradient) 

1l1e relationship of A ow across the aortic valve and transvalvular 
pressure gradient is shown in Figure 61 -6. As the valve area 
decreases to J cm2, there is little change in tl1e transvalvular 
gradient needed to generate tl1e same Aow and patients 

FIGURE 61-5 Causes of aortic stenosis as a function of 
age. (From Passik CS, Ackermann OM, Pluth JR. Edwards 
WD: Temporal changes in the causes of aortic stenosis: 
A surgical pathologic study of 646 cases .. Mayo Clin Proc 
62;119-123, 1987.) 
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frequendy experience no symptoms. Wid1 a valve area of 
0.8 cnY', patients invariably develop symptoms. 

Diagnosis 
Symptoms The classic symptoms of aortic stenosis are angina, 
syncope, and heart failure. Patients may not develop symproms 
w1ti l the aortic valve area is approximately 1 cm2; this usually 
requires years. When this degree of stenosis has been reached, 
however, it mat qukkJy narrow further, with rapid onset of 
symptoms and, occasionally, sudden death. 

Physical Examination Auscultation of the chest in patients with 
aortic stenosis reveals a systolic murmur best heard at the base 
of the heart that radiates into tbe carotid arteries; it may be dif
ficult to distinguish the murmur of aortic stenosis from a bruit 
in the carotid artery. This murmur is associated with a slow 
prolonged rise in the arterial pulse, called pulsus parous et tardus. 
1he murmur of severe aortic stenosis is soft and high-pitched 
and is often described as a seagull murmur. 
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FIGURE 61 -6 Relationship between the mean systolic pressure gradi
ent across the aortic valve and rate of flow across the aortic valve per 
second of systole, as predicted by the Gorlin formula. As the valve 
area is reduced to approximately 0.7 cm1, little increase in flow is 
achieved, despite marked increases in mean gradient, thus defining 
critical aortic stenosis. (From Hurst JW, Logue RB, Schlant RC, Wenger 
NK [eds]: Hurst's The heart: Arteries and veins, ed 3, New York, 1974, 
McGraw-Hill, p 8 11.) 
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Diagnostic Tests 
Eledrocardiography The electrocardiogram is notable for left 
ventricular hypertrophy in 85% of patients and evidence of left 
atrial enJargement in 80% of patients. T wave inversion and 
ST-segment depression are common. 

Chest Radiography 'TI1e cardiac silhouette on cl1e chest radio
graph is usually normal but may reveal poststenotic diJation of 
the ascending aorta or calcification of the aortic valve. Patients 
wid1 symptoms of heart failure may have visible evidence of 
pulmonary edema. 

Echocordiography The severity of aortic stenosis may be accu
rately estin1ated by echocardiography. The peak transvalvLJar 
gradient may be calculated from veloci ty of blood traversing the 
valve by the following formula: 

Gradient = 4V2 

where V is the maximal measured blood velocity (in rn/scc) 
across the valve. Echocardiographk determination of the veloc
ity across cl1e valve may also be used to calcu.late the aortic valve 
area using the continuity equation (Fig. 61-7).~ 1 

Cardiac Catheterization If the degree of aortic stenosis cruu1ot be 
determined by echocardiography, cardiac catheterization may be 
necessary for diagnosis. After measuring left ventricuJar pressure, 
a catheter may be pulled back from the left vcmride co the aorta 
to determine me transvalvular pressure gradient. Patients with 
angina or who are older cl1an approximately 50 years may require 
coronary angiography before aortlc valve surgery to exdude 
coronary artery disease. 

Natural History 
'TI1e natural history <l aortic stenosis was reported by Ross and 
BraLmwald.~z Patient survival is not d.i.m.in.i.shcd u.nriJ padems 
develop symptoms, associated with a reduction in me aortic 
valve area from cl1e normal3 to 4 cm2 to less man I em~. Once 
symptoms develop, patient survival is limited. 'TI1e duee princi
pal symptoms of aortic stenosis arc angina, syncope, and heart 
failure (Fig. 61-8). Angina is usually me earliest symptom; cl1e 
mean survival of a patient with aortic stenosis and ru1gina is 4.7 
years. Once a patient experiences syncope, survival is typically 
less than 3 years. Patients wim symptoms of heart failure have 
a mean survival of 1 to 2 years. Heart failure is the presenting 
symptom in almost one third of patients. 

FIGURE 61-7 Determination of aortic valve area using the continuity equation. For blood flow (A1 x V1} 

to remain constant when it read1es a stenosis (A1}, velocity must increase to V1. Determination of the 
increased velocity V2 by Doppler ultrasound permits calculation of the aortic valve gradient and solu
tion of the equation for A2 • A, Area; II, velodty. (From carabe llo BA: Aortic stenosis. In Crawford MH 
[ed]: Current diagnosis and treatment in cardiology, Norwalk, Conn, 1995, Appleton & lange, p 87.) 
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Aortic stenosis is a mechanical obstruction ro fiow from the left 
ventricle. 1l1e only effective tl1erapy is aortic valve replacement. 
1l1e existence of symptoms is an indication fC>r valve replace
ment. The issue of aortic valve replacement in patients wiro 
aortic stenosis who do not have symptoms is less dear. A small 
number of symptom-free patients do develop symptoms precipi
tously and then experience sudden death. Investigators agree, 
however, that in patients with aortic stenosis without symptoms, 
survival is excellent.2 3-25 The risk for sudden deatl1 in symptom
free pati.ents wi tl1 severe aortic stenosis with a transvalvular gra
dient of 50 mm Hg or higher or a valve area ofless than 0.5 cm2 

is approximatdy 4%/year.26 rn one study of 113 symptom-free 
patients witl1 critical aortic stenosis, 38 developed symptoms 
within 2 years. There were no sudden cardiac deaths in 118 
patient-years of follow-up.25 To identify better those symptom
free patients likely m develop symptoms, a group of 123 adulrs 
{mean age, 63 years) with asymptomatic aortic stenosis wim an 
initial mean transvalvular gradient of 30 mrn Hg were followed 
prospectively. During 2.5 years of follow-up, tl1ere were no 
sudden deaths. However, aortic stenosis is a progressive disease. 
Among symptom-free patients with an initial transvalvular 
velocity of more than 4 m/sec {severe aorti.c stenosis), only 21% 
were alive and free of valve replacement at 2 years offollow-up.26 

It may merefore be appropriate to consider aortic valve surgery 
in patients with symptomatic and asymptomatic disease who 
have evidence of left ventricular decompensation or a transval
vular gradient of more than 4 m/scc. 

In patients with good ventricular function, aortic valve 
replacement is associated with an operative mortality rate of2% 
to 8%.2' Independent pcriopcrative risk factors include age, left 
ventricular function, New York Heart Association class, and 
pulmonary function. After aortic valve replacement, roc pro
jeered 10-year age-matched survival rate is up to 80% to 85%.~8 

Symptoms are relieved almost immediately following aortic 
valve replacement in almost all patients; however, ejection frac
tion and resolution of ventricular hypertrophy may require 
months ro improve. Surgical. mortality increases exponentially 
with decreasing left ventricular ejection fraction . Aortic valve 
replacement in patients with signilicant heart failure carries a 
mortality rate of up to 24%. In patients with aortic stenosis and 
coronary artery disease, valve replacement and myocardial 

80 FIGURE 61-8 Natural history of medically treated aortic steno
sis. (From Ross J Jr, Braunwald E: Aortic stenosis. Circulation 
38:61-67, 1968.) 

rcvascularization should be performed concurrently. Pcriopera
tive mortality may be higher in tl1ese patients, without myocar
dial revasculari:t..ation. 

For patients with severe aortic stenosis who are not candi
dates for aortic valve replacen1ent, percutaneous aortic balloon 
valvuloplasty may provide some pall iation of aortic stenosis. In 
tlus procedllfe, one or rwo balloon cameters may be passed 
tl1rough the aortic orifice and inflated in an effort to crack the 
calcium that is retarding leaflet motion. The i.nunediate results 
show an increase in the aortic valve area of only 50%, wim a 
3% to 10% mortality rate. 1he long-term results are even more 
disappointing: 30% to 35% of patients have recurrent symp
toms within 6 months, and the mortality rate is 60% within 18 
months after the procedure.29 1here is a recurrence of symptoms, 
death, a<>rtic valve restenosis, or a combination of these in more 
tl1an 50% of patients within 6 montl1s. A potential role of aortic 
ballo<ln valvuloplasty is for tl1e patient with decompensated 
heart failure from aortic stenosis. ln tl1ese patients, even a small 
improven1ent in tl1e size of the aortic valve orifice may suffi
ciencly improve the patient's cardiac output and acute condition 
to lower the operative risks of aortic valve replacement 
significantly. 

Aortic lnsuffkiency 

Causes 
Aortic insufficiency may result from disease of tl1e valve leaflets 
or aortic root. Rheumatic fever may affect tlte leaflets by shorten
ing rhe distance from the leafier-free edge ro roe aortic annulus 
rather than by leading to commissllfal fusion. This prevents 
coaptation of the leaflets during diastole and results in a central 
leak. Congenital bicuspid aortic valves typically lead to aortic 
stenosis but may become regurgitant if a leaflet prolapses. Endo
carditis may destroy leaflets. 

D ilation of tl1e aortic root produces aortic regllfgitation, 
despite normal leaflet morphology, by precluding leafier coapta
tion. The most common of roese conditions is annuloaortic 
ectasia, an idiopathic dilation of rhe aortic root and annulus; as 
tl1e sinuses of Valsalva and the proximal aorta dilate, dia~tol ic 
coaptation of the leaflets is precluded, resulting iJl valvular insuf
ficiency. Similarly, myxoid degeneration of the aortic root 
may lead to dilation of the root, as seen in Marfan syndrome, 
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Ehlers-Danlos syndrome, and cystic medial necrosis. 'll1ose con
ditions may lead to leaflet redundancy, progressive prolapse, and 
regurgitation. Trauma or dissection of the aortic wall may 
produce aortic regurgitation if it leads to loss of commissural 
suspension and leaflet prolapse. 

Pathophysiology 
'll1e aortic valve leaks during diastole, whid1 lowers diastolic 
pressure and widens the pulse pressure. Because coronary blood 
Aow occurs primarily in diastole, the lower diastolic blood pres
sure lowers coronary perfusion pressure. UJtlike aortic stenosis, 
in whiclt the pathologic process is left ventricular pressure over
load, the pathophysiology of aortic insufficiency derives from 
left ventricular voltmle overload. The increased left ventricular 
end-diastolic volume {preload) results from filling through the 
mitral valve and incompetent aortic valve. Patients with dtronic 
aortic insufficiency may have the greatest left ventricular end
diastolic volume of any form of heart disease. Because left ven
tricular compliance is often increased, however, left ventricular 
end-diastolic pressure may or may not be elevated. With left 
ventricular dilation, normal forward stroke volume and ejection 
fraction may be maintained by increased left ventricular end
diastolic and end-systolic volumes. According to the law of 
Laplace, this left ventricular dilation increases the left ventricular 
wall tension required to develop systolic press me. Such increased 
wall stress not only i.ncreases myocardial oxygen demand but 
also initiates left ventricular hypertrophy ru1d i11creases left ven
tricular wall mass. Ultimately, myocardial fibrosis occurs. 

With well-compensated aortic insufficiency, exercise may 
be tolerated because peripheral vascular resistance declines, low
ering the left ventricular aft:erload and increasing effective 
forward flow. At the san1e time, heart rate increases, whicl1 
shortens diastolic time, thereby decreasing the regurgitant flow. 
Because the ventricle ultimately decompensates, however, the 
left ventricular end-diastolic volume increases, eve11 without an 
increase in aortic regurgitant volume. 'llte end-systolic volume 
increases as the forward stroke volume declines because ventricu
lar emptying is impaired-the ventricle fails. 

[n severe aortic regurgitation, increased myocardial oxygen 
demand exceeds myocardial oxygen supply, causing iscl1emia 
despite normal ooronary arteries. Increased left: ventricular mass 
and wall tension occm concurrently with low diastolic pressures 
(low coronary perfusion pressure). Consequently, and particu
larly with exercise when the diastolic period shortens, coronary 
blood flow may not meet demand. 

Diagnosis 
Symptoms The compensatory mechanisms of aortic regurgita
tion may perrnilt patients to remain symptom-free for long 
periods. When these compensatory mechanisms begin to fail, 
however, left ventricular dysfunction hecomes manifest, and 
patients experience symptoms of heart failure. Symptoms, gen
erally tl1e result of an elevation in left atrial pressure, include 
dyspnea on exertion, orthopnea, and paroxysmal noctmnal 
dyspnea. Nocturnal angina may occur as a result of a slow heart 
rate and an exceedingly low diastolic pressure, with resultant 
poor coronary flow. 

Physical Examination The physical examination of patients with 
aortic regurgitation is distinctive because of tl1e wide pulse pres
sure. The peripheral pulses rise and fall abruptly (Corrigru1's, or 
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water hantmer, pulse), the head may bob with each systole (de 
Mussel's sign), and the capillaries pulsate visibly {Quincke's 
sign). Auscultation reveals a high-frequency, decrescendo, dia
stolic regurgitant mmmur. A middle to late diastolic .rumble 
may be heard {Austin-Flint murmur); this represents rapid ante
grade flow across the mitral valve that closes premarurcly as a 
result of rapid ventricular filling secondary to the aortic 
regurgitation. 

Diagnostic Tests 
Chest Rodlogrophy The chest radiograph typically reveals a11 

enlarged cardiac silhouette, with an enlarged left atrial shadow 
and chronic aortic regurgitation. With acute aortic regurgita
tion, bowever, the cardiac size may not be enlarged. 

Eledrocordiogrophy The electrocardiogrrun is usually nonspe
cific, but may reveal left ventriCLJar hypertrophy and left: atrial 
enlargement. 

Echocordiogrophy Doppler echocardiography is the most accu
rate noninvasive technique to confirm the diagnosis of aortic 
regurgitation ru1d determine tl1e severity of aortic insufficiency. 
As witl1 mitral regurgitation, tl1e severity is graded semiquanti
tatively as mild, moderate, or severe. 

Cortfoc Catheterization 1l1e severity of the aortic regurgitation 
may be visualized angiographicaiJy at cardiac catheterization. As 
with echocardiography, the severity is graded subjectively from 
mlld to severe. 

Natural History 
Because of the compensatory mechanisms discussed earlier, 
patients with chronic aortic regurgitation may be symptom-free 
for long periods of time. Patients with mild to moderate aortic 
regurgitation are typically symptom-free and have an excellent 
long-term prognosis; the I 0-year survival rate after diagnosis is 
approximately 85% to 95%. Witl1 more severe aortic regurgita
tion, symptoms CaJl be expected to develop. Once symptoms of 
heart failure occur, survival is markedly decreased; almost 50% 
of patients with heart failure die within 2 years. 

Treatment 
Medical therapy for aortic regmgitation is based on a combina
tion of afterload reduction and diuretics. Afterload reduction 
witlt nifedipine has been shown to delay the need for aortic valve 
replacement. Chronic use of ACE inhibitors is more common 
for afrerload reduction. 

Patients with symptomatic aortic insufficiency requite sm
gical therapy because their prognosis, when treated medically, is 
only a few years. Optimal timing of surgical intervention in 
patients widt or without symptoms, however, may he a difficult 
clinical decision.30 Some patients may be successfully mru1aged 
with diuretics ru1d afterload reduction for long periods. Unfor
tunately, signilican t irreversible left ventricular systolic dysfunc
tion may develop insidiously and before clinical evidence of 
congestive heart failure. 

1l1erefore, symptom-free patients should be carefully fol
lowed with serial ecbocardiography for evidence of sysrolic dys
function, increasing end-systolic left ventricular diameter, and/ 
or decreasing left ventricular ejection fraction. Aortic valve 
replacement must be performed before tl1e left ventricle bas 
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irreversibly dilated. An end-systolic dimension more than 
55 mm estimated by echocardiography has been associated with 
irreversible left ventricular dysfunction, even after aortic valve 
replacement,'4 and aortic valve replacement sholdd be per
formed before cl1e ventricular dimension exceeds rl1is diameter. 
In addition, the use of rl1e end-sysrolic volume value may help 
in determining management for these symptom-free patients. 
When end-systolic volume is less that 30 mVm2, prognosis after 
surgical rhei<tpy is excellent. Progressive systolic dysfunction 
with end-systolic volumes greater than 90 mL/m~ have poor 
intermediate short-term and long-term results. When left ven
tricular dysfunction is noted in patients with diminished ejec
tion fraction, even despite good exercise tolerance, elective 
operation is recommended. Persistent medical management of 
these patients will severely jeopardize surgical outcome and ulti
mate prognosis. 

The mortality rate associated wicl1 aortic valve replacement 
for aortic insufficienq is approximately 4% to 6%.14 Long-term 
survival is a fuJKtion of preoperative left ventricular function; 
early and late results arc improved when surgical iJltervention 
precedes left ventricular decompensation. 

OPERADVE TECHNIQUES 

Aortic Valve Replacement 
The standard incision for an aortic valve replacement is a median 
sternotomy. Once the incision bas been made, the patient is 
connected w the cardiopulmonary bypass circuit by cannulation 
of cl1e distal ascending aorta and right atriun1. Myocardial pro
tection is achieved by topical myocardial cooling and cardiople
gia. Most surgeons usc moderate systemic hypothermia (28° to 
32° C) during the procedure. 

After the heart fibrillates and the aortic cross damp has 
been applied, a transverse aortotomy is performed approximately 
4 em distal to the origin of me right coronary artery. The aor
totomy is extended to me left and right, thus exposing me aortic 
valve (Fig. 61-9). The native aortic valve leaflets are excised, 
taking great care to remove any particles of calcium. Once the 
leaflets have been removed, an appropriately sized prosthetic 
valve is sewn i111 place. The aortotomy is closed, cardiac function 
is resumed, and cl1e patient is weaned from cardiopu.lmonary 
bypass. 

Mitral Valve Replacement and Repair 
TlJe standard imcision for mitral valve replacement is a median 
sternotomy, although a right thoracotomy may somctin1es be 
appropriate fOJr reopcratlon. Tl1e patient is connected to the 
arterial limb of the cardiopulmonary bypass circuit by carmula
tion of cl1c distal ascendLng aorta. Venous drainage for the car
diopulmonary bypass is established by cannulation of the 
superior and irlfcrior vena cava {bicaval cannuJation). Myocar
dial protection is achieved by topical myocardial cooling and 
cardioplegia. Most surgeons use moderate systemic hypothermia 
{28° to 32° C) during the procedure. 

Surgical exposure of clJe mitral valve may be difficult but 
may be aclueved by using several different incisions on cl1e heart. 
The most common incision used to expose the valve is a left 
acriotomy made iJl the right lateral walJ of the left atrium, just 
anterior to the lefr pulmonary veins. An altemative surgical 
approach to cl1e mitral valve is through aJl incision in cl1e righr 

8 c 
FIGURE 61 -9 Aortic valve replacement A. The diseased leaflets are 
excised and the prosthetic valve is sewn in place with interrupted 
pledgeted mattress stitches (B. C). (From Albertucci M, Karp RB: 
Prosthetic valve replacement. In AI Zaibag M, Duran CMG [eds): Val
vular heart disease. New York, 1994, Marcel Dekker; p 615.) 

atrium, foiJowed by aJl incision through the imeratrial septum, 
whid1 provides excellent exposure to the left atrium and mitra1 
valve. 

Once the mitral valve has been exposed, it must be carefully 
exan1.ined to determine whether it may be repaired or must be 
replaced. [f the valve must be replaced, efforts should be made 
to preserve cl1e native mitral valve apparatus to preserve the 
mechanical continuity between the mitral valve annulus and left 
ventricular apex. Tl1is may usually be accomplished by irnbricat
iJlg tl1e leaflets of rl1e mitral valve with sutures and p lacing an 
appropriately sized prosthetic valve wiclJin d1e annulus of tbe 
native valve (Fig. 61 -10). 

If the valve is reparable, various surgical techniques may 
used to restore valve competency. In most cases, aJl incompetent 
portion of one or bocl1 of the mitral valve leaflets must be 
resected. and the leaflet then reapproximated (Fig. 61-1 1). At 
cl1e time of mitral valve repair, cl1e specific pathology responsible 
for the regurgitation is addressed. For cxan1ple, a common cause 
of mitral regurgitation is a ruptured chorda tendinea. At the time 
of surgery, me prolapsed or Aail leaflet subtended by the rup
tured chorda tendinca is resected, me leaflet is primarily rcap
proximated, and me circumference of me mitral aJl.nulus is 
reduced by use of aJJ armuloplasty ring. Tl1e adequacy of the 
repair is judged W1der direct vision by 6JJing me Jeft ventricle 
with saline under modest pressure. After the patient has been 
weaned from cardiopulmonat}' bypass, a final determination 
about me competency of dle repair is made using intraoperative 
transesophageal echocardiography. The durability of a given 
nutral valve repair is largely dependent on cl1e pathology respon
sible for the regurgitation. ln most series, however, the failure 
rate of mitral valvuloplasty for mitral regurgitation is less than 
1 %/year. The mitral annulus is invariably dilated in surgical 

http://www.myuptodate.com


FIGURE 61- 1 o A-C. Mitral valve replacement with preservation of the 
posterior leaflet. This preserves the annular-apical connection by 
means of the chordae tendineae. (From Albertucci M, Karp RB: Pros
thetic valve replacement. In AI Zaibag M, Duran CMG [eds]: Valvular 
heart disease. New York, 1994, Marcel Dekker, p 613.) 

FIGURE 61-11 A-:E, Mitral valve repair. In this example, the specific 
pathology is a flail posterior leaflet. It is repaired by resection of the 
flail segment. reapproximation of the leaflet. and reduction of the 
mitral annulus circumference using an annuloplasty ring. (From Perier 
P, Clausnizer B, Mistarz K: Carpentier "sliding leaflet" technique for 
repair of mitral valve: Early results. Ann Thorac Surg 57:383-386, 
1994.) 
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cases of mltral regurgitation, contributing to poor coaptation of 
the anterior and posterior mitral valve leaflets during systole. To 
return the enJarged mitral annular diameter to normal and rein
force cl1e leaflet repair, an annuloplasty ring is then sewn to the 
perimeter of tbe mitral annulus. 

SURGICAL OUTCOMES 
According to the Society of 'Thoracic Surgeons (STS) National 
Cardiac Surgery Database, approximately 100,000 valve opera
tions are performed in the United States annually.31 1l1e opera
tive mortality rate for valve replacement surgery is influenced by 
several variables, including which valve is replaced, whether 
coronary bypass surgery is performed at the same operation, and 
other patient-s~cific factors. 

TI1e operative mortality rate in the STS database for iso
lated aortic valve replacement is approximately 3.2%. On the 
other hand, the operative mortaliry rate for mitral valve replace
ment is 5.7% comgared wi th 1.6% operative mortality for 
mitral valve repair. ' 33 Other databases, including the New 
York State Department of Health Cardiac Surgery Reporting 
System and Department of Veteran Affairs Cardiac Surgery 
database. have found similar mortaUry rates for cardiac valve 
operations. 34 

CHOICE OF PROSTHmC VALVES 
For replacement of cl1e aortic or mitral valve, there are two 
principal choices of cardiac valve prostheses, mechanical and 
bioprosthetic. Bioprosd1etic valves are porcine or bovine pericar
dia! valves. The hemodynanllc performance of the valves is 
sinlilar. l11e operative risks associated with cardiac valve replace
ment are not associated with the choice of prosthesis. 

11K' choice of prosthetic valve must be patient-specific. 
Mechanical valves have excellent dttrability and will perform 
indefinitely, without structural deterioration. However, because 
they arc thrombogenic, mechanical valves obligate the patient 
to lifelong anticoagulation (warfarin). Hence, the patient with 
a mechanical valve incurs the risks of chronic anticoagulation. 
Bioprosthetic valves do not require anticoagulation, but will 
undergo structural deterioration. 1l1e durability of a biopros
clletic valve is inversely related to the patient's age when the valve 
is implanted. If a bioprosthetic valve structLLraiJy deteriorates, 
the patient wi ll require reoperation and valve rereplacement. It 
is important [0 recognize mat approxinlatcly 80o/o of all aortic 
and mitral valve replacements in cl1e United States are performed 
in patients older than 60 years. The patient's age should be 
considered because it may be dangerous to commit a geriatric 
patienr ro chronic anticoagulation. 

The 1 0-year survival for patients following aortic valve 
replacement ranges from 40% to 75%, with an average in tbe 
literature of approximately 50%.35 In most published series, the 
type of prosthesis does not affect survival (Fig. 61 - 12). Instead, 
other patient-specific factors, such as age at operation and the 
presence or absence of coronary artery disease, do have an effect 
on survival following valve replacement. Perhaps the strongest 
patienr-specific risk factor is the presence of significant heart 
failure, especially in patients with aortic stenosis (Fig. 6 1- 13). 
Regardless of the type of prosthetic valve implanted, approxi
mately one third of patients die of valve-related causes. An 
important consideration for the choice of valve for any patient 
is therefore how the individual patient may be affected by valve
related morbidity or mortality. 
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FIGURE 61-12 Survival following aortic valve replacement is no dif
ferent between mechanical and bioprosthetic valves. (From 
Kulik A, Bedard P, Lam BK, et al: Mechanical versus bioprosthetic 
valve replacement in middle-aged patients. Eur J Cardiothorac Surg 
30:485-49 1, 2006.) 

SURVIVAL AFTER AORTIC VALVE REPLACEMENT: 
IMPACT OF HEART FAILURE 
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FIGURE 61- 13 Symptoms ot heart fa ilure are an indication tor aortic 
valve replacement. However, patients with New York Heart Associa
tion (NYHA) Class Ill and IV symptoms have a much worse prognosis 
than patients with Class I and II symptoms. (From Mihaljevic T. 
Nowicki ER, Rajeswaran J, et al: Survival after valve replacement for 
aortic stenosis: Implications for decision making. J Thorac Cardiovasc 
Surg 135:1270- 1278, 2008.) 

Causes of va lve-related death 
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FIGURE 61-14 Causes of valve-related deaths following valve replace
ment surgery. Of all deaths following valve surgery. 290/o are valve
related and 7 1% are not valve-related. Valve-related deaths are 
attributable to thromboembolism. reoperation, bleeding, and PVE. 

The principal causes of valve- rdated death following valve 
implantation include tb..rombt>embolism, reoperation, bleeding, 
and prosthetic valve endocardltis (PVE; Fig. 61-14). The leading 
cause of valve-related death is thromboembolism. Largely 
because mechanical valves are thrombogenic, the risk of throm
boembollsm is greater with med1anical valves. At lU years fol
lowing aortic valve replacement, the risk of th..romboembolism 
is 20% for mechanlcal valve~ and 9% for bioprosthetic valvesP 

1l1e risk of PVE is no different between mechanical an d 
tissue valves. lt is approximately 4%, spread over the patient's 
llfetime. However, if PVE dc>es occu..r, it is associated with a 50% 
mortality rate.38 
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FIGURE 61 -15 Actuarial analysis may overestimate the incidence of 
structural valve deterioration (SVD). Kaplan-Meier methodology uses 
the assumption that patients who died before SVD would eventually 
have had SVD. The group of patients in the group is labeled as having 
virtual SVD. (From Grunkerneier GL, Wu YX: Interpretation of nonfatal 
events after cardiac surgery: Actual versus actuarial reporting. J Thorac 
Cardiovasc Surg 122:216- 219, 2001.) 

The choice of prosthetic valve must consider the risks of 
anticoagulation (mechanical valve) and the likdiJ1ood and risks 
of reoperation for structural valve deterioration (bioprosthetic 
valve). The risk of bleeding complications from chronic antico
agulation is from l 0/tl to 2%/ year; 4% of valve-related deaths 
result from bleeding (see Fig. 61-14). Bioprosthetic valves are 
indicated for patients with contraindications to anticoagulation 
because of their occupation or coexistent medical conditions. 
Similarly, patlen·ts who are medically noncomplian.t or whose 
levd of anticoagulation may not be closely monitored should 
not receive mechanical valves. Of valve-related deaths, to% 
result from reoperation, which moves some patients and physi
cians away from bioprosthetic valves. However, recem data have 
demonstrated that actuarial statistical methodology may overes
timate the incidence of structural valve deterioration. Therefore. 
some authorities recommend the use of actual rather than actu
arial statistical methodology {Fig. 61-15). Unfortunately, valve 
reoperation may not be completely avoided with the use of a 
mechanical valve. Although a mechanical valve wil l not fail 
structuraiJy, it may become dysfunctional for other reasons. 1he 
primary cause of such dysfw1ction is the ingrowth of scar tissue 
into the mechanism of the valve, causing the valve to become 
stenotic or regurgitant (Fig. 61-16). To help balance cl1e risks of 
anticoagulation and valve reoperation, a joint ta~k force from 
the American Heart Association and American College of Car
diology (AHA/ACC) bas provided guidelines regarding the 
choice of valve. The task force recommended chat tissue valves 
be placed in the aortic position i11 patients older than 65 years 
and in the mitral position in patients older rhan 70 years.14 

An altemative treatment of aortic valve disease in young 
patients is the pulmonary autograft procedure (Ross procedure). 
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FIGURE 61 -16 Although mechanical valves will not fail structurally. 
the ingrowth of scar tissue (pannus) may cause a mechanical to 
become dysfunctional. In this photograph of an explanted mechanical 
valve, pannus is indicated by the arrow. 

Diseased 

B c 
FIGURE 61-17 A-C. Pulmonary autograft (Ross) procedure. The dis
eased aortic valve and proximal aortic root are excised. The pulmo
nary valve and main pulmonary artery (autograft) are excised, and 
the autograft is used to replace the aortic root. The coronary artery 
buttons a re reimplanted into the pulmonary root. A pulmonary homo
graft is then used to reconstruct the right ventricular outflow tract 
(From Kouchoukos NT, Davila-Roman VG, Spray Tt. et al: Replace
ment of the aortic root with a pulmonary autograft in children 
and young adults with aortic-valve disease. N Engl J Med 330:1--6, 
1994.) 

l.nitially performed by Ross in 1967, cl1e procedure has gained 
wider acceptru1ce during the pa~t 2 decades. 1he procedure is 
particularly applicable for dilldren and )'Oung adults; it is not 
commonly performed in older adults. The procedure entails use 
of the patient's own pulmonary root as an autograft to replace 
the diseased aortic valve and root. A cryopreserved pulmonary 
homograft is then used to replace the patient's pulmonary 
root (Fig. 61-17). Although it is a technically dcmru1<li.ng pro
cedure, the operative mortality rate associated with the 

http://www.myuptodate.com


1694 SECTION XI CH EST 

Ross procedure is 5% or less, no different from that associated 
';ith isolated aortic valve replacement when performed by expe
nenced surgeons. Intermediate- term data have suggested excel
lent function of the pulmonary autograft; the need for autograft 
reoperation is low within the first postoperative decade. The 
durabilicy of the pulmonary homograft is sat:isfacwry; 80% of 
patients are free of homograft dysfunction at 16 years. Chronic 
anticoagulation is no t required, and the risk of valve-related 
complications is extremely low.J9 
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CHAPTER 62 

THE AORTA 
MARGARET c. TRACCI AND KENNETH J. CHERRY, jR. 

ANEURYSMAL OISEASE 

AORTOIUAC OCCLUSIVE OISEASE 

AORTIC DISSECTION 

A discussion of the aorta is a broad topic, encompassi11g the 
diagnosis and trcatmem of aneurysms, occlusive disease, and 
dissections of the abdominal and thoracic aorta. In the past 
2 decades, endovascular therapy has offered a frequently less 
morbid approacll to earn of these disease entities. 111e rapid 
adoption of endovascular tedmiques and technologies ha~ dearly 
revolutionized the management of aortic disease. Endcwascular 
repair of abdominal aortic aneurysms (EVAR) is perfom1ed 
much more frequently now than is open repair. Endovascular 
repair of thoracic aortic aneurysms (TEVAR) is now the recom
mended first treatment option. 1l1e new Trans-Atlantic Inner
Society Consensus guidelli1es (TASC ill) will recommend 
endovascular therapy as the first option for a.lmost ail degrees of 
aortoUiac ocdusilve disease (AIOD). 

We have tried to make this chapter relevant to general 
surgery residents training in the second decade of d1e 21st 
century, with particular attention to the fact that witl1 the rise 
of endovascular therapy, the use of opeJl reconstructive tech
niques for clK· thoracic and abdominal aorta has decBned notice
ably. Nationwide, surgical and vascular surgical residents now 
obtain far less experience in the open surgical treatment of the 
aorta. Only a few centers still offer rich experience in open aonic 
surgery and, in particular, the most complex cases. Yet, mastery 
of aortic surgery remains a necessity. Dense calcium, involve
ment of visceral vessels, infections, trauma, small arteries, and 
failed endografts may and do lead to the necessity of a formal 
open reconstruction. The training necessary ro acquire mastery 
of aortic surgery is changing. We hope that tl1ese changes wilJ 
allow not only the maintenance of current standards with regard 
to tl1e surgeon's skill set and outcomes, hut will also permit 
future generations to continue to drive advances in state of the 
art vascular surgery. 

ANEURYSMAL DISEASE 
Aneurysms, defined as ru1 incrca~e in size of more thru1 50% of 
the normal arterial diameter, may occur anywhere in the aorta, 
from the aorric mot ro the bifurcation. AJthougb most nonrup
tured aneurysms are asymptomatic, a number of risk factors for 
the development., expru1sion, ru1d rupture of an abdominal aortic 
ru1eurysms (AAA) have been identified (Table 62-1). Risk factors 

_j~fr 

~D 
u1Iv 

~0\ 
for developing an AM include age, male gender, fanlily history, 
tobacco use, hypertension, hyperlipidemia, and height. Aneu
rysm development is also associated with the presence of con
nective tissue disorders, such as Marfan syndrome, and of 
concurrent aneurysmal or atherosclerotic disease.•·•• Aneurysmal 
enlargement of the aorta is associated wiclJ factors mat result in 
weakening of the arterial wall and increased local hemodynamic 
forces. 'TI1ese may include heritable conditions such as Marfru1 
syndrome, fanillial thoracic aortic aneurysm and dissection 
(TAAD), and vascular-type Ehlers-Danlos syndrome, as well as 
less well-defined entities that contribute to the significantly 
elevated incidence in patients with a family history of aJlelllysm. 
Facrors that comribure to the degradation of collagen and elastin 
are also associated with aneurysmal disease; research in this area 
bas focused on the role of matrix metalloproteinases (MMPs} 
and other mediators of tissue enzyme function. The immune 
response has also been in1plicated in the pathophysiology of 
ru1eurysm formation. 12 

Diagnosis 
An abdominal aneurysm may be detected on physica.l exanlina
tion as a palpable pulsatile mass, most commonly supraumbilical 
and in the midline. The location may, however, be variable, 
because aortic tortuosity may render the palpable mass lateral 
and/or infraumbilical. The sensitivity of physical exanlination is, 
as one might expect, dependent on aneurysm size and patient 
habitus. 1 

The detection aJld roaracterizatiOJl of aJleurysms may be 
greatly aided by modem imaging techniques. Ultrasound exanli
nation bas been demonstrated co afford excellent sensitivity and 
specificity (Fig. 62-1).' Ultrasound may be lin1hed by patient 
habitus or bowel gas, but because it avoids the complications 
associated with invasive testing, radiation, and contrast media, 
is an excellent choice for screening. lt must also be noted that 
uJtrasound is not aJ1 ideal method for detecting rupture, because 
ultrasotU1d cannot image all portions of ilie aortic wall ru1d the 
nonfasting status of emergently examined patients may furd1er 
preclude ideal image acquisition. It has been estimated that 
ultrasound may fail to detect up to 50% of aneurysm 
ruptures. 

Computed tomography (CT) provides excellent imaging 
of AAA, with greater reproducibility of diameter measurements 
than uhrasound.1 CT, particularly with the adjunctive use of 
iodinated contrast to carry out CT angiography (CTA), provides 
a wealth of aJJatomic information, detects vessel calcification, 
thrombus, and concurrent arterial occlusive disease, ru1d permits 
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FIGURE 62-1 Gray scale cross-sectional ultrasound image of a n infra
renal aortic aneurysm measuring 6.19 em in maximal anteroposterior 
diameter. 

Table 62-1 Risk Factors for Aneurysm Development, Expan
sion~ and Rupture 
SYMPTOM 
AAA development 

AAA expansion 

AAA rupture 

RISK FACTORS 

Tobacco use 

Hypercholesterolemia 

Hypertension 

Male gender 

Family history (male predominance) 

Advanced age 

Severe cardiac disease 

Previous stroke 

Tobacco use 

cardiac or renal transplant 

Female gender 

.!. FEV, 

larger initial AA diameter 

Higher mean blood pressure 

Current tobacco use (length of 
time smoking >> amount) 

cardiac or renal transplantation 

Critical wall stress-wall strength relationship 

Adapted from Chaikof El, Brewster DC, Dalman Rl, et al: The care of patients with 
an abdominal aortic aneorysm: The Society for Vascular Surgery practice guide
lines. J Vase Surg S0:$2-549, 2009. 

multiplanar an<l three-dimensional reconstruction and analysis 
for operative planning (Fig. 62-2). Drawbacks include substan
tial radiation exposure, particularly in the setting of serial exami
nations, and the use ofiodinated contrast media in a population 
with a high incidence of comorbid kidney disease. 

Magnetic resonance imaging (MRI) and magnetic reso
nance angiography (MRA) are, like Cf, sensitive for the detec
tion of AM (Fig. 62-3). Unlike CT. MRI docs not demonstrate 
aortic wall calcification, which may be important in operative 
planning. Although the study does not require the use of iodin
ated contrast, MRA uses gadolinium, which has been associated 

FIGURE 62-2 CTA axial plane image of an infra renal abdominal aortic 
aneurysm demonstrating aortic wall calcification (solid arrow) and 
intra luminal thrombus (thin arrow). 

FIGURE 62-3 MRA coronal view of an infrare nal aneurysm (solid 
arrow). 

with the development of nephrogenic systemic fibrosis in 
patients with a low glomerular filtration rate (GFR). 'T11e ability 
to acquire dynamic images throughout the cardiac cycle may 
ultimately prove din.ically useful.13 

Risk of Rupture 
Guidelines for surveillance and treatment of AAA are based on 
data regarding risk factors for rupture. Published risk factors for 
rupture include chronic obstructive pulmonary disea.o;e (COPD), 
current tobacco usc, larger initial MA diameter, female gender, 
cardiac or renal transplantation, and certain patterns of wall 
stress. 1

•
14

•
23 'T11e most widely adopted surrogate for rupture risk 

is maximal cross-sectional aneurysm diameter (Table 62-2). 
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_Table 62-2 Estimated Annual Rupture Risk 
AAA DIAMETER (an) 

<4 

4-5 

5-6 

6-7 

7-8 

>8 

RUPTURE RISK (8fo/yr) 

0 

0.5-5 

3-15 

IQ-20 

2o-40 

3Q-50 

Adapted from Brewster DC, Cronenwett JL, Hallett JW Jr, et al: Guidelines for the 
treatment of abdominal aortic aneurysms. Report of a subcommittee of the Joint 
Council of the American Association for Vascular Surgery and Society for Vascular 
Surgery. J Vase Surg37:1106-1117, 2003. 

In additiolll, despite a relative paucity of natural history 
data regarding growth rate and rupture, most clinicians incor
porate into practice the concept of rate of enlargement as a risk 
factor for rupture. In this case, a rate of growth of more than 5 
to 7 mm/6 months or more than 1 cmfyear has heen widely 
adopted as an indication for repair, independent of aneurysm 
size. It is important to note that size is an imperfect predictor 
of rupture risk, because autopsy studies have discovered evidence 
of ruf ture in up to 12% of aneurysms less than 5 em in dianl
eter.2 There are a number of investigational models that have 
attempted to quantify rupture risk based on calculations of wall 
stress or the combination of multiple factors thought to contrib
ute to increased waiJ stress and/or decreased strength. 

Screening and Surveillance Recommendations 
ScreeniJ1g recommendations for AM are based on the sensitivity 
and specificity of ultrasound screening, detection yield of screen
ing based on various risk factor selection criteria, and cost. A 
major recent compilation of evidence-based recommendations 
for screening an<l surveillance of abdominal aortic aneurysms 
has been provided by practice guidelines developed by the Clini
cal Practice Council of the Society for Vascular Surgery (SVS).1 

1l1e SVS committee charged with reviewiJlg available data 
regarding screening made a strong recommendation for one
time screening of all men aged 65 years or older or men 55 or 
older with a family history of AM. Screening of women is also 
strongly recommended for those aged 65 years or older with a 
fanlily history of AM or a personal smoking history. The evi
dence basis of these recommendations was deemed ro be strong 
in the former case and moderate in the latter. The U.S. Preven
tive Services Task Force bas issued a more Limited recommenda
tion for one-rime screening of men between 65 and 75 years of 
age who have a personal smoking history.l5 lr is important to 
note that payer policies regarding reimbursement may not track 
of these recommendations. Medicare, for example, as a result nf 
the Screening Abdominal Aortic Aneurysms Very Efficiently 
(SAAVE) Act, covers screening for select populations {men with 
a personal smoking history and men or women with a family 
history of AM}, but only as a part of the initial welcome to 
Medicare physical examination. 

O nce an aneurysm bas been detected, the SVS CJjnical 
Practice Council recommends further screening intervals as 
follows, based on aneurysm size (maximum external aortic diam
eter) and associaJted risk of rupture1

: 

• Less than 2.6 em: No further screening recommended 
• 2.6 to 2.9 em: Reexanlination at 5 years 
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• 3.0 to 3.4 em: Reexamination at 3 years 
• 3 .. 5 to 4.4 em: Reexamination at 12 months 
• 4 . .5 to 5.4 em: Reexamination at 6 months 

Treabnent 

Medical Therapy 
Once an aneurysm bas been diagnosed, a number of measures 
may be taken to optimize the patient's medical regimen and 
potentially minimh..e the rare of aneurysm expansion ru1d rate of 
rupture. As noted, current tobacco use has been associated with 
an increased rate of aneurysm expansion. Smoking cessation 
may also yield benefits with regard to perioperative morbidity 
ru1d mortality in the event that the aneurysm LU timatdy requires 
repair. Control of blood pressure ru1d rare of increase of left 
ventricular pressure (dP/dT) has been proposed as being impor
tant in minimizing wall stress that may contribute to ru1eurysm 
expans ion or rupture. H owever, studies of beta blockade with 
propranolol to accomplish both these goals failed to show an 
effect on aneurysm expansion. More recently, rulgiotensin
convertlng enzyme inhibitors (ACEis}, ru1giorensin receptor 
blockers (ARBs}, statins, and ru1ribiotics {e.g., doxycycline) have 
been associated with a decreased rare of expansion.26 

Surgical Treatment 
Surgical treatment is generaJJy recommended for aneurysms 
larger thaJl 5.5 em in maxinlal dianleter, those demonstrating 
more chan a 5-mm growth in 6 months or more than 1 em iJ1 
1 year, and aneurysms with a saccular rather than the typical 
fusiform ru1aromy. However, significant gender differences in rhe 
natural history of AM have emerged, with research suggestlJ1g 
that although women develop aneurysms somewhat less fre
quently than men, aneurysm prevalence increases sharply with 
age in women. In addition, there is evidence that aneurysms in 
women exhibit more rapid growth and rupture at smaiJcr sizes 
(average diameter nf 5 em in female versus 6 em iJ1 male 
patients}.27 

Preope;rative Evaluation The preoperative evaluation of patients 
with AAA comprises operative planning as well as the identifi
cation and management of important medical comorbidiries, 
such a~ coronary artery disease (CAD), renal insufficiency, 
peripheral arterial occlusive disease, diabetes, and obstructive 
lung disease. Because CAD is the primary cause of mortality 
following open or endovascular repair of AAA. m uch attention 
has been focused on the preoperative evaluation and mrulage
ment o f comorbid CAD. 1l1e guiding principles in this evalu
ation have traditionaiJy been rl1e identification of information 
that will alter management ru1d the institution of therapy that 
will improve cardiac-related mortality. In 2007, the American 
College of Cardiology/American Heart Association (ACC/ 
AHA) published guidelines regarding the preoperative cardiac 
evaluation of patients undcrgolJ1g noncardiac vascular 
surgery.28 These guidelines stratify patients according to the 
presence or absence of symptomatic cardiac disease, presence 
of signlficru1t clinical risk factors (e.g., mild anglJ1a, prior myo
cardial infarction [MI], compensated congestive heart failure 
[CHF], diabetes mellitus, renal insufficiency), ru1d the level, 
quantified as metabolic equivalent (MET), of the patient's 
functio nal capacity. All patients should be assessed with a 
resting electrocardiogram (ECG). Echocardiograpby may be 
used to evaluate the cardjac function of those with a history of 
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heart failure o r current dyspnea. The decision to proceed w ith 

noninvasive testing in patients without symptoms of active 
cardiac disease should be based on patient functional capacity 
and the presence of three or more significant additional risk 

factors. C oronary angiography should be considered for 
patiem s w ith evidence o f active cardiac disease based on 

Step 1 

Step2 

Need for emergency 
noncardiac surgery? 

Active cardiac 
conditions• 

Yes 
(Class I, LOE C) 

Yes 
(Class I, LOE B) 

screening questions or evidence of ischemia on n oninvasive 

stress testing. Adjunctive medical therapy may also serve to 
reduce the risk o f perioperative cardiac events. Perioperative 

beta blockade, statiJ1 use, and aspirin use are widely accepted; 
there is also evidence to support tbe use of o ther antihyperten
sives during this period (Fig . 62-4). 1 

Operating room - Perioperative surveillance 
and postoperative risk 

stratification and risk factor 
management 

Evaluate and treat per Consider 
ACC/AHA guidelines --' operating room 

Step3 Low risk surgery - Proceed with 
planned surgeryt 

Step4 

Step 5 

Yes 
(Class I, LOE B) 

Functional capacity 
greater than or equal to 4 METs 

without symptoms* 

J 

I No o'""'"o~ 
3 or more clinical 

risk facto rsll 

Vascular 
surgery 

!
Yes 
(Class lla, 
LOEB) 

lntem1ediate 
risk surgery 

I 

Yes 
(Class lla, LOE B) 

I 
1 or 2 clinical 
risk factorsD 

Vascular lntem1ediate 
surgery risk surgery 

l l 
Consider testing it it will 
change management11 

Proceed with planned surgery with HR control11 (Class lla, LOE B) 
or consider noninvasive testing (Class lib, LOE B) 

if it will change management 

*See Table 2 for active clinical conditions. 

Proceed with 
planned surgery§ 

'
Noclinical 

risk factors11 

Class I, 

ILOE8 

Proceed with 
planned surgeryt 

tSee Class Ill recommendations in Section 5.2.3, Noninvasive Stress Testing. 
*See Table 3 for estimated MET level equivalent. 
§Noninvasive testing may be considered before surgery in specific patients with risk factors if it will change management. 
RCJinical risk factors include ischemic heart disease, compensated or prior heart failure, diabetes mellitus, renal insufficiency, and 

cerebrovascular disease. 
11Consider perioperative beta blockade (see Table 12) for populations in which this has been shown to reduce cardiac morbidity/mortality. 
ACC/AHA indicates American College of Cardiology/American Heart Association; HR, heart rate, LOE, level of evidence; and MET, 

metabolic equivalent. 

FIGURE 62-4 Cardiac evaluation and care algorithm for noncardiac surgery based on active clinica l conditions, known cardiovascular disease, 

or card iac risk factors for patients 50 years of age or older. (From Aeisher LA, Beckman JA. Brown KA, et al: ACC/AHA 2007 guidelines on 
perioperative cardiovascular evaluation and care for noncardiac surgery: A report of the American College of Cardiology/American Heart Asso
ciation Task Force on Practice Guidelines [Writ ing Committee to Revise the 2002 Guidelines on Perioperative Card iovascular Evaluation tor 

Noncardiac Surgery): Developed in collaboration w ith the American Society of Echocardiography, American SOdety of Nudear Cardiology, Heart 
Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for Card iovascular Angiography and Interventions, Society for Vascular 

Medicine and Biology, and Society for Vascular Surgery. Circulation 116:e418--e499, 2007.} 
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Renal insufficiency related to renovascular or medical renal 
disease is a weU-cstablished risk factor for morbidity and mortal
ity following AAA repair. Coexisting renal artery occlusive 
disease may be present in 20% to 38% of patiems with AAA.29 

Also, open and endovascular repair of AAA may result in furrl1er 
deterioration in rhe renal function of patients with preexisting 
renal disease. Concurrent repair of clinically significant renal 
occlusive disease is appropriate at the time of open or endovas
cular aneurysm repair. Various strategies for intraoperative renal 
protection have been proposed. Current recommendations 
include adequate hydration, perioperative discontinuation of 
ACEis and ARBs, and avoidance of hypotension. There is mixed 
evidence regarding the benefits of amioxidants (e.g., mannitol, 
ascorbi.c acid, vitamin E, N-acetylcysteine, allopurinol) and 
there are some dlata supporting the beneficial effects of infused 
fenoldopam.30.31 \Vhen suprarenal clamp placement is necessary, 
we endorse the use of cold saline perfusion of the kidneys, pre
clanlp administration of furosemide (Lasix) and mannitol, and 
selective use of fenoldopam. An additional consideration, par
ticularly in patients with preexisting renal dysfunction, is 
contrast-inducedlnephropatby (CIN) associated with the admin
istration of iodinated contrast agents for CT imaging or angi
ography. Current data support fV hydration with sodium 
bicarbonate or normal saline and possibly the use of antioxi
dants, such as ascorbic acid or N-acetylcysteine. \Vhen EVAR is 
contemplated, carbon dioxide may be used as an imaging agent 
to alleviate or minimize the need for iodinated agents, because 
the rare of ClN is related to d1e an1ounr of agent administered, 
age, and prior renal fLmction. 

Data are mixed with regard to the impact of pulmonary 
disease, particularly COPD, on mortality following AAA repair. 
However, there is evidence that optimal mru1agemenc of comer
bid COPD may improve morbidity ru1d morrality.32 We support 
obtaining a preoperative pulmonary function assessment, 
including arterial blood gases, to assess risk and guide mrulage
ment in the perioperative period. Patienrs with poor pulmonary 
function must be made aware of the increased risk that they wi.IJ 
require prolonged venrilarory support postoperatively ru1d the 
attendaJlt possibHity that trad1eostomy will be required during 
this period. Smoking cessation prior to surgery may be benefi
cial; this can be aided by coLmseling and a variety of phamlaco
logic therapies. AJmough several snldies have suggested mat 
initiating smoking cessation less than 2 weeks before surgery 
may actuaUy be associated with worse outcomes, a recent meta
aJlalysis has suggested that smoking cessation at any period of 
time wimin 8 weeks of surgery is not associated with a higher 
rare of overall complications or pulmonary complications 
postoperatively.33 

The preoperative evaluation should also include cl1esr radi
ography, complete blood count, blood chemistries, coagulation 
studies, ru1d urinalysis. l11e chest radiograph may demonstrate 
evidence of infection, thoracic aortic pathology, or malignru1cy, 
aU of whid1 should be thoroughly investigated prior to AAA 
repair. The use of various ru1ticoagulant agents is common in 
patients with AAA aJld management is tailored according to the 
indication for use. Vitamin K ru1tagonists should be stopped 
5 to 7 days prior to surgery and bridging anticoagulation pro
vided, if indicated, using low-moleatlar-weight or unfraction
ated bepariJl. Thicnopyridincs arc typically stopped 7 to 10 days 
prior to surgery, although patients on thienopyddine therapy for 
drug-eluring coronary stems necessitate careful consideration of 
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FIGURE 62-5 Coronal reconstruction of a CTA demonstrating heavy 
calcification (solid arrows), extending from above the renal arteries 
distally through both common iliac arteries. 

the merits of delaying surgery until therapy is discontinued in 
light of rl1e additional bleediJ1g risk associated with these drugs. 
Aspirin is typically continued perioperatively because it may 
confer some degree of benefit with regard to cardiac complica
tions in the perioperative period. 

Careful evaluation of preoperative imagiJ1g is crucial when 
plru1ning repair. AJlatomic variations such as a retroaortic renal 
vein, variant inferior vena cava, or horseshoe kidney may signi£
crultly affect the selection of surgical approach ru1d, if not appre
ciated preoperatively, cru1 lead to disastrous compHcations. CT 
affords the additional advaJJ rage of demonstrating vascular cal
cification, tl1us permitting the surgeon to assess the feasibility of 
clan1ping rl1e aorra ru1d iliac arteries at various levels (Fig. 62-5). 
Occlusion balloons may be substituted for arterial clamp place
ment, most frequcndy at the iliac arteries, should severe calcifi
cation render clan1p placement untenable. FinaUy, the size and 
patency of brru1ch vessels, such as the inferior mesenteric, acces
sory renal, iliac, and lumbar arteries, can he assessed and may 
further contribute to preoperative planning. 

Tedmique of Open Surgical Repair of Abdominal Aortic Aneurysms 
Open :surgical repair of AAAs may be accompUshed by a trans
peritoneal or retroperitoneal approach. The choice of tedmique 
may be guided by technical advantages and disadvaJltages 
afforded by each, as well as by surgeon experience and prefer
ence. Transperitoneal repair via a midline laparotomy incision is 
the most widely used approach to the usual infrarenal ru1eurysm 
ru1d offers a rapid exposure, excellent access to renal ru1d iliac 
vessels, ru1d the ability to examine the abdominal contents fully. 
Adjunctive measures to improve exposure at or above the level 
of the renal arteries may include ligation ru1d division of the 
tributaries (gonadal, lumbar, and adrenal) of the left renal vein, 
if the vein is to be preserved, or divis ion of the proximal left 
renal vein itself. Although data are mixed regarding the effect of 
left renal vein ligation OJl postoperative renal function, it is 
essential tl1at these tributaries be preserved to provide collateral 
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outfl.ow if renal vein Ligation is planned. Alternatively, repair of 
the left renal vein following ligation bas been reported. 

The infrarenal transperitoneal repair begins with tbe 
administration of perioperarive antibiotic, typically a first
generation cephalosporin, and scrupulous skin preparation from 
the nipples w the thighs. If treating a ruprured aneurysm, skin 
preparation and draping are accomplished prior to the induction 
of general anesthesia to permit rapid exposure and control if 

I 
I 
I 
I 
I • . 

induction incites hemodynamic collapse. TI1e patient is draped 
and a generous midline laparotomy incision is made !Tom the 
xiphoid to just above the pubis. Extension of this iJlcision along 
the xlphoid may facilitate supraceliac exposure, if necessary. If 
repai:r is elective and preoperative imaging bas demonstrated 
iliac disease necessitaring extension of a bifurcated graft to the 
femoral artery on one or both sides, the femoral artery dissection 
should be accomplished prior to laparotomy (Fig. 62-6} . 

FIGURE 61-6 Technique of open operative 
repair of an infrarenal abdominal aortic 
aneurysm using a straight tube graft (H) or 
a bifurcated aortoiliac or aortofemoral (I) 
configuration. Note the attention to dosure 
of the aneurysm sac over the completed 
repair, with additional dosure of retroperi
toneal tissues to exclude the duodenum 
fully (J). (Courtesy Mayo Foundation for 
Medical Education and Research.) 
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FIGURE 62-6, cont'd. 
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anticip<tte,d, as in the case 
of rupture, the left lobe !HC.HJ>WAAt by division of 
the ligament is identified and 
reflected to the pa1:1er1ts left. Placement of a tube 

and of the The 
di<tpl·tra:gm are divided to celiac 

exposure mobilization of the 
pla1ceJnent.When aruptured 

clamp should 
a measure of he1n<xtynan1ic 
the decision with 

the surgeon may then to 
plaLCelme:nt. Once these steps have 

been aneurysm 
In some cases, may be moved 
suprarenal or infrarenal position at this stage, permitting 
sion of visceral and, ideally, renal vessels. 

Elective controlled exposure of the iliac 
arteries and aneurysm neck prior to heparinization and 

of the infrarenal neck of the aneurysm 
mobilization of the duodenum, distal to the 

ligament of to the side. 1he retropeJ·it<>-
neum may then be of the iliac bifurcation. 
Mobilization of the renal vein facilitates exposure and 
control of the neck of the aneurysm. At this time, a decision 
should be made the of division of the left 
renal vein or its The iliac arteries may be 
careful dissection in the avascular anterior with attention 
to of the ureter, which will cross at the 

of the iliac and the which 
cross the bifurcation and proximal common iliac artery. 
Extensive dissection of the bifurcation and proximal common 
iliac arteries is not necessary, because placement 
in the mid or iliacs when the 

pn:1xin1al internal 
may 

a Rumel to use vascular 
to avoid of the iliac arteries, where 

and the of venous which can 
to calcified arteries may 

be controlled with occlusive although the proximal 
ends may endarterectomy to permit anastomosis or 

pl<tcemc~nt mini
mizes the risk of distal embolization. Others maintain that initial 
distal clamp placement permits staging of the 
effect 1he sac should be opened 
the JJ1eurysm neck and the extended along the right 
side of the JJlterior surface aneurysm, leaving the orifice 
of the inferior mesenteric artery in situ. Lumbar arteries JJhl the 

middle sacral artery may be from within the sac to 
ba,:k!Jieedini~· An inferior mesenteric artery with brisk 
ba<:ktJie<cding or one that occluded, as 

coJtltrolled, the proximal anas
tvJJic·ally in JJl end-to-end running 
Hi'-'11'-'HUUH'-llL sutures such as poly

appr•opria.tcJlysized woven or knitted 
An JJ1eurysm terminating at or bdiJre the aortic 

be with a simple tube whereas 
involvement iliac vessels may necessitate a hit·"•·r~J·prJ 
and distal anastomoses to the iliac or femoral arteries. Once the 

it should be examined 
below the anastomosis and 

Any areas of may 
ac1dr,2ss.ec1 with repair sutures at this time, prior to immo

the distal anastomosis. If a tube 
is JJ1astomosis may similarly be rrlltnr>lrrrrl 

in a running fashion. Iliac anastomoses may per
formed at the level of the iliac bifurcation, incorporating internal 
JJhl external iliac arteries as a common orifice. If JJl emoral 

is performed, a tunnel should be 
in the avascular anatomic 
iliac 

or a sterile tape or 
Prior to comr1letion 

iliac or femoral vessels should sec1uc:ntially 
bleed to flush out any thrombus or the 
proximal damp briefly removed to flush the graft, and the graft 
flushed with heparinized saline. 1he proximal and distal clJJnps 
may then be removed. It is that the JJld 
anesthesia teJJns communicate 
rhrn'""" and the aorta pr<JdtUC<cS nrnt·n11mrl 

should 

or 
somewhat. Sodium bicarbonate to counteract 
use agents may also be required at this time. The 
inferior mesenteric artery may be reimplJJ1ted at this time, if 
necessary, most commonly as a Carrel patch. If hemostasis 
appears to be at all anastomoses and the 
is normotensive, may be administered at 

U of given. 
aortic replacement has been attention 

should be turned to graft The aneurysm sac and retro-
pent<Jn<~Ulm may be over the to exclude the 

contents the third 
of the duodenum, which tvt>IGlllV 

int1-arenal suture 
incisions should be closed n1c:tic:ul,ou:sly. 

not 
routinely drain groin incisions. 
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Thoracoabdominal Thoracoretroperitoneal 

FIGURE 62-7 Pati:ent positioning and incision for thoracoabdominal 
and thoracoretroperitoneal exposures. Note the open configuration 
of the hips in the latter, facilitating bilateral access to the iliac and 
femoral arteries. 

The retroperitoneal approach is thought by some to reduce 
physiologic stress on the patient and to result in fewer postopera
tive pulmonary complications, as well as a reduction in postop
erative ileus.34 Both approaches are associated with a significant 
rate of wound healing complications. Midline incisions for AAA 
repair were complicated by radiographicaUy apparent abdominal 
wall defects in approximately 20o/o of cases in a recent series, 
although clinical1y significant hernias arc less frequent. Persistent 
postoperative pain, flank wall laxity, and hernia have been 
described as complicating retroperitoneal repair and some inves
tigators bave reported more frequent occurrence of these com
plications using the retroperitoneal technique. With regard to 
operative exposure, the retroperitoneal approach does afford 
greater acce·ss to the visceral segment of the abdominal aorta and 
may be aided, if required, by thoracic extension of the incision 
and exposure with or without division of the diaphragm. 

A retroperitoneal aortic exposure may be accomplished 
with the patient in a modified right lateral decubitus position, 
with dK· thorax rotated but the hips relatively fiat to permit 
access to both groins (Fig. 62-7). A curvilinear incision is made 
from the costal margin to below the umbilicus, depending on 
cl1e extent of exposure required and patient habitus. l11e retro
peritoneal plane may be cnrcred at the lateral border of the rectus 
sheath. The rectus abdominus may be reflected medially or later
ally. Some surgeons prefer lateral reAection, because cl1is may 
result iJl less difficulty with postoperative body waiJ laxity. Care 
is taken to avoid entering the peritoneum. Mud1 of the initial 
portion of this disscctiotl may be carried out bluntly, with the 
aid of a tonsil sponge on a ring or Kelly forceps. The abdominal 
contents, enveloped in peritoneum, may be swept medially. 1l1e 
ureter will be visualized and swept medially. The left kidney may 
be elevated or left in situ, although we generally prefer to medial
ize the kidney, which also serves to mobilize the left renal vein. 
The gonadal trihutary, however, must generally be identified, 
Hgated, and divided. Proximally, the spleen is carefuiJy mobilized 
within its peritoneal covering to expose the underside of the 
diaphragm. The fibers of tl1e left crus of the diaphragm, when 
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divided, expose the supraceliac and visceral portions of the aorta. 
The lefr renal artery should be readily accessible and the celiac 
and superior mesenteric arteries may be mobiliz.ed by careful 
dissection. The right renal artery is frequently difficult to isolate 
prior to ao.rtotomy. Distally, the iliacs are carefully exposed iJ1 
rhe avascular plane by genrly mobilizing overlying srrucrures, 
including the ureters. Again. the full exposure of the right iliac 
is typically more difficult by this approach, depending on patient 
habitus. The extensive exposure of the supraceliac and visceral 
portions of the aorta permit full access and nuaJKed decision 
making regarding clan1p placement, which may be suprarenal, 
supramesenteric, or supraceliac. Visceral and renal vessels may 
be controlled by clamp placement, vessel loops or, after aortot
omy, use of occlusion balloons, with great care taken in haJ1dli.ng 
to avoid dissection or embolization. Occlusive disease or aneu
rysmal involvement of renal or visceral vessels may be readily 
addressed by this approach. According to patient indications and 
surgeon preference, cardiopulmonary bypass may lx- used as an 
adjunct; this provides the ability to perfuse the renal and visceral 
vessels actively if a complex or prolonged reconstruction is 
aJltici pared. 

Once adequate exposure has been achieved, proximal and 
distal clamps may be placed. As in the transperitoncal approach, 
repair is typically accomplished by endoaneurysmorrhaphy 
using end-to-end proximal and distal aJlastomoses to replace the 
diseased portion of the aorta as an interposition. Once again, 
the aneurysm thrombus is removed at the time of aortotomy 
aJ1d lumbar arteries are ligated within the sac. The same prin
ciples of backble<."<iing and flushing of the graft prior to comple
tion of the distal anastomosis apply. l11ls approach also permits 
a variety of approaches to reconstruction of the juxtarenal, para
renal, and paravisccral aorta. Brand1 vessels may be incorporated 
together by careful beveling of the graft, reimplaJlted individu
ally as Carrel patches, or reconstructed using short bypass grafts. 
\X'hen tn.-ating tboracoabdominal aneurysms, the incision may 
he extended into the chest at the appropriate rib space aJ1d the 
diaphr:agm circumferentially divided to afford enough exposure 
to extend the repair to almost any level of the descendll1g aorta. 
l11e rib may be circumferentially dissected and divided posteri
orly to improve thoracic exposure further, as needed. When 
hemostasis is achieved, the sac may, again, be dosed over the 
graft, although the retroperitoneally placed graft is not as VLLlner
able to erosion and aortoduodcnal fistula as d1at placed trans
peritoneally (Fig. 62-8). 

Medial visceral rotation, introduced by Mattox for traLUna 
and adapted to aortic reconstruction by Stoney, is a third tech
nique that may, through an abdomiJlal incision, afford exposure 
of me entire abdominal aorta. This technique is may be used for 
type IV or high paravisceral aneurysms and is best suited for 
who are not olx-se or asthenic, with narrow costal margins 
extend.ing to the iliac crest. 

Postoperative Manogement In the immediate postoperative 
period, patients are typically admitted to an intensive care unit, 
with continuous cardiopulmonary monitoring. Adequate pain 
control, appropriate resuscitation, adequate oxygenation, and 
heart rate control aU serve to minimize the risk of a postoperative 
MI. Epidural anesthesia aJld patient-controlled aJ1algesia are 
both excellent options for postoperative pain management; the 
former may actually decrease postoperative complications.35 1he 
use of appropriate prophylaxis for deep venous thrombosis is 
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FIGURE 62-8 Technique of EVAR. A. Initial aortogram profiling the rena l a rteries. B, Device has been advanced over a stiff wire to the level of 
the renal arteries. Note radiopaque markers indicating the beginning of fabric coverage (solid arrow). D, Device sheath withdrawn, permitting 
partial opening of the proximal graft (thin arrow). Note that the top cap continues to constrain the suprarenal fixation wi res (solid arrow). 
E. The contralateral iliac limb gate (thick arrow) has been cannulated; contrast is introduced using a rim catheter to confirm successful cannula
tion prior to placement of iliac extension. F-H, Angiography of both iliac arteries with marker catheters in place to permit deployment of iliac 
extensions, with preservation of both internal iliac arteries. 1-K. Balloon moldin.g of the proximal graft, overlap segments of the main graft and 
iliac limbs, and the distal seal zones of the iliac limbs to faci litate proximal, distal, and intercomponent seals. L, Completion aortogram 
demonstrating successful exdusion of the aneurysm and no evidence of endoleak, which would manifest as continued contrast filli ng of the 
aneurysm sac. 
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important and is not precluded by the use of an epidural cath
eter. Attention to early mobilization and patient nutrition are 
also essential to recovery. 

Although late events following open surgical repair are 
relatively rare, a program of surveillance is typical to detect 
these complications as the formation of anasromotic or para
anastomotic aneurysms, which may occur up to 20o/o of the time 
at 15 years postrepair:~6.37 We typically image patients with CT 
inirially and then at 5-ycar intervals following repair. Ultrasound 
may also be used for su.rveillance, but is operator-dependent and 
lacks d1e sensitivity of CT for detecting anastomotic or para
anastomotic changes. 

Endovasallar Repair Endovascular repair of an AAA was first 
reported by Parodi and colleagues in 1991 38 and has been 
widely adopted since the first U.S. Food and Drug Admin
istration (FDA}-approved devices for EVAR, the AneuRx 
(Medtronic, Minneapolis) and Ancure (Gui.dant, Menlo Park, 
Calif) becan1e available in 1999. Driven by lower rates of early 
morbidity and mortality, EVAR has largely supplanted open 
surgical repair of infrarenal aortic aneurysms in padents with 
favorable anatomy. Several anatomic considerations guide 
patient suitabiHty for EVAR. includiJlg the anatomy of the 
aneurysm neck (size, length, shape, and angulation) and the 
iliac arteries (caliber, torntOsity, aJld aneurysmal involvement). 
The features of currently available devices, as summarized in 
their approved indications for usc (IFU), are show11 in Table 
62-3. Most available devices arc modular bifurcated grafts con
sisting of aJl aortic main body to be used with a variable number 
of iliac or aortic extension components. Aortouni-iliac devices 
are also available and may be used, generally in conjw1ction 
with femoral-femoral bypass grafting, primarily or to salvage a 
failed bifurcated device. 

Although early morbidity and mortality rates are lower 
with EVAR, there is overall a higher rate of rc-intervention after 
endovascular than open aJ1eurysm repair and, after 2 years, no 
signi.ficanr difference in the overall mortality rate} In addition, 
the new teclmology has brought an entirely new set of compli
cations. Endoleak is the most common complication following 
EVAR. Type I emdoleak is defined as failure to seal completely 
at the proximal (type IA) or distal (type IB) s<...aJ zones. In 
general, a rype I endoleak represents a failure to exclude the 
aJleurysm fully and should be addressed at the rime of detec
tion. More aggressive balloon inBarion within the seal zone, 
placement of additional !,'Taft components, and placement of 
balloon-expandable stents are anJOng the most common endo
vascular therapies for type l CJldoleak. Type II cndoleaks are the 
most common form and represent continued filling of d1e 
aneurysm sac by lumbar braJKhes or the inferior mesenteric 
artery. Further treatment is indicated if a persistent type II 
endoleak ls accompanied hy an increase in sac size. Treatment 
may include embolization of feeding branches by selective cath
eterization or djrect sac pw1cture or laparoscopic Ligation of 
these vessels. Type ill endoleaks represent failure of aJ1 indi
vidual compone11t or of the seal between components of a 
modu.lar graft system. As with type I leaks, aU type Ill CJldo
leaks should be treated, typically by relining the offending 
area with new graft components. Type IV cndoleaks represenr 
seepage through porous graft material and are typicaUy self
limiting, resolving when procedural anticoagulation is reversed. 
Finally, an entity known as endotemion is sometin1cs considered 
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a fifrh type of endolcak. llus represents persistent growth of the 
aneurysm sac in the absence of a detectable leak. [t has been 
proposed that this phenomenon is caused by the passage of 
serous ultrafiltrate across aJl excessively porous fabric or, as 
some believe, by the existence of an undetected en do leak of one 
of rhe prior types. 

Device migration. intraprocedurally or over time, may 
occur. ln the EVAR setting, migration may be facilitated by 
unfavorable aneurysm neck anatomy. Manufacturers have 
attempted to address this i.ssue by various mechanisms, includ
ing increased radial force, usc of barbs or suprarenal .fixation, or 
use of anatomic fixation at the aortic bifurcation. Device failure 
resulting from fracture of metallic components or fabric failure 
may also occur. l11e wac .Limbs of these devices are also subject 
to thrombosis and occlusion, possibly at a higher rate than 
bifurcated grafts placed during open surgical repair. j 9 

It is recommended that contrast CT su.rveillaJ1ce be con
ducted at 1, 6, and 12 months after graft implantation and 
annually thereafter. Concern over accumulated lifetime radia
tion exposure aJld usc of nephrotoxic contrast agents has 
driven investigation into the role of duplex ultrasonography in 
graft surveillaJ1ce. In general. lengthened imaging intervals or 
the substitution of ultrasound for CT is reserved for patiems i11 
whom no endoleak has been detected at procedure or during 
initial follow-up. Implantable sensor technology has been 
approved by rhe FDA to monitor pressure within the aJleurysm 
sac. As this technology develops, it may ultimately augment 
or even supplant routine CT for postoperative aJleurysm 
surveillance. 

In 2006, the Age11cy for Health Research and Quality 
(AHRQ) published a comparison of EVAR and open surgical 
repair for AAA that concluded that "EVAR has shorter kngth 
of stay, lower 30-day morbidity and mortality, but does not 
improve quality of life beyond 3 m<mths or survival beyond 
2 years.'>4° l11ese advantages, although Limited, have been suffi
cient to make EVAR more frequently performed in recent 
years than open surgical repair for aJleurysms with suitable 
anatomy.4' 

Thoracic and Thoracoabdominal Aortic: Aneurysms AJ1eurysms of 
the descending thoracic aorta may be classified as type A, B, or 
C, depending on whether the aneurysm involves the proximal, 
mid, or distal third of d1c descending aorta, respectively 
(Fig. 62-9). Thoracoabdomi.nal aJleurysms (TAAs) are typically 
distinguished according to d1e Crawford dassi..fication system 
(Fig 62-1 0). As w.ith aneurysms of the abdominal aorta, rupture 
risk is closely associated with aneurysm size and, to a lesser 
extent, female gender. Current guidelines recommend repair of 
the descending thoracic aorta at 5.5 em. 

Open Repair of Thorack and Thoracoabdominal Aneurysms The 
level of entry into the thoracic cavity for the repair of thoracic 
or thoracoabdominal aneurysms is guided by the proximal 
extent of the aneurysm, with incision at the fifth or sixth inter
space providing excellent exposure of the proxin1al descending 
aorta, the eighth or nimh imerspace the mid-descending, and 
the l Oth or 11 th iJlterspace the infradiaphragmatic portion of 
rhc aona. The use of cardiopulmonary bypass combined with 
the selective use of distal aortic and visceral perfusion and hypo
thermic circulatory arrest have yielded exen1plary results in expe
rienced hands.42 
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Table 62-3 Endovasa.dar Repair Devices: Indications for Use 
SHEATH OR 
DEVICE 

STENTOR DIAMETER AORTIC ILIAC 
DEVICE GRAFT (MAIN DIAMETER• DIAMETER MAXIMUM MINIMUM 
(MANUFACTUREIR) MATERIAL BODY) (MM) (MM) ANGULATION NECK LENGTH OTHER 
AneuRX Nitinol. 21 Fr 2Q-28 (graft) 12-24 (graft) 45-d~ee 15mm Initial FDA aprroval 1999 

(Medtronic) polyester nee No suprarena fixation or 
barbs 

Sheath not required 

Talent (Medtronic) Nitinol, 22 Fr 18-32 (aorta) 8-22 (ilia~ Go-degree lOmm Suprarenal fixation stent 
polyester 22-36 (graft) 8-24 (gra ) neck Tapered and flared limbs 

available 
Uni-iliac Talent Converter 

device available 

En durant Nitinol, 18 Fr, 20 Fr 19-32 (aorta) 8-25 (iliac) 60-deree lOmm Barbed suprarenal fixation 
(Medtronic) polyester 23-36 (graft) 1Q-28 (graft) nee stent 

Uke Talent, approved for 
1Q-mm neck 

Thin fabric, low delivery 
profile 

Zenith (Cook Stainless 18 Fr, 20 Fr, 18-32 (aorta) 7.5-20 Qliac) 60-d~ee 15mm Barbed suprarenal fixation 
Medical) steel, 22Fr 22-36 (graft) 9-24 (graft) nee stent 

polyester Tapered limb configurations 
available 

Zenith Renu aortouni-iliac 
graft available 

Q-aft sizing based on outer 
diameter 

Excluder (WL Nitinol, 18 Fr, 20 Fr 19-29 (aorta) 8-13.5 60-deree 15mm Available ipsilateral limb 
Gore) ePTFE 23-31 (graft) Qpsilateral nee sizes vary with size of 

graft) primary graft 
12-14.5 Contralateral limb 

Qpsilateral components may be used 
graft) as iliac extenders 

8-18.5 Proximal nitinol anchors 
(contra-lateral 
graft) 

12-20 
(contra-lateral 
graft) 

1Q-20 
(extender) 

Powertink Cobalt- 19 Fr, 21 Fr 18-32 (aorta) 1 Q-23 (iliac) 60-der.ee 15mm Anatomic fixation on aortic 
(Endologix) chromium, 22, 25,28 13-16 (graft) nee, bifurcation 

ePTFE (graft) 16-25 9o-degree Seal achieved with 
25,28, 34 (extensions) iliac suprarenal or infrarenal 

(aortic cuff) proximal aortic cuff 
lntuiTrak system avoids 

need to cannulate 
contralateral gate 

AFX (Endologix) Cobalt- 17 Fr 18-32 (aorta) 1Q-23 ~iac) 60-d~ee 15mm Similar to Powerlink in 
chromium, 22, 25,28 13-16 raft) ne , desifn 
ePTFE (graft) 16-25 9o-degree Multip e limb configurations 

25, 28, 34 (extensions) iliac low profile delivery system 
(aortic cuff) tor bifurcated graft and 

proximal cuff 

*Recommended methods of vessel sizing and guidelines for graft oversizing vary by device. 

Endovosculor Monogement of Thoracic ond Thorocoobdomlnol 
Aneurysms In 2005. the FDA approved the GORE TAG 1ho
racic Endoprosthesis (WL Gore, Flagstaff, Adz) for the treat
ment of dTA-A. Since then, open surgical d1erapy of aneurysms 
of the desccJ1ding thoracic aorta (dTAA) has largely been sup
planted by TEVAR for ru1atomically suitable lesions.43 

As with abdominal aortic endografts, initial and subse
quent studies have demonstrated a significantly lower rate of 
short-term morbidity ru1d mortality than with open repair. 
Unlike EVAR, TEVAR appears to offer a significru1t, long-term 

aneurysm-related mortality advantage.44 The most frequent 
complications cl thoracic endovascular ru1eurysm repair are 
related to injuries to femoral or iliac access vessels. Because the 
Frend1 si.zes of the delivery devices for thoracic endografts may 
be considerably larger than those required for EVAR, many 
surgeons have developed a distinctly conservative approach to 
device access, performing femoral cucdowns or placing iliac or 
aortic conduits to prevent injury. Because of the passage of 
endovascular wires, catheters, and other devices through the 
aortic arch, TEVAR carries the additional risk of embolic 
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stroke.45 TEVAR has, however, consistently yielded lower rates 
of early mortality and common postoperative complications 
than open repair, with Bavaria and associates46 reporting periop
erative mortality rates of 2.1 o/o versus L 1. 7%, spinal cord isch
emla rates of 3% versus 14%, respiratory failure rates of 4% 
versus 20%, and renal insufficiency rates of 1% versus 13% in 
low-risk patients foUowiJlg endovascular and open repair, 
respectively. 

Several anawmic considerations guide patient selection for 
TEVAR. As witth EVAR, the size and configuration of the 
proximal aneurysm neck must suit the configuration and 
capabilities of available grafts. Commercially available thoracic 

THE AORTA CHAPTER 62 1709 

FIGURE 62-9 d assification, descending thoracic aortic aneu
rysm. A. Type A. distal to the left subclavian artery to the sixth 
intercostal space. 8, Type B, sixth intercostal space to above 
the diaphragm (12th intercostal space). C. Type C, entire 
descending thoracic aorta, distal to the left subclavian artery 
to above the diaphragm (12th intercostal space). (Courtesy 
Chris Akers, 2006.) 

FIGURE 62-10 Normal thoracoabdomi
nal aorta aneurysm classification-extent 
I, distal to the left subclavian artery to 
above the renal a rteries; extent II, distal 
to the left subclavian artery to below the 
renal arteries; extent Ill, from the sixth 
intercostal space to below the renal 
arteries; extent IV, from the 12th inter
costal space to the iliac bifurcation (total 
abdominal aortic aneurysm); extent V, 

below the sixth intercostal space to 
just above the renal arteries (modified 
Crawford classification). (Courtesy Chris 

C 2006 Chris AAe<s Akers, 2006.) 

endograft diameters currencly range from 21 to 46 mm, creat
ing llmltations in patients with large proximal necks or smaU
caliber aortas. Tapered configurations are also available. The 
radius of the aortic ard1 and proximal descending aorta can also 
chaUenge device conformability and may result in a bird's beak 
defom1jl)' on deployment and, potentially, device collapse, with 
conseq uent compromise of the aortic lumen (Fig. 62-ll}. In 
addi t ion, coverage of one or more supra-aortic vessels may be 
required ro achjeve an adequate proximal landing and seal zone 
for tht: graft, necessitating decisions regarding extr~-anatomic 
reconst ruction. Usually, the left subclavian artery origin is 
covered. Justifications for reconsrructioJl of the subclavian 
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FIGURE 62-11 A. a scan demonstrating thoracic endograft with bird's beak deployment along the lesser rurve of the aorta, leaving the leading 
edge of the endograft projecting into the lumen (solid arrow). B, Thoracic aortogram demonstrating subsequent collapse of the endograft 
caused by pressure on the protruding proximal portion of the endograft, resulting in distal hypoperfusion (thin arrows). C. D, Deployment of 
a balloon-expandable Palmaz stent to reopen the proximal graft. 

artery, generally by carotid-subclavian artery bypass or subcla
vian artery rramsposition, include prevention of arm claudica
tion, preservation of flow to a dominant left vertebral artery 
and, perhaps most importantly, maximization of coUateral 
spinal cord perfusion. 

Currently. cndovascular therapy for TAAs is limited to a 
few centers with access to investigational fenestrated devices or 
experience creating customie-.ed fenestrated devices (Fig. 62- 12) 
or using debranching (antcgradc grafts from the thoracic aorta 
or retrograde iliac grafts to the renovisceral vessels, permitting 
stent graft coverage of the perivisceral segment) or snorkel or 
dlimney techniques (use of covered stems extending from the 
branc\1 vessels !beyond the proximal or distal extent of an aortic 
stent-graft) to maintain perfusion to branch vessels.~7•48 

AORTOILIAC OCCLUSIVE DISEASE 
In 1950, the first aortic reconstructio11 for AIOD (Leriche syn
drome) was performed by Jacques Oudot in France. This was 
done via a retroperitoneal approach using a homograft. Follow
ing the iJwestigational and clinical work of Arthur Vorhees at 
Columbia Universi ty, prosthetic grafts ofVinyon B and nylon 
were used for the reconstruction of aortic occlusive and aneu
rysmal disease. Both these materials had significant problems 
associated with their usc. Wylie introduced aortoiliac endarter
ectomy to the United States in 1952 and that ted1nique was the 
most commonly used during the 1950s. In 1958, DeBakcy 
introduced Dacron grafts and aortofemoral grafting with Dacron 
became the most widely used teclmique for open reconstruction, 
although aortoiliac endarterectomy was still performed at certain 
centers, notably San Francisco, Boston, and Portland, Oregon. 
It is stillusefu] for patients with aortoiliac dlse.ase confined to 

the aorta and common iliac arteries, especiaUy those with small 
aortas and iliac arteries, for wbom enduvascular repair ma}' not 
be optimal. Axillofemoral artery grafting and fcmorofemoral 
artery grafting were introduced to provide inflow procedures for 

FIGURE 62-12 a reconstruction demonstrating successful place
ment of an endovascular graft with fenestrations at the level of the 
renal arteries, permitting renal stent placement and use of a proximal 
seal zone above the renal arteries. with preservation of renal perfu
sion. (Courtesy Dr. Gi lbert R. Upchurch, Jr.) 
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poor risk patients and patients with unilateral iliac disease, 
respectively. 

Endovascular repair for occlusive disease of the aorta and 
Wac arteries was introduced in the 1990s. 1l1e use of kissing 
stents, and the size of the common iliac arteries especially, has 
allowed this modality tO work extremely well for most patients 
with aortoiliac occlusive disea~. 1l1e Trans Atlantic Inter-Society 
Consensus document on management of peripheral arterial 
disease (TASC I) was published in January 2000.19•50 

1l1ese guidelines were developed to help in the rational 
choice of an open or endovascular approach to aortoiliac disease 
in particular patients. At present, endovascular treatment is tl1e 
treatment of choice for type A lesions (see Table 63-6). 1£ is also 
the most commonly used modality for type B. For type C lesions 
with more extensive disea.-;e of the external iliacs or bilateral 
occlusions of the common Wacs, surgical treatment has been 
recommended more often. For typeD lesions-that is, extensive 
disease of the common and external iliac arteries- surgery has 
been the treatment of choice. Nonetheless, a nw11ber of authors 
have documented good success with endovascular treatment 
even for TASC C and TASC D lesions.51·H 

The next iteration of the TASC recommendation is expected 
soon; endovascular treatment will Likely be d1at the recom
mended first-Line treatment for all patients. However, it is dif
ficult to imagine endovascular therapy to be as good or a.s long 
lasting for AIOD for these very extensive lesions, especially in 
young patients. Women especially, and men wiili very small 
aortas and Wac arteries, may nor be well treated by endovascular 
methods. It is also hard to imagine its usefulness for juxtarenal 
aortic occlusions, with its so-called dunce's cap of chronic throm
bus extending upward between the renal arteries, without a 
disproportionate increase in renal failure. 

Concomitant with the change in TASC definitions has 
been a marked increase in the use of endovascular techniques in 
comparison to opCJl techniques. 1l1is increase corresponds to 
improvements in the delivery systems and stents used, as well as 
to in1proved skiU sets of vascular radiologists, cardiologists, and 
vascular surgeons. Upchurch and coworkers'i4 docwnented an 
iJ1crease of 850% iJl endovascular usage by 2000, with a con
comitant 16% decrease in open cases. There was a 34% increase 
in treated disease, without an i.JKrease in the prevalence of the 
disea~. l11ese trends have continued aJld an1plified; endovascu
lar repair for AIOD is performed much more commonly thaJl 
open repair. 

The typical indications for AIOD were claudication. rest 
pain, and threatened limb viability, manifested by tissue loss, 
nonhealing ulcers, and/or frank gangrene. Rest pain and threat
ened linlb viabiU ty implied extensive disease of the deep femoral 
artery or of the femoropopliteal segments, in addition to the 
aortoWac disease-. 1l1e advent of endovascular techniques bas, as 
noted, broadened the indications, with mild claudication heu1g 
treated much more frequently than in the past. There is certainly 
more justification for stenting short-segment iliac stCJloses than 
for performing aortofemoral bypass grafting (AFBG). 

Nonetheless, open surgery remains the gold standard for 
long term patency. Chiu aJld co1Jeagues55 have performed a 
meta-analysis of AFBG, iliofemoral bypass grafting (IFBG), and 
aortoiUac endarterectomy. Their analysis yielded 29 srudies, 
including 5738 patients for AFBG, 11 studies of 778 patients 
for iliofemoral bypass grafting, and 11 studies of 1490 patients 
for endarterectomy. Operative mortality wa~ 4.1% for AFBG, 
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2.7 for [FB, and 2.7% for aortoiliac endarterectomy. Morbidity 
rates were 16%, 18.9%, and 12.5%, respectively. Five-year 
primary patency rates were 86.3%, 85.3%, aJld 88.3%, respec
tively. 1lus meta-analysis was published in 2009 and shows that 
forn1al aortic reconstruction is still the procedure of choice in 
terms of long-rerm patCJlcy. 1l1at durability may be more appeal
ing to younger healthier patients than return trips for further 
cndovascular imervention. Sim~arly, aJ1 earlier meta-analysis 
covering the years 1970 to 1996 showed constant patency rates 
for aonic bifurcation grafts and declining mortality and morbid
ity over time; mortality after 1975 was 3.3%.56 

Axillofemoral artei}' bypass grafting is reserved for extremely 
poor-risk patients with rest pain or tissue loss. Irs suspect patency 
makes it a poor choice for claudicams. It is used as one of the 
mainstays of reconstruction for infected aortic grafts or aorta 
emeric fistulas. This modality is offered to a different, more 
high-risk group than AFBG. Hert't.er a11d coworkers57 have 
reported a 12% mortal ity, compared with 5.6% for femoro
femoral grafting and 2.3% for aortic reconstruction. Within that 
latter group, mortality was only 1.2% for AFBG, but 5.6% for 
aortoiliac endarterectomy or aortoWac grafting. 

Unilateral external iliac occlusive disea~ not amenable to 
endovascuJar therapy. or having failed endovascu1ar therapy. is 
probably better treated, if possible, by iliofemoral artery grafting 
than femorofemoral grafting. Ricco aJld Probs28 have compared 
these two operative methods in 143 patients. Primary 5-year 
patency for iliofemoral grafting was 92.7% versus 73.2% for 
femorofemoral grafting. 

As in all vascular beds, endovascular repair of the aortoiliac 
segments requires mucl1 more re-intervention d1a11 its opCll 
counterpart, but the mortality is lower. At some aortic centers 
there is no difference in mortality but, on average, open mortal
ity is approximately 4%. in an elegant paper, Hertzer's group;? 
has reported a mortality rate of 2.3% for direct aortic recon
structions. Both Hertzer and Reed and coworkcrs59 have fotmd 
i.J1creased Limb ()Celusion i.J1 patiem s witll small arteries, espe
cially women. Primary assisted aJld secondary patency rates for 
endovascular repair almost equal the primary patency rates of 
open reconstruction, and this ha~ been the rationale for the 
widespread application of endovascular techniques for most 
patients with AIOD, accepting a repeat intervCJltion as a neces
sary component of treatment. 

A number of authors have written about the endovascular 
treatment ofTASC C and D lesions, as well as aortic occlusion. 
Klonaris and colleagues60 have recommended primary scenting 
for all aortic occlusive disease, including occlusion. 1l1eir sntdy, 
however, did not include juxtarenal aortic occlusions as opposed 
to more distal aortic obstruction. 

Jongkind aJ1d associates53 have reviewed all published arti
cles of patients undergoing endovascular treatment ofTASC C 
and D lesions from 2000 to 2009. There were 1711 patients 
identified. Technical success was achieved in 86o/o to 100% of 
those studies. Clinical symptoms were improved in 83o/o to 
6.7% and complication rates varied, from 3o/o to 45%. Primary 
patency rates ranged from 60% to 86% and secondary patency 
rates from 80% to 98%. 

Higashiura and coworkers52 have reported teclutical success 
in 99o/o of their L25 TASC D and D patients. Complications 
were significantly higher than for their TASCA and B patients 
(9% versus 3o/o). Their 5-year patCJlC}' was 83%, among the 
highest reported. 
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Ye and colleagues51 have performed a meta-analysis of 
TASC C and [) patients undergoing endovascular reconstruc
tion. TASC C patiems had a 93.7% tecl1nical success rate and 
a 1-year primary patency rate of89.6o/o. TASC D patients had 
90.1% technical success and 87.3% had a 1-year patency. Indes 
and associates/" in a review of the Narionwide lnpariem Sample 
for 4 I 19 patients, found endovaKular procedures were as.~oci
ated with lower cost, lower complication rates, and shorter 
length of stay. Mortality was not different statistically, 1.8% for 
endovascular amd 2.5% for open repair. 

There is a third option for aortic reconstruction
laparoscopic aortic surgery. Its greatest proponents have been in 
Europe, particularly France, ar1d Quebec. 1his has not gained 
widespread popularity in the United States.<>.! 

Presentation and Evaluation 
Patients with AJOD may present with claudication, a mum 
more likely pre.semation for AJOD than rest pain or tissue loss. 
Rest pain or tissue loss, as noted, indica tes disea~ of d1e deep 
femoral artery or femoropopUteal segments in addition to the 
aorta and iliac segments. Historically, physical examination has 
been accurate in these patients. A decreased femoral pulse is 
indicative of at least common femoral disease or more proxin1al 
aortoiliac disease. With the advent of the obesity epidemic in 
the Uni ted States, physical examination of femoral pulses is not 
as accurate as it once was. ConseC(uently, vascular laboratory 
exami11ation is of even more importance than in the past. Deter
mination of wave pattems and ankle-brachial index (ABO is 
necessary to localize the disease to aortoiliac segments, femoro
poplite.al segments, or bod1. 1l1is is also vital in identifying d1e 
contribution of AIOD to patients with multiple diseases con
tributing to their lower extremity problems, includir1g neuro
genic claudication, spinal stenosis, and hip arthritis, alone or in 
combination with arterial disease. 

With a tentative diagnosis of aortoiliac occlusive disease, 
the most commonly used modality to visualize the arteries is 
CTA. 1l1ere are some patients in whom the calcium load is so 
great that MRA or conventional arteriography is necessary to 
determine whether areas of calcific involven1ent are highly 
stenotic. Surgeons for whom endovascular treatment is uni
formly tl1e.ir first cl1oice may proceed directly to conventional 
arteriography, with planned endovascular intervention at the 
same time. 

As with all vascular patients, cardiac risk is the highest at 
operation. Consequently, most autl1ors recommend that all 
these patients undergo cardiac function evaluation by stress 
testing. Patients wi d1 their myocardium at risk are usually treated 
by cardiologists or cardiac surgeons prior to embarking on an 
aortic reconstruction in an elective situation. Hertzer and ass
ociates5~ have shown a marked decrease in cardiac mortality 
when patients underwent preoperative cardiac evaluation and 
treatr11CJ1t. 

As endovascular techniC(ues gain wider acceptance, the 
most common indication for formal aortic reconstruction may 
be claudication or severe ischemia in the settiJ1g of failed multi
ple attempts at endovascular repair. These occluded stems make 
d1e operat ion more complex, ofren wid1 the need for suprarena\ 
aortic clampiJ1g and more extended profundaplasties. 

Treabnent 

Technique of Open Reconstruction 
Aortofemoral Bypass Crafting For AFBG, the patient is prepped 
from the nipples to the knees (Fig. 62-13). If concomitant distal 
bypass grafting will be necessary, the patiCJlt is prepped to d1e 
toes. 'Tius would be done for tissue loss with multilevel disease 
only. Epidural catheters may be used to alleviate postoperative 
pain. Bilateral groin incisions are made. These are usually done 

FIGURE 62-13 A. Preoperative aor
togram demonstrating ocdusion of 
the distal aorta and iliacs with exten
sive collateralization. B. Postoperative 
three-dimensional a reconstruction 
demonstrating revascularization using 
an aortofemoral bypass graft. 
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in a vertical or slight curvilinear fashion. The common, superfi
cial, and deep femoral arteries are dissected free. These need to 
be dissected distaUy to where they are soft and suitable for anas
tomosis. Most sttrgeons use a midline incision for the aortic 
exposure, although a transverse incision or retroperitoneal 
approach can be used. We favor a standard midline wirh infra
colic exposure. 1l1e abdominal contents are mobil.rted so that 
the retroperitoncum can be entered. If the mobilized viscera can 
be kept inside the abdominal cavity, rather than belng placed on 
the abdominal wall, the patient's gastrointestinal fw1ctional 
recovery usually occurs sooner. The retroperitoneum is entered. 
Care is taken to stay to the patient's right of the inferior mesen
teric vein m avoid violating d1e left mesocolon. The aorta is 
dissected free below the renal arteries. The smgeon needs to 
remember that this disease extends from the renal arteries and 
not from the level of the lower lying renal vein. 1l1e vein may 
be mobilized by division and ligation ofits tributar.ies. In general, 
the exposme required for occlusive disease is less than what is 
necessary for aneurysmal disease. The aorta is exposed down to 
the level of the inferior mesenteric artery. Retroperitoneal 
turmels are made, connecting this wound with the groin wotmds. 
On the left side, a counterincision .in the gutter lateral to the 
white line of Toldt may be necessary. 1l1e tum1els should be 
made posterior to the ureters. We prefer to create the left tunnel 
posterior to the inferior mesenteric artery as well to atlow the 
left limb of the glfaft to be isolated from the gastrointestinal tract 
by d1e left mesocolon following completion of reconstruction. 
The patient is heparinized. 

Control of the aorta and distal aorta is obtained below 
rl1e renal arteries. 1l1e aorta is divided. Distally, a portion of 
the aorta is resected on an angular bias and rl1e distal aorta is 
oversewn. 1l1at area of excision should be done proximal to 
the inferior mesenteric artery. This allows comfortable place
ment of an end-to-end graft. An appropriately chosen graft is 
fashioned to fit and is sewn to the end of the proximal aorta 
using running 3-0 or 4-0 permanent sutures. If one extremity 
has been less symptomatic that the orller, mat side is recon
Structed first, because it is less used to ischemia. The graft is 
brought through the tWlllel into the groin and control of the 
femoral arteries is obtained. An arteriotomy is made running, 
from the common femoral artery down to the appropriate 
leveL In many cases, this would be down to a point on the 
deep femoral artery. If endarterectomy of the common and 
deep femoral arteries is necessary, it is tmdertaken at this 
point. The graft is fashioned to fit and is sewn end to side 
using nmning 4-0 or 5-0 permanent sutures. Appropriate 
backbleeding and forward bleeding are allowed prior to that. 
1he opposite is done in a sinillar manner. When flow is 
restored to the limbs, it is restored first to d1e common, then 
to the deep, and finally to rl1e superficial femoral artery. 

[n general, end-to-end anastomoses are performed. These 
may lessen the chance of aortoenteric fistula. 1l1ey have better 
flow characteristics than end-to-side proximal anastomoses. 
If d1e patient has bilateral external iliac artery occlusions, a 
proximal end-to-side aortic anastomosis or formal reconstruc
tion of one of tbe internal iliac arteries is necessary to ensure 
continued blood Aood to the pelvis. 

The retroperironewn should be carefuUy closed in layers to 

exclude d1e grafr from rhe gastrointestinal tract. lf there is insuf
ficient tissue, an omental Aap should be created and placed over 
the graft to isola·te it from the duodenum. 
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Axillofernoral Bypass Grafting Axillobifemoral. bypass grafting 
(Fig. 62-14) was introduced in the 1960s to provide inflow to 
patients who were poor physiologic candid ares for aortic recon
struction. Its use has been extended to patients having aortic 
graft infections or otherwise hostUe abdomens for whom an 
in-line aortic reconstrucrion is considered roo hazardous. 

l11e patient is prepped from the shoulders down to the 
knees. It is our practice to extend the upper extremity on rl1e 
side on which the graft is to be based by 90 degrees. This will 
prevent the graft from being too taut when the patient moves 
the extremity. Reports of pseudoaneurysms and ruptures second
ary to short grafts have been pubUshed. A transverse incision is 
made in the ddropecroral groove. The axillary artery is exposed 
as medially as possible. The more medial the anastomosis, me 
less excursion of the graft wirl1 use of the upper extremity. 1l1e 
pectoralis minor tendon may be incised to facilitate this expo
sme. If the tendon is not incised, the twmel should be posterior 
to the tendon and then brought to the midaxillary li11e. In 
general, rl1e right side is chosen, if possible, because rl1e right 
subclavian artery is less prone to atherosclerotic disease than the 
left. Furthermore, if a later formal aortic reconstruction is 
planned, a right axillofen10ral graft is much less a hindrance rl1an 
one on rl1e left, especially if a retroperitoneal approach is 
plarmed. Bilateral groin incisions are made. lf d1e tunnd con
necting the ipsilateral groin incision to the axillary incision can 
be created without a counterincision, this should be done. 
lf not, a counterincision can be made in the patient's flank. The 
coumerincision seems co be prone co infection and we try co 
avoid its use. Grafting is rl1en done in rl1e usual marmer. The 
long portion of the graft should be at least 8 mm in diameter. 
preferably 10 or 12 mm, to prevent a functional aortic stenosis. 
Mortality rates are higher for mese patients than for rl10se having 
aortic reconstruction, ranging from 1 Oo/o to 15%. This is because 
this is a mucb sicker patient population. Five-year primary 
patency rates vary greatly but an approximately 50% failure rate 
can he expected over the course of 5 years. 

Fernorofemoral Artery Bypass Grafting The femoral arteries are 
exposed in the standard manner. Most surgeons now use a 
bucket handle approach ramer d1an trying to create a completdy 
antegrade sigmoid-shaped reconstruction. Ths is done superior 
to the pubis at the subcutaneous level. Expanded polytetraAuo
roethylene (ePTFE) or polyester can be used. Grafts of at least 
7 or 8 mm are usually preferred. However, the patency rate has 
not been nearly as good as was fust expected, ranging from 60% 
to 80% at 5 years. See Figure 62-15. 

Iliofemoral Artery Bypass Grafting In-line reconstruction of iso
lated external iliac artery lesions is preferable to femorofemoral 
artery grafting if the patient's physiology and anatomy will allow. 
A flank incision is made and me retroperitoneal plane is devd
oped. The proximal anastomosis is perforn1ed to rl1e common 
iliac artery or to the distal aorta, as necessary, and then brought 
out through mat tUIUlel into the groin. Patency rates at 5 years 
are in the 90% range. See Figure 62-16. 

Aortoiliac Endarterectomy 1l1js operation is usually done through 
a midline incision. In distinction to exposure for aortic grafting, 
for endarterectomy, the aorta, common iliac arteries, and origins 
of the internal and external iliac arteries all need to be circnm
ferentially exposed. In addition to damping the aorta and iliac 
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FIGURE 62-14 Three configurations of axillobifemoral bypass grafts. All three a re shown with a right-sided axillofemoral graft component. 
A. The most romment ronfiguration. 8, C, Modifications described by Blaisdell and associates (B) and Rutherford and Rainer (C), designed to 
prevent competitive inflow from a patent ipsilateral iliac system. (From Cronenwett J, Johnston KW [edsJ: Rutherford's vascular surgery, ed 7, 
Philadelphia, 2011, Elsevier.) 
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FIGURE 62-15 A. Preoperative angiogram demonstrating ocdusion of the left il iac system in severe focal atherosderotic disease of the right 
iliac artery (solid arrow). 8, Magnified view of the right iliac system following angioplasty and stent placement to establish adequate inflow 
for femorofemoral bypass graft. C. Three-dimensional a reconstruction demonstrating completed right to left fernorofemoral bypass grafting 
(solid arrow). 

FIGURE 62-1 6 Arteriogram demonstrating iliofemoral bypasses 
extending from the bilateral common iliac to common femoral 
a rteries (thin arrows). 

arteries, it is also best to clamp the lumbar arteries with smalJ 
clamps to prevent annoying backbleeding, which impedes accu
rate endarterectomy. The patient is heparinized. Control is 
obtained of the aorta and iliac arteries. A vertical aortotomy is 
made. Using an elevator, an endarterectomy of the aorta is per
formed down to the origios of the common iliac.~. At tllis point, 
transverse incisions {ou.r preference) or vertical incisions may be 
made at the distal common Wac arteries. The endarterectomy 

plane is begun here. 1here may be a tongue of atherosclerosis 
extending into the origin of the external and internal iliac arter
ies. These are elevated. A stripper sucl1 as a Wylie stripper is used. 
Usually, this is passed in a retrograde manner. In some patients 
with deep pelvises, passing in an antegrade manner might be 
more advantageous. An appropriately sized stripper is pkked 
and the endarterectomy of the iliac artery is completed. The 
atherosclerotic plaque from d1e aorta and iliac arteries may be 
brought out as a single specimen if retrograde iliac endarterec
tomy E1as been performed The arterial incisions are dosed pri
marily with line permanent sutures after appropriate Auslling 
and ascertainment of good end points. interestingly enough, 
when Bow is restored, me aorta remains essentially che same size 
and me common iliac arteries balloon up, much Like pantaloons. 
llle retroperitoneum and abdomen are men dosed in a standard 
manner. See Figure 62-17. 

Complications of Aortic Surgery 
A number of complications may arise following operations to 
repair d1e aorta, whether for aneurysmal or occlusive disease.63 

1l1ese may be site-specific complications, such as wound infec
tion or hematoma, also commonly seen with endograft 
approad1es. Of more concern and major morbidity arc intra
abdominal and systemic complications. Cardiac ischemia is me 
most frequent complication of open aortic surgery and, even 
with an experienced surgeon, one can expect that 50o/o of dead1s 
related to aortic reconstruction wUI be attributable to the heart. 
Only a minority of patients wid1 occlusive disease have normal 
coronary arteries. Stress testing, cardiac angiography, and coro
nary intervention (catheter-based or, more rarely, open) have 
reduced mortality rates for direct aortic operations. Some 
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FIGURE 62-17 A. Preoperative MRA demonstrating severe atherosderotic disease involving the infrarenal aorta and both common iliac arteries_ 
B. Intraoperative photograph of completed aortoiliac endarterectomy showing suture line of primary dosure (solid arrow). c. Photograph of 
intact specimen demonstrating contiguous near-ocdusive plaque. 

special!)' centers with aggressive heart evaluation management 
protocols have reported mortaUty rates in the range of 1 o/o to 
2.5%.57 

Renal insufficiency is a common complication and may 
result from embolization from damping, prolonged ischemia 
with suprarenal clamping, imrinsic renal artery disease, hypovo
lemia, or hypoperfusion. [tis exacerbated by paravisceral aortic 
repair and intraoperative complications. It most probably relates 
directly to the patient's preoperative renal and cardiac status. 
Accurate assessment of the patient's anatomy and a precise pre
operative plan for clamping site and sequence are necessary to 
minimize the incidence of periopcrative renal insufficiency · 

Pulmonary dysfunction is a frequenr and serious complica
tion. 1l1is is also more prevalem with proximal and paravisceral 
aortic procedures. Transverse abdominal incisions, epidural anal
gesia, and retroperitoneal approaches may mitigate against pul
monary compucations. 

Limb thrombosis can occur. It is associated with female 
gender, younger patients, and extra-anatomic bypass grafting. 
It may be expected in 5o/o to lOo/o of patlents.5159 

Anastomotic pseudoaneurysms are a relatively frequent 
complication of aortic surgery. 1l1ls may be a sterile p.rocess or 
the result of infection. 1l1ese pseudoaneurysms usuaUy occur at 
the femoral anastomosis rather than at the iliac and aortic anas
tomoses, which may reflect the higher rate of wound complica
tions and graft infection in this region and tl1e more clinically 
apparent nature of degeneration at the femoral site. Anastomotic 
pseudoaneurysms may result from degeneration of the suture 
line. True aneurysms tend to be para-anastomotic in nature, 
forming in the aorta proximal to d1e iliac or femoral arteries 
djstal to an aortic graft. True aneurysms occur more frequently 
in patients created for aneurysmal than occlusive disease. 
Hypertension, COPD, smoking, hyperlipidemia, suture type, 

technical failures, and postoperative wound complications may 
be associated with this phenomenon. 

Detection of anastomotic pseudoaneurysms in d1e wac or 
aortic position is highJy reliant on imaging. Prospective studies 
using routine imaging of arterial grafts iJJ a variety of anatomic 
positions have demonstrated higher rates of anastomotic 
pseudoaneurysm than those relying on clinical detection. For 
exan"tple, routine surveillance with ultrasound has demonstrated 
intra-abdominal anastomotic pseudoaneurysms in 1 Oo/o of 
patients and 6.3% of aortic anastomoses following abdominal 
aortic graft placement at a mean imerval of 12 years from 
operation.·~<~ CT and MRI provide excellent visualization of 
pseudoaneurysms and aneurysmal degeneration of tl1e para
anastomotic area (Fig. 62-18). 

Although some anastomotic pscudoaneurysms are sterile, 
it is prudent to begin evaluation and treatment with a presump
tion o f infection. Diagnosis should include history (e.g .• fever, 
chills, malaise, weight loss), physical examination (e.g., ery
thema, Aucruant mass, induration, drainage, or tenderness to 
palpation), and laboratory evaluation (complete blood count, 
blood and Auid cultures, C-reactive protein level, or erythrocyte 
sedLmentation rate. With regard to imaging, ultrasou11d may 
demonstrate tl1e pseudoaneurysm itself as well as perigraft Auid 
suggestive of infection. CT and MRI may characterize these 
findings more completely (Fig. 62-19). 1l1e use of nuclear medi
cine modalities such as 111 ln- or 99"'T c-ragged white blood cell 
scans has greatly improved the surgeon's ability to evaluate for 
infeCition in a noninvasive mruu1er (Fig. 62-20). lt must be 
remembered that although positive cultures are definitive, mru1y 
orgru1isms common in graft infections are fastidious and may 
yield multiple negative culture results, despite cl~ cljnical 
evidence of infection. If diagnostic investigation yields evi
dence of infection, thorough debridement of infected material 
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accompanied by in situ or extra-anatornk arterial reconstruction 
are mainstays of management. Some recent data have supported 
the use of endovascular therapies for treating lesions demon
strated to be sterile.G-1 ln any event, expeditious treatment is 
appropriate for a large, enlarging, or symptomatic lesion. It is 
imporram m note that although graft infection occurs more 
commonly following open surgery, endovascular graft infections 
have also been reported .65 

Surgical Treabnent of Anastomotic Pseudoaneurysms Surgical man
agement of anastomotic pseudoaneurysm is dictated by the pres
ence or absence of infection, the nature of presentation, and 

FIGURE 62- 18 CT demonstrating large anastomotic pseudoaneurysrn 
arising at the right femoral anastomosis of an aortofemoral graft 
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surgeon experience and preference. rn an uninfected field, 
debridement and interposition grafting may suffice. Extensive 
infection should be treated as a graft infection by removal of the 
entire :affected graft with debridement of aU infected or devital
ized tissue, traditionally accompanied by extra-anatomic recon
srrucrio n. Staging rhis process by performing the exrra-anaromic 
bypass and then proceeding to debridement or permitting a 
recovery interval of up to several days has greatly improved the 
historicaUy substantial morbidity and mortality rates associated 
with primary graft resection followed by reconstruction.66 

Fltrther investigation has suggested that in cases of infection 
limited to a single limb of d1e graft, satisfactory results may be 
achieved by limiting resection ro the involved limb or limb 
segment, followed by in situ or extra-anatomic reconstruction 
and, according to surgeon preference, combined with sterile 
antibiotic irrigation of the field through operatively placed 
drains.6~ However, recurrent graft infection, graft thrombosis, 
and d1e almost invariably fatal complication of aortic stump 
infection or disruption still contribute to significant morbidity, 
mortality, and limb loss following this operation. Thorough 
debridement, layered closure, and vascu1arized pedicle Hap cov
erage of the aortic stump are considered of paramount impor
tance for avoiding the latter complication. 

ln situ reconstruction may be accomplished by using a 
rifampin-soaked or silver-coated polyester graft, cryopreserved 
arteriaJ allograft, or saphenofemoral vein aUografr.6:·.?0 The first 
of the..">C is tl1e most expeditious, but yields a higher rate of 
reinfecrion and poor results in grossly purulent operarive fields. 
1l1ose expousing its use rend to embrace to use of adjunas such 
as wrapping the new graft and anastomoses in vascuJarized 
pedicle flaps, antibiotic irrigation therapy, or creation of clean 
retroperitoneal tunnels. 1l1e ncoaortoiliac system (NAIS) venous 
autograft reconstrucrion described by Clagett is a lengthy pro
cedure that p.laces significant demands on the patient and opera
tive tean1, but yields the lowest reported rate of reinfection. 
Reported results using cryopreserved arterial aUngrafr for in 
situ reconstruction have been mixed, but general ly reflect an 
intermediate rate of reinfection .~• Endovascular treatment of 
anastomotic disruptions is generally limited to cases without 
evidence of infection. It may use covered stent exclusion of the 

FIGURE 62-19 Axiial (A) and sagittal (B) CT views of an infected aortofernoral graft following repair of an infrarenal aneurysm. Foci of gas (thick 
arrows) and extensive inflammation (thin arrows) are visible surrounding the graft Of note, the tortuosity of the limbs of this graft represent 
a technical error. 
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FIGURE 62-20 111 ln-tagged white blood cell scan images at 20 hours 
delay demonstrate abnonnal uptake in the region of the right limb 
of an aortofemoral graft (sclid arrow). 

pscudoaneurysm or embolization of the pseudoaneurysm, gen
erally using coi Is or occlusion devices. 

Aortoentcric fistula (AEF) represents the most severe mani
festation of aortic graft infection. It rarely occurs as a primary 
process, generally because of erosion of an untreated aneurysm 
into the duodenum. Usually, the lesion is at the point of contact 
of the third portion of the duodenum with the proximal graft 
anastomosis. AEF has been reported in association with aortic 
stent-graft placement. This complication generally presents with 
herald upper or lower gastrointestinal bleeding which, if left 
untreated, may be followed by exsanguinating hemorrhage. AEF 
should be suspected when gastrointestinal bleeding develops in 
a patient with a history of abdominal aortic surgery or endograft. 
Although endoscopy may confirm the diagnosis, CT is a more 
sensitive diagnostic study for demonstrating an erosion or frank 
exposure of the graft, usually in the duodenum. The placement 
of endovascula.rr grafts in the setting of an infected pseudoaneu
rysm, graft iJlfection, primary aortic iJlfection, or AEF is perhaps 
best viewed as a temporizing measure ru1d is attended by high 
rates of re-inteliVention, morbidity, and mortality."2 

AORTIC DISSECTION 
Aortic dissection occurs when a tear in the intin1al layer of tbc 
vessel permits !blood to create a false cbannel within the aortic 
wall, typically between the media and adventitia. The aorta is 
divided into true and false lumens, separated by a septum 
referred to as the dissection fldp. A number of conditions, 
including connective tissue disorders such as Marfru1 syn
drome, hypertension, and pregnancy are associated with the 

development of aortic dissection, as arc activities such as cocaine 
abuse ru1d power weight tifting.~3 

A number of important distinctions must be made once 
the diagnosis of aortic dissection bas been made. The DeBakey 
ru1d Stanford classincations systems define dissections based on 
anatomic eXIem. DeBakey type r (involving both the ascending 
aJld thoracoabdominal aorta) and type n (limited to the ascend
ing aorta) dissections correspond to the Stru1ford type A {ru1y 
involvement of the ascending aorta), whereas the DeBakey type 
l1I a (confined to the descending thoracic aorta) ru1d type IIIb 
(involving the descending thoracic and abdominal aorta) cor
respond with the Stanford type B (not involving the ascending 
aona.; Figs. 62-21 and 22). 

Type A dissection typically presents acutely with chest or 
back pain, commonly described as ripping or tearing in nature. 
This may be accomprulied by profound hypotension, particu
larly in the setting of pericardia! tan1ponade or disruption of d1e 
aortic valve, and distal hypoperfusion, as seen in type B dissec
tions .. Distal pulse deficits or other evidence of malperfusion in 
a patient presenting with sudden-onset, severe chest or back pain 
should inlroediately prompt evaluation for aortic dissection. CT 
ru1d echocardiography can both not only diagnose dissection, 
but cru1 rapidly assess the status of the proximal aorta, pem1itting 
the critical distinction between type A and type B lesions. Acute 
type A dissection is generally considered a surgical emergency. 
Repair necessitates the use of adjuncts such as cardiopulmonary 
bypass and hypothermic circulatory arrest and, on occasion, 
replacement of the aortic valve in addition to replacement of the 
ascending aorra.43 

Type B dissection is further characterized as acute ($;14 
days from symptoms onset) or chronic (> 14 days from initiat 
symptoms) and, within these categories, as uncomplicated or 
complicated. Acute type B dissections will also frequently present 
with tearing chest or back pain, often in the setting of severe 
hypertension. Malperfusion of the spine, renal, visceral, or lower 
extremity vessels may complicate the presentation. Rarely, 
patients may present with frank ruptme. Anatomically, type B 
dissections generally originate from a prin1ary tear in the proxi
mal descending thoracic aorta, just distal to tl1e origin of the left 
subclaviaJl artery. Extension is typically ru1tegrade, extending as 
far as the iliac arteries, although retrograde extension may occur. 
Fenestrations or openings in the dissection flap may permit 
conmlllnication between true and false lumens at intervals along 
the length of the dissection. 

Penetrating atherosclerotic ulcer (PAU) and intramural 
hematoma (IMH) are also considered to be variants of aortic 
dissection. PAU represents focal intimal ulceration of the aorta 
within a region of preexisting atherosclerotic disease. These 
lesions may eventually extend into the media and evolve into a 
true dissection. IMH occurs when iJltramural thrombus is found 
without evidence of associated intin1al disruption, possibly as a 
result of disrupted vasa vasorum within the aortic wall. Sinlilar 
to PAU, IMH may evolve into dissection if a frank intin1al tear 
develops.74 

CT remains the mainstay of diagnostic imaging because it 
provides excellent anatomic data, the ability to localize the entry 
tear and fenestrations, assessment of branch vessel patency, and 
detection of extravasation of contrast consistent with rupture 
(.Fig. 62-23). Recently, ECG gated techniques have enabled the 
acquisition of motion-free images of the proximal aorta. CT is 
widely available and excellent sntdies may be obtained rapidly 
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Type A 

FIGURE 62-21 Classification systems for aortic dissection. Stanford type A corresponds to DeBakey type I (Involving the ascending and descend
ing aorta) and type II (Involving the ascending aorta). Stanford type 8 corresponds to OeBakey type Ill (origin of the dissection distal to the 
left subdavian artery and involving the descending aorta only or the descending and abdominal aorta). 

with modern multideteccor helical scatu1ers, often in a few 
minutes.43 As in abdominal aortic imaging, the effect of iodin
ated contra~t on renal function remains the principal drawback 
ofCT 

MRI scabs. are substantially more time-consuming to 
obtain and may be limited by patient factors. such as the pres
ence of metallic debris or medical implants that preclude its use. 
ECG gating of conrra~t-enhanced MRI can provide exceptional 
motion-free images of the proximal aorta. In addition, unlike 
contrasted CT. MRI permits appreciation of the direction of 
blood flow, as well as the calculation of values such as peak How 
and velocity. 

Catheter angiography provides excellent information about 
aortic and brand1 anatomy and involvement, the ability to visu
alize dissection Rap anatomy and fenestrations, particular~· with 
the adjunct of intravascular ultrasound (IYUS), and the ability 
to evaluate dissection physiology by measuring true and false 
lumen pressures and pressure differentials across fenestrations. 
In addition, angiography permits intervention on the coronary 
vessels, aorta, and branch vessels at the same setting. 

The treatment of type B dissection is evolving, particularly 
since the advenr of endovascular therapy. Traditionally, intensive 

medical management has been the mainstay of therapy for 
uncomplicated dissection whereas dissections complicated by 
rupture, aneLLrysmal expansion, and evidence of malperfusion 
or, according to some sources, intractable pain, have been 
managed smgically. 75 Aortic branch vessels to cl1e lower extremi
ties, viscera, and spine may originate from a true or false lumen. 
Mal perfusion may result from dynanlic compression of the true 
lumen by cl1e false thrombosis of one or both lumens, or static 
obstruction caused by extension of the dissection into the branch 
vessel. It may present as new-onset renal dysfunction, abdominal 
pain and mesenteric ischemia, lower extremity ischemia, or neu
rologic dysfunction rangiJlg from paresthesia to paraplegia. 

Open smgical therapy for type B dissection may consist of 
replacement of cl1e descending aorta or fenestration of the 
abdominal aorta to address visceral or limb malperfusion. 
Whereas replacement addresses the risk offurther aortic enlarge
ment or rupture within the replaced segment of aorta, fenestra
tion addresses malpetfusion exclusively. This procedure, which 
is rarely performed, involve.~ creating a transverse {if an inter
position graft is anticipated) or longitudiJ1al aortotomy in 
the dissected but nonaneurysmal paravisceral aorta co excise a 
portion of the dissection flap to permit perfusion of 
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FIGURE 62-22 A. Stanford type A dissection with dissection flap 
visible in both the ascending (thin arrow) and descending aorta (solid 
arrow). 8, Stanford type B dissection demonstrating proximal entry 
tear fenestration distal to the left subdavian artery (thin vertical 
arrow) and differential filling of true (solid arrow) and false (thin 
horizontal arrow) lumens. 

the mesenteric and renal arteries or, in the iJl frarenal aorta, to 
reperfuse the lower limbs. A similar effect may be achieved in 
an endovascular fashion by traversing the dissection flap at the 
level of the desi red fenestration and using an angioplasty balloon 
to enlarge the opening. Angioplascy may be used alone or with 
subsequent stent placement within the fenestration: '6 

Historically, open surgical therapy for complicated type B 
dissection has been associated with high rates of morbidity and 
mortallty. A review of data from the International Registry of 
Acute Aortic Dissection (TRAD) yielded a 29.3% overall rate of 
in-hospital mortality among patients treated surgicalJy for acute, 
complicated type B dissection, whereas Pannewn and colleagues 
reported a 43% rate of operative mortality for emergency open 
surgical fenestration. Of the patients in the IRAD report, 69% 
were treated with replacement of cl1e descending aorta, 28% 
with partial or complete replacement of the aortic arch, and 
9% wicll surgical fenesrration. Surgical or endovascular 
approaches to reva~culari7lng malperfused branch territories 
were used in 20% and 9% of patients, respectively.'6.~' 

]n 1999, Dake and a~sociates-'8 reported the placement of 
endovascular scent-grafts for acute aortic dissection as an alterna
tive to traditional surgical therapy. The principle of endovasnuar 
scent-graft therapy is coverage of the entry tear, depressurizing 
the false lumen, expansion of the true lumen and, idcaUy, com
plete thrombosis of the false lumen, generally within the first 
several monms post-treatment. False lumen thrombosis may 
cl1en initiate aortic remodeliJ1g, with an increase in cl1e dian1eter 
of the true lwnen, a decrease in the diameter of the false 
lumen and, in some cases, a decrease in overalJ aortic diameter 
(Fig. 62-24). 

FIGURE 62-23 Reformatted Cf images demonstrating a type B dis
section prior to (A) and following (B) placement of a thoracic endo
graft. Note coverage of the proximal fenestration, with resulting false 
lumen thrombosis and aortic remodeling. 

Adjunctive techniques such as fenestration or direct stent 
placement to restore flow to obstructed branch vessels are also 
important components of modern therapy for dissection. As in 
cl1e endovascular mru1agcment of thoracic aortic aneurysms, cer
vical reconstruction of cl1e supra-aortic branches may facilitate 
coverage of portions of the aortic arch to achieve an adequate 
proximal seal zone for the device. 

In me setting of chronic dissection, progressive thickening 
of the intimal £lap ha~ generally occurred. Distal reentry fenes
trations arc weU established, rendering false lumen cluombosis 
more difficuJt to induce than in acute dissecti.on and probably 
decreasing the overall occurrence of favorable remodeling.?4 

Procedural complications of endovascular stent-graft 
cl1erapy for dissection generally correlate with those ofTEYAR
There arc, however, several complications primarily specific co 
cl1e treatment of dissection, lncluding retrograde dissection 
(converting a type B into a type A dissection), worsening of 
malperfusion, and continued false lumen fiHiJ1g, with an inabil
ity to induce tluombosis. 

At me present time, there is a general consensus that 
medical cl1erapy remains the standard of care for acute, tmcom
pllcarcd type B dissection. However, interest in the potential for 
aortic remodeling and the prevention of aneurysmal dilation 
over time has prompted investigation of early stent-graftlng 
versus medical therapy ln this population. AJthougb an early 
ru1alysis of results has failed to show a survival advantage at 

2 years, the study was noted to be underpowered at mis point. 
These early findings demonstrated aortic renlodeLing ln 91% of 
scent graft patients versus 19% of patients rru1domlzed to 
medical therapy, which supports cl1e hope of many physicians 
that this therapy may ultimately provide a survival advantage 
over tln1c, ru1d that this trial may aid ln idenrl.fyiJ1g subgroups 
of patients most Ukely to benefit.~9 

http://www.myuptodate.com


2 5 

6 

B 

FIGURE 62·24 A. Ascending aorta dissection repair. Under circulatory arrest, the ascending aorta and transverse arch are opened, exposing the dissection (1, 2). The 
false lumen is obliterated (3). The graft is sutured to the transverse arch in an open distal anastomosis (4). 8, The distal anastomosis is reinforced (5). The aortic valve 
is resuspended (6). The proximal anastomosis is constructed (7). 
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The specialty of vascular surgery has matured dramatically over 
the past decade. With the advent of new devices and technique-S 
and the expansion of catheter and guidewire skills, the manage
ment of almost all vascular pathologic processes has been 
UJldergoing a process of reevaluation. Surgeons have tradition
ally been called on to make diagnoses and manage patients with 
emergent, urgent, and elective vascular surgical conditions. 
Although other medical disciplines are participating in this 
process to a greater degree, the surgeon with advanced open 
skills and complete faci lity with cndovascular techniques is 
ideally suited w manage d1ese patients. As our population ages 
and the prevalence of vascular disease increases, along with the 
growing awareness of potential therapeutic benefits by aJ1 edu
cated populace, it is incumbent on the vascular specialist to be 
facile with a widening ser of tools and rechnique.~-medical, 
surgical, and endovascular-to meet the needs of our patients. 

This chapter will cover epidemiology, basic science, diag
nostic workup, and medical treatment of peripheral vascular 
disease. Treatments nf acute and chronic limb ischemia, open 
and endovascular, will be discussed. Management of the diabetic 
foot, with an emphasis on an1putations, is included. Less 
common causes of limb ischemia are presented for completioJL 
The rapidly changing treatment paradigm of carotid stenosis is 
discussed, as weU as that of renovascular hypertension. Manage
ment of peripheral ru1d splanchnic aneurysms will be reviewed. 
Finally, arteriovenous (AV) access for the pariem with end-stage 
renal disease (ESRD) is presented in detail because this .remains 
an important component of contemporary general ru1d vascular 
surgical practice. 

EPIDEMIOLOGY 
Peripheral nrter_y occlusive disease (PAOD), commonly referred to 
as peripheraL arterial disettse (PAD) or peripheraL vttscuittr disettse 
(PVD), refers to the obstruction or deterioration of arteries other 
than those supplying the heart and within tbe bralJ1. There are 
a munber of patholngic processes d1at mrulifesr d1eir effects on 
clJe arterial circulation. 

1l1e common denominator among these processes is d1e 
impairment of circulation and resultant ischemia to the end 
organ involved. Highly prevalent in our society, arterial occlusive 
disease, in its myriad iterations, constitutes tbe leading overall 
cause of death. Jn addition to death from myocardial iJ1farcrion 
or stroke, significant disability and loss of function from PAD 
result in an enormous cost in impaired quality of life for our 
aging population and a direct financial cost to our health care 
system. 

1l1e incidence of symptomatic PAD increases with age, 
from approximately 0.3%/year for men aged 40 to 55 years to 
approximately 1 %/year for men older than 75 years. In the 
United States, PAD affects 12% to 20% of Americans aged 65 
years and older. 

PAD is more prevalent in nonwhite populations, and tills 
is nor completely explained by ru1 increased incidence of comer
bid diseases.' An ankle-brachial index (ABI) less d1an 0.90 is 
almost twice as common iJ1 non-Hispanic blacks than whites. 
Risk is increased in smokers and in patients wid1 hypertension 
(HTN), dyslipidemia, hypercoagulable stares, renal insuffi
ciency, and diabetes mellitus (DM) (Fig. 63- 1). The prevalence 
of PAD is strikingly higher .in a younger diabetic population, 
affecting one in three diabetics older thru1 50 years. Diagnosis is 
critica\1, because people with PAD have a risk of heart attack or 
stroke four ro five times higher than the age-matched population 
(Fig. 63-2). TI1e risk of PAD also increases in individuals who 
older than 50 years, male, obese, or with a fanuly history of 
vascular disease, heart attack, or stroke. Orher risk factors that 
are being studied include levels of various inflanm1atory media
tors, such as C-reacrive protein and homocysteine. 

BASIC SCIENCE OF VASCULAR DISEASE 

Vascular Wall Microanatomy 
1l1e arterial waU consist~ of three concentric layers: 
l. 1l1e innermost layer is ti1e intima. This is structurally a tube 

of endothelial cells in which the long axis of each cell is 
O'fiented longitudinally. The cells are aligned in a single 
Layer ru1d iJ1terface wicl1 ti1e blood, providing metabolic 

1725 

http://www.myuptodate.com


1726 SECTION XII VASCULAR 

Male gender (cf female) 

Age (per 10 years) 

Diabetes 

Smoking 

Hypertension 

Dyslipidemia 

Hypemomocysteinemia 

Race (Asian/Hispanic/ 
black vs. white) 

C-reactive protein 

Renal insufficiency 

Odds ratio 

2 
I 

1 

I, 

D 
D 

D 
I 

3 4 
I I 

I 

D 

FIGURE 63-1 Risk factors for symptomatic peripheral arterial disease. 

reactivity and signaling via transport of mediators through 
their internal ceUular architecture. 1hc intima is separated 
from d1e media by d1e internal elastic membrane. 

2. 'TI1e media is the major structural support for the artery. It 
is composed predominantly of circumfercntially arranged 
smooth muscle cells, collagen, elastin, and proteoglycans. 
Proteoglycans are formed of disaccbarides bound to protein; 
they serve as binding or cemem material in the imerstitial 
spaces. 'TI1e blood supply for the im1er part of the media is 
by direct diffusion through the intima whereas me outer 
part is supplied by smaUer penetrating arteries, known as 
vttsa vasorum. 1he media is separated from the outermost 
layer, the adventitia, by the external elastic membrane. 

3. 'TI1e advemitia contains fibroblasrs, collagen, and elastic 
tissue and is me strength layer of me artery. 

Atherosderosis 
Atherosclerosis is the most common pathology associated with 
PAD. There are a number of terms used to describe this process 

that are similar and yet distinct in speWng and meaning, and 
are often confused. The principle root, athem, is from the Greek 
word meaning gruel; an atheroma can be translated literally as 
a lump of gruel. Ad1erosderosis is a hardening of an artery 
specifically caused by an ad1eromatous plaque. The tem1 athero
genic is used for subsrances or processes that cause atherosclero
sis. Arteriosclerosis is a general term describing any hardening 
(and loss of elasticity) of medium or large arteries (from the 
Greek arteria, meaning artery, and sclerosis, meaning hardening); 
arteriolosclerosis is any hardening (and loss of elasticity) of arte
rioles (smalJ arteries). 

A number of causative factors have been identified for 
atherosclerosis. Hyperlipidemia, hypercholesterolemia, hyper
tension, diabetes mellitus, and exposure to infectious agents or 
toxins such as from cigarette smoking arc all important and 
independent risk factors. 1he common mechanism is thought 
to be endothelial cell injury, smooth muscle cell proliferation, 
inflammatory reactivi.ty, and plaque deposition. 

There are several components found in ad1erosderotic 
plaque-lipids, smooth muscle celJs, com1ective tissue and 
inflammatory cells, often macrophages. Lipid accwnulation is 
central to ilie process and distinguishes atheromas from oilier 
artcriopatl1ics. ln advanced plaques, calcification is seen and 
erosive areas or ulcerations can occur, exposing the contenrs of 
the plaque to circulating prothrombotic cells. There is an impor
tant correlation between plaque morphology and clinical 
sequelae. 'TI1e plaque's lipid core may become a necrotic mix of 
amorphous extracellular lipid, proteins, and prothrombodc 
factors covered by a layer of smood1 muscle cells and connective 
tissue of variable thlckness, the fibrous cap. If d1e thin fibrous 
cap ruptures and the contenrs of me lipid core are exposed to 
circulating humoral factors, d1e body, perceiving the ulceration 
as an injury, may lay down platclers and initiate clot formation. 
ln this manner, a relatively low-grade, hemodynamically insig
nificant narrowing can precipitate an acute thrombosis and 
result in a dramaricaUy significant ischemic event, such as a 
myocardial infarction. 

Plaque morphology can be evaluated by ultrasound and 
magnetic resonance imaging. 1he heterogenous plaque wid1 a 
thln fibrous cap or ulceration, often described as unstable or 
vuL1erable, is more likely to be virulent in nature, with an 
increased risk for embolization of particulate and ilirombotic 
potential. ischemia, merefore, can result from a number of pos
sible plaque behaviors, such as encroachment on the lumen 
(stenosis or narrowing) wiili hypoperfusion, stagnation, and 
dvombosis; rupture of d1e fibrous cap inducing d1rombus for
marion in the lumen, with outright occlusion; and embolization 
of thrombotic debris into d1e downstream circulation. 

Although ailierosderosis is a systemic disorder, iliere is an 
interestingly predictable pattern of distribution of atheromatous 
plaques throughout the arterial tree d1at is likely a result of 
consistent hen1odynanuc stresses associated with human ana
tomic design. Plaques tend to occur at bifurcations or bends 
associated with repetitive external stresses. Areas at which shear 
stress increases from disturbances in flow or turbulence, with 
lateralizing vectors and eddy formation, are prone to atheroma
tous degeneration. TI1e infrarenal abdominal aorta, iliac bifurca
tions., carotid bifurcations, superficial femoral arteries as they 
exit at Humcr's canal, and ostia of the coronary, renal, and 
mese:nteric arteries, are aU common sites of plaque formation. 
Conversely, the upper extremity arteries and common carotid, 
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FIGURE 63-2 Outcomes of atherosclerotic peripheral a rterial disease at 5 years. (!From Hirsch AT, Haskal ZJ, Hertzer NR, et al; American Associa
tion for Vascular Surgery/Society for Vascular Surgery; Society for Cardiovascular Angiography and Interventions; Society for Vascular Medicine 
and Biology; Society of lnterventional Radiology; ACC/AHA Task Force on Practice Guidelines: ACC/AHA Guidelines for the Management of 
Patients with Peripheral Arterial Disease Power extremity, renal, mesenteri c. and abdominal aorticj : A collaborative report from the American 
Associations for Vascular Surgery/Society for Vascular Surgery, Society for Cardiovascular Angiography and Interventions, Society tor Vascular 
Medicine and Biology. Society of lnterventional Radiology, and the ACC/AHA Taslk Force on Practice Guidelines [writing committee to develop 
guidelines for the management of patients with peripheral arterial disease]-summary of recommendations. J Vase lnterv Radiol 17:1383-1397, 
2006.) 

renal, and mesenteric arteries, beyond their origins. are ofren 
much less involved. 

EVALUATING AND TREATING THE PATIENT 
WITH PERIPHERAL ARTERIAL DISEASE 
Patients are typically referred to the vascular specialist to clarify 
a diagnosis and determine a strategy for treatment. The process 
involves clinical assessment, establishing the partiCLLlars of the 
patient's medical history and performing a physical examination, 
diagnostic snrdies to clarify and localize the problem and poten
tiaUy elucidate the functional severity of the condition, and 
ultimately balancing the severi ty of the patient's condition with 
cl1e potential risks and benefits of therapeutic intervention. 

History and Physical Examination 
Rapidly advancing technology in imaging and cndovascular 
cl1erapies epitomize the cutting edge, the "high-tech" side of 
vascular surgery, but the fow1dation of this field is profow1dly 
"low-tech.'' The history and physical examination procc.>ss can 
ofren identify the location and relative severity of cl1e patient's 
vascular disease accu rarely. 

The most common presenting symptom in lower extren1it:y 
vascular disease is pain. Characterizing the pain- location, pre
cipitating. aggravating, and relieving factors, frequency, dura
tion, and evolution-can allow one to diagnose o r exclude most 

arteriaJ and venuus diseases with a higb degree of sensitivity, even 
before examining rne patient. Clarifying rhe nature of the pain 
as a starting poim atlows one to segregate patient~ into two broad 
categories of presentation for PAD, chronic arterial insufficiency 
and acute arterial occlusion. 

Chronit Arterial lnsuffidenty 
'TI1e clinical presentation ranges from asymptomatic to gangre
nous tissue loss. Intermittent claudication is a common presen
tation in the outpatient setting. and usuaUy signifies mild to 
moderate vascular occlusive disease. Classically, pain occurs wicl1 
activity or arnbulation and is relieved wicl1 rest. Because of the 
frequency of superficial femoral arterial disease, the usual loca
tion of the pain is in the calf, but claudication may also involve 
the thighs or the buttocks because the arterial disease may be 
located in the aorto-iliac segment. 'TI1e arterial disease is usuaUy 
one level above the symptomatic muscle group. The differential 
diagnosis of leg pain is broad and the treatment modalities are 
equally disparate. Table 63-1 oudi11es an approach to the dif. 
ferenda! diagnosis of claudication. 

Patients who are limited in arnbulation because of arthritis, 
severe lung disease, o r heart failure, or who are diabetic with 
neuropathy, may not experience leg pa.in and may present inj
tially with advanced disease. Worsening perfusion leads to criti
cal limb ischemia (CLT}, which may be manifested by rest pain. 
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Table 63-1 Differential Diagnosis of Intermittent Claudication 
LOCATION OF 
PAIN OR CHARACTERISTIC ONSET RELATIVE EFFECT OF BODY OTHER 

CONDITION DISCOMFORT DISCOMFORT TO EXEROSE EFFECT OF REST POSITION CHARACTERISTICS 
Intermittent Buttock, thigh, Cramping. aching, After same Quickly relieved None Reproducible 

claudication or calf fatigue, degr~e of 
muscles and weakness, or ex erose 
rarely the foot frank pain 

Nerve root Radiates down Sharp lancinating Soon, if not Not quickly Relief may be History of back 
compression ~e.g .• leg. usually pam immediately relieved (also aided by problems 
hermated disc posteriorly after onset often ~resent adjusting back 

at rest position 

Spinal stenosis Hi~, thigh, Motor weakness After walking or Relieved by Relief by lumbar Frequent history of 
uttocks more standing for stopping only if spine flexion back ~roblems, 

(follows pr?minent than variable lengths position (sitting or provo ed by 
dermatome) pam of time changed stoopmg Intra-abdominal 

forward) pressure 

Arthritic, Foot. arch Aching pain After variable Not quickly May be relieved Variable, may 
inflammatory degree of relieved (and by not bearing relate to activity 
process exerc1se may be present weight level 

at rest) 

Hip arthritis Hi~, thigh, Aching After variable Not quickly More comfortable Variable, may 
uttocks discomfort degree of relieved (and sitting. weight relate to activity 

usually exercise may be present taken off legs level, weather 
localized to hip at rest) changes 
an~ gluteal 
reg1on 

Symptomatic Baker's Behind knee, Swelling. With exercise Present at rest None Not intermittent 
cyst down calf soreness, 

tenderness 

Venous claudication Entire leg, but Tigh~ bursting After walking Subsides slowly Rel ief speeded by History of 
usually worse pa1n elevation il iofemoral deep 
in thigh and vein thrombosis, 
groin signs of venous 

congestion, 
edrna 

Olronic Calf muscles Tight, bursting After much Subsides very Rel ief speeded by Typically occurs in 
compartment pain exercise (e.g., slowly elevation heavily muscled 
syndrome jogging) athletes 

Adapted from Dorrnandy JA, Rutherford RB: Management of peripheral arterial disease (PAD). TASC Working Group. TransAilantic Inter-Society Consensus (TASQ. J vase 
Surg 31:51-5296, 2000. 

This is described as pain that occurs at rest; it may wake the 
patient from sleep. CL1 patients present also with tissue loss with 
ulceration or no nJ1ealing wounds of the foot. 1l1is usuaiJy i11 the 
dorsum of the foot, relieved with dru1gling the leg over the edge 
of the bed. Patient may also have tissue loss with ulcerations or 
nonhealing wotmds of the foot (Table 63-2). 

Initial evaluation must i11clude a detailed medical history 
of comorbid conditions. In addition to coronary artery disease 
(CAD), carotid artery stenosis (CAS), and prior stroke, risk 
factors for atherosclerosis (e.g., diabetes, hypertension, dyslipid
emia, tobacco abuse, hyperhomocysteinemia) should be queried 
ru1d their level of opt:im.ization understood. Because medical 
management is a cornerstone of vascular therapy, a review of the 
patient's medications is im perative, with attention to the poten
tial need for antiplatefet agents, beta blockers, angiotensin
converting enzyme (ACE) inhibitors, and statins as a matter of 
course. Previous exposure to heparin , protamine, and NPH 
imuliJ1 (neutral protan1ine Hagedorn)' should be noted. AJJer
gies w contrast: agents or iodine should be documented. 

The surgical history and physical exanlination include 
details of surgical incisions as indicative of prior surgical inter
vention. Mru1y patients wiU have undergone coronary artery 

Table 63-2 Clinical Oassification of Peripheral Arterial 
Disease: Fontaine and Rutherford Systems --------
Fontaine Classification Rutherford Classification 
STAGE CLINICAL GRADE CLINICAL 

Asymptomatic 0 Asymptomatic 

lla Mild claudication Mild claudication 

lib Moderate to severe 2 Moderate claudication 
claudication 3 Severe claudication 

Ill Ischemic rest pain 4 lschen1ic rest pain 

IV Ulceration or s Minor tissue loss 
gangrene 6 Major tissue loss 

bypass grafting; the presence of a left imcrnal mrunmary- lcft 
anterior descending coronary graft ru1d previous great saphenous 
vein harvest can change dte surgical plru1 for peripheral revascu
larization. Frequent or recent coronary catheteri7..ation (or 
perip heral angiogrruns) can suggest chatlenging groin access with 
significant scar tissue. Procedure reports should be reviewed for 
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details of access, closure or incidental findings of peripheral 
artery stenoses. Previous surgery, whether neck, abdominal, 
spine, joint, or vascular operations, can affect decision malting 
and efforts to gain the details of these are important. A family 
history of a first-degree relative with abdominal aortic aneurysm, 
stroke, or early myocardial infarction should be soughr. 

A vascular review of symptoms documents the presence or 
absence of transient ischemic attack or stroke, such as uniJatcral 
weakness or sensory deficit, difficulty with speech or swallowing, 
word-finding difficultit'S or memory changes, dizziness, drop 
attacks, blurry vision, arm fatigue, weight loss or pain after 
eating, renal insufficiency or poorly controlled hypertension, 
impotence, claudication, rest pain, or tissue loss. As for all 
patients, a detailed understanding of the patient's functional 
status helps delineate goals of therapy and perioperative risk. 
Patients who are limited in their activities of daily living by their 
vascular disease or other comorbidities cannot provide an accu
rate picture of their cardiac fw1ction and will likely require 
further cardiac workup. History of tobacco abuse must be docu
mented, as well as all clinical efforts for encouraging smoking 
cessation. 

The physical exan1ination begins with vital signs. which 
often reveals hypertension and tachycardia. Blood pressure in 
both arms should be documented. The presence or absence of 
carotid bruits, cardiac murmurs, abdominal, Rank, or groin 
bruits should be noted. 1l1e abdomen should be palpated for 
the aortic pulsation. lncision scars should be noted. Bilateral 
carotid, radial, ulnar, femoral, popliteal, dorsaUs pedis (DP), and 
posterior tibial (PT) pulses should be palpated and character
ized. If pulses are not palpable, a continuous wave Doppler can 
be used to check for signals. Common physical fu1dings of PAD 
include hair loss and dry shiny skin with nail hypertrophy. ln 
CLI, the classic findings of dependent rubor and pallor with 
elevation of the limb can be observed. h1 cases of severe rest pain, 
patients may have peripheral edema because they are unable to 
take their legs from the dependent position without pain. The 
feet should be meticulously inspected for wounds and signs of 
skin breakdown. A neurologic exan1.ination docLUnenting equiv
alent strength and sensation in the l.imbs and cranial nerves 
should be performed. 

Routine laboratory work should include a complete blood 
cow1t, chemistry {to evaluate renal function and glucose), and 
a lipid panel. An albumin level can be helpful in delineating the 
adequacy of a patient's nutritional status, if ti:Us is in question. 
1l1e hemoglobin Ale (HbAlc) level indicates the patient's level 
of glycemic control over the previous 120 days. 

A baseline electrocardiogran1 should be obtained. Any 
previous cardiac testing, including echocardiography, stress 
echocardiography, dobutamine-adenosine sestamibi scan, and 
coronary catheterization, should be reviewed and documented. 

Physiologic Testing and Imaging 
1l1e vascular laboratory is a powerful tool in. the arman1entarium 
of the surgeon. Noninvasive testing confirms and localizes 
disease, provides end points to demonstrate improvement fol
lowing intervention, enables long-term follow-up of bypass 
grafts and percutaneous interventions, and can detect silent 
d.isease recurrence. Tesrs commonly performed in the laboratory 
include theABI, with multisegmental pressures, waveforms, and 
toe-brachial index {TBJ), pulse volume recording (PVR), pho
topletllysmyography (PPG), and arterial duplex examination. 

l ' ' 
I 

FIGURE 63- 3 Segmental pressure is measured with the same tech
nique as ankle pressure, but with cuffs placed at the upper part of 
the th igh, lower part of the thigh, below the knee, and ankle. (From 
Kohler TR. Sumner OS: Vascular laboratory: Arterial physiologic assess
ment. In Cronenwett JL, Johnston W [eds] : Rutherford's vascular 
surgery. ed 1, Philadelphia, 2010, Saunders.) 

The vascular laborarory represents one of the last arenas in which 
a nonimaging indirect measure of physiology is still widely used 
as a diagnostic tool. 

Regardless of plans for intervention, ir is recommended 
that asymptomatic patients at risk for PAD and those with 
symptoms undergo ABI testing. 1l:Us examination can be per
formed simply with a manual blood pressure cuff at the ankle 
and a continuous wave Doppler probe. With the patient in a 
supine· position, after several minutes of rest to allow limb pres
sure to rettlfn to baseline, the cuff is inflated at the ankle, with 
the Doppler probe held at tl1e location of the distal DP or PT 
signal. 1l1e systolic pressure is recorded as the pressure in the 
cuff when the Doppler signal returns. 1l1is process can be per
formed wi th multiple cuffs allowing for segmental pressure 
determination (Fig. 63-3), which is helpful in localizing the level 
of the obstructing lesion. 1l1e ABI for a Jjmb is calculated using 
the higher of d1e rwo ankle pressures divided by the higher of 
the two bracl:Ual pressures {Tables 63-3 and 63-4). Patients with 
an ABI of 0.90 or less have a three- to sixfold increased risk of 
cardiovascular mortality. 

Continuous wave Doppler analog waveforms can be 
obtained along with the segmental presstlfes. PPG uses an infra
red Jjgbt-emitting source and a photosensor; it is based on the 
principle that red light is decreased with increased blood flow in 
tissues to generate a pressure and waveform within the digit- The 
data generated from these studies should include bilateral bra
dual artery, high thigh, low thigh, calf, DP, PT. and toe pressures 
with waveforms (Fig. 63-4). A decrease in pressure of 20 to 
30 mrn Hg between adjacent segments is indicative of a signifi
cant lesion. 1l1e normal Doppler arterial wavefom1 demonstrates 
triphasic Aow witl1 a sharp systolic upstroke, reversal of fl ow in 
early diastole from vessel compliance, and low-ampJjtude 
forward flow throughout diastole. With obstructive disease, the 
initial feature lost is the reversal of tl1e Aow component, leading 
to multiphasic (previously called biphasic) flow. Severe disease 
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Table 63-3 Clinical Correlation of Diffe.rent Levels of ABI* 
ABI PRESENTAnON 
1.11 ±0.10 

0.59 ± 0.15 

0.26 ± 0.13 

0.05 ±0.08 

Normal 

Intermittent claudication 

Ischemic rest pain 

Tissue loss 

From Moneta GL, Zaccardi MJ, Olmsted KA: Lower extremity arterial ocdusive 
disease. In Zierler RE, editor: Strandness's duplex scanning in vascular disorders, 
ed 4, Philadelphia, 2010, Lippincott Williams & Wilkins, Wolters Kluwer Health, 
pp 133- 147. 
*The diagnosis of PAD is given to ABI <0.9. ABI > 1.3 is interpreted as abnormal 
because of incompressible tibial arteries, frequently seen in diabetes and end
stage renal failure. !Example: The ABI is calculated using the higher of the two ankle 
pressures (as indicative of limb perfusion), and the higher brachial pressure (as 
indicative of systemic pressure). In this example, the left and right ABI values are 
both 0.30. 

Table 63-4 calculation of ABI 
PARAMETER RIGHT 
Brachial blood pressure 150 mm Hg 

Dorsalis pedis SO mm Hg 

Posterior tibia 25 mm Hg 

ABI 0.30 

Pre-intervention: left critical limb ischemia 

A 

LEFT 
100 mm Hg 

25 mm Hg 

50mm Hg 

0.30 

FIGURE 63-4 A. Patient with severe left leg daudication and diabetes. Segmental pressures demonstrate left ileofemoral obstruction. 
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leads to blunting of the arterial waveform, wid1 decreased ampli
tude and decreased slope of the upst roke. With worsening symp
toms, there is increased diastoli.c Row, resuJting in monophasic 
flow. A change in waveform can be interpreted, along with a 
change in pressu.re, as indicative of disease at that level. Limita
tions of ABl and scgmemal pressure detem1inations include 
mural calcification, such as seen in DM and ESRD, leading to 
elevated pressures that do not accurately reflect intra-arterial 
perfusion pressure. With a noncompressible vessel, a TBI higher 
than U.7Uwith an absolute digit pressure higher than 50 mm Hg, 
with a normal waveform, is indicative of preserved flow because 
digit arteries are relatively resistant to the intramural calcifica
tion. The higb thigh pressure cannot always distinguish among 
common mac, external i.liac or common femoral disease. A 
proximal stenosis can decrease flow to the extent that accuracy 
is lost when interpreting gradients downstream. 

Symptomatic patients with palpable distal pttlses or a 
normal resting ABI should w1dergo exercise testing with mea
surement of the postexercise ABI. 1l1e decrease in peripheral 
vascular resistance that occurs with exercise-induced vasodilation 
will increase the drop in pressure seen across a stenotic lesion. 

Patients w1dergo resting ABI testing, foil owed by treadmill exer
cise until symptoms occur; repeat ABI testing may then reveal 
a decrease in ankle pressure of 2U mm H g or a decrease in the 
ABI of 0.20. These changes, or a failure of the ABI to return to 

preexe.-cise baseline within 3 minute$, are interpreted as a posi
tive result. 

Arterial duplex uJtrasonography provides B mode (gray 
scale) imaging, pulsed Doppler spectral waveforms, and color 
flow data for analysis and, in experienced hands, can provide 
sensitive and specific information about the abdominal aorta 
and visceral, renal, iliac, and distal limb vessels. Peak systolic 
velocities (PSVs) and end-diastolic velocities are recorded. Wave
forms are generated and analyzed. Color flow is usefuJ for dem
onstrating patent vessels in very low-flow states and for 
distinguishing antegrade from retrograde Row. As in continuous 
flow Doppler analysis, a change in waveform from triphasic to 

monophasic, or an increase in PSV followed by a drop in veloc
ity, indicates a hemodynan1ically significant lesion. A ratio of the 
PSV within the stenosis to the PSY of the proximal normal 
segmc.11.t of 2.0 or more correlates with a stenosis of 50% or 
more. Visualization of intra-abdominal segments requires the 

Post-intervention 
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FIGURE 6l-4, cont'd B, Following left ileofemoral bypass and common iliac artery stent placement, the ABI is significantly improved and the 
patient is asymptomatic. 
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FIGURE 63-5 Arterial duplex scanning, left critical limb ischemia. Although both .ABis are abnormal (A), the right limb waveforms are multiphasic 
and the left-sided waveforms are monophasic. Arterial duplex images show normal left CFA (B) and no flow in the proximal SFA (C); however, 
flow in the distal SFA (D) and dorsalis pedis arteries (E) is present because of collateral flow from the profunda femoris (F). 
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FIGURE 63-6 Postintervention on the same patient as Figure 63-5 shows intact flow throughout SFA and improved d istal flow. 

patient to be fasting prior to the exam.ination to eliminate bowel 
gas; studies can be Umited by body habitus. Severe calcification 
of the distal vessels can impede imaging of A ow (Figs. 63-5 and 
63-6). 

Imaging Studies 
When intervention is planned, further imaging to delineate the 
location and nature of disease is needed. 1he gold standard for 
these purposes bas been angiography. Because of the invasive 
natme of thls test, with attendant risks of complications, imaging 
was previously reserved as a preoperative study for patients deter
mined to be operative candidates because of the severity of their 
disease and their suitability for surgery. "This algorithm has 
changed somewhat in contemporary practice. Most angiography 
is therapeutic rather than diagnostic, with lesions that are 
deemed amenable for endovascular intervention addressed in the 
same serting as the initial angiogram. Alternatively, computed 
tomography angiography (CTA) or magnetic resonance angiog
raphy (MRA) may enable the acquisition of the same vascular 
roadmap prior en a planned intervention. 

Angiography Access is usually via the contralateral common 
femoral or left brachlal artery. A complete diagnostic study is 
performed .in four steps: (1) abdominal aortography, with a 
multisidc hole catheter placed at the level of the diaphragm, 
imaging the abdominal aorta, celiac artery, superior mesenteric 
artery (SMA), inferior mesenteric artery (IMA), and aortic bifur
cation: (2) pelvic angiography with a multiside hole catheter at 
the aortic bifurcation, imaging the bilateral common iliac, hypo
gastric, and external iliac arteries, common femoral arteries, and 

proximal superficial femoral (SFA) and profunda femoris artery 
(Fig. 63-7). (3) The contralateral common femoral artery is chen 
selected using an end-hole catheter, and images of the contra
lateral SFA, profunda, popliteal, tibial, and pedal vessels are 
obtained in one to three low-holus runs. (4) 'TI1e access sheath 
is then pulled back to the level of the distal ipsilateral external 
iliac arte.ry to image the ipsilateral limb. Trans-stenotic pressure 
gradients and multiplanar images can clarify the significance of 
an ambiguous lesion. Complete assessment of the aortic and iUac 
inflow and bilateral lower extremities requires 75 to 100 mL of 
contrast. 

Risks of diagnostic angiography and all endovascular 
procedures include groin hematoma, retroperitoneal bleeding, 
pseudoaneurysm, and arterial dissection. Even a small amount 
of bleeding after brachial artery access can. cause symptomatic 
brachial sheath hematoma aJld neural compromise requiriJ1g 
exploration and evacuation. These risks are reduced by the 
routine usc of ultrasound-guided access and micropuncture 
tecl:mi q ues. 

The risk of conrrast nephropathy is Umited by prudenr use 
of contrast, selective catheterization, which decreases the volume 
of the contrast bolus required to opacify the vessels, and use of 
lower ionic load or iso-osmolar contrast agents. Patients are 
counseled to increase oral hydration in preparation for and 
following arteriography. Metforntin and ACE inhibitors, as well 
as diuretics, are held prior to the procedure and for 48 hours 
postprocedure. There is some evidence for preoperadve medica
tion with acetylcysteine, 1200 mg PO twice daily, before and 
after arteriography, as well as IV fluid hydration tL~ing half
normal saline with 1.5 ampules of sodium bicarbonate or DSW 
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FIGURE 63-7 Aortogram with bilateral lower extremity runoff, nonsubtracted. A, Occluded aorta with left renal artery occlusion. 
B. Reconstitution of bi lateral common femoral arteries, flush SFA occlusions. C. Reconstitution of right above-knee popliteal artery, left SFA. 
Below the knee, proximal bilateral tibial flow appears intact. 
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FIGURE 63-8 A. CTA scan with volume rendering demonstrates 
normal common iliac. external iliac. common femoral, deep and 
superficial femoral, popliteal and proximal tibial arteries. B. MRA scan 
demonstrating distal tibial disease. (Courtesy Dr. Douglas Hughes, 
University of Texas Medical Branch at Galveston (UTMB], Department 
of Radiology.) 

with three an1pules of sodium bicarbonate. Patient~ with a 
history of contrast allergy should be premedicated according to 
institutional guidelines with steroids and histamine blockers 
(e.g., diphenhydramine). 

Risk of radiation exposure for diagnostic procedures is 
limited but, with the growing complexity of endovascular inter
ventions, cumulative exposure is a potential concern for the 
patient and for the physician exposed during the therapeutic 
procedure. Monitoring is essential and routi11e. 

Computed Tomography Angiography 1l1e widespread use of mul
tideteccor row CT scaJmers has improved the speed , volume 
coverage, and slice thickness of images so that a single contrast 
bolus can be imaged as it passes mrough the arterial system. One 
advantage of CTA (Fig 63-8A) is the depiction of the entire 
vessel, with the abili ty to appreciate thrombus and calcification; 
arteriography typically characterizes only me lumen of the 
artery. Thin slices of 0.625 mm allows for three-dimensional 
reconstructions and multiplanar reformatting that is not rou
tinely adueved wid1 convemional arteriography. CTA rusadvan
tages are similar tto those of arteriography, with the potential for 
complications fro m the use of iodinated contrast agents and 
significant accumulation of radiation exposure. 

Magnetic Resonance Angiography Advocates of contrast-enhanced 
MRA with gadolinium (see Fig. 63-SB) report a high sensitivity 
and specificity of thls modality for demonstrating the degree of 
stenosis and lesion length, and even superiority in identifying 
distal target vessels when compared with conventional arteriog
raphy.3 Disadvamages of MRA technology include d1e need for 
patient cooperation, patient discomfort, longer studies. expense. 
contrru11rucations with certain metalllc implants, and renal tox
icity reported with use of the contrast agent, Gadolinium. Its 
use is contraindicated in renal disease because of the risk of 
nephrogenic systemic fibrosis. This is a rare complication associ
ated with the administration of gadolinium-based agents to 
patienrs with renal failure or renal insufficiency having a glo
merular filtration rate 30 mUmin or lower.4 Patients develop 
fibrosed nodules of the skin, eyes, and joints. Severe contracture 
limiting movement or involvement of the heart, liver, and lungs 
bas been described. 

Carbon Dioxide Angiography Angiography using C02 as a con
trast meruum can be helpful in patients with severe chronic renal 
insufficiency. C02 temporarily rusplaces the blood in the artery 
being imaged. C02 rapidly dis.~olves, but 3 co 5 minutes must 
be allowed to pass between iJ1jeccions. The !mutations to use of 
this contrast agent include poor detail, especially for rustal 
vessels. The bolus may cause significam patient discomfort. 
Sequelae of C02 embolus, with gas trapping leading to mesen
teric ischemia, have been described. C02 is not used for arch or 
cerebral arteriography. 

lntravasaJiar UHrasoond With improvements iJ1 high-frequency 
smaller transducers, the use of catheter-based in travascular ultra
sound NUS (Fig. 63-9) has increased. IVUS provides a trans
verse, 360-degree image of me lumen of the vessel to be imaged 
throughout its length and provides qualitative data about the 
wall anatomy. It has been used in peripheral interventions for 
opening chronic total occlusions (CTOs) and bas been instru
menta1 in the endovascular treatment of aortic dissection. As a 
diagnostic tool. adjuncts sud1 as color Bow Doppler enable the 
delineation between fl ow and thrombus, whereas virtual histol
ogy, iJ1 which color is assigned to plaque components of fibrous, 
fibrofatty, calcified, and necrotic lipid core densities, has been 
shown to correlate well with actual histology iJ1 assessment of 
coronary5 and carotid arteries disease.6 The use of lVUS, 
however, increases the length of procedures and its expense 
limits its applicability. 

Treatment 

Medical Treatment 
Despite the aging of our population and increasing numbers of 
people affiicced by atherosclerotic arterial rusease, morbiruty 
from myocardial infarction and stroke is decreasing. This is likely 
secondary to advances in medical management and increasing 
awareness by affected inruviduals about the availability of meru
cations that can limit the progression of the disease process. The 
American Heart Association (AHA) has published guidelines for 
risk modification that have grown iJ1creasi11gly aggressive in 
efforts to crear this important public healtb concern. In contem
porary Sll!gical practice, lipid modification, antiplatelet and 
antihypertensive control, and smoking cessation strategies are 
aU becoming standard management issues for the patient with 
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FIGURE 63-9 Intravascular ultrasound. Counterclockwise from left comer: patent common iliac artery stent (A); common iliac artery stent 
thrombosis (B); ·external iliac artery plaque (C); external iliac artery plaque (D). (Courtesy Dr. Syed Gilani, University of Texas Medical Branch at 
Galveston [UTMB], Department of Cardiology.) 

vascular disease. Table 63-5 summarizes the AHA guidelines for 
risk factor modification. 

Risk facrors contributing to PAD are the same as those for 
atherosclerosis: 

• Smoking. Tobacco use in any form is the siJ1gle most 
imponanr modifiable cause of PVD internationally. 
Smokers have up to a tenfold increase .in relative risk 
for PVD in a dose-related effect. Exposure to second
hand smoke from environmental exposure has also 

been shown to promote cl1anges in endothelium, the 
precursor to atherosclerosis. 

• Dyslipidemla. Decreased high-density lipoprotein 
(HDL) cl1olesterol and elevations of total cholesterol, 
low-density lipoprotein (LDL) cholesterol, and tri
glyceride (TG) levels have been correlated with accel
erated PAD. Correction of dyslipidemia by diet and/ 
or medication is a.~soci ated with a major improvement 
in short-term rates of heart attack and stroke. This 
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Table 63-S Medical Therapy for Peripheral Arterial Disease 

DISORDER 
Dyslipidemia 

RECOMMENDED 
PHARMACOLOGIC 
AGENT 

PURPOSE OF 
CARDIOVASCULAR RISK 
REDUCTION 

CLASS OF 
RECOMMENDATIONS 

LEVEL OF 
EVIDENCE COMMENTS 

Stalin 

Gemfibrozil 

Hypertension 

Beta blocker 

ACE inhibitors 

Diabetes 

Atherosderosis ASA 

Clopidogrel 

Smoking 

Stalin therapy, with target 
LDL <100 mg/dl 

Stalin therapy, with target 
LDL <70 mg/dl 

May be useful in PAD pts 
with low HDL. normal 
LDl. high TG 

140/90 mm Hg in 
nondiabetics, 130/80 mm 
Hg in OM and CRI 

Effective, not contraindicated 

II 

II 

Reasonable in symptomatic lla 
PAD to decrease risk of 
cardiovascular events. 

May be used in lib 
asymptomatic PAD to 
decrease risk of 
cardiovascular events 

Proper foot care; skin 
lesions, ulcerations should 
be addressed urgently in 
all diabetic patients with 
lower extremity PAD 

HbAic <7% lla 

75-325 mg PO qd reduces 
risk of Ml, stroke and 
vascular death 

75 mg PO qd, effective 
alternative to ASA to 
reduce risk of Ml, stroke, 
vascular death 

Oinicians to advise smoking 
cessation, offer medical 
therapy 

B 

B 

c 

A 

A 

B 

c 

B 

c 

A 

B 

B 

High;isk patients with multiple and/ 
or poorly controlled risk factors: 
OM, continued tobacco abuse, 
metabolic syndrome (TG ;:: 
200 mg/dl + HDL S40 mg/dl + 
non-HDL ~130 mg/dl}, acute 
coronary syndrome 

Gemfibronl reduces risk of nonfatal 
Ml or cardiovascular death by 22% 
in CAD patients with low HDL; 
effects on PAD unknown 

Reduces risk of Ml, CHF. 
cardiovascular death and stroke 

Reduces risk of Ml and death in CAD 
patients; does not impair walking 
distance 

In patients with symptomatic PAD, 
ramipril reduces risk of Ml, stroke, 
or vascular death by .. 25% 

No evidence for efficacy of ACE 
inhibitors in patients with 
asymptomatic PAD 

Can be effective to reduce 
microvascular complications, 
potentially improve cardiovascular 
outcome 

Reduces risk of events by 26% to 
32% 

Reduces risk of events by 23.8% 

Physician's advice with frequent 
follow-up: 1-year success rate, 5% 
INithout physacian's interventions: 
1-year success rate, 0. 1%. 

INith nicotine replacement: 1-year 
success rate,16% 

INith buproprion: 1-year success rate, 
30% 

Hirsch AT, Haskal ZJ, Hertzer NR, et al: ACC/ AHA 2005 Practice Guidelines for the management of patients with peripheral arterial disease Oower extremity, renal, mesenteric, 
and abdominal aortic): a collaborative report from the American Association for Vascular Surgery/Society for Vascular Surgery, Society for Cardiovascular Angiography and 
Interventions, Society for Vascular Medicine and Biology, Society of lnterventional Radiology, and the A((J AHA Task Force on Practice Guidelines (Writing Committee to 
Develop Guidelines for the Management of Patients With Peripheral Arterial Disease): endorsed by the American Association of Cardiovascular and Pulmonary Rehabilita
tion; National Heart. Lung. and Blood Institute; Society for Vascular Nursing; TransAtlantic Inter-Society Consensus; and Vascular Disease Foundation. Circulation 113:e463-
e654, 2006. 

CHF, Congestive heart failure; CRI, chronic renal insuffidency; Ml, myocardial infarction. 

benefit is gained even tbougb current evidence does 
not demonstrate a major reversal of peripheral and/or 
coronary atherosclerosis 

• Hypertension. Elevated blood pressure is correlated 
with an increased risk of developi11g PAD and associ
ated coronary and cerebrovascular events (e.g., beart 
attack. stroke). 

• Diabetes melli tus. The presence of O M involves a 
two- to fourfold increased risk of PVD by causing 
endothelial and smooth muscle cell dysfunction in 
peripheral arteries. Diabetics account for up to 70% 
of nontraumatic ampurntions performed, and a 
known diabetic who smokes has an approximately 
30% risk of amputation within 5 years. 
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FIGURE 63- 10 lntennittent claudication treatment algorithm. (From Norgren L.. Hiatt WR, Oonnandy JA, et al: Inter-Society Consensus for the 

Management of Peripheral Arterial Disease [TASC II). J Vase Surg 45(Suppi):S5-S67, 2007.) 

Revascularization: Surgical Treatment 
Intermittent Oaudication Patients with imermitrent daudication 
(I C) are treated by risk faccor modification to decrease their risk 
of myocardial infarction (MI) and cerebra] vascular accident 
(CVA). A trial of cilostazol and supervised exercise is recom
mended; these therapies, combined with risk factor modification 
(particularly smoking cessation), have been shown to improve 
walking distance. Patients are reassured that they are at lin1ited 
risk oflimb loss, approximately 2% to 3% at 5 years. Although 
significant disabiUty may occur as a result of IC, symptoms 
remain stable because of the development of coUateral flow, or 
perhaps alterations in gait that favor nonismemjc muscle 
groups.? However, 25% of IC patiems will see deterioration in 
their clinical course, usually during the first year after diagnosis; 
the best predictor of thls decline is the initial ABI. Patients with 
an initial ABI of less than 0.50 have a hazard ratio of more than 
2 compared with patients with an ABI higher than 0.50. IC 
patients with an lnltial ankle pressure of 40 to 60 mm Hg have 
an annual limb loss rate of 8.5%. 

Patients who present initially with low ankle pressures or 
ab~nt femoral pulses, or patients who return with LIJ1abated, 
severe, lifestyle-llmlting symptoms that have not adequately 
responded to nonoperative measures, are considered for inter
vention (Fig. 63-10). 

Critical Limb Ischemia Patient who present initially with rest pai.t1, 
or who progress from claudication to rest pain, undergo the 
same detailed history and physical exan1.ination with risk factor 
modification as patients presenting with miJder disease. However, 
because rest painls associated with a significant risk of limb loss 
without intervention, patients are immediately offered imaging 

and revascularization if prohlbitive perioperative risk does not 
preclude this. 

Similarly, patients who present with nonheallng wotmds of 
the feet, dry gangrene, or necrotizing infection are offered an 
expeditious workup to plan a revasculari.7..ation that wiiJ reestab
Ush in-Une blood flow to the foot. In case of tissue loss with 
infection, an immediate decision regarding the need for opera
tive debridement or amputation prior to revascularization must 
be made. In case of severe sepsi.s with hemodynamic instability 
or evidence of multisystem organ failure, patients may require 
amputation prior to reva~cularization. However, if a patient with 
systemic toxicity from the infection responds rapidly to admin
istration of IV antlbioclcs, revascularization prior to debride
ment may minimize tissue loss. See Figtue 63-11. 

Diabetic Foot PVD is common an1ong patients with diabetes 
(Fig. 63-12). IC is twice as common among diabetic patients 
than among nondiabetic patients. An increase in HgbA1c by 1% 
can result in more than a 25% risk of PAD. Major an1putation 
rates arc five to ten times bighcr in diabetics than nondiabetics. 
Because of these causal relations, the American Diabetes Associa
tion recommends ABI screening every 5 years in patients with 
diabetes.8 

The care of diabetic patients should start with preventive 
measures, and it is important to avoid infections in patients with 
insensate feet because of neuropathy. These patients need to wear 
properly fitted shoes at aU times for protection. Orthotic inserts 
should be used to distribute weight evenly to avoid pressure on 
the metatarsal heads of the foot. 

Diabetic patients may be unaware of the presence of infec
tions or ulcerative lesions because of peripheral neuropathy and 
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Revascularization 
as appropriate 

CLI oonfinned 

FIGURE 63-11 Algorithm for treatment of the CU patient (From Norgren L, Hiatt WR, Dormandy JA, et al: Inter-Society Consensus for the 
Management of Peripheral Arterial Disease [TASC lij. J Vase Surg 45(Suppi]:S5-S67, 2007.) 

FIGURE 63-12 Diabetic patient who presented with chronic dry gangrene of the right great toe, w ith dependent rubor of the forefoot 

a decreased ability to sense pain. ln ti:Us population, infections 
can progress rapidly, with sign incant tissue damage from a com
bination of delayed presemation and compromised immune 
function. 

On presentation, a careful physical exan:Unation is impor
tant to plan for appropriate treatment. The overlying cellulitis is 
assessed, and any possible underlyiJlg abscess is examined 
by palpation for crepitus or detection of drainage of purulent 
Auld. Cellulitis should not be confused with dependent 

rubor caused by severe ischemia in patients witl1 PAD. The pres
ence of an abscess reguires immediate drainage prior to 
revascularization. 

'TI1e status of arterial circulation is documented. The pres
ence or absence of lower extremity pulses in the common 
femoral, popliteal, and pedal arteries is examined. 1l1e pulses 
may be difficult to palpate because of swelling from foot infec
tion; noninvasive arterial ultrasound can be useful in assessing 
the exrent of arterial disease. 
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Insulin-dependent diabetic patients may have calcified 
walls of the medium and small arteries that can falsely elevate 
cl1e segmental pressures of cl1e leg. In this situation, digital pres
sures of the toes can be accurately measured and a pressure 
higher than 30 mm Hg is predictive of healing after local ampu
tation and debridemem. 

Plain x-rays wicl1 multiple views of the foot can assist in 
assessing the extent of foot infection. Gas in soft tissue signifies 
deep tissue infection and che need for urgent surgical debride
ment. Advanced osteomyelitis can be detected; however, plain 
films may not show early bone infection. Magnetic resonance 
imaging (MRI) of the foot is a sensitive imaging modality for 
detecting soft tissue infection and early osteomyelitis. 

Routine laboratory work is sent and evaluated for subtle 
signs of sepsis. Sudden worsening of glycemic control or a 
rise in creatinine level is seen frequently, often without 
leukocytosis. 

ln infections with only cellulitis and no w1derlyiJ1g soft 
tissue involvement, patients are treated with N antibiotic 
therapy. lf the cellulitis does not resolve in several days, there 
may not be adequate antibiotic coverage and the presence of 
deep tissue infection is considered. The choice of the amibiotics 
used and cl1e foot need to be reevaluated; reimaging the foot 
may be necessary. 

The cause of persistent cellulitis and non healing infection 
is usually underlying deep infection or osteomyel.itis. Other 
patients may present wicl1 gangrene, open joint or exposed 
bone, or abscess. In these patienrs, surgical debridement is 
required in addition to antibiotic therapy. Small open wounds 
can be treated wicl1 simple debridement, but often there is 
deep tissue involvement chat is not visible on the surface. To 
remove aiJ nonviable tissue and wide drainage, amputation 
may be required. lf there is extensive infection of the foot 
with gas, calf pain, or systemic sepsis, the patient may require 
amputation as an initial therapy. After surgical debridement, 
patients arc treated with aggressive wound care using dressing 
changes and continued, broad-spectrum antibiotic therapy 
until intraoperative culture sensitivities arc finalized and allow 

EARLY 

for the use of targeted antimicrobials. Wounds are evaluated 
closely for persistent infection that may require additional sur
gical intervention. (n patients with adequate arterial circula
tion, the wound can be closed secondarily after resolution of 
cl1e iJl fcction. 

All patienrs with evidence of concomitant arterial occlusive 
disea:se are considered for lower extremity revascularization with 
open bypass surgery or endovascular scenting or ru1gioplasty to 
optimize wound healing and Limb salvage. 

Lower Extremity Amputations 
Amputation, unfortunately, in the minds of most surgeons and 
cl1eir paticms, represents a failure of therapy or care. Consent 
for this operation, regardless uf the level, is usually imbued witb 
an emotional gravity that few other, even more complex, danger
ous, life-altering procedures carry. Not infrequently, amputa
tions in the vascular patient are prone to breakdown ru1d ilie 
need for revision is common, thereby prolonging the patient's 
time in the hospital, lengthening the recovery process, decreas
ing the chru1ces of functional recovery, and contributing to a 
high rate of depression. It is therefore incumbent on the surgeon 
to ensure that aU steps are taken to minimi1..e the risks of local 
ru1d systemic complications.9 

The pcrioperativc mortality rate for below-knee amputa
tion (BKA ) is 5% co 10% and that of above-knee amputation 
(AKA) even higher, 10% to 15%, testifying to the limited 
reserves of patient facing d1ese procedures.10 Wound healing in 
BKA is poor; almost one third of patients require debriden1ent 
or healing by secondary intention or conversion to AKA (Fig. 
63-13). Despite optimistic preoperative counseling, functional 
recovery with ambulation is poor for AKA patients.11 

The determination of the appropriate level for amputation 
has been studied extensively (Table 63-6). ln an effort to pre
serve limb length and decrease the metabolic demands of ambu
lation, toe ru1d transmetatarsal an1putations (TMAs) arc usually 
attempted. Aside &om clinical judgmcm, segmental arterial 
pressures, Doppler waveforms, and toe pressures have been 
studied. Oiaberes, combined with a toe pressure of lower cl1ru1 

AFTER 2 YEARS 

Full mobility 
40% 

Dead 
30% 

FIGURE 63-13 Early and 2-year outcomes of the BKA patient (From Norgren L. Hiatt WR, Dormandy JA, et al: Inter-Society Consensus for the 
Management of Peripheral Arterial Disease [TASC II]. J Vase Surg 45(Suppi]:S5-S67, 2007.) 
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Dorsal incision Plantar incision 

FIGURE 63-14 Surgical approach to ray amputation. (From Eidt JF, 
Kalapatapu VR: Techniques and results. In Cronenwett JL. Johnston 
W (eds]: Rutherford's vascular surgery, ed 7, Philadelphia, 2010, 
Saunders, pp 1772-1790.) 

Table 63-6 Precfiction of Wound Healing by Vascular Studies 

Dorsal incision Plantar incision 

FIGURE 63- 15 Surgical approach to transmetatarsal amputation. 
(From Eidt JF, Kalapatapu VR: Techniques and results. In Cronenwett 
JL. Johnston W (eds] : Rutherford's vascular surgery, ed 7, Philadelphia, 
2010, Saunders, pp 1772- 1790.) 

Wound Healing (o/o) 
STUDY THRESHOLD (MM HG) BELOW THRESHOLD ABOVE THRESHOLD SENSITIVITY (%) SPECIFIOTY (%) 

SPP 40 10 69 72 BB 

tcPo, 30 14 63 60 87 

TBP 30 12 67 63 90 

ABP eo 11 45 74 70 

ABP, Ankle blood pressure; SPP, skin perfusion pressure; TBP, toe blood pressure; tcPo21 transcutaneous oxygen pressure. 

30 nun Hg, has been correlated with failure of healing minor 
amputations. Transcutaneous 0 2 pressure (T cP~) measure
ment, ea~ily obtained via a small sensor placed on the skin in 
the area of proposed an1putation, has an accuracy 0f higher than 
87% for predicting wow1d healing. A reading higher than 
40 mm Hg is associated with successful healing, whereas T cPo2 
less than 20 mm Hg is associated with failure. Absolute ankle 
pressure l1igher than 60 mm Hg has been shown ro predict the 
healing of BKAs with an accuracy of 50% to 90%.'2 

Ray Amputation For ray amputation, a tennis racquet incision 
around the base of the affected toe is made. For first toe amputa
tions, the handle of the racquet is oriented along the medial 
aspect of the metatarsal bead; for the fifth toe, .it is oriented later
ally. For toes 2 to 4, the incision is along the dorsal midline (Fig. 
63-14). Neighboring digital vessels arc carefuUy preserved as the 
soft tissues are divided. The extensor tendons are divided w1der 
tension and permitted to retract. TI1e bone is divided proximal 
to the metatarsal head. If sesamoid hones are encountered, these 
are removed. Plantar soft tissue is divided; flexor tendons arc 
similarly allowed to retract after being divided tmder tension. 
Soft tissue is dosed over the metatarsal head with absorbable 

sutures. Minimal handling of the skin prevents ischemic trauma. 
'The skin is approximated without tension or left open for closure 
by secondary intention. 

The great toe and first metatarsal bone are imporcam for 
normal gait because weight is transferred from the posterolateral 
foot during heel strike toward the medial toes, and d1e transfer 
of weight forward occurs principally through force transmitted 
during push ofF through the first metatarsal and great roe. 
Because of the significant rare of repeat ulct:ration and need for 
revision in up to 60% of patients requiring a great toe ray 
an1put:ation, some have advocated proceedlng directly to TMA 
in these patients. 

Partial TMA can be performed when two digits are involved 
and the foot is deemed salvageable. However, muJtiple ray 
amputations will narrow the foot, resuJting in instability and 
change in gait chat may lead to repeat ulceration, wound break
down, and the need for revision. 

Transmetatarsal Amputation A curviJear incision is made above 
the metatarsal heads, with an intentionally longer flap fashioned 
on the plantar surface (Fig. 63-15). Soft tissues anterior to the 
bone are divided, including the tendons of the extensor muscles. 
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Digital arteries are suture-ligated as needed. A periosteal elevator 
is applied to elevate the soft tissues just to the point of division. 
An oscillating saw is used to divide the metatarsals bd1ind their 
heads. The plantar tendons and plantar soft tissues are divided. 
The wound is irrigated using a mechanical lavage system and 
inspected for hemosrasis. The soft tissue is reapproximated over 
the bone using absorbable sutures. The skin is reapproximated, 
with minimal manipulation and without tension, using inter
rupted nylon vertical mamess sutures. Non-weiglu-bearing 
statu.s is encouraged for at least 4 week~. In case of infection, a 
guillotine procedure may be performed and a vacuum dressing 
applied, with placement of a split-thickness skin graft after the 
wound bed has adequately granulated. 

Alternative, more proximal TMA incisions include d1e Lis
franc and Chopart amputations (Fig. 63- I 6). The Symes ampu
tation is rarely used because it is thought to provide the patient 
with less functional ambulation than a transtibial amputation. 
There is evidence to support multiple revisions and preservation 
of length in diabetic patients. ln one study, 56% of patients 
failed to heal their initial TMA; of these, 9 of 41 un derwent 
major amputation; 32 underwent midfoot amputations and 
achieved functi onal an1bu.lation. Toe pressure higher than 
50 mm Hg had a positive predictive value (PPV) of 91% for 
determining healing of TMA-midfoot amputations.13 

FIGURE 63-16 Alternative distal amputation approaches. (From Eidt 
JF, Kalapatapu VR: Techniques and results. In Cronenwett JL. Johnston 
W [eds]: Rutherford's vascular surgery, ed 7, Philadelphia, 2010, Saun
ders, pp 1n2-1790.) 

A 
12.5 to 15 em 

0.9 to 1.3 em 

Below-Knee Amputation There are multiple skin incisions 
described for BKA (Fig. 63-17) . The most common is the long 
posterior Rap. A tourniquet may be used to decrea~ blood loss, 
which can be substantial, even in the vascular patient. Approxi
mately 10 em below the tibial tuberosity, an anterior incision of 
rwo thirds of the circun1ference is created. The great saphenous 
vein 'is ligated and divided. All muscle and sofr tissue structures 
anterior to the tibia arc divided. Vascular bundles are suture
ligated with care because they are likely extremely calcified. 
Nerves are tied w1der tension, divided, and allowed to retract. 
The tibia is divided with an oscillating saw, and beveled anteri
orly. The fibula is divided approximately 2 em proximal to cl1e 
tibia after detaching cl1e anterior, lateral, and posterior compart
ment muscles. The posterior flap incision is created with cl1e 
length approximately one third the circumference of the leg. 'TI1e 
m uscle flap is created just deep to cl1c tibia, including the soleus 
and gastrocnemius muscles. After irrigation and inspection for 
hemostasis, the fascia is reapproximated using interrupted 
absorbable sumres. The skin is reapproximated using monofi la
ment vertical mattress sutures or staples. A drcssiJlg of gauze 
wrap and Ace bandage is applied. A spli.m is created or a 
well-padded knee immobilizer is applied to prevent knee 
contracture. 

ln case of severe necrotizing foot infection, eroergcmt guil
lotine transtibial amputation can be performed just proximal 
to the ankle, followed by formal revision. Two small studies 
have documented improved overall infection rates with staged 
BKA. I4·16 

Cryoamputation or physiologic amputation has been 
described to isolate the infected or acutely ischemic limb and 
prevent it from causing systemic effects in an already criticall)' 
ill individual." 

Above-Knet Amputation ln general, the longer the stump, the 
better. A fishmouth incision is created (Fig. 63-18). 1l1e great 
saphenous vein is ligated and divided. The sartorius, rectus 
femoris, and vastus lateralis are divided. The femoral artery and 
vein are separate.ly suture-ligated and divided. Laterally, the 
va~ms lateralis and intermedius are divided. 'TI1e periosteal eleva
tor is used to dear the femur at the level of the skin; the bo.ne 
is divided using a pneumatic saw and beveled anteriorly. 'TI1e 
profunda femoris artery and vein, or their branches, arc ligated 

FIGURE 63-17 Surgical approach to posterior flap for BKA (From Eidt JF, Kalapatapu VR: Techniques and results. In Cronenwett JL. Johnston 
W [eds): Rutherford's vascular surgery, ed 7, Philadelphia, 2010, Saunders, pp 1772-1790.) 
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Site of femur 
transection 

FIGURE 63-18 Surgical approach to fishmouth incision for trans
femoral (AKA) amputation. (From Eidt JF, Kalapatapu VR: Techniques 
and results. In Oo:nenwett Jl, Johnston W [eds): Rutherford 's vascular 
surgery, ed 7, Philadelphia, 2010, Saunders, pp 1772-1790.} 

and divided. The sciatic nerve is cut under tension and allowed 
to retract. After irrigation and inspection of hemosta~is, the 
fascia of the mlllscles is approximared over the bone, using 
absorbable interrupted sutures, and the skin is dosed. 

Complications of AKA include hip contracture; mis, as 
well as poor rates of ambulation, are related to Lmopposed action 
of me hip flexors. Preservation of adductor function is improved 
with myodesis; d1e Length of the adductor magnus may be pre
served and and1ored to the Lateral aspect of cl1e femur via drill 
boles.18 

Trans-knee amputations may be used as an alternative to 
AKA in younger patients for improved functional capability. 

Surgical Revascularization Procedures 
1l1ere arc fewer areas iJ1 medkiJle today in which treatment 
algorithms arc changing more rapidly than in arterial occlusive 
disease. Currently, me decision for revasculari:1..ation is based on 
cl1e risks for cl1e surgical imervention balanced against the 
expected benefits, iJlcluding the durability of the treatment and 
options for further intervention if there is recurrence of symp
toms. Rapid advances in endovascular techniques and devices 
have made the therapeutic decision making proces.~ increasingly 
complex; opinions about which therapies should be used first 
are varied. ln an effort to characterize patients and d1eir lesions 
and provide guidru1ce about open versus endovascular alterna
tives, the Trans-Atlantic Inter-Society Document on Manage
ment of Peripheral Arterial Disease (TASC) was written and 
published in January 2000. As practice patterns matured, a 
second TASC II document was released later in the decade, in 
2007. 1l1ese documents provided classifications of aortoiliac and 
fcmoropopliteal disease and strategies for their treatment. 
(Tables 63-7 and 63-8). TASC ll n:commendatlons state the 
following8

: 

Endovascular therapy is the treatment of choice for type A lesions and 
surgery is the treatment of choice for type D lesions. Endovascular 
treatment is the preferred treatment for type B lesions and surgery is 
the preferred treatment for good-risk patients with type C lesions. The 
patienrs comorbidities, fully informed patient preference, and the local 
operator's long-term success rates must be considered when making 
treatment recommendations for type Band type C lesions. 

Arguably, as long as endovascular intervention does not 
negatively affect a patient's option to have an open surgery in 
cl1e event of rescenosis or reocclusion, endovascular intervention 
can be attempted for even complex lesions. 

Open S11rgical Management 
Aottoi/lac Dl~a~ Most patients wim aortoiliac occlusive disease 
are treated with endovascular management. \X!hcn the extent of 
disease or involvement of the common femoral arteries neces
sitates an open approach, patients typically undergo aortobi
femoral bypass with a proscl1etic graft via d1e transabdominal or 
retroperitoneal approach (Fig. 63-19). Preoperative imaging 
should delli1eate tl1e target vessels, usually tl1e con1n10n femoral 
or profLmda fenJOris arteries. Proximal anastomoses can be per
formed in end-co-end or end-to-side configuration. For patients 
with occlusive disease, the end-to-side configuration is more 
commonly used because it may preserve perfusion to the pelvis 
via the diseased but patent iliaes and lumbar collaterals. Argu
ments for end-to-end anastomosis include improved flow 
dynamics and the potential for decreased frktion between the 
overlyu1g howel and graft. In the past, it was common practice 
to cut me body of the graft to leave minimal redundancy; 
however, it bas become more popular to leave a longer segment 
of graft, body ru1d limbs, to increase the ease of endovascular 
approaches i.n the future. Minimal dissection in the ar<.->a of the 
left common iliac artery is performed to protect the nervi eri
gentes aJld avoid me complication of retrograde ejaculation. [c 
is usual practice to dose the rctroperitoneum over the graft to 
protect it from friction from me overlying bowel. 

Alternative inflow sources include cl1e cl1oracicaorta, axiiJary 
artery, and contralateral femoral artery if disease is unilateral. 

Lower Extremity Occlusive Dl~a~ Patients with signi.fican t lesions 
involving the common fem oral artery and origin of the profunda 
artery arc usually best served with open groin exploration, 
common femoral artery endarterectomy, and profundapla~ty or 
ileofemoral bypass. lf concomitant iliac artery or superficial 
femoral artery (SFA) disease is present, patients may w1dergo 
combination procedures wid1 iliac stent placement via open 
femoral access ru1d/or SFA revascularization by femoropopliteal 
bypass or SFA scenting. 

All bypass procedures are performed with the patient w1der 
general, spinal, or epidural anesthesia A radial arterial catheter 
is generally used for continuous arterial blood pressure monitor
ing. All patients receive prophylactic antibiotic treatment. 

Vascular control is achieved wicl1 minimal force or traction. 
Heparin, 100 ro 150 U/kg, is given for anticoagulation duriJlg 
periods of vascular occlusion. Anastomoses arc constructed wim 
care using small, evenly placed bites to include all layers of 
the vessel wall. lntraoperative completion arteriography is per
formed iJl all small, distal tibial vessel bypasses, as wdJ as larger 
arterial bypasses, such as femoropopliteal bypass, to assess tech
nical adequacy and outflow. The ru1astomoses, graft, and runoff 
vessels are carefully exan1ined iJ1 multiple planes and ru1y defects 
corrected prior to closure. 

CoNDUITS. 1l1e cwo main grafr types used for lower extremity 
bypasses are me great saphenous vei.ns aJld polytetrafluoroemyl
ene (P'fFE) grafts. 1l1e greater saphenous veins should be used 
preferentially in all bypasses, especially in those reconstructions 
using below-knee popliteal and small tibial arteries as the distal 
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Table 63-7 TransAtlantic Inter-Society Consensus (TASC) Oassification of Aortoiliac Lesions 
Type A lesions 

Type B lesions 

_jL 

Type C lesions 

A/A\/~ 
Type D lesions 

_jL 

ACc_\ 
r\1/\\~\ 

• Unilateral or bilateral stenoses of CIA 
• Unilateral or bilateral single short (~3 011) stenosis of EIA 

• Short(~ 011) stenosis of infrarenal aorta 
• Unilateral CIA occlusion 
• Single or multiple stenosis totaling 3-10 em involving the EIA not 

extending into the CFA 
Unilateral EIA occlusion not involving the origins of internal iliac or 
CFA 

• Bilateral CIA occlusions 
• Bilateral EIA slenoses 3-10 em long not exitending into the CFA 
• Unilateral EIA stenosis extending into the CFA 

Unilateral EIA occlusion that invOlves the origins of internal iliac and/ 
or CFA 

• Heavily calcified unilateral EIA occlusion with or without involvement 
of <Jrig•ns of internal iliac and/or CFA 

• Infra-renal aortoiliac occlusion 
• Diftuse disease invoMng the aorta and both iliac arteries requiring 

treatment 
• Diffuse multiples stenoses involving the unilateral CIA, EIA and CFA 

Unilateral occlusions of both CIA and EIA 
• Bilateral occlusions of EIA 
• !Iliac stenoses in patients with AAA requiring treatment and not 

amenable to endograft placement or other lesions requiring open 
aortic or iliac surgery 

From Norgren l, Hiatt WR, Dormandy JA. et al: Inter-Society Consensus for the Management of Peripheral Arterial Disease (TASC II). J Vase Surg 45 (Suppl S):S5-S67, 2007. 

AAA. Abdominal aortic aneurysm; CFA, common femoral artery; CIA, common iliac artery; f/A., external iliac artery. 

target vessels. Jl>TFE grafts can be used for bypasses to above
knee popliteal arterial segments with satisfactory patency rates. 

To date, the disappointing patency rates for prosthetic 
grafts in below-knee and tibial hypasses have discouraged their 
use. Recently, a new PTFE graft with heparin coating on the 
luminal surface has been shown to be more resistant to throm
bosis. Although these grafts may have an advantage over non
heparin-coated grafts, an adequately si:t..ed (4 mm or larger) 
saphenous vein remains preferable to synthetic conduits because 
of its innate alltithrombotic properties. 

The great saphenous vein can be placed in situ or reversed 
because of the presence of valves. The advantage of the reversed 
saphenous vein graft is that the valves do not need to be rendered 
incompetent with the use of a valvulotome. For the in situ vein 

graft, there is better size match-larger thigh vein for the 
common femoral artery and smaller leg vein for the tibial 
artery. Neither of these configurations has been shown to be 
superior and surgeons use hoth, depending on their personal 
preference. 

In the absence of a usable great saphenous vein, the cephalic 
and basilic veins from the upper extremities, as well as the small 
saphenous vein of the leg, should be evaluated. However, these 
veins have thin,ner walls and may have diseao;ed segments that 
appear normal on external iJlspection. Furthermore, when 
several veins arc joined ro form a composite graft to achieve 
adequate length, there is d1e potential for technical complica
tions and reduced overaiJ patency. There is some evidence that 
the use of a vein patch with a prosthetic fcmorodistal bypass 
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Table 63-8 TransAtlantic Inter-Society Consensus (TASC) Classification of Femoropopliteal Lesions 
Type A lesions 

Type B lesions 

Type C lesions 

TypeD lesions 

• Single stenosis !>10 an in length 
• Single occlusion !>5 an in length 

• Multiple lesions (stenoses or occlusions). each !>5 em 
Sin~e stenosis or occlusion !> 15 em not involving the intra 
gemculate popliteal artery 
Single or multiple lesions in the absence of continuous tibial 
vessels to improve inflow for a distal bypass 

• Heavily calcified occlusion $5 em in length 
• Single popliteal stenosis 

• Multiple stenoses or occlusions totaling > 15 em with or without 
heavy calcification 

• Recurrent stenoses or occlusions that need treatment after two 
endovascular interventions 

• Chronic total occlusions of CFA or SFA (>20 em, involving the 
popliteal artery) 

• Chronic total occlusions of popliteal artery and proximal bifurcation 
vessels 

From Norgren L, Hiatt WR, Donnandy JA. et al: Inter-Society CollSEflsus for the Management of Peripheral Arterial Disease (TASC II). J VCIS( Surg 45 (Suppl S):SS-567, 20CJ7. 
CFA, Common femoral artery; SFA, supelficial femoral artery. 

improves patency. Other condujts include cryopreserved arteries 
and veins, wlud1 have been shown to be more resistant to infec
tion in the setting of gross infection. 

For endarterectomy patch angioplasty, there are prosthetic 
patches ofPTFE or Dacron. Bovine pericardia( patches are also 
available. Alternatively, an endarterectomized segment of the 
native occluded SFA can be used for common femoral or 

profunda artery patch angioplasty, or as a short-segment bypass 
conduit. 

FEMOROPOPUTEAL BYPASS. The femoropoputeal bypas.~ is used in 
patients with superficial femoral and pop(jteal arterial occlusion 
with a popliteal artery segment distal to the occlusion that is 
patent, with luminal continuity with any tibial arterial branches. 
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FIGURE 63-19 The patient from Figure 63-7 underwent aortobifemoral bypass. A. Note bilateral renal arteries. The left renal vein has been 
divided. 8, Exposure of the right common femoral, profunda, and superficial femoral arteries. C. End-to-side aortic anastamosis using PTFE 
bifurcated graft. D. End-to-side profunda anastamosis. The patient had palpable distal pulses at the dose of the procedure, despite bilateral 
SFA ocdusions, caused by long-term ocdusion and excellent collateral flow. 

Bypasses can be performed even if one or more of the tibial 
arteries is occluded in the leg. 

A longitudinal groin incision is used to access the common 
femoral artery. The popliteal artery is exposed medially from the 
thigh or the leg. Jn above-knee popliteal bypasses, an iJ1dsion is 
made proximal to the knee for exposure of d1e artery near the 
adductor hiatus, or Hunter's, canal, distal to the occlusive 
disease. ln below-knee popliteal bypass, the popliteal space is 
accessed. 1l1e more superficial popliteal vein is retracted with a 
SUastlc loop to assist with dissection of the underlying popliteal 
artery. If the saphenous vein is to be used, skin incisions are 
placed directly over the vein. A single long or multiple smaller 
skip incisions can be used. Alternatively, endoscopic vein har
vesting can be performed. The graft is tw1neled and placed in 
the anatomic space, under the sartorius muscle, unless an in situ 
saphenous vein grafr is used. 

IN FRAPOPUTEALIBYPASS. TI1e i.nfrapopliteal bypass is used for arter
ies beyond me popliteal artery when t11ere is arterial disease that 

involves the popliteal or proximal tibial artery. 1l1e target tibial 
artery will have luminal continuity to tl1e foot without obstruc
tion. With femoropopliteal and infrapopliteal bypasses, a tibia\ 
artery with stenosis of less than 50o/o distal to me distal anasto
mosis is acceptable, and neither me absence of a complete plantar 
arch nor the presence of vascular calcification is considered a 
contraindication to revascularization. 1he common femoral 
arter)' is generally used as me inflow for tl1ese bypasses. Shorter 
bypasses are preferred because of improved patency, so the SFA 
or popliteal artery may provide iJ1Aow if there is no proximal 
arterial disease. Bypasses to the arteries ncar tl1e ankle or tl1e foot 
can be perfom1ed if tl1ere is no patent artery more proximally. 

Exposure of the posterior tibial artery is via a medial calf 
mcision. 111e soleus muscle attad1Jl1ents to me tibia are taken 
down to expose me posterior tibial artery. Division of the overly
ing tibial veiJ1s expose.~ the tibial peroneal trunk. Further separa
tion of the soleus musdc from the tibia provides access to 
terminal branches, the peroneal and posterior tibial arteries. For 
bypass to the anterior tibial artery, an additional anterolateral 
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FIGURE 63-20 Clockwise from left: balloon (A); bare metal stent (B); stent graft (C); catheters (D). 

incision in the leg is made, midway berween the tibia and fibula. 
Separation of tbe anterior tibial muscle and the extensor longus 
muscle exposes the neurovascular bundJe. Further posterior dis
section allows access to the interosseous membrane, and an 
incision is made to allow for tunneling of the bypass graft. 
Expo.~ure of the peroneal artery can be made via a medial inci
sion, laterally by fibulectomy, or posteriorly by mobilization of 
the Achilles tend on. 

Complications Complications of surgery include superficial and 
deep wound infections, including those that involve the graft 
itself One of the dreaded complications of aortic bypass is aor
toduodenal fisnJa, which has high mortality rates. The treat
ment is extra-anatomic bypass and graft removal, with 
debridement of the retroperitoneal tissues. Alternatives to extra
anatomic bypass grafting are in situ bypa~ using bilateral 
superficial femoral veins, cryopreserved aortoiliac arteries, or 
antibiotic-soaked Decron graft as conduit. ln case of severe 
sepsis, an endografr system can be placed as a temporizing 
measure, with endograft and graft ex plantation when the patient 
is more stable. Other complications .include groin ben1atoma, 
lymphatic leak o r lymphocele, femoral nerve entrapment, limb 
swelling, and knee contracture. 

Endovascular Management 
Endovascular techniques require familiarity with a variety of 
devices such as wires of varying lengths, thicknesses, and Aexibil
ity with hydrophobic or hydrophilic coatings, catheters with 
differing curves to negotiate angles with varying degrees of flex
ibility, sheaths to provide scaffolding support, balloons to di late 
lesions, and bare metal and covered stents to provide continuous 

ourward radial force, prevent arterial recoil, and manage occlu
sive disease or dissections {Fig. 63-20). 

There are a multitude of endovascular devices and tech
niques available to the surgeon to treat PAD and aneurysmal 
disease bur Litrle consensus about rl1e best choice. The following 
are all viable alternatives to reestablish continuity ofhlood flow; 
each method bas irs enrlmsiastic proponents. 

Subintimal Angioplasty First described in 1987 ,I ?..!O the subinti
mal angioplasty technique involves use of a wire to create an 
arterial dissection purposely, beginning at the proxin1al segment 
of the arterial occlusion. Using this plane, a cluonic total occlu
sion (CTO) can be circwnvemed. Once the wire has passed 
beyond the lesion, it reenters the true arterial lumen. The false 
lumen is treated with balloon angioplasty to increase its diam
eter. Alrlmugh technical success rates have been favorable, long
term patency and limb salvage rates have not been impressive. 
Even in more recent reviews, the same pattern of results prevails. 
In a review of 472 patients treated for principally TASC C and 
D lesions, 63o/o of patients presented with critical limb ischemia 
and the remaining wirl1 disabling claudication? ' Stenotic lesions 
were not included. Technical success was 87%, with 73o/o of 
failures caused by an inability to reenter the true lumen. The 
median follow-up was 12.4 months (range, 0 co 48 months). 
The mean increase in ABI was 0.27, from 0.50 ± 0.1 6 to 0.77 
± 0.23. 1l1e primary patency rates were disappointing 45%, 
30%, and 25o/o at 12, 24, and 36 months, respectively. Patency 
was higher in limbs treated for claudication, whereas reduced 
pateng' was significantly associated with femorotibial occlusions 
and critical limb ischemia. At 3 years, primary patency was 30% 
for claudication and 21 o/o for critical limb ischemia. Bare metal 
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srents were used in 20.3% of successful cases, but stent use was 
not associated with improved patency. Limb salvage for CLI was 
a respectable 88% at 12 months, 81% at 24 months, and 75% 
at 36 months. Claudication was improved iJ1 96.8% of limbs 
ru1d sustained in 67% at 36 months. Overall, the results of 
subintimal angioplasty as a stand-alone procedure for critical 
limb ischemia have been underwhelming; adjw1cts such as stents 
ru1d stent grafts ,,ften are used to increase patency. 

Balloon Angioplasty Balloon angioplasty, originally described in 
197 4, first requires crossing the arterial lesion traJlsluminally 
with a guidewire and then inflating a balloon advanced over the 
wire at the location of the lesion. The treatment is considered 
successful if the residual stenosis is less than 30% or there is no 
pressure gradient across the area treated. 

Clark and. colleagues.!.! have reported a multicenter experi
ence with angioplasty in the STAR registry. The authors evalu
ated angioplasry offcmoropopliteal lesions in 219 lin1bs of205 
patients. Patients were followed prospectively with clinical out
comes as well as objective testing using angiography ru1d/or 
duplex ultra.~ound. The primary patencies at 12, 24, and 36 
months for all limbs were 87%, 80%, and 69%, respectively. At 
48 and 60 months, it was 55%. A negative predictor of long
term patency was found to be poor tibial runoff, specifically 
single tibial vessel runoff with 50% to Y9% stenosis or occlu
sion. Diabetes or renal fail.ure was also associated wid1 lower 
patency. 

Dorros and associares23 have swdied the feasibility of 
angioplasty in tibioperoneal vessels in a nonrru1domized series 
of 312 patients with 417 vessels ru1d 657 lesions. Overall techni
cal success was 92% (98% in stenotic and 77% .in occlusive 
lesions); 13 patients required stenting for intimal flap or dissec
tion refractory to prolonged inflation. Success was higher in 
patients with claudication. More specifically, claudication was 
relieved in 98% of patients with stenoses and in 86% presenting 
with occlusions. Resolution of critical limb ischemia wa.~ noted 
in 98% when stenotic lesions were treated and in 77% of 
patients wid1 occlusions. 

ln a subsequent report, d1e same authors evaluated d1eir 
5-year experience for the san1e patients, but focused on d1ose 
with critical limb ischemia. 21 There were 284 lin1bs in 235 
patients wid1 529 lesions in d1e tibioperoneal vessels; 167 {59%) 
limbs required concomitant dilation of the inflow lesions to 
access the distal vessels. Follow-up was obtained in 215 (97%) 
of successfully treated patients; 8% of the limbs required bypass 
surgery and 9% required an1putation, yielding an overall limb 
salvage rate of 91 o/o at 5 years. As expected, FonraiJ1e class ill 
patients had significru1dy less bypass surgeries and runputarions 
compared with class IV patients. 

Giles and coworkers25 have reported similar results in a 
recent series of infrapopliteallesions causing critical limb isch
emia. In meir series of 176 limbs in 163 patients, 76% of 
patients presented with tissue loss and 15o/o had rest pain. All 
lesions were evenly distributed in the four TASC classes. The 
teclmical success was Y3o/o, with 58% requiring concomitant 
dilation of the femoropopliteallesions and 8% requiring adjw1c
tive scenting, usually for residual stenosis. Similar to the results 
described earlier, rhe success rare was higher for less severe lesions 
(l 00% for TASCA to C; 75% for TASC D; P <.000 l). Dorros 
ru1d colleagues,23 however, did not describe their lesions using 
the TASC classification. Follow-up was performed at 2 weeks, 

every 3 months for 1 year, and every 6 months thereafter. Mea
surement of patency used duplex ultrasound and angiography, 
when indicated, and followed Society for Vascular Surgery (SVS) 
standard criteria for patency. At 1 year, freedom from restenosis, 
re-intervention, or runputation for TASC A to D was 50%, 
39%, 53%, and 14%, respectively. 1l1is was significantly lower 
for TASC D lesions and was predicted by univariate and multi
variate analyses to have a lower rate. Primary patency at l year 
for TASCA to D was 53%, 58%, 67%, and 37%, respectively. 
Again, TASC D was a predictor of lower rate by muJtivariate 
ru1alysis. Limb salvage at 1 year was 84%, with TASC D lesion 
as a predictor for limb loss. 

Kudo ru1d associates26 have published a 1 0-year experience 
of angioplasty for critical limb ischen1ia. There were 138 limbs 
in 11 I patients, and the most distal lesions treated were 33o/o in 
the iliac, 30o/o in the fen1oropopliteal, and 37% in the below
knee group. of these lesions, 91 o/o were TASC C and D. Report
ing standards followed SVS criteria. FoUow-up intervals and the 
studies used were similar to the report by G iles ru1d coworkers.25 

Using Kaplan-Meier analysis, the primary patency ru1d limb 
salvage rates for the femoropopliteal and below-knee gr()ups ar 
3 years were 59.4% ru1d 92.7% and 23.5% and 77.3%, respec
tively. Significant independent risk factors for outcomes included 
multiple segment, more distal, and TASC D lesions. 

Stenting Saberi and colleagues2~-'8 have reported their experience 
with stainless steel and nitinol self-expru1ding stents for the treat
ment of femoropopliteal diseases in a reuospectively reviewed 
nonrandomized srudy. ln d1eir studies, 175 consecutive patients 
presented wid1 claudication {150 patients) and critical limb isch
emia (25 patients). Stents were placed electively following balloon 
angioplasty failure caused by residual stenosis or fl ow-limiting 
dissection. This resulted in 123 patients receiving stainless steel 
stems and 52 receiving nitinol stents. 1l1e choice of stems was at 
the discretion of the interventionist. The length of the lesions 
treated ranged from 5 co 6 em. Duplex ultrasound with anglo
graphic confirmation was used for foiJow-up. The cumulative 
patency rates at 6, 12, and 24 mond1s were 85%, 75%, and 
69%, respectively, for nitinol scenting versus 78%, 54%, and 
34%, respectively, for stainless steel stenti.ng. The authors 
noted significandy improved primary patency rates for nitinol 
stents. 

The srune authors also reponed their early experience widt 
long lesions, at least 10 em, in d1e femoropopliteal segment. 
Only nitinol stents were used and placed after primary failure 
of balloon ru1gioplasry, as described earlier. The median length 
of d1e stented segments was 16 en1. The mediaJl foiJow-up wa.s 
8 months, with in-stent restenosis noted in 40% of patients. The 
overall CW11ulative freedom from restenosis at 6 ru1d 12 months 
was 79% and 54%, respectively. This was not affected by stenr 
length or the number of stents used. However, patency was 
decreased in diabetics. 

They later randomly assigned l 04 patients with stenotic or 
occlusive SFA lesions to undergo primary stenting (51 patients) 
or ru1gioplasry (53 patients), with optional scenting {32% receiv
ing stents).2?,30 1l1e mean length of the lesions wa.~ 13.2 em for 
the stem group and 12.7 em for the angiopla.sty group. At 6 
mond1s, the rate of resrenosis was 24% in the stem group and 
43% in the angioplasty group. At 12 months, the rates were 
379~, and 63%, respectively. 1l1ese results were sustained at 2 
years. L1 a subsequent report of the same patient group, the 
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authors noted a restenosis rate of 45.7% for the stent group 
versus 69.2% for the angioplascy group. During this period, 
re-intervention was also lower in the primary stenting group 
(37% versus 53.8%). 

Vogel and associates-11 have also reported their results of 
primary srenring. 1l1ere were 4 1 patienrs with femoropopliteal 
disease; 37 had TASC B lesions and 4 had TASC D lesions. 'The 
mean lesion lengtb was 6.69 em. Primary patency rates using 
Kaplan-Meier analysis at 6 months, 1-year, and 2-year were 
95%, 84%, and 84%, respectively. 'The limb salvage rate during 
a similar period was 92%, 89%, and 89%, respectively. 1l1e 
lesions treated in this study were shorter than tl10se reported by 
Saberi and coworkers?7

•
28 

Midterm results were reported by Mewissen.32 There were 
122 patients with femoropopliteal lesions in 137 limbs. Of 
these, 125 limbs presented with TASC B and C:H Primary 
patency rates at 6, 12, 18, and 24 months were 92%, 76%, 66%, 
and 60%, respectively. 

Ferreira and colleagues-14 have noted similar favorable 
results in a long-term study of long femoropopliteallesions. In 
this report of 59 patients with 74lesions, there were 16% lesions 
in TASC C and 61% in TASC D. 1l1e mean lesion length was 
19 an; the mea11 follow-up was 2.4 years. 'TI1e primary patency 
rates estimated by Kaplan-Meier at 1, 2, 3, 4, and 4.8 years were 
90%,78%, 74%, 6Yo/o, and 6Yo/o, respectively. In another recent 
study, Baril and associates33 also noted tl1e sustained results of 
using a nitinol stent. 'The study retrospectively reviewed 125 
patienr..~ with 108 TASC B and 32 TASC C lesions. The mean 
follow-up period! was 12.7 months; 41 limbs experienced reste
nosis or occlus.ion at 8 months. Freedom from restenos.is or 
occlusion at 12 months for the entire cohort was 58.9% and 
47.Y1Yo at 24 months. There was no difference between TASC B 
and C lesions. 

With advances in technology, angioplasty and stenting of 
infrapopliteal lesions arc gaining acceptance. Kickuth and 
coworkersJ5 have recently reponed their initial experience with 
a low-profile, self-expanding nitinol stent. They treated 35 
patients, 19 with life.sryle-Umiting claudication and 16 with 
critical Hmb ischemia Selective stentin.g was performed after 
failed balloon angioplasty caused by residual stenosis, elastic 
recoil, or flow-limiting dissections. Stent placement was per
formed in 22 patients with distal popliteal artery lesions and in 
13 with tlbioperoneal artery lesions. Technical success was 
achieved in all patients. Follow-up studies were performed with 
duplex ultrasound and angiography. The 6-month primary 
patency rate was 82%. 'TI1e authors noted the feasibility of treat
ing infrapopl.iteal lesions with the new nitinol stem. 

A recent meta-analysis was reported by Mwipatayi and 
colleagues36 comparing balloon angioplasty witll stenring for the 
treatment of femoropopliteal lesions. A systemic review of tl1e 
literature was performed on reports published between Septem
ber 2000 and January 2007. The search included studies that 
reported long-term results of at least 1 year. Seven randomized 
controlled trials (RCTs) comparing angioplascy with scenting 
were used for tbis meta-analysis, a total of Y34 patients; 482 
patients were treated with stenting and the rest (452) with 
baiJoon angiopla~ty. For the stent group, the 1-year primary 
patency rates varied from 63% ro 90% and 2-year primary 
patency ranged from 46% to 87%. In the angioplasry group, the 
maximal vessel :length treated was 30.2 an with a mean of 
4.3 em. ln the stent group, tl1e maximal length was 32 em with 

a mean of 4.6 em. 'The use of stencs did not improve the patency 
rate at I year. However, limitations include length of follow-up, 
various stents used, and inconsistent use of optimal medical 
therapy. 

Ihnat and associates37 have recently evaluated the effect of 
lesion severicy on patency after stcnring of femoropopliteal 
segment. There were 95 patients treated {.1 09 limbs); 71 patients 
(65%) were treated for claudication and 38 (35%) for CU. 'The 
average lesion length was 15.7 em. 'TI1e type oflesions according 
to TASC classification was 39% A, 14% B, 2Yo/o C, and 18% 
D. The average runoff score was 4.6. The overall 36-month 
primary patency rate was 52%. The rate of limb salvage was 75% 
in patients with CU. Decreased patency rates were noted in 
TASC D lesions and .limbs with poor initial nmoff score. 

Steot Craft One of the most widely used stenc grafts (Fig. 63-21) 
in the treatment of chronic lower extrenlit:y ischenlia is tbe 
Viababn endop.rosthesis (Gore Medical, Flagstaff, Ariz). It is 
constructed with an expanded polytetrafluoroethylene (ePTFE) 
liner attached to an external nitinol stcnt. The inner surface is 
bonded with heparin. This stent graft is extremity A.exihle, allow
ing it to conform closely to the anatomy of the SF A. 

Rallo and coworkers3S first reported preliminary results i11 
15 patients wiili femoropopliteallesions. 1l1e clinlcal presenta
tion varied from claudication to acute leg ischemia, as well as 
one ruptured popliteal artery aneurysm. Primary patency rates 
at I, 12, and 24 months were 100%, 93%, and 84%, re.spec
rively. There was no limb loss during the follow-up period. 

Jahnke and co1Jeagues39 have reported tl1eir midterm expe
rience in 52 patients with mediun1- or long-segment occlusions 
and stenoses of the femoropopliteal artery. 1l1e technical success 
was 1 OU%; the mean length of the covered segments was 1 U.9 em 
± 5.13. There was initial hemodynamic improven1ent, with the 
ABl increasing from 0.54 ± 0.12 to 0.89 ± 0.14. The mean 
follow-up duration was 23.8 months. Patients were followed 
witl1 DU and tl1e primary patency races at 12 and 24 months 
were 78.4% and 74.1 o/o, respectively. 1l1e lengrh of implanted 
stent graft did nor affect the prin1ary patency rates. 

ln a 6-year experience, Fischer and associates10 eval,uated 
outcomes for 57 patients treated for stenoses (13%) or occlu
sions (87%) of the SFA. The average lengili of treated lesions 
was l 0 .7 em; I Oo/o suffered early thrombosis of the graft witl1in 
30 days. The mean follow-up was 55 months (range, 8 to 78 
months). 'TI1e primary patency rate.s for 30 days and 1, 3, and 
5 years were 90%, 67%, 57%. and 45%, respectively. In an 
earlier long-term study, Bleyn and coworkers41 treated 67 
patienr..~ with a mean lesion length of 14.3 em. 11Je 5-year 
primary patency race was 47%. 

'The most recent results were reported by Shaikh and col
leagues."-! They reported a series of 81 patients with 98 SFAs 
using 167 stent grafts; 80% of the interventions were for TASC 
C and D lesions. The 1-year primary patency was 96%. [n their 
second group, 43 patients were randomized to stent graft or 
SilverHawk (ev3 Endovascular, Plymouth, Millll) atherectomy 
interventions; 23 patients were treated with Viabalm in 2Y SFAs 
and 20 patients were treated with atherectomy in 23 SFAs. 1l1e 
technical success rate was 100% in both groups. 1l1ere were 
significantly more complications in the atberectomy group (5 
patients [21%]) than Viabahn (0 patients). The 1-year primary 
patency rate was 90% for Viababn and 57% for SilverHawk 
a ilierectomy. 
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FIGURE 63-21 A, Distal superficial femoral to proximal popliteal artery occlusion. B. Completion angiogram following recanalization and stent 
placement c. Bilateral common iliac artery thro mbus, acute .. D. Successful treatment with stent graft. Row was restored without distal 
embolization. 

Comparison ofYiabahn treatment with different modali
ties has been reported by others as weU. Saxon and associates43 

have compared stent graft with percutaneous transluminal 
angioplasry {PTA) alone in a nmltkenter, prospective random
ized study. The: stent graft group bad 97 patients and the PTA 
had 100. 'Tile stent graft group had a significantly higher techni
cal success rate {95% versus 66%; P <.0001). Follow-up at I 
year usLng dupkx ultrasound showed that the primary patency 
rate was 65% for scent graft and 40% for PTA alone. This 
improvement was noted for lesions at least 3 em long. 

L1 a prospective randomized study, Kedora and coworkcrs14 

compared Viabalm with above-knee surgical bypass witl1 syn
thetic graft material; ~6 patients with 100 Limbs were random
ized to 50 limbs each for the stent graft and bypass. The mean 
length of artery stented was 25.6 em. ABis and DU were used 
for follow-up at 3, 6, 9, and 12 months. The primary patency 
at 3, 6, 9, and )2 months were 84%, 82%, 75.6%, and 73.5% 
for stcnt grafts, respectively. For bypass, ir was 90%, 81.8%, 
79.7%, and 74.2%, respectively. 1l1e authors also noted similar 
re-intervention and secondary patency rates. 
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other variations of Balloon Angioplasty 'TI1ese include cutting 
balloon angioplasry and cryoplasty. 

Cutting Bolloon The cutting balloon was originally designed for 
use in the coronary artery for lesions resistant to compliant 
balloon angioplasry or in-stem resrenoric lesions. The balloon 
features three OT four atherotomes, or microsurgical blades, 
mounted longitudinally on the surface of a noncompliant 
balloon. The blades score the lesion and dilate the vessels with 
less force than conventional balloon angioplasty. 

Cryoplasty The PolarCath Peripheral Dilatation System (Boston 
Scientific, Natick, M ass) provides mechanical dilation and cryo
therapy tluough the use of nitrous oxide. The gas is used to 6JJ 
the angioplasty balloon and to cool irs surface to - 1 o• C. As the 
balloon is inflated, i.t exerts mechanical and biologic effects. 'TI1e 
cooling is purported to promote apoptosis, which reduces excess 
thickening from intimal hyperplasia of smooth m usde cells after 
angioplasty, and should result in reduced restenosis. 

Atheredomy Endovascldar atlterecromy allows the physical 
removal of atherosclerotic plaque material from the blood vessel, 
with a d1eoretical benefi t of removing the obstructing plaque 
rather man merely displacing it, as with angioplasty and stent
ing. Excisional atherectomy catheters remove and collect the 
atheroma, whereas ablative devices fragment the atl1eroma into 
small particles. Rotational cutters tum at speeds up to 8000 rpm, 
shaving the atherosclerotic plaque material from the luminal 
surface of the arterial wall and collecting it in a storage d1an1ber. 
Small case series have reported tedmical success of 87% wi rh 
the need for adjunct procedures sud1 as balloon angioplasty or 
scenting i.n 20% to 63%.45-

47 Postprocedure ABI improved by 
0.24 to 0.36. The 1-year patency rates range from 22% to 84% 
with limb salvage rates of 62% to 86%. Some studies reported 
decreased patency when the target lesion was restenotic,46 

whereas others did not.45 Another study reported mat treatment 
of multiple vessels did not influence patency or limb salvage and 
adjunctive therapy did nor improve resulrs.48 

An example of ablative atberectomy includes the laser 
atl1erecromy, a cold-tipped laser that delivers bursts of ultraviolet 
xenon energy in short pulse durations. Irs reported key feature 
is the abil ity to debulk tissue without damaging surrow1ding 
tissue, minimizing restenosis. When compared wltl1 balloon 
angioplasty alone, no illfference was reported in 1-year patency 
or redmical success.49 The largest trial was tl1e LACJ (Laser 
Angioplasty for C ritical Limb Jschemia) phase 2 study that 
involved 14 sites in the United States and Germany. 50 There were 
145 patients with 155 limbs and 423lesions-41% SFA, 15% 
popliteal, 41 o/o infrapopliteal, and 70% a combination of steno
ses. Technical success was achieved in 86% of limbs, with most 
lesions in TASC C and D. Limb salvage at 6 months was 93%. 
Similar resldts were ad1ieved by a five-center registry in Belgium; 
Bosiers and colleagues51 presented outcomes of 48 patients with 
51 limbs in Rutherford category 4, 5. or 6 who were poor can
didates for bypass surgery. The limb salvage at 6 months was 
90.5%. 

Acute Limb Ischemia 
A popular pnelllmonic for describing the presentation of an 
acutely ischemic leg is referred to as tl1e five( or six) Ps, depending 
on one's willingness to include poikilochermia. Pain, pallor, 

pulselcssncss, paresthesias, and paralysis are often cited as indica
tive of acute arterial ischemia. These symptoms and findings, 
however, are often variable in degree and not necessarily predic
tive of the extent of disease or degree of ischemia. A similar 
presentation may be seen in the setting of blunt or penetrating 
trauma, in which the narive, nondiseased blood supply is sud
denly im errupted. lt is d1e acuity of the insult tlJat leads to tl1is 
consteiJation of symptoms; the chronically ischemic limb may 
have become so over a duration of time that allowed collateral 
Aow to develop. The patient witl1 acute ischemia may have less 
devdoped coUateral circulation and less tolerance to prolonged 
ischemia. 

The cause of acute limb ischemia is usually thromboembo
lism in the intervention-naive patient. 1he source of the embo
lism can be the heart, in which case atrial fibrillation is a 
commonly observed comorbidity. Alternative embolic sources 
include the valvular leaflets, and the aorta and iliac arteries may 
house thrombus, with or wi thout concurrent aneurysmal disease. 
Patients presenting witl1 a surgical history of previous bypass or 
stent placement may have an acute ocdusio11 from graft or stent 
failure. or may have disease progression. 'Ibis history and me 
location of tl1e occlusive lesion will affect surgical decision 
making. Acute limb ischemia consti tutes a surgical emergency. 
As in most cases of vascular disease, mere are endovascular and 
open surgical methods for addressing the problem. 

As in all cases, a detailed history and physical exanlination 
are needed for a clinical diagnosis of tl1e severity of disease: 

• Category 1 limbs are viable and not immediately 
threatened. 

• Category lla limbs are tlueatened but salvageable if 
treated. 

• Category lib limbs are salvageable if treated as an 
emergency. 

• Category Ill limbs have irreversible ischemia and are 
not salvageable. 
Therefore, patients whose limbs are viable and do not 

appear immediately threatened (category 1), as well as those 
threatened but salvageable without paralysis, but with mild 
sensory changes (category lla), are potential candidates for 
thrombolytic therapy. Patients with threatened limbs with more 
significant neurologic changes (category llb) require a more 
urgent intervention and may best be served with an operative 
imervemion. Patients with irreversible isd1emia and a nonsal
vageable limb usually require primary amputation (Fig. 63-22). 

Patients with viable or minimally threatened limbs are can
didates for thrombolytic therapy. They must have no contrain
dication to tluombolysis, which would include an active bleeding 
diathesis, recent gastrointestinal bleeding (less than 10 days), 
intracranial or spin al surgery, or intracranial trauma within the 
previous 3 months. Also, patients wim a recent cerebral vascular 
accident, within 2 mond1s, represent an absolute contraindica
tion to thrombolysis. Relative major contraindications include 
major nonvascular surgery or trauma within the previous 
10 days, uncontrolled hypertension, puncture of noncomprcss
ible vessels, intracranial tumors, and recent eye surgery. Minor 
contrai11dications to thrombolysis include hepatic fajJure, 
bacterial endocarditis, pregnancy, and diabetic hemorrhagic 
rerinopad1y. 

An alternative to thrombolysis is open tluombectomy. 
Patients are begun on heparin on presentation. Proximal and 
distal control on d1e fem oral versus below-knee popliteal artery 
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FIGURE 63-22 Algorithm for the treatment of acute limb ischemia. 

is obtained. A longiwdinal arteriotomy is created and the 
thrombectomy balloon is passed proxLmally and distally with 
care until excellent forward bleeding and reasonable back bleed
ing are seen. Fluoroscopy can be used to assist in the thrombec
tomy procedure, with contrast used in the embolectomy balloon 
and within the artery. Once the clot is successfully removed, the 
artery is Rushed proximaJiy and distally with heparinized 
saline before replacing the damps. Patch angioplasty should 
be considered to avoid narrowing the artery. Completion 
angiography is belpfuJ for confirming removal of most of the 
thrombus and idenriJYing a culprit lesion. Four-compartment 
fasciotomy may be necessary, depending on the duration of 
ischemic insult. 

Complications of open tbromlx:ctomy include imimal 
damage and dissection. Complications of thrombolysis include 
bleeding, which in minor cases is from the arterial access, veJli
puncture si te{s), or Foley catheter, but can be severe and lead to 
hemothorax, gastrointestinal bleeding, and symptomatic intra
cranial hemorrhage. 

If no culprit lesion is found, the patient should undergo a 
hypercoaguJable workup. Oral anticoagulation should be 
considered. 

OTHER CAUSES OF ACUTE AND 
CHRONIC LIMB ISCHEMIA 

Nonatherosderotic Arteriopathies 
Other causes of arterial occlusive disease, although far less 
common than atherosclerosis Ln the West, should be considered 
for patients who do not fit the risk factor profile outlined earlier. 

Episodic digital ischemia was first described by Maurice 
Raynaud in 1862. Raynaud's phenomenon is characterized by 
recurrent episodic vasospasm of cl1e digits precipitated by a 
stimulus sud1 as environmental cold or emotional stress, mani
festing as tricolor changes-white, blue, and red. It initially 
produces pallor from cold exposure and vasoconstriction, 
subsequent cyanosis from hypoxia, and then rubor from the 
hyperemic response associated with rewarmLng. The digits 
rewrn to normal 10 to 15 minutes after removal of the stimu
lus, and the fingers remain normal between iscbenlic episodes. 
Fingers of both hands are usually involved, extending to the 

metacarpophalang<.--al joint, with sparing of the thumb. The 
lower extremities are rarely involved. The clinical spectrum is 
broad, rru1ging from milder forms managed by avoidance to 
cold co more severe symptoms of ulceration and tissue loss 
fi·om vascular occlusions beyond vasospasm. Secondary Rayn
aud's phenomenon can be associated with various connective 
tissue diseases sud1 as scleroderma or exposure to drugs, toxins, 
or repetitive trauma. 

The prevalence of Raynaud's syndrome (RS) varies with 
climate, approaching 20% to 25% in cool dan1p regions such 
as Scru1dinavia and the Pacific Northwest. It usually occurs in 
young women, with a mediru1 age of onset of 14 years, ru1d rarel}' 
after the age of 40 years. L1 these patients, 25% have a fanilly 
history of RS in a first-degree relative. 

The evaluation of patients for RS should include complete 
blood cell count determination of erythrocyte sedimentation 
rate, ru1tinudear antibody titer, ru1d rheumatoid factor. Routine 
vascular laboratory resting with digital photoplethysmography 
ru1d digital blood pressures can help distinguish patients with 
obstructive disease from those with an abnormal vasoconstrictive 
response. A digital bypothemuc cold challenge rest bas been 
described, with an overall sensitivity ru1d accuracy of approxi
mately 90%. 

The hallmark of conservative treatment is the avoidance of 
cold and emotional stimuli. All patients with RS should refrain 
from tobacco use. The most widely used pharmacologic agents 
are calcium channel blockers. Patients with digital ulcers can 
usually be healed with aggressive local wound care and debride
ment. Surgical intervention is reserved for patients with proxi
mal atherosclerotic or aneurysmal disease in an effort to eliminate 
ru1y embolk source or potential physical impediment to 
perfusion. 

Buerger's Disease 
Thromboru1gUtis obliterru1s, or Buerger's disease, predominately 
affects young male smokers in their 30s, presenting with distal 
limb ischemia and localized digital gru1grene. There is aJl increas
ing incidence in women that likely parallels d1ru1ges in smoking 
patterns. There is an increased incidence in patients of Eastem 
European or Japanese heritage. Diagnostic hallmarks include age 
of onset before 45 years, exposure to tobacco, absence of arterial 
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lesions proximal to the knee or elbow, and absence of other 
atherosclerotic risk factors. 

Thromboangiitis obliterans is a polyarteritis nodosa 
(PAN) vasculitis, with surgical specimens showing iJwolve
ment of arteries and veills. Occlusive lesions are seen typically 
in small and medium-sized arteries. lt usually occurs in rhe 
distal portions of the upper aJld lower extremities distal to the 
elbow and knee_ Patients frequently have rest pam, ulceration 
aJld, often, digital gangrene. Objective confirmation can be 
obtained with four-limb digital plethysmography, showing 
obstructive arterial waveforms ill aU digits. Arteriography typi
cally reveals extensively diseased iJ:tfrageniculate vessels and 
diffuse pla11tar arterial occlusions. 1he reconstitution of distal 
arterial segments is provided by tortuous, pathognomonic, 
corkscrew collaterals. 

Treatment requires absolute tobacco cessation, which often 
results ill clinical remission. Finger ulcers CaJ1 frequently be 
heal.ed with aggressive local wound care. Up to one third of 
patients wid1 lower extremity disease will eventually require 
major amputation. Distal arterial bypass or cndovascular inter
vention should be considered when anatomically feasible for 
CU, but the distal to proximal pattern of disease progression 
often precludes successful surgical revascularization. Currently. 
there is no effective pharmacologic treatment. 

Vasculitis 
The tern1 vasculitis refers to a primary inAan1matory proces.~ 
iJwolviJ1g blood vessels witl1 resultant rransmural injury, necro
sis, and obstruction or obliteration of the lumen. Vessels of aJlY 
size aJld location CaJl be affected. A useful classification system 
for vasculitis may be based on the size of tl1e vessels involved by 
the inflammatoliy process- large-, medi.um-, or small-vessel 
vasculitis. 

Large-Vessel Vasculitis 
The large vessel vasculitides includes giant cell arteritis (GCA), 
also referred to as temporal arteritis, and Takayasu's arteritis. 
Although both vasculitides can affect the aorta and its major 
branciles, GCA primarily involves the extracra11ial brancl1es of 
the carotid artef)r. GCA usually occurs in older patients, whereas 
Takayasu's arteritis afflicts younger female patients, with a blgher 
prevalence in those of AsiaJ1 or Eastern Europea11 heritage. Both 
conditions are associated with the developmem of aneurysms of 
the thoracic a11d abdominal aorta and the progression of occlu
sive disease ill the carotid, upper extremity, visceral. and renal 
arteries. 

Giant Cell Arteritis (Temporal Arteritis) GCA usually occurs m 
patients older d1an 55 years. It is two to iliree times more 
common in women thaJl men. The average armual incidence is 
18 cases/lOO,OOO in older women. It prffi1arily affects brancl1es 
of the external carotid artery, although it may involve aJ1Y large 
artery of the body. Patients may describe a history of a febrile 
myalgic process, with aching aJld stiffness of the hip, back, and 
shoulders lasting 4 weeks or more. Constitutional symptoms 
include headaciles, malaise, anorexia, and weight loss. A charac
teristic presentation is severe pain over the temporal artery, with 
tenderness and nodularity of the artery that is frequently bilat
eral. Up to 20% of patients may development permanent uni
lateral blindness, with one third of them progressing to 
contralateral blindness within an additional week's time. 

Treatment should be prompt, consisting of blgh-dose cor
ticosteroids. Patients suspected of having GCA should undergo 
temporal artery biopsy prior to the iJlitiation of steroid therapy. 
Bilateral sequential temporal artery biopsies may be needed. The 
erythrocyte sedimentation ra te is elevated in 75% of patients, 
although d1e C-reactive protein level may be a more sensitive 
indicacor. 

Early initiation of steroid therapy can result in prevention 
of blindness and resto.ration of pulses. Revascularization is rarely 
needed because of the collateral vessels that develop; it is rela
tively contraindicated during the acute phase of GCA. 

Takayasu's Disease Takayasu's disease most commonly occurs in 
young, Asian female patients ranging in age from 3 to 35 years 
(85%).. Parients present initially with fever, anorexia, and 
myalgia, followed by a second stage of multiple arterial occlusive 
symptoms, dependrng on the location of disease involvement. 

T11e disease frequently affects the aorta, its major branches, 
aJld the pulmonary artery. Lesions are usually stenotic, but may 
also present as aJleurysmal degeneration. Four patterns of car· 
diovascular maJlifestations have been described. Type I is local
ized to the arch a11d the arch vessels. Type [J involves the 
descendrng thoracic and abdomi11al aorta. Type IIJ involves the 
arch vessels and abdominal aorta and its branches. Type N 
involves the pulmonary arteries. 

Patients are best treated with conservative medical manage
ment. Surgical or endovascular intervention is used for symp
tomatic stenotic d isease but is only undertaken when the active 
iJlflaJUmatory process has been brought under control. 

Medium-Vessel Vasculitis 
Polyarteritis Nodosa PAN is a disseminated disease with trans
mural arterial necrosis of the medium-sized arteries. It occurs 
typically in the fourth to sixth decade aJld is more common in 
men than women by a 2: l margin. 'TI1e arteries of the kidney, 
liver, heart, and gastroiJ1testinal tract are commonly affected. It 
is characterized by the formation of multiple visceral aneu
rysms, with attendant risk of rupture. Altematively, tl1e illflaJ11-
matory process of PAN may lead to arterial occlusions, 
maJlifestillg as enteric perforation, gastrointestmal bleeding, or 
appendicitis. 

T11e useofimmw10suppressive tl1erapy has greatly improved 
the 5-year survival froml5% to 80%. Patients wiili mild symp
toms can be treated witl1 steroid therapy alone. However, 
patients with poor prognostic mdicators sucil as renal msuffi
ciency reguire immunosuppressive therapy in addition to 
steroids. 

Kawasaki's Disease Kawasaki's disease (KD) is aJ1 acute vasculitis 
wid1 a predilection for illvolviJ1g the coronary arteries in clill
dren younger thaJl 5 years, wiili a peak incidence at 1 year of 
age. Boys are affected more commonly than girls. The distin
guishing feature of advanced KD is the formation of diffuse 
fusiform and saccular coronary artery aJleurysms. Systemic arte
ritis can also occur, commonly affectillg the iliac arteries in 
addition to the coronaries. 

Death may resu.lt from acute myocardial i11farction or 
arrbyilimia followillg thrombosis of a coronary artery aneurysm. 
Alternatively, aneurysm rupture may occur. Treatment with 
aspirin a11d immw1e globulin therapy has decreased the mortal
ity over the past 2 decades a11d reduced the incidence of coronary 
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artery aneurysmal degeneration. If refractory, more complete 
immunosuppressive therapy shOLtld be considered. 

Beh~s Disease Beh~et's disease (BD) commonly manifests as 
iritis associated with oral and genital mucocutaneous ulcer
ations. lt primarily affects patiems from the Mediterranean area 
and Japan. 1l1e vasculitis component of BD involves the venous 
and arterial systems. Venous thrombosis is the most common 
vascular disorder with BD. Arterial lesions, although less fre
quent, are associated with a higher incidence of mortality. Aortic 
aneurysmal degeneration and rupture in these patients is the 
usual cause of m ortality. 

Patients with BD and venous thrombosis arc managed with 
Lifelong oral anticoagulation. Immunosuppressive therapy is 
used for nonartcrial symptoms, such as mucocutaneous lesions 
and eye disease. Traditional aneurysm repair with interposition 
grafting has been associated with a high incidence of thrombosis 
and anastomotic pseudoaneurysms. Endovascular aneurysm 
repair is emerging as the treatment of choice. 

Cogan's Syndrome Cogan's syndrome (CS) is a rare disease con
sisting of interstitial keratitis and vestibuloauditory symptoms. 
It may occasionally consist of aortitis, with subsequent aortic 
valvular insufficiency. CS commonly affects young patients in 
their third decade. High-dose steroid therapy can be used to 
reverse visual and auditory complications. Surgical intervention 
may be needed for aortic valve replacement, mesenteric revascu
larization, or thoracoabdominal aortic aneurysm repair. 

Small-Vessel Vasculitis 
Antineutrophil Cytoplasmic Antibody-Associated vasculitides The 
major forms of small-vessel vasculitis arc associated with the 
presence of antineutrophil cywplasmic antibodies (ANCAs), 
autoantibodies formed against enzymes found in primary 
granules of nellltrophils. ANCA-associated vasculltides {AAVs) 
include Wegener's granulomatosis (WG), microscopic polyangi
itis {MPA), and Churg-Strauss syndrome {CSS), and often have 
circulating AN C As. WG is the most common form. The overall 
incidence of AAVs in the population is 10 to 20 per mHiion/ 
year, affecting men and women equally, with a peak onset in the 
60s. Patients present with constitutional symptoms that include 
fever and weight loss. WG is characterized by renal and respira
tory tract invoEvemem. MPA is characterized by rapid progres
sive glomerulonephritis in almost all patients. CSS is characterized 
by allergic rhi.Jllitis and asthma, eosinophilic. infiltrative disease, 
and small-vessel vasculitis. Diagnostic testing should include 
assessment for in flammatory markers and for liver and renal 
function, as well as assays for ANCAs, antinuclear antibodies, 
and rheumatoid factor. Small-vessel vasculitis can be docu
mented by microscopic exanlinations of biopsy specimens from 
affected tissues, such as skin and kidney. Treatment involves 
three stages using corticosteroids and immunosuppressive 
therapy- induction of ren1ission, maintenance of remission, 
and treatment of relapses. 

Vasculitis Associated With Connective Tissue Diseases Vasculitis is 
frequently associated with scleroderma, rheumatoid arthritis, 
and systemic lupus erythematous. Scleroderma is characterized 
by small-vessel occlusion within the arterioles of the skin, gas
trointestinal tract, kidneys, lung, and heart. Rheumatoid arthri
tis typically involves digital arteries and small vessels of the vasa 

ncrvorum. Lupus patients commonly have Raynaud's syndrome, 
bur may also have atherosclerosis of large vessels. Treatment 
consists of steroid and immunosuppressive tl1erapies. 

Heritable Arteriopathies 

Cysti c Medial Necrosis 
Cystic medial necrosis, formerly known as medial degeneration, 
is associated with collagen vascular disorders, Ehlers-Danlos and 
Marfan's syndromes, with elastolysis degrading aortic medial 
collagen and elastin. Aortic dissection is the result. Although also 
seen in normal aging, cystic medial necrosis is accelerated by 
hypertension and atherosclerosis. 

Pseudoxanthoma Elasticum 
Pseudoxanthoma elasticum is an inherited diseased, with most 
patients demonstrating an autosomal recessive inheritance. llJe 
prevalence is I in 70,000 to L60,0UO. Patients present with 
baggy skin and yellow-orange cutaneous papules in intertrigi
nous areas. Symptoms may include intermittent claudication, 
angina, and abdominal pain caused by involvement of cerebral, 
coronary, visceral, and peripheral vessels. Arterial disease can be 
seen in young patients (20s to 30s) without risk factors for 
atherosclerosis. Digital plethysmography shows abnormal pulse 
waveforms from l os.~ of the elastic recoil of vessels. Arterial ste
nosis and occlusion with extensive calci£cation can be seen 
radiographically. Surgical and endovascular management options 
are the same as for atherosclerotic occlusive disease. 

Arteria Magna Syndrome 
Arteria magna syndrome is a disease characterized by arterial 
elongation, dilation, and tortuosity. It occurs in younger patients 
with no evidence of atherosclerosis, with a fanill.ial incidence in 
first-degree relatives. There is a propensity for arterial aneurysm 
formation iJl multiple sites. Arteriogran1s show characteristic 
arterial widening and tortuosity, slow arterial flow velocity, and 
multiple aneurysms. The low-velocity arterial flow makes arteri
ography difficult to perfom1, requiring a large volume of con
trast :and multiple injections with delayed timing. 1l1ese patien ts 
should be screened annually for the development of aneurysms 
in the aorta, iliac, femoral, and popliteal arteries. Symptomatic 
aneurysms or those whose dian1eters are 2 to 2.5 times that of 
the parent arteries should be repaired. Complications of arrerial 
occlusions are almost always caused by thrombosis or emboliza
tion. A number of surgical interventions are often needed for 
aneurysms at multiple sites. 

Congenital Conditions Affecting the Arteries 

Persistent Sciatic Artery 
The sciatic artery in the embryo is a vessel that arises from the 
umbilical artery and supplies the lower extremity. During devel
opment, tl1is artery is replaced by the femoral artery from the 
external iliac artery, and the remnants of the sciatic artery remain 
as the inferior gluteal artery, distal popliteal artery, and peroneal 
artery. Rarely, this sciatic artery persists as a large artery that is 
located in the posterior thigh, exiting the pelvis to continue as 
the popliteal artery. ll1e superficial femoral artery may coexist 
or be hypoplastic or absent. Occasionally, this may be detected 
in an individual with an absent femoral pulse, but palpable distal 
pulses. However, the persistent sciatic artery usually is not 
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detected until patients are in their 50s and symptoms typical of 
peripheral vascular disease develop. Up to 25% of patients may 
present with pulsatile buttock masses caused by aneurysmal 
degeneration. SuJgical intervention is indicated for ischemic and 
aneurysmal complications. Options included arterial ligation, 
endovascular coiling for occlusion of an isolated aneurysm, and 
iliopopliteal or femoropopliteal bypasses. 

Popliteal Entrapment Syndromes 
This S}'lldrome is based on an anomalous anatomic relationship 
between the popliteal artery and surrounding gastrocnemius 
muscle that may occur during embryonic development. The 
most common variant (50o/o) is the medial location of the pop
liteal artery to the normally placed medial head of the gastroc
nemius muscle. 1l1e second most common variant (25%) is the 
medial location of the popliteal artery to the abnormally attached 
medial head of rhe gastrocnemius muscle. ln other variants, the 
normally located. popliteal artery may be compressed by muscle 
slips of the medial head of cl1e gastrocnemius muscle or fibrous 
bands. Symptoms are caused by obstruction of the popliteal 
artery with gastrocnemius contraction. The typical patient is a 
younger man (younger than 30 years: 90o/o) without risk factors 
for PVD; 20o/o of patients have the disorder bilaterally. Popliteal 
entrapment syndrome should be suspected in younger patients 
with calf claudication. 

Diagnosis with noninvasive arterial duplex and photople
thysmography is difficuJt and findings are nonspecific. Arteriog
raphy may be nonspecific. MRI is the diagnostic modality of 
choice because it will show the anomalous relationships between 
the popliteal artery and gastrocnemius muscle. Treatment is 
indicated for symptomatic patients and requires surgical in ter
vention. Removal of the medial gastrocnemius bead may be 
sufficient for patients with minimal arterial disease. Patients with 
arterial stenosis or aneurysmal degeneration should be treated 
with arterial bypass using autogenous veins. 

Adventitial Cystic Disease 
Adventitial cystic disease is another rare condition that should 
be considered in younger patients with claudication. The arterial 
stenosis is caused by compression of the lumen from synovial
like cysts in the subadventitial layer of the arterial wall. It is 
commonly located in the popliteal artery, but may also be found 
in rhe iliac and femoral arteries. Patients presem in their 40s, 
and 80o/o are men. Diagnosis may be made with ultrasonogra
phy, CT, or MRl. Arteriography may show a scimitar sign, with 
luminal compression by tbe cyst. The artery is nom1ally placed, 
with no signs of atherosclerotic disease. Treatment with CT- or 
ultrasound- guided needle aspiration may be used for small cysts, 
although there may be a l 0% rate of recurrence. Arterial bypass 
with an autogenous vein is used for patients with large cysts 
causing arterial compression or occlusion. 

Peripheral Artery Aneurysms 

Femoral and Popliteal Artery Aneurysms 
Fen1oral and popliteal artery aneurysms accowlt for more than 
90% of peripheral aneurysms, with popliteal artery aneurysms 
being the most common, 70o/o. However, they are still relatively 
uncommon. The estimated incidence of femoral and popliteal 
aneurysms is approximately 7/100,000 men and 1/100,000 
women. Femoral aneurysms usually involve tbe common femoral 

artery, but may occasionally extend or be limited to the super
ficial femoral artery in the midthigh. Femoral and popliteal 
aneurysms are commonly associated with other aneurysms, with 
approximately 80o/o of patients having multiple aneurysms. In 
patients with common femoral aneurysms, 90o/o have an aor
roWac aneurysm and 60o/o have bilateral femoral aneurysms. Ln 
patients with popliteal aneurysms, 70o/o have an aortoiJiac aneu
rysm and 50o/o have bilateral popliteal aneurysms. Femoral and 
popliteal aneurysms show a hlgh incidence of thromboembolic 
complications, which can result in limb loss. 

The diagnosis of femoral and popliteal aneurysms is sus
pected in patients with widened pulses that are easily palpated. 
1l1ese aneurysms should be considered in patients preseming 
with foot embolization or acute limb ischemia. CT and uJtraso
nography can accurately diagnose the femoral and popliteal 
aneurysms. Ultrasonography should be used for patients with 
aortoiliac aneurysms to search for these peripheral aneurysms. 
Arteriography is important for visualization of the aneurysms 
and rw10ff to plan for surgical intervention. 

Femoral and popliteal aneurysms shouJd be considered for 
treatment when the diagnosis is made. Because of the hlgh 
incidence of thromboembolic events, these aneurysms are 
repaired, regardless of size. Even small aneurysms can cause 
ischemic limb complications. Surgical intervention of the 
femoral aneurysms consists of resection of the aneurysms with 
interposition grafts. Treatment of the popliteal aneurysms 
usually involves bypass using autogenous veins, with exclusion 
of the aneurysm to prevem embolization. Patients with ischemic 
Limbs from embolic complications may require thrombolytic 
therapy to establish arterial outflow prior to bypass surgery. 
EndovascuJar repair with covered scents is emerging as the treat
ment of choice for popliteal aneurysms (Fig. 63-23). 

Evaluating the Success of 
Revascularization Procedures 
Although there is a lack of consensus about the best endovascular 
modality to use for most patients, cl1ere is certainly a need for 
routine follow-up and dose involvement of all patients treated 
for claudication and CU. TI1e ultimate success of any interven
tion performed, endovascular or open surgical bypass, can be 
improved by a continued relationsbip with cl1e patient and 
regular examination. Smoking cessatio11 cow1seling and adju
vam techniques such as medications and nicotine replacement 
are used routinely to help patients with thls in1portant aspect of 
their treatment. Lifelong administration of oral antiplatelet 
agents (81 mg aspirin daily and 75 mg d opidogrel daily) and 
aggressive lipid modification in all patients who have had a 
vascular intervention is routine. 

Duplex arterial ultrasound has gained wide acceptance as 
the modality of choice for surgical bypass graft surveillance, and 
it is has hecome the standard for following patients treated with 
endovascular therapy. Contemporary practice guidelines include 
a baseline duplex ultrasonography (DU) scan before interven
tion , another following the intervention ro document improve
ment (the timing of this scan varies from l day to 2 weeks 
foUowing the intervention), and then additional scans at 3 and 
6 month postprocedure to assess for contiJmed efficacy. DU is 
then performed at 6-month intervals thereafter. Evaluation of 
contin ued subjective clinical improvement and determining 
ABls are essential and simple adjunctive measures that should 
be performed at each visit. Most studies discussed earlier used 
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c 
FIGURE 63-23 A. Popliteal aneurysm. B, Collateral feeding branches treated with coil embolization. C. Stent placement to exclude flow into 
aneurysm sac. D. Completion angiogram showing successful repair. 
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DU as their method of imaging follow-up. Although very early 
studies and coronary trials used routine postprocedure contrast 
angiography (at 6 months and 1 year), the ready availability, 
lower risk, and proven sensitivity and specificity of DU have 
made it the preferred method of follow-up over contrast angi
ography. Once a problem has been idenrified, routine surveil
lance with DU and selective angiography have become the 
standard for open and endovascular intervention. 

The benefit of graft surveillance using DU in lower extrem
ity bypass has been established. Reports from Idu and col
leagues52 and Buth and associates53 have shown that all vein 
grafts progress co occlusion when stenosis of more than 70% 
diameter reduction was detected by ulrrasow1d surveillance. 
Butb and coworkers furrl1er established the duplex criteria 
needed to identify high-risk lesions-peak systolic velocity 
(PSV) at the site of the lesion exceeding 300 to 350 em/sec or 
a velocity ratio exceeding 3.5 or 4. The ratio is calculated using 
the PSY at the site of ilie lesion divided by the PSV of a normal 
graft segment proximal to rl1e lesion. 

Using these duplex criteria, Mills and colleagues 51 studied 
the natural history of autogmous infrainguinal vein grafts with 
intermediate and critical stenosis. A PSV higher than 300 emf 
sec or velocity ratio more than 4 was used to detect critical 
stenosis. In grafts with me unrevised critical stenosis, almost 
80% progressed tto occlusion, all within 4 months of ultrasound 
detection. For grafts wiili intermediate stenosis, the occlusion 
rate was no differmt from grafts wi thout stenosis, and serial 
surveillance was safe and effective. 

Calligaro and associates5556 have established the usefulness 
of surveillance in prosthetic grafts: 85 prosthetic bypasses in 59 
patients were studied il1 a graft surveillance protocoL TI1ere were 
35 femoropoplitcal, 16 fm1orotibial, 15 iliofemoral, 13 axiUo
femoral, and 6 femorofemoral bypasses. The benefit of duplex 
ul trasound was compared with other noninvasive studies such 
as changes in symptoms or pulses and ABI. .Follow-up was per
formed 1 week and every 3 months after the initial hypas.~ or 
after graft revisiOJl. for a mean of 11 months. Duplex ultrasound 
was able to predilct 81 o/o of graft fai lures versus 24% using non
ultrasound findings. In cl1e presence of a normal study, the 
likelihood of a graft failure was 7% using duplex criteria versus 
21 o/o with nonultrasoLmd studies. 

In a recent report, Carter and coworkers57 studied the 
natural history of stenosis in the lower extremity bypass graft 
with duplex surveillance. n,ere were 212 infraingui.nallower 
limb grafts in 197 patients. Duplex ultrasound studies were 
performed at 0, l , 3, 6, 12, and 18 months after surgery, and 
56.2% of grafts remained patent during this period. It was noted 
that prosthetic grafts and femorocru.ral bypasses tended to 
occlude without any prior documented stenosis. In this study, 
40.5% of salvage procedures were performed at the 6-month 
time poil1t. In contrast, vein grafts were more likely to develop 
progressive stenosis prior to occlusion. The authors concluded 
that surveillance is a valid method for detecting high-risk lesions 
ill vein grafts, but failed in prosthetic and femorocrural grafts. 
This is in contrast to the findings by Calligaro and colleagues,55

.5
6 

who found survei.llance of prosthetic femorotibial grafts to be 
beneficial. 

In a recent retrospective analysis, Tinder and associates58 

fow1d other factors that enhanced the efficacy of DU surveil
lance. There were 353 infrai nguinal vein bypasses performed in 
329 patients. Factors predictive of stenosis detected during 

surveillance included non-single-segment saphenous vein con
duits, warfarin drug therapy, and redo bypass grafting. Factors 
not predictive of graft revision were procedure indication, post
operative ABI level, statln drug therapy, and vein conduit ori
entation. Another predictive factor was abnormal initial duplex 
velociries (PSV of 180 ro 300 em/sec or velocity rario of 2 ro 
3.5). Of these grafts, 40% had earlier revision and a lower 3-year 
assisted primary patency rate. In a report by Passman and 
coworkers, 59 normal initial duplex velocities were not predictive 
oflong-term patency; 31 o/o of grafts had abnormal duplex results 
first detected more than 6 months after surgery. 

Lesion characteristics detected during ultrasound surveil
lance may also be used co determine the type of re-imervemion 
needed. Gonsalves and colleagues60 noted factors based on tem
poral and duplex data. PTA is recommended for short (<2 em) 
stenoses in good-caliber veins (23.5 mm) found more chan 3 
months after the bypass procedure. Direct surgical repair or 
replacement is recomme11ded for early ( <3 months) and/or long
segment stenoses in small-caliber veins. 

Hagino and associates61 have also found other lesion dlar
acter.istics to be of useful predictive value. Grafts treated for early 
lesions continued to have high failure rates, regardless of modal
ity used. compared with late lesions. Lesions located at the 
anastomoses were better treated by surgical revision, although 
patency was no different from those treated with endovascular 
means. Endovascular therapy was recommended for focal late
appear·ing lesions involving tbe midgraft. 

Ncbough the use ofD U in mdovascular follow-up is inmi
tive and consistent with the usefulness observed in the manage
ment of surgical bypass, few Large studies have looked at its 
ability to predict failure and impact on long-term results. Tiel
beck and coworkers<>: used DU surveillance, clinical examina
tion, and ABI on femoropopliteal lesions successfully treated 
wi th endovascular interventions. Impending failure was diag
nosed witb a PSV ratio more than 2.5. Failure was diagnosed as 
occlusion or recurrent stenosis requiring intervention for severe 
symptoms. Treatment failure was predicted by DU, wirl1 a sen
sitivity of 86% and a specificity of 75%. Interestingly, ABI 
decrease was even more predictive, wiili a sensi.tivity of93o/o and 
specificity of 90%. 

In another study, by Spijkerboer and colleagues,63 34 fem
oropopllteal segments were treated with PTA. The PSV ratio 
was determined with DU before PTA, 1 day and l year after 
PTA. Segments with residual stenosis detected on day l after 
PTA all occluded within the year. In those segments with good 
initial ul trasound results after PTA, there was deterioration in 
3Uo/o. This suggests the need for more frequent routine DU 
follow- up. 

CLI is often a hallmark of the beginning of the end game 
in the battle for survival in patients with diffuse atherosclerotic 
disease. With a known 5-year survival of less than 50%, tllis 
population is extremely disadvantaged. The surgeon's best chance 
for helping this group of patients lies in providing rl1e least 
invasive intervention that will provide pai11 relief, tissue healing, 
and limb salvage. Close follow-up with appropriate counseling 
is essential, as is intensive medical management with repeat 
interventions performed as clinical conditions warrant. These 
measures offer the best strategy for Limb salvage and improved 
mortality for patients with vascular disease. However, the final 
determinant of success is the patient's perception of enhance
ment in the quality of his or her remaining years of life. 
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RENAL ARTERY DISEASE 
Renovascular hypertension occLus as a consequence of decreased 
blood fl ow through a stenotic renal artery. 1l1e reniJJ-angiotensin 
system is a potent regulator of blood pressure. Renin is an 
enzyme produced in the juxtaglomerular cells of the afferent 
arterioles of the kidney. It is releao;ed imo the bloodsrrean1 in 
response to reduced renal blood flow. Once systemic, renin acts 
on a plasma substrate to produce angiotensin !. Angiotensu1 I 
is converted to angiotensill ll iJJ the pulmonary circulation by 
ru1giotensin-converting enzyme (ACE). Angiotensin II, in addi
tion to being a potent vasoconstrictor of smooth muscle iJ1 the 
arterial walls, stinllllates the secretion of aldosterone &om the 
adrenal con:ex. Aldosterone en.hru1ces sodium absorption in 
the renal tubules, with an attendant iJ1crease in water retention 
ru1d overall volume expru1sion. ACE inhibitors, which prevent 
the conversion of angiotensin I to the vasoactive angiotensin ll, 
are a commonly used class of aJJtihypertensive drugs. 

In patients with unilateral renal artery stenosis (RAS), renin 
is elaborated and the blood pressure rises m response to arterial 
constriction ruJd volume retention. 1he opposite unaffected 
kidney may successfully respond by excreting the excess mtra
vascular volume. Ths condition, of elevated renin levels in the 
presence of unilateral renal artery stenosis and the contralateral 
kidney producimg compensatory euvolemla, is known as renin
dependent hypertension. [n patients with bilateral RAS, renin 
levels rise aJJd volumeexpaJJds and is maintained. Elevated renin 
levels may initiate a negative feedback response from the afferent 
arteriole endothelium, wicl1 a resultrult normal or decreased 
serum renin level bur a persistent expansion of mtraceilular and 
intravascular volume. 'Tillls, bilateral RAS results iJl what is 
referred to as volume-dependent hypertemion. The natural history 
of RAS is a progressive decllne in renal function ru1d worsening 
hypertension refractory to medical mwagement, presumably 
from a combination of ischemia ru1d repetitive embolization.6P

0 

Atherosclerosis is the most common cause of renal artery steno
sis, and renal atrophy has heen observed m patients wim ath
erosclerotic renal disease aJJd progression of stenoses.68

·
70 

Hypertension directly attributable to RAS is identified m less 
than 5% of all patients treated for hypertension. However, the 
prevalence of RAS iJ1creases ill ccrtaiJ1 populations, such a~ 
patients wicl1 aclJerosderotic peripheral or coronary artery 
disease, young patients pre.o;enting with hypertension, and 
patients with a combination of hypertension refracwry to 

medical maJJagement aJJd concomitant renal insufficiency. Renal 
insufficiency and isd1ernic nephropathy cw be a direct result of 
renal artery stenoses. As maJJy as 40% of patients wicl1 ESRD 
requirmg dialysis have been found to have a significaJJt RAS 
when evaluated wim duplex ultrasound..' ' ·13 

Diagnosis 
The diagnosis nf RAS cru1 be made by DU exaJJJinacion of the 
renal arteries. DU combines direct visualization of the renal 
arteries (B mode) wim hemodynaJJlic measurements iJ1 the renal 
arteries (Doppler-derived velocity). Furthermore, ultrasonogra
phy allows difect measurement of renal size. The procedure 
identi~fies tbc abdomiJ1al aorta at the level of the renal arteries 
ru1d records blood velocity at this site, followed by identification 
ru1d measurement of blood velocity in me renal arteries. Other 
measmements mdude those of renal parenchymal velocities 
from the upper, middle, and lower poles of the kidneys, as well 
as renal size. 1l1e im porrru1t parameter is cl1e ratio of velocity m 

cl1e renal artery to that of the aon:a. If the ratio is more than 
3.5, this is likely to be associated with a stenosis of more thaJJ 
60%. lf the renal artery velocity is more than 180 em/sec, this 
is also considered abnormal. 1he test is limited by the experience 
of the operator aJJd by patient habitus, being more dif6cult m 
obese patients, aJJd bowel gas. 111lls, Doppler ultra~onography 
of the kidneys is be.~t performed in the early morning, after 
fastiJ1g. Reported sens.itivity aJJd specificity rru1ge from 90o/o to 
95o/o aJJd 60% to 90%, respectively. In one study, if renal arte
riograms were obtained on all patients wicl1 a positive Doppler 
ultrasound, a 2.7% false-positive rate was found. A further use 
of Doppler ultrasonography may be in predicting which patients 
would benefit &om revascularization. The renal resistive mdex 
(RRI) is obtained from Doppler ultrasonography. It can be 
expressed by the following: 

RRI 
End-diastolic velocity OO = 1- Xl 

MaxiJJJal systolic velocity 

RRJ has been predictive in determining the response of 
blood pressure to revascularization. An RRI higher maJJ 0.80 
has identified patients wim RAS in whom ru1gioplasty or surgery 
did not improve blood pressure or renal function. Fmally, the 
presence of asymmetrical kidney size may be a due to underlyiJ1g 
RAS and renal ischemia. 

Magnetic Resonance Angiography 
1l1is technique can be used for the diagnosis of proximal (ar1d 
cl1us largely atherosclerotic) RAS. Gadolmium is used as a 
contrast agent for patients with a glomerular filtration rate of 
>30 mUnu n. Reconstructions of images are used to obtain 
detailed views of cl1e renal arteries. Umitations include the high 
cost, limited availability, and subsrru1tial expertise needed to 
anal)rze iJnages. Results for Cf ru:~giography are smillar, again 
with the disadvantage of requiring contrast material, with the 
attendaJJ t risk of nephropathy. 

Ocl1er m1agil1g studies in addition to MRA, such as con
trast aJJgiography, may also be diagnostic, but are associated 
with increased cost and morbidity. In practice, however, many 
renal artery stenotic lesions are discovered incidentally during 
studies performed for ocl1er reasons. 

Serologic renin measmements of blood obtained by venous 
saJJ1pliJ1g were once commonly used to validate the significance 
of aJl idemified renal arccry scenosis. These required chat a cath
eter be mserted mto the venous system and blood samples 
obtained from each renal vein w d the vena cava. In patients 
with unilateral RAS, a reni n ratio of the affected kidney to the 
opposite kidney of 1.5 or higher is highly suggestive of the 
stenosis fLUlctionally activating the renin system. In a large series, 
an abnormal ratio was 92% predictive of curability with revas
cular:ization; however, 65o/o of patients wim nonlateraliziJ1g 
renin ratins also had curable disease. In aJl effort to mlprove me 
sensit ivity ru1d specificity of the test, the renal-systemic renin 
iJ1dex has been used. 1llis allows determiJ1ation of me functional 
significwce of bilateral lesions. The mdex is obtaiJled by sub
tracting the systemic (infrarenal vena cava). Plasma renin activity 
(PRA) from the PRA levels m the renal VciJlS and dividing by 
the systemic PRA. An index above 0.24 mdicates excessive renin 
production from that kidney, whereas lower levels are iJ1dicarive 
of renin suppression. However, given the invasive natme of mese 
tests ru1d the low specificity, renal veiJ1 renin saJJ1pling is usually 
reserved for diagnostic dilemmas. 
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Treabnent 
Difficnlt to control hypertension (e.g., patient taking three or 
more antihypertensive medications) or decreased renal function 
and a hemodynamically significant stenosis are the most com
monly used indications for intervention. 

Open Renal Artery Bypass 
Open renal artery bypass is tardy performed as an isolated pro
cedure with the advent of renal artery stenting. Surgical proce
dures used to correct renal artery stenosis included aortorenal 
bypass witb vein grafts, arterial autografts {for clilldren) or pros
thetic grafts, aortorenal endarterectomy, hepatic artery-renal 
artery bypass, gasrroduodenal-renal artery bypass, and splenic 
artery-renal artery bypass. 1l1ese procedures, althougb durable 
and revered by surgeons, are obviously maximally invasive and 
can be associated with significant morbidity. They have been 
almost universa'IJy supplanted by angioplasty and scenting 
procedures. 

Renal Artery Stenting 
Value, Umitations. and Tedmiques Percutaneous therapy for reno
vascular occlusive disease has become the preferre.d alternative 
to open renal revascularization. ln the appropriately selected 
patient, angioplasry and scenting of renal artery stenoses have 
been sbown to be safe and effective options for severe hyperten
sion and ischenlic nephropathy. Catheter-based treatment, espe
cially when performed with lower profile systen1s, can be 
performed with m.illinlal morbidity and a rellably high degree 
of initial technical success. The long-term beneficial effects on 
blood pressure control and renal function have been debated but 
appear to be valid. 

Renal angioplasty was first performed in I ~78 by Gruntzig 
and colleagues,'4 and there have been many series demonstrating 
the success of this interventional proc.edure. With the advent of 
the stent, durability, efficacy an.d ultimately acceptance of 
catheter-based management of renal artery lesions have increa~ed. 
Stents were initially used for cases of immediate technical failure 
such as residual anatonuc stenoses more than 30%, residual 
pressure gradientts or postangioplasty dissections, or recurrent 
stenoses following prior angioplasty. Routine stenting of renal 
artery stenoses (as an adjunct to balloon angioplasry), especially 
when treating ostial lesions, has become an accepted practice. 
The incidence of recurrent stenosis has been shown co be signifi
cantly decreased witl1 angioplasty and stent placement versus 
angioplasty alone.75.r. 

Although the number of patients completely cured of 
renovascular hypertension following renal artery scenting has 
been reported to be as low as 5% or less,?~·~? up to 80% of 
patients treated demonstrate measurable improvement in blood 
pre.~ure controL : &85 Henry and assodates83 have reported a 
series of 210 patients with chronic hypertension and a diastolic 
blood pressure higher than 90 mm Hg who underwent renal 
artery angioplasty and stentiJ1g. A favorable response was seen 
in 80o/o of patients, with 35% reported as cured of hyperten
sion. ln this study, a hypertensive cttre was defined as diastolic 
blood pressure less than 90 mm Hg adueved without the 
administration of anti11ypertensive medications. In another 
series of patients created wid1 seeming for RAS associared witl1 
hypertension, impaired renal fLmction, or both, only 4.2% 
achieved a complete cure, but an additional 79o/o benefited 
from an improvement in hypertensive control. ?8 A meta-analysis 

of 14 studies involving renal angioplasty and scenting has found 
an overall 20% cure rate for hypertension, with 49% of patients 
experiencing an improvement in hypertensive control.~6 1J,_js 
meta-analysis recognized the variability among reporting 
criteria for a cure among the different renal angioplasty and 
stem series. Wirh numerous series showing a benefir from 
angiop.la~ty and seeming, there have also been several random
ized and controlled series tbat suggest a lower efficacy for 
catheter-based management in tbe treatment of renovascular 
hypertension. 8688 

Improvement in serum creatinine level may be seen in 
approximately 30% of patients following renal angioplasty and 
srenting.83 However, a higher percentage of patiems demonstrate 
a clinical benefit of creatinine stabi.lization when renal artery 
stents are ~laced for ischemic nephropathy.~8.89.9° Rundback and 
coworkers' 1 have reported a series of 45 patients with azotemia 
who received a renal stem for treatment of a renal stenosis. A 
clinical benefit was defined as improven1ent or stabilization of 
creatinine levels. Life table analysis demonstrated a benefit at 12, 
24, and 36 months in 72%, 62%, and 54% of patients, respec
tively. In patients witb significant RAS and a solitary functioning 
kidney, renal artery scenting has been shown to be a safe alterna
tive to surgery.92 Bush and colleagues93 have reported a series of 
27 patients, each with a solitary functioning kidney and azote
mia, who underwent endovascular treatment of their significant 
RAS. An improvemenr or stabilization of renal function was 
seen in 74% of patients. 

1l1ere is variability among series in rerms of renal srenr 
patency rates. The reported incidence of recurrent stenoses of 
renal stems has ranged as low as 1.5%'>4 to as high as 25%95 at 
6 months. Several series of renal artery stenting have shown a 
patency of up to 5 years by life table analysis. Rodriquez-Lopez 
and associates80 have performed a life table analysis of 108 
patients undergoing renal angioplasty and primary stent place
ment and found 74o/o primary and 85% secondary patency rates. 
A larger series of patients with renal artery stems placed for failed 
angioplasty, recurrent stenosis. dissection, or ostial lesions was 
reported by Henry and colleagues.83 1lus series demonstrated a 
79% primary and 98% secondary patency at 5 years by Bfe table 
analysis. Blum and coworkers96 have reported a 92% secondary 
patency at 5 years an1ong patients with renal artery stents placed 
for angioplasty failures. 

Duplex surveillance is accurate for idemifying recurrent 
renal artery stenosis.?7

•
98 The stenosis within a stent is most often 

caused by myointirnal hyperplasia. Treatment usually consists of 
repeat angioplasty and, occasional ly, a new stent is reguired. Bax 
and colleagues99 have reponed a series of 15 patients with 20 
stents with recurrent stenoses; 18 stems were successfully treated 
with angioplasty alone and only two required the placement of 
a second stent. 1l1e 1-year success rate of the repeat interventions 
was 75o/o. Balloon-expandable covered scents may he helpful for 
recurrent in-stem restenosis in the future. 

The morbidity and mortality of a major operative proce
dure can be avoided witb endovascular treatment of renal artery 
stenoses. Mackrell and associates100 have reported their experi
ence with 165 patients who underwent endovascular or surgical 
intervention for RAS. 1l1ey noted a shift from open surgical 
revascularization of RAS to endovascular rrearmenr. Comparing 
endovascular treatment with smgiatl renal revascularization and 
combined aortic and renal revascularization, all had excellent 
technical success rates, but the surgical group had a significantly 
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higher morbidity (5.6% versus 15% and 23o/o, respectively) and 
mortality rate (Oo/o versus 9. 1% and 8.1 o/o). 

With combined aortic and renal open reconstructions, the 
complexity of surgery is increased. Endovascular repair has 
become popular for the treatment of abdominal aortic aneu
rysms wirh suiGlble aortic anaromy. A RAS in rhe presence of 
an abdominal aortic anemysm can be treated before or after the 
aortic endograft is placed. A benefit to placing the renal stent 
before the endografr is to allow the stent to serve as a radiopaque 
marker for the origin of the renal artery. 1l1is may help in posi
tioning and placement of the endograft below tbc renal arteries. 
One must be cautious not to entrap the endograft or tbe delivery 
system on the scent if it protrudes our inro the aortic lumen. 

1l1e technical success ofrenal artery stent placement is high 
in most of the series, with technical failures usually caused by 
poor positioning or deployment of the stent. Access to the renal 
artery is an important consideration for renal artery scenting. 
1l1e angulation of the renal arteries relative to the aorta and the 
short distance of the renal artery beyond the stenosis for secure 
guidewirc placement can make renal seeming from a femoral 
artery access point challenging. A brachial or axillary approach 
is sometimes required to overcome the angulation of the renal 
artery or avoid significant aortic and iliac pathology. Radial 
artery access with angi~lasty and scenting of the renal artery 
has been described. 10 

•· • 

One early technical Limitation of renal artery stenting was 
the large size of the 0.035-inch guidewir~based balloons and 
stems. 11lese pmatforms required a 7 or 8 Fr sheath, and track
ing the stem into an angulated renal artery was difficult or 
sometimes not possible from a femoral approad1. Miniaturiza
tion of balloons and stents was first shown w be safe and effec
tive in coronary usc105

•
1116 and, tn some cases, resulted in shorter 

procedural times and use of less contrast.'07 The required 
guiding sheath size is reduced with the use of lower profile bal
loons and stcnts that usc 0.0 14- and 0.018-inch guidewirc plat
forms. The lower profile angioplasty balloons and stenrs have a 
better ability to negotiate difficult angles. 1l1ese factors have led 
to the routine use of 0.014-inch systems for RAS. The 

A B 

following is a stepwise guide to our preferred technique for 
renal artery angioplasry and stenting using the lower profile 
angioplascy balloons and stents. 

Renal Angioplasty and Stent Procedure Sec Figure 63-24. 

Renol Altery Access and Culde Sheath Positioning Arterial access, 
femoral or brachial, is an important initial decision that has been 
made easier with the lower profile balloon, stenr, and sheath 
systems. Retrograde common femoral access is the first dloice, 
usually secondary to table and patient positioning constraints. 
Brachial access is used only in certain circwnstances, such as 
severe aonoiliac occlusive disease, aortic aneurysms, and extreme 
caudal renal artery angulation. In most cases, an anteroposterior 
(AP) aortogram is first obtained, with a pigtail catheter in the 
suprarenal position. Oblique angulation is sometimes required 
to visualize the renal origins better. To limit contrast, a selective 
catheterization can be made without the aortogran1 if one has 
been previously obtained. Alternative contrast agents, sudl as 
carbon dioxide and gadolinium, have been successfully used in 
renal angiography and renal artery interventions.' ()l;· •• 6 Most 
renal arteries can be accessed simply with an angled catheter 
(Giidccath, Boston Scientific); however, some wiiJ require a 
more complex-shaped catheter such as a cobra, shepherd's hook, 
or S:immons catheter. A selective renal angiogram is then 
obtai ned with hand injections of contrast or careful power injec
tions. AU pha">es of the renal circulation are visualized, including 
the arterial, parenchymal, and venous phases. 

A 0.035-inch guidewire (Giidcwire, Terumo Medical, 
Elkton. Md) is then positioned i11 the tertiary renal branmes. 
Maintaining guidewire position and stability become difficult 
because of the relatively short length of renal artery. A 6 French 
guide sheath (Pinnacle, Terumo Medical, Eikton, MD) is 
advanced into the proximal renal artery. Using a 4 or 5 Fr glide 
catheter to help maintain guidewire crossiJlg of the renal steno
sis, a 0.035-indl guldewire is then exchanged for a 0.014- indt 
guidewire (Spartacore Guidewire, Abbott Vascular, TenJecula, 
Calif). 

FIGURE 63-24 Renal artery stent. A. Right renal artery stenosis. B. l esion improved following stent placement. 
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Reno/ Angloplosty The patient receives a systemic IV bolus of 
heparin (100 U/kg) after initial sheath placement. Prior to 
angioplasty, contrast is injected through the sheath and the 
in1age intensifier angle is adjusted for optimal visualization of 
the proximal renal artery. Over the 0.0 14-inch guidewire, an 
angioplascy balloon is advanced across the stenosis. 1l1e balloon 
should be approximately the size of the native normal renal 
ar tery beyond the stenosis, not a segment wi th poststenotic dUa
tion. Typically, the initial angioplasty is performed with a 4-mm 
semicompliant balloon {CrossSai l, G uidant, Santa Clara, CA or 
Gazelle, Boston Scientific, Natick, MA). The compliant nature 
of the balloon gives a range of dian1eters above and below 4 mm, 
depending on the inflation pressu.re. While the balloon is 
inflated, a saved image is obtained to compare the size of the 
angioplasry balloon with the native artery. l11is comparison will 
be taken into account when deciding whether a larger angio
plasry balloon is needed and what size scent to choose. 

stent Placement A postangioplasty angiogran1 is then performed 
and the renal artery is assessed for residual stenosis or 
significant dissection. [f present, a stem is placed. All renal 
artery lesions imvolving the origin wiJI require a scent. A 
baUoon-expandable scent {Niroyal, Boston Scicntific/Medi
Tech; or Palmaz Genesis, Cordis, Miami) from a low-profile 
0.014- and 0.018-inch system is used {0.018-inch balloons and 
scents can also be delivered over a 0.014-inch guidewire). With 
0.035-inch-based systems, the guide sheath was often advanced 
across d1e renal s tenosis tC> protect the balloon-mounted stem a.~ 
it crossed the lesion. With lower profile systen1s, this is rarely 
necessary. Contrast may be puffed through the sheath positioned 
in the aorta near the ostium of the renal artery to confirm proper 
positioning of the renal stcnt. 1he scent is deployed by expand
ing the angioplasry balloon to its predetermined deployment 
pressure. Higher pressures may be required to expand the stent 
fu rther. However, the rated burst pressure should not be 
exceeded. {Always read the accompanying package insert for the 
deployment and rated burst pressu.re.~.) 

Completion Anglo,grophy Prior to removal of the guidewire and 
sheath, a completion angiogran1 with a flush catheter in the 
aorta is obtained. 1his presents an mteresting question: How 
can a good qualltty completion study be obtained to include the 
renal artery origin without losing guidewire access? This can 
easily be done using a tandem wire technique. The sheath is 
withdrawn into the infrarenal aorta while maintaining guide
wire position across the scented segment of renal artery. A 
second guidewire is advanced into the aorta; a 4 French pigtail 
catheter is placed over this wire and through the sanJe sheath in 
the suprarenal position to obtain good detail of the renal artery 
origin. 

Tedmical fips 
1. 1l1e renal arteries ofren originate anteriorly or posteriorly, 

and the initial diagnostic evaluation of d1e renal artery 
origins may be improved with oblique image intensifier 
views. 

2. Catheter seaection for initial access to the renal artery wil l 
depend on the patient's anaromy. Although most branch 
vessels can be accessed with just an angled Glidecatb, a 
formed catheter such as a cobra or Simmons catheter may 
be required . 

3. Arterial perforation is possible with inadvenent guldewire 
advancement into the renal parenchyma; thus, one should 
be very conscious of the tip of the wire throughout the 
entire procedute. 

4. 1l1e saved image of the fully expanded initial angioplasty 
halloon will help estimate the native artery dianJeter and 
optimal stent size. 

5. Care must he taken not to overdilate and risk rupn1re of 
the renal artery. 

6. Sttents placed for ostial lesions should extend into the aorta 
by approximately 2 mm. 

7. Always read the package insert for the balloon and stent 
system for sheath and guidewire compatibility, balloon 
compliance, and the nominal deployment and rated burst 
pressures. 
Renal artery scenting may be an effective treatment of 

renovascular hypertension and ischemic nephropathy that avoids 
the morbidity and mortality of open surgical treatment. The role 
of renal scents following angioplasty can be debated; however, 
there is good evidence for stenting all ostial lesions. A more 
traditional approach ro scenting may he used for nonostlal ste
nosis, wi th the stent reserved for angioplasty failures. Lesions 
caused by fibromuscular dysplasia usually do not require adju
vant stenting because they respond well to primary angioplasty. 
The technical success of renal scenting is high, with most techni
cal failures caused by imprecise stem placement. Using a lower 
profile 0.014- or 0.018-inch platform for percutaneous renal 
artery interventions will reduce the sheath size necessary for 
access and has replaced the more cumbersom e 0.035-inch 
platforms. 

SPLANCHNIC ANEURYSMS: SPLENIC. 
MESENTERIC. AND RENAL ARTERY ANEURYMS 
1l1e most common splandmic artery aneurysm {Fig. 63-25) is 
the splenic artery aneurysm, accounting for 60% of all splanch
nic artery aneurysms. However, it is still rare, with an incidence 
of 0.78% in patients undergoing abdominal arteriography; it is 
found incidentally i.n 0.1 o/o to l 0% of autopsies. Splenic aneu
rysms are more common in women than men, with a rat io of 
4: 1. Pregnancy is associated with up to 50% of all ruptures. The 
overall mortality from rupture is approximately 25%. However, 
rupture during pregnancy is associated with high maternal 
(80%) and fetal (90%) mortality. n,e most common risk factors 
associated with splenic aneLJiysms are fen1ale gender, history of 
multiple pregnancies, and portal hypertension. 

Splenic aneurysms are commonly diagnosed incidentally 
during arceriographic and CT studies performed for ocher indi
cations. A signet ring calcification in the left upper quadrant 
may be seen on plain abdominal radiographs. Ultrasonography, 
CT, and MRI are useful for aneurysm surveillance in asymptom
atic patients. 

Patients with splenic aneurysms may re.port a history of left 
upper quadrant or epigastric pain. The term d()uble l'uprure has 
been used to describe these aneurysms, but is relatively rare. 
1l1erc is ini tial contai11ed bleeding in the lesser sac, followed by 
free hemorrhage into the peritoneal cavity, causing hypovolemic 
shock. Treatmem should be considered in aneurysms larger than 
2 em in djanJeter. Because of the high mortaUry rate, treatmem 
is warranted for pregnant women and those of childbearing age. 
Simple Ligation or excision of the aneurysm is preferred to 
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FIGURE 63-25 A. Splenic artery aneurysm. B. Same aneurysm after treatment with coil embolization. C. CT scan demonstrating ruptured 
splenic aneurysm. D. Arteriogram demonstrates sac with wire passing through aneurysm into intact distal artery. E. Flow into sac exduded with 
stent graft. 

splenectomy. Endovascular repair is emerging as the treatment 
of choice. with embolization or exclusion with a covered stent. 

Hepatic aneurysms are the second most common spland1-
nk aneurysms, accounting for 20%. 1l1cse arc usuaUy discovered 
incidentally. Management recommendations are for irnm~:diate 
repair in symptomatic patients or when pseudoaneurysm is sus
pected, such as those lesions related to iatrogenic inj LLry; other
wise, asymptomatic aneurysms are repaired when the diameter is 
greater than 2 em. Surgical approach depends on the location of 
the lesion and options include ligation of common hepatic artery 
lesions, open aneurysmorrhaphy or aneurysmectomy with recon
struction. In favorable anatomy, endovascular exclusion can be 
successful using ei.tber covered stents or coil embolization. 

Superior mesenteric artery (SMA) aneurysms account for 
5.5% of splanchnic aneurysms; the majority are mycotic and 
symptomatic, presenting with abdomjnaJ pain, nausea, vomiti11g 
or gastrointestinal bleeding. Due to the high mortality risk asso
ciated with rupture or intestinal isd1emia, SMA aneurysms are 

repaired regardless of size. Surgical options, whicl1 depend on 
patient factors as well as the anatomy. include ligation. open 
aneurysmorrhaphy or resection, endovascuJar repair using either 
covered stent grafts or coil emboBzation. 

Celiac axh aneurysms are rarer sti.U and constitute 5% of 
all splanchnic aneurysms. 1l1ese are associated with infection, 
trauma and dissection as well as degenerative disease. SimjJar to 
splenic lesions, these may initially present with rupture into the 
lesser sac with epigastric pain and hypotension, followed by 
shock due to free rupture into the abdominal cavity. Due to bigb 
mortality, all symptomatic lesions are repaired immediately as 
wcU :as asymptomatic lesions greater than 1.5 em in diameter. 
Ligation may be weU tolerated. Open or endovascu1ar interven
tion should be selected based on patient anatomy. 

The rrue incidence of renal artery aneurysms is difficult to 
estimate, ranging from 0.09- 0.9% based on autopS)' studks or 
radiographic series. Pathogenic contributors include fibromuscular 
dysplasia, atherosclerotic disease and trauma. The majority of 
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true aneurysms is saccular and often occurs at the main renal 
artery bifurcation, complicating surgical repair. 10% bilaterality 
is seen. Fibromuscular dysplasia (FMD), particularly me.dial dys
plasia, is known to cause multiple stenosis with post-stenotic 
dilation, effecting the "string of beads" appearance on imaging. 
1l1e majoriry are asympwmaric; sympromatic patients presenr 
with rupmre. Indications for repair include symptomatic lesions, 
lesions greater than 2 em, or lesions in women of childbearing 
age. Options for repair depend upon the location of the lesion. 
FMD is treated with balloon angioplasty alone. Th.e rare aneu
rysm that occurs along the straight portion of the artery can be 
treated either with coil embolization or stent placement or both. 
Aneurysms that occur at major branch points, in which one of 
the branches crumot be sacrificed, require open repair. 1l1e com
plexity of tl1is approach varies from simple aneurysmorrhaphy, 
to resection with reconstruction with inflow from the aorta, or 
the hepatic, splenic or iliac arteries, to ex plantation of the kidney 
for back table repair, to nephrectomy. 

CAROTID ARTERY DISEASE 
Stroke is the third leading cause of dt.-ath and is the leading cause 
of serious disabil itty in the United States. There are about 700,000 
strokes/ year with almost 175,000 deaths (25%) occurring 
wi.thin 1 year after the stroke. Approximately 85% of strokes 
have an ischemic cause, with 15% caused by primary hemor
rhage, such as intraparenchymal bleeding from hypertension. Of 
the isd1emic stokes, 20% to 30% are secondary to emboli from 
atherosclerotic cerebrovascular disease. In patients with greater 
than 50% stenosis, 20% of patients were shown to have embolic 
events in transcranial Doppler (TCD) studies. The incidence 
and frequency incrt.-ase with increased stenosis and recent 
symptomatic neurologic events. 11le most common location for 
atherosclerosis in the cerebrovascular circulation is the carotid 
bifurcation; thus, many strokes are preventable with carotid 
intervention. 

Pathophysiology 
The deveJopmenr of atherosclerotic plaque in the exrracranial 
arteries is the leadiJlg cause of ischemic stroke in North America 
and Europe. It accounts for approxin1atdy 90% of extracranial 
cerebrovascular disease, with tl1e remaining 10% caused by 
diseao;e processes. such as fibromuscular dysplasia and arteritis. 
UsuaUy, atherosclerotic lesions occur at the proximal internal 
carotid artery (ICA) and carotid bifttrcation along the waU 
opposite the origin of the external carotid artery (ECA). The 
enlargement of carotid bifurcation at the carotid bulb creates a 
well-defined region of low wall sht-ar stress, How separation, and 
loss of unidirectional flow. In this region oflow shear stress with 
sluggish flow, there is prolonged exposure and interaction of 
plasma lipids and vesseJ walls, which may account for the local
ized plaque at the carotid bulb. In contrast, regions with high 
shear stress, such as the inner border of the carotid sinus, are 
usually free of atherosclerosis. Mter the development of a hcmo
dynamicaUy significrult stenosis, the atherosclerotic plaque may 
cause stroke by one of the three principal mechanisms
embolization of atherosclerotic particle, thrombotic occlusion, 
or hypoperfusion. 

Clini(al Presentation 
Symptoms of carotid artery disease include transient isdlemic 
attacks (TI.As), amaurosis fugax, and/or stroke. A TIA is defined 

as a brief acute loss of focal cerebral function, generally less than 
24 hours i.n duration. There is no persistent deficit after each 
TlA, but there are often multiple attacks. The loss of function 
can be localized to a region of brain that is supplied by one 
vascular system, such as the right or left carotid artery. Most 
TlAs are brief, lasring 2 to 15 minutes, and are rapid in onseL 
Symptoms include unilateral motor and sensory loss, aphasia 
(difficulty finding words), or dysarthria (difficulty speaking 
because of motor dysftmction). Motor function loss may present 
as weakness, paralysis, dysarthria, or clun1siness of the upper 
and/or lower extremities and/or face that is contralateral to the 
affected carotid artery. Sensory ftmction loss may present as 
rmmbness or paresthesia of the contralateral upper and/or lower 
extremities and/or face. Aphasia occurs when the speech center, 
usuaUy located in the dominant hemisphere, is affected. If the 
neurologic deficit lasts longer than 24 hours, but there is return 
of full neurologic function with 48 to 72 hours, it is termed a 
reversible ischemic neurologic deficit (RIND). A patient with per
sistent neurologic deficit is considered to have a stroke. In con
trast, fleeting episodes lasting only a few seconds are usuaUy not 
considered to be TIAs. 

Amaurosis fugax is the transient unilateral loss of vision. ft 
is caused by an embolus to the ophthalmic artery, the first 
branch of the internal carotid artery. Patients describe the event 
as a shade descending or ascending over the entire eye, half of 
the eye, or a quadram of one eye. The location of the affected 
visual field depends on whether the embolization is to the supe
rior or inferior retinal artery. If the entire retinal artery is tran
siently affected, the patient may complain of complete loss of 
vision in one eye. Sin1ilar to TlAs, most incidents of amaurosis 
fugax are sudden in onset and last for minutes. However, there 
may be occasional patients with permanent blindness. 

A patient may also be asymptomatic when diagnosed with 
hemodynamically significant carotid artery disease. An audible 
carotid bruit may be heard in the neck during routine physical 
examination. It should be noted that severe carotid disease may 
not have an audible bruit due to markedly reduced blood Aow. 
A scr<:~ening carotid duplex using ulrrasound should be per
formed in asymptomatic patients with bruits or high-risk 
patients without bruits. 

Diagnosis 
Once a patient is diagnosed with TIA, amaurosis fugax, or 
stroke, expedient workup with confirmation of carotid artery 
disease and treatment are needed because the risk of a stroke is 
greatest within the first 3 months after the initial event. This risk 
returns to baseline at approximately 6 months. 1l1e most useful 
test for the diagnosis of extracranial carotid artery disease is 
duplex: ultrasotmd. Carotid duplex ultrasonography (Fig. 63-26) 
aUows for accurate indirect determination of the severity of the 
carotid stenosis by measuring velocity. As the stenosis increases 
and the lumen narrows, there is an increase in the blood velocity 
to maintain distal flow. Many studies have confirmed the cor
relation of increased velocity with severity of disease. CT and 
MRA {Fig. 63-27) can also be used to determine the degree of 
carotid stenosis at the bifurcation. In addition, they are useful 
for studying potential tandem lesions that may be present in the 
proximal supra-aonic uunk or intracranial vessels and to assess 
the configuration of the aortic arch. These studies are also useful 
for confirmation of duplex findings and planning interven
tion with a carotid endarterectomy or scenting. Contrast 
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arteriography (Fig. 63-28) is occasionally performed. It is most 
useful for patients with negative duplex studies or for whom a 
noninvasive study is in disagreemenr with the clinical presenta
tion. In addition to similar findings on CfA and MRA, contrast 
arteriography can be used to identify intracranial vascular disease 
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FIGURE 63-26 A. Carotid duplex velocities demonstrating severe 
right internal car<ltid artery stenosis. 8, Soft plaque is seen within the 
right ICA on gray scale imaging. 

or unusual nonatherosderotic arteriopathie..<:, such as fibromus
cuJar dysplasia. 

Treabnent 

Carotid Endarterectomy 
Indications Carotid endarterectomy (CEA) is the removal of 
the atherosclerotic plaque from the carotid bifurcation. [n the 
North American Symptomatic Carotid Endarterectomy Trial 
(NASCET), the effectiveness of CEA was evaluated for symp
tomatic patients with carotid artery stenosis ranging from 30% 
to 99% in the United States and Canada. Patients with TIA, 
amaurosis fugax, or nondisabling stroke were randomjzed robes[ 
medical therapy or CEA. ln the first study of patients with 70% 
stenosis or greater. CEA reduced the incidence of ipsilateral 
stroke from 26% ro 9% at 2 years. 'TI1e incidence of a major or 
fatal ipsilateral stroke was 13.1 o/o for the medical group and 
2.5% for the surgical group. ln a subsequent report, cl1e results 
of patients with symptomatic mild {30% to 49%) and moderate 
(50% to 69%) ipsilateral stroke were reported. The 5-year risk 
of ipsilateral stroke in patients with moderate stenosis was 
22.2% for the medical group and 15.7% for the surgical group. 
For patients with mild stenosis, the risk of ipsilateral stroke was 
equivalent for the medical and surgical groups. The NASCET 
outcome showed that symptomatic patients with severe stenosis 
(70% to 99%) gained substantial benefit from surgical interven
tion over a brief period of less than 2 years. 'TI1e results also 
favored surgery in symptomatic patients wirh 50% ro 69%• 
stenosis. [r shouJd be no red that best medical therapy at the time 
of NASCET trial did not include dopidogrel {Piavix) or statin 
anticholestero[ agents, both of which have been shown to 
decrease the risk of stroke. 

CEA has also been shown to be effective in asymptomatic 
patiems. The Asymptomatic Carotid Atherosclerosis Study 
{ACAS) randomized asymptomatic patients with 60% to 99% 
stenosis to best medical treatment or CEA. The 5-year risk of 
ipsilateral stroke and any perioperative stroke or death was ll Ofo 
for the medical group and 5.1 % for the surgical group. The peri
operative complication rate was low, 2.3%, with approximately 
50% of the risk associated with mandatory preoperative contrast 

FIGURE 63-27 A. Arch and cervical carotid CTA reconstruction. 8, Arch, cervical, and intracranial MRA scans with gadolinium. (Courtesy Dr. 
Douglas Hughes.. University of Texas Medical Branch at Galveston [UTMB], Department of Radiology.) 
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FIGURE 63-28 Same patient as in Figure 63-26. A, Severe right ICA stenosis, correlating with carotid duplex findings. B. Intracerebral AP 
angiogram of right CCA injections demonstrates no tilling of the anterior circulation. c. Injection of the left ICA demonstrates filling of the right 
anterior circulation. 

arteriography for patients random.i7..ed to CEA. Therefore, the 
actual surgical complication rate was only 1.5%. The largest trial 
was the Asympwmatic Carotid Surgery Trial (ACSD. with 
equal randomization of 3120 patients to CEA or medical treat
ment. The results Wt!re similar, with a 5-year stroke risk of 11.8% 
in the medical group and 5.4% for the surgical group. The peri
operative complication was also low, 3.1 %. 

The results of landmark studies of CEA have confumed 
that surgery provides better protection from ipsilateral stroke in 
patients with symptomatic or asymptomatic djseasc. 1l1c Stroke 
Council of the American Heart Association convened a 
consensus conference on the indications for CEA. 1l1e recom
mendation recognized four categories: {1) proven-the strongest 
indication, usually supported by results of prospective, random
ized trials; (2) acceptable but not proven-a good indication for 
operation supported by promising but not scientifically certain 
data; (3) uncertrun-data insufficient to define the risk-benefit 
ratio; and ( 4) proven inappropriate-current data adequate to 
show that the risk of surgery outweigbs any benefits. 1l1e recom
mendations are further classified for patients with symptomatic 
or asymptomatic carotid disease. 

For symptomatic good-risk patients tr<:.-ated by a surgeon 
whose surgical morbidity and mortality rate is less than 6%, the 
indications for CEA are as follows: 

Proven lndkotions 
• One or more TIAs in the last 6 months and carotid stenosis 

;;::?o% 
• Mild stroke with carotid stenosis ;:::?0% 

Acceptable But Not Proven lndkations 
• TlAs in the past 6 months and stem>sis of 50% to 69% 
• Progressive stroke and stenosis ;:::?0% 
• Mild or moderate stroke in the past 6 months and stenosis of 

50% to 69% 
• Carotid endarterectomy ipsilatt~al to TIAs and stenosis ;:::?0%, 

combined with requued coronary bypass grafting 

Uncertain Indications 
• TlA~ with stenosis $50% 
• Mild stroke with stenosis s;50% 
• Symptomatic acute carotid thrombosis 
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Proven Inappropriate Indications 
• Moderate stroke with stenosis $;50%, not receiving aspirin 
• Single TIA, stenosis $;50%, not receiving aspirin 
• High-risk patknt with multiple TlAs, stenosis $;50%, not 

receiving aspirin 
• High-risk patient, mild or moderate stroke, stenosis $;50%, 

not receiving aspirin 
• Global ischemic symptoms with stenosis $;50% 
• Acute inremal carotid dissection, asymptomatic, receivi.ng 

heparin 
For asymptomatic good-risk patients tn:atcd by a surgeon 

whose surgical morbidity and mortality rates are each less than 
3%, the indications for CEA are as follows: 
• Proven indications: Stenosis ;;::60o/o 
• Acceptable but not proven indications: None defined 
• Uncertain indications: High-risk patient or surgeon with a 

morbidity-mortality rate greater than 3%, combined carotid
coronary operation, or nonstenotic ulcerative lesions 

• Proven inappropriate indications: Operations with a com
bined stroke morbidity-mortality rate ;;::5% 

Tedmique See Figure 63-29. The patient is positioned supine on 
a shoulder roll, with the neck extended and the bead turned to 
the contralateral side. A longitudinal incision is placed parallel 
and along the anterior border of the sternocleidomastoid muscle. 
Alternatively, an oblique incision can be made along tl1e skin 
lines of the neck. The longitudinal incision may provide better 
exposure, whereas the oblique incision may result in a more 
cosmetic scar when healed. With the longitudinal exposure, tbe 
incision c.an be extended proximally to the sternal notd1 or 
distally to tl1e mastoid process for exposure of the proximal 
common or distal ICA, respectively. The platysma is divided. 
The sternocleidomastoid muscle is mobilized away from the 
carotid sheam and rerraC£ed posteriorly. The internal jugular vein 
may be exposed along the anterior border w1til the large common 
facial vein is identified. 1l1e common facial vein is devided: the 
carotid bifurcation is usually located underneath. The internal 
jugular vein may be mobilized laterally to provide exposure to 
cl1e carotid bifurcation. The vagus nerve (cranial nerve X) is 
fow1d posterolateral to the common carotid artery (CCA) in the 
carotid sh<.>ath. Therefore, dissection of the CCA is performed 

FIGURE 63-29 A. Patient preparing tor carotid endarterectomy with 
intraoperative transcranial duplex monitoring. B. Carotid exposure with 
hypoglossal nerve at top of incision. C. Carotid plaque with calcified and 
triable components. 
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anteriorly to avoid nerve UlJtuy. However, care must still be 
exercised to identifY the occasional anomalous anterior course 
of the vagus nerve and the presence of a rare nonrecurrent 
lary11geaJ nerve that branches directly from the vagus to inner
vate the vocal cord. 'TI1e nonrecurrent laryngeal nerve usually 
occurs on the right side of rhe neck. 

Meticu.lous dissection of the carotid artery is necessa.ry to 
avoid embolization. Movement of tl1e carotid bulb should be 
minimized; the initial dissection should be limited to me normal 
TCA and ECA distal to the diseased segment and the CCA 
proximal to the diseased segment. During mobilization of the 
ICA superiorly, the bypoglossal nerve (cranial nerve Xll) needs 
to be identified ru1d protected. Dissection ncar the carotid bifur
cation and caroti.d body may cause reflex bradycardia and hypo
tension. 'TI1is can be prevented with the injection of 1 o/o lidocaine 
into the carotid body. 

Occasionally, there may be patients with a blgh carotid 
bifurcation or am extensive lesion, and maximum exposure of 
tbe ICA may be needed. There are several techniques that can 
be used to provide rlli.s exposure. The skin incision is first 
extended all the way superiorly to the mastoid process and the 
sternocleidomastoid muscle is mobilized to its tendinous inser
tion on the mastoid process. At this level of dissection, the 
spinal accessory nerve (cranial nerve Xl) is identified and pro
tected. Addition exposure of the !CA can be achieved with the 
division of the posterior beUy of the digastric muscle. If further 
exposure of the lCA superiorly is necessary, the styloid proces.~ 
can be transected and the mandible displaced anteriorly. At this 
level of dissection, me glossopharyngeal nerve (cranial nerve 
IX) crosses the lCA near the base of the skull. Injury to this 
nerve can be avoided by dissecting dose to the anterior surface 
of this artery. When retracting the wound superiorly, care 
should also be exercised to avoid other nerve injuries. 'TI1ere can 
be temporary compression injury to the greater auriCLJar nerve 
laterally and the marginal mandibular branch of the facial nerve 
medially. 

Once the carotid arteries are fully exposed, vessel loops are 
placed arOtmd the arteries and heparin is given for full antico
agulation. To avoid embolization, the lCA is clamped first, fol
lowed by control of the CCA and ECA. The CCA is opened 
an.d a longitudinal arteriotomy is extended through the plaque 
into the normal ICA distally. If a shunt is to be used, it is inserted 
at this time. 'TI1e decision whether to shunt can be made using 
electroencephalographic or back-pressure criteria. Using back
pressure criteria. an arterial pressure transducer is sen1p. A 
22-gauge needle bent at a 45-degree angle is carefully inserted 
into the CCA, with the distal needle i11 the lumen of tbe I CA. 
1he pressure of tthe ICA is measured with the ECA and CCA 
clamped. If the back pressure is a mean arterial pressure of 
65 rum Hg or h igher, there is adequate collateral cerebral circu
lation and a shunt CaJ1 be avoided. Alternative methods of cere
bral blood flow evaluation include intermittent neurologic 
d1ecks on the awake patient Lmdergoing CEA with local anes
thesia only, or transcraolal duplex or electroencephalographic 
monitoring of the patient undergoing CEA w1der general 
anesthesia. 

'TI1e endarterectomy is started in rl1e CCA. The optimal 
plan for endarterectomy is the plane between me inner and outer 
medial layers. This resuJts in the removal of the intima, plaque 
and a portion of the media. 'TI1e re.maiJ1i.ng arterial wall rhus 
consists of the adventitia and residual media. The plaque is 

divided proximally in the CCA and the endarterectomy is 
extended distally into the carotid bulb. The vessel loop around 
the ECA is loosened and endarterectomy of the ECA is per
formed by simple eversion. Removal of the plaque is continued 
distally into the I CA. Endarterectomy of tbe distal ICA is feath
ered ro irs transition to rhe normal distal inrima. [f the distal 
plaque cannot be feathered, the res.idual intima is sharply tran
sected and secured in place using tacking sutures . . After comple
tion of the endarterectomy, rhe residual wall is copiously irrigated 
with hepari11lzed saline solution and any remaining debris or 
medial fibers are removed to prevent embolization. The ICA, 
ECA, and CCA are allowed to back-bleed. 

The arteriotomy is closed using a patch. There is evidence 
showing that patch angioplasty has better results witb a reduced 
risk of restenosis, especi~IJy in female patients, patients with 
small JCAs, and patienrs who continue to smoke. Once the 
arteriotomy is completed, flow is first established ro the ECA 
wirl1 release of damps to the ECA and CCA. After several heart
bears to flush debris out the ECA, flow is then reestabfjshed into 
the ICA 

If desired, heparin reversal is given with protamine. 

Postoperative care At the completion of the endarterectomy, a 
gross neurologic examination of the patients is performed in the 
operating room. lf no deficit is found, the patient is transferred 
to me recovery room. Patients are monitored closely during the 
postoperative period. Although they were formerly cared for in 
the in·censive care unlt routinely, most patients now can be 
transferred to a regular room if they are neurologically intact and 
hemodynamically normal in the posranesthesia care Wlit. 
Usually, patients are discharged safely the next day. Important 
factors to be monitored are the patient's neurologic status, blood 
pressure, and incision, to evaluate for hematoma. 

If, at the completion of the procedure, there is neurologic 
deficit, the patency of the ICA is evaluated with noninvasive 
carotid duplex. Initial flap or occlusion of the lCA on duplex 
requires immediate reoperation. If the [CA is patent, an arteri
ography is performed to detect possible clots or defects. Al1y 
lesion is tr<:~ted with reoperation. lf there is no lesion on the 
arteriogram in a patent lCA, the patient is treated conservatively 
with anticoagulation, antiplatelet agents, or both. However, if 
the patient continues to have repeated or worsening neurologic 
evems, immediate reoperation may be needed. 

Blood pressme monitoring and control during the postop
erative period are of paran1ount importance to prevent stroke. 
Immediately after carotid endarterectomy, 20% of patients may 
have significant hypertension and 30% may have hypotension. 
Up to 9% of these patients were found to have neurologic defi
cits, whereas there was no neurologic morbidity in normotensive 
patients. In addition, blood pressure fluctuation has adverse 
effect.~ on myocardial function. Systolic blood pressttte should 
be kept below 140 mm Hg for normotensive patients and below 
160 mm Hg for cl1ronically hypertensive patients. Diastolic 
pressure is maintained below 100 mm Hg. Hypertension should 
be treated immediately; sodium nitroprusside can be used. 
Hypotension is initially treated with fluid to correct the volume 
deficit; if refractory, vasoconstrictors can be ini tiated. 

The usc of antiplatelec therapy and inuaoperative heparin 
anticoagulation can cause wound hematoma af£er endarterec
tomy; the incidence of reoperation for hematoma drainage is 
less than 1 o/o. Usually, there is diffuse ooze from the wound, 
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is 

to complain of headache after 
may complain of these symptoms 
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dystunctwn in the cerebral dr

after 

if there is associated 

Stroke is the most teared co:mTJlit:ation 
endarterec:tom;v; it occurs in 1% to 3% of 1-'"-'·'u'c.', de]per1drng 
on the indication for the surgery. Causes include enlbcJliL·ation 
from a friable or ulcerated plaque during carotid c1L,:scc·tHm. 
in:ld<~q tJatc cerebral during endarterectomy, thrombo
sis from a flap or technical error, and rqJcrtu:sion 
Most of the low rates of stroke arc from specialized 
centers, and a more realistic complication rate from the com
munity data for combined stroke morbidity :md mortality 
ranges from 6% to 20'Yo. The Stroke Council of the American 
Heart Association has set standards for upper limits 
of stroke and death as a function of indications fc1r endarterec-

For with asy·m]Jto•m:ltic 

more 3%; for 5%; for 7%; 
and for recurrent carotid stenosis, 1 

Injury to the cr:mial nerves can cause mor-
bidity. 1hc incidence has been found to be approximately 
incidence increases to 39%1 if further evaluation was performed 

a pathologist. Only 60% of these patients arc symp-
tomatic :md most of these symptoms arc temporary. After 6 

the incidence was between 1% to 4%. Dysfunction of 
"'"'"''"""" l~r·vncrt>:'l and recurrent nerves is the most 

encounter·ed. ll1is is caused 

is 
cn,:iat·tcr~ectmny is planned, routine visu-

alization of the vocal cord by is recommended after 
the first 1s if there is cord 
paralysis. Wound retraction can cause injury to the 
glossal nerve exposure for high carotid 
tion. 1his is tongue deviation to the ipsilateral 

but can and mastica-
tion problem. 

Carotid An1gic>plas1ty and Stent Procedure 
randomized trials have shown that carotid endaJrte:rectmny 

syrnptornatic and asymptom
carotid stenosis. It has been 

is the gold standard of treatment f<Jr these 
However, there remain a of that has 

identified as high risk for angioplasty and 
stenting has as a safe and effective alternative to 

CEA for with indications for carotid intervention. Over 
the past CAS has seen a rapid evolution in 
and tec:hr10logy with the introduction of nitinol 

smg!e:-ce:nter studies t1·om 1990 to 1999 
rates of stroke and death for CAS 

outcomes for patients. 
or death was after CAS :md 

and the risk of any stroke or death was 7.8% 
for CAS and 4°/rJ for CEA. these most CAS 

were without an EPD. When 
studies were to randomi:t.e between CAS 
CEA, many had to be terminated pn:mantrely 
rior results with CAS. These studies showed 
umprotected CAS without EPD had a 

CEA and CAS, and that un]protected 
not equivalent to CEA. l11e with 
Protection in Patients at High Risk for Endarterectomy 
PHIRE) trial was the first r:mdomized to show the ben-
efits of using EPD in and that prc1tectc·d 
inferior to CEA in high risk f'"-l.lCllL>. 

pn~lrim:tur-y results from the 
terectomy vs. Stent Trial 
the first multicenter 

tronr:r"l-\ became available. 1his was 
randomized clinical trial 

funded the Institutes of Health 
and CEA 

47%; 
media11 f<Jllow-up period of 2.5 years. 
comTJos:ite end there was no difference between 

versus 6.8%1 f<Jr CEA; P There was 
statisltie<tlly sig.nil1C<'lllt difference in stroke rate, 4.1% 

for CEA. The risk of myocardial infarction 
was significantly lower for CAS, 1.1 %, with 
2.3%. At median follow-up of 2.5 years. there was no differ
ence in stroke rate berween CAS and CEA. 

The latest data t1·om CREST have shown similar compos-
ite outcomes between the two which led the inves-

to conclude that CAS and CEA had similar 

nu:n-gr:1ac carotid disease. 
performed the second 

trial had a significantly lower incidence of 
co1nparc·d with those CAS per-

half of the findings 
device design operator experi-
that future results may continue to 

Indications f(:Jf symptomatic 
num-graLae carotid stenosis were outlined in the 

consensus conference of the Stroke Council of the American 
Heart Association earlier). At the time of this 1hc 
Centers f<Jr J\!Icdicinc a11d Medicaid Services continue to 
coverage f<Jr carotid stcnt pnJCc·c1ures f<Jr asymptomatic patients 
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as weU as symptomatic patients who are deemed good-risk can
didates for CEA. 

There is a group of patients that are considered high risk 
for open surgical CEA. They can be grouped imo two main 
categories, those with anatomic or physiologic conditions. High
risk anatomic conditions include the following: (1) restenosis 
after previous CEA caused by association with lugher risk of 
cranial nerve injury; (2) "hostile" neck from previous neck radia
tion, rarualneck dissection, permanent tracheostomy, or frozen 
neck; (3) high or low lesions above C2 or below the clavicle, 
respectively; and (4) otbcr carotid lesions, including tandem 
lt>sions within the same carotid artery and contralateral high
grade ICA disease. High-risk physiologic conditions include the 
following: (1) class ill or rv angina or congestive heart failure; 
(2) severe chronic obstructive pulmonary disease (forced expira
tory volume :S l or the need for home oxygen); and (3) cardiac 
ruSt"ase necessitating open heart surgery within 4 weeks. 

Contraindications for CAS include coils or kinking of the 
common or internal carotid artery, and excessive calcification of 
the carotid disease. Difficult access because of iliac dist.-ase and 
a tortuous and calcified arch, or tandem common carotid ste
noses, may also contribute to difficultit>s in stent delivery. 

Technique 
Carotid Artery Access and Culde Sheath Posnionlng ] usc as in CEA, 
patients are medi:cally optimized with anti-hypertensives, statins, 
and smoking cessation. Patients who have not been taking clopi
dogrel are given an oral leading doSt> of 600 mg, and then 
maintained on 75 mg by mouth daily. Retrograde common 
femoral artery access is usually the first cl1oice, primarily second
ary to table and patient positioning constraints. Bradual access 
is used only in certain circumstances, such as severe aortoiliac 
occlusive ruSt>ase. The patient receives a systemic IV bolus of 
heparin (""100 U/kg) after initial sheath placement. In most 
cases, ruagnostic arteriography and the intervention are per
formed at !>eparate times. A cliagnostic arch aortography with 
four-vessel extracranial and bilateral cerebral arteriography is 
first performed for the evaluation of the carotid disease, cerd)fal 
circulation, and procedural planning. The aortogram is obtaiJ1ed 
with a pigtail catheter in the ascenrung aorta in left anterior 
oblique angulation. The bilateral common carotid arteries are 
then catheterized for arteriogran1s of the LCA and cerebral cir
culation. The subclavian arteries are catheterized for the evalua
tion of vertebral arteries. After the ruagnostic arteriography, the 
patient is clischarged on the same day. 

For patient:s requiring treatment, the intervention is per
formed at a later time. Based on the diagnostic arteriogram, 
appropriately shaped catheters and sheaths are choSt>n. To limit 
contrast, a selective catheterization can be made based on a 
previous arcl1 aortogram. Most common carotid arteries c-an be 
accessed simply with an angled catheter (e.g., Glidecath); 
however, some will require a more complex-shaped catheter, 
such as a cobra, shepherd's hook, or Sinm1ons catheter. Selective 
carotid angiography is then performed with careful hand injec
tions of contrast. A 0.035-inch gLtidewire (e.g., Glidewire) is 
positioned in the ECA and catheterized by the angled catheter. 
AJ1 angiogram is used to confirm the location of the ECA. A 
stiff wire is then placed in this artery and the catheter and short 
groin sheath are .removed and exchanged for a long 6 Fr sheath. 
The tip of the sheath is advanced to the distal common carotid 
artery. T11e stiff wire is removed from the patient. 

Plocement of Embolk Protedion Device With the long sheath ncar 
the carotid bulb, a careful angiogram with hand injection is 
obtained to determiJle the anatomy of the disease and location 
of the I CA. The wire with the EPD is advanced across the rusease 
and into the distal ICA, just prior to the horizontal petrous 
segment. The EPD is deployed. Flow through the EPD and its 
apposition to the wall is evaluated. 

Carotid stent Plocement AJ1 angiogram is then obtained, noting 
the location of the carotid disease. 1l1e stent is advanced carefully 
across the dise-ase and it is deployed from the ICA into the CCA, 
covering the ECA origin (Fig. 63-30). Prestenting angioplasty is 
not routinely performed unk>ss necessary ro create a space 
needed for placement of the stent in near-occlusive lesions. 1l1e 
self-expanding nitinol stent is typically 8 to I 0 mm in ruameter 
by 30 mm in length. It is sized to the largest portion of the 
vesSt>l, usually the rustal CCA. A small stent that does not oppoSt> 
the carotid waiJ may become a nidus for thrombus formation. 
Current stents are designed to be used in small delivery systems 
using a rapid exchange or monorail platform. 

Carotid Angioplosty After scenting, poststenting angioplasty is 
performed. T11e patient receives 0.5 mg of atropine intrave
nously in1mediately prior to angioplasty to blunt the effect of 
pressure from the balloon on the carotid bulb. An angioplasty 
balloon is advanced over the 0.014-inch guidewire across the 
location of d1e narrowest area of the scent. 1l1e balloon should 
approximate the size of the native normal internal carotid artery 
beyond the stenosis, not a segment with poststenotic dilation. 
Typically, the initial angioplasty is performed with a 5-mm 
semicomplia11t balloon. T11e balloon is in.flated slowly until 
apposition is achieved and then deflated slowly. Transcranial 
Doppler may be used to monitor for embolic debris. Experience 
with d1is procedure has shown that the grt~test number of 
emboli are released with balloon deflation. 

Completion Angiogram Prior to removal of the gwdewire and 
sheath, a completion angiogram is obtaiJ1ed to confirm adequate 
resolution of the carotid disease and to ensure flow tluough the 
LCA. Spasm of the ICA distal co the stent can be created with 
vasodilators such as nitroglycerin or papaverine. However, most 
spasms resolve with removal of the EPD. Once the EPD is 
removed, another angiogram is obtained to confirm vasodilation 
of the vessel and flow. A closure device is tl1en used to cloSt> the 
arteri.otomy. If a patient bas neurologic functional changes, a 
cerebral angiogram is obtained and compared with previous 
djagnostic angiograms. Nonvisuali7..ation of cerebral arteries after 
scenting, but that were previously seen on a ruagnostic angio
gram, is of concern for an embolic event and an imervention 
must be carried out (Fig. 63-31). 

Neurologic deficits that occur as a result of scent placement 
are not the san1e as thoSt> that occur with carotid surgery. 11 ~ 
Rather than an in1mediate intraprocedural event, a substantial 
munber of the peri procedural events that occur with CAS occur 
hours to days after the procedure. In one study, 26% of the 
peri procedural neurologic events occurred more than 1 day (and 
up to 14 days) after the procedure, and after patient ruscharge.118 

In another study, 71 o/o of the peri procedural deficits (1 0 of 14) 
after carotid stent placement in L 1 I patients occurred after the 
procedure was completed, rather than during the procedure. 11 9 

Tlus presents logistic d1allenges if intracranial thrombolysis ever 
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FIGURE 63-30 Carotid stent A. Severe ICA stenosis. B. Improved flow following ICA stent placement. 

FIGURE 63-31 Embolic protection device; filter with acute thrombus. 

becomes the standard method for managing this problem, 
because it often occurs after catheters and intra-arterial access 
devices have been removed; in some ca~es, the patient may 
already have been discharged. The patient would have to return 
and be treated in a timely manner. The site at which the carotid 
stent was placed would require repeat instrumentation (crossing 
with guidewires and catheters), wi th the attendant added risk of 
additional embolization. 

Conclusions The CREST trial demonstrated a significant 
learning curve with CAS. In carotid angioplasty and stenting, 
patient selection is the key to early success. Patients who are 
good stent candidates because of high medical comorbidities 
may not always have favorable anatomy for stent placement and 

williikdy have an elevated risk of peri procedural complications, 
even from a percutaneous procedure. Some patients with 
complex anatomy but who are otherwise good candidates for 
CAS may have to be trl~ted by alternative means if seen early 
in the program's development, while the physican is accumulat
ing experience. The best early candidates for CAS are patients 
with focal recurrent stenosis. Performance of CAS requires excel
lent imaging; the procedure is facilitated by the usc of a .floating 
radiolucenr table. Specific equipment and tools for carotid arte
riography, balloon angioplasty, and st<:-n t placement differ some
what from those used for other vascular beds. 1l1e components 
for carotid imervemion must be dett'Tmined, trnderstood, 
requested, and assembled before proceeding. There is growing 
consensus that CAS may be an effective alternative treatment for 
high-grade carotid artery disease that avoids the morbidity and 
mortality of open surgical treatment. Outside of cl.inical trials, 
it is currently indicated for symptomatic high-risk patients. 
With the results from CREST recently published, it is likely that 
approved indications wilJ be expanded to include normal-risk, 
high-grade symptomatic and asymptomatic patients. Vascular 
surgeons have traditionally assumed a leadership role in the 
management of carotid disease. If we are to continue to provide 
our patients with the full breadth of therapeutic alternatives, it 
is imperative that we devdop tbe necessary skills to perform safe 
and effective carotid angioplasty and scenting procedures while 
maintaining our open surgical expertise with carotid endarter
ectomy. Further rigorous scientific investigation will allow us to 
elucidate the subtle characteristics of patients and their lesions 
that may better inform our recommendations for one of these 
two competing treatment options. 
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DIALYSIS ACCESS 

Dialysis Outcomes Quality Initiative 
(DOQI) Guidelines 
Three types of access are commonly placed for hemodialysis: 
(1) aurogenous fistula (AF); (2) prosthetic bridging graft (BG); 
and (3) indwelli11g central venous catheter. 1l1e ideal access 
delivers a flow rate sufficimt for effective dialysis, is easily can
nulated, has a long life, and has a low complication rate. 

Dialysis Outcome Quality Initiative Guidelines 
Currendy, autogenous fistulas are preferred to prosd1etic grafts 
and cemral venous catheters because of their higher primary 
patency rates and lower frequency of stenosis, thrombosis, and 
infection .134·13s Previously, prosthetic conduit was often used for 
the initial hemodialysis access. Justification for a preference for 
prosthetic grafts included technical ease of procedure, avoidance 
of prolonged maturation times, ease of cannulation, differences 
in reimbursement, a11d disbelief in the superiority of autogenous 
fistulas.136 1he rductaJJCC to perform native fistulas was also 
fueled by the wide range of reported rates nf patency and matu
ration to a functional access with traditional single-incision 
direct arteriovenous fistulas, such as the wrist radiocephalic 
fistula. Maturation rates of arteriovenous fistulas range from 
25% to 90%.123,137-13? 

The U.S. Renal Data System (USRDS), whicl1 accumulates 
and reviews data from me nation's dialysis centers, reported in 
1995 char the frequency of nariveAF construction in the United 
States was less than 30% of total access procedures performed, 
with some regions having AF placement rates less than 10%.121 

In 1996, the DOQI Vascular Access Work Group met at the 
request of the National Kidney Foundatio11 to address all aspects 
of current medical and surgical issues associated with hemodi
alysis and publislh a set of practice guidelines. 

To attain d1e goals recommended by DOQI, surgt-ons are 
expected to increase weir rate$ of autogenous arteriovenous fis
tulas to at least 50% of aU new permanent hemodialysis accesses 
constructed. An importaJ1t objective of DOQI is to have a 
prevalence of autogenous fistulas in 40% of aU hemodialysis 
patients. 

Nomenclature 
In 2002, the Committee on Reporting Standards for Arterin
Venous Accesses of me Society for Vascular Surgery and the 
American Association for Vascular Surgery published standard
ized definitions related to arteriovenous access procedures and 
recommended reporting standards for patency and complica
tions.145 Autogenous refers to the native vein. An autogenous AV 
access is an access created by a connection between an artery 
and vein, and the vein serves as the access site for needle can
nulation. A trar:Jsposition is an access performed with a trans
posed vein. 111e peripheral portion of me vein is moved from 
its original position, usually through a superficial subcutaJleous 
ttuulel, a11d coru1ecred to the artery. The more central venous 
segment in a transposed access is lefr in its anatomic position. 
In contrast, the term translocated is used to describe an access 
constructed fronn a segment of vei_n that has been completely 
mobilized, discmmecred proximaUy and distally, and placed in 
a location remote from its origin. The recommended nomen
clature for the autogenous transposition p rocedures can be 
found in Table 63-9. 

Table 63-9 Recommended Nomenclature for Transposition 
Access Procedures 

------
RECOMMENDED NOMENCLATURE TRADITIONAL NOMENCLATURE 
Forearm 

Autogenous radial--basilic 
forearm transposition 

Autogenous ulnar--basilic forearm 
transposition 

Autogenous radial-<:ephalic 
forearm transposition 

Autogenous brachial·cephalic 
forearm transposition 

Upper arm 

Autogenous brachial-basilic 
upper arm transposition 

Lower extremity 

Superficial venous transposition 
111 the forearm, basilic vein to 
radial artery 

Superficial venous transposition 
an the forearm, basilic vein to 
ulnar artery 

Superficial venous transposition 
111 the forearm, cephalic vein 
to radial artery 

Superficial venous transposition 
111 the forearm, cephalic vein 
to brachial artery 

Basilic vein transposition 

Autogenous femoral-greater Greater saphenous vein 
saphenous looped access end-to-s1de to femoral artery 
transposition fistula 

Adapted from Sidawy AN, Gray R, Besarab k Recommended standards for 
reports dealing with arteriovenous hemodialysis accesses. J Vase Surg 35:603-
810,2002. 

Configuration descriptors provide information about tl1c 
aJlastomotic connection and course of the conduit. An access 
has a di rect or indirect configuration. A di rect acce.ss describes 
d1e connection between native artery and vein and involves such 
configurations as end-co-side, side-to-side, a11d end-to-end 
a11astamoses.145 In an indirect access, an autogenous or pros
dJetic graft is interposed between tl1e native artery and vein. 
Additional descriptors may be used, such as transposed, traJ1S
Iocated, straight, and looped. 

Primary patency refers to d1e interval from the time of 
access placement to the intervention designed to maintain or 
reestablish patency or access thrombosis, or the rime of measure
ment of patency. Assisted primary patency refers to the interval 
from d1e time of access placement ltllti! access thrombosis or the 
time of measurement or patency, including interventions 
designed to maintain the function of a patent access. Secondary 
patmcy refers to the interval from the time of access placement 
until access abandonment or thrombosis, or the time of patency 
measurement, including interventions to reestablish ftUJction in 
a thrombosed access. 14~ 

Superficial Venous System of 
the Upper Extremity 
An understanding of the venous anatomy of tbe upper extremity 
is essential for the planning of permanent hemodialysis access. 
Al though there is an anatomic commonality among patients that 
represent$ a starting point for impection, aJlatomic variations 
and segmental venous stenoses and occlusions from previous 
medical or surgical interventions are important to identify by 
thorough preoperative assessment. 
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Cephalic Vein 
The cephalic vein arises from the radial aspect of the veins drain
iJlg the dorsum of the hand and travels around the radial border 
of the forearm. On the proximal aspect of the volar forearm, the 
median cubital vein arises. This vein communicates wid1 the 
deep veins in rlhe forearm and then cros...es the anrecubiral fossa 
to join the basllic vein. As it crosses rl1e elbow, the cephalic vein 
is found in an anatomic groove between the b.rachioradialls and 
biceps muscles. The cephalic veln travels super£cial1)' to the 
musculocutaneous nerve aJld then ascends in the groove along 
the lateral border of the biceps muscle. In the upper third of the 
arm, the cephalic vein passes between the pectoralis major and 
delwid muscles, crosses the axillary artery, aJld joins the axillary 
vein just bdow the clavicle. The accessory cephalic vein arises 
from the ulnar side of the dorsum of the hand or the posterior 
aspect of the forearm and usually joins the cephalic vein below 
d1e elbow. 

Basilic Vein 
1he basilic vein originates on the ulnar aspect of the dorsum of 
the ha11d and travels in the suhcutaneous space up the ulnar side 
of the forearm, .shifting from the posterior surface distally toward 
a more anterior orientation below the elbow. 1l1e median ante
cubital vein jolns d1e basilic vein in d1e antecubital fossa and 
then trave.ls in t he groove between the biceps and pronator teres 
muscles to cross rlle brachial artery. [n this region, me vein is 
crossed anteriorly aJld posteriorly by branclles of me median 
cuta11eous nerve. As it courses proximately along the medial 
border of the biceps muscle, me basilic vein descends below me 
deep fascia to tr~vel parallel to the bracl1ial artery and vein. 
1l1e union of the basilic and brachial veins in d1e axilla forms 
the axillary vein. 

Median Antebrachial Vein 
1l1e median antebrachial veiJl drains the palmar surface of the 
hand and is located on the uL1ar side of the anterior forearm. 
ln the proximal forearm, it joins the basilic vein or median 
antecubital vein. 

Initial Evaluation for New Access 
1l1e first step in establishing hemodialysis access is to select the 
best available site, based on optimal arterial iJ1.flow and venous 
outflow, observing the preference of an AF over a BG, foream1 
over upper arm, and nondominant over dominant upper extrem
ity. Visual inspection and physical examination of the upper 
extremi.ty are performed but may be inadequate to assess certain 
factors, especially vein size, quality, and adequacy of central 
venous outflow. For this reason, duplex ultrasOlUld scanning is 
used for aU patients. 

The exanrination is initiated at the wrist of the nondomi
nant upper extremity and a tourniquet is placed at d1e midfore
arm. After dilation of the superficial veins by gentle tapping and 
stroking, the veins are insonated with a 5- or 7-MHz scanning 
probe. They are evaluated for diaJlleter, compressibility, and 
continuity witb upper arm veins. Patency of the deep system 
aJld continuity with patent axillary and subclavian veins are also 
verified. Central venous stenosis or thrombosis precludes use of 
that arm. 

The larges t diameter superficial vein of good quali ty is 
mapped with skin markings. Suitability criteria for access include 
the following: 

1. Target vein dian1eter more than 2.5 mm for an AF 
and more than 4.0 mm for a BG 

2. Continuity wim the deep and central system 
3. Absence of stenoses 

When favorable venous anatomy is found, d1e arterial 
system is then evaluated for target artery diaJnerer and patency 
of the palmar arch. Reduced pressure measurements, compared 
with the other arm or abnormal Doppler waveforms, indicate 
proximal arterial stenosis aJld preclude use of that arm for access 
unle...s the problem is successfully addressed. The basic require
ments are as follows: 

1. AJ1 arterialltlflllnal dia111eter greater than 2.0 mm 
2. Absence of obliterating calci£cadon 
3. Palmar arch patency 

Evaluation of central venous outflow stenosis or occlusion 
is an integral part of the duplex ultrasound exanlination. Central 
venous stenosis usually results from previous use of central cath
eters, especially iJl the subclavian vein.124 

If a unilateral central vein problem is found, me contralat
eral extremity becomes the preferred choice regardless of the 
issue of extremity dominance. If bilateral central vein problems 
exist but are amenable to endovascular treatment. this should be 
attempted on the least diseased side. 

If a subsequmt duplex scan confirms effective treatment of 
the central vein problem, this am1 can be selected for access. If 
not, the patient requires a nonstandard complex access solution 
(see later}. 

Anticipated duration of dialysis determines the rype of 
catheter access selected. 

1. Patients expected to require dialysis for less than 3 
weeks are candidates for noncuffed central venous 
catheter access for dialysis; these dual-lume11 catheters 
may be placed at the bedside without fluoroscopic 
guidance. 

2. For patients expected to require dialysis longer than 
3 weeks, cuffed ttumeled catheters are placed . 

3. For patients undergoing placement of aJl AF who 
require in1111ediate dialysis, a cuffed tunneled catheter 
is placed concurrently, typically in the contralateral 
internal jugular vein, to provide access while the AF 
matures. 

The internal jugular vein is preferred over the subclavian 
vein; the contralateral deep venous system is accessed when pos
sible to avoid cameter obstruction of venous outflow or catheter
induced venous stenosis during the period of AF maturation. 
Duplex SCaJlS aid in d1e selection of a patent normal vein for 
catheter placement. Femoral catheters can also be used on a 
temporary basis if the de.ep central venous system of the upper 
extremi ty is intractably compromised. 

Central Venous Catheters 
A cuffed central venous catheter is placed in all patients requir
ing immediate dialysis followiJ1g AF formation so that adequate 
maturation time (6 to 12 weeks) cru1 be provided before can
nulation of the AF. Because a BG CaJl generally be used within 
3 weeks, temporary noncuffed catheters CaJl be used in this 
group. 

The contralateral internal jugular vein is me preferred site, 
if available, because it limits .ipsilateral venous outflow obstruc
tion and would not be associated with the development of 
subclavian vein stenosis. Alternate sites may be used: 
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1. Ipsilateral internal jugular vein. 'This choice poses 
some risk of venous outflow obstruction because the 
catheter physically rests across ilie confluence of ilie 
internal jugular vein and the now high-flow subcla
vian vein, but has the benefit of limiting subclavian 
vein ~tenosis. 

2. Contralateral subclavian vein. Perhaps there would be 
less outA.ow obstruction but greater potential for 
negative long-term sequelae if stenosis results. 

3. Ipsilateral :subclavian vein. 1l1is is the least attractive 
alternative, with potential for outflow obstruction 
and stenosis. 

The routine use of upper extremity duplex ukrasound 
imaging for access plamling identifies many patients who have 
veins suitable for AF formation bur that are too deep for suc
cessful cannulation or that are too remote from me optimal 
arterial inflow to allow direct anastomosis without tension. 
Superficial venous transposition in the forearm increa.~es AF 
rates in these pat ients.125 This technique involves extensive dis
section of a vein identified by duplex scan as being suitable in 
diameter, with ligation of side branches and transposition to a 
subcutaneous tunnel along the volar a.~pect of the foream1, 
bringing the vein to the inflow artery. Tlus position is optimal 
for comfortable arm positioning during dialysis. 

Types of Venous Transpositions 

Upper Arm Venous Transposition 
The basilic vein in the upper arm is often a good conduit for 
dialysis access because of its relatively large size and location in 
the deeper tissue planes. The traumatic consequences of repeated 
venipunctures observed in more superficial veins are not seen in 
the basilic veln because of its deeper position. Classically, me 
brachiobasilic transposition was regarded as a secondary option 
after a failed forearm fistula or graft.146 The creation of an access 
using the proximal basilic vein was devised on the basis of the 
theoretical benefits of using a superficial vein spared repeated 
ve11ipunctures and with a relatively large diameter and lengtl1. 
As with all venous transpositions, only one anastomosis is 
required, and anatomic continuhy with the axillary vein is main
tained. The transposition of the basilic vein to the brachial artery 
was described by Dagher in 1976. Fou.r years after the original 
description of 24 brachiobasilic fistulas, the 5-year follow-up of 
a series of 90 fistulas was reported, with a 73.5% patency rate. 
The long-term patency remained good; a 70% functional 
patency rate at 8 years in 176 fistulas was reported. 14? 

In certain patient subgroups, such as those with small 
cephalic veins, peripheral vascular disease, and diabetes, the 
maturation rate of the radiocephalic fistula has been poor. TI1e 
bradUobasilic transposition has been a good second option for 
these patients. Hakaim and associates13 · have reported on the 
superior fistula maturation in brachiobasilic transpositions 
(73%) compared with primary radiocephalic arteriovenous .fis
tulas (30%). When me forearm cephalic vein is not suitable for 
access creation, the basilic vein in the foream1 and upper arm 
are excellent secondary options.148 Ascher and coworkers149 have 
reviewed their experience usiJ1g arm veins to create brachioce
phalic and bracbiobasilic arteriovenous fistulas. They found no 
significant difference between primary patency rates at J year 
(72% for brachiocephalic versus 70% for brachiobasitic). 
Because of excellent patency wiili these fistulas, this 

group proposed an algorithm for the placement of arteriovenous 
fistulas. If a radiocephalic fistula is not feasible, a brachiocephalic 
fistula should first be attempted. If the brad1iocephalic fistula 
fails or is not possible, a bracb.iobasilic fistula should be placed 
before an arteriovenous graft. In an attempt to maximize the 
aurogenous fisrula rare, we favor a similar algorithm, with rhe 
addition of the superficial venous transposition of the forearm 
before performance of the brachial artery-based fistulas-that 
is, radlocephalic fistula, followed by forearm basilic venous 
transposition, fo llowed by brachiocephalic fistula, followed by 
brachiobasilic fistula. 

Long-term patency with translocated brachiobasilic fistulas 
that have matured has been good, with reported primary patency 
rates as high as 90% at l year and 86% at 2 years. 1~ Ln 2000, 
a series of 7 4 arteriovenous fistula.~ constructed using t ransposed 
basilic vein was reported by Murphy and colleagues.151 Success
ful needle caru1Uiation for hemodialysis was accomplished in 50 
fistulas (68%) and the cumulative secondary patency rate was 
73% at I year, 53% at 2 years, and 43% at 3 years. In 2003, 
Taghizadeh and associates152 reported a series of75 brachiobasi
lic transpositions performed over 5 years, with a mean follow-up 
of 14 months. In their series, 92% of fistulas matured to allow 
hemodialysis access. TI1e cumulative patency was 66% at I year, 
52% at 2 years, and 43% at 3 years. O verall, complications 
developed in 55% of fistulas; these included thrombosis (33%), 
stenosis (11 %), local infection (6%), arm edema (5%), hemor
rhage (3%), aneurysm (I%), and steal syndrome (1 %). 

1l1e overall patency rare for autogenous bracb.ial-basilic 
transpositions is superior to that of polytetrafluoroethylene 
{PTFE) upper arm dialysis grafts. A review of al l basilic vein 
transpositions and brachial PTFE arteriovenous fistulas created 
over a 5-year period has demonstrated a statistically signi.ficant 
difference in primary patency rate at 1 year (90% versus 70%; 
P<.Ol) and 2 years (86o/o versus 49%; P<.001).150 In this study, 
complications occurred approximately twice as frequently 
with the PTFE grafts than with the venous transpositions. 
Another comparison between brachial-basilic transpositions and 
PTFE upper arm grafts has shown significant berter patency rate 
at 2 years with venous transpositions (70% versus 46% for 
PTFE grafts).t53 

Forearm Venous Transpositions 
TI1e radiocephalic fistula, performed through a single incision, 
was ini tially described in 1966 by Bre.scia and coworkers.154 1bis 
primary arteriovenous fistula was a dramatic improvement over 
the other, less durable modes of bemodialysis access avai lable at 
the time and soon becan1e tbe preferred approach tO long-term 
dialysis access. TI1e hemodialysis population has changed, and 
the dialysis patient who has a suitable vein in close proximity to 
the radial artery is becoming uncommon. Therefore, venous 
transposition procedures in the forearm have become important 
for enabling tl1ese patients to have a primary arteriovenous 
fistula. 

Physical examination and visual inspection alone identify 
suitable arteries and veins in the upper extremity poorly. Duplex 
ultrasound exan1ination allows a more thorough evaluation of 
the superficial venous system, increasing the number of patients 
who can have a forearm fisru la.125 The duplex scan can identify 
veins in the forearm that may have been spared repeated veni
pw1ctures because of their deeper subcutaneous location. 'The 
size of these veins may be suitable for arteriovenous creation but, 
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if left in situ, their position in the deeper subcutaneous tissues 
and their anatomic position on the forearm make needle can
nulation for hemodialysis technkally more difficult. These 
usable veins on the posterior aspect of the forearm, such as the 
basilic vein, if not transposed, require Lmcomfortable and 
awkward posidoning of the arm for dialysis. 1l1erefore, once 
identified by duplex scanni11g, tl1ese veins are mobiliz.ed and 
transposed to a more favorable location on d1e forearm through 
a superficial subcutaneous plane. 

To increase the number of primary autogenous fistulas, 
Silva ru1d colleagues.'25 in 1997, described the routine usc of 
duplex scaJUling for preoperative access plaJUlirlg for superficial 
venous traJlsposition of forearm veirls for autogenous hemodi
alysis access. They reported a series of 89 patients .in whom 
arteries and vei.ns were identified with duplex scanning as suit
able for primary arteriovenous fistulas. After the superficial 
venous trru1sposition procedure, 91 o/o of the fistulas matured, to 
be used for hemodialysis access. TI1e primary patency rate was 
84o/o at 1 year and 69o/o at 2 years. (1l1e beneficial impact of a 
preoperative duplex ultrasound assessments was reported in 
1998.123) This group demonstrated a dran1atic improvement in 
their autogenous fistula rate with the .institution of the protocol 
of routine usc of duplex scruu1ing for preoperative access plrul
nirlg. Their autogenous fistula rate was l4o/o before the institu
tion of the protocol and 63o/o after the protocol was established. 
Table 63-10 demonstrates the three general areas in which the 
superficial veins are found and the rates at which they were used 
in the swdy. Note that the mirlority (15o/o) of the transpositions 
were accomplished through a single incision, with the artery and 
vein in dose pr:oxirnity. Approximately 50o/o of trru1sposcd veins 
arose from the volar surface of the forearm and a third were 
harvested from the dorsal aspect of the foream1. 

Lower Extremity Venous Transpositions 
1l1e upper extremity is the preferred site for hemodialysis access, 
with the lower extremity generally being reserved for usc once 
upper extremity options have been exhausted. If the extremity 

Table 63-l'!..._Superficial venous Transpositions of the Forearm 
TRANSPOSITION PERFORMED 

Type A 

Artery and vein in immediate proximity 

Single incisi o111 

Superficial subcutaneous transposition only 

Type B 

Dorsally located vein transposed to volar surface 
artery 

Separate incisions 

Superficial subcutaneous transposition 

Type C 

Volar vein transposed to mid forearm volar surface 

Separate incisions 

Superficial subcutaneous transposition 

&,~,OF TOTAL 
15 

33 

52 

From Silva MB Jr. Hobson RW 2nd, Pappas Pl. et al: Vein transposition in the 
forearm for autogenous hemodialysis access. J Vase Surg 26:981-986, 1997. 

is not suitable for fistula creation, a prosthetic graft can be 
placed. However, there is a concern about increased thrombosis 
and iJlfection rates in thigh hemodialysis grafts, whid1 have been 
reported as high as 55o/o and 35o/o, respectively. TashjiaJl and 
associates,155 reviewing their experience with 73 femoral artery
based hemodialysis grafts, found a primary patency rare of 71% 
ru1d a secondary patency rate of 83o/o at I year. 1l1e infection 
rate iJ1 this series was 22o/o. 

Venous transpositions in the lower extremity usirlg the 
greater saphenous vein (GSV) aJld superficial femoral vein (SFV) 
have been described.135·' 5G 1he use of translocated GSVs and 
SFVs ir1 the leg have theoretical benefits sinillar to those of 
venous traJlslocadons in tbe upper extremity. 1l1e venous con
duits are long and generally of good caliber, and are less prone 
to infection than prosthetic grafts. Importantly, only one anas
tomosis is required, because the more central venous segment 
main rains its native coJmection with the conm1on femoral vein. 

'TI]e SFV, part of the deep venous system, has a dia111eter 
in the range of 6 to I 0 mm, has relatively thick walls, ru1d has 
been used for a wide variety of vascular reconstn1ctions.157 

Gradman and coworkers have reported a retrospective analysis 
of25 patients who underwent arteriovenous construction using 
SFVs. Of these patients, 18 underwent SFV transposition and 
7 were given a composite loop fistula of SFV and PTFE. 1l1e 
cumulative primary fi sntla patency rate was 78% at 6 months 
ru1d 73o/o at 1 year. 1l1e cunmlative secondary patency rate was 
91% at 5 months and 86% at I year. 1l1ere were no fistula 
infections, bur the rare of major wound complications was 28o/o. 
Eight patients required secondary procedures for symptomatic 
steal syndrome ru1d 1 patient ultimately needed aJl above-knee 
aJUputation after the development of ipsilateral compartment 
syndromc.15G 

The saphenous vein has been used for arterial reconstruc
tions in almost all vascular beds and in the construction of 
arteriovenous access in the upper and lower extremities. 1l1e 
GSV has been used to create aJl autogenous fistula in the upper 
thigh in a looped configuration and an arterial anastomosis with 
tl1e common femoral artery or SFA. '58· ' GO Although described 
more than 30 years ago, this configuration is seldom used.35 lUig 
ru1d coworkers,161 noting that the incidence of infection can be 
as high as 40o/o in traditional saphenous vein harvest, have used 
aJl endoscopic vein harvest tedmique in combination with the 
creation of a transposed saphenous vein arteriovenous fistula. 

Tedlniques of Venous Transposition 

Patient Assessment and Selection of Optimal Site 
The patient evaluation and preoperative assessment are the mos£ 
inlportant steps i11 the establishment of durable hemodialysis 
access. First, the best available site is selected, based on optimal 
arterial inflow and venous outflow,. Accordmg to DOQI guide
lines, the preference is for an autogenous fistula over a prosthetic 
graft, the forearm over the upper arm, and the nondominant 
arm over the domirlant arm. 

Preference for the nondominru1t arm relates to convenience 
for the patient, allowing the dominant arm to be used for activ
ity during dialysis. When duplex ultrasow1d surveillance identi
fies a suitable vein ru1d artery in d1e nondorninaJ1t forearm, an 
AF constructed between them becomes the procedure of choice. 
Duplex ultrasonography to select the optin1al anastomotic site. 
If the radial or uL1ar arteries are disadvantaged, a suitable vein 
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m the forearm may be dissected and looped back to the brachial 
artery in the antecubital space. All autogenous forearm possibili
ties are exhausted before proceeding to autogenous upper arm 
alternatives, because ellis maximizes future possible sites. 

Absence of suitable veins in both forearms necessitates con
suuction of the access in rhe upper arm. Again, duplex ultraso
nography is valuable i11 identifying a superficial (preferred) or 
deep {second-choice) arm vein that can be transposed to a volar 
subcutaneous location for c.reation of an AF with the brachial 
artery. The dominant upper arm is used if the arteries and veins 
Ul the nondominant upper ann are unsuitable. 

[f there are no suitable veins for an AF, outflow ilirough 
rhe deeper venous system m the arm is exanlined to idem:ify a 
possible site of tplacement of a prosthetic BG. A looped BG 
configuration is used in the nondominant forearm when an 
appropriate antecubital vein and brachial artery are present. 

The dominant forearm is the next site of choice. If both 
forearms are unsuitable, the nondominant upper arm, followed 
by the dominant upper am1, are the next options for curved 
bracllial artery to axillary vein BGs. 

Duplex tJuasonography is used to identify and mark the 
best possible location for the anastomosis and to confirm ade
quate central venous runoff. When possible, avoid placement of 
prosthetic BGs in patients who are significantly inmlllnocom
promised because of the significam risk of infection and the 
complexities involved with removal of cl1e BG and restoration 
of prograde arterial flow.'26 

Superficial Venous Transposition of the Forearm 
1he superficial venous transposition of the forearm is performed 
usb1g local 1 o/o lidocaine Wusion supplememed with [V seda
tion. Lidocaine with epu1epbrine is avoided because of its vaso
constrictive properties. 1he entire arm is prepared in a sterile 
fashion and the procedure is performed by the surgeon and 
assistant in the seated position. 

Once the sktl1 and subcutaneous tissue overlying the vein 
have been properly anesthetized, a longitudinal incision is made 
directly over the cephalic or basilic vein, beginning at the distal 
extent of the previously mapped and marked vein. l11e incision 
proceeds toward the antecubital fossa for a distance of at least 
15 em. A 3-0 silk suture ligature is used to ligate the portion of 
vein remaining in its distal bed and the vein is transected at the 
wrist. The vein its dissected free from its surroundtl1g tissue so 
that it may be completely transposed to a superficial turmel in 
the midportion of the volar aspect of the forearm. Most venous 
branches along the length of the vein are ligated ru1d divided; 
however, those that will not interfere with transposition are left 
intact to maxinlize outflow. HeparWzed saline is flushed through 
the open end of the vein with digital compression for occlusion 
of outflow at the antecubital fossa; this results in substantial 
dilation of the freed segment of vein. The vein is wrapped in a 
heparin- and saline-soaked sponge and attention is then turned 
to me arterial dissection. 

The segment of artery that bas been preoperatively identi
fied a.~ suitable for inflow is exposed. UsuaUy, the radial artery 
is identified between the brachial radia~s and flexor carpi radia~s 
tendons. The superficial branch of the radial nerve is located 
lateral co the radial artery, and this nerve is separated from the 
radial artery by the bracllial radialis muscle. The nerve is sensory 
at this level ru1d care must be taken not to injure it. Concomitant 
veb1s run parallel to the artery on either side. These should be 

carefully dissected free from the artery, facilitating identification 
of the numerous smaU arterial branches. Although there are 
usually no arterial branches on the anterior aspect of the artery, 
several paired arterial branches usually leave the radial artery on 
each side, and they must be addressed. These may be ligated, 
with the ligamre placed approximatdy 2 mm away from the 
radial artery to avoid impingement once dilation has occurred. 
Vessel loops are placed proximally and distally along the artery 
for vasctJar control. 

A tunneling instrument is pas.<oed through the subcutane
ous tissues to devdop a superficial tunnel. The vein is marked 
along its length with a sterile marking pen to facilitate passage 
through the runnd without twisting or kinking. Once the veb1 
has been passed through the subcutaneous tunnel and .hemosta
sis has been ensured, the patient is typically given 3000 U of 
heparin IV, and a 1- to 2-mm arteriotomy is made with a no. 
11 scalpel blade on the volar surface of the artery. The arteri
otomy is extended to approximately 15 to 20 mm with fu1e 
Potts scissors. With an 18-gauge angiocatheter, the artery is 
heparinized locally by b1jection of heparinized saltl1e distally 
and then proxinlally wb.ile the vessel loops are simultaneously 
opened. 

An end-to-side anastomosis is performed with 7-0 polypro
pylene or Gore-Tex PTFE suture (Gore Medical). Before com
pletion of the anastomosis, vascular dilators are used to size the 
vein and radial artery. This step has the benefit of allowing 
enlargement of blood vessels in spasm from vessel loops and 
manipulation. 

After the anastomosis is constructed, it is essential that a 
thrill be fdt withi11 the vein. Absence of a thrill indicates a prob
able technical or anatomic defect and requires further investiga
tion, with exploration of the anastornosis. \Vounds are closed 
with a running subcuticular absorbable stitch. Care is taken to 
maintain strict atraumatic technique during handling of the skin 
edges to limit wound complications. Adhesive strips or tape 
applied directly to me skin are not used. 

Superficial Venous Transposition of the Arm 
'The transposition of the cephalic or basilic vein is performed 
with local anesthesia using 1 o/o lidocaine and [V sedation or 
regional anesthesia using an interscalene nerve block. The entire 
arm and ipsilateral axilla and shoulder are prepared in a sterile 
fasllion. For the cephalic veb1 transposition, the vein is found u1 
an anatonlic grtlQve between the bracllioradialis and biceps 
muscles. It travels superficially to the musculocutaneous nerve 
ru1d then ascends in the groove along the lateral border of the 
biceps muscle. A longitudinal incision over the cephalic veiJl is 
used for exposure. For the basilic vein transposition, the vem is 
identified anterior to the medial epicondyle of the humerus ru1d, 
through a longitudinal incision along the medial aspect of the 
upper arm to the axilla, the basilic vein is exposed. The median 
cutaneous nerve is close to the basilic vein and should be 
preserved. 

AU venous branches are Ligated and divided. The cephalic 
vein is mobilized for at least 15 em. 'TI1e basil.ic vein is mobilized 
to its jtUlction with the brachial vein. Th.c brachial artery can be 
exposed through the same i11cision or through a separate iJlci
sion. Vessel loops are loosely encircled around che brachial artery 
proximally and distally. 

Next, the cephalic or basilic vein is divided near the ante
cubital fossa and flushed and distended with hepariJ1ized saline. 
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A sterile marking pen ls used to mark the vein along its entire 
length to help avoid twisting during passage through the subcu
taneous tunnel created anteriorly berween the axilla and antecu
bitaJ fossa. Approximately 3000 U of fY heparin is administered 
and proximal and distal control of the brachial artery is obtained 
with rhe vessel loops. An end-to-side anastomosis wirh rhe bra
cbja( artery is constructed with 6-0 polypropylene sutures. After 
completion of the anastomosis, the fistula is inspected for a 
thrill. If a thrilll is not present, a technical or structural problem 
is suspected tlhat wiiJ reqwre correction. The subcutaneous 
tissues and skin arc dosed with absorbable suture. 

Follow-Up 
Adequate arterialization of the vein usuaiJy occurs within 8 to 
12 weeks. Hand exercises are advocated to encourage fistula 
maturation. 

The AF access is studied by duplex ultrasound approxi
mately 6 weeks after placen1ent to assess maturation a11d to mark 
sites most suitable for initial cannulation by the dialysis center 
staff. For a new AF, dialysis should be initiated through a 16-
or 17 -gauge needle and for longer sessions at minimal rates 
of Aow. 

At least three successful hemodialysis sessions should be 
accomplished before removing the central venous catheter. If 
Aow rates are insufficient for successful dialysis or if foiJow-up 
duplex ultrasonography identifies a problen1 in the access, the 
access is considered a failure and the patient is referred for evalu
ation and treatment (see below). 

Patients With Failing or Failed Access 
For patients with a failing or failed access, the first step is a 
thorough duplex ultrasound evaluation of the access and wlder
lymg arterial and venous anatomy to ascertain the cause of 
fai lure, correctability, or salvage and alternative sites. In particu
lar, patients with a prosthetic BG should be evaluated for graft 
salvage and for the identification of a possible site for placement 
of a new .AF in case the BG salvage is not successful. 

Patients with a failing dialysis catheter typically present 
with suboptimal flow on dialysis or, less commonly, upper 
extremi.cy swelling secondary to pericatheter deep vein throm
bosis. A duplex ultrasound scan can easily identify the latter, in 
which case endovascular treatment to reestablish deep venous 
outflow foUnwing catheter removal is considered. Subsequem 
imaging is directed at assessing the efficacy of treatment and 
identifying an alternative insertion site. 

fn patients with poor catheter Aow rates but no evidence 
of central venous compronuse, transcatheter thrombolytic 
therapy has been effective. Tissue plasminogen activator (TPA) 
instilled directly through the catheter access port and allowed to 
dweiJ for some period of time bas been effective. 

Catheters compromised by malpositioning of the tip or 
encapsulation in a fibrin sheath can be treated endovascularly. 131 

If catheter salvage is unsuccessful, the catheter is exchanged. 
Over the wire ·tecluliques may be used for noncuffed catheters 
but can be challenging, witl1 cuffed catheters having exit sites 
remote from the insertion site. Tlus technique may result in 
similarly poor Aow rates if the problem is a suboptimal 
subcutaneous twmel, either acutely angled or compromised by 
proxinuty to the clavicle. Usually, a new percutaneous placement 
is performed at the site identified as optimal by duplex ultra
sound scans. 

Wormation available from duplex ultrasound examina
tion <>f a threatened or failed AF or BG is essential for direct
ing treatment. Results with salvaging fistulas or grafts that 
have thrombosed arc significantly worse than witl1 those that 
are patent but have an identifiable stenosis. Thrombolytic 
therapy and surgical thrombectomy have poor 6-month 
primary efficacy rates. 1j

2 Nonetl1eless, the value of sustaining 
each access site in today's dialysis population usually warrants 
an attempt at salvage. 

Thrombolysis and surgical thrombectomy are ain1ed at 
removiflg clot as a prcreqwsitc to identifying the underlying 
anatomic anomaly. Post-thrombectomy aCC(.'SS imaging in 
the surgical suite is imperative. Appropriate adjunctive manage
ment of the offending lesion follows-first with endovascular 
options, if warranted, and surgical revision if the former prove 
unsuccessful 

Prospective monitoring of the access for hemodynamically 
significant stenoses, when combined with correction, improves 
patency and decreases the incidence of thrombosis. A mm1ber 
of techniques have been proposed to monitor for stenoses, 
including the follnwing: 

I. Intra-access Aow 
2. Static or dynamic venClus pressure measureme.nts 
3. Measurements of recirculation using lltea concentra

tion or dilution techniques 
4. Observation for changes in characteristics of pulse or 

thrill in the access 
5. Prolongation of bleeding after needle withdrawal 

Most of these techniques suggest increasing resistance at 
tl1e venous anastomosis, which is the most conunon si te of 
myointimal hyperplastic problems. 

DOQI guidelines suggest that persistent abnClrmaJjties 
in any of these parameters mandate venography. Comprehen
sive duplex scan can also serve as the initial exan1ination. 'TI1e 
decision to proceed with endovascular or surgical treatment is 
deter:mined by tl1e type of lesion identified and the physician's 
experience. 

In modern vascular practice, endovascular baiJoon dilation 
of venous outflow stenoses in a BG or segmental stenoses in an 
AF is the initial d10ice of treatment. Ths must elimmate the 
hemodynarnicaiJy significant stenosis and restore normal flow 
for it to be considered a success (Fig. 63-32). 

Postprocedure evaluation by duplex ultrasound scan at 1 
month to assess efficacy is recommended. Repeated angioplasty 
may be performed if mdicated. In our practice, rwo failures of 
endovascular treatment for the san1e lesion within a 3-month 
period prompt open surgical intervention. 

Surgical revision can be gujded by the duplex scan and by 
subsequent contrast studies obtained during attempted endovas
cular revision. Surgical revision is focused on e.liminatlng the 
causative lesion and preserving the maximal usahle segment of 
vein :for future use. 

Recalcitrant stenoses in an AF can be treated by patch 
angioplasty or segmental resection and iflterposition of a trans
located reversed segment of vein or, frequently, by mobilization 
of the matured vein and primary repair. Arterial or venous ste
noses near or involving the ana~tomosis can be treated with 
patch angioplasry or, alternatively, with mobilization and forma
tion of a new arteriovenous connection. 

For focal defects in a BG, such as midgraft stenosis or 
pseudoaneurysm, direct excision and interposition of a new 
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FIGURE 63-32 Endovascular-assisted arteriovenous fistu la (AVF) maturation. A. Severe stenosis of radiobasilic AVE B, After balloon angioplasty, 
flow improved and the patient was able to undergo dialysis within 2 weeks using the AVF. 

segment may be indicated. The BG venous outflow Lesion resis
tant to endovascular treatment may be trt>ated with surgical 
patch angioplasty or a jump graft to a segment of uninvolved 
vein with good outflow. 

Any failed or failing graft that undergoes successful revision 
and salvage is reassessed at 1 month by duplex ultrasound exami
nation. To achieve the reported 60o/o 1-year success rates foUow
iJlg endovascular or surgical intervention, further intervention 
is typically required. m 

Secondary Interventions in Autogenous Fistulas 
Few published series have focused on re-mtervention of failing 
or nonmatming autogenous arteriovenous fistulas, and most of 
those that have been reported focused on the traditional radio
cephalic arteriovenous fistula. Recognizing this, Hingorani and 
colieagues162 have reviewed thcir experience with salvage proce
dures in the management of nonfunctionmg or nonmaturmg 
arteriovenous fistulas, which included fismlas based in the 
upper arm. The distribution of fistulas that required salvage 
procedures were 37o/o radiocephalic, 47% braduocephalic, and 
16o/o brachiobasilic. In 46 patients (49 fistulas), 75 procedures, 
botl1 open and endovascular, were performed; l7 patients 
underwent 26 balloon angiopla~ties and 20 patients had veiJl 
patdt ru1gioplasty. The group performed l2 fistula revisions to 

a more proximal level and 4 vein interposition grafts. Although 
the total number of subsequent procedures required for percu
taneously treated fistula~ was bigher than that for open repair, 
there was no sttatistical difference between primary patency 
rates. It was concluded mat salvage procedures may allow mat
uration and extend the life span of arteriovenous fistulas for 
hemodialysis. 

'T11e beneficial effects of secondary interventions on the 
maturation and maimenance of autogenous arteriovenous fistu
las has been demonstrated by Berman and Gentile.163 They 
placed l70 autogenous fistulas in 163 patients~ll5 brachioce
phalic, 47 radiocephalic, and 8 bracbiobasilic. Secondary pro
cedures for failure to mature were required in 9 patients and for 
failme of previously functioning fistulas in 6 patients. A func
tional access was ad1leved in 90% of patients; these researchers 
demonstrated a 10% improvement in accomplisl1ing or main
taining functional autogenous access through secondary 
procedures. 

In a series of arm cephalic and basilic vein arteriovenous 
fistulas tl1at encompassed 109 brachiocepbalic and 63 brachio
ba~ilic arteriovenous fistulas, Ascher and asociates149 reported 
thrombosis in l2o/o and 6o/o, respectively (no statistical differ
ence). No thrombosed fistula in either group was treated with 
thrombolysis or thrombectomy. Ln the brachiocephalk group, 
15 secondary interventions were performed--6 balloon ruJgio
plasties, 5 patd1 angioplasties, 2 superficial elevation procedures, 
ru1d 1 extension to the jugular vein for subclavian vein throm
bosis. '111ere were 7 secondary interventions in the bracbiobasilic 
group, 5 balloon angioplasties and 2 patch angioplasties. 

In me series of 89 pati.cn ts with su perfidal venous trans
position of forearm veins after duplex mapping for establish
ment of hemodialysis access, Silva rutd coworkers125 reported a 
total of 18 failed fistulas. With surgical revision, 4 were success
fuUy salvaged and 6 were converted to ipsilateral prosthetic grafts 
(3 forearm, 3 upper arm). Additionally, access wa~ established 
on the other arm in 5 patients (3 autogenous fistulas, 2 pros
thetic grafrs). 

Complex Access 
Complex access solutions are required when aU upper extrenuty 
access sites have been exhausted or when extensive central venous 
obliteration is not responsive to endovascular treatmem. [f the 
central venous system is patent, placen1ent of a cuffed catheter 
is the simplest alternative. 

In patients with refractory central subclavian vein occlusion 
and a patent ipsilateral internal jugular vein, the jugular vein 
turndown procedure may be performed.''~ The cephalad portion 
of the jugular vein at the angle of the mandible is divided; after 
mobi1l7.ation, the jugular vein is anastomosed to the patent axil
lary vein segment, just proximal to the subclavian occlusion, to 

provide runoff for the upper arm. Resection of the central 
portion of the clavicle may be performed to facilitate a favorable 
ru1atomic lie of the vein graft. Other nonstandard access configu
rations, such as axi.Jlary artery to axillary vein body waU pros
thetic grafts (loop configuration if ipsilateral , crossover or collar 
graft if contralateral), may be considered.17.s Axillary arterial to 
right atrial BGs and axillary arterial to arterial prosthetic con
figurations have been used when extensive central venous oblit
eration is encountered. but these options are compromised by 
their potential for increased morbidity.129

•
130 
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If upper extremity options are unsatisfactory and the supe
rior central venous system is occluded, lower extremity access 
options can be used. Transposition of the saphenous vein in a 
loop configuration to the superficial femoral artery or common 
femoral artery bas been performed. AJternatively, a prosthetic 
BG can be placed in a loop configuration from the common 
femoral vein to the superficial femoral or common femoral 
artery. A prosthetic BG can also be created from one femoral 
artery to a contralateral femoral vein and tUJmeled subcutane
ously across the lower anterior abdominal wall. With a percuta
neous approaclb to the femoral vein, a cuffed catheter can be 
tuJll1eled into the anterior thigh. In patients with lower extrem
ity venous thrombosis, a rraoslumbar approach w the inferior 
vena cava has been used with a Lateral tLumel for the cuffed 
catheter. 

Vascular Access Complications 
Infection is the second leading cause of death in dialysis patients, 
causing 1 Oo/o of deaths, exceeded onJy by cardiovascular disease. 
Most of the systemic infections are directly related to infections 
from vascular access. The increased rate of infection in dialysis 
patients is caused by immunodeficiency and poor wound healing 
associated with chronic renal fail ure. Staphylococcus aureus is 
the most common cause of infection, and the use of aseptic 
tecbnique is the best way to prevent bacterial colonization and 
vascular access site infection. Infection of an autogenous arterio
venous fistula is rare; it can be treated with appropriate antibiot
ics and local wound care, with drainage of abscess. Weedon of 
a prosthetic arteriovenous graft is more conm10n and is caused 
by contan1iJ1ation from skin flora during implantation or direct 
inoculation of the graft by an access needle &om inadequately 
prepped skin. Treatment is with excision of the prosthetic mate
rial. 1 he use of perioperative antibiotics bas been shown to be 
effective in reducing infections. Cephalosporins can significantly 
decrease postoperative wound infections and vancomycin can 
reduce graft infections. 

'TI1e most common complication of vascular access is 
thrombosis of tthe venous fistula or prosthetic graft. The cause 
of most graft failures is the development of intimal hyperplasia 
at the venous anastomosis and/or venous outflow tract. This can 
account for 85% of graft failures, wi th 55% of thromboses 
caused by venous anastomosis and 30% caused by venous 
outflow occlusion or long-segmem stenosis. For venous fistula, 
the specific offending Location is not as clear. 'TI1e lesion can be 
located at the arterial anastomosis or within the fistula. Flow in 
the vascular access can be restored with open surgical thrornbec
tomy or endovascular tltrombolysis and angioplasry. Venous 
outflow or anastomotic lesions need to be treated to prevenc a 
high graft failure rate of70o/o at 6 months. An improved patency 
rate of more than 70% at 6 months can be achieved with surgical 
anastomotic revision or endovascular stentiog. 

Aneurysmal degeneration of fistula can develop over time. 
1l1esc massively dilated venous segments can involve the skin, 
placing the patient at risk of significant bleeding. The Low resis
tance of the enlarged fistuJa can lead to steal syndrome (see 
later). Treatment is with interposition grafts and removal of the 
infected portion (Fig. 63-33). 

Arterial insufficiency, or steal syndrome, can develop iJ1 
patients with vascular access. 'TI1e creation of this access restJts 
in a low-resistance circulation that shunts arterial inflow into 
this low-pressure venous outflow. In addition, the flow in the 

FIGURE 63-33 Fistula aneurysm without evidence of skin involve
ment. 

artery distal to the access origin may become retrograde and is 
no longer antcgrade. 1l1e effect is that the vascular access steals 
arterial flow, which may compromise distal limb perfusion. 1his 
physiologic steal phenomenon can be demonstrated in 75% to 
90% of patients; however, only 1 o/o to 6% are symptomatic. 
Symptoms may include a cold and painfuJ hand or foot; with 
significam flow compromise, patients may develop tissue loss in 
their fingers or toes (Fig. 63-34). In patients with forearm vas
cuJar access using radial artery as inflow, such as radlocephalic 
or ra.diobasilic fistulas, ligation of the artery just distal to the 
fistula restores A ow in the palmar arch. in patients with vascular 
access in the upper arm, the distal revascularization with interval 
ligation (DRIL) proce.dure is used to revascularize the distal limb 
while preserving the vascular access. 'TI1e procedure is a bypass 
&om the inflow artery proximal to the access to the artery distal 
to the access. The arterial segment between the vascular access 
and d istal anastomosis of the bypass is ligated to prevent steal. 
1l1e low-pressure wne arOUJ1d the access origin may slmnt blood 
How from the bypass into the access rather than restoring distal 
Aow. An autogenous conduit should be used for this bypass if 
possible. 

CONCLUSION 
Ultimately, the goals of DOQI are to minimize the deep effects 
on the ESRD patient's quality of life that hemodialysis depen
dence entails. IncreasiJ1g rates of autogenous arteriovenous 
access increase patency rates, decrease complications and there
fore decrease the number of unplanned interventions and 
hospitalizations that this popuJation is required to endure. This 
vision cannot be realized witl1 traditional arteriovenous access 
alone. Early referral to vascular surgery, insti tutional strategies 
of preoperative noninvasive vascular assessments and use of 
venous transposition procedures can be effective in iJ1creasing 
autogenous access in the dialysis population. A system of pro
spective monitoring for the development of bemodynarnically 
significant stenosis can improve long-term assisted patency. A 
multidisciplinary approach involving d1e .nephrologist, vascular 
surgeon and hemodialysis center nurses, as well as the patient 
and the patient's social support system, is required to optimi:z~ 
the care of this complex patient population. 
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FIGURE 63-34 A. Patient with tissue loss of the hand because of steal. He underwent arterial duplex and angiography before distal revasOJ
Iarization a nd interval ligation (B). with immediate symptomatic improvement. 
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CHAPTER 64 

VASCULAR TRAUMA 
M ICHAEL J. SlSE AND STEVEN R SHACKI'ORD 

GENERAl APPROACH TO VASCULAR TRAUMA 

SPECIFIC INJURIES 

OPERATIVE TECHNIQUES FOR EXTREMITY FASCIOTOMY 

POSTOPERATIVE MANAGEMENT 

OUTCOMES AND FOllOW- UP 

Vascular trauma remains one of the most significant challenges 
in the management of injured patients. The advent of trauma 
systems and improved prehospital care have resulted in an 
iJ1creasi11g number of patients with what were previously fatal 
vascular injuries arriving at trauma centers still alive, but in 
immediate danger of death. 1~ Vascular trauma is not always 
obvious and timely recognition may be difficult in patients with 
multiple injuries.3 The time urgency and high-risk potential in 
managing these injuries requires an organized approach to 
deliver appropriate care in a timely fashion. Because so much is 
at stake, this is a high-risk clinical environment requiring sys
tematic planning, preparation, and the use of practice guidelines 
for succt.'SSful early recognition and effective treatment. 

TI:Us chapteif reviews the pathophysiology, cli.nical presenta
tion, diagnostic workup, management, and ourcome of vascular 
injuries. 1l1e ed111cational objectives of this review include the 
foUowing: 

• Elucidate the mechanisms of vessel injury and result
ing clinical manifestations. 

• Provide an organized approach to assess injured 
patients rapidly for the presence of vascular injuries 
i.n the neck, torso, and extremities. 

• Present management guidelines to help decide which 
treatment options best apply and how to implement 
them effectively. 

• Articulate the clinically importam sequelae of vascular 
injuries and their appropriate management to maxi
mize functional recovery. 

GENERAL APPROACH TO VASCULAR TRAUMA 

Mechanism of Injury 
Vascular injury can be produced by a blunt or penetrating mech
anism. Penetrati11g injury tends to be more discrete or focal, 
whereas blum injury is more diffuse, with injury not only co the 
vascular structures but also to the bone, muscle, and nerves. 1l1e 
diffuseness of the blunt injury not only affects the major vascular 
conduit, but also disrupts smaller vessels that would normally 

provide coUateral flow. As a result, ischemia is worsened or exag
gerated. Penetrating injury is generally classified as low velocity 
(<2500 fr/sec; e.g., stab wound, fragn1ent injury, handgun 
wound) or I:Ugh velocity {>2500 ft/sec; e.g., military rifle 
wound).1 High-velocity weapons produce significantly more 
tissue damage than low-velocity weapons for three main 
reasons5·6: 

• Energy imparted-energy equals the mass of the projectile 
multiplied by the velocity squared. 

• Trace: cavitation-the missile creates a rapidly expanding and 
rapidly contracting cavity that can reach a size equa1 to 30 
times the diameter of the projectile, at right angles to the 
missile tract, which stretches and tears the adjacent tissue. 

• Lead splaner-fragments of the deteriorating projectile 
become missiles themselves. 

Trauma to a blood vessel (artery or vein) can produce 
hemorrhage, thrombosis, or spasm, alone or in combination, 
depending on the magnitude of the force applied to the vessel 
and on the degree of injury. Hemorrhage is produced when aU 
of the layers, tbe intima, media, and adventitia, are disrupted or 
lacerated. If the bleediJ1g is controlled locally, a hematoma is 
produced, which may or may not be pulsatile. lfbleeding is not 
controlled, exsanguination can occur. Tllrombosis occurs if there 
is damage to the intima exposing the underlyi11g media and 
causing local thrombus formation, which may propagate and 
occlude the llllnen or embolize distally. In addition, the injured 
intima can prolapse into tbe lumen as a result of blood Aow 
dissecting under it, producing partial or complete obstruction. 
Tratuna to surrounding bony structures may cause external com
pression of the vessel, interrupting .Bow a11d producing throm
bosis. Spasm occurs if there is external trauma to the vessel, such 
as stretching or contusion, which can stimulate the release of 
mediators (e.g., hemoglobin) that cause constriction of the vas
cular smooth muscle. Spasm, by reducing the cross-sectional 
area of the vessel, reduces flow. 

In addition to the acute pathophysiology produced hy 
hemorrhage and thrombosis, direct traun1a caJl produce sub
acute, chronic, or occult injuries. The most common are arte
riovenous fistula and pseudoaneurysm. An arteriovenous fistula 
typically occurs after penetrating trauma that causes injury to 
an artery and vein in close proxi.n1ity. The high-pressure flow 
from the artery will foiJow the path of least va~cu.lar resistance 
into the vein, producing local, regional, and systemic signs and 
symptoms. These include local tenderness and edema, regional 
ischemia from steal, and congestive heart failure if d1e fistula 
enlarges.~ A pseudoaneurysm is a result of a puncture or 
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laceration of an artery that bleeds imo and is controlled by the 
surrounding tissue. The artery remains patent; blood Aows into 
and out of the pseudoaneurysm, much like Aow from the ocean 
into a ride pool. These can enlarge and produce local compres
sive symptoms, erode adjacent structures or, rarely, be a source 
of distal emboli. Initially, they can be clinically occult, bur with 
time become symptomatic. 

Not all arterial injuries require operative management. 
During the past 2 decades, it has been convincingly demon
strated that patients with a normal vascular physical examination 
and asymptomatic non occlusive intimal flaps, segmental arterial 
narrowing, small (<2-cm) false aneurysms, or small arterio
venous fistulas discovered on arterial imaging (i.e., duplex 
scanning or arteriography) have a benign clinical course.8 

Approximately 10% of these minimal injuries will progre.•;s to 
require a surgical or endovascular repair and most within the 
first week after injury. Thus, it is imperative that these patients 
have dose foUow-up with physical exan1ination and duplex 
imaging, if nee<led. [n rare cases, when a nonocclusive minimal 
injury increases in size or becomes symptomatic, requiring 
operative or endovascular repair, morbidity is not increased by 
the delay. 

Clinic:al Presentation 
Va~cu.lar injuries can present with a broad spectrum of clinical 
manifestations, from profound hemorrhagic shock to subtle 
findings, such as an a~ymptomatic bruit. Patients who present 
in hemorrhagic shock must be assumed ro have a major vascular 
injury until proven otherwise. There are five anatomic areas to 
consider, each wi th specific considerations. L1 the head and 
neck, external hemorrhage is requited for vascular injuries to 
result i11 shock. Relatively small and tightly organized tissue 
planes preclude significant internal hemorrhage. In the chest, 
each hemithorax can accommodate lethal amounts of hemor
rhage from cardiac, pulmoJ1ary, or great vessel arterial and 
venous injuries. Abdominal and pelvic vascular injuries can also 
result in lethal hen10rrhage, particularly from the aorta and iliac 
arteries. Like the head and neck, extremity vascular il1juries 
generally cause hemorrhagic shod < only if there is signlficam 
extemal hemorrhage. The patient wid1 hypotension and a lack 
of cl1est, abdominal, ru1d pelvic findings may have what appears 
to be a trivial 11eck or extremity laceration, but which initially 
commwucared with a major vessel injury. It is importruu ro 
remember tl1at hemorrhage sufficient to produce hypotension 
can be followed by thrombosis. It is therefore necessary to obtaiJ1 
a history from tbe prehospital personnel about the an1ount of 
blood at the scene or d1e i11itial presence of severe wound hemor
rhage. It is also necessary to exan1ine the patient thoroughly for 
additional wounds ru1d to assess each of them carefully. 

Extremity vascular trauma may be immediately apparent 
on presentation hecause of external hemorrhage, hematoma, or 
obvious limb ischemia. A history of penetrating trauma associ
ated with hypotension, pulsatile bleeding, or a large quantity of 
blood at the scene suggest vascular injury. Blum trauma is also 
capable of causing signincant vascular injury that can be over
looked when serious head, chest, or abdominal injuries are 
present. Extremity fractures may result in va~cular injury. Supra
condylar humerus fractures can be associated with brachial 
artery injury a:nd knee dislocation carries a significant risk of 
popliteal artery injury.9 Crush injuries of the extremity without 
fracture may also result in vascular injury. 

A relatively small number of vascular injuries present m a 
delayed fashion, without initial findings. These are Limited to 
thrombosis of a previously partiaUy disrupted but ini tially patenr 
vessel, distal emboli from ru1 intimal tear of the arterial wall with 
formation of platelet debris and , least commonly, rupture or 
expru;1sion of a pseudoaneurysm thar was initially small and 
contained by tl1e outer arterial wall and local tissue.9 Local signs 
of hematoma, dinunlshed pulses, ru1d the presence of patterns 
of associated injuries should indicate the presence of these vas
cular injuries. A thorough history and physical examination and 
appropriate adjunctive in1aging studies will result in an effective 
ilutial diagnosis and result iJ1 a decrease m the frequency of these 
delayed presemadons. 

Because there is sucb a broad spectrum of clinical findings 
associated witl1 vascular trauma, it is best to assume that vascular 
injury is present until proven otherwise il1 all patients with 
hemorrhagic sbock and all patients with extremity fractures. 

Diagnosis 

Physical Examination 
Vascular injury can produce systemic symptoms of bypotension, 
tachycardia, and altered mental status because of hypovolemic 
shock produced by hemorrhage. As a result, vascular i11jury can 
be life-threatening and attention must initially be directed to the 
primary survey using the principles of advanced trauma life 
support (ATLS).10 1l1e airway must be assessed, adequate oxy
genation ru1d ventilation ensured, and incravenous access 
achieved. Once this is completed ru1d resuscitation is underway, 
tl1e secondary survey is undertaken. A thorough history is 
obtained and careful physical examination is performed. This 
examination must include a careful inspection of the injured 
sites and wounds, complete sensory and motor assessment, and 
pulse examination of each extremity. The presence of a hema
toma, bruit, or thrill must be noted. [f distal pulses are dimin
ished or absent, ank.le or wrist systolic hlood pressure should be 
determi11ed with a continuous wave Doppler device and com
pared with tl1e unil1jured side. A sig11ificant difference in systolic 
blood pressure {> 10 mm Hg) between extremities may be an 
indication of vascular injury. Patients witl1 bard findings of 
vasnLlar il1jury (Box 64-1) should be taken directly to the oper
ating room. 

L1 patients witl1out hard findiJ1gs, but with soft findings 
(see Box 64- l), vascular imaging can be used to rule out the 
need for operation. Additionally, patients with hard findings but 
with multi level injuries in the same extrenuty may also need 
imaging. Catl1eter arteriography is sensitive and specific for the 
diagnosis of extremity vascular mjurics (Fig. 64-1). Computed 
tomography angiography (CTA) with the latest generation 
scanners has proved to be an acceptable alternative to formal 
arteriography (Fig. 64-2)} 1

•
17 Although this imaging technique 

requires a contrast infusion, it does not require arterial catheter
ization, is easily performed and is less costly and time-consuming 
tl1an conventional angio~:,>raphy. 

Some severely injured patients must be taken to the operat
ing room to treat severe Ufe-thrcatening associated injuries (e.g., 
subdural hematoma, ruptured spleen). IJ1 such cases, it is nor 
prudem to delay operative tl1erapy to obtain formal vascular 
imaging. An arteriogram can be obtained in the operating room 
by caJlllulating the artery proximal to the suspected vascular 
injury, iJ1jecting 20 to 25 m.L of full-strength contrast, and 
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Findings of Vascular lnj~ry.: " 

Hard Findings 
These indicate need the for operative intervention for vascular 

injury: 
• Pulsatile bleeding 
• Expanding hematoma 
• Palpable thrill or audible bruit 
• Evidence of extremity ischemia 

• Pallor 
• Paresthesia 
• Para lysis 
• Pain 
• Pulselessness 
• Poikilothermia 

Soft Findings 
Consider further imaging and evaluation for vascular injury: 
• History of moderate hemorrhage 
• Injury (e.g., fra:cture, dislocation, penetrating wound) 
• Diminished but palpable pulse 
• Peripheral nerve deficit 
• Wounds in proximity to extremity or neck vessels in patients 

with unexplained hemorrhagic shock 
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FIGURE 64~ 1 Catheter arteriogram demonstrating an acute pseudoa
neurysm and arteriovenous fistula of the right axillary artery and vein 
in a patient with a stab wound of the right anterolateral chest wall. 

FIGURE 64~2 CT angiogram. A. Cross-sectional view of the upper thigh. 8, Volume rendering tomography view of femora l pseudoaneurysm 
in a patient with a metal fragment injury to the left superficial femora l artery. 

taking an x-ray or using fluoroscopy (Fig. 64-3). 13•
14 lf doubt 

remains about the presence of a vascular injury and imaging 
studies and other diagnostic tests are inconclusive, there is a role 
for operative exploration and direct assessment of the artery. 
Routine operative exploration in d1e stable patient wid1 soft 
signs, however, has a 5o/o to 30o/o incidence of morbidity, occa
sional mortality, and low diagnostic yield.15 'TI1ese patients arc 
better served with formal vascular imaging. 

Duplex color flow imaging is not used for the acute assess
ment of vascular injury. Wounds, swcUing, presence of air in d1c 
tissue, and prese~JCe of dressi.ngs o r splints impai r the ability to 
obtain satisfactOry images. Duplex imaging does have a role in 
the follow-up of treated lesions (e.g., to assess patency of bypass 
grafts or detect luminal stenosis at an anastomosis) or in d1e 
foUow-up of nonoperative management of minin1al vascular 

injury, such as small pseudoaneurysms or arrcriovenous 
fistula.<o. 

Treatment 

Minimal Vascular Injury and Nonoperative Management 
The widespread application of arteriography in d1e evaluation of 
injured extremities has resulted in the detection of di.nicaUy 
insignificant lesions. There is now an extensive body of experi
ence with lesions that are not dinicalJy signifi cant. 1hese 
minimal vascular injuries include intimal irregularity, focal 
spasm with minin1al narrowing, and small pseudoaneurysms. 
They are often asymptomatic and usually do not progress. 

A small, nonocdusive intimal flap i.s the most common 
dinicaUy insignificant minin1al vascular injury. 'TI1e likelihood 
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FIGURE 64-3 Intraoperative plain film (direct injection arteriogram) 
in patient explored for penetrating left knee joint injury and determi
nation of popliteal arterial injury. 

that it will progress to cause occlusion or distal embolization is 
approximately l Oo/o to 15%.8 •

16 This progression, if it occurs, 
will be early in the postinjury course. Spasm is another common 
minimal vascular injury. 1his finding should resolve promptly 
after initial discovery. Failure of the return of normal extremity 
perfusion pressure indicates tl1at a more serious vasCLtlar injury 
is present and in tervention is needed. Small pseudoaneurysms 
are more likely to progress to me point of neediJlg repair and 
must be actively followed with Duplex color flow imaging. Arte
riovenous fistulas always enlarge over time and should be 
promptly repaired. 

Considerable evidence suggests that nonoperative therapy 
of mru1y asymptomatic lesions is safe and effective. However, 
successful nonoperative therapy requires continuous surveillru1ce 
for subsequent progression, occlusion, or hemorrhage. Opera
tive tllerapy is required for mrombosis, symptoms of chronic 
ischemia, and failure of small pseudoru1eurysms to resolve. 

Endovascular Management 
The use of endovascular therapy for the treatment of atheroscle
rotic arterial disease has become widespread. Endoluminal stent 
deployment for occlusive lesions and stent graft for aortic aJleu
rysms have been used successively u1 select patients; there is now 
a strong tendency to generali7..e from this elective experience in 
older patients with atherosclerosis to the treatment of younger 
patients with acute vascular inj uries. Most major trauma centers 
have some experience with endoluminal treatment of acllte vas
cular lesions. However, the evidence to support these a~proaches 
is not well devdoped and d1ere have been problems.17

"
1 A review 

of available evidence combu1ed with common sense should help 

identify d1e appropriate role of endovascular management of 
traumatic injuries.9•

18 

Torso Injuries Endovascular techniques offer various options for 
hemorrhage control m the torso. Intra-arterial catheter-directed 
embolization has become a mainstay of the managemem of solid 
organ hemorrhage in tl1e abdomen.20

.21 Whether used as tl1e sole 
treatment or in combination with open procedures, this approach 
has been effective for liver, spleen, and kidney injuries. Less 
commonly used intra-arterial balloon occlusion for proximal 
control is a promising adjunct to open repair:'2.23 These tecll
niques are quick, accurate, and easily performt.x! . The major 
obstacle to their widespread popularity has been me reluctance 
of surgeons to adopt catheter skills or partner witl1 interven
tional radiologists to bring these technique.~ to the trauma oper
ating room (OR). lt does not require a dedicated endovascular 
suite to perform tl1ese techniques. A digital C arm and the 
proper catl1etcrs trru1sforms any OR to an endovascular-capable 
room. 

The early use of camcter-directed control of hemorrhage 
associated with pelvic fracture is an effective memod of limitulg 
blood loss and improving outcome.24 This approach is well toler
ated ru1d has proven superior to open attempts at hemorrhage 
control by packing in most patients. Unstable patients benefit 
from an immediate trip to the operating room. if intraoperative 
endovascular capability is available, a combmed approach may 
offer the best results. 

Enthusiasm for stem graft management of great vessel 
injuries in the cl1est has steadily grown. The success of stent 
grafts for tl1e treatment of aneurysm disease in tl1e in frarenal 
aorta has led to the use of similar devices to treat contained 
tl10racic aortic lacerations following blunt trauma. 'TI1e in_itial 
results have been encouraging but are not wid10ut complica
tions, 18 Lifekmg CT imaging is necessary because of the possi
bility of delayed endoleak and possible loss of device fixation as 
tl1e aorta enlarges over time. There is a promismg role for 
covered stents in proximal branches of the aorta in the thorax 
and abdomen. In stable u1juries at risk for delayed hemorrhage 
or thrombosis, carefully placed stents have the potential to 
lower morbidity compared with open procedures that require 
extensive operative dissection for exposure ru1d control. Endo
lumiJ1al management wi th sterlt grafts appears most effective in 
d1osc torso injuries that are surgically inaccessible, with d1e 
potential for significant hemorrhage in stable patients (Fig. 
64-4). These techniques should only be used m centers wid1 an 
active elective endovascttlar practice that bas experience in 
treating trauma patients. 

CerebrovaSOJiar Injuries Endovascular techniques offer advan
tages ill aJlatomic regions in which direct operative control is 
difficult or iJnpossible. For exan1ple, hemorrhage from a pene
trating injury at tlle base of me skull is extremely difficult to 
controL Catheter-directed placen1cr1t of coil, balloon, or hemo
static agcrlt in me injured carotid or vertebral artery could be 
lifesaving. Initially, stem placement appeared to be less effective 
tl1an anticoagulation in partially occluded injuries witl1out asso
ciated hemorrhageP .25 However, the role of stents in cerebro
vascular trauma has yet to be defined and may prove safe.26 1his 
use o f endoluminal mterventions, however, requires significanr 
expertise and experience. lf such experience does not exist at tl1e 
receivmg hospital, consideration should be given to trru1sferring 
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FIGURE 64-4 Endovascular repair of difficult to expose aortic injury with pseudoaneurysm at the diaphragm from blunt force trauma. A. CT 
angiogram showing cross-sectional view of pseudoaneurysm and associated thoracic spine fracture, 8, Catheter arteriogram demonstrating the 
pseudoaneurysm. C. Deployed stent graft. D, a scan of level of aortic stent graft in midtorso (VTR view). 

the patient to a medical center with experience in this mode of 
therapy. 

Extremity Vasrular Injury 'TI1e use of stent grafts in the extremities 
is becoming more common 7~.2s The long-term results, however, 
have not been d ocumented and caution should be used wben 
considering this type of treatment. Covered stenrs can be used 
to improve intraluminal diameter in partially occluded trauma
tized vessels with favorable early pateJ1C}' rates; however, they are 
prone to occlusion and long-tem1 outcomes are as yet w1known. 
Autologous vein interposition grafts have exceUem long-term 
patency rates and remain the gold standard for vascular repairs 
in the extremities. 

Catheter-directed therapies for controlling hemorrhage 
from large branch vessels in the extremities are often effective 
and sufficient to manage these injuries.29 Endoluminal treatment 
is not advocated for pseudoaneurysms of d1e extrenlity arteries. 
Small pseudoaneurysms are likely to resolve widmut any inter
vention and large pscudoaneurysms are best treated wid1 open 
tedmiques because the risk of arterial thrombosis or distal embo
lization is high with this endovascular intervention. 

Who Should Perform EndovaSOJiar Repairs? Successful manage
ment of vascular injuries requires that rlle most qualified person 
perform tbe indicated intervention in the appropriate patient, 
in the appropriate place, and at the appropriate time. Endovas
cular surgery is one of many approaches and, Like a ll surgical 
procedures, should be performed by readily available traiJlcd 
clinicians who are cognizant of not OJuy the tedlnical aspects of 
a procedure, but who are also knowledgeable about the disease 

for which the procedure is being performed. ln many cemers, 
this person is d1e interventional radiologist. Od1er centers have 
catheter- trained vascular surgeons and others have trauma sur· 
geons capable of performing endovascular procedures. 

Endolurn.inal management of vascular trauma does not 
require a full endovascular Sllite. Rather, a modern digital C ann 
for fluoroscopy, appropriate radiation protection for the OR 
team, and access to a wide variety of cad1eters converts any OR 
into rua cndovascular-capable room. PlaJming ru1d preparation 
are, however, essential for me success of such a conversion, 
which occasionally is done in the middle of the night. Preparing 
a team that can perform these techniques and orgrulize me 
appropriate eqttipment wid1 brief notice requires commitment, 
dedication, collaboration, ru1d repeated training. 

Surgical Treatment 
Preparation for Operative Management Operative procedures to 

mru1age vascular injuries should be Limited to those surgeons 
who arc capable, experienced, ru1d qualified. Board certification 
in vascular surgery is not enough to qualify a surgeon as capable 
of handling these injuries, just as the lack of certification does 
not necessarily disqualify a surgeon. Many surgeons who perform 
elective vascular surgery are not sufficiently experienced in the 
mru1agement of vascular trauma. Conversely, there are mru1y 
trauma surgeons who are skilled in vascular technique by virtue 
of their interest and experience. 

Successful operative management of vascular injuries 
requires a systematic approach, with careful preparation. 'TI1is 
begins wid1 airway control, adequate intravenous access, and 
availability of blood products. H owever, d1ese blood products 
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should not be administered before obtaining control of hemor
rhage unless the patient is profoundly hypotensive.j()-~2 If the 
blood pressure (BP) is below approximately 80 to 90 mm Hg, 
the goal should be to provide adequate volume restoration with 
0 -negative packed cells and type AB fresh-frozen plasma infu
sion m supporl[ uansporr ro rhe operating room for definitive 
hemorrhage control without delay. Volume infusion that raises 
the blood pre.~ure above a systolic pressure of 90 to 100 mm 
Hg may increase bleeding and negatively affect outcome, par
ticularly if the 'infusion delays transport to the OR. 

Broad-spectrum preoperative antibiotics (and tetanus 
toxoid, if it is a penetrating wound) should be administered; if 
there is an isolated extremity injury without significant hemor
rhage, anN bolus of 5000 U of heparin should also be given. 
Systemic heparinization should be avoided in patients with torso 
injuries, head injuries, or multiple extremity injuries. 

The most conm1only omitted step in preparation is a failure 
to document preoperative extremity neurologic status. The pres
ence of a neurologic deficit after operative vascular repair without 
knowing the preoperative status presents a difficult management 
challenge. A new neurologic deficit after vascular repair merits 
investigation and, possibly, reoperation. 1l1erefore, a thorough 
preoperative ne urologic examination and careful documentation 
are essential to effective management. 

1l1e operative management of extremity vascular injuries 
must be carefully orchestrated with the overall care of the 
patient. 1l1e choice between definitive repair and dan1age control 
should be made a~ soon as possible in padems with life
threatening torso injuries or severe head injuries. lbis includes 
coordinating two surgical teams to work simultaneously to care 
for d1e torso injury and extremity vascular injury at the same 
time. Associated injuries to the soft tissue and bone require a 
coordinated assessment and treatment with orthopedic and 
plastic surgery consultants. Th.ese specialists should be involved 
as early as possible to facilitate any additional imaging or diag
no~dc procedures prior to proceeding to the OR. The conduct 
of the operation should also be discussed with these colleagues.32 

For example, cl~e use of damage control procedures with shun t 
placement, followed by orthopedic stabilization , can remove the 
sense of urgency to restore blood flow. Extensive soft tissue 
injuries may compromise the proper coverage of vascular repairs 
and fracture fixation. 1l1e advice and assistance of a plastic and 
reconstructive surgeon can be helpful in obtaining coverage of 
exposed grafts and fractmes. 

Vasrular Exposure and Control A generous sterile field should be 
prepared to allow for the adequate exposure of vessels to obtain 
proximal and distal control. In torso injuries, this includes prep
ping the chest and abdomen to the tabk laterally on both si.des 
and both legs in case distal access or an autologous conduit is 
needed. For proximal va~cular injuries of d1e extremities, at the 
groin crease or axilla, the chest or abdomen should be prepared 
to obtain proximal control out of the zone of injury. An unin
jured leg should be also prepared for harvesting of autologous 
venous condui tt. 

Proximal control is the first priority in the exposure of 
vascular injuries. 33 Ln the torso, chest injuries with Bfe-threatening 
hemorrhage are best approached through a fourth intercostal 
space anterolateral thoracotomy d1at can be extended across the 
sternum into the third intercostal space of d1e right chest to 
create a clan1shell incision. Thoracic outlet and proximal neck 

vascular injuries may require median sternotomy, with extension 
above the clavicle, up along the ipsilateral sternocleidomastoid 
muscle. For abdominal vascular injur.ies, a generous xiphoid to 
pubis incision is needed for adequate exposure. Proximal control 
for aortic injuries can be obtained just below the aortic hiatus 
of d1e diaphragm or may require a left anrerolareral thoracotomy 
to clamp the distal d1oracic aorta. 

[n proximal extremity injuries with active hemorrhage. the 
first incision site is chosen to give the fastest exposure of inflow 
vessels for clamping; this may include incisions over tbe infra
clavicular region of the chest to expose the axillary artery. For 
injuries in the groin, prepare to enter the lower quadrant of d1e 
abdomen for access ro the external iliac vessels. In mid and distal 
extremity vascular injmies associated with active hemorrhage, 
tourniquets can rapidly obtain control in the trauma resuscita
tion room. In the operating room, have one ream member 
compress the bleeding site precisely with a gloved hand and a 
sponge, remove d1e tourniquet, and prepare the extremity. A 
5000-U heparin bolus is men given, if appropriate, the extremity 
is prepared and draped, and a sterile tourniquet is placed proxi
mal m the wound and inflated. 1l1e injury site can then be 
explored in a controlled fashion and clamps or vessel loops 
placed above and below the vascular injury. 

Incisions used to manage vascular injuries are the same as 
those used to mange elective ca~es, but are generally more gener
ous. The use of smaller incisions may lead to errors in identifying 
d1e extent of vascular injury, adequately controlling branch 
vesse5 hemorrhage, and identifying associated venous lacera
tions .. lbis is particularly true for popliteal artery and vein inju
ries. A limited approach with separate medial above- and 
below-knee incisions will not expose the site of injury ade
quately. A medial incision from the proximal popliteal space to 
d1e distal popliteal space, with division of the medial head of 
the .gastrocnemius, semimembranosus, and semitendinosus 
muscles, with fuU exposure of the popliteal artery and vein and 
tibial nerve, provides adequate exposure. This ensures adequate 
vascular control and the opportunity for successful repair. 
Closure of d1e wound to include approximation of the divided 
muscles yields an e.xce!Jenr functional result. Dividing the ingui
nal ligament in the groin, dividing the pectoralis major in d1e 
axilla, and removing d1e midclavicle may rarely be necessary. In 
d1e presence oflife-dueatening hemorrhage thar cannot be con
trolled by any od1er approach, these structures should not stand 
in the way of adequate exposure and control. 

There are various adjunctive measures that can obtain tem
porary control. In the resuscitation bay, insertion and inflation 
of a Foley catheter in a wound in the neck or extremities with 
active hemorrhage can obtain temporary control and allow for 
safe transfer to the operating room:w In the OR, iJ1Sertion of 
Fogarty balloon tip catheters under direct vision at sites in the 
artery above or below the injury also serves to gain control in 
difficult to reach anatomic areas. 

Vasrular Damage Control Damage control has gained wide accep
tance in trauma surgery and is directed at rapid control of 
hemorrhage and closure of enteric wounds so that the patient 
can be warmed and resuscitated. The choice between definitive, 
time-consuming vascular repair and temporary measures that 
achieve control must be made early in the care of patients with 
va~cular injury and hypovolemic shock. This is particularly 
in1portant whe11 an extremity vascular injury is associated 
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with major torso injuries. The use of ligation or placement of 
intra-luminal shunts are the mainstays of vascular damage 
control. 32.34'35 

Ugation should be reserved for vessels with adequate distal 
collateral Bow. [n the torso, this includes the subclavian and 
innominate arteries, celiac arrery, and inferior mesenteric arrery. 
rn the upper extremity, proximal injuries of the axillary artery 
and distal injuries to the radial or ulnar arteries may be ligated, 
provided there is evidence of adequate distal collateral Bow 
assessed by physical examination or continuous wave Doppler 
interrogation. Similarly, in the lower extremity, ligation of a 
single tibial vessel or peroneal can be performed after a similar 
assessment. If distal perfusion is compromised, an inrralumh1al 
shunt should be inserted, mther than ligating the vessel. Superior 
mesenteric artery ligation is associated with a high risk of bowel 
necrosis and damage control is best accomplished with place
ment of an intraluminal shunt. [n the extrenuties, ligation of 
the brachial, external iliac, superficial femoral, or popliteal artery 
has a high likelihood of producing limb-threateni ng ischemia 
and should be avoided, if possible. 

There are various commercially available shLmts that can 
be used for damage controL If these are not availabl.e, sterile 
lV tubing is of adequate size to shunt the artery and vein, if 
necessary. Venous shunt placement, instead of Ligation, may 
improve extremity perfusion and lower the r.isk of compartment 
syndrome. Damage control shLLnt placement begins with 
obtaining adeqllate proximal and distal control. Thrombus 
should be cleared with a Fogany embolectomy catheter, fol
lowed by the instillation of regional heparinized saline ( 10 U 
heparin/1 mL saline). 1l1e shw1t should be placed in a straight 
line and long enough to remain safely held .in place in the proxi
mal and distal vessels with a tied umbilical tape or 2-0 silk tie 
at each end. Long looped shunts run the risk of becoming dis
lodged during subsequent dressing changes and should be 
avoided. The tics securing the shunt cause intimal damage, and 
those portions of the artery must he resected at the time of 
definitive vascular repair. 

The condition of the patient deternunes the timing of 
definitive vascular repair following dan1age control. Hemorrhage 
must be controlled, coagulopathy and acidosis corrected, and 
temperature normalized. 

Choice of Repair and Craft Material Vessel injuries that cannot be 
repaired by prinlary end-to-end technique will require an inter
position graft. The most desirable graft is an autologous greater 
saphenous vein harvested from an w1injured leg.9 Native vein 
grafr is preferable for several reasons: it has clastic properties that 
make ir compliant with the normal pulsatile flow of an artery; 
its diameter approximates that of an extrenuty artery, producing 
an adequately sized match for grafting in the arm and leg; it is 
not thrombogenic; and it has superior long-term patency in 
elective vascular surgery when compared with prosthetic mate
rial when used with smaller vessels (e.g., popliteal, tibial). The 
cephalic vein and lesser saphenous vein have been suggested as 
suitable second choices, but cephal.ic vein is less muscular than 
the greater saphenous vein and, like the lesser saphenous veiJl, 
may present problems with harvesting in a trauma patient.36 

Also, upper extrenlity venous acces.~ becomes compromised 
when the cephalic vein is used. 

Saphenous vein may not be suitable in all cases because 
of inadequate size or because it has been traumatized or 
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harvested previouslyY In such cases, a prosthetic conduit may 
be needed. Initial experiences with the use of prosthetic mate
rial (Dacron) in traumatic vascular injuries were not good. 
Rich and Hughes38 have reported a complication rate of 
77%--infection and thrombosis were the most common
in 26 parienrs. However, experience with a newer graft mare
rial, polytetrafluoroethylene (PTFE), has shown improved 
patency (70% to 90o/o short term) and rare infection, even in 
contamhlated wounds.J?.~o It is clear that patency with PTFE 
is equivalent to that of a vein for injuries proximal to the pop
Liteal artery, but inferior to a vein for popliteal and more distal 
vessels, and thar PTFE grafts smaller than 6 mm should not 
be used. PTFE and vein grafts must be covered or there is a 
significant risk of hemorrhage from desiccation of the vein, 
with subsequent autolysis or breakdown of the anastomosis.~' 

Intraoperative Imaging and Noninvasive Evaluation The successful 
management of vascular injury requires knowing the status of 
the blood Bow in the area of the vessel injury precisely. Preopera
tive imaging with catheter angiography or CTA is not always 
possible. In addition, when a vascular repair has been completed, 
clJe presence of thrombus, kinkmg, or UJlexpected technical 
problems may cause early failure. lntraoperative imaging is, 
therefore, an important part of assessing the injllted vessels 
and repair site.36 A single injection of contrast with single shot 
radiography or fluoroscopy is effective in providing images in 
the operating room (see .Fig. 64-3). Lntraoperative duplex scan
ning is: also effective but requires significant rrainh1g and experi
ence ro perform it adequately. Hand-held continuous wave 
Doppler interrogation can be helpful, but requires considerable 
experience to be effective. Ankle or wrist pressure measurements 
may be misleading because of regional vasospasm in cl1e proxi
mal injured extremity, resulting in a reduced distal pressure 
compared with that of the uninjured leg. Intraoperative radio
g,raphic imaging remains the most accurate and useful method 
to detect technical pmblems with a vascular repair and deter
mine the presence of cl1rombus in the runoff vessels distal to a 
repair. Routine completion arteriography following vascular 
repairs wiiJ yield findings of clinical importance in approxi
mately 10% of patients. 

Role of Tissue Coverage 
All va,<;:eular repairs must be covered to prevent desiccation and 
disruption. In crushed or badly mangled extrenuties, this can be 
a difficult d1allenge. Rotation of regional muscle or ski.t1 flaps 
may be required. The early involvement of a plastic and recon
structive surgeon is essential to obtain tissue coverage when there 
is extensive soft tissue injury or loss. Local muscle can be 
advanced into the wound at the initial operation. If there is a 
large contaminated wotmd and local muscle viability is ques
tionable (e.g., which may occllt following a shorgun wotLOd or 
blast injury) temporary coverage can be obtained using a homo
graft (cadaver skin) or xenograft (pigskin).4~ The homograft or 
xenograft will be temporarily accepted by an immwlocompro
mised trauma patient and often can stay in place for 5 to 7 days 
or longer. This will allow suffident time for planning and car
rying out definitive coverage. 

Occasionally, tissue loss may be so extensive that an extra
anatomic cour"Se for an interposition graft may be required. 
Attenrjon to coverage is also essential in damage control proce
dures to avoid shunt dislodgment during dressing changes. 
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Fasciotomy 
Fai.lure to perform an adequate fascioromy after revascularizarion 
of an acutely ischemic limb is the most common cause of prevent
able limb loss:JG Calf compartment syndrome is the most common 
indication for fasciotomy. Forearm and thigh compartment syn
dromes are les.~. common. Any muscle group can develop com
partment syndrome, including those in the hands and feet. 

Compartment syndrome may present 12 to 24 hours after 
reperfusion. If not prompdy diagnosed ar1d treated, d1e risk of 
limb .loss or limb dysfunction is high. Calf compartment syn
drome most commonly results from prolonged iscllcmia or a 
crush injury. Frequent physical examinations augmented with 
compartment pressure measmemenrs are necessary w deteC£ dus 
complication im its early stage. The first clinical finding is loss 
of light touch sensation in the distribution of the nerve in the 
compartment (i.e., peroneal in the anterior compartment of the 
leg). The diagnosis of compartment syndrome should be sus
pected in any patient complaining of increasing pain following 
injury. The physical findi ngs include a tense compartment, pain 
on passive range of motion, progressive loss of sensation, and 
weakness. The loss of arterial pulses is a late fu1ding, which 
usually indicates a poor prognosis. Neurologic signs and symp
toms, although helpful, arc neither sensitive nor specific in the 
upper extremity foUowing arterial iJJjury because associated 
peripheral nerve injury often exists. Early diagnosis must be 
predicated on measurement of compartment pressures. The 
normal tissue compartment pressure ranges from 0 to 9 mm Hg. 
Much controversy exists about what constitutes a parnologic 
elevation. However, d1e safest approach is to perform fasciotomy 
when the compartment pressure exceeds 25 nu11 Hg.43 

A compartment syndrome can also develop in the upper 
arm (triceps, deltoid, or along the axillary sheath) or forearm. 
The forearm compartment syndrome is more common. Increased 
tissue pressure can follow blunt or penetrating traLtma bt,cause 
of hematoma, post-traumatic traJ1Sudation of serum into the 
interstitial space, venous tbrombosi.s, or reperfusion following 
ischemia.36 The possibility of a compartment syndrome must 
always be a consideradon in a patient who has been injured, 
particularly one with prolonged iscl1emia prior to reperfusion. 

Role of Immediate Amputation 
A very limited liole for prinlal)' an1putation exists in the manage
ment of complex extremity vascular injuries. Patiem$ with exten
sive soft tissue l.oss, neurologic deficit, extensive fractures, and 
vascular injuries should be evaluated collaboratively with ortho
pedic, neu.roswrgical, and plastic and reconstructive surgery col
leagues to deternili1e if prin1ary amputation is the be.~t initial 
management (Fig. 64-5). The use of scoring systems to predict 
the need for amputation have not been useful.43 Damage COJltrol 
tedlillques with vascular slllmt placernent and temporary closure 
aUow tin1e for tl1e extent of tissue destruction to become evident. 
Re-exploration at 24 to 36 hours wiiJ result in a more accurate 
assessment of viability. Documentation of operative £ndi11gs 
with photographs placed in the chart is often helpful when 
explaining to patients and thei.r fan1iHes why arnputation was 
necessary. 11us time interval allows communication with the 
patient and family and implementation of a more planned 
approach. Immediate amputation should also be considered for 
patients with extensive soft tissue, bone, and neurovascular dis
ruption who have life-threatening torso injuries (see earlier dis
cussion of damage control techniques). Ifimmediate amputation 

FIGURE 64-5 Devastating left forearm injury with destruction of all 
three vessels and all major nerves with missing bone fragments. It 
was caused by a dose-range shotgun blast and required immediate 
amputation. This is one of the digital photographs placed in the 
medical record. 

is required, extensive documentation of the extremity injury 
wiili photographs placed in the chart will be helpful in explain
ing the decision to the patient and fan1ily later and will help with 
their acceptance of rnis drastic surgical procedure. 

Common Errors and Pitfalls 
The management of vascular iJ1juries is challenging. An orga
nl7..ed approach is necessary to avoid common errors and pitfaUs. 
One of the most common errors is the lack of recognition of an 
extremity vascular injury in a patient with multiple torso inju
ries. Failure to recognize and adequately treat compartment 
syndrome is another error that is aU too common and can have 
devastating consequences. In torso injuries to the great vessels, 
failure to expose and control ilie injured site adequately can lead 
to a rapid death from exsanguination. Finally, failure to recog
ni7..e the J1eed for damage control teclu1iques and a rapid comple
tion of the operation in an unstable patient can also be deadly.. 
The three most common factors in generating errors when caring 
for the injured are fatigue, distraction, and familiarity.44 Each of 
these factors is inherent in the process of care at busy tramna 
centers. An organized approacl1 mitigates these factors and inter
cepts error in progress before they are completed and the patients 
suffer. 

SPEC:IFIC INJURIES 

Head, Neck, and lhoradc Outlet 
Vascular injuries of the head, neck, and thoracic outlet can 
present significant problenJs. PenetratiJ1g trauma can injure large 
vessels, such as the innominate or subclavian, which can lead to 
exsanguination. Blunt trauma to the carotid or vertebral, col
lectively known as blunt cerebro1111scu!trr injuries, are often occult 
and, if not diagnosed and treated rapidly, can lead to cerebral 
ischemia, iJ1farctlon, and death. 

The principles of management of penetrating trauma to 
d1is region are based on the location of the i11jury relative to the 
three zones of the neck originally described by Monson: 
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• Zone 1: Inferior to the cricoid cart~age 
• Zone 2: Cricoid cartilage to the angle of the 

mandible 
• Zone 3: Cephalad &om the angle of the mandible 

In a stable patient with a suspected vascular injury in zone 
1 or 3, va~cular imaging is mandarory co confirm rhe susgicion 
of vascular injmy and plan proximal and distal control. s Vas
cular imaging is also recommended for stable patients with 
penetrating trauma in zone 2, but exploration should be under
taken expeditiously for patients with an expanding hematoma 
or impending airway compromise, manifested by hoarseness and 
tracheal deviation.46 Ln the tmstable patient, a Fogarty throm
bectomy catheter or Foley urinary catheter can be insened imo 
the wound to ad 1ieve temporary tamponade ofinjmies in these 
regions. Conventional angiography can have a dual role for 
injuries in zone 1 or 3. It not only provides the diagnosis, but 
also may provide a venue for endoluminal management-coiling 
of bleeding vessels or pseudoaneurysms in zone 3 or placement 
of covered stents in zone 1. 

Blum cerebrovascular injuries (BCYls) are ofteJJ occult and 
asymptomatic. Therefore, rapid diagnostic screening is essential 
and provides the w1derpinniJ1g of successful management. Ini
t ially, BCYls were thought to be rare, occurring in approxi
mately 0.1 o/o of patients, but using the screening criteria 
developed by the group at Denver General Hospital, the inci
dence is actually 10 to 20 times that (Box 64-2).~ 7 Carotid and 
vertebral artery iJ1jmies occur from stretchi11g or tearing of the 
iJltima of the vessels caused by rapid extreme extension or flexion 
of the neck or by direct blunt force i11jmy. 'The carotid artery is 
particularly vulnerable where it lies in dose proximity to the 
secondhand sixtl1 cervical transverse processes. The vertebral 
artery is also vulnerable to stretch injuries and fractures of the 
transverse process of the cervical vertebrae that involve the 
foramen transverstm1. 

Patients who fulfill the Denver criteria should undergo 
CTA of the neck.48

.4
9 The treatment of bltult carotid and verte

bral artery injuries is anticoagulation in patients who do not 
have a contraindicationY Aspirin is the only alternative for 
patients who caunot be safely anticoagulated. 'TI1e use of endo
vascular tedll1iques has a limited role, as discussed earlier. 

Vascular injmies of the thoracic outlet can be problematic 
because they can involve large-caliber vessels that can be difficult 

High-energy tralilsfer associated with the following: 
• Displaced midface fracture (Le Fort fracture type II or 

Ill) 
• Basilar skull fracture with carotid canal involvement 
• Closed head injury consistent with diffuse axonal 

injury and Glascow coma scale <6 
• Cervical vertebral body or transverse process fracture, 

subluxation, or ligamentous injury at any level; any 
fracture at Cl -3 

• Near-hanging, with anoxia 
• Clothesline type of injury or seat belt abrasion with 

significant swelling, pain, or altered mental status 

From Biffl Wl, Cothren CC.. Moore EE, et al: Western Trauma Association critical 
decisions in trauma: Screening for and treatment of blunt cerebrovasaJiar injuries. 
J Trauma 67:1150....1153, 2009. 
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to expose and control. Unstable patients with vascular inj ury in 
the region of the thoracic outlet should be expeditiously taken 
to the operating room. Stable patients should have preoperative 
imaging to locate tiJe injury and determine its extent. This will 
allow p lannmg for endoluminal treatment or open expoSLLre. 
Operative comrol may require a simple supraclavicular incision, 
sternotomy, or combination of the two, depending on the loca
tion and extent of the i.njury. Clamp application on tiJc proximal 
subclavian and carotid arteries should be precise to avoid injury 
to the vagus, phrenic, or recurrent laryngeal nerves, all of which 
reside in this anatomic region. Sternotomy is frequently used for 
proxinlal innominate, proximal right subclavian, and proximal 
right carotid arterial injuries. Left subclavian artery proximal 
control is best obtained through a posterolateral thoracotomy 
for definitive repair. However, for supraclavicular injuries, a 
third intercostal space anterolateral thoracotomy provides expo
sme for proximal control. Distal control of the carotid arteries 
is obtained by extending tl1e median sternotomy superiorly 
along the border of the ipsilateral sternocleidomastoid muscle. 
Distal subclavian arterial control is obtained through a supracla
vicular incision. Resection of the davi.cle has little or no morbid
ity and can be achieved quickly to control hemorrhage if needed. 
Suturing of the subclavian and axillary arteries must be done 
with extreme caution. Undue tension or traction will result in a 
tear of these vessels. 

lntrathoradc Great Vessel Injuries 
Penetrating injuries of the great vessel injuries m tiJe mediasti
num are life-tru·eatening and patients usually present in extre
mis, often necessitating a resuscitative thoracotomy. Access to 
the branches of the aortic arch and pulmonary vessels may 
require extCJlding the resuscitative thoracotomy incision across 
tile m i<lline to create a clamshell incision.50 'Tills allows access to 
all but the most distal portions of the arch vessels. Injuries of 
tiJe pulmonary hilum will occasionally require pneumonectomy 
for control of hemorrhage. 

Great vessel injury following blunt injury is infrequent. The 
most con1J11on lesion is a pseudoanemysm; the most conm1on 
vessel involved is the thoracic aorta, 'TI1e mechanism is rapid 
deceleration, such as that caused by high-speed, head-on ("T
bone" collision) motor vehjde accidents (MVAs) or falls from a 
height. 1l1e diagnosis can be suspected on an anteroposterior 
(AP) chest x-ray tllat shows a widened mediastinum, apical cap 
(extrapleural blood at tl1e apex of the lw1g), widened paraverte
bral stripe (suggesting blood around the descending aorta, or 
depres..-;ion of the left mainstem bronchus; Fig. 64-6).51 Defini
tive diagnosis is made with multidetector row CT (MDCT) or 
catheter angiography, if the CT scan is indeterminate (Fig. 
64-7).52 Once diagnosed, treatment should occur expeditiously 
but not necessarily immediately, allowing time for complete 
resuscitation, evaluation for associated in juries, control ofhlood 
pressure with beta blockade, and management of comorbidi
ties. 53 Treatment can be performed witll an open procedure (e.g., 
posterolateral thoracotomy witiJ graft insertion) (Fig. 64-8) or 
endovascu.lar (e.g., insertion of a balloon-expandable stent graft) 
procedure (Fig. 64-9). Endovascular procedures arc associated 
with a significantly lower risk-adjusted mortaUty, but device 
complications (e.g., endoleak, migration, collapse) remain as 
high as 20o/o.51 In addition, there is almost no long-term 
follow-up, whid1 is particularly important in the younger popu
lation because the aorta increases in diameter over tin1C, wruch 
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could result iJl nligration or collapse of d1e graft. Stent grafts are 
likely to have the greatest impact in those older than 55 years, 
in which open procedures have significant morbidity and 
mortality. 55

•
56 

Abdominal Vascular Injury 
Major abdominal vascular injury should be suspected in any 
patient with a penetrating torso injury who remains hemody
namically unstable after initial fluid infusion. l hese patients 
should be taken expeditiously to the OR, where the diagnosis of 

FIGURE 64-6 Supine portable chest x-ray revealing widened medi
astinum and loss of aortic contour in patient in high-speed MVA with 
restraints and air bag deployment This patient was found to have a 
traumatic thoracic pseudoaneurysrn. See CT angiographic views of 
this patient in figure 64-7. 

vascular iJ1jury is madeY Exsanguinating hemorrhage from the 
retroperitoneum is the most common initial intraoperative 
finding. 58 ObtainiJlg vascular control is the priority, first by tam
ponading the apparent site of bleeding with direct packs and 
manual pressure. This will limit bleeding and give the anesthesi
ologist rime ro gain additional inrravenous access and infuse 
blood products tu restore intravascular volun1e. Next. the proxi
mal aorta is controlled at the diapl1ragmatic hiatus and the inci
sion is extended , if necessary, from the xiphoid to pubis. Aortic 
control will not only slow bleeding from a distal arterial injury, 
but will also elevate the diastolic pressure and im prove myocar
dial perfusion. lhis increased exposure will allow for ar1 assistant 
to obtain distal conrrol (out of the hematoma) and allow visual
ization wbile packs arc temporarily released to determine tbe 
nature of the bleeding, venous or arterial, and plan further expo
sure. Left-sided medial visceral rotation is used for the manage
ment of proximal abdominal aortic injury ar1d, on the rigbt side, 
medial visceral rotation exposes the vena cava and portal vein 
(Fig. 64- I 0). This exposure can be extended medially along the 
root of the mesentery (Cattell-Braasch maneuver) to expose the 
inferior vena cava, rCJlal arteries, infrarenal aorta, and iliac arter
ies. Median sternotomy with division of d1e central tendon of 
d1e diaphragm is required to expose injured hepatic veins. 59 

After the injury is exposed, repair should be kept as simple 
and rapid as possible. Direct suture, patch angioplasty, and graft 
interposition are used as needed.57 Arterial and venous repair in 
d1e abdomen use the san1e general principles of vascular tech
nique used elsewhere. ll1e use of synthetic graft material is 
reserved for large defects not an1enable to primary repair. Closure 
of th e retroperi.toneun1 over the vascular repair or coverage of 
the repair with a well-vascularized omental pedicle may protect 
d1e repair or graft from infection if there is associated bowel or 
panueatic injury. Concomitant bowel, pancreas, ar1d biliary 
tract injuries are common and should be promptly controlled 

FIGURE 64-7 CT angiogram demonstrating traumatic aortic pseudoaneurysrn in patient shown in Figure 64-6, with widened mediastinum on 
portable chest x-ray. A. Cross-sectional view. 8, Sagittal reconstruction. C. Catheter arteriogram of a similar injury. 
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FIGURE 64-8 Repair of traumatic aortic pseudoaneurysm with interposition graft placement through posterolateral left thoracotomy. A. Sagittal 
reconstruction view of CT angiogram. B, Dacron aortic interposition graft. 

A 

FIGURE 64-9 Repair of traumatic aortic pseudoaneurysm with stent graft placement A. Intraoperative digital subtraction arteriography. 
B. Deployed stent with proximal end just distal to the origin of the left subclavian artery. 

or repaired to avoid spillage of the emeric comems. Because 
most of these patients are in shock on presentation, it is best to 
proceed with a damage control approach after the repair is 
covered and enteric injuries are stapled. 

Upper Extremity 
Penetrating injury often presents with a history of arterial hem
orrhage or ongoing bleeding. Blunt iJ1jury usually causes tllrom
bosis and the signs of acute arterial occlusion, with resultant 
ischemia. Significant neurologic injury, usually involviJ1g the 
median nerve, is present in 60% of patients with upper extrem
ity arterial injury.60

'
61 Concomitant venous iJ1jury is common. 

lJ1 the setting of multisystem iJ1jury, arterial occlusion in tbe 
upper extremity is easily missed. Delay in diagnosis, resulting in 
prolonged iscl1emia, is an important contributing factor ro pre
vemable l.imb loss or long-tem1 disability from irreversible isch
emic nerve injury. All signilicant vascular injuries of the upper 
extremity result in clinical findings that are apparent on a thor
ough physical examination. Unfortunately, associate severe torso 

or lower extremity injuries distract the trauma team from the 
i11jured and ischemic upper extremity. Delays in diagnosis and 
treatment are common in collected series of patients with uppe.r 
extremity arterial injury and are more common following blunt 
force trauma. 

The diagnosis of upper extremity arterial injury is often 
made on tl1e physical examination alone, particularly in penetrat
tng injw·ics. No11iJwasive evaluation of thcinjurcd upper extrem
ity adds little to a thorough hlstory and physical exan1lnation. 
Patients with obvious arterial or venous laceration from penctrat
iJJg tratmla or those with blunt trauma and bard findll1gs (see Box 
64-1) should be taken directly to the OR. The arterial bed of the 
upper extremity is extremely reactive to vasoconstriction pro
duced by hypovolemic shock, pain, and drugs, including cocalne 
ru1d methamphetan1lnc. Absent pulses in the presence of complex 
fractures or crush injuries of the upper exrremity need to be 
assessed with imaging (MDCT or conventional angiography) if 
normal perfusion does not re tum following resuscitation and 
administration of adequate pain medications. 
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l11ere is CLLrrently no role for endovascular therapy in the 
brad1ial artery and forearm vessels. Traditional operative cxpo
sme, catheter thrombectomy, and repair represent the best 
approach to optimize results.36 

Vascular injuries iJl the upper extremity arc often associated 
with significant musCLtloskcletal, neurologic, and soft tissue iJlju
ries. When this occurs, a multidisciplinary approach is often 
required, with orthopedics, neurosurgery, and plastic surgery. 

Venous injuries of the upper extremity can be ligated unless 
there is extensive sofr tissue injury and loss of venous collaterals. 
In that setting, some form of venous reconstruction sbouJd be 
considered. 

Occasionally, bleeding from a partiaUy transected arm or 
forearm vessel can be significant. The senior surgeon should 
make certain that adequate control is obtained and maintained 
during resuscitation, transportation to the operating room, and 

FIGURE 64-10 A. Left-sided medial vis
ceral rotation for exposure of great vessels 
in the retroperitoneum. B, Right-sided 
medial visceral rotation for exposure of 
vena cava and renal veins in the 
retroperitoneum. 

surgical preparation and draping. Pneumatic tourniquets should 
be u~d sparingly and only placed and carefully monitored for
adequacy of compression and dttration of application by the 
senior surgeon. 

The patient should be widely prepared ru1d draped, with 
generous mdusion of the entire upper extremity, shoulder, and 
aJlterosuperior aspect of the chest to allow for illcisions for 
proximal control. An uniJJjured leg should also be prepared and 
draped from tbe inguinal region to the toes to allow for saphe
nous vein harvest. Adjunctive measures such as bolus IV sys
temic heparinization, administration of a continuous infusion 
of low-molecular-weight DextraJl, ru1d administration of N 
aJltibiotics sbould he considered and used when appropriate. In 
patients with multisystem iJljurics, especially a head injury, local 
or regional infusion of heparin should be used in place of sys
temic administration. Loupe magnification ru1d coaxial lighting 
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(headJighc) are technical adjuncts d1ac may be useful when sutur
ing small blood vessels with fine sutures. 

Surgical exposure requires generous incisions placed to 
maximize exposure and provide appropriate options for further 
exploration and repair. The brachial artery is best exposed 
through a longitudinal incision along the medial aspect of the 
upper anu, over cl1e groove between the triceps and biceps 
muscles. 'TI1e incision can be extended distally with an $-shaped 
extension across me antecubital fossa from clle ulnar to radial 
a~pect and onto the forearm to expose the origins of the forearm 
vessels. Proximal brachial artery injuries may requlre control of 
the infraclavicular axillary artery. 

Vascular repair requires a([ention to detail in all phases. 
Balloon cailieter thrombectomy and Bushing with heparinized 
saline, followed by debridement of the damaged arterial wall, 
are essential to successful repair. Lacerated veiJ1S should be 
ligated unless there is extensive soft tissue injury and collateral 
venous Aow is compromised. [n these cases, the vein should be 
repaired. \XIhen ·repairing venous and arterial injuries, the vein 
should be repaired first. Jf d1e duration of arterial occlusion and 
ischemia is a concern, temporary intraluminal shwltS may be 
placed in the artery. Primary arterial repair of undamaged ends 
of vessd (end-to-end anastomosis) should only be performed if 
the repair is tension-free. Saphenous vein interposition should 
be chosen whenever vessel injury is extensive or if primary 
tension-free repair is not possible. PTFE bas no role in che 
management of injuries distal to the axiiJary artery.36.3? 

Forearm fasdowmy, particularly in the setting of prolonged 
ischemia, must always be considered prior to completion of che 
operation and compartment pressures should be measured at the 
completion of the procedure. Jf normal pressures are obtained, 
fasciotomy is not necessary, but pressure measuren1ents should 
be repeated frequently because compartment syndrome can occur 
in the postoperative period as a consequence of reperfusion. 

1here is a limited but important role for primary or early 
amputation in me management of upper extremity vascular 
injuries. Parie.nts with extensive soft tissue loss or with scapulo
choracic dissociation, who have severe neurologic deficits, exten
sive fractu.res, and vascular injuries, should be evaluated 
collaborativdy with orthopedic, neurosurgery, and plastic 
surgery colleagues to determine wheilier early amputation is 
appropriate. The best approach is intraoperative multidisci
pllilary assessmcm, damage control, and plan for reoperativc 
assessment in 24 to 48 hours. This will allow discussions wim 
the patient and fanilly and enable a second look co take place. 

A combined ulnar and radial artery injury in the forearm 
requires repair of at least one vessel. The ulnar artery is usually 
larger in the proximal forearm and is a better target for direct 
repair or saphenous vein bypass. Distally, the vessel repair should 
be performed in whichever vessel is largest or amenable to simple 
repair. 

Isolated ulnar or radial artery injuries can be managed with 
simple ligation only if dlere is absolute certainty mat flow 
through the remaining vessel is adequate. Close inspection of roe 
forearm and hallld with palpation of pulses augmented by con
tinuous wave (hand-held) Doppler interrogation is cssentiaJ.3G 

Lower Extremity 
Vascular injuries in the legs are more common i.n military series 
(30% to 40%) than in civilian practice {20%).u"'Aithough pen
etrating injuries are more common, blunt vascular trauma in the 
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lower extremity remains a significant challenge. In me thigh and 
leg, fractures and dislocations can be associated with vascular 
injuries. 'TI1e popHteal artery is at ~articularly high risk of injury 
following dislocation of the knee: 

Findings at presentation vary from significant hemorrhage 
from a wound {e.g., open fracture, knife or gunshot wound) ro 
occult arterial occlusion from blwlt injury. A systematic approach 
with a thorough extremity vascular examination is essential to 
avoid errors i.n recog11ition and delays in treatment. 

Exposure is obtained with incisions used for elective surgi
cal procedures. The common fen1oral artery is best exposed 
through a longirudinal in.cision overlying its course from me 
i11gui.nal ligament inferiorly for 8 ro 12 em. Proximal control 
may require exposure of me external iuac artery, best accom
plished through an oblique, muscle-splitting, lower quadrant 
abdominal incision carried into the retroperitoneum, where the 
artery and vein can be controlled. Superficial femoral artery 
{SFA) injuries are best exposed through a longitudinal groin 
incision, similar to cl1at used for femoral bifu.rcation exposure 
for d1e proximal portion. The mid-SFA is approached through 
an ohlique incision over the sartorius muscle. The ju11ction of 
the SFA and popliteal can be exposed by extending this incision. 
dividiJJg me adductor tendon. 

Popliteal injuries are exposed through a generous medial 
incisio:n. Exposure of the artery in the area at the knee joint 
requires division of ilie medial head of the gastrocnemius musde 
and semimembranosus and semitendinosus muscles. 'TI1e distal 
popliteal artery is exposed with an incision along cl1e posterior 
margin of the tibia. 

Repair of lower extremity vascular injuries usually requires 
an interposition graft. This is particularly true for the popliteal 
artery. A reverse saphenous vein from the contralateral extremity 
is me fuse choice for interposition grafts. In me common femoral 
artery, PTFE is an acceptable choice for interposition if the 
saphenous vein is not large enough, but should not be used in 
the helow-knee popliteal arteries. ~9 

Injuries below the popliteal artery at the level of the tibial 
vessels are best managed by ligation if two of the cl1ree calf vessds 
are patent and there is adequate collateral flow. Jn the presence 
of anterior and posterior tibial vessel occlusion, the peroneal 
artery is usually not sufficiently connected to the djstal arterial 
bed by collaterals and one of the iJ1jured vessels should be 
repaired. The choice of which vessel (0 repair is based on me 
extent of associated soft tissue injury and on rl1e patency of the 
distal segments of those vessels. 

OPERATIVE TECHNIQUES FOR 
EXTREMITY FASCIOTOMY 
Fasciotomy of the forearm compartments requires release of 
individual muscle bundles. Generous incisions are required to 
release the dorsal and volar compartments and the mobile wad. 
Fascioromy in ilie leg requires release of the anterior and lateral 
compartments on d1e anterior lateral aspect of the calf and of 
me deep and superficial posterior compartmeJlts through inci
sions on the lateral and medial aspects of the calf {Fig. 64-11). 
'TI1esc incisions should be generous in their length to 
accommodate subsequent muscle swelling and avoid further 
compression. 

Thigh compartment syndrome is uncommon. 1he most 
common cause is a thigh crush injury associated with 
femur fracture. Fasciotomy should release cbe dlree 
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FIGURE 64-11 Calf musde compartments and incisions for fasciotomy. 

compartments---lateral, medial, and posterior. Two mctstons, 
one lateral for the lateral compartmem and one medial for the 
other rwo compartments, are sufficient. These need w be gener
ous in their length. 

Compartment syndromes occur in the hands and feet. 
These arc best managed by orthopedic or hand surgeons. 

POSTOPERA11VE MANAGEMENT 
The cornerstone of postoperative management is diJjgent sur
veillance for a change in the vascular examination, which 
includes a frequent asse&~ment of blood pressure, heart rate, 
distal pulse, continuous wave Doppler signal, capillary refill, and 
patient's temperature and overall condition (i.e., complaints of 
pain or increasing difficulty in feeling the extremity). if there is 
concern about any portion of the examination, a return to the 
operating room for reexploration can alleviate that concern and, 
more importantly, may avert a potentiaUy limb-threateniJJg 
problem. Because failure of a vascular repair caused by throm
bosis can occur during the first 48 hours following repair, com
pulsive surveillance should continue for at least that long. 

Reperfusion edema or intracompartmental hemorrhage 
can lead to delayed onset of a compartment syndrome:\6 The 
physical examination alone may not detect the presence of com
partment syndrome. Frequent postoperative compartment pres
sure measurements are the only way to assess the injured 
extremity accurately in patients who arc not conscious and coop
erative. The presence of new postoperative extremity neurologic 
deficits is an :important indicator of ongoing ischemia and 
should prompt assessment of the patency of the vascltlar repair 
and tl1e pressure within muscle compartments. 

OUTCOMES AND FOLLOW-UP 
The most common cause of amputation following vascular 
injury is caused by the neurologic insult. direct trauma to the 
nerve or ischemia. TI1is should be remembered as one 

contemplates repairing a vascular injury in a AaiJ extremity.63 

Functional Oll[Come foUowiJ1g vascular repair is related co the 
severity of the associated injuries-muscle, bone, and nerve. 
Regular follow-up of patients wim vascular repairs is done to 
assess patency of the repair and determine the presence of late 
complications, such as aneurysmal dilation or segmental stenosis 
of veu1 grafts, venous insufficiency &om venous ligation or 
thrombosis pseudoaneurysm, and arteriovenous fistula. [deally, 
tl1esc patients should be foUowed up annuaUy. Pulse examiJ1a
tion and, if indicated, noninvasive imaging should he performed 
on a regular basis. Imaging with CTA or catheter angiography 
should be used if there is a suspicion of a complication. 

Torso vaKlllar injuries have relatively few late complica
tions. Venous interposition grafts, when used, should be fol
lowed with periodic noninvasive imaging and, if indicated, 
CTA- Aortic and iliac arterial repairs should be followed simi
larly and surveillance for signs ru1d symptoms of arterial occlu
sive disease, sucl1 as upper or lower extremity claudication, 
should be ongou1g. 

Patients with synthetic interposition grafts shollld be coun
seled on the need for antibiotic prophylaxis during subscquem 
dental work or invasive procedures. Although late infections are 
w1common, patients should be made aware of this possibility 
ru1d advised to notify all their health care providers about the 
presence of a vascular prosthesis. 
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CHAPTER 65 

VENOUS DISEASE 
) uuE A. FREISCHLAG AND j ENN IFER A. HELLER 

ANATOMY 

VENOUS INSUmCIENCY 

DEEP VENOUS THROMBOSIS 

CONCLUSION 

An understanding of venous physiology provides the surgeon 
with valuable information with which to formu late a diagnostic 
and treatment pian. Technologic advances have broadened the 
therapeutic armamentarium. This chapter will provide the reader 
with a thorough overvi.ew of the physiology and pathophysiol
ogy of the venous system, followed by an evaluation of available 
diagnostic modalities and therapeutic in terventions and then by 
a discussion of specific venous disorders. 

ANATOMY 
To determine whether pathophysiology is pre~nt, precise 
knowledge of venous anatomy is essential. After the location and 
type of venous incompetence have been determined, a thera
peutic plan can be constructed. Venous drainage of the legs is 
the function of two parallel and connected systems, the deep 
and superficial systems. The nomenclature of the venous system 
of the lower llmb was revised in 2002 and the most relevant 
changes are addressed here.1 The revised nomenclature is deun
eated in Tables 65-1 and 65-2. 

Superfidal Venous System 
The superficial veins of the lower extremity form a network that 
connects the superficial dorsal veins of the foot and deep plantar 
veins. The dorsal venous arch, into wbkh empty the dorsal 
metatarsal veins. is continuous with the great saphenous vein 
medially and the small saphenous vein laterally (Fig. 65-1). 

The great saphenous vein, in dose proximity to the saphe
nous nerve, ascends anterior to the medial malleolus, crosses and 
then med.ial to the knee (Fig. 65-2). It ascends in the superficial 
compartment and empties into the common femoral vein after 
e11 tering the fossa ovalls. Before its entry into the common 
femoral vein, it rreceives medial and lateral accessory saphenous 
veins, as well as small tributaries from the inguinal region, 
pudendal region, and anterior abdominal wall. The posterior 
arch vein drains the area around the medial malleolus and, as it 
ascends up the posterior medial aspect of the calf, it receives 
medial perforating veins, termed Cockett's perforators, before 
join.iJ1g the great saphenous vein at or below the knee. 

The small saphenous vein arises from the dorsal venous 
arch at the lateial aspect of the foot and ascends posterior to the 
lateral maiJeolus, rising cephalad in the midposterior calf. The 
small saphenous vein continues to ascend, penetrates the super
ficial fascia of the calf, and then terminates into the popliteal 
vein . 'Ihe exact entry of the small saphenous vein into the pop
liteal vein is variable. The smal nerve lies parallel to the small 
saphenous vein. 

Deep Venous System 
The plantar digital veins in the foot empty into a network of 
metatarsal veins that compose the deep pl.antar venous arch. 1l1is 
continues into the medial and lateral plantar vei11s, wh.ich d1en 
drain into the posterior tibial veins. The dorsalis pedis veins on 
the dorsum of the foot form the paired anterior tibial veiJ1s at 
the ankle. 

'TI1e paired posterior tibial veins, adjacent to ru1d flrulking 
the posterior tibial artery, run under the fascia of the deep pos
terior compartment. These veins enter the soleus and join the 
popliteal vein, after joining with the paired peroneal and ante
rior tibial veins. 1l1ere are large venous siJ1Uses within the soleus 
muscle--soleal siJmses-tbat empty into the posterior tibial and 
peroneal veiJ1s. Bilateral gastrocnenlius veins en1pty inro the 
popliteal vein distal to the point of entry of the small saphenous 
vein into tbe popliteal vein. 

The poputeal vein enters a window i.n the adductor magmas, 
at whid1 point it is termed the femoml vein, previously kJ1own 
as the superficinL femoral vein. The femoral vein ascends and 
receives venous drainage from the profunda femoris vein, or 
deep femoral vein and, after this confluence, it is the common 
femoral veiJ1. As the common femoral vein crosses the inguinal 
Ligament, it becomes the external iliac veiJl. 

Perforating Venous System 
Perforating veins connect the superficial venous systenl to the 
deep ve11ous system by penetrating the fascial layers of the lower 
extremity. These perforators run in a perpendicular fashion to 
the axial veins previously described. Aldwugh the total number 
of perforator veiJ1s is variable, up to 100 have been documented. 
The perforators enter at various points in the leg-the foot, 
medial! and lateral calf, and mid and distal thigh (Fig. 65-3) 
Some have been named Cockett's perforators, which connect the 
posterior arch and posterior tibial veins, Boyd's perforators, 
which connect the great saphenous and gastrocnemius veins, 
and Hunteriru1 and Dodd's perforators, which connect the great 
saphenous and superficial femoral veiJ1s. 1l1e perforator veins 

1801 

http://www.myuptodate.com


1802 SECTION XII VASCULAR 

Table 65-1 Superficia_l ~_e_in_s _________ _ 
ANATOMIC TERMINOLOGY 

Greater or long saphenous 
vein 

External pudendal vein 

Superficial circumflex vein 

Superficial epigastric vein 

Superficial dorsal vein of 
clitoris or penis 

Anterior labial veins 

Anterior scrotal veins 

Accessory saphenous vein 

Smaller or short 
saphenous vein 

Dorsal venous network of 
the foot 

Dorsal venous arch of the 
foot 

Dorsal metatarsal veins 

Plantar venous network 
Plantar venous arch 

Plantar metatarsal veins 

Lateral marginal vein 

Medial marginal vein 

Superficial peroneal nerve 

Sural nerve 

Lateral marginal vein 

Dorsal venous arcih 

PROPOSED TERMINOLOGY 

Great saphenous vein 
Superfiaal inguinal veins 

External pudendal vein 

Superficial ci rcumflex iliac vein 

Superficial epigastric vein 

Superficial dorsal vein of clitoris or 
penis 

Anterior labial veins 

Anterior scrotal veins 

Anterior accessory great saphenous vein 
Posterior accessory great saphenous 

vein 
Superficial accessory great saphenous 

vein 

Small saphenous vein 
Cranial extension of small saphenous 

vein 
Superficial accessory small saphenous 

vein 
Anterior thigh circumflex vein 
Posterior thrgh circumflex vein 
lntersaphenous veins 
Lateral venous system 

Dorsal venous network of the foot 

Dorsal venous arch of the foot 

Superficial metatarsal veins (dorsal and 
plantar) 

Plantar venous subcutaneous network 

Superficial digital veins (dorsal and 
plantar) 

Lateral marginal vein 

Medial marginal vein 

Greater saphenous vein 

Saphenous nerve 

Medial perforator vein 

Medial marginal vein 

Deep peroneal nerve 

FIGURE 65-1 Venous drainage of the foot. 

Table 65-2 Deep Veins 
ANATOMIC TERMINOLOGY 
Femoral vein 

Profunda femoris vein or deep 
vein of thigh 

Medial circumflex femoral vein 

Later.al circumflex femoral vein 

Perforating veins 

Popliteal vein 

Genicular veins 

Anterior tibial veins 

Posterior tibial veins 

Fibular or peroneal veins 

PROPOSED TERMINOLOGY 
Common femoral vein 
Femoral vein 

Profunda femoris vein or deep 
femoral vein 

Medial circumflex femoral vein 

Lateral circumflex femoral vein 

Deep femoral communicating veins 
(accompanying veins of 
perforating arteries) 

Scratic vein 

Popliteal vein 
Sural veins 
Soleal veins 
Gastrocnemius veins 
Medial gastrocnemius veins 
lateral gastrocnemius veins 
lntergemellar vein 

Genicular venous plexus 

Anterior tibial veins 

Posterior tibial veins 

Fibular or peroneal veins 
Medial plantar veins 
Lateral plantar veins 
Deep plantar venous arch 
Deep metatarsal veins (plantar and 

dorsal) 
Deep digital veins (plantar and 

dorsal) 
Pedal vein 

have an important function. 1heir valve system aids in prevenr
ing reflux from the deep to the superficial system, particularly 
during periods of standing and ambulation. 

Normal Venous Histology and Function 
The venous wall is composed of three layers, the imima, media, 
and adventitia. Vein walls have less smooth muscle and elastin 
than their arterial counterparts. 1he venous intima bas an endo
tbdial cell layer resting on a basement membrane. The medja is 
composed of smooth muscle cells and ela~tin connective tissue. 
The adventicia of the venous wall contains adrenergic fibers, 
particularly in the cutaneous veins. Central sympathetic dis
charge and brai.nstem thermoregulatory centers can alter venous 
tone, as can other stimuli, such as temperature changes, pain, 
emotional stimuli, and volume changes. 

The histologic features of veins vary, depending on the 
caliber of the veins. 'TI1e venules, the smallest veins, rangefrom 
0.1 to 1 rum and contain mostly smooth muscle ceUs, whereas 
the larger extremity veins contain relatively few smooth muscle:: 
cells. These larger caliber veins have limited contractile capacity 
in comparison to tl1e thicker walled great saphenous vein. The 
venous valves prevent retrograde Row; it is their failure or val
vular incompetence that leads to reflux and its associated symp
toms. Venous valves are most prevalent in the distal lower 
extremity, whereas as one proceeds proximally, the number of 
valves decreases ro the point that no valve.~ are present in the 
superior vena cava and inferior vena cava (IVC),. 

Most of the capacitance of d1e vascular tree is in d1e venous 
system. Because veins do nor have significant an1ounts of elastin, 
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Superficial epigastric artery and vein 

Super1icial circumllex Femoral vein 
iliac artery and vern----+-=>""-.A...-1t 

Lateral accessory 
saphenous vein --1----~ 

Super1icial external 
pudendal artery and vein 

Anterior cutaneous branches 

Medial accessory 
saphenous vein 

of femoral nerve--==+-----r Greater saphenous vein 
Popl~eal vein 

Hunte(s per1orator Greater 
saphenous vein 

Dodcfs pertorator Saphenous nerve 
Muscle perforators 

Lateral sural cutaneous nerve 
Muscle perforators 

Anterior tributary of 
greater saphenous nerve 

Posterior arch vein Proximal paratibial 
pertoralors '24 em• per1orator Per1orator at the 

'soleus point• 
Cockett Ill per1orator 

Cockett II per1orator 

Cockett I per1orator 

FIGURE 65-l Venous drainage of the lower limb. 

Deep femoral vein Hunter's 
perforator 

DOdd''> 
perforator 

Looser 
..aphenous vein 

Gastrocnemius 
veins 

Boyd's perforalor -....\lll>-o6.~H--- Popliteal vein 

"24 em" perforator 

Soleus veins 

:'1\ 'Vi + -::::=- Muscle 
perforators 

v·"lllllfiH--- Peroneal veins 

Postelior tibial 
veins 

Cockett Ill 
perforator 

Cockett II 
perforator 
Cockett I 
perforator 

Lateral plantar vetn 

Medial planlar ve1n 

FIGURE ,65-3 Perforating veins of the lower limb. 

veins can withstand large volume shifts with comparatively small 
cl1anges in pressure. A vein bas a normal elliptical configuration 
until the limit of its capacitance is reached, at which point the 
vein assumes a round configuration. 

1l1e calf muscles augment venous return by functioning as 
a pltmp. In the supine state, the resting venous pressure in the 
foot is thesun1 of the residual kinetic energy minus the resi~'tance 

in the arterioles and precapillary sphincters. Thus, a pressure 
gradient is generated to the right atriLLm of approximately 10 to 

12 mm Hg. In tbe upright position, the resting venous pressure 
of the foot is a reflection of the hydrostatic pressure from the 
upright column of blood exre11d.ing from the right acrium to 

the foot. 
TI1e return of the blood to the heart from the lower excrem

ity is faci.Utated by the muscle pump fw1ction of the calf, a 
mechanism whereby the calf muscle, functioning as a bcUows 
during exercise, compresses the gascrocnemius and soleal sinuses 
and propels the blood toward the heart. The normally function
ing valves in the venous system prevent retrograde flow; when 
one or more of these valves become incompetent, symptoms of 
venous insufficiency can develop. During calf muscle contrac
tion, the venous pressure of the foot and ankle drop dramatically. 
'The pressures developing in the muscle compartments during 
exercise range from 150 to 200 mm Hg and, when there is 
failure of perforating veins, these high pressures are transmitted 
ro the superficial system. 

VENOUS INSUFFICIENCY 
'There :are three categories of venous insufficiency--congenital, 
primary, and secondary. Congenital venous insufficiency is com
prised of predominantly anatomic variams that are present at 
birth. Examples of congenital venous anomalies include venous 
ectasia.~, absence of venous valves, and syndromes such as 
Klippel-Trenaunay syndrome. Primary venous insufficiency is an 
acquired idiopathic entity. 1l1is is the largest clinical category 
and represents most of the superficial venous insufficiency 
encountered in the office. Secondary venous insufficiency arise.s 
from a post-thrombotic or obstructive state and is caused by a 
deep vein thrombus or primary cl1roni.c obstructive process. 

Primary Venous Insufficiency 
1l1ere are three main anatomic categories of primary venous 
tnsufficiency- tclangiectasias, reticular vcins. and varicose veiJ1S. 
Telangiectasias, reticular varicosities, and varicose veins are 
similar but exhibit distinct variations in caliber. Telangiectasias 
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arc very small intradermal venules that arc too dimi11utivc to 
demonstrate reflux. Reticular veins are vein branches that enter 
the tributaries of the main axial, perforating, or deep veins. The 
axial veins, the great or small saphenous veins, represent the 
largest caliber veins of the superficial venous system . 

Pathology 
'The precise patlwphysiology of venous insufficiency has yet to 
be elucidated. 'Tius describes some of d1e areas in which re..o;earcb 
has started to reveal its multifactorial pathogenesis. 

Medlanical Abnormalities Anatomic differeJ1Ces in the location of 
the superficial veins of the lower exrremities may contribute to 

cl1e pathogenesis. Primary venous insufficiency may involve 
both the axial veins (great and small saphenouss), either, or 
neither. Perforating veins may be the sole source of venous 
pathophysiology, perhaps because the great saphenous vein is 
supported by a well-developed medial fibromuscular layer and 
fibrous connective tissue that biJ1d it to the deep fascia. ln con
trast, tributaries to the small saphenous veiJJ are less supported 
iJ1 the subcutaneous fat ru1d are superficial to the membranous 
layer of superficial fascia (Fig. 65-4). 'These tributaries also 
contain less muscle mass in their walls. Thus, cl1ese veins. and 
not the main tnmk, may become selectively varicose. 

When these fundamental anatomic peculiarities are recog
nized, clJe intrinsic competence or incompetence of the valve 
system becomes in1portru1t. For cxan1ple, failure of a valve pro
tecting a tributary vein from the pressures of the small saphenous 
vein allows a duster of varicosities to develop. Furthermore, 
communicating veins connecting the deep with cl1e superficial 
compartment may have valve failure. Pressure studies have 
shown mat cl1cre are two sources of venous hypertension. The 
fuse is gravitational and is a result of venous blood coursiJ1g in 
a distal direction down linear axial venous segments. This is 
referred to as hydrostatic pressure and is the weight of the blood 
column from the right atrium. The highest pressure generated 
by mis mechrullism is evident at the aJlk.ie and foot, where mea
surements are expressed in centimeters of water or millin1eters 
of mercury. The second source of venous hypertension is 
dynanuc. It is the force of muscular contraction, usually con
tained within d1e compartments of ilie Leg. If a perforating vein 
fails, high pressures (range, 150 to 200 mm Hg) developed 
withiJ1 the muscular compartments during exercise are transmit
ted directly to ilie superficial venous system. Here, cl1e sudden 

Proximal 
vein 

Perforating 
vein 

presslllfe transmitted causes dilation and Lengthening of cl1e 
superficial veins. Progressive distal valvular incompetence may 
occur. If proximal valves such as cl1e saphenofemoral valve 
become incompetent, systolic muscular contraction is supple
mented by the weight of the static column of blood from ilie 
hearr. Furthermore, this static column becomes a barrier. Blood 
Aowi ng proximally through the femoral vein spills into cl1e 
saphenous vein and flows distally. As it refluxes distally through 
progressively iJ1competent valves, .it is returned through perforat
ing veins to me deep veins. Here, it is conveyed once again to 
the femoral veins, only to be recycled distally. 

Cellular Abnormalities Changes also occur at the cellular level. 
Angioscopic observation demonstrates monocytic and macro
phage infiltration in cl10sc vein valves alfected by venous insuf
ficiency. In regions of chronic advanced venous insufficiency. 
such as advru1ced lipodermarosderosis, capillary proliferation is 
seen and extensive capillary permeability occurs as a result of the 
widening of interendothelial cell pores. Transcapillary leakage of 
osmotically active particles occurs, mainly of fibrinogen. In 
chronic venous insufficiency (CVI), venous fibrmolytic capacity 
is diminished and the extravascular fibrin remains to prevent cl1e 
normal exchru1gc of oxygen and nutrients in cl1e surrounding 
cells? However, Uttle proof exists for an actual abnormality in 
the delivery of oxygen to the tissues. 

Molecular Abnormalities 
On a molecular level, several abnormalities have been identified 
in extremities cl1at manifest venous hypertension. FundaJTiental 
defects in the strengcl1 ru1d clJaracteristies of the venous wall have 
been identified. Varicose veiJ1S demonstrate decreased amounts 
of elastin and collagen, suggesting a contributing role toward 
venous pathophysiology.3 

Risk Factors 
Risk factors for the development of varicose veins iJ1clude 
advancing age, female gender, heredity, and history of trauma to 
the extrenuty. Venous fm1ction is undoubtedly influenced by 
hormonal d1anges. {n particular, progesterone liberated by the 
corpus lutcum stabilizes cl1e uterus by causing the relaxation of 
smooili muscle fibers.2 'This directly iJ1.f!uences venous function. 
The result is passive venous dilation, which in many cases causes 
valvular dysfunction. Although progesterone is implicated iJ1 the 
first appearance of varicosities in pregnancy, estrogen also has 

Perforating 
vein 

FIGURE 65-4 Dilation of superficial venous tributaries caused by increased transmission of pressure by the perforating veins. 
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profound effects. It produces the relaxation of smooth muscle 
and a softening of coUagen fibers. Furthermore, the estrogen-to
progesterone ratio influences venous distensibility. This ratio 
may explain the predominance of venous insufficiency symp
toms on the first day of a menstrual period, when a profound 
shift occurs from the progesterone p hase of rhe menstrual cycle 
to the estrogen phase. Although heredity is widely acknowledged 
as a risk factor for varicose vein development. d1c precise genetic 
mechanism bas yet co be elucidated. 

Symptoms 
Venous valvular dysfunction causes venous hypertension and, as 
such, patiems' symptoms are attributed to excess venous pooling. 
The patient with symptomatic varicose veins conm1only reports 
heaviness, discomfort, and extremity fatigue. The pain is char
acteristically dull!, does not usuaUy occur during recumbency or 
early in the morning, and is exacerbated in the afternoon, espe
cially after periods of prolonged standing. Swelling is commonly 
described. The discomforts of aching, heaviness, and/or fatigue 
arc usually relieved by leg elevation or elastic support. Cutaneous 
burning, termed. vmous neut'Opathy, can also occur in patients 
with advanced venous insufficiency. Pruritus occurs from excess 
hemosiderin deposition and tends to be located at the distal calf 
or in areas of phlebitic varicose branffi segments. 

Physical Examination 
A comprehensive examination includes assessment of the arterial 
circulation. Briefly, palpation of the femoral, popliteal, dorsalis 
pedis, and posterior tibialis pulses is performed. Nonpalpable 
pulses necessitate further evaluation. Auscultation of pulse flow 
is indicated when a thrill or widened pulse is appreciated. 
Demonstration of decreased hair, dependent rubor, pallor on 
elevation, and tissue loss are all indicative of advanced arterial 
ischemia. 

1hc venous examiJ1ation includes assessment of the patient 
in the standing ru1d supine positions. Standing increases venous 
hypertension and dilates veins. thereby facilitating exan1i nation. 
Patients wi th superficial axial incompetence commonly exhibit 
palpable great saphenous veins (Fig. 65-5). Palpable cords may 
be present. Visual inspection is critical. Signs of advanced venous 
insufficiency include hyperpigmentation in the gaiter distribu
tion, secondary to hemosideriJl deposition, and lipodermatoscle
rosis. Lipodermatosclerosis develops over time, due to prolonged 
ambulatory venous hypertension and chronic inflammation. 
Physical examination findings d1at reflect lipodermatosderosis 
are: brawny edema of tl1e distal calf, "chan1pagne bottle leg," 
fibrotic, hypertrophic skin, and hyperpigmenration. Advanced 
lipodecmatosclerosis may involve fibrosis of the Affiilles tendon, 
in1pairing motor function of the extremity. Atrophic blanche is 
an area of pale h ue, visualized around the medial malleolus; it 
is commonly mistaken for a healed ulcer because of its lighter 
pigmentation (Fig. 65-6). Corona phlebectica is a term used to 
describe an accumulation of tiny tclru1gicctasias or venous flare, 
usually located a.t the medial malleolus. 

Venous stasis ulcers exhibit pathognomonic features that 
disti nguish tl1em from their arterial or neuropathic counterparts. 
Venous ulcers are not generally painful ru1d appear at tl1e medial 
malleolus, not in the mid ro distal foot. Lack of arterial pulses 
in patients with a venous L~cer isLmusual. 

Venous stasis dermatitis is visuali7..ed at tl1e distal ankle and 
cru1 mimic eczema or dermatitis of another cause. It is this 
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FIGURE 65-5 Varicose veins. 

FIGURE 65-6 lipodermatosclerosis, atrophie blanche, and brawny 
edema. 

important attention to supporting features of the physical exam
ination and history, as well as confirmation with duplex reflux 
examination, that will distinguish advanced venous stasis disease 
from dermatologic conditions. 

Diagnostic Evaluation of Venous Dysfunction 
'the Perthes test for deep venoLL~ occlusion and Brodie
Trendelenburg rest of axial reflux have been replaced by in-office 
use of the continuous wave, hand-held Doppler instrwuem 
supplemented by duplex evaluation. The hand-held Doppler 
instrument can confirm ru1 impression of saphenous reflux, 
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which in turn dictates the operative procedure to be performed 
in a given patient. A common misconception is the belief that 
the Doppler instrument is used to locate perforating veins. 
Instead, it is used in specific locations to determine incompetent 
valves-for example, the hand-held, continuous wave, 8-MHz 
Row detecror p laced over the greater and lesser saphenous veins 
near their terminations. With distal augmentation of fl ow and 
release, normal deep breathing, and performance of a Yalsalva 
maneuver, valve reflux is accurately identified. Formerly, the 
Doppler examjnation was supplemented by other objective 
studies, including photoplethysmography, mercury strain gauge 
plethysmography, and photorheography. These are no longer in 
common use. 

Another instrument reintroduced to assess physiologic 
function of the muscle .r,ump and venous valves is air displace
ment plethysmography. Its use was discontinued after the 1960s 
because of its <umbersome namre. Computer technology has 
now allowed its reintroduction, as championed by Christopou
los and colleag1lles.5 It consists of an air chamber that surrounds 
the leg from knee to ankle. During calibration, leg veins are 
emptied by leg elevation and the patient is then asked to stand 
so ti1at leg venous volume can be quantitated and the time for 
filling recorded. 1l1e filling rate is ti1en expressed in milliliters 
per second, ti1us giving readings sinlllar to those obtained with 
the mercury suain gauge technique. 

Duplex technology more precisely defines which veins are 
reAuxing by imaging the superficial and deep veins. 1l1e duplex 
examination is commonly done witi1 the patient supine, but tilis 
yields an erroneous evaluation of reflux. In ti1e supine position, 
even when no flow is present, tile valves .remain open. Valve 
closure requires a reversal of flow witi1 a pressure gradient that 
is higher proximally man distally. 'fl.1us, me duplex examination 
needs to be done with me patient standing or in the markedly 
tnUlk-elevated position.<>-~ 

Imaging is obtained with a 7.5- or l O-MHz probe; the 
pulsed Doppler consists of a 3.0-MHz probe. The patient stands, 
with ti1e probe placed longitudinally on the groin. After imaging, 
sample volumes can be obtained from the femoral and saphe
nous veins. This fl ow can be observed duri11g quiet .respiration 
or distal augmentation. Sudden release of augmentation allows 
the assessment of valvular competence. 'TI1e small saphenous 
vein and popliteal veins are similarly examiJled. Reflux times of 
3 seconds or longer is considered significant. Perforator veins 
can be visualized well with the duplex examination. Demonstra
tion of duplex images of to and fro Bow, with me presence of 
dilated segmenl(s, constitutes fi ndings compatible with a reAux
ing perforator. Additionally, Doppler studies can provide the 
clinician wim imformation about the deep system. Widespread 
use of duplex scrumiJ1g has al lowed a comparison of findings 
between stru1dard clinical exanlinarions and duplex Doppler 
srudies.8 

Phlebography and Venography In general, phlebography is wlnec
essary in me diagnosis a.Jld. treatment of primary venous insuf
ficiency. In cases of secondary chronic venous insufficiency, 
phlebography lhas speci1ic usefulness. Ascending phlebography 
is performed via injection of contrast into a superficial pedal vein 
after a rounliquet is applied at tlle ankle to prevent flow into 
the superficial venous system. Observation of flow indicates 
defines anatomy and regions of thrombus or obstruction. 
'D1erefore, ascending pbJebology differentiates primary from 

secondary venous UlSlLfficiency. Descending phlebography is 
performed with retrograde injection of contrast into tlle deep 
venous system at the groin or popliteal fossa (femoral vein or 
popliteal vein). This diagnostic modali ty identifies specific val
vular· incompetence suspected on B mode scanning and clinical 
examination. 'D1ese studies are only performed as preoperative 
adjuncts when deep venous reconstruction is being planned. 

Magnetic Resonance Venous Imaging Magnetic resonance venous 
imaging (MRVI) is a diagnostic imaging modality reserved for 
evaluation of the abdominal ru1d pelvic venous vasculature. 
MRVI, unlike venography, is noninvasive and does not require 
IV contrast. Furmermore, swdies have documented sirni.lar rates 
of specificity a11d sensitivity when compared wim venography:. 
MRVI is used for the evaluation of congenital malformations 
and idencification of cluonic and acute venous thrombi. 

Classification Systems 
ln 1994, the American Venous Forum devised ti1e CEAP clas
sification system, wl1icl1 is a scoring system mat stratifies venous 
disease based on clinical presentati.on, etiology, anatomy, and 
patho physiology (Table 65-3). It is useful in helping the physi
cian assess a Limb afflicted with venous insufficiency and ti1en 
arrive at an appropriate treatment plan. A revised CEAP was 
introd uced that included a venous disabi.lity score (VDS) co 
document a patient's ability to perform activities of daily living.9 

Altho ugh the CEAP classification is a valuable tool to grade 
venous disease, assessment of omcomes following intervention 
cannot be realized. As a result, rwo additional scoring systems, 
tile venous clinical severity scoring system (VCSS) and venous 
segmental disease score (VSDS), enhru1ce me CEAP score wiili 
ti1e increased ability to plot outcome. TI1ese three classification 
modalities now provide clinical researchers wim i.JJValuable tools 
to study treatment outcomes.10 

Treatment of Superficial Venous Insufficiency 
Nonoperative Management As noted, symptoms of prinlary 
venous insufficiency are manifestations of valvular incompe
tence. 'Dlerefore, tile objective of conservative managemeJlt .is to 
improve the symptoms caused by venous hypertension. 1he first 
meas ure is external compression using elastic bose, 20 to 
30 mm Hg, co be worn duri11g the daytime hours. AJthough the 
exact mechanism whereby compression is of benefit is not 
entirely known, a number of physiologic alterations have been 
observed with compression. 'D1ese include reduction in ambula
tory venous pressure, improvement in. skin microcirculation, 
and increase in subcutaneous pressure, which counters transcap
illary fluid leakage. Patients are instructed to wear the hose 
during the day only, but to put the stockings on as soon as the 
day begins; swelling with standing will make stocking placement 
difficult. Care must he taken wim patients who have conconli
cant arterial insufficiency because the compression stockings may 
exacerbate arterial outflow to the foot. Therefore, these patients 
require less compression-ill some cases no compression what
soever-depending on the severity of the arterial disease. 

The second part of conservative therapy is to practice lower 
extremity elevation for t\vo brief periods during ti1e day, instruct
ing the patient thar ti1e feet must he above d1e level of the heart, 
or "toes above me nose." With good compliance, mese measures 
may an1eliorate symptoms so that patients may not require 
furti1er intervention. Third, patients are encouraged to 
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Table 65-3 Classification of Chronic Lower Extremity Venous Disease 
c 
E 

Oinical signs (grade,..;), supplemented by "I( for asymptomatic and "s• for symptomatic presentation 

Oassification by cause (etiology}-congenital, primary, secondary 

A Anatomic distribution- superficial, deep, or perforator, alone or in combination 

P Pathophysiologic dysfunction- reflux or obstruction, alone or in combination 

Clnkal Oassffkatioa (Co,.) 

Nly limb with possible chronic venous disease is first placed into one of seven clinical classes (Co-t;), according to the objective signs of disease. 

C/illlclll Cltlsslllalllon of Cbt'OIIk Lowe' Extmnlty VMOUS DlseDSe' 

CLASS 

0 

2 

3 

4 

5 

FEATURES 
No visible or palpable signs of venous disease 

Telangiectasia. reticular veins, malleolar flare 

Varicose veins 

Edema without skin changes 

Skin changes ascribed to venous disease (e.g., pigmentation, venous eaema, lipodermatosclerosis) 

Skin changes as defined above with healed ulceration 

6 Skin changes as defined above with active ulceration 

*limbs in higher categories have more severe signs of chronic venous disease and may have some or all of the findings defining a less severe clinical category. Each limb 
is further characterized as asymptomatic (A)-for example. ~-<lr symptomatic (5)-for example. Co..s. Symptoms that may be associated with telangiectatic, reticular, 
or varicose veins include lower extremity aching. pain, and skin irritation. Therapy may alter the clinical category of chronic venous disease. limbs should therefore be 
reclassified after any form of medical or surgical treatment 

Classification by cause (Ec, E.. or Es) 

Venous dysfunction may be congenital, primary, or secondary. These categories are mutually exclusive. Congenital venous disorders are present at 
birth but may not be recognized until later. The method of diagnosis of congenital abnormalities must be described. Primary venous dysfunction is 
defined as venous. dysfunction of unknown cause but not of congenital origm. Secondary venous dysfunction denotes an acquired condition 
resulting in chronic venous disease-for example, deep venous thrombosis. 

CIIISsllklltlon by Ct11M of Cht'OIIk Lowe' Extremity Vetroas DlseDH 

Congenital (Ec) 

Primary (EP) 

Cause of the chronic venous disease present since birth 

Chronic venous disease of undetermined cause 

Secondary (Es) Chronic venous disease with an associated known cause (e.g., post-thrombotic, post-traumatic, other) 

Anatomk Classification (As, Ao, or A,) 

The anatomic site(s) of the venous disease should be described as s.uperficial (As). deep (Ao). or perforating (A,) vein(s). One, two, or three systems 
may be involved i111 any combination. For reports requiring greater detail, the involvement of the superficial, deep, and perforating veins may be 
localized by use of the anatomic segments. 

Segmenflll LocDIIZIIUon of Cht'OIIk L~ ExtRmlty Vetroas DlseDSe 

SEGMENT NO. VEIN(s) 

Superficial Veins (Asr-w 

1 

2 

3 

4 

5 

Deep Veins (A~,J 

6 

7 

8 

9 

10 

11 

Telangiectasia/reticular veins 
Greater (long) saphenous vein 

Above knee 

Below knee 

lesser (short) saphenous vein 

Nonsapl1enous 

Inferior vena cava 
IUK 

Common 

Internal 

External 

Pelvic: gonadal. broad ligament 
FEMORAL 

Common 

Continued 
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Table 65-3 Classification of Chronic Lower Extremity venous Di~ont'd 

SEGMENT NO. VEIN(s) 

12 

13 

14 

15 

16 

17 

18 

Deep 

Superficial 

Popliteal 

Tibial (anterior, posterior, or peroneal) 

Muscular (gastrointestinal, soleal, other) 

Thigh 

Calf 

Pathophystaloglc OassHkatlon (Pu) 

dinical signs or symptoms of chronic venous disease result from reflux (PR), obstruction (P0), or both (PI\0). 

l'rltbopbyslologic CJasslfialtloll of Chi'OIIk Lowe~ Extremity VeiJofls DlseiJSf! 

Reflux (PR) 

Obstruction (Po) 

Reflux and obstrtUction (Pow) 

FIGURE 65-7 Venous stasis ulcer. 

partlctpate in activities that activate the calf musculovenous 
pump, thereby decreasing ambulatory venous hypertension. 
1hese activities include frequem a.mbu1ation and exercise. 

Patients who exhibit venous stasis ulceration wiU require 
local wound care (Fig. 65-7). A triple-layer compression dress
ing, with a 7.inc oxide paste gauze wrap in contact with the skin, 
is used most commonly, from the base of the toes to the anterior 
tibial tubercle with snug graded compression. 1his is an example 
of what is generaUy known as an Um111 boot. A 15-year review 
of 998 patients with one or more venous ulcers treated with a 
similar compression bandage demonstrated d1at 73% of the 
ulcers healed in patients who returned for care (Fig. 65-8). The 
median time to healing for individual ulcers was 9 weeks. L1 
general, snug, graded-pressure, triple-layer compression dress
ings result in nnore rapid healing than compression stockin gs 
alone. 

For most patients, well-applied, sustained compression 
therapy offers the most cost-effective and efficacious therapy iJ1 
the healing of venous ulcers. After healing, most cases of CVI 
are controlled with elastic compression stockings to be worn 
during waking hours. OccasionaUy, older patients and those 

FIGURE 65- 8 Healed venous stasis ulcer. 

with arduitic conditions cannot apply the compression stocking 
required, and control must be maintained by triple-layer zinc 
oxide compression dressiJ1gs, which can usuaUy be left in place 
and changed once a week. 

mdications for imerventional treatment are symptoms 
refractory to conservative therapy. recurrent superficial ilirom
bophJebitis, variceal bleeding, and venous stasis ulceration. After 
clinical and objective criteria have estahlished the presence of 
symptomatic varicose veins, the next step is to plan a course of 
d1erapy. 11 

Venous Ablotion of Telangledoslas Cutaneous venectasia with 
vessels smaller d1an I mm in diameter does not lend itself to 
surgical treatment (Fig. 65-9). However, aU sources of spider 
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FIGURE 65-9 Spider telangiectasias. 

vein formation must be treated fi rst; otherwise, unsatisfactory 
spider vein recurrence will take place. Axial venous incompe
tence is addressed and treated. Secondary branch varicosities are 
also addressed. !Finally, crearmcm options for spider veins are 
considered. lh::se include injection sclerotherapy, laser treat
ment, and radioablation. 

INJECTION SCLEROTHERAPY The venectasia can be ablated success
fully using the injection sclerotherapy technique. Dilute solu
tions of sderosant (e.g., 1 o/o to 3o/o sodium sotradecol solution) 
can be injected directly into the venules. Care must be taken to 
ensure that no single injection dose exceeds O. l mL hut that 
multiple injections complete.ly fiJI al l feeding vessels. When the 
session is complete, a pressure dressing is applied, consisting of 
cotton balls at each injection site, and then covered with a pres
sure dressing of Coban wrap or low-grade compression stock
ings. Patients are advised to ambulate &equently over d1e first 
24 hours and to abstain from djrect sw1 exposure and airline 
travel for 2 weeks. Occasionally, entrapped blood may form, and 
patients report significant discomfort. Needle drainage is per
formed at the site, wluch facilitates healing, and cosmesis and 
rapidly improves discomfort. Thjs liberation of entrapped blood 
is as in1portanr to succes.~ as tl1e primary injection. 1ltis tl1erapy 
is remarkably successful in achieving an exccllent cosmetic result. 
In patients with a known allergy to soilium tetradecyl (Sotrade
col), bypertOJtic :saline can be used. Pain can occur wim the use 
of pure hypertonic solutions, so lidocaine is added to the solu
tion to decrease discomfort. Venules larger man I mm and 
smaller tl1an 3 mm can also be injected with a sclerosant of 
slightly greater concentration, but the an1ount injected needs to 
be lintited to les.~ than 0.5 mL. AJmough in jection sclerotherapy 
has met with significant success, complications do occm. T11ey 
include hyperpigmentation, venous mamng, postsderotl1erapy 
necrosis, and an allergic reaction to rhe sclerosam. In adrution, 
telangiect:asia formation afrer injection scleromerapy treatment 
tends to recm. Patients will commonly observe retmn of spider 
veins from 8 to 12 months after treatment. AJthough patients 
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may report localized discomfort, sclerotherapy of telangiectasias 
is considered cosmetic and does nor influence the venous circu
lation of the extrentity. 

FOAM S CLEROTHERAPY foam sclerotherapy is a modality d1at has 
heen introduced in Europe and ha.~ achieved great success, nor 
only with spider veins, but also as a treatment option for perfora
tor vein ablation. However, paradoxjcaJ embolism can occur, 
whlch is the main reason that foam sclerosant tl1erapy has not 
been widely used in the United States. Standardization of tech
rtique and formal studies will likely demonstrate the appropriate 
safety of foan1 sclerotherapy for venous therapy.12 

lAsER T REATMENT Laser trearment of spider telangiectasias has 
been performed using a variety of wave.lengtl1s and varying tecll
niques, such as !ugh-intensity pulsed light (IPL), fiber-guided 
laser coagulation, and Nd: YAG laser with a wavelength of 
1064 nm. Evaluation of all existing laser modalities has sug
gested that tl1.e Nd : YAG laser has the most success. However, 
to date, there bave not been any prospective randomized trials 
to support dtis presumption. Laser treatment does tend to be 
more painful. Laser treatement in most centers wiiJ be used in 
conjunction with .injection sclerotl1erapy- mat is, injection 
treats the feedi ng venules; laser treatment will be used to treat 
the extremely small branches not adequately addressed with tl1e 
injection technique. Most patients are satisfied wim the injection
only metl1od. 

Surgical Management 
SUrgery for Ax/of Venous Incompetence 
PHLEB ECTOMY There are two teclmiques to treat secondary 
branch varicosities, conventional stab phlebectomy and powered 
phlebectomy (TRlVEX, Inavein, Lexington, MA). Ambulatory 
phlebectomy is performed using the stab avulsion technique 
(Fig. 65-10). The patient's varicosities are marked after standing 
to allow for optimal ililation and visualization of affected veins. 
A variety of anestl1etic methods are used successfully, including 
local anestl1esia with tumescence and IV sedation. First, 1-mm 
incisions are made along Langer skiJ1 lines and the vein is 
retrieved with a hook. Continuous retraction of the vein segment 
affords maximal removal of the vein and direct pressure is 
applied over the site. Inci.sions are made at approxin1ately 2-cm 
intervals. The extremity is wrapped with a layered compression 
dressing, and patients arc instructed to ambulate on the day of 
surgery. The postoperative course is brief. and rarely do patients 
require more than acetaminophen or nonsteroidal anti
inflammatory drugs (NSA1Ds) for discomfort. Compression 
stockings are worn for 2 weeks following me procedure. Com
plications are unusual, but iJ1clude bleeiling, infection, tempo
rary or permanent paresthesias, and phlebitis from retained vcin 
segments. There can be recurrence. 

Powered phlebectomy (TriVex) is a modality tl1at can be 
used to treat extensive secondary branch varicosities. The 
patient's varicosities are ciraunferentially marked preoperatively; 
in tl1e operating room, 2-mm incisions are made at tl1ese bound
ary sites. T11ese incisions pcrntit placement of a transillununator 
and resection device. T11e iJ1Struments are inserted through a 
subcuraneous plane, just deep to the varicosities. T11e transillu
minator not only provides visuali7..ation of the veins, but also 
admiJtisters twnescent anesthesia. The .resector is a rotati ng 
blade that transects the veins and then removes them via a 
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FIGURE 65-1 o A-E, Technique of ambulatory phlebectomy (otherwise known as stab avulsions of varicosities). 

FIGURE 65-11 Inversion stripping of the saphenous vein for superficial venous reflux caused by an incompetent saphenofemoral junction. 

high-suction tubing system. The exuemlcy is wrapped with a 
multilayer compression dressing and the patient is discharged, 
with instructions to ambulate hourly. 'TI1e patient retums to the 
office for a dressing change within 48 hours and usually is 
changed ro staiildard compression hose. Discomfort is minimal 
and over-d1e- counter analgesia is sufficient. A second-generation 
TriVex device ha.~ been developed; technical. issues with the first
generation instrument were revised and studies now focus on 
methods to use the TriVex system in an outpatient setting. A 
steep leaming curve occurs with this device but, once achieved, 
experienced physicians can perform most TriVex procedures 
within 30 minutes. Complications are unusual but can include 
contained hematoma, bleeding, temporary or permanent pares
thesias, and ph.lebitis.13 

STRIPPING \Vhen great or small saphenous incompetence is 
prcsc.nt, the removal of dusters i.s preceded by limited removal 
of the saphenous vein (stripping). Stripping techniques are best 
done from above downward to avoid lymphatic and cutaneous 

nerve damage {Fig. 65-11). A number of recluuques have been 
described that adapt new instruments to minimally invasive 
removal of d1e saphenous vein. 

The question of preservation or stripping of the saphenous 
vein is an important one; therefore, a 5-year clinical and duplex 
scan follow-up exanlination of a group of patients has been 
performed. 14 Patients were randomized to stripping of the small 
sapheJ1ous vein duriJJg varicose vein surgery versus saphena
femoral ugation with stab avulsion of varices. It was found that 
reoperation, done or awaited, was necessary for only 3 of 52 legs 
that underwent stripping, as compared with 12 of 58 Limbs in 
which proximal Ligation had been done. Neovascularization at 
the saphcnofemoral junction was responsible for 10 of 12 recur
rent varicose veins that underwent reoperation, and it was the 
cause of recurrence of saphenofemoral incompetence in 12 of 
the 52 limbs d1at were stripped versus 30 of the 58 limbs in 
wbich ligation was done. Clearly, the problem of neovasculariza
tion and recurrent varicose veins was not solved by the stripping 
operation, but stripping reduced the risk for reoperation by rwo 

http://www.myuptodate.com


Indications for Varicose Vein Intervention 
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Cosmesis 
Symptoms refractory to conservative therapy 
Bleeding from a varix 
Superficial thrombophlebitis 
Lipodermatosclerosis 
Venous stasis ul!cer 

thirds after 5 years of observation. lt was the conclusion of the 
authors that stripping "should be routine for primary long 
saphenous varicose veins."14 

Although axial venous stripping was considered the gold 
standard of therapy for several decades, several disadvantages to 
the redmique have been realized. Patients required general anes
thesia and a hospitalization. Additionally, once disd1arged, 
patients experienced a prolonged convalescence before resuming 
baseline activ.ity. Also, the problems of nerve injury and neovas
cularization were frustrating to surgeons and padents. 

ln an effort to address and correct these limitations, endo
venous techniques bave been developed. They will be discussed 
in the next section. As a result of their efficacy, stripping is now 
considered in only select cases. 

ENDOVENOUS THERAPY Recent advances in ablation of the incom
petent great and small saphenous veins include radiofrequency 
closure and endovenous laser ablation. Both med10ds use a 
duplex-guided percutaneous access to the great or small saphe
nous vein. Tumescent anesd1esia is administered along the 
course of the vein to be treated, which is then examined for 
complete administration with the duplex. Closure of the vein is 
accomplished witch radiofrequency beat or laser. Confumation 
of clomre is obtained with postprocedure duplex at the conclu
sion of the intervention. Advantages of these procedures arc d1at 
they are percutaneous and performed on an outpatient basis. 
General anesd1esia is not used. Patients can return to baseline 
activities within 1 or 2 days. Risks of rl1e procedures include 
development of :a deep venous thrombosis (DVT), pulmonary 
embolism, skin burn, thrombophlebitis, parestbesias, and/or 
recurrence.15 A 2-year foUow-up study has compared endo
venous radiofrequency closure with ligation and vein stripping. 
The fi11Clings revealed sinlllar closure rates of the great saphenous 
vein. lntere.stingly, the aud1ors did not find that ligation of 
the ve.in at the saphenofemoral junction improved long-term 
outcome. However, patients' quality of life index was superior 
in the endovenous radiofrequency group. Although initial find
ings arc promising for radiofrequency and endovenous laser 
therapies, to date, there is no prospective randomized trial to 
compare these three modalities (Box 65-1).15·16 

Sec:ondary Venous Insufficiency 
Secondary venous insufficiency is usually caused by a deep 
venous thrombus. Clinical manifestations of secondary venous 
insufficiency usually present in a more advanced stage than thei.r 
primary counterparts. AdditionalJy, patients may describe 
venous claudication, or a bursti ng pain in d1e calf, that is cla<;sic 
for secondary vemous insufficiency. Conservative rream1enr regi
mens are similar to those described in the previous section 
for primary insufficiency; however, these patients require a 
higher grade of compression for efficacy (30 co 40 mm Hg). 
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lnterventional treatment wW focus on d1e superficial and deep 
systems. Diagnostic interrogation of the deep venous system 
must be more comprehensive iJl these patients to determine 
whether they are candi.dates for deep surgical or endovenous 
reconstruction. 

Treatment 
Surgery for Deep Venous Insufficiency While conservative therapy 
is being pursued or ulcer healing is achieved, appropriate diag
nostic studies generally reveal patterns of venous reflux or 
segments of venous occlusion so that specific therapy can be 
prescribed for d1e individual limb being evaluated. ln1aging by 
duplex suffices for d1e detection of reflux if rhe examination is 
carried out in the patient while he or she is standing. Such 
noninvasive imaging may prove rl1e only testing necessary 
beyond d1e hand-held, continuous wave Doppler instrument if 
superficial venous ablation is contemplated. If direct venous 
reconstruction by bypass or valvulopl.asty tecl111iques is planned, 
ascending and descending phlebography are required ... 

Surprisingly, superficial reflux may be d1e only abnormality 
present in advanced chronic venous stasis. Correction goes a 
long way toward permanent relief of the cl1ronic venous dys
function and its cutaneous effects. Using duplex technology, 
Hanrahan and associates18 fOtmd that in 95 extremities with 
current venous ulceration, 16.8% had only superficial incompe
tence and another 19% showed superficial incompetence com
bined wirl1 perforator incompetence. AJ10d1er study has 
demonstrared ulcer healing and decreased ulcer recurrence wirh 
perforaror reconstruction.19 

A significant proportion of patients with venous ulceration 
have normal function io the deep veins and surgical treatment 
is a useful option that can definitively address the hemodynamic 
derangements. Maintaining that all venous ulcers are surgically 
incurable is not reasonable when data suggest that superficial 
vein surgery holds the potential for ameliorating the venous 
hypertension. A randomlzed controlled trial comparing com
pression therapy and surgery for superficial re.Aux versus conser
vative management alone has revealed sig1lificanr improvement 
in patients who had been treated by d1e surgical component.19 

Early success in paticms with CVI, superficial valvular incom
petence, and venous ulceration has been obtained wirl1 endo
venous radiofrequency and laser therapies. 

In the 1938, Limon20 emphasized the importance of per
forating veins and rlleir direct surgical interruption was advo
cated. This has fallen into disfavor because of a high incidence 
of postoperative wotmd healing complications. However, video 
techniques thar allow direct visualization through small-diameter 
endoscopes have made endoscopic subfascial exploration and 
perforator vein interruption the desirable alternative to d1c 
Linton teclmique, minimizing morbidity and wound complica
tions. l11c coJUlective tissue between rl1e fascia cruris and under
lying flexor muscles is so loose that this potential space can be 
opened up easily and dissected with d1e endoscope. This opera
tion, done with a vertical proximal incision, accomplishes the 
objective of perforator vein interruption on an outpatient basis. 

1l1e availability of subfascial endoscopic perforator vein 
surgery has had an in1pact on d1e care of venous ulcers in 
Wesrern countries, albeit not as dramatic as its proponents bad 
hoped. As patient limbs with severe CVJ were studied accurately, 
the term post-thrombotic syndrome had to give way to rl1e term 
chronic venous insufficiency; a link co platelet and monocyte 
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aggregates in the circulatio.n reflected the leukocytic infiltrate of 
the ankle skin, with its lipodermatosderosis and healed and open 
ulcerations.~ 1 

Data regarding leukocytes in CVJ accumulated and were 
consistent, showing that the activation of leukocytes seCJuestered 
in rhe cutaneous microcirculation during venous stasis was 
important to the development of the skin changes of CVJ. This 
is reflected in trhe finding of adhesion markers between leuko
cytes and endothelial cells and increased production ofleukocyte 
degranulation enzymes and oxygen free radicals. Nevertheless, 
experimental evidence was still required for decisive proof of the 
leukocyte hypothesis. 

In the United Stares, several groups have performed perfo
rating vein division using laparoscopic instrumentation. Initial 
data have suggested that perforator interruption produces rapid 
ulcer healing and a low rate of recurrence. 1he North American 
Registry, which volw1tarily recorded the results of perforating 
venous surgery; has confirmed a low 2-year recurrence rate of 
ulcers and more rapid weer healing.21 

A comparison of the three methods of perforator vein inter
ruption, including the classic Linton procedure, laparoscopic 
instrwnentation procedure, and single open-endoscope proce
dure, has revealed that the endoscopic techniques produces results 
comparable with those of the open Linton operation, with much 
less scarring and a greater tendency toward a fast recovery. More 
perforating veins were identified with the open techniCjue. 
However, the mean hospital stay and period of convalescence 
were more favorable with the endoscope procedures.73 

ln general, registry reports and individual institution clini
cal experience have shown that patients wicl1 true post
thrombotic limbs are disadvantaged by the procedure, enough 
so that at Leicester (England), the students of the procedure said, 
"We conclude that perforating vein surgery is not indicated for 
the treatment of venous ulceration in limbs with primary deep 
venous incompctence."23 Neverthele.-;s, studies were reported in 
whicll previous: superficial reflux was corrected with failures of 
such treatment!:. Rescue of these limbs with perforating vein 
division produced satisfactory results and verified that perforar
iJlg veins are im.portant in the genesis of venous ulceration, and 
that their division accelerates healing and may reduce recurrence 
of ulceration. 

Part of the difficulty in w1derstanding the need for perfo
rating vein division is the disparity berween venous hemo
dynanlics and the severity of cutaneous cl1anges. 1lus is not 
surprising. because the cutaneous changes ofCVI are dependent 
on leukocyte-endothelium imeractions, wluch may nor be 
directly related to venous hemodynamics. However, endoscopic 
perforator vein division has improved venous hemodynanucs in 
some lin1bs, as would be expected, by removing superficial reflux 
and perforating vein outflow. In an effort to eliminate incom
petenr perforator veins without the associated morbidity 
described earlier, ultrasound-guided sclerotherapy has been 
developed as an alternative teclmique. Early study results are 
promising and have revealed improved wound heallng races 
compared with the subfascial endoscopic perforator surgery 
(SEPS). More data will be required before defiJ1itive recommen
dations can be made.~1 

Direct Venous Reconstrudion Historically, the first successful pro
cedures done to reconstruct major veins were the femorofemoral 
crossover graft of Eduardo Palma and d1e sapbeJ1opopliteal 

bypass he described, and also used by Richard \Varren of Boston. 
These operations were elegant in their simplici ty, use of auto
genous tissue, and reconstruction by a single venovenous 
anastomosis. 

With regard to femorofemoral crossover grafts, the only 
group to provide long-rerm physiologic data on a large number 
of patients has been Ha!Uday and coworkers from Sydney, Aus
tralia. Although phlebography was used in selecting patients for 
surgery, no other details of preoperative indications were given. 
These investigators documented that 34 of 50 grafts remained 
patent in the long term, as assessed by postoperative phlebogra
phy. They believed that the best clinical results were acllleved in 
relief of postexercise calf pain, bur thought that a pacem graft 
also slowed the progression of distalliposclerosis and controUed 
recurrent ulceration. No proof of this was given in their report. 
The history of application of bypass procedures for venous 
obstruction is a fascinating one. Nevertheless, the advent of 
endovascular teel1niques has made those operations almost 
obsolete.~5 

Perforator interruption, combined with superficial venous 
ahladon, has been effective in controlling venous ulceration in 
75% to 85% of patients. However, emphasis on fai lures of this 
technique led to Masuda and Kistncr's26 significant breakthrough 
in direct venous reconstruction with valvuloplasty in 1968 and 
the general recognition of this procedure after 1975. Late evalu
ations of direct valve reconstruction have indicated good to 
excellent long-term results in more than 80% of patients.?: One 
cannot overestimate Kistner's contributions. The technique of 
direa:ing the incompetent venous stream through a competent 
proximal valve by venous segment transfer was his next acllieve
ment. After Kistner's studies, surgeons were provided with an 
arman1e11tarium thar included Palma's venous bypass, direct val
vuloplasty (ofKistner), and venous segment transfer (ofKistner). 
Moreover, external valvular reconstruction, as performed by 
various techJuques, including monitoring by endoscopy, bas led 
to renewed interest in this form of treatment of venous insuf
ficiency. Axillary to popliteal autotransplantation of valve
containing venous segments bas been considered since the early 
observations of Tal1eri and coUeagues.28 However, long-tem1 
verification of the preliminary excellent results has not been 
accorn pushed. 

DEEP VENOUS THROMBOSIS 

Lower Extremity Deep Venous Thrombosis 
Acute DVT is a major cause of morbidity and mortality in the 
hospitalized patient, particularly in the surgical patient. 1l1e 
triad of venous stasis, endothelial injury, and hypercoagulable 
state, first posited by Virchow in 1856, has hdd true more than 
a century and a half later. 

Acute DVT poses several risks and has significant morbid 
conseCJuences. 1l1e thrombotic process initiated in a venous 
segment, in the absence of anticoagulation or in the presence of 
inadequate anticoagulation, can propagate to involve more prox
imal segments of the deep venous system, thus resulting in 
edema, pain, and immobility. 11Je most dreaded sequel to acute 
DVT is chat of ptdmonary embolism, a condition of potentially 
letha1 consequence. The late consequence of DVT, particularly 
of tbe iliofemoral veins, can be CVJ and ultimately post
thrombotic syndrome as a result of valvular dysfunction in the 
preseJJCe of luminal obstruction. 
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Thus, understanding the pathophysiology, standardizing 
protocols to prevent or reduce DVT, and instituting optimal 
treatment promptly all are critical to reducing the incidence and 
morbidity of this unfortunately common condition. 

Causes 
1l1e triad of stasis, hypercoagulable state, and vessel injury is 
present in most surgical patients. It is also clear that increasing 
age places a patient at a greater risk, with those older than 65 
years representing a higher risk population. ln addition, many 
epidemiologic stiUdies have reviewed additional factors that place 
patients at risk for the development of deep venous thrombus, 
including malignancy, increased body mass index (BMI), 
increasing age (especially >60 years), pregnancy, prolonged 
immobiliz.ation, tobacco use, and prior deep vein thrombus.29 

Stasis Labeled filbrinogen studies in patients, as well as autopsy 
studies, have demonstrated convincingly tl1at the soleal sinuses 
are the most connmon sites of initiation of venous thrombosis. 
The stasis may contribute to the endothelial cellular layer con
tacting activated platelets and procoagulant factors, thereby 
leading to DVT. Stasis. in and of itself, has never been shown 
to be a causative factor for DVT. 

Hypercoagulable State Our knowledge of hypercoagulable condi
tions continues to improve, but it is still in its early stages. The 
standard array of conditions screened for when searching for a 
hypercoagulable state is listed in Box 65-2. lf any of these condi
tions is identifled, a treatment regimen of anticoagulation is 
iJ1Stituted for life, U11less specific contraindications exist. It is 
genera!Jy appreciated that the postoperative patient, following 
major surgery, is predisposed to the formation of DVT. After 
major operations, large amounts of tissue factor may be released 
into the bloodstreanl from damaged tissues. Tissue factor is a 
potent procoagu lant expressed on the leukocyte cell surface as 
well as in a soluble form in the bloodstream. Increases .in platelet 
count, adhesiveness, changes in coagulation cascade, and endog
enous fibrinolytic activity result from physiologic stress, such as 
major operation or traw11a, and have been associated wim an 
increased risk for th rombosis. 

Venous Injury It has been clearly established that venous tlltom
bosis occurs in veins that are distam from the she of operation; 
for example, it is well known that patients undergoing total hip 
replacement frequently develop contralateral lower extremity 
DVT. 

In a series of experiments, animal models of abdominal and 
total hip operations were used to study the possibility of venous 
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endothelial damage distant from the operative site. In these 
studies, jugtllar veins were excised after the animals were 
perfusion-fixed. 1l1ese experiments demonstrated that endome
lial damage occurred after abdominal operations and were more 
severe after hip operations. 1l1ere were multiple microtears noted 
within tl1e valve cusps rhar resulted in exposure of rhe subendo
thelial matrix. 1l1e exact mechanisms whereby this i.njury at a 
distant site occurs, and which mediators, cellular or humoral, 
are responsible, are not clearly understood, but that the injury 
occurs is evident from these and other studies. 

Diagnostic Considerations 
lnddence Venous thromboembolism occurs for the first tin1e io 
approximately 100 persons/100,000 each year in tbe United 
States. 11us incidence increases with increasing age, with an inci
dence of 0.5%/100,000 at 80 years of age. More than cwo thirds 
of these patients have DVT alone, and the rest have evidence of 
pulmoJ1ary embolism. The recurrence rate with anticoagulation 
ha~ been noted to be 6% to 7% in the ensuing 6 months. 

In the United States, pulmonary embolism causes 50,000 
to 200,000 deaths arlllua!Jy. A 28-day case-fatali ty rate of9.4% 
after first-time DVT and of 15.1% after first- tin1e pulmonary 
thromboembollsm has been observed. Aside from pulmonary 
embolism, secondary CVI (resulting &om DVT) is significant 
in terms of cost, morbidity, and lifestyle limitations. 

If the consequences of DVT, in terms of pulmonary embo
lism and CVl, are to be prevented , the prevention, diagnosis, 
and uearmem of DVT must be optimized. 

Clinical Diagnosis 1l1e diagnosis of DVT requires a high index of 
suspicion. Most are familiar with Hon111n's sign, whid1 refers to 
pain in the calf on dorsiflexion of the foot. AJthough the absence 
of this sign is not a rellable indicator of the absence of venous 
thrombus, the finding of a positive Homan's sign should prompt 
one to attempt to confirm the diagnosis. 1l1e e>etent of venous 
thrombosis in the lower extremity is an in1portant factor in the 
manifestation of symptoms. For example, most calf thrombi 
may be asymptomatic unless there is proximal propagation. 1lus 
is one reason why radiolabeled fibrinogen testing demonstrates 
a higher incidence of DVT than studies using imaging modali
ties. Only 40% of patients with venous thrombosis have any 
clinical manifestations of the condition. 

Major venous thrombosis involving the iliofemoral venous 
system restllts in a massively swollen leg, with pitting edema 
(Fig. 65-12), pain, and blanching, a condition known as phleg
masitt alba do/ens. Witl1 further progression of disease, there may 
be such massive edema tbat arterial inflow can be compromised. 
1his condition results in a painful blue leg, a condition called 
phlegmasia cerulea do/ens. With tlus evolution of the condition, 
venous gangrene can develop unless Bow is restored. 

Post-thrombotic syndrome (PTS) is a common and wlfor
tunate manifestation of deep venous thrombus. It occurs in 20% 
to 50% of patients after a docttmcnted episode of DVT. 1l1e 
clinical presentation includes cl1tonic edema, pain, and venous 
claudication. Venous tllcerations occur. Risk factors for the 
development ofPTS include persistent leg symptoms for months 
after the acute episode of DVT, an anatomically extensive DVT 
involving the iliofemoral system, recurrent ipsilateral DVTs, and 
a prolonged state of subtherapeutic anticoagtllation for DVT. 
Unfortunately, treatment of PTS remains supportive and 
compression therapy remains the mainstay of treatment for 
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FIGURE 65-12 Edema. Note the loss of ankle definition. 

PTS. Some investigators have advocated the early use of throm
bolysis to prevent PTS, but that has not been consistently 
proven. 

Imaging Studies and Laboratory Tests 
Venography lnjection of contrast material into the venous system 
is the most accurate method of confirming DVT and its loca
tion. The superficial venous system has to be occluded with a 
tourniquet and tl1e veins in the foot are injected for visualization 
of the deep venous system. Although this is a good te.st for 
finding occlusive and nonocclusive thrombus, it is also invasive, 
subject ro risks of contrast, and requires interpretation, with a 
5% to 10% error rate. 

Impedance Plethysmography lmpedance plethysmography mea
sures the change in venous capacitance and rate of emptying of 
tl1e venous vol11.1me on temporary occlusion and release of the 
occlusion of the venous system. A cuff is inflated around the 
upper thigh tultU me electrical signal has plateaued. When 
the cuff is deflated, tl1ere is usually rapid outflow and reduction 
of volume. With a venous thrombosis, one notes a prolon
gation of the o utflow wave. lt is not useful diJ1ically for the 
detection of calf venous thrombosis and of patient~ with prior 
venous thrombosis. 

Fibrin and Fibrinogen Assoys Fibrin and fibrinogen levels can be 
determlned by measuring the degradation ofinrravascular fibrin. 
1l1e D-dimer test measures cross-Linked degradation products, 
which is a surrogate of plasmin's activity on fibrin. ln combina
tion with clinical evaluation and assessment, the sensitivity 
exceeds YO% to Y5%. The negative predictive value is YY.3% for 
proximal evaluation and 98.6% for distal evaluation. In the 
postoperative patient, D-dinJeJ is causalJy elevated because of 
surgery and, as such, a positive D-dimer assay for evaluating for 
DVT is not useful. However, a negative D-din1er test in patients 
with suspected DVT has a high negarive predictive val.ue, 
rangi11g from 97% to 99%.30 

Duplex Ultrasound 'TI1e current diagnostic test of choice for the 
diagnosis of DVT is duplex ultrasound, a modality that com
bines Doppler ultrasound and color Aow imaging. The advan
tage of this test is mat it is noninvasive, comprehensive, and 
without ru1y risk of reaction to contrast angiography. This test is 
also highly operator-dependem, which is one of irs potential 
drawbacks. 

Doppler ultrasound is based on the principle of the impair
ment of a11 accelerated flow signal caused by an intraluminal 
tlvombus. A detailed interrogation begins at the calf with 
imaging of the tibial veins ru1d then proximally over the popliteal 
and femoral veins. A properly done exanlination evaluates flow 
with distal compression, which results in augmentation of flow; 
ru1d with proximal compression, which should interrupt flow. lf 
any segment of the venous system being examined fails to dem
onstrate augmentation on compression, venous thrombosis is 
suspected. 

Real-time B mode ultrasonography with color flow imaging 
has improved the sensitivi ty and specificity of ultrasound scan
rung- With color flow dupJex imaging, blood flow can be imaged 
in the presence of a partially occluding tllrombus. The probe is 
also used to compress the vein. A normal vein is easily com
pressed, whereas in the presence of a thrombus, there is resis
tance to compression. L1 addition, the chroJlicity of the th.rombus 
can be evaluated ba<>ed on its imaging characteristics-namely; 
increased echogenidty and heterogeneity. Duplex imaging is 
significantly more sensitive d1ru1 ind,irect physiologic testing. 

Magnetic Resonance Venous lmoglng Wiili major advances in 
imaging tedmology, MRVJ has come to tbe forefront ofimagiJ1g 
for proximal venous disease. The cost and issue of patiem toler
ance because of claustrophobia limit its widespread application, 
but this bas been changing. It is a useful test for imaging the 
iliac veins and rvc, an area where the use of duplex ultrasotmd 
is Lin~ited. 

Prophylaxis 
The patient who has undergone major abdomiJ1al or orrhopedic 
surgery, has sustained major trauma, or has prolonged immobil
ity (>3 days) represents an elevated risk for the developmem of 
venous thromboembolism. The specific risk factor ru1alysis and 
epidemiologic studies detailing tl1e causes of venous thrombo
embolism are beyond the scope of thi~ chapter. The reader is 
referred to a more extensive ru1alysis of tllis problem.29 

The methods of prophylaxis can be mechruucal or phar
macologic. The s.in1plest method is for the patient to walk. 
Activation of the calf pump mechanism is an effective means of 
prophylaxis, as evidenced by the fact that few active people 
without underlying risk factors develop venous thrombosis. A 
patient who is expected to be up and walking within 24 to 48 
hours is at low risk fnr developing venous th.rombosis. 'TI1e 
practice of having a patient out of bed into a chair is one of the 
most thrombogenic positions that could be ordered for a 
patient. Sitting iJ1 a chair, with tl1e legs in a dependent position, 
causes venous pooling, which in tl1e postoperative milieu 
could easily be a predisposing factor for tbe development of 
tl1rom boem bolism. 

The most common metl1od of surgical prophylaxis has 
traditionally revolved arOLmd sequentiaJ compression devices, 
which periodically compress the calves ru1d essentially replicate 
the calf bellows mechanism. This has clearly reduced the 
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incidence of venous thromboembolism in d1e surgical patient. 
The most likely mechanism for the efficacy of this device is 
prevention of venous stasis. Some studies have suggested roar 
fibrinolytic activity systemically is enhanced by a sequemial 
compression device. However, this has not been definitively 
established, because a considerable number of studies have dem
onstrated no enhancement of fib rinolytic activity.l' 

Another tradi tional method of thromboprophylaxis has 
been the use of low-dose unfractionated heparin. The dosage 
traditionally used was 5000 U of unfractionated heparin every 
12 hours. However, analyses of trials comparing placebo versus 
fixed-dose heparin have shown d1at the stated dose of 5000 U 
SC every 12 hour!~ is no more effective wan placebo. When 
subcutaneous hepari.n is used on a dosing regimen every 8 hours, 
rather than every 12 hours, there is a reduction in the develop
ment of venous thromboembolism. 

More recen dy, a number of studies have revealed the effi
cacy of fractionated low-molecular-weight hepari_n (LMWH) for 
the prophylaxis and treatment of venous thromboembolism. 
LMWH inhibits factor Xa and llA activity, with the ratio of 
anti-factor Xa to anti-factor IIA activity ranging from l : 1 to 
4 : I. LMWH has a longer plasma half-life and significantly 
higher bioavailability. Th.e consistent bioavailability and clear
ance of LMWH do not require monitoring of factor Xa levels, 
which facilitates patient use. Dosing is merely based on the 
patient's weight. There is a more predictable anticoagulant 
response than with unfractionated heparin. No laboratory moni
toring is necessary because the partial d1Iomboplastin time 
(PTT) is unaffected. Various analyses, including a major meta
analysis, have shown that LMWH results in equivalent, if not 
better, efficacy, wid1 significantly less bleeding complications. It 
was first thought d1at LM\'<'H results in less bleeding than 
unfractionated heparin, but no clinical observations have con
firmed this. This property may be m(>re a function of dose than 
an intrinsic drug action. 

Comparison of LMWH with mechanical prophylaxis has 
demonstrated roe superiority of LMWH for reduction of the 
development of venous thromboembolic disease.32

'-
14 Prospective 

trials evaluatiJlg LMWH in head-injured and trauma patients 
have also proved the safety of LMWH, with no increase in 
intracranial bleeding or major bleeding at other sites.35 In addi
tion, LMWH shows a significant reduction iJl the development 
of venous thromboembolism compared with other methods. 

Thus, LMWH is considered we optimal method of pro
phylaxis for moderate- and high-risk patients. Even the tradi
tional reluctance to use heparin in high-risk groups, such as the 
multiply i11jured trauma patient and head-injured patient, must 
be reexanlined, given we efficacy and safety profile of LMWH 
in multiple prospective trials. 

Treatment 
After a diagnosis of venous thrombosis has been made, a treat
ment plan musl be instituted. Complications of calf DYT 
include proximal propagation of tl1Iombus in up to one dlird 
of hospitali7.ed patients and PTS. In addition, LLntreated lower 
extremity DYT carries a 30o/o recurrence rate. 

Any venous ri1Iombosis involving the femoropopliteal 
system is treated with full anticoagulation. TradicionaUy, the 
treatment of DVT has centered around heparin treatment to 
maintain the PTT at 60 to 80 seconds, followed by warfarin 
therapy to obtain an international normalized ratio (INR) of2.5 
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to 3.0. If unfractionated heparin is used, it is important to use 
a nomogram-based dosing therapy. The incidence of recurrent 
venous thromboembolism increases if the time to therapeutic 
anticoagulation is prolonged. Therefore, it is in1porra11t to reach 
therapeutic levels within 24 homs. fu1 initial bolus of 80 U/kg 
or 5000 units 1V bolus is administered, followed by 18 U/kg/ 
hr. The rate is dependent on a target JYTT corresponding to 
anti-factor Xa level of 0.3 to 0.7 unit/mL.~ 1 The JYIT needs to 
be checked 6 hours after any change in heparin dosing. Warfaru1 
is started on the same day. lf warfarin is initiated without 
heparin, the risk for a traJJSient hypercoagulable state exists 
because protein C and S levels faU before the other vitanlin 
K-dependent facrors arc depleted. Wiw the advent of LMWH, 
it is no longer necessary to admit the patient for IV heparin 
therapy. It is now accepted practice to administer LMWH on 
an outpatient basis, as a bridge to warfarin therapy, which is also 
monitored on an outpatient basis. 

1l1e recommended duration of anticoagulant therapy con
tinues to evolve. A minimum treatment time of 3 months is 
advocated iJ1 most cases. The recurrence rate is the same with 3 
versus 6 months of warfarin therapy. lf the patient has a known 
hypercoagulable state or has experienced episodes of venous 
thrombosis, however. lifetime anticoagulation is required in the 
absence of contraimiications. The accepted INR range is 2.0 to 
3.0; a randomized double-blind study has confirmed that a goal 
INR of 2.0 to 3.0 is more effective in preventing recurrent 
venous thromboembolism thru1 a low-intensity regimen with a 
goal INR of 1.0 to 1.9.36 Additionally, d1e low-intensicy regimen 
did not reduce the risk for clinically importrult bleeding. 

O ral anticoagulants are teratogenic ru1d thus cannot be 
used during pregnancy. In the case of the pregnant patient with 
venous thrombosis, LMWH is the treatment of choice; this is 
continued through delivery ru1d can be continued postpartun1, 
as indicated. 

Thrombolysis The advent of thrombolysis ha~ resulted in 
increased imerest in tl1Iombolysis for DVT. The purported 
benefit is preservation of valve function, with a subsequendy 
lesser chance of developing CVI. However, there have been few 
definitive convincing studies to support the use of thrombolytic 
therapy for DVT. 

One exception is the patient with phlegmasia, for whom 
thrombolysis is advocated for relief of significrult venous obstruc
tion. In this condition, thrombolytic therapy probably results in 
better relief of symptoms and less Long-term sequelae than 
heparin aJlticoagu!ation alone. 1l1e alternative for this condition 
is surgical venous thrombectomy. No matter which treatment is 
chosen, long-term anticoagulation is indicated. The incidence of 
major bleeding is higher witb lytic therapy? 5 

Endovasadar Reconstruction Chronic proxinlal venous occlusion 
of the iliofemoral system is a challenging clinical problem. The 
presemation is variable, and there is no reliable diagnostic 
modality to measure proxin1al iliofemoral venous stenosis and 
assess outflow obstmction accurately. 1l1e pathophysiology is 
often a combination of p rin1ary and secondary venous insuffi
ciency. 1l1erefore, evaluation and treatment can be challenging. 
Endovascular reconstruction removes rbc need for surgical 
bypass, ru1d has been used successfully. Recanalization of the 
occluded iliac vein is performed endova~cularly. Balloon dilation 
of d1e lesion is then performed, ru1d a stent is placed across the 
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dilated segmellt. Excellent results have been achieved, thereby 
obviating an open surgical procedure. Endovascular iliac therapy 
has evolved to become first-Bne tl1erapy for iliac occlusions. 

Upper Extremity Deep Venous Thrombosis 
Upper exrremil)' DVT is mucl1 less common than its lower 
extremity counterpart, constituting only approximately 5o/o of 
all documented DYTs. Ald1ough not as common, it is a serious 
problem; pulmonary embolism occurs in up to one tltird of aU 
patients with an upper extremity DVT. Upper e:>."tremity DVT 
usually refers to thrombosis of rhe axillary or subclavian veins. 
The syndrome can be divided into two categories, primary idio
pathic and secondary. 

Primary causes include Pager-Schroetter syndrome and 
idiopathic upper extremity DVT. Patients witl1 Paget-Schroetter 
syndrome devdop effort thrombosis of the extremity caused by 
compression of the subclavian vein, the venous component of 
thoracic outlet syndrome. A classic presentation involves a 
young athlete who uses the upper extremity in a repetitive 
motion, such as swimming, which causes repetitive extrinsic 
compression of the subclavian vein. In these patients, anatomic 
anomalies such as a cervical rib or myofascial bands cause the 
venous compression. Plain films arc one of the first diagnostic 
tests used to confirm thoracic oudet syndrome. Treatment with 
initial thrombolysis followed by first rib resection is the standard 
of care. Idloparb.ic upper extremity DVT is sometimes eventu
ally attributed to an occult malignancy, and therefore a diagnosis 
of idiopathic upper extremity DYT warrants evaluation for an 
undetected malignancy. 

Secondary causes of upper extremity DYT are more 
common. These include an indwdBog central venous catheter, 
pacemaker, thrombophilia, or malignancy. 

Classic findings on physical examination include unilateral 
swelling, pain, extremity discomfort, erythema, and a palpable 
cord. Diagnosis is confirmed by duplex ultrasonography. Because 
the clavicle obscures the midportion of me subclavian vein, 
venography or magnetic resonance venography may be required: 
these are second-line imaging modalities. 

Treatment 
Treatment of upper extremity DVT involves anticoagulation 
therapy. 1l1erapeutic dosing parameters are the same as for lower 
extremity DVT. Long-term complications of upper extremity 
DVT include recurrence and PTS. PTS is treated wim extremity 
elevation and graduated elastic corupression.37.38 

Vena cava Filter 1l1e most worrisome and potentially lethal com
plication of DVT is pulmonary embolism. The symptoms of 
pulmonary embolism, ranging from dyspnea, chest pain, and 
hypoxia to acute cor pulmonale, are nonspecific and require a 
high index of suspicion. The gold standard ren1ains pulmonary 
angiography but, increasingly, this has been displaced by com
puted tomography angiography (CTA). 

Adequate anticoagulation is usually effective for stabilizing 
venous thrombosis but, if a patient develops a pulmonary embo
Lism iJl the presence of adequate anticoagulation, a vena cava 
filter is indicated. 1l1e general indications for a vena cava filter 
are Bsted in Box 65-3. Modern filters are placed percutaneously 
over a guidewire. 1he Greenfield filter, most extensively used and 
studied, has a 95% patency rare and a 4% recurrent embolism 
rate. This high patency rare allows for safe suprarenal placement 

Recurrent thromboembolism despite adequate anticoa
gulation 

Deep venous thrombosis in a patient with contraindications to 
a nticoagulation 

Chronic pulmonary embolism and resultant pulmonary 
hypertension 

, Complications of anticoagulation 
Propagating iliofemoral venous thrombus in anticoagulation 

if tllere is involvement of the rvc up to me renal veins or if it 
is placed in a woman in her childbearing years. 

Device-related complications are wound hematoma, migra
tion of ilie device into the pulmonary artery, and caval occlusion 
caused by trapping of a large embolus. In tl1e latter situation, 
tl1e dramatic hypotension that accompanies acute caval occlu
sion can be mistaken for a massive pulmonary embolism. The 
distinction herween the hypovolemia of caval occlusion and tl1e 
right heart failure from pulmonary embolism can be made b)l 
measuring filling pressures of the right side of the heart. 1he 
treatment of caval occlusion is volume resuscitation. 

Retrievable Vena cava Filters Altl1ougb generally safe, fVC filters 
are not witl1out risk and significant morbidity. Therefore, per
manent placement of a caval filter, particularly in a yotmg 
patient who may only require short-term caval protection, is not 
generally accepted. Retrievable filters entered d1e field as a 
potential solution for the patient with temporary indications for 
pulmonary embolus prophylaxis. lllerc arc three retrievable rvc 
filters mat have U.S. Food and Drug Administration (FDA) 
approval-the Recovery filter (Bard, Helsingborg, Sweden), 
OptEasc filter (Cordis, Johnson & Johnson Gateway, Piscat
away, NJ), and Gunther-Tulip filter (C()ok Medical, Blooming
ton, lnd). 1l1ese filters vary slightly with respect to shape and 
length. AU can be deployed from rhe internal jugular vein or 
femoral vein and retrieved from the right jugular vein (Gunther
Tulip and Recovery) or right femoral vein (OptEase). Before 
retrieval, venography is performed ro ensure iliar there is no 
nidus of rvc thrombus in the filter. 1l1ese filters can be p laced 
in an angiography suite or at the bedside using intravascular 
ultrasound. A major advantage to retrievable filters is that they 
may be removed when rhe patient no longer requires pulmonar}' 
embolism protection or can undergo anticoagulation. Patient 
groups that may benefit from retrievable filters include multiple
trauma patiencs and b.igb-risk surgical patients. Insertion com
plications reported include vena cava perforation, filter 
migration, and venous thrombosis at the insertion sire. Retrieval 
C()mplications include failure t() retrieve the filter, thrombus 
embolization from the fil ter, vein retrieval site thrombus, and 
groin hematoma. However, the role of retrievable filters 
conti.nues ro be a work i.n progress. Further investigation is 
requi red before definitive practice guidelines can be established 
(Box 65-4).J9.4° 

Superficial Thrombophlebitis 
Superficial thrombophlebitis is a common disorder, diagnosed 
in tl1e hospital and outpatient setting. ln hospitalized patients, 
superficial thrombophlebitis is usually caused by an indwelling 
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BOX 65-4 Indications for Placement of a Retrievable Inferior 
Vena Cava Filter · · 

Prophylactic placement in a high-risk trauma patient (orthope-
dic, spinal cord patients) 

Short-term duration, contraindication of anticoagulation therapy 
Protection during venous thrombolytic therapy 
Extensive iliocaval thrombosis 

catheter. In the cllnic, patients with thrombophlebitis report 
common predisposing risk factors, such as recent surgery, recent 
childbirth, venous srasis, varicose ve.ins, or IV drug use. Patients 
who d eny any of these factors may be classified with idiopathic 
thrombophlebitis. In these ca..es, care must be taken to ensure 
that the patient does not harbor an occult hypercoagulable state 
or occult malignancy. In 1876, Trousseau identi.f:ied the phe
nomenon of migratory thrombophlebitis and malignancy, par
ticularly involving the tail of the pancreas. Mondor's disease 
involves superficial thrombophlebitis of the superficial veins of 
the breast. Diagnosis of superficial thrombophlebitis can be 
easily made by ph)'Sical examination of an erythematous pal
pable cord coursing along a superficial vein, usually located 
along the lower extremities. Duplex ultrasonography is used if 
there is suspiciorn of proximal propagation into the deep venous 
system. With this diagnosis of DVT, anticoagulation is indi
cated. If, however, thrombus abuts the saphenofemoral junction, 
treatment of th.is more elusive condition is controversial. Some 
authors recommend serial ultrasound and others anticoagula
tion; another alternative is o perative ligation at the junction. 

The treatment of localized noncomplicated thrombophle
bitis involves conservative d1erapy, whid1 consists of anti
inflammatory medication and compression stockings. When the 
thrombophlebitis invo lves clusters of varicosities, partimlarly in 
the lower extremities, excision is indicated. Selective removal of 
the emire vein allong irs course is only indicated in the rare case 
of suppurative septic thrombophlebitis after all o ther sources of 
sepsis have been excluded. 

CONCLUSION 
The spectrum of venous disease is widespread and dive rse, pro
viding surgeons who fully w1dersrand the unique physiology of 
veins a rewarding and rich arena for fucure investigation. 
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EMBRYOLOGY AND ANATOMY 
1he primordial lymphatic system is first seen during the sixth 
week of development in the form of lymph sacs located next to 
the jugular veins. During the eighth week, the cisterna chyU 
forms just dorsal co d1e aorta and, at dle same time, two addi
tional lymphatic sacs corresponding to the iliofemoral vascular 
pedicle.~ begin formi11g. Communicating chat1J1cls connecting 
the lymph sacs, whlcll will become me moracic duct, develop 
during the ninth week. 

From this primordial lymphatic system sprout endothelial 
buds that grow with the venous system to form the peripheral 
lymphatic plexus (Fig. 66-1). Failure of one of the initial jugular 
lymphatic sacs to develop proper connections and drainage with 
the lymphatic and, subsequently, venous system may produce 
focal lymph cysts (cavernous lymphangiomas), also known as 
cystic hygromtls. 1 Similarly, failure of embryologic remnants of 
lymphatic tissu<:-s to connect to efferent charmels lead co the 
development of cystic lymphatic fom1ations (simple capillary 
lymphangiomas) that, depending on their location, are classified 
as truncal, mesenteric, intestinal, and retroperitoneal lymphan
giomas. Hypoplasia or failure of development of drainage chan
nels connecting the lymphatic systems of extremities to the main 
primordial lymphatic system of the torso may result in primary 
lymphedema of the extremities. 

Lymphangiogenesis appears to be regulated by vascular 
endothelial growth factors C and D (VEGF-C, YEGF-D), their 
receptor VEGFR-3, and their binding protein, neurophiliJl-2 
(Nrp2). Consistent with these findings, Nrp2-dcficient mice 
have lymphatic hypoplasia and the heterozygous inactivating 
mutation ofVEGFR-3 is found in Chy mice, an aninlal model 
of primary lymphedema, which appears to be the w1derlying 
problem in patient~ with Milroy's disease (congenital familial 
lymphedema).2 

FUNCTION AND STRUCTURE 
The lymphatic system is composed of three elements: 

L Initial or terrninal lymphatic capillaries, which absorb 
lymph 

2. Collecting vessels, which serve primarily as conduits for 
lymph transport 

3. Lymph nodes, which are interposed in the pathway of the 
conducting vessels, filtering the lymph and serving a 
primary immtmologic role 
The terminal lymphatics have special structural character

istics that allow entry not only oflarge macromolecules, but even 
cells and microbes. Their most important structural feature is a 
high porosity resulting from a very small number of tight jw1c
tions between endothelial cells, a limited and irlcomplete base
ment membrane, and anchoring filan1ents ( 4 to I 0 nm) tetherirlg 
the interstitial matrix to the endothelial cells. 'TI1ese filaments, 
once the turgor of me tissue increases, are able to pull on the 
endothelial cells, and essentially introduce large gaps between 
them, which then allow for low-resistance influx of interstitial 
Auid and macromolecules into the lymphatic cl1annels. 11te col
lecting vessels ascend alongside me primary blood vessels of the 
organ or limb, pass through the regional lymph nodes, and drain 
irlto the main lymph channels of dle torso. '111ese d1annels 
eventually en1pty into the venous system via the thoracic duct. 
'TI1ere are additional communications between the lymphatic 
and veJ1ous systems. These smaller lympbovenous shunts mostly 
occur at the level of lymph nodes and arow1d major venous 
structures, such as the jugular, subclavian, and iliac veins. Several 
structures in the body contai.n no lymphatics. Specifically, .lym
phatics have not been found in me epidermis, cornea, central 
nervous system, cartilage, tendon, and rnusde. 

'TI1c lymphatic system bas three maiJ1 functions. First, 
tissue fluid and macromolecules that tmdergo ultrafiltration at 
the level of the arterial capillaries are reabsorbed and returned 
to the circulation through the lymphatic system. Every day, 50% 
to l OOo/o of the irltravascular proteins are filtered this way ill the 
interstitial space. Normally, they then enter the terminal lym
phatics and are transported through the collecting lymphatics 
back into the venous circulation. Second, microbes arriving in 
the interstitial space enter the lymphatic system and are pre
sented to dle lymph nodes, which represent the first line of the 
immume system. Tiurd, at the level of the ga~trointestinal tract, 
lymph vessels are responsible for d1e uptake and rranspon of 
most of the fat absorbed &om the bowel. 

In contrast to what happens with venous forward Aow, 
lymph's centripetal transport occurs mainly througb intrinsic 
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contractility of the il1dividual lympbatic vessels, whicb, in 
concert with competent valvular mechanisms, is effective in 
establishing comtant forward flow of lymph. In addition to the 
inninsic conrractili ty, other factors, such as surrounding muscu
lar activity, negative pressure secondary to breathing, and trans
nutted arterial pulsations, have a lesser role ill the torward lymph 
flow. These secondary factors appear to become more important 
w1der conditions of lymph stasis and congestion of the lym
phatic vessels. 

PATHOPHYSIOLOGY AND STAGING 
Lymphedema is the result of an inability of the existing lym
phatic system ro accommodate the protein and fluid entering 
the interstitial compartment at the tissue level.3 L1 the first stage 
of lymphedema, impaired lymphatic drainage results in protein
rich fluid accumulation m the interstitial compartment. Clini
cally, this manifests as soft pitting edema. Ln the secund stage uf 
lymphedema, the dillical condition is further exacerbated by the 
accumtdation of fibroblasts, adipocytes and, perhaps most 
importantly, macropbages in the affected tissues, which culmi
nate m a local inflammatory response. This results in important 
structural changes from the deposition of corll1ective tissue and 
adipose elements at the skin and subcutaneous level. L1 the 
second stage of lymphedema, tissue edema is more pronounced, 
is nonpitting, and has a spongy consistency. In the th ird and 
most advanced stage of lymphedema, the affected tissues sustain 
furtl1cr injury as a result of the local inflammatory response and 
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FIGURE 66-1 Major anatomic pathways and lymph 
node groups of the lymphatic system. 

recurrent infectious episodes that typicaUy result from mmimal 
subcwlicalskin breaks in the skin. Such repeated episodes mjure 
tl1e incompetent remaining lymphatic channels, progressively 
worsening the underlying msufficiency of the lymphatic system. 
1llis eventually results in excessive subcutaneous fibrosis and 
scarring, with associated severe skin changes characteristic of 
lymp hostatic elephantiasis. 

DIFFERENTIAL DIAGNOSIS 
In most patients with second- ur third-stage lymphedema, the 
characteristic findil1gs of the physical examination can usually 
establish the diagnosis. The edematous lm1b has a firm and 
hardened consistency. 1l1ere is loss of the normal pcrm1alleolar 
shape, restdtmg ill a tree trunk pattern. The dorsum of the foor 
is characteristically swollen, resulting in the appearance of the 
so-called bu.ffolo hump, and the toc,s become thick and squared 
(Fig. 66-2). ln advanced lymphedema, the skin tmdergoes dlar
actcristic changes sud1 as lichenification, development of peau 
d'ora.nge, and hypeckeratosis.3 Also, patients give a history of 
recurrent episodes of cellulitis and lymphangitis after trivial 
trauma, and frequently present with fungal mfections affecting 
tl1e forefoot and toes. Patients with isolated lymphedema usually 
do not have the hyperpigmentation or ulceration one rypicaUy 
sees in patients with chronic venous insufficiency. Lympheden1a 
does not respond significantly to overnight elevation, whereas 
edema secondary to central organ failure or venous insuffi
ciency does. 
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FIGURE 66-2 lyrmphedema with characteristic loss of the normal 
perimalleolar shape, resulting in a tree trunk pattern. The dorsum of 
the foot is characteristically swollen, resulting in the appearance of 
the so-called buffalo hump. 

'TI1e evaluation of a swollen extremity should start with a 
detaUed history and physical examination. The usual causes of 
bilateral exrremity edema are of systemic origin; the most 
common is cardiac failure, followed by renal failure.4 Hypo
proteinemia secondary to cirrhosis, nephrotic syndrome, and 
malnutrition can also produce bilateral lower extremity edema. 
Another important cause to consider with bilateral leg enlarge
ment is lipedema. Lipedema is not true edema but, rather, 
excessive subcutaneous fat typically found in obese women. It is 
hilateral, nonpitring, and greatest at the ankle and legs, with 
d1aracteristic sparing of the feet. There arc no skin d1anges and 
the enlargement is not affected by elevation. The history usually 
iJ1dicates that this has been a lifelong problem that runs in the 
family. 

Once the systemic causes of edema are excluded, edema 
secondary to venous and lympl1atic pathology should be consid
ered in the patiem with unilateral extremity involvemem. 
Venous pathok>b'Y is the most common cause of tmilateral leg 
edema. Leg edema secondary to venous disease is usually pitting 
and is greatest at the legs and ankles, with a sparing of the feet. 
'TI1e edema responds promptly tO overnight leg elevation. In the 
later stages, the skin is atrophic, with brawny pigmentation. 
Ulceratio11 associated with venous insufficiency occurs above or 
posterior to and beneath the malleoli. 

CLASSIFICAnON 
Lymphedema is generally classified as primary when there is no 
known cause ru1d as secondary when its cause is a known disease 
or disorder.5 Primary lymphedema has generally been classified 
on the basis of the age of onset and presence of familial cluster
ing. Primary lymphedema with onset before the first year of life 
is called congenitaL. TI1e fan:Uiial version of congenital lymph
edema is known :as Milroy's disense ru1d is inherited as a dominant 
trait. Primary lymphedema with onset between the ages of 1 and 
35 years is called ljmphedem11 pmecox. The familial version of 
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lymphedema praecox is known as Mcige's disease. Finally, 
primary lymphedema with onset after the age of 35 years is 
called Lymphedema tttrda. 

The primary lymphedemas are relatively uncommon, 
occurring in L/10,000 individuals. 'TI1e most common form of 
primary lymphedema is praecox, which accoums for approxi
mately 80% of patients. Congenital and tarda lymphedemas 
each accoum for the remaining 10%. Worldwide. tbe most 
common cause of secondary lymphedema is infestation of the 
lymph nodes by the parasite Wuchereritt bancrofti in the disease 
state caLled bmphatic filariLTsis. L1 developed countries, the most 
common causes of secondary lymphedema involve resection or 
ablation of regional lymph nodes by surgery, radiation therapy, 
tumor invasion, direct trauma or. less commonly, an infectious 
process. 

DIAGN05nC TESTS 
'TI1e diagnosis of lymphedema is relatively easy in the patient 
who presents in the second or third stage of the disease. It can, 
however, be a difficult diagnosis to make in the first stage, par
ticularJy when the edema is mild, pitting, ru1d relieved with 
simple maneuvers such as elevation.5•

6 For patients wi th sus
pected secondary forms oflymphedema. computed tomography 
(CT) and magnetic resonance imaging (MRI) are valuable ru1d 
essential for the exclusion of underlying oncologic disease states. 
In patients with known lymph node excision ru1d radiation treat
ment as the underlying problem of their lymphedema, addi
tional .diagnostic studies are rarely needed, except as they relate 
to follow-up of an tmderlying malignru1cy. For patients with 
eden1a of unknown cause and a suspicion for lympheden1a, 
lymphoscintigraphy is the diagnostic test of choice. When lym
phoscintigraphy confirms that lymphatic drainage is delayed, 
the diagnosis of prin1ary lymphedema should never be made 
unti l neoplasia involving the regional and central lymphatic 
drainage of the limb has been excluded via CT or MRI. lf a 
more detailed diagnostic interpretation of lymphatic channels is 
needed for operative p lruming, contrast lymphru1giography may 
be considered. 

Lymphoscintigraphy (or isotope lymphography) has 
emerged as cl1e test of choice in patients with suspected lymph
edenla .. 7.s It cannot differentiate between prin1ary an.d secondary 
lymphedema~. but it has a sensitivity of 70% to 90% ru1d a 
specificity of almost 100% in differemiating lymphedema from 
other causes of limb swelling. The test assesses lymphatic func
tion by quruuitating the rate of clearance of a radiolabeled 
macromolecular tracer (Fig. 66-3). 'TI1e advantages of the tech
nique arc that it is simple, safe, and reproducible, with low 
exposure to radioactivity (::;5 mCi). It involves the injection of 
a small amount (2-3 mCi injection in 0.2 mL of saline) of 
radioiodinated humru1 albumiJJ or 9?-f c-labeled sulfide colloid 
into cl1e first interdigital space of the foot or hru1d. Migration of 
the radiotracer within the skin and subcutaneous lymphatics 
is easily monitored with a whole-body gamma CaJllcra, thus 
producing dear images of the major lymphatic chrumels in 
the leg and amount of radioactivity at the inguinal nodes 30 
and 60 minutes after injection of the radiolabeled substance in 
the feet. An uptake value less than 0.3o/o of the total injected 
dose at 30 minutes is diagnostic of lymphedema. The normal 
rru1ge of uptake is from 0.6% to 1.6%. In patients wid1 edema 
secondary to venous disease, isotope clearance is usually abnor
mally rapid, resulting in more than 2o/o ilioinguinal uptake. 
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FIGURE 66-3 lymphoscintigraphic pattern in primary lymphedema. 
Note the area of dermal backflow on the left and diminished number 
of lymph nodes in the groin. (From Cambria RA, Gloviczki P, Naessens 
JM, Wallner HW: Noninvasive evaluation of the lymphatic system with 
lyrnphoscintigraphy: A prospective, semiquantitative analysis in 386 
extremities. J Vase Surg 18:773-782, 1993.) 

Note that variations in the degree of edema involving the lower 
extremity do not appear to change the rate of isotope clearance 
significantly. 

Direct contrast lymphangiography provides the finest 
details of the lymphatic anatomy.9 However, lt is an invasive 
study that involves exposure and cannulation of lymphatics at 
the dorsum of the forefoot, followed by slow injection of con
trast medium (ethlodized oil). The procedure is tedious, the 
cannulation ofrteJl necessitates the use of magnification optics 
(an operating microscope is often needed}, and tl1e dissection 
requires ~orne fom1 of anesthetic. After cannulation of a super
ficial lymph vessel, contrast material is slowly injected into the 
lymphatic system .. A total of7 to 10 mL of contrast is ideal for 
lower extremity and 4 to 5 mL for upper extremity evaluation. 
Potential complications include dan1age of the visualized lym
phatics, allergic reactions, and pulmonary embotism if the oil
based contrast enters the venous system through lymphovenous 
anastomoses. At present, lymphangiography in the practice of 
vascular surgery is used infrequently and is reserved for the 
preoperative evaluation of select patients who are candidates for 
direct surgery on their lymphatic vessels. 

New Diagnostic Tests 
The 6eld of lymphatic imaging is constantly evolving. We can 
expect mat technologic advances, C()mbined With the devd<lp
ment of new contrast agents, will continue to improve diagnos
tic accuracy. 7 The most promising new test appears to be contrast 
magnetic resonance lymphangiography.10 1l1is test is performed 
after the intracutaneous i.njection of gadobenate dimeglurnine 
into the interdigital webs of the dorsal f<lot. Reported data have 
suggested that the new test is capable of visualizing tl1e anatomy 
and fwKtional status of lymph Aow transport of lymphatic 
vessels and lymph nodes of lymphedematous limbs . 

TREATMENT 
The Large majority of lymphedema patients can be treated wiili 
a combination of limb elevation, a high quality compression 
garment, complex decongestive physical therapy, and compres
sion pump therapy. The class of medications known as bmzopy
rones is still under investigation in the United States, but may 
find a place in the care of lymphedema. Operative treatment 
may be considered for patients with advanced complicated 
lymphedema whn fail management with nonoperative means. 

Generallberapeutic Measures 
All patiems with lymphedema should be educated in metiaJous 
skin care and avoidance of injuries.6·' ' ·

12 Patients should always 
be instmcted to see tl1eir physician early for signs of infections 
because these may progress rapidly to serious systemic infections. 
Wections sl1ottld be aggressively and promptly treared with 
appropriate antibiotics directed at gran1-positive cocci. Eczema 
at the level of the forefoot and toes requires treatment; 
hydrocortisone-based creams may be C<lnsideted. Additionally:. 
basic range of motion exercises for the extremities have been 
shown to be of value in the management of lymphedema in the 
long term. Finally, patients should make every effort to mai main 
ideal body weight. 

Spec:if"K Treatment Measures 

Elevation and Compression Garments 
For lymphedema patients in aU stages <lf disease, management 
with high-quality elastic garments is necessary at all tin1es, except 
when the legs are elevated above the heart.'3·'

4 1l1e ideal com
pression garment is custom-fitted and dellvers pressures in the 
range of 30 to 60 mm Hg. TileSe garments may have me addi
tional benefit of protecting the extremity from injuries such as 
burns, lacerations, and insect bites. Patients should avoid stand
ing for prolonged periods and should elevate their legs at night 
by supporting the foot of the bed on 15-cm blocks. 

Complex Decongestive Physical Therapy 
lllls specialized massage tecllnlque for patien~ witl1 lymph
edema is designed to stimulate the still-functioning lymph 
vessels, evacuate stagnant protein-rich fluid by breaking up sub
cutaneous deposits of fibrous tissue, and redirect lymph Auid to 
areas of the body where lymph Aow is normal.'5 1l1e technique 
is initiated on the normal contralateral side of the body, evacuat
ing excessive Auid and preparing fi rst the lymphatic zones of the 
nonaifecred extremity, followed by the zones in the trunk quad
rant adjacent to the affected limb, before atrention is turned to 
the swollen extren1ity. 1l1e affected extren1ity is massaged in a 
segmental fashion, with the proximal zones being massaged first 
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and then proceedlng to the distal limb. 1he technique is time
consuming but effective in reducing the volume of the lymph
edematous Limbs. After the massage session is complete, the 
extremity is wrapped with a low-stretch wrap and the limb is 
placed in the custom-fitted garment to maintain the decreased 
girth obtained with the massage therapy. 'TI1is rype of therapy is 
appropriate for patients with all stages of lymphedema. 

When the patient is first referred for complex decongestive 
physical therapy (CDP), the patient undergoes daily to weekly 
massage sessions for up to 8 to 12 weeks. Limb elevation and 
elastic stockings are a necessary adjunct in tll.is phase. After 
maximal volume reduction is adl.ieved, the patient returns for 
maimenance massage treatments every 2 ro 3 momhs. 

Compression Pump Therapy 
Pneumatic compression pump therapy is another effective 
method for reducing the volume of the lymphedematous limb, 
using a principle sin1iJar to that for massage cl1erapy. 'TI1e device 
consists of a sleeve containi ng several compartments. 'TI1e lymph
edematous limb is positioned inside tl1c sleeve and the compart
ments are seria!Jy i.n.Bated to milk the stagnant fluid out of cl1e 
excremity.16 

When a patient with advanced lymphedema is fuse referred 
for therapy, an initial approach witl1 hospitalization for 3 to 4 
days, involving strict limb elevation, daily CDP, and compres
sion pump treatments, may be necessary to ad:tieve optimal 
control of cl1e lymphedema. Patients with cardiac or renal dys
fLmction should lbe monitored for 8.uid overload. Following this 
initial period of intensive therapy, the patient is fined with a 
!ugh-quality compression garment co maintain the limb volume. 
Maintenance sessions are the11 prescribed for tl1e patients on an 
as-needed basis. 

Drug Therapy 
Benzopyrones can be effective agents i11 the treatment of 
lymphedema. 1his class of medications, including coumarin 
{1.2-benzopyrone), is thought to reduce lymphedema through 
stimulation of proteolysis by tissue macrophages and stimula
tion of the peristalsis ru1d pumping action of the collecting 
lymphatics. Benzopyrones have no anticoagulrult activity. 1l1e 
first randomi7..ed crossover trial of coumarin in patients with 
lymphedema of the arms and legs wa~ reported in 1993.17 The 
study concluded that coumarin was more effective than placebo 
in reducing not only volume; other important parameters, sud1 
as skin temperature, acracks of secondary acute i.nflan1Jllation. 
discomfort of the lymphedematous extremities, skin turgor, 
and suppleness were improved with coumarin. A second ran
domized crossover trial was reported in 1999.18 1l:tis study 
focused on the effects of coumarin in women with secondary 
lymphedema after treatment for breast cancer, but the study 
found that coumarin was not effective therapy for tl:tis specific 
group of women. Because of the disagreen1ent between these 
two major trials. the enthusiasm for the use of benzopyrones in 
the United States has been tempered. Additional trials should 
be undertaken to clarify the potential e·ffects of the medications 
on primary ru1d secondary lymphedemas in different extrenli
ties ru1d stages. 

Diuretics may temporarily improve the appearance of the 
lympheden1atous extremjry, with stage I disease leading patients 
to request continuous therapy. However, other than producing 
temporary intravascular volume depletion, there is no long-term 
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benefi t. 111lls, diuretics have no role in the treatment of lymph
edema at any stage. 

Molecular Lymphangiogenesis 
Fundamental discoveries in lymphatic development have 
poinred ro the potential of new treatmenrs for lymphedema. 
'TI1ese molecular treatments are ba~d on cl1e activation of the 
VEGFR-3 pathway by admiJlistration of cognate ligands 
VEGF-C and VEGF-D using a variety of methods.'9 At tl:tis 
point these treatments have only been tested in animal models 
with pronl.ising results. Formal clinical trials arc now needed to 
evaluate the merapeutic potential aJld possible lmtoward effects 
(including the possibility of stimulation of dormru1t tumor cells 
as a consequence of increased angiogenesis) of therapeutic 
lymph angiogenesis. 20 

Operative Treabnent 
Of patients with lymphedema, 95% can be managed nonopera
tively. Surgical intervention may be considered for patients with 
stage II and llllymphcdema who have severe fuJlctional impair
ment, recurrent episodes of lymphal1gitis, and severe pain, 
despite optimal medical therapy. Two main categories of opera
tions are available for the care of patients with lymphedema, 
reconstructive and excisional. 

Reconstructive surgerl ' ..!1 should be considered for those 
patients with proximal (primary or secondary) obstruction of 
the extremity lymphatic circulation with preserved dilated lym
phatics distal to the obsuuction. In these patients, the residual 
dilated lymphatics can be anastomosed to nearby veins or to 

transposed healthy lymphatic cl1rucnels, usuatly mobilized or 
harvested from the contralateral extrenlity, in an attempt to 
restore effective drainage of the lymphedematous extremity. 
u eatmellt of selected lymphedema patients with lymphovenous 
anastomoses has resulted in objective improvement in 30% to 
60% of tl1c patients, with ru1 average initial reduction in the 
excess limb volume of 40% co 50%_23..!4 

For patients with prin1ary lymphedema who have hypo
plastic and fibrotic distal lymphatic vessels, sud1 reconstruc
tions are not an option. For these patients, surgical strategy 
involving the trru1sfer of lymphatic-bearing tissue (portion of 
the greater omentum) into me affected Limb has been 
attempted. lllis is intended to connect the residual hypoplastic 
lymphatic channels of the leg co competent lymphatics in the 
transferred tissue. Omental flap operations have been found to 
have poor results?5 Alternatively, a segment of the ileum can 
be disconnected from the rest of the bowel, stripped of its 
mucos·a, ru1d mobili1..ed to be sewn onto the cut surface of 
residual ilioinguinal nodes in an attempt to bridge the lower 
extremity with mesenteric lymphatics. When this enteromesen
teric bridge procedure was applied to a group of eight carefully 
selected patients, the outcomes were pron:tising, with six 
patients showing sustained clinical improvement over a long 
follow-up.~6 

Excisional operations are essentia!Jy the only viable option 
for patients without residual lymphatics of adequate size for 
reconstructive procedures. For patients with reca.lcitrru1t stage II 
ru1d early stage [l[ lymphedema, iJ1 whom the edema is moderate 
and the skin is relatively healthy, an excisional procedure char 
removes a large segment of the lymphedematous subcutaneous 
tissues and overlying skin is cl1e procedure of cl10ice. This pallia
tive procedure was introduced by Kontoleon in 1918 and was 
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later popularized by Homan as "staged subcutaneous excision 
underneath flaps" (Fig. 66-4). 

The operative approach starts with a medial incision 
extending from the level of the medial malleolus through the 
calf i.nco the rnidtbigh.'~.:os Flaps approximately 1 to 2 em thick 
are elevated anteriorly and posteriorly and all subcutaneous 
tissue beneath rhe flaps, along with the underlying medial calf 
deep fascia, are removed with the redundant skin. 1l1e smal 
nerve is preserved. After the first-stage procedure is completed 
and if addirionallymphedemarous tissue removal is necessary, a 
second operation is performed, usually 3 to 6 months later. The 
second-stage operation is carried our usi11g a similar technique 
through an incision on the lateral aspect of the:: limb. fn a long
term follow-up study, 80o/o of patients undergoing staged 
subcutaneous excision underneath flaps had significant and 
long-lasting reduction in extremity size associated with improved 
function and contour of the treated extremity contour. Wound 
complications were encountered in l Oo/o of patients?~ A mini
mally invasive version of the Kontoleon procedure has been 
gaini ng increasing support an1ong lymphedema experts.'., 
Recent reports have demonstrated that the usc of liposuction 
through small incisions is safe and is able ro achieve control, 
at least over a short term, of clinically disabling conditions 

FIGURE 66-4 A-C. Schematic representation of Kontoleon's or 
Homan's procedure. Relatively thick skin Haps are raised ante
riorly and posteriorly and all subcutaneous tissue beneath the 
flaps and underlying medial calf deep fascia is removed, along 
with the necessary redundant skin. 

associated with advanced stages of lymphedema. Surgeons with 
experience in tll.is tech•lique recommend initial conservative 
treatment of pitting lymphedema to remove excess fluid, fol
lowed by liposuction to remove remaiJ1i.ng excess volume bother
some to the patiem.30 

When the lymphedema is extremely pronow1ced and the 
skin is unhealthy and infected, the simple reducing operation of 
Kontoleon is not adequate. In this case, the classic excisional 
operation originally described by Charles in 1912 is performed 
(Fig. 66-5). The procedure involves complete and circumferen
tial excision of the skin, subcutaneous tissue, and deep fascia of 
the involved kg and dorsum of the foot. 31 The excision is usually 
performed in one stage and coverage is provided preferably by 
full-thickness grafting from d1e excised skin. In a follow-up 
study, patients subjected to Charles' operation had immediate 
volume and circumference reduction. The skin graft take was 
88o/o; complications consisted prin1arily of wound infections, 
hematomas, and necrosis of skin flaps. The hospital stay was 21 
to 36 days.31 Although this is a successful and radically reducing 
operation, the behavior in the healing skin graft is unpredictable. 
From lOo/o to l5o/o of tbc grafted segments do not take and can 
be diJficult to manage because of frequent localized sloughing, 
excessive scarring, focal recurrent infections, and hyperkeratosis 
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or dermatitis. 'TI1cse complications seem to be worse in patients 
in whom leg resurfacing was performed using spilt-thickness 
grafts from the opposite extremity. ln advanced cases, exophytic 
changes within the grafted skin, chronic ceUul itis, and skin 
breakdown may eventually lead to leg an1putation.'3 

LYMPHATIC DISORDERS 

Chylothorax 
Chylous pleural effusion is usually secondary to thoracic duct 
trauma--usually iatrogenic after chest surgery-and rarely a 
manifestation of advanced malignant disease with lymphatic 
metastasis.34 The presence of cbylomlcmns on lipoprotein analy
sis and a triglyceride level higher than 110 mg/dL in the pleural 
fluid are dlagnostic. InitiaUy, patients can be treated nonopera
tivdy with tube !thoracostomy and a medium-chain triglyceride 
dlet or total parenteral nutrition. For patients with thoracic duct 
injury and an effusion that persists after 1 week of drainage, 
video-assisted thoracoscopy or thoracotomy should be used to 
identify and llga·te the thoracic duct above and below the Leak. 
1he site of the reak can be identi6ed if crean1 is given to the 
patient a few hours before surgery. For patients with cancer
related chylothorax and persistent drainage, despite optimal 
chemotherapy and radiation therapy, pleurodesis is highly suc
cessful in preventing recurrence.35 

Chyloperitoneum 
fn contrast to chylothorax, thc:: most common cause of chylous 
ascites is congenital lymphatic abnormalities in children and 
malignancy involving the abdominal lymph nodes in adults. 
Postoperative injury to abdominal lymphatics resulting in 
chylous ascites is rare.36 1he presence of chylomicrons on lipo
protein analysis and a triglyceride level higher than IlO mg/dL 
are, again dlagnostlc. Initial treatment includes paracentesis fol
lowed by a medium-chain triglyceride diet or total parenteral 
nutrition. ln patients with postoperative chyloperitoneum, if 
asci res does not respond afte.r 1 to 2 weeks of nonoperative man
agement, exploration should be used to identify and ligate the 
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FIGUR£ 66-5 A-<. Schematic representation of 
Charles' procedure. This involves complete and 
circumferential excision of the skin, subcutane
ous tissue, and deep fascia of the involved leg 
and dorsum of the foot. Coverage is provided 
preferably by full-thickness grafting from the 
excised skin. 

leaking lymphatic duct. Congenital and malignant causes should 
be given longer periods (up to 4 to 6 weeks) of nonoperative 
management. [f ascites persists in patients with congenital 
ascites, lymphosci.ntigraphy or lymphangiography is performed 
prior to attempting to control cl1e leak with celiotomy. At the 
time of exploration, control of the leak can he achieved by llga
tion of leaking lymphatic vessels or resection of the bowel associ
ated witb cl1e leak. Patients with malignancies should receive 
aggressive management for their underlying dlsease, which gen
erally is effective at controlling the chyloperitoneum. 

Tumors of the Lymphatits 
Lympbangiomas arc the lymphatic analogue of the hemangio
mas of hlood vessels. They are ge11eraUy dlvided into two types: 
(1) simple or capillary lymphangioma; and (2) cavernous lymph
angioma, or cystic hygromaY They are thought to represem 
isolated and sequestered segments of the lymphatic system that 
retain the ability to produce lymph. As tbe volume of lymph 
inside the cystic tLunor increases, they grow larger within the 
surroLtnding tis.~ues. Most of these benign tumors are present at 
birth and 90o/o of them can be identified by the end of the first 
)'('ar of life. Cavernous lymphangiomas almost invariably occur 
in cl1e neck or the axilla, and very rarely in the retropericoneum. 
The simple capillary lymphangiomas also tend to occu.r subcu
taneously in the head and neck region, as well as the axilla. 
Rarely, however, they can be found in the trunk within the 
internal o rgans or connective tissue in and about the abdominal 
or thoracic cavities. 'TI1c trcaoncnt of lymphangiornas should be 
surgical excision, taking care to preserve all normal surronnding 
infiltrated structures. 

Lymphangiosarcoma is a rare tumor that develops as a 
complication of l.ong-standi11g lymphedema (usuaUy > 10 
years) . .18 Clinically, paticmts present with acute worsening of tbc 
edema and appearance of subcutaneous nodules that have a 
propensity coward hemorrhage and ulceration. The tumor can 
be treated, like other sarcomas, with preoperative chemotherapy 
and radiation followed by surgical excisilm, wbich may take tbe 
form of radlcal amputation. Overall, the tumor has a very poor 
prognosis.39 
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CHAPTER 67 1 
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SCUD TUMORS OF CHILDHOOD 

TRAUMA 

FETAL SURGERY 

Pediatric surgery remains as a true general surgical specialty, 
providing total care for infants and children of all ages. The 
range of clinical pathology is broad and not Limited to specific 
anatomic organ systems. Pediatric surgeons are challenged by 
dealing with a wide spectrum of pathologies involving multiple 
organ systems from neonates to young adults. AJthougb the 
pathogenesis of many pediatric surgical conditions remains 
unknown, there have been recent significant basic science and 
clinical advances in pediatric surgery, which have resulted in 
improvement in the management of complex pediatric surgical 
conditions. lhis chapter highlights common and unique pedi
atric surgical conditions. 

NEWBORN PHYSIOLOGY 
lhe newborn inJant is physiologically distinct from the adult 
patient in many respects. The smaller size, differing volume 
capacities, and functinnal immaturity of organ systems present 
unique challenges in the management of surgical conditions. 

Cardiovascular System 
[n the fetal circulation, arterial blood from tbe placenta bypasses 
the lungs through the patellt foramen ovale and ductus arterio
sus. After first breath, the foramen ovate doses, along with a 
precipitous drop in pulmonary arterial pressure caused by 
decrt:~ses in pulmonary vascular resistance, thereby promoting 
pulmonary blood flow. Decreased blood flow along with a 
higher oxygen content also promote closure of the ductus 

arteriosus. Many factors can contribute to persistent pulmonary 
hypertension (PPHN) with right-to-left shw1t. Hypoxemia, aci
dosis, and sepsis all contribute to PPHN. Prematurity is also a 
significant risk factor for persistent ductus arteriosus. Nonsteroi
dal anti-inflammatory drugs (NSAlDs), sud1 as indomethacin, 
have been used to close a patent ducws arteriosus in premature 
i11fams pharmacologically. If unsuccessful, surgical ligation may 
be necessary. A11 infam heart has a limjted capacity to increase 
the stroke volume and, therefore, cardiac output is largely rare
dependent. Cardiac output is signjficamly affected by brady
cardic episodes. CapilJary refill is an ideal clinical indicator of 
adequate cardiac perfusion. A prolonged capillary refill longer 
than 1 ro 2 seconds may represent significam slumting of blood 
from the peripheral tissues to the central organs, as may occur 
with cardiogenic and/or hypovolemic shock. 

Pulmonary System 
lhe ltU1gs are nor fully matured at birth and continue to form 
new terminal. bronchioles and alveoli until about 8 years of age. 
In premature infants, lung immaturity is one of the greatest 
contributors to morbidity and mortality. Lumature lungs have 
fewer type ll pneumocytes and a lower production of surfactant. 
which is critical for reducing alveolar surface tension and thereby 
increasing functional residual capacity. Hence, premature infants 
are at significant risks for alveolar collapse, hyaline men1brane 
formation, and barotrauma. Surfactant is a lipoprotein mixture 
of phospholipid, protein, and neutral fats. Lecithin, the most 
predominam phospholipid, can be measured in amniotic fluid, 
and the lecithin-to-sphingomyelin ratio is used to determine 
fetal lw1g maturity. In addition to pulmonary parencl1ymal 
is.~ues, the airway of the newborn is small (tracheal dian1eter = 
2.5 to 4 mm) and easily plugged with secretions. l11e respiratory 
rate for a normal newborn may range from 40 to 60 breaths/ 
min, with a tidal volume of 6 to 10 mUkg. Nasal flaring, grum
ing, intercostal and substernal retractions, and cyanosis consti
tute symptoms of respiratory distress. Infants are obligate nasal 
and diaphragmatic breathers and any condition that obstructs 
the nasal passages (including the nasogastric tube) or interferes 
with diaphragmatic function may result in severe respiratory 
compromise. A major contributor to the treatment of premature 
iJ1fams, therefore, bas been the ability to provide exogenous 
surfactant. This ha.~ resulted in improved survival and decrea.<;ed 
incidence of bronchopulmonary dysplasia, a condirion charac
terized by oxygen dependence, radiologic abnormality, and 
chronic respiratory symptoms beyond the first 28 days of Life. 
l11e administration of inhaled nitric oxide, a potent inducer of 
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vascular smooth muscle relaxant, bas also proven useful in neo
nates with PPHN. 

lbermoregurlation 
Newborn infants are at great risk for cold stress and must be 
maintained in a neutral thermal environment ro reduce oxygen 
consumption and metabolic demands. 1l1e major risk factors for 
the development of hypothermia in infants include their rela
tively large body surface area, lack of hair and subcutaneous 
tissue, and iJ1creased insensible losses. Also, a neonate responds 
to cold ambient temperature by a mechanism of nonshivering 
thermogenesis, in which increases in metabolic rate and oxygen 
consumption by the mobilization of brown far deposits occur. 
Continued cold exposure ultimately can lead to decreased perfu
sion and metabolic acidosis. To avoid radiant and evaporative 
heat Joss, the use of overhead radiant heaters and warming lights 
is a common practice, but a caution for significant insensible 
water losses should be made. All Auids should be warmed, espe
cially when transfusing cold scored blood products. 

Immunologic Function 
Neonates are immunodeficient with reduced levels of immuno
globulins (IgA, lgG, LgM) and of the C3b component of com
plement. As such, premature infants are at increased risk for 
severe infection. The evaluation of sepsis in neonates requires an 
extensive work11.1p of surveillance cultures of blood, urine, and 
cerebrospinal fluid a~ welJ as a complete blood count with plate
let count, differential smear, and plain radiography. Sepsis may 
result from various invasive devices that are essential to the care 
of premature infants, such as prolonged endotracheal intuba
tion, umbilical catheters, and bladder catheterization. Based on 
subtle clinical changes (e.g., reduced tolerance of enteral feed
ing, temperatme instability, reduced capillary refill, tachypnea, 
irritabil ity), implementation of empirical antibiotic therapy 
targeted at common bacterial pathogens such as group B 
beta-hemolytic streptococci, methicillin-resistant Staph)'lococcus 
aureus, and Escherichia coli may be Lifesaving. 

FLUIDS. ELECTROLYTES. AND NUTRmON 

Fluid Requirements 
Fluid and electrolyte therapy in pediatrics requires careful assess
ment of fluid intake, fluid losses, and electrolyte abnormalities 
prior to initiating fluid management. It also requires frequent 
monitoring during the course of therapy co assess the adequacy 
of treatment. Accurate estimation of IV fluid and electrolytes is 
critical, especially in small i11fams with a narrow margin of error. 
Because of increased insensible water losses through thinner 
immature ski11, fluid requirements for premature infants are 
substantial. Insensible water losses are directly related to gesta
tional age, ranging from 45 tn 60 mL/kg/day for premature 
infants weighing less than 1500 g to 30 co 35 mUkglday for 
term infants. Other factors, such as radiant heat warmers, 
phocoilierapy for hyperbilirubinemia, and respiratory distress, 
further increase losses. Tn the first 3 to 5 days of Life, there is a 
physiologic water loss of up to I Oo/o of the body weight of the 
iJrtant. As sucl1, Auid replacement volun1es are less over the first 
several days of life. 1l1ese fluid volumes are regarded as estimates 
and may change according to differing patient factors. 

Fluid req uirements are calculated according to body 
weight (Table 67 -1). During the first few days of life, the fluid 

_Table 67-1 Daily Fluid Requirements for Neonates and Infants 
WEIGHT 
Premature infants <2 kg 

Infants. 2-10 kg 

Children, lQ-20 kg 

Children >20 kg 

VOLUME 
140-150 ml/kg/day 

100 ml/kg/day for first 10 kg 

1000 ml +50 ml/kg/day for weight 
10-20 kg 

1500 ml + 20 ml /kg/day for weight 
>20 kg 

recommendations are conservative; however, most neonates 
require 100 to 130 mL/kg/day for maintenance fluids by the 
fourth day of life. Neonates with conditions that are associated 
with excessive fluid losses (e.g., gastroschisis) can require as 
much as 1.5 times maintenance volume. 1l1e two best indicators 
of sufficient fluid intal<e are uri_ne output and osmolarity. 1l1e 
minimum urine output in a newborn and young child is l to 
2 mL/kglday. Although adults can concentrate urine in the 
range of 1200 mOsmlkg, an infant responding to water depriva
tion is only able to concentrate urine to a maximum of 
700 mOsm/kg. Clinically, this indicates that greater Auid intake 
and urine output are necessary to excrete the solute load pre
sented to the kidney during normal metabolism. ln general, the 
daily requirements for sodium and potassium are 2 co 4 and 1 
to 2 mEq/kg, respectively. 1l1ese requirements are usually met 
with a solurion of 5% dextrose in 0.45% normal saline with 
20 mEq KCUliter at me calculated maintenance rate. Fluid 
losses from gastric drainage, ostomy output, or diarrhea should 
also be carefully assessed and replaced with an appropriate solu
tion. Gastric losses should be replaced i11 equal volumes with 
0.45o/o NS with 20 mEq KCUliter. Diarrheal, pancrearic, and 
biliary losses are replaced with isotonic lactated Ringer's solu
tion. Acutely hypovolemic patients requiring rapid volume 
expansion should be treated with an IV bolus of 10 to 20 mL/ 
kg body weight of whole blood, pla~ma, or 5o/o albumiJl. Trans
fusions of packed red blood cells are given in increments of 5 to 
10 mUkg. 

Nutrition 

Total Parenteral Nutrition 
Total parenteral nutrition (TPN) is reserved for neonates for 
whom gastrointestinal (GI) delivery of adequate calories is not 
feasible for various reasons. Deposition of body fat occurs in the 
later stages of fetal development, leaving premature infants 
poorly equipped to deal with periods of starvation as short as 2 
to 3 days. 1l1us, a neonate's need for parenteral nutrition should 
be addressed early in the hospital stay. 1l1e key to prescribing 
pediatric TPN is that the maintenance N rate remains constant 
whereas the concentration of nurrients is gradually increased 
each day until nutritional goals are met. 1lus is unlike TPN 
orders for adults, for whom a standard solution is ordered and 
the rate is gradually adjusted. Surgical infants often become 
cholestatic during their recovery, usually caused by lengthy 
TPN therapy; however, other causes should be ruled out. 
Serum bile acid levels are usually elevated first, then direct 
bilirubin followed by liver enzyme levels. The best treatment 
for TPN-assodated cbolestasis is enteral feeding. A mediw11-
d1ain triglyceride containing formula is used and, if an infant 
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_Table 67-2 Average caloric and Protein Requirement by Age 
AGE CALORIES PROTEIN 
(yr) (kcal/k&fday) (&'k&fday) 
Q-1 9Q-124 2.Q-3.5 

1-7 75-90 2.Q-2.5 

7- 12 6Q-75 2.0 

12- 18 3Q-60 1.5 

> 18 25-30 1.0 

is on total enteral nutrition, fat-soluble vitamins should be 
supplemented. 

Caloric Requirements 
Energy requirements vary significantly from birth to childhood 
and also w1der different clinical conditions (Table 67-2}. The 
parameter that is most indicative of sufficient delivery of calories 
in neonates is weight gain. Total daily caloric requirements and 
the expected daily weight gain decrease with age. Neonates have 
the highest energy requirements necessary to maintain growth. 
Almost 50% of the energy used in term infants younger than 2 
weeks and 60% of energy intake in premature infants weighing 
less than 1200 g is devoted to growth. A general guideline for 
enteral caloric requirement for neonate is 120 calories/kg/day to 
achieve an ideal growth of 25 co 35 g/kg/day of weight gain 
(::.1% body weight gain/day}. Most standard infant formulas, as 
well as breast milk, contain 20 calories/ow1ce. Formulas with 
higher caloric density are available for neonates who are unable 
to consume sufficient volumes to meet their caloric requirements 
and/or require fllllid restriction. Breast milk or a protein hydro
lysate formula (e.g., Pregestimil, Alimentum) should be used 
when beginning feedings in neonates with compromised gut 
ftmctions (e.g., necrotizing enterocolitis [NEC]) or shon gut 
caused by massive bowel resection. L1 general, continuous feed
ings are initiated for infants with a stressed gut and transition 
to bolus feedi11gs is made later. Enteral feeding tolerance is care
ftLUy monitored by assessing for abdominal girth, gastric residu
als, and stool or ostomy output. 

Protein 
1l1e average intake of protein comprises approximately 15% of 
the total daily calories and ranges from 2 to 3.5 g/kglday in 
infants. This protein requirement is reduced in half by age 12 
and approaches adult requirement levels (1 glkg/day} by 18 
years of age (see Table 67-2). The provision of greater amounts 
of protein relative to nonprotein calories will result in rising 
blood mea nitrogen levels. The nonprotein calorie (carbohydrate 
plus fat calories)-to-protein calorie ratio (when expressed in 
grams of nitrogen) is therefore not less than 150 : 1. For infants 
receiving parenteral nutrition, the amount of protein provided 
is usually begun at 0.5 g/kg/day and advanced in daily incre
ments of 0.5 glkg/day to the target goal. 

Carbohydrate 
Carbohydrates are stored mainly as glycogen in the liver and 
muscles. Because neonatal ~ver and muscle masses are propor
tionately much smaller than those of the adult, neonate.s 
are susceptible to hypoglycemia with risk~ for seizures and 
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neurologic impairment. The minimum glucose infusion rate 
(GIR) for neonates is 4 to 6 mg/kglmin. This rate needs to be 
calculated dai ly for every neonate receiving parenteral. nutrition. 
For TPN, the amount of GIR is increased iJ1 daily increments 
of 2 mglkg/min to a maximwn of 10 to 12 mg/kglmin. Ulti
mately, the amount of weight gain should diccate the need ro 
continue advancing glucose calories. Furthermore, hyperglyce
mia from too rapid advancement or underlying sepsis needs to 
be avoided because it can lead to rapid hyperosmolarity and 
dehydration. 

Fat 
Fat comprises the other major source of nonprotein calories. 
Linoleic add, an 18-carbon chain with two double bonds, is 
considered an essential fatty acid: its deficiency results in dryness. 
rash. and desquamation of skin. m pediatric patients, fat is 
provided as a major source of calories to prevent the develop
ment of essential fatty acid deficiency. 1l1e lipid requirements 
for growth are significant, and fat is a robust caloric source. 
Sinlliar to protein, fat infusions arc started at 0.5 g/ kg/day and 
advanced up to 2.5 to 3.5 g/kg/day. m infants with unconju
gated hyperbilirubinemia, fat is administered with caution 
because fatty acids may displace bilirubin from albumiJl. 1l1e 
free unconjugated bilirubin may then cross the blood-brain 
barrier ru1d can lead to kernicterus, resulting in mental 
retardation. 

NECK LESIONS 

Cervical Lymphadenopathy 
Enlarged lymph nodes is one of the most common pediatric 
condi tions, resulting in frequent referral to a surgeon for biopsy 
and/ or resection. 1l1ey occur usuaUy along the sternocleidomas
toid muscle border, often presenting in dusters. The cause is 
multifocal but often thought to be infectious. A careful history 
and physical examination ate typically sufficient to determine 
surgical iJldications: however. the use of diagnostic ultrasound 
has significruuly increased in recent years. m most healthy cl1il
dren, cervical lymphadenopathy presents as a small, mobile, 
rubbery, palpable mass in the anterior cervical tri ru1gle. However, 
relatively fixed, nontender, progressively enlarging nodes in the 
supradavicular region should raise suspicion for more serious 
underlying conditions. Other associated sympwms, such as 
night sweats and a history of weight loss, should also be thor
oughly investigated. Chest radiography is often performed as a 
screening method to detect mediastinal adenopathy. lf enlarged 
ru1terior mediasri11al node.s arc seen, a computed tomography 
(CT) scan of the chest is obtained to assess nodes better and 
identifY potential airway compression. Patients with acute, bilat
eral cervical lymphadenitis are usually mru1aged nonoperatively 
because respiratory viral irLfectious causes (e.g., adenovirus, 
influenza virus. respiratory syncytial virus} are common. S. 
aureus and group A streptococci are responsible for most cases 
of acute pyogenic lymphadenitis. When nodes become fluctuant 
because of a central area of liquefying necrosis, needle aspiration 
or incision ru1d draiJ1agc should be performed. 

Cat scratch disease is a self-limiting infectious condition 
characterized by painful regional lymphadenopathy. BortoneUn 
hensellle, a gram-negative bacillus, is responsible for most cases. 
A history of exposure to cats is helpful, but not always present. 
Indirect immunofluorescent antibody testing has only moderate 
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specificity and, therefore, the use of the polymerase chain reac
tion assay from a lymph node biopsy is more useful for diagno
sis. 1here is no speci.fic treatment for cat scratch disease because 
it is usually self-limlted. A less common infectious cause for 
cervical lymphadenitis is nontuberculous mycobacterial i.Juec
tion.' In general, rhe node.~ are Aucruant, with a violaceous 
appearance of d1e overlying skin. The diagnosis is typically made 
by positive cultures for nontuberculous acid-fast bacilli, along 
wid1 a tuberculin ski.t1 test. Surgical excision is usually mdicated 
because most nontubercuJous mycobacteria are resistant to con
ventional d1emotherapy. 

Cystic Hygroma 
Cystic hygromas are multiloculated cystic spaces lined by mdo
thelial cells; they occur as a result of lymphatic malformation. 
Most cystic hygromas mvolve the lymphatic jugular sacs and 
present in tl1e posterior neck region. The other common sites 
are tl1e axillary, media~tinum, inguinal, and retroperitoneal 
regions, and approximately 50o/o of them present at birth. Cystic 
hygromas usually present as soft cystic masses d1at distort the 
surrounding anatomy, including the airway, which can result in 
acute airway obstruction. Prenatal recognition of a large cystic 
mass of d1e neck is associated with a significant risk to the 
airway, greater association wiro chromosomal abnormalities, and 
higher mortali ty rates. Advru1ced prenatal imaging modalities 
allow for careful coordination of surgical intervention at the 
time of delivery. 

Aside from disrorting adjacent normal srrucrures, cystic 
hygromas are prone to infection aJ1d hemorrhage witlun me 
mass. Imaging studies, such as magnetic resonance imaging 
(MRl), can play a crucial role iJ1 preoperative plmtling. In 
general, complete surgical excision is the preferred treatment. 
However, dlls may be difficult because of me rntimate involve
ment with surrounding vital structures. Resections are generally 
tedious, requir"ing careful isolation and ligation of lymphatic 
branches. Aggressive blum ru1d electrocautery dissections cru1 
lead to inadequate control of lymphatics. often resulting in 
recurrence and/or infection caused by accumulation of ilie 

lymphatic leak. Radical resection with sacrifice of vital structures 
is not advocated. Injection of sclerosing agents such as bleomy
cin or OK-432, derived from Streptococcus pyogenes, has been 
reported to be effective in the nonoperative mru1agement of 
cystic hygromas.2 

Tbyroglossal Dud Cyst 
.A thyroglossal duct cyst is a midline neck lesion that originates 
at the base of the tongtle at foramen cecum and descends 
tllfough the central portion of the hyoid bone. It is one of the 
most COJlli110Jl midliJ1e neck lesions presenting iJl preschool
aged dilldren (Fig. 67-lA). Although thyroglossal duct cysts 
may occur anywhere from cl1e base of rhe tongue to the thyroid 
gland, most are found at or just below ilie hyoid bone. 1l1e 
stru1dard operation for thyroglossal duct cysts has remained 
uncl1anged since it was described by Sistrunk in 1928. It involves 
complete excision of the cyst in continuity wi th its tract, ilie 
central portion of the hyoid bone, ru1d the tissue above the hyoid 
bone, extending to the base of the tongue (see Fig. 67-IB). 
Failure to remove these tissues will result in a high risk for recur
rence because multiple sinuses have heen histologically identified 
in these locations. Embryologically, a thyroid diverticulum 
develops as a median endodermal thickening at the foramen 
cecum. As roe embryo develops, roe thyroid diverticulum 
descends in the neck and remains attached to the base of tongue 
by tl1e thyroglossal duct. Also, as the thyroid glru1d descends to 
its normal pretracheal position, the ventral cartilages of the 
second and third brru1chial ard1e$ form the hyoid bone-hence, 
the inti.Jnate aJlatonlic relationship of me thyroglossal duct 
remnru1t wicl1 the central portion of the hyoid bone. Normally; 
the thyroglossal duct regresses by the tbne the thyroid gland 
readles its final position. When the elements of the duct persist 
despite complete royroid descent, a thyroglossal duct cyst may 
develop. Failure of normal caudal migration of thyroid gland 
results in a lingual thyroid, i11 which no other d1yroid tissue is 
present in the neck. Ultrasound or radionuclide imaging may 
provide useful information to idmtify tl1e presence of a normal 
thyroid gland widlln roe neck. 

B 

FIGURE 67-1 ~ Thyroglossal duct cyst presents as a midline neck mass. B. Sistrunk procedure consists of excision of the thyroglossal duct 
cyst up to its origin at the foramen cecum, induding the central portion of hyoid bone. (From Josephs MD: Thyroglossal duct cyst In Chung. 
DH, Chen MK [eds]: Atlas of pediatric surgical techniques, Philadelphia, 2010, Elsevier Saunders, pp 28-33.) 
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Branchial Cleft Remnants 
The branchial cleft remnants typically present as a lateral neck 
mass on a toddler. The structures of the head and neck are derived 
from six pairs of branchial arches, their intervening clefts, and 
pouches. Congenital cysts, sinuses, or fistulas resuJt &om failure 
of these srrucrures to regress, persisting in an aberrant location. 
1l1e location of these remnants generally dictates their embryo
logicorigin and guides the subsequent operative approach. Failure 
to understand the embryology may result in incomplete resection 
or injury to adjacent structures. AJI branchial remnants are present 
at the time of birth; however, they arc often not recognized until 
later in life. 1l1ese lesions may present as sinuses, fisttJas, or car
tilaginous rests in infams. However, they occur more commonly 
as cysts in older children and adolescents. The clinical presenta
tion may range from a continuous mucoid drai11age from a fistula 
or sinus to the development of a cystic mass that may become 
infected. Branchial remnants may also be palpable as cartilagi
nous lumps or cords corresponding with a fistulous tract. Dermal 
pits or skin tags may also be evident. 

First branchial remnants are typically located in the front or 
back of the ear ox in the upper neck near the mandible. Fistula.~ 
typically course through the parotid gland, deep or througb 
branches of the facial nerve, and end in the external auditory 
canal. Remnants from the second branchial cleft are the most 
common. The external ostium of these remnants is located along 
the anterior border of the sternocleidomastoid muscle, usually in 
the vicinity of the upper half to lower third of the muscle. The 
course of the fistula must be amicipated preoperatively because 
stepladder coumerincisions arc often necessary to excise the 
fistula completely. Typically, the fistula penetrates the platysma, 
ascends along the carotid sheath to the level of the hyoid bone, 
and turns mediaUy to extend between the carotid artery bifurca
tion. The fis tuJa then courses behind the posterior belly of the 
digastric and stylohyoid muscles to end in the tonsillar fossa. 
Third branchial cleft ren1nant.~ usually do not have a.~ociated 
sinuses or fistulas and arc located in the suprasternal notch or 
clavicular region. These most often contain cartilage and present 
clinically as a fum mass or subcutaneous abscess. 

Torticollis 
Torticollis is a state of abnormal m us de tone in the neck, resulting 
in the head to twist and turn to one side. It may be congertital or 
acquired and cam occur at any age. l.n infants with congenital 
torticoUis, the head is typically tilted toward the side of the 
affected muscle a.nd rotated in the opposite direction. AJthough 
the true cause is tmk.nown, birth tralmla is most frequently con
sidered. Congenital torticollis presents within a few weeks after 
birth as an isolated condition. However, acquired torticollis may 
be associated wid1 a range of conditions, including acute myositis, 
brainstem tumors, aclantoaxialsubluxation, and infectious causes, 
such as rermpha.ryngeal abscess, cervical adenitis, or tonsillitis. 
The diagnosis is typically based solely on the clinical history and 
examination findings. Treatment of congenital torticollis is largely 
nonopcrative, with passive range-of-motion stretching of the 
affected muscle for several months. Surgical resection or division 
of the involved muscle is rarely indicated. 

EXTRACORPOREAL LIFE SUPPORT 
Extracorporea.l life support (ECLS) is a fom1 of cardiopulmo
nary bypass that provides temporary support for the critically ill 
patient with acu tc refractory respiratory and/or cardiac failure. 
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In general, ECLS delivers sufficient gas exchange and maintains 
circulatory support, thus allowing for physiologic recovery. The 
largest experience with ECLS has been with respiratory failure 
in newborns; however, it is applicable for various clinical condi
tions resuJting in. respiratory and/or cardiovasCLdar failure in 
pediauic and adult padents. Since its first reported neonatal case 
in 1976, the use of ECLS bas now become the standard therapy 
option for refractory neonatal respiratory failure umesponsive to 
maximum conventional medical treatment. There arc over 170 
centers around the world contributing to the Extracorporeal Life 
Support Organization database. 

Indications 
11Je major indications for neonatal ECLS include meconium 
a.~piration, respiratory distress syndrome, PPHN, sepsis. and 
congenital diaphragmatic hernia (CDH). Neonates with 
complex congenital cardiac defects may be supported with 
ECLS peri operatively. Meco.nium aspiration is the most common 
indication for neonatal ECLS a11d is associated with the highest 
survival rate (>90%). Selection criteria for the initiation of neo
natal ECLS vary slightly among institutions. Generally, an 
infant must have at least an 80% predicted mortality with con
tinued conventional medical treatment to justifY ECLS therapy. 
Two guidelines have been historically used as a means to predict 
survival without ECLS. 1l1e alveolar-arterial difference in the 
partial pressure of oxygen (PAo2 - Paez [also known as Aaoo:J) 
is calculated as follows: 

Aaoo2 = (atmospheric pressure- 47) - (Pao2 + Paco2) 

Aanez more thaJl 610 for longer than 8 to 12 hours, and Aano7 

more than 620 for 6 hours associated with extensive baro
trauma and severe hypotension requiring inotropic support, arc 
considered to be criteria for ECLS. The oxygen index (01) is 
calculated as the fraction of inspired oxygen {usually 1.0) mul
tiplied by the mean airway pressure XlOO divided by Pao2• An 
80% mortality is noted with an 01 more than 40. Exclusion 
criteria include gestational age less than 34 weeks, birth weight 
less than 2 kg, and a nonreversible puJmonary pathology. Addi
tional exclusion criteria include the presence of cyanotic con
genital heart disease or another major congenital anomaly that 
precludes survival, intractable coagulopathy or hemorrhage, 
sonograpblc evidence of a significaJlt intracranial hemorrhage 
(higher than a grade I intraventricular hemorrhage), and more 
than 10 to 14 days of high-pressure mcchaJlical ventilatory 
support. Before the initiation of ECLS, all infants must undergo 
ecbocardiography to rule out congenital heart disease and 
cranial ultrasound to exclude the presence of significaJlt intra
cranial hemorrhage. 

Physiologic Considerations 
1l1e basic concept of ECLS is to drain venous blood, remove 
carbon dioxide, add oxygen through the artificial men1brane 
lung, and then return warmed blood back into the circulation. 
Venoarterial bypass provides cardiac and respiratory support, 
whereas venovenous bypass provides only respiratory support. 
Venoa.rterial bypass is used most commonly; the right internal 
jugula.r vein and common carotid artery are typically chosen for 
cannulation because of their vessel sizes, accessibility, and ade
quate coLlateral circuJation. 1l1e ECI..S circu.it is composed of a 
silicone rubber bladder, wbi.ch collapses when venous return is 
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Aortic 
arch 

Right 
atrium 

FIGURE 67-2 Extracorporeallife support circuit. A venoarterial circuit is shown here. (From Shanley q Bartiett RH: Extracorporeallife support: 
Techniques, indications, and results. In cameron Jl [ed]: Current surgical therapy, ed 4, St. l ouis, 1992, Mosby Year Book, pp 1062- 1066.) 

diminished, roUer pump, membrane oxygenator, heat exchanger, 
tubing, and connectors. Venous blood from the right atrium 
drains through the venous cannula to the bladder and is pumped 
to the membrane oxygenator, where carbon dioxide is removed 
and oxygen is added (Fig. 67-2). The oxygenated blood then 
passes through the heat exd1anger and is returned to the patient 
through the arterial cannula. The patient is systemically antico
agulated to prevent clotting of the ECLS circuit; hence, patients 
are at risk for bleeding complkations. As such, hematocrit 
values, platelet counts, and fibrinogCJl levels must be closely 
monitored and maintained at acceptable ranges. Cranial ultra
souJtd is performed for the first few days of ECLS to monitor 
for hemorrhage and then done on an as-needed basis. Extracor
poreal flow is gradually weaned as native cardiac or pulmonary 
fw1ction improves. Indicators of lung recovery include an 
increasing Pao2 , improved lw1g compliance, and clearing of the 
chest x-ray. Once the extracorporeal flow rate reaches miJlimal 
levels, the patient is trialed off bypass by temporarily dan1ping 
cannulas. If tolerated, d1e patient is taken off ECLS support on 
moderate conventional ventilatory settings. 

Complications 
Bleeding is the- most common complication of ECLS ru1d may 
result in medical (e.g., intracranial) or surgical (e.g., neck can
nulation site, intrathoracic, GI) problems. Birth weight and 
gestational age arc the most significant correlates of intracr:mial 
hemorrhage on ECLS; infants weighing less than 2.2 kg and 
younger thru1 35 weeks gestational age are at highest risk. Other 

significant complications associated with ECLS include seizures, 
neuro logic impairment, renal failure requiring hemofiltration or 
11CI110dialysis, hypertension, utfeccion, and mechanical malfunc
tion (e.g., failure of the membrane oxygenator, pump, and beat 
exchru1geJ). Other potential complications iJKiude mechanical 
failure of me circuit. 

CONGENITAL DIAPHRAGMAnC HERNIA 
Despite early prenatal detection of CDH, it remaiJlS one of the 
most challenging conditions to mru1age in pediatric surgery. 
CDH is a relatively common cause of neonatal respiratory dis
tress, with an overall incidence of l in 2000 to 5000 live births. 
Most CDH defects occur on the left side (80%); bilateral condi
tion is extremely rare. A hernia sac is present 20o/o of the time
Despite recent innovative treatment strategies, such as fetal 
hernia repair or tracheal occlusion, extracorporcal membrru1c 
oxygenation, inhaled nitric oxide, partial liquid ventilation, and 
respiratory management protocol of permissive hypercapnea. 
the overall survival rates have nor changed significantly and 
remain in the range of70% to 90%. Accurate determination of 
true survival is complicated by the fact d1at many irlfants witb 
CDH are stillbom, ru1d many reports tend to exclude infru1ts 
with complex associated anomalies from survival calculations. 

Pathogenesis 
The specific cause for CDH is unknown, but it is d1ought to 
result from failure of closure of the pleuroperitoneal canal in the 
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developing fetus. Normally, d1e pleuroperitonea! cavities become 
separated by the developing membrane in weeks 8 tolO of gesta
tion. When this process fails, closure of the pleuroperitoneal 
canal is incomplete and a posterolateral diaphragmatic defect 
results. The posterolateral location of this hernia is known as 
Bochdnlek~ hernia; it is disringuished from a CDH of the anrero
medial location known as Morgagni's hemin. As a result of the 
defect, abdominal contents herniate through d1c resultant defect 
in the posterolateral aspect and compress the ipsilateral develop
ing lung. These lungs have smaller brond1i, with less bronchial 
branching and less alveolar surface area than lungs in normal 
infants. The ipsilateral lung is affected more severely; however, 
lungs from both sides are affected by pulmonary hypoplasia. In 
addition to the abnormal airway development, the pulmonary 
vasculature is also significantly affected by increased thickness of 
arteriolar smooth muscle. Also, arteriolar vasculature is extremely 
sensitive to the multiple local and systemic vasoactive factors. 
Hence, the severity of pulmonary hypoplasia and pulmonary 
hypertension significantly affect the overall morbidity and mor
tality in CDH infants. 

Clinical Presentation 
The most frequent diJlical presentatio.n of CDH is respiratory 
distress caused by severe hypoxemia. 1l1e initial symptoms and 
signs include grunting respiration, chest retractions, dyspnea, 
and cyanosis with scapboid abdomen. Breath sounds are 
decreased and bowel sow1ds may be heard in the chest. 1l1e 
shifting of heart sounds ro the right (for left CDH) is common. 
A significant differential between preductal and postductal pulse 
oximetry indicates the presence of right-to-left shunting as a 
result of PPHN. The diagnosis of CDH is frequently made 
prenatally as early as 15 weeks of gestation by ultrasonography 
during an othervv'ise unren1arkable pregnancy. Infants who have 
a late onset of CDH {after 25 weeks of gestation) have been 
reported to have better overall survival rates. 1l1e herniation of 
the stomach and liver, along with polyhydranUlios, bas aU been 
associated with poor outcome. The presence of a~ociated anom
alies also signilicantly decreases me overall survival. With prena
tal diagnosis, delivery of a fetus with CDH should take place at 
aJl institution capable of providing advru1ced neonatal critical 
care, including extracorporeal membrane oxygenation (ECMO) 
support. 

Diagnosi.s 
At birth, CDH infants demonstrate symptoms of respiratory 
distress with a classic chest radiographic appearrulCe of multiple 
bowel loops in the thoracic cavity, along with media~tinal shift 
{Fig. 67-3). An orogastric tube may appear to coil in the chest. 
The differential diagnosis of CDH includes congenital cystic 
adenomatoid malformation, brond1ogenic cyst, diaphragmatic 
eventration, and cystic terawma. In Morgagni's hernia. the 
diagnosis is often delayed unti l childhood because most infants 
are asymptomatic. Chest radiographs may reveal an air-fluid 
level inlmediately posterior to me sternum. Usually, the infru1t 
does well for several hours after delivery during the so-called 
hone_ymoon period and then begins to demonstrate worsening 
respiratory function. Therapeutic interventions are targeted to 

reduce PPHN. In approximately 10% to 20% of cases, CDH is 
diagnosed beyond the first 24 hums of life, at which time 
infants present with various symptoms of feeding difficulties, 
respiratory distress, and pneumonia. 
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FIGURE 67-3 Congenital diaphragmatic hernia. Multiple gas-filled 
bowel ~oops are located in the left hemithorax and the mediastinum 
is shifted to the right. 

Treatment 
The open fetal surgery for CDH has failed to show significant 
overall survival advantage. Occlusion of the fetal trachea, result
ing in accwnulation of lw1g fluid to stimulate ltmg growth, has 
garnered sig:nilicant recent interest. A laparoscopic approach has 
also been used to apply external clips or place balloons and 
sponges to occlude the fetal trad1ea. However, the fetal occlusion 
technique has not signi6cam1y influenced the overall survival 
rate with CDH, ru1d. fetal interventions forCDH remain lim ited 
to a few centers. The postnatal management ofCDH is directed 
toward stabilization of the cardiorespiratory stattL~ while mini
mizing iatrogenic injury from therapeutic imerventions. Imme
diate securing of the airway with endotracheal incubation is 
criticaL Excessive mean ainvay pressure ventilation can result in 
pneumothorax and compromised verwus blood return to the 
heart. An orogastric tube is placed to prevent gastric distention, 
which may worsen tbe lw1g compression, media~ti11al shift, 
and ability to ventilate. 1l1e use of colazollne, a nonselective 
a-adrenergic blocking agent, as a pharmacologic pulmonary 
vasodilator has not produced clinically significant results. Inhaled 
nitric oxide is used by most centers as a pulmonary vasodilator. 
Surfactant administration and high-frequency ventilation have 
also resulted in variable overall outcome for CDH infants. 
However, d1e recent use of gentle ventilation with permissive 
hypercapnia and stable hypoxemia bas resulted in a significantly 
higher survival rate (""75%) for CDH infru1ts. 

Surgical Repair 
It has been well established that CD H repair should be delayed 
for 2 to 4 days tmtil cardiopulmonary stabili7..ation has occmred. 
1l1e preferred operative approad1 for a posterolateral CDH is 
through a subcostal abdominal incision. 1l1e viscera are reduced 
into the abdominal cavity and the posterolateral defecr iJl the 
diaphragm is dosed using interrupted nonabsorbable sutures. 
When present {1 Oo/o to 15% of cases), a hernia sac should be 
excised. TypicaUy, the hernia defect is large, with only a small 
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anteromedial leaflet of diaphragmatic tissue present. A number 
of reconstructive techniques and materials are available for the 
repair of large hernia defects. 1he surgical technique of abdomi
nal or thoracic muscle flaps can be considered, but d1e use of 
prosthetic material (e.g., Gore-Tex, W.L. Gore, Elkton, Md) 
has become more widespread. The advam:ages of a prosthetic 
patch are shorter operative time and a tension-free repair. 
However. the major potential problems with prosthetic patches 
are the risks of infection and recurrence of the hernia. Recently, 
the use of regenerative extraceUular matrix biomaterials has gar
nered significant interest as an ideal biodegradable patch to 
repair diaphragmatic hernia defects. At times, the abdominal 
cavity may be roo smaU w accommodate d1e reduced viscera 
from the thoracic cavity. A temporary abdominal silo may be 
considered, butr allowing for an incisional hernia with skin-o11ly 
closure until the definitive fascia closure can be perfom1ed is an 
alternative surgical option. The timing of CDH repair relative 
to ECLS remains controversial. A recent CDH study group 
report has suggested that CDH repair after ECLS therapy is 
associated with improved survival when compared with repair 
while on ECLS.3 

Outcomes 
Beyond me immediate postoperative period, many infants with 
CDH experience significant morbidity because of PPHN and 
respiratory dysfunction. Many children who survive aggressive 
management of severe respiratory failure manifest neurologic 
problems, such as abnormalities in motor and cognitive skills, 
developmental delay, seizures, and hearing loss. Other problems 
include a high incidence of gastroesophageal reflux (GER) and 
foregut dysmotility. Other morbidities associated with CDH 
survivors include chronic lung disease, scoliosis, growth retarda
tion, and pectus excavanun defomuties. 

BRONCHOPULMONARY MALFORMATIONS 
Bronchopulmonary malformations are congenital abnormalities 
of the airway, Slllch as brond1ogenic cysts, intralobar and extralo
bar sequestrations (ELSs), congenital pulmonary airway malfor
mations (CPAMs), and congenital lobar emphysema (CLE). 
Their natural histories vary widely. In the perinatal period, these 
lung lesions can result in pleural effusions, polyhydramnios, 
hydrops, and pulmonary hypoplasia with subsequent respiratory 
distress and airway obstruction. If severe enough, fetal demise 
can ensue. With increasing in1portance placed on prenatal care, 
many of these lesions are being diagnosed prenatally with serial 
imaging. Fetal surgery has been pmsued when fetal viability is 
at risk. Although these congenital abnormalities are often 
asymptomatic and may even spontaneously regress, there is 
concern d1at these anomalies may cause recurrent i11fectlons and 
exhibit long-term malignant potential. 

Bronchogenic Cyst 
Brond1ogenlc cyst is me most common cystic lesion of the 
mediastinum. The cyst wall consists of fibroelastic tissue, smooth 
muscle, and cartilage, whereas the cyst itself is tined with respira
tory tract epithelia (ciliated colun1Jlar cells). lt can also contain 
mucus-produciJlg cuboidal cells, which contribute to enlarge
ment of the cyst with mucus. TI1ey may occur anywhere along 
the tracheobronchial tree but are usually found around the 
carina and right hilum. Less frequently, they present in the neck, 
lung, pleura, pericardium, or below the diaphragm. When the 

cysts are large, tl1ey can compress surrounding vital structures, 
indttding the airway. Infants are particularly at risk because of 
tl1eir narrow, easily compressible airway. Broncl1ogeruc cysts can 
also cause dysphagia, pneumotl10rax, cough, and hemoptysis or 
become infected, which is bow older children present. Ofren 
picked up on postnatal chest x-ray, the diagnosis is confirmed 
by CT as a spherical nonenhancing mass. It is Aui.d- or mucus
filled. aliliough an air-fluid level is apparent if the cyst com
mwlicates with the airway. Cysts within the pulmonary 
parenchyma typically communicate with a bronchus, whereas 
mosc in tl1e mediastinum usuaUy do not. Bronchogcruc cysts are 
routinely resected even if asymptomatic, although recently there 
have been debates on observation alone for dlis condition.4 Rare 
cases of malignant transfom1ation have been reported. Resection 
is performed by video-assisted thoracic surgery (VATS) or 
thoracotomy. 

Congenital Pulmonary Airway Malformation 
CPAMs have been controversially described as hamartomatous 
lesions in which a multicystic mass replaces normallw1g tissue. 
They are C011Jlected to the tracheobronchial tree and irs hlood 
supply is pulmonary. Although they are usually unilateral and 
unilobar, tl1ey can present in tl1e immediate perinatal period 
with .life-threatening respiratory distress. If asymptomatic during 
this time, infants and older children can go on to present with 
fevers, persistent cough, and recurrent pneumonia. CPAMs can 
w1dergo malignant transformation; rhabdomyosarcoma has 
been reported. They are classified based on their appearance on 
imaging and confirmation is made by pathologic examination. 
Accordil1g to the Stocker classification, type I lesions account for 
almost 75% of all cases and consist of a smaU number of large, 
2- to 10-cm cysts that can compress normal lung parenchyma. 
Type II lesions have numerous cysts, usually measuring less than 
.I em in diameter. Type III lesions are rare and appear to be only 
a few millimeters in diameter.~ However, they are associated with 
mediastinal shift, hydrops, and a poor prognosis. 

Ultrasound and, less commonly, MRI, are used to locate 
the lesion, characterize its appearance, determine its blood 
supply and venous drainage, and evaluate whether there is any 
displacement of oilier thoracic structures. Also, when there is 
any uncerraimy, prenatal MRI has been used to differentiate 
CPAM from other congenital thoracic abnormalities. Postna
tally, a chest radiograph is usuaUy diagnostic, revealing a mass 
with a possible mediastinal sllift and air-Auid levels, but a chest 
CT is frequently obtained for confirmation. When feral distress 
occurs in utero, options include fetal thoracotomy and thora
coamniotic shunting (if the fetus is <32 weeks). Most fetuses 
with a prenatally diagnosed CPAM experience partial regression 
in the third trimester and can be treated with expectant manage
ment. 1hey can then undergo postnatal resection at 5 to 8 weeks 
of Ufe.4 Posmatal management of the symptomatic patient 
necessitates resection via a thoracotomy or VATS. The treatment 
of asymptomatic patients is more controversial but it is generally 
agreed mat they should be resected, given me risk of infection 
and malignancy. 

Pulmonary Sequestration 
Bronchopulmonary sequestradons (BPSs) are nonfuncrional 
nests of microcystic pulmonary tissue that have no com1ection 
to the tracl1eobronchial tree but are fed by an aberrant systemic 
artery. There are two types, intralobar (IL) and extralobar (EL); 
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FIGURE 67-4 Anomalous arterial vascular pedicle to extralobar pul
monary sequestration. The arterial branch comes directly off the 
thoracic aorta. 

the former is contained within normal lung parenchyma and the 
latter is separate and encased by its own pleura.4 ELSs occur 
predominantly im males and, in 40% of cao;es, other congenital 
an.omalles, such as posterolateral diaphragmatic hernia, pecws 
excavanun and carinarum, and enteric duplication cysts, can be 
fou11d. 

Lacking a communication to the airway, sequestrations do 
not form enlarged cysts or cause sponraneous pneumotl10races. 
They can, however, infarct, become infected, and cause hemop
tysis. lt has been reported that El.Ss can undergo torsion as well. 
Because of their aberrant systemic vascular supply (Fig. 67-4), 
BPS$ can result in significant left-en-eight shlUlting in infants, 
who are then susceptible to high-output cardiac failure.<; For an 
initial evaluation, Doppler ultrasound may reveal a systemic 
arterial supply from the infradiaphragmatic or thoracic aorta. 
l11e lesion itself may appear solid, but can also be cystic. cr or 
MRI can aid in further defining the vascular anatomy. Account
iJlg for 75% of all BPSs, intralobar sequestrations (ILSs) are 
fotmd within the medial or posterior segmcms nf the lower 
lobes, more on the left side. Most El.Ss are found posteromedi
ally in the left lower chest but can occur within or below the 
diaphragm. Air within an ILS usually signifies infection, whereas 
tbe same finding in an ELS sug_pe.~ts the presence of a fistulous 
connection with the esophagus. 

If a BPS is identified on prenatal ultrasound, rl1e fetus is 
followed with serial ultrasound, looking for mass enlargement 
and the development of comflications such as hydrops, pleural 
effusion, or polyhydranmios. BPS has been reported to sponta
neously regress. In fact, it is estimated that 68% of BPSs 
undergo spontaneous regression before birth as rl1ey become 
isodense with the surrounding ltmg. The iJwolution may occur 
as the lesion ou~grows its blood supply. Because of the risk for 
infection and bleediJ1g, £l.Ss are usually resected by segmentec
tomy or lobectomy. ELSs are usually asymptomatic and, 
because there is generally no tracheobrond1ial communication, 
the risk of infection is low. As such, many of these lesions can 
be observed. 
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Congenital Lobar Emphysema 
CLE describes a progressively distended, hyperlucent lobe 
caused by abnormal bronchopulmonary development. Air trap
pmg in the emphysen1atous lobes occurs with intrinsic or extrin
sic obstruction, which includes endobronchial obstruction from 
mucosal proliferation and exninsic compression from vascular 
anomalies. In over 90o/o of cases, it involves the left upper or 
right middle lobe. CLE is rarely diagnosed prenatally, but its 
prevalence is 1 in every 20,000 to 30,000 deliveries.4 It tends to 
presenrt in the fu·st few days of life and as late as 6 months after 
birtl1. On ultrasound, CLE appears as an echogenic homoge
nous lung mass. When CLE is discovere.d in an asymptomatic 
patlen£, observation is recommended because these lesions have 
a tendency to regress. A chest radiograph is customarily diag
nostic because it reveals overdistention of the involved lobe. 
lmport:antly, the lucency should not be mistaken for a pneumo
thorax, and positive-pressure ventilation should be used with 
caution because of the propensity of these patients to undergo 
auto-PEEP (positive end-expiratory pressure; auto-PEEP is 
defined as the end-expiratory iJ1trapulmonary pressure that 
develops as a result nf dynamic airflow resistance during mechan
ical ventilation). When the CLE progresses to the point that it 
causes mediastinal shift and worsening symptoms, an open tho
racotomy with lobectomy is indicated. 

ALI MENTARY TRACT 

Esophageal Atresia and 
Tracheoesophageal Fistula 
Esophageal atresia is a congenital condi.tion of esophageal dis
continuity that results l11 proximal esophageal obstruction. A 
trad1coesophageal fistula (TEF) is an abnormal fistula commu
nication between the esopbagus and trachea. Esophageal atresia 
and TEF can occur a.lone or in combination. The incidence of 
this anomaly is l in 1500 to 3000 live births, with a slight male 
prednminance. Apprmumately one third of infants with esopha
geal atresia or TEF have a low birtb weight, and 60% to 70% 
have associated anomalies. During the fourtl1 week of gestation, 
the esopbagotracheal diverticulum of cl1e foregut fails to divide 
completely to form the esophagus and trachea. In lOo/o of 
patients, there is a nonrandom, nonhereditary association of 
anomalies referred to by the acronym VATER {vertebral, ano
rectal, trad1eal, esophageal, n::nal or radial Limb); an alternative 
acronym is VACTERL (vertebral, anorectal, cardiac, tracheal, 
esophageal, renal, and !tmb). Five anatomic variants of esopha
geal atres.ia are depicted in Figure 67-5. !J1 the most common 
type (C lesion) of esophageal atresia with TEF, the proximal 
blind pouch ends approxiJnately the distance of one to two 
vertebral bodies from the distal TEF. lhe distal TEF is rypicaUy 
located l em above the carina iJl the membrru1ous portion of 
the trachea. 

Clinical Presentation and Diagnosis 
1l1e d iagnosis of esophageal atresia is considered in ru1 infrult 
with excessive salivation along with coughing or choking during 
the 6rst oral feediJ1g. A maternal history of polyhydranmios is 
ofren present, more often in isolated proximal atresia (86%). In 
an infant with esophageal atresia ru1d TEF, acute gastric disten
tion may occur as a result of air entering the distal esophagus 
and stomach with each u1spired breath. Reflux of gastric con
tents into the distal esophagus will traverse the TEF and spill 
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7% 2% 86% 1% 4% 

FIGURE 67-5 Anatomic variants and incidence of esophageal atresia with tracheoesophageal fistula. 

into the trachea, resulting i.n cough, tachypnea, apnea, and/or 
cyanosis. The presentation of isolated TEF without esophageal 
atresia may he more subtle, often beyond the newbom period. 
In general, these infants have choking and coughing associated 
with oral feeding. The inability to pass a nasogastric tube into 
the stomach of the neonate is a cardinal feature for cl1e diagnosis 
of esophageal atresia. If gas is present in the Gl tract below the 
diaphragm, an associated TEF is confirmed (Fig. 67-6A). Con
versely, the Lnalbility t<> pass a nasogastric tube in an infant with 
absem radiographic evidence of Gl gas is almost diagnostic 
of an isolated esophageal atresia. The use of isotonic contrast 
by mouth to demonstrate the presence and/or level of the 
proximal esophageal atresia is strongly discouraged because 
of risk for aspiration. The diagnostic evaluation includes screen
ing for oilier associated anomalies. Echocardiography and renal 
ultrasound are performed to evaluate for congenital heart 
defects (including aortic arch anomaly) and genitourinary 
malformations. 

Treatment 
Preoperative Management Initial treatment includes decompres
sion of d1e proximal esophageal pouch wirn a sump tube (e.g., 
Replogle tube) placed on continuous suction. The infant is 
positioned in an upright prone position to minimize GER and 
prevent aspira'tion. Broad-spectrum rv amibiotic coverage 
should be started empirically. Routine endotracheal intubation 
is avoided because positive-pressure ventilation may be i.nade
guate to inflate the lungs because ai r is directed into the TEF 
through the path of leasr resistance. Ventilation may be com
pounded further by the resultant gastric distention. Gastrostomy 
to decompress the distended stomach should be avoided because 
it may abruptly worsen the ability to ventilate the patient. ln 
these circumstances, manipulation of the endotracheal tube to 
be positioned distal to the TEF (e.g., right mainstem intubation) 
may minimize the leak and permit adeguate ventilation. Fur
tllermore, placement of an occlusive balloon catheter (Fogarty) 
into the fistula through a bronchoscope may be useful, but this 
maneuver can be risky. As a last resort, emergent cllOracotomy 
with ligation of rue fistula alone may be required. A preoperative 
d1est radiograph and ed1ocardiogram provide sufficient infor
mation to determiJle the side of the aortic arch. A right thora
cotomy is performed for the operative repair in patients with a 
normal left-sided aortic arch. However, for infants wi th a 

FIGURE 67-6 A, Plain chest radiograph of infant with proximal esoph
ageal atresia with distal TEF. The distal tip of the orogastric tube is 
noted, with a surrounding gas-filled proximal esophagus (arrows). 
The TEF is also indicated by the presence of gastric air. 8 , Rigid bron
choscopy inspection of distal tracheoesophageal fistula. The luminal 
size of the fistula (arrowhead) is equal to that of either main bronchus 
(arrows). 

right-sided arch, a left thoracotomy would be preferred. A higher 
incidence of aortic arch anomalies (e.g., vascular rings) and 
postoperative complications has been reported with right-si.ded 
aortic arch. 

Surgiul Management The typical surgical approach for the mosr 
common esophageal atresia wim TEF involves an open thora
cotomy, with an cxtrapleural approach through the fourth inter
costal space. Bronchoscopy is routinely performed to determine 
the relative site of the fistula and exclude the presence of a second 
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FIGURE 67-7 A. A single-layer end-to-end anastomosis is performed using nonabsorbable sutures. Two comer stitches are placed and a back 
row anastomosis is completed first Just prior to completing the anterior row of the anastomosis, a nasogastric tube is placed across it. 
B. Thoracoscopic esophageal anastomosis. (A from Ricketts R: Esophageal atresia with tracheoesophageal fistula. In Chung DH, Chen MK [eds]: 
Atlas of pediatric surgical techniques, Philadelphia, 2010, Elsevier Saunders. pp 44-53; B from Wulkan Ml : Thoracoscopic repair of esophageal 
atresia with tracheoesophageal fistula. In Chung DH, Chen MK [eds]: Atlas of pediatric surgical techniques, Philadelphia, 2010, Elsevier Saunders, 
pp 59-65.} 

fistula {see Fig. 67-6B). After extrapleural dissection co expose 
the posterior mediastinum, the azygos vein is divided to reveal 
the underlying TEF. The TEF is dissected drcumferentially and 
its attachment to the membranous portion of trachea is taken 
down. 'TI1e tracheal opening is approximated using interrupted 
nonabsorbable sutures. The proximal esophageal pouch is then 
mobill7.ed as high as possible to afford a tension-free esophageal 
anastomosis. The blood supply to the upper esophageal pouch 
is generally robust and is based on arteries derived from the 
thyrocervical tnmk. However, rhe blood supply to the lower 
esophagus is more tenuous and segmental, originating from 
intercostal vessels . . As such, significant mobUization of the lower 
esophagus is avoided to prevent ischemia at the esophageal anas
tomosis. The anastomosis is performed using a single- or double
layer technique (Fig. 67-7 A). lhe rates of anastomotic leak are 
slightly higher with the single-layer anastomosis, whereas tl1e 
rates of esophageal stricture are higher with the double-layer 
technique. 

In case of a long gap between the rwo ends of rhe esopha
gus, rhere are several options. The first option is to suture the 
divided end of the distal esophagus to the prevertebral fascia, 
mark its location with a metal clip, and close the tl1oracoromy. 
Over a 2- to 3-montl1 period, the proximal esophageal poucl1 
may grow so that a subsequent primary esophageal anastomosis 
may be possible. Second, a circular or spiral esophagomyoromy 
of the upper pouch may be performed to gain esophageal length 
and facilitate a primary anastomosis. Another techJuque involves 
the placement of traction sutures through the proxin1al and 
distal ends of ilie esophagus, brought our through the chest. 
These sutures are then progressively tightened and a primary 
esophageal anastomosis is performed after several days.8 Alter
natively. a cervical esopbagostomy may be constructed and a 
formal esophageal replacement performed at a larer dare. 

In patients with pure esophageal atresia, primary anasto
mosis in the newborn period is not feasible because of a long 
gap between the two esophageal ends. Initially, a cervical 
csophagostomy for drainage of oral secretions and gastrostomy 
for enteral feeding access are performed. Pu1 esophageal 
replacement using the stomach, small intestine, or colon is 
then carried out at approximately 1 year of age. In some cases, 
the two ends of the esophagus may spontaneously grow so 
that a primary anastomosis may be accomplished by 4 months 
of age. The swallowing of saliva may actually promote elonga
rioJl of the upper pouch, and an esophagosro.my is tl1erefore 
avoided. In patients with pure TEF, without esophageal 
atresia, the site of the TEF is usually in the region of tl1e tho
racic inlet. In this case, the surgical approach is through a cer
vical incision. At the time of surgical repair, it is often helpful 
to perform rigid bronchoscopy and cannulate the TEF with a 
guidewire to facilitate its identification. Recently, ilioraco
scopic repair has been described by several pediatric surgical 
ccnrers {sec Fig. 67-78).9 

The mortality rate of esophageal atresia or TEF is directly 
related to associated anomalies, particularly cardiac defects and 
chromosomal abnormalities. ln tl1e absence of tl1csc factors, 
survival of more than 95% of patients is expected. Postoperative 
complications wuque to esophageal atresia or TEF include 
esophageal moriJjry disorders, GER (25% to 50%), anastomotic 
stricture (15% to 30%), anastomotic leak (1 Oo/o to 20%), and 
tracheomalacia (8% to 15%). 

GaskoesophageaiReflux 
GER is a common problem in infants and children. During the 
first year of life, infants normally experience some degree of 
vomiting, thought ro be the result of an incompetent lower 
esophageal sphinaer mechanism. This physiologic vomiting 
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usually resolves spontaneously after 6 to 12 months. Pathologic 
GER can present with a spectrum ofdinical symptoms. Although 
diagnostic studies can determine the presence of significant 
reflux, the patient's symptoms remain as the most important 
factor in determining the surgical treatment of GER. Neurologi
cally impaired children who are in need of emeral feeding 
access also have to be evaluated for concomitant reflux prior to 
gastrostomy placement. Today, a laparoscopic approach has 
become a standard for fundoplication with gastrostomy in 
pediatric patients. 

Clinical Presentation 
Pathologic symptoms of GER vary considerably, depending on 
the age of the patient and underlying associated medical condi
tions. Although vomiting is a common symptom, failure to 
thrive (F1T) as a result of caloric deprivation is one of the most 
crit ical complications of persistent GER in infants and chil
dren. Aspiration of gastric contents can also result iJl recurrent 
bronchitis or pneum onia, presenting initially with a chronic 
cough or wheezing. Reflux may stimulate vagal reflexes, pro
ducing laryngospasm or bronchnspasm and leading to an 
asthma-like cli nical picture.10 The significant airway spasm 
caused by reflux can result in apnea or cholti11g spells, and may 
contribute to near-miss sudden infant death syndrome (SIDS). 
Irri tabili ty and crying in infams may also represent pain because 
of esophagitis in duced by chronic reflux. Chronic acid insult to 
the lower esopl1agus can progress to the formation of stricture 
from chronic scarring and produce obstructive symptoms. 
Although rare in pediatric patients, cluonic progressive esopha
gitis cru1 lead to metaplastic replacement of normal lower 
esophageal squrunous mucosa by columnar epithelium. 1his 
condition, known as Barrett's esophagus, requires close 
surveillance to detect the progression of premalignant dysplastic 
changes. 

Many chi~dren referred for ru1tircflux surgery are neurologi
cally impaired, usually secondary to such facrors as metabolic 
conditions, head trauma, or birth asphyxia. Thus, most of these 
patients require permanent feeding access in the form of a gas
trostomy rube, so aJltireAux surgery is often considered at the 
time of the gastrostomy placement, especially iJ1 patients who 
are unable to protect their airway reliably or who already have 
significant vomiting associated with intragastric tube feeding. 
However, the concept of prophylactic ftmdoplication at the time 
of gastrostomy in neurologically impaired children remains con
troversial. These patients arc also at high risk for delayed gastric 
emptying because of upper gastroduodenal dysmotility. However, 
fundoplication alone may result in enhanced gastric emptying 
function. 11 

Evaluation 
A derailed evaluation of the clinical history and associated symp
toms will provide valuable guidance to determine the signifi
cance of GER. Clinical situations such as a near-miss SIDS 
episode or progressive neurologic disorders may u1dicate the 
desirability of performing an ru1tireflux procedure, regardless of 
diagnostic study resul ts. There are various diagnostic tools to 
objectively assess the presence of pathologic GER. 

Barium csophagogrruu is used most frequently and pro
vides anatomic and ftmctional information about the esophagus 
ru1d stomach. Esophageal stricture or rnechanical evidence of 
gastric outlet obstn1ction, such as aJltral, duodenal web, or 

intestiJ1al malrotation, can also be idcncificd. Also, motility of 
the esophagus and gastric emptying function can be assessed by 
esopbagography. However, one drawback is that this study lacks 
speci£city. A 24-hour esophageal pH monitoring study remains 
as the gold standard test for diagnosiJ1g GER. It can determine 
the frequency and duration of acid reflux episodes and also 
provides significant information about reflux patterns, such as 
cl1e total length of acid (pH< 4) reflux, duration of each episode, 
ru1d longest continuous period of acid reflux. A gastric em prying 
scan is obtaiJ1ed when a radionudide-labeled ~"'T c sulfur 
colloid) liquid or semisolid food is used to assess gastric empty
iJlg quantitatively. 1his study can also identify cl1c presence of 
GER. ln general, approximately 50% of the isotope meal nor
mally Leaves the stomacl1 within 60 minutes and approximately 
80% empties by 90 minutes after ingestion of a labeled meal. 
Delayed gastric emptying may improve simply after aJl aJltircflux 
procedure alone. 

Esophageal manometry measures the esophageal body and 
lower esophageal sphincter pressures and helps identify abnor
mal esophageal motility. Although relatively simple to perform, 
mru1omcrry is infrequently used to evaluate GER disorders iJ1 
children. 1l1e severity of GER in infants does not always cor
relate with aJl incompetent lower esophageal sphiJ1cter mecba
Jl.ism.. 1l1ere has also been considerably less experience with 
manometric studies in pediatric patients. However, identifying 
patients with esophageal dysmotility may be important for 
selecting the appropriate antireflux procedure. Children with 
poor esophageal motility are prone to develop refractory dys
phagia after complete wrap fundoplication. Endoscopic evalua
tion of the esophageal mucosa provides a gross and nl.icroscopic 
assessment of mucosal iJ1jury secondary to GER. Patients who 
prcscJlt wicl1 hematcmesis or dysphagia may have signifi.cant 
underlying esophagitis. Esophagoscopy can determine the spec
trum of esophagitis from inAammation to ulceration to stric
ture, and is also helpful in identifying Barrett's esophagus 
(columnar epithelium in the lower esophagus) via mucosal 
biopsy. 

Treatment 
Conservative management of significant GER iJ1cludes thick
ening of formula with cereal, reducing cl1e volume of feeding, 
ru1d postural maneuvers. ln addition, pharmacologic acid sup
pression may be useful. Indications for surgical intervention 
include severe GER that is unresponsive to aggressive medical 
management. Smgcry is generally warranted for patients with 
life-th reatening near-nl.iss SIDS episodes, FTT, or esophageal 
stricture. Ocl1er relative indications include those requiring 
complex surgical airway reconstruction, neurologic impair
ment requiring permru1cnt feeding access, and a history of 
recurrent pneumOJl.ias or persistent asthma.. In general, the 
gold standard surgical procedure for children with GER 
remains Nissen fund oplication (complete esophageal wrap). I£ 
is cl1e most effective method to con trol the symptoms of GER; 
however, the UJldesirable side effect of gas bloat or dysphagia 
is more likely to occur after a complete wrap cl1aJ1 after a 
partial wrap. A partial wrap ( e.g., Toupet, 270 degrees; 1l1al, 
180 d egrees) has been reported to produce less frequem com
plications, but is less effective in controiJing the reflux symp
toms as compared with a complete wrap. Regardless of which 
type of fundoplication is performed, a laparoscopic approach 
has become the standard technique. 
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Hypertrophic Pyloric Stenosis 
Hypertrophic pyloric stenosis (HPS) is a disease of newborns, 
with an incidence of 1 in 300 to 900 Live births. ft is one of the 
most common GI surgical disorders in early infancy; it is most 
common between the ages of 2 and 8 weeks. Doys are affected 
four rimes as often as girls, with firsr-born male infanrs being ar 
highest risk. Hypertrophy of the circular muscle of the pylorus 
results in constriction and obstruction of the gastric outlet, 
leading to nonbilious, projectile emesis, loss of hydrochloric acid 
with the onset of hypokalemic hypochloren"tic metabo lic alkalo
sis, and dehydration. Although the exact cause for HPS remains 
unknown, a lack of nitric oxide synthase in pyl.oric tissue has 
been implicated. 

Clinical Presentation 
Infants with HPS generally present with progressively worsening 
nonbilious emesis. With time, the emesis becomes more fre
quent, forceful, and projectile in nature. Occasionally, visible 
gastric peristalsis may be observed as a wave of contractions from 
the left upper quadrant to the epigastrium. Shortly after emesis, 
infants usually crave additional feedings. A plain abdominal 
radiograph shows an upper abdominal gas bubble in the stomach. 
Palpation of the pyloric tumor (olive-shaped) in the epigastrium 
or right upper quadrant by an experienced examiner is pathog
nomonic for the- diagnosis of HPS. If the olive is palpated, no 
additional diagnostic testing is necessary. When the olive is 
non palpable, the diagnosis of HPS can be made by ultrasound. 
A persistent pyloric muscle thickness more than 3 to 4 mm or 
a pyloric length more than 15 to 18 mm in the presence of 
functional gastric outlet obstruction is generally considered diag
nostic. With equivocal clinical history, an upper GI contrast 
study is useful to evaluate for other causes of vomiting. 

Treatment: Surgical Management 
1l1c treatment of HPS is pyloromyotomy, consisting ofincising 
through thickened pyloric musculature while preserving the 
underlying mucosa. 1l1is can be performed througb a right 
upper quadrant or periLmlbilical incision. Recently, laparoscopic 
pyloromyotomy (Fig. 67-8) has gained popularity because of 
better cosmesis, with sin:tilar outcomes to those of the open 
technique.12 Before surgery, it is important that d1e infant be 
fully rehydrated with IV Aulds to establish an adequate urine 
output and correct electrolyte disturbances such as metabolic 
alkalosis. Because tl1e infant with underlying metabolic alkalosis 
will compensate with respiratory acidosis. postoperative apnea 
may occur. 1lms, the serum HC03 level needs to be normalized 
before surgery. Poswperatively, infants are usually allowed to 
resume enteral feedings. Vomiting after surgery occurs 
frequently but is generally self-limited. Potential complications 
include incomplete myotomy, mucosal perforation, and wound 
infection. 

Duodenal Atresia 
Duodenal atresia is thought to occur as a result of failure of 
vacuolization of d1e duodenum from its solid cord stage. The 
range of anatomic variants includes duodenal stenosis, mucosal 
web with intact muscular wall (so-called windsock dejom1ity) , 
two ends separated by a fibrous cord, and complete separation, 
with a gap witbjn the duodenum. lt is associated with several 
conditions. including prematurity. Down syndrome, maternal 
polyhydramnios,. malrotation, annular pancreas, and biliary 
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FIGURE 67-8 A, laparoscopic pyloromyotomy is started using a 
retractable blade. 8, A spreader with grooves on the outer surface is 
used to complete the pyloromyotomy. Intact mucosal bulging along 
with independent muscular wall motion is confirmed. (From St. Peter 
SO, Ostlie OJ: laparoscopic and open pyloromyotomy. In Chung OH, 
Chen MK [eds]: Atlas of pediatric surgical techniques, Philadelphia, 
2010, Elsevier Saunders, pp 253-265.) 

atresia (BA). Otl1er anomalies, such as cardiac, renal, esophageal, 
and anorectal anomalies, are also common. [n most cases, the 
duodenal obstruction is distal to the ampuUa ofVater (85%), 
and tl1ercfore infants present with bilious emesis. In patients 
with a mucosal web, the symptoms of postprandial emesis may 
occur later in life. 

Clinical Presentation and Diagnosis 
IJ1fanrs with duodenal obstruction are generally first detected 
during a prenatal ultrasound evaluation. Immediately after 
birth, a plain abdominal radiograph shows a typical double
bubble sign, if obtained before orogastric tube decompression 
of swaJlowed gastric air (Fig. 67-9A). If distal air is present, an 
upper CI contrast study should be obtained rapidly, not only to 
confirm the diagnosis of duodenal stenosis or atresia but also to 
exclude midgut volvulus, which would constitute a surgical 
emergency. 

Treatment: Surgical Management 
The management is by surgical hypa...s of the duodenal obstruc
tion as a side-to-side or proximal transverse to distal longitudinal 
(diamond-shaped) duodenoduodenostomy (see Fig. 67-9B). At 
the time of anastomosis, a concomitant distal intestinal atresia 
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FIGURE 67-9 A, Plain abdominal radiograph shows double-bubble appearance of duodenal atresia. B, Proximal transverse to distal longitudinal 
(diamond-shaped) or side-to-side duodenoduodenostomy is performed for congenital duodenal obstruction. (From Duodenal obstruction. In 
O'Neill JA Jr, Grosfeld JL, Fonkaksrud EW, et al [eds]: Principles of pediatric surgery. ed 2, St Louis, 2003, Mosby, p 474.) 

should be ruled our by injecting saline imo a distal limb using 
a soft red rublber catheter. When the proximal duodenum is 
markedly dilated, a tapering duodenoplasty with staples or 
sutures should be considered to reduce the duodenal caliber, 
which may improve postoperative gastric emptying. In patients 
with a duodenal mucosal web, the web is excised transduode
nally. Caution must be exercised to preserve the ampulla during 
the web excision. 

Jejunoileal Atresia 
Jejunoileal atresia is the most common GI atresia; it occurs in 
approximately l in 2000 Live births. It is thought to occur as a 
result of an intrauterine mesenteric vascular occlusion. Atresias 
occur slightly more frequently in the jejunlllll tl1an in the ileum. 
Jejtmoileal atresia~ are classified as type I, a mucosal web or 
diaphragm (Fig. 67- lOA), type ll, with an atretic cord berween 
rwo blind ends of bowel with intact mesentery, type Ilia, a 
complete separation of the blind ends of the bowel by a V-shaped 
mesenteric gap, and type IIIb, an apple peel or Christmas tree 
deformity with a large mesenteric gap (see Fig. 67- lOB), in 
whidl the distal bowel receives a retrograde blood supply from 
the ileocolic or right colic artery. This tenuous blood supply bas 
implications fo r rcanastomosis and the potential for ischemic 
necrosis caused by an antenatal volvulus. Thus, many of these 
infants with this type of atresia are bom with reduced intestinal 
leJ1gth. Finally, in type rv, there are multiple atresias, with a 
string of sausage appearance. 

Clinical Presentation 
Infants present witl1 bilious emesis, abdominal distention, and 
failure to pass meconium. Typically, the overall clinical presenta
tion is dcpcndem on rhc level of obstructiun.ln proximal atresia, 
abdominal distention is less, but significant bilious emesis is 
present. Plain abdominal radiographs show air-Auid levels with 

FIGURE 67-10 Jejunoileal atresia. A, Massively dilated jejunum with 
narrow distal bowel segment. B, Apple peel type of atresia with a 
large mesenteric gap. 
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absent distal gas. With distal atresias, abdominal distention is 
present more frequently. A barium enema demonstrates a small 
unused colon and may also be useful to exclude multiple atresias, 
which may be present in 10% to 15% of cases. Jejunoileal atresia 
is typically not associated with other anomalies except cystic 
fibrosis (CF) in approximately 10% of patienrs. 

Treatment: Surgical Management 
Infants are managed in a mrumer similar to that for other condi
tions of neonatal bowel obstruction. An orogastric tube is placed 
and appropriate IV fluid resuscitation is implemented. At opera
tion, the main goal is to ree.stablish intestinal continuity while 
preserving as much intestinal length as possible. [n multiple 
atresias, multiple anastomoses over an endolumlnal stent may 
be necessary. [f the proximal intestine is significantly dilated, 
prolonged dysmotil:ity may persist and, therefore, a tapering 
enteroplasty of the dHated bowel should be considered. However, 
iJl cases of adequate bowel length, resection of the dilated bowel 
segment can result in faster recovery. The overall survival for 
ull'ants with jej uJ1oilcal atresia is more tl1ru1 90%. 

Intestinal Malrotation and Midgut Volvulus 
'The actual incidence of rotational ru1omalics of the midgut is 
difficult to determine, but is estimated to occur iJ1 1 in 6000 
live births. The midgut normally herniates out of the coelomic 
cavity through the umbilical ring at approxinlately the fourth 
week of fetal development. By week 10 of gc.~tation, the intestine 
begu1s to migrate back into the abdominal cavity ill a counter
clockwise rotation around the axis of the superior mesenteric 
artery (SMA) for 270 degrees. The duodenojejunal segment 
returns first and rotates beneath and to the right of the SMA to 
fix in the left upper quadrant at the Ligament of Treitz. 1he 
cecocollc segment also rotates cotmterclockwise around the 
SMA to rest in its final position in the right lower quadrant. By 
the week 12, this process of intestinal rotation is complete and 
the colon hecomes fixed to the retroperitoneum. An mterruption 
or reversal of any of these coordinated movements implies an 
embryologic explru1ation for the range of anomalies seen . 

Abnormal Intestinal Rotation 
Complete nonrotation of the midgut is the most common 
anomaly and occurs when neither tl1e duodenojejunal nor the 
cecocolic limb UJldergoes correct rotation. Consequently, duo
denojejtmal and ileocecal jLmctions lie close together and the 
midgut is suspended on a narrow SMA stalk, which can twist 
in a clockwise fashion to result in midgut volvulus. Nonrotation 
of the duodenojejunal lill1b, followed by normal rotation and 
fixation of the cecocolic limb, result iJ1 duodenal obstruction by 
abnormal mesemeric bands (Ladd's bands) that extend from the 
colon across the ru1terior duodenum. In this anomaly, although 
ohstructive symptoms may be severe, the risk of midgut volvulus 
is low because there is a relatively broad mesenteric base between 
the duodenojejunal junction ru1d cecum. Normal rotation of the 
duodenojejw1allimb witl1 nonrotation of the cecocolic segment 
carries the same risk for midgut volvulus as a complete nonrota
tion anomaly. IJl this case, the risks for volvulus arc high because 
of a narrow mesenteric base. 

Clinical PresentatiOn The clilllca.l presentation varies, depending 
on tl1e specific mechanism of obstruction and whetl1er it involve.s 
vascular compromised bowel. The major symptoms are related 
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to the presence of midgut volvulus, duodenal obstruction, or 
intermittent or chronic abdominal pain, or as an iJ1cidental 
6ndillg in aJl otherwise asymptomatic patient. Most patients 
develop symptoms during the first month of life. Midgut vol
vulus is a true surgical en1ergency because of evolving ischemic 
bowel loops. 'TI1e acute onser of bilious emesis in a particularly 
somnolent or lethargic newborn is an ominous sign. Midgut 
volvulus may also be illcomplete or mtermittcnt. Patients may 
have cl1Ionic abdominal pain. mterminent episodes of emesis 
(which may be nonbilious), early satiety, weight loss, failure to 
thrive, andlor malabsorption and diarrhea. With partial volvu
lus, the resultrult mesenteric venous and lymphatic obstruction 
may iJnpair nurrienr absorption ru1d produce proteiJl loss into 
the gut lumen, a.~ well as mucosal ischemia and melena as a result 
of arterial insufficiency. 

Diagnosis Abdommal radiographs may demonstrate upper in tes
tinal obstruction or a gasless abdomen; however, these find ings 
are nonspecific. 'TI1e upper GI contrast series remains the diag
nostic study of choice; it den1onstrates ru1 abnormal position 
of the ligament ofTreitz along with the appearance of a bird's 
beak in the third portion of the duodenlll1l, which indicates 
an obstruction. 'TI1e ultrasound exan1ination has proven to be a 
useful tool for the diagnosis of mtestinal malrotation with 
midgut volvulus, in which the normal relationship of the supe
rior mesenteric vessels (the vein is to the right of artery) is 
reversed or altered.13 Jn the acutely ill child with midgut volvulus 
and obstrucrion, inlmediare operative correction is indicated, 
and little time is available for IV fluid resuscitation, catheteriza
tion, type ru1d crossmatchmg, or admiJ1istration of broad
spectrum antibiotics. Trme is critical iJl terms of iJuestinal 
salvage. 

Treatment Surgical Management Midgut volvulus is a surgical 
emergency. Once the diagnosis is made, a clilld must be 
promptly explored. Ladd's procedure is the operation of choice 
for most .rotational anomalies of the intesti.ne (Fig. 67- 11 ). On 
entering the peritoneal cavity, ascites (chyle from obstructive 
lymphatics) is frequently encountered. 1l1e volvulus is Wltwisted 
in a cow1terclockwise fashion. After detorsion, the illtestlne 
may be congested and edematous and some areas may appear 
necrotic. Placement of warm sponges and observation for a 
period of dme may improve the appearance of rhe uuesriJ1e 
when the vascular integrity has been compromised. Necrotic 
segment(s) are resected; however, marginally ischemic segments 
may be left in place ru1d a second-look laparotomy performed 
after 24 ro 36 hours. Ladd's bands are divided as they extend 
from the ascending colon across the duodenum to the posterior 
aspect of the right upper quadrant. In dividiJ1g the medial 
bru1ds, the cecum is mobilized and the mesenteric base is broad
ened to prevent recurrent volvulus. There has heen no demon
strated benefit to pexing the cecum or duodenum to the 
abdominal wall. ln addition, an intraluminal duodenal obstruc
tion may coexist, ru1d therefore a catheter may be passed 
through the mouth and advanced beyond the pylorus into the 
distal duodenum to exclude a11y associated anomaly. An inci
dental appendectomy is performed because the cecLtnl will ulti
mately lie on the left side of the abdomen after chis procedure. 
1l1e intestine is replaced into the abdominal cavity, with the 
small bowel lying entirely on the right side willie the colon is 
positioned on the left. 
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Outcomes 
Recurrent volvulus is relatively infrequem but has been reponed 
in up to 10% of chiJdren undergoing Ladd's procedure. lhe 
more common cause for postoperative obstruction is adhesive 
bands. Prolonged ileus is common, particularly if a volvulus bas 
progressed ro necrosis, requiring extensive resection. Midgut 
volvulus accounts for approximately 18% of cases of short gut 
syndrome in the pediatric population. Urgent recognition and 
treatment arc the most important factors in prcventiJlg this 
complication. 

Necrotizing Enteroc:olitis 
N EC is the most common Gl emergency iJl the neonatal 
period. AJthougb several contributing factors such as ischemia, 
bacteria, cytokines, ru1d enteral feeding have been identi6ed, 
prematurity is the single most important risk factor. Recent 
medical advances in the management of premature infru1ts 
have led co improved overall survival, bencc resulting in a 
greater numbe·r of premature infants at risk for developiJ1g 
NEC. Despite the tremendous impact of NEC on neonatal 

FIGURE 67-11 ladd procedure. A. The bowel is eviscerated. 
B. The intestine is derotated in a counterclockwise fashion. 
C. The peritoneal attachment between the cecum and retro
peritoneum (Ladd's band) is divided. D. The base of the 
mesentery is widened and an appendectomy is performed. 
(From Warner BW: Imperforate anus. In Chung DH, Chen MK 
[eds]: Atlas of pediatric surgical techniques, Philadelphia, 
2010, Elsevier Saunders, pp 138- 142) 

morbidity and mortality, progress in understanding this condi
tion is hampered by the fact that a reliable rulinlal study 
model for NEC does not exist. 

Clinical Presentation and Diagnosis 
'TI1e clinical presentation for NEC can be variable and unpre
dictable. Acute abdominal distention, tenderness, and feeding 
intolerance with gross or occult blood in the stool ru·e hallmark 
features for NEC. Other nonspecific diJlical signs include irri
tability, temperature instability, ru1d episodes of apnea or brady
cardia. N EC typically occurs in the first few days of life with the 
initiation of enteral feedings. L1 approximately 80% of cases, 
however, it occurs within the first month of life. As NEC pro
gresses, systemic sepsis develops, with hemodynan1ic deteriora
tion and coagulopatby. TI1e pathognomonic radiographic feature 
ofNEC is pneLUnatosis intestinalis (see Fig. 67-12A). Pneuma
tosis is composed of hydrogen gas generated by the hacterial 
fermentation ofluminal substrates. Other radiographic findings 
may include portal venous gas, ascites, fixed loops of small 
bowel, and free air (see Fig. 67- 128). The distal ileum and 
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FIGURE 67- 12 A. Pneumatosis intestinalis (arrows), a pathognomonic radiographic sign for NEC B, Pneumoperitoneum (arrow) on lateral 
decubitus radiograph. 

ascending colon are the usual affected areas, although the entire 
GI tract (NEC totalis) may also be involved. 

Treatment 
Medical Treabnent Initial medical management consists of nasa
gastric tube decompression, fluid resuscitation, blood and plate
let transfusion, and administration ofbroad-spectrum antibiotics. 
In general, NEC can be successfully ueated medically in approx
imately 50% of cases with a 7- to 10-day course of antibiotics. 
Serial abdominal exan1.inations are performed to closely monitor 
for any subtle signs that would indicate that surgery is required. 
1l1e absolute indication for operative management of NEC is 
the presence of intestinal perforation, as revealed by free air on 
plain abdominal radiograp.hs. O ther relative indications for 
surgery include overall clinical deterioration, abdominal wall 
cellulitis, worsening acidosis, falling white blood cell or platelet 
count, a palpable abdominal mass, and a persistent fixed radio
graphic bowel loop. 

Surgical Managemettt The general principles of surgical manage
ment of NEC include resection of all nonviable segments of 
intestine with the creation of a stoma. All efforts need to be 
made to preserve as much intestinal length as possible. Thus, it 
may be necessary to resect multiple intervening necrotic seg
ments of bowel, tpreserving all viable intestine. In cases in which 
the bowel is isd1emic but not frankJy necrotic, a second-look 
operation may be performed after 24 hours. Bowel resecrion 
with prin1ary reanastomosis may be considered in the rare stable 
i.nfant with focal involvement of NEC with minimal peritoneal 
contamination. However, the risks for anastomoti.c leak and 
stricture formation have tempered widespread enthusiasm for 
this approach. 

Another operative approach to the management of tl1e 
infant with perforated NEC is bedside placement of peritoneal 
drains. Drainage of the contaminated peritoneal fluid may 
in1prove ventilation and halt tl1e progression of sepsis in selecr 
critically ill preterm infants. Surprisingly, drainage of the peri
toneum may be the only necessary intervention in few select 
patients. However. in a multicenccr cobort study, percutaneous 
drainage was found to be used commonly, but with poor out
comes in extremely low-birth-weight infants (<1000 g).14 

Evidence to support peritoneal drainage as an accepted mode of 
treatmeJJt for NEC has been recently established in a multi
cenrcr, randomized prospective clinical trial.15 In this study, sur
vival, need for parenteral nutrition, and length of hospital stay 
were similar for NEC infants weighing less than 1500 g treated 
by peritoneal draiJJage or laparotomy. 

Outcomes 
1l1e overall mortality rate for surgically managed NEC ranges 
from 10% to 50%. NEC is currently the single most common 
cause of short gut syndrome in children. intestinal strictures may 
develop after medical or surgical management of NEC in 
approximately l Oo/o of infants. The most common site of 
involvement is the splenic flexure of the colon. Because of this 
risk for post-NEC strictllre, a radiographic contrast study of the 
distal imestine is carried out routinely prior to elective stoma 
reversal. Neurodevelopmental delay is also a frequent long-term 
problem in these infants. 

Short Bowel Syndrome 
Short bowel syndrome (SBS) is a clinical condition in which 
there .is inadequate length of functional intesti ne to sustain 
normal emeral nutrition, generally as a result of massive small 
bowel resection. Common conditions that could result in SBS 
are intestinal atresia, midgut volvulus, NEC, and gastroschisis. 
In patients with SBS, intestinal ftmction depends on a number 
of factQrs, such as total bowel length, presence of the iJeocecal 
valve, and residual segments of intestine. The jejunum is the site 
of absorption of most macronutrients and minerals. GI hor
mones that are critical for gut fw1ction, such as d1olccystokinlJ1 
and secretin, are produced in the jejurmm. 1l1e ileum is essential 
for d1e absorption of carbohydrates. proteins, fluids, and elec
trolytes. Bile acids, vitamin B12, and ilie fat-soluble vitamins (A, 
D, E, K) are primarily absorbed in tl1e ileum. The presence or 
absence of an ileocecal valve is particularly critical in SBS, in 
which intestinal transit time can be significantly altered. The 
colon is particularly in1porrant in SBS patients to absorb water 
and electrolytes. After massive small bowel resection, a physio
logic process known as inti!Jtimll adaptation occurs to compen
sate for the loss of intestinal length. Many factors are involved 
in this adaptive process to enhance the absorptive function of 
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the residual intestine. Medical treatment ofSBS patients includes 
the use of an elemental diet, glutamine and various growth 
factors, and careful de)jvery ofTPN. 16 Many surgical techniques 
(excluding small bowel transplantation) aimed at slowing intes
tinal transit time and/or increasing the mucosal surface area for 
enhanced absorption have been described.1

' 1l1ese include 
reversed intestinal segment, recircuJating loop, artificial intesti
nal valve, colon interposition, and intestinal pacing. Two proce
dures that are generally used are the Bianchi procedure and serial 
transverse enteroplasty. 

Treatment: Surgical Management 
Biandli Procedure Bianchi originally described an intestinal 
lt·ngthening procedure in which the mesenteric vascular bed 
is separated into two systems, the dilated small intestine is 
split into two parallel segments, each with its own blood 
supply, and the ends are approxinlated (Fig. 67-13A). 1lus 
results in a 50% decreased dian1eter of the small .intestine and 
increased length by 200%. 1l1e Bianchi procedure has shown 
to be an effective surgical option for treating patients with 
SBS.18 

Serial Transverse Enteroplasty Since its first description in 2003, 
the STEP procedure (serial transverse enteroplasty) has garnered 
significant interest by the pediatric surgical community. In con
trast to the BianclU procedure, dilated small intestine is serially 
stapled in a transverse fashion to create a narrower lumen and 
longer intestinal length (see Fig. 67-13B). In a report of early 
experience with 16 patients, the STEP procedure improved 
enteral feeding tolerance, resulting i.n significant catcl1-up 
growth, and was not associated with increased morta.lity.19 

A 

Meconium Ileus 
Meconium ileus is a unique form of neonatal obstruction that 
occurs in infants with CE CF results from a mutation in the CF 
transmembrane regulator gene(CFTR) and is autosomal reces
sive. It is estimated that 3.3% of the Caucasian population in 
the United Stares are a~ympromaric carriers of rhe murared CF 
gene. 1l1e abnonnal chloride transport in patients with CF 
results in tenacious viscous secretions with a protein concentra
tion of almost 80 to 90%. It affects a wide variety of organs, 
including the intesti ne, pancreas, lungs, salivary glands, repro
ductive organs, and biliary tract. MecoJuum Heus is classified as 
simpJe or complicated. 

Clinical Presentation 
Meconium Ueus it1 the newborn represencs the earliest clinical 
manifestation of CF; it affects approximately 10% to 15% of 
patients with this i11herited djsease. The incidence of CF ranges 
from l in 1000 to 2000 live births. Infants present with three 
cardinal signs in the first 24 to 48 hours of life: (1) generalized 
abdominal distention; (2) bilious emesis; and (3) failure t<> pass 
meconium. Maternal polyhydramnios occurs in approximately 
20% of cases. ln sin1ple meconium ileus, the terminal ileum is 
dilated and filled with thick, ratlike, inspissated meconium. 
Smaller pellets of meconium are found in the more distal ileum, 
leading into a relatively small colon. In patients with simple 
meconium ileus, important plain abdominal radiographic find
ings include dUate, gas-filled loops of small bowel, absence of 
air-fluid levels, and a mass of meconium it1 the right side of the 
abdomen mixed with gas to give a ground gl.ass or soap bubble 
appearance. 

8 

FIGURE 67-13 Bowel-lengthening procedures. A, Bianchi technique separates two mesenteric planes. A dilated segment of bowel is stapled 
longitudinally to create two narrower segments. for sequential anastomosis. B, STEP (serial transverse enteroplasty) involves stapling a dilated 
bowel into V shapes on alternating sides, decreasing width and increasing length. (A adapted from Abu·Eimagd KM, Bond G, Costa G. et al: 
Gut rehabilitation and intestinal transplantation. Therapy 2:853-864, 2005; B from Kim HB, Fauza D, Garza J, et al: Serial transverse enteroplasty 
(STEP): A novel !bowel-lengthening procedure. J Pediatr Surg 38:425-429, 2003.) 
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Simple Meconium Ileus 
Plain abdominal radiographs show dilated bowel loops with 
relative absent air-fluid levels because of thick viscous meco
nium. A ground glass appearance is noted in the right lower 
quadrant corresponding to bowel loops filled with thick meco
nium mixed wid~ air. 'TI1e initial diagnostic study of choice is a 
contrast enema usi11g a water-soluble ionic contrast solution. [n 
simple meconium ileus, a Gastrografin contrast enema study can 
demonstrate a small unused colon and inspissated meconium 
pellets in the terminal ileum (Fig. 67-14A). GastrografiJl is a 
hypertonic solution, which call aid in tbe evacuation of meco
nium. However, it is important that the infants are well hydrated 
ru1d electrolytes ru1d viral signs carefully monitored following the 
Gastrogra6n study. Contrast enema is successfLLI in relieving the 
obstruction in up to 75% of cases, with a bowel perforation rate 
of less than 3o/o. the pilocarpine iontophoresis sweat test reveal
ing a chloride concentration higher than 60 mEq/L is the most 
rellable and definitive method to confirm the diagnosis of 
CF. A more immediate test includes detection of the mutated 
CFTRgene. 

Treatment Surgical Management Operative management of simple 
meconium ileus is required when the obstruction cannot be 
relieved with Gastrogra6J1 comrast enema, along with 5 roL of 
10% N-acerylcysteine (Mucomyst) solution administered every 
6 hours through a nasogastric tube. Historically, the dilated 
termi11al iJeum was resected and various types of stomas were 
created, allowing for intestinal decompre~ion and recovery. 
More recently, enterotomy, irrigation with warmed sallne solu
tion or 4o/o N-acetylcysteine, and simple evacuation of the 
luminal meconium without a stoma has been advocated {see Fig. 
67- I 48). N-accrylcystcine serves to break the disulfide bonds in 
the meconium ru1d facilitate separation &om the bowel mucosa. 
111<::· meconium is manipulated into the distal colon or removed 
through the enterotomy. After the obstruction is relieved, the 
emerotomy is dosed u1 standard fashion. If meconium evacua
tion is incomplete, aT tube may be left in place in the ileum to 
facilitate contiJllled postoperative irrigation. 
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Complicated Meconium Ileus 
Meconium ileus is considered complicated when perforation 
of the intestine has taken place in utero or in the early neona
tal period. Extravasated meconium can result in severe perito
nitis, with a dense inflammatory response ru1d calcification. 
The variable clinical presemarion includes a meconium pseu
docyst, adhesive peritonitis with or without secondary bacte
rial infection, and ascites. Plain abdomiJ1al radiograpl1s call 

demonstrate calcifications, bowel dilation, mass effect., and 
ascites. 

Outcomes 
'TI1e long-term outcomes of patients with CF, with or without 
meconjum ileus, are not significantly variable. A meconium iJeus 
equiva:Ient (distal ileal obstructive syndrome) may develop as a 
consequence of noncompliance with oral enzyme replacement 
therapy or bouts of dehydration. 'Tills is managed nonoperatively 
in most patients with enemas or oral polyethylene glycol purgi11g 
solutions. Other diagnoses must also be considered, including 
simple adhesive iJ1tcstinal obstruction. Furthermore, with the 
ultroduction of enteric-coated, high-strength pancreatic enzyme 
replacement therapy, a fibrosing cholangiopathy has been 
described. Resection of the inflammatory colon stricture may be 
necessary. 

Colonic Atresia 
Colonic atresia is uncommon, witl1 an estimated incidence of 1 
in 20,000 live births. It is the lease common intestiJ1al auesia, 
accoLmting for ortly 5% w 10% of cases. [nfants with colonic 
atresia usually prescntwitl1 failure to pass meconium, abdominal 
disteJltion, and biJious vomiting. Plain radiographs may dem
onstrate distal bowel obstruction pattern, but the diagnosis is 
confirmed by barium enema. The classification of colonic atre
sias is the san1e as that for the small intestine. At operation, 
depending on the location of the atretic pomt, primary anasto
mosis after partial resection or tapermg of the proximal colon 
may be considered: however. a diverting end colostomy with 
delayed reversal is preferred. 

FIGURE 67-14 Surgical management of simple 
meconium ileus. A. Contrast enema study shows 
microcolon with soap bubble appearance in the 
right lower quadrant. 8, Removal of meconium 
can be faci litated by gentle use of a catheter 
along with a 2% to 4% N-acetylcysteine solution. 
(Fi'om Brandt, ML: Meconium disease. In Chung 
DH, Chen MK (eds]: Atlas of pediatric surgical 
techniques, Philadelphia, 2010, Elsevier Saun
ders, pp 44-53.) 
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Meconium Plug Syndrome 
Meconium plug syndrome is unrelated to meconhtm ileus and, 
in most ca..es is not a sequela of CF. However, it is a frequent 
cause of neonatal intestinal obstruction and is associated with a 
number of conditions, including Hirsd1sprung's disease, mater
nal diabetes, a:nd hypothyroidism. In general, infants presem 
with significant abdominal distention and failure to pass meco
nium in the first 24 hours of life. Barium enema shows a micro
colon extending up to where the colon is dilated, 6lled with a 
thickened meconium plug. Often, a barium enema study is 
diagnostic and therapeutic. Although most childre11 with meco
tuum plug syndrome are normal, follow-up studies should be 
performed co rule out Hirschsprungs disease and CE 

Hirschsprung's Disease 
Hirschsprung's disease is a developmental disorder characterized 
by an absence of ganglion cells in the myenteric (Auerbach) and 
submucosal (Meissner) plexus. It occuJs in I in SOOU live births, 
with boys being affected four times more frequently than girls. 
1his neurogenic parasympathetic abnormality is associated with 
muscular spasm of the distal colon and internal anal sphincter, 
resuJting in a functional obstruction. Hence, the abnormal 
bowel is the contracted distal segment, whereas the normal 
bowel is the proximal dilated portion. Aganglionosis begins at 
the anorectal line and the rectosigmoid is affected in approxi
mately 80% of cases, splenic or transverse colon in 17%, and 
entire colon in So/o. 1l1e area between tl1e dilated ru1d contracted 
segments is referred ro as the transition zone. ln this area, gan
glion cells begin to appear, but in reduced numbers. Of these 
patients, 3o/o t<> 5o/o have Down syndrome, ru1d the risk for 
Hirschsprung's disease is greater if there is a family history. An 
abnormal locus 011 the chromosome 10 has been identified in 
some families and is associated with the RET oncogene.10 

Clinical Presentation 
Most infants (>90%) present witl1 progressive abdominal disten
tion and bilious emesis, with failure to pass meconium within 
the first 24 hours of life. In some cases, diarrhea may develop as 
a result of enterocolitis. For missed Hirschsp.mng's di.sease 
infru1ts, they may present ar an older age with a history of poor 
feeding, chronic abdominal distention, and significant constipa
tion. Enterocolitis is the most common cause of death in patients 
with uncorrecred Hirschsprung's disease and may manifest as 
diarrhea alternating with periods of obstipation, abdominal dis
tention, fever. bematochezia, and peritonitis. 

Diagnosis 
The initial diagnostic step in a newborn with radiographic evi
dence of a distal bowel obstruction is a barium enema. In a 
normal barium enema study, the rectum is wider than the 
sigmoid colon. In patients with Hirschsprung's disease, spasm 
of the distal rectum usually results in a smaller caliber when 
compared with me more proxinlal sigmoid colon (Fig. 67-15). 
ldentifieation of a transition zone may be helpful. Failure to 
evacuate the instiJJed contrast completely after 24 hours would 
also be indicative of HiJ·schspnmg's disease. An important goal 
of the study is to exclude other causes of constipation in the 
newhorn, such as meconium plug, small left colon syndrome, 
and atresia. 'The manometric linding of failure of the internal 
sphincter to relax when the rectum is distended with a balloon 
can also be useful information in older patients. A rectal biopsy 

FIGURE 67- 15 Contrast enema demonstrating transition point 
(arrow) in Hirschsprung's disease. 

is tl1e gold standard for the diagnosis of Hirschsprung's disease. 
[n the newborn period, this is performed at the bedside using a 
special suction rectal biopsy in.strLLment. lt is important to 
obtain the san1ple at least 2 em above the dentate line to avoid 
sampling the normal transition from ganglionated bowel to the 
paucity or absence of ganglia in the region of me internal sphinc
ter. In older children, a fuJI-thickness biopsy is obtained uJ1dcr 
general anesthesia because the thicker rectal mucosa is not ame
nable to suction biopsy. Absent ganglia, hypertrophied nerve 
trunks, and robust immunostaining for acetylcholinesterase 
(AChE) are the histopathologic criteria. Recently, loss of cal
retiniJ1 immunostairling has been shown to be superior to AChE 
technique in the evaluation of suction rectal biopsies for 
Hirschsprung's disease.21 

Treatment: Surgical Management 
Traditionally, a leveling colostomy was performed initially via a 
left lower quadrant surgical incision. The location of the transi
tion zone is confirmed by frozen section evaluation of multiple 
scromuscuJar biopsies. A diverting colostomy (end or loop) is 
tl1en performed in the region of normal ganglionated bowel and 
a definitive procedure is performed at a later age. There are 
definitive surgical options for Hirschsprung's disease. In the 
Swenson procedure, the aganglionic bowel is removed doW11 to 
the level of the internal sphincters and a coloanal anastomosis 
is perforn1ed. In the Duhamel procedure, the aganglionic rectal 
stump is left iJ1 place and the ganglionated normal colon is 
pulled behind the stump. A stapler is then inserted through the 
anus, with one arm witllin the normal gru1glionatcd bowel pos
teriorly and the other in the aganglionic rectum anteriorly. 
Firing of me stapler results in the formation of a neorectum that 
empties normally because of the posterior patch of ganglionated 
bowel. The Soave technique involves an endorecral mucosal dis
section within me aganglionic distal recnm1. The normally gan
glionated colon is then pulled through the remnant muscular 
cuff and a coloanal anastomosis is performed. Recently, these 
procedures have been performed in the newborn period as a 
primary procedure without an initial colostomy.22 Furrhem1ore, 
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the same procedures have been described in infants that are 
performed completely through a transanal approach, with or 
without laparoscopic guidance. 1he overall survival of patients 
with Hirschsprung's disease is excellent; however, long-term 
stool.ing problems are not infrequent. Constipation is the most 
frequem posroperative problem followed by soiling, incomi
nence, and enterocoUtis. 

Anoredal MaHormation 
The incidence of imperforate anus is I in 5000 live births, and 
boys are more commonly affected (58o/o). The spectrum of ano
rectal malformations ranges from simple anal stenosis to the 
persistence of a cloaca. 1l1e most common defect is an imperfo
rate anus with a fistula between the distal colon and urethra in 
boys or the vestibule of the vagina in girls. 

Embryology 
By 6 weeks of gestation, the urorectal septum moves caudaJly to 
divide the cloaca into the anterior urogenital sinus and posterior 
anorectal canaL Failure of this septum to form results in a fistula 
betweeJl the howe! and urinary tract (in bnys) or the vagina (in 
girls). Complete o r partial failure of the anal membrru1e to resorb 
results in an anal membrru1e or stenosis. 1l1e perineum also 
contributes to the development of the external anal opening aJld 
genitalia by the formation of cloacal folds, which extend from 
the ru1terior genital tube.rcle to the anus. 1l1e perineal body is 
formed by fusion of the cloacal folds between the ru1al and 
urogenital membranes. Breakdown of the cloacal membrru1e 
anywhere along its course results in the external anal opening 
beiJ1g anterior to d1e external sphincter (i.e., ru1teriody displaced 
aJlUS). 

dassification 
An anatomic classification of anorectal anomalies is based on the 
level at which the blind-ending rectal pouch ends-low, inter
mediate, or high in relationship to the levator ruli musculature. 
A more therapeutic and prognostically oriented classification is 
depicted in Box 67-1. An invertogram, a lateral pelvic radio
graph taken after the i11fant is held upside-down for several 
minutes, was used ofteJ1 in the past to determine the level of the 
rectal poucb. ln most cases, a careful inspection of the perineum 

Female 
Cutaneous (perineal fistula) 
Vestibular fistula 
Imperforate anus without fistula 
Rectal atresia 
Ooaca 
Complex malformation 

Male 
Cutaneous (perineal fistula) 
Recto-urethral fistula 
Bulbar 
Prostatic 
Recto-bladder neck fistula 
Imperforate anus without fistu la 
Rectal atresia 

;.. I 
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alone can predict the pouch leveL Lf an anocutruleous fistula is 
observed ru1ywhere on the perineal skin of a boy or external to 

the hymen of a girl, a low lesion can be assumed. Most other 
types of lesions are high or intermediate. Recttzl ntresin refers to 
ru1 unusual lesion in which the lumen of the rectum is com
pletely or partially interrupted, wirh the upper recrum being 
dilated and the lower rectum consisting of a small anal. canal. A 
persistent cloaca is defined as a defect in whicl1 the rectum, 
vagina, ru1d urethra a1l fuse to form a single common channeL 
In girls, the type of defect may be indicated by the number of 
orifices at the perineum. A single orifice would be consistent 
with a cloaca. If two orifices are seen (i.e., utethra ru1d vagina), 
the defeC£ represents a high imperforate ru1us or, less commonly, 
a persistent urogenital sinus comprising one ori.fice and a normal 
anus as the other orifice. Anorectal malformation often coexists 
with other lesions and the VACTERL association must be con
sidered during evaluation. Bony abnormaUties of tbe sacrum and 
spine such as absent, accessory, or hemivertebrae or an asym
metrical or short sacrum can occur in approximately one third 
of patients. Absence of two or more vertebrae is associated with 
a poor prognosis for howel and bladder continence. O ccult 
dysraphism of the spinal cord may also be present: this consists 
of a tethered cord, lipomeningoccle, or fat within the filum 
terminal e. 

Treatment 
Preo~rative Evaluation Aside from a detailed physical exaJTiina
rion, plain radiography of the spine and ultrasound of the spinal 
cord are perforn1ed. Genitourinary abnormaUties other than the 
rectourinary fistula occur in 25o/o to 60o/o of pati.ents. Vesicoure
teral reflux and hydronephrosis are the most common but other 
condi tions, such as horseshoe, dysplastic, or absent kidney, as 
well as hypospadias or cryptorcllidism, must be considered. In 
general, the higher the anorectal malformation, the greater the 
frequency of associated urologic abnormalities. In patients with 
a persistent cloaca or rectovesical fistula, the Likelihood nf a 
genitourinary abnormality is approximately 90o/o. In contrast, 
the frequency is only l Oo/o with low defects (e.g., perineal 
fistula) . Renal ul trasonography and voiding cystourethrograpby 
are frequently performed to evaluate the urinary tract. If a 
cardiac defect is suspected, echocardiography is performed 
bdore any surgical procedure. Esophageal atresia cru1 also be 
ruled out with a nasogastric wbe placement. 1l1e decision 
making algorithms for the mru1agemeJ1t of male and female 
newborns with ru10recral malformation are shown in Figures 
67-16 and 67-17. 

Surgical Management 
Low Lesions 1l1e newborn infru1t with a low lesion can undergo 
a primary single-stage repair without a colostomy. For anal ste
nosis in which the anal opening is in a normal location, serial 
dilation alone is usually curative. Dilations are performed daily 
with gradual dilator size increases over time. lf the anal ope.~ling 
is anterior to the external sphincter (i.e., ru1teriorly displaced 
anus), with a smaU distru1ce between the opening and the center 
of the external sphiJlcter, ru1d the perineal body is intact, a 
cutback anoplasty may be performed. 1his consists of aJl iJlcision 
extending from the ectopic anal orifice to t.he central pan of the 
ru1al spllli1cter, thus enlarging the anal opening. Alternatively, if 
there is a large distance between the anal opening and central 
portion of the external anal sphincter, a transposition anoplasty 
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Newborn male - Anorectal malformation 
Perineal inspection 

• Spine • Sacrum 
• Kidney US • Spinal US 
• Urinalysis • Cardiac echo 
• R/0 esophageal atresia 

r- Re-evaluation and c~oss-table lateral film 

Perineal fistula Rectal gas below coccyx Rectal gas above coccyx 

I 
No associated defects Associated defects 

Abnormal sacrum l Flat bottom 

Anoplasty Consider PSARP 
with or without 

colostomy 

Newborn female - Anorectal malformation 

Colostomy 

FIGURE 67-16 Decision algorithm for the management 
of male patients with anorectal malformation. PSARP,. 
Posterior sagit tal anorectoplasty. (From l evitt M, Peiia A: 
Imperforate anus. In Chung DH, Chen MK [eds] : Atlas of 
pediatric surgical techniques, Philadelphia, 2010, Elsevier 
Saunders, pp 185-205.) 

R/0 serious, {j •Sacrum • Kidney and abdominal US 
potentially lethal • Esophagus • Spinal US (tethered cord) 

associated defects • Cardiac echo • Lumbar spine 

Perineal inspection 

t 
Single perineal 

orifice 
Cloaca 

' Perineal 
fistula 

Vestibular 
fistula 

No visible 
fistula (<10%) 

j
-Urol 
eval:uation 

-R/0 
hydrocolpos 

j I 
24 hrs + 

Cross table 
lateral x-ray 

Colostomy 
Drain 

hydrocolpos 
Urinary 

diversion 
(if necessary) 

Anoplasty or 
dilations 

l 
Colostomy Rectum 
or primary - below 

repair* coccyx 

•Depending on the experience of the surgeon 
and general condition of the patient 

is performed in whkh the aberrant anal opening is transposed 
to the normal position within the center of the sphincter muscles 
and the peri.JK>al body is reconstructed. 

Intermediate or High Lesions Wants with intermediate or high 
lesi.ons traditionally require a colostomy as the first part of a 
three-stage reconstruction. The colon is completely divided and 
an end sigmoid colostomy w.ith a mucous fistula is constructed 
to minimize fecal contamination into the area of a rectourinary 
fistula. Furthermore, the distal mucous fistula limb can be 
evaluated radiographically to determine the location of the 

High 
rectum 

t 
Colostomy 

FIGURE 67-17 Decision algorithm for the manage
ment of female patients with anorectal malforma
tion. (From Levitt M, Peiia A: Imperforate anus. In 
Chung DH, Chen MK [eds]: Atlas of pediatric surgi
ca l techniques, Philadelphia, 2010, Elsevier Saun
ders, pp 185- 205.) 

rectou.rinary fistula. 'TI1e second-stage procedure usually is per
formed at 3 to 6 months of age. The operation consists of divid
ing the rectourmary or rectovaginal fistula with a puU-tbrougb 
of the terminal rectal pouch into the normal anal position. A 
posterior saginal anorectoplascy, as first described by de Vries and 
Pena, is the procedure of choice.23 This consists of determining 
the location of the central position of the anal sphincter by 
electrical stimulation of the perineum. An mcision is then made 
in the midli11e, extending from the coccyx to the anterior 
perineum and through the sphi.J1cter and levator musculature 
until the recnu11 is identified. The fistula from the rectum to the 
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vagina or urinar}' tract is divided. The rectum is mobilized and 
the perin(>al musculature reconstructed. The third and final stage 
is closure of the colostomy, which is performed several weeks 
later. Anal dilations begin 2 weeks after the anorectoplasty and 
continue for several months after the colostomy closure. 

Recently, a minimally invasive inrra-abdominal approach 
to repair a high-type imperforate anus has gained signilicant 
interest. with some promising early results.24 'This technique 
offers the theoretical advantages of placing the neorectum within 
tbe central position of the sphincter and levator muscle complex 
under direct vision and avoids the need to cut across these 
structures. 1he long-term outcome of this new approach when 
compared with the standard posterior sagittal method is pres
ently tmknown. 

Outcomes 
Most of the morbidity in patients with anorectal malformations 
is related to the presence of associated anomalies. Fecal conti
nence is the major goal regarding correction of the defect. Prog
nostic factors for continence include the level of the pouch and 
whether the sacrum is normal. [n general, 75o/o of patients have 
volw1tary bowel movements. However. 50% of this group still 
soils their tmderwcar occasionally willie the other 50% is con
sidered totally continent. Constipation is the most common 
sequela. A bowel management program consisting of daily 
enemas is an important postoperative plan to reduce the fre
quency of soilage and improve the quality of life for these 
patiems. 

Intussusception 
Intussusception is the telescoping of one portion of the intestine 
into the other; it is usually idiopathic, without an obvious ana
comic lead point. It occurs predominantly at the ileocecal junc
tion. Invariably, tthere is marked swelling of the lymphoid tissue 
i11 the region of the ileocecal valve. It is unknown whether tllis 
represents the cause or effect of the intussusception. The inci
dence of intussusception is associated with a history of recent 
episodes of viral gastroenteritis, upper respiratory infections, and 
even adnlinistrati.on of rotavirus vaccine, implying lymphoid 
swelling in the pathogenesis of intussusception. L1 older dlll
dren, the incidence of a pathologic lead point is up to 12%, 
where Meckel's diverticulum is found to be the most common 
lead point for imussuscepdon. However, other causes such as 
intestinal polyps, inflamed appendix, submucosal hemorrhage 
associated with Henoch-Schonlein purpura, foreign body. 
ectopic paJlCreatic or gastric tissue, and intestinal dup.lication 
must also be considered. Postoperative small bowel intussuscep
tion in the absence of a lead point can also occur; cllis represents 
up to 5% of all pediatric cases of intussusception. 

Clinical Presentation and Diagnosis 
Intussusception produces severe cran1ping abdominal pain in an 
otherwise healthy d1ild from 3 months to 3 years. Two thirds of 
dllldren presenting with intussusception are younger cl1aJ1 1 
year. The child often draws the legs up during the pain episodes 
and is usually quiet during the intervening periods. Other symp
toms include vomiting, passage of bloody mucous (currant jelly 
stool), and a palpable abdominal mass. In approximately 50% 
of cases, the diagnosis of inn.ssusception can be suspected on 
plain abdominal radiographs ba-;ed on the presence of a mass, 
sparse colonic gas, or complete distal small bowel obstruction. 
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Currently, abdominal ultrasound is used as an iJlitial diagnostic 
test. The characteristic sonographic findings of intussusception 
include the target sign of the intussuscepted layers of bowel 
on a transverse view or clle pseudokidney sign when seen 
longitudinally. 

Treatment 
Nonoperative Management Hydrostatic reduction by enema using 
contrast or air is the therapeutic procedure of choice. Contrain
dications to this approach include the presence of peritonitis 
or hemodynanlic iJ1stability. Furthermore, aJ1 imussusception 
located entirely within the small il1testine is unlikely to be 
reduced by an enema a11d more likely to have an associated lead 
point. Hydrostatic reduction using bariwn had been tl1e main
stay of therapy: however, the use of air enema has become more 
widespread in recent years. Successful reduction is accomplished 
in more than 80% of cases aJld con.lirmed by resolution of the 
ma<;s, along with reflux of air into the termi11al ilewn. The recur
rence rate after hydrostatic reduction is approxin1ately 11%, and 
it usually occurs witllin the 24 hours after the reduction. When 
it rccttrs, it is usually managed by another hydrostatic reduction. 
A third recurrence is an indication for operative ma11agement. 

Surgical Management The operative indications with intussuscep
tion include the presence of peritonitis or complete small bowel 
obstruction at in itial presentation, as well as failed hydrostatic 
reduction or multiple recurrences. The intussusceptum is ddiv
ered through a transverse incision in the right side of the 
abdomen and reduced in a retrograde fashion by pushing the 
mass proximally. Once reduced, warm lap pads may be placed 
over the bowel aJld a period of observation may be warranted 
in cases of questionable bowel viability. TI1e lymphoid tissue i11 
the ileocecal region is thickened and edematous and may be 
mistaken for a tumor within the small bowel; therefore, great 
caution should be exercised before committing to surgical resec
tion. Recurrence rates are extremely low after surgical reduction. 
Bowel resection is required in cases in which the intussusception 
CarUlOt be reduced, rhe viability of the bowel is uncertain, and/ 
or a lead point is identified. An ileocolectomy with primary 
reanastomosis is usually performed. An appendectomy is an 
essential component, irrespective of bowel resection. Recently, 
the use of laparoscopy in the management of intussusception 
has gained popularity. 

Meckel's Diverticulum 
Meckel's diverticulum is the most common congenital aJJomaly 
of the Gl tract and occurs in approximately 2% of the popula
tion. More than 70o/o of symptomatic patients have heterotopic 
gastric mucosa aJld aJlother 5o/o bave pa11creatic tissue. 1l1e rule 
of 2s is often cited in association with Meckel's diverticulum. 
Aside from its 2% incidence aJld rwo types of heterotopic 
mucosa, it is located within 2 feet of ileocecal valve, approxi
mately 2 ind1es in length, and usually symptomatic by 2 years 
of age. Meckel's diverticulum is caused by a failme of normal 
regression of tbe vitelline duct that occurs during weeks 5 to 7 
of gestation. Meckel's diverticulum is a true diverticulum con
taini ng aU normal intestinal layers. 

Diagnosis 
In general, clinical symptoms are related to hemorrhage, obstruc
tion, or inflammation; the most common presenting symptom 
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is a painless, massive, lower GI bleed in children younger than 
5 years. Diagnosis of a persistent vitelline duct remnant may be 
established by umbilical ultrasound and/or lateral contrast radi
ography. The bleeding Meckel's diverticulum may be confirmed 
by a 99m'f c-pertechnetate isotope scan to detect gastric mucosa. 
Of note, ecmpic gasrric mucosa can also be presem in patients 
with intestinal duplication. 

Treatment: Surgical Management 
Surgical treatmem is the definitive therapy for Meckel's diver
ticulum. A simple V-shapcd diverticulectomy with transverse 
closure of the ileum is the ideal surgical approad1. In patients 
in whom there :is ulceration or inflammation involving the ileum 
at the base of the diverticulum, resection of tl1e involved ileum 
with a primary end-to-end anastomosis is preferred. 

HEPATOBILIARY CONDinONS 

Extrahepatic Biliary Atresia 
BA is a rare disease of neonates characterized by the inBarnma
tory obliteration of intrahepatic and extrahepatic bile ducts. The 
incidence is estimated to be l in 5.000 to 12,000 infants, 
depending on region. It may be associated with other congenital 
malformations, particularly splenic abnormalities (e.g., asplenia, 
double spleen), absence of tl1e inferior vena cava (TVC), and 
intestinal malformation. If BA is left untreated, progress,ive cir
rhosis and death occur by 2 years of age. 

Pathophysiology 
1l1e exact mechanism whereby BA develops is w1known, but 
several theories exist. The first is that the ductal injury is 
inlmune-mediatcd-inflarnmatory cells in61trate and obliterate 
the bile ducts. ProinAan1matory cytokines, such as interleukin-2, 
interferon-y, and twnor necrosis factor, have been shown to be 
present. CD4+. CD8+ T cells, and natural killer cells arc also 
prominent.25 However, it remains unclear how the inAammatory 
process is initiated and progresses. Another hyporuesis is that a 
viral insult, group C rotavirus infection, triggers the immwle
mcd.iated fibrosclerosis and obstruction of the extral1cpatic bile 
ducts. lnterestingly, animal snadies have shown tl1at infection of 
newborn mice with rotavirus leads to a similar presentation as 
infants, with d1e onset of hyperbilirubinemia, jaundice, and 
ad10lic stools. On histologic examination, inflammation and 
obstruction of the cxtral1cpatic bile duct arc observed. However, 
this theory ha.~ yet to be proven in human newborns, beca use 
many lack seroEogic evidence of viral infection. Another hypoth
esis is ruat there are genetic components that contribute to the 
development of BA. 1l1cre may be an association with human 
leukocyte antigen (HLA) type. For example, patients with BA 
have a significantly high frequency of HLA-B 12. lt is tmclear 
whether this is causal, but some have argued that abnormal 
expression of HLA makes biliary ductal epithelial cells a suscep
tible target for inlnlllnologic assault. Another putative gene, 
CFCJ, encodes for a protein important in the embryonic dif
ferentiation of the left-right axis and, when mutated , is thought 
to predispose to the development of BA. Regardless of the 
mechanism, the end point is the same. Histopathologically, there 
is significAnt extrahepatic bWary obstruction with portal tract 
fibrosis, inAan1 matory cell infiltration, bile duct proliferation, 
and cholestasis wiru bile plugging. 

Clinical Presentation and Diagnosis 
The disease is classified according to the level of the most proxi
mal biliary obstruction. f or exan1ple, type l BA has patency to 
the level of the common bile duct. Type 2 has patency to the 
level of the common hepatic duct and type 3, which accow1ts 
for more than 90% of ca.o;es, occurs when rhe left and right 
hepatic ducts at the level of the porta hepatis are involved. This 
aids in the differentiation between correctable and noncorrect
able BA. Correctable BA requires tl1at patent hepatic ducts exist 
to the porta hepatis. Types 1 and l may be amenable to a direct 
extrahepatic biliary duct-intestinal anastomosis. 

Infants present shortly after birth with jaundice, pale stools, 
and d ark urine. Older infams may have failure to thrive and 
present wiru hepatomegaly and ascites suggestive of cirrhosis. If, 
in the postnatal period, the jaundice persists after 14 days in a 
term infant, a workup for liver disease should be initiated. This 
consists of measuring the direct, or conjugated, bilirubin level, 
which will be elevated (>2.0 mg/dL) in those with liver disease. 
Liver function tests should also be checked because derange
ments arc typically seen. Coaguloparuy is not generally encoun
tered early because hepatic synthetic function is intact. Other 
exclusion studies include serologic testing for TORCH (toxo
plasmosis, rubella. cytomegalovirus, and herpes) and hepatitis B 
and C jnfections, CX.1-antitrypsin, and Cf. Metabolic disorders 
such a.~ galactosemia and tyrosinemia and endocrine abnormali
ties must also be ruled out. 

Evaluation of the biliary anatomy often begins witl1 ultra
sound. The gallbladder may be shrunken or absent and imralle
patic ducts may also be notably absent. The liver may appear 
ed10genic. Other imaging modalities, sud1 as hepatobiliary 
iminodiacetic acid (HIDA) scintigraphy, magnetic resonance 
cholangiopancrcatography (MRCP), and endoscopic retrograde 
cbolangiopancreatography (ERCP), have been used, witl1 
varying success. A HlDA scan would reveal uptake of the tech
netium isotope but an absence of emptying into the duodenum. 
MRCP nr ERCP can better define the biliary anatomy, but 
because of the relative small size of the ducts, it is difficult from 
a technical and resolution standpoint. Although these are 
useful adjuncts, liver biopsy is the gold standard for the diagnosis 
of BA and can safely be done percutaneously under local 
anesthesia. 

Treatment: Surgical Management 
Once rue diagnosis is strongly suspected, an exploratory lapa
rotomy is warranted and intraoperative cholangiography is per
formed for confirmation. A Kasai hepatoportoenterostomy is the 
surgical procedure of choice. In this procedure, the extrahepatic 
biliary tree is dissected proximally to the level of the liver capsule, 
where the porta hepatis (portal plate) is transected. 1l1c recon
struction is performed via a Roux-en-Y hepaticojejtmostom>' 
(fig. 67- l R). Some have advocated the use of medications tl1at 
augment biliary drainage. such as ursodeoxycholic acid and phe
nobarbital. but it is uncertain whether this actually in1proves 
outcomes. The use of perioperative steroids after rue Kasai pro
cedure remains controversial. 1l1e administration of periopera
tive steroids after the Ka.~ai procedure has resulted in a shorter 
hospital stay.26 1l1e Biliary Atresia Clinical Research Consor
tium's randomized, double-blinded, placebo-controlled trial of 
steroid therapy following the Kasai procedure should shed some 
insigh t. Antibiotics are also continued postoperatively, because 
the risk of cholangitis is high ( 45% to 60%) due to the ease witb 
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FIGURE 67- 18 Kasai portoenterostomy. A. The dissection of fibrous extrahepatic biliary remnant is continued up to the capsular surface of the 
liver within the bifurcation of the portal vein (arrows indicate fibrous portal plate; yellow vessel loops mark lateral dissection margins). 
B. Completed Roux-en-Y portoenterostomy. (H-om Nathan JD, Ryckman FC: Biliary atresia. In Chung OH, Chen MK [eds]: Atlas of pediatric surgi
cal techniques, Philadelphia, 2010, Elsevier Saunders, pp 22Q-231.) 

which intestinal !bacteria can ascend and colonize the bile ducts. 
Unfortunately, if the Kasai procedure is unable to reestablish bile 
Aow, and liver failure and/or cirrhosis ensue, liver transplanta
tion is iJldicated. 

Outcomes 
Kasai hepatoponoenterostomy does not cure BA, whid1 wiU 
inevitably progress in more than 70% of infants who undergo 
this procedure. The rate with which the disease progresses, as 
evidenced by cirrhosis and portal hypertension, is variable, but 
may be expedited by recurrent cholangitis. lt is e.stimated, 
however, that 80% of those who have successfully undergone a 
Kasai procedure can live up to 10 years before liver transplanta
tion is needed. In those infants who undergo transplantation, 
outcomes are good, with 10-year graft survival and overall 
patient survival of73% and 86%, respectively.:' 

Choledodlal Cysts 
Choledochal cysts are cystic dilations of the common bile duct 
(CBD), and arc rare. They have an incidence of 1 iJ1 100,000 
to 150,000 live !births, with a 3: 1 to 4 : 1 female-to-male pre
ponderance. They are classified based on location and their 
frequency varies {Fig. 67-19). Type l (50% to 80%) is a simple 
cyst that can involve any portion of the CBD and type II {2%) 
describes a diverticuhun arismg off the CBD. Termed chofed
ochoceles, type III cysts (l.4o/o to 4.5%) consist of dilation con
fined to the distal intrapancrcatic portion of the CBD. Although 
type rv {15% to 35%) involves intrahepatic and extrallepatic 
bile ducts, type V (20%) is limited to the iJural1epatic ducts only. 
Choledochal cysts can be associated with other congenital 
anomalies, including duodenal and colonic atresia, imperforate 
anus, pancreatic arteriovenous malformation, and pancreatic 
divisu.m.28 Moreover, d1oledocbal cysts are considered premalig
nant Lesions. 

Pathogenesis 
The pathogenesis of choledochal cysts remains unknown. but 
one well-established hypothesis is that pancreaticobiliary reflux 

allows for the activation of pancreatic enzymes witbill the duct. 
1l1e subsequent inAan1matory response compromises the integ
rity of the duct wall, whid1 eventually results in dilatiou. In 
support of this theory, amylase and trypsinogen levels iJl the bile 
from patients with choledochal cysts are often elevated .'~ 
Another theory is that these cysts arise from CBD obstruction, 
wl1ich can occur with functional obstruction at the sphincter 
ofOddi. 

Clinical Presentation and Diagnosis 
1l1e classic triad <>f jaundice, a palpable right upper quadrant 
mass, and abdominal pain is seen in less than 20% of patients, 
but 85% of children have at least two of these symptoms on 
presem:ation. Patients younger than 12 months generally present 
with obstructive jaw1dice and abdommal masses, whereas older 
patients complain of pain, fever, nausea with vomiting, and 
jaundice. Common complications include cholangitis, pancre
atitis, and bile peritonitis secondary to cyst rupture.28 Abdomi
nal ultrasound can reveal a cystic mass that is separate from the 
gallbladder and also allows for anatomic assessment of the biliary 
tree. When tl1e diagnosis is wKiear, a HIDA scan cru1 be used 
because it will show absent filling of the cyst illitially. followed 
by uptake in the cyst, and finally delayed emptying into the 
duoden um. cr is a useful modality for defining the intrallepatic 
biliary anatomy ru1d evaluating the distal CBD and pancreatic 
head. Moreover, i.t has better resolution wicl1 regard to confirm
ing cominuity of the cyst with the CBD. Rarely, ERCP and/or 
MRCP is needed for preoperative confirmation of cl1e diagnosis 
but. when necessary, MRCP is preferred, given the potential 
complications and iJwasiveJless associated with ERCP. 

Treatment and Outcomes 
Prompt excision of the cysts is recommended. Following cyst 
excision, a Roux-cn-Y hepaticojej unostomy is performed for 
reconstruction. Complete excision is important because the risk 
of a primary malignancy is as high as 6% with a retained cho
ledochal cyst. If the cyst caru1ot be completely excised because 
of scarring from chronic inAammarion, the cyst should be 
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Type Ia Typelb Type lc 

Type II Type Ill Type IV TypeV 

FIGURE 67-19 dassification of choledochal cyst. (From O'Neill JA: Choledochal cyst. In Grosfeld JL., O'Neill JA, Fonkalsrud EW, et al [eds]: Pedi
atric surgery, ed 6, Philadelphia, 2006, Mosby Elsevier, pp 16-21.) 

enucleated. These patients should be monitored via ulrrasOLmd. 
Postoperative anastomotic stricttues are a common complication 
and probably arise from chronic intrahepatic cholelithiasis and 
recurrent cholangitis. Aside from this, outcomes arc generally 
good. 

Hereditary Panueatitis and Panueas Divisum 
Hereditary pancreatitis is an autosomal dominant disorder with 
a high degree of penetrance. It is rare, representing less than 1% 
of instances of chronic pancreatitis. 111e disease results from a 
mutation in the cationic trypsinogen gene (PRSSJ), whicl1. leads 
to an increase in the autoactivation of trypsin and resistance to 
deactivation. The gene has been mapped to chromosome 7q35; 
the two most common allelic mutations are RJ 22H and N29[.29 

Recurrent bouts of pancreatitis usua.Uy begin in childhood, 
between 5 to 10 years of age, with no identifiable cause. Aside 
from the age of onset, the presentation. natural history, diagno
sis, and treatment of this disease are similar to those for other 
causes of pancreatitis. 

Hereditary pancreatitis should be suspected in any patient 
who experiences at least two bouts of acute pancreatitis without 
obvious risk factors, such as trauma, hyperlipidemia, gallstones, 
or pancreas di\•istun. It should also be considered in any child 
with acute pancreatitis and a family history of this disease and 
in children with an unexplained episode of pancreatitis that 
requires admission. Making the correct diagnosis is important 
because there is an extremely high lifetime risk of malignancy. 
It is estimated that these patients have a 50- to 70-fold increase 
in the risk of developing pancreatic adenocarcinoma within 7 to 
30 years of disease onset. The cumulative lifetime risk is esti
mated to be 40% by the age of 70 years.'9 Therefore, screening 
by endoscopic tdtrasound is recommended, starting at 30 years 
of age. 

Pancreas divisum is a congenital anatomical anomaly in 
which the ventral and dorsal pancreas fail to fuse. 'TI1e resultant 
pancreas has dual drainage, witb the dorsal pancreas draining 
through the duct of Santorini and the ventral pancreas (head 
and uJ1cinate process) draining through tbe duct of \X7irsung. 
The onset of symptoms is variable, ranging from early childhood 
ro adulthood. Although ultrasound and CT are usually per
formed, ERCP is frequently used to confirm the diagnosis. 
However, MCRP has been touted as more advantageous because 
it can delineate the dorsal pancreatic duct in its entirety, as 
opposed to .ERCP, whid1 can only assess the ventral duct on 
cannulation of d1e major duodenal papilla. 'TI1e significance of 
pancreas divisum and irs predisposition to chronic pancreatitis 
remains controversial. Some have suggested that it may result in 
pancreatitis because aU pancreatic output is forced to empty 
through the smaller lesser papilla 1l1e .result is an outflow 
obstruction d1at leads to ductal dilation. Treatment consists of 
transduodenal sphincteroplasry or a Pue.~tow procedure (pancre
aticojcjunosromy); d1e latter is preferred if the dorsal pancreatic 
duct is dilated or obstructed. 

ABDOMINAL WALL 

Abdominal Wall Defects 
Anterior abdominal wall defects are a relatively frequent neona
tal surgical condition in pediatric surgery. During normal devel
opment of the human embryo, tbc midgut herniates outward 
through t11e umbilical ring and continues to grow. By the 11th 
week of gestation, the midgut returns to the coelomic cavity and 
undergoes proper rotation and fixation, along with closure of 
the umbilical ring. Lf the intestine faiJs to return, the infant ,is 
born with the abdominal contents protruding directly through 
the umbilical ring, with an intact sac covering the abdominal 
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FIGURE 67-20 Abdominal wall defects. A. Omphalocele with intact sac. B, Gastroschisis with eviscerated multiple bowel loops to the right of 
the umbilical cord. 

viscera, termed an omphalocele {Fig. 67- 20A). In contrast, gas
troschisis represents the abdominal wall defect, which is always 
to the right of an intact umbilical cord, and without sac covering 
the abdominal viscera (see Fig. 67-20B). No specific causes for 
abdominal wall defects have been identified. 

Omphalocele 
At birth, omphalocele is recognized as a central defect of the 
abdominal wall. Its fascial defect is generally more than 4 em in 
dian1eter with an intact membranous sac, whid1 is composed of 
an outer layer of amnion and an inner layer of peritoneum. 
Defects less than 4 em in diameter are arbitrarily designated as 
henuas of the cord. Infants with an ompbalocele exhibit an 
approximately 50o/o incidence of associated anomalies. Beckwith
W iedemann syndrome represents a combination of gigantism, 
macroglossia, and an umbilical defect, either hernia or ompha
locele. Chromosomal abnormali ties such as trisomy 13, 15, 18, 
and 21, have also been associated with omphalocde. Other 
major associated anomalies include exstrophy of the bladder or 
cloaca and the tpcntalogy of CantreU-omphalocele, anterior 
diaphragmatic hef!Ua, sternal defr, ectopia cordis, and intracar
diac defect, sudt as ventricuJar septal defect. 

Neonatal treatment of omphalocde begins with the pres
ervation of the intact sac with sterile, moistened, saline gauze or 
transparent bowel bag. rv fluid should be promptly started, 
along with gastric tube decompression and IV antibiotics. Great 
care should be taken to prevent hypothernua. A thorough diag
nostic workup should be performed to identify associated anom
alies. Primary surgical closure of the small to medium-sized 
defect is preferred. Alternative options to prin1ary closure include 
prosthetic patch closure (e.g., Gore-Tcx), porcine small imesti
nal submucosa-derived biomaterial (e.g., Surgisis, Cook Medical 
Bloonungton, In), skin flap closure, or placement of a silo for 
sequential reduction and staged closure. Giant omphaloceles 
may be treated by topical application of escl1arotic agents such 
as povidone-iodine (Betadine) ointment, merbromin (Mercuro
chrome), or silver nitrate, allowing the sac to thicken and epi
thelial.ize gradually. The overall survival for infants with 
omphalocde depends on the size of the defect and severity of 
a~sociated anomalies. 

Gastroschisis 
The gastroschisis defect is usually just to the right of the umbil ical 
cord, at the site of the obliterated right umbilical vein. The fascial 

defect is typically approximately 4 em in diameter. Because of the 
absence of a sac and direct exposure of the intestine to an1niotic 
fluid Ln utero, the intestine is often thickened, edematous, and 
foreshortened. Associated anomalies are rare but intestinal atresia 
is present in up to 15% of cases. Infants born with gastroschisis 
should be carcfuUy handled to avoid injury to exposed bowel 
loops and minimize fluid losses. Typically, infants are placed in a 
warm, saline-filled plastic organ bag up to the nipple Line. This 
allows for gross inspection of eviscerated bowel at all times and 
also lessens fluid losses. One shouJd be cautious for potential 
volvulus of eviscerated malrotated intestine. IV fluids are started 
at 1.5 times maintenance along with rv antibiotics. In general, 
fluid requirements are greater than those required for omphalo
cele because ofincreased fluid losses. An orogastric tube is placed 
to decompress the stomach. 

For primary closure, bowel loops are reduced and the fascia 
and skin are approximated. For defects requiring a prosthetic 
patd1 closure, a Gore-Tex patch can be used and me skin closed 
over it. Recently, oilier hiomaterial substitutes (e.g., AlloDem1, 
LifeCelt, Branchburg, NJ; Surgisis) have been used, with vari
able success.30 If the viscera cannot be reduced into me abdomen, 
a silo is placed at the bedside and the eviscerated intestines are 
reduced serially over 5 to 7 days, followed by operative fascial 
closure . During the inm1ediate postoperative period, if the 
abdominal wall closure is tight, patients may require paralysis 
along with frequent volume boluses co maincain adequate tissue 
perfusion and to prevent metabolic acidosis. Patients are often 
maintained on TPN until they gain bowel function. In cases of 
associated intestin al atresia or stenosis, inflammation of the 
bowel may preclude an immediate repair. Hence, the abdominal 
wall is repaired i.n a usual fashion and intestinal pathology is 
addressed in 6 to 8 weeks, when the inflammation resolves. Late 
occmrence ofNEC has been reported in up to 20% of patients 
after gastroschisis repair.31 Undescended testes are also present 
in 10% to 20o/o of infants born with gastrosch isis. When found 
outside the codomic cavity. the testes should be manually placed 
into the abdominal cavity at the time of abdominal wall closure 
or silo bag placement. 'TI1ey should be followed for a period of 
time to monitor potential spontaneous descent into the scrotum. 
lf not, orchidopexy should be performed . .Almost aU infants have 
a prolonged postoperative ileus. Although TPN has been a life
saving maneuver, it is associated with a high incidence of cho
lestasis and cirrhosis. One of d1e most difficuJt challenges in the 
management of gastroschisis remains dealing with dysfunctional 
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imestine and/o.r short gut syndrome, which occurs despite ade
quate surgical closure of the abdominal wall defect. 

Hemias 

Inguinal Hernia 
Inguinal hernia repair is one of the most common surgical pro
cedures in pediatric surgery. The incidence of inguinal hernia, 
which is almost all indirect and congenital in nature, is approxi
mately 3% to 5% in term infants and Y% to 11 o/o in premature 
infants. It affects boys approximately six times more often than 
girls. Sixty percent of inguinal hernias occur on the right side, 
30% are on the left side, and lOOfi, are bilateral. The processes 
vaginalis is an elongated diverticulum of the peritoneum, which 
accompanies the testicle on its descent into the scrotum: it 
generally obliterates during the ninth month of gestation, or 
soon after birth. The variable persistence of the processes vagi
nalis resu1ts in a spectrum of clinical presentations, including a 
scrotal hernia with protrusion of intestine, ovaries, omentum, 
or communicating hydrocele, with intermittent accumulation of 
peritoneal fluid. All commw:ticatlng bydroceles are repaired in 
the same manner as an indirect inguinal hernia. 

Diagnosis and Clinical Presentation Diagnosis is established by 
clinical history and examination alone, especially when the con
tents of the hernia reduce into the peritoneal cavity. Commw:ti
cating hydroceles can be difficult to reduce at times, and therefore 
can be misdiagnosed as simple hydroceles. Transillumlnarion of 
the scrotum to distinguish a hydrocde from a hernia can also 
be misleading because a gas-filled herniated bowel loop can 
easily be transilluminated. Palpation of the cord may elicit a silk 
glove sign, wbid1 is produced by rubbing the opposing perito
neal membranes of the empty sac. At times, palpatiOJl of a 
thickened cord in comparison to the contralateral side, and a 
reliable history are sufficient w confirm a diagnosis. 1l1e acute 
development of hydrocele may also be associated with the onset 
of other conditions such as epididymitis, testicular torsion, and 
torsion of testicular appendage. In these clinical settings, ultra
sound may be belpful to determine the diagnosis. 1he major risk 
factor of inguinal hernia is bowel incarceration, with potential 
strangulation. ll1e incidence of incarceration is higher iJ1 pre
mature infams iJ1 the first year of life. 

Treabnent Surgiocal Management Although early hernia repair may 
be associated with a higher risk for injury to the cord structures, 
recu.rrence rate, aJld postoperative apneic episodes, most pediat
ric surgeons advocate operative repair prior to discharge from 
the hospital fOI premature infants because of their significant 
risks for incarceration. However, for those urtaJltS diagnosed 
after hospital disd1arge, elective hernia repair may be deferred 
umH the iJ1faJ1t is beyond 52 weeks postconceptional age, when 
postoperative apnea risk decreases. In patients presenting with 
incarcerated inguinal hernia. unless d1ere is clinical evidence of 
peritonitis, attempts are made w reduce the hernia. Manual 
reduction is successful in up to 7Uo/o of cases. Once reduced, the 
patient is admitted for observation and hernia repair is per
formed at 24 to 48 hours, when local tissue edema resolves. A 
non.reducible incarcerated hernia should be promptly explored 
in the operating room. Routine contralateral. inguinal explora
tion at the time of symptomatic hernia repair for infaJlts is 
standard practice based on the L1igb incidence of contralateral 

patent process vaginalis (4% to 65%). However, the issue regard
ing the routine exploration of the asymptomatic contralateral 
side iJ1 toddlers remains unresolved. Most pediatric surgeons 
routi nely explore the asymptomatic contralateral side in children 
2 years of age or yoliJlger; some surgeons extend the contralateral 
exploration criteria ro those up ro 5 years of age. 

Umbilical Hernia 
In general, umbilical hernia bas a tendency to dose on its own 
in approximately 80% of cases, aJ1d therefore elective repair 
should be deferred until approximately 5 years of age. Also, 
umbilical hernia is rarely associated with significant complica
tions but there are unique exceptions ro this general rule, for 
which an earlier elective repair should be considered. Although 
rare, a history of incarceration clearly warrants prompt surgical 
repair, irrespective of age. Enlarging wnbilical hernia over time, 
in particular with a large skin proboscis more than 3 em, or a 
significaJ1cly large l1Jl1bilical fascial defect (>2 em) is w1likely to 
resolve spontaneously; therefore, surgical repair should be con
sidered at an early age. 

CHE.ST WALL DEFORMITIES 
Th.e two major types of congenital chest wall deformities are 
pectus excavarum and pectus caru1arum. Pectus excavatum is the 
most common type, five times more conm1on than pectus cari
naturn (Fig. 67 -2lA). Its incidence is estin1ated at approximately 
I in 100 children, with a male-to-female ratio of3 :1 to 4:L 
The deformity i~ usually present at birth and becomes more 
prominent during the first few years of Life. It can become more 
pronow1ced between 8 aJ1d lO years of age, and later again 
during puberty. It is also common to have associated kyphosis 
and scoHosis. Although the exact cause is unknown, abnormali
ties of costal cartilage development have been implicated most 
frequently. Pectus excavatum can be associated with congenital 
heart disease, including mitral valve prolapse, Ehlers-Danlos 
syndrome, and MarfaJl syndrome; therefore, thorough preopera
tive evaluation, such as ophthalmologic evaluation and ecl1ocar
diography, must be considered. Asthma is also common, but it 
is unknown whether asthma contributes to the developmeJH of 
the defect or occurs as a result of it. 

Evaluation 
To determine the severity of pectus cxcavatum and assess cl1e 
indications for surgery, two or more of the following criteria 
should be met: (1) Haller u1dex more than 3.2; (2) pulmonary 
fu.nction studies indicating restrictive or obstructive airway 
disease; (3) cardiology evaluation sbowing that the compression 
is causing mitral valve prolapse, murmurs, or conduction abnor
malities; and (4) documentation of progression of deformity. 
Despite these objective criteria, cl1e most common indication for 
surgery in patients with pectus deformities is cosmetic. 1lus is a 
critical issue, particularly for adolescents with significant con
cerns regarding body image and development of self-esteem. A 
recent multicenter study has shown that surgical repair of pectus 
exca\'atum significantly imfroves body image and perceived 
ability for physical activity.3 

Preoperative Evaluation 
A complete history and physical examination are obtained on 
all patient.~ and cl1ey are encouraged to perform exercises to 
strengthen the chest and back muscles and maintain proper 
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poswrc. Standard anteroposterior and lateral chest radiographs 
are essential to serve as a baseline of the degree of deformity and 
detect the presence of thoracic scoliosis. Pulmonary function 
studies are in1portant to document restrictive or obstructive 
abnormalities. If a heart murmur is detected on physical exami
nation, echocardlography is indicated. A plain chest radiograph 
or cr scan allows for the calculation of a Haller index by divid
iJlg the measured transverse d iameter of the chest by the antero
posterior diameter to document the severity of the defect more 
objectively. 

Treatment Surgical Management 
1l1c optimal age for pectus cxcavatum repair is 10 to 14 years 
because the cheS't wall is still soft and malleable. Also, recovery 
seems faster iJl this age group. After puberty, the chest wall is 
more rigid, thus requiring a longer period of bar support, even 
witl1 the insertion of two bars. Presently, there are two main 
methods for operative correction. The Ravitch technique was 
originally described in 1949 and remains as the standard against 
which other procedures are compared. This procedure is applied 
to patiems with excavarum or carinatum deformities; it consists 
of a transverse skin incision overlying the deformity, bilateral 
subchondral resection of abnormal costal cartilages, sternal oste
otomy, alld anterior fixation of the stemunl with a retrosternal 
stainles.~ steel stmt. 1l1e suur is removed as a secondary proce
dure in 6 to 12 months. The results are excellent. 

As described by Nuss, a min imally invasive technique has 
been developed for pectus excavatum, in which a C-shaped bar 
is passed in a ret rosternal plane from one hemithorax into the 
other through two lateral intercostal incisions (sec Fig. 67-21B). 
1l1e bar is then £lipped so that the convexity is outward, and tl1e 
chest wall defect is immediately corrected. 1l1e bar is left in place 
for approximately 2 years. This tediDlque avoids the creation <,f 
pectoral flaps, cartilage resection, and sternal osteotomy, thus 
signi.licandy lowering surgical morbidity. A multicenter prospec
tive study has demonstrated that surgical repair for pectus exca
vatumcan beperformedsafclywith adequate pain management.33 

Pectus carinatum, or pigeon or chicken breast. occurs much .less 
frequently than pectus excavatum. Preoperative considerations 
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FIGURE 67-21 A. Pectus excavatum. 8, A bar 
is placed beneath the sternum and secured 
onto the chest wall using stabilizers. (From 
Goretsky MJ, Nuss D: Surgical treatment of 
chest wall deformities: Nuss procedure. In 
Chung DH, Chen MK [eds]: Atlas of pediatric 
surgical techniques, Philadelphia, 2010, Else
vier Saunders, pp 97- 103.) 

are sin1ilar to those for pectus cxcavarum. It is surgically repaired 
by open costal cartilage resection and sternal fixation, similar to 
that for pectus excavatum. Al though moderate success Call be 
adueved with external brace application for pectus carinatum,34 

there is compliance difficulty with teenage patients wearing an 
external brace for 16 to 18 hours daUy. 

GENITOURINARY TRACT CONDmONS 

Cryptorchidism 
Cryptorchidism is a condition in which one or both testes fail 
to descend into the scrotum before birth. Up to 30% of preterm 
infalltS can present with an undescended testis, but it also occurs 
in approxlruately 3% of full-term infants. Some undescended 
testes eventually descend by I year of age, but are w1Jikely to 
descend after this time. The undescended testis is associated with 
histologic and morphologic d1al1ges as early as 6 months of age; 
atrophy of Leydig cells, decrease in tubular diameter, and sper
matogenesis can also occur by 2 years of age. A true tmdescended 
testis has had its descent halted somewhere along the path of 
normal descent and Call be found in the inguinal canal at explo
ration. A retractile testis is a normally descended testis that 
retracts into the inguinal canal, but can be brought down into 
the scrotal sac during tl1e exan1ination. It is thought to result 
from a hyperreflcxive cremasteric muscle contraction and should 
be managed nonoperatively. Nonpalpable testes may include an 
intra-abdominal, absent, or vanishi11g testis. Ectopic testis have 
had all aberrant path of descent; these can be found iJl perineal, 
femoral canal, and suprapubic regions. 

Diagnosis and Treatment 
.Al though ultrasound has been used increasingly to evaluate for 
undescended testis, all examination by an experienced surgeon 
bas a higher sensitivity for locating an w1descended testis. For a 
unilateral palpable testis in the inguinal canal, standard darws 
pouch orchidopexy is performed. The reconiD1ended tinung for 
this procedure is at or ncar 1 year of age. A general management 
algoritl1m for nonpalpable testes is shown in Figure 67-22. For 
a nonpalpable unilateral testis, diagnostic laparoscopy is useful. 
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FIGURE 67-22 Algorithm for the management of nonpalpable undescended testes. (Adapted from lee Kl. Shortliffe LD: Undescended 

testis and testicular tumors. In Ashcraft KW, Holcomb GW, Holcomb GW Ill, Murphy PJ: Pediatric surgery, ed 4, Philadelphia, 2005, Elsevier 
Saunders, pp 706-716.) 

Tf the testicular vessels are seen exiting the internal ring, an open 
inguinal orchidopexy is perforn1ed. for an intra-abdominal 
testis, two-stage Fowler-Stephen orchidopexy can be considered, 
in which testicular vessels are ligated as a fuse stage ro allow 
collateral circulation to develop for 6 months before performing 
orchidopexy as a second stage of the procedure. However, single
stage laparoscopic orchidopexy is being performed with increas
ing frequency for intra-abdominal te$tcs. lf both testes arc 
non palpable, a human chorionic gonadotropin (hCG) stimula
tion test is carried out to confim1 the presence of fu nctioning 
testicular tissuc.s. If present, diagnostic Laparoscopy is performed 
to determine surgical therapy. 

For non palpable testes, laparuscopy has proven to be useful, 
with 95o/o sensitivity. l11e risk of malignancy has been reported 
to be significan·tly greater for men with a history of undescended 
testes. Although orchidopexy does not decrease the malignancy 
risk associated with undescended testes, it allows for earlier 
detection. Nonseminomatous germ ceiJ tumors are usually asso
ciated with undescended testes. 

Testicular Torsion 
Torsion of tl1e testis is the most common genitourinary tract 
emergency of ch.ildl1ood. 1he serious underlying pathogenesis is 
acute arterial ischemia; prompt surgical detorsion with testicular 
fixation is the mainstay of therapy. Extravaginal torsion is more 
common in neonates, in whom there can be torsion of the 
spermatic cordi along its course outside the tunica vaginalis. 
Intravaginal tolision is associated with bell clapper deformity, in 
which the suspended testis can twist to torsion. Torsion of the 
testis occurs most frequently i11 late childhood and early adoles
cence, with a peak incidence at 14 years of age. Scrotal pain tbat 
is abrupt or gradual in natme is the primary symptom. On 
examination, the involved testis may be high-riding, edematous, 
and significantly teJ1der. 1l1e presence of other urinary tract 
symptoms such as frequency, urgency, dysuria, and fever tend to 
occur more frequently with infectious or i.n.fla.mmarory condi
tions such as epididymitis; however, in no way does this it rule 

out testicular torsion. In most cases, a careful history and 
physical exa.nUnation are sufficient to confum the diagnosis of 
testicular torsion. However, if the diagnosis is unclear, prompt 
ultrasonography may be helpful ro determine vascular flow to 
tl1e testicles. Radioisotope scaruling is tl1e most specific diagnos
tic test but it can be more time-consuming to obtain. 1he time 
for diagnosis and surgical repair directly correlate with tl)e tes
ticular salvage rate. Immediate surgical detorsion via a scrota\ 
medial raphe approach is the treatment of choice. The affected 
te$tis is detorsed, assessed for viabi li ty, and fixed to the scrotum. 
ln aU cases, the contralateral testis should also be fixed in the 
scrotum. For torsion of less than 6 hours, 90% of testes can be 
salvaged. However, dtis salvage rate significantly decreases to less 
tl1an l Oo/o with more than 24 hours of symptoms. 

Testicular Tumors 
Testicular cancer accounts for less than 2% of alJ pediatric soUd 
rumo rs. 1l1e peak incidence is 2 years of age, with a second peak 
during puberty. These rumors typically present as a painless 
scrotal mass, often discovered incidentally. An ultrasound exami
nation is useful but CT is critical ro evaluate for retroperitoneal 
lymphadenopathy and chest or abdominal metastatic disease. 
Serum tumor markers are useful for diagnosis and for follow-up. 
For example, o:-fetoprotein (AFP) is a glycoprotein produced by 
tl1e fetal yolk sac and its level is elevated in yoU( sac tumors of 
the testes; 13-hCG is produced by embryonal carcinomas and 
mixed teratomas. 1l1e most common prepubertal testicular 
cancer is of germ cell origin; yolk sac tumor, also known as 
mdodermttl sinus tumor, and embryonal carcinomas account for 
almost 40%. Children with yolk sac tumors present with ele
vated serum AFP levels and tumors arc typically Localized to the 
testis. The standard surgical approach is radical inguinal orchi
ectomy. The role of retroperitoneal lymph node dissection with 
yolk sac rumor is controversial. Tumors with microscopic node 
involvement or nodal djscase require systemic chemotherapy. 
with modified retroperitoneal lymphadenectomy. 1he overall 
survival from yolk sac tumors is approximately 70o/o to 90o/o. 
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SOLID TUMORS OF CHILDHOOD 

Neuroblastoma 
Neuroblastoma is the most common extracran.ial solid tumor 
tn infants and children, representing 8% to LO% of aU child
hood rumors and 15% of all cancer-related deaths in rhe pedi
atric population.3s ll1ere are approximately 600 new diagnoses 
reported annually. Although 90% of cases arc diagnosed 
before the age of 5 years, 30% of those are diagnosed in the 
first year of life. The median age at diagnosis is 22 months. 

Involved Sites and Clinical Presentation 
Arising from nelllral crest cells, neuroblastoma is a malignancy 
of the sympathetic nervous system and therefore occurs in sym
pathetic ganglia. Almost 65% of tumors are found in the 
abdomen, with 50% localized to the adrenal medulla. They can 
also occur in the neck {5%), chest {20%), or pelvis (5%), and 
1 o/o of patients have no detectable primary.35 A patient's cBnical 
presentation varies with tumor location, size, extent of invasion, 
mctaboBc activity, and presence of paraneoplastic syndromes. 
Many patiems are asymptomatic, although it is not uncommon 
for some to present with constitutional symptoms (e.g., malaise, 
fevers, weight loss), an enlarging mass, pain, abdominal disten
tion, lymphadenopathy, or respiratory distress. Pelvic masses 
may cause consti[pation or bladder dysfunction, whereas thoracic 
lesions can cause dysphagia or dyspnea. For cervical tumors, a 
patient may develop Horner's syndrome or stridor and, in up to 
15% of patients, epidural involvement may result in neurologic 
deficits, which, when progressive, can lead to paralysis. 

At diagnosis, 50% of patients have locaBzed disease and 
35% already have regional lymph node spread. Metastasis to 
distant organs {e.g., liver, bone, skin) occurs by hematogenous 
and lymphatic routes. For bone marrow invasion, patients 
may become anemic, bruise easily, and complain of weakness. 
Bony metastasis can result in pain, swelling, limp, and patho
logic fractures. The orbits are frequently involved, which man
ifests as periorbital swelling and proptosis {raccoon eyes). 
When dissemination occurs to the skin, patients develop blue 
subcutaneous nodules associated with the blueberry muffin 
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syndrome. Witb its neuroendocrine characteristics, neuroblas
toma can secrete catecholamines, resulting in early-onset 
hypertension and tachycardia.36 Patients may also experience 
paraneoplastic syndromes, which include intractable diarrhea 
caused by vasoactive intestinal peptide secretion, encephalo
myelitis, and neuropathy. Opsoclonus-myoclonus syndrome-
rapid, conjugate eye nystagmus with involuntary spasms of the 
limbs-although rare, occurs when antibodies cross-react with 
cerebellar tissue. 

Genomics 
Neuroblastoma occurs as whole chromosome gains, which result 
in hyperdiploidy and are associated with a favorable prognosis, 
or segmental chromosomal aberrations, which encompass 
MYCN amplification and gains or losses that tend to be associ
ated with worse outcomes. The MYCN oncogene, which is 
ampli£ed at chromosome 2p24 in 25% of cases, is overexpressed 
in 3Uo/o to 40% of stage 3 and 4 neuroblastomas, but only in 
So/o of localized or stage 4S tumors. Therefore, it is used as a 
biomarker for disease stratification. It bas been shown that dele
tion of the 1 p36 region occurs m 70% of rumors and is usually 
associated with MYCN-amplified, high-stage tumors that confer 
a poor prognosisY Conversely, a whole chromosome 17 gain is 
associated with a good prognosis. Deletions of chromosome 11 q 
have been identified in 15o/o to 22o/o of neurobla~tomas and are 
also associated with unfavorable patient outcomes and a reduced 
time of progression-free survival. 

Diagnosis 
An initial workup includes basic serum tests, imaging studies. 
and determinacion of levels of urine catecholanune or their 
metabolites {e.g., dopamine, van.iJiylmandclic acid, bomovanill.ic 
acid). Patients may have elevated levels of nonspecific biomark
ers such as lactate dehydrogenase (> 1500 U/mL), ferritin 
(>142 ng/mL), and neuron-speciJic enolase (>100 ng/mL), 
which have been associated with advanced stage and/or relapse. 
For C011h.mlation. cr is the gold standard because it serves to 
localize the nunor and determine rhe degree of involvemem 
(Fig. 67-23A). Ultrasonography may be used ro initially 

FIGURE 67·23 A. a scan of neuroblastoma demonstrating areas of calcification (arrows). B. Classic small blue round cells of undifferentiated 
hyperchromatic neuroblasts. (A from Kim S, Chung DH: Pediatric solid malignancies: Neuroblastoma and Wilms' tumor. Surg Clin North Am 

86:469-487, 2006.) 
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Table 67-3 International Neuroblastoma Staging System 
STAGE DEANITION 

l!.ocalized tumor with complete gross excision, with or without microscopic residual disease; representative ipsilateral lymph nodes 
negative for tumor microscopically (nodes attached to and removed with the primary tumor may be positive). 

2A l!.ocalized tumor with incomplete gross excision; representative ipsilateral nonadherent lymph nodes negative for tumor 
microscopically. 

28 l!.ocalized tumor with or without complete gross excision, with ipsilateral nonadherent lymph nodes positive for tumor; enlarged 
contralateral lymph nodes must be negative microscopically. 

3 t!Jnresectable unilateral tumor with contralateral regional lymph node involvement or midline tumor with bilateral extension by 
infiltration (unresectable) or by lymph node involvement 

4 Any primary tumor with dissemination to distant lymph nodes, bone, bone marrow, liver, skin, and/or other organs (except as 
defined for stage 45). 

45 l!.ocalized primary tumor (as defined for stage 1, 2A. or 28), with dissemination limited to skin, liver, and/or bone marrow (limited 
to infant < 1 yr of age). 

characte rize the mass. MRI may be useful if there is concern for 
spinal extension, and imaging of the brain is only needed in the 
set ting of n eurologic symptoms. Although not routinely used, a 
1311- metaiodoben~ylguan i dine (MIBG) scan is valuable in the 
detection of pr imary tumor and metastases because a norepi
nephrine analogue is selectively concentrated in sympathetic 
tissue. The 1311-MIBG scan is also used for the surveillance of 
treatment response and recurrence. 1l1e diagnosis of neuroblas
toma is made by demonstrating undifferentiated small round 
blue cells on histologic section (see Fig. 67-23B). Specimens can 
be obtained during resection of the prin1ary tumor fo r stage 1 
or 2 disease or as a biopsy from the Ltnresectable disease and/or 
bone marrow. Molecular studies, such as fl uorescent in situ 
hybridizat ion, can be performed on tissue samples to note 
ploidy, MYCN amplification, and presence of other chromo
somal abnormalitie.s. This information is requi red to outline 
specific risk category- based therapy for individual patients. 

Staging 
Neuroblastoma can be classified based on the degree of neuro
blastic differentiation and mitosis-karyorrhexis index (MKJ; low, 
intermediate, o:r high). Histo logically, neuroblastoma has limited 
SciJwann cell production , is stroma-poor, and has abundant 
neuroblam.36 'TI1e modified Shin1ada classification, on whicb 
the L1tem ational Neuroblas tom a Staging System (INSS; Table 
67-3) is based, has been used to predk t prognosis based on the 
histopathology of the tumor and age of the patient. 1his system 
takes into account the degree of cell differentiation, MKI, and 
presence ofS chwann cells. The Children's O ncology G roup cur
rently stratifies patients into low-, intermediate-, or high-risk 
categories based on patient age at diagnosis, INSS stage, tumor 
histopathology, DNA index, and MYCN an1pli.ficatlon status.38 

Thus, treatrnen·c recommendations depend on the patient's stage. 

Treatment 
The standard multbnodality therapy is based on disease risk 
classification aDd treatment stratification (Table 67-4). Induc
tion cl1emotherapy consists of a multidrug regimen, including 
but not lim ited to cyclophosphamide, doxorubicin, cisplatin, 
carboplatin, etoposide, and vincristin e. The goal of in duction 
chemotherapy is to acl1ieve remission and reduce the 
tumor burden, allowing fo r a more complete resection. 
However, many aggressive neuroblastomas acquire resistance to 

_Table 67-4 Patient Risk Group categories for Neuroblastoma 
RISK CROUP STAGE FACTORS 

low 

Intermediate 

High 

2 

45 

3 

4 

45 

2 

3 

4 

<1 yr 
> 1 yr. low N-myc 
> 1 yr. amplified N-myc; favorable 

histology 

Favorable biology* 

<1 yr, low N·myc 
> 1 yr, favorable biology* 

<1 yr. low N-myc 

low N-myc 

> 1 yr, all unfavorable biology• 

<1 yr. amplified N-myc 
> 1 yr, any unfavorable biology* 

<1 yr. amplified N-myc 
>1 yr 

45 Amplified N-myc 

*Favorable biology denotes low N-mr<; favorable histology, and hyperdiploidy 
Qnfants). 

cl1emotherapeutic agents, thus resultb1g in a high relapse rate. 
This usually necessitates autologous hematopoietic stem cell 
transplantation. Surgery is recommended based on the ability to 
obtain a complete resection. Resection is correlated with a 
reduced r isk of local recurrence, especially in combination with 
induction ciJemotherapy and local radiotherapy. Thus, some 
advocate that surgical resection should be considered only after 
adjuvant therapy because it increases the degree of complete 
excision and decreases morbidity. Based on results from out
comes studies, resection is recommended for stage 1 to 2B 
tumors. For more advanced-stage neuroblas toma (stage.s 3 and 
4), initial surgical intervention is limited to an open or laparo
scopi.c tumor biopsy. For stage 4S infants, surgical resection is 
not recommended because of the high rate of spontaneous di f
feremiation and regression. 

For high-risk patients, radiotherapy is often needed for 
local and metastatic control. Radiation is contraindicated for 
in traspinal tumors because it can lead to vertebral dan1age, 
growth arrest, and scoliosis. However, it may be necessary for 
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palliation in the setting of pain, hepatomegaly with respiratory 
compromise, or acute nemologic symptoms caused by tumor 
compression of the cord. It is further indicated when there is 
minimal residual disease post-induction chemotherapy and 
resection. 1l1e combination of chemotherapy, surgery, and radia
tion rherapy has resulred in a local relapse rare lower rhan I 0%.3q 

Outcomes 
The overall outcomes in patients with neuroblastoma have 
improved somewbat over the last 30 years, with 5-year survival 
rates rising from 52o/o to 74%.38 1l1c in1provcment is the result 
of in1proved cure rates in the low-risk group, which has survival 
rates of up to 92%. It is estimated that 500tf, co 60% of patients 
in tht: nigh-risk group experience relapse and, accordingly, have 
only seen a modest decrea~e in mortaliry.38 Taken together, their 
overall survival rates remain dismal (~20o/o at 5 years), despite 
more aggressive therapies. 

Wilms' Tumor 
Wilms' tumor (WT), also known as nephrobfttstonlf1, is an 
embryonal renal neoplasm consisting of metanephric blastema; 
it accounts for 85% of cases.40 It represents 5.9% of all pediatric 
malignant tumo.rs and has an annual incidence of 7.6 cases/ 
million children yOtmger than 15 years. There are 500 reported 
new cases annually and approximately 75% of WT cases are 
diagnosed in children younger than 5 years. The peak incidence 
occurs at 2 to 3 years. Of all patients, l3o/o cru1 present with a 
bilateral tumor, whid1 is usually synchronous in 60% of cases. 

Causes and Genomics 
Divided into overgrowth and nonovergrowth disorders, a 
number of syndlromcs can predispose to the development of 
\X'T. These include Beckwith-Wiedemarm (macroglossia, mac
rosomia, midline abdominal wall defects, and neonatal hypogly
cemia), Li-Fraumeni (p53 germ line mutation with predisposition 
to various cancers), and Denys-Drash (gonadal dysgenesis, 
nephropathy, and \Vf) syndromes and neurofibromatosis. In 
l Oo/o of patients, WT can be assodaced with other congenital 
anomalies, collectively known as WAGR syndrome (aniri,dia, 
hemihypertrophy, genitourinary malformations, and mental 
retardation).41 

1l1e WT slllppressor gene WTJ is located on chromosome 
11 pl3, whlch contains genes responsible for the development 
of the kidney, genitourinary tract, and eyes. Mutations in WTJ 
result in genitourinary abnormalities such as cryptorchidism and 
hypospadia but also increase the risk of developing WT. Aniridia 
is found in 1.1 o/o ofWT patients and, when WTJ deletions arc 
found in these patients, there is a 40% rate ofWT development. 
Moreover, muta·tions in WIL, located at ll p 15, have been 
linked to Bcckwith-\Xficdemann syndrome, and there is a 4o/o to 
1 Oo/o risk of developiJ1g WT in those who also have hemihyper
trophy. A recent study has determined that the X-linked ttunor 
suppressor ~ene WTX can be inactivated in up to one third of 
WT c~es. 1 'TI1e exact significance of this finding remains 
unknown. 

Clinical Presentation 
WT is typically discovered incidentally during a physical exami
nation or because parents palpate an abdominal mass. Other 
presenting symptoms include abdominal pain and hematuria, 
which may signify tumor invasion into the collecting system or 

PEDIATRIC SURGERY CHAPTER 67 1861 

ureter. Another 25% develop hypertension, which is thought to 
occur secondary to disturbances in the renin-angiotensin feed
back loop. Fewer than lOo/o of patients have atypical presenta
tions; these iJ1clude varicocele, hepatomegaly caused by hepatic 
vein obstruction, ascites, and congestive heart failure. WT may 
also be associared with predisposing syndromes and the index of 
suspicion in these cases should be high, with a low threshold to 
obtain a screening ultrasound study. 

Diagnosis 
Ultrasonography is iJlitially performed to dctcrrujJle whether the 
tumor is actually of renal origin, is cystic or solid, or extends 
iJ1to renal vein or JVC. An abdominopelvic CT scan can also 
achieve similar results while helping differentiate WT from neu
roblastoma (Fig. 67 -24). 'TI1is study also evaluates for metastases, 
adenopathy, and adjacent structural iJwolvement. Equally 
important, the contralateral kic:L1ey and/or bilaterality of disease 
can be a~sessed. MRI is also a useful adjunct for evaluating 
intravascular invasion; however, an ultrasound study may be 
preferred. Lung metastases, which arc present iJ1 8o/o at the time 
of diagnosis, can be identified on an initial chest radiograph. A 
chest CT could be used as well, although its use is controversial 
in those with normal chest x-rays. 

Pathology 
The histology ofWT is categorized as favorable or unfavorable. 
Favorable histology is more common, characteri7-ed by the pres
ence of three elemems-blastemal, stromal, and epithelial cells. 
Tumors with predominantly epithelial differentiation behave less 
aggressively and tend to be stage I when diagnosed early. 
Blastemal-prcdominant tumors tend to be clinically aggressive 
and arc associated with advanced disease. Outcomes arc corre
lated with histopathology and tumor stage. Unfavorable histol
ogy is defined by the presence of anaplasia, dear cell sarcoma, 
or rhabdoid tumor. Anaplastic WT caJ1 be focal or diffuse and 
is synonymous with unfavorable llistology whenever it is encoun
tered. It is associated with an increased risk of tun1or recurrence 
and resistance to standard chemotherapy. Nephrogenic rests are 

FIGURE 67·24 a image of Wilms' tumor with a claw sign (arrows). 
(From Kim S, Chung DH: Pediatric solid malignancies: Neuroblastoma 
and Wilms' tumor. Surg Clin North Am 86:469-487, 2006.) 
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_Table 67-5 National Wilms' Tumor Study Group Staging System 
STAGE DEFINITION 

Tumor limited to the kidney and completely excised without rupture or biopsy. Surface of the renal capsule is intact. 

II Tumor extends through the renal capsule but is completely removed, with no microscopic involvement of the margins. Vessels 
outside the kidney contain tumor. Also placed in sta~e II are cases in which the kidney has undergone biopsy before removal or 
where there is local spillage of tumor (during resection) limited to the tumor bed. 

Ill Residual tumor is confined to the abdomen and of nonhematogenous spread. Includes tumors with involvement of the abdominal 
lymph nodes, diffuse peritoneal contamination by rupture of the tumor extending beyond the tumor bed, peritoneal implants, and 
microscopic or grossly positive resection margins. 

IV 

v 
Hematogenous metastases at any site. 

Bilateral renal involvement 

precursor lesions found in 25% to 40% of kidneys with WT, 
but do not have oncologic potential. Instead, they can undergo 
differentiation and spontaneously regress through unclear 
mecban isms. 

Staging 
Stage is one of the most im.porrant criteria in the therapeutic 
and prognostic consideration ofWT. 1l1e International Society 
of Pediatric Oncology (SlOP) staging system is based on preop
erative cl1emotherapy, but is applied postresection. The presence 
of metasta~es is evaluated at presentation, relying on imaging 
studies, and cl1emotherapy is instituted prior to operative inter
vention. The National Wilms' Tumor Study Group (NWTSG) 
has also developed a staging system that incorporates the clinical, 
surgical, and pathologic infom1ation that was obtained at the 
time of resection but stratifies patients prior to the ini tiation 
of chemotherapy (Table 67-5). 1l1e advantage of this system is 
that it favors stage-based therapy, thereby avoiding unnecessary 
dlemotherapy in patients who might not otherwise benefit 
from it.42 

Treatment 
1l1e mainstay of therapy for WT is surgery and chen1otherapy. 
Surgical exploration is necessary for formal staging and a radical 
nephrectomy is the standard. Utmost care must be taken to 
ensure en bloc resection because contamination and tumor spill
age result in local recurrence. Vascular rumor extension into the 
!VC constitutes stage lil disease and is managed accordingly. 
Sampling of the hilar, para-aortic, and paracavallymph nodes is 
critical. Nephron-sparing surgery is usually reserved for children 
with a solitary lkidney or bilateral WT. In these patients, preop
erative chemotherapy may be used tO induce tumor shrinkage 
to aUow for a more complete resection. However, there is an 
increased risk of positive surgical margins and local tumor recur
rence. Partial nephrectomy may be considered if the tumor 
involves only one pole of the kidney, there is no evidence of 
collecting system or vascular involvement, d ear margins exist 
between the tumor and surrounding structures, and the involved 
kidney demonstrates appreciable function. Unfortunately, less 
than 5% of patients meet these criteria, and it is uncertain 
whether this approach provides any long-term benefit.41 Accord
ing to NWTSG recommendations (Box 67-2), the typical che
motherapy regimen consists of vincristine and dacrinomycin, 
wi th the addition of doxorubicin (Adriamycin) and/or radiation 
therapy based <>n tumor stage and histologic favorability. The 
SlOP advocated the use of preoperative chemotherapy to 
improve cure and disease-free survival rates at 5 years. 

• Stage I (FH, focal anaplasia): Surgery, VA x 18 wk, no XRT 
• Stage II (FH): Surgery, VA x 18 wk, no XRT 
• Stage II (focal anaplasia): Surgery, VDA x 24 wk, XRT to tumor 

bec:l 
• Stage Ill (FH, focal anaplasia): Surgery, VDA x 24 wk, XRT to 

tumor bec:l 
• Stage Ill (focal anaplasia): Surgery; VDA x 24 wk, XRTto tumor 

bec:l 
· Stage IV (FH; focal anaplasia) : Surgery, VDA x 24 wk, XRT to 

tumor bec:l according to local tumor stage, and lung and/or 
other metastatic sites 

·Stages II-IV (diffuse anaplasia): Surgery, VDEC x 24 wk, XRT to 
whole lung and abdomen 

• Stages 1-N (dear cell sarcoma): Surgery, VDEC x 24 wk, XRT 
to abdomen; whole lung for stage N only 

• Stages I-IV (rhabdoid tumor): Surgery, ECCa x 24 wk, XRT 

A, Dactinomydn; C, cyclophosphamide; Co, carboplatin; D, doxorubicin; 
E, etoposide; FH, favorable histology; /, ifosfamide; V, vincristine; XRT, radiation 
therapy. 
"National Wilms' Tumor Study. Infants <11 mo are given half the re<Ommended 
dose Qf all drugs. 

Outcomes 
The overall survival for children wid1 WT has improved from 
30% to almost 90% of patients now exhibiting a 5- to 7-year 
survival. Survival rates of patients wid1 stage I or ll favorable 
histoq or stage I unfavorable histology are approximately 95%. 
For patients with llllfavorable histology, stages ll, ill. and [V are 
assodated with 70%, 56%, and 17% 4-year survival rates, 
respectively. Similar to neuroblascoma, tbis improvement can be 
attributed to advances in diagnosis, in1aging, im proved staging, 
and appropriate risk-stratified treatment. 

Rhabdomyosarcoma 
Derived from embryonic mesenchymal cells that can later dif
ferentiate into skeletal muscle, rhabdomyosarcoma is a soft tissue 
malignancy that accounts for approximately 4% of all pediatric 
malignancies. 1l1e incidence is 4.3 ca~es/million children, with 
approxin1atdy 350 new ca~es diagnosed anJ1 ually.43 With a 
bimodal peak iJlcidence, child ren are affected between d1e ages 
of 2 and 5 years and again from 15 to 19 years of age. Almost 
50% are diagnosed before the age of 5 years. Most cases occur 
sporadicalJy, with no recognizable risk factors, ald10ugb rbabdo
myosarcoma is known to occur with increased frequency in 
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patients with neurofibromarosis type [ and Li-Fraumen.i, and 
Beckwith-Wiedemann syndromes. 

Sites of Involvement 
Rhabdomyosarcoma can appear at any site in the body, includ
ing those that do· not typically comain skeletal muscle. 1l1e most 
comm on sites in children are the head and neck (35%), genito
urinary tract (25%), and extremities (20%). Less common 
primary sites include the trunk, GI tract, intrathoracic, and 
perineal regions. Head and neck lesions tend to occur in the 
parameningeal region, orbits, and pharynx. Other specific sites 
include the bladder, prostate, vagina, uterus, liver, biliary tract, 
paraspinal region, and chest wall. 

Pathology 
Rhabdomyosarcoma has been pathologically classified into three 
types. embryonal, alveolar, and pleomorphic. Embryonal rhab
domyosarcoma is the most common, accounting for more than 
two thirds of all ·rhabdomyosarcomas. Two subtypes of embryo
nal rhabdomyosarcoma-botryoides and spindle cell-appear 
to be associated with a better prognosis than others of similar 
histology. On examil1ation of a sample, characteristic rhabdo
myoblasts may be present; immunohistochemical staining for 
muscle-specific proteins, such as myosin and actin, desmin, and 
myoglobin, can bolster the diagnosis. 

Clinical Presentation 
Manifestations of rhabdomyosarcoma depend on its size, loca
tion, age of the patient, and presence of metastatic disease. 1l1e 
mass is typically asymptomatic, although most symptoms are 
related to comp:ressive effects and can result in pam. Orbital 
tumors can produce proptosis, decreased visual acuity, and oph
thalmoplegia. 1l10se arising from parameningeal sites frequently 
produce headaches and nasal or sinus obstruction that can be 
accompanied by a mucopurulent or bloody discharge. Moreover, 
these tumors can ilwade intracranially to produce cranial nerve 
palsies. For genitourinary rhabdomyosarcoma, paratesticular 
tumors may present as painless swelling in the scrotum, which 
may be confused with a hernia, hydrocele, or varicocele. Bladder 
tumors, commonly located at the base and trigone, result in 
hematuria and urinary obstruction. Prostate tumors can cause 
polyuria and constipation caused by compression of the bladder 
or bowel. Vaginal rumors in girls present with a prorrudil1g mass 
or vaginal bleeding and discharge. 

In the case of extremity rhabdomyosarcoma, distal involve
ment is more common than proximal, and the lower extremities 
are more commonly involved than the upper extremhies. 1l1ese 
tumors present as a painless mass, and some children may 
develop a linlp or disuse of the affected linlb. At the time of 
diagnosis, almost 50o/o of patients have regional lymph node 
metastasis. Retroperitoneal tun1ors can grow large, making them 
difficult to resect. Symptoms arise secondary to invasion of 
adjacent structures and the associated pain and distention are 
typical late features of disease. Biliary tract tumors comprise 
0.8% of all rhabdomyosarcomas and, like other signs of biliary 
obstruction, patients present with jaundice, abdominal swelling, 
fever, and loss of appetite. 

Diagnosis and Staging 
1l1e patient should be thoroughly examined and diagnostic 
in1aging and basic laboratory studies performed. With concern 
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for parameningeal involvement, cerebrospinal fluid should also 
be evaJuated. There are no specific serum tumor markers for 
diagnosis. Depending on tumor location, MRJ or CT should be 
used to characterize the mass better and evaluate for adjacent 
structural invasion, vessel encasement, metastasis, and adenopa
thy. One of the mosr critical aspects of rhe diagnostic process is 
obtaining tissue for histologic confirmation, wb.icl1 is usuaUy 
accomplished by an incisional or core needle biopsy. On confir
mation, surgical resection can be completed, although it may 
necessttate preoperative chemotherapy for tumor shrinkage. lt 
should also be noted that during preoperative plannil1g, the 
biopsy site should also be excised because there can be local 
recurrence. Based on. histologic variances, rhabdomyosarcoma 
subtypes are associated with prognosis. For example, botryoid 
(cluster of grapes) and spindle cell sarcomas are noted to have a 
favorable prognosis, embryonal and pleomorphic histologies 
have an intermediate prognosis, and alveolar and undifferenti
ated histologies exhibit a poor prognosis. 

Pretreatment staging serves to stratify patients, determi ne 
the most appropriate treatment regin1en, and compare out
comes. Because it relies on preoperative imaging, this is techni
cally clinical staging, although it is still based on TNM criteria 
(Box 67-3). It should be stressed cl1at intraoperative or patho
logic results from resected samples should have no bearing on 
patient stage. 1l1is is reserved for what is known as clinical group
iTZg, which consists of selection into a group depending on 
operative findings, parhology, margiJlS, and node status. Taken 
together, cliJlical grouping and pretreatmem staging have been 
shown to correlate with outcomes. For exan1ple, low-risk patients 
have an estimated 3-year failure-free survival rate of 88%. 
intermediate-risk patients have an estimated 3-year failure-free 
survival rate of 55o/o to 76%, and lligh-risk patients have a 3-year 
failure-&ee survival rate less than 30%. 

Treatment 
1l1e mam goal of therapy is to achieve cure or, if that is not 
feasible, at least to obtain local control. 1l1is requires a multi
modality approach, with a combination of surgery, chemother
apy, and radiation therapy. Equally important is the need to 
minimize the short- and long-term effects of therapy. Currently, 

I • 

Group 1: Localized disease that is completely resected, with no 
regional node involvement 

Group II 
A: Localized, grossly resected rumor with microscopic 

residual disease but no regional nodal involvement 
B: Locoregional disease with rumor-involved lymph 

nodes with complete resection and no residual 
disease 

C: Locoregional disease with involved nodes, grossly 
resected, but with evidence of microscopic residual 
rumor at the primary site and/or histologic involve
ment of the most distal regional node (from the 
primary site) 

Group Ill: Localized, gross residual disease including incomplete 
resection, or biopsy only of the primary site 

Group IV: Distant metastatic disease present at time of 
diagnosis 
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all patients with rhabdomyosarcoma receive some combination 
chemotherapy because it improves progression-free and overaiJ 
survival. The recommended regimen depends on the risk strati
fication, with low-risk patients in subgroup A receiving vincris
tine and dactinomycin. For patients in tbe low-risk subgroup B 
and higher, cyclophosphamide is added ro this therapy. Radia
tion therapy has been follJ1d to be effective for the local control 
of rhabdomyosarcoma. especially in patients who have micro
scopic disease after resecrlon. lt h as also been successfully used 
in patients in whom smgery could result in significant disfigure
ment, such as with head and neck lesions. However, complica
tions of radiation therapy are not negligible, including the 
potential development of secondary malignancies. 

As is the case with most surgical approaches, a complete 
resection with negative margins and nodal sampling is the main
stay of treatment. The specific operative guidelines depend on 
the location of the tlli110r. For example, for head and neck 
tumors that are superficial and nonorbital, wide excision of the 
primary tumor with sampling of ipsilateral cervical lymph nodes 
is acceptable. Parameningcal lesions are parrlcularly difficult to 
resect completely, given their degree of extension into critical 
structures. In these patients, and iJl patients with tumors that 
are considered unresectable. chemotherapy and radiation therapy 
are first-line treatment. For extremity lesions, it is important to 
achieve complete resection through wide local excision. Ampu
tation is rarely necessary, except for distal tumors in the hand or 
foot that involve neurovascular structures. Given that trunk and 
extremity lesions have a high incidence of lymph node metasta
sis, sentinel lymph node mapping is being increasingly recom
mended. Reexcision may also be considered with evidence of 
minimal residual disease after initial resection. Patients with 
extremity tumors receive combination chemotherapy but, 
because of the high incidence of the alveolar histology, radio
therapy is also often used. Finally, the approach for patients with 
genitourinary rumors depends on which organ is affected. Pres
ervation of bladder function is the key in resection of rumors 
involving the b ladder or prostate. lf this goal cannot be met, 
preoperative chen1oradiation is usually recommended. If resid
ual disease remains despite this, more aggressive measures can 
be considered, ·including a partial cystectomy, prostatectomy, or 
anterior (rectum-sparing) exenteration. Patients with parates
ticular rhabdomyosarcoma should lll1dergo a radical inguinal 
orcbiecmmy wirh a rerroperimneal lymph node dissection in 
boys yow1ger than 1 0 years because of the frequent prevalence 
of metastasis. When the rumor is clearly fixed to scrotal skin. 
resection is required. Chemotherapy is staJldard, wherea~ radia
tion therapy is indicated only with positive nodes. For patients 
with vaginal or vulvar rhabdomyosarcoma, vaginectomy and 
wide local excision, respectively, and mulriagent chemotherapy 
are recommended. 

Outcomes 
Approximately 15% of children present with metastatic disease 
and their prognosis remains poor. Approximately 30% of 
patients with rhabdomyosarcoma wi.ll relapse, and 50% to 95% 
of rbem will die as the disea~e progresses. MediaJl survival from 
the first recurreJKe is 0.8 years, with an estimated 5-year survival 
rate of only 17%. Despite this harrowi11g data, however, rhab
domyosarcoma is a curable disease in most children, with more 
than 60% surviving 5 years after diagnosis. Survival for d1iJdren 
with this malignancy has improved secondary to a number of 

facto:rs, including better in1aging and pathologic classification, 
use <Jf multiagem chemotherapy, aJ1d appropriate use of 
radiotherapy. 

Liver Tumors 
Primary rumors of the liver are rare in the pediarric population 
aJ1d are rnalignaJ1t in approximately 60% of cases. The two most 
common tumors arc heparoblasroma (HB) and hcpatoceUular 
carcinoma (HCC). HB represents approximately 80% of aU 
malignant l.iver neoplasms and 1 0/o of aU pediatric malignancies. 
The peak incidence of HB occurs at 3 years of age; the mediaJl 
age for children with HCC is I 0 to 11.2 years. This correlates 
with the observation that more than 90% of patientS younger 
than 5 years with primary liver tumors are found to have HB, 
whereas 87% of those between 15 and 19 years have HCC.44 

Causes and Risk Fadors 
Patients with familial adenomarous polyposis, Gardner's, and 
Beckwith-Wiedemann syndromes are at i.ncreased risk of devel
oping HB. HCC is associated with acquired hepatitis B aJld C 
and has been observed ill children with several types of congeni
tal disea~es. including tyrosinemia, glycogen storage disease type 
I. <X1-antitrypsin deficiency. and cholestasis caused by BA. 

Clinical Presentation 
HB typically presents a~ a painless but palpable abdominal mass. 
Other symptoms are nonspecific and include aJ1orexia, weight 
los~ and failure w thrive, abdominal pain, aJlemia, and abdomi
nal distenrion. }alll1dice is not conmwnly encountered because 
Liver function remains intact. Some patientS present with fever 
and i t is possible for the rumor to rupture, leading to intra
abdominal bleedi11g and peritonitis. HCC presents similarly; 
although stigmata of cirrhosis, such as jaundice, spider angio
mas, ascites, and splenomegaly, may be encountered. Almost 
25o/o of patients have metastatic spread to abdominal and medi
asrlnallymph nodes, lung, hone marrow, aJ1d hrai.n. 

Dia~nosis and Staging 
Basic laboratory blood rests usuaUy reveal normal liver function 
in HB, whereas there will be abnormalities in HCC. There may 
be evidence of anemia; thrombocytopenia or pancytopenia can 
be fouJ1d with splenomegaly caused by sequestration. AFP levels 
are elevated in more tbaJl 70% of patientS and also correspond 
to HB and HCC disease activity. An elevated AFP level is not 
pathognomic and. depending on the age of the patient, other 
disease processes must be ruled out. For exan1ple, in infants 
younger thaJl 6 months, elevated AFP levels may also be seen in 
sarcomas, yolk sac rumors, and hamartomas. Finally, all children 
who are bei11g evaluated for HCC should be screened for expo
sure to and subsequently rested for hepatitis B aJld C. 

Abdominal ultra~onography is an excellent initial diagnos
tic study. Doppler ultrasound can also detect the presence of 
rumor extension imo or thrombosis of major vessels- namely.. 
d1e hepatic veins, NC, and portal vein. For bener resolurlon, a 
helical CT is critical in assessing the relationship of the tumor 
to adjacent vital structures, such as bile ducts and vessels, and 
exclude iJ1tra-abdominal tWllOf extension beyond the liver. An 
MRI caJ1 similarly be used in this setting. Because HB frequently 
spreads hematologically to the lungs, chest CT should also be 
performed. Bone scintigraphy is recommended for staging in 
childsen with HCC because of the high incidence of bone 
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_Table 67-6 Liver Tumor Staging 
STAtE DEFINililON 

Tumors confined to the liver and completely resectable 

II Tumor resection with microscopic residual disease (i.e., 
positive margins), tumor rupture, or tumor spillage at the 
time of operation 

Ill Unresectable or only partially resectable at the initial 
operation because of gross residual tumor or presence of 
regional lymph node involvement 

IV Distant <>rgan metastases 

metastases. HB characteristically appears as a unifocal mass sur
rounded by a pseudocapsule; it may be a pure epithelial type 
that contains fetal or embryonal cells or a mixture of the two 
histologic subtypes, which contains mesenchymal tissue in addi
tion to epid1elial components. On the other hand, HCC is 
characterized by large, pleomorphic epithelial cells that appear 
much like mature hepatocytes. Grossly, HCC forms multifocal 
nodules that lack a fibrous tun1or and often lead to d iffuse 
intral1epatic involvement. Unlike adults. there bas been no 
indisputable evidence that histopathology has any bearing on 
prognosis. 

A standard TNM system (Table 67-6) has been used for 
staging purposes, but much effort has been placed into the 
development of a pretrearmem staging system, known as d1e 
pretreatment evnlutttion of tumor extension (PRETEXn staging 
system. Spearheaded by the SlOP group, d1e PRETEXT system 
divides the liver into four sections and the tumor is subsequently 
classified based on the number of tumor-free sections of liver. 
This system takes caudate lobe involvement, rumor rupture, 
ascites, extension. imo the stomach or diaphragm, tumor focality, 
lymph node involvement, presence of distant metastases, and 
vascular involvement into furthei consideration. Thus, patients 
are considered bigb risk if they meet the following criteiia: 
serum AFP level highei than 100 ng/ml, extension beyond the 
Hver, distant metastases, intraperitoneal hemorrhage, and inva
sion of the hepatic veins, [VC, or portal vein. 

Treatment 
Unlike other pediatric solid rumors, liver transplantation is a 
surgical option for patients with uruesectable disease. Neoadju
vant chemotherapy is used for tumor reduction in the hope that 
it can aid in a more complete resection. Interestingly, some 
advocate the use of preoperative chemotherapy to treat what 
would otherwise be residual microscopic disease left behind 
postresection. They argue that doing so eliminates tumor cells 
that could respond to hepatotrophic factors during liver regen
eration, thereby .decreasing the risk of recunence. 

There are two currently acceptable approaches to HB, 
tumor resection followed by chemotherapy and tumor biopsy 
followed by chemotherapy and delayed resection. Stage 1 patients 
with pure fetal histology usually do not receive postoperative 
chemotherapy. However, patients who are stage II or higher or 
who have any other type of histology do require this. 1l1e current 
chemotherapy regimen consist.~ of cisplatin, 5-fluorouracil, and 
vincristine. For patients with residual tumor after resection, 
chemotherafy should be coupled with an evaluation for trans
plantation.4 Criteria for transplantation include having no more 
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than three tumors smaller than 3 em in diameter, and no evi
dence of extrahepatic disease or vascular invasion. When relapses 
occur, doxorubicin, irinotecan, and ifosfan1ide have bee11 used, 
often with some success. Another modality being used with 
variable success in childien whose tumors are uJ1Iesponsive to 
~ysrentic chemotherapy is direct arterial chen1orherapy and/or 
chemoembolization. Long-term outcomes have yet to be 
determined. 

Outcomes 
Long-term disease-free survival of more than 85% to 90% can 
be achieved for resectable HB, ald10ugh similar estimates have 
been seen nored for patients with unresectable HB treated by 
liver transplantation. The same cannot be said for HCC, in 
which survival rates with partial hepatectomy remain poor 
because of relapse. Nonetheless, in the past decade, early trans
plantation bas been shown to result in better outcomes in expe
rienced transplantation centers. 

Teratoma 
Teratomas are typically benign neoplasms that contain elements 
derived from more man one of the rlliee embryonic germ layers. 
endoderm, mesoderm, and ectoderm. By definition, they are 
comprised of tissue that is foreign to the anatomic sire in which 
they aFe found. AJthough teratomas may occur anywhere along 
the midline, they are usually found in sacrococcygeal, mediasti
nal, .retroperitoneal, and gonadal locations. Teratomas may be 
solid, cystic, or mixed and are classified as mamre or immature. 
Although the larrer can be potentially malignant, the incidence 
of malignant transformation in mature teratomas is low. 1l1ere 
is a preponderance based on gender; almost 80% of all teratomas 
occur 'in females. Moreover, location has been associated wid1 
age, as evidenced by the fact that extragonadal tumors occur 
primarily in neonates and young children, whereas gonadal 
tumors are more commonly noted in adolescents. 

Sacrococcygeal Teratomas 
Sacrococcygeal teratomas (SCfs) account for 60% of all terato
mas and can present as large exophytic masses in utero. [n sucl1 
cases, they are detected on prenatal ultrasound. Complications 
include polyhyd.ranmios and feral hydrops, which can result in 
fetal demise caused by a tumor-induced vascular steal syndrome 
that leads to high-output heart failure. In infants and children, 
symptoms can include weakness, paralysis, bowel or bladdei 
dysfunction, and other neurologic symptoms tl1at may indicate 
i.mradUial spinal extension. Because the mass is usually external 
and visible (Fig. 67-25A), the diagnosis is usually made by 
inspection. lf the AFP or f3-hCG level is elevated, yolk sac or 
choriocarcinoma components, respectively, make up the tera
toma. Ultrasonography, CT, or MRI may be necessary to detect 
intra-abdominal lesions or determine whether there is pelvic or 
abdominal extension. 

Surgical resection is the standard of care and should be 
performed promptly because of the risk of hemorrhage and 
tumor ruptu.re. Operative planning must take into account the 
degree of intra-abdominal extension. Most n•mors can be 
resected by a posterior approach, in which a Chevron iJlcision 
allows for d1e division of the gluteal muscles, ligation of d1e 
blood supply, and en bloc resection of the tumor and coccyx 
(see Fig. 67-258). lt is important to preserve me anorectal 
complex to maintain long-term continence. External rumors 
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FIGURE 67-25 A. Sacrococcygeal teratoma. B, Levator ani and gluteal muscles are reconstructed and a drain left in place. (B from Dicken BJ, 
Rescorla FJ: Sacrococcygeal teratoma. In Chung DH, Chen MK [eds]: Atlas of pediatric surgical techniques. Philadelphia, 2010, Elsevier Saunders, 
pp 364-373.) 

with significant i.ntra-abdominal extension require a combined 
abdominal andi posterior approach, whereas teratomas that are 
entirely intra-abdominal may be approached via laparotomy or 
laparoscopy. 

O utcomes have been favorable from survival and quality 
of life standpoints. The age of diagnosis is the most important 
factor; those diagnosed at less than 30 weeks' gestation or after 
2 months posmarally rend to have a poor prognosis. The risk of 
malignancy associared wirh embryonal hisrology is 15% to 20%. 
Risk of local recurrence ranges from 4% to II %, ale hough 
failure to resect the coccyx is associated with a 37% risk of recur
rence. Monitoring AFP levels at 3-month intervals for 3 to 4 
years has been strongly recommended; if the mass recurs, reexci
siml is performed after a formal evaluation for staging purposes, 
given the high risk of malignancy. 

Ovarian Neoplasms 
Approximately 50% of all ovarian lesions in children are neo
plastic, but are rarely malignant. lt is estimated that ovarian 
malignancies comprise I 0% of alJ ovarian masses bur only l % 
of childhood cancers. Primary ovarian malignancies can be clas
sified as germ cell, epithelial cell, and sex cord stromal twnors. 
Germ cell rumors include teratomas and choriocarcinoma; sex 
cord stromal t tmlors consist of granulosa (thecal) and Serroli 
(Leydig) ceils. Epithelial cell tumors encompass serous and 
mucinous cystadenomas and cystadenocarcinoma~.46 Symptoms 
are usually pain-related because of ma~s compression. 'TI1c pres
ence of ascites, omental masses, peritoneal or diaphragmatic 
implants, adberence to su.rrounding organs, aortoiliac adenopa
thy, size more than 8 em, or contralateral ovarian mass should 
raise suspicion for malignancy. 

Types 
Cerm Cell Tumors An ovarian teratoma is the most common 
ovarian germ cell rumor. It also represents the most common 
pediatric ovarian neoplasm and accounts for 25% of alJ child
hood teratomas. These tumors occur with equal frequency in 
either ovary and may even be bilateral in I 0% of patients. They 
typically present with abdominal or pelvic pain and may involve 
ovarian torsion in approximately 25% of patients. Germ ceU 
rumors account for 7o/o to 80o/o of alJ neoplastic ovarian masses. 

Dysgerminomas are the least differentiated of tbe germ cell 
tumors and are bilateral in I 0% to 15o/o of cases. Although pure 
dysgerminomas arc malignant, they tend to present while still 
localized and are highly responsive to chemoradiation. Survival 
is almost 90% with complete surgical resection. 

sex Cord Tumors Sex cord rumors arise from the stromal elements 
of the ovary, producing hormones that may result in precocious 
puberty. Inrerestingly, these tumors have been associated with 
Peutz-Jeghers syndrome. Abnormal menstruation, swelling, and 
pain are common cllief complaints. Outcomes after resection are 
good in this group because nwst lesions arc stiJI limited to the 
ovary. Advanced-stage tumors are responsive to platimun-based 
chemotherapy. Granulosa cell tumors account for J o/o to 10% 
of ovarian malignancies in females under the age of20, whereas 
Sertoli-Leydig cell tumors accotUlt for 20% of ovarian sex cord 
stromal tumors. Because they are androgenic, serum testosterone 
metabolite levels can be elevated. With esrrogen excess, 
patients develop early sexual d1aracteristics, such as breast or 
labial enlargement, axillary and pubic hair growth, and/or 
galactorrhea. 

Epithelial Tumors Less than 20% of ovarian tumors in childhood 
are epitheHal in nature, given that they are rare before menarche. 
The cwo main histologic subtypes include serous and mucinous 
tumors, which can be furtber described as benign, malignant, 
or borderline malignant. It is possible ro classify the subtypes as 
adenoma or adenocarcinoma; the latter is extremely rare but is 
associated with a poor prognosis. 

Dia~nosis 
Aside from a thorough physical examination and routine labora
tory studies, AFP and ~-HCG levels should be determined 
because they help provide information about tumor biology and 
can be used to measure rream1ent response. Although nonspe
cific, the lactate dehydrogenase level may also be elevated. Also, 
if there is any evidence of menstrual abnormalities or precocious 
puberty, luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH) levels should also be checked. Abdominal ultra
sotmd is performed to evaluate the tumor and contralateral 
ovary. It is not uncommon ro obtain a CT scan, whicl1 will 
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provide informattion regarding tumor extension, regional ade
nopathy, and metastasis. 

Treatment 
Surgery is the mainstay of therapy and aims to ensure complete 
resection, wirh preservation of reproduc£ive function when pos
sible. Definitive treatment is oophorectomy or salpingo
oophorectomy. Care should be taken to resect the tumor without 
disrupting the capsule or spilling t1unor contents, because this 
wiJJ result in upstaging of malignant lesions. Ascitic fluid, if 
present, should be tested for cytologic evidence of tumor. Intra
operatively, time should be taken to inspect the diaphragm, 
peritoneal surfaces, and omentum to look for ovarian implants, 
which, when present, should be biopsied for staging and treat
ment purposes. According to the staging system of the Interna
tional Federation of Gynecology and Obstetrics, the Liver, 
peritoneum, omentum, and contralateral ovary should be closely 
examined and suspicious lesi.ons should be biopsied or resected. 
Bilateral retroperitoneal, iliac, para-aonic, and perirenal lymph 
nodes should be sampled for appropriate staging. Finally, ascites 
or peritoneal washings should be sent for cytology.46 Chemo
therapy is indicated for any ovarian tumor with extension 
beyond the affected ovary, which is often the case with germ ceU 
and epithelial ceU tumors. The combination of low-dose bleo
mycin, etoposide, and cisplatin treatment in patients wi th stage 
IT disease bas resulted in event-free and overall survival rates, of 
87.5% and 93.8%, respectively. 

Summary 
Solid tumors in children represent a chaUenging therapeutic 
problem but, with advances in diagnosis, staging, and treatment, 
outcomes are steadily improving. However, those with high
stage disease continue to be a subpopulation that requires 
increasingly aggressive approaches, only to see a modest improve
ment iJ1 outcomes. It is this patient population that stands to 
gain the most as energy is focused on a better understanding of 
the mecha11isms that drive CaJKer cell proliferation and metas
tasis so that therapy can be designed more efficaciously. 

TRAUMA 
Traumatic injury, intentional or unintentional, results in more 
deaths in children and adolescents than all other causes com
bined. Most pediatric trauma occurs as a result of blum trauma, 
although penetrating injury accounts for 10% to 20% of all 
pediatric trauma admissions with the increase in violence among 
13- to 18-year-dds. It must be stressed that the pediatric patient 
is different physiologically from an adult counterpart, but the 
basic principles remain the same. 

ABCs of Trauma 
Evaluation of the pediatric patient's airway is of utmost impor
tance. A child who is crying or able to verbali7..e is able to 

protect his or her airway. If a patient is drooling, gurgling, or 
wheezing, one must rule out correctable causes of airway 
obstruction, such as a retrievable foreign object iJ1 the orophar
ynx. The threshold for endotracheal intubation, especial.ly with 
excessive sedation, should be low. The appropriate endotracheal 
tube size CaJl be estimated as being equivalent ro the diameter 
of the child's fifth digit. Alternatively, the endotracheal tube 
inner diarneter can be calculated by 4 plus the patient's age i.n 
years divided by 4. It should also be noted that tbe trachea is 
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shorter aJld narrower in children, which makes intubation more 
challenging. 

After securing the airway, attention should be focused on 
the patient's respiratory status. A quick assessment should be 
made to determine the presence of flail chest, dyspnea, tachy
pnea, or unequal bread1 sounds. Caution should be exercised 
when using pulse oximetry because it doe.s not reflect proper 
ventilation. Next, circulation should be assessed to ensure ade
quate oxygen delivery. The patient should be examined for 
general color, capillary refill, and presence of peripheral pulses. 
A weak aJld thready pulse, along with hypotension, indicates 
hypovolemic shock. Blood transfusion should be considered in 
those with hypovolemic shock umesponsive to two boluses of 
20 m.Ukg crystalloid. In children yoLmger than 6 years, 
intraosseous access may be considered with peripheral IV 
difficulties. 

O nce the patient bas been stabili7..ed, a secondary survey 
should be performed. Hypothermia must be avoided to prevent 
complications of coagulopathy a11d acidosis. A Foley catheter 
should be placed to monitor adequate fluid resuscitation, ensur
ing Uii.ne output of more thaJl 1 mL/kg/hr. Finally, if there is 
no contraindication to enteral feeding, nutrition should be 
established early. given that there is a significant increase iJ1 
metabolic demaJ1d because of a stimulated inflammatory state 
associated with traumatic injuries. This blunts the catabolic 
breakdown of glycogen and fat, stimulates inunune compe
tency, decreases infections, and reduces the risk of bacterial 
translocation. 41 

Types of Trauma 

Head and Spine Injuries 
Central nervous system injUiy is the leading cause of death 
among injured children. In children 2 years or younger, physical 
abuse, such as that seen in shaken baby syndrome, is the most 
common cause of serious head injury. This may manifest as 
retinal. subdural, or subaraclmoid hemorrhages. [n children 
aged 3 years and older, falls and motor vehicle, bicycle, and 
pedestriaJl accidents are responsible for most traumatic brain 
injuries (TBls). The response to head injury in children is diffuse 
eden1a, wluch may be difficult to identify on an initial noncon
trasted CT scan of the head. However, wi th tinle, the injury may 
evolve, with evidence of diffuse axonal injury, hemorrhage, or 
parenchymal dan1age. Children with a mild head injury usually 
complain of headache and nausea or exhibit amnesia, impaired 
concentration, and behavior disturbances. Up to 20% of chil
dren who sustain mild TBls (MTBis) CaJ1 have an intracranial 
hemorrhage, and approximately 3o/o will eventually require 
operative intervention. 'TI1ereis no consensus on how to approach 
the child with a MTBI; many advocate the use of a screening 
head CT with close clinical examination. When appropriate, 
cerebral perfusion pressure must be monitored. Because of its 
transient effect and propensity to induce vasospasm, prophylac
tic hyperventilation should be avoided unless there is inuni.nent 
concem for berniation. Aside from diuretics and hypertonic 
saline, a barbiturate-induced coma a11d hypothermia are other 
ma11euvers that can be used to lower the in tracranial pressure 
(ICP). Lf increased ICP is refractory tO medical treatment, a 
decompressive crruuectomy may be requited. Lesions that result 
in focal neurologic symptoms or mass effect should sinularly be 
evacuated. 
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Although spinal cord injuries are relatively uncommon in 
the pediatric population, motor vehicle accidents (MVAs) 
account for most traumatic spil1al cord injuries. Fractures of the 
C l and C2 velitebrae are commonly seen in younger children, 
whereas compression and chance fractures, frequently associated 
with improper sear belt use, are seen in older children. Spinal 
cord injury witthout radiologic abnormality {SCIWORA) is a 
clinical condition in which a child (<8 years of age) can present 
with transient neurologic deficits. It is thought to occur because 
incomplete vertebral ossification and ligament laxity allow the 
cord and nerve roots to stretch or in1pact on tl1e opposing bony 
surfaces of the spinal canal. The use of steroids in the setting of 
acute spinal injury remair1s controversial, because i.t is unclear 
whether it imp.roves outcomes. 

Thoracic Trauma 
Thoracic il1jury .is the second leading cause of death in pediatric 
trauma cases and accow1ts for 5% of trauma-rdated hospital 
admissions. Blunt trauma, particularly from MVAs, is respon
sible for most thoracic il1juries. However, it should be noted 
that the pediatric rihs are primarily cartilaginous and are there
fore more pliable. Thus, a d1ild may present with a significant 
intrathoracic injury (e.g., pulmonary contusion, pneumotho
rax, hemothorax) without obvious evidence of rib fractures. 
Pulmonary contusions resLLlt in an inflammatory response with 
edema, atelectasis, and subsequent consolidation. Hypoxemia, 
hypercarbia, and tachypnea can be significant and necessitate 
inwbation. Radiographic findil1gs are variable and wueliable. 
Nonetheless, most patients respond to conservative manage
ment without long-term sequelae. Trawnatic asphyxia is a rare 
presentation after blunt trauma, but sudden compression or 
crushing of the thorax can result i11 ai rway obstruction and 
retrograde high-pressure Bow in the superior vena cava. When 
this occurs, patients present dramatically with head and neck 
cyru1osis, subconjunctival hemorrhaging, and peted1iae. Rib 
fractures in dilldren yOtmger than 3 years should be approad1ed 
with a high index of suspicion for chlld abuse. Surgical explora
tion of tl1e d1est may be indicated with a gross bloody chest 
tube output of more tl1an 20% of tlte patient's blood volume 
or aJl output of 2 mL/kg/hr. lnterC<lstal artery bleeding is a 
common cause .. 

Tracheobronchial illjuries usually occur near the carina and 
are moughc to result from anteroposterior compression of the 
pliable pediatric chest. The patient can. present with pneumo
thorax, pneumomediastinum, and subcutaneous emphysema. 
Tracheobronchial disruption results il1 massive ai r leak with 
potential rensuon pneumod10rax, compromisil1g respiratory 
function and venous return. Aside from hemodynamic instabil
ity, primary repair is indicated if the injury involves more thaJt 
one tllird of the diameter of the bro11chus or if nonoperative 
mrutagement fails. A widened mediastinum on tl1e chest radio
graph is rare in cl1ildren. Most of these injuries result from blunt 
trauma and are found at the ligan1entum arteriosum. Traumatic 
diaphragmatic rupture with herniation of the stomach and 
bowel occurs in approximately l o/o of children with blunt chest 
trauma. Left-sided rupture is more common because the liver 
protects against right-sided rupture. 

Abdominal Trauma 
When a seat belt sign, a bruising of the midrulterior abdominal 
waU after an MVA, is present on a child, the CT scan sl1ould be 

tltorouglliy reviewed for any subtle signs of bowel il1jury and/or 
presence offree peritoneal fluid . The presence ofintra-abdominal 
£luid on aCT scan without a solid organ injury sbould raise the 
index of suspicion for a hollow viscous injury. Blunt injuries co 
the stomach occur more frequently in childrm than in adults 
and are generatly seen in children who are struck by a vehicle or 
who fall across bicycle handlebars. The injury is usually a blowout 
or perforation of the greater curvature. Usually seen in restrained 
child.ren involved iJ1 MVAs, intestinal iJ1jury secondary to bllmt 
trauma is estimated to be less thru1 15%. Several mechanisms 
can e:xplain the iJ1jury pattern, sudt as rapid deceleration causiJ1g 
the lap belt to compress the intestines against the spine. 1he 
increase in intraluminal pressure may predispose to perforation 
or ruptme. Small intestinal il1juries occur predominantly in areas 
of fixation, such as at the ligament of Treitz or ileocecal valve. 
A duodenal or mesenteric hematoma may ensue rutd cause 
obstruction, with subsequent nausea and bilious emesis. It is not 
uncommon to encounter retroperi toneal injuries as well. With 
abdominal pain and no objective source, conservative mrulage
ment wid1 serial abdonili1al exalllinations is appropriate. 

Treatment of SOlid Organ Injuries The intra-abdominal solid 
organs are particularly vulnerable to blunt trauma in dtildreJl. 
Nonoperative management is me standard of care for most 
hemodynamically stable children with blunt solid organ injury. 
Those who fail nonoperative management usually do so within 
the first 12 hours. 1he American Pediatric Surgical Association 
(APSA) has detailed guidelines regarding the management of 
isolated liver and spleen injuries based on initial CT findings; 
tl1ese bave been s.bown to reduce d1e length of hospital stay 
signlficru1tly, without adverse outcomes (Table 67-7). Splenic 
il1jurics are relatively comnlCln in pediatric traun1a. Because of 
tl1e risk of overwhelming sepsis following splenectomy, splenic 
injuries are managed conservatively unless there is evidence of 
hemodynamic instability. A11 ultrasound, CT scru1, or red blood 
cell-tagged sCaJl can be used to isolate the source of a hleed. A 
blush or active extravasation may prompt splenectomy. 'The role 
of splenic artery en1bolization in the treatment of pediatric 
splen ic illj ury has not yet been fully deterlllined. An isolated 
hepatic injury without involvement of the hepatic veir1, IVC, or 
portal vein CaJl also be managed conservatively. Some have 
reported that 85% to 90% of patients can successfully be treated 
with nonoperative managemem . However, those who fail do so 
because of hemodynan1ic instability, changes in di.nical exami
nation, or transfusion requirements more than 25 to 40 mL/kg/ 
day. Findings on the initial CT scan can provide clues regarding 
the poteJltial for complications, such as hemobilia or delayed 
rupture. Delayed bleeding after liver injury has been reported as 
lace as 6 weeks postiJ1jury and may be seen in I o/o to 3% of 
patients. As is the case with splenic lacerations, one should 
proceed with definitive surgical treatment wi th any indication 
of hemodynan1ic instability. 

Pancreatic Injury 
Pancreatic injuries frequently occur from blunt trawna, such as 
falling into bicycle handlebars. A significantly elevated level of 
amylase or Lipase may be seen. Moreover, a CT scan is a useful 
diagnostic modality for evaluadng mClst pancreatic trauma, 
altho ugh it can miss ductal injuries. ERCP with possible stenr 
placement is often indicated in this setting. Operative explora
tion may be required ro evaluate the degree of pru1creacic injury 
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Table 67-7 Classification of Intra-Abdominal Solid Organ Injuries 
GRADE LIVER SPLEEN KIDNEY 

Hematoma: <10% subcapsular surface area Hematoma: <10% subcapsular Contusion: Microscopic or gross 
hematuria 

laceration: Capsular tear < 1 on l aceration: Capsular tear <I em Hematoma: Subcapsular, 
nonexpanding. no parenchymal tear 

II Hematoma: 100/o-50% subcapsular surface 
area, <10 on intraparenchyrnal 
hemorrhage 

Laceration: Capsular tear 1-3 on deep, 
<10 em length 

Hematoma: lOo/o-500/o subcapsular 
surface area, <5 on 
intraparenchymal hemorrhage 

Laceration: Capsular tear, 1-3 on 
parenchymal depth not involving 
a trabecular vessel 

Hematoma: Nonexpanding perirenal 
hematoma confined to 
retroperitoneum 

Laceration: <1 em parenchymal depth 
of renal cortex without collecting 
system rupture or urinary 
extr avasab on 

Ill Hematoma: >500/o expanding subcapsular 
svrface area, ruptured subcapsular with 
active bleeding. or intraparenchymal 
hematoma ~ em or expanding 

Hematoma: Ruptured subcapsular 
or parenchymal hematoma; 
intraparenchymal hematoma 
>5 em or expanding 

laceration: > 1 em parenchymal depth 
of renal cortex without collecting 
system rupture or urinary 
extravasation 

l aceration: >3 on parenchymal depth laceration: >3 em parenchymal 
depth involving trabecular vessels 

IV Hematoma: Ruptured parenchyma with 
active bleeding 

Hematoma: Ruptured parenchyma 
with active bleeding 

laceration: Parenchymal laceration 
extending throuRh the renal cortex. 
medulla, and collecting system 

Vascular: Main renal artery or vein 
injury with contained hemorrhage 

l aceration: Parenchymal disruption involving 
25%-75% of hepatic 

l aceration: Hilar vessels with major 
devascularization (>25% of 
spleen) 

v laceration: Parenchymal disruption involving 
>500/o of hepatic lobe 

laceration: Completely shattered 

splelen 'I I . . 'th 

Laceration: Completely shattered 
kidney 

Vascular: Juxtahepatic venous injuries 
(retrohepatic vena cava, central major 
hepatic veins) 

Vascu ar: H1 ar vascu ar InJUry WI 
total devascularization 

Vascular: Avulsion of renal hilum with 
devascularization of kidney 

VI Vascular: Hepatic avulsion 

fully, especially with concern for pancreatic necrosis. With severe 
ductal injury or pancreatic transaction , a distal pancreatectomy 
may be indicated. 

Renal Injury 
The concept of nonoperative treatment has been extended to 
include renal injuries. Retroperitoneal injuries are frequently 
seen with direct blows to the bad < or flank and the kidney is 
involved in 10% to 20% of cases. In dli.ldren, there is a lack of 
perinephric fat, which makes the kidney a susceptible target. 
Contusion is the most common renal injury encow1tered in 
dlildren , whereas fracrure of the renal pelvis occurs in children 
who have congeni tal renal abnormalities. Interestingly, the pres
ence of hematuria does not correlate with the severity of renal 
injury. Conservative management is standard for low-grade renal 
injuries (grades I ro III), and there is no consensus on the con
troversial manag~ment of high-grade renal injuries (grades IV 
and V}. Al1 absolute in dication for renal exploration is an 
expanding or pulsatile hematoma. Relative indications include 
urinary extravasation, necrosis, and arterial injury. In the case of 
urinary extravasation, ureteral scenting can be atten1pted. Grade 
V injuries usually require operative management, but the salvage 
rate is poor. 

FETAL SURGERY 
With the advent of modern prenatal care, many congenital 
conditions are diagnosed before birth. Although these anomalies 
rarely progress in such a way that fetal survival is threatened, 
there are ca~es when an intervention is warranted. Fetal surgery 
is a progressive field that aims to alter the natural progression of 

congenital disease in utero. Many of these anomalies have severe 
complications associated with fetal demise if left tmtreated. 
However, given the high-risk namre of the procedures them
selves, selection of which patients would benefit most and how 
best to manage them is the key. Indications for fetal surgery 
include hydrops caused by CPAM, steal syndrome and cardiac 
failure from SCTs, and oligohydranmios wiili renal fai lure from 
lower urinary tract obstruction. Although initial outcomes were 
disappointing, recent improvements have been made in selection 
criteria based on outcomes research, which aims to identify 
patients with malformations who wouJd see reasonable benefi t 
from prenatal intervention. Ultrasonography continues w be the 
prin1ary method of diagnosis because it is noninvasive, nonii
radiating, and inexpensive. However, ultrafast MRI has become 
a useful imaging adjunct, particularly when the diagnosis is 
unclear or needs further evaluation. 

Open Fetal Surgery 
Open fetal surgery was attempted in the treatment of CDH to 
prevent pulmonary hypoplasia and hypertension. Unfortunately, 
studies have shown iliat it did little to decrease neonatal morbid
ity and mortality. In high-risk fetuses with CDH complicated 
by thoracic herniation of the liver, reduction of the llver back 
into ilie abdomen was associated ¥lith kinking of the umbilical 
vein and subsequent fetal demise. Therefore, the focus has 
shifted to reversible tracheal occlusion with clips or endoluminal 
balloons to induce lung growth. Outcomes have been contro
versial and not significantly improved survival, with premature 
rupture of membranes being a frequent complication of the 
procedure itself.48 
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Procedures involving tracheal occlusion have led to the 
development of the ex utero intrapartum treatment (EXIT) 
procedure, which is a deUvery technique used for fetuse$ with 
airway compression that may be caused by the presence of a 
thoracic mass. To secure the fetus' airway during deUvery, the 
mother is given tocolytics and anesthesia w induce maximal 
uterine relaxation while main raining uteroplacental circulation. 
1his allows for an airway to be established by endotracheal 
intubation before the wubilical cord is damped. After delivery, 
the newborn can be stabilized for postnatal interventions, when 
indicated. 

scr is another condition fo r which fetal surgery may be 
indicated, but reports of in utero resection are rare. The develop
ment of hydrops in a fetus with scr is caused by high-output 
cardiac failure from arteriovenous shunting through the tumor. 
To reduce blood flow to the tumor, coagulation of the arterio
venous shunt, ~aser pho tocoagulation, and radiofrequency abla
tion of the feeding vessels have been used with some success in 
small studies. Open fetal surgery for SCf is controversial. 
Because most fetuses with SCf undergo postnatal resection 
without complication, intrauterine intervention is advocated 
only for those patients with symptoms related to hydrops. It is 
unclear whether these interventions change overall survival, 
given the poor prognosis associated with the development of 
these symptoms. 

CPAM can result in hydrops and pulmonary hypoplasia 
when large eno·ugh. One study has found a correlation between 
the volume of the CPAM and head circumference, whlch indi
cated that when the ratio is more than 1.6, the risk of developing 
hydrops was found to be 80%. lt is this patient subset that 
benefits from in utero intervention. Typically, mkrocystic lesions 
can be resected with a lobectomy and macrocystic masses can 
be aspirated o r shunted. Outcomes are good; these interventions 
reverse hydropic symptoms and result in a survival rate o f more 
than 70%.49 

Fetoscopic Surgery 
'TI1e application of minimally invasive techniques has been 
iJlcreasing and its role in fetal surgery is still being explored. It 
is used for lower urinary tract obstruccions, in wbkh oligohy
dramnios causes pulmonary insufficiency and compression 
deformities of the face and lin1bs. 'TI1ese patients may benefit 
from vesicoanmiotic shunting and ablation of posterior valves. 
Fetoscopic surgery bas also been successfully used in the laser 
ablation of the communicating placental blood vessels in twin
twin transfusio n syndrome, characreri'l_ed by hypovolemia, oli
guria, and oligohydramnios in the do nor rwin and hypervolemia, 
polyuria, and polyhydranmios in the recipient rwin. The proce
dure is associated with a 75% survival rate of at least one rwin. 

SELECTED REFERENCES 
Ashcraft KW, Holcomb GW Ill, Murphy JP, editors: Pediatric 
surgery, ed 5, Philadelphia, 2009, Elsevier Saunders. 

This is an excellent reference source for most pediatric surgical condi
tions. This textbook is easy to read and serves as an outstanding practical 
resource, especially for young surgical residents and medical students. 

Deprest JA. Flake AW. Gratacos E. et al: Thee making of feral surgery. 
Prenat Diagn 30:653-667, 20 I 0. 

This is an excellent overview of progress that has been made in fetal 
surgery in the past 3 decades. 

Grosfeld JL, O'Neill JA, Fonkalsrud EW, et al, editors: Pediatric 
surge1·y, ed 6, Philadelphia, 2006, Mosby Elsevier. 

This two-volume set is a comprehensive textbook on pediatric surgery, 
considered to be the most authoritative textbook for pediatric 
surgeons. 

Maris J: Recent advances in neuroblastoma. N Engl J Med 362: 
2202-2211, 2010. 

This is an excellent review of recent scientific as well as clinical advances 
made in neuroblastoma. 

O'Neill JA, Grosfeld JL, Fonkaksrud EW. et al, editors: Principles of 
pediatric surge•y, ed 2, St. Louis, 2004, Mosby. 

This is an outstanding textbook for surgical residents and felloos in train
ing. It is comprehensive, yet highlights essential core elements of pedi
atric surgical k~edge in a conase and clear fashion. Interestingly. five 
editors and 10 associate editors wrote this textbook without specific 
contributor(s) for each chapter. 

REFERENCES 
1. Timmerman MK Morley AD. Buwalda J: li-catment of non

tuberculous mycobacterial cervicofacial lymphadenitis in chi.ldren: 
C.itical appraisal of the literanare. din Otolaryngol 33:546-552, 
2008. 

2. Perkins JA, Matming SC, Tempcro RM, et al: Lymphatic malfor
lnation~: Review of curre.nt trc.-atmc;.nt. Otolaryngol Head Neck 
Surg 142:795-803, 2010. 

3. Bryner BS. Wesr BT, Hirschi RB, et al: Congenital diaphragmatic 
hernia requiring extracorporcal membrane oxygenation: DOcS 
t iming of repair matter? J Ped.iatr Surg 44:1 165- 1171 , 2009. 

4. Correia-Pinto J, Go117.aga S, Huang Y, et al: Congenital lung 
lesions-underlying molecular mechanisms. Semin Pediatr Surg 
19:171- 179,2010. 

5. Masters IB: Congenital airway lesions and lung disease. Pediatr 
Clin North Am 56:227-242, 2009. 

G. Liechty KW, Rake AW: Pulmonary vascular malformations. 
Semin Pediatr Surg 17:9- 16, 2008. 

7. Allen SR, Ignacio R, Falcone RA, et al: l11e effect of a right-sided 
aortic arch on outcome in children with esophageal atresia and 
tracheoesophageal fistula. J Ped.iatr Sut·g 41:479-483, 2006. 

8. Foker JE, Kendall Krosch TC, Catton K, et al: Long-gap esopha
geal atresia treated by growth induction: The biological potentia\ 
and early follow-up results. Scmin Pcdiatr Surg 18:23-29, 2009. 

9. Patkowsk D, Rysiakiewio. K. Jaworski W, ct al: l11oracoscopic 
n:pair of tracheoesophageal fistula and esophageal atresia. J Lapa
roendosc Adv SUI'g Ted1 A l9(Suppl I):Sl9-S22, 2009. 

10. Tannw·i AC, Tannuri U, Mathias AL, et al: Gastroesophageal 
n:Sux disease in children: Efficacy of Nissen fundoplication in 
treating digestive and respiratory symptoms. Experience of a single 
cemer. Dis Esophagus 21:746-750, 2008. 

11. PacUii M, Pierro A LindJey KJ, et al: Gastric emptying is accdcr
ated following laparoscopic Nissen fundoplication. Eur J Pediatr 
Surg 18:395-397, 2008. 

http://www.myuptodate.com


12. Sola JE, Neville HL: Laparoscopic vs open pyloromyotomy: A 
systematic review and meta-analysis. J Pediatr Surg 44:1631-
1637, 2009. 

13. G reen P, Swischuk LE, Hernandez JA: Delayed presentation of 
malrotation and midgut volvulus: Imaging findings. Emerg Radio! 
14:379-382, 2007. 

14. Blakdy ML, Tyson JE, Lally KP, .:t al: Laparotomy versus perito
neal drainage for necrotizing enterocolitis or isolated intestinal 
perforation in extremely low birth weight infants: Outcomes 
through 18 months adjusted age. Pediatrics 117:e68U-687, 
2006. 

15. Moss RL, Dimmitt RA, Barnhart DC, et al: Laparotomy vet-sus 
peritoneal drainage for necroti:t.i ng enterocolitis and perforation. 
N Engl ) Med 354:2225-2234, 2006. 

16. McMellen ME, Wakeman D, Longshore SW, et al: Growth 
factors: Possilhle roles for clinical management of the short bowel 
syndrome. Semin Pediatr Surg 19:35--43, 2Ul U. 

17. Jones BA, Hl!lll MA, McGuire MM, et al: Autologous intestinal 
reconstruction surgety. Semin Pediatr Sw-g 19:59-67, 20 I 0. 

18. Walker SR, N ucci A, Yaworski JA, et al: The Bianchi proccdttre: 
A 20-year single institution experience. J Ptdiatr Surg 41: I 13-
119, 2006. 

19. Ching YA, Fitzgibbons S, Val im C, ct al: Long-term nutritional 
and clinical outcomes after serial transverse enteroplasty at a single 
institution. J Pediatr Surg 44:939-943, 2009. 

20. Sanchez-Mejias A, Fernandez RM. Lopez-Aionso M, et al: Con
uibution of RET, NTRK3 and EDN3 to the expression of 
Hirschsprung disease in a multiplex f.tn1 ily. J Med Genet 46:862-
864, 2009. 

21. Kapur RP, Reed RC, Finn LS, et al: Cah·etinin immunohistochem
istty versus acetylcholinesterase histochemistry in the evaluation 
of suction rectal biopsies for Hirschsprung disease. Pediatr Dev 
Pathol12:6-l5, 2009. 

22. Keckler SJ, Yang JC, Fraser JD, et al: Contemporary practice 
pattems in the surgical management of H irschsprung's dis<:ase. 
J Ptdiatr Surg 44:1257-1260. 2009. 

23. de Vries PA, Pena A: Posterior sagittal anorectoplasty. J Pediatr Surg 
17:638-643. 1982. 

24. Podevin G, PetitT, Mure PY, et al: M inimally invasive smgery for 
anorectal malformation in boys: A multicenter study. J Laparoen
dosc Adv Sut:g Tech A 1 9(Suppl 1):S233-S235. 2009. 

25. Bassett MD, Murray KF: Biliary atresia: Recent progress. J Clln 
Gast rOtmerol 42:720-729. 2008. 

26. Lao OB, Larison C, Garrison M, et al: Steroid use after the Kasai 
procedure fot: biliary atresia. Am J Surg 199:680-684, 20 '1 0. 

27. Hartley JL, Davenport M, Kelly DA: Biliary atresia. Lancet 
374: 1704-17 13, 20U9. 

28. Singham 1. Yoshida EM, Scudamore CH: Choledochal cysts: Part 
I of 3: Classilication and pathogenesis. Can J Surg 52:434-440, 
2009. 

29. Chamley RM: Hcrcditat.y pancreatitis. World J Gastrocntcrol 
9:1--4, 2003. 

PEDIATRIC SURGERY CHAPTER 67 1871 

30. Gabriel A, Collin G: Management of complicated gastroschisis 
with porcine small intestinal submucosa and negative pressure 
wound therapy. 1 Pcd.iatr Slllg 4 1:1836-1840, 2006. 

3 1. Lao OB, Larison C, Garrison MM, et al: Outcomes in neonates 
with gastroschisis in U.S. chi.ldren's hospitals. Am J Perinatol 
27:97-101. 2010. 

32. Kelly RE, Jr, Cash TF, Shamberger RC, et al: Surgical repair of 
pectus cxcavatum markedly improves body image and perceived 
ability for physical activity: Multicenter study. Pediatrics 
122:12 18-1222, 2UU8. 

33. Kelly RE, J r, Shamberger RC, Mcllins RB, et al: Prospective mul
ticenter study of Sllrgical conection of p<:ctus excavatum: Design, 
perioperative complications, pain, and baseline pulmonary func
tion facilitated by Internet-based data collection. J Am Coli Surg 
205:205- 216, 2007. 

34. Martine-;.-Ferro M, Fraire C, Bemard S: Dynamic compression 
system for the cotTCCtion of pectus carinatum. Semin Pediatr Surg 
17:194-200. 2008. 

35. Park JR, Eggert A, Caron H: Neuroblastoma: Biology, prognosis, 
and treatment. Hematol Oncol Clin North Am 24:65-86. 
2010. 

36. lshola TA, Chung DH: Neuroblastoma. Surg Oncol 16:1 49-156, 
2007. 

37. Brodeur GM: Nemoblastoma: Biological insights into a clinical 
enigma. Nat Rev Cancer 3:203-216, 2003. 

38. Mruis J M: R.:cent advances in neuroblastoma. N Engl 1 Med 
362:2202-221 1, 20 10. 

39. Modak S, Cheung N K: Neuroblastoma: Therapeutic strategies for 
a clinical enigma. Cancer Treat Rev 36:307-317, 2010. 

40. Vujanic GM, Sandstedt B: The pathology of W ilms' tumour 
(nephroblastoma): The International Society of Paediatric Oncol
ogy approach. J Clin Pathol63:102- l09, 2010. 

41. Ko EY. rutchey ML: Current management of W ilms' tumor in 
children. J Pediatr Urol 5:56-65, 2009. 

42. Kasre SC, Dome JS, Babyn PS, cr al: W ilms nm10ur. Prognostic 
factors, staging. thtrapy and late efftets. Pediatr Radio! 38:2-17. 
2008. 

43. Paulino AC, Okcu MF: Rhabdomyosarcoma. Curr Probl Cancer 
32:7- 34, 2008. 

44. O tte JB: Progress in the surgical treatment of malignant liver 
tumors in chi.ldren. Cancer Treat Rev 36:360-371, 2010. 

45. Barksdale EM, 1r, Obokhare I: Teratomas in infants and children. 
Curr Opin Pt:diatr 2 1:344-349. 2009. 

46. von Allmen D : Malignant lesions of the ovary in dl ildhood. 
Semin Pediatr Surg 14: I 00-105, 2005. 

47. Cook RC, Blinman TA: Nutritional support of the pediatric 
trauma patient. Semin Pcdiatr Surg 19:242-25 1, 2UlU. 

48. Rossi AC: Indications and outcomes of intrauterine slllgery for 
fetal malformations. Curr Opin Obstet Gynecol 22:1 59-165, 
20 10. 

49. Dcprest JA Flake AW. Gratacos E. et al: Tht making of fetal 
surgery. Prenat Diagn 30:653-667, 2010. 

z 
C) 
m 
z 
m 

~ ..... 
Vl c 
;>:;I 
C) 
m 
~ 

http://www.myuptodate.com


CHAPTER 68 

NEUROSURGERY 
] AIM£ GASCO, AARON MOHANTY, FADt HANBALI, 

AND ) OEL T. PATTERSON 

INTRACRANIAL DYNAMICS 

CEREBROVASCULAR DISORDERS 

CENTRAL NERVOUS SYSTEM TUMORS 

TRAUMATIC BRAIN INJURY 

DEGENERATIVE DISORDERS OF THE SPINE 

FUNCTIONAL AND STEREOTACTIC NEUROSURGERY 

HYDROCEPHALUS 

PEDIATRIC NEUROSURGERY 

CENTRAL NERVOUS SYSTEM INFEcnONS 

Neurosurgery is defined as surgery of the brain, spinal cord, 
peripheral nerves, and their supporting structures, including the 
blood supply, and protective elements, spinal fluid spaces, bony 
cranium, and spine. Although it may be intuitive to think of 
neurosurgery as mostly concerned with the neural tissue itself, 
it is common that the pathophysiology and opportunity for 
therapy involve its infra~tructure. Thus, it is easy to understand 
that neurosurgeons are often focused on intracranial pressure 
(ICP), cerebrospinal fluid (CSF) dynamics, cerebral blood How 
(CBF), and compression syndromes of the spinal cord, nerve 
roots, and peripheral nerves. Whatever may be happening to the 
neural tissue, whose complexity often defies direct intervention, 
its environment must be optimized for improvement or recovery 
to occur. 'TI1e rigid dosed space around tbe brain and spinal cord 
is often said to sec neurosurgery apart from other branches of 
surgery. A prime exan1ple is the contrast between intra-abdominal 
and intracranial hemorrhage. Whereas bleeding in me abdomen 
may focus concern on blood loss and hypotension, bleeding 
within the closed space of the cranium causes problems with an 
increased ICP, with attendanr decreased CBF, infarction, edema, 
and obstruction of spinal fluid absorption. These intracranial 
mechanisms can be lethal at volumes of intracranial bleeding 
that have no effect on systemic hlood pressure through the 
mechanism uf hypovolemia. 

The chapter is intended for non-neurosurgeons who want 
to initiate a framework on which to add furcl1er knowledge and 
experience. It hopefully wiJJ also help personnel in a community 
hospital emergency room, or a medical student on the ward for 
the first time, communicate patient problems efficiently to 
neurosurgeons. 'TI1e chapter first provides an overview of the 
w1derlying principles of nemosurgery, with a focus on intra
cranial dynan1ks. The remaining sections include a discussion 
of d1e following: cerebrovascular disorders, which include 
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subaraclmoid hemorrhage, intracerebral hemorrhage, aneurysm, 
and arteriovenous malformation (AVM); central nervous systefll 
(CNS) tumors, which include neoplasms of the b.rain, skull base, 
cranial nerves, spinal cord, meninges, and peripberal nerves; 
traumatic brain injury; degenerative diseases of the spine; func
tional neurosurgery, wblcl1 includes stereotactic radiosurgery 
(SRS), epilepsy surgery, and surgery for the management of pain 
and movement disorders; hydrocephalus and pediatric neuro
surgery; and neurosurgical management of CNS infections. 111e 
field of neurosurgery is simply too broad to make a detai led 
encyclopedic overview realistic, but some introduction to these 
issues will hopefully be useful to the reader. 

INTRACRANIAL DYNAMICS 
A few basic principles concerning imracranial dynan1ks, CSF, 
CBF, and ICP are essential to gra~p at the outset and are sum
marized here for quick review. Some of these principles are 
obvious whereas omers might be considered COlmteri.lltuitive. 

The fi rst principle is obvious. The cranial cavity has a fixed 
volume comprised of (I) brain tissue (parend1yma), (2) CSF, 
and (3) hlood vessels and intravascular blood. According to the 
Mon:ro-Kellie doctrine, the sum of these components within tbe 
fixed volume of the cranial cavity implies mat an increase in one 
component must be accompanied by an equal and opposite 
decrease in one or both of the remaining components.• lf this 
does not occur, the ICP will rise to levels close to the systemic 
blood pressure, producing a reverberating blood How pattern 
with no net flow. 1J1e clinical implications are also straight
forward . For each intracranial component, there is a fanlily of 
pathologic conditions of excess volume and a means to improve 
tl1at excess (Table 68-1). A consequence of this principle is that 
if there is an elevation in the volume of any one compartment, 
cl1ere is a stage of compensation in which me volume of one or 
more other compartments can be reduced to avoid elevations in 
the lCP. 

The second principle is not obvious, and may seem coun
terintuitive. Spinal fluid is produced at a constant rate (zl 5 to 
20 mUhr), by an energy-dependent, physicocl1emical process, 
mainly by me choroid plexus of the ventricles. It is essential to 
uJ1derstand that production is l.ittle affected by any intracranial 
backpressure; tl1us, CSF production continues unabated, even 
to letl1al elevations of intracranial pressure. Because production 
is almost always constant, it follows mat derangement of CSF 
dy11amics almost always involves some aspect of impeding CSF 
absorption through obstruction along the CSF pathways inside 
d1e brain, subaraclmoid spaces at the basal cisterns or cerebral 
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FIGURE 68-1 CBF as a function of MAP. Note the upward and downward shifts with hypercapnia and hypocapnia, respectively. In traumatic 
brain injury, the curve is steeper, with large CBF changes occurring with small pressure changes. (Adapted from Rangel-Castilla L. Casco J, Nauta 
HJ, et al: Cerebral pressure autoregulation in traumatic brain injury. Neurosurg Focus 2S:E7, 2008.) 

Table 68-1 Intracranial Excess Volume Syndromes and Therap~-----------------------, 
COMPONENT 

Brain tissue 

EXCESS VOLUME SYNDROME 

Edema: Cytotoxic, vasogenic, perineoplastic, 
inflammatory 

SPECIFIC TREATMENT 

Diuretics: Mannitol, furosemide, hypertonic saline; steroids for 
peri neoplastic and inflammatory vasogenic edema 

Vascular Elevated Pc0.1: Hyperperfusion state with loss of 
autoregulation as in severe hypertension, alter 
trauma or AVM removal ; relat1ve venous obstruction 

Increased ventilation; diuretics (in hyperperlusion state, avoid 
mannitol), barbiturates; clear venous obstruction; elevate head 
of bed (to reduce venous volume) 

Cerebrospinal fluid Impaired absorption with congenital, posthemorrhagic, 
or postinfectious hydrocephalus, communicating or 
obStructive; loculat•ons; arachnoid or periventricular 
cysts; rare increased production of CSF with choroid 
plexus papilloma 

Ventricular external drainage (or lumbar drainage only if no threat 
of herniation) or shunt; with flocculation, or with some types of 
obstructive hydrocephalus, endoscopic fenestration or th1rd 
ventriculostomy may be possible; acetazolamide and steroids 
may temporarily decrease CSF production 

Mass lesion Tumor, <;yst, abscess, hematoma, radiation necrosis, or 
cerebral infarction necrosis 

Remove, fenestrate, aspirate lesion (often with stereotactic 
guidance); less commonly, might be useful to enlarge 
mtracramal volume by decompression 

convexity, or arachnoid granulations from which most absorp
tion occurs. In the following discussions on ntmors, infection, 
intracranial hemorrhage, and trauma, many exan1ples wil l 
become apparem whereby impaired CSF absorption conrributes 
to the pathologic condition. The only exceptions to tbe almost 
constant CSF production are the excess production associated 
with the rare cho-roid plexus papilloma tumor and the occasional 
decreased CSF production seen with some gram-negative bacte
rial meningitis with ventriculitis, usually in neonates. 

The third basic principle is that the CBF normally varies 
over a wide range (30 to 100 mVlOO g brain tissue/miJl), 
depending on metabolic demand from neuronal activity within 
a particular area of the brain. The CBF may be considered in 
aggregate or of specific small regions, pathologic or normal. 

The blood fl ow to any brain area is generally abw1dant, 
exceeding demand by a wide margin, so that 0 2 extraction ratios 
are often low. The brain vasculature matches the blood flow to 
tissue metabolic demand and the CBF generally maintains what 
is needed, despite wide variations in systemic blood pressure, by 
a phenomenon known as nutoregullltion. Factors such as an 
elevated or decreased arterial Pco2 shift the curve as indicated. 
In the setting of r:raumatic brain injury, the curve becomes more 

pronounced (i.e., smaller changes in blood pressure or Pc~) and 
affects the CBF dramatically (Fig. 68-1). If tissue demand 
exceeds autoregulation, or ifCBF declines for pathologic reasons, 
the fu.st defense is that the 0 2 extraction will increase (i.e., 
arteriovenous 0 7 difference, AVo~). The tissue begins to dys
function at levels below 0.25 mL per g of brain tissue pe.r 
minute. \Vith levels between 0.15 and 0.20 we may eJlcounter 
reversible ischemia; however, infarction wiU occur when levels 
range between 0.1 0 and 0.15 (Fig. 68-2). The metabolic con
sumption of oxygen in d1e brain (CMRO,) is decreased after 
traumatic braiJl iJ1jury to levels between 0.6 and 1.2 J..lmollmgl 
min. Complete loss of blood flow to any brain arL-a results in 
infarction (irreversible damage) within a few minutes. Swelling 
of the infarcted tissue takes days to peak and weeks to resolve.2 

An important implication is d1at if brain dysfw1ction is 
occurring clinically because compensatory mechanisms (e.g., 
autoregulation changing the vasCLLiar resistance, capacity to 

elevate mean systemic arterial pressu.re, ability to increase 0 7 

extraction) have hee.n exceeded, the tolerance for furd1er decline 
tn blood flow is low, and tissue damage is seriously threatened. 
1l1erapy to increase blood pressure or decrease ICP may be 
urgently needed. When time permits because the dysfunction 
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FIGURE 68-2 Relationships among cerebral flow, metabolism, and 
oxygen extraction in normal and pathologic circumstances. (From 
Rangel-Castilla l, Gasco J, Nauta HJ, et al: Cerebral pressure autoregu
lation in traumatic brain injury. Neurosurg Focus 25:E7, 2008.) 

fluctuates chronically, it may sometimes be appropriate ro 
measure 0 2 extraction ratios as one index of the overall adequacy 
of the CBF. At a low CBF, 0 2 extraction is increased with a lower 
venous Po2• It is interesting to note that the variations in CBF 
and extraction ratios related to neuronal activity are said to 

underlie the abili ty to image function by functional magnetic 
resonance imaging (MRJ), a technique that is finding wider 
usage in the clinical neurosciences. 

A fourth principle derives from the other three and the fact 
that injured tissue sweUs, making obvious the potential for a 
cascading injury by a vicious cycle med1anism (Fig. 68-3). If the 
stage of compensation (see earlier), even with d1erapy, is 
exceeded, and ICP is elevated high enough by some mechanism 
so that cerebral perfusion pressure (CPP) declines, CRF can 
decline ro Levels at which tissue injury occurs. 

CPP = mean arterial pressure (MAP)- ICP 

Brain edema swelling within the closed cranium will lead 
to furrher increases in ICP with even further decreases in CPP 
in a stage of decompensation. When the capacity for autoregula
tion is exceeded or dan1aged so that it can no longer play a role, 
CBF is linked directly to the CPP. 

ln the management of intracranial pathology, ICP and 
CPP are easy to measure continuously and thus serve as highly 
practical surrogates for the more fundan1ental, but much more 
difficult to measure, CBF. However, these are not equivalent, 
and tbe Limitations of these parameters for guiding therapy need 
to be remembered. Regardless of causation, when concern 
arises about the possibility of cascading injury, every effon is 
made to keep the CPP in the realm of 60 mm Hg (range, 50 
co 70 mm Hg) and ICP below 20 mm, Hg if possible. Rou
tinely using pr:essors and volume expansion to maintain CPP 

r 
' 

FIGURE 68-3 Relationship among increased ICP. reduced CPP, devel
opment of ischemia and infarction, and cerebral edema. 

higher than 70 mm Hg is not supponed based on systemic 
complications.3 

A fifrb principle concems focal mass effect and its progres
sion in regard to the complex anatomy of the cranial cavity. 1l1e 
cranial cavity is not just a hollow spherical space but contains 
several almost knifelike projections <>f folded dura, the falx and 
tentorium, which divide the cavity into right and left supraten
torial compartment and an infratentorial compartment, the 
posterior fossa. 1l1e sphenoid wing is a prominent, mostly bony 
ridge that separates the anterior fossa containing the frontal 
lobe from the middle fossa containing the temporal lobe. A 
narrow opening, the incisura, edged by the tentorium, sur
rotmds the midbrain and is the only passage between tbe supra
tentorial and infratentorial compartments. Apart from the small 
openings for the cranial nerves and arteries, the foramen 
magnum is the only sizable opening from tbe cranial cavity as a 
whole. 

The condition that classically illustrates the expanding mass 
le.~ion is the acute epidural hematoma, seen after trauma with 
skull fracture. Regardless of the source, howeve.r, the progression 
can be similar and ha~ been termed rostrocaudni decay to reflect 
the early and late stages, a~ listed in order below: 
• Focal distortion only 
• Effacement of gyri and sulci 
• Compression of the lateral (or other) ventricle 
• Midline shift 
• Subfalcial herniation 
• Temporal lobe tentorial herniation 

• Third nerve compression (tmi.lareral dilated pupil) 
• Obliteration of basal cisterns 
• Midbrain compression 
• Midbrain infarction, Durer's hemorrhages (both pupils 

dilate, with irreversible damage to midbrain) 
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• Furd1er brainstem compression 
• Loss ofbrainstem reflexes: Progression from flexor pos

turing to extensor posturing; vestibule-ocular and ocu
locepballc reflexes; corneal reflexes 

• Medullary compression syndrome: Respiratory reflexes; 
vasomotor reflexes, Cushing's reflex wim elevation of 
the systolic b lood pressure, widening of the pulse pres
sure, bradycardia. 

• Foramen magnum herniation 
At stages beyond tentorial herniation, it is unusual for focal 

mass effects not to be accompanied by an overall increase in ICP. 
1he point at which focal mass effect evolves to include a rise in 
overall ICP depends largely on the compliance witb.Ul the cranial 
cavity. Young patients with so-called tight brains can develop 
raised lCP, even with relatively small volumes of ma~s th~t 
produce only effacement of the cortical gyri. On the other hand, 
patients with advanced cerebral atrophy can, for example, toler
ate large frontal intracerebral hematomas or chronic subdural 
hematomas with compression of the lateral ventricle and midline 
shift willie maintaining a tolerable ICP and a surprising degree 
of intact neurologic function. 

The Glasgow Coma Score (GCS; see later, "Traumatic 
Brain Injury") provides a clinical functional measure of the 
degree of mass effect and advanced raised ICP. Although it is a 
useful standardi7.ed functional measu.re of the more advanced 
stages of mass effect or raised ICP, it was never really intended 
to focus on more subtle functional changes. A recently intro
duced coma scale by Widjicks and colleagues4 has delineated the 
FOUR score {jUII outline of unresponsiveness) consisting of 
four components {eye, motor, brainstem, respiration). Eacl1 has 
a maximal score of 4 and takes into account the subtleties related 
to brainstem activity and breathing patterns occurring during 
the rostrocaudal decay described. 

A. sixth pri nciple concerns the separateness of the phe
nomenology of the following: {1) focal mass effect {as 
described earlier); (2) diffuse raised ICP; and (3) vcntriculo
megaly {enlargement of the cerebral VCJltricles). Although 
mese three processes often occur in combination, me notion 
that they are separable comes from the observation tbat mere 
is a pure form of each. The ability to recognize these separate 
phenomena clinically is oftCJl useful in deciding prioriti<:·s for 
diagnosis and treatment. This requires some explanation. The 
pure form of raised ICP-without focal mass Lesion, trauma 
or enlargemCJlt of the ventricular system-is a condition 
known as idiopathic intrttcraniltf hypertension or pseudotumor 
cerebri. 1he pure form of ventriculomegaly is a condition 
known a~ 11du/r chronic idiopathic or normal-pressure hJ'dro
cephalus (NPH). The pure form of the focal mass lesion 
without increased [CP or ventriculomegaly is common; it 
occurs wim tumors too small to raise lCP on meir own d1at 
arc not irl a location ro inrerfere with CSF pamways. Instead, 
mere focal mass lesions are typically discovered incidentally or 
because of symptoms from a focal neurologic deficit or seizure 
disorder. 

Nom1al ICP varies over a wide range, with generally 
accepted values between 0 and 20 mm Hg. Diffuse raised ICP, 
in the fully evolved plLTe form, results in a clinical picture that 
may include symptoms of headad1e, nausea and vomiting, 
double vision, and obscuration of vision. The accompanying 
clinical signs may include papilledema and sixth cranial nerve 
palsy wi m lateral rectus weakness and side by side diplopia, 
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initially worse on far vision or gaze directed coward the side of 
the palsy. The papilledema is a mostly chronic phenomenon 
and is not seen acutely. The sixth nerve palsy of raised ICP 
can occur regardless of its cause and does not imply direct 
involvement by a mass lesion, large or small, on me sixth 
nerve. In this situation, the sixth nerve palsy is a false localiz
ing sigtl. With raised ICP, tl1ere may also be obscurations of 
vision, in which patients report that their vision ten1porarily 
fades or becomes gray, in combination wim headache. Again, 
these obscu.rations are caused by the effect of diffusely 
increased ICP on the sensitive optic nerves. They do not 
imply the presence of a focal mass lesion directly affecting me 
optic nerves or pad1ways. Intuitively, it seems that if there is a 
slow increase in a process raising ICP, me pressure would also 
rise slowly and evenly, in pace witl1 the evolving process. 
However, as first shown by Lundberg in 1960,5 the intermedi
ate stages of decompensation are characterized by transient 
pronounced elevations in ICP (to 60 mm Hg) cl1at character
istically plateau for up to 45 minutes and then transiently 
cycle down again to a more normal range. 

The original form of this conditio11 of chronic, diffuse, 
raised ICP is known by the old term pseudotumor cerebri or the 
more descriptive idiopathic intracrttnittl hypertension. Because it 
is often not benign, causing disabling chronic headache and 
visual loss, sometimes even to permanent blindness, the term 
beni/{17 intracraniltl hypertension is falling out of favor. The basis 
for the condition is not entirely understood. lt usually occurs in 
obese young women. Treatment is wim acetazolamide diuretics, 
steroids, and imem1ittent llllnbar puncture. Severe cases with 
threatened permanent visual loss may require a lun1boperitoneal 
or ventriculoperitoneal CSF shun t or optic nerve fenestration, 
in whicl1 cl1e mCJ1inges around the optic nerves are opened to 
vent CSF in me orbit. 

Pure ventriculomegaly-specifically, enlargement of the 
lateral ventricles- is characterized by gait disturbance and 
incontinence early in me clinical picture. As the process 
worsens, cognitive disturbances may be added on. The early 
appear·ance of gait disturbance and urinary incontineJ1ce is 
attributed to dysfllllCtion of the medial cerebral bCJnispheres 
in which the leg area of d1e primary motor cortex and bladder 
control area reside. Nerve fiber pathways inside me brain must 
pass around the lateral ventricles to reach these area~ on the 
medialt hemisphere and therefore are especially vulnerable to 

pressure or distortion by the enlarged ventricle. 1his syndrome 
is called NPH. TI1e usual diagnostic difficulty is irl differentiat
ing me condition from cerebral atrophy. Ventricular enlarge
ment more prominent man enlargement of the CSF 
su baraclmoid spaces over the cerebral convexity is typically 
seCJ1 in NPH. The clinical impression that gait disturbance 
and incontinence occur early and predominate over dementia 
is considered an important feature of NPH. Treatment is with 
CSF shunt, lumboperitoneal or ventriculoperitoneal. 1he dif
ferentiation betweCJJ N PH and cerebral atrophy is important 
because of the increased risk for subdural hematoma wim 
shunting in cerebral atrophy. 

Table 68-2 summarizes the relationshjps among lCP, mass 
lesions, and ventricL~omegaly. 

CEREBROVASCULAR DISORDERS 
Cerebrovascular disorders encompass a host of disorders, con
genital and acquired (Box 68-1). 
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Table 68-2 Intracranial Hypertension Syndromes 
SMALL MASS LARGE MASS 

RAISED ICP LESION LESION 

++++ 0 0 

0 0 0 

+++ 0 0 

++++ + 0 

+++ + 0 

+++ 0 +++ 

0 + 0 

Congenital 
Arteriovenous malformation and fistula 
cavernous malformation 
Telangiectasis 
Venous anomaly (angioma) 

Acquired 
• Traumatic 

VENTRICULOMEGALY 
0 

++++ 

++++ 

++++ 

0 

0 

0 

Some arteriovenous fi.stulas (type I carotid cavernous fistula) 
Traumatic aneurysm 
• Degenerative 
Atherosclerotic, occlusive disease 
Most cerebral (berry) aneurysms 
Some arterial dissections 
Spontaneous intracerebral hemorrhage 
• Infectious 
Mycotic aneurysms 

Idiopathic 
• Moyamoya 
Some arteriovenous fistulas-dural AVM-Iike or type 2 carotid 

cavernous fistulas 

Arteriovenous MaHormation and Fistula 
In the early embryonic stage, the circulatory system does not yet 
have capillaries. between the arterial and venous sides. Instead, 
there are vascular channels approximately 200 J,tm in diameter 
that must undergo further development and mattLration to form 
rl1e capillary bed. 'There is reason to believe rl1at when dlls does 
not occur perfecdy, a focal failure of maturation can lead to a 
nidus of persistent embryonic, low-resistance vessels connecting 
rl1e arteries and veins. Over time, the high blood flow in these 
circuits leads to secondary changes that enlarge the nidus and 
the afferent arteries and efferent veins, often to impressive pro
portions. 1hc high Aow in the nidus, afferent, and efferent 
vessds predisposes to degenerative events, sometimes with aneu
rysm formatiom, causing hemorrhage, intracerebral, subarach
noid, or both. Brain tissue at the edge or intermixed with dle 
abnormal vessels may develop dysfunction to become an epilep
tic focus or, less commonly, progressive ischemic deficits occur 

SYNDROME 
Pseudotumor cerebri 

Normal-pressure hydrocephalus 

Typical hydrocephalus, communicating or noncommunicating, requiring 
shunt or ventriculostomy 

Small rumor such as colloid cyst obstructing the foramen of Monroe 

Subdural empyema in which widespread inflammatory cerebral 
swelling dominates over the small mass of empyema itself 

Frontal brain tumor reaching large size because local effects are on 
functionally silent brain 

Typical small tumor, with only focal mass effect and focal dysfunction 
or seizure disorder 

a~ the low-resistance AVM draws blood flow away from adjacent 
areas wim normal vascular resistance. 

It follows d1at AVMs can have a wide variety of configura
tions and sizes, depending on whid1 part(s) of the vascular bed 
fail to mature and which consequences of the increased Aow 
occur over time. If rl1e venous outflow is restricted, the venous 
side of the complex may enlarge disproportionately and form a 
venous varix; so-called vei11 of Galen aneurysm is me prime 
example. Here, the vei11 of Galen, rest ricted by the downstream 
outflow limitations of d1e stiff dura-contained srraiglu sinus, 
dilates, sometin1es massively, and can cause obstructive hydro
cephalus iJ1 the newborn, often toged1er wid1 high-output heart 
failure. Usually, me venous outflow d1armels enlarge co a moder
ate degree and becorne thickened iJ1 d1e vessel wall, or arterial
ized. TI1ey do not generally cause symptoms by mass effect. 

Clinical presentation is usually that of a hemorrhagic stroke 
pictu.rc, typically an intracerebral or subarachnoid hen1orrhage, 
or some comhination. The patient complains of sudden-onset 
severe headache with or without focal neurologic deficit and 
meningismus. These symptoms can occur in all degrees of sever
ity, but are less commonly fatal than after aneLtrysmal subarach
noid hemorrhage into rl1e basal cisterns. Investigation usually 
begins in the emergency department wiili a computed tomog
raphy (Cf) scan showing the hen10rrhage. MRJ or magnetic 
resonance angiography (MRA) studies typically follow, often 
showing enlarged afferent and efferent vessels. The role of cr 
angiography is evolving. Regardless of me mode of presentation, 
diagnosis is ultimately made by conventional cad1eter cerebral 
angiography (Fig. 68-4). It is based on demonstration of arteries 
and veins on the same conventional angiographlc image, proving 
the high-flow shunting of blood ilirougb the nidus network or 
fistulous vessels. In an arteriovenous fistu la, me shunting occurs 
through short, sparse, larger-diameter channels so mat a cloud
like nidus of smaller vessels is not evident. Instead, rl1e enlarged 
afferent arteries appear to connect direcdy with rl1e enlarged 
efferent veins. In the typical AVM, mere is a cloudlike nidus, or 
netwo rk of smaller vessels, seen well on angiography but not 
necessarily fully appreciated on MRJ or MRA. The AVM can 
occur in all locations and with vary i11g degrees of size, complex
ity, and compacmess. 

When the patient presents wiili a new-onset seizure, the 
next most common presentation, the investigation typical ly 
begins wim brain MRl showing enlarged afferent and efferent 
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FIGURE 68-4 CT angiography with three-dimensional reconstruction (A). MRI (B) . and conventional angiogram (C) of a large AVM with supply 
from the middle and posterior cerebral arteries and ill-defined nidus. Complex deep and superficial venous drainage are present. 

vessels. MRI, however, may nor suggest the dlagnosis if d1e affer
ent and efferent ve.s.~el s are not grossly enlarged; however, this is 
rare in lesions presenting with seizure. Again, definitive diagnosis 
is with conventional catheter angiography, but this may some
times be omitted if the diagnosis is suffidendy suggestive on 
MRI alone and there is reluctance to consider surgery, with only 
anticonvulsant treatment planned. 

It is important to pay attention to the nidus or fistula as 
the prime mover of the process and realize that me secondary 
changes in the afferent and efferent vessels, however impressive 
they may seem, will generally revert to normal once the nidus 
or fisntla has been resected or occluded. 'TI1e assessment of AVM 
size refers to rhe size of the nidus and not the conglomeration 
of large feeding or draining vessels. 

Therapy can include surgical excision, endovascular embo
lization of the nidus, and/or SRS. 1l1e decision ro embark on 
any treatment depends on the assessment of the patient's treat
ment risk in comparison wid1 the natural risk. The studies of 
Ondra and associatei have fairly well characterized the natural 
risk. Hemorrhage occurs with a frequency of approximately 4%/ 
year, and because only approximatdy 25% of these are severe, 
wirh permanendy severe dlsability or dearh, ilie catastrophe risk 
is only approximately I %/year. 'TI1e treatment risk, therefore, 
must be favorably low to justify action in most situations, and 
delays in treatment to allow for patient acceptance and optimize 
the circumstances for merapy are understandable and reason
able. 'TI1e main reason to recommend treatment is that the 
treatment may offer a lower risk over me long term. Younger 
patients have the most to gain by such an assessment. It may be 
possible to define features of individual AVMs that adjust the 
natu.ral risk upward or downward, but so far mese have been 
difficul t to prove. For me purposes of clinical decision making, 
rhe hemorrhage risk is generally taken across the board for all 
AVMs as a starting poinc. An across-d1e-board assessment of 
treatment risk, however, is clearly not warranted because eacll 
AVM. Size, locattion relative to access by the treatment method 
considered, and location relative to proximity to deficit-prone 
brain structures are al l important variables to consider. Another 

feature is the compactness of the AVM, wim some forming a 
tightly clustered nidus, with Little brain tissue in between, and 
others being diffuse and rambling, with scattered small clusters 
of nidus vessels encompassing large intervening areas of fwK
tional brain. 

Obviously, the smaller, more compact AVMs located super
ficially in areas of silent brain function are the most attractive 
for open surgical resection. Diffuse large AVMs encompassing 
deficit-prone areas of brain are least attractive to open surgery 
and other methods. Spetzler and Martin' have devised a grading 
system for assessing risk with open operation . However, any 
decision is ultimately based on how an individual neurosurgeon 
assesses d1e risk for that A VM in a patient, with his or her liml ts 
of risk tolerance. 

Surgical excision is carried our by craniotomy and micro
surgical techniques. The lesions are evident at operation as a 
bright red blood-containing network of vessels. Feeding arteries 
are thicker walled than me generally larger, thjnner walled drain
ing veins. Nidus vessels are thin, bright red, and very thin walled, 
so that they resist coagulation. 1lus feawre makes it important 
to remain just at the edge of the lesi.on, if possible. Entry into 
the AVM nidus results in vigorous bleeding, which is time
consuming to control. Recent innovations in surgical therapy 
include the more common use of frameless stereotaxy or ncuro
navigac:ion, which allows more accurate localization and defini
tion of me margins, important feeders, and draining veins. Also, 
newer bipolar cautery instruments with advanced nonstick fea
tures have been helpful. A risk of open surgery is the un.intended 
occlusion of vessels passing through d1e lesion to supply impor
tant fLmctional areas of brain. Also, there is the potential to leave 
part of the nidus behind inadvertently, so the hemorrhage risk 
would be unpredktable. Postprocedure angiography is essential 
to perform at rhe end of the procedure, or as soon as possible 
thereafter. Any residual AVM is addressed as soon as practical. 
Another category of concern is hemorrhage resulting from a 
sudden increased blood flow at the periphery of the resected 
lesion, exceeding the linllted autoregulatory capacity mere. For 
tl1e larger more complex AVM, intentionally staged surgery is 
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sometimes an option and is probably reasonably safe as long as 
the remaining venous drainage of the AVM stays in balance with 
its residual afferent blood supply at each stage. 

SRS is most attractive for small (<2.5 em diameter) deep 
lesions that are difficult to access by open surgery. This method 
has the obvious attraction that hospitali7.ation and craniotomy 
can be avoidedl, and patient acceptance is often high. The size 
of the nidus is the major limitation, however; that the smaller 
the nidus, the higher the dose of radiation that can be given 
safely and the more effective the treatment is likely to be. Nega
tive considerations are that the radiatio11 is not immediately 
effective and the risk for hemorrhage during the latent interval 
must be factored in. Approximately 60% of treated AVMs will 
be obliterated in I year (and :=:80% by 2 yt.-ars). The obliteration 
rate is probably higher in younger patients and in those with 
nidus vessels of smaller diameter. The larger normal vessels gen
eraJly escape obliteration by SRS, even when passing through 
the treatment volume to supply distant areas of the brain. 
However, this may also mean that the more fistulous type of 
AVMs, with sparse, large-diameter nidus chruu1ds, is less likely 
to be treated successfully. When an AVM reacts to SRS, there 
may be a period of edema in the surrounding or intervening 
brain. Usually, the edema evident by MRT is not symptomatic. 
However, the edema can be extensive and sometin1es is ten1po
rarily disabling for up to several months. Steroids may be helpful 
ill this setting. Seizures may also be more likely during a reactive 
interval ru1d require upward adjustments of ru1ticonvulsant med
ication, but the eventual seizure risk is not increased. OveraJl 
risk for pcrmwent neurologic deficit with SRS is low, approxi
mately 2% or 3%, when pooling large numbers of patients but, 
as with other treatment modalities, the risk for permanent deficit 
is dependent on proximity to deficit-prone structures. The optic 
nerves and chiasm and brainstem are of particular concern with 
radiation. It is safe,.,t not to target lesions wi th ill 5 mm of the 
optic pathways. which limits its application in treating parasdlar 
or pituitary lesions. 

Endova~cular therapy is a rapidly evolving field, making it 
difficult to assess in terms of predicting actual patient outcomes 
with methods currently available. Whatever criticisms apply cur
rently may be overcome with newer methods, but that ren1ains 
to be proved. [t is increasingly being carried out by neurosur
geons, although the familiarity with catheter angiography has 
made it largely the domain of che imerventional neuroradiolo
gist. Endovascular therapy has the aJlure of avoiding open 
surgery, but the likelihood of obliterating aD entireAVM by this 
method alone is lin"Lited at present. To be effective in any per
manent way, the embolic material must reach the nidus vessels 
but not pass readily through to the venous side. 1hls can be 
more difficult than it seems because the diameter of the nidus 
vessels may not be uniform. tnitially, the high blood flow to the 
nidus draws the embolic material to it but, as the nidus progres
sively occludes, the embolic material is progressively more likely 
to reflux into normal vessels and the risk for stroke increases. 
The method is safest in situations in which d1ere is a long 
segment of feeding vessel dedicated to the AVM because then 
reflux to the normal circu.lation is less Bkely. As with any endo
va~cular techni<jue, some area5 of the circulation are easier to 
access than others. llJe method can be effective alone for treating 
the smaller, more fistulous lesions with single feeding and drain
ing vessels. l11ese lesions are rare, however, ru1d the method is 
generally used to reduce the size or complexity of an AVM just 

before open surgical resection. However, afferent vessel occlusion 
alone, without penetration of the nidus, is not effective in any 
other context. Over time, an occluded feeding vessel recruits a 
network of replacement chrumels that may make it even more 
difficult to treat definitively. When used in conjunction with 
radiosurgery, rhe embolic material must reach the nidus, reduc
ing d1e nidus volume pem1anendy in a dimension and making 
radiosurgery of the remainder more effective. Risks for perma
nent deficit with emboli7.ation have been described as high as 
5% per embolit.at.ion session, but this figure is ba5ed on older 
teclmiques. 1he problem witl1 clinical decision making is that 
currendy we do not know the risks of evolving techniques 
accurately. 

Cavernous Angioma: Cavernous MaHormation 
The cavernous angioma is a highly characteristic, usually almost 
spherical, discrete lesion, composed of a cluster of vasCLJar sinu
soids fed by small vessels in the arteriolar size range or smaller. 
Untike the AVM, large feeding arteries ru1d draining veins are 
not seen, and diagnosis by catheter ru1giography is not possible. 
The sinusoids are tightly compacted and there is no intervenillg 
brain tissue, a diagnostic feawre. At surgery, they often appear 
as a discrete, mulbcrry-Bke collection of thin-walled vascular 
sinusoids wid1 a greenish hemosiderin rim in the surroundillg 
brain edge. When incised, bleeding from the lesion is minimal 
ru1d easy to control, unlike the AVM, which bleeds vigorousl)' 
if entered. The sinusoids often seem to be admixed with small 
chronic hematomas containing blood in various stages of decom
position. Many are older ru1d contain birefringent yellow cho
lesterol crystals. Early autopsy studies8 noted out that they 
should be more common than recognized dinicaJly. However, 
the lesions were not usually evident on CT or conventiona\ 
cad1eter angiography available at d1at time. The cHnicaJ entity 
was not flLLly appreciated unti l the more widespread availability 
of MRT in the 1980s. The lesions are easily seen on MRJ, where 
d1eir appearance is diagnostic. They show a center containing 
some small, high-intensity signal foci surrounded by a null signal 
corona, dark on Tl- ru1d T2-weighted images, d1at corresponds 
ro hemosideriJ1 deposition in d1e adjacent brain. 

Like the true AVM, cavernous ru1giomas can present with 
symptomatic hemorrhage or new-onset seizures. Unlike AVM, 
d1ey can also present a~ a slow.ly growing ma~s lesion. At least 
part of this growth appears to result from d1e accumulation of 
multiple small hemorrhagic foci in various stages of healing. The 
lesion can be particularly problematic in this manner when 
located in the brainstem. The bemorrhage frequency is not 
understood completely, partly because most hemorrhage.~ are 
probably small ru1d asymptomatic and not recorded as events. 
When located in the cerebral cortex or medial temporal lobe 
structures, they can be a focus of seizures ru1d can be solitary or 
multiple, incidental or symptomatic. The multiple form is more 
common in women ru1d in those of Hispanic descent ru1d has 
been linked to d1e KR!T-1/CCMJ gene locus on cl1romosome 
7 q21.2. Cavernous angioma can appear de novo ill patients wid1 
earlier, completely negative MRI scans. Because of these features , 
cavernous angiomas occupy a position somewhere between con
genital va~cular malformations ru1d vascular twnors. The term 
angioma probably reflects this tumor-like nawre better d1ru1 d1e 
term malformation and is preferred here for that reason. 

Mru1y lesions are followed conservatively with interval MRl 
scru1s for years, without signs of activity. At the other extreme, 
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they can sometin1es bleed to produce a large symptomatic or 
life-threatening ilntracerebral or braiJlStem hematoma, but this 
is relatively uncommon. 1l1e threat of such hemorrhage is gener
ally not held out as a reason to operate, as it is for the trueAVM. 
Surgical excision is usually reserved for lesions that are problem
atic because of hemorrhage, demonstrated growth, or seizures 
difficult to control with medication alone. Surgical excision is 
practical in most locations because of the distinct margins and 
minor bleeding encow1tered at operation. Lesions in the brain
stem can pose major challenges but, even there, surgical resec
tion is not ruled out as long as access can be achieved without 
the need to traverse crucial structures anticipated to produce a 
major new deficit. Intraoperative ultrasound and frame-based or 
frameless stereotaxy can be belpfLLI in locating the .lesions if they 
are small and in <leep locations. Radiosurgery can be performed 
for these lesions but is not of demonstrated benefit. The hazards 
of radiosurgery in critical brainstem locations remain a concern. 

Capillary Telangiectasia 
1he telangiectasis is composed of vascular channels with 
extremely thin walls similar to those of dilated capillaries. These 
are usually grouped in small clusters, generally with prominent 
intervening brain tissue. 1l1ey arc often clinically silent and 
generally do not appear on imaging studies. 'TI1ey are not evident 
on conventional catheter angiography unless large, and then 
only in the capillary venous phase. They dearly differ from an 
AVM iJ1 that A ow through the lesion is not fa~t enough to dem
onstrate arteries and veins in the same conven donal angiographic 
image. These lesions are nor treated surgically. 

Developmental Venous Anomaly: Venous Angioma 
1l1cse lesions are composed of an abnormally configured venous 
drainage system converging on a single, enlarged venous outflow 
channel. 'The typical appearance is that of a hydra, with radially 
convergiJ1g veins. A characteristic feature of this lesion appears 
to be that the abnormal venous bed is poorly collateralized. The 
abnom1al venous drainage may or may not be fu.Uy adequate to 
the needs of the braiJ1 tissue supplied. Slowly evolving dege
nerative changes in the brain tissue supplied cru1 occur as a 
result but, unfortunately, this is not helped by any known 
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intervention. However madequate, the venous anomaly repre
sents the only venous drainage avai.lable to that area of brain, 
and therefore removal of the venous ru1omaly is not recom
mended. DoiJ1g so could lead to a venous infarction with swell
mg ru1d hemorrhage, the consequences of which are particularly 
dru1.gerous in the posterior fossa. 

Traumatic Arteriovenous Fistula 
Both the internal carotid artery (lCA) and vertebral artery enter 
the cranial cavity immediately after passing through a venous 
network. The lCA passes through the cavernous smus, which 
communicates with the superior ophthalmic vein, petrosal smus, 
ru1d sphenoparietal smus. The vertebral artery passes through a 
venous plexus at d1e occipital-Cl epidural space, wbid1 com
municates with the jugular vein, epidural venous plexus, and 
paras pinal venous plexus. Trauma leadi11g to a tear in the carotid 
or vertebral artery at its tether poinr passmg through d1e skull 
base can lead to fistula with the surrounding venous plexus. The 
consequences may vary in severity and suddenness but rypicatly 
include periorbital swelling, with proptosis and scleral edema iJ1 
the case of the carotid-cavernous fistula (CCF) ru1d promiJ1enr 
pulsatile bruit in the case of d1e vertebral-jugular fistula. Intra
ocular pressure measurement by tonometry can guide d1c 
urgency iJl treating CCF. Radiologically, dilation of the superior 
ophthalmic vein is characteristic (Fig. 68-5). 1l1ese lesions are 
usually treated by endovascular techniques. A catheter is 
advru1ced d1rough d1e tear in the artery into the venous side of 
the fistula. The bigb-fl.ow ru1d large fistulous channel facilitate 
this pf<Jcess. Embolic material, a coil, or a detachable balloon is 
d1en used to occlude the venous side of the fistula. When con
ventional rransvenous routes fail, a direct approach via trrulsor
bital puncture may be required to provide cndovascular d1erapy.9 

Cerebral Sacc:ular (Berry) Aneurysms 
Saccular or berry cerebral aneurysms form as a degenerative 
change iJl the wall of the larger intracranial arteries iJ1 ru1d 
around the circle ofWillis. They are rare in children and occur 
with increased frequency in older age groups, sooner in patients 
with connective tissue defects, such as polycystic kidney disease, 
Marfru1 syndrome, and EhJers-Danlos syndrome. 

FIGURE 68-5 Riglilt internal carotid cavernous sinus fistula (left arrow) with dilation of the superior ophthalmic drain (right arrow), a typical 
imaging finding of this pathology. 
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Aneurysms form in relation to defects in the smood1 
muscle-containing media layer. Such defects are common at 
branch points in the arteries and can also occur in relation to 
shear forces at tthe edge of stiffened parts of the vessel wall con
taining atheroma. 1he defect in the media then allows the intima 
to suetch ourward, fragmenting the internal elastic lamina in 
the process and carrying the connective tissue of the external 
adventitial layer outward with it. 1he connective tissue in the 
dilating intima and adventitia is capable of proliferation so that 
the aneu.rysm can reach a sit.e considerably larger than stretching 
alone would alllow. The Laplace equation predicts that at any 
given pressure, the stretching force on the wall of the aneurysm 
increases as the diameter increases. The process is therefore 
inherently not self-limited, but progressive. With robust connec
tive tissue proliferation in the wall, a minority of aneurysms 
enlarge to surprising dimensions; hence, the blood flow within 
slows to allow thrombus formation, usually in concentric layers, 
to forn1 a partly solid mass of much greater outer diameter than 
the lumen would suggest on angiography alone. 

Distal embolization of clot material is a rare occurrence. 
Calcification can occur in the wall in advanced cases and the 
adjacent brain can become gliotic from cl1ronic pressure, making 
seizmes also a possible presentation. An enlarging aneurysm can 
also compress an adjacent cranial nerve; the optic and third 
nerves are ustllal.ly affected by this mechanism. Generally, 
however, it .is much more common for an aneurysm to present 
with subarachnoid hemorrhage. The proliferative ability of the 
connective tissue in the dome of the forming aneurysm can be 
exceeded by the stretching force, leading to rupture. The onset 
is tmpredictable and appears to occm at a surprisingly low rate. 
Incidentally discovered uruuprured aneurysms bleed at a rate 
depending on size. 1l10se smaller than 1 em bleed at a rate of 
0.05% to 0.5%/year, whereas those larger than 1 em blet·d at a 
rate of I o/o to 2o/o/year. Treatment recommendations for unrup
tured aneurysms smaller than 5 mm iJ1 diameter vary widely 
based on patient preference, aneurysm accessibility to treatment, 
and smgeon's assessment of risk. Once hemorrhage h-om an 
aneurysm occms, the situation changes dran1atically. Bleeding 
of highly oxygenated arterial blood occurs suddenly into the 
surrounding CSF-containing subarachnoid space, which ini
tially offers little backpressme. Anettrysmal subarachnoid 
hemorrhage can occur in aU gradations of severity. In most 
patients, accumulated blood in the basal spinal fluid cisterns 
leads to a coagulum that spontaneously stops the bleeding. In 
10% to 15% of patients. the bleeding is so severe at the outset 
that death occurs before they even reach the hospital. Approxi
mately 40% dk following the initial hemorrhage but at a later 
stage. Rebleeding occurs with a peak incidence in the first 24 
hours after the inhial event. lf the aneurysm is left unsecured, 
the rebleed rate is 20% in the first 2 weeks, 50% in the first 6 
mnnths, and thereafter 3o/o to 4o/o/year.10 Rebleeding is the prin
cipal cause of death, usually by raised ICP. 

Subarachnoid hemorrhage, with or without increased ICP, 
sets in motion a series of problems that can cause complications 
and poor outcomes, regardJess of the technical success of treating 
the aneurysm itself. First, the blood can interfere with the spinal 
fluid circulatio-n so that acute hydrocephalus can result in a 
raised ICP and reduced cerebral perfusion. 11Je hydrocephalus 
is evident as ventricular enlargement on CT and can usualJy be 
readily treated with ventricular drainage. Second, the highly 
oxygenated blood coagulum surrounds the vessels traversing the 

subarachnoid space. Whereas these vessels are usually iJ1 an 
environment of clear colorless CSF, they now are in a milieu of 
decomposing blood, triggeriJ1g the activation of lysosomal ru1d 
proteolytic enzymes and generating chemically active free radi
cals. The smooth muscle coating of the otherwise intact vessels 
can become irritated to trigger vasospasm, at first reversible but, 
in severe cases evolving to a damaged and swollen arterial wall, 
with persistent luminal narrowiJ1g. 'TI1e vessels eventually 
remodel over 3 to 6 weeks ru1d return to a normal configuration 
but, all too often, ischemic deficits in the supplkd brain occur 
iJ1 the uuerim. Unfortwlatcly, these iscl1emic neurologic deficits 
are not rare and are the single major cause of serious morbidity 
after successful aneurysm treatment following subarachnoid 
hemorrhage. The blood coagultml eventually clears h-om tiJe 
subarachnoid space but sometimes initiates a progressive slow 
fibrosis that results iJ1 delayed hydrocephalus, distinct from the 
early hydrocephalus caused by the coagulum itself. Cerebral 
vasospasm foiJowing subarachnoid hemorrhage starts on days 3 
to 5 ru1d peaks during days 5 to 14, resolving slowly over the 
weeks followiJ1g the iJ1itial iJ1sult. 

Treatment of the vasospasm iJ1cludes elevating the blond 
pressure, blood volun1e, and cardiac output in an attempt to 
bring more blood flow past d1e na.rrowiJ1g in ti1e vessels (Box 
68-2). 111e calcium channel blocker nimodipine appears to 
reduce the incidence of delayed ischemic neurologic deficits 
ru1d prevents vasospasm, probably through opening collaterals 
to the iscl1emic brain. Its direct effect on ti1e vasospasm is still 
iJ1 question. Phase IIA trials with dazosentan, an endothelin A 
a.Jltagonist, have been promising in reducing the frequency and 
severity of cerebral vasospasm.11 Attenuation of vasospasm by 
statins or magnesium sulfate is controversial according to recent 
literature. •2. 13 

Investigation of patients with a suspected aneurysmal sub
arachnoid hemorrhage begins with an assessment of the history. 
Because the hemorrhage occurs iJ1to the subarachnoid space and 
not brain tissue, there is usualJy no focal neurnlngic deficit. 
Symptoms of sudden-onset headache with meningismus are 
classic and reflect a sudden rise in ICP ru1d irritation of ilie basal 
meninges by the blood. In severe cases, ti1e patient may be 
comatose or uncooperative. A report of a strokellke picture of 
sudden onset of neurologic signs and symptoms should prompt 
CT scanning, which reveals blood filling the subarachnoid 
cisrerns (Fig. 68-6A). Because ti1e hemorrhage can occur iJ1 all 
gradations of severity, the difficulty comes in recognizing ti1e 
patient with the small sentinel hemorrhage who arrives iJ1 good 
condition witi1 only ti1e complaint of an alarmi11gly severe 

BOX 68-2 Treatment of Vasospasm 

Prevention of Arterial Narrowing 
Subarachnoid blood removal 
Prevention of dehydration and hypotension 
Calcium channel blockers (nimodipine) 

Reversal of Arterial Narrowing 
Intra-arterial papaverine 
Intra-arterial nimodipine 
Transluminal balloon angioplasty 

Prevention and Reversal of Ischemic Neurologic Deficit 
HyPertension, hypervolemia, hemodilution 
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FIGURE 68-6 A. CT scan of brain showing subarachnoid blood in the basal ciste rns. Dilated temporal horns (yellow offow) indicate the pres
e nce of hydrocephalus. B, Cerebral angiogram shows two aneurysms located at the junction of the A 1 and A2 segments of the anterior cerebral 
artery (red circle). C. a angiography with three-dimensional reconstruction showing the relationship of the aneurysms (red circle) with the 
skull base. 

FIGURE 68-7 A. Subtraction carotid angiogram shows a 4- x 6-mm berry aneurysm (offow) originating from the distal internal carotid artery. 
B. Postoperative carotid angiogram shows clip placement (arrow), with total obliteration of the aneurysm. 

sudden onset of headache. Headache from increased ICP may 
be only transient w1til compensatory mechanisms occur. Resid
ual hcadad1c and neck stiffness from mcniJ1gismus, although 
usually present, may not be impressive. 

A high index of suspicion is required for these patients. It 
is important to focus on the suddenness of symptom onset 
rather than severity because reports of severity are more subjec
tive or may be tainted by a strong psychological overlay of denial 
or exaggeration; also, the headache caused by a very small hem
orrhage may be dissipating naturally to some extent by the time 
the patient is finally a~sessed. If the headache onset is truly or 
almost instantaneous, lumbar puncture is usually advised in 
cases in which the CT scan is negative. Blood in the CSF with 
xanthochromia i:n the supernatant is diagnostic. 

If the CT scan or lumbar ptmcture is positive for subarach
noid b lood, the next step is usually conventional catheter cere
bral angiography (sec Fig. 68-68). CT angiography with bolus 
N contrast has become increasingly convenient and accurate; 
thus, it is being used more frequently. Newer scanners arc 
capable of large numbers of simultaneous slices so that three
dimensional reconstruction with good registration and surpris
ing detail is possible (sec Fig. 68-6C). With selections in demity 
windowing, the relation of the aneurysm to any blood clot can 
also be visualized. 

Treatment of a cerehral ru1eurysm can he performed in a 
variety of ways: 

1. Open craniotomy wid1 microdissection and clipping 
of d1e neck (Fig. 68-7) 

z 
Cl 
m 
z 
m 

~ 
r-
Vl c 
;:<:1 
Cl 
m 
~ 

http://www.myuptodate.com


1882 SECTION XIII SPECIALTIES IN GENERAL SURGERY 

A 

FIGURE 68-8 A,. Subtraction vertebral angiogram shows a basilar tip aneurysm. B, Subtracted vertebral angiogram after the placement of coils 
demonstrates excellent obliteration of the aneurysm and preservation of adjacent vessels. 

2. Endovascular occlusion with detachable coil place
ment in the fundus (Fig. 68-8) 

3. Elimination from the circulation by segmental occlu
sion of the parent artery proximal and distal to the 
aneurysm neck, with or without bypass 

Segmental occlusion and bypass are usually reserved for 
those cases that are awkward to treat by any other method. 'Th.e 
choice of endovascular coil occlusion versus open surgical dip
ping has, on the other hand, become a complex issue. 

In terms of the aneurysm con6guration, a narrow neck is 
a favorable attribute for tream1ent by open surgical clipping or 
endovascular embol,ization methods. Wide-necked or sessile 
aneurysms with a high neck-to-fundus ratio make it difficult to 
contain coils in the fundus without protrusion into the parent 
artery. A stent placed in the parent artery may address this 
problem, but the technology is evolving and scenting is currently 
practical only in more proxin1al locations. Generally, wide
necked aneurysms gravitate toward open surgical treatment, 
altl1ough stem-assisted coiling can be also used i11 some cases. 
Particularly interesting is the recently iJltroduced concept of 
functional reconstruction wiili the use of flow diverrers. These 
stents induce reverse remodew1g and delayed disappearance of 
tl1e aneurysm via thrombosis. They are especially useful for very 
small, giant, wlde-necked, or oilierwise difficult to treat aneu
rysms alld Call be used with intran1ural coil placement.1~ · 1 5 

In regard to alleurysm location, d1e more proxin1al d1e 
aneurysm, the easier it is to reach by endovascular meallS, 
whereas the more distal the alleurysm, the more difficult it is to 
reach alld treat effectively by that method. Aneurysms in the 
cavernoLLs sinus are considered difficult to reach by any open 
surgical method and arc generally only treated by cndovascular 
means or by parent arte.ry occlusion wiili bypass. Aneurysms of 
the [CA at the level of the ophthalmic artery origin can be 
treated by open surgery or endovascular mctl10ds, as cru1 most 

alleurysms of the LCA, proxinlal middle cerebral artery (MCA), 
alld anterior cerebral artery (ACA), as far as ilie anterior com
mwlicating artery. The more distal MCA alleurysms, at tl1e 
trifurcation in the sylvian 6ssure and beyond, and ACA allCU
rysms distal to the anterior communicating artery arc more 
difficult to treat by endovascular methods alld generally are 
treated by open surgical dipping. The basilar artery termination 
alld mid basilar area Call usually be reached easily by endovascular 
mctl10ds, whereas open surgery is possible but not feasible in 
tl1ese locations. The vertebral artery aneurysms can be reached 
easily by eitl1er meiliocL 

In situations i11 which tl1e aneurysm location or configura
tion presents a clear advantage of one metl1od over the other, 
decision making is fairly easy, even at centers at which aU current 
methods are available. Problems in decision making involve 
alleur ysms that arc favorably situated alld configured so tl1at 
iliey would be attractive to treat by open smgical clipping or 
cndovascular coil occlusion. In the past. open surgical clipping 
was considered first,and ilie patient was referred for endovascu
lar coil occlusion only if there were reasons to avoid open surgery. 
However, since the European prospective randomized trial of 
surgery versus open clipping, this paradigm is now open toques
tion; it is becoming more common to consider endovascular 
treatment before open surgical clipping in alleurysms treatahle 
by either method. 16 

Increasingly. the patient is treated by a team approach in 
whlch aU treatment methods are available and considered in 
view of the patient's aneurysm location, configuration, general 
medical condition, alld expressed personal or fanlily prcferencc(s). 
Endovascular treatment avoids cra1liotomy, but has all alleurysm 
recurrence rate of I5o/o or higher. The recurrence rate after open 
surgical cJjpping appears to be much lower. 

Results of treatment of unruptured alleurysms are generally 
good by any mcrllod, but d1csc usually involve a carefully 
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selected group for whom treatment conditions are favorable and, 
most importantly, there is no aftermath of subarachnoid hemor
rhage to overcome. TI1ese beneficial resuJts in patients with 
unruptured aneu.rysms, without subarachnoid hemorrhage, con
trast markedJy with the overall disappointing outcomes in 
patiems with aneurysmal subarachnoid hemorrhage. Regardless 
of the type of treatment, the risks for disabljng ischemic com
plications from cerebral vasospasm and hydrocephalus arc much 
lugher in patients with subarachnoid hemorrhage. Patients with 
aneurysmal subarachnoid hemorrhage who present at the hos
pital in reasonable condhion, at least awake and talking, still 
have onJy a 60o/o chance of returning home without fw1etional 
deficit. The treatment contributes approximately 5% to the 
complications. Vasospasm and the comorbidities associated with 
prolonged treatment account for most of the rest. Infection from 
the ventriculostomy needed to treat hydrocephalus and control 
JCP is a minor component of the complication rate. 

Spontaneous Intracerebral Hemorrhage 
Spontaneous intracerebral hemorrhages into the brain paren
chyma are common, accounting for approximately 10% of all 
strokes. They generally occur in older patients. usually because 
of degenerative -changes in the cerebral vessels that are often 
associated with dtronic hypertension (Box 68-3). ln younger 
patients, they are more Likely related to drug abuse or vascular 
malfonnation. 1l1ey can occur anywhere in the cerebral circula
tion or brainstem but are classically described in association with 
small degenerative aneurysms (microaneurysms; also known as 
Charcot-Bouchard aneurysms) at the junctions of the perforating 
vessels and larger vessels at the skuJl base. 1l1ey are typically on 
the MCA. junctions with tbe small perforating lenticuJoscriate 
vessels, leading to hemorrhage into the putamen. TI1e clinical 
presentation is w ith a stroke pattern of sudden-onset neurologic 
signs and symptoms that depend on the area of brain affected. 
Symptoms are more likely to include headache than ischemic 
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stroke. 1he diagnosis is with cr, usually done in an emergency 
department setting. 1l1e size and location of the acute hematoma 
are well visualized with cr, as well as any associated brain shift 
or hydrocephalus (Figs. 68-9A and 68-10). In older patients 
with a known history of hypertension and classic CT appearance 
of a hemaroma in the puramen, thalanllls, cerebellwn, or pons, 
further diagnostic studies are generally not indicated. Rehemor
rhage is unlikely i11 that setting. However, further investigation 
might be warranted with an atypical hematoma location or 
appearance, especially if there is any component of subarachnoid 
blood. A.Jso, investigatioJJ is usually recommended for younger 
patients without known hypertension and those with a potential 
underlying cause for hemorrhage (e.g., history of neoplasm, 
blood dyscrasias, bacterial endocarditis). 

Further investigation is generally done with contrast MRI 
or MRA.. A.ny suggestion of aneurysm or AVM is followed by 
conventional catheter angiography. In older patients with a 
history of early dementia and multiple episodes of more periph
eratly located intracerebral hematomas, the diagnosis of an1yloid 
angiopathy needs to be considered. 

Hypertension 
Vascu tar anomaly 
Cerebral aneurysm 
Arteriovenous malformation 
Cavemous malformation 
Cerebral infarction (stroke) transformation 
Cerebral amyloid angiopathy 
Coagulopathy 
Tumors 
Drug abuse 
Other 

FIGURE 68-9 Nonenhanced CT scan of the head. A, Spontaneous hypertensive intracerebral hematoma in the right basal ganglia, with exten
sion to the frontall and temporal lobes. 8, Immediate postoperative CT scan shows near-total removal of the intracerebral hematoma. 
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FIGURE 68-1 o Nonenhanced CT scan of the brain shows a large, 
hypertensive, intracerebellar hematoma with obstruction of the fourth 
ventride and enlargement of the temporal horns, indicating obstruc
tive hydrocephalus. 

Most cases of spomaneous intracerebral hemorrhage do not 
require an operativt: procedure. Many hemorrhages are small 
enough to be weU tolerated and do not require surgery. Others 
are so large at d1e outset that surgery is of little benefit. Relief 
of any obstructive hydrocephalus by ventricuJar drainage is 
usually offered, except in the most impossible cases. Patients who 
obey commands and can lx· monitored by changes in their 
neurologic examination can generally be managed conservatively 
with hospital observation for at least 5 to 7 days. Peak swelling 
and decompensation are probably most likely to occur within 
that time frame. Surgery for evacuation of the hematoma may 
be appropriate in a small group of patients with intermediate
sized hemorrhages in accessible locations who appear to tolerate 
the hematoma initially, but then deteriorate in a delayed fashion 
with edema, despite medical therapy. Steroids have not demon
strated benefit. Attempts to predict which patients will deterio
rate based solely on hematoma vollllne have been frustrated by 
the broad spectrum of intracranial compliance exhibited by dif
ferent patients_ Generally, younger patients with smaller ven
tricles and small subarachnoid spaces have a lower compliance, 
with lower colerance, d1an older patients with cerebral atrophy 
and generous ventricles and subarachnoid spaces. 

The Surgical Trial in Lmacerebral Hemorrhage has noted 
a lack of clinical outcome difference when comparing early 
surgery with conservative management. '! If indicated, surgical 
evacuation is usually done by craniotomy over the most acces
sible part of the hematoma (see Fig. 68-9B). Intraoperative 
uJtrasound is often helpful in finding hematomas that do not 
quite come to the cortical surface and iJl monitoring the progress 
of the evacuatio n. The goal of surgery is decompression more 
than complete removal, but is generally done as far as safely 
practical. The wall of the hematoma cavity is inspected for any 
underlyiJlg cause and a biopsy is taken, if indicated. Putamen 
hemorrhage can sometimes be evacuated with miJ1imal surgical 

damage to the overlying brain by a trans-sylvian fissure
transinsular approach. Stereotactic aspi.ration and methods with 
fibrinolytic agents are being developed and may be a consider
ation for patients with hematomas in deep locations that are 
ot11erwise difficult to access. 

A special siruarion to consider is the patient with cerebellar 
hemorrhage (see Fig. 68-10). Surgery is offered more readily in 
t11ese cases because the danger of sudden deterioration from 
brainstem compression is more of a concern, and because even 
extensive damage to the cerebell.um itself is generally survivable, 
with good functional outcome. Patients with fourth ventricular 
obstruction and hydrocephalus from cerebellar hemorrhage 
can sometimes be treated with ventricular drainage alone hut 
are usually offered surgical evacuation of the hematoma by 
suboccipital craniotomy because of the risk for brainstem 
compression. 

Mycotic Aneurysms 
These aneurysms are associated with a systemic infection capable 
of showering small particles of bacteria-infected material into 
the cerebral vascular bed. Subacute bacterial endocarditis and 
some pulmonary infections can du th.is. A distinguishing feature 
of t11ese aneurysms is d1at they are generally found more dista\ 
in the cerebral vascular bed, as opposed to berry aneurysms, 
which are usually found on larger vessels near the circle of 
Willis. There can also be many of them. When the bacterial 
emboli lodge in distal cerebral arterial branches, they can erode 
through the wall of t11ese smaller vessels, often creating a hemor
rhage contained by t11e perivascular tissue. Maximal antibiotic 
treatment is essential at the outset. The presence of an iJltrace
rebra\ hematoma may force immediate craniotomy for evacua
tion. Operation on t11e aneurysm at this early stage often reveals 
a component of subarachnoid hemorrhage and an early inflam
matory reaction in the subarachnoid space, with only a blood 
collection covering the erosion defect in the wall of the small 
artery. Attempts to dissect and defiJ1e a neck are frustrated by a 
lack of developed fibrous tissues and intraoperative hemorrhage 
is then comn1on. Typically, t11e diseased arterial segment must 
be ocduded and resected when operated on in this early stage
The need for arterial bypass to maintain blood flow to critical 
cerebral areas should be anticipated, but this is not always 
possible. 

If the mycotic aneurysms are discovered or treated at some 
later stage, a fibrous waU to the aneurysm may have had time to 
develop. and clipping can t11en be a possibility. However, the 
surgeon needs to be forewarned tl1at it may be difficult to find 
the aneurysm in a distal location, often buried deep in a cerebral 
sulcus thickened with reactive fibrous scar tissue. 

Moyamoya Disease 
Moyamoya disease is a cerehrovascular disorder that is character
ized by an idiopathic nonatherosclerotic narrowing or occlusion 
of major intracranial blood vessels with t11e development of a 
conspicuous compensatory collateral rete vessel network, which 
allows continued cerebral perfusion around the occluded or 
severely narrowed segment. The disorder is usually bilateral, 
although not necessarily exactly symmetrical. Altl10ugh gener
ally rare, the disease is more common in persons of Asian ances
try and was first recognized from cases studied with angiograph}' 
in Japan before the advent ofCT and MRI. The term 1110J'I1moya 
comes from the Japanese word for "puff of smoke," or mist. The 
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actual disease is sometimes confused with the less conspicuous 
collateral vascular networks seen around severe narrowing of 
common atherosclerotic origin in persons of Western origin. ln 
the juvenile form, moyamoya typically presents as cognitive 
decline, with deteriorating school performance and evidence of 
multiple infarcts. Angiography reveals the fCA, proximal MCA, 
or proximal ACA with severe narrowing or occlusion and, gener
ally, multiple clusters of fine collateral vessels. In the adult form 
of moyamoya disease, the rete vessels cause subaradmoid or 
basal ganglia hemorrhage, the most common presentations. The 
hemorrhage can usually be treated conservatively. Some form of 
extracranial to intracranial bypass is generally attempted to take 
the load off the collateral vascular network. I.n yottnger patiems, 
the results are good, with an onlay interposition of the superficial 
temporal artery sewed into the dura after a strip craniotomy. A 
feature of the disorder is the vigor with which collaterals form 
from the onlay transposed vessel. In the adult form, a microvas
cular anastomosis with the superficial temporal artery or grafted 
vessel may be preferred. 

Dural Arteriovenous MaHormations 
Dural AVMs (type 2 CCF is a subtype) are not often seen in 
younger patients. The lesions seem to occur only iJl adults and 
are probably acquired lesions that follow a dural sinus throm
bosis, usuaUy of ·the cavernous sinus or sigmoid-transverse sinus 
junction area. With subsequent healing, the thrombosed segment 
triggers a neovascular response that evolves to an AYM configu
ration with fistulous chalmels that can gradually enlarge. Usually, 
there is associated stenosis of the affected dural segment, sug
gesting the earlier thrombosis. The lesions are generally not 
dangerous unless they cause retrograde venous drainage into the 
cerebral circulation. 1he risk for intracranial hemorrhage is d1en 
fairly high; it is important at least to separate the dural AVM 
drainage from the cerebral circulation when that occurs. In the 
case of transverse-sigmoid sinus dural AYM, the patient usuaUy 
complains of a bruit alld embolization or resection is optional, 
depending on symptom tolerance. In the case of type 2 CCF, 
the problem is usuaUy intraocular and intraorbital venous hyper
tension, with proptosis, chemosis, and sometimes threatened 
vision. Ocular tonometry Call help determine d1e extent of the 
threat to vision. Treatment of type 2 CCF involves endovascular 
embolizatiOJl of prominent feeders, followed by occlusion of the 
affected venous dural sinus. As long as the dural AVM drainage 
is separated from the cerebral circulation, occlusion of the 
affected venous drainage is safe and curative. The affected ste
notic transverse-sigmoid sin us segment can be reached by endo
vascular techniques through the jugular vein. The cavernous 
sinus can be reacl1ed by the petrosal sinus or, with neurosurgical 
assistallce, through the superior orbital vein. 

CENTRAL NERVOUS SYSTEM TUMORS 

Intracranial Tumors 
lntracraltial rumors Call be classified as primacy versus secondary, 
pediatric versus adult, by cell of origin, or by location in the 
nervous system. Primary tumors arise from tissues in the nervous 
system, wherea~ secondary tumors ori.ginate from tissues outside 
the nervous syscem alld metastasize secondarily to the braiJ1. 
They may represent local extension of regional rumor-s such as 
chordoma or scalp cancer but usually reach the nervous sysren1 
through the hematogenous route. 
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In general, the incidence of primacy brain tumors is higher 
in whites than in blacks, and mortality is higher in males than 
in fen1.ales. According to the CeJltral Brain Tumor Registry of 
the United States (CBTUS), the overaU incidence of primary 
brain tumors was 14.8/100,000 person-years between 1998 and 
2002 (CBTUS statistical report, 2005-2006). On the orher 
halld, secondary tumors outnun1ber prin1ary brain tumors by 
10: l and occur in 20% to 40% of cancer patients.18 Because 
no national cancer registry docun1ents brain metastases, the 
exact incidence is w1.known, but it has been estimated that 
98,000 to 170,000 new cases are diagnosed in the U1lited States 
ead1 year. '? 

Clinical Presentation 
l11e clinical mallifestations of various brain rumors can be 
divided into those caused by focal compression and irritation 
by the tumor itself and those attributed to secondary conse
quences- namely, increa~d ICP, peritumoral edema, and 
hydrocepbalus. Usually, symptoms are caused by a combiJlation 
of these factors. 

The clinical presentation does not differ mucl1 by rumor 
histology but rather by rate of growth alld location of the run10r. 
A mcn.ingioma peripherally located in a relatively silent area of 
the brain, with a slow rate of growd1, may enlarge ro a significant 
si:r..e in a neurologically intact patient because the brain can 
accommodate to a slowly growing lesion. On the other hal1d, 
a small metastatic lesion at the foramen of Monro or in the 
sensorimotor Hrip can cause acute hydrocephalus or seizures, 
respectively. 

Headache occurs iJl 50% to 60% of primary brain tun1ors 
and in 35% to 50% of metastatic tumors. It is classically 
described as being worse in the rnonling, probably because of 
hypoventilation during sleep, with consequent elevation of the 
Pco2 and cerebrovascular di lation. The headache is associated 
wid1 nausea and vomiting in 40% of patients alld may be tem
porarily relieved by vomiting as a result of hyperventilation. 
Seizures may be the first symptom of a brain tun1or. Patients 
older than 20 years presenting with a new-onset seizure are 
aggressively investigated for a brain rumor. 

Wratentorial lesions may present with headache, nausea 
alld vomiting, gait disturbance and ataxia, vertigo, cranial nerve 
deficits leading to diplopia (abducens nerve), facial numbness 
alld pain (trigeminal nerve), unilateral heariJ1g deficit alld tin
nitus (vestibulocochlear nerve), facial weakness (facial nerve), 
dysphagia (glossopharyngeal and vagus nerves), and CSF 
obstruction causing hydrocephalus and papiiJedema. Supraten
torial Lesions may present with different symptoms, depending 
on the location. Frontal lobe lesions manifest as personality 
changes, dementia, hemiparesis, or dysphasia. Temporal lobe 
lesions may present with memory d1anges, auditory or olfactory 
hallucinations, or contralateral quadranranopsia. Patients with 
parietal lobe lesions may develop contralateral motor or sensory 
impairment, apraxias, and homonymous hemial10psias, whereas 
those wid1 occipital lobe lesions may show contralateral visual 
field deficits and alexia. 

Imaging Studies 
l11e initial workup generaUy involves a relatively inexpensive 
diagnostic tool, a Cf scan of the brain. CT provides a rapid 
meallS of evaluating changes i11 brain density such as calcifica
tions, hyperacute hemorrhages (<24 hours old), and skulJ 
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lesions. MRI of the brain, however, is the gold standard modality 
for diagnosis, presurgical planning, and post-therapeutic moni
toring of brain tumors. Gadolinium contrast enhancement with 
MRI is more sensitive in demonstrating defects in the blood
brain barrier and localizing small metastases (up to 5 mrn). It 
can be used in pariems allergic w iodine and rhose wirh renal 
fai lure. Advances in MRI techniques have evolved from strictly 
morphology-based imaging to a modality that encompasses 
function, physiology, and anatomy. Diffusion-weighted in1aging 
can help distinguish between gliomas and abscesses, and 
perfusion-weighted imaging can predict response to radiother
apy in low-grade gliomas. Fllllctional MRI can be used when 
planning surgery for tumors in eloquem areas of the brain to 
enable radical resection with less morbidity. Diffusion tensor 
imaging can demonstrate the effect of a tumor on white matter 
tracts. MRA is used more routinely as a noninvasive modality 
to evaluate the vascularity of a tumor or anatomic relationship 
of a tumor to normal cerebral vasculature.20 

Surgery 
Dexamethasone is recommended for the management of hrain 
tumors because of its propensity to reduce peritumoral edema 
by stabilizing the cell membrane. An antiepileptlc drug is also 
recommended for tumors close to d1e sensorimotor strip. Man
nitol administration prior to dural opening and operative resec
tion is often used. 

Technical advances have made tumor surgery safer and 
more effective. The inrraoperative microscope provides superior 
illumination and magnification, thereby allowing the surgeon to 
resect tumors from critical areas d1Iough small cranial openings. 
The cavitationalu1trasonicsurgical aspirator (CUSA) simultane
ously breaks up and sucks away firm tumors while protecting 
vital neural and vascular structures. Intraoperative ultrasonogra
phy provides real-time imaging of tumors and cysts in subcorti
cal and deep areas of the brain. Intraoperative CT or MRI is 
standard practice in some centers, enabling on-tahle imaging of 
the extent of resection (Fig. 68-llA). CT ru1d MRI also allow 
real-time visualization of a biopsy needle within a target. Image
guided (CT or MRI) frruneless surgical navigation allows instant 
and accurate localization of the tip a probe during a crruliotomy 
by displaying that point on a preoperative CT or MRI scan (see 
Fig. 68- l l B). 

The primary goals of surgery include histologic diagnosis 
and reduction of mass effect by removing as mucl1 tumor as is 
safely possible to preserve neurologic function. The decision 
between a needle biopsy and more radical surgical re.-;ection 
depends on the location ru1d size of the rumor, its sensitivity to 
radiation or chemotherapy, preoperative Kamofsky performance 
score of the patient, and systemic status of the prin1ary cancer 
in case of metastat ic brain lesions. 

PRIMARY BRAIN TUMORS 
Prin1ary tumors of ilie brain are divided into intra-axial (those 
arising from widli.n the brain parenchyma) ru1d extra-axial {those 
arising from outside the brai11 parenchyma). 

Intra-Axial Brain Tumors 
Intra-axial brain rumors develop from the glia, or supportive 
structllfes, of the neurons ru1d are collectively called gliomas. 
Total surgical resecti.on of gliomas is extremely rare because of 
their ability to infiltrate widely along the white matter tracts and 

FIGURE 68-11 Technologic advances in the operating room. A. Intra
operative a scanner. B. Computer-guided surgical navigation show
ing real-time location of a surgical probe tip on the preoperative MRI 
study during resection of dival chordoma. 

ctoss the corpus callosum into d1e conrralateral hemisphere. 
Radiation therapy and cbemotherapy options vary accordin g to 
d1e histology of d1e brain tumor. Therapy involving surgically 
implanted carmustine-impregnated polymer comb.ined wim 
postoperative radiation therapy has a role in d1e treatment of de 
novo and recurrent high-grade gliomas. Biologic therapies being 
evaluated clinically for patients with brain tumors include den
dritic cell vaccination, tyrosine kinase receptor inhibitors, farne
syl transferase inhibitors, viral-based gene therapy, and oncolytic 
viruses. An ideal d1erapy will target rapidly growing malignant 
glioma cells along with infiltrating tumor cells, with minimal 
toxicity to normal cells. This will require the therapeutic veiJicle 
of choice to have access to aU cells ir1 the brain and be able to 
distirlguish invasive or quiescent tumor cells from normal cells? ' 

The current histopathologic classification of brain tumors 
was recently updated by d1e World Health Orgru1ization 
(WH0).12 WHO classifies intra-axial brain rumors by cell type 
ru1d grades them on a scale ofl to IV based on llght nlicroscopy 
characteristics that include the degree of cellularity, pleomor
phism, m itotic figures, endothelial proliferation, and necrosis. 
1he higher the grade, the more aggressive and malignrult the 
tumo r. 

AstrO<ytoma Astrocytomas arise from astrocytes and accmmt for 
50°A) of all primary brain tumors. Grade I astrocytomas, also 
called pilccytic astrocytomas, are a special group of tumors that 
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FIGURE 68-12 Radiographic and intraoperative images of a patient with a left temporal anaplastic astrocytoma. A. A partially enhancing tumor 
is noted in the left temporal lobe on this gadolinium-enhanced sagittal MRI study. B, Fluid-attenuated inversion recovery (FLAIR) sequence 
axial MRI shows the extent of the tumor. The postoperative gadolinium-enhanced sagittal (C) and axial (D) MRI scans show near-total resection 
of the tumor. E. Intraoperative illustration of the surgical field after resection of the tumor. 

are discrete appearing, contrast-enhancing, and often cystic, 
with a mural nodule. The mean age of occurrence is lower d1an 
for typical astrocytomas, generally in the first 2 decades of life. 
Patients have a median survival time of 8 to l 0 years. Astrocy
tomas represent the most common glioma in children, repre
sentiJlg 10% of cerebral and 85% of cerebellar astrocytomas. 
They tend to OCClU in the cerehellum, optic tract, and hypo
d1alamus. 1l1ese lesions are usually curable by radical resection. 
Radiation therapy and d1emorherapy have no role in their 
treatmen t. ~~ 

Low-grade, or grade II, astrocytomas tend to occur in 
children ru1d young aduhs. Most patien ts present with seizures. 
1l1ey typically demonstrate one histologic criterion, usually 
nuclear atypia, have a low degree of cellularity, ru1d manifest 
preservation of normal brain elements. 1l1ey appear hypointense 
on T1-weighted MRI sequences and hyperintense on T2, and 
fai l to show contrast enhancement. The ul timate bel1avior of 
d1ese tumors is usually not benign. Treatment is controversial 
and can include observant management and follow-up, radia
tion wid1 or without chemotherapy, and surgery. Surgery is not 
curative because most of these tumors are inlihrative, with no 
dear margins. The median survival time is 7 to 8 years. 

Grade III {ru1aplastic) and grade IV {glioblastoma multi
forme [GBMJ) astrocytomas arc considered high-grade tumors. 
1l1e presence of endod1clial proliferation or necrosis on histology 
makes the rumor grade rv. Reports have suggested correlations 
between the presence of p53 mutations on chromosome 17p and 
a number of findings, including aJl iJlcrea~ed Ukelihood of aJla
plastic progression, longer survival time, correlation with the 
presence of aneuploidy, yow1g age at diagnosis, and correlation 
widl subsets of GBM.73 1l1ese tumors are seen in older patients 
(>50 years). Malignant astrocytomas may develop from 

low-grade as trocytomas by dedifferentiation. GBM is d1e most 
common primary brain tumor. Anaplastic astrocytomas tend 
to have irregular enhancement on MRT (Fig. 68-12), whereas 
GBMs will have ring enhancement, wid1 central necrosis 
(Fig. 68-13). 

The optimal treatment includes a cytoreductive surgery 
followed by external beam radiation therapy (EBRT) to a dose 
of 60 Gy. 1l1e extent of tumor resection has a signifi cant effect 
on time to tumor progression and median survival. All chemo
rllerapeutic agents in use have no more thrul a 30% to 40% 
response rate, and most have a 10% to 20% response rate, pri
marily because of lack of adequate permeability through the 
blood-brain tumor barrier, with insufficient time to maintain 
therapeutic concentrations in individual tumor cells.24 Carmus
tine (BCNU) and cisplatin have bee.n the prin1ary agents used 
against maUgnant gliomas. More recently, temozolomide, aJl 
oral alkylating agent d1at tags to guru1ine within the tumor celJ , 
ul timately triggering apoptosis, has shown some promise iJl d1e 
mru1agement of newly diagnosed and recurrent GBM, with an 
overall survival time of 13.6 months.25 Mediru1 survival tin1e for 
ru1aplastic astrocytoma is 2 to 3 years and for GBM is less than 
1 year. 

Oligodendroglioma This tumor frequently presents with seizures, 
has a predilection for the cortex and white matter of the cerebral 
hemispheres {frontal lobe in 50% to 65% of patients), and has 
a classic histologic feature of so-called fried egg cytoplasm, 
chicken wire vasculature, ru1d microscopic calcifications. 1l1e 
mosr frequent genetic alterations include loss of heterozygosity 
on chromosome l9q, followed by loss of hetero'lygosity on 
chromosome 1 p. 1l1ese alterations are usually associated with a 
better prognosis.22 Brain Cf may show tumoral calcifications 
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FIGURE 68-13 MRI and intraoperative pictures of a patient with a 
glioblastoma multifonne. Gadolinium-enhanced axial (A) and coronal 
(B) MRI scans show a large tumor with ring enhancement causing a 
1-on subfalcine shift of midline structures. Intraoperative pictures 
show the yellowish tumor surrounded by nonnal brain gyri (C) and 
the surgical field after resection of the tumor (D). 

and MRI findings are similar to those with the astrocytomas. 
llJis tumor is classified as low or high grade. Chemotherapy is 
the primary modality of trearmenr after an appropriate surgical 
resectio11. Median survival times ranging from 3 to 5 years 
have been reported for patient with oligodendroglia] tumors 
of aU histologic grades. Benefl ts of radiation therapy are 
controversial. 

Ependymoma These neoplasms arise from the ependymal LUling 
of the cerebral hemispheres and &om the remnants of cl1e central 
canal of the sp:inal cord. They manifest predominantly in chil
dren (wicllin the fourth venrricle) and young adults. MRI find
ings include a well-circumscribed lesion, wim varying degrees of 
enhancement. VentricuJar or brainstenJ displacen1ent and hydro
cephalus are frequent features. Optimal treatment includes 
maximal possible resection without causing neurologic deficits, 
followed by EBRT (45 to 56 Gy). Ependymomas have the 
potential to spread through the neurax.is by seeding of the CSF; 
craniospinal radiation is recommended in cl1is case. 

Primitive Neuroedodermal Tumors Primitive neuroectodermal 
tumors (PNETs) originate &om prinlltive neuroectodermal cells 
(actual cell of origin is unknOW11) and encompass meduJJoblas
toma, the most common PNET, retinoblastoma, pineoblastoma, 
neuroblastoma, esthesioneuroblastoma, and ependymoblastoma. 
1l1ese tumors also have a tendency to seed cl1e CSF. 

Medulloblastoma is the most common pediatric brain malig
nancy, usually arises iJ1 the roof of the fourth ventricle (often 
producing hydrocephalus), and may invade the brainstem. 1l1e 
treatment of choice includes maximal surgical debulking, fol
lowed by craniospinal irradiation. BCNU and vincristine are 
primarily used for recurrences, in poor-risk pariems, and in 
children yow1ger than 3 years to avoid radiation therapy. Patients 
without a residual tumor on postoperative MRJ and with nega
tive CSF seeding have more than a 75% 5-year survival rate. 

Hemangioblastoma Hemangioblastoma represents d1c most com
mon primary intra-axial ttunor in the adult posterior fossa, 
is hiswlogically benign, and may be associated wicll erythrocy
tosis. Hemangioblastomas may be solid or cystic, with a mural 
nodule. 1l1ey may occur sporadically and 20% of cases may be 
associated with von Hippei-Lindau disease (hemangioblastomas, 
retinal angiomas, renal cell carcinoma, pheocl1romocytoma, 
renal and pancreatic cysts). 1l1ese lesions may also occur in the 
brainstem and spinal cord. Optimal surgical treatment involves 
resection of d1e mural nodule iJl a cystic lesion (cyst wall need 
not be removed). SoUd lesions rend to he more difficult to 
remove. 

Primary Central Nervous System Lymphoma 1he incidence of CNS 
lymphoma is rising relative to other brain lesions. This is partly 
because of the high frequency of CNS lymphoma in AlDS 
patients and transplant recipients. 1l1e median age at diagnosis 
is 52 years (younger in the immuJlocompromised population). 
It has a predilection for perivenrricular areas, deep nuclei, and 
cl1e frontal lobes. It may also occur in the cerebellum. Primary 
CNS lymphoma is also known as a ghost cell tumor because of 
its tendency for partial to complete resolution on CT after the 
administration of steroids. A stereotactic needle biopsy is 
indicated when the index of suspicion for CNS lymphoma is 
high because these lesions are highly sensitive to radiation. Ln 
non-AIDS patients, chemotherapy combined wi cll EBRT pro
longs survival compared with EBRT alone. Without therapy, 
median survival time is 1.8 to 3.3 moncl1s. Wim radiation, 
median survival time is I 0 months. l11 AIDS-related cases, 
the median survival time is only 3 to 5 months. 

Extra-Axial Brain Tumors 
Meningiomas Mc1lingiomas can occur wherever arachnoid cap 
cells are found (e.g., surface of brain and cord, ventricles). 1l1ey 
are slow-growing, generally benign, tumors, usually located 
along the falx, convexity, or sphenoid bone, and can cause hyper
ostosis of adjacem bone. 1l1ey tend to occur more in women, 
with a peak incidence at age 45 years. In one series, 32o/o of 
primary brain tumors seen on ima§ing were meningiomas, and 
39% of cl1ese were asymptomatic.2 

Meningiomas appear isointei1Se on Tl- and T2-weighted 
sequences on MRI but enhance strongly and homogeneously 
(Fig. 68-14A). A dural tail is a relatively common £nding on 
MRl (.Fig. 6S- 15A ru1d B). Surgery is clle treatment of choice fo1r 
symptomatic meningiomas, with the extent of resection being 
the most important factor in the prevention of recun·ence. 
Recurrence after gross total resection occurs in 11 o/o to 15% of 
cases. Radiation therapy--conventional fractionated or, more 
commonly radiosurgery using a gamma knife or linear 
accelerator-may be of benefit in subtotally resected tumors 
located in critical areas (e.g., petroclival region, cavernous sinus), 
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FIGURE 68-14 A.. A large homogeneously enhancing meningioma 
can be seen in th is gadolinium-enhanced axial MRI study. 8 , Intra
operative picture showing dissection of the meningioma (arrow) from 
the surrounding gyri. Gadolinium-enhanced sagittal (C) and coronal 
(D) MRI scans of a patient with a pituitary macroadenoma show 
impingement o n the optic chiasm (arrow). 
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in patients whose age or medical condition would prohibit 
surgery, and in those with tumor recurrence after previous 
surgery.27 

Scllwannomas Scbwannomas are benign tumors that arise from 
Schwatm cells of rhe myelin sheath around cranial and spinal 
nerves after they emerge from the brainstem and spinal cord. 
Vestibular scbwannomas. the most common type. arise from the 
superior division of the vestibulocochJear nerve and manifest as 
unilateral sensorineural hearing loss, tinnitus, and disequilib
rium. Characteristic findings on MRI include a round or oval 
enhancing nunor centered on the internal auditory canal (see 
Fig. 68-15C and D). Treatmem options include expecram man
agement with MRl and hearing audiometries to detect tLLmOr 
growth, surgical resection, and radiation therapy in the form of 
EBRT or radiosurgery (alone or in conjunction with surgery). 
A complete surgical resection may result in a cure; however, the 
primary risks of surgery include cranial nerve deficits, namely 
the facial nerve. ln one series of 157 patients with tumors smaller 
than 3 em treated with radiosurgery, with a median follow-up 
of9.1 years, 73% nf patients had a decrease in tumor size, 95% 
maintained normal facial function, and hearing remained 
at serviceable levels in 50%.28 Vestibular schwannomas arc at 
least 95% unilateral. Bilateral occurrence is associated with a 
neurocutaneous disorder, neurofibromatosis type 2, which is 
autosomal domi11a.nt (gene, 22ql2.2). Other commonly affected 
cranial nerves iJ1clude the facial, trigeminal, and glossopharyn
geal and vagus. 

FIGURE 68-15 MRI studies of two 
patients presenting with cerebella
pontine angle tumors. Gadolinium
enhanced axial (A) and corona l 
(B) MRI studies show a well
circumscribed, homogeneously 
enhancing tumor with a dural tail 
(arrow) arising from the tentorium. 
Gadolinium-enhanced axial (C) and 
coronal (D) MRI studies show a 
vestibular schwannoma extending 
into the internal auditory meatus 
(arrow). 
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Pituitary Adenomas Pituitary adenomas arise primarily from the 
anterior pituitary gland and are classified as functional (secret
iJlg) or nonfunctional (nonsecreting) tumors; the former pres
ents earlier with symptoms caused by physiologic effects and the 
latter presents when large enough to cause neurologic de£cits by 
mass effect on the chiasm, wi th consequent bitemporal hemi
anopsia. Tumors smaller than 1 em in diameter are called micro
adenomns and larger than 1 em are considered macroadenomas; 
50o/o of pituitary tumors are smaller than 5 mm at tbe time of 
diagnosis. Their incidence is increased in multiple endocrine 
neoplasia. They usually occur in d1e third and fourth decades of 
life and affect both genders equally. The most common func
tional rumor is the prolactinoma, whlcil causes amenorrhea and 
galactorrhea il1l women. Oversecretion of adrenocorticotropic 
hormone by the adenoma may lead to Cushing's disease, char
acterized by centripetal obesity, moon facies, hypertension, 
buffalo bump, byperpigmeJ1tation, hyperglycemia, and psychi
atric disturbances. Overproduction of growth hormone (GH) 
by the tumor manifests as acromegaly, with resultant skeletal 
overgrowth, deformities of the hands and feet, hypertension, 
cardiomyopad1y, hyperglycemia, soft tissue swelling, and periph
eral nerve entrapment syndromes. The latter two may be revers
ible with normalization of GH levels. l"byrotropin- and 
gonadotropin-secreting adenomas are rare. 

MRI is the imaging test for pituitary tumors, providing 
information about location and invasion o r compression of 
nearby structures, sud1 as the optic chiasm and cavernous sinus 
(see Fig. 68-l4C and D). Typically, d1e pituitary gland enhances 
rapidly because of a lack of d1e blood-brain barrier. As a result, 
d1e microadenoma may appear as a nonenhanciJ1g area with~in 
the gland. Diagnostic workup includes a full endocrinologic 
profile and formal visual fields test. Oral administration of a 
dopanline agonist (e.g., bromocriptine, cabergoline) can shrink 
prolactinomas in 75o/o of patients wi th macroadenomas in 6 to 
8 weeks, but 011ly while therapy is maintained. B.romocriptine 
may also work on GH-secreting tumors, with tumor shrinkage 
in less than 20o/o. Octreotide, a somatostatin analogue, can 
reduce GH levels in 71 o/o of patients, with a significant reduc
tion in tumor volume in 30% of cases. 

Surgical treatment is indicated as initial treatment for most 
GH-secreting tLll1lOrs, primary CusbiJ1g's disease, non-prolactin
secreting macroadenomas causing symptoms by mass effect, and 
any adenoma causing acuce visual decerioracion. Surgery is indi
cated for prolactinomas when mass effect occurs or there is 
failure of medical therapy. The surgical approach of choice is a 
sublabial or intranasal trans-sphenoidal approach, an extracra
nial procedure that requires no brain retraction. This procedure 
can be done using the microscope or via an endoscopic tech
nique. It is a m in imally invasive procedure that allows access to 
d1e sella through tl1e sphenoid sinus. Care is taken to avoid 
injury to the carotid arteries located within the cavernous sinus, 
which constitutes d1e lateral margins of the sella turcica. A 
transcranial approad1 is sometiJnes chosen for surgery on a 
prinlarily suprasellar tumor or residual suprasellar component 
after a subtotal transsphenoidal resection. 

The incidence of recurrence is approximately 12%, with 
most recurring 4 to 8 years after surgery. Consequently, patients 
are followed up wiili annual MRJ. Radiosurgery can also be used 
as primary therapy, as adjuvant therapy after subtotal resection, 
or for recurrent disease. l"he main dose- limiting structure is 
proximity to the optic chiasm and optic nerves (within 3 to 

5 mm). In this case, fractionated EBRT may be indicated as 
adjuvant therapy. 

Secondary Brain Tumors 

Metastatic Brain Tumors 
Metastatic brai11 tumors are d1e most common brain tumors. 
They outnumber primary brain tumors by 10:1. l11 patients 
with no cancer history, a brain metastasis is the presentiJ1g 
symptom in 15%. 'T11e distribution of metastases i~n the brain 
is directly related to the amount of blood flow to each part 
of the brain; 80o/o percent ofbraiJ1 metastases occur in the cere
bral hemispheres, mainly d1e frontal lobes, 15% occur in the 
cerebeiiLLrn, and 5% occur ~in d1e brainstem. 'I11e most common 
primary sites are lw1g cancer (50%), breast cancer (15% 
to 20o/o), unknown primary cancer (10%-15%), melanoma 
(1 0%), and colon cancer {5%). Metastases to the brain are 
multiple iJl more thru1 7Uo/o of cases, but soli tary metastases do 
occur. Dural metastases may constin1te as much as 9% of total 
CNS metastases.~9 

MRI with gadolinium enhancement is the diagnostic study 
of choice for meta~tases (Fig. 68-16). It shows a lesion at d1e 
gray matter and white matter junction. well-circumscribed, sur
rounded by edema. Plrulning therapy depends on tbe mm1ber 
of lesions, their locat ion in deep or eloquent areas of the brain, 
size, radiosensitivity of the primary cancer, systemic status of the 
primary cancer, and Karnof.~ky performru1ce score. Surgery is 
recommended for accessible lesions {up to three) causing mass 
effecr, followed by whole-braiJ1 radiation therapy to eradicate 
micrometastases. SRS followed bywhole-b.rain radiation therapy 
has also been shown to be as effective as surgery in the manage
ment of metastatic braiJ1 tumors (<3 em). 'The median surviva\ 
time with optimal treatment remains 7 to 12 months. Chemo
therapy is not useful for most brain metastases, except small cell 
lung cru1cer ru1d seminomas. 

Regional Tumors 
BraiJ1 involvement can occur with cru1cers of the nasopharyngeal 
region by direct extension along the crru1ial nerves or through 
d1e foramina at ilie base of d1e skull. Skull base tumors may 
cause symptoms of headache, diplopia, or other cranial nerve 
deficits. Clival cl10rdoma, a remnant of the primitive notochord, 
is a skull base cumor iliac is locally invasive. Treatmem consists 
of smgery followed by proton beam radiotherapy. 

Intraspinal Tumors 
Intraspinal tumors arc commonly divided into three groups
extradural, intradural extramedullary, and intramedullary. 

Extradural Tumors 'I11ese tumors originate in d1e vertebral body 
or, less commonly, the epidural space. Most tend to he malig
nant and represent metastatic tumors, particularly from d1e 
lung, breast, and prostate. Spinal epidural metastases occur in 
up to 10o/o of cancer patients. Od1er common extradural tun1ors 
include lymphomas and multiple myelomas. Pain is usually the 
first symptom ru1d may be exacerbated by recumbency, especially 
at night, by movenlCJ1ts, and by coughing or snee-z.ing. Patho
logic fractures are common. The pain may be mechanical or axial 
because of an inl1erent instability in me diseased spine, or ma}/ 
be radicular or referred because of epidural extension and com
pression of radicular nerves. As the tumor enlarges and 
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FIGURE 68-16 A. FLAIR sequence coronal MRI of a patient with two simultaneous metastatic tumors along the right and left frontal lobes 
(arrows). B. Simultaneous right and left frontal craniotomies for resection of both metastatic lesions. 

compresses che spinal cord, mydoparhk signs may be evidenc 
in the form of paraparesis or parapk~ia, hyperreflexia, and spas
ticity. A sensory level deficit appropriate to the spinal level in 
question may also be found. 

Diagnostic workup includes CT to visualize the extent of 
bony destruction and MRI with gadolinium to visualize the 
neural dements and soft tissue invasion. A CT-guided needle 
biopsy is also recommended to establish the diagnosis in case of 
an absent primary cancer. A metastatic workup includes chest 
x-ray, cr of the chest, abdomen, and pelvis, bone scan, serum 
prostate-specific antigen level determination, and mammogra
phy in women. Treatment consists of surgery with or without 
EBRT, depending on the radiosensitivity of the tumor. Surgery 
is indicated in patients with d1e following: 

I. Progressive neurologic deficit 
2. Pain refracrory co medications 
3. Progressive kyphotic deformity 
4. Radioresistant tumor (e.g., melanoma, renal cell 

carcinoma) 
1hc surgical approach is directed toward the tumor area 

whether it involves a simple laminectomy posteriorly or postero
lateral d10racoromy or thoracoabdominal approach for a verte
brectomy. Stabilization in the form of instrun1entation is always 
recommended in radical spinal oncology surgery (Fig. 68-17). 

Intradural Extramedullary Tumors 1hese tun1ors arc located within 
the dura, but outside the substance of the spinal cord. Most are 
benign and arise from the meninges (meningioma) or nerve 
roots (schwannomas, neurofibromas). Metastatic tumors may 
also seed thls area through subarachnoid spreading (lymphoma, 
ependymoma, medulloblasroma). Lymphomarous spread into 
the subar~chnoid space may lead to meningeal carcinomatosis
leptomeniJ1geal disease-- typically diagnosed with CSF cytology 
through a lumbar puncwre and MRI swdies. 

Spinal meningiomas (Fig. 68-l8A and B) are more common 
in women and involve mainly the thoracic region (82%). They 
tend to occu.r lateral (68%), posterior (18%), and anterior 
(15%) to the spinal cord. Schwannomas and neurofibromas can 
originate wherever there is a nerve root. Schwannomas usually 
develop from the sensory portion of the nerve root (dorsal), 
thereby sparing the motor portion (anterior). They may extend 
through the nerve root foramen into the extraspinal space, 
giving the shape of a dumbbell appearance on MRI. These 
lesions are best evaluated by MRI with gadoliniun1, which shows 
the relationship of the tun1or to the spu1al cord and roots. They 
are frequendy amenable to surgical resection with minimal mor
bidity. Sacrifice of the dorsal root during resection of a nerve 
sheath tumor is sometimes warranted, without any significant 
complications. 

Intramedullary TUmors 'These tumors ongmate from the sub
stance of the spu1al cord. Patients usually experience myelopad1y 
and sensory disturbances below the level of involvement. The 
two most common tumors are astrocytoma and ependymoma. 
MRI wid1 gadolinium is d1e preferred imaging study. The treat
ment <Jf intramedullary tumors is laminectomy followed by 
maximal tumor resection without causing significant neurologic 
deficits. The CUSA and operating microscope are indispensable 
tools in this type of surgery. Ependymomas are d1e most common 
glioma of d1.e lower cord, conus. and filun1 (50%). The next 
most common location is the cervical cord (see Fig. 68-18C and 
D). 1l1ey are generally slow-growing and benign and are typi
cally encapsuJatcd with a cleavage plane between the tumor and 
normal cord, which makes gross total resection feasible.30 

Astrocyromas, conversely, tend to be more infiltrative and less 
amenable to a total resection without significant neurologic 
deficits. If total resection was not possible, EBRT can be used 
for residual ependymomas and most astrocytomas. Other less 

z 
C) 
m z 
m 

~ ..... 
Vl c 
;>:;I 
C) 
m 
~ 

http://www.myuptodate.com


1892 SECTION XIII SPECIALTIES IN GENERAL SURGERY 

FIGURE 68-17 Radiographic and intraoperative pictures ot a patient 
presenting with metastatic renal cell card noma to l2. A. An expansile 
bony lesion with an epidural component at l2 causing obliteratio n 
of the spinal canal can be seen on this T2-weighted sagittal MRI study. 
B. A postoperative lateral radiograph shows the spinal instrumenta
tion with a posterior ll, L3, and l4 pedicle screw-rod system and 
anterior l l to L3 titanium cage with a lateral ll to L3 vertebral body 
screw-rod system. Intraoperative pictures show the surgical field after 
l2 vertebrectomy (C) a nd the implanted cage at the vertebrectomy 
site covered by the lateral l l to L3 screw-rod system (D). 

common intramedullary tumors indude dermoid and epider
moid neoplasms, lipomas, and hemangioblastomas. 

TRAUMATIC BRAIN INJURY 
The goal of this section on traumatic brain lllJ ury is not to 
present a comprehensive review of the epidemiology, basic 
science rescarcb, and outcome studies on brain injury, but to 
give a practical, common sense approad1 to the management of 
injuries of the brain. There is bound to be overlap between this 
section and other parts of this text. Guidelines for the manage
ment of severe head injury were first published by the Brain 
TralLma Foundation in 1995 and last reviewed in 2007.31 TI1csc 
evidence-based guidelines have been a tremendous aid to the 
physician caring for brain-injured patients. The following dis
cussion on the management of severe traumatic brain injury is 
based largely on these guidelines. As with aU practice guidcHncs, 
they can and need to be modified, as dictated by the experience 
of the treating physician and in accordance with the needs of 

FIGURE 68-18 Radiographic and intraoperative pictures of spinal 
intradural tumors. A. A gadolinium-enhanced sagittal MRI shows a T4 
meningioma. B, An intraoperative picture shows the spinal cord and 
overlying meningioma. C. A T2-weighted sagittal MRI study shows a n 
intramedullary cervical cord ependymoma at the 0-4 level with 
a small rostral and caudal syrinx. D. An intraoperative picture shows 
the dura splayed open, with the e pendymoma showing in the cord. 

the patient. This report and the protocols laid out in the 
advanced trauma Life support guidelines, published by the 
American College of Surgeons Committee on Trauma, arc also 
invaluable resomces for the student and physician. 

We first present the epidemiology, pad10physiology, pre
hospital and emergency management, and definitive treatment 
of severe traumatic brain injury. Concussion and mild to moder
ate brain injuries are then discussed. 

Epidemiology 
Depending on the:: source of information, it is estimated that 
there arc anywhere from 500,000 to well over 1 million cases of 
head injury every year. Most of these are dassified as mild inju
ries, with approximately 20% classified as moderate to severe. 
Approximately 50% of the 150,000 trauma dcad1s every year 
are caused by bead injury. It is estimated that 5.3 million people 
arc living with brain injury-rdatcd disabilities, and the esti
mated cost to society exceed~ $4 billion annually. 1l1e social, 
medical, and economic implications arc profound. Fortunately; 
prevention programs appear to be decreasing d1c incidence of 
severe traumatic brain injury. 
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PATHOPHYSIOLOGY 
Traumatic brain injury can be classified into prin1ary and sec
ondary injuries. Primary iJ1jury occurs at impact and is consid
ered first. It includes bone fracture, intracranial hemorrhage, and 
diffuse axonal injury (DAI). Fractures of the cranial vault and 
skull base are indicative of the forces applied ro rhe skull ar rhe 
time of impact. Fractures of the skull base may be associated 
with crru1ial nerve deficit, arterial dissection. and CSF fistula 
formation. Fractures of the cranial vauh ate classified as 
foiJows: 
1. Open or closed 
2. Depressed or nondepressed 
3. Linear or comminuted 

Any fracture of the cran.ial vault can cause disruption of 
the underlying meningeal arteries or dural venous sinuses, which 
can lead to intracranial bleeding. Intracranial hemorrhage can 
be classified as epidural, subdural, subarachnoid, and intrapa
rencbymal or intracerebral. Epidural hemorrhage occurs berween 
the dura and skull and is usually the result of a skull fracture 
causing the laceration of a meningeal artery. 

Rarely, a fracrure crossing a dural venous sinus can cause a 
venous epidural hematoma, especially in children. Subdural 
hemorrhage occurs iJl the potential space between the dura and 
aradmoid. Thls is often the result of shearing of the bridging 
veins between the brain and the dural venous sinuses. Some
times, .it comes firom injury to cortical vessels, which then bleed 
imo the subdura:J space. Subarachnoid hemorrhage {SAH) from 
trauma consists of bleeding in to tbe spinal fluid spaces surround
ing the blood ve.ssels feeding the cerebral cortex. Trauma is the 
most common cause of subarachnoid hemorrhage. Rupture of 
ru1 intracrrulial a:neurysm is the second most common cause of 
subaradlJloid hemorrhage and is generally distinguished from 
traumatic SAH by bistory and sometimes by the distribution of 
blood on aCT scan. lntraparenchymal or intracerebral hemor
rhage is bleeding into the brain itself. lhis can run the spectrum 
from small contusion.~ (bruises of the brain} to large intracerebral 
clots that require emergent surgical evacuation, which usually 
are the result of coup and contrecoup injuries. Although often 
small and nonsurgical at first, cl1ese can blossom ru1d become 
life-threatenb1g over a period of hours to days. DAI is a rota
tional acceleration-deceleration injury to the wb.ite matter path
ways of the brain. This results iJl a functional or ru1atomic 
disruption of these pathways ru1d is cited as the cause of loss nf 
consciousness in patients without mass lesions. DAl can occur 
with or without other prin1ary injuries, such as an epidural or 
subdural hematoma (Fig. 68-19). In addition to being one of 
the many primary injuries seen in severe traumatic brain injury, 
DAl cru1 also be considered as a secondary injury. 

Secondary injury to the braiJ1 occurs as a result of 
decreased oxygen delivery to rhe brain, wb.ich in turn sets off a 
cascade of events that causes even more damage than the initial 
injury. With severe traumatic brain injury, there cru1 be ru1 alter
ation in cerebral vessel autoregulation. Systcnlic hypotension in 
the presence of tb.is altered autoregulation results .in decreased 
CBF and decreased oxygen delivery. This ischemia is exacer
bated even further by systemic hypoxemia; intracranial hyper
tension, which decreases CBF even further, and a cascade of 
events involving mediators of inflanm1ation, excitoroxiciry, 
calcium influx, and Na+,K+-ATPase dysfuncrion leads to neuro
nal cell dysfunction and death. 'TI1e prevention of secondary 
injury is therefore thought to lead to increased cell survival and 
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inlproved outcome. 'Tilis is acb.ieved by preventing hypotension 
and h}'poxia while taking measures to control ICP and main
tain CPP. 

Prehospital and Emergency 
Deparbnent Management 
'TI1e prehospital and emergency department management of the 
traumatized patient is reviewed elsewhere in this and other texts. 
Here we will deal more specificall)' with issues critical to the 
patient with severe brain injury. 'TI1e ABCs must always be 
addressed first, regardless of the severity of the patient's injury. 
Attention is £rst paid to securing a patent airway, establishb1g 
adequate ventilation and oxygenation, and maiJltainmg ade
quate circulation. By doing thls, one may avoid hypotension and 
hypoxia and, in so doing, avoid or minimize secondary braiJ1 
mjury. In patients with severe traumatic brain injury, a systolic 
blood pressure less cl1an 90 mm Hg or a Pa0:1 less than 
60 mm Hg is a predictor of poor outcome. Appropriate spine 
precautions are observed in the initial resuscitation of the patient 
with a severe traumatic braiJ1 iJ1j ury. 

Once airway, breathb1g, ru1d circulation have been 
addressed, neurologic evaluation may proceed. 'TI1e Gla~gow 
Coma Scale {GCS) is a sinlple and reproducible method of 
neurologic assessment. It is also used to grade traumatic brain 
injury as mild, moderate, or severe. The GCS consists of three 
components-intensity of stimulus required w cause eye 
opening, verbal response, and motor response {Table 68-3). 
PupiUary size ru1d reactivity are also essential components of rhe 
initial neurologic exrunination. Hypoxia, hypotension, alcohol, 
ru1d drugs may all contribute to an abnormal neurologic exami
nation result. In the absence of hypotension and hypoxia, an 
abnormal examination is considered to be a primary brain iJ1jury 
until proven otherwise. Once all life-threatening injuries have 
been addressed and stabilir.ed, the patient with a suspected trau
matic braiJ1 iJ1jury undergoes CT. 'TI1e CT scan is used to evalu
ate the presence or absence of fracture, epidural ru1d subdural 
hematomas, intracerebral hematomas and contusions, shift of 
cl1e midline structures, and appearance of the basal and perinles
encephalic cisterns. In many centers with multislice scanners, 
routine scanJling of cl1e cervical spine is also performed to rule 
out acute fractures or traumatic dislocations. If life-threatening 
inju.ries elsewhere necessitate immediate trru1sport of the patient 
to the operating room, ru1d the patient has a suspected intracra
nial hematoma (e.g., unilateral fixed and dilated pupil on one 
side, with a contralateral hemiparesis), exploratory burr holes 
may be perfom1ed in the operating room concurrently with the 
laparotomy or thoracotomy. 

Not infirequently, trauma patients with brain injury will 
require transfer to a hospital equipped to provide those patients 
wid1 a higher level of care. In preparing these patients for trans
fer, the physiciru1 needs to follow tl1e advanced trauma life 
support guidelines and secure the airway, ensure adequare 
ventilation, and maiJ1tain circulation. Anemia is treated with 
trru1sfusion, as necessary. Hypoxia and hypotension need to be 
avoided. Adequate immobili:r.ation with a backboard and cervi
cal collar are mandatory. In patients with obvious inrracrrulial 
hypertension or ma~ lesions, treatment with maru1.itol may be 
considered after neurosurgical consultation. Vigilance and anen
tion to detail, as weU as commtmication between the transferring 
and accepting physiciru1s. is key to the successful trru1sfer and 
treatment of these patiems. 
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FIGURE 68- 19 Typical radiologic findings in traumatic brain injury. A. Skull fracltUre shown on CT. 8, lntraparend1ymal contusions. C. Subdural 
hematoma. D, Epidural hematoma. E, Diffuse axonal injury. F, Intracranial hypertension. Note the effacement of sulci and gray-white matter 
differentiation. 

Table 68-3 Neurolo~c Assessment Using the Glas,.__go_w_C_o_ma_ S_ca_l_e ------------------
Eye-Opening Response Verbal Response Motor Response 

SCORE RESPONSE SCORE RESPONSE SCORE RESPONSE 

4 Spontaneous 5 Oriented 6 Obeys commands 

3 To speech 4 Confused 5 Localizes to painful stimulus 

2 To pain 3 Inappropriate responses 4 Withdraws to painful stimulus 

No response 2 Incomprehensible responses 3 Aexion to painful stimulus 

No response 2 Extension to painful stimulus 

No response 
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Treatment 
When the workup of a patient reveals an intracranial mass lesion 
and deficits thought to be related to that lesion, operative inter
vention is indicated. ln general, any dot or contusion more than 
30 ml is thought to be operable. Epidural and subdural hema
tomas {see Fig. 68-19) are addressed with similar approaches, 
with the craniotomy centered on the clot. Intracerebral hema
tomas are addressed through appropriately located craniotomies. 
ICP monitors are often placed at operation. These can be intra
ventricular drains, intraparenchymal monitors, or devices placed 
in the epidural or subdural spaces. 'TI1e decision about when to 
place an ICP monitor depends on the patient's preoperative 
examination, appearance of the brain at operation, and potemial 
risk for deterioration. In general, all patients wi th a GCS of 8 
or less have ICP monitors placed. Some patients with moderate 
traumatic brain injury may also benefit from ICP monitoring. 
Postoperatively, the patient is managed similarly to those with 
nonoperable traumatic brai11 injury (see later). 

'TI1e following is a simplified algorithm for the management 
of intracranial hypertension in the intensive care setting. The 
head of the bed is elevated to 30 degrees, with the head placed 
in a neutral posi.tion. Care is taken to ensure that any cervical 
spine in1mobili.zation device is not obstructing jugular venous 
flow because this can increase lCP. The goal of treatment is to 
try to keep the ICP less than 20 mm Hg and maintain CPP at 
or above 70 mm Hg. (Ren1ember that CPP is MAP minus ICP.) 
lf the ICP is persistently elevated above 20 mm Hg, it is treated. 
CSF drainage is now the first line of therapy in decreasing ICP. 
'This is accomplished by an external ventricular drain, or ven
triculostomy, which is a drain placed in the operating room or 
at bedside in the intensive care unit (ICU) iJ1 an appropriately 
monitored patiemt. lf ICP remaiJ1s persistently elevated despite 
CSF drainage, the patient can be sedated and even paralyzed 
pharmacologicaiJy to keep the ICP down. The physician is 
dependent on the pupillary examination and ICP reading iJ1 this 
situation. lf the ICP changes rapidly, or the pupillary examina
tion changes (i.e., blown pupil), emergent cr of the head is 
indicated. Sedation and paralysis can be occasionally discontin
ued to allow for ru1 adequate neurologic evaluation in this 
situation. 

If the [CP ren1ains persistently elevated despite tl1ese inter
ventions, mannitol and other diuretic agents may be used. Man
nitol is adminisrered as an IV bolus of 0.25 to 1 g/kg every 4 
to 6 hours. Serum osmolality is followed closely when givhtg 
mannitol, and the drug is wiiliheld if the serum osmolality 
exceeds 320 mOsm/kg. It is also important to maintain 
cuvolcmia in tl1e..-.e pa6ents. lfiCP is still elevated, hyperventila
tion to a Pacez of 30 to 35 rom Hg may be used judiciously. 
At this point, second-tier therapeutic interventions (e.g., hyper
tonic saline, high-dose barbiturate therapy, decompressive 
crruliectomy) may be considered.3233 Serial CT scans are critical 
throughout tlus treatment algorithm, ru1d their use is tailored to 
the individual patient. 

Several comments regarding n utrition, steroids, anticon
vulsants and PaCOz are appropriate here. Energy requirements 
after traumatic braiJ1 injury arc increased. 'The nonpara\}'7-ed 
patient requires replacement of 140% of his or her re-sting 
metabolism expenditure ru1d the paralyzed patiem requires 
100%. Of this, 15o/o is protein. Feeding begins within 7 days 
of i11jury. Steroids have no proven benefi t iJl the managen1ent 
of traumatic brain injury ru1d are not used. Prophylactic use of 
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anticOJlVulsant drugs (e.g., phenytoin, carbamazepiJ1e phenobar
bital) is not indicated for the prevention of late post-traumatic 
seizures . .Anticonvulsants may, however, be used to prevent early 
post-traumatic seizures, primarily iJ1 patients at high risk for 
early seizures who may suffer adverse effects if they were to seize 
early in their hospital course. 'These can usually be tapered after 
1 week of therapy. Hyperventilation causes a decrease in ICP by 
lowering Paco2, which causes vasoconstriction and decreases 
iJ1tracrruual blood volume. Unfortunately, it also causes decreased 
CBF. If hyperventilation to a PaCOz of less than 30 mm Hg is 
required for the maiJltenance of aJl acceptable ICP ru1d CPP, 
monitoring of CBF is strongly recommended by some. Jugular 
venous 0 2 saturation ru1d cerebral oxygen extraction may also 
be useful in tlus cliJucal scenario. Table 68-4 presents a summary 
of the recommendations of the 2007 guidelines provided by the 
Brain Trauma Foundation for rraumatic brain injury. 

DEGENERAnVE DISORDERS OF THE SPINE 

Degenerative Disease of the Lumbar Spine 
According to the National Institute of Neurological Disorders 
and Stroke, 25.9 million Americru1s complain of low back pain 
per year, with a cumulative expense of about $50 billion per 
year. Low back paiJ1 is the most common cause of job-related 
disability and a leading contributor to missed days at work. Back 
pain is the second most common neurologic ailment in the 
United States; only headache is more common. 

A good undersrru1ding of the normal anatomy of the spme 
is of utmost in1portance for the appreciation of spinal disorders. 
'The lumbar spine consists of five lumbar vertebrae with five 
interveniJ1g intervertebral discs (IVDs). Each vertebra is made 
up of an anterior vertebral body and posterior neural arch. 
Each neural ard1 is, m turn, composed of pedicles, facet joiJm, 
trru1sverse processes, laminae, and a spinous process. 'TI1e IVD 
consists of tl1ree components: 

1. Cartilaginous end plates for nutrition and anchoring 
2. Annulus .fibrosus made of concentric sheets of colla

gen for conraining me pressurized nucleus 
3. Nucleus pulposus made of a soft semigdatiJIOus col

lagen that can absorb axial compressive loads 
The spinal cord ends at the L1 level, beyond which lumbar 

ru1d sacral nerve roots, collectively called the cauda equintt, con
tinue distally and exit at their correspondiJ1g neural foramen. At 
each segmental level, a nerve root contaiJlli1g motor and sensory 
components exits the thecal sac. crosses the IVD space, travels 
a short distru1ce within the lateral recess of the spinal canal, and 
passes underneath the pedicle on its way to exit the spine tl1rough 
the intervertebral foramen. 

Biomed1anically, as we age, the nucleus loses its ability to 
bear c-ompressive loads. The load transfer then shifts to the 
m ulus, a structure that is poorly suited to withstand compres
sion, thereby causing fatigue failure, fissuring, and possibly 
rupture. A her1uation of a fragment of the n ucleus pulposus may 
follow. As the mechaJlical integrity of the nucleus deteriorates 
further, the load transfer i.s concentrated at the periphery of the 
vertebral end plates, leadi11g to osteophyte formation, a process 
called spondJLosis. Subsequently, as the degenerating disc becomes 
less able to resist rotations and shear, additional stresses are 
transferred to the posterior elements, with resultant facet arthro
sis ru1d hypertrophy and thickening and buckling of the liga
mentum flavum. 
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_Table 68-4 Brain Trauma Foundation Recommendations for Traumatic Brain Injury {TBI) 
GUIDELINE PARAMETER 

Hyperosmolar therapy 

Prophylactic hypothermia 

Infection prophylaxis 

Mannitol effective for control of raised ICP {0.25-1 g/kg) 

Mortality could be decreased when target temperatures are maintained >48 hr 

Routine external ventricular catheter exchange not recommended; indicated if GCS = 3-8 on admission and 
abnormal CT; in severe TBI and normal CT, indicated with two or more of the following: age >40 yr. unilateral 
posturing. hypotension with SBP <90 mm Hg 

ICP monitoring 

CPP threshold 

Ventricular catheters are most reliable and cost-effective method; ICP should be kept <20 mm Hg 

CPP <50 mm Hg should be avoided; aggressive interventions to maintain it above 70 mm Hg have a considerable 
risk of ARDS 

Brain oxygen monitoring 
and thresholds 

Jugular venous saturation {50%) or brain tissue oxygen tension {15 mm Hg) are treabnent thresholds 

Blood pressure and 
oxygenation 

Blood pressure should be monitored, hypotension (systolic blood pressure = 90 mm Hg) avoided; hypoxia 
(saturation <90% or Po, <60 mm Hg should be avoided 

Nutrition Should be initiated within 7 days of injury 

Sedatives High-dose barbiturates recommended to control refractory ICP in the hemodynamically stable patient; propofol 
recommended for ICP control but does not improve mortality 

Seizure prophylaxis 

Hyperventilation 

Decreases early post traumatic seizures (<7 days postinjury) 

Recommended as temporizing measure. PCO, below 25 mm Hg not recommended; avoid in first 24 hr after injury 

Steroids Not recommended, contraindicated 

ARDS, Acute respiratory distress syndrome. 

_Table 68-5 Clinical Findings in Common Lumbar Disc Herniations 
DISC INCIDENCE(%) ROOT PAIN DISTRIBUTION MU5aE INVOLVED SENSORY DEFICITS 

Medial malleolus and 
medial foot 

REFLEX LOSS 
Knee jerk 1.3-L4 3-10 l4 Anterior thigh 

l4-l5 4Q-45 l5 Posterolateral thigh and 
leg 

l5-SI 45-50 Sl Posterolateral thi\t and 
leg down to an le 

Lumbar Radioulopathy 
Disc herniations can occur in any direction but usually follow a 
posterolateral direction at the si te at which the posterior longi
tudinal ligament is thinnest. D isc material extruded in this .loca
tion can comp:ress a nerve root, leading to low back pain and 
radicular symptoms in a specific dermawmal distribution (Table 
68-5). The back pain is usually a minor component. Large, more 
central disc herniations may compress the cauda equina, with 
resultant cauda equina syndrome consisting of saddle anesthesia, 
urinary retention with possible overflow inconti11encc, and sig
nificant motor weakness. In this case, it is advisable to decom
press the thecal sac within 24 hours of onset of symptoms. 

An initial period of nonsurgic.al management for at least 4 
to 8 weeks is indicated unless the patient presents with cauda 
equina syndrome, progressive neurologic deficit. recurrent epi
sodes of incapacitatiJlg pain, and/or profow1d motor weakness. 
Conservative therapy includes rest, acdviry modification, physi
cal therapy, weight loss, analgesics, muscle relaxants, oral ste
roids, and epidural steroid injections. If conservative measures 
fail to control the pain, imaging of the spine is indicated. MRJ 
is the diagnostic test of cl10ice (Fig. 68-20); postmyclography 
cr may be indicated in patients who have pacemakers. 

The standard treatment of these herniations involves a 
midline approach centered over the affected interspace, followed 

Quadriceps femoris 

Tibialis anterior; extensor 
hallucis longus 

Gastrocnemius 

large toe web. dorsum 
of foot 

Lateral malleolus. 
lateral foot 

None 

Ankle jerk 

by a hemilaminectomy to expose the thecal sac and nerve root. 
The herniated fragment is usually located medial to the root 
along its shoulder. Removal of the herniated or extruded frag
ment is sufficient to relieve the symptoms. A minimally invasive 
procedure through a l -cm paramedian incision with a muscle
splitting technique can also be used under microscopic or endo
scopic visualization, with less postoperative morbidity. Most 
patients experience good results immediately after surgery. A 
recurrent herniated disc at the sanJe level. may occur in 3o/o to 
19o/o of patients, with the l1igber rate.~ usually iJ1 series with 
long-term follow-up. 

Lumbar Spinal Stenosis 
Advanced degeneration of the llLmbar spine may result in spon
dylosis, with arthrosis and hypertrophy of the facet joint as well 
as thickening and buckling of the llgan1entum ftavum. These 
changes lead to narrowing of the spinal canal, with resultant 
constriction of the thecal sac and development of neurologic 
deficits. Patients typically pre.~ent with neurogenic claudica
tion- unilateral or bilateral dermatomal discomfort prec.i.pi
tated by standing or walking or prolonged maintenance of the 
same posture, and characteristically relieved by a change in 
posture sucl1 a~ sitting, squatting, or recumbency. ll1is discom
fort may be in the form of pain, weakness, or paresthesias. 
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FIGURE 68-20 A, T2-weighted sagittal MRI study showing a herniated lumbar <l ise fragment (arrow) at the l4-5 level. B, T2-weighted axial 
MRI showing the same fragment (arrow) compressing the thecal sac. C. T2 sagittal MRI of a patient with a large anterior disc prolapse at CS-6 
level (arrow). D. Axial images showing the disc compressing the spinal cord (arrow). 

Neurogenic claudication is tl1ought to arise from isd1en1ic root 
d1anges as a result of increased metabolic den1ands from exercise 
in the presence of vascular compromise of the root from the 
surrounding constriction. 'TI1e clinical history is important if 
spinal stenosis is suspected because most of these patients have 
nonspeci6c nemologic 6ndings such as absent or reduced 
reflexes. Again, MRI is the diagnostic test of choice for lumbar 
stenosis and typically shows an hourglass appearance on a 
T2-weighted sagittal sequence (see Fig. 68-20). Nonsteroidal 
anti-inflammatory drugs (NSAIDs), analgesics, and physical 
therapy are the mainstays of nonsurgical management. Surgical 
decompression is: warranted for patients with recurrent and dis
abling pain tl1at limits their dai ly activity. Laminotomks or 
lanl.inectomies of me involved levels with undercutting of the 
superior articular facet are required to decompress the nerves in 
the foramina. Wide aggressive decompression of the spi11al cru1al 
may result in lumbar instability. 

Lumbar Instrumentation and Fusion 
The instrumentation is an adjunct to the fusion. It provides 
irumedjacc rigjd fixation wbile tbe spine completes the process 
of bony fusion that ensures long-term stabilization. 'TI1e most 
common indication for fusion and instrumentation is 

spondylolisthesis (vertebral body subluxation). Lumbar fusion 
can be a potential adjunct to disc excision in cases of a herniated 
or recurrent herniated disc in patients with evidence of preopera
tive lumbar spinal deformity or instability or in patients with 
chrOJlic mechrul.ical ru1d discogeJl.ic back pain:14 Lumbar fusion 
is also recommended for carefully selected patients with dis
abling low back pain caused by one- or two-level degenerarjve 
disease witl10ut stenosis or spondylolismesis. 

Lumbar fusion and instrumentation can be performed 
through a number of approaches: 

I. Posterolateral fusion (PLF), whereby the transverse 
processes oft be involved segments arc decorticated ru1d 
covered with a mixture ofbone autogra.fr or aiJograft 

2. Pedicle screw fixation (PSF), whereby screws are 
inserted into me pedicles of the involved segments 
and men attached to each other under compression 
with a rod (Fig. 68-21 ), alone or in conjunction 
with PLF 

3. Posterior lumbar interbody fusion (PLIF), whereby 
an imervertehral body spacer, a hone allogra.fr or cage 
packed with bone, is inserted in the disc space 
through a lanl.inocomy on each side of the nl.idline, 
together with PSF, alone or in conjunction with PLF 

Vl 
-o 
~ 
)> 
~ 

rn 
z 
Cl 
m 
z 
m 

~ 
r-
Vl c 
;<;I 
Cl 
m 
~ 

http://www.myuptodate.com


1898 SECTION XIII SPECIALTIES IN GENERAL SURGERY 

FIGURE 68-21 A. Posteroanterior (PA) x-ray of a patient with degenerative scoliotic deformity of the thoracolumbar spine. Postoperative PA 
(B) and lateral (C) x-rays show correction of the deformity using a long pedicle screw-rod construct from Tll to S l . 

4. Transforaminal interbody fusion (TLIF), whereby 
the facet joint and the isthmus on one side are 
removed and a single bone graft or cage is introduced 
into the disc space in an oblique fashion, rogether 
with unilateral or bilateral PSF, alone or in conjunc
tion v.rith PLF 

5. Anterior lumbar imerbody fusion (ALIF), whereby 
the inrerbody space is fused using a bone graft or cage 
augmenred by a metallic interbody plate through an 
anterior retroperitoneal approach 

Bony fusion can also be augmented with bony extenders 
or substi tutes such as demineralized bone matrix or recombinant 
human bone morphogenetic protein (rhBMP-2) in an attempt 
to avoid harvesting autologous bone grafts. 

Degenerative Diseases of the Cervical Spine 
1he pathophysiology of rhe degenerative change.~ of the cervical 
spine is essentially similar to that of the lumbar spine. An impor
tant distinction is that the spinal canal in the cervical spine 
contains the spinal cord, rather than the cauda equina and, 
consequently, a minor reduction in the canal space may lead to 
compression of the spinal cord, with devastating neurologic 
results. 1here are seven cervical vertebrae, but eight pairs of 
cervical nerves. 

Cervical Radiculopathy 
The most common scenario for patients with herniated cervical 
disc is that tbe symptoms were present on awakening i.n the 
morning without identifiable trauma or stress. 'The pain usually 
radiates from the proximal arm distally, together with numbness 
and paresthesia, in a dermatomal distribution. The pain may be 

intensified by neck movements. In severe cases, a motor weak
ness along the same nerve may be noticed. On examination, pain 
with downward pressure on the vertex while tilting the head 
toward the symptomatic side (Spurling's sign) is a mechanical 
sign of disc herniation. Nerve mot compression in the upper 
cervical spine is lU1Usual. Compression of C2 root causes occipi
tal neuralgia, whereas compression of C3 and C4 may lead to 
nonspecific neck and shoulder pain. Compression of the other 
cervical roots leads to the manifestations noted in Table 6!:!-6. 

Cervical Myelopathy 
Com pression of the cervical cord, acutely by a large herniated 
disc fragment or chronically by osteop hytlc bony spurs as a resul£ 
of advanced spondylosis or stenosis, causes cervical myelopathy. 
Myelopathy is manifested by spasticity, hyperreflexia, increased 
deep tendon reflexes, clonus, and the BabiJ1Ski and Hoffman 
signs. Patients also complain of clumsiness in their hands as a 
result of poor muscle coordination. lf left untreated, patients 
may become quadriparetic and wheelchair-bound (Fig. 68-22). 

Diagnosis and Treatment 
MRI is the study of choice for the initial evaluation of a herni
ated cervical disc. cr myelography is indicated for patients who 
cannot lllldergo MRl or when anatomic bony details are 
requi.red. MRI is less accurate than Cf myelography for idcnti
~·ing foramina! fragmems but is less invasive. A cervical spine 
x-ray is always recommended to evaluate the degree of spondy
losis in the cervical spine before surgery. Electromyography 
ru1d nerve conduction studies can be useful when urher causes 
need to be excluded. such as plexopathies or peripheral nerve 
enrrapment. 
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FIGURE 68-22 T2-weighted sagittal MRI scan of a patient with 
significant cervical canal stenosis. Note the hyperintensity in the 
cervical spinal cord at the C3-4 level, suggesting rnyelomalacic 

changes. This may be indicative of permanent residual deficits. 

Table 68-6 Clinical Findings in Common Cervical Disc: Herniations 
DISC INCIDENCE (GM) ROOT PAIN DISTRIBUTION MUSQE INVOLVED REFLEX LOSS 

C4-5 2 C5 Shoulder Deltoid Deltoid 

C5-6 19 C6 Upper arm, thumb, Biceps, extensor Biceps. brachioradialis 
radial forearm carpi radialis 

C6-7 69 C7 Fin~ers 2 and 3, all Triceps Triceps 
f1ngertips 

CHI 10 cs Fingers 4 and 5 Hand intrinsics Finger jerk 

More than 90% of patients with acut.e cervical radiculopa
thy as a result of disc herniation can improve without surgery. 
Conservative therapy includes a combination of oral steroids, 
NSAIDs, analgesics, muscle relaxants, intermittent cervical trac
tion, and physical therapy. Surgery is indicated for those who 
fail to improve and those with progressive neurologic deficit 
while undergoing conservative therapy. The aim of the surgery 
is to decompress the nerve root, which can be accomplished 
through an anterior or posterior approad1. Both procedures 
carry an excellent outcome, approximately 90% to 96% improve
ment in preoperative symptoms. 

With anterior pathology (paracentral herniation or large 
uncovertebral osteophyte), an anterior cervical discectomy, 
nerve root decompression, and fusion are indicated (Fig. 68-23). 
The approach is fairly simple, through the avascular plane 
between the carotid sheacl1 and tracheoesophageal complex. The 
operative microscope is used to remove the IVD, decompress 
the thecal sac, and free the nerve roots. A bone graft, usually an 
allograft, is applied in the disc space. Next, a metallic plate can 
be applied berween the two vertebral bodies, thereby accom
plishing rigid fixation and minlmizing the need for a postopera
tive cervical collar. 

A posterior approach, also called keyhole foraminotomy, 
is indicated for patients wiili unilateral radkulopathy with 
soft disc herniation or small lateral osteopbyte, professional 
speakeiS or singers who wam to avoid ilie small risk for perma
nen£ injury to the recurrent laryngeal nerve (5%), and patients 
with a short thick neck. With the aid of an operating micro
scope, a small foraminotomy is performed wim a higb-speed 
driU to umoof the nerve root. The disc fragment can be removed, 
if accessible. 

Patients with cervical spondylosis and myelopathy present 
a difficult problem. The approach is tailored to ilie patient's 
specific pathology. Patients who suffer frnm multiple discs or 
osteophytes with myelopathy and those with significant cervical 
stenosis in addition to a superimposed disc herniation can 
benefit &om posterior cervical laminectomy. This, in turn, may 
need to be reinforced by lateral mass instrumentation and 
fusion, depencli11g on the degree of spinal instabWcy (Fig. 68-24). 
Patients with chronic spondylosis who manifest anterior and 
posterior compression may require complex surgery. In these 
cases, patients may undergo a staged surgical approach with an 
initial anterior exposure for multiple cervical discectomies or 
even cervical corpecromies with reconstruction with bone grafts 
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FIGURE 68-23 A. T2-weighted sagittal MRI study of a patient with advanced cervical spondylosis and stenosis from C3-4 down to C6-7 with 
an arute herniated disc fragment at C6-7 (a"ow) after cervical spine manipulation. B, Postoperative lateral x-ray showing C4-5, CS-6, and C6-7 
anterior cervical discectomy and fusion using a bone allograft a nd titanium plate and screws. 

or cages, foUowed by an anterior cervical plate. Next, the patient 
would undergo posterior cervical laminectomies reinforced with 
lateral mass plating. Unfornmately, the outcome from surgery 
for cervical spondylosis with myelopathy is often disappointing. 
The aim of the surgery is to arrest the progression of the myelop
athy. In one series, 660A, of patients had relief from radicular 
pain, whereas only 33% had improvement in sensory or motor 
complainrs.34 

FUNCTIONAL AND STEREOTACTIC NEUROSURGERY 
Functional neurosurgery is concerned with tbe anatomic or 
physiologic alteration of the nervous system to ad1ieve a desired 
effect. This CaJl be done with focal electrical stimulation proce
dures, ablative procedures, or implantation of pumps to deliver 
drugs, usuaUy to the CSF but possibly also to the parenchyma. 
TlJe field of fwKtional neurosurgery deals primarily with the 
treatment of pain, movement disorders, epilepsy, and some psy
chiatric disorders when refractory to conventional treatments. 
These disorders aU have in common hyperfunction or deranged 
function of some part(s) of the CNS. Sometimes, the hypcrfunc
tion results from a loss of function in some other part of the 
brain, such as in the output pathways of the globus pallidus 
(GPi) when the dopamine system in the brain degenerates, as 
in Parkinson's disease. 1l1e transminer of the overactive GPi 
output system is inhibitory; the overall effect on the motor 
systenJ is also inhibitory. The physiology of each functional 
disorder is often complex and only partly understood. It is nor 
our focus here to detail what is known about the mechanism 
underlying each of these disorders; we focus on the surgery, 
especiaUy the stereotactic techniques wd possible imerventions 
at the target site. l11is section also discusses SRS in general terms. 

In considering braiJ1 stimulation, if the reader could image 
the consequences of placing two electrodes on the central pro
cessing tmit of a computer wd nmning a pulsatile stimulating 
cmrent across it, not many would expect that the functioning 
of the computer would be enhanced. Rather, we would expect 
part of the computer not to work at aU as a result. Although we 
talk about neuroaugmentation as if it were always adding some
thing ro the function of the nervous system, most of the inter
ventions arc actually effective because they stop certain unwanted 
activity i11 the brain. It may be a surprise to many but, in most 
situations, brain stimulation results in a temporary lesion of the 
stimulated structure. In almost all cases in the older neurosurgi
cal li'terawre in which a focal lesion was fow1d co be effective, 
modern stimulation of d1at san1e structure is also effective. The 
difference is that a lesion is permanent wd static in size wd 
location. The advantage of stimulation is that it can be turned 
on or off, increased or decreased and, in the case of an implanted 
electrode array, changed in location, depending somewhat on 
which of the several contacts are activated. Tlms, stimulation 
provides a reversible, scalable, and somewhat moveable func
tional lesion. 

There are exceptions to the concept that stimulation is 
equivalent to a functional lesion. The frequency of stimulation 
can determine its overall effect a11d the neurotransmitters at the 
site of stin1ulation can also have an effect. l11e cerebral cortex, 
with its high concentrations of excitatory neurotransminers, 
may actuaUy be turned on with stimulation. Thus, certain crude 
visual prostheses may be effective on that hasis. 

Stereotaxis. as applied to neurosurgery, is concerned wid1 
rl1e localization of a target in three-dimensional space. TI1e target 
deep in the brain is not seen directly at surgery. This CaJl be a 
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FIGURE 68-24 Radiographic and intraoperative pictures of a patient 
presenting with a C2 odontoid fracture. A T2-weighted sagittal MRI 
study (A) and axial a image at the level of Cl (B) show an odontoid 
fracture with anterior displacement of d1e odontoid fragment and 
settling of the C2 body into the Cl ring, resulting in significant com
promise of the spinal canal and cord. Intraoperative picture (C) and 
lateral radiograph of the cervical spine (D) show an occipitocervical 
fusion after an anterior transoral approach for a C2 vertebrectomy. 
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tumor, wrute matter pathway, cranial nerve, vascular malfomJa
tion, or nucleus deep within the brain. The field has evolved 
using frame-based and frarneless systems but, in each case, a 
calculated inference is used to reach the target accUiately. 

F:rame-based systems use a rigid frame attached to the skull 
by pins that penetrate the outer table of the skull (Fig. 68-25). 
1l1is carl easily be done under local anesthesia, with the patient 
wide awake. 1l1e patient is d1en taken for CT or MRI with a 
localizer on the frame. Using Cartesian coordinates, the x, y, and 
z coordinates of the target can then be determined. Ln other 
words, the position of the target in rclatioJJ to the frame is 
known. Using arJ arc system, which is motmted on the frame, 
the target can be accessed by different trajectories. When the 
target is a vascular lesion, arteriography can be performed with 
a localizing frame and the position of the vascular lesion in 
three-dimensional space can be determined. Frame-based 
systems are used for brain biopsies, deep brain stimulation, abla
tive procedures, and SRS. 

SRS involves the delivery of a concentrated dose of radia
tion to a defined volume in the brain. The dose of radiation 
delivered would he toxic if given in a broad field to the entire 
brain. When delivered in multiple collimated beams from 
numerous different ar1gles, or in arcs at different angles, the 
effect on the surrotmdi.ng brain is minimized. Two methods of 
frame-based SRS are currently used widely. The gamma knife 
uses cobalt-201 radiation soUices focused on one point. Once 
the target is localir.ed in three dimensions, it is placed at this 
point and different collimators are used to focus the radiation. 
Modified linear accelerators deliver the radiation dose in mul
tipl.e arcs, thereby minimizing the effect on surrounding brain 
tissue. Both systems usc multiple isocenters for the treatment of 
irregularly shaped lesions. SRS has been used in the trcatmem 
of almost every intracraruallesion but is commonly used in the 
treatment of metastatic tumors, benign lesions of the cranial 
nerves. AVMs and, trigeminal ncura1gia.3:;.3:' 'TI1e primary risks 
of SRS are radiation necrosis and radiation injury to surround
ing strucntres. 

FIGURE 68-25 The Leksell stereotactic coordinate frame is rigidly attached to the head by four threaded pins. The fiducial box is mounted on 
the frame during tthe imaging study (MRI or CT). The x, y, and z coordinates are determined directly from the imaging study. The center of the 
frame is arbitrarily given the coordinates 100, 100, 100. (Courtesy Elekta, Stockholm.) 
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Frarndess stereotactic techniques use advanced imaging 
techniques, fidudals, and reference markers in place of a fixed 
frame. Robotic am1s, infrared reflectors, and light-emitting 
&odes provide 'the surgeon with real-time information about the 
anatomy at hamd. This teclmology can also be fused with a 
display from the operating microscope, aiding in the operative 
dissection. Tt is useful for the planning of incisions and crani
otomies and, when combined with intraoperative ultrasound, 
may be of use in determining the extent of tumor resection. 
Frameless stereotactic radiosurgical devices are commercially 
available. 3435,38.39 

Brain Stimulation 
Electrical stimuJation of the nervous system is used in the treat
ment of movement disorders, pain, and epilepsy. Stimulation 
involves placement of an electrode, which is then com1ected ro 
a subcutaneously placed generator. Here we discuss neurostin1ll
lation as it applies to the treatment of movement disorders, 
chronic pain states, and epilepsy. 

Parkinso1J's disease is the most common movement disor
der for which patients have smgery. Stereotactic techniques 
developed in the 1950s were used ro create lesions in the palli
dum and thalamus. 'These ablative procedures fell by the wayside 
for a tinle with the introduction and widespread use of L-dopa 
(L-3,4-dihydroxyphenylalanine). In the early I YYOs, there was a 
renewed interest in the use of surgical teclmiques for Parkinson's 
patients who had become unresponsive to pharmacologic agenrs 
or imoleram of their side effects. Lesions of the internal segment 
of the GPi saw a rremendous resurgence. With improvements 
in imaging and iJltraoperative microelectrode recording, deep 
braiJl stimulation soon replaced ablative procedures in the surgi
cal treatment of these patients. Stimulation induces a reversible 
inhibition of neuronal activity, which can be adjusted as the 
clinical situation demands. lhe subthalamic nucleus has replaced 

the GPi as the target of choice. Subthalamic nucleus stimulation 
is most effective for the treatment of rigidity and akinesia. 
Tremor is best addressed with stimulation of the ventralis inter
medius nucleus of the thalamus (Fig. 68-26). 

Spinal cord stimulation is used for the treatment of cllronic 
pain, dysronia, and bladder dysfuncdon. Patiems rypically 
undergo a trial of stimuJation in which wire electrodes are placed 
percutaneously and attached to an external generator. [f symp
toms improve, permanent wire electrodes or paddle electrodes 
are placed and connected to a progran1mable generator p.laced 
subcutaneously. The precise med1anism of action is unknown. 
The most common indication is that of the so-called postlnmi
nectomy syndrome, especially when leg pain is worse than back 
pain. There is also some benefit for those patients with chronic 
regional pain syndrome. Tt has not been found to be routinely 
effective i11 the treatment of cancer pain. 

Vagal nerve stinmlation has been approved by the U.S. 
Food and Drug Administration (FDA) for the treatment of 
intractable seizmes and severe depression. The mechanism of 
action is not dear but is thought to be the result of afferent 
stimulation of higher cortical centers in the bypothalan1us, 
an1ygdala, insu.lar cortex, and cerebral cortex through the nucleus 
of the solitary tract. Stimulation of the left vagus nerve decreases 
seizure frequency blo approximately 50% but rarely makes 
patients seizure-free. 0 

Implantable Pumps 
Implantable pumps are used for the treatment of chronic pain 
and spasticity. An intrathecal catheter is inserted into the lumber 
spinal canal and a trial infusion used to gauge response. Many 
patients with cancer pain wUI respond favorably to imrathecat 
administration of narcotics through a programmable pump. 
Baclofen is the agent of choice for the treatment of spasticity 
with this modality. 

FIGURE 68-26 A. Intraoperative display in functional neurosurgery for deep brain stimulation. B. a scan revealing deep brain stimulation 
electrodes at the ventral intermediate nudeus for the treatment of essential tremor. (A Courtesy Or. Daniel Dilorenzo, University of Texas Medical 
Branch, Galveston, Tex.) 
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Destructive Lesions 
Ablative lesioning of the CNS for the treatment of pain, move
ment disorders, epilepsy, and psychiatric diseases has a long 
history. Before the advent of antipsychotic drugs, institutionaliza
tion and psychosurgery were thought to be the most efficient way 
of curing and comrolling some padents with severe psychiatric 
disease. Before d1e development of the technologies described 
earlier, lesioning of different pathways in the brain and spinal cord 
was the only method for treating patients with chronic pain and 
movement disorders. Even though neuroaugmentative proce
dures and drug infusion technology have replaced many of the 
neuroablative procedures formerly in widespread use, a few abla
tive procedures sdll retain their clinical usefulness. 

Dorsal root entry zone lesions are particularly useful for 
patients with deafferentation pain related to brachial plexus 
injury and, to a lesser extent, patients with spinal cord injury 
who have so-caiJ.ed end :ame pain. In these conditions, deaffer
entation of the spinothalamic tract neurons results in spontane
ous firing and the sensation of pain. The procedure creates 
lesions of the dorsal horn of the affected lcvds using a thermo
couple prohe. Extension of this concept has been applied ro the 
caudal nucleus of the t rigeminal nerve for the treatment of facial 
pain syndromes. 

Myelotomy h as traditionally been used in the treatment of 
bilateral cancer pain. It involves sectioning of the anterior com
missure at and above the involved levels, which interrupts pain 
fibers on their way to the contralateral spinocl1alamic t ract. A 
modified technique that only interrupts the median raphe of cl1e 
dorsal columns h as been described.11 This presumably interrupts 
the second-order visceral pain pathway demonstrated to travel 
up the mammalian dorsal funlculus.12 

Cordotomy involves lesioning the anterolateral quadrant of 
the spinal cord at cervical levels, thereby eliminating input from 
the spinothalamic tract on the contralateral side of the body. 
Historically, it was most useful in tl1e treatment of unilateral 
cancer pain. Bilaterallesioning increases the risk for neurologi
cally mediated sleep apnea (Ondine's curse}. It can be performed 
percutaneously or as an open procedure. 

Sympathectomy involves surgical interruption of the sym
pathetic chain at the high thoracic or lumbar level. A variety of 
endoscopic, thoracoscopic, radiofrequency, and open techniques 
are used. It is primarily used in patients with hyperhidrosis, 
sympathetical1y mediated pain, causalgia, chronic regional pain 
syndrome, and Raynaud's disease. 

Nerve block or neurectomy uses local anesthetic, some
t imes witb corticosteroids, which can be injected into the tissues 
surrounding a peripheral nerve, blocking conductivity and 
relieving pain. This can result in a long-lasting effect but typi
cally is short-lived. Neurolytic agents (phenol or absolute 
alcohol) can also be used. Nerves can also be surgica!Jy divided 
or interrupted using radiofrequency techniques. There is a sig
nificant risk for recurrence with ablative neurectomy. Local 
nerve blocks are generally used in diagnostic procedures but can 
be repeated as necessary for the relief of pain. Ablative neurec
tomy is usually reserved for short- term relief in patients with a 
poor prognosis and short Life expectancy. 

Epilepsy 
Epilepsy is not a distinct clinical entity with an identifiable 
cause, but rather is a complex collection of disorders of the brain 
that aU share seizures as part of the complex. Seizures arc 
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classified as partial, generalized, or unclassified. Partial seizures 
are simple (consciousness nor in1paired) or complex (conscious
ness in1paired). Generaliz.ed seizures are convulsive or non
convulsive. Incidence rates in developed countries (40 to 
70/100,000) are lower than those in developing countries (lOO 
to I9011 00,000). Approximately 20% to 40% of patients with 
seizures do not respond to anticonvulsant therapy. Failure to 
respond to three ant iconvulsant medications prompts referral to 
a center specializing in epilepsy evaluation and treatment, and 
approximately 1.33% to 4.50% of those patients are candidates 
for surgical intervention.43 

The goal of clw workup of the patient who is a potential 
candidate for the surgical treatment of epilepsy is to identify the 
cortical area responsible for the onset of tlJe seizure. When the 
radiographic workup (MRI, CT. or both) reveals an obvious 
lesion causing the seizure (e.g., tumor, vascular malformation), 
the treatment is relatively straightforward and involves removal 
of the lesion. ln other cases, the offending lesion is not as 
obvious on imaging, and intensive and often invasive monitor
ing is necessary to determine the epileptogenic focus. lt is also 
important to determine language dominance and areas of the 
brain that are fLU1ctionally abnormal during the imerictal period. 
Noninvasive techniques that have become more widely available 
and better characterized include magnetoencephalograpby, 
positron emission tomography, single-photon emission cr 
(SPECT), and functional MRL Invasive modalities used in the 
evaluat ion of patients for seizure surgery include the Wada test 
for language dominance, srereoractlcal1y implanted depth elec
trodes, implanted strip electrodes, and in1planred grid electrodes 
(Fig. 68-27). Any or all of these techniques may be useful in 
brain mapping. It has long been possible to map critical speech 
and Limb movement areas in awake, locally anesthetized crani
otomy patients at the time of seizure focus resection. 

Based on the information obtained in a noninvasive 
workup, the patient may be taken to surgery. Dominant henli
sphere lesions are often operated on wim the patient awake to 

FIGURE 68-27 Intraoperative view of grid electrode placement for 
epilepsy surgery. (Courtesy Dr. Nitin Tandon, University of Texas. 
Houston.) 
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aUow for intraoperative confirmatory brain mapping. This is 
accomplished by stimulating the cortex and observing and mon
itoring the patient's response, looking for speech arrest, anomia, 
or Hmb weakness or numbness. The most common surgical 
procedures performed for epilepsy are anterior temporal lobec
tomy, focal cortical resection, multiple subpial rransection, 
hemispberectomy, and corpus callosotomy. 

Anterior temporal lobectomy is the most common opera
tion for seizures. An entirely unilateral interictal focus is the ideal 
indication (Fig. 68-28). 1l1e anterior temporal lobe, anterior 
hippocampus, and amygdala arc excised. Lf the epileptogenic 
focus is not completely excised, the patient may continue to 
experience intractable seizures. If too much temporal lobe is 
resected, it can result in a contralateral superior quadrantanopsia 
or, in dominant hemisphere lesions, speech and language 
dysfunction. 

Focal cortical resection is usually performed in the frontal 
cortex. The results are more variable than those with temporal 
lobectomy. 

Multiple subpial transection is used in more eloquent areas 
of the brain and involves making cortical incisions perpendicular 
to the surface of the gyrus in question. 111is presumably preserves 
descending fibers and fun ction while interrupting spread of any 
epileptogenic activity within the cortical mantel itself 

Corpus callosotomy is used to prevent the rapid spread of 
seizures, rather than eliminate the focus. It is primarily usefuJ in 
seizures that suddenly generalize, resulting in atonic drop attacks, 
as in Lennox-Gasraut syndrome. 

Henlispherectomy is usually reserved for young children 
with seizures restricted to one hemisphere but threatening the 
good hemisphere by secondary effects of repeated seizures, as in 
Rasmussen's syndrome. 1l1ere is usually some abnormality of 
ceUular migration. [n the past, the entire cortex was removed, 
leaving the basal ganglia intact. Even though there was a signifi
cant decrease in sciwrc activity, the procedure led to a high 

FIGURE 68-28 T2-weighted coronal MRI study shows gliosis and 
atrophy of the left mesial temporal structure (arrow). (Courtesy 
Dr. James E. Baumgartner, University of Texas, Houston.) 

complication rate, with ex vacuo brain shifts. A newer technique 
now involves preservation of portions of the cortex and its blood 
supply while disconnecting them from the rest of the brain by 
extensive undercutting of the adjacent white matter.44 

Trigeminal Neuralgia 
Trigeminal neuralgia affects approximately 4 in I 00,000 indi
viduals and is characterized by brief episodes of severe, lancinat
ing pain in one or more of the three divisions of tbe trigeminal 
nerve, usually V2 and V3. Patients often describe that it is pre
cipitated by touch or extremes of temperature. In extreme cases, 
a patient may refuse to eat or shave to avoid triggering the severe 
jolts of pain. Sensation usually remains intact, and significam 
numbness or jaw weakness leads to suspicion of a compressive 
mass lesion such as tumor. Often, patients arc referred with an 
already established diagnosis. It is reassuring if the patient has 
responded at some point to carban1azepine or an appropriate 
medication. MRJ is used to rule out posteri.or fossa tumors and 
multiple sclerosis, which can present wi th related symptoms. 
Most patients respond to the oral administration of carbanlazc
pine. Baclofen and gabapentin also have some clinical usefulness 
in medical treatment. 1l1e most common mechanism is pre
sumed to be related to vascular compression of the fifth crania\ 
nerve as it enters the brainstem (Fig. 68-29). With aging, the 
arteries elongate and can then begin to loop against the cranial 
nerves. At its entry to the pons, the fifth nerve has lost its 
peripheral nerve supportive architecture, tbe reticulin and mes
enchymal elements rhat toughen the nerve more peripherally. 
Focal puJsatile pressure of the artery against tlus vulnerable part 
of nerve results in ephaptic transmission from large myelinated 
fibers to small myeHnated (A delta) and unmyeH.natcd fibers. 

Surgical therapy is usually reserved for patients who fail 
medical treatment. Microvascular decompression involves a 
small suboccipital craniotomy for microsurgical exploration of 
the dorsal root entry zone of the trigeminal nerve on the affected 

FIGURE 68-29 Intraoperative photograph through of a patient with 
typical trigeminal neuralgia. The left trigeminal nerve is compressed 
superiorly by an arterial branch of the superior cerebellar artery 
(arrow). 
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FIGURE 68-30 Lateral skull fil m in a patient undergoing glycerol 
rhizotomy for typical trigeminal neuralgia. A 20-gauge spinal needle 
is directed to the foramen ovale and nonionic contrast agent is 
injected to outline the trigeminal ganglion (arrow). 

side. 1l1e offending vessel, usually the superior cerebellar artery, 
is then dissected off the nerve and a barrier (Teflon or PYA 
[polyvinyl alcoh<.>l] sponge) is placed between rhe vessel and 
nerve to prevent continued pulsatile focal compression. In espe
cially favorable situations, the offending artery can be dissected 
free to loop away from the nerve, without the need for padding. 
A small sling of arterial parch graft material can also be sewn ro 
hold the artery loop away from the nerve. 

Percutaneous trigeminal rhizotomy techniques generally 
involve raruofrequency heat lesioning of the trigeminal ganglion, 
glycerol injection (Fig. 68-30) into the spinal Auid of Meckel's 
cave (which causes an osmotic dan1age preferentially ro the 
smaUer pain-carrying nerve fibers), or mechanical trauma to the 
nerve or gangliom by transient inflation of a no. 4 Fogarty cath
eter balloon. Eacb method has its own proponents along with 
advantages and disadvantages. 

SRS has heen described for the creatmem of trigeminal 
neuralgia:~5 Although initial results have been encouraging, 
long-term efficacy has yet to be determined. 

HYDROCEPHALUS 
Hydrocephalus denotes excessive accumulation of the CSF in 
the intracranial compartment. The accumulation of fluid can be 
in the intracerebral (ventricular) or extracerebral (subarachnoid 
spaces and cisterns) compartments. 

Normally, there is a fine balance between CSF production 
by the choroid plexus and absorption at the aradmoid viUi along 
the superior sagittal sinuses. CSF production has been found to 

be 0.33 mL!kg/hr (20 mL!br). Almost all the Auid produced is 
absorbed within 8 hours. Any imbalance in this will lead to 
excessive accum1.1lation of CSF, causing hydrocephalus. Thus, 
hydrocephalus can be caused by excessive production, decreased 
absorption, or obstruction anywhere in the pathways. Usually, 
the obstruction us never complete and there is some absorption 
from the ependyma. 
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Types 

Communicating and Obstructive Hydrocephalus 
11us rusrinction was made several decades ago to explain whether 
the obstnacted ventricular CSF communicated with the sub
arachnoid CSE In obstructive hydrocephalus, the obsrrucrion is 
at or proximal to the fourth ventricular outlet foramina (foramen 
of Magenrue, foramen of Luschka). However, if the obstruction 
is beyond the fourth ventricular outlet foramina (cisterns or 
arachnoid granulations), it is classified as communicating hydro
cephaltas. Common examples of obstructive hydrocephalus arc 
aqueductal stenosis and hydrocephalus associated with tumors. 
When the term was initially coined, it took into accoum rhe 
findings of ventriculography and pneumoencephalography. 
However, with the arrival of CT and MRl, these investigations 
are no longer necessary in most cases and the terms communicat
i1lgand obstructive were no longer clinically important. However, 
as wi ll be discussed later, the advent of endoscopic third ven
triculostomy bas generated renewed interest in these terms. 

Acute and Chronic Hydrocephalus 
Hydrocephalus developing within days or few weeks (e.g., 
hydrocephaius caused by tumor) manifests with rapid progres
sion of symptoms is known. as acute hydrocephalw. It requires 
early attention and treatment. On the other band, CSF accu
mulation over months (or even years) presents with subtle signs 
of memo.ry impairment, walking difficulty, or urinary inconti
nence and is termed chronic hydrocephaLw. A classic example is 
NPH, whid1 is seen usually in older adults. At times, chronic 
hydrocephalus can present acutely because of d1anges in the 
pathophysiology of d1e CSF absorption or flow. 

Congenital and Acquired Hydrocephalus 
Hydrocephalus present at birth is known as congenital h]•dro
cephalus. At times, congenital hydrocephalus is apparent a few 
weeks or months after birth; the process may even have started 
while the cluld was i.n utero. Although congenital hydrocepbalus 
is commonly obstructive in nanare, it can be communicating, as 
in intrauterine toxoplasmosis or cytomegalovirus iJ1fections. 
In acquired hydrocephalus, the pathologic process starts after 
birth and includes post-traumatic hydrocephalus, hydrocephalus 
associated with rumors, and NPH. 

Hydrocephalus Ex Va010 (Compensatory Hydrocephalus) Here, the 
ventricles enlarge in a compensatory manner because of overall 
shrinking of the brain tissue. This can nuslead an inexperienced 
physician to ruagnose hydrocephalus, whereas the enlargement 
of the ventricles is actually caused by the shrinkage of brain 
tissue. This is commonly seen in those of advanced age with 
brain atrophy, following diffuse bead injury or stroke, and with 
various neurodegenerative conrutions. The most important con
dition that is usually confused with hydrocephalus ex vacuo is 
NPH. unfortunately also seen in older adults. 

Porencephaly 
Porenccphaly, or porencephalic cyst, commonly refers to a con
dition in wh.ich a focal brain substance has suffered some loss of 
volume (e.g., stroke, postSurgical change in volume) leading to 
the collection of CSF in the cavity. Porencephalic cyst is usually 
differentiated from hydrocephalus ex vacuo by irs localized 
nature. 
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Arrested Hydrocephalus 
1his represents a condition in whkh the ventricles are large, with 
the patient having no significant symptoms to require a surgical 
procedure. However, this term should be used with caution 
because it is well known that these patients may develop symp
toms over a prolonged period or may manifest acutely following 
a precipitating event sud1 as minor trauma or infection, which 
alters the CSF dynamics. 

Clinical Features 
In hydrocephalus, CSF retained iJlSide the cranial compartment 
results in increased lCP and dilation of ventricles, causing com
pression of the adjacent brain. The symproms differ considerably 
i.n different age groups. ln infants, a thin and relatively nonrigid 
skull allows for an overall cranial expansion, whereas in older 
children and adults the rigid fused skull prevents its enlarge
ment. Considering this, in infantile hydrocephalus, either the 
infant i.s born wicl1 a large head or the head grows abnormally 
during the first few months of life. The anterior fontanel is 
usually full; it may or may not be bulging. L1 extreme cases, a 
relatively higher ICP allows the blood to be diverted from the 
intracranial to extracranial compartment, resulting in promi nent 
and dUated scalp veins. A late feattLre is the classic sunset sign, 
manifested with dow11ward deviation of the eyeballs, like a 
setting sun. 1his is caused by compression of the midbrain 
tectum by the posterior part of the dilated third ventricle. ill 
later stages, the child wiJI be irritable, fussy, and may not accept 
feeds. It may be associated with vomiting. Usually, there is no 
associated fever or diarrhea. Lethargy, drowsiness and, in extreme 
cases, lapsing into a comatose state will follow if the child 
remains untrealted. 

In older chUdren ru1d adults, fusio11 of the skull bones no 
longer permits the craniltm to enlarge. The enlarging ventricles 
result in raised ICP and compression of the adjacent brain. There 
are two common modes of presemation, rapidly progressive 
hydrocephalus and chronic hydrocephalus. Ll rapidly pmgrcs
sive hydrocephalus. the increasing accumulation ofCSF increases 
the ICP. causing new-onset headache and vomiting (commonly 
known as features of raised ICP). If Wltreated, these symptoms 
worsen and blurring of vision often occurs. In patients with 
long-standing raised pressure, papilledema can result in second
ary optic atrophy. If stiLl untreated, drowsiness and progression 
to coma follow. Focal neurologic deficits arc not experienced, 
although walking difficulty or the sensation of giving way at the 
knees can occux. 

ln chronk bydrocephalus, the CSF accumulates more 
slowly, thus gradually compressing the brain. This type of pre
sentation is predominantly seen in older adults, although it can 
occLtr at a younger age. 1he patient becomes progressively dull, 
apathetic, and uninvolved wid1 ber or Ius surroundings. Memory 
impairment for recent events is commonly seen, but usually the 
remote memory is well preserved. A short stepped gait with a 
wide stance and unsteadiness is evident. Urinary incontinence 
initially accompanies the form of mgency of micturition. 
Although .it is uncertai.n why most of d1ese patients do not have 
significant headache, it is assumed that slow dilation of the 
ventricles compresses the adjacent braiJ1 to accommodate for the 
CSF without causing raised ICP. 

Seizures a:re uncommon because of hydrocephalus per se, 
bur they may be caused by the process that initiates the hydro
cephalus. It is worthwhile to note a phenomenon seen in late 

stages of untreated hydrocephalus known as cerebellm· fits or 
hydrocephalic attacks. Preceded by progressively severe headache, 
cl1e patient lapses into transient sudden unconsciousness associ
ated wiili a decerebrate or decorticate response, downward 
deviation of the eyeballs, and respiratory distress. The recovery 
is usually spontaneous. 'TI1ese episodes recur unti l CSF diversion 
is iJlstitured. This is caused by acute transtentorial herniation, 
result iJ1g i.n compression of the braiJ1Stem. 1he condition is 
associated with significant morbidity and can be uniformly fatal 
w1le...s prompt CSF drainage is iJlStituted. 'Tills is a true medical 
emergency and under no circumstances should treatment be 
delayed. Survivors often develop permanent hemianopia caused 
by occipital infarcts from compression of d1e posterior cerebral 
arteries against cl1e tentorial edge during the herniation. 

Diagnosis 
The common diagnostic modali ty for hydrocephalus is CT, 
often accompanied by MRL Cranial ultrasound evaluation has 
been used predominantly in the newborn and infants with an 
open fontrulel. The cr scan shows dilated ventricles aJld often 
indicates the pathology and site of obstruction. The venrricular 
system dilates proximal to the obstruction, whereas the CSF 
pathways distal to the obstruction are not well visualized. One 
can ulfer ilie level of obstruction from by CT because all the 
ventricles are usually well visualized. Most of the tumorous 
pathology can also be well visualized by cr. However, it CaJlllOt 
deliJleate the exact site or nature of the obstruction. Probably 
clle best use of cr for managing hydrocephalus bas been in 
assessing patients with shunt malfunction. An obstructed shtmt 
ofren, alcl10ugh not always, leads to dilation of the ventricles, 
whid 1 car1 easily be identified by cr. L1 addition, cl1e radio
opaque shunt tube is well visualized by cr. 

MRI has been the imaging choice for newly diagnosed 
hydrocephalus. The ability of MRl to obtain images in three 
different plru1es-<oronal, sagittal and axial- has been of con
siderahle value in diagnosing ilie exact cause of the hydrocepha
lus and site of obstruction. With a properly done MRl, cl1e sire 
of obstruction can be well visualized in most patients with 
obstructive hydrocephalus (Fig. 68-31). 1hs is of considerable 
importance because small rumors or cysts causing the hydro
cephalus can be visualized and, when removed, can relieve the 
hydrocephalus. Also, a~ discussed later, MRJ is considered essen
tial prior co considering endoscopic clilid ventriculostomy or 
aqucductoplasty; these are exciting alternatives for managing 
hydrocephalus ru1d a~ssing ilie effectiveness of endoscopic 
tlurd ventriculostomy during follow-up. 

Treabnent 
'TI1e ultimate goal in the treatment of hydrocephalus is to reverse 
the neurologic damage caused by the raised ICP. Reconstitution 
of the cerebral mantle to allow normal intellectual development 
and avoidru1ce of shunt dependency should be considered as 
additional management goals. A cerebral mantle clllckness of 
2.8 em or more has been found to be associated wiili a good 
outcome. However, cortical mantle reconsti tution is not satisfac
tory if treatmc.nt is delayed for longer than 5 months. 

Surgery for hydrocephalus involves diversion of the accu
mulated CSF by one of the following procedures: (1) by reopen
ing the obstruction to allow the CSF to flow into its natural 
pathway; (2) by creating a diversion before the obstruction to 
allow the CSF to drain into the imracrru1ial pathways distal to 
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FIGURE 68-31 Tl -weighted sagittal MRI scan of patient with gross 
obstructive hydrocephalus caused by aqueductal stenosis (arrow). 

the block; or (3) by diversion of the CSF into another cavity so 
it becomes absorbed into the bloodstream. Examples of reopen
ing of the obstructed pathway include endoscopic aqueducto
plasry and excision of the tumor caus.ing hydrocephalus; 
endoscopic third ventriculostomy faiJs into the second category. 
Ventriculoperitoncal shunts, which have been the mainstay of 
treatment in hydrocephalus, belong in the third group. 

Although shunts have been the mainstay of treatment for 
several decades, endoscopic procedures have now become more 
popular. 1hese include endoscopic third ventriculostomy, endo
scopic aqueduct<>plasty, and endoscopic aCJueductal scenting. 
These alternative procedures appear exciting, bur strict patient 
selection criteria are required. 

It is often difficult for a pediatric neurosurgeon to decide 
whether the pati.ent with ventriculomegaly needs a CSF diver
sion procedure. Imaging studies and invasive procedures sucl1 
as ICP moniwrimg have not been able w predict which pacicms 
are Likely to develop intellectual deterioration as a result of 
hydrocephalus reliably. Children yotU1ger than 5 years with 
moderate to severe hydrocepbalus without any symptoms often 
arc considered for a CSF diversion procedure because it is often 
difficulc to assess intellectual development in chis age group. It 
is also considered that mere attainment of developmental mile
stones is not indicative of adequate development of intellectual 
function. Insertion of shunt protects these children against the 
effects of persistent ventriculomegaly and ensures an optimal 
environment for future intellectual development. However, 
children older than 5 years and adults with asymptomatic ven
triculomegaly often are closely watched, with frequent assess
ment of intelleotual development, before considering a shunt 
insertion. 

Medical treatment has not proved to be useful for hydro
cephalus. It is often used as a temporary measure and in con
junction with smgical management. Acetazolamide has been 
commonly used because it has been found to reduce CSF 
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production. However, benefits are minimal and high doses of 
the drug, which cause metabolic acidosis, are required to achieve 
the effect. 

Cerebrospinal Fluid Shunts 
Although initially rhc concept of shunting appeared ro be 
simple, it has proven to be more complex over the years. Being 
purely mccl1an.ical devices, shunts have not been able to manage 
the complexity of the CSF dynanl.ics associated with hydro
cephalus effectively. Basically, CSF shunts are tubes wirl1 valves 
that drain the CSF out from one compartment into another. 
1l1e shwlt contains three parts, the ventricular end, valve 
complex, and distal end. The distal end is usuaiJy nan1ed after 
the organ into which it is inserted; for example, in ventriculo
peritoneal shunts, it is known as the peritonettl end and in ven
triculoatrial shunts, it is known as the atrial end. Often, 
antisipbon devices that prevent the CSF siphoning effect, wbicb 
can result in ovcrdraiJJage when the person is in ru1 upright 
position, are included in the valve complex. 

Shunt malfunction, infection, ovcrdrainage, brain injury, 
seizures, and distal complications are the major complications 
associated with shunts; shunt malfunction is the main complica
tion of shunt procedures. Malfunction is so common that some
times it is not considered as a complicacion but as part of the 
natura] history of shunt surgery. Of the several predisposing 
factors for shunt malfunction, age has been found to be signifi
cant . ln a multicenter study involving 38 neurosurgical centers 
and 773 parlenrs, 29% of shunts failed in the first year, requiring 
reoperarion. Approximately half of the shunts ( 47%) inserted in 
children younger than 6 months failed a~ compared with 14% 
of the shw1ts that failed in children older than 6 monrl1s. It was 
also found that shunrs placed as an emergency procedure failed 
more often (34%) than shunts placed electively (29%).45 Shunt 
components can also become disconnected at the junctions and 
migrate to either of the cavities. [f the distal end of the tube 
migrates into the abdominal cavity, the rube is usually left 
behind. It generally Aoats freely in the abdomi11al cavity and 
does nor precipitate bowel obstruction. Some neurosurgeons, 
however, would prefer to remove the abdominal carl1eter witl1 a 
laparoscopic device. Similar to subcutaneous tissue, the catheter 
ha~ to be removed if the shunt is infected or rl1ere is some other 
abdominal infection. 

1he incidence of shunt infection, the second significant 
complication, ranges from 4% to 7%. Common organisms 
include Staph]dococcus epidermidis (50% ro 60%), Stttph]r/ococcus 
ttureus (20o/o to 30%), gram-negative bacilli, and Propionibttcte
rium spp. Most shunt infections occur within 3 months of 
insertion, with a small percentage occurring as late as 6 months 
postinsertion. Most shunts are inoculated at rl1e time of inser
tion although, uncommonly, it can be a hematogenous spread. 
S. epidermidis forms a biofilm and adheres to rl1e shunt tube, 
which protects the bacteria against oral or IV antibiotics. The 
colonization permits the bacteria to remain quiescent for weeks 
or sometimes a few monrl1s before the infection manifests. 1l1e 
cH1l.ical picture depends on the severity of the infection, time of 
diagnosis, and site of infection. Shunt infections can be infection 
of the shunt tube in its subcutaneous tract or wound (wound 
infection or of rl1e CSF spaces (meningitis), ventricles (ventricu
litis), or abdom inal space (peritonitis). Early subcutaneous infec
tions manifest with low-grade fever, redness along the shunt 
tube, and purulent discharge from rl1e incision. Wound breakage 
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and exposure of the shunt rube can occur. Later, as the infection 
involves the CSF and ventricles, it may be associated with 
decreased sensorium, seizures, and neurologi.c deficits. If tbe 
infection involves the abdominal cavity, it can present with 
features of peritonitis. A high degree of suspicion for infection 
in the posroperative period is key for an early diagnosis. 'TI1e 
possibility of a shunt infection should be considered in any 
patient with a shunt; however, only occasionatly is the shunt 
related £O the fever. TI1e diagnosis is confirmed by shunt tap and 
CSF culture. Complete removal of the shunt tube is recom
mended, with reinsertion of a new shunt once the infection 
clears. The incidence of shunt infection is reduced by the use of 
catheters impregnated with rifampicin and clli1damycin, which 
are effective against gram-positive bacteria. 

It is imperative that the general surgeon be acquainted with 
the distal complications of ventriculoperitoneal shunts because 
they may be encountered with relative frequency in a general 
surgery practice. TI1e two common distal complications are 
ascites and pseudoperitoneal cyst. Reduction in absorption of 
the CSF, causing generalized fluid accumulation in the perito
neal cavity, results in ascites. Common causes include a reduced 
absorbing surface (premature infants), high protein content of 
the CSF, peritoneal scarring from previous infections, or elevated 
venous pressure. Although usuatly sterile, ascites can be infected 
in as many as 15% of cases. Not uncommonly, asci tes can 
present as shwH malfunction caused by backpressure and reduc
tion in CSF drainage from intracranial compartment. In infected 
ascites, there will be associated signs of local and systemic in fec
tion. The shuntt is usually removed and placed in another cavity, 
sucl1 as the atriun1. ln infected ascites, the shunt is externalized 
and replaced into an altemate site (e.g., atrium, pleura) after the 
infection is cleared. In premature infants with a reduced absorp· 
tive surface, it is not uncommon to find that the peritoneum 
often functions satisfactorily after few years. 

In pseudoperitoneal cyst, there is a loculated pocket ofCSF 
in the peritoneal cavity walled off by bowel and omental tissue. 
1lus results in :a cystic Attid collection, which often presents as 
a mass in the abdomen. Generally, this is associated with a low
grade infection of the shunt tube or abdomen, a previous 

infection, or surgery of the abdominal cavity that has resulted 
in scarring and reduced absorption. This is usually easy to diag
nose because the shunt tube can be seeJl lyiJlg inside a Auid-fiiJed 
cavity in the abdomen. Pseudoperitoneal cyst often presents 
with shunt malfw1ction, witl1 abdominal distention . Surgery 
involves exteriorizing rhe shunt rube, treating the infection, if 
present, and then reinserting the shunt into another compart
ment (i.e., converting it into ventriculoatrial shwlt) or into 
another site in the abdominal caviC)'· Surprisingly, the second 
approach works for most patients. 

The distinction between ascites and pseudoperitoneal cyst 
is significant because a pseudoperitoneal cyst is associated with 
a higher infection rare than ascites. Also, i11 ascites, the shunt 
needs to be removed from tl1e peritoneal cavity because 
the entire peritoneal cavity cannot absorb fluid. whereas in the 
pseudoperitoneal cavity it is usuatly sufficient to remove the 
shunt and replace it into another region of the peritoneal 
cavity. 

Alternatives to Shunting 
As nNed, advances iJ1 endoscopic neurosurgery have created 
several alternative options to the placement of shw1ts. Endo
scopic third ventriculostomy, endoscopic aqueductoplasty, 
endoscopic aqueductal stenting, and endoscopic septostomy are 
available as alternatives to shunt procedures. However, all these 
procedures are currently only effective for certain types of 
obstructive hydrocephalus, and not all procedures are effective 
for aU types of obstructive hydrocephalus. ln aqueductoplasry; 
tl1e obstructed aqueduct is recanalized with the help of a 3 Fr 
Fogarty catheter under direct endoscopic vision; in aqueductal 
scenting, a stent is placed in the aqueduct to prevent further 
redosure. The stent is usually attached to a subcutaneous reser
voir to prevent its migration. Both these procedures are only 
indicated for obstructive hydrocephalus with short-segment 
aqueductal stenosis, for whicl1 an adequate reopening can be 
made without risking injury to the adjacent midbrain. Endo
scopic third ventriculostomy .involves the creation of a fenestra
tion 'in the floor of the third ventricle to bypass the obstructed 
CSF into the basal cisterns (Fig. 68-32).4M' Endoscopic thi.rd 

FIGURE 68-32 A. Endoscopic view of the third ventricular floor after the third ventriculostomy. B. Follow-up MRI scan 4 years later demonstrat

ing good flow at the fenestration site (a"ow). 
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ventriculostomy is effective for obstructive hydrocephalus 
associated with obstruction at or beyond the aqueduct (e.g., 
aqueductal stenosis, tumors of the fourd1 ventricle, fourth ven
tricular outlet obstruction). However, the effecr.iveness of these 
alternative procedures varies with age, with the procedure being 
least effective (20o/o ro 40o/o success rare) in neonates and 80% 
effecr.ive in older children and adults. Although the cause for 
this is uncertain, failure of absorption of CSF by t11e normal 
absorptive process (arachnoid granulations) has been the most 
common explanation. 

Special Types of Hydrocephalus 
Two common but distinct types of hydrocephalus seen in two 
different age groups need further mention. 'TI1cse are benign 
external hydrocephalus seen in infants and NPH seen in older 
adults. 

Benign External Hydrocephalus 
1his is seen exclusively in children and is often mistaken for 
subdural hematoma or hygroma in infants. A relative immatu
rity of the arachnoid viiH, which fail to absorb the required 
amount ofCSF into the bloodstream, has been posn•lated as the 
cause. With the obstruction at the level of the arachnoid vi.IH, 
a communicating type of hydrocephalus develops. 'TI1e child 
usually presents with a macrocranla, with mild delayed mile
stones. CT or MRJ usually reveals evidence of a prominent 
ventricular system, with prominent subarachnoid spaces. Usually 
a self-limiting condir.ion, this is corrected by 2 yeats of age and, 
unconm1only, may require a subduroperitoneal shunt. 

Normal-Pressure Hydrocephalus 
1his is another form of communicating hydrocephalus seen in 
older patients with excessive accumulation of the CSF in the 
intracranial compartment leading to dilation of the ventricles 
and subarachnoi<l spaces. The cli.n.ica1 picture is typically of an 
older patient who presents wi th the triad of gait ataxia, demen
tia, and urinary incontinence. Unfortunately, most patients with 
NPH are w1derdiagnosed or misdiagnosed in clinical practice. 
l11e exact cause is wumown, but reduction in absorpr.ion of CSF 
by the arachnoid granulations has been postulated. In these 
patients, the brain parenchyma is less stiff (more compliant) to 

allow it m be compressed by the developing ventriculomegaly 
and rhus does not result in increased ICP. However, dlis is not 
always twe. because i.nterminenr increases in ICP have been 
detected by several investigators. 

Hydrocephalus developing afrer several primary imults 
(e.g., trauma, infection, previous neurosurgical procedure) can 
present as NPH. l11e diagnosis is usually a combination of clini
cal features associated with prominent ventricles seen by CT and 
MRl, with no other abnormalities. A therapeutic trial of CSF 
drainage has been used for patients suspected of having NPH 
to predict response to treatment. Diversion of CSF, usually by 
a ventriculoperltoneal shwu or from the lumbar space by a 
lumboperitoneal shunt, bas been the mainstay of treatment. 
Variable-pressure programmable shunt valves have been found 
to be extremely usefuJ in regulating the flow to avoid complica
tions of overdrainage while optimizing the overall omcome. 
Early diagnosis and treatment are associated with higher success 
rates, justifying an early recognition of this treatable form of 
dementia. 
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Other Considerations 

Shunts and Intra-Abdominal Surgeries 
Often, patients with ventriculoperitoneal shwm require other 
surgical procedmes. It is not m1common for the neurosurgeon 
to be asked about the safety of the procedure before it is con
templated. The circumstances can be broadly divided into two 
categories: (1) surgery when the shunt tube is not exposed and 
(2) surgery when the shunt tube will or rna)' be exposed. 

Surgery When lf1e Shunt Tube Is Not Exposed 1hese procedures 
should nor cause any mechanical obstruction to the shunt. 
However, the risk of shunr infecrlon is a potential concem and 
the risk is higher if the smgery is performed th.rough a contanli
nated field with a predisposition for bacterial dissemination 
(e.g., lower gastrointestinal tract-colorectal biopsy). 

Surgery When the Shunt Tube Is or May Be Exposed This group 
presents some concerns about fuJKtioning of the shunt in the 
postoperative period because the shunt tube is expected to be 
exposed during the procedure. Exposure of the shunt tube also 
increases the likelihood of shunt infection caused by direct 
contamination or dissemination during the surgery. These 
procedures include abdominal surgeries with an indwelHng 
ventriculoperitoneal shunt and thoracic surgeries with a ven
triculopleural shunt. Preoperative discussion with a neurosur
geon and his or her presence in the operating room is considered 
ideal under such circumstances. 

Shunts and Appendicitis 
Appendicitis is a common condition in d1e general population 
and it is not uncommon to find patients with shunts in the 
emergency room being diagnosed with appendicitis. Diagnostic 
errors are common and can cause delay in initiating appropriate 
treatment. Uncomplicated appendicitis often can be effectively 
managed by conventional treatment protocols. If the shtmt rube 
is seen duri11g the appendicectomy, these often can be managed 
by replacing the catheter away from the operative sire. These 
patients need to be followed up closely to assess for any chronic 
abdominal infection, which may present several weeks after the 
initial smgery. Patients with a ruptured appendix usually need 
the sh wlt to be externalized and broad spectrwu antibiotic 
therapy initiated; once d1e periwneal infection has cleared, 
another site in the peritoneal cavity may be chosen to insert the 
shunt. Alternatively, a ventriculoatrial or venrriculopleural shunt 
can be considered. 

Hernia, Hydrocele, and Shunts 
lt is not uncommon to see an infant with a shtmt developing a 
hydrocele or hernia a few months after insertion of the shtmt. 
One study has reported that l5% of shunted children developed 
inguinal hernias and hydroceles were seen in another 6% of 
boys.48 Persistence of the peritoneovaginal canal causes the CSF 
to track from the peritoneal cavity into the scrotum, thus causing 
hydrocele. If the communication is large, bowel loops can 
migrate iJlto the scrotal sac, which results i11 inguinal hernia. 
UsuaUy, cl1e collection is lax and supple. Uncommonly, the distal 
end of cl1e shu11t rube can migrate inro tbe sac. In mosr cases, 
these spontaneously reduce in size and do not need any surgical 
intervention. However. tense or growing collections need a repo
sitioning of the catheter with correction of the defect. 
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Pediatric Neurosurgery 
Neurosurgical conditions in infants and children are signifi
cantly different than those in adults. Congenital malformations, 
hydrocephalus, neoplasms, and pediatric trauma are the major 
neurosurgical disorders commonly encOLmtered by a pediatric 
neurosurgeon. Hydrocephalus, pediatric brain rumors, and 
pediatric trauma have been discussed earlier. Here, we will 
discuss the following congenital malformations: spinal and 
cranial dysraph.ism, Chia.ri malformation, and craniosynostosis. 

Spinal Dysraphism 
Of the three embryonic layers (ectoderm, mesoderm, and endo
derm), the .neural structures develop from the ectoderm. The 
neural tube forms from tl1e neural placode at approximately 21 
days of gestation. Failure to form the neural tube results in 
neural rube defects, such as spinal dysraphism. It is important 
to realize that neural tube defects bave already formed by tbe 
time pregnancy is diagnosed; thus, prevention of tl1ese defects 
by the administration of folic acid has to commence prior to 21 
days of gestation. 

The spinal dysraphic state can be dassi£ed as spina bi£da 
aperta (open defects, usually apparent) and spina bifida occulta 
(closed defects, commonly missed by an untrained observer; Fig. 
68-33). 1he most common forms of spina bifida aperta are 
myelomeningocele and meningocele. 'Il1e common forms of the 
spinal bi£da occulta include sin1ple spina bi£da occulta, spinal 
dermal siJlUS, lipomyclomeningocele, diastematomyelia, and 
tethered spinal cord. Some of these may coexist with each other. 

Spina Bifida Aperta 
Myelomeningocete Myelomeningocele, the most common type 
of spina bifida aperta, has an average incidence of 1/1000 llve 
births. ln this disorder, there is protrusion of a varying amount 
of spinal neural tissue outside the spinal canal confines. It has 
been associated with folate deficiency in the mother; imake of 
folate during pregnancy bas reduced the incidence considerably. 
'Il1ere is a deficiency of the skin, muscle, and bony elernents, 
with the open neural placode exposed anywhere from the 

FIGURE 68-33 Child with lumbar cutaneous hemangioma. This often 
accompanies an underlying spina bifida (spina bifida occulta) during 
the d inical evaluation. 

thoracic to sacral levels (Fig. 68-34). Varying degrees of motor 
and sensory deficits with autonomic (bladder and bowel) dys
function accompany this defect. It is important to note that the 
degree of the deficit is directly related to the level of the defect, 
which ofren determines the child's capability to ambulate in the 
furure. Hence, thoracic defeccs have the highest incidence of 
weakness and sacral defects ofteJl have only bladder involve
ment. Hydrocephalus is also present in 80% of patients and 
sometimes manifests after surgical closure of the defect. 1he 
incidence of hydrocephalus is also di rectly related to the level of 
the defect; thus, thoracic defects have the highest incidence and 
low sacral defects the lowest. 'The other significant association is 
the Chiari II malformation, which occurs in 90% ro 95% of 
cases. Associated brain anomalies indude corpus callosal anoma
lies, fused tecta! plates, and thalan1ic fusion. 

Surgical closure of the myelomeJ1ingocele is undertaken 
witlJin 24 to 48 hours of birth to avoid CNS infection (e.g., 
meniJlgitis, ventriculitis). Prior to the closure, the child is usually 
nursed prone, with the defect covered by moist sterile dressings, 
and given prophylactic antibiotics. All exposed neural tissue is 
considered as viable lmless oilierwise proven. During the closure, 
adequate care is taken to separate the neural tissue (placode) 
from the cutaneous clement to prevent an inclusion dermoid. 
The dura is closed in a watertight fashion and is supplemented 
by myofascial closure. Skin grafts often are required for large 
defects. The cbild is usually also nursed in the prone position in 
tl1e postoperative period. Ventricular shunts, if indicated, are 
placed concurrently with myelomeningocele closure or at a later 
date. Of children with myelomeningocele, 60% to 70% will 
ultinutely require a shunt insertion, whereas only 15% to 30% 
of chi1dreJ1 will requite a Chiari decompression. 

Serum and amniotic fluid a.-fetoprotcin scrceJling and pre
natal ultrasound have been signi£cantly helpful in diagnosing 
open neural tube defects in the prenatal period. Prenatal coun
seling should include a discussion of overall long-term mortality 
(24% over a 25-year period),49 cognitive development (75% 
have an IQ higher than 80 if adequately treated for hydrocepha
lus), future an1bulatory assistru1ce, depending on the level of the 
defect, and the presence of incontinence. A 20% to 65% inci
dence of latex allergies in dlis population has led to universal 
latex allergy precautions for this group of children. 

FIGURE 68-34 Myelomeningocele in a neonate. Note the deformity 
of the lower limbs. 
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Meningocele Here, there is a protrusion of dura and arachnoid 
outside the confines of the spinal canal, with neural tissue 
remaining withim the spinal canal confines. Because no neural 
dements are present, there are no associated neural deficits and 
repair is sin1pler. Meningoceles occur less commonly than 
myelomeningoceles and can be ar any location in rhe spine, 
although they are most common in the lumbar region. 

Spinal Bifida Occulta 
Simple Spina Bifida Occulta A posterior lumbar bony defect is 
often present in 5% to 1 Oo/o of the normal population, without 
any symptoms or deficits. However, association of other 
markers such as a tuft of hair, cutaneous hemangioma, or sinus 
tract should be viewed with suspicion and warrants further 
investigation. 

Dermal Sinus Occmrence of a dermal sinus tract from the cuta
neous to spinal subaraclmoid space is often a'>Sociatcd with a 
cutaneous dimpEe or pit. 1l1cse are most common in the lum
bosacral region but can be seen in the cervical and thoracic 
regions. Although initially asymptomatic, it can cause ascending 
infection or be symptomatic, with tethering of the cord. It may 
be associated with intra~pi nal inclusion tumors such as der
moids. MRI is helpful for assessing the comse of the tract and 
its termination. The tract usually is usuaiJy excised surgically, 
with care taken tto untetber the cord. 

Diastematomyelia L1 diastematomyelia, the spinal cord is split 
into two hemicords, often by a bony or fibrous band that tethers 
the cord, preven ting its free movement and ascent. [t is often 
associated with a hairy patch on the back at the defect level. 
1l1cse need to be repaired surgically. 

Upomyelomeningocele In lipomyd<>meningocele, there is a 
varying amount of fatty tissue in the spinal cord and in the spinal 
canal tethering the cord. Often associated with a large dural 
defect, these are complex congenital anomalies. A~sociated neu
rologic deficits, although uncommon at birth, usually develop 
later because of the tethering. Almost all lipomyelomeningoceles 
have a well-developed skin cover, which allows these children to 
be operated on electively at a later date. 1he relatively high 
incidence of postsurgical neurologic deficits {1 6% to 47%) in 
otherwise neurologically intact patients has triggered a contro
versy regarding the appropriate timing for the surgery; some 
favor early surgery and others consider surgery only when the 
cluld has developed deficits. 

Cranial Dysraphism 
This i11cludes encephalocele, meningocele, and a cranial dermal 
sinus. The encephalocele can be in the cranial vault or cranial 
base. The occipital encephalocele is the most common, followed 
by anterior encephalocele and then basal encephalocele. Enceph
aloceles may be associated with other developmental anomalies 
such as polydactyly, retinal dysplasia, micro-optbalmia, and oro
facial clefts. Cranial vault encephalocelcs present with an observ
able swelling at birth and have brain tissue and blood vessels 
contained in the sac. Although the brain tissue is thought to be 
dysplastic, large encephaloceles often contain fuJlctional brain. 
Excision and repair of the defect in the first few days of Life is 
the usual surgical treatment. Cranial expansion may be required 
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for patients with functional brain tissue in the sac. The outcome 
is generally directly proportional to the an1ount of neural tissue 
in the sac, with poorer outcomes seen in encephaloceles with a 
large amount of brain tissue. Basal encephaloceles present with 
a CSF leal< from the nose or ear, or as a polyp. 

Chiari MaHormation 
Abnormal descent of the cerebetlar tonsils below the level of the 
foramen magnum is known as a ChU!ri malformation. A descent 
of one tonsil of more d1an 5 mm or a 3-mm descent with associ
ated syringohydromyelia is suggestive of Chiari malformation. 
Often, the ronsils are peg- shaped and associated with crowding 
of the craniocervical subarachnoid space. Usually, they are clas
sified as Chiari [, IT, and ITT malformations. 1hese are grouped 
together, but there is a significant difference i11 cause among 
these three types. An isolated descent of the tonsils below the 
rim of the foramen magnum without any spina bifida is known 
as Chiari I mtt/fornllttion. Chi.ari L1 is invariably associated with 
open spina bilida and has several other diagnostic features, such 
as descent of the hrait1stem and fomth ventricle into the upper 
spinal canal. In the uncommon Chiari type ill malformation. 
there is an associated lugh cervical encephalocele containing 
herniated cerebellar and braitmem tissue. We will limit the 
discussion here to the most common types, Chiari T and LJ 
malformations. 

Chiari I Malformation 
As noted, descent of the cerebellar tonsils more than 5 mm 
below the rim of tbe foramen magnum is considered as Chiari 
malformation. 1l1e 5-rnm classification is somewhat arbitrary 
becaus·e many have tonsillar descent and arc asymptomatic. 1l1e 
descended tonsils are usually peg-shaped and the descent is 
associated with crowding of the soft tissue, obstructing CSF 
flow. There may or may not be associated syri11gomyelia {Fig. 
68-35) . Occipital headache, precipitated or aggravated hy 
maneuvers that increase the intrathoracic pressure {e.g., cough. 
headaches) is typical. There may be associated tingling or numb
ness in the extremities and impairmellt of joint position. In 
patients with advanced compression, cavitation of the spinal 
cord (syringomyelia} can occur and can be associated with 
wasting and weakness of the extremities, scoliosis, and varying 
degrees of sensory impairmem. Coexistent hydrocephalus is seen 
in 1 0% of cases. 

The aim of surgery is to decompress the region of the 
foramen magnum and establish CS.F Aow. Removal of the rim 
of the foramen magnum, posterior arch of Cl, and duraplasty 
are the most commonly performed procedures. Some also 
decompress the cerebellar tonsils. Associated hydrocephalus 
requires ventriculoperitoneal shunt placement or an endoscopic 
third ventriculostomy. Rescarring is a concern during follow-up 
and may re<Juire repeat surgery. 

Chiari II Malformation 
Chi.ari IT malformation is characterized by elongation and caudal 
displacement of the brainstem and cerebellar tonsils and by 
association wicl1 myelome•lingocele. Hydrocephalus is common 
and syrinx occurs frequemly. Although it is a common accom
paniment of myelomeningocele, surgery is reserved for children 
who are symptomatic with lower cranial nerve paresis, weakness, 
respiratory distress, or syrinx. 
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FIGURE 68-35 T2-weighted sagittal MRI scan of a child with a sig
nificant type 1 Chiari malformation. Note the tonsillar descent below 
the rim of foramen of magnum. 

Craniosynostosis 
Cranios}'nostosis involves premature fusion of the cranial sutures. 
This results in restricted growth of the sktJI bones at the involved 
suture and compensatory growth at the adjacent patent sutures, 
causing disfigurement of the cranial shape. In multisutural syn
ostosis, restriction of the cranial growth at various sutures can 
cause impairment of growth of the developing brain. The inci
dence of nonsyndromic craniosynostosis varies from 0.25 to 
0.6/1000 live births. The most common suture involved is sagittal 
suture (50% to 60%), followed b}' coronal suture (30% to 35%), 
metopic suture (5%), and lambdoid suture (2%). Lambdoid 
suture S}'noscosis has co be distinguished from positional plagio
cephal}' because the latter is common and does not require surgi
cal intervention. Genetic patterns are found in 8% of patients 
with isolated coronal synostosis and 2% of those with sagittal 
synosrosis. However, more complex disorders such as Crouzon, 
Apert, and Pfeiffer syndromes have a genetic predisposition. 
The clinical picture is recognized by the abnormal skull 
shape associated with each sutural fusion-sagittal, elongated 
skull, or scaphocephaly; coronal, brachycephaly; and metopic, 
trigonocephaly-and is confirmed by skull x-rays and CT scans. 
Three-dimensional reconstruction of the calvarium is often ben
eficial (Fig. 68-36). Surgical correctlo11 involves a wide sunuec
tomy and placement in a cranial remodeling helmet in children 
yotmger than 4 months and a craniotomy and cranial vault recon
struction in older children. In recent years, simple suturectomies 
have been performed in children younger than 6 months of age 
w1der endoscopic guidance with a small incision. 'iO Patienrs with 
coronal craniosynostosis wiiJ usually require advancement of the 
orbi tal rim ill a.dditlon to the cranial remodeliJlg. 

FIGURE 68-36 Three-dimensional re<:onstruction a scan of a child 
with sagittal synostosis. The coronal and lambdoid sutures are well 
visualized. 

CENTRAL NERVOUS SYSTEM INFECTIONS 
This section discusses infections of the CNS and its Stlftounding 
strucii:Ures. Timely diagnosis and treatment of CNS infections 
arc crit ical because fa.Uure to diagnose and appropriately 
treat these infections can have long-lasting and devastating 
consequences. 

Meningiti.s 
Acute bacterial meningitis is an infection of the subarachnoid 
spaces and meninges. Sym proms and signs include fever, malaise, 
altered mental status, neck stiffness, and headache. 1l1ese result 
from leptomeningeal irritation and increased ICP. The causative 
organism varies with patient age. Neonatal meningitis is caused 
by group B streptococcus. Escherichill coli, or Listeria spp. infec
tion. Late neonatal meningitis can be caused by any of these 
organisms, as wcU as staphylococci or Pseudomonas neruginosn. 
In dilldren, Streptococcus pneumonine (pneumococcus) and Neis
seria meningitidis (meniJ1gococcus) are the most common caus
ative orgruusms. In the past, Haemophilus injluenzae was a 
common cause of meniJ1gitis in children, but its prevalence has 
decreased secondary to vaccination. Pneumococci and meningo
cocci arc the most common causative organisms in adults. Treat
ment consists of prompt CSF cultme ru1d inllnediate N 
administration of antibiotics. Ntered mental status secondary ro 
commuJucating hydrocephalus may necessitate placement of an 
external ventricular drain and eventual placement of a ventricu
loperitoneal sbum once the CSF is sterilized. Recurrent episodes 
ofbacterial meningitis prompt investigation into abnormal com
munication between the CNS and the exterior environment 
(dermal sinus or CSF fistula). 
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Postoperative Infections 
Infections of the CNS occurring after neurosurgical procedures 
are typically caused by staphylococci. Enteric organisms and 
pseudomonal and streptococcal pathogens can also be problem
atic. As with any infection, treatment involves identification of 
the causative organism and appropriate antibiotic administra
tion. Postoperative abscesses are addressed with drainage, surgery, 
or both, as dictated by the clinical situation. 

Post-Traumatic Meningitis 
Meningeal infection after head injury is typically related to CSF 
fistula. Most post-traumatic fistulas stop spontaneously within 
days of injury. 'The incidence of meningitis increases if a leak 
persists for longer tban 7 days. Clinically obvious leaks manifest 
as CSF rhinorrhea or otorrhea. 'The prophylactic antibiotic treat
ment of CSF fis1tula is controversial and needs to be tailored to 
the clinical situation. A persistent post-traumatic CSF fistula is 
addressed surgically to prevent the risks associated with recurrent 
bouts of meningitis. 

Brain Abscess 
Cerebral abscesses present with signs and symptoms related to 
an expanding mass lesion. Patients can present with altered 
mental status, focal neurologic deficit, headache, nausea and 
vomiting, andJor seizures. Fever, elevated white blood cell count, 
and signs of meningeal irritation are often absent. Contrast
enlmlced Cf and MRJ reveal a ring-enhand11g lesion, usually 
at the gray-whire interface, witll surrolmding edema. 11lis can 
be confused with tumor. Acute deterioration of patients can 
occur wheJl the abscess ruptures into the ventricle or subarach
noid space, with resultant ventriculitis or meningitis. Brain 
abscesses develop by contiguous spread from adjacent structures 
{paranasal sinuses, petrous bone) or hematogenous spread from 
a distant si te. They can be solitary or multiple. Causative organ
isms are extremely varied and include aerobic and anaerobic 
organisms, fwtgi, and parasites. Principles of treatment revolve 
arOlmd accu.rate identi.fication of the causative organism, relief 
of mass effect, administration of appropriate antibiotic rllerapy. 
and treatment of the w1derlying cause (e.g., paranasal sinus 
infection, dental caries, ear infection, bronchiectasis). Contro
versy exists as to whetl1er surgical excision or aspiration of the 
abscess yields better results {Fig. 68-37) . 

Subdural Empyema 
Subdural empyema is a collection of pus in the subdural space. 
It is typically related to contiguous spread from the para11asal 
sinuses or ear infection. Patients can present witl1 fever, menin
geal signs, headache, seizures, focal nettrologic deficits, and 
altered mental status. [t is often heralded by rapid clinical dete
rioration. Diagnosis is made based on index of suspicion a11d 
presence of a subdural fluid collection, sometimes adjacent to a 
known focus of sinus infection. Often, the collection is inter
hemispheric. Prompt institution of surgical {drainage and irriga
tion) aJtd medical (antibiotics) therapy is critical in the treatment 
of this disease (see Fig. 68-37). 

Spinal Infections 
Spinal infections can be divided imo those affecting tl1e bone 
(vertebral osteomyelitis), disc space (discitis), a11d epidural space 
{spinal epidural abscess). Occasionally, infectious processes can 
involve more than one, or even all three. 
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FIGURE 68-37 Brain abscess (arrow), with an area of frontal subdural 
empyema in the convexity (arrowheads). 

Osteomyelitis of the bone is generally seen iJl IV drug users, 
diabetic patients, hemodialysis patients, and older adults. The 
causative organism is usually S. aureus and spread is hematoge
nous, although postoperative infections arc also seen. l11esc 
infections can and do affect the integrity of the bone, resulting 
in collapse. This in turn can result .in pain and neurologic com
promise. Treatment consists of organism identification, appro
priate long-term antibiotics, and maintena11ce of aJ1atomic 
spinal alignment, witl1 or without surgical intervention. 

Disci tis often occurs concomitantly with osteomyelitis and 
is seen .in tlle same patient population. Fever, back pain, a11d an 
elevated sedimentation rate or C-reactive protein level are often 
seen. The white blood cell count may or may not be elevated. 
It may occur spontaneously or postoperatively. Treatment may 
or may not be surgical. Long-term antibiotic therapy is usuaUy 
indicared {Fig. 68-38). 

Spinal epidural abscess usually occurs in the setting of an 
infectious process elsewhere in the body. Spread occurs hema
togenously or by direct extension. Patients present initially with 
localized back pain and possible radiculopathy. Spinal cord com
promise can follow rapidly, with paraplegia or quadriplegia. 
Predisposing factors are the same as those for osteomyelitis and 
disci tis. Diagnosis is made with contrast-enllaJlced MRI. When 
spinal -cord compression is evident, surgery is usually performed 
for decompression and diagnosis. Spinal epidural abscess can 
sometimes be managed medically, with close neurologic observa
tion and imaging studies. 'Tilis is usually reserved for cases ill 
which me causative organism is known, the abscess is small, and 
there is no neurologic compromise. As in all fields of medicine, 
treatment must be tailored to the individual patient. 
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FIGURE 68-38 MRI with gadolinium short Tl inversion recovery 
(STIR) sequence revealing disc osteomyelitis in the l 4-5 and l5-S1 
interspaces suggestive of an infectious process. 

Acquired lmmunodefidency Syndrome 
1l1e most common CNS opportunjstic infection in patients 
with AIDS is toxoplasmosis caused by Toxopltrsma gondii. The 
lesions usually present with ring en hancement on contrast
enhanced imaging studies and are usually in the basal gangUa. 
They may be soUtary or multiple. Primary CNS lymphoma 
occurs in approximately l Oo/o of AIDS patients and presents 
as an irregularly enhancing mass (target lesion). Progressive 
multifocal leukoencepbalopathy presents with hypodense, non
enhancing white matter lesions. Fungal abscess and viral enceph
alopathy arc not uncommon in this patient population. Even 
though the incidence of CNS oppo rtunistic infections has 
decreased with the widespread use of hlghly active amirerroviral 
therapy (HAAIR.T), the treatment of these problems remains a 
challenge. 
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CHAPTER 69 

PLASTIC SURGERY 
MARY H. McGt~TH AND j ASON PoMEMNTZ 

RECONSTRUCTIVE TECHNIQUES 

PEDIATRIC PLASTIC SURGERY 

PLASTIC SURGERY OF THE HEAD AND NECK 

PLASTIC SURGERY OF THE TRUNK 

PRESSURE SORES 

RECONSTRUCTION OF THE LOWER EXTREMITY 

BODY CONTOURING 

CONCLUSIONS 

Challenged by complex clinical problems, the pace of itmova
tion in pl.astic surgery has accelerated steadily over the past 30 
years. 'The specialty benefits from the absence of anatomic or 
organ system boundaries, and from the collaboration with other 
surgical specialists who engage plastic surgeons, as new recon
structive and aesthetic challenges accompany surgical advances 
in all areas. With growing sophistication, plastic surgery has 
matured into areas of specialization, including congenital, max
iiJofacial, breast surgery, hand surgery, head and neck surgery, 
ski11 and soft tissue surgery, aesthetic surgery, body contouring, 
wolLJ1d care, microsurgery, and burn care. As a relatively small 
specialty, plasti<: surgeons are abreast of innovations in each of 
these areas and are quick to use new ideas developed through 
the clinical and research experience of other plastic surgeons. 
With d1e breadth of exposure that this collaboration brings, it 
is not surprising that wuque solutions for perplexing clinical 
problems sustain the momentlll1l of innovation. 

RECONSTRUCTIVE TECHNIQUES 
The concept of a reconstructive ladder is used to guide surgical 
reconstruction. Ascending the rlll1gs of the Ladder represents 
moving from simple to complex reconstructive techniques in a 
systemized way that considers the requirements of the defect to 
be repaired. Direct closure is the simplest and most straightfor
ward teclmique. This may be precluded by the size of the wound 
or consequences of wound tension at the closure site, including 
distorting the surrounding tissue. Tn this case, a more complex 
closure technique, such as a skin graft that brings in additional 
tissue from a distant site, is required. A wound with exposed 
structures that do not accept a skin graft mandates a step up to 

a local flap for coverage. A local flap with no distant donor site 
may not be an option if the surrow1ding area is within the zone 
of injury, in which case a regional flap from an adjacenc body 
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region is needed. Microvascular free tissue transfer reprcsencs the 
most complex flap option and is usually the top rung on the 
reconstructive ladder. 

When using the concept of the reconstructive ladder, the 
triad of form, function, and safety is the basis for setting the 
reconstructive goals for any given defect. For example, when 
reconstructing the face, awareness of form would suggest a more 
complex technique, sucl1 as tissue expansion, instead of the 
simpler technique of skin grafting because it is optimal to restore 
with skin and soft tissue of the same thjckness, texture, and 
color.. For any specific reconstructive situation, this matrix of 
going from simple to complex, considering form and function, 
and keepjng safety paramoum provides direction. 

Primary Wound Closure 
Good suture tecluuque starts with an incision with the scalpel 
at right angles to the skin and continues witb careful handling 
of tissue to avoid devitalizing the skin margins, debridement of 
skin edges if needed, everting the wound margin, and precise 
approximation without tension. The skin edges need to be Lined 
up at the same level and wound edges should just touch eacl1 
other. Postoperative edema is predictable and wiU create addi
tional tension. 

Minimi7Jng tension is essential to reduce scarring. This can 
be done by using buried deep dermal and subdermal sutures to 
lessen tension on dle skin sutures. It is also accomplished by 
aligniJlg skin incisions along relaxed skin tension lines. 1l1ese 
Lines of miJ1imal tension, also called natural skin lines, wriJlkle 
!it1es, or lines of facial expression, run at right angles to the long 
axis of the lmde.rlying muscles. When underlyiJ1g muscles con
tract. the lines of facial expression deepen. For example, trans
verse forehead furrows appear when the eyebrows arc raised by 
the frontalis muscle and, if an incision is placed in one of these 
furrows, it will be under minimal tension and will heal wid1 
minimal scarring. 

Skin Grafts 
A skin graft is a segment of dermis and epidernus that is sepa
rated from its blood supply and donor site and transplanted to 
another recipient site on the body. Survival of dle skin graft in 
the new site requires a vascularized wound recipient bed. Graft
able beds with adequate blood supply include healthy soft 
tissues, periosteum, pericl1ondrium, paratcnon, and bone surface 
that is perforated to encourage granulation tissue growth. Poor 
graft surfaces with inadequate blood supply include exposed 
bone., cartilage, tendon, and fibrotic chronic granulation tissue. 
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The wound mus.t be free of infection and debris interposed as 
a barrier between the graft and bed. 

Skin grafts are classified in cl1e foUowing manner: autograft, 
self; aUografr, other person; homograft, same species; hetero
graft, different species. Partial-thickness skin grafts consist of the 
epidermis and a porrion of rhe dermis and are called split
thickness skin grafts (STSG). Full-thkkness skin grafts (FTSG) 
include the epidermis and entire dermis, with portions of the 
sweat glands, sebaceous glands, and hair follicles. A STSG is 
harvested with a dermatome, whid1 is an air- or electric-powered 
instrument that can be adjusted for width and depth to cut 
tuli.formly thick grafts, usuaUy .in strips fxom 0.006 to 0.024 inch 
in thickness. A STSG can be meshed by cutting slits into the 
sheet of graft and ex pan rung it, usuaUy in a J : 1.5 or 1 : 2 ratio. 
Meshed grafts are useful when there is a paucity of available 
donor skin, the recipient bed is bumpy or convoluted, or the 
recipient bed is suboptimal, as with exudate. A STSG can be 
taken from anywhere OJl the body; donor site considerations 
include color, texture, thickness, an1ount of skin required, and 
scar visibility. The STSG takes readily on the recipient site and 
the donor site reepithellalizes quickly. Its disadvantages are con
tracture over time, abnormal pigmentation, and poor durability 
if subject to trauma. A FTSG is removed with a scalpel and is 
necessarily smaU in size because the donor site must be sutured 
closed. Containing skin appendages, a FTSG can grow hair and 
secrete sebtuu to lubricate the skin, has the color and texture of 
normal skin, and. has the potential for growth. Generally, FTSGs 
are taken from areas at which the skin is thin and can. be spared 
without defomuty, such as the upper eyelids, postauricular 
crease, supraclavicular area, hairless groin, or elbow crease. 
1l1e greater thickness makes a FTSG more durable than a STSG 
but this thickness also means that the graft take is not as predict
able because more tissue must be revascularized from the recipi
ent bed. 

1l1e take of either type of skin graft occurs in three phases: 
• Plasmatic circulation, also caUed serum imbibition, 

during the first 48 hours nourishes the graft with 
plasma exudate from host bed capillaries. 

• Revascularization starts after 4!3 hours with two pro
cesses. 1l1e primary is neovasculari"lation, in which 
blood vessels grow from the recipient bed into the 
graft, and the secondary is inosculation, in which graft 
and host vessels form anastomoses. 

• Organization begins inm1ediarely after grafting wiili 
a fibrin layer at the graft-bed interface holding the 
graft in place. This is .replaced by postgraft day 7 with 
fibroblasts; generally, grafts are securely adherent to 
the bed by days 10 to 14. 
Sensibility returns to the graft over tinle, with reinnerva

tion beginning at approxinlately 4 to 5 weeks and completed by 
12 to 24 months. Pain rewrns fuse, with light much and tem
perature returning later. 

1l1e most common cause of skin graft failure is hematoma 
tmder ilie graft, where the blood clot is a barrier to contact of 
the graft and bed for revascularization. Sin1ilarly, shearing or 
movement of the graft on the bed will preclude revascularization 
and cause graft loss. Additional causes are iJ1fection, poor quality 
of the recipient bed, and characteristics of the graft itself, such 
as cluckness or vascularity of the donor site. Dressings can 
prevent some impediments to graft take. A light pressure dress
ing minimizes the risk of fluid accumulation. A bolster or 
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tie-over dressing left in place for 4 to 5 days improves survival 
by maintaining adherence of the graft to the bed, minimizing 
shearing, and preventing hematoma or seroma. A vacuum
assisted compression device can be placed on the grafted surface 
to stabilize the graft in place; iliis is especiaUy useful for larger 
wounds with an irregular three-dimensional surface. 

Skin grafts composed of tissue-cultured skin cells are used 
for the treatment of burns or other extensive skin wounds. 
Human epidermal cells in a single-cell suspension are grown in 
monolayers in vitro over a period of 3 to 6 weeks. Concerns with 
tissue-cultured skin are fragility, sensitivity to infection, length 
of time to cultivate, and potential risk of malignancy caused by 
mltogens presem during culruring. 

Skin Flap Surgery 
A surgical flap consists of tissue that is moved from one part of 
ilie body to another with a vascular pedicle to maintain blood 
supply. The va.Kular pedicle may be kept intact, or it can be 
transected for microvascular ana~tomosis of the flap vessels to 
vessels at another site. Flap defines the tongue of tissue; pedicle 
is used to describe the base or stern with the vascular supply. 

Skin-bearing flaps are classified according tO three basic 
characteristics-composition, method of movement, and blood 
supply: Composition refers to the tissue contained within the 
flap, such as cutaneous, musculocutaneous, fasciocutaneous, 
osseocutaneous, and sensory flaps. The method of movement is 
local transfer, as witb advancement or rotation flaps, or distant 
transfer, as with pedicle flaps from the abdomen to the perineum 
or microvascular free flaps. 

With regard to blood supply, arteries perfusu1g the surgical 
flap reach the skin component in two basic ways. Musculocuta
neous arteries travel perpendicularly through muscle to the over
lying skin. Septocutaneous arteries arising from segmental or 
musctdocutaneous vessels travel with intermuscular fascial septae 
to supply the overlying skin. With eimer of these patterns, the 
flap can have a random pattern, which means that it derives its 
blood supply from the dermal and subdermal vascular plexus of 
vessels supplied by perforating arteries. Alternatively, it can be 
an axial flap designed to include a nan1ed musculocutaneous or 
septocutaneous vessel rumung longitudinaUy along the axis of 
the flap to penetrate the overlying cutaneous circulation at 
multiple points along the course of the Rap's length to provide 
greater length and reliability. 

Skin Flaps 
Local skin flaps contain tissue lying adjacent to the defect that 
usually matches the skin at the recipient site in color, texture, 
hair, and thickness. Flaps should be the same size and thickness 
as me defect and be designed to avoid distortion of local ana
tomic landmarks, such as the eyebrow or hairline. 1l1ey can be 
plarmed so that the donor site can be closed dixectly and usuaUy 
are elevated with incision lines placed in relaxed skin tension 
lines. Local flaps rely on the inherent elasticity of skin and are 
most useful u1 the older patiem whose sku1 is looser. In some 
cases, the site from which the flap is raised is closed with a s.kin 
graft. Commonly used local skin Raps include the following: 
• Rotation flaps are semicircular flaps of skin and subcutaneous 

tissue that revolve 01 an arc around a pivot poim to shift tissue 
in a circle. 

• Transposition flaps are rectangular or square and turn laterally 
to reacb the defect. 
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• Advancementt flaps move directly forward and rely on skin 
elasticity to s tretch and fiiJ a defect. 

• V-Y advancement flaps advance skin on each side of a V-shaped 
incision to close the wound with a Y-shaped closure. 

• Rhomboid Aaps rely on the looseness of adjacent skin to 
transfer a rhc>mboid-shaped flap into a defect that has been 
converted intto a similar rhomboid shape. 

• Z-plasry transposes two interdigitating triangular flaps without 
tension to use lateral skin to produce a gain in length along 
the direction of the common limb of the Z. 

Failure of a skin flap usually involves necrosis of the most 
rustal portion of the transferred tissue. This could be caused by 
a flap design in which the size of the flap exceeds irs inherent 
vascular supply, or could be a result of extrinsic mechanical 
compromise of the flap pedicle by pressure from a hematoma, 
compressive dressings, or twisting or kinking of rhe flap. 
Measures to optimize viability include proper flap design and 
avoiding extriJlsic pedicle compression, undue tension with 
wound closure, aJld venous congestion caused by excessive flap 
dependency. 

Muscle and Musculocutaneous Flaps 
Consideration of a muscle as a potential flap is possible because 
muscles have independem, intrinsic blood supply. The motor 
nerves of a muscle are accompanied by an arteriovenous system 
that often is the major source of blood supply to that muscle. 
This vascular pedicle may be a dominant one, capable of sustain
ing the entire muscle independently. A minor perude, regardless 
of rhe size of the vessel, is defined as one that maintains only a 
lesser portion of the muscle. Many muscles have multiple Ullre
lated sources of blood supply so tl1at each nourishes only a 
segment of the muscle, thus caUcd segmentttl pedicies. Some 
muscles have both a dominant pedicle and. segmental blood 
supply. One example is the latissimus dorsi muscle with a 

Type I Type II Type Ill 

domillaJlt pedicle, the thoracodorsal artery in the axilla, and 
additional segmemal perforating branches from the intercostal 
aJld lumbar vessels posteriorly. In these muscles, the dominan£ 
pedicle can be ligated and the muscle moved on the secondary 
vessels as a reverse muscle Aap. 

Muscle flaps are classified according m their principai 
meaJlS of blood supply and the patterns of vascular anatomy 
(Fig. 69-1): 

• Type 1: Single perucle (e.g., gastrocnemius, tensor 
fa~cia lara) 

• Type U: DomiJ1aJ1t pedicle with minor pedides (e.g., 
gracilis, trapezius) 

• Type W: Dual domiJlaJlt pedicles (e.g., gluteus 
maJdmus, serratus anterior) 

• Type fV: Segmental pedicles (e.g., sartorius, tibialis 
anterior) 

• Type V: Dominant pedicle, with secondary segmental 
pedicles (e.g., latissimus dorsi) 
L1 terms of reliability of the vascular anatomy and useful

ness as a flap, large muscles with a recognized dominant pedicle 
suppJyiJ1g most of a flap (types [, ill, aJld V) are most useful. 
The £erritory of the perucles in type II muscles may vary, and 
type lV muscles arc useful only when smaller flaps are needed. 
Connections between regions within a given muscle supplied by 
more than one pedicle are via small-caliber choke vessels with 
bidirectional flow. An exan1ple of a Aap dependiJ1g on these 
choke vessels is the tra11sverse rectus abdominis muscLLiocutaJle
ous (TRAM) flap, in which the superior epigamic pedicle alone 
can support the lower half of the muscle normally supplied by 
the inferior epigastric vessels below the watershed level at the 
umbilicus. In muscle, venous territories arc in parallel with arte
rial vessels. This means that venous outflow is adjacent to, and 
in a direction opposite from, flow iJ1 the major arterial pcdides. 
ln a pattern analogous to that of the bidirectional choke vessels, 

Type IV Type V 

Tensor fascia lata Gracilis Gluteus maximus Sartorius Latissimus dorsi 

FIGURE 69-1 Classification of musde and musculocutaneous flaps according to their vascular supply: type I, one vascular pedide; type II, 

dominant pedide and minor pedides; type Ill, two dominant pedides; type IV, segmental vascular pedides; type V, one dominant pedide and 
secondary segmental pedides. (From Mathes SJ, Nahai F: Classification of the vascular anatomy of musdes: experimental and d inical correla
tion. Plast Reconstr Surg 67:177-187, 1981.) 
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venous flow from one territory to another occurs through oscil
lating veins that are devoid of valves. 

Compared with skin flaps, muscle flaps are less bulky, less 
stiff, and more malleable to conform to wounds with irregular 
three-dimensional contours. They have more robust blood 
supply and demonsuarc superioriry in wounds compromised by 
irradiation or infection. 1l1e vascular anatomy is predictable and 
easily identifiable, and the muscle can be put into usc as a func
tional tmit for a dynamic tissue transfer. A major consideration 
with muscle flaps is whether the loss of function is acceptable. 
In an effort to limit the functional loss associated with usc of an 
entire muscle, methods of ftmctional preservation have been 
devised. If some portion of the muscle chosen as the flap is left 
innervated and attached at its insertion and origin, function is 
preserved after transfer of the remainder of the muscle. 1l1is can 
be done by splitrting the muscle into segments, provided that 
each is supplied by a different dominant pedicle. An example is 
the gluteus maximus, which extends and rotates cl1e thigh later
ally. 1l1is is not an expendable muscle, but the superior or 
inferior half of the muscle can be elevated as a flap, with function 
of the intact half of the muscle preserved. 

A musculocutaneus Aap, also called a myocutaneous flap, 
is a muscle flap designed with an attached skin paddle. Each 
superficial skeletal muscle carries blood supply to the skin lying 
directly over it through musculocutaneous perforators. The 
nun1ber and pattern of these musculocutaneous perforators 
varies with eacl1 specific muscle; this means that tl1e extent of 
the skin territory is different for each muscle unit. Through dis
section of injected cadaver specimens, the number, size, and 
location of musculocutaneous perforators have been described; 
tbis information, combined with clinical experience, is used to 
predict the cutaneous territories on the superficial muscles. 

In addition to the musculocutaneous branches supplying 
the overlying skin, source vessels, also called mother r;essels, 
branch witnin muscle imo channels that perforate the deep 
fascia to anastomose within tl1e subdermal plexus and nourish 
the skin. 1l1e soutrce vessel and its perforating muscular branches 
can be dissected out of tile muscle without jeopardizing skin 
perfusion. 1l1is requires iJltramuscular dissection to separate tbe 
perforators from the muscle and is the basis for the development 
of muscle perforator flaps. This makes the retention of muscle 
unnecessary for the survival ofcl1eskin paddJe; thus, its inclusion 
serves a passive role, primarily to avoid tedious imramuscular 
dissection of the vascular tree. To spare the muscle unit, a 
growing number of muscle perforator flaps have been described. 
including tl1e deep inferior epigastric perforator flap, which 
carries the same skin and subcutaneous tissue as the TRAM 
flap for breast reconstruction. By sparing the rectus muscle, 
abdominal wall !bulging and other complications are less likely. 
The superior gluteal artery perforator flap (SGAP) carries the 
skin territory of the gluteus maximus musculocutaneous flap 
and preserves the muscle. 

Fascia and Fasciocutaneous Flaps 
Growing knowledge about musculocutaneous skin ci.rculation 
has led to the identi£cation of vascular pedicles emerging 
berween muscles, traveling in. the intermuscular septttm, 
and entering the deep fascia. Tem1ed septocutaneous perforators, 
these vessels supply rhe fascial plexus, which gives off branches 
to an overlying cutaneous territory. Some stare that a fasciocu
taneous flap, by definition, should include a specific known 
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septocuraneous perforator. Others accept a less strict definicion 
of a fasciocutaneous Aap as a skin flap including tht· deep fascia. 

ll11:· anatomic features of a fasciocutaneous flap are the 
fascial feeder vessels, also called the foscittl perforators, which are 
branches of source vessels to a given angiosome. An angiosome 
is the rhree-dimensional block of rissue supplied by a source 
artery: the entire surface of tl1e body is comprised of a multitude 
of angiosome units. The fascial feeder vessels do not perforate 
the deep fascia, but terminate witbin the fascial plexus. The 
fascial plexus is not a structure but is a confluence of multiple 
adjacent vascular intercommunications d1at exist at the subfas
cial, fascial, suprafascial, subcutaneous, and subdermal levels 
(Fig. 69-2). 

ll1e concept of fasciocutaneous flaps arose from the obser
vation that the size of a skin flap could be increased if it were 
oriented along a longitudinal axis on the extrcmiry, and if the 
deep fascia were included. Subsequent anatomic studies have 
confirmed the presence of scptocutaneous pedides supplying 
a regional fascial vascular system. 1l1e larger septocutaneous 
pedicles tend to be fairly constant in location and a number 
of specific fasciocutaneous flaps have come into wide use (e.g., 
anterior lateral thigh flap, radial forearm Aap, scapular Aap). 

ll1e design of fasciocutaneous flaps has been learned by 
experience and the limits of these flaps stilJ remain to be discov
ered. There are no set rules, because deep fascial perforators are 
frequently anomalous in caliber and location, not only among 
individuals but also on opposite sides of the same person. The 
expected range of flap size is learned through the experience of 
other surgeons.'~ 

011e of tbe most useful features of a fasciocutaneous A.ap 
is that it can be distaiJy based. Unlike a muscle flap, in whicb 
the dominant pedicle is closest to the heart, blood flow in the 
fascial plexus is multidirectional. The flow to tbe corresponding 

F E 

A Direct cutaneous 
B Direct septocutaneous 
C Direct cutaneous branch of muscular vessel 
0 Perforating cutaneous branch of muscular vessel 
E Septocutaneous perforator 
F Musculocutaneous perforator 
S Source vessel 
X Deep fascia 

FIGURE 69-2 Pathways of the va rious known cutaneous perforators 
that pierce the deep fascia to supply the fascial plexus. S, Source 
vessei;X, deep fascia. (From Hallock GG: Direct and indirect perforator 
flaps: the history and the controversy. Plast Reconstr Surg 111 :855-

865, 2003.) 
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angiosome is equivalent for a distal fascial perforator and proxi
mal facial perforator. This means that a Aap pedicle can be 
distally based with a reliable skin territory and transposed to 
cover a defect located at the end of an extremity. For example, 
the distal-based sural Aap uses the skin of the c:alf, based on a 
distal perforator of the peroneal artery, for uansfer to cover the 
foot and ankle. Obviating the need for a free mkrovascular 
transfer, this bas become a standard for foot coverage. 

In addition to the advantages provided by a distally based 
Aap design, a fasciocutaneous Aap can confer sensibility if a 
sensory nerve is included. Compared with musculocutaneous 
Raps, they are accessible on the surface of the body, and have 
the great advan'tage that no functioning muscle is expended. The 
comparative disadvantages are the anatomic anomalies in the 
fascial vascular system and the unanswered question as to 
whether they are as effective as muscle in d1e radiated or infected 
wound. 

Perforator Flaps 
Perforator flaps evolved as an improvement over musculocutane
ous and fasciocutaneous Raps. They rely on evidence mat neither 
a passive muscle carrier nor the underlying fascial plexus of 
vessels is necessary for flap survival, provided that the musculo
cutaneous or fasciocu tan eo us vessel is carefully dissected out and 
preserved. Advantages of perforator Aaps include preservation of 
functional muscle and fascia at the donor site and versatility of 
Aap design wid1 regard to including as little or as much bulk 
tissue as required. Disadvaruages are the difficult dissection 
needed to isolate the perforator vessels, longer operating time 
associated with this dls.~ction, anatomic variability of position 
and size of perforator vessels, short pedicle length available, and 
fragile nature of these small blood vessels. 

A perfora'tOr is a blood vessel passing through the deep 
fascia and contributing blood supply to the fascial plexus. Per
forators arise from a source, or mother, vessel to a given angie
some. There are direct and indirect perforators. Direct perforators 
are those that travel directly from the mother vessel to the plexus; 
these include septocutaneous and direct cutaneous branches. 
Indirect perforators supply other deep structures on their route 
from the mother vessel co plexus (e.g., the musculocutaneous 
perforator passing through muscle). 

The nomenclature of perforation Aaps is not yet standard
ized. They are named variably by location (anterolateral thigh 
Aap), arterial supply (deep inferior epigastric artery perforator 
Rap), and muscle of origin (tl1e gastrocnemius perforator Rap). 
1l1ey are described as cutaneous, musculocutaneous, septocuta
neous, fasciocutaneous, composite, and chimeric; rhe last is a 
perforator flap with two separate muscular components with a 
common vascular source. Several suggestions for an ordering 
nomenclature have been made. 

Because of the small size of the vessels and tl1eir anatomic 
variability, Doppler ultrasound is used routinely to locate the 
perforators before perforator flap elevation. 11us is not highly 
accurate and other technologies such as color flow duplex scan
ning and thermography may be useful in the future. Technkal 
recommendations for barvesting a perforator Aap include iden
tification of at least one vessel with a diameter of 0.5 mm or 
more, inclusion of at least two or more perforators, sufficient 
pedicle length for the procedure, and preservation of a subc.uta
neotL~ veiJ1 to use for venous outflow in situations in whicl1 tbe 
deep system of perforator veins proves anomalous. 

The use of perforator flaps continues to evolve. Current 
work includes Aap thinning, a teclmique for removing excess 
adipose tissue from the perforator flap as it is raised. 'TI1is would 
provide a large delicate segment of vascularized skin for recon
struction in areas such as tile ear, in which contour is impor
ranr. Anod1er innovation is the discovery of new flaps based on 
perforators smaller than 0.8 mm in dian1eter found superficial 
to the fascial plane. By eliminating the dissection needed to 
trace a perforator through me muscle, operating time is short
ened and there .is potential for developing a much larger 
number of suitable Raps. The d1allenge with these suprafascial 
frt.-e flaps is the supermicrosurgery needed for anastomoses in 
such small vessels.3 

Miuovascular Free nssue Transfer 
A microvascular free tissue transfer, also called a free flap, briJlgs 
distant tissue witll a pedicled arterial and venous supply from 
anotber part of the body to be anastomosed to vessels at the 
recipient site to reestablish blood Aow. The transferred tissue 
may be skin, fat, muscle, fascia, bone, nerves, small bowel, large 
howel, or omennun as needed to reconstruct a given defect. 
Selection of tissue for transfer depends on the size, composition, 
and functional capabilities of the tissue needed, technical con
siderations such as vessel size and pedicle length, and donor site 
deformity that will be created with regard to function and aes
thetic appearance. 

Preoperative planning starts with patient selection and 
analysis of the defect. Environroemal factors such as previous 
surgery or prior irradiation, wlllcll iJ11pair tile quality of tissue 
and vessels. may be an indication for angiography to assess the 
available vasculature. Muscle does not tolerate warm ischemia 
for lcmger than 2 hours; skin and fasciocutalle<>us Aaps can 
tolerate ischemia times from 4 to 6 hours. Plannirlg is the 
most important factor to minimize the effects of ischemia and 
all structltres at the recipient site should be ready for the tissue 
transfer when the donor pedicle is divided. Sound technique 
requires healthy vessels of reasonable size with good outflow for 
the anastomosis, which must be made witl10ut tension. This may 
require mobiliz~tion of the vessels to gain more length. VeiJ1 
grafts have been shown to reduce the success rate and are not a 
primary choice, but may be needed if the pedicle is short or the 
vessels in tile field are dan1aged. Vcin grafts can be obtained from 
the saphenous vein, dorsum of the foot, volar forearm, or donor 
site. Adventitia is removed from the vessel ends to improve 
visualization of the vessel walls for accurate suture placement_ 
Both end-to-end and end-to-side arterial anastomoses have 
sinlilar patency rates, although end-to-side is preferred if there 
is vessel size or wall thickness discrepancy, or the continuity of 
the recipient vessel must be preserved. Dissection and manipula
tion of the microvessels frequently cause vasospasm. Tills can be 
relieved with topical lidncaine or papaverine, stripping tl1e 
adventitia to remove sympathetic nerve fibers, or mechanicai 
dilation of the vessels. Failure of reperfusion iJ1 an iscl1emic 
organ after reestablishment of blood supply is termed the 
no-rejlow phenomenon. TI1e causative mecl1anism is thought 
to be endothelial injury, platelet aggregation, and leakage of 
intravascular Auid. 1l1e severity of this effect correlates with 
ischemia time. 

The use of postoperative anticoagulation is not a wuform 
practice for elective microvascular transfers. Lf pharmacologic 
agents are part of postoperative care, aspirin is generally used, 
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foUowed by dextran and low-molecular-weight heparin 
{LM\VH). Surveys of microsurgical centers have shown equal 
success .rates for transplants wi th and without anticoagulation; 
the concem with the use of anticoagulants is an increased chance 
of hematoma at donor and recipient si tes. Postoperative moni
toriJlg of free tissue transfers is critical because rapid identifica
tion of postoperative free flap ischemia permits intervention and 
flap salvage. Most free flap thromboses occur i11 the first 48 
hours after surgery and salvage rates are high. ClinlcaJ evaluation 
includes observation of skin color, capillary refill , fullness, and 
color of capillary bleeding, which can be determined by pinprick 
testing of the flap. If a flap is buried, a temporary skin island 
can be added for monitoring purposes or all implaluable moni
toring device can be used. Many devices are available for flap 
monitoring, including temperature probes, pulse oximetry, 
phoroplerhysmography, hand-held pencil Doppler probes 
{low-frequency continuous u1trasonography), and implantable 
Doppler probes. 

Tissue survival rates for free tissue transfers exceed 95%. 
Reexploration .rates ral1ge from 6o/o to 25o/o and thrombosis of 
the arterial allastomosis is the most common finding at reopera
tion. This is tem1.ed primary thrombosis when techJucal fau1ts 
lead to anastomotic failure. 'TI1ese faults include narrowing of 
the lumen, sutur:es tied roo loosely so that media of the vessel is 
exposed in the gap ru1d clot forms, sutu.res tied too tightly that 
tear through the vessel, too many sutures with subendothelial 
exposure and clot formation, and sutures that inadvertencly take 
a bite of the back wall of the vessel, wlucb obstructs the lumen. 
The term secondary thrombosis refers to kinking or compression 
of vessels by hematoma or edema, which leads to dec.reased 
inflow. With reexploration, salvage rates have been seen to vary 
from 54o/o to 100% iJ1 different series.4 

The principles and techniques of microvascu1ar surgery are 
w1der continual refinement. Areas of current emphasis include 
identification of tissue trru1sfcrs that better suit the needs of 
the recipient site and miJlimize donor site sequelae. The latter 
has led to nlinirnaliy invasive and endoscopic techniques for 
harvesting flap tissue through smaller incisions. It has also Jed 
to the development of tissue t rru1sfers, such as perforator flaps 
that preserve functional muscle and fascia at the donor site, 
a11.d suprafascial free flaps, which require supernucrosurgery 
teclm iques. 

Supermicrosurgery 
The iJ1troduction of supermicrosurgery, which allows the allas
tomosis of smaller caliber vessels and microvascular dissection of 
vessels rangiJ1g from 0.3 to 0.8 nm1 in diameter, has led to the 
development of new reconstructive techniques. Free perforator
to-perforator flaps using suprafascial vessels cru1 be trallsferred 
more quickly and the tissue can be obtained from better con
cealed parts of the body.5 If a discrete perforaror can be identified 
a11ywhere on the body, a flap can be designed around it. This 
has been called a "freestyle flap." 'TI1e constraints of using only 
described territories can be disregarded and the donor site 
selected solely on the basis of the best possible match for color, 
contour, and texture at the recipient site. Oisadvru1tages arc the 
anatomic variation of the perforators ru1d the need for supermi
crosurgical technique. 'Tile latter includes the use of 12-0 nylon 
sutures with 50- to 30-J1!1l needles; the surgeons who pioneered 
"freestyle reconstruction" have noted that it is difficu1t to learn 
and can be tedious.6 
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tissue Expansion 
T issue expansion is a technique that uses a mechanical stimulus 
to i_nduce tissue growth so as to generate soft tissue for recon
structive use. lt involves placiJ1g a prosthesis that is gradually 
enlarged by the additi011 of saline, which causes an increase in 
the surface area of the overlying soft tissue. Initially, rhe expanded 
skin is the result of stretching as Ulterstitial A uid is forced out 
of the tissue, elastic fibers are fragmented, viscoelastic changes 
(termed creep) occur in the coHagen, ru1d adjacent mobile soft 
tissue is recruited. Over time, it is not just stretching but acn1al 
growth of the skin Hap that creates aJl iJ1crease iJJ the surface 
area, with accompallying increases in collagen and ground sub
stance. Histologic changes ill the skin include dermal thinning, 
epidermal thickening, subcutaneous fat atrophy, and no effect 
on the skin appendages. 

Tissue undergomg expansion must have the capacity for 
growth. Prior radiation or scar formation may slow ilie rate of 
expru1sion or make it impossible. Expanders perform poorly 
under skin grafts, under very tight tissue, and ill the hands and 
feet. Contralndications include expansion ncar a malignru1cy, 
hemangioma, or open leg wow1d. 

Expanders come in various styles, and si7.es rru1ge from a 
few cubic centiJneters to I liter or more. They cru1 be round, 
square, rectangular, or horseshoe-shaped. The illjection ports 
cru1 be remote or integrated into the wall of the expa11der so that 
no dissection of a pocket for ilie remote port is required. The 
envelope can be smooth or textured for better stabilization at 
one location in the tissue pocket. 

Expanders should be placed under tissue that best matcl1es 
the lost tissue {Fig. 69-3). Normal landmarks such as the eyebrow 
or hairline should not be distorted. The incision to insert the 
expru1der can be placed at the edge of the defect that later will 
be excised, because a scar ill this position will be removed at the 
time of the next surgery. The most common reason for expander 
failure is construction of a pocket that is too small for the device. 
An expander with a curled edge may later protrude thmugh the 
incisi011 or erode through the overlying tissue. Filling of the 
expru1der is initiated approximately 2 weeks after surgery and 
continued at weekly or biweekly intervals. The rate of expru1sion 
is linllted by the relaxation and growth of the tissue overlying 
the expander. Pain and palpable tightness over the expander are 
clinicil in dicators that guide we rate of expru1sion. 'TI1e patient 
is ready for the second surgical procedure when we expanded 
tissue is adequate to produce the desired effect. If ilie flap is to 

be advanced, it must be measured to ensure that it is large 
enough and has tbe correct geometry to cover the defect. At the 
second surgery, the skin is iJ1ciscd cllfough the old scar, the 
capsule around the expander is opened, the expander is removed, 
aJld the expru1ded flap is advanced over the defect. It is inlpor
tant to confirm that ilie expanded tissue will replace the defect 
before excising the defect. If it is not sufficient, cllis is handled 
by subtotal resection of the defect and leaving the expander in 
place for a second round of expansion. 

Tissue expallsion Call be combined with other reconstruc
tive techniques. Expander placement in the subcutaneous or 
submuscular plane cru1 facilitate later repair of abdominal wall 
hernias. Preexpansion of transposition or rotation flaps iJ1creases 
the amount of tissue, enhances the flap's blood supply, and 
lessens donor sire morbidity. Preexpa11sion of free flaps increases 
the surface area and augments the blood supply of the future 
flap. may make primary closure of we free flap donor 
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FIGURE 69-3 The use of tissue expansion to generate new soft tissue to restore the forehead and hairline. The expanders are placed under 
tissue that best matches the lost tissue. A. Young woman with a STSG after a motor vehicle accident. B. Crescent-shaped expander in the 
forehead and two large rectangular expanders under the scalp. C. Postoperative result after the second procedure when the flaps were advanced 
and the split-thickness skin graft removed. 

site possible, and thins the flap, which may be desirable for 
reconstructions calling for thinner and more pliable coverage. A 
disadvan rage of the preexpansion of free flaps is the time needed 
for the expansion process, because delay may not be acceptable 
for oncologic defects and complex wounds. ln additioJ1, the 
preexpanded free flap procedure is technically more difficult 
because of distortion of the vascular pedicle. 

The advantages of expansion arc the provision of matching 
tissue for reconstruction, normal sensibility of the transferred 
tissue, negligible donor defect, and enhanced success of preex
panded traditional flaps because of enhanced vascularity. 

Alloplastic Materials 
An alioplastic material is a synthetic substance implanted in 
living tissue. Its advantages are as follows: availability when 
autologous tissue is nor; absence of donor site morbidity or scar
ring; nonbiodegradable alloplastic materials do not tmdergo 
resorption. as do bone or cartilage grafts; and it can be manu
factured to meet special needs, sucb as implant systems for 
comrolled-release drug delivery systems. 

The tissue response co different implants varies with the 
d1emical composition and the micro- and macrostructure of the 
synthetic material; these differences are used clinically. For 
example, the vigorous tissue ingrowth with polypropylene mesh 
in a hernia repair provides strong ru1d lasting support, whereas 
the fibrous encapsulation around a silicone tendon prosthesis 
ensures free gliding of a tendon graft. However, certain proper
ties and concerns are common to all implants-noncarcinogenic, 
nontoxic, nonallergenic, nonimmw1ogenic, mechanical reliabil
ity, ru1d biocompatibility. 

Categori7.ation by chemical composition is the most usefuJ 
framework for rhe description and comparison of surgical 
implants. Tius materials science approach recognizes that the 
commonality of different groups of materials arises more from 

their composition rbru1 for the organ systems in which they are 
used_ Chemically, tl1ere are three major classes of biomaterials, 
metallic, ceran1ic, and polymeric. Although they are polymers, 
biologic materials sud1 as collagen need to be classified sepa
rately because they introduce new considerations of protein 
antigalicity. 

Metals in clinical use are stainless steel, Vitallium (cobalt
chronuum-molybdenum alloy), and titanium. 1he general 
requirements for a metal device are mechanical strength, suitahle 
elastic moduJus, density and weight comparable to that of the 
surrounding tissue, ru1d resistance to corrosion. Very few metals 
have sufficient corrosion resistance to be used in the hostile 
environment of the living orgru1ism. Corrosion results from the 
electrochenucal activity of unstable metal ions and electrons in 
physiologic salt solutions; corrosion products can be cytotoxic, 
leading to pain, in6an1J11ation, allergic reactions, ru1d loosening 
of the device. 

Ceramic materials have high stability and resistance to 
chemical alteration and include carbon compounds sud1 as 
hydro>.:yapatite, wluch is capable ofbondiJ1g strongly ro adjaccm 
bone. Used to augment the facial skeleton or as a bone graft 
substintte, it is a pem1anent microporous implant tbat wlder
goes osteointegration by providing a matrix for the deposition 
of new bone from adjacent living bone. 

Polymers arc large, long-chaiJ1. !ugh-molecular-weight 
macr<>molecules made up of repeat tmits, or mers. There are a 
vast number of these synthetic implants in surgical use. To a 
large extent, this is because of the ease and low cost of fabrica
tion, and because tbey can be processed easily into tubes, fibers, 
fabrics, meshes, films, and foan1s. Polymers vary across ru1 enor
mous range of chemical compositions, degree of polymerization, 
cross linking between chains, a11d presence of chemical additives 
such as plasticizers to increase flexibility or resins to caralyz.e 
polymerization. With the exception of resorbable polymers, 
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most surgical polymers are relatively inert and stimulate fibrous 
encapsulation. The physical form of the implant, sol.id versus 
mesh, or smooth versus rough, will determine whether the entire 
structure is encapsulated as a whole or whether fibrous tissue 
will penetrate the interstices. Tissue reaction to the implant is 
influenced also by the chemical composition and facrors such as 
hydrophilicity and ionic charge, as well as the chemical durabil
ity of the polymer. Silicone rubber, polytetrafluoroethylene, and 
polyethylene terephthalate polyester (Dacron) are among the 
most stable of polymers whereas polyamide {nylon) is vulnerable 
to hydrolytic reaction and undergoes substantial degradation. 

PEDIATRIC PLASTIC SURGERY 

Craniofadal Surgery 
Ormiosynostosis refers to the premature fusion of one or more of 
the crani.al sutures, leading to characteristic deformities of the 
skull and face. It occurs at an overall frequency of approximately 
1 in 2500 live births and is usually sporadic. Any suture may be 
involved in craniosynostosis and skull growth is restricted per
pendicular to the affected suture. Treatment of craniosynostosis 
is indicated to correct the deformity and normalize the shape of 
tbe head, protect the eyes by restoring brow projection, and 
minimize the risk of developing increased intracranial pressure 
{ICP) and associated developmental and visual sequelae. The 
timing of treatment is based on which suture is fused and on 
the protocol at a given center, but correction during the first 
year of life is incUcated. 

Surgical treatment of craniosynostosis is generally done 
with a coronal approach; techniques differ, but all iJwolve release 
or excision of the fused suture. The cranium then expands and 
remodels. Residual bony defects reossify secondarily, a process 
that is robust in the infant up to 2 years of age. 

Other less common congenital abnormalities of the head 
include agenesis of one or a number oflayers of scalp or cranium. 
Apltrsia cutis congenita usually refers to a focal defect of skin on 
the vertex. The defect may include any proportion of skin, bone, 
or dura. Treatment depends on the size of the defect and layers 
iJwolved and may involve local wound care or surgical recon
struction with flaps or grafts in infancy. 1he cause of this rare 
condition is tmknown and likely varies from case to case. A 
classification systrem for aplasia cutis congenita has been devel
oped and is related ro the presence of other associated 
anomalies. 

Congenital Ear Deformities 
Congenital anomalies of tbe externa.l ear may occur in isolation 
or as part of craniofacial microsomia. Common external ear 
deformities include prominent ears, constricted ears, cryptotia 
(faiJure of the upper pole of the ear to stand out from the head), 
and microtia (a small and/or abnormally formed outer ear). The 
most common type of microtia is a malformed vestigial carti
laginous structure associated with a soft tissue component of 
lobule. In cases of isolated microtia, there is often conductive 
hearing loss associated with absence of the external auditory 
canal. This is most important in bilateral cases in which a bone
anchored hearing aid is required. 

Reconstruction of typical microtia can take two general 
approaches, autologous or nonautologous. Nonautologous 
reconstruction involves placement of a high-density polyethyl
eJle implant tmder the skin. This approach results in good form 
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without the need to harvest tissue from another site or the 
requirement of shaping a framework. Disadvantages include the 
presence of a foreign body that may become exposed through 
the thin skin envelope, is susceptible to infection, and is difficult 
to salvage in case of complications. The second approach is 
preferred. This involves the use of aurologous tissue (rib carti
lage) to shape an ear framework, which is then buried in a 
subcutaneous pocket. The meticulous shaping of the fran1ework. 
creation of a thin skin pocket, and use of drains allows the skin 
to contour around the intricate fran1ework. The procedure 
requires multiple stages but results in a reconstructed car that 
has good form and is capable of responding to trauma and infec
tion like other parts of the body. The disadvantage is the need 
to harvest cartilage from the rib. 

Craniofacial Microsomia 
Craniofacial microsomia, also known as hemifaciaL microsomill, 
is a constellation of abnormalities involving deficient develop
ment of parts of the face related to the first and second branchial 
arches.8 Deformity can be unilateral or bilateral and can involve 
the orbit, mandihle, external ear, facial nerve, and facial soft 
tissue. Each or all of the structures may be involved and to 
varyiJlg degrees. The cause is unknown but is thought to be 
related to in utero vascular compromise of the stapedial artery. 
Treatment of craniofacial microsomia is complex and the 
approach has to be tailored for individual patients. Functional 
problems sud1 as airway compromise or eye exposure are treated 
in childhood; reconstruction of other strucrural defects is delayed 
until the patient is aln1ost full-grown. 

For patients with craniofacial anomalies such as those 
described, as well as those with cleft Up and palate, the current 
standard is team care at an established craniofacial center. With 
referral to a craniofacial ceme.r at birth, the craniofacial team can 
make a diagnosis, carry out genetic testing, educate the family, 
and outline short- and long-term plans iJ1 a coordinated manner, 
bringing in multiple specialists (e.g., plastic surgeons, neuro
surgeollS, oral surgeons, orthodontists, speech pathologists. 
otolaryngologists, ophthalmologists, social workers, nurse prac
titioners, developmental psyd1ologists, pediatricians). 

Cleft Lip and Palate 
Cleft lip and palate are relatively common congenital anomalies. 
They may be u1illateral or bilateral. Most are isolated a11omalies, 
but many syndromes have clefts as one of the features. The 
genetics of cleft lip and palate is complex and the condition is 
multifactorial. The pathophysiology of deft lip and palate is 
incompletely understood, bur the deformity and its variations 
are weU described. A minimum of three operations, and usually 
four, will be required to correct the deformity. 1hese are per
fomled at specific times corresponding to the developmental 
stage ()f the patient: 
• Cleft lip repair at 3 months 
• Clefi: palate repair before 1 year, or before speecl1 development 

begins 
• Alveolar bone graft when permanent dentition begins and 

after orthodontic preparation 
• Possible septorhinoplasty in the late teenage years 
• Possible lip and/or nose revision 
• Lt'Fort I maxillary advancement, if indicated 
• Secondary procedures for speech improvement in 15% of 

cases 
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A cleft Lip is characterized by a partial or complete lack of 
circumferential continuity of the lip. Most cleft Lips occur at a 
typical locario.m in the upper lip where one of the philtra! 
columns normally lies, and they extend into the nose. The 
deformity involves the mucosa, orbicularis oris muscle, and skin. 
The nasal deformity is characterized by a slumped and widened 
ala (nostril) that is posteriorly misplaced at irs base. The nasal 
Aoor is nonexistent in complete clefts and the nasal septum is 
deviated. 

1l1ere are many techniques for repair of a cleft lip, bur most 
arc a variation of the rotation advancement repair. Millard intro
duced this technique of downward rotation of the medial 
portion of the Lip and advancement of the lateral portion inco 
tl1e defect created by the rotation. The repair is based on the 
principle that existing elements need to be rctumed ro their 
normal positiom to restore the normal anatomy while remaining 
cognizant of future growth and tl1e effects of surgery ou growth 
(Fig. 69-4).9 

C left palate can also be complete or incomplete. 1l1e goals 
of palatal repair are the development of normal speech and 
prevention of regurgitation offood into the nose. Normal speech 
requires velopharyngeal competence to close the oral cavity off 
from the nasaJ cavity to produce pressure consonants. 1l1is 
requires static physical separation of the rwo cavities in the 
region of the hard palate and dynamic closure of the soft palate 
against d1e posterior pharyngeal wall with a functioning levator 
veli palatini muscle. ln a deft palate, the levator veli palatini 
muscle fibers are oriented abnormally along the deft. TI1us, aU 
modern rechni<Jues of deft palate repair involve repair of tl1e 
nasal liniJlg, oJral mucosa, ru1d reorientation and repair of tbe 
levator veli palatini muscle. TI1e primary measure of outcome of 
cleft palate repair is normal speech. The third procedure 

nece.~ary in most cases is alveolar bone grafting. Cru1cellous 
bone, usually from the ilium, is used to restore bony continuity 
along the dental arch as a foundation for dental implrum for 
missing teeth associated with tl1e cleft, dose a nasolabial fistula, 
if present, and produce support for the nose. 

Other procedures are indicated for some parienrs, bur tbis 
generally cannot be predicted in infancy. Approximately 15o/o of 
paticms wil l continue to demonstrate vclopharyngeal insuffi
ciency after initial palate repair ru1d secondary palatal lengthen
ing or otl1er approaches to promote velopharyngeal closure are 
indicated, typically after 3 years of age.10 Septorhinoplasty is 
usually necessary to correct residual nasal deformity in tl1e 
teenage years after final denral restoration and orrhodomics. A 
subset of unilateral cleft lip and palate patients will develop 
maxillary hypoplasia that is iatrogenic and related to scarring 
and growth retardation from lip ru1d palate surgery. Depending 
on the degree of maxillary hypoplasia, LeFort I maxillary 
advancement in the teenage years may be indicated. lJ1 sum, 
treatment of a child born with a cleft lip and palate does not 
end after palate repair, but rather requires observation by a cra
niofacial team throughout development into adLJthood and 
must be tailored for each individual. 

Vasodar Anomalies 
Vascular anomalies are divided into two major groups, tumors 
aJ1d malformations. Vascular tumors are characterized by 
increased abnormal proliferation of endothelium. Hemangioma 
i~ the most common vascular rumor; od1ers include hemangio
endotbeliomas, tufted angiomas, hemangiopericyromas, and 
malignru1t tumors, sucl1 as angiosarcoma. Vascul.ar malforma
tions are the result of abnormal development of arterial, capil
lary, venous, or lymphatic components of the vascular system. 

FIGURE 69-4 Infant girl with a wide, left-sided, uni
lateral complete deft lip and palate. A. Preoperative 
view shows the deformity-a wide cleft and absence 
of the nasal floor, malrotated central lip element, 
twisted premaxilla, and nasal deformity. B, Intraop
erative markings for rotation-advancement deft lip 
repair at age 3 months. C. Immediate postoperative 
views. D, Postoperative views at II months of age 
taken at the time of cleft palate repair. 
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They may involve only one component or may be mixed and 
are nan1ed for tbe component vessels. They can be high-flow, 
low-How, or mixed. Correct ruagnosis depends on the history 
(e.g., hemangiomas develop in infancy and are usually not 
visible at birth), physical examination (e.g., malformations with 
an arrerial componenr may have a palpable pulse or thrill), and 
imaging to determine the extent of disease and assist with 
making dle ruagnosis. 

The natural histories of the different anomalies are ruverse. 
Hemangiomas typically involute spontaneously; 50% involute 
completely by the age of 5 years. This natural history reduces 
the inrucations for surgery to those lesions that are affecting 
vision or d1e rurway, or are large enough that even after involu
tion, the abnormal ren1runing skin will require surgical modi£ ca
tion. In contrast, capillary malformations start as patches but, 
over time, they typically enlarge and become thick and verru
cous; for these lesions, early treatment is indicated. Some vascu
lar malformations or tumors have systemic effects, depenrung 
on their mass, status as high- or low-Aow, and thrombosis and 
consumption of coagulation factors. Treatment of these lesions 
involves comple~e resection, when feasible, or dehulking if com
plete resection is not possible. Sclerotherapy is the mainstay of 
treatment of venous malformations. For arteriovenous malfor
mations, sclerotherapy is useful as an adjunct to surgery but 
insufficient alone because of the development of collaterals. For 
these malformations, sclerotherapy and embolization are fol
lowed immediately by surgical resection. 

Pediatric Neck Masses 
Neck masses in the pediatric patient are most likely infectious 
or congenital noncancerous lesions. ln addition to vascular mal
formations, other common pediatric neck masses include 
dermoid cysts, teratomas, branchial cleft anomalies, thyroglossal 
duct cysts, thymic cysts, ranulas, cartilaginous rests, heterotopic 
neurectodermal tissue, neurofibromas, ectopic salivary tissue, 
lymphadenopathy, and malignant tumors. Brandllal cleft anom
alies may be cysts, sinuses, or fi sndas. Cysts and sin uses are 
located in the anterior cervical triangle and are derived &om the 
first cleft {near d1e external audi tory meatus) and second deft 
(below the hyoid) 98% of the time. The treatment of these 
lesions is surgical excision. Thyroglossal duct cysts may arise 
anywhere along the course of the thyroglossal duct, from the 
foran1en cecum ar the base of the tongue to the thyroid gland. 
Thyroglossal duct cysts usually present .in the first or second 
decade of Life as prunless anterior neck masses and there may be 
an associated sin us tract. indications for surgery include recur
rem infection, tissue diagnosis, and improved cosmesis. Thyroid 
scan is indicated prior to excision to rule out a functioning 
ectopic thyroid gland. 

Melanocytic Nevi 
Congenital melanocytic nevi are hamartomas conststmg of 
nevus cells. Nevi are classified by size-small (<1.5 em), medium 
(1.5 to 19.9 em), large (>20 em), and giant (>50 em). The clas
sification dictates rhe prognosis and reconstructive approach. 
Risk of melanoma occurring in a melanocytic nevus varies by 
report, but is estimated to be less than 5% in small or medium 
lesions and typicaUy presents after puberty. ln large and giant 
nevi, the reported risk of melanoma development is up to L0%.11 

Unlike rhe case for small or medium nevi, malignancy in large 
and giant nevi typicaUy occurs in the first 3 years of Life. Large 
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and giant nevi also have an increased incidence of leptomenin
geal involven1ent that can be diagnosed by magnetic resonance 
imaging (MRD. In addition, psychosocial and developmental 
issues associated with larger nevi are signilicant, so early excision 
and reconstruction are recommended for large and giant nevi. 

Options for removal of larger nevi include serial excision, 
excision and grafting, excision and closure with distant Aaps, and 
tissue expansion. Replacement with Like tissue is the goal and 
therefore tissue expansion is rhe mainstay approacl1. 

PLASilC SURGERY OF THE HEAD AND NECK 

Maxillofacial Trauma 
Facial trauma bas decreased in frequency in the United States, 
and this is attributed in part to the advent of seat belt laws and 
improved collision safety. However, it remruns part of multisys
tem trauma &om motor vehicle accidents, assaults, and combat 
injurie.s.ln the latter, improvements in body am10r have resulted 
in better survival but proportionally more facial injuries. 

Emergent Management 
Surgical emergencies in the facial trauma patient include airway 
compromise. Life-threatening hemorrhage, and reversible struc
tural injury to the eye or optic nerve. Other injuries such as 
lacerations or extraocular muscle entrapment are t reated within 
the first 24 hours. Fractures are treated within the first 2 weeks. 
Evaluation of the facial trauma patient follows advanced trauma 
Life support {ATLS) protocol and includes looking for intracra
nial trauma and cervical spine injury. Acute airway compromise 
usually occurs in the setting of combined mandibular-maxillary 
trauma, with hemorrhage and soft tissue swelling. Endotrael1eal 
intubation should be attempted and need not be avoided because 
of concern about the facial injury. Nasotracheal intubation is 
contraindicated in the case of severe naso-orbitoethmoid and 
skull base fractures. Cricothyroidotomy is performed if oral or 
nasal endotracheal intubation is unsuccessful, and should be 
converted to tracheostomy after the patient has been stabil ized. 
Maxillomandibular fixation by itself is nor an indicario11 for 
traclleostomy because eJ1dotrael1eaJ intubation may be mrun
tained via the nasal or oral route using an armored rube that can 
be routed behind the molars without kinking. An alternative 
reclmique is to exit the endotrad1eal tube through a submental 
incision, which alleviates some of the practical difficulties of 
working around an oral tube. 

Life-threatening hemorrhage. de£ned as 3 U of blood loss 
or hematocrit below 29%, occurs in a small percentage offacial 
trauma patients. ln most cases, bleeding is effectively controlled 
with pxessure, packing and, in d1e case of signilicant soft tissue 
avulsion, the rapid placement of temporary bolster sutures. 
Blind attempts to damp and ligate vessels should be avoided 
because this is usually unnecessary and may result in injury ro 
critical structures, such as the facial nerve. With penetrating 
trawmt, hemorrhage is controlled in the operating room with 
vessel identi£cation and ligation and, if unsuccessful, by angie
graphic selective emboli'l..ation. With blunt t raun1a, severe hem
orrhage is usually from the internal maxillary artery. The most 
effective way to control bleeding, especially wben it is associated 
with m idfacial fracrures, is fracwre reduction and stabilization. 
11lis can be accomplished quickly by temporary placement in 
maxillomandibular fixation using rapid tech11iques sud1 as 
fixation screws. Severe hemorrhage from skull base and 
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nasoethmoid fractuJ·es can often be controlled with anteropos
terior nasal packing. Placement of Foley balloon catheters in 
each nasal airway serves to tamponade the bleeding and also 
stabilizes the packing. Current protocols for control of hemor
rhage in blunt facial trauma settings involve selective angiogra
phy if these measures fail (Fig. 69-5).12 Angiographiccmbolizarion 
is effective but is associated with significant morbidity, including 
the possibility of stroke or necrosis of mid facial st ructures sucb 
as the palate. In tmstable patients, fracture reduction and nasal 
packing may be attempted on the angiography table to be 
followed imJ1Jcdiatdy with embolization, if necessary. 

l.njmies to the orbit and contents can resuh in blindness; 
it is critical to recognize prom ptly ru1d treat reversible injuries 
d1at are vision-threatening. C<Jnditions that reqttire emergent 
intervention include increased intraocular pressure, globe 
rupntre, and optic nerve impingement. Acute increased ICP is 
manifested by pain and vision loss and can result from causes 
such as hemato ma or decreased orbital volume because of frac
ture or a foreign body. Treatment involves rapid alleviation of 
intraocular hypertension by lateral cantbotomy ru1d administra
tion of mannitol, acetazolamide (Diamox), and steroids. Urgent 
ophthalmology consultation is indicated. Vision loss may result 
from mechanical compression of tl1e optic nerve. Computed 
tomography (CD will diagnose the presence of a bone fragment 
or foreign body; such a finding should prompt emergent surgical 
decompression to preserve vision. Extraocular muscle entrap
ment presents as the inability to move the eye on tbe trajectory 
controlled by d1e entrapped muscle and is associated with paiJ1 
on attempted motion. Especially in children, me pain may be 
severe and accompanied by nausea or vomiting. Muscle entrap
ment shou1d be treated by surgical release of the entrapped 
contents. 'Tius should be done fai rly soon after injury because 

Blunt facial trauma and hemonhage 

Airway protection with cervical spine control 
Anterio-posterior nasal packing 

Resuscitation and correction of coagulopathy 

If stable 
Complete trauma surveys 
Formal fracture reduction 

and fiXation 

If unstable 
(and bleeding is skull-based) 
Angiographic embolization 

If unstable 
(and bleeding is midface in o rigin) 

Urgent fracture reduction and/or fixation on angiogram table 

If hemorrhage continues 
Angiographic embolization 

FIGURE 69-S Algorithm for the management of life-threatening hem
orrhage in the setting of blunt facial trauma. (Adapted from Ho K, 
Hutter JJ, Eskridge J, et al: The management of life-threatening haem
orrhage following blunt facial trauma. J Plast Reconstr Aest'het Surg 
59:1257-1262, 2006.) 

delaying the treatment of entrapment for 1 week or longer after 
injury typically results in failure of the entrapped muscle to 
regain excursion. 

Evaluation and Diagnosis 
1l1e primary diagnostic smdies for facial injury are physicai 
examination and CT. Systematic physical examination can 
detect deformity, soft tissue injtLry, cerebrospinal fluid (CSF) 
leak, ru1d facial nerve injury. Palpation is used to identify bony 
stepoffs or midface instability. The eyes are exrunined for pro
ptosis or enophthalmos, extraocular muscle function, ru1d visual 
acuity. In patients who cannot cooperate with a physical exami
nation and for whom there is reasonable suspicion of periorbital 
injury, a forced duction test shouJd be performed. The occlusion 
is evaluated for subjective or objective malocclusion. Extraocular 
muscle entrapment, acute enophthalmos, and malocclusion are 
indications that surgical treatment of facial fractures wiU be 
requi red. Fine-cut CT of the face with direct or reformatted 
coronal ru1d sagittal views is used to diagnose facial trauma and 
direct nonsurgical ru1d surgical treatment (Fig. 69-6). W ith 

FIGURE 69-6 Three-dimensional reconstruction of a fine-cut facial a 
scan of a patient who sustained severe injuries in a sledding accident 
A. Arrows dockwise from top show (1) massive orbital floor blowout 
fracture, (2) severely displaced zygoma, (3) displaced LeFort I fracture 
causing rnalocdusion. B, lateral preoperative view showing the pres
ence of a nasCK>rbitoethmoid fracture as well (arrow). C. D, Postop
erative a scan shows reduction of the fractures and fixation with 
titanium plates and screws. Cranial bone grafts were used to recon
struct the left lateral maxillary buttress. The orbital floor was repaired 
using a Medpor implant (Stryker, Newnan, Ga) containing embedded 
titanium mesh. 
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currenc CT scanning technology, plain films are not necessary 
and provide less information. An exception is the Panorex, 
whid1 is used by many physicians as an adjunct or primary study 
for mandible fractures and to assess teeth and their roots in 
particular. 

Soft Tissue Injuries 
Because of its rich blood supply, even questionable tissue should 
be salvaged when treating facial lacerations and avulsions. 1he 
robust perfusion of facial tissue provides resistance to infection 
and repair can be done after a longer delay than would be safe 
elsewhere on the body. Although there is no strict cutoff, gener
ally primary repair is done up ro 24 hours after injury. Even 
grossly contaminated wounds or those from animal bites are 
irrigated extensively, debrided, and dosed primarily. lf there is 
the possibility of facial nerve injury, this is confirmed by the 
physical examination revealing weakness or absence of function 
of a portion of the muscles of facial expression. It is important 
to recognize a facial nerve laceration so that the distal cut ends 
can be identified with a nerve stimulator and tagged if they are 
not to be repaired immediately. ldenti.fication of distal stumps 
by nerve stimulation is not possible after a few days because 
conduction ceases. Parotid duct iJ1juries should be identified and 
treated acutely to prevent the formation of sialocele or salivary 
fistula. ln a sharp .laceration or penetrating injury to the cheek, 
a parotid duct imjury can be confirmed by direct visualization 
or injection of dlye. 1his is done by cannulatiJ1g Stensen's duct 
on the mucosal surface of the d1cck and injecting a small anwunt 
of methylene blue dye. Extravasation of the dye into the wound 
iJ1dicates a parotid duct laceration and repair over a stent should 
be done in the operating room. 

Craniofacial Fractures 
Current concepts in facial fracture treatment rest on craniofacial 
tedmiques to provide surgical exposure of the craniofacial skel
eton, anatomic reduction of fractures, rigid bony fixation with 
low profile, titanium plates, and bone-grafting techniques. 
Failure to reconstruct the bony facial skeleton invariably results 
iJ1 shrinkage ru1d tightening of the facial soft tissue envelope, 
a sequela that is almost impossible to correct secondarily. 

Treatment of forehead fractures involves assessment of the 
frontal sinus and cranial base. 1l1e approach is dictated by injury 
to the ruuerior or posterior rable of the fromal bone or skull 
base, and whether there is a dural injury or injury to the naso
frontal ducts that drain the frontal sinuses into the nose. Frac
tures of the upper midface include malar (zygoma) fractures, 
naso-orbitoethnwid fractures, and orbital fractures. 1l1ere is 
considerable overlap in this region. For example, malar fractures 
occur in association with orbital fractures to a varying degree 
because the zygoma, in addition to produciJ1g cheek projection 
and determining facial width, is also part of the orbit. Treatment 
of fractures of the lower midface, the maxilla, focuses on the 
restoration of the prcinjury dental occlusion. It is in1porrant to 
determine the patient's preoperative occlusion; the relationship 
of the upper and lower teeth is described by the Angle 
classification. 

Maxillary fractures are classified using the LeFort ~ystem 
based on the level at which the mldface is separated from d1e 
rest of the craniofacial skeleton. Repairs focus on the restoration 
of facial height and projection. With significant comminution 
or bone loss, bone grafting may be required to maintain the 
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appropriate posLtton of the maxilla in space. Rigid plate and 
screw fixation obviates the need for prolonged maxillomandibu
lar fi xation. Fractu.res of the mandible are treated by reduction 
and rigid fixation using restoration of occlusion as the principle 
intraoperative ru1d postoperative goal. Mru1y mandibular frac
tures are treated wirh open reducrion and inrernal fixarion, 
which may make maxHlomandibular fixation w1nccessary. 13 

Certain fractures, however, arc best treated closed, and the deci
sion to pursue an open or dosed approach depends on the 
fracture location and orientation. 

The same principles of fracture repair apply in the pediatric 
paticn£, with some differences; early treatment within 1 week is 
necessary given d1c rapid healing iJJ children, ru1d fixation is 
complicated by the presence of permru1ent teeth embedded in 
the maxilla and mandible that are easily dan1aged by hardware. 
Rcsorbable hardware is frequently used for children but does 
not have tl1e mechanical strengtl1 required for the most adult 
fractures. 

Sc:alp Reconstruction 
1l1e scalp is comprised of skin, subcutaneous tissue, ru1 aponeu
rotic fascial layer continuous witl1 the frontalis and occipital 
muscles, a loose areolar layer, ru1d periosteun1. SmaU defects up 
to a few centimeters in size may be closed primarily, depending 
on the defect location and mobility of the surrounding scalp. A 
skin graft can be placed on intact periosteum. lf periosteum is 
absent, tl1e outer calvarial table can be opened wi.th a burr to 
expose the diploic space from which granulation tissue will 
develop ro support a skin graft. ln tl1e irradiated scalp or in the 
cao;e of an open wow1d with alloplastic material at the base, 
secondary healing or graftiJ1g will not provide stable, durable 
coverage and a flap will be needed. 

Scalp flaps are elevated at the subgaleal level and mru1y 
possible designs exist. In theory, defects as large as 30% of the 
scalp CaJl be closed with scalp flaps elevated on major vessels. 
Incising, or 5Coring, the inelastic galea can extend the reach of 
a scalp flap. Tissue expru1sion also can be used for tl1e reconstruc
tion of larger defects with hair-bearing tissue. 

For large scalp defects not amenable to closure by local 
remaining scalp, distant flaps may be used. Pedicled Haps with 
usefulness for scalp coverage include the trapezius, latissimus, 
ru1d pectoralis major muscle flaps. Pedicled flaps are limited by 
their arc of rotation, so free microvascular tissue traJlsfer offers 
more flexibility. 1l1e free latissimus dorsi muscle flap is preferred 
for coverage of near-total or total scalp defects because of its flat 
contour and ability to cover a large surface area. Traltmatic scalp 
avulsions occur in the subgaleal plane and may be replanted 
based on a single dominant vessel, with good results. 

FadaiRecon~ction 
Defects of the face are usually the result of tumor resection or 
trauma. STSG coverage of facial defects has limited application 
because the tissue match is in1perfect. FTSGs are taken from 
donor sites in the preauricular, postauricular, and supraclavicular 
areas for the best color match. Local Haps provide tissue of 
appropriate thickness and have the color and texture of the 
defect. 

Nasal defects up to approximately 1.5 em i.n size CaJl be 
closed with local nasal flaps. For larger defects, the forehead flap 
is preferred. The ford1ead flap is based on the supratrodtlear 
vessels and the reconstruction is performed in a staged fashion 
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FIGURE 69-7 A paramedia n forehead fla p is used for nasal reconstruction in a patient with melanoma on the right side of the nose. A. B. 
Although the tumor is on the right side, the entire nasal subunit is removed and the nasal cover flap designed so that there will be no scars 
on the anterior mose. C. Postoperative result at 4 months. 

(Fig . 69-7) . The forehead may be expanded prior co elevation 
for closure of la rger defects aJld to assist with primary closure of 
the donor defect. With nasal defects, differem components may 
be lost and restoration of skin, mucosal lining, and cartilage may 
be required. Composite grafts from the ear that contain skin and 
cartilage are useful for defects of the nasal ala. Reconstruction 
of total nasal defects is complex aJld may require bone grafting 
and free tissue transfer. 

Tn the eydid, FTSGs are a good option fo r skin loss alone. 
For a small, full- thickness Lid defect, creating a V-shapcd wedge 
can permit primary closure in layers. Adding a lateral ca.ntbot
omy helps mobilize the lid margin for closure of larger defects 
and, in some cases, the incision can be carried out into the 
temporal skin uo mobilize the lid further. Eyelid defects can be 
repaired with flaps rotated from the other lid; this is useful to 
provide similar· tissue. Extensive eyelid defects require support, 
typically in the form of a chondrom ucosal graft obtained from 
the nasal septum or external ear. The graft is placed and covered 
with a regional skin flap. 

For reconstruction of the cheek, a number of different, 
smaller local flaps can be designed. For larger defects, cervicofa
cial rotation flaps mobilize skin fro m the neck and side of the 
face for traJlsposition to the more central areas of the face. 

ln the Lip, precise alignment of the vermillion border is 
critical, as is repair of the orbicularis oris muscle to maintain Lip 
competence. D efects are dosed in layers and direct closure is 
possible fo r defects up to one third of the transve rse width of 
the lip. Repair of larger defects requires mobilization of the sur
rounding tissue to reconstruct the oral sphincter. Central defects 
of the upper lip are best reconstructed using an Abbe flap, which 
is a mucosal musculocutaneous flap from tbe lower lip based o n 
the labial artery. The flap is transferred i11 a staged fa~h ion , with 
the do nor pedicle divided 2 ro 3 weeks after flap iJlset. Large 
defects of the lower lip are reconstructed with mucosal museu
locutaJleous flaps from the surrounding area. These reconstruc
tions should preserve motor function of the orbicularis muscle, 

thus ensuring o ral competence. M.icrostomia may be produced 
but is often temporary, because the tissues will stretch over time. 

Fadal Transplantation 
'TI1e first successful face transplantation was done in November 
2005 in An1iens, France. Since then, there have been eight 
addi tional reports of successful facial compos.ite tissue transplan
tation. All were done for devastating defects and were complex 
three-dimensional reco nstructions, with variable an1oums of 
skin, muscle, nerve, bone, and parts such as eyelids, noses, and 
lips. As of mid-20 10, aU the recipients had experienced at least 
one episode of acute graft rejection and two of the recipients 
have died, one from sepsis and the seco nd after no ncompliance 
with his immunosuppressive prograJ11. Functional recovery in 
the faces has been satisfactory i.n the long-term cases, wi th 
sensory ftmction recovering at 3 to 6 months and acceptable 
motor recovery between 9 and 12 months. Aesthetic outco mes 
have been variable.14 

The benefit of facial transplantation is that fo r a select 
number of severely disEgured individuals, it can provide a better 
fu.nctio nal and aesthetic outco me than conventional reconstruc
tive methods and, in doing so, improve their quality of life. 'TI1e 
immediate risks associated with surgery to transplaJlt facial 
tissues are essentially the saJ11e as those for conventional recon
structive procedures. The important difference is the risk posed 
hy the lifelong immunosuppression required to prevent rejection 
of the transplanted facial tissue. It is also assumed that there 
would be risks associated with the process of facial tissue rejec
tion itself should that occur in aJlY of these patients. At present, 
face transplantation is a technique of last resort after traditional 
facialt reconstructive techniques have failed. 

Fadal Aesthetic Surgery 
Aesthetic surgery starts with an initial patient consultation for 
discussion and evaluation of the patient's perceptions aJld wishes, 
curren t bealtb and pasr medical history, and realistic assessment 
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of the benefits and risks of surgery to change appearance. The 
motivation to have aesthetic surgery is often psychological and 
involves body image, so the key to achleving success is selection 
of patients. The core value of the surgery lies not in the objective 
beauty of the visible result, but in the patient's opinlon of and 
response to the change. 1lms, being able to predict the likeli
hood that a patient wiU be satisfied with the surgical resul t is 
critical. Persons who consider their deformities greater than they 
actually are, who harbor unrealistic expectations, or who have 
substance abuse or mental health problems are not good candi
dates for aesthetic surgery because the surgery is unlikely to meet 
their needs. 

Forehead and Brow Lift 
With aging, the eyebrow descends below its youthful location 
at or above the superior orbital rim. 1llis ptosis is accompanied 
by a wrinkled brow, excess tissue hooding of the upper eyelids, 
especially in the temporal brow area, and creasing at the outer 
canthi (crow's feet) and over the dorsum of the upper nose. 
These cll~mges can be corrected with a forehead or brow lift 
done as an open or endoscopic procedure. With an open lift, a 
bicoronal or modified anterior hairline incision is made. The 
forehead is elevated as a flap with the plane of dissection 
between the galea ~md pericranium, drawn taut, and the excess 
tissue in the fromal scalp excised. An endoscopic forehead lift is 
done through several small incisions within the hairline, exten
sive subperiosteal dissection to include the orbital rim ru1.d root 
of the nose, release ru1d resection of the corrugaror and procerus 
muscles, preservation of the supratrod1lear and supraorbital 
nerves, ru1d ford1ead elevation ru1d fixation with percutru1eous 
screws or other devices to reattach it in a higher position. 1l1e 
advantages of m endoscopic forehead lift are minimal scarring 
and no scalp resection; it is especially useful for patients with 
frontal baldness. 

Blepharoplasty 
Blepharoplast)', derived from the Greek blephttron, meaning 
"eyelid," is done for dermatochalasis ru1d corrects bagginess, fatty 
protrusions, and lax hru1ging skill around the eyes. If the eyelid 
itself is drooping, this is termed blepharoptosis and is corrected 
with a different procedure, a ptosis repair. 

Upper eyelid blepharopla~ty is done through an incision in 
the crease of the lid after marking the degree of excess skin to 

prevent overresection and resultant lagophthalmos (inability to 
close the eye completely). A strip of orbicularis oculus muscle 
carl be taken and!, if excess postseptal fat is present, this protrud
ing orbital fat is resected. Lower eyelid blepharoplast)' requires 
elevation of skin or skin-<>rbicularis oculi muscle flaps, with 
removal of skin, muscle, and far. A trru1sconjunctival approacl1 
to the lower eyelid is used for removal of lower lid fat or orbital 
septum tightening, with little or no skin resection. [f the lower 
lid is lax and poorly adherent to tl1e globe, a lateral canthopexy 
is done for mild laxity and a lateral cru1thoplasty is performed 
for significant laxity. 

Complications after blepharoplasty include dry eye syn
drome, scleral show, and ectropion. All patients should be tested 
preoperatively for preexisting dry eye ru1d a Schirmer test may 
be predictive of dus outcome in those who are prone to this. 
Scler-al show is a complication afrer lower eyelid blepharoplast)' 
in which the white sdera below the colored iris of tl1e globe is 
exposed when the patient is in forward gaze. Scleral show is 
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caused by lower eyelid retraction, with shonenlng of the rrliddle 
lamella of the orbital septum; patients with preoperative laxity 
of the lower eyelids are predisposed to this complication if the 
laxity is not addressed at the time of surgery. Ectropion is ever
sion of the eyelid with exposure of the conjunctiva and is fairly 
common in rhe postoperative period, when the lower eyelid is 
edematous. Persistent ectropion requires surgery to increase 
lower lid support, possibly with the addition of skin grafts to 
augment the lower lid tissue. 

Facelift 
A facelift, or rhytidectomy, derived from the Greek rhytis, 
meaning "wrinkle," is designed to correcr the appearance of 
facial aglng by removing lax, redundant facial and neck tissues. 
Facial aging is characteri7..ed by midface infraorbital flattening, 
prominent nasolabial folds, deepening of the labiomental crease, 
downturn of the lateral comnussures of the mouth, deepening 
grooves at the outer corners of the mouth (marionette lines), 
jowl formation, vertical banding of the plat)rsma muscles in the 
neck, and laxity of the neck skin. The traditional facelift is a 
subcutaneous dissection to elevate ru1d redrape the skin of the 
face ru1d neck This has been eclipsed by procedures that also 
correct the effects of aging and gravity on the deeper tissues and 
structures of the face. 

In addition to skin undermining and red raping, the super
ficial musculoaponeurotic system (SMAS) of the facial and 
neck fascia cru1 be tightened by plication. With a lateral SMA
Secromy, a strip of SMAS is excised along the ru1terior border of 
the parotid and the mobile SMAS is brought up and sutured to 

the fixed SMAS at the malar prominence, whicl1 produces 
durable elevation of d1e superficial fascia and facial fat. It is 
effective for patients with a wide variety of anatomic differences 
ru1d is reproducible and safe. With deep plane rhytidectomy, 
the facelift flap includes everything down to the fat over the 
zygomaticus muscles. 1l1is procedure corrects midface descent 
ru1d ptosis, but is associated with prolonged facial edema and 
long recovery. 

A number of ancillary procedures are available ro enhance 
the outcome with facdift. Submental lipectomy removes the 
subcutaneous fat under the chin to improve the contour of the 
cervical portion of the facelifc. Platysmaplasty corrects vertical 
bru1ding by incising the plat)rsma muscles at tl1e level of the 
thyroid cartilage and suturing them together in d1e nlidline of 
the upper neck. Fat injection to selected areas under the facelifc 
flaps before closure can fill hollows caused by subcutaneous fat 
atrophy in areas such as the temple. 

Hematoma is the most common complication after facdift; 
other complications include scarring, alopecia, skin slough, and 
nerve injury. 1l1e most common nerve injury during facelift, 
occurring at a rate of 3% to 5%, involves d1e greater auricular 
nerve, whicl1 provides sensation to the lower ear. 

Rhinoplasty 
Rhinoplasty is a difficult operation because it is a composite of 
procedures on a number of anatomic structures. When a patient 
describes a large nose or a long nose, tills global description may 
encompass a dozen contributing structures. Laying the ground
work for a rhinoplasty starts with analysis of d1e facial propor
tions, followed by systematic analysis of the nasal components. 
Starting superiorly, the nasal frontal angle height and depth are 
noted. 1l1e bony pyranlid, upper lateral cartilages and supratip 
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are evaluated for their height, width, and symmetry. The nasal 
tip is analyzed in terms of its projection, rotation, symmetry, 
and position of the tip-defining points. The alae are inspected 
for increased width, collapse, or retraction. 1l1e columella is 
examined for increased or decreased show and the columellar
labial angle is measured. An imernal nasal examination deter
mines whether there is functional deformity by evaluating the 
septum, turbinates, and internal nasal valves. 1l1e soft tissue 
envelope and thickness of the skin are studied so the effect of 
underlying changes can be predicted. 

Once thorough analysis is complete, this is converted into 
a surgical plan of action. The initial decision is whether to use 
an open or endonasal approach. l11e open rhinoplasty affords 
excellent exposure and makes it possible to manipulate the 
osteocartilagino us fran1ework under direct vision. 'TI1e closed 
rhinoplasty avoids a visible scar. Mrer the surgical approach is 
decided on, the rest of the strategy involves choosing redmiques 
based on location-specific criteria. 1l1ese could include an oste
otomy for changing the bony contour of the upper third of the 
nose, spreader grafts and dorsal resection of the upper lateral 
cartilages for irlternal valve collapse and dorsal contour in the 
middle third of the nose, resection and interdomal sutures for 
tip refinement and symmetry in the lower third of the nose, and 
columellar resection or a strut graft for overprojection or loss of 
tip support at the base of the nose. 

The most common surgical complication with rhinoplasty 
is bleeding, which occLLrs in up to 3.6% of patients. A more 
challenging issue is that approximately 5% to l Oo/o of patients 
require revision or a secondary rhinoplasty for aesthetic or func
tional reasons. The goal in rhinoplasty is to produce reliable, 
long-lasting, and natural-appearing results with consistency. It 
is thought thai( the key to ad1ieving this goal is component 
analysis and management of the dorsal, tip, base, and internal 
nasal structures.15 

Skin Resurfacing 
Several modalities are avai.lable to improve the texture, tone, and 
color of the skin. These include d1emical peeling and dermabra
sion, but the most rapidly growi11g techni.que for skin rejuvena
tion is laser technology. 1l1e use of Light as a medical treatment 
was introduced! in the 1960s with the development of the laser 
(light amplification by stimulated emission of radiation). Abla
tive lasers (C02 and erbiwu :YAG) have proved highly effective 
for skin treatment. Removing the epidermis and upper layers of 
the dermis, this ablation, combined with thermal coagulation of 
the dem1is, heals with robust dermal remodeling that tran.slates 
i11to clinical improvement. 1he problem was resultant scarring 
in some patients, prolonged edema and erythema, permanent 
pigmenta6on abnormalities, and increased risk of infection. 
111lls, a new concept of fractional pbotothermolysis was intro
duced in 2003, which ha.~ revolutionized laser surgery. Fractional 
C02 laser resurfacing represents a new class of therapy by deliv
ering dermal coagulative injury without confluent epidermal 
damage. Distinct lesions of thermal damage are surrounded by 
larger zones of undisturbed nom1al skin; this combination 
allows complete reepithclialization within 24 to 48 hours whi.le 
producing enough coagulation of the dermal coUagen to stimu
late connective tissue synthesis and produce skin rightening. 
With the fractional approach, results are comparable to those 
with full-surface ablative la.<>ers without the associated side 
effects.16 

The indications for laser resurfacing are facial rhytides, 
sun-damaged skin, and acne scarring. Benefi ts of treatment 
include softening or disappearance of mild to moderate wrin
kles, improved skin texture and tone, decreased pore size, and 
reduction of skin laxity. The entire face, neck, and chest can 
be rreated. Clinical improvement is seen with one or rwo 
treatments, scarring and hypopigmentation are rare, and the 
risk of infection in patients given prophylactic antiviral and 
antibiotic medications is low because the epidermal layer is 
restored promptly. When used to treat scars, fractional photo
thermolysis can flatten out and smooth hypertrophic scars and 
increases collagen production beneath depressed, atrophic 
scars, which summate in smoothing of rhe skin topography. 
For scarring, a series of treatments at 6- to 12-week intervals 
may be needed. 

Injectable Fillers 
ln the last few years, there bas been more appreciation for the 
role that loss of volume plays in the contours of tl1e aging face. 
Contrasting the youthful and aging face shows that areas such 
as the upper and lateral cheek, temple, nasojugal groove under 
the eye, and perioral area become atrophic, Aat, and hollow in 
appearance. Restoring volume to reverse cl1e atrophic d1anges in 
cl1ese areas produces a surprising rejuvenative change. 

Volume restoration procedures can include lipotransfer of 
autologous fat or the use of an increasing number of materials, 
temporary or permanent, for soft tissue augmentation. Fat graft
ing is a tedmique-dependem procedure in which atraumatic 
handing and methodic layering of the autologous fat is empha
sized for long-l.asting results. An unexpected fi11ding is that in 
addition to the volume restoration, fat grafting appears to have 
rejuvenative effects on the skin itself. 'TI1e quality of the skin 
appears to be in1proved, with softening of wrinkles, decreased 
pore size, and more even pigmentation. 17 Similar observations 
are made when fat is injected beneath depressed scars; not only 
cl1e indentation but the characrer of the skin itself appears to 
improve. Witl1 reports of the transformative power of fat grafted 
in areas of radiation dan1age, chronic u.lcers, and other defects, 
cl1ere is mud1 interest in docun1enting cl1e extent and identifying 
the med1anism of d1ese effects. 18 

In addition to autologous material, cl1ere are a number of 
biologic and synthetic products available for use as sofr tissue 
fillers. Biologic materials derived from organic sources offer 
the bene£ts of ready off-the-shelf availability and ease of use, 
but introduce issues of sensitization to foreign animal or 
human proteins, transmission of disease, and immunogenicity.. 
Also, as the tissue is processed to reduce these untoward side 
effeccs, the molecular structure is destabilized so that lack of 
persistence at the recipient site becomes the rule. The search 
over the last few years has been for new materials that are 
better tolerated and have greater longevity. The cwo major 
types of biologic tissue fillers are collagen products and hyal
uronic acid products! 9 

Synthetic materials can offer permanence. Many injectable 
and surgical.ly implantable synthetic products have been used 
over d1e years, and many have been condemned for complica
tions such as granuloma.~, acute and delayed infections, migra
tion or displacen1em, and deformity, which c.an result from 
complications or if the material is removed. 1l1us, only a limited 
number of syncl1etic materials are marketed in the United States 
for facial augmentation. 
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PLA5nC SURGERY OF THE TRUNK 

Reconstruction of the Chest Wall 
New techniques for repairing increasingly complex chest wall 
defects have accompanied advances in surgical and medical 
treatment of thoracic disease. fndications for c.hesr wall recon
struction include defects arising from oncologic resection, irra
diation ulceration, infection, or trauma and congenital defects. 
Considerations with reconstruction arc the status of the pleural 
cavity, requirement for skeletal support, and provision of soft 
tissue coverage. 

For management of the pleural cavity, principles include 
adequate debridement and the introduction of well-vascularized 
tissue to obliterate intrathoracic dead space. Extrathoracic 
muscles can be transposed to obliterate empyema spaces after 
pneumonectomy and to close brondwpleural or tracheoesopha
geal fistulas. Combined with adequate debridement and resec
tion of poorly vascularized tissue, these muscle flaps can be 
passed through a thoracotomy incision with a two-rib resection 
and sutured into the defect, with thoracostomy drainage. 1he 
choice of muscle depends on the location of the defect; options 
include the latissimus dorsi, serratus anterior, and pectoralis 
major muscle flaps. Other muscle flaps with limited but specific 
uses are the trape-zius and superiorly based rectus abdominis. 11le 
greater omennm1 can be transposed on the right gastroepiploic 
artery as a pedicle flap to provide well-vascularized tissue 
with the bulk and pliability to obliterate dead space, but it is 
a secondary choice because of the risks of intra-abdominal 
complications. 

When evaluating a chest waU defect, a number of variables 
influence the decision about whether skeletal reconstmction or 
stabWzation is required. 1hese include the site of the chest wall 
defect, number of ribs resected, extent of resection of other bony 
structures of the chest wall, history of irradiation, and whether 
there is wound comamination or i11fection. The goals of skeletal 
reconstruction are protection of underlying vital structures, 
cl1est wall stability tO preserve pulmonary function. and struc
tural support for shoulder and upper lin1b function . 

'TI1e number of resected ribs is accepted as the primary 
clinical determinant of the need for skeletal reconstruction. 
Stabilization is recommended when four or more consecutive 
ribs, or 5 em or more of lateral chest walJ, are resected because 
the resulting flail segmem may impair respiratory mechanics. 
However, there are no conclusive data about the critical size for 
flail segment reconstruction and studies of pulmonary ventila
tion deficits from skeletal chest resection are controversial, par
ticularly in the case of sternal resection.20 Some of this lack of 
clarity may be caused by the presence of other facrors that influ
ence d1est wall stability. Prior irradiation changes affect chest 
wall stabWty because soft tissues with radiation fibrosis have the 
rigidity and stiffness to limit chest wall motion. Location of the 
defect is relevant because Lateral defects are more prone to Aail 
d1est deformity than those stabilized by proximity to the sternum 
or spine. Pancoast rumor resections are stabilized by scapular 
support and upper chest wall defects above the fourth rib gener
ally can be closed with soft tissue only. 

In the past, reconstruction of the chest skeleton with rib 
bone grafts or fascia lata was conscrained by the limited avail
ability of autologous tissue. One of the important advances in 
chest wall reconstruction has been the availability of suitable 
synrl1etic materials. 'TI1e ideal characteristics of prosthetic 
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material for chest wall reconstruction are semirigidiry, flexibWty, 
biocompatibility, and radiolucency. Several mesh materials are 
available, including polypropylene (Prolene), crystalline poly
propylene and high-density polyethylene (Marlex), and polytet
rafluoroerllylene (Gore-Tex). Manufactured in a thick sheet, or 
doubled by folding, these materials provide supporr and malle
ability when sutured under tension. If additional rigidity is 
desired, methyl methacrylate glue can be sandwiched between 
sheets of mesh and allowed to harden into a rigid shell incorpo
rated witbi"n the mesh. These synthetic materials provide good 
support and stabWty and perform well, provided they arc covered 
with well-vascularized tissue to prevent infection. Chest wall 
infections in d1e prese11ce of synd1etic materials can be managed 
with dJ·ainage and antibiotic therapy: if removal of the foreign 
material can be delayed, a thickened fibrous layer will form to 
furnish some chest wall stability. In situations in whid1 a chest 
defect is contaminated or infecred at the outset, consideration 
can be given to the use of a temporary absorbable mesh, but this 
may have to be replaced when the infection ha~ cleared. 

Soft tissue coverage is d1e final stage of chest wall recon
struction. [fa d1est wall defect L~ limited to the skin and sub
cutaneous tissues, a skin graft is a reconstructive option. Its 
drawbacks are the eventual contraction that makes it a less 
attractive form of coverage than a flap and the poor success with 
graft healing on an irradiated bed. Thus, for chest wall defects 
with a radiation ulcer or osteoradionecrosis, there is .little indica
tion for a skin graft. TI1e healing of skin grafts on the chest wall 
has been enhanced by the use of tl1e vacuum-assisted closure 
device, which in1proves graft stabilization on a bed that is in 
motion with respiration. 

In chest wall reconstruction, vascularized soft tissue flaps 
are used to d ose larger defects, control infection, obliterate dead 
space, cover synthetic materials, and d ose wounds with radia
tion necrosis. Although skin flaps or fasciocutaneous flaps are of 
some use, the muscle or musculocutaneous pedicle flap is pre
ferred for its mhust blood supply. The latissimus dorsi muscle is 
used frequently for its reliability, large area, and abiJity to reach 
almost any chest wall defect on the ipsilateral thorax. Other 
muscle flaps used for anterolateral soft tissue reconstruction 
include rectus abdominis, pecroralls major, external oblique, and 
serratus anterior. Trape-zius muscle flaps are usefuJ for defects of 
the upper third of the back, midback, and shoulders. Free flaps 
that transfer distant tissue with microvascular anastomoses are 
not ofren used and are reserved for situations in whicl, regional 
flaps are unavailable or have failed, or for very large defects. In 
one series, iJl which aggressive resections of oncologic disease left 
chest wall defects as large as 300 to 400 em\ up to four muscle 
flaps and free flaps were required to achieve wound closure.21 

One series of 200 cl1est wall reconstructions reported a 
mortality of 6%, with complete or partial flap loss in 5% 
of patients, and pneumonia, respiratory distress, infection, 
hemato ma, and delayed wound healing in 27% of patients. 
Results were better in patients having immediate reconstruction 
at the time of resection than in those having delayed 
reconstruction.22 

Sternotomy Wounds: Treatment and Prevention 
Sternal wound infection and mediastinitis after median ster
notomy often require reoperation for debridement and recon
struction. Risk factors include diabetes, smoking, chronic 
obstructive pulmonary disease, immunosuppression, harvest of 
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FIGURE 6~8 A. 62-year-old woman 1 month after coronary artery bypass procedure with an open infected median sternotomy incision. 
8, The sternal wound was extensively debrided and covered with bilateral pectoralis major muscle flaps. Because the blood supply to the 
internal mammary perforators was damaged, each pectoralis major musde was based on its thoracoacromial vascular pedide after the inser
tion on the humerus and origin from the ribs was divided to permit musde transposition. C. Postoperative result at 3 months. 

internal mammary artery grafts, and use of assist devices. Primary 
rigid plate fixation of the sternum decreases the incidence 
of serious complications and there is current enthusiasm for 
introducing th.is surgical method for prevemion in high-risk 
situations.23 

For sternal instability or infection, debridement, use of 
wound vacuum-assisted closure devices, muscle and omental 
flaps, and fixation of the sternum have been described. Although 
minimal debridement may be needed in the wounds without 
costochondritis or osteomyelitis, single-stage or serial debride
ment bridged by vacuum-assisted closure as a sole or adjunct 
measure for dclinltive closure of the sternum may be requ.ired.2~ 
Fixation of the separated remaining sternal bone with plates 
before soft tissrue coverage is advocated for earlier extubation, 
shorter length of stay, a more stable base for an overlying Hap, 
and less long-term chest or shoulder pain. TI1e pectoralis major 
muscle is the flap of choice for reconstruction of median ster
notomy wounds. It is mobilized through the midli11e incision 
by detaching it from the sternum, ribs, clavicle, and humeral 
insertion willie preserving the thoracoacromial pedicle (Fig. 
69-8). It is advanced medially and, because of its size and arc of 
rotation, can cover almost the entire sternum. If an aortic vas
cular graft is exposed, the muscle is mobile enough to wrap 
around the graft and fill the mediastinum. Another option with 
the pectoralis major muscle is a turnover £\ap, in which one or 
both muscles are left attached on either side of the midline on 
the perforating branches of the internal mammary artery, dis
sected free from the remainder of the chest wall, and turned over 
like a book page to cover the sternum. If the pectoralis muscles 
are not sufficient, which is sometimes the case over the lower 
third of the sternum, the rectus abdominis muscle can mobi
lized. 1l1ls is based on the superior epigastric artery and rotated 
180 degrees to cover the sternum. lf this is done in a patient in 
whom the ipsilateral imemal mammary artery has been har
vested for bypass grafting, the rectus abdominis muscle flap can 
be based on the eighth imercostal vessel, but with this as the 
pedicle the distal third may be poorly vascularized. With muscle 

Aap reconstruction, the rates of successful sternal closure are 
approximately 85%.25 

TI1e greater omentum has been used for 40 years for 
the closure of sternal defects and provides reliable coverage. It 
has been dain1ed that omentum controls median sternotomy 
iJ1fection more successfully than pedicle muscle flaps, but is nor 
used commonly because of exposure of the peritoneal cavity to 
infection, possibility of later intraperitoneal adhesions, and 
omentum's unavailability in some patients with previous abdom
inal sL~rgery. 

Breast Surgery 

Reduction Mammoplasty 
Hypertrophy or overgrowth of the breast is excessive develop
ment without any pad10logic process. It can be familial, with a 
typical onset during puberty and pregnancy, when hormonal 
changes exert an abnormal influence on growth in some indi
viduals. Reduction mammoplasty is the resection of excess fat, 
breast tissue, and skin to achieve a breast size proportional to 
the body. The principles guiding reduction mammoplasty for 
breast hypertrophy are to improve the patient's symptoms, 
decrease the volume of the breast, reshape the beast co correct 
ptosis, elevate the breast tissue to an anatomically correct posi
tion on the cl1cst wall, reposition the nipple and areola on the 
reduced ru1d reshaped breast, preserve the nerve supply to the 
skin ru1d nipple-areolar complex, maintain hlood supply to 
the b reast tissue, and minimize scars. Surgical techniques are 
described by the location of the block of tissue to whid1 the 
nipple and areola are left attached, and by the pattern of inci
sions and subsequent scars. 

The pedicle is the portion of the breast tissue preserved 
with its blood and nerve supply while the surrounding brea~t 
tissue is removed. An inferior pedicle technique is used most 
often but there are central, superior, medial, lateral, ru1d doubl}' 
attached vertical and hori;r.ontal pedicles. All variants are designed 
to maximize blood supply while allowing adequate tissue 
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removaL Suction-assisted lipectomy is used with excision tech
niques to remove excess fat laterally and there are a small number 
of patients with mild to moderate hypertrophy, fatty breasts, 
good skin tone, no ptosis, and good breast shape for whom 
liposuction alone will reduce volwne, with small scars. In the 
very large pendulous brea~t, in which rhe pedicle would be 
exceptionally long, the nipple-areolar complex is removed and 
transplanted as a graft. 1his technique is useful also for patients 
with vascular disorders or impaired wound healing. 

Prior to reduction mammoplasty, breast cancer screening 
with examination and mammography usually is done in patients 
35 years of age and older. A small number of breast cancers are 
discovered at the time of reduction by identifying a suspicious 
area or during routine pathologic study of the tissue; all breast 
tissue removed surgically should be sent for histopathologic 
sntdy. 1here is no set lower age limit but, for the adolescent with 
breast hypertrop:hy, reduction is deferred tmtil the breasts have 
stopped growing and are stable in size for at leaH 12 months 
before surgery. Secondary or repeat breast reduction has a higher 
complication rate because problems associated with a damaged 
blood supply, such as delayed wow1d healing, fat necrosis, and 
loss of the nipple and areola, are se.en when a pedicle is developed 
again in a previously reduced breast. Wound healing is impaired 
in the previously irradiated breast because of radiation-induced 
vascular changes. Recommendations in these patients include 
the following: (I) delay between radiation and mammoplasty to 
allow some of the vascular changes to subside; and (2) technical 
modifications using pedides that are broader and shorter than 
usual and minimizing adjustments to the breast tissue. Obese 
patients are poor candidates for breast reductions, wi th more 
local and systemic complications. Smoking is a contraindication 
to breast reduction. 

Sequelae of reduction mammoplasty include changes in the 
sensibility of the nipple and areola in 20% to 25% of cases, 
usually a decrease but occasionally increased sensation. Lactation 
and breastfeeding are not always possible after breast reduction. 
Complications with reduction mammoplasty include wound 
dehiscence, skin :slough, loss of tissue, hematoma, infection, and 
fat necrosis with palpable nodules of poorly vascularized fat. fat 
necrosis may prompt later investigation or biopsy to distinguish 
these lumps from breast neoplasms. 

Outcome studies after reduction man1moplasty have shown 
that patients gain relief from symptoms, can engage more in 
activities of daily life, and are happy with the results. [n one 
study of 185 women, 97% reported in1provement in back shoul
der and neck pain, 95% said they were happy or very happy 
with the results of surgery, a11d 98% said they would recommend 
it to others.Z6 

Breast Augmentation 
Augmentation mammoplasty is a cosmetic procedure done to 
resolve the dissatisfaction that some women feel with small 
breasts, either because their breasts never developed to a desired 
size or because their breasts lost volltme after pregnancy or 
weight loss, or with aging. With the development of the sealed 
silicone gel breast implant in 1962, breast augmentation 
became widely accepted. All U.S. Food and Drug Administra
tion (FDA)-approved breast implants, regardless of £illing 
material, have an outer shell or envdope constructed of silicone 
elastomer. Silicone gel- filled implants are polymerized to a con
sistency sinlilar to that of breast tissue. Newer gel implants have 
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a thicker, more viscous gel than previous generations of these 
devices. Called cohesive gel, the material tends to stay in place, 
even if the shell of the implant is damaged. Gel implants are 
pre£illed and sealed and cannot be adjusted in size in the oper
ating room. Saline-filled implants are silicone rubber shells 
filled i:n the operating room. Advantages of rhe saline implant.~ 
are the benign nature of saline, some flexibility in adjusting size 
by varying the amount of fluid put in the implant. and smaller 
incisions, because the implants are inserted while empcy. The 
primary disadvantage is a higher incidence of visible rippling or 
wrinkling of the implant under d1e skin, particularly in thin 
patients. 

Breast augmemarion requires an incision in the skin and 
subcutaneous tissue, wi th creati011 of a pocket in which a breast 
implant is placed and posi tioned. 'TI1cre are a number of techni
cal variations. One of three incisions can be used, each with 
advantages and drawbacks. 1l1e inframal1lffiary incision pro
vides excellent access and does not require dissection within the 
breast parenchyma; the disadvantage is a scar that may be 
noticeable in the smaller breast. A periareolar incision is cam
ouflaged in the areola and heals with litrle visible scarring hut 
has the disadvantage of possible changes in sensation in the 
nipple-areolar area. An axilJary incision leaves no scars on the 
breast but it is more difficul t to create the pocket with this 
approach. The pocket into which the implant wiiJ be placed 
can be in one of two positions relative to the breast tissue and 
pectoralis major muscle. Subglandular placement superficial to 
rhe pectoralis muscle fascia provides more ability to control the 
shape of the breast and is associated -.,vith a more rapid postop
erative recovery. With submuscular placement of the implant, 
the contour of the breast may be smoother because the edges of 
the implant are blunted by the muscle, there is less chance of 
developing capsular contracrure (hardened scar arotmd the 
implam), nipple sensation is protected, and mammogram inter
pretation may be more accurate when the breast tissue is lifted 
up and away from the implant by the m uscle. Disadvantages 
include more postoperative discomfort and longer recovery, 
movement of the in1plant when the muscle is flexed, and less 
ability to lift the parenchyma in a breast with some degree of 
ptosis. 

When considering potential problems that can develop 
after augmentation mammoplasty, it is useful to distinguish 
between operative complications and implant concerns. Periop
erative complications are relatively low, with bleeding or hema
toma in 1 o/o to 3%, wound infections in 1 o/o to 2%, 
and some degree of diminished sensibility of the nipple-areolar 
complex in approximately 15% of patients, depending on 
the incision used and position of the implant relative to the 
muscle. More numerous and more serious are the sequelae pre
senting weeks or years after the surge.ry. These include capsular 
contracture, implant deflation, implant rupture, and implant 
displacement. 

Capsular Contraction. This occurs when the normal enve
lope of fibrous tissue around an implam becomes trucker or 
tighter so that the implant no longer feels soft and pliant. If the 
degree of capsular contracture is great, there can be pain, distor
tion, and palpability or distortion of the implant. Capsular 
contracrure occurs in approximately 15% of patients, and it is 
not possible to predict who will develop it or take preventive 
mea~ures. Treatment i1wolves removing the fibrous capsule sur
gically and replacing the implant, but this often results in 
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recurrence of the capsular contracture. The only permanent cor
rection is remo·val of the implant. 

Implant Deflation. Saline-filled implant~ can deflate when 
the fluid leaks out of the implant through the valve or implant 
sheU. This occurs in approximately 7% of patients within the 
first 5 years after surgery. Causes include damage from handling 
at the time of surgery, pressure from capsular contracture, com
pression of the implant due to trauma, and other reasons that 
remain unknown. 

Implant Rupture. Silkone gel implants can rupture, 
releasing the gel material; its frequency is similar to that of defla
tion of saline implants. However, there is an in1portant differ
ence in how the rupture is detected. When a gel implam 
ruptures, the b reast volume "''ill nor change because the gel 
remains in the area; in many cases, the rupture remains 
undiagnosed-a silent rupture. Thus, it is recommended that 
gel implants be studied by MRI at intervals of 3 to 5 years so 
that silent ruptures can be detected and treated. Mammogran1s 
are not reliable diagnostic tools for rupture and surveillance with 
MRI is the standard.21 

Two areas of extensive study have been the questions of 
whether breast implants are a~sociated with breast cancer, and 
whether the silicone material in breast .implants is associated 
with connective tissue disease. No study has ever suggested that 
the presence of a breast implant is a cause of brea.~t cancer. The 
primary question has been whether the presence of an implant 
is responsible for delayed detection or poorer prognosis because 
of compromise of screening mammography. Standard mam
mograms in a woman with breast in1planrs show only approxi
mately 75% of the breast tissue because the remainder is obscured 
by the in1plant. Displacement techniques are used to address 
this, and additional views are needed. Studies have shown no 
significant difference between women with and without implants 
who develop breast cancer in terms of the size or stage of the 
tumor when it is diagnosed. One series of3182 women foUowed 
for 18.7 years after breast augmentation has shown no increased 
risk, no delay in diagnosis, and no worse prognosis for these 
patients compared with a comparable group of women without 
implants.28 

Concern about the association of breast implants with the 
development of autoin1111une or co1mective tissue diseases, sud1 
as lupus, sdero<lerma, or rheumatoid arthri tis, arose because of 
cases reported .in the licerawre in the early 1980s. Since then, 
an increasing Jmmber of epidemiologic analyses have failed 
to support this association. A committee of the Institute of 
Medicine of tbe National AcadeJnies of Science reviewed 
over 2000 peer-reviewed studies and 1200 data sets. In 1999, 
they concluded that there was no definitive evidence linking 
breast implants to cancer, immunologic disease, or neurologic 
disease, and that women with breast implants were no more 
likely to develop these disorders than those in the rest of the 
population. 

Breast ptosis .and Mastopexy 
Breast ptosis describes the downward displacement of the glan
dular tissue of the breast. Sagging and droopiJ1g develop when 
lax skin with poor ela~ticity cannot support and shape the under
lying breast parenchyma and the fascial atrachmems, the suspen
sory Ugan1ents of Cooper, lose elasticity and become attenuated. 
'TI1ese changes are seen with signilicant weight loss, postpartum 
atrophy, postmenopausal involution, and the continual 

graviiCational pull associated with aging. Breast ptosis is classified 
by the position of the nipple-areolar complex relative to the 
inframammary fold and breast mound; the degree of ptosis is 
considered when choosing the technique for surgical correction. 
There are numerous options for mastopexy and these draw on 
both breast reduction and brea.H augmentation techniques. 'TI1e 
key element~ are the removal and tigbten.ing of redundant skin 
and breast tissue and the possible addition of a breast implant. 
The prin1ary intention when introducing a breast implant is not 
increased size; rather, the implant adds volume to the Aattened 
upper pole of the breast and provides support and Uft for a soft, 
involuted breast with thin, inelastic skin. The chaUenge with 
mastopexy is balancing tightening with restoration of volume. 
The effects of surgery are only ten1porary and ptosis recurs with 
the passage of rime depending on the age of the patient, the 
cause of the ptosis, the size of the breast, and whether an implant 
was used. 

Fat Grafting to the Brea st 
Autologous fat injection into the breast is a controversial 
subject. It bas been used successfully for breast enlargement, 
correction of breast deformities, additional coverage to disguise 
breast implants, and treatment of radiation damage to the 
chest. However, fat injections in the breast are associated with 
fat necrosis, oil cysts, and calcifications and there is concern 
that these abnormalities can hinder breast cancer screening. 
l11is prompted the American Society of Plastic Surgeons to 
issue a position paper in 1987 deploring the use of autologous 
fat injections for breast augmentation because of the scarring 
and calcification that wouJd develop if the injected fat did not 
survive. Drawing on experience with fat grafting in the face, 
procedural modifications for harvesting fat with minima\ 
trauma and injecting it into the breast in smaU aliquots were 
described 20 years later.m Taking care to avoid placing large 
amounts of fat at one site, the incidence of fat necrosis is lower 
and lipografting in the breast is being performed and studied 
actively. Adjunctive techniques include expanding the skin 
envelope and generating a recipient matrix prior to serial 
seeding with micrografts, placing the grafts outsi.de the breast 
parenchyma itself, and layering the fat into different levels. 
With evidence that technical perfomm1ce is critical, exceUent 
long-lasting result~ are being reported. However, an accurate 
figure for the incidence of calcifications after far grafting to the 
breast remains to be determined, as does the ability of breast 
screening studies to differentiate scattered microcalcifications 
and dispersed radiolucent oil cysts of fat injections from abnor
malities suspicious for malignancy.30 AJ1other area of intense 
interest is the use of adipose stem ceUs when using fat grafting 
for b reast enlargement. StiU largely theoretical in clinical prac
tice, the possibility of stinltllating permaneJlt fat survival in the 
breast is being weighed against the risk of introducing growing 
cell lines into tissue that will develop malignancy in some per
centage of the treated population. Although it is clear that 
autologous fat transfer to the breast is effective, the safety of the 
procedure is unsettled at this time. 

Gynecomastia 
Male breast enlargement occurs bilateraUy in 50% to 55% of 
cases: most patients are asymptomatic or report some tender
ness, soreness, or sensitivity. Caused by an increased estrogen
to-androgen ratio, the incidence is increased with generalized 
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obesity because of increased conversion of testosterone to estra
diol in adipose tissue. Histologically, variable degrees of ductal 
proliferation and stromal hyperplasia presem in three patterns, 
described as florid, intermediate, or fibrous. The florid pattern 
shows ductal hyperplasia surrounded by loose cellular connec
tive t:issue. The fibrous pacrern has cxrensivc fibrosis of rhc 
stroma with Litde ductal proliferation and is seen with longer 
than 1 year dur~ion of gynecomastia. The intermediate pattern 
represents a transition between the florid and fibrous types. 

TI1ere arc physiologic, pathologic, and pharmacologic 
causes. Physiologic or idiopathic gynecomastia, with no patho
logic basis, develops transieudy in more than 60% of newborns 
because of exposure to cransplacenral escrogens. During puberty, 
estrogen and testosterone shifts result in a prevalence of 50% to 
60%, with presentation during midpuberty (14 years) and a 
self-limlted average duration of 1 to 2 years. With increasing 
age, rlle prevalence gradually increases to more than 70% in the 
seventh decade. Pathologic gynecomastia is associated with cir
rhosis, malnutrition, hypogonadism, Klinefelter's syndrome, 
renal disease, hyperthyroidism, hypothyroidism, and neoplastic 
disease. Tumors that may lead to gynecomastia are testicular 
tumors (e.g., Le}'dig ceiJ and Sertoli ceiJ tumors. choriocarcino
mas), adrenal tumors, pituitary adenomas, and lung carcinoma. 
Gynecomastia is not associated with male breast cancer except 
in patients with Klinefelter's syndrome, in whom the incidence 
of mammary carcinoma is 20 to 60 times greater than in men 
without this chromosomal aberration. Pharmacologic gyneco
mastia is caused by drugs from a number of clasS<..>s, including 
antiandrogens, antibiotics, chemotherapeutic agents, cardiovas
cular disease drugs, and drugs of abuse (e.g., alcohol. heroin, 
amphetamines, marijuana).31 

For the patient presenting wi th gynecomastia, pertinent 
history includes duration, concomitant disease, and medication 
use. 1l1e breasts, thyroid, abdomen, testes and overall degree of 
virilization arc cxamiJlcd. Laboratory studies include determina
tions of hormone levels and, as indicated, additional selected 
studies, such as checking karyotype, testicular ultrasound, 
hepatic or renal function tests, mammography, and imaging 
studies of the chest or adrenals. Treatment of an underlying 
disorder may lead to regression of gynecomastia, especially when 
an offending medication can be identified and withdrawn in 
drug-related cases, or when testosterone is administered for 
testicular failure. However, gynecomastia of long duration, with 
a fibrous pattern, is tmlikely to resolve spontaneously. 

Indications for surgery include symptomatic gynecomastia, 
adolescent males with enlargement persisting for more than 18 
to 24 months, gynecomastia oflong duration that has progressed 
to fibrosis, and patients at risk for breast cancer (e.g., those with 
Klinefelter's syndrome). Surgical approacl1es depend on the 
degree of enlargement and whether there is associated ptosis 
(drooping) of d1e breasts. For patients with mild to moderate 
gynecomastia wi th minimal drooping, there arc several options, 
including suction-assisted Liposuction, ultrasound-assisted Lipo
suction, direct excision through a small incision confined to the 
areola, or a combination of these techniques. For the patient 
with moderate to large gynecomastia and a~sociated laxity and 
descent of d1c breast, skin resection and transposition of the 
nipple-areolar complex superiorly to an appropriate position on 
the d1est wall are required. This necessitates additional incisions, 
with resultant scarring; there are various teclmiques to minimi:z.e 
the appearance of these scars. For the patiem with massive 
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gynecomastia, an en bloc resection of excessive skin and breast 
tissue is needed, with free nipple grafting or repositioning of the 
nipple areolar complex on a pcdidc flap. 

The challenge with surgical excision of gynecomastia is 
achieving perfect symmetry of d1e two breasts and producing a 
smooth conrour, without indentations or irregulariries. Suction
assisted Lipectomy is helpful to smoorll the contours and taper 
the area of resection into the surrounding subcutaneous tissue 
on the chest wall to make it undetectable. Postoperative com
plications .include bematoma or seroma caused by the extensive 
dissection and undermining of the skin through a small incision; 
these can be mitigated with good hemostasis and the use of 
drains and compression garments. Less common complicadons 
include infection or tissue loss, including loss of a portion of the 
nipple areolar complex. 

Congenital and Developmental Deformities 
Breast and chest waU deformities range from hyperplastic anom
alies, such as polymastia and polythelia, to hypoplastic deforma
tional anomalies characterized by a p aucity of breast tissue, as 
seen .in Poland syndrome. Descrihed by Alfred Poland in 1R41, 
this syndrome is a severe form of chest wall and breast hypoplasia 
that occurs in approximately l iJ1 25.000 live births. It occurs 
sporadically, is generally unilateral, and affects males more fre
quently than female.~ (3 : 1). The syndrome includes a spectrum 
of deformities, the most consistent of which is absence of the 
sternocostal head of the pectoralis major muscle. Other fearures 
can include absence of the ipsilateral pectOralis major and minor 
muscles, absence of tl1e anterior portions of rihs 2 to 5, loss of 
the latissimus dorsi and serratus anterior muscles, absence of 
axillary hair, li.nllted subcutaneous chest wall fat, and brachysyn
dactyly of the ipsilateral hand. There can be absence of tbc breast 
or a varying degree of hypoplasia, and the nipple can be absent 
or displaced. 

Treatment options for Poland syndrome include autolo
gous tissue, alone or in combination with synthetic implant 
materials, to correct the contour deforn1ity of the cl1est waU and 
reconstruct rllc breast. Because of its proximity, a pedicled latis
simus dorsi muscle flap is preferred if it itself is not i,nvolved; as 
an alternative, the rectus abdorninis muscle can be introduced 
as a pedicle or free flap. The timin g of surgery requires careful 
consideration. In general, reconstruction is deferred unti I late 
adolescence to avoid the risk of growth inhibition with early 
operative trauma and mini.nur-e the need for multiple revisions 
to keep pace with d1est wall and breast growth. 

Abdominal Wall Surgery 

Components Separation and Flap Coverage 
Acquired abdominal wall defects are caused by incisional hernia, 
tumor resection, infection, irradiation, and trauma. The goals of 
abdominal wall reconstruction are protection of the abdominal 
contents, restoration of the integrity of the musculofascial wall, 
and provision of dynamic muscle support. Treatment is selected 
on the basis of a number of factors, including the medical status 
of the p atient, wound bed preparcdJ1css, size of the defect, posi
tion of the defect, and whether there is .loss of stable skin and 
subcuraneous tissue or loss ofmyofascial tissue. If skin coverage 
and myofascial continuity are absent, the defect is a complete, 
full-thickness loss and both layers will have to be restored using 
more complex approaches. 
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The timing of immediate versus delayed reconstruction 
depends on the clinical situation. Patient assessment includes 
body mass index {BMI) and pulmonary evaluation because post
operative loss of domain may decrease vital capacity, total lung 
capacity, and fiunctional residual capacity.32 Nutritional status, 
tobacco use, and fluid and elecuolyre imbalance are corrected. 
Assessment of d1e wow1d bed includes identification of bacterial 
contamination. exposed viscera, adherent bowel, enterocutane
ous fistulae, previous radiation, prosthetic material used in previ
ous operations, and previous incisions or scars that interrupt the 
abdominal circulation. TI1e presence of inflammation and 
edema, even in a clean wound, limits local tissue advancement; 
significant inflammation may be present after dehiscence, trau
matic defects, fistulas, or recent infection. 

Immediate and one-stage reconstruction of a wall defect is 
the approach of choice for a patient who is medically stable, with 
a clean. wound bed and reliable reconstructive options. This 
approach is suitable for patients having ventral herniorrhapl1y 
or tumor extirpation requiring concomitant reconstruction. 
Definitive repair is delayed if the patient is unstable, the wound 
is contaminated, further explorations are planned, or there is 
abdominal distention or inflammation. In these cases, the 
wound is managed with skin grafts, prosthetic mesh, or vacuum
assisted closure device as a temporary measure until reconstruc
tion can be done. 

STSGs have a high rate of success, even in colonized 
wounds, provide stable coverage to protect from infection, and 
prevent continued fluid and protein loss from granularion tissue. 
In addition, they aid in eventual closure by reducing the size the 
wound through. contracture. The problem is that STSGs become 
fixed to the viscera 011 whicl1 they are placed; the consequences 
of skin grafting include hernia, abdominal wall bulge, and pos
sible trauma to the viscera. Lacer reconstruction involving 
removal of the skin grafts should be delayed for a minimum of 
6 months, wuil the wound has matured. This wiiJ decrease the 
density of the adhesions and scar tissue and help control the rate 
of inadvertent enterotomy, which converts a clean case in which 
prosthetic mesh could be used into a contaminated one. 

If temporary fascial support of a contan1inated wound is 
needed to prevent evisceration and maintain domain, an absorb
able mesh can be used whiJe the acute problems are addressed. 
Absorbable mesh made from polyglycolic acid can remain in 
place for 3 w 4 months, protecting the inua-abdominal coments 
and providing support wlllle granulation tissue develops and is 
skin-grafted. This type of mesh undergoes hydrolytic degrada
tion so its usefulness is temporalJy limited because of loss of 
structural strength, with ulceration and delayed hernia forma
tion. [f left in place, there will be eventual loss of support but 
there will be no difficulty removing the prosthetic material6 to 
12 mond1s later in a patient w1dergoing definitive repair of the 
defect. 

The vacuum-assisted closure device is effective for provid
ing temporary dosure of an abdominal walJ defect by providing 
the support of an nondistensible dressing, limiting fascial retrac
tion by applying constant medial tension, and stimulating gran
ulation tissue growth. With modification of the standard vacuum 
pack d.ressi11g, visceral adherence to the abdomi11al waU can 
be limited whereas fascial closure is encouraged. Sntdies in a 
laboratory model have shown that the vacmuu-assisted closure 
device results in a fourfold increase in va~cul arization to the 
wound, decreased bacterial colonization, i11creased formation of 

granulation tissue by 103%, and il1creased flap survival by 21% 
when compared with controls.33 

When planning definitive repair, reconstructive options are 
considered in terms of the type of abdominal waU defect, whicll 
can be broadJy classified into one of three categories: 

• Los.~ of skin and subcutaneous tissue only. These 
partial defect~ are dosed primarily if small, with skin 
grafting, random or local Raps, fasciocutaneous Raps. 
vacuum-assisted closure device, or tissue expander 
prior co primary closure. 

• Loss of musculofascial tissue, with intact skin cover
age. These partial defects are repaired with prosthetic 
mesh or with auwlogous tissue reconstruction. Auto
logous techniques include prin1ary repair, open or 
endoscopic-assisted components separation, or local 
flap and distant flaps selected on the basis of the loca
tion of the fascial defect on the trunk. 

• Loss of both the skin and fascial layers, with a full
thickness open defect. 1l1ese complete defects can be 
approacl1ed with staged reconstructio11 to close the 
skin and return later co provide fascial replacement. 
Alternatively, a local or distant muscle Rap, musculo
cutaneous Rap, fasciocutaneous flap, or free tissue 
transfer can supply well-vascularized tissue with the 
use of prosthetic material for fascial support as needed. 
Components separation is a technique in whicl1 a series of 

fascial incisions are used to separate the structural components 
of the abdominal waU and mobilize the musculofascial tissue for 
closu.re of a midline abdominal walJ defect (Fig. 69-9). 1l1e 
anterior rectus sheath is separated from the external oblique 
aponeurosis by malting a longitudinal relaxing incision along the 
liJ1ea semilunaris. This allows the anterior rectus sheath and 
muscle to move medially while maintaining its neurovascular 
supply, which comes from between the interna.l oblique and 
uansversus abdominis in a segmental fashion. Posteriorly, the 
rectu.s muscle is released from its posterior sheath with medial 
advancement uf 5 em in the epigastric region, 10 em at the 
un1bilicus, and 3 em in the suprapubic region. With the modi
fication of also dividing the in,eernal oblique component of the 
anterior rectus sheath, unilateral advancen1ent increases to 8 to 
10 em in the epigastrium, 10 to 15 em in the ruidabdomen, and 
6 to 8 em in the suprapubic region. With the component~ sepa
ration technique, the reponed rate of hernia recurrence is vari
able, from below 5% to over 30%, presumably dependent on a 
number of factors, including the dimensions of the defect. To 
address this, techniques for augmenting, but not bridgiJlg, the 
fascial closure with prosthetic mesh have been described, with 
good results for larger, more complex hernias.34 The components 
separation teclmique elinlinates the need for prosthetic material 
in many patients, restores the dynanuc abdominal walJ function, 
and results in in1provement in back pain and postural abnor
malities. A common complication wi th this technique is wound 
breakdown caused by devascularized skin flaps consequent to the 
wide undermining required. Attention to preserviJ1g the peri
umbil ical perforators can reduce the number of wound-healing 
complications; the use of endoscopic-assisted components sepa
ration has been described a~ a means to preserve midJine perfora
ro.rs ro the skin during release of the external oblique. In contrast 
to midline defecrs, components separation has limited use in 
lateral defects in which the achievable advancement decreases by 
50%. In addition, use of components separation in lateral repairs 
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can result in loss offascial congruity of the abdominal wall, with 
hernia formation at the donor site. 

Various prosthetic materials are available for use as struc
tural support of the abdominal wall. A number of trials have 
shown that the recurrence rate is halved after repair of incisional 
hernias more than 5 to 6 em in size when the use of prosthetic 
mesh is compared with primary suture repair.35 From this has 
come the consensus that prosthetic materials are useful in the 
presence of adequate skin and subcutaneous coverage and ade
quate wound bed. The incidence of infection is higher with the 
usc of prosthetics than with primary repair; excessive wound 
tension, poor wow1d status, and a b.istory of infection are associ
ated with prosthetic material failure. The materials are classified 
as meshed or nonmcshed and absorbable or nonabsorbable. 
There is less fibrous ingrowth with a nonmesbed material such 
as Gore-Tex, which minimizes adhesions between the prosthesis 
and viscera; reopening of the abdominal cavity through non
meshed material is easier. Alternatively, meshed material such as 
Marlex permits the effusion of fluid for a reduced incidence of 
seroma and promotes fibrous ingrowth, which enhances tissue 
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FIGURE 69-9 Components separation to mobi
lize the musculofascial tissue for d osure of a 
midline abdominal wall defect. A. Anterior 
midline abdominal wall defect. 8, Anterior rectus 
sheath separated from the external oblique apo
neurosis. Longitudinal relaxing incisions are 
made anteriorly along the linea semilunaris and 
posteriorly in the posterior rectus sheath. C. 
Relaxing incisions in ante rior and posterior rectus 
sheath. These allow stretching of the rectus 
muscle as the anterior rectus wall is pulled medi
ally to correct the defect. (From Nozaki M, Sasaki 
K, Huang TI: Reconstruction of the abdominal 
wall. In Mathes SJ, editor: Plastic surgery, ed 2. 
Philadelphia, 2006, Saunders Elsevier, p 1182.} 

strength. Although preferred, complications can include infec
tion, extrusion of the prosthetic material, and bnwd erosion 
when folds and wrinkles in the mesh exert pressure again the 
bowel wall. Softer, smoother mesh, made &om Prolene, is more 
pliable and erosion into bowel is less common. In an effort to 
avoid these complica6ons of infection, extrusion, abdominal 
wail stiffness, pain, and fisrula forma6on that are associated with 
nonabsorbable materials, biomaterials derived from human and 
animal sources have been developed. These bioprosthescs are 
absorbable; they include hw11an acellular dermis (AIIoDerm), 
porcine acellular dermis (Pcm1acol), and porcine small i11testinal 
submucosa (Surgisis). These materials have an acellular collagen 
matrix that promotes host 6ssue remodeling and replacement. 
Although resistant to infection, biocompatible, and mechani
cally stable over the short term, their disadvantages are high cost 
and few long-term swdies establ.isb.ing outcomes with regard to 
hernia recurrence. 

Several teclmiques are used to place prosthetic material
mesh onlay. mesh inlay, retrorectus placement, and intraperi
toneal underlay. For onlay grafts, the material is cut larger 
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than the fa~cial defect, placed superficially to the anterior 
rectus sheath, and anchored at its margins with smures. With 
inlay grafts, the prosthetic material is cut to the same size a~ 
the fascial defect, placed ill the defect, and anchored to the 
edges with sutLLres. \Vith these techniques for mesh repair, 
recurrence is not uncommon. This is not caused by intrinsic 
failure of the prosthetic material, but by hern.iation at the 
suture line of tbe graft fascial interface. TI1erefore, underlay 
tedll1iques are preferred. With the retrorectus approach, the 
material is placed in the preperitoneal space between the 
recnts muscle and posterior rectus sheath. Alternatively, the 
w1derlay graft can be placed intrapcritoneally, usmg an endo
scopic approach in selected cases, and secured with sutures, 
tacks, or staples (Fig. 69-1 U). In an underlay location, intra
abdominal pressure bolsters the repair by holding the graft in 
apposition to the fascia; at least 4 em of contact at the 
margins between the mesh and fascia is desirable to increase 
the surface area for fibrous ingrowth at the material-fascial 
interface. When possible, the viscera are protected by interpos
ing omentwn between the mesJ1 and abdominal contents. 

FIGURE 69-10 Abdominal defect with skin graft coverage 
in a man who sustained major visceral injuries in a motor 
vehicle accident. A. Abdominal compartment syndrome 
required release of the abdominal closure and STSGs for 
coverage. 8, lateral view of ventral hernia with skin grafts 
on viscera. C. D, Postoperative view 1 year after peritoneal 
mesh reconstruction of abdominal wall. 

With use of these measures, secure and physiologic repairs 
with recurrence rates below 1 Oo/o have been reported. 

A number of autologous tissue flaps are available for 
defects with absent or unstable skin coverage. These include 
skin flaps, muscle flaps, fasciocutaneous flaps, musculocutane
ous flaps, and free tissue transfers. Flap selection depends on 
d1e location and size of the defect and algorithms have been 
suggested for defect analysis and selecting the flap of cl10ice.36 

For lower abdominal wall reconstruction, the tensor fascia lara 
musculnfasclocutaneous flap hased on the lateral circumflex 
femoral artery is the flap of choice. A dense strong sheet of 
vascularized fascia and irs overlying skin can be transferred 
from d1e lateral thigh in a single stage to resurface the suprapu
bic region, lower abdomi11al quadrants, or as high as the upper 
quadrant on the ipsilateral abdomen. It is useful iJ1 irradiated 
and contaminated fields because it provides autologous fascia 
and conveys protective sensation when the lateral femoral cuta
neous nerve is included. The rectus femoris muscLJocutaneous 
Aap, based on the descending brancl1 of d1e lateral circwuAex 
femoral artery, is another choice for repair of the lower half of 
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the abdomen or ipsilateral abdominal wall. Its drawback is the 
donor site morbidity of weakened quadriceps function in the 
leg a~sociated loss of the muscle. This flap can be extended by 
incorporating adjacent fascia lata, and this "mutton chop'" 
mod.i£cation ha~ been used to reconstruct into the epigastrium. 
Additional flaps for lower abdominal coverage include the ante
rior thigh flap , external oblique muscle, and rectus abdominis 
musculocutaneous flap, based inferiorly on the inferior epigas
tric vessels, which is also the flap of choice for Lateral defects of 
tbe lower two thirds of the abdomen. ln the upper half of the 
abdomen, the superiorly based vertical or transverse abdominis 
musculocutaneous flap, based on the superior epigastric artery, 
is useful for central defects, and the latissimus dorsi musculocu
taneous flap, based on the thoracodorsal vessels, is suitable for 
reconstruction of the lateral part.~ of the upper abdomen. Free 
flaps are considered when local tissues are not available or when 
a pedicle flap c;umot reach or is too small to cover a defect. ln 
the case of a free tissue transfer to the abdomen, suitable recipi
ent vessels are required. Usually, the inferior epigastric, deep 
circumflex iliac, superior epigastric, internal thoracic or saphe
nous vein graft may be used. Because it contains fascia, tensor 
fascia latae flaps are the most commonly used free flaps, but use 
of an im1ervated free latissimus dorsi flap has been described as 
a means to bring contractile function and strength to the lost 
abdominal wall. 

Abdominoplasty 
Abdominoplasry removes fat and skin &om the abdominal wall 
and repairs fascial laxity or dehiscence to produce an abdominal 
profile that is smoother and firmer. It is most effective in persons 
of normal weight who have loose sagging skin because of hered
ity, mtLitiple pregnancies, fluctuations in weight, or significant 
weight loss. The basic technique includes a horizontal skin inci
sion low on the abdominal wall between the umbilicus and 
pubic hairline, elevation of the s.kin and subcutaneous tissue 
from the deep fascia up to the level of the xiphoid and costal 
margins, incision around the umbilicus, leaving it attached to 
the tmderlying fascia :as an isolated island, repairing a diastasis 
or plicating tl1e muscle fascia, drawing the flap inferiorly w1der 
mild tension, excising excess skin and subcutaneous tissue, 
securing the flap inferiorly to scarpa or deep fascia, creating 
a new opening in the flap for exteriorization of tlK' umbiHcus, 
and placing multiple drains under the abdominal flap. 

ln addition to the traditional abdominoplasty, iliere are 
several variations. A miniabdominoplasty is a Limited abdomi
noplasty, useful when tl1e excess skin and fat are primarily below 
the umbilicus. Fleur-de-lis abdominop!trsty refers to an inverted 
T type of abdominoplasty, which is useful for individuals with 
large amounts of excess skin. An umbilical float may be used in 
conjtulction with a miniabdominoplasty to avoid the incision 
and scarring arotmd the umbilicus. Here, the umbilicus is left 
attached to the skin, cut loose from the underlying abdominal 
fascia, and allowed to descend or float toward the pubic area as 
the skin is tighr:ened. This shortens the distance between the 
umbi.licus and pubic bone, so it is not suitable if the distance 
wiJI be shortened greatly. 

Complications occur iJl 12% to 32% of abdominoplasty 
patient.~, most frequently surgical site infection, hematoma, 
seroma, marginal skin loss, and minor wound separation.37 

Major complications are reported in 1.4% of cases and include 
major skin loss, deep vein thrombosis, and pulmonary en1bolus. 
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Risk factors include diabetes, hypertension, and smoking. 
Complications are magni.fied dran1atically in obese patients, 
wiili reports of complications in 80% of obese patients. Adher
ence to the guideline that a patient should be at or near his 
or her ideal BMI results in fewer serious compHcations and 
higher pariem satisfaction. Preoperative smoking cessation is 
mandatory. 

Reconstruction of the Perineum 
The indications for perineal wound reconstruction have esca
lated rapidly over the last few years. This is a consequence of 
more radical surgical resections, in which abdominoperineal 
resection (APR) may be combined with vaginecromy, sacrec
tomy, or exenteration of pelvic organs, and of the expanded role 
for adjuvant radiotherapy in tl1e treatment of rectal cancer. 
When APR follows chemoradiotherapy, perineal wotmd com
plications, including nonhealing wounds, abscess, dehiscence, 
and fistula, have been reported in 4)% of primary perineal 
wound closures.38 These complications are caused by the pres
ence of a wide cavity with dead space, poor vascularity of the 
surrou.nding tissue, use of irradiated skin in the closure, and 
bacterial contamination witl1 bowel resection. Musculocutane
ous flap reconstruction of a pelvic soft tissue defect introduces 
well-vascularized nonirradiated tissue with enough bulk to 
obliterate dead space, brings in a skin paddle for cutaneous 
wound closure, and provides ftmctional restoration following 
vaginectomy. 

Inm1ediate flap reconsrruction has been readily accepted 
for large perineal defects when the skin c;umot be closed primar
ily or a massive dead space is present. More recently, there has 
beeJl interest in extending the role of a flap into situations .in 
which a skin paddle is not essential for cutaneous closure of the 
perineal wound or a large amount of tissue bulk is not needed 
to fill pelvic dead space. Early results using a musculoc.utaneous 
flap to reconstruct irradiated APR defects that could alterna
tively be closed primarily have shown a reduced incidence of 
major perineal wound complications. Comparing the outcomes 
of immediate vertical rectus abdominis musculocutaneous 
(VRA.M) flap reconstruction to outcomes witl1 primary closure 
in patients with sinlilar irradiated APR defects has shown a 
fourfold reduction i11 major perineal wound dehiscence and a 
10-fold reduction in perineal abscess formation a~sodated with 
flap use:'~ 

Flap reconstruction is preferably accomplished at the time 
of the original extirpative procedure, rather tl1an in a delayed 
manner. Functional. issues can be addressed at the same time 
a11d, in the pelvic area, typically involves vaginal or penile recon
struction, ideally using the same flap for reparative and func
tional purposes. CHnical indications for fl ap reconstruction of 
the perineum include the following: 

• Repair after APR with extensive skin resection 
• Repair after APR following chemoradiation of the 

pelvis to bring in well-vascularized tissue, even when 
skin is sufficient 

• Repair after extended APR with wide tissue resection 
• Repair after pelvic exenteration for urologic and gyne-

cologic cancer 
• Reconstruction afte.r partial or complete vaginecromy 
• Repair of a radical sacrectomy dt:fect 
• Repair of the perineum in severe, perianal Crohn's 

disease 
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• Neovaginal reconstruction in congenital absence of 
the vagina 

• Repair of postirradiation ulcerated wounds of the 
perineum 

• Pelvic excisions with intraoperative radiation therapy 
Commonly used flaps for perineal reconstruction include 

the rectus abdominis musculocutaneous, gracilis musculocuta
neous, posterior thigh fasciocutancous, and gluteus maximus 
musculocuranoous flaps. An omental flap is an option in select 
ca~es. In the past, thigh-based flaps were regarded a~ most usefuJ 
and unilateral or bilateral gracilis musculocutaneous flaps were 
preferre.d for many applications. Today, use of an abdominal 
musculocuranoous flap has become the technique of choice. 

A pedicled rectus abdominis flap based inferiorly on the 
inferior epigastric vessels can be designed with a skin paddle 
oriented obliquely (Taylor's flap), horizontally (TRAM), or ver
tically along the muscle (VRAM). 'This laH design, the VRMvl, 
is particularly well suited for perineal reconstruction (Fig. 
69- ll). The VRAM flap has bulk for fiUing dead space, adequate 
length to rcadb to the perineum and sacrum, reliable blood 
supply, and consistent anatomy, and can be designed with a 
large, sturdy skin paddle from 5- to I 0-cm wide for perineal skin 
reconstruction or vaginal reccmstruction. In one study Clf surgical 
outcomes and complications in patients undergoing immediate 
reconstruction of the perineum, VRAM flaps performed well, 

with a 15% rate of majClr complications versus 42o/o with thigh 
Aaps.40 Although harvesting a VRAM Aap results in greateJr 
tension on the abdominal wall fascial closure, higher rates of 
abdominal wound separation and indsional hernias have not 
been reported. Reinforcement of the donor site with synthetic 
mesh material is helpful, bur orher options include using a 
components separation technique to close the abdominal wall 
on the donor side and ti1e development of perforator flaps to 
spare the muscle and fasda.41 

Use of tbe VRAM requires careh.d planning, because taking 
one of the rectus abdominis muscles witiJ ilie flap has implica
tions for ostomy placement. If one rectus muscle is used, a 
colostomy can be brought our through the opposite reccus 
muscle. Howev<::r, if a second ostomy is requ.ired for an ileal 
conduit for urinary diversion after pelvic exenteration or for 
colostomy relocation to treat a parastomal hernia, there wiU be 
no intact, tmtouched rectus muscle remaining through which 
ti1e second ostomy can be placed. This can be addressed by 
placing the new ostomy through the abdominal wall on the flap 
donor side, lateral to the empty rectus sheath. 1his is successful 
in some series, but others have found it problematic, with local
ized wound infections, abdominal wow1d dehiscence, and mal
position of the associated stoma.42 

There may be situations encountered that limit tbe use of 
a VRAM Aap. These include situations in which the rectus 

FIGURE 69-11 A. B. Extensive recurrent melanoma in the groin of a patient previously treated with surgery and irradiation. Resection of the 
tumor left a large defect with exposed femoral vessels. c. An obliquely oriented VRAM flap is elevated on the contralateral side of the abdomen. 
D. E. The flap is passed through a subcutaneous tunnel into the groin and used to cover the femoral triangle. A skin graft is placed on the 
lateral portion of the groin wound where the fascia lata was intact and there were no exposed neurovascular structures. 
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muscle or inferior epigastric pedicle has been divided by previous 
abdominal incisions and scarring, prior elevation of an abdomi
nal flap, as with ventral herrtia repair or cosmetic abdomino
plasry, and preexisting stomas for fecal and urinary diversion 
exiting through the rectus muscles. In addition, transfer of the 
VRAM flap inro the pelvis typically requires a laparotomy. 
1l1erefore, in cases that can be approached from the periJ1eum 
alone, a thigh-based flap might be preferable to avoid a trans
abdominal procedme. 

1l1e pedicled gracilis muscle or musculocutaneous Aap is a 
suitable alternative if the need to fill dead space is relatively 
small. The gracilis muscle originates from the pubis symphysis 
and inserts on the medial tibial condyle. Its blood supply is from 
the medial circumflex brancl1 of the profunda femoris vessel and 
can be found 8 to 10 em from its origin. 1l1is distal location of 
the dominant vascular pedicle, at the junction of the proximal 
and middle third!s of the thigh, means a restricted arc of rotation 
and limits how far the flap can reach onto the perinew11 and 
into the pelvis. When gracilis flaps are used for vaginal recon
struction, the depth of the reconstructed vault may be limited. 
In addition, the skin paddle is smaller and less reliable than the 
VRAM, and flap-specific complications, with wound healing 
and flap loss, are significantly higher witl1 the gracilis flap. 

Another alternative is the posterior thigh flap, a fasciocu
truleous flap based on the descending branch of the inferior 
gluteal artery. 1llis flap can provide an abundant and reliable 
amount of soft tissue for transfer from the posterior thigh and, 
because the vascular pedicle is proximal, tl1c flap can easily read1 
high into the pelvis. The skin is innervated by the posterior 
femoral cutaneous nerve (Sl-3) so the flap cru1 provide sensate 
soft tissue for perineal or vaginal reconstruction, although this 
is dysesthetic in some patients. There is a relatively high rate of 
wound-healing complications with this flap but it is a suitable 
choice when other flaps are unavailable or unsuitable for an 
individual patient. 

A pedicled gluteus maxiruus musculocutaneous flap based 
on tl1e inferior gluteal artery has application for some anorectal 
wow1ds but will not reach deep into the pelvis. Sinillarly, flaps 
of the greater omentunl can protect abdominal contents an.d 
rcadl the sacrum, but do not provide vascularized skin for 
tension-free perineal wound closure. However, both tl1ese flaps 
have been shown to improve perineal healing in certain settings. 
111is highlights the irnportru1cc of preoperative planning for flap 
selection in diJ1ical practice. Flap cl10ice depends on previous 
scars, where new incisions will be made, plarmed location of 
stomas, vascular patency, and availability of donor sites. Whidl
ever flap is preferred, comparative studies have shown that 
inlmcdiate reconstruction can result in significant improvements 
in wound bcaling after radical perineal surgery. 

Surgery of Back Defects 
Posterior trunk defects result from traumatic wounds, defects 
following oncologic resection, with or without radiation necro
sis, wow1d breakdown or infection following spinal surgery, with 
or without exposed orthopedic hardware, and congenital defor
mities (e.g., spina bifida with myelomeningocele). Posterior 
trunk reconstruction must provide coverage for exposed major 
neurovascular structures, coverage for exposed bone and skeletal 
prostheses, and stable soft tissue to obliterate dead space, protect 
dura, control infection, and permit tension-free wound closme. 
To meet these needs, reconstruction generally involves muscle 
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or musculocutaneous flaps to provide bulky, durable, wcll
vasCLdarized tissue. Depth and location are the two wound 
parameters that determine flap selection. Deep wounds of the 
spine can be repaired with paras pinal muscle flaps, whereas more 
superficial wotmds are treated wiili surface muscle flaps. 11Je 
length of rhe back means that various regional muscle units can 
treat different areas of the posterior tnmk. 

Preparation for surgical coverage depends 011 the pathogen
esis of the defect. Although exposed meninges must be covered 
promptly, necrotic or infected tissue may require debridement 
over time, treatment with antibiotic-impregnated materials for 
exposed hardware, and negative-pressure wound therapy to 
promote granulation dssuc. As spine surgery has become more 
sophisticated, the need bas grown for immediate, complex, soft 
tissue coverage and for strategies for salvage of postoperative 
complications. Tedmiqucs for covering the spine, exposed dura, 
ru1d ar1y exposed implants rely on mobilization, advru1cement, 
and midline closure of the bilateral paraspinous muscles that ru,n 
the lengtl1 of the vertebral column deep to tile thoracolumbar 
fascia. 111is is done as a precautionary measure in patients with 
multiple previous operations, radiation, attenuated skin, or stiff, 
heavily scarred soft tissue. 

Conceptually, the posterior trunk is divided into upper, 
middle, and lower tllirds. Each bas muscle flap options tl1at arc 
best slllited for that part of the posterior trunk. Posterior cervical 
ru1d upper back defects are reconstructed with tile pedicled 
trapezius muscle or musculocutaneous flap, or with the dorsal 
scapular artery perforator flap (Fig. 69-12). The trapezius flap is 
reliable, versatile, and can include a large skin paddle. It is based 
on the transverse cervical artery, whicl1 has two major brancl1es. 
1l1c trapezius thus offers two separate muscular territories; the 
lower portion of the muscle can be elevated and transposed 
superiorly to cover tl1c cervical spine. Alternatively, a trapezius 
turnover Aap is an ea~ily elevated, reliable solution for cervico
tboracic wounds. For ilie midback, latissimus dorsi muscle and 
musculocutaneous flaps can be mobilized on the thoracodorsal 
branch of the subscapular vessels to be rotated for broad, reliable 
coverage. To extend coverage to the midline further inferiorly, 
the latissinlus flap can be raised as a reverse turnover flap based 
on secondary segmental intercostal and lumbar artery perfora
tors. The upper portion of ilie lower iliird of the back is the 
most difficult to cover. More inferiorly on tl1e back, the gluteus 
maximus muscles provide excellent coverage for the sacrum 
(see later, "Pressure Sores"). However, in tl1e lwubar area, where 
it is difficult for the more conventional muscle Saps to ream, 
perforator flaps, latissirnus dorsi with a thoracolw11bar fasciocu
taneous extension, or vein grafting tO the thoracodorsal vessels 
may be required. The pedicled omental flap also is used for the 
coverage of lumbar defects. TI1e omentum can be transferred, 
based on the right or left gastroepiploic artery, by dividing 
attachments to tl1c transverse colon, ligating one gastroepiploic 
artery, mobilizing the omentum off the greater curvature of the 
stomach, and passing it through tl1e retroperitoncum and 
lumbar fascia to cover the spinal column while the back wound 
is dosed with cutaneous advancement Aaps.43 

With partial or total sacrectomy, extensive soft tissue 
defect.<> are created by oncologic ablation for chordoma, osteo
genic sarcoma, or extension of pelvic carcinoma (Fig. 69-13). 
An anterior and posterior approach is generally used for resec
tion of the tumor, whid1 creates a large communication between 
the abdomiJ1al cavity and gluteal area. 'TI1esc ablations often 

z 
C) 
m z 
m 

~ ..... 
Vl c 
;>:;I 
C) 
m 
~ 

http://www.myuptodate.com


1942 SECTION XIII SPECIALTIES IN GENERAL SURGERY 

FIGURE 69-12 A Posterior neck with a chronic open wound, with exposed bone and unstable surrounding soft tissue. B. Radiographs show 
surgical hardware in the cervical vertebrae. C. The defect is debrided back to healthy margins and the skin paddle on the posterior trapezius 
musculocutaneous flap is planned. D. Postoperative view at 6 months with the healed flap in place. The donor site for the flap was closed 
primarily. 

FIGURE 69-13 Patient with metastatic tumor involving the sacrum. A. Preoperative view showing the tumor. B. Large soft tissue and bone 
defect after resection of the tumor and inferior portion of the sacrum. A sponge is present at the base of the wound. Reconstruction required 
obliteration of the large dead space created by the tumor resection and durable closure of the superficial wound. C-E, A musculocutaneous 
gluteal island flap is designed based on the inferior portion of the left gluteus maximus muscle. The skin is deepithelialized and the flap rotated 
into the defect to fi ll the resection cavity. F, V·Y fasciocutaneous flap is designed over the right buttock a nd advanced to dose the wound. 
G. Postoperative views show a stable healed wound. H. Preoperative CT scan. I, Postoperative CT scan showing the buried gluteal island flap 
that is provid ing soft tissue bulk. 
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require large amounts of hardware for bony repair by the ortho
pedic surgeon; the hypogastric and gluteal vessels are divided 
during resection, which eliminates the use ofpotential local back 
flaps for repair. Successful reconstruction i.n these cases calls for 
well-vascularized tissue to 6U the defect, cover the orthopedic 
appliances, close the abdominal cavity to prevenr herniation, 
and close the skin on the posterior trunk. Initial efforts with 
gluteal flaps and omentum and d1e placement of syn d1etic mesh 
to prevent herniation had some usefulness. More recendy, an 
inferiorly based, pedicled VRAM passed transabdominally has 
proven effective. With no need for mesh, the VRAl\1 has a high 
success rate, with a low incidence of complications and low 
morbidiry.~4 

Meningomyelocele 
Meningomyelocele is a congenical spinal malformation that 
results from failure of the neural tube to dose during the first 
month of gestation. ll1e most common of the four l}'pes of 
spina bifl.da, meningomyelocele is a cystic herniation of the 
meninges and neural tissue that presents as a defect on the 
surface of the lumbosacral skin. The open meningomyelocele 
defect should be dosed soon after birth to prevent meningitis 
and protect the exposed neural structure from desiccation and 
further damage. Early closure has been shown to be a determi
nant in the neurosurgical outcome. Approximately 75% of 
meningomyelocele defects are small enough that soft tissue 
closure can be achieved by simple undermining of the skin 
edges and tension-free closure in the midline followi11g dural 
repair. For defects larger than 5 to 8 em in diameter, a number 
of teclmiques have been described. 

The surgical options for closing a meningomyelocele defect 
include skin grafting, local flaps, musculocutaneous flaps, and 
fasciocutaneous flaps. Local skin flaps including advancement 
Aaps, bipedicle Aaps, transposition Aaps, double Z-plasty, 
bilobed flaps, rhomboid flaps, and V-Y advancement flaps have 
aU been used succt>ssfully. For larger defects, latissimus dorsi and 
gluteus maximus musculocutaneous Aaps have been described.45 

For aU of d1ese, the first criterion is reliable wound healing so 
that the defect is closed securely and definitively to avoid CSF 
leakage and its accompanying morbidity. Also see Chapter 68, 
"Neurosurgery: !Pediatric Neurosurgery.·· 

PRESSURE SORES 
Prolonged weight bearing. as in an immobilized or paralyzed 
patient, can elevate tissue pressure above arterial capillary per
fusion pressure (32 mm Hg) and result in compromised oxy
genation, ischemia, and eventual tissue necrosis. In models of 
ischemia, external pressure higher d1an 60 mm Hg for 2 hours 
leads to irreversible tissue damage, and clinical studies have 
confirmed this. The clinical sequelae of this dan1age are pres
sure sores with ulceration, infection. and exposure of bone. 
ln order of occLLrrence, the surfaces most commonly involved 
are those over the sacrum, calcaneus, ischium, and greater 
trochanter. 

Extrinsic and intrinsic factors contribute to the patho
genesis of pressure tdcers. ExtriJlSic factors include unrelieved 
pressure seen in debilitated or spinal cord iJ1jury patienrs and 
factors that worsen the local wound environment, such as 
moisture in the perineal area, incontinence, and shearing 
forces from patient repositioning. Intrinsic factors include 
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underlying conditions that lead to poor wound healing, such 
as advanced age, diabetes, malnutri tion, and edema. The 
Braden Scale for Predicting Pressure Sore Risk is a widely used 
nursiJlg assessment tool to help predict patiems' risk of devel
oping pressure sores. Although there is no clear evidence that 
using risk assessmenr scales decreases the incidence of pressure 
ulcers, the Braden scale has reasonable predictive capacity, 
with high iJlterrater reliability. 1bis scale accounts for several 
extrinsic and intrinsic causative factors by scoring six 
subsca,es-sensory perception, moisture, activity, mobility, 
nutrition, and friction and shear. 

Stages of Pressure Ulcers 
1l1e National Pressu.re Ulcer Advisory Panel ha~ defined the 
stages of pres.~ure ulcers. including an original four stages and 
adding two stages in 2007: 
• Stage I: Skin intact bur reddened for longer than 1 hour after 

relief of pressure: 1l1is stage represents intact skin with various 
degrees of erythema that does not blanch when compressed. 
1his wow1d is potentially reversible if extrinsic forces and 
iJ1trinsic wound-healing factors are optimized. 

• Stage IT: Blister or other break in the dermis with or without 
infection. Here, the skin bas broken down, wim a partial
thickness loss of dermis. By maintaining coverage over the 
wound, these wounds often can generate granulation tissue 
and undergo wound contraction to heal by secondary inten
tion . Because d1ere is violation of skin, the local environment 
must be monitored carefully for moisture and soiling to allow 
dliS stage to heal. Stages 1 and n pressure ulcers are the most 
prevalent. 

• Stage Ill: Full-thickness tissue loss with visible subcutaneous 
fat but no exposed bone, tendon, or muscle: In d1e absence 
of bone exposure, these sores can heal and comract over a bony 
prominence. However, this is usually a temporally brief stage 
because muscle is d1e most oxygen-sensitive tissue and is most 
sensitive to ischemic necrosis, quickly reaching the final stage 
of exposed bone. 

• Stage IV: Exposed bone, joint, muscle or tendon, with or 
without infection, often including undermining and tunnel
ing: 111is is the most common stage that prompts a surgical 
consLdtation, because the ulcer is down to the causative bony 
prominence. 

Suspected Deep Tissue Injury 
Purple or maroon localized area of discolored intact skin or 
blood-filled blister caused by damage of underlying soft tissue 
from pressure and/or shear: This stage identifies clinically suspi
cious deep tissue injury. 

Unstageable 
FulJ-thicknes.~ tissue loss in which the base of the ulcer is covered 
by slough (yellow, tan, gray, green, or brown) and/or eschar (tan. 
brown.. or black) iJ1 the wow1d bed: Until enough slough or 
eschar is removed to expose the base of the wound, the true 
depth and stage can"not be determined. 

Swab cultures of the surface of a pressure sore invariably 
are positive because oflocal contamination, so cultures must be 
taken from biopsies of soft tissue and bone deep to d1e surface. 
Infections generally are polymicrobial with Proteus, Bacteroides, 
Pseudomontts. and EscherichUI coli acco.mpanyiJ1g staphylococcal 
and streptococcal species. More d1ru1 50% of long-term care 
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patients harbor methicillin-resistant Staphjl/ococcus aureus 
{MRSA) organisms. In stage N pressure ulcers with bone expo
sure, the desiccation and bacterial colonization of the surface of 
the bone is termed osteitis. If the deep bone has good blood 
supply and d1e patient is not immlmocompromised, the bony 
inflammation of osteitis can be rolerared for prorracred periods 
as long as wound care can contain the zone of iJ1jury. Osteomy
elitis is infectioJ1 of the bone requiring long-term systemic anti
biotics; definitive diagnosis is made with bone biopsy and 
bacterial culture. Imaging modalities to diagnose osteomyelitis 
iJJclude radiography, tagged white blood cell scans, and MRI. 
Appropriate imagiJ1g is useful to evaluate the extent of bone 
involvemenr and ro identify the source of infection iJ1 pressure 
sores associated with perianal fistulas or spinal hardware abscesses. 

The management of a pressure sore starts with the correc
tion of causative factors. Surgical mterventions will not heal and 
the sores will recur unless the cause is addressed with pressure
relieving cushions and beds, relief of spasticiry, correction of 
joint contractures, incontinence aids, nutritional support, and 
ulfection control.46 Surgical trcarment involves drainage of col
lections, wide debridement of devitalized and scarred soft tissue, 
excision of sinus tracts and the bursa-like lining of rhe chronic 
wound, ostectomy of involved bone, hemostasis with suction 
drainage, and obliteration of all residual dead space with well
vascularized tissue imroduced to cover bone, provide padding, 
and close the open wound without tension. 

Intraoperative debridement of superficial bone is carried 
out by visual assessmenr of avascular bone versus bleediJ1g bone. 
Using rongeurs and rasps to smooth jurting prommences or 
excise heterotopic bone accomplishes the second pmpose of 
bone resection. reducing the physical prominence of bone that 
causes pressure and predisposes to recurrence of the sore. After 
adequate bone debridement, a biopsy of the deeper, healthy
appearing bone is sent for bone culture. rf positive, the remain
ing bone is still infected ru1d the patient will need a long-term 
course ofN an·tibiotics to treat the osteomyelitis. Bone resection 
must be approached thoughtfully because re$ecting one of a 
paired set of pressure poiJ1ts, sucl1 as the isclua, shifts the patient's 
weight to the contralateral side, increasing the risk of a new 
pressure sore on the second side. 

ReconstrUJction with a flap is necessary for most pressure 
sore$ because less complex options such as primary closure or 
skin grafting have limited usefulness. PriJnary closure places the 
surgical suture line directly over the area of pressure, whereas a 
flap shifts the closure ru1d scar away from the pressure pomt. A 
skin graft is a thin ru1d fragile coverage option, subject to the 
shearing forces that created the ulcer iJ1 the first place. L1 addi
tion, a skin graft requires a clean, healthy recipient site, with 
good blood supply ru1d no exposed bone. Only the most super
ficial of pressure sores meets these requirements for a base that 
can be covered successfully with a skin graft. Transferring healtl1y 
tissue with its own blood supply to fill tl1e pressure sore can be 
accomplished with cutaneous, fasciocutancous, musculocutane
ous, muscle-only, ru1d free microvascular flaps. 

Sacral pressure sores develop in supine or semireclining 
patients and, because of the broad pointed shape of tiK' sacrum 
ru1d thinness of the overlying soft tissue, most ulcers have 
exposed bone. 1he soft tissues surrounding the sacrum receive 
their blood supply from perforator-s from the superior and infe
rior gluteal art;e.ries, which are also the arteries supplying the 
gluteus maxim11.1S muscle. 1his muscle extends and rotates the 

thigh laterally ru1d is required for ambulation, so the gluteus 
maximus is not considered expendable except in the spinal cord 
injury patient. However, tl1e gluteus maximus can survive on 
either vascular pedicle alone and usiJ1g only the superior or 
inferior half of the muscle will preserve function. Muscle or 
musculocmaneous flaps of the superior half of the muscle are 
constructed and moved .in two primary ways, a rotational flap 
or V-Y advancement flap. A rotational flap can be ru1 advrulce
ment or with a musculocutru1eous skin island. TheY-Y advance
ment technique involves creating a triangular-shaped skin island 
ove.r the muscle, with one side being the defect and the other 
two sides formiJ1g a V. The central V is shifted mto the open 
wound and the defect is closed in a Y configuration. To get 
extended coverage of the sacn llll, bilateral V-Y advancement 
flaps can be used, one based on tl1e right and one based on the 
lefr gluteal area. 

1l1e ischial tuberosities are under high pressure in a seated 
patient. Unilateral or bilateral ischial sores develop in individuals 
who are seated for protracted periods of time without adjusting 
mcir position and weight distribution. Ischial ulcers arc chal
lenging for several reasons. 1l1e pressure points are bilateral, 
which meru1s tl1at unweighting one side for pressure-reducing 
purposes shifts i11creascd pressure onto the contralateral ischium. 
Resecting bone on bod1 sides runs the risk of shifting weight 
bearing onto the perineal soft tissues, which can cause later 
scrotal or urethral sores. There can be fistulas involving the 
rectum or urethra; these may requ,ire diversion ru1d control 
before addressmg the ischial ulcers. Fu1ally, because of the s rrong 
lup £l.exors, tl1ere can be flexion contractures with varying degrees 
of deformity, which reduce mobiliry ru1d the capaciry for normal 
weigl'l t distribution in the sitting or lying position. Because the 
ischium has a number of surrounding muscles, various flaps 
suitable for coverage have been described. These include the 
inferior gluteus maximus rotational, inferior gluteal fasciocuta
ncous thigh, V-Y han1stru1g advancement, gracilis muscle, tensor 
fascia lata rotational, and rectus abdomiJus rotational Haps. 

Because of the rnobiliry of the hip, pressure sores over tl1e 
greater trochanter characteristically have extensive bursa forma
tion with smaller areas of skiJl loss. After resection of tl1e tro
chanter, flaps available for the repair of trocllanteric pressure 
sores indude local fasciocutaneous rotational, tensor fascia lata 
musculocutaneous, inferior gluteal thigh fasciocutaneous, and 
muscle Haps iJ1corporating the vastus lareralis, rectus femoris, or 
rectus abdomi11is muscles. 

On the feet, pressure sores ca11 present over tl1e heels, mal
leoli, ru1d plantar surfaces. Unlike other pressure sores, foot 
ulcers lack a thick subcutaneous layer, are often modest in size 
and depth, and may respond favorably to conservative treat
ment. Stable (dry, adherent, intact, without erythema or fluctu
ance} eschar on the heels acts as a biologic dressing and need 
not he removed. Ul non-weight-bearing area~ requiriJ1g a less 
durable surface, pressure sores may be treated conservatively 
because a scar left by wound contraction and epithelialization 
may suffice. For larger wounds, debridement and STSG may be 
useft.LI. If tbe ulceration iJwolves a large portion of tl1e weight
bearing surface or if osteomyelitis of tl1c calcaneus is present, 
debridement of devitalized bone with flap coverage is needed. 
Muscle flaps of the abductor digiti minimi, abducror hallucis, 
and flexor digitorum brevis have been described. Fasciocutrule
ous flaps based on the dorsalis pedis, medial plantar, and latera\ 
plru1tar aneries cru1 also provide coverage. 

http://www.myuptodate.com


Postoperative protocols call for 2 to 6 weeks of strict pres
sure precautions because a newly transferred Aap is vulnerable 
to pressure necrosis. When weight bearing is resumed iJl the area 
of the previous pressure sore, the transition is plaru1ed with 
progressive increases in time eacb day and frequent wound 
checks. 

RECONSTRUCTION OF TliE LOWER EXTREMITY 
The goal of lower extremity reconstruction is restoration or 
maintenance of function. For fLmctionality, there must be a 
stable skeleton to support weight, muscle to power motion and 
joint movement, neural supply for proprioception and plamar 
sensibility, blood supply ro sustain the w1derlying structures, 
and soft tissue to provide a stable skin envelope. Based on these 
needs, reconstruction may be needed for open fractures, defects 
from sarcoma resections, radiation wounds, chronic traumatic 
wounds of tbe distal third of the leg, diabetic ulcers, venous 
ulcers, osteomyelitis of tbe tibia, w1stable scars, and infected 
vascular grafts. Many reconstructions are complex because they 
need to contribute more thru1 one dement, sud1 as vascularized 
bone grafts or composite Haps with sensory potential, ru1d many 
require a multidisciplinary surgical team. 

Soft Tissue Covsage of Traumatic Wounds 
1l1e loss of soft tissue cover over a fracture, particularly when 
interrupted endosteal blood supply is combined with periosteal 
drunage, demands coverage of the exposed bone with vascular
ized tissue after thorough debridement of devitalized tissue. 
Determinants of outcome after open fractures are wound size, 
degree of sofr tissue iJ1jury, and an1ount of contamiJ1ation. 1l1e 
Gustilo classification system is used to categorize open fractures 
of the leg into subtypes predictive of prognosis: 
• Gustilo [: Open fractures with wound <1 em 
• Gustilo II: Open fractures with wound 1-10 em with moder

ate tissue damage 
• Gustilo Ill: Open fractures with wound >I 0 em and extensive 

tissue daJnage making it difficult to cover bone or hardware 
• G ustilo IliA: Adequate soft tissue coverage of bone 

with extens]ve soft tissue laceration or flaps 
• Gustilo illB: Inadequate soft tissue with periosteal 

stripping and bone exposure 
• G ustiJo IUC : As above, with vascular injury ru1d 

ischemia requiring repair 
Gustilo grade l, and most grade ll fractures, can be 

dosed primarily after debridement and orthopedic fixation are 
applied. However, larger grade l1 and most grade Ill fracture$ 
require advanced reconstructive techniques. When flap cover
age is required, i.r can be done at the time of fracture stabiliza
tion or as a sec-ondary procedure. Early coverage of exposed 
bone, tendons, and neurovascular structures decreases the risk 
of infection, osteomyelitis, nonwuon, and ongoing tissue loss. 
Although the advrultages of radical debridement and early 
wound doSLLre h ave been accepted, the definition of the dura
tion of the early phase varies. Earlier bone healing and 
reduced infection rates have been demonstrated if coverage is 
completed witl1in 72 hours of fracture stabilization; others 
have shown comparable results when the wounds are dosed 
within the first 6 days after injury. Early reconstruction may 
be precluded by other patient injuries or when severely con
taminated wounds require serial debridements before delayed 
reconstruction.47 
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For mru1y years, muscle flaps have been the choice for 
traumatic lower limb defects. The gastrocnemius or soleus are 
accessible as local flaps to cover the upper and middJe thirds of 
the leg, ru1d smalJer muscles such as the tibialis anterior, extensor 
digitorun1 longus, and peroneus brevis can be used for more 
distal small defects. For larger defects of the distal third of the 
leg, ankle, aJld foot, microvascular free tissue traJlsfers of muscles 
sudl as the latissimus dorsi, gracilis, serratus anterior, or rectus 
abdominis are preferred. These free tissue trru1sfers provide more 
buJk, have longer pedicles for greater flexibility in positioning, 
and are not dependent on blood supply withiJJ the injured area. 
Most series oflower extremity reconstructions have reported flap 
failure rates just below 10%. ibis is higher than at other sites 
on the body because of associated vascular injuries and preexist
ing vascular disease in tl1ese patients. 

More recently, novel wound technologies, combined with 
growing experience with local fasciocutaneous flaps, are creating 
new options for reconstruction. Use of the vacuum-assisted 
closure device reduces edema, decreases wound area, and stimu
lates granulation tissue, making it possible iJ1 sorne cases to dose 
previously large wounds wi tl1 local or regional flaps. Fasciocura
neous flaps can cover small to moderate-sit.ed defects, and use 
of the reverse sural, perforator, ru1d bipedicle flaps is decreasiJ1g 
the need for free microvascular transfers. Clinical advantages of 
this shift from free Haps to a wider use of skin grafts and local 
Aaps include shorter operations in the tralllna patient ru1d elimi
nation of tl1e need for ru1astomosis to a major leg artery, which 
may not be available in some traumatic cases. 

In injuries with bone loss and a soft tissue defect, the 
options for skeletal reconstruction include autogenous bone 
grafts, vascularized bone transfer (pedicle or free), and the 
lliazarov technique for osteosynthesis. Bone grafts generally are 
delayed for approximately 6 weeks after soft tissue reconstruc
tion while orthopedic hardware he>lds the fracture fragments at 
length across the gap. 1l1e size and location of the bone defect 
will determine bone graft technique, with a vascularized proce
dure preferred for larger l.osses. An alternative to delayed bone 
grafting is immediate one-stage reconstruction of the bone and 
soft tissue with an osteocutaneous free ti.ssue transfer. 

TI1ere are contraindications to salvage of a Gustilo grade 
me injury of tile lower extrenlity. 111e most important element 
when COJlsidering primary aJnputation is disruption of the 
sciatic or posterior tibial nerve. With laceration of the posterior 
tibial nerve, tl1e plantar surface is insensate, which results pre
dictably in recurrent ulceration, infection, ru1d osteomyelitis. 
Otber elements include severe infection or contan:tiJ1ation, tibial 
bone Loss more than 8 em, multi level severe injury, ischemia 
time longer than 6 hours, and preexisting severe medical illness. 
1l1ere are several scoring systems to assist making a decision 
about Limb salvage versus runputation bur these tend to identify 
patients with good pntential for salvage rather than those who 
will need eventual runputation. The Mangled Extremity Severity 
Score (MESS) is used widely but should not be the sole criterion 
on which aJl an1putation decision is made. 48 Replantation of a 
severed lower limb is rarely done in the adult because of the 
inability to restore neurologic function to the foot. A nonfwlC
tional or marginally functi onal lower extremity is a greater liabil
i ry than a prosthedc Limb capable of allowing high-level function. 
Absolute connaindications to replru1tation are older age, poor 
baseline health, multilevel injury that results in immobility of 
tl1e knee or ankle, and warm ischemia time longer than 6 hours. 
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Soft riSSue Recon.struction in the Groin 
and Thigh 
The groi11 is the most common si te of distal extremity prosthetic 
graft infections. Traditional treatment included removal of the 
graft material or a salvage attempt at graft preservation with 
secondary imention healing and irs arrendanr risks of thrombo
sis, superinfection, and anastomotic disruption. Today, muscle 
flaps are the mainstay for mru1aging vascular graft infections. 
Healthy muscle increases tissue oxygen tension in the wolllld , 
augments the delivery of antibiotics to the site, and eliminates 
dead space. Muscle flaps arc useful to aid graft salvage in the 
presence of established infection, when there is increased dead 
space after drainage of a seroma or hen1atoma, or in siruadons 
i.n whkh the tissue bed is compromised by previous surgeries 
and scarring. 

Several muscle flaps are useful for coverage of the femoral 
vessels. The sartorius muscle is used as first-Line treatment 
because of its proximiry, expendability, and relative ease of eleva
tion. 1l1e muscle originates on the anterior superior iHac spine, 
inserts at the medial tibial condyle, and has a segmental blood 
supply with five to six direct brru1ches from the superficial 
femoral artery. 1l1e muscle is mobilized by dividing the origin 
ru1d r.vo proximal vascuJar pedicles, which frees tbe proximal 
end of the muscle to be transposed medially and sutured to the 
inguinal ligament to provide vascuJarized muscle coverage of the 
femoral vessels. Disadvantages of the sartorius flap are that it is 
divided by some surgical incisions in the groin, ru1d that division 
of more than rwo adjacem pedicles results in devascu!adzation 
of the muscle. Another local flap option is the rectus femoris 
muscle; distant pedicled muscle flaps for groin coverage are the 
gracilis and rectus abdominis. 

Defects after oncologic surgery in the thigh and groin are 
distinctive because extirpation of lower extremity tumors, typi
cally sarcomas, often necessitates wide or radical margins com
bined with adjuvant radiation therapy.1l1ereis a higher incidence 
ofinfecti on and ddliscence after limb-sparing surgery in the thigh 
and groin thru1 in more distal parts of the lower extremity beca use 
of grearer dead space, exposure of neurovascular structures, dif
ficulty keeping the wound d ean and dry, ru1d tellSion with anlbu
lation and hip abduction. For these larger irradiated defects, flap 
reconstruction is necessary. There are a number of thigh muscles 
that can be used as a local Aap, with or without skiJl grafts or a 
skin paddle; these include gracilis, tensor fascia lara, ru1d vasws 
lateralis flaps. Fasdocutaneous flaps such as the medial thigh, 
lateral posterior thigh, and anterior lateral thigh are also available. 
In some cases, these local options are no longer useful because of 
inclusion in the field of radiation, so distant or free flaps are 
needed for coverage. Reported outcomes after reconstruction of 
these difficult wounds with a VRAM flap have been promising, 
with a 9.4% incidence of postoperative wound complications 
with inlmediate reconstruction hut a significantly hi~her inci
dence of 47% .in patients with delayed reconstruction. 9 

Soft Tissue Coverage of the Knee. Leg. and Foot 
Wounds arolllld the knee can result from trauma, tumor exti rpa
tion, or exposure of aJl iJlfected knee cndoprosthesis after total 
knee replacement {Fig. 69-14). For each of these defects, durable 
soft tissue coverage is required; a pedicled medial gastrocnemius 
muscle or musculocutaneous flap based on du:! medial sural 
artery is preferred for ge11icuJar soft tissue reconstruction. 1l1e 
gastrocnemius muscle has a medial bead and lateral head 

origiJ1ating from the medial and Lateral condyles of the fenlllr, 
respectively; the two heads share a common insertion on the 
calcaneus via the AchiJies tendon. As a result, one head can be 
detaclled from the Achilles tendon independently and traJlS
posed with its robust blood supply and vascular drainage without 
impairing foot dorsiflexion. Because the medial head is longer, 
it is preferred for knee wounds and CaJl be transposed with or 
without a skin paddle. [n situations in which a pedicled gastroc
nemius flap has failed or is tmavailable, free tissue transfer of a 
latissimus dorsi or rectus abdominis muscle flap has led to a higb 
rate of salvage of limbs ru1d knee prostheses. 

Options for soft tissue coverage of the leg are determined 
by cl1e position of the defect relative to the dbia: 

• Proximal tibia: Medial gastrocnemius, lateral gastroc
nemius, fasciocutru1cous flap 

• Middle tibia: Soleus, gastrocnemius, extensor digito
rum Longus, tibialis ru1terior, fasciocutaneous flap 

• Distal tibia: Peroneus brevis, extensor brevis, distal
based soleus, reverse sural artery flap, lateral supramal
leolar flap , dorsalis pedis fasciocutaneous flap, free flap 

• Foot: Flexor digitorum brevis, abductor hallucis, 
abductor digiti mininu, reverse sural flap, medial 
pLru1tar artery flap, lateral calcaneal artery Hap, Y-Y 
advancement, &ee flap 
Muscle flaps are often unrel iab.le in treating distal third leg 

wounds. Except for the soleus and gastrocnemius muscles, local 
muscles on the lower leg are only adequate to cover smaU defects. 
lhis, along with several other factors, meru1s that treatment of 
the distal tibia, anlde, and foot is difficuk 1l1e area is vuJnerable 
to injury because the distal po.rtion of the leg has poor skin 
elasticity, bone lying ill the subcutaneous space, and may be 
edematous. The distal third of the leg bas little muscle but mruw 
tendinous structures, and they support skin grafts poorly. Finally; 
the foot and ankle require especially durable integument because 
cl1ey are exposed contiJ1uaUy to friction and shear with walking 
ru1d footwear. Any trru1sferred flap may slip or slide at the inter
face with the underlying structures because the transferred tissue 
lacks the glabrous quality of the native plantar skin. If the trans
ferred tissue is inse.nsate, it will be at significant risk for eventual 
breakdown. 

For larger defects, reconstruction in tl1e distal third of the 
leg reHes on free tissue t rru1sfer ted1niques. 1l1e vascular status 
of the extremity ru1d redpicm vessel selection are key factors for 
success. Guidelil1es for the use offree flaps in the lower extremity 
include malting anastomoses to healthy recipient vessels outside 
the zone of injmy and using end-to-side arterial anastomoses, 
whereas venous anastomoses can be end-to-side or end-to-end. 
Free tissue rrru1sfer remains the best option for large defects, 
wounds with trauma {e.g., crush injury to the surrounding vicin
ity that damages blood supply to all local tissues), and when the 
transfer of vascularized bone with the free flap is desirable. Free 
fibula flaps with skin paddles are preferred for lower extremity 
wounds with bony ru1d soft tissue defici ts. 

More recently, the advent oflocal fasdocutru1eous flaps has 
begllll to change the treatment of difficult lower leg wounds. 
Recognition that the vascular plexus accompanying cutaneous 
sensory nerves can supply overlying skin ru1d soft tissue has 
allowed the developmem of many useful, axial pattern fasciocu
taneous flaps.50 Cmrently, one of the most versatile of tl1ese is 
tl1e distally based, or reverse, sural fasciocutaneous flap. One to 
three arteries accompany the sural nerve as it travels 
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FIGURE 69-14 Gastrocnemius musculocutaneous flap for repair of an open wound with an exposed prosthesis after total knee replacement 
A. Soft tissue defect and planned incision of the skin paddle over the medial gastrocnemius muscle. B, The muscle with its attached skin 
paddle is elevated. C. The flap is tunneled under an intact bridge of skin into the defect anteriorly. D, The muscle flap is placed directly over 
the knee prosthesis after debridement. E. TI1e skin paddle is sutured in place to dose the wound without tension. F, Postoperative result The 
flap provides stable wound coverage. 

subcutaneously i.n the posterior calf. A skin paddle as large as 
14 em in diameter can be elevated on the proximal posterior calf 
as part of a dista.Uy based sural nerve flap; this tissue may be 
transposed to cover distal leg and foot wow1ds. Because the sural 
nerve flap is supported by perforators from the peroneal artery, 
the patency of this vessel must be ensured for Aap success. 

BODY CONTOURING 

Following Bariatric Surgery 
With the advent ofbariatric surgery and successful treatment of 
severe obesity, a new deformity has emerged.. After massive 
weight loss, the patient is left with excess skin and subcutaJ1eous 

tissue mat fails to retract and hangs from the torso, abdomen, 
and extren1ities. More than a cosmetic issue, this extreme skin 
redundancy can be painful, limits mobiliry, and is su~ceptiblc to 
recurrent infection in the intertriginous areas hooded by over
hanging tissue. Patients seek body contouring surgery because 
many are deeply distressed by their appearance. These patients 
should be no less than 12 to Hl months post- bariatric surgery, 
stable iJl weight for 3 to 4 months, have a BMI less than 30, 
aJJd be weU-nourished, with no protein or vitamin deficiencies. 
Proceeding before these criteria are met can result in recurrent 
skin la:xiry and delayed woWld healing, aJld may he inconsistent 
wid1 the patient's health insurer's requirements. 

Postbariatric body contouring is different from similar pro
cedures in those who have not been obese. The postbariatric 
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deformity is more severe because the skin damage and associated 
loss of tone and elasticity do not recover, and the laxity is global. 
A number ofprocedures may be required; some of d1ese involve 
restoring volume to areas of deficie11cy, rather d1an removing 
tissue. \Vben surgery is done in multiple stages, ilie procedures 
are separated by 4 w 6 monrhs w oprimize wound healing. 'TI1e 
procedures are lengthy and deep vein thrombosis (DVT) pro
phylaxis is required. Abdominal wall hernias, particularly at 
surgical port sites, are found freque11dy and are repaired during 
d1e course of abdominal contouring. Except for large ventral 
hernias, these repairs arc accomplished easily because d1e fascia 
can be approximated readily after massive weight loss. Various 
techniques are used for contouring: 

• Panniculectomy .is removal of excess skin and sofr 
tissue from the abdominal wall withour umbilical 
transposition. It is linlited to removal of the overhang
ing pannus without mobilizing surrounding soft tissue. 

• Abdominoplasty includes panniculectomy wid1 wide 
undermining of d1e upper abdominal Aap and umbili
cal transposition. Unlike a traditional abdomino
plasty, a vertical ellipse, or fleur-de-lis, pattern of 
excision often is necessary to remove significa11t excess 
skin i11 the horizontal dimension superior to the 
umbilicus. 

• Reverse abdominoplasty uses incisions in the inframa
mmary crease to remove rolls of excess skin from ilie 
upper quadrants of the abdomen. 

• Belt lipectomy is also termed a lowet· body lift; it cor
rects ilie circlUnferential roll of excess tissue found in 
most patients by exte11ding the abdominal resection 
around the sides of the abdomen to include the 
lower back. In ilie course of resecting dtis circumfer
ential ring of tissue, d1e lateral dughs and buttocks 
are also lifted. 

• An upper body lift removes excess skin from the 
lateral sides of the chest and upper hack through a 
borizontal incision across the back. 

• A medial thigh lift is excision of along ellipse of excess 
tissue parallel to d1e long ax,is of the thigh to re1110ve 
hanging skin on the inner dligh. 

• A mastopexy is a breast lift for ptosis. No breast tissue 
is removed because the volume of breast tissue may 
be small in che droopil1g, deflated, pancake breast 
after massive weight loss. 'TI1e breast skin is resected 
as the breast is reshaped and the nipple-areolar 
complex fS elevated a11d centralized. In some cases, 
augmentat:ion with breast implants is done to restore 
volume. Alternatively, excess folds of skin under the 
arms ca11 be deepithelialized and rotated anteriorly to 
augment me vollUUe of ilie breast. 

• Male mastopexy removes excess drooping skin to 
reduce fullness, wid1 superior elevation of ilie nipple
areolar complex as a flap or wid1 free nipple grafting. 

• Brachioplasry is the excision of a long ellipse of excess 
tissue parallel to the long axis of ilie arm to correct 
ilie excess ski11, or "bat wing," hanging from the proxi
mal half of the arm. 

• A minibrachioplasty excises a11 ellipse of tissue just 
distal to the axilla perpendicular to the long axis of 
the arm to remove a mild excess of tissue. The scar is 
placed in the axUla. 

Postbariatric body contouril1g is a component ill d1e treat
ment of the obese patient and is well accepted by patients, 
despite d1e extensive scarring wiili all of the surgical proce
dures. 1here is evidence that postbariatric surgery patients who 
have subsequent body contoming surgery maintain their weight 
loss. 'This could merely be a reflection of the motivation of rhis 
coho:rt of patients, but ongoing work is focused on better 
understanding of the psycl1ological impact of extreJne body 
conrouril1g. 

Suction-Assisted Lipectomy 
Suction-assisted lipectomy, also termed liposuction, lipopfttsty, or 
liposculpture, was inrroduced in the !are 1970s a11d early 1980s 
when plastic surgeons developed ilie concept of inserting a 
blunt-ended hollow cannula under d1e skin and connecting it 
ro a vacuum pump, wblch ge11erates negative pressure to aspirate 
d1e fatty tissue. Before making a small opening in ilie skin to 
introduce the ca1mula, the area to be treated is injected wid1 a 
wetti_ng solution, wbicl1 is saline supplemented wirn local aJles
thetic and low concentrations of epinephrine. Terms used to 
describe variations in this fluid iJUiltrate are hased on d1e amount: 
offtttid used; theseared':~ wet, supen.uet, and tumescent. Aliliough 
d1e more generous use of saline, lidocaine, and epinephrine 
result:s in less blood loss, greater ease of fat removal, and decreased 
postoperative pain, it also raises concerns about Auid overload 
a11d drug toxicity, wbich call for close intraoperative monitoring 
of ve:ntiJation, circulation, and cardiac fu.nction. 

The areas usually created wiili liposuction are the neck, 
abdome11 and waist, back, and !ups and thighs. Good results car1 

be obtained provided d1e volun1e of fat is not too great and there 
is good skin dasticity. Large-volume liposuction is associated 
with hemodynamic instability a11d a risk of damagi11g the blood 
supply to d1e overlying skin, causing skin necrosis. Elastic 
rebound of the skin after the underlying fat is removed is essen
tial to d1e success of liposuction. ln general, even whe11 large 
amounts of fat are removed, skin has good elasticity and will 
conform to the new underlyi11g volume. However, skin d1at is 
Aaccid or sagging will not retract and ilierefore good results are 
harder to achieve in areas sucl1 as d1e face, arms, and inner 
thighs. The looseness of the skin and likeilllood that it will 
exhibit poor adaptability means iliac liposuction will exacerbate 
d1e drooping and leave signiJicant surface irregularities. 

Suction-assisted lipectomy is a useful surgical treatmem for 
several medical disorders. lt is a treatment of d1oice for gyneco
mastia when combined, as needed, with resection of aJl)' glan
dular tissue. The skin of ilie chest wall tends to retract well and 
liposuction is particularly useful for tapering the boundaries of 
d1e treated area for a smooth contour. Liposuction alone is less 
often useful to reduce the size of the female breast because the 
large breast will become droopy if volume is ren10ved without: 
lifting and tighteJli.ng the skin. The greater benefit of liposuction 
is in combination with surgical breast reduction techniques, in 
which it is used to smooth the contours under d1e arms a11d at 
d1e margins of the breast. For patients with a buffalo bump, 
liposuction makes it possible to reduce far deposits on the upper 
back a11d lower neck that previously could not be removed 
without extensive smgery. For patients with HlV infection, lipo
dystrophy is a syndrome of abnormal far distribution associated 
with the therapeutic use of protease inblbitors. The lipodystro
pby may be in the form of a neck a11d upper back fat pad, fat 
deposition in the trunk and lower face, or increase i.n the adipose 
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tissue of the breasts. All these respond well to treatment with 
liposuction. 

The m ost .common complications with suction-assisted 
lipectomy a re contour defornucy, excessive b lood loss, hematoma, 
seroma, Auid overload, and asymmetry. Lcs.~ commonly, overly
ing skin loss, skin burns, DYT, and pulmonary embolus are seen. 
There have been jnfrequent reports o f fat embolus, can.nuJa pen 
et ration of the abdominal cavicy, lidocaine toxkicy, and surgical 
shock. A national survey conducted in 200 I found that combin
ing liposuction wi th other procedures such as abdominoplascy 
increa.~d the mortalicy risk almost fivefold. 1his is presumably 
related to the longer length of the surgery, greater blood loss, and 
larger Auid shifts . Based on tllis information, subsequent teclmi
cal and practice guidelines include limiting the performance of 
con comitant procedures at the time of liposuction, stricter crite
ria for patient selection with regard tO obesicy and general health 
factors, removing Jess fat in one operative session, placing Jimjts 
o n the length of the surgery, modifications in anesthetic tech
niques, and additional patient monitoring. 

CONCLUSIONS 
Plastic surgery continues to evolve with the development of new 
approaches for the care of people with congenital and acquired 
deformities. W ith therapeutic advances in medicine and surgery, 
new problems have emerged that call for n ovel reconstructive 
techniques. Challenged by these difficult problems, p lastic 
surgery conti.nues to Look for ways w rrcat life- and Limb- threat
ening problems and, at the same time, restore form and func
tion. Chest wall, abdominal wall , and perineal reconstruction 
arc progressing rapidly, and defects that were incapacitating a 
decade ago are now correctable. Lower extrcmhy salvage after 
devastacing injury is now commonplace. With the advent of new 
specialties such as bariatric surgery, entirely new areas retjuiring 
plast ic surgery have emerged. O ld techniques, such as perforator 
flaps, continue to evolve and supply better ways to reconstruct 
defects. New techniques such as fat grafting, which may revolu
t ioni'I.C clinical pract ice, have come from empirical observations. 
Developed fro m new research studies, tissue engineering, gene 
therapy, and stem cell work will change reconstruction in 
unforeseeable ways in the future. The search continues for the 
most reliable, durable, and aesthetic ways to "restore, repair, and 
make whole those parts . . . which forrune bas raken away" 
(Gas pare T agliacozzi ntalian surgeon who became famous for 
his skill i.n reconstructive surgery], D~ Curtorum Chirurgid per 
lnsitionem, Venice, 1579). 
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CHAPTER 70 

HAND SURGERY 
DAVID NETSCHER. KEviN MuRPHY, 
AND N ICHOLAS A F IORE, II 

BASIC ANATOMY 

EXAMINATION AND DIAGNOSIS 

PRINCIPLES OF TREATMENT 

TRAUMA 

INFECTIONS 

COMPARTMENT SYNDROME, HIGH-PRESSURE INJECTION 

INJURIES, AND EXTRAVASATION INJURIES 

TENOSYNOVITIS 

NERVE COMPRESSION SYNDROMES 

TUMORS 

CONGENITAL ANOMAUES 

OSTEOARTHRinS AND RHEUMATOID ARTHRITIS 

CONTRACTU RES 

CONCLUSION 

Although hand. surgery fellowships traditionally receive trainees 
primarily with backgrounds in orthopedic surgery or plastic 
surgery, feUowship training in hand surgery may also be Wlder
taken by those having completed a residency in general surgery. 
Basic tenets of hand surgery must be acquired by aU general 
surgeons. Depending on the practice locale (rural or urban), 
rype of hospital, and residency rotations (e.g., surgical intern 
covering the emergency deparm1ent), or even for the purposes 
of board examinations, the ability w evaluate and manage hand 
injuries and problems is a necessary skill for the general surgeon. 
The purpose of this chapter is not to provide the general surgeon 
with an exhaustive study of hand surgery, because specialty texts 
are more appropriate, but ro provide an overview of hand 
pathology encountered more commonly by the general surgeon, 
and especially to emphasize basics in anatomy, physical examina
tion, and treatment of common hand and upper extremity 
emergencies. 

BASIC ANATOMY 
The arm and hand are divided into volar or palmar, and also 
dorsal, aspects. Distal to the elbow, structures are termed radial 
or ulnar to the middle finger axis rather than lateral and medial, 
respectively, because with forearm pronation and supination, the 
latter terms become confusing. The nomendarure of digits bas 
become standardized. 1l1e hand has five digits, nan1dy the 
thumb and four fingers (cl1e cl1umb is not caUed a finger). 'The 
four lingers are respectively termed d1e index, long (middle), ring, 

1952 

and small (little) fingers. 1he use of numbers to designate digits 
is no longer accepted (Fig. 70-l). Wicllin the hand, those struc
tltres close to the fingertips are termed distill whereas those 
fu.rther up toward tbe wrist are termed pra>dmal. Motion in a 
palmar direction is flexion, whereas dorsal motion is termed 
extensio11. Finger motion away fiom the long finger axis is termed 
abduction, whereas motion toward the axis of the long finger is 
termed adduction. 'The description of the motion of the clmmb 
is sometimes confusing. Extension of the thumb is in the plane 
of tbe palm of the hand, whereas palmar abduction of the thumb 
is cl1e motion d1at occurs at 90 degrees away from the plane of 
cl1e palm. Finally, side to side motion of the wrist is termed mdial 
and ulnar deviation. 

Intrinsic muscles of the hand are those cl1at have their 
origins and iJlsertions in the hand, whereas the extrinsic muscles 
have their muscle bellies in the forearm and cl1eir tendon inser
tions in the hand. The intrinsic muscles that make up the thenar 
eminence are the abductor pollicis brevis (APB), flexor pollicis 
brevis (FPB), opponens pollicis (OP), and adductor pollicis 
(AP). 1l1ere are four dorsal interossei cltat arise from adjacent 
side.~ of eacl1 metacarpal and provide abduction of cl1e metacar
pophalangeal {MP) joints of cl1e index, middle, and ring lingers. 
There are three palmar interossei that addu.ct me index, ring. 
an.d little fingers toward the middle finger. Four lumbricals origi
nate on the flexor d.igitorum profundus (FOP) tendons in cl1e 
palm and insert on the radial sides of clte extensor mechanisms 
of cl1e four fingers. Together with the interossei, these bring 
abou·t flexion of the MP joints and extension of d1e interpha
langeal (lP) joints of cl1e fingers (Fig. 70-2). 1he FPB flexes the 
cllllmb at the MP joint, in contrast wid1 the extrinsic flexor 
poll icis longus (FPL), which flexes tbe thu.mb IP joint. 

The hypothenar muscles consist of the flexor digiti minimi 
(FDM), which flexes the litde finger at the MP joint, as well as 
the abductor digiti minimi (ADM) and opponens digiti minimi 
(ODM). A small muscle called cl1e palmaris brevis is located 
transversally in cl1e subcutaneous tissue at the base of the hypo
rJ,enar imminence. It is innervated by me ulnar nerve, puckers 
the skin, and helps in cupping the skin of the palm duriJtg grip 
(Table 70-1). 

The extrinsic muscles originate proximal to me wrist and 
comprise the long flexors and extensors of the wrist and digits
llle extensors are located dorsally and are divided iJltO three 
subgroups. 1l1e rad.ialmost subgroup is termed the mobile wad 
and comprises the bradliorad.ialls (BR), extensor carpi radialis 
longus (ECRL), and extensor carpi radialis brevis {ECRB). 1l1e 
ECRL and ECRB extend the wrist and deviate it radially: 
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FIGURE 7(}-1 Surface anatomy of the hand. A. Hand surfaces and 
nomenclature. B. Skin creases of the hand superimposed on the 
skeletal structures. 

The second group is located in a more superficial layer and 
comprises three muscles-nameJy, the extensor carpi uJnaris 
(ECU), extensor digiti minimi-quinti (EDM-Q), and extensor 
digitorum communis (EDC). 1he ECU deviates the wrist in an 
ulnar direction and extends the wdst, whereas the EDM and 
EDC extend d1e MP joints of the fingers. The th ird and deeper 
subgroup comprises four muscles, three of which act on the 
thumb; the remain ing muscle influences the index finger. 1he 
abductor pollicis longus (APL), extensor pollicis longus (EPL), 
and extensor po llicis brevis (EPB) provide function to the 
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FIGURE 7(}-1 Outline of first dorsal interosseous muscle on the index 
finger shows how it passes volar to the fulcrum of flexion of the 
metacarpophalangeal joint (MP) and dorsal to the IP joints. Interossei 
flex MP joints and extend proximal and distal IP joints. The long 
extrinsic extensor tendon passes dorsal to all joints. 

Table 7D-1 Intrinsic Muscles of the Hand 
MUSCLE INNERVATION• FUNCTION 
Abductor pollids Median Abducts the thumb 

brevis (APB) 

Aexor pollicis Median Aexes the thumb 
brevis (FPB) 

Opponens Median Opposes the thumb 
pollicis (OP) 

Lumbricals Median and Aexes metacarpal 
ulnar pl)alangeal (MC~ 

JOints and exten s 
interphalangeal {IP) 
joints 

Palmaris brevis Ulnar Wrinkles the skin on the 
medial (ulnar) side of 
the palm 

Adductor pollids Ulnar Adducts the thumb 
(AdP) 

Abductor digiti Ulnar Abducts the small finger 
minimi {ADM) 

Aexor digiti Ulnar Rexes the small digit 
minim• (FDM) 

Opponens digiti Ulnar O~oses the small 
minimi (ODM) finger 

Dorsal interossei Ulnar Abducts the fingers; 
flexes MCP jomts and 
extends the I P joints 

Palmar Ulnar Adducts the fingers; 
inter·ossei flexes MCP jomts and 

extends the IP joints 

*All the thenar intrinsic muscles are supplied by the median nerve except the AdP; 
all the remaining intrinsic muscles are supplied by the ulnar nerve except the two 
radiallumbricals. 
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thumb, and the extensor indicis proprius (EIP) extends the MP 
joint to the index finger. Last of the deep muscles is the supina
tor, whid1 is located proximally in the forearm {Table 70-2). 

The extensor tendons pass through six compartments deep 
to the extensor retinaculum at the dorsum of the wrist. From 
radial to ulnar side, these tendons and compartments are 
arranged as fo llows. The first compartment contains the APL 

Table 7D-2 Extrinsic Muscles of the Dorsal Forearm 
MUSCL£ INNERVATION* FUNCTION 
Extensor pollicis brevis Radial Abducts the hand and 

(EPB) extends the thumb 
at the proximal 
phalanx 

Abductor pollicis Radial Abducts the hand and 
longus (APL) thumb 

Extensor ca~ radialis Radial Extends and radially 
longus (E RL) deviates the hand 

Extensor carpi radialis Radial Extends and radially 
brevis (ECRB) deviates the hand 

Extensor pollicis Radial Extends the distal 
longus (EPL) phalanx of the 

thumb 

Extensor digitorum Radial Extends the fin3ers 
commums (EDC) and the han 

Extensor indicis Radial Extends the index 
proprius (El P) finger 

Extensor digiti minimi/ Radial Extends the small 
quinti (EDM/Q) finger 

Extensor carpi ulnaris 
(ECU) 

Radial Extends and ulnarly 
deviates the wrist 

Supinator Radial Supination 

Brachioradialis Radial Rexes the forearm 

*All muscles of the dorsal forearm are innervated by the radial nerve and its 
respective branches. 

and EPB, which also forms the radial bow1dary of the so-called 
anatomic snuffbox. 1l1e second compartment consists of the 
ECRL and ECRB, and the third compartment {which also 
forms the ulnar boundary of the anacomic snuffbox) contains 
the EPL 1l1e EIP and EDC pass through the fourth compart
ment and the EDM through rhe fifth compartment, where they 
overlie the distal radioulnar joint. The sixth compartment con
tains the ECU {Fig. 70-3). 

At the level of the MP joints, the long extrinsic extensor 
tendo ns broaden out to form the extensor hood. The proximal 
part of the hood at this level is called the sagittal band. It loops 
aroun d the MP joint and blends into the volar plate, thus 
forming a la~so around the base of the proxin1al phalanx, through 
which it extends the MP joint. 1l1e insertions of the interossei 
and I umbricals enter into the extensor hood as the lateral bands. 
These lateral bands insert distally and dorsally to the axis of the 
PIP jo int, and it is through chis distal insertion that the intrinsic 
muscles {the interossei and lwnbricals) are flexors of the MP 
jo ints and yet extensors of the TP joints. 1l1e extensor bood 
inser ts to the base of the middle phalanx, which is termed the 
central slip, and finally proceeds on to the hase of the distal 
phalanx. where it inserts through the terminal slip, thus extend
ing the distal interphalangeal (DIP) joint (Fig. 70-4). 

The extrinsic flexor muscles are located on the volar aspect: 
of the fo rearm and are arranged in three layers. The superficial 
layer comprises four muscles-pronator teres (PT), flexor carpi 
radialis {FCR), flexor carpi uJnaris {FCU), and palmaris longus 
(PL). The PL muscle may be absent in as many as 10% w 12% 
of individuals. 1l1ese muscles originate from the medial humeral 
epicondyle in the proximal fo ream1 and function to flex the wrist 
and pronate the forearm. The intermediate layer consists of the 
flexor digitorum superficialis (FDS), which allows iJ1dependcnr 
flexion of the proxinlal interphalangeal (PIP) joints of the 
fingers. In the deep layer, there are three muscles: the FPL, which 
flexes the [p joint co the thumb; the FOP, which flexes the DIP 
joints of the £ngers; and a distal quadrangular muscle that spans 
between the radius and ulna termed the pronator quadratus, 
which hdps in pronation of the forearm (Table 70-3). 

FIGURE 70-3 A, B. Surface anatomy of the six dorsal extensor compartments at the wrist. Note that the first (APL and EPB) and third (EPL) 
compartments fo rm the radial and ulnar boundaries, respectively, of the anatomic snuffbox. 
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Table 7o-3 Extriinsic Muscles of the Volar Forearm 
·----

MUSCLE INNERVATION* FUNCTION 
Pronator teres (PT) Median Pronation 

Aexor carpi radialis Median Aexion and radial 
(FCR) deviation of the 

wrist 

Palmaris longus 
(PL) 

Median Rexion of the wrist 

Aexor carpi ulnaris Ulnar Aexion and ulnar 
(FCU) deviation of the 

wrist 

Aexor digitorum Median Aexion of the proximal 
superf1cialis (FOS) interphalangeal 

(PIP) joint 

Rexor digitorum Median and Aexion of the distal 
profundus (FOP) ulnar interfhalangeal 

(DIP joint 

Pronator quadratus Median Pronation 

Aexor pollicis 
longus (FPL) 

Median Aexion of the thumb 

*AU muS()es of the volar forearm are innervated by the median nerve and its 
branches except the two ulnar digits of the FOP and FCU. which are innervated 
by the ulnar nerve. 

Nerve supply to the hand is by three nerves, tbe median, 
ulnar, and radjal nerves. A knowledge of the surface anatomy of 
nerves helps when evaluating specific lacerating injuries (Fig. 
70-5). The ulnar attachment to the flexor retinaculum is to tl1e 
pisjform and hook o f the hamate, and the radial attachment is 
to the scaphoid and ridge of the trapezium. The median nerve 
passes through the carpal tunnel between these landmarks. It 
gives sensation to rhe rhumb, index finger, middle finger, and 
radial half of the ring finger. The palmar cutaneous branch of 
the median nerve originates from irs radial side 5 to 6 em proxi
mal to the wrist. providing sensation to the palmar triangle. The 
ulnar nerve travels to the radial side of the pisiform and passes 
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FIGURE 70-4 Extensor mechanism of the fingers. A. Lateral view. 
8, Dorsal view. 

FIGURE 70-5 Surface anatomy of median (red) and ulnar (black) 
nerves. H, Hook of hamate; P, pisiform; S, scaphoid; 7; trapezium. 

to the ulnar side of the hook of the han1ate in its passage through 
Guyon's canal. It gives sensation to the little finger and ulnar 
half of the ring finger; the dorsal branch of rhe ulnar nerve 
(arising proximal to the wrist and curving dorsally around the 
head o f tl1e ulna) supplies tlle san1e digits on their d orsal aspects. 
1l1e superficial rarual sensory nerve emerges from under the 
brachio radialis in the rusral forearm, divirung into two or three 
branches proximal to tlle rarual styloid, which then proceed in 
a subcutaneous course across tbe anatomic snuffbox, innervating 
the skin of the dorsum of the first web space. 1l1e number of 
fingers served by each nerve is variable. H owever, as an absolute 
rule, the palmar surfaces of the index and Little fingers are always 
served by the median and ulnar nerves, respectively. 

With regard to the m otor supply of these nerves, the ulnar 
nerve supplies the hypothenar muscles, interossei, ulnar two 
lumbricals, adductor pollicis, and deep head of tl1e flexor pollicis 
brevis. 1l1e median nerve supplies the abductor pollicis brevis, 
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opponens pollicis, radial two hunbricals, and superficial head of 
the flexor poiJkis brevis. In summary, the median nerve thus 
supplies aU the extrinsic digit flexors and wrist flexors {except 
the FDP to the ring and little fingers and the FCU, which are 
supplied by the ulnar nerve) and aU the thumb intrinsic muscles 
{except the AP, innervated by the ulnar nerve). The ulnar nerve 
supplies all the interossei, all the lumbricals {except the radial 
two, supplied by tl1c median nerve), and the adductor of the 
thumb. The radial nerve innervates aU of the wrist, finger, and 
thumb extriJlSic long extensors. 

EXAMINATION AND DIAGNOSIS 

Evaluation 
Basic instruments used in hand examination are shown in Figure 
70-6. Examination of the restiJ1g posture of the hand can provide 
valuable information; for exan1ple, if a finger flexor tendon is 
severed, that affected fiJ1ger does not assume irs normal re.sting 
position in line w.itb the natural flexion cascade of the adjacent 
digitS (Fig. 70-7). Extensor tendon injuries may be indicated by 
a droop at the affected jomt. A clawed posture of the little and 
ring fingers may be characteristic of an ulnar nerve injury (Fig. 
70-8). Absence of sweating at the fingertips may imply a nerve 
injury in mat particular distribution. Swelling and erythema 
may indicate a hand infection, and a purulent flexor tenosyno
vitis always results in a flexed posture of the digits. Rotational 
and angu.lar digital deformities may occu.r when mere are under
lying fracn~res. 

Neurovascular Examination 
1l1e Allen test confirms patency of the ulnar and radial arteries. 
Two-point sensory discrimination is the most sensitive method 
for testing for sensory loss and is easily done by usmg a bent 
papercl ip (Fig. 70-9). The paperclip ends are set to a distance of 
approximately 5 mm apart for fingertip pulp sensory testiJ1g. 
The pomts are aligned along tl1e axis of the finger. If tllis test is 
not reproducible because of an uncooperative patient, suspicion 
of a nerve injury can be confim1ed by the tactile adhe.rence test, 

FIGURE 70-6 Basic instruments used in hand examination include a 
tuning fork, pinch meter, grip dynamometer, two-point discriminator 
(paperdip also s uffices), goniometer. and patella hammer. 

in wb.icil a plastic pen is passed back and forth gently across the 
pLdp on either side of each flnger. Adhesion, because of the pres
ence of sweat, is shown by slight but definite movement of the 
finger bemg exanli.ned (anesthetized finger pulp wiJJ not sweat). 

There are two muscle tests that may provide the examiner 
with ru1 absolute diagnosis of mediru1 or ulnar nerve injury. l11e 
motor function of the abductor pollicis brevis tests the median 
nerve. With the hand Hat and faciJ1g palm up, the patient is 
asked to use his or her thumb to touch the exanli.ner's finger, 
which is held directly over the thenar eminence (Fig. 70- 10). 
The FDM muscle function will test the motor supply of the 
ulnar nerve. In the same hand position, tl1e patient raises her or 
his li rtle finger vertically, Hexing the MP joim ro a 90-degree 
ru1gle, with the IP joint held straight. Tests for radial nerve fw1c
tion and its branches require wrist extension, thumb extension, 
and finger extension at the MP joiJlt. 

Musculoskeletal Examination 
The integrity of the tendons is individually tested (Fig. 70- 11). 
Flexion at distal joints of the thumb ru1d fingers confirms that 
the FPL ru1d FOP, respectively, are mtact. Testing <>f FDS 
tendo ns is more complex. It is not possible to flex the DIP joints 
independently of one another because of a conuuon origin of 
tl1e FDP tendons. Thus, the other fingers are fixed in extension 
by the exan1mer and the patient is asked to flex the remaining 
digits. Movement is produced by the FDS and occurs at the PIP 
joim. In approximately one third of patients, the FDS cannot 
produce little fu1ger Hexion. £n 50% of these, in turn, mere is a 
common origiJ1 wim the ring fu1ger, so flexion will occur if the 
ring finger is permitted to flex sm1ultru1eously. More uncom
monly, there is no profundus tendon to the Little finger and the 
supcrficialis iJ1Serts into the middle ru1d distal phalanges. 1l1c 
long and short extensors (EPL and EPB) and long abductor of 
the thumb are tested by asking the patient to extend his or her 
thumb against rcsistru1cc, whereas these tendons are individually 
palpated. Long extensors of the fingers are tested by asking the 
patient to extend them against resistance applied to the dorsum 
of the proximal phalanx. 

Special Investigations 
Radiographs are necessary in almost every case. These help in 
tl1e diagnosis and evaluation of fracture.s and also in the inves
tigation of foreign bodies. Multiple radiographic views of tl1e 
affected part are required to define the precise pathology or 
fracture pattern. Glass is often seen on plam radiographs and, if 
not seen but suspected, may be visualized by computed tomog
raphy (CT) or magnetic resonance imagiJ1g (MRJ). Lf plastic is 
painted, it may be seen on routine radiographs; it is generally 
poorly visualized with CT but can be clearly seen with MRL 
Wooden foreign bodies may be seen by CT or MRl, but not b)l 
routine radiography. 

Various stress radiographic views and cineradiography may 
be useful for demonstrating dynamic wrist instability patterns, 
especiaiJy scapholunate separation. Arthrography may detect 
ligamentous tears by extravasation of contrast material between 
tl1e radiocarpal, distal radioulnar, and midcarpal joints. This is 
best combiJ1ed wi.th MRJ, especially for the detection of trian
gular fibrocartilage tears ar the ulnocarpal joim. Radionudide 
bone scanning may help djagnose osteomyelitis but, in d1e hand, 
a false-positive result may occur because of th.e close proximity 
of soft tissue infections to the bones. Occult wrist fraccures may 
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FIGURE 70-7 A. B, Natural finger flexion cascade of the hand in repose. Note the fingertips pointing to the distal pole of the scaphoid. C. With 
flexor tendon inju ry, the affected digit does not adopt this resting flexed posture. D. E. Spiral finger fractures produce a rotational deformity, 
which is also noted as an interruption in the finger flexion cascade. 
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FIGURE 7Q-8 A. Marked atrophy in the first web space dorsal interosseous muscle is noted with ulnar nerve palsy, with clawing of the little 
and ring fingers. B. The little finger assumes an abducted position and cannot be adducted to the adjacent fingers (Wartenberg's sign). 
C. Because thumb adduction is weak, attempts to grasp a piece of paper between the adducted thumb a nd index finger produce compensa
tory thumb IP joint flexio n (Frornent's sign). 

FIGURE 70-9 Two-point discrimination on the fingertip can be tested 
with a bent paperclip, with the tips of the paperclips set specific 
distances apart. 

be localized by iJKreased radionuclide uptake, but a false-positive 
result when evaluari11g for a fracrure may also occur with liga
mentous injuries. cr is a helpful modality for diagnosing sus
pected carpal fractures, (e.g., a scaphoid fracture that may not 
be seen on a routi11e x-ray), although most prefer MRL 

Wrist arthroscopy is useful as a diagnostic and therapeutic 
modality for a number of wrist problems, especially for disorders 
of the triangular fibrocartilage. Minimally invasive surgery with 
arthroscopic guidance bas added a new dimension to the treat
ment of acute wrist disorders such as scaphoid and distal radius 
intra-articular fractures. 

Patients with iscl1emic problems often require noninvasive 
vascular studies. Doppler pressure measurements help localize 
d1e site of a vascular lesion. Angiography in the upper extremity 
is always carried out in the presence of a vasodilator (e.g., tolazo
line [Priscoline], nitroglycerin) or an axillary block to differenti
ate apparent vessel occlusion from vasospasm. Subtraction 
radiographs with magnification help improve the detail and 
definition of the vascular study, especially in the distal forearm 
and band. 

PRINCIPLES OF TREATMENT 
ln the case of injuries, treatment is directed at the specific struc
tures dan1aged-skeleral, tendon, nerve, vessel, integument. 1

'2 

In emergency situations, the goals of treatment are to maintain 
or restore distal circulation, obtain a healed wound, preserve 
motion, and retaiJl distal sensation. Stable skeletal architecture 
is established in the primary phase of care because skeletal stabil
ity is essential for effective motion and function of the extremity: 
'TI1js also reestablishes skeletal length, straightens defom1ities, 
and corrects the compression or kinking of nerves and vessels. 
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FIGURE 70-10 Motor innervation of musdes of the hand. A. Thumb abduction tests median motor nerve function. B. little finger flexion at 
the metacarpophalangeal joint with simultaneous IP joint extension tests ulnar motor nerve function. 

Arteries are also repaired in the acute phase of treatment to 
maintain distal tissue viabillty. Also, extrinsic compression on 
arteries must be released emergently, such as with compartment 
pressure problems. In clean-cut injuries, tendons can be repaired 
prin1arily. In situations in which there is a chance that tendon 
adhesions may form, such as when there are a~sociated fractures, 
it is nonetheless better to repair tendons primarily with preserva
tion of their length and, if necessary at a later date, to perform 
tenolysis. However, when d1ere are open and contanunated 
wounds or a severe crushing injury, it is best to delay repair of 
tendon and nerve injuries. 

[n dean-cut sharp wounds, primary nerve repair lessens the 
possibility of nerve end retraction and therefore the need for 
later nerve grafting. However, primary nerve repair must not be 
performed in situations in which there is contusion of the nerve 
{e.g., gunshot wounds, power saw injuries, blunt crushing 
trauma) because the extent of proximal axonal injury may not 
be immediately evident. If nerve repair is performed before this 
is apparent, it may result in abnormal nerve ends being reat
tached, negating the chance for functional return. 

[n severe soft tissue injuries, wound closure may nor be 
possible immediately. Initial open treatment of the wound is 
directed to prevent an infection and protect critical deep struc
tures by proper dressing and wound management (Fig. 70-12). 
Adequate debridement is essential, but appropriate soft tissue 
coverage must be acbkved as soon as possible thereafter. 1he 
sooner the soft tissue coverage can be adueved, the less likely 
there wiJJ be a secondary deformity caused by fibrosis and joint 
contractures. The more rapidly band therapy can be started, the 
better d1e chance for maximizing flmctional return. The treat
ment regimen must consist of debridement, rigid skeletal fixa
tion, and early soft tissue resurfacing, possibly even requiring 
microvascular soft tissue reconstruction, followed by protected 
range-of-motion exercises as soon as possible. lt has been shown 
that early soft tissue reconstruction results in improved function, 
decrea~ed morbidity, and shortened hospital stay. 

Appropriate treatmem of upper extremity problems 
requires a thorough knowledge of local and regional anesthesia, 
use of a tourniquet to provide a bloodle.~ field, correct place
ment of incisions to minimize later scar contracture, and 

appropriate use of dressings and splints to reduce edema and 
maintain a functional position. Above alJ, a dear knowledge of 
the unique anatomy of the hand and upper extremity not only 
aids in obtaining an accurate clinical diagnosis, but also enables 
the safe performance of surgery. 

Anesthesia 
l11e choice of general, regional (e.g., N Bier block, brachial 
plexus block d1at might be a supraclavicular or axillary block), 
or local anesthesia is governed by the extent and length of the 
operation. An upper arm or forearm toumiquet can be used i11 
the lmanestbetized extrenlity with only local anesthetic field 
infiltration or digital block for 30 to 45 minutes in a relaxed, 
cooperative patient provided that the arm is well exsanguinated. 
After tlili time, tounuquet pain wiJJ not permit more extensive 
local anesthetic procedures. If one has to operate in other areas, 
such as for harvesting of bone, nerve, tendon, or skin graft, or 
if more extensive surgical procedures are planned, general anes
thesia wi.U be required. 

A digital block or median, ulnar, or radial wrist nerve block 
may be useful, especially for more limited emergency room 
procedures (Fig. 70-13). Digital nerve blocks usually do not 
include epinephrine, which could lead to vasospasm, but evi
dence has indicated the safety of distal blocks using an epineph
rine solution. A maximum safe dose of tidocaine is 4 mg/kg. 

Tourniquet Application 
l11e tourniquet is used to provide a bloodless field so that clear 
visualization of all structmes in the operative field is obtained. 
Penrose drains, rolled rubber glove fingers, or commercially 
available tourniquets can be used on digi ts. Great care must be 
taken when using any constrictive device on digits because 
narrow bands cause direct injury to Lmderlying nerves and 
digital vessels. With d1e use of an arm tourniquet, the s.kin 
beneath the cuff must be protected with several wraps of cast 
padding. During skin preparation, tlus area must be kept dry to 
prevem blistering of d1e skin under an inflated cuff over moist 
padding. 1he CLLff selected needs to be as wide as the diameter 
of the arm. Standard pressures used are l 00 to 150 mm Hg 
lugher than systolic blood pressure. The cuff is deflated every 2 
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FIGURE 7Q-11 Individual clinical testing of the FOP (A), FDS (B), FPl 
(C), finger extensors (D), and thumb extensors (E). 

hours for 15 to 20 minutes (5 minutes of reperfusion for every 
30 minutes of tourniquet time) to revascularize distal tissues and 
reBeve pressure on nerves locally before reinflating the cuff for 
more extensive procedures.3 Exsanguination of the extremities is 
performed by wrapping rhe exrremi.cy with a Marrin's bandage 
in all cases, except those involving infection or tumors. In these 
latter cases, because of the possibility of emboli:.r_ation by 
mechanical pressure, exsangui11ation by bandage wrapping needs 

to be avoided. Simple elevation of the extremity for a few 
minutes before tourniquet inflation suffices.• 

Incisions 
incisions arc of tlle Bruner zigzag or midaxial rype, or combina
tions of these, to avoid longitudinal motion-restricti11g scars that 
cross palmar Aexion creases (Fig. 70-14). 1l1e marginal edge of 
a skim graft with healthy skin is also a potential scar line, so the 
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FIGURE 70-12 A. Gunshot wound of forearm showing extensive soft tissue injury. B, Initial radiograph. C. Microvascular reconstruction using 
a bilobed latissimus dorsi musculocutaneous flap was done in association with fracture fixation. D. Long-term follow-up of reconstructed forearm 
that also required sural nerve grafting to a segmental injury of the median nerve. 

margin of the skin graft is designed to be in these same lines to 
prevent contractures across flexion creases. Palmar incisions 
foUow the pattem of skin creases. Dorsal incisions on the fingers 
and wrist and incisions 0 11 the forearm may follow longitudinal 
straight lines. 

Dressings and Splints 
1he purposes of dressings are to protect wounds, absorb drain
age, and help spliJlt repaired strucrures. The fi rst layer consists 
of a nonadl1erenr dressing and may contain an antibiotic. llle 
next layer is soft and buJky and is usually followed by a firmer, 
more conformi1llg external wrap. Conforming compression is 
useful , but constriction is barmfuJ. Splints are made to protect 
only the part necessary to be immobilized and must not prevent 
motion in the remainder of the extremity. Often, patiems keep 
the injured, operated, or infected hand in a flexed wrist position, 
which automatically causes the MP joints to extend, thereby 
placing the collateral ligaments in their shortest lengths. Edema 
fluid collects dorsally and the resulting dorsal hand swelling 
causes stiff joints. Thus, a splint that keeps the hand in the 
protected position extends the wrist 40 to 50 degrees, maintain
ing the MP jointts at 70 degrees of flexion and the IP joints in 
a neutral position (Fig. 70-15). Po~toperative hand elevation is 
essential to reduce edema. 

TRAUMA 

Emergency Control of Bleeding 
Bleeding in the extremity can often be profuse when first 
encountered. A reasoned and conrrolled assessment of the situ
ation almost invariably results in the control of bleeding and 
mi.nimi7.ation of further blood loss. and facilitates necessary 
stabilization of the patient and appropriate assessment of the 

upper lin1b injury. Bleeding in the upper extremity often results 
when vessels lie in a superficial location. such as at the wrist. 
Bleeding can originate from superficial veins that bleed more 
profusely when poorly applkd dressings result in vCJ1ous 
engorgement. lhe thicker media of transected arterial walls con
tract strongly, resulting in hemostasis. Partia.lly lacerated arteries 
co min ue to bleed profusely. 

Elevation and accurately placed point pressure over bleed
ing points resuJt in hemostatic control in almost all cases. Brief 
use of tourniquets may be a useful adjunct to allow ten1porary 
control of blood loss in the emergency .room (ER). Poorly 
applied dressings may be removed, bleeding points identified, 
point pressure dressings applied, and the hand elevated. 1his 
should take no more than 5 to I 0 minutes. Extended tourniquet 
application results in hyperemic bleeding on deflation and sub
sequently hinders the surgeon. Tourniquets should not be 
applied for any significant period of time before definitive repair 
in the operating room (OR), except for control of torrential 
hemorrhage caused by major amputation i.n the field. Misguided 
attempts to control upper extremity bleeding with clamps, liga
tures, and cauterization in the ER frequently result in additional 
avoidable injury to adjacent uninjured structures and to vessels 
that may need to be repaired for adequate limb perfusion. Frac
ture reduction and stabili7.ation will improve distal perfusion 
and facilitate hen10rrhagc control by restoring the limb to its 
correct anatomic alignment. 

Lacerations. Fingertip. and Complex Soft 
Tissue Injuries 
Although it is tempting to look within a wound to determine 
whether any tendon or nerve injuries exist, the same information 
can be obtained by careful physical examination without furtl1er 
violating a potential operative field and causing the patient 
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A B 

c D 

FIGURE 70-13 A. Median nerve block is done at the wrist where the 
median nerve is StJperficial to all the flexor tendons in the carpal 
tunnel. 8, At the wrist, when a median neJVe block is performed, the 
needle is directed between the Pl and FCR tendons. C. Ulnar nerve 
block at the wrist is done by passing the injecting needle around the 
ulnar deep asped of the FCU tendon just proximal to the pisiform. 
Intravascular injection into the immediately adjacent ulnar artery is 
avoided by first aspirating before injedion. D, Dorsal branches of the 
ulnar nerve and superficial sensory radial nerve are anesthetized by 
raising a broad weal of local anesthetic across the dorsum of the wrist 
E. A dorsal approad1 to the finger can be used for digital nerve block. 

FIGURE 70-14 Incisions used on the palmar surface of the hand must 
resped the creases. These may be zigzag Brunner incisions or midax
ial incisions of the digits. 

FIGURE 70-15 Application of a splint and d ressings to demonstrate 
the safe or proteded position of the wrist hand, and digits. The 
thumb is palmar-abducted. 

extreme discomfort. A combination of knowledge of anatom)~ 
presence of sensory o r motor deficits, and presence or absence 
of radial or ulnar pulses can narrow the differential diagnosis of 
injured structures to a minimum. Control of bleeding is 
attempted by direct pressure with dressings and not by blind 
d amping of vessels because vital suucn1res may be inadvertently 
injured iJ1 the depths of the wound. However, a tourniquet may 
be used if the initial pressure measures fail. Tournlquets are 
generally nor used initially because tlle entire Limb will be isch
emic during patient transport. If the trauma has caused com
plete obliteration of anatomy, incisions can be extended into 
nonviolated areas in which control of bleeding vessds and delin
eatiOil of injured tendons and nerves may be easier, using the 
guidelines presented earlier for extremit)' incisions. 

All patient$ who present with extrem ity injuries undergo 
radiography. Fractures of the distal phalanx are an1ong the more 
commonly encountered hand fractures.1 A distal phalangeal 
fracwre is appropriately splinted, reduced to improve alignment, 
or oc-casionally fixated internally if the fracture is unstable. Inter
nal fixation is usually provided by simply placing a longitudinal 
0.028-inch Kirschner wire. Appropriate antibiotics are adnlinls
tered because, technically, these are open fractures. 

The least severe injury of the dorsum of the fingertip is a 
nail bed hematoma. When seen early, the hematoma can be 
decompressed by perforating the nail plate after tlle administra
tion of a digital local anesthetic block. Fingertip and nail bed 
injuries can be managed with digital block anesthesia and a 
Penrose drain at the base of the finger as a tourniquet. After the 
nail plate has been srripJX'tl , simple gentle removal of the nail 
to examiJ1e the underlying nail bed is done and suture repair of 
the nail bed is performed using Ioupe magnification and a 6-0 
catgut suture. Once the nail bed has been repaired, it is best to 
place the thoroughly cleansed nail back under the nailfold, 
where it serves as a rigid splint fo r an underlying distal phalan
geal fracture and prevents adhesions from forming between the 
adjacent surfaces of the nail fold, which might lead to an unsightly 
split nail deformity. If there is a piece of naiJ bed missing, the 
UJldersurfacc of the avui$Cd naU plate is examined. Frequently, 
the missing piece may sti ll be adherent to the nail, and it can be 
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FIGURE 70-16 A. B. Volar angulated fingertip injury with loss of pulp 
pad and bone exposed was treated with a traditional cross-finger flap 
from the dorsum of the adjacent finger. C, Excellent healing is seen 
in the long tenn after flap division. 

gently removed and replaced as a nai l bed graft. Some fingertip 
injuries may be so severe that amputation revision may be the 
most sensible and fwlctional solution. 

Volar fingertip injuries range from simple to more complex. 
Multiple digits may be involved, such as with lawnmower inju
.ries. If bone is not exposed and a soft tissue defect of the finger 
pulp is smaller than 1 em, the wound is best left open and 
managed with dressings. Such an injury wW heal with excellent 
fun ctional and cosmetic results. Larger soft tissue defects of the 
fingertip pulp are more appropriately treated with a small, full
thickness skin graft. However, if bone is exposed and the soft 
tissue wound is larger, flap coverage or revision of amputation by 
trimming back exposed bone to obtain soft tissue coverage should 
be considered. ln a dorsally angulated fingertip amputation, soft 
tissue coverage can be achieved by a neurovascular V-Y advance
ment flap. If the soft tissue loss is angulated in a more volar 
direction, a cross-finger flap, adjacent finger digital island flap, or 
homodigi tal flap may be performed (Figs. 70-16 to 70-18). 

Tendon lnjuri'es 

Flexor Tendons 
Flexor tendon injuries usually result from lacerations or punc
ture wounds on tthe palmar surface of the hand, although flexor 
tendons can be avulsed from their distal bony insertions by 
sudden violent contractions. These are best treated by a surgeon 
experienced in the treatment of such injuries. Flexor tendon 
injuries are divided into five zones (Fig. 70-19). ln zones I, 2, 
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and 4, each tendon is surrounded by a synovial sheath and 
contained within a semirigid fibro-osseous canal, either within 
the flexor tendon sheath of the digit or carpal tunnel. In the 
other zones, the Aexor tendons are surrounded by loose areolar 
{paratenon) tissue. Those parts devoid of a fibrous sheath usually 
heal very welJ because of the good blood supply from the 
paratenon. Tendons in the carpal tunnel {zone 4) have their rich 
blood supply provided by the mesotenon; however, zones L and 
2 have a precarious blood supply through the vincula; comple
mentary nurritional support is provided by d1e synovial fluld in 
these latter two zones. For tendon gliding to occur, the meso
tenon bas disappeared in the digital flexor sheath except at the 
sites of the vincula that carry the vessels from the periosteum to 

the tendons (Fig. 70-20) . Tendon zones ro the thumb are Tl 
through T3. 

Primary tendon repair undertaken within a few hours of 
injury is generally reserved for clea111y cut tendons. Delayed 
primary repair is performed from several hours up to 10 days 
after injury and is indicated for tidy, but potentially contanli
nated, wounds to allow for prophylaxis against infection before 
the tendon repair. Relative contraindications to immediate 
tendon repair include the following: 

l. L1juries more than L2 hours old 
2. Crush wounds with poor skin coverage 
3. Contaminated wounds, especially human bites 
4. Tendon loss more rhan I em 
5. L1jury at multiple sites along the tendon 
6. Destruction of the pulley system 
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FIGURE 70-17 A-D, More recent understanding of the vascular skin territories of the finger and hand enable intrinsic flap coverage of fingertip 
injuries and avoid the cumbersome tethering of adjacent fingers. as is done with croS!rfinger flaps. In this patient, a distally based turnover 
vascular island flap reconstructs an avulsed fingertip. The reverse-flow perforating vessels at the proximaiiP joint cross from the opposite side 
to nourish this flap. 

After 4 weeks, a later secondary repair is generally not pos
sible because of retraction of the musculotendinous unit so that 
reapproximation of the tendon ends produces undesirable joint 
flexion. In this situation, tendon graft repair may be required. 
1l1e surgeon's endeavors are directed at avoiding the four major 
complications t hat imerfere with smooth gliding and the inte
grated action of tendons-adhesions, attenuation of the repair, 
repair rupture, and joint and soft tissue contractures. Prerequi
sites for tendon repair are aseptic conditions in the OR, with 
good lighting, good instruments, adequate anesthesia, and Ioupe 
magnification. A weU-performed technical operation can be 
futile without proper postoperative hand therapy, splinting, and 
excellem patient compHancc.5 

Appropriate treatment of partial flexor tendon injuries is 
necessary to pr·oduce a smooth juncture at the injury si te. Pre
vention of complications requires exploration of all wounds 
Likely to cause partial flexor tendon lacerations. A partial tendon 
injury of 50% or less is treated by simple trin1ming of the lacer
ated portion. "Those injuries greater than 50% are repaired. 
Failure to diagnose a partial Aexor tendon laceration at the time 
of prin1ary repair may lead to delayed tendon n1pture, entrap
ment between the tendon laceration and the laceration in the 
flexor sheath, or trigger finger. 

Zone 2 flexor tendon injuries require special attention. This 
zone is also ca.IJed BunneLL's no man's lttnd. There are three 
tendons-the [profundus a11d two slips of superficialis-that 
traverse zone 2 and they comtantly interd1ange their mutual 

spatial relationships. Tendon injury in this region requires 
opening the existing laceration in the flexor tendon sheath by 
making a longitudinal trap door so tl1at a flap of tendon sheath 
can be elevated. Care must be taken to avoid excising excessive 
portions of the flexor tendon sheath because bowstringing may 
result in ineffective finger flexion, although portions can be 
vented or excised to faciHtate repair or prevent postoperative 
triggering. Total preservation of the A2 and A4 pulleys, previ
ously thought ro be essential, is no longer helieved to be critical 
to success. One can excise up to 50% of the A2 and A4 pulleys 
without creating unnecessary rendon bowscringing if this is 
tl1ought to be prudent to avoid the tendon repair impinging 
under the puiJey.6 It has also been shown that one can incise the 
full Length of the A4 pulley {but not excise it), wicl10ut any 
biomechanical consequences.' 11lis is especially helpfuJ when tl1e 
zone 2 repair occurs proximate to d1e A4 putley, tbe narrowest 
part of the flexor tendon sheacl1. Finally, wide awake anescl1esia, 
which is local anesthetic infiltration using a solution of xylocaine 
with epinephrine, enables flexor tendon repair witlJout the use 
of a tourniquet and ensures full patient cooperation during the 
procedure.8 This was previously d10ught to be unwise, but tl:lis 
has been proven to be unsubstantiated. 111lls, one can determine 
intraoperatively tl1at there is fuiJ flexor tendon excursion at the 
repaiT site without impingement w1der the pulleys a~ the patient 
flexes and extends his or her fiJ1gers before the skin incision .is 
finaLLy closed. All d1ese novel and revolutionary concepts chal
lenge previously accepted dogma with regard to zone 2 flexor 
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FIGURE 70-18 A- C. The first dorsal metacarpal artery flap is a vascularized island flap that is transposed from the dorsoradial aspect of the 
index finger to the distal pulp of the thumb following a crushing injury. 

tendon repairs and the significance of the various annular 
pulleys. It is often difficult to repair profundus and superficialis 
tendons if they are injured in zone 2. Nonetheless, both can be 
repaired because resection of the superficialis reduces overall grip 
strength, predisposes to a recurvatum and swan neck deformity 
at the PIP joint, and damages the vincula supply to the 
profundus. 

Usually, sk.iJl wounds have ro be extended proximally and 
distally in a zigzag fashion to display the retracted divided 
tendon ends. Tendon ends are handled with a fine-toothed 
forceps and the tendon surface is never touched. 1he wrist is 

flexed and a small Keith needle is passed traJJSversely duough 
the proximal tendon, approximately 2 em from me end, trans
fixing it to the skin and tendon sheath. ln this way, immobiliza
tion of the tendon end facilitates a tension-free repair. Ragged 
tendon ends may be squared off sharply, but no more than I em 
is resected or permanent fi.nger contracture wiJI result. 1l1e 
tendon ends are brought together by a single tension-holding, 
locking, core suture. Various locking core suwre techniques have 
been described, but usually a modified Kessler-type suture is 
placed. A specifically placed locking loop increa~es me ultimate 
tensile strengd1 of the tendon repair by lOo/o to 50o/o compared 
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FIGURE 70- 19 Zones of flexor tendon injuries on the fingers, thumb, 
and hand. 

FIGURE 70-20 Complex arrangement of FDS and FOP tendons in the 
flexor sheath of the fingers. Blood supply to the tendons travels 
through the vincula from the dorsal aspects of the tendons. 

with a simple mattress suture. If this is not done, tension on the 
suture line can open up the repair, increasing the propensity for 
tendon gapping at the repair site. 1he ideal suture material for 
tendon repairs has not been found. A 4-0 coated polyester or 
braided nylon suture is the best material for the core suture. 
Increasing the muuber of suture strands that cross the tendon 
repair site and obtaining suture bites of at least 0.7 em wiJJ 
increase the overall tensile strength of the actual repair. 9 However, 
the more suture strands that are added, the greater will be the 
friction and edema within the flexor tendon sheath. A four- or 
six-stranded co re repair appears to provide optimum repair 
strength and docs not increases stiffness and friction at the repair 
site excessively. Some perform a four-stranded core repair by 
simply using a double-stranded type of suture material, whereas 
others place a second core suture witb a single-stranded material. 
A four-stranded core repair permits a light, protected, composite 
grip for the dluation of postoperative healing. Also, a running 
circumferential epitenon suture repair is also placed (Fig. 70-21). 
1his not only helps smooth the repair but also adds to the wei
mate tensile strength at the repair site and reduces gap forma
tion. A peripheral 6-0 nylon sutu.re serves ti:Us pmpose. 

The forces generated on FOP flexor tendons during passive 
finger flexion are 600 g and during active finger flexion are 
2000 g; with :strong active finger flexion, they are 8000 g. 
However, after tendon repair, tl1e effects of wolmd healing, 
changes in elastici ty, and added friction between the flexor 
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FIGURE 70-21 Technique of performing a tour-strand flexor tendon 
core suture repair is demonstrated in association with a peripheral 
running suture. 

tendons and their smrounding tissues will affect the overaU work 
of flexion. There wilJ be added frictional forces caused by edema, 
the presence of suture material, and the pulJey system. The 
estimated work of flexion (resistance) increases by a factor of 
50% after tendon repair. Thus, the estimated forces on repaired 
tendons, wim 50% added for the work of flexion, are 900 g for 
passive finger flexion, 3000 g for active finger flexion, and 
12,000 g for strong active flexion. TI1e ultimate tensile strengths 
of various repairs are 2600 g for two-stranded and simple epi
tendinous repair, 4600 g for four-stranded and simple epitendi
nous repair, and 6800 g for six-stranded and simplec::pitendinous 
repair. 1lle strength of me initial tendon repair decreases by 
approximately 25o/o during the first 3 weeks and then steadily 
increased thereafter to 6 weeks. Hence, if one is to w1dertake a 
postoperative active finger flexion protocol, then at least a four
or six-stranded core suture tendon repair is needed.10 

Zone 1 flexor tendon injury may be caused by a penetrating 
injury. However, dosed-traction injury may also cause profun
dus tendon avulsion, whid1 most frequently involves the riJlg or 
n:Uddle finger. L1 me repair of a zone 1 injury, a puUout suture 
is necessary if the distal tendon length is insufficient to repair 
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FIGURE 70-22 Zome 1 flexor tendon repair to reattach tendon to bone. 

the tendon securely (Fig. 70-22), although suture bone anchors 
have faci litated th is mode of tendon repair into bone at the base 
of the distal phalanx. 

Postoperatively, hand elevation is important to reduce 
edema. The wrist: is placed in approximately 20 degrees of flexion 
and the MP joint ar approximately 60 to 70 degrees of flexion. 
1l1e splint is molded against the fingers, with the LP joints fully 
extended. A system of rubber band dynamic traction may be 
used following the repair of flexor tendons in zone 2, with good 
results obtained in more than 80% of cases. Differential excur
sion between the two digital Aexors is dramatically increased by 
a synergistic splint that allows for wrist extension and finger 
flexion. This position of wrist extension and MP joint flexion 
produces the least tension on a repaired flexor tendon during 
active digital flexion; thus, we have come to use the flexor hinge 
brace technique and the so-called pbtce-and-hold protocol (Fig. 
70-23). Of all tl1e postoperative flexor tendon protocols, this 
enables the greatest overall tendon excursion of each of the FDS 
and FOP tendons and the most signilicant differential tendon 
gliding between the FDS and FOP repair sites, whlcb theored
cally would then reduce the risk of adhesion formation between 
the two tendons. A tenodesis brace with a wrist hlnge is fabri
cated to allow for fLLII wrist flexion, wrist extension of 30 degrees, 
and maintenance ofMP joim flexion of at least 60 degrees. After 
composite passive digital flexion, the wrist is extended and 
passive finger flexion is maintained. 1l1e patient actively main
taiJlS digital flexion and holds that position for approximately 5 
seconds. 1l1e patient is instructed to use the lightest muscle 
power necessary to maintain digital flexion . Wrist flexion and 
finger extension foUow. 1l:tis protected motion postoperative 
protocol is continued for 6 weeks. 

Extensor Tendons 
Proper diagnosis of extensor tendon injmies requires full knowl
edge of the relatively complex anatomy of the extensor medla
njsm uf the dorsum of the finger. 1hc subcutaneous location of 
extensor tendons makes then1 susceptible to crush. laceration. 
and avulsion injuries. 1l1e presence of juncturae tendinum 
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FIGURE 70-23 Flexor hinge brace with place-and-hold technique of 
finger mobilization is one of the preferred methods for postoperative 
rehabilitation after flexor tendon repair. 

prevents proximal retraction of the EDC tendons. Extensor 
tendon injuries have been divided into nine zones, which ascend 
numerically from the dorsum of the DIP joints to the forearm. 
The odd-numbered wnes begin at the DIP joint and are located 
over the joints; the even-numbered wnes are located between 
the joints. 

Extensor tendons are thinner than flexor tendons and, over 
the dorsum of the digits, are spread out to form d1e extensor 
hood. It may occasionally be possible to usc conventional tendon 
repair techniques in the proximal parts of the tendons, but thls 
is usually not the case in the extensor hood region. Here, hori
zomal mattress sutures or figure-of-eight manress sutures may 
be needed. All lacerations are repaired if 50% or more of the 
tendon is divided. 

Extensor tendon avulsions are most likely to occur ar the 
DIP joint from a jan1ming type of iJljLLTy that results in a mallet 
finger deformity {Fig. 70-24). [fa bone fragment representing 
50% or more of the articular surface is involved, or if rl1ere is 
volar subluxation of the DIP joint, an open reduction witl1 
imernal fixation is performed. If tl1ere is a tendon rupture only 
or a small piece of bone is avulsed witl1 the tendon, good results 
can be obtaiJ1ed by 6 weeks of continuous splinting with 
rl1e D[P joint in extension (Fig. 70-25). After this period of 
splinting, tl1c DIP joint is further protected during sleep for 2 
more weeks. 

C losed tears through the triangular ligament may be caused 
by PIP joim subluxation or a jamming type of injury that results 
in a boutonniere deformity. The central slip attachment at the 
base of the middle phalanx is disrupted, so d1at extension of that 
joint is altered. The lateral bands lose their support dorsal to the 
PIP joint axis and slip volar and become flexors at rl1e PIP joint 
and extensors of the DIP joint. The consequent deformity is one 
of flexion at rl1e PIP joint and hyperextension at the DIP joint. 
Within 6 weeks of injury, these can be treated satisfactorily by 
extension spHnting at the PIP joint, maintaining rl1e DIP joint 
free for active Acxjon and extension (sec Fig. 70-25).lf there is 
an open laceration to the central slip mechanism and adjacent 
triangular ligan1cnt, direct suture repair or reinsertion into bone 
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FIGURE 70-24 A-C. Mallet fracture with avulsed bony fragment 
involving more than 50% of the articular surface with volar sublux
ation of the distal phalanx. The bony fragment is reapproximated 
with a tie-over volar suture and a longitudinal pin traversing the 
DIP joint. 

by means of bone anchor minisutures is performed, followed by 
the same postoperative protocol. 

Extensor tendon injuries proximal to the PlP joint result 
in a drop finger (Fig. 70-26). These are repaired and splinted for 
4 weeks. Common extensor tendon injuries over the dorsum of 
the band and at the wrist must be repaired and then treated 
postoperatively by various different controlled motion protocols. 
One is a dynarulc rubber band extension outrigger brace or usc 
of a relative motion splint, in which the affected digit is kept at 
a more dorsaJ pitch to the adjacent fingers, thus relaxing the 
repaired tendon. This latter splint causes minimaJ interference 
with daily activities during rehabilitation (Fig . 70-27).11 

Nerve Injuries 
Sunderland's classification, the most widely used dassilication, 
describes five types of nerve injury: neuropraxia (grade [), 
a.xonotmesis (grades IT to IV), and neurotmesis (grade V). 

New·opraxia is a physiologic block of impulse conduction 
without anatomic destruction of nerve fibers. This might occur 
with a closed injury, such a~ a radial nerve injury in the spiral 
groove associated with a midshaft humerus fracture. Neuro
pra.xia may occur because of prolonged pressure in a tight ana
ramie location (e.g., carpal runnel) or prolonged application of 
a toumiquet. Provided the offending cause is promptly removed, 
spontaneous recovery is generally the rule but can take as long 
as 3 months. [n a.xonotmesis, a.xonaJ 6bers are completely rup
tured, generaJiy from traction on the nerve (I[). Witb highe.r 
energy injuries, tbc endoneuriaJ (ill) and perineurial (IV) nerve 
sh(.oaths that support and nourish the a.xons and fascicles are 
progressively injured, leading ro poorer nerve recovery, wirh 
increasing damage to intraneuraJ architecture. Neurotmesis 
refers ro complete transection of a nerve and is the most severe 
degree of nerve injury. It may result from direct sharp trauma 
or a violent traction injury. Accurate approximation of the cur 
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FIGURE 70-25 A. Prefabricated stack splint may be used for the dosed treatment of a mallet finger. B. A simple dorsal aluminum splint may 
serve equally well for mallet finger treatment. C. D. Dorsal splinting across the PIP joint enables d osed treatment of a boutonniere injury. The 
DIP is left free for flexion and extension. 

nerve ends and meticulous repair are required for the best pos
sible recovery. Axonal regeneration foUowing axonotmesis or 
successful nerve !Tepair following neurotmesis occurs at a rate of 
1 mro/day. Traction injuries may result in a combination of all 
grades of nerve injury but, with intact external nerve sheaths, 
grades IJ to IV may be difficult to distinguish from one another 
clinically. 

Severance of a peripheral nerve involves an acute loss of 
sensory, motor, and sympathetic functions. Knowledge of the 
motor and sensory distribution of the nerve is essential for clini
cal evaluation. However, associated injuries, such as fractures 
and muscle and ttendon lacerations, may complicate the evalua
tion. Loss of pseudomotor activity occurs within 30 minutes of 
the nerve injury. Clinically, loss of sweating can sometimes be 
observed and denervated skin will not wrinkle if placed in water. 
Sensory denervation can also be demonstrated with a ninhydrin 
test. Nerve conduction studies are not immediately helpful but 
become valuable 3 weeks after injury, when fibrilJation and 
denervation potentials can be measured in completely dener
vated muscles. In a closed injury, they may differentiate between 
a neuropraxia and neurotmesis. Later, nerve conduction studies 
may help monitor nerve regeneration following repair. 

Primary nerve repair is done within 72 hours of injury, 
delayed primary repair from 72 hours to 14 days, and secondary 
nerve repairs 14 days or longer after injury. Primary neuror
rhaphy is recommended in the following situations: 

1. The nerve is sharply incised. 
2. There is minimal wound contamination. 
3. 1l1ere are no injuries that preclude obtaining skeletal 

stability or adequate skin cover. 
4. The patient is medically stable to undergo an 

operation. 
5. Appropriate facilities and instrumentation are 

available. 
In a completely severed nerve, walJerian degeneration 

occurs in the entire segment distal to the injury and 1 to 2 em 
proximal to it. In dosed injuries, when the severity of the nerve 
i11jury is unknown, repeat clinical evaluation and electrical 
studies every 3 to 6 weeks help distinguish between neuropraxia 
and axonal injury. fn most cases, surgical exploration with repair 
is indicated after 3 months if no clinical recovery is detected. 

The nerve repair must be tensionless. Stretching a nerve 
more than I 0% compromises epineurial blood flow and thus its 
recovery. With sharp nerve lacerations, an epineurial repair 
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FIGURE 70-26 Extensor tendon injuries on the dorsum of the finger. Injury at the distal insertion causes a mallet finger and, at the central slip 
over the PIP joint, causes a boutonniere deformity. Proximal to the PIP joint, over the proximal phalanx, injury results in a drop finger. 

provides as good a functional recovery as fascicular (perineurial) 
repair, provided that anatomic Landmarks such as the vasa ner
vorum are accurately realigned to provide precise matching of 
fascicles at the severed nerve ends. 

A nerve gap may exist because of segmental nerve loss or 
when a crushed nerve segment is unsuitable for repair and must 
be resected. This may be overcome by proximal and distal mobi
lization of the :nerve ends or, in the case of the ulnar nerve, by 
transposition of the nerve to the front of tbc elbow. If there is 
too much tension on the repair (cannot ~ held with an 8-0 
nylon suture), a nerve conduit or nerve graft must be used. 

It has been suggested that optimal nerve rege11eration and 
appropriate matching of axons in proximal and distal nerve seg
ments result from a combination of paracrlne-mediated neurot
ropism and contact guidru1ce of sprouting proximal axons. 
Experln1ental evidence has suggested that the neurotropic chem
ical gradient can effectively guide regenerating axons at least 
14 mm through a hoJJow nerve conduit in the rat model. the 
conduit allows <iiffusion of the neurotropic signal while prevent
ing a mechanical fibrous block between the proximal ru1d distal 

nerve segments. However, large-gap animal models (30 mm) 
have shown poor or no recovery using nerve conduits, suggestu1g 
that :a finite Limit exists for this technique. Although the gap 
length that can be bridged successfuHy in humans is still 
uncertain, many surgeons consider the use of bioresorbable 
nerve conduits for gap lengths up co 2 em ro be appropriate for
small peripheral nerves. Nerve grafting remains the gold stan
dard for large or mixed nerves and the brachial plexus. Appropri
ate conduits arc polyglycolic acid tubes ru1d semipermeable 
collagen tubes, which have shown simj lar experimental out
comes (Fig. 70-28).'2 

With nerve grafting, fascicular matching, when chosen by 
the surgeon, may not always be appropriate. However, the addi
tional contact guidance provided to regeneratiJ1g axons makes 
successful nerve regeneration possible over longer dlstru1ces than 
with conduits. Donor sources for nerve grafting usually mclude 
the terminal sensory portion of the poste.rior inrerosseous nerve 
ru1d tbe medial aJltebrachial cutaneous nerve for small digital 
nerves. The sural nerve(s) are used for nerve gaps involvu1g larger 
nerves. 

http://www.myuptodate.com


HAND SURGERY CHAPTER 70 1971 

FIGURE 7Q-27 A, B. Extension outrigger dynamic splint commonly used for extensor tendon injuries postoperatively (extension and flexion 
views). C. D. Relative motion spl int has the advantage of being low profile and causes minimal interference with daily activities and yet provides 
protection to the freshly repaired extensor tendon. 

FIGURE 70-28 Nerve conduits may be an appropriate treatment for 
short nerve gaps in the hand. 

After nerve repair, the affected part is splinted for 3 weeks 
to protect the repair site in the position of least tension. Tinel's 
sign indicates the position of axonal regrowth; advancing distal 
progression of TiJlcl's sign with time indicates successful repair 
and nerve regeneration. 

Nerve Transfers 
If there may be a long distance bc£Ween the site of nerve injury 
and distal muscle target, primary nerve repair may be fruitless, 
because muscle degeneration would have occurred by the time 

distal neural growth occurs. Muscle recovery is unlikely after an 
18-month lapse. Thus, if nerve growth occurs at tl1e rate of 
approximately I mm/day, a proximal motor nerve lesion more 
than 540 mm proximal to the hand will be doomed to failure. 
Hence~ for proximal arm nerve and brachial plexus injuries, 
nerve transfers may result in a nerve repair that is closer to the 
muscle target. 1he donor nerve must be chosen so as to mini
mize morbidity from loss of the donor nerve. 111c donor nerve 
must be closely related ro the denervated muscle so that the 
repair is performed much closer to the muscle target. Nerve 
transfers have revolutionized the repair elf proximal nerve inju
ries so that distal muscle atrophy is minimized. For example, the 
classic Oberlin transfer uses part of the ulnar nerve (usually a 
single fascicle) for transfer to tl1e musculocutaJ1eous nerve and 
to me brachialis in the upper arm to restore elbow Aexion. 13 It 
is tedmicaUy easy, quick, and effective. No signifiCaJlt motor or 
sensory de£cits result in the territory of the ulnar nerve. 111is 
technique has become popular and is indicated for C5-6 brachial 
plexus lesions when C8-T 1 is intact. [t can also be used to neu
rotize a functioning free muscle transfer that may be required if 
the native muscles have already sustained atrophy because of 
prolonged denervation. 
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Vascular Injuries 
Acute vascular injuries may foiJow dosed or penetrating trauma 
or iatrogenic injury. Fractures or dislocations may cause vascular 
injury. Indirect vascular trauma may be caused by traction inju
ries, which can avuJse vessels, or by intimal damage or repetitive 
microuauma from vibratory mols, which can lead to thrombo
sis. 1l1e latter ll!sually affects the ulnar artery in Guyon's canal at 
the wrist and is. called the hJ'Pothenar hammer syndrome. Regard
less of the cause, vascuJar injuries may lead to a critical compro
mise of drcu1ation in the extremity. With a closed injury, the 
onset of symptoms may be delayed, because swelling, hypoten
sion, and intimal injury combine and resu1t in late thrombosis 
and vascular insufficiency. 

Following an acute arterial injury, symptoms restdt from a 
combination of the adequacy of collateral circulation, post
traumatic sym[patheric tone, and vasomotor control mecha
nisms. Patients with an upper extremity arterial injury who have 
adequate collateral circulation and normal vasomotor control 
may have mlnlmal symptoms, so reconstruction is not necessar
ily mandatory and the injury can be treated with simple arterial 
ligation. If there is a noncritical arterial injury, such as to the 
radial artery alone, reconstruction may be advocated to restore 
parallel flow ilfl case of future arterial injury, enhance nerve 
recovery, facilitate healing, and prevent cold intolerance. 
However, the reported patency rate, even with microvascular 
techniques for single vessel repairs, varies from 47% to 82%. 
1l1e following injuries are optimally managed by vascular repair 
and reconstruction: axillary or brachlal artery injttry; combined 
radial and ulnar artery injury; and radial or ulnar artery injury 
associated with poor collateral circulation. Relative indications 
for repair of a noncritical vascular injury are extensive distal soft 
tissue injury, technical ability to achieve repair without compro
mising the patient's well-being, and a combined vascular and 
neural injury. 1l1e need for arterial reconstruction necessitates 
assessing the adequacy of coUateral circulation; this is based 
primarily on initial clinical judgmem. However, the final deci
sion regarding arterial reconstruction is often made in the OR 
after exploration. Once the injured structures have been isolated, 
potential bleedli.J1g sites controlJed, and hematoma evacuated, 
the distal extremity can be assessed more adequately. At thls 
time, lacerated vessel ends are controlled by atraumatic vascular 
clamps and a tourniquet can be released. Capillary refill and 
perfusion of the distal extremity can then be assessed, as can 
back.Aow from the distal lacerated vessel ends. Digital blood 
pressure can be quantified with a sterile Doppler probe and cuff; 
a digital brachial index of 0.7 or greater suggests adequate perfu
sion. lf there is poor coiJateral flow, arterial reconstruction is 
performed. At ·rhis time, standard of care does nor require arte
rial repair of isolated noncritical vessels. In combined radial and 
ulnar artery injuries, one or both vessels are reconstructed. If 
possible, hoth vessels are repaired. 14 

Muscles often swell after prolonged periods of ischemia. 
1l1is can lead to an increase of pressure within the closed com
partment of the forearm, resulting in a compartment syndrome. 
It is thus the practice of most surgeons to perform a routine 
fasciotomy to decompress the forearm compartment after a true 
revascu1arizatio·n procedure has been performed. During the 
period of iscl1en1ia ro the muscles, d1ere may be a buildup of 
lactic acid. Furthermore, ruyonecrosis might occm. Restoration 
of circulation to sucl1 a limb can cause a sudden Aooding of the 
circulation witth myoglobin, lactic acid, and od1er toxic 

subsrances. TI1is is called reperfusion syndrome and can lead ro 
multiorgan failure, especially affecting the renal and cardiac 
syste.ms. 

Replantation and Amputations 
lr can often he frustradng for rhe novice general surgeon being 
told by a replantation surgeon in the middle of the nlght d1at a 
consultation was obtained inappropriately or not soon enough. 
There are general indications for the replantation of amputated 
parts, but the overriding decision is still to save life before lin1b. 
Ald1ough patients and family members may desire- and in 
some cases have even been promised by members of the primary 
ream-replantation, it is nor performed in patients with severe 
associated medical problems or injuries. Replantation is also 
generally not considered under the following circumstancei •15: 

1. Severe crush or mu1tilevel injury of the amputated 
part 

2. A psychotic patient who has willfully self-amputated 
the part 

3. Amputation of a single digit proximal to the FDS 
distal insertion (zone 2), except for single-digit ampu
tations in children or those with a demanding profes
sion (e.g., a musician) 

4. Amputation in patients with severely atherosclerotic 
arteries (sometimes this can only be determined when 
exploring d1e vessels in d1e OR) 

Indications for replantation of amputated parts are as 
follows: 

I. Whenever possible for a dmmb an1putarion (it pro
vides >40% of the overall hand function)15 

2. Single digits that have been amputated distal to the 
FDS insertion (e.g., a manual worker may likely 
desire revision of an1putation and desires to return to 
work quickly) 

3. Multiple injured digits 
4. Most amputations in children, including single-digit 

amputations 
5. Guillotine-sharp clean an1putations at the hand, 

wrist, or distal forearm 
Replantation is the reattacl1ment of the part that has been 

completely amputated. RevascuJarization requires reconstruc
tion of vessels iJ1 a limb that has been severely injured or incom
pletely severed in such a way that vascular repair is necessary to 
prevent distal necrosis, but some soft tissue (e.g., skin, tendon, 
nerve) is still intact. Revascularizadon generally has a better 
success rate than replantation because venous and lymphatic 
drainage may be inta.ct. 

Minor replantation is a reattachment at the wrist, hand, or 
digital level, whereas major replantation is performed proximal 
to the wrist. 'This clinical distinction exists because in the case 
of a major replantation, ischemic time is crucial to the viability 
of muscle and to functional outcome. Ischemic muscle may 
result in myonecrosis, myoglobinemia, and infection, which 
may threaten the patient's life (as well as limb). There are three 
types: of amputations: 

l. Guillotine ampurarion, whereby the tissue is cut with 
a sharp object and is n1inin1aUy damaged 

2. Crush amputation, in wluch a local crushiJ1g injury 
can be converted into a guLIJotine injury simply by 
debriding back the edges, ald1ough this may not be 
possible in a diffusely crushing amputation 
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3. Avulsion amputation, which is the most unfavorable 
type for replanting because structures are injured at 
different levels 

Avulsion amputation may occur, for example, with a so
called ri11g avulsion injury. 'The extensor tendons are shredded, 
flexor tendons are often avulsed at rhe musculotendinous 
jw1ctions, and nerves are stretched and may be ripped from 
end organs. 

Ischemia time is also an important consideration when 
evaluating a patient for replantation. For an1purated digits, more 
than 12 hours of warm ischemia is a relative contraindication. 
Promptly cooling the part to 4o C dramatically alters the isch
emia facwr, but even ischemia exceeding 24 hours does not 
necessarily preclude successfitl digital replantation. Ischemia 
time is more crucial for replantation above the proximal foream1, 
and reimplantatilon is not considered after more than 6 to 10 
hours of warm ischemia time. Single digits in adults, other than 
the thumb in zone 2, are generally not reattached because of the 
consequent adverse overall fLmctional result on the hand, with 
a single stiff finger.15 

Amputation is not an outmoded operation; rather, it is 
necessary in a patient in whom replantation might not be indi
cated. When primary amputation is performed, the stump is 
preserved with as much length as possible. An exception might 
be made if there is only a very short segment of proximal 
phalanx. A short proximal phalangeal remnant at the index 
finger position may serve as an impediment for thumb to middle 
finger prel1ension, and one might consider a formal ray amputa
tion in this case to improve overall hand function. The ends of 
the cut nerve are· cut sharply and allowed to retract to minimize 
the occurrence of pa.iJ1ful neuromas at the amputation tip. 
Tendons arc also divided sharply and allowed to retract. 'The 
practice of suturing flexor and extensor tendons over the ends 
of the middle, ring, or small finger stump seriously impairs 
the motion of the uninjured fingers because of the common 
origin of the flexors. There will be an active flexion deficit in 
ti1e w1injured digits, the quadriga syndrome; tius is corrected 
sin1ply by release of the flexor tendon renmant at tl1e injured 
amputated digit. 

If it is anticipated that the amputated part will be consid
ered for replantation, it is critical to transport the patient and 
ti1e part in an appropriate manner. The amputated part is 
placed in a clean, dry, plastic bag, whi.cl1 is sealed and placed on 
top of ice in a Styrofoam container. This keeps the part suffi
ciently cool at 4o to 10° C without freezing. The amputated 
part is wrapped in a lightly moistened saline gauze to prevent 
tissue drying. 

With only a few minor variations, the sequence of replanta
tion bas been standardized. Preliminary exploration of the distal 
amputated part tmder a nucroscope by an initial surgical teanl 
not only determines whether a replantation is technically feasi
ble, but also can be started while the patient is being prepared 
for the operating room. Bone shortening allows skin to be 
debrided back to where it is free of contusion and direct tension
free closure can be achieved. In the thumb, bone shortening is 
minimized to less than 10 mm. 'The order of repair is usually 
bone, tendons, muscle units, arter.ies, nerves, and fuJatly veins. 
Establishment of arterial flow before venous flow clears lactic 
acid from the replanted part. The functional veins can now also 
be detected by spurting bleeding. However, blood loss must be 
closely motutored. 
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For major replantations, reestablishing arterial circulation 
as rapidly as possible is crucial to linuting ischemia time. A 
dialysis shunt or carotid shunt may be placed between the arte
rial ends. Intermittent clamping of the shunt may be necessary 
to restrict blood loss. In the upper extremity, bone shortening 
can be aggressive ro achieve primary skin closure and primary 
nerve repair. Judicious use of anticoagulants may enhance the 
success of replantation . Topical application of 2o/o lidocaine or 
papaverine may help relieve vasospasm. Postoperative dressings 
consist of nonadllerent mesh gal12'.e, loose flap gauze, and a 
plaster splint, with postoperative elevation to minimize edema 
and venous congestion. The patient's room must be kept warm, 
and smoking is forbidden postoperatively. Aside from amibiotics 
and analgesics, one aspirin tablet daily for its retarding effect on 
platelet aggregation is suggested. Postoperative monitoring is 
done hourly to assess color, pulp turgor, capillary refill, and 
digital temperature. 

Fractures and Dislocations 
Pain, swelling, limited motion, and deformities suggest ti1e pres
ence of a fracture or dislocation. Standard anteroposterior and 
lateral x-rays may miss some fractures and dislocations and mul
tiple views may be necessary to establish the exact diagnosis. 
FractuJ·es may be rotated, angulated, telescoped, or displaced. 
Angulation is described by the direction in which the apex of 
the fracture is pointing, and displacement is described by the 
direction of the distal fragment. Fractures may be open or closed, 
depending on whether a wound is involved. They may also be 
complete, incomplete, or conm1inuted (more than two pieces). 
Fractures are also described by their pattern; they may be trans
verse, longitudinal, oblique, or spiral. Open fractures need to be 
thoroughly irrigated and debrided urgently. Displaced fractures 
or dislocations are repositioned as soon as possible. A dislocation 
is described according to the direction of displacement of the 
distal bone in the involved joint. The separation of joints may 
be complete or incomplete (subluxed), depending on the sever
ity of the capsular injury.4·'

6
·' ' 

Displaced fractures or dislocations are repositioned as soon 
as possible to decrease soft tissue injury, decompress ne.rves that 
might be stretched, and relieve kinking of blood vessels. Good 
bony contact and stability are necessary for fractures to heal. 
Some fractures are stable and require only external support in a 
splint or cast, whereas others are unstable and require internal 
support, which can be provided by Kirschner wires, internal wire 
sutures through drill boles in the fracture fragments, screws, 
plates, or even external fixation devices (Table 70-4). 'The more 
complicated the fixation, the more dissection is required to apply 
that fixation and therefore d1e greater the potential for scarring 
around adjacent tendons and consequential stiffness. Plates and 
screws, however, can nonetheless establish a degree of rigid fixa
tion that allows early motion of the part and dws potentially 
reduces the risk for cicatricial stiffness. Intra-articular fractures 
require accurate reduction to preserve motion and. nlinin:tize d1e 
risk for later development of arthrosis. Persistent rotational and 
significant lateral angular deforn1ities generally do not remodel 
with time; these can be avoided by observing the alignment of 
the injured fingers as compared witi1 adjacent digits whiJe 
passively and gently flexing them inw a fist after reduction 
is attained. If they do not 6t comfortably adjacent to each 
other and do not point toward the distal pole of ti1e scaphoid, 
a fresh attempt at reduction must be performed. A thorough 
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Table 7o-4 Comparison of Methods of Skeletal Fixation 
METHOD OF 
FIXATION 

Kirschner 
wires 

Screws 

Plates 

ADVANTAGES 
Come in varying 

diameters 

Can be applied 
percutaneously or 
open 

Second surgery not 
required lor removal 

Require less soft 
tissue dissection 
than plates and 
screws 

Have high stability 

Allow for early finger 
mobilization 

Can be used when 
fracture line is not 
oblique enough for 
screws 

Allow for early finger 
mobilization 

DISADVANTAGES 
Pins can loosen 

Cannot prOIIide rigid 
fixation 

Soft tissue may be 
transfixed (but can 
be avoided by 
careful placement) 

Infection can occur 
along pin tracks 

Frequently require 
open arproach 
(although not 
always) 

Require open 
approach 

Require extensive soft 
tissue dissection 

Have relatively high 
profile and may be 
palpable through 
the dorsum of 
fingers and hand 

May promote 
extensor tendon 
adhesions by their 
relative bulk and 
dissection required 
for placement 

neurovascular examination is always performed before and after 
fracture reduction has been completed. 

Distal Phalangeal Fradures 
Fractures of the distal phalanx are the most frequent band frac
tures, representing 50% of aiJ hand fractures. Most result from 
crush injuries with associated nail bed injuries. Precise reduction 
is generally not required and treatment rypicaiJy consists of 
splinting alone. However. unstable shaft fractures with overrid
ing fragments are indications for reduction and longitudinal 
Kirsci1Jler wire fixation. 

Most closed maiJer fracnares can be managed by spuming 
the DIP joint in extension, provided that the fracture involves 
less than 50% of the joint surface and is not assodatcd with DIP 
joint subluxation . If fixation is required, the fracture fragment 
is held in place with a monofilament wire or nonabsorbable 
suture passed through to the palmar aspect of the finger through 
the distal phalanx. A transarticular longitudinal Kirschner wire 
is used to keep the joint in neutral position. A so-called jersey 
finger is an avulsion fracture of tbe insertion of the FDP tendon 
into the distal phalanx. It occurs after a pull of the FDP against 
resistance, as can occur when a footbaUer catches onto the jersey 
of an opponen t. Occasionally, the avulsed fragment may lie as 
far proximaiJy as the palm. This fracture fragment generally 
requires open reduction and internal fixation.4 

FIGURE 70-29 A. Fracture-dislocation at the base of the thumb meta
carpa l is called Bennett's frodure. The defonning force is produced 
by the pull ot the APL muscle. B. Open reduction and pinning ot the 
fracture are frequently required. 

Middle Phalanx and Proximal Phalanx Fradures 
Fracnues may involve the head, neck, shafr. or base of the 
respective bone. Head and base fractures may be intra-articular. 
A middle phalangeal shafr fracture is displaced according to the 
forces exerted by the insertions of the FDS and central slip 
mechanism. [f the fracture lies distal to the FDS insertion, d1e 
proximal fragment is flexed by this muscle, resulting in a volar 
angulation. In contrast, if the fracture is proxin1al to che FDS 
insenion, the proximal fragment is extended by the central slip, 
whereas the distal part is flexed by the FDS. 'This results in a 
dorsal angulation. Most shaft fractures of the proximal phalanx 
tend to angulate volarward because the imcrossci reRect the 
proximal fragment and the central slip. through tbe PIP joint, 
extends the distal fragment. Displaced and unstable shaft frac
tures require open reduction followed by fixation with Kirschner 
wires, plates, and/or screws. 

Metacarpal Fractures 
Stable metacarpal fractures may be treated with splinting alone. 
Fractures witb dorsal or volar angulation can be stabilized by 
percutaneous insertion of intramedullary fixation pins. If d1ey 
are displaced or unstable, such as oblique, spiral, or multiple 
metacarpal fractures, open reduction and imernal fixation of 
these metacarpal fractures are performed. 1l1e internal fixation 
can be achieved with Kirschner wires. lag screws. or plate and 
screws, depending. on the fracture pattern configuration. Dor
sally angulated fractures at the neck of the little finger metacar
pal, the so-called ba.v:er's fracture, do nor require reduction if the 
dorsal anguJation is less than 30 degrees. The mobility of the 
carpometacarpal joint will compensate for this degree of angula
tion. 1l1e index and middle finger metacarpals are less mobile 
than the ring and little finger metacarpals. Therefore, a maximum 
of 15 degrees of angular deformity can be tolerated in the index 
and middle fu1ger metacarpals. 

Oblique fractures at the base of the thumb metacarpal 
{Bennett's fracrme) resu.lt in the smaiJ proximal fragment being 
held in position by the volar oblique ligament to the trapezium. 
The remaining portion of d1e thumb metacarpal is displaced 
dorsally and radially because of the pull of the APL tendon (Fig. 
70-29). These fracture fragments must be properly reduced and 
secured with internal fixation with Kirschner wires or a screw. 
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Comminuted fractures at the base of the thumb metacarpal 
{Rolando's fractme) are infrequently treated by closed reduction. 
If the fragments are large and badly displaced, an open reduction 
is indkated to ensure accurate restoration of the joint surface at 
the base of the dmmb metacarpal. Fractures of the shaft of the 
thumb metacarpal rend co become displaced by rhe opposing 
muscle forces of the abductor and adductor on the proximal and 
distal fragments. respectively. Even undisplaced fractures may 
become progressively more displaced and angulated over time, 
necessitating an ~ nternal fixation . If initial splint immobilization 
is chosen for an uHdisplaccd thumb metacarpal fracture, dose 
follow-up is required to detect the earliest signs of displacement 
and illstability. Frracrure at the base of the Htde finger metacarpal 
is analogous to Bennett's fracture of tbe thumb and is sometimes 
called a retJer.se Bennett's .firtcture. This results in a fracture disloca
tion, with the deformmg force being the insertion of the exten
sor carpi ulnaris tendon. 

Scaphoid Fractures 
1he scaphoid is the most common carpal bone fracture and 
accounts for approximately 60% of aU carpal injuries. Clinical 
exanlination shows tenderness over the anatomic snuffbox and 
over the scaphoid tubercle. If a scaphoid fracture is suspected, 
the initial radiographic examination includes not only the stan
dard three views of the wrist but also a scaphoid view, which is 
a posteroanterior image with the wrist in fuU ulnar deviation 
(Fig 70-30). Frequently, immediate postinjury radiographs may 
not reveal a fracture. cr or MRI may help in these cases or 
one may elect to apply a splint and repeat the radiographs in 
2 weeks.18 

Treatment of a nondisplaced scaphoid fracture is with a 
long arm cast that includes the thumb. 1he tl1umb spica cast is 

FIGURE 7G-30 Anteroposterior {AP} radiograph of the wrist demon
strating a fracture ot the waist ot the scaphoid, the bone in the hand 
that is usually fractured. 
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maintained for 6 weeks, followed by a short am1 cast untiJ 
radiographic healing has occurred. There has been a trend toward 
percutaneous screw fixation of even, undisplaced scaphoid 
fractures. 

Displaced scaphoid fractures require open reduction witb 
inrernal fixation, generally using a compression screw. Compli
cations with inadeguately treated scaphoid fractures are notori
ous. T11e blood vessels enter tl1e scaphoid mainly through its 
distal half and fractures through the waist of the scaphoid may 
deprive tl1e proximal half of its blood supply, leading to avascular 
necrosis of the proximal pole of the scaphoid. NoJJ Wlion also 
occurs with relative frequency, and these cases need to be treated 
wid1 cancellous bone grafting or even a pedicle vascularized bone 
graft. Early diagnosis of scaphoid fractures is essential St> that 
appropriate treatment can be instituted to reduce the risks for 
these complications. Modern cannulated compression screws, 
intraoperative Auoroscopy, and arthroscopy have allowed mini
mally invasive percutaneous fixation of some of tl1ese scaphoid 
fractures, resulting in a trend toward more aggressive surgical 
tream1c11t of these fractures. 

Fractures in Children 
1l1e Salter-Harris classification describes five types of epiphyseal 
injurie.s (Fig. 70-31). Pediatric bones are still growing and thus 
permit a greater degree of remodeling. Hence, moderate angular 
and translational displacement of fractures tend to correct wid1 
age. However, rotational deformities never correct in the hand 
and are totally unacceptable, even in ch~dren. Implants that 
cross the epiphysis must have nlinilnal potential for damage. 
Hence, smooth Kirschner wires are generally used for the fixa
tion ofpediatric skeletal injuries and threaded screws are usually 
avoided. 

SALTER-HARRIS CLASSIFICATION 

II 

IV v 
FIGURE 70-31 Salter-Harris fracture patterns involving the epiphysis 
in children. 
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Dislocations 
Dislocations are more frequently seen at the PIP joint. A closed 
dislocation of the PIP joint can frequ ently be managed by closed 
reduction and splinting. If the joint is unstable after reduction, 
it needs exploration for collateral ligament repair. The most 
common type o f PIP joint dislocation is a dorsal dislocaLion. A 
PIP joint volar dislocation is often associated wicl1 a tear in tbe 
triangular ligament of the extensor mechanism through whicb 
tbe head of the proximal phalanx protrudes and becomes 
trapped. Attempts at dosed reduction fail because they tighten 
cl1c fibers of the lateral bands and central slip around cad1 side 
of the protruding proximal phalang<.>al. neck; tbese injuries often 
require open reduction with repair of the extensor tear. 

Palmar dislocations of me head of cl1e index finger meta
carpal often require open reduction. The head of cl1e metacarpal 
becomes trapped between the superficial transverse metacarpal 
Ligament, flexor tendons, and lumbrical muscles, wbereas the 
volar plate becomes trapped between cl1e metacarpal head and 
base of the proximal phalanx. Attempts at closed reduction 
arc fruitless because of the entrapment resulting from ti:Us 
arrangement. 

MP joint dislocation of me dmmb ofren results from 
jan1ming it in a radial direction, thus tearing tl1e ulnar coUatcral 
Ligament. The ulnar coUateral ligamem may pull proximaUy and 
come to rest do rsal to the extensor hood {Stener's lesion; Fig. 
70-32). It cannot heal spontaneously because me ulnar collateral 
ligament is prevented from reattaching to bone. 'TI1is so-called 
s!?i pole injur_y may then require operative repair. Stress radiog
raphy, sometimes able ro be performed only after anesthetizing 

FIGURE 70-32 A, Instability of the ulnar collateral ligament of the 
metacarpophalangeal joint of the thumb. B. Stener lesion shows that 
the distal insertion of the collateral ligament has avulsed proximal to 
the extensor hood and is thus blocked from spontaneous reattach
ment. Open operation is required to reanchor the collateral ligament 
insertion to the !base of the proximal phalanx. 

the digit witb a metacarpal block, may be required to facilitate 
diagnosis of a complete ulnar collateral ligan1ent injury of the 
tllllmb metacarpal joint. 

INFEtnONS 
Hand infections commonly presem ro the surgical residem cov
ering me emergency room. When diagnosed and treated prop
erly iJlitially, most patients do well. The extent of deep palmar 
infections may often be underestimated during the early phases 
because the volar aspect of the hand does not show edema as 
readily as the dorsal aspect of the hand. Thus, if infections in 
tbe hand are not diagnosed at an early stage, infections may 
spread from one anatomic compartment to another along 
natural tissue planes. Hand infections can then result in signili
cant morbidity and severe ft.mctional compromise if not appro
priately diagnosed and treated (Fig. 70-33). Some of the more 
common types of infections are discussed here. 

Superlidal Paronychial Infections 
Paronychia is tl1e most common infection of the hand; it usuaUy 
results from trauma to tbc eponyd:Ual or paronychial region. 'TI1e 
infeCition localizes around cl1e nail base, advances around the nail 
fold, and burrows beneath me base of tile nail. lf pus is t rapped 
beneatb the nail, pressure on tbe nail evokes exquisite pain. 'TI1e 
most common causative organism is Stttphylococcus aureus. Early 
tream1ent is with antibiotics, preferably penicillin in combina
tion with a P- lactamase inllibitor sud1 as sulbactam or davulanic 
add. However, there ha~ now been an increasing incidence of 
metl1icillin-resistant S. au1-eus {MRSA) in community-acquired 
iJlfeCitions. After an abscess develops, surgical drainage is required. 
1he surgical approach to an acute paronychia depends on the 
extent of the infection. incisions may not be necessary. A Freer 
elevator is used to lift approximately 25o/o of tbe nail adjacent 

FIGURE 7()-33 Spread of soft tissue infections in the hand occurs 
through loss of containment from the original site and erosion into 
and spread through contiguous anatomic compartments. A. Paro
nychium. Infecting organisms access periungal tissues through fis
sures in the epinychial or paronychial tissues and often discharge 
spontaneously in these areas. B. Infection of pulp tissues (felon). 
Fibrous septae within the pulp create collar stud abscesses within the 
pulp. (, Volar subcutaneous infections in the digit may discharge 
percutaneously on either surface of the digit, or penetrate dorsally 
and spread along the sheaths of the flexor or extensor tendons. 
D, Subcutaneous infections on the dorsum of the digit usually dis
charge percutaneously because of the thin and areolar nature of the 
soft tissues. E. Proximally located digital infections or web space 
infections may rupture into the palmar spaces by tracking along 
tendon sheaths, palmar fascia, or lumbrical canal. The continuous 
sheatlhs of the thumb and little fingers (radial and ulnar bursae) are 
continuous with the carpal tunnel and space of Parona at the wrist. 
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FIGURE 70-34 Incisions for paronychia (A) and felon (B). 

to the infected perionychium, extending proximally ro the edge 
of the nai l. 1l1i.s portion of cl1e nail is tran.sected and gauze 
packing is inserted beneath the nail fold . A single incision to 
drain the affected perionychium also allows elevation of the 
eponydlial fold when both eponychium and paronydllum are 
involved (Fig. 70-34). 19•

21 

Infections of Intermediate-Depth Spaces 
Infections ofintermediate-depth spaces are pulp space infections 
(felons) and also deep web space infections. The former may 
iJwolve the termi11al or middle or proKimal volar pulp spaces 
and may result from direct implancarion with a penetrating 
injury, or may repre..;enr spread from a more superficial subcu
truleous i11fection. 1l1e volar pulp of the distal digital segment is 
a fascial space closed proKimally by a septum joining the rustal 
flexion crease to cl1e periosteum, where the long flexor tendon 
is inserted. Ths space is also partitioned by fibrous septa. Tension 
in the distal digital segment can become so great that the arterie.s 
to me bone are compressed, resulting in grulgrene of the finger
tip and necrosis of the distal 75% of the te.rminal phalaJlX. With 
infection of cl1e d igital pulp space, one must not wait for fluctu
ance before making me decision for surgery because of the 
dru1ger of ischemic necrosis of me skin ru1d bone. Clinical diag
nosis is made by the rapid onset of throbbing pain, swelllng, and 
exquisite tenderness of cl1e affected plLlp space. Surgical drainage 
is required. A single volar or unilateral longimdinal incision may 
be used (see Fig. 70-34). Postoperative care includes packing of 
cl1e wound and elevation of the extrenlity. Use of ru1tibiotics is 
guided by the results of Gram staining. Sinillar to a paronydlla. 
S. ttr~reus is the most common causative agent. Spread &om a 
pulp space infection may move inco a joint space or underlying 
bone, Or bllfSt through me septum proJtimaliy tO involve the rest 
of me finger. More proKimally, a pulp space infection at me base 
of the finger can travel through the lumbrical canal into the palm 
to create a deep palmar space infection." 

Web space abscesses result from direct implantation or 
spread &om a pulp space. An inflamed and tender mass in cl1e 
web space separates cl1e fingers. 1l1ere is loss of the normal 
palmar concavity, with a widened space between the fingers. 
Dorsal swelllng is present and must not be nlistaken for the 
infection site. A surgical incision is placed transversely across cl1e 
web space, ru1d a counter longitudinal incision may be placed 
dorsally between the bases of the proKimal phalanges; a generous 
communication is established between these two incisions 
{Fig. 70-35). 
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FIGURE 70-35 Incisions for vveb space abscess between the little and 
ring fingers. 

Deep Infections 

Palmar Space lnfedions 
11Jese infections are localized to the deep space of the hand 
benveen the metacarpals and palmar aponeurosis. A transverse 
septum to the metacarpal of the middle finger divides the deep 
space into an ulnar midpalmar aJ1d rarual thenar space. 'Ille 
transverse head of the adductor pollicis partitions me thenar 
space from the retroadductor space. There may be ballooning of 
tlle palm, thenar eminence, or posterior aspect of rue first web 
space, depending on which of the affected spaces is involved 
with aJ1 abscess. TI1e dorsal subaponeurotic space of the band 
deep to the extensor tendons may also be affected by an isolated 
infection, generally as the result of direct implantation {Fig. 
70-36A). For a thenar space infection, d1e preferred approach to 

surgical drainage is a dual volar ru1d dorsal incision {see Fig. 
70-36B). On the volar side. ru1 incision is made adjacent and 
parallel to me cl1enar crease. Great care is taken to avoid injury 
to d1e palmar cutaneous branch of cl1e mediruJ nerve in cl1e 
proximal part of the incision and motor branch of me median 
nerve in a deeper plane. A second, slightly ClLrVed longitudinal 
i.ncisio·n is made on me dorsum of cl1c first web space. Dissection 
is continued more deeply into this area between the first dorsal 
interosseous muscle and adductor pollicis. A drain is placed in 
the incision after tl1orough exploration of the respective spaces. 
W im m idpalmar space infections, dorsal swelling of the hand 
will be present, as is me case witll all palmar infections, and must 
not be nlistaken for cl1e infection site. Motion of me middle and 
ring fingers is limited and painful. A longitudinal curvilinear 
incision is rue preferred approac11 for drainage of this space. 

lnfection of Parona's space occurs in the potential space 
deep to me flexor tendons in the rustal forearm and superficial 
to the pronator quadratus muscle. It is usually the result of 
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Deep palmar spaces 

Synovial communication 
betwe-en bursae 

Palmar aponeurosis 

A 
Dorsal subaponeurosal space 

Retroadductor space 

spread from the adjacent contiguous midpalmar space or from 
the radial or uL1ar bursa. Swelling, tenderness, and fluctuation 
will be present in the distal volar forearm. A mid palmar infection 
may be associated. Active digital flexion is painful. as is passive 
finger extension. A surgical incision must be planned so as to 
leave the median nerve adequately covered with soft tissue. 

Pyogenic Flexor Tenosynovitis 
Kanavcl 's four cardinal signs include the following: (1) d1e finger 
is held Aexed because this position allows the synovial sheath its 
maximum volume and eases pain; (2) symmetrical fusiform 
swelling of the entire finger is present, with edema of the back 
of tbe hand; (3) the sHghtest attempt at passive extension of the 
affected digit produces exquisite pain; and (4) the site of 
maximum tenderness is at the proximal cul-de-sac of the index, 
middle, and ring finger synovial sheaths in the distal palm or, in 
the case of infection of the sheaths of the thumb and Htrle finger, 
more proximally in the palm (sec Fig. 70-36). 1hc radial and 
ulnar bursae communicate in approximately 80% of cases and 
may be simultaneously infected. Bursal infections may spread 
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FIGURE 70-36 A. Deep spaces of the hand and synovial bursae. 
Infections may be bound by these spaces or may track along ana
tomic dissection planes between these spaces. B. Incision for thenar 
space infection. A dorsal first web space incision is also often require-d. 
C:. Incision for midpalmar space abscess. 

into the forearm space ofParona, deep to the flexor tendons in 
the distal part of d1e forearm, creating a horseshoe abscess. 

Pyogenic flexor terwsynovitis may be aborted with paren
teral amibiotics. extremity elevation, and hand immobilization 
if the patient is seen within the first 24 hours of onset of infec
tion. If d1is course is unsuccessful, or if the patient is seen more 
than 48 hours after onset of infection, surgical drainage is under
taken. The preferred surgical approach is through two separate 
incisions, with the first being a midaxial incision made on the 
finger, usually on tbe ulnar side of d1e digit (on the radial side 
of the d1umb or little finger); the digital artery and nerve remain 
in the volar flap, with the dissection proceeding directly to d1e 
tendon sheath. 1l1e synoviwn between d1e A3 and A4 pulleys is 
incised and doudy fluid is encountered. A second incision is 
made in the palm over the tendon to drain the cul-de-sac. A 
16-gauge polyethylene catheter is inserted beneath the Al pulley 
into the sheath and d1e sheath is flushed manually with sterile 
saline every 2 hours after surgery. A bulky hand dressing absorbs 
d1e drainage. Studies have found d1at postoperative catheter 
drainage may not always be necessary.22.13 
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Chronic and Atypical Infections 
Chronic paronychia are generally the result of Ca11didn nlbicans 
{>95%) infection and are not bacterial. When bacteria are 
involved, they are more commonly atypical mycobacteria or 
gram-negative organisms. These chronic paronychia generally 
respond co rreatmenr with topical antifungal agenrs, although 
oral antifungal agents are sometimes used. Occasionally, surgical 
treatment by means of marsupialization of the eponychial fold 
is required. If dle lesion is refractory to treatment, me possibility 
of a malignancy is entertained. 

Chronic tenosynovitis can occur in the flexor tendons or 
in me dorsum of the wrist and extensor tendons. It is usually of 
a granulomatou~ type and is caused by mycobacteria or fungi. 
Treatment includes surgical excision of me involved synovium 
and prolonged treatment with the appropriate antimicrobial 
agents. Chronic infected tenosynovitis must be differentiated 
from other causes of chronic granulomatous synovitis, such as 
sarcoidosis, amynoidosis, gout, and rheumatoid arthritis. 

Herpetic Whitlow 
Herpetic whidow is caused by type 1 or 2 herpes simplex vim~ 
and may be confused wid1 a paronychia. Infection begins with 
d1e appearance of small dear vesicles with localized swelling, 
erythema, and intense pain. TI1e vesicles may subsequendy 
appear turbid and coalesce over the next few days before ulcerat
ing. Diagnosis is confirmed by cLLituring the virus from the 
vesicular fluid, assessing immw10fluorescent serw11 antibody 
titers, or performing a Tzanck smear. However, these measures 
are rardy required because clinical diagnosis is usually sufficient. 
Infection can occur from autoinoculation from an oral or genital 
lesion or exposure as a bealdt care worker. Pain is often out 
of proportion to me physical findings. Treatment is generally 
nonoperatlve because dtis infection is usually self-limited. Anti
virals such as acyclovir or famcidovir may be of some benefit if 
started within the first 48 hours of symptom onset. Surgical 
incision and drainage can lead to systemic involvement and 
possible viral encepha\jtis. 

Animal and Human Bites 
TI1e most striking difference in d1e microbial flora of human and 
aninlal bite woULI1ds is d1e higher number of bacterial isolates 
per wound in human bites, dle difference being mostly caused 
by me presence of anaerobic bacteria. Human bites can occa
sionally transmit other infectious diseases, sudJ as hepatitis B, 
tuberClLiosis. syphilis, or actinomycosis. The incidence of 
Eikenelln corrodens in human bite infections of the hand has been 
reported to vary between 7% and 29%. Usually, isolated organ
isms from infected hllllla.Jl bite wounds are, as in aninlal bites, 
alpha-hemolytic streptococci a11d S. nureus, ~-lactamase
producing strains of S. at<reus, and Bacteroides spp. Anaerobic 
bacteria are more prevalent in human bire infections than previ
ously recognized, including Bacteroides, Clostridium, Peptococcus, 
and Veillonel/n. Most studies of ru1imal bite wounds have focused 
on the isolation of Pasteurefln muitocidn, disregarding the role of 
anaerobes. However, more recent studies have shown that dog 
bite wounds indicate multiple organisms, with P. mul.tocidn 
being isolated from only 26% of dog bite wounds in adults. 
Most aninlal bites cause mixed infections of aerobic rutd anaero
bic bacteria. 

Pyogenic joint infections usually result from trauma, such 
as a bite wound from a room when the assailant's band strikes 
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the jaw. A tood1 struck by me clenched fist of an attacker pen
etrates the skin, tendon, joint capsule, and metacarpal head. 
Once tl1e finger is extended, the four puncture wounds separate 
from ead1 oilier to creare a dosed space widun the joint. All 
these so-called fight bite wot<nds of d1e MP joint need to be 
explored surgically, debrided, and thoroughly lavaged. H uman 
bite wow1ds are not closed primarily and are treated with appro
priate antibiotics. 

COMPARTMENT SYNDROME. HIGH-PRESSURE 
INJECTION INJURIES. AND EXTRAVASATION 
INJURIES 

High-Pressure Injection Injuries 
High-pressure injection injuries to d1e hand are relatively 
uncommon, but consequences of a misdiagnosis are serious. 
Urgent treatment is required. High-pressure injection guns are 
used fo r painting, lubricating, cleaning, and farm animal vac
cinations. Materials that may be injected wim mese devices 
include paint, paint thinners, oil, grease, water, plastic, vaccines, 
and cement. These high-pressure injection guns may generate 
pressures ranging between 3000 and 12,000 psi. Injection inju
ries can also be caused by od1er sources. such as defective lines 
rutd valves, pneLllllatic hoses, a11d hydraulic lines. The type of 
material injected is me most important prognostic factor. Oil
based paints and paint thinners can generate significant early 
inflan1.mation leading to severe fibrosis. Because tendon sheaths 
at me index, middle, and ring fingers end at the level of me MP 
joints, material injected at d1e DIP or PIP flexion creases will 
remain within d1ese digits. However, tendon shead1s at the 
mumb and little finger extend all the way into the radial and 
uL1ar b ursae. Tiws, material injected at the little finger or at 
the IP flexion crease of me mumb may potentially extend all 
the way into the forearm, and even cause a compartment 
syndrome. 

l.tutial presentation of a patient wim a high-pressure injec
tion may be benign and subtle. This may result in mismruJage
ment by minirnizing me patient's complaims. The break in me 
skin may be a benign-looking, piJlbole-si:.r_ed puncture site. 
However, witlun several hours, d1e digit becomes increasingly 
more painful, swollen, aJJd pale. Prompt recognition and realiza
tion of the severity of iJ1jury are paran1ow1t. Radiographs may 
help determine d1e extent ru1d dispersion of the injected mate
rial, eimer .in me form of subcutaneous emphysema or, wim 
lead-based paints. appearing as radiopaque soft tissue densities. 
The entire digit must be Sllrgically decompressed and all foreign 
material and necrotic tissue debrided {Fig 70-37). \Vounds are 
dosed loosely over Penrose drains or in a delayed marlller. 
Appropriate antibiotics must be administered. Despite prompt 
recognition and treatment, many such injuries LLitimately result 
in smgical amputation of the digits. 

Extravasation Injuries 
In me past, extravasation injuries of chemotherapeutic agents 
frequently affected the upper extremity. However, subcutane
ously tunneled central Hnes have now reduced the incidence of 
these injuries. lf extravasation is suspected, infusion must be 
stopped immediately. Cold packs are applied for 15 minutes 
four times a day and the extremity elevated over the next 48 
hours. Tills treatment is generally effective for most extravasation 
injuries. H owever, if blistering, ulceration, ru1d pain occur in the 
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FIGURE 70-37 High-pressure injection injury from paint gun appears completely innocuous, with tiny puncture wound on presentation. 
A. B. AP and lateral radiographs of the right hand show widely disseminated radio-opaque foreign material in soft tissues of the palm and 
thenar eminence. C. lntroperative photo of left-handed man with palmar high-pressure injection injury from a paint gun on the nondominant 
palm. The tissues are extensively infiltrated by paint from the base of the finger to the wrist and require urgent debridement and decompres
sion. D. Removal of the guard allows the nozzle to come into dose contact, exponentially increasing the pressure delivered to soft tissues. 

damaged tissue, progressive necrosis ro the limits of the extrava
sation wi.U follow, and surgical excision of all dan1aged tissue is 
necessary. Most subsequent wounds can generally be treated 
with delayed split-thickness skin grafting, although the options 
for wound coverage after debridement depend on the extent of 
the debridement that was required. 

Compartment Syndrome 
Compartment .syndrome results in symptoms and signs caused 
by increased pressure within a limited space that compromises 
circu.lacion and function of the tissues in char space. Volkmann's 
ischemic contracture is the sequel of untreated compartment 
syndrome; it results in muscle that is fibroscd, contracted, and 
functionless and nerves d1at are insensible. Various injuries are 
known ro cause compartment syndrome: 

l. Decreased compartment volume (e.g., from externally 
applied right dressings or casts, lying on a Limb in a coma
tose state) 

2. Increased compartment content (e.g., from bleeding or 
tratuna with fractures or finger injuries, increased capillary 
permeability such as rcperfusion after ischemic injury, elec
trical burn injuries) 

3. Oilier i1~uries (e.g., snakebites, high-pressure i11jcction 
injuries)' 
The diagnosis of compartment syndrome is based priulari.ly 

on clinical evaluation. Although ir is possible ro measure intra
compartment pressure, rbe decision to perform fasciotomy is 
based on a high degree of clinical suspicion. Compartment 
ischemia may be severe and still nor affect the color or tempera
ture of the distal fingers, and rhe distal pulses are rarely 
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obliterated by compartment swelling. However, circulation in 
the muscle and nerve may be greatly reduced. Muscle ischemia 
that lasts for more than 4 hours leads to muscle death and may 
also cause significant myoglobinuria. After 8 hours of total isch
emia, irreve.rsible nerve changes are complete. The hallmark of 
muscle and nerve ischemia is pain, which is progressive and 
persistent. The pain is accentuated by passive muscle stretching; 
this is the most reliable clinical test for diagnosing compartment 
syndrome. The next most important clinical fu1ding is dimin
ished sensation, which indicates nerve ischemia. The closed 
compartments of the forearm and hand are also palpated and 
fowld to be tense and tender, confirming me diagnosis of com
partment syndrome. A passive muscle saercb resr elicits severe 
pain in the presence of compartment syndrome. An arterial 
injury and nerve injury need to be distinguished in the differ
ential diagnosis of compartment syndrome. All three of d1ese 
i.njmies produce paresd1esias and paresis, pain with passive 
stretch is present in compartment syndrome and arterial occlu
sion, but not in neuropraxia, and pulses are intact in compart
ment syndrome and neuropraxia, but not with arterial occlusion. 
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I.n situations in wblch rl1e clinical diagnosis is difficult because 
the patient cannot cooperate because of inebriation or uncon
sciousness, compartment pressure can be measured. 

Release of a forearm compartment syndrome always 
requires carpal tun.nel release (Fig. 70-38). The palmar incision 
scarr.~ in rhe valley between rhe thenar and hypothenar muscles 
and the incision then curves transversely across me flexion crease 
of the wrist at me ulnar border. 1l1is incision must avoid the 
palmar cutaneous branch of the median nerve and prevent 
flexion contracture across the wrist crease. It also provides an 
opportunity to release Guyon's canal. The incision rl1en extends 
proximally up me forearm before cmving back in a radial direc
tion so as w have a large skin flap char wUI cover me median 
nerve and distal forearm tendons. At the elbow, me incisiun for 
rl1e flap then curves again across the antecubital fossa, providing 
cover for the brachial artery and median nerve and preventing 
linear contracture across rl1e antecubital fossa. 1l1e dorsal and 
so-called mobile wttd compttrtments of the forearm are readily 
released through a straight incision, as needed. Appropriate 
release of me various intrinsic compartments of me hand may 

-------------------------------

A 

FIGURE 70-38 A. Incisions for forearm fasciotomy. B. Fasciotomy in a child for compartment syndrome following a snakebite. 
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also be required. Most wounds cru1 be partially closed at 5 days. 
Tf the skin CaJlnot be closed secondarily within 10 days, a split
tllickness skin graft can be applied. 

TENOSYNOVInS 

De Quervain's Disease 
De Quervain's disease is a stenosing tenosynovitis of the first 
dorsal compartment of the wrist and is a common cause of pain 
and disability. Diagnosis is ea~ily made h-om a history of pain 
localized to tbc radial side of the wrist and aggravated by move
ment of the thumb. There is frequently a history of chronic 
overuse of the wrist and hru1d. Other features are local tender
ness and swelling over the 6rst dorsal compartment of d1e wrist 
and a positive Finkelstein's test- the patient clasps the thumb 
and brisk ulnar deviation to the hand elicits extreme pain. Crepi
tus may be palpable. 1his condition must be differentiated by 
radiographic :md physical exan1ination h-om artllritis of the 
tlmmb carpometacarpal joint. 

Nonoperative treatment includes local steroid injection, 
ti1Umb and wrist immobilization, local beat, and systemic anti
inflammatory medications. If these nonoperative measures fail , 
surgical decompression of the first dorsal compartment at tbe 
wrist is performed. Care must be taken to protect tbc radial 
sensory nerve branches during the course of the operation 
because these brru1ches traverse just under the ski.n in this 
area, and trauma or tra11section may lead to painful disabling 
neu.romas. 

lntersedion Syndrome 
This condition is not weiJ understood but is characterized by 
pain and crepitus at the point at which tbe APL and EPB 
tendons cross over the tendons of the second dorsal compart
ment (ECRL and ECRB; Fig. 70-39). Initial treatment is by 
splinting, local corticosteroid injection, and anti-inflammatory 
medications. Refractory cases require surgical release at the 
second dorsal compartment and excision of involved tenosyno
vial membranes. 

Site of de 
Quervain's 

disease 
Second dorsal 
compartment 

FIGURE 70-39 Anatomic locations for de Quervain's stenosing teno
synovitis and inte rsection syndrome. 

Trigger lbumb and Fingers 
Trigger finger is a constricting tenosynovitis of the flexor tendons. 
generally at the level of the A l pulley. The patient can A ex tl1e 
digit, but an apparent nodule catches at the proximal edge of 
tl1e Al pulley, locking tl1e PIP joint {or the IP joint of the 
thumb) in this Aexcd position. Arrempts at extending the digit 
cause it to snap back ~uddenly, much Like tl1e trigger of a gun. 
Often, me patient needs to usc the opposite band to unlock and 
extend the digit. ln its most severe form, the constriction is so 
tight that me patient cannot Aex the djgit or it gets fixed in a 
Aexed position ru1d cru1 no longer be fully extended. A congenital 
form of trigger dwmb or fu1ger presents in infants, but most 
cases resolve by the time tl1e patiem read1es 1 year of age; if nor, 
an operation is indicated. 

Nonopcrative treatment in adults includes local injection 
of corticosteroids. If tlus regimen fails, the Al pulley is longitu
dinally divided by surgery.~5 

Other Sites of Tenosynoviti.s 
Other sites include the FCR a11d FCU tendons. They can fre
quently be treated by splinting and local corticosteroid injection, 
although surgery occasionally may be requjred. lnAammation of 
tl1e ECU may also be an enigmatic cause of ulnar-sided wrist 
pain. Diagnosis is made by eliciting tenderness along the ECU 
tendo n, pain on active-resisted extension, and ulnar deviation 
of tbe wrist. 

NERVE COMPRESSION SYNDROMES 
Along the length of the upper extremity, nerves pass through a 
number of anatomic bottlenecks. 1hese are all possible sites of 
nerve entrapmem and lead to characteristic distal sensory and 
motor deficits. 'TI1e most common sites of nerve compression, 
from proximal to distal along the length of the extremity, are at 
the nerve root secondary to cervical disc disease or cervical 
degenerative artl1ritis, d10racic outlet compressio11 at tl1e level of 
the clavicle, ulnar nerve entrapment at d1e elbow {cubital tunnel 
syndrome), entrapment of me posterior interosseous nerve in 
tl1e proximal forearm {radial tunnel syndrome, posterior interos
seous syndrome), entrapment of tl1e mediru1 nerve and its 
brru1ches in the proximal forearm (so-called p1·o1tator syndrome, 
aJlterior interosseous nerve syndrome) and, finally, entrapment 
of tl1e median nerve at the wris t (carpal tw1nel syndrome) and 
ulnar nerve in Guyon's canal (ulnar wnncl syndrome). 

L1 most cases of nerve entrapment, no specific aggravating 
causative factor is fOLmd. An increasing incidence of compres
sion neuropathy is reported in patients whose works involves 
chronic repetitive stress (e.g., assemblers, chicken cutters). In 
some, there may be a clearly defu1ed extrinsic compressive 
problem on the nerve or an aggravating factor. These include 
the fo llowi11g: 

• Trauma tl1at cru1 produce bony compression- for 
example, carpal tunnel following carpal dislocations 
or a distal radius maltmion (median) and supracon
dylar bun1erus fractures tl1at increase the elbow car
rying ru1gle (ulnar nerve at the elbow) 

• Synovial thickening of d1e bu.rsa in rhettmatoid 
arthritis in the carpal nmnel (median) or at the elbow 
(posterior imerosseous) 

• Tumors such as giant cell tumor in Guyon's canal 
(ulnar) or a lipoma in the radial tunnel (posterior 
interosseous) 

http://www.myuptodate.com


Transverse 
carpal ligament --~~.._a:_~~~ 

Palmar cutaneous 
branch of median nerve _ _,..._A-""\. 

Radial artery -------lrt¥ 

Tendon, flexor 
carpi radialis ------t+H·ll 

Median nerve ------+-+H+ 

Tendons, flexor 
digitorum superficialis 

FIGURE 70-40 Anatomy of the carpal tunnel. The transverse carpal 
ligament (flexor retinaculum) is divided longitudinally during a carpal 
tunnel release. 

• Developmental, with anomalous muscles present in 
the carpal tunnel (median), Guyon's canal (ulnar), or 
the forearm (median) 

• Metabolic, in which disturbances of fluid balance 
cause increased pressure on the nerve, particularly at 
the carpal nmnel (e.g., myxedema, pregnancy) 
Carpal tunnel syndrome is the most common peripheral 

nerve entrapment syndrome, followed by ulnar nerve entrap
ment at the elbow.26 The other entrapment syndromes are Jess 
common. 

Ca~aiTunneiSyndro~ne 
The carpal tunnel is a packed fibre-osseous tunnel at the wrist 
that is traversed by the median nerve and nine long extrinsic 
digital flexor tendons (Fig. 70-40). lts floor is formed by tbe 
carpal bo11es and roofed by the flexor retinaculum (transverse 
carpal l.igan1ent). Normal pressures in this tunnel are 20 to 
30 mm Hg. A rise in pressure above this causes a duonic com
pressive ischemic injury to the nerve scgmem, resulting first in 
demyelination md eventually in axonal deacl1. There is progres
sive conduction block in the nerve, with subsequent sensory and 
motor dysfunction. The earliest symptoms arc pain and pares
tbesias, which are characteristically more obvious at night, after 
prolonged activity, and with positional posn•ral changes at the 
wrist, such as when driving, using a hand-held hair dryer, or 
reading a book. The patient may complain of clumsiness and a 
tendency to drop objects. The paresthesias characteristically 
follow the distribution of the median nerve, including the 
thumb and index and middle fingers. Physical exanunation con
sists of compressing cl1e carpal canal, percussing the median 
nerve, and hypedlexing the wrist to produce paresthesias (Dur
kin's sign, Tinel's sign, and Phalen's test, respectively). Sensory 
evaluation reveals hypoesrhcsia in the distribution of the median 
nerve md may reveal a widened two-poi.nt sensory discrimina
tion. TI1enar weakne~ or muscle wasting is a late findi11g. Nerve 
conduction studies and electromyography arc useful adjuncts to 

the clinical examination. 
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Initial treatment of carpal tunnel syndrome includes usc of 
wrist splints (especialJy at night), occasional local corticosteroid 
injections, and modification in work patterns. If symproms 
persist, or if the iJutial presentation shows severe carpal twmd 
syndrome, surgical decompression is required. This is perfom1ed 
by longirudinaUy dividing rhe flexor rerinaculum by open or 
endoscopic means. Both cl1e Agee (single-portal) and Chow 
(two-portal) procedures have shown similar efficacy to the open 
approachY S)rnovcctomy and removal of any mass lesion may 
also be re<Juired if that is the cause of rlle problem.28 

Pronator Syndro~ne 
In d1c proximal forearm, d1e median nerve may be compressed 
at the fibrous arch between cl1e two heads of the FDS, two heads 
of the pronator teres, lacerrus fibrosis (bicipital aponeurosis at 
the elbow), and ligan1ent of Struthers. Compression at any or 
all of these sites is loosely grouped under cl1e pronator syndrome. 
The symptoms produced are similar to those <>f carpal tunnel, 
although nocturnal symptoms are uncommon. 'TI1e palm may 
also feel numb because the palmar cutaneous brancl1 is involved, 
but is spcci6cally spared in carpal tunnel syndrome because that 
nerve branch passes superficial to the flexor retinacu1Lu11 md 
arises proximal to the retinaculum. Symptoms may be repro
duced or worsened by attempting pronation against resistance 
and by resisted flexion of the middle finger. However, it may be 
d.ifficu1t to locate the compressive cause i.n the pronator syn
drome precisely, and surgical decompression often involves 
release of all four pmemial sires of compression. 

TI1t: anterior interosseus nerve branch of the median nerve 
may occasi.onally be compressed in isolation. This does not 
produce any sensory symptoms, but specifically targets cl1c three 
muscles innervated by rlle anterior interosseous nerve- FPL, 
FDP to the index and m.iddlc fingers, and pronator quadratus. 

Ulnar Nerve Compression 
'TI1c ulnar nerve may he compressed in Guyon's canal at the 
wrist or in the so-called cubitttl tunnel at rlle elbow and distal 
upper .arm. 

Guyon's Canal Compression 
'TI1.is canal is bounded by the hook of the hamate, pisiform, 
pisohamate ligament, and palmar carpal ligament. Compression 
by mass lesions may occur at this sire, including a ganglion, giam 
cell tumor, ulnar artery thrombosis, and ulnar artery aneurysm, 
as in the hypothenar han1111cr syndrome. Compression at this 
site may also be idiopathic. Distal ulnar deficits may be in the 
moror or sensory distribution or both, depending on where in 
the canal the compression occurs relative to the takeoff of the 
deep motor branch of the ulnar nerve. 'TI1ere may be a positive 
Tincl's sign and worsenJng of symptoms by direct compression 
over Guyon's canal. Treatment is smgical; it consists of dividing 
the palmaris brevis muscle and palmar carpal ligament, as well 
as removing any offending mass in tl:lls region. 

Cubital Tunnel Syndrome 
'TI1e cubital tunnel is a long nmnel starting in the distal upper 
arm and extending into the proximal forearm. As the ulnar nerve 
passes into the forearm, it curves tightly around the grooved 
posterior and inferior surfaces of the medial epicondyle of the 
humerus. This groove is bridged by the aponeurosis between 
the two heads of the FCU, the leading edge of whicl1 may be 
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thickened and fibrosed, called Osborne'S ligttmmt. More proxi
mally, the ulnaJC nerve passes from the anterior compartment of 
tbe arm into the posterior compartment, whid1 may be bridged 
by a long tlUlJlei called the arCilde of Struthers. The medial inter
muscular septtLnJ in the upper arm may also cause uL1ar nerve 
compression. 'TI1e most disral fibro-osseous runnel is more accu
rately termed the cubital tunnel. However, compression on the 
ulnar nerve can occur at any of these sites, proximal to distal, 
starting in the upper arm and extending into the forearm. Motor 
and sensory symptoms develop in the distribution of the ulnar 
nerve and arc worsened by adopting a flexed position at the 
elbow. Examination reveals a positive Tinel's sign over the 
tunnel. Paresthes.ias are described in the distribution of the ulnar 
nerve to the little and ring fingers and ulnar border of the hand. 
A differential diagnosis includes thoracic outlet syndrome, com
pression of the uLlar nerve in Guyon's canal, and nerve root 
compression in the neck. 

ini tial treatment consists of spBnting me elbow in exten
sion at night. Use of soft extension elbow pads prevents elbow 
flexion and direct pressure on the nerve. Failure of nonopcrativc 
measures, together with significant changes in electrodiat,mostic 
studies, are indications for su.rgical decompression. Usually, all 
the fibrous restraints on the ulnar nerve around the elbow are 
released and the nerve is transposed anteriorly to the medial 
epicondyle into a subcutaneous or submuscu.lar position. There 
have been preliminary reports of success with endoscopic in situ 
decompression of the uL1ar nerve at the elbow. 

Radial Nerve Compression 
1l1e radial nerve may be compressed proximally in the triangular 
space in the axilla (specifically involving the axillary branch), 
spiral groove posterior to the humerus il1 the arm, and lateral 
intermuscular septtun proximal to the elbow. More disraUy in 
the forearm, the posterior interosseous nerve. The principle 
motor division of the radial nerve can be compressed in the 
so-called radial tunnel, starting at tl1e leading fibrous edge of the 
supinator {ligament of Frohse). There may be a variable degree 
of il1terosseous nerve paresis or there may be pain radiating 
down the dorsoradial aspect of the forearm {the latter is called 
rndittl tunnel ~)mdrome). Initial treatment is nonoperative witb 
splinting but, if this fails, surgical decompression may occasion
ally be required. 

lboradc Outlet Compression 
The thoracic outlet is a narrow space at the base of the neck 
bow1ded by the first rib medially, scalenus anterior muscle and 
clavicle anteriorly, and scalenus medius muscle posteriorly. All 
elements of the brachial plexus, as well as the subclavian artery 
and vein, pass tl1rough tllis narrow space and can be potentially 
compressed at this site. A positive Tinel's sign can often be elic
ited at the supraclavicular and ilmaclavicular regions. A Roos 
test is performed by asking the patient to hold both arms over
head il1 a surrender position while opening and dosing the fists. 
1his reproduces symptoms within 1 minute and, if continued, 
the arm collapses at the side. Adson's test involves palpating the 
radial pulse while the patient turns the chin toward the same 
side, inhales deeply, and holds his or her breath. 'The radial pulse 
disappears or dirnillishes. 1l1e costoclavicular compression rest 
involves sustained downward pressure on the clavicle, and the 
symptoms are reproduced. Radiographic evaluation may reveal 
a cervical rib. Nerve conduction studies arc often normal. 

Thoracic outlet compression may occur in association with 
other peripheral si tes of nerve compression, a condition termed 
double-crush S)'ndrome. Treatment is primarily nonoperative, 
involving posture-improving exercises and avoidance of aggra
vating activities. lf symptoms persist, especially if associated wiili 
vascular compression, the thoracic outlet may be surgically 
decompressed. This is accomplished by a transcervical or trans
axillary .resection of the first rib, often with release of the scalene 
muscles. 

TUMORS 
Ganglions and mucous cysts represent 60% to 70% of hand 
rumors, followed in frequency by inclusion cysts, warts (verru
cae), giant cell tltmors in tendon sheaths, foreign body granulo
mas, lipomas, hemangiomas. and pyogenic granulomas {Table 
70-5). Benign tumors accolmt for 95% of hand neoplasms. 
Squamous cell carcinoma is the most frequent prin1ary malig
nancy of the hand, basal ceiJ carcinoma is rare, and melanoma 
is relatively uncommon in the upper extremity. Acrallentiginous 
melanoma {e.g., in the palm, sole, nail bed) has a tendency for 
early metastasis. Prin1ary bone tumors of the hand are generally 
benign: the most common are enchondromas and osteochon
dromas. Giant cell tumors of bone are rare in the hand, occur
ring usually in tl1e distal radius. They are locally aggressive and 
may occasionally metastasize. Of malignant bone tumors, only 
1.2% affect the hand. Although bone metastases in other parts 
of the body are relatively common, bones of the hand are rarely 
affecred by metastases from other sites?~-30 

Soft tissue sarcomas are rare, representing l o/o of all malig
nancies of the body, exdudil1g skin tumors. Although uncom
mon, certain types predominate in the hand. Epithelioid, 
synovial, and dear cell sarcomas are relatively rare in other sites 
but, by comparison are more common in the hand. 

Within the spectrum of benign and malignant tumors, 
there is a group with intermediate maBgnancy. Giant cell and 
desmoid tumors (of soft tissue) have a propensity for local recur
rence after surgical excision. Their histologic patterns may belie 
their bel1avior.] uvenile aponeurotic fibroma and nodular fasciitis 
may appear histologically more aggressive than desmoid tumors, 
but are self-limiting. TI1e tiny glomus tumor is uncommon but 
has a propensity for the fingertips and subungual regions. It may 
be an enigmatic cause of severe and exquisite pain at the finger
tips and can be recognized by a pinpoinr sire of extreme local 
tenderness and a violaceous bue deep to the nail plate. MRI may 
occasionally detect these rilly lesions at the fingertip. 

If a lesion is thought to be benign, excision without further 
workup, except perhaps for routine radiographs, is appropriate. 
However, if a primary malignancy of bone or soft tissue is sus
pected, additional studies must be undertaken before biopsy. cr 
may help delineate tumor boundaries. Desmoid nuuors have 
radiographic density identical to tl1at of muscle and are hetter 
demonstrated by MRI. 

Soft Tissue Tumors 

Ganglion Cysts 
Ganglions are formed by an outpouching of the synovial mem
brane from a joint or tendon shearl1 and comain thick, jelly-like, 
mucinous material similar in composition to synovial fluid (Fig. 
70-41). Of ganglions. 60% occur on the dorsal aspect of the 
wrist, arising in the region of the scapholunate ligament. Other 
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_Table 7D-5 Benign Connective Tissue Tumors of the Hand 
SOFT TISSUE MOST COMMON 
TUMORS PRESENTATION LOCATIONS 

Ganglion Swelling. sometimes Volar and dorsal 
painfUl; DIP mucous wrist. flexor 
cyst may spontaneously tendon sheath, 
drain dear gelatinous dorsum of DIP 
fluid; 70% of hand joint 
swellings 

Giant cell Progressive enlargement, Any synovial site, 
tumor of painless, deeply including tendon 
tendon adherent; potential sheath, Joint, 
sheath recurrence after palmar plate, 

excision; second most usually 1n a digit 
common hand tumor 

Upoma Painless enlarging mass, Volar hand and 
usually on volar surface finger 
of hand or finger; may 
reach very large size; 
seldom nerve 
compression symptoms 

lndusion cyst Painless, enlarging lesion, Palm and fingertips 
(implantation adherent to overlying 
dermoid) dermis; more common 

in laborers and those 
subject to minor hand 
trauma; may become 
infected 

Neurofibroma May be localized, diffuse, l ess common on 
or plexiform; may be hand than 
associated with von elsewhere; seen 
Recklinghausen disease; more frequently 
ruin!~ enlargement. on palm 
ut patn arouses 

suspicion of malignant 
change 

Schwannoma Painless small mass in a Median and digital 
rceripheral nerve that is nerves 
aterally mobile; may be 
an incidental finding at 
time of carpal tunnel 
surgery; occasional 
distal dysesthesias 

Pyogenic Often at site of previous Fingers 
granuloma trivial skin injury on the 

fingers; friab e and 
bleeds easily; grows 
rapidly 

Glomus tumor Very small lesions; Subungual or volar 
exquisitely painful, fin~ertip; may be 
localized tenderness, mutiple 
cold-sensitive; patients 
sometimes labeled as 
malingering 

sites for ganglions in the hand are at the volar wrist arising from 
one of the scaphoid articulations, the flexor tendon sheath at the 
area of the AI pulley, and at the dorsum of the DIP joint, called 
a mucous cyst, where they arc often associated with osteoarthritis 
of that DIP joiJllt- In the latter location, the ganglion cyst can 
exert presSllre on the germinal matrix of the nail bed, resulting 
in a deformed or grooved nail. 

Ganglions are most common in women iJl the third decade 
of life. 1l1ey are i_nnocuous and can often be left alone. However, 
treatment may be required for cosmetic purposes or to relieve 
pressure effects on adjacent structures (Fig. 70-42). 1l1e dorsal 
wrist ganglion can sometimes be painful as a result of pressure 
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TISSUE OF ORIGIN RADIOGRAPHIC 
AND APPEARANCE TREATMENT APPEARANCE 
Synovial <)'St No treatment No radiographic 

contaimng thick versus asp!r~tion alterations; 
gelatinous fluid versus exc1s1on mucous cyst at 

DIP joint may 
have osteophytes 
associated with 
osteoarthritis 

Synovium and Excision Pressure resorption 
histiocytes; of bone 
bosselated and 
r.ellow-brown color 
rom hemosiderin 
pigmentation 

Mature fat cells Excision (shell out) Characteristic 
water-clear 
appearance on 
x-ray 

Implanted epidermis Excision of entire May cause pressure 
cyst c:ontatnin~ epithelium-lined resorption of 
keratinous de ris sac bone 

Perineurial fibroblasts Excision if Characteristic MRI 
noncritical nerve; lobulated 
bioi: if appearance 
ma ignancy 
suspected; 
possible nerve 
grafting 

Schwann cells Microneural No changes on 
surgery can shell plain x-ray 
the tumor out of 
the nerve 
without leavinH, 
neurologic de tcit 

Granulation tissue Small lesions- am No x-ray changes 
be cauterized; 
excise larger 
lesions 

Neuromyoarterial Excision; reruir nail May show 
apparatus bed if su ungual indentation of 

distal phalanx 

on the posterior interosseous nerve at that location. A very smalJ 
impalpable dorsal wrist ganglion can become quite paiJlful, the 
so-called occult ganglion and, on occa~ion may best be diagnosed 
by MRl. Treatment of a dorsal wrist ganglion may be performed 
by aspiration of the muciJ10us substance wicl1 a large-bore 
needle. If this fai ls, tl1e ganglion can then be surgically excised. 
Care must be taken to trace and resect the pedicle of the gan
glion all the way down to the joint or tendon sheath from 
which it arises.31 A volar wrist ganglion may often be closely 
related to the radial artery. Aspiration of volar wrist ganglions is 
seldom advised because of the potential risk of i11jury to the 
radial artery. At the level of the DIP joiJ1t, optimal treatmem 
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Mucous cyst 

A Dorsal 8 Volar 

FIGURE 70-41 Dorsal (A) and volar (B) aspects of the hand 
and wrist showing common types of ganglions, including 
the dorsal wrist ganglion, volar wrist ganglion, flexor sheath 
ganglion (volar retinacular cyst), and mucous cyst. 

FIGURE 70-42 Ganglions in the hand. A. Ganglion associated with osteoarthritis of the DIP joint (mucous cyst), causing longitudinal linear 
groove in the nail plate from pressure on the germina l matrix. B, volar wrist ganglion on the radial side of the FCR tendon is closely related 
to the radial a rtery and should not be aspirated. C. Ganglion a rising from the EDC tendon of the ring finger located at the level of the proximal 
skin marking with fingers extended. D. Movement of ganglion 2 em to the level of the more distal skin marking when the fist is clenched. 
Distal movement of the swelling with the gliding extensor tendon confirms its attachment to the tendon. 

includes not only meticulous excision of the ganglion but also 
the removal of associated osteophytes from the joint. Arthroscopic 
decompression of dorsal wrist ganglions has been described. 

Giant Cell Tumor 
Girult cell tumor (GCT), also called pigmented viilonodulnr 
s:ynovitis (PVNS). is the second most common hand tumor. Ir 
occurs in soft tissues (e.g., synovial membrane of joints, tendon 

sheaths) and, less commonly, in bone. 1l1is yellow-brown mul
tilobular tumor is composed of multimacleated giant cells. 
Although usually benign, the tumor pushes deeply into the soft 
tissues of the digits and extends along tendon sheaths and 
around neurovascular strucmres. [r is frequently asympwmatic 
ru1d is often larger than suspected clinically. Radjologic notching 
of bone may be evident in larger. soft tissue GeTs. Complete 
surgical excision is the treatment of choice. Failure to discern 
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FIGURE 7Q-43 Soft tissue tumors of the hand. A. Traumatically induced indusion cyst on the palmar aspect of the middle finger in a manual 
worker. 8, Intraoperative photograph demonstrates cyst filled with toothpaste-like gel derived from keratin. C. Firm, progressively enlarging 
swelling on the radial side of the left index finger. D. Firm, lobulated, yellow-brown giant cell tumor insinuating onto the dorsal and volar 
aspects of the finger is noted intraoperatively. E, Giant cell tumor is the most common solid soft tissue tumor encountered in the hand. 
F. Aeshy triable pyogenic granuloma bleeds easily on contact 

and remove each lobule substantially increases the reported local 
recurrence rate of almost 1 Oo/o. Synovectomy of the joint of 
origin may be necessary (Fig. 70-43; see Fig. 70-45B). 

Epidermal Inclusion Cysts 
Epidermal indLLsion cysts, also called implnntntion dermoids, 
frequently occur after trauma as keratin-producing epidermal 
cells become lodged in the subcutaneous tissues (Fig. 70-43). 
'The resulting cystic mass contains a thick toothpaste-like mate
rial. 'They occur more commonly in 1nen. especially in manual 
laborers, and most frequently involve the palm of the hand and 

fingertips. They may also occur in previous surgical scars. Treat
ment is surgical excision and recurrence is rare. 

Lipoma 
Lipomas are small, benign, soft., fluctuant, fatty tumors (Fig. 
70-44). 1n the band, they usually occur on the thenar eminence. 
Although generally painless, they may enlarge significantly, 
i.nsinuating into deep palmar spaces and causing pain by com
pression on adjacent nerves. [ntracarpal lipoma is a rarer cause 
of carpal tunnel syndrome. Resection of symptomatic lipomas 
is curari ve, although l o/o to 2o/o may recur. 
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FIGURE 7Q-44 Soft tissue tumors of the hand. A. Patient presenting with pain in tip of thumb, exacerbated in cold weather. Exquisite pain on 
palpation of the thumb nail plate is typical of a subungal glomus tumor that can be demonstrated by MRI. B. Occult subungal glomus tumor 
may be difficult to appreciate, even after removal of the nail plate, but can often be identified by a surface bulge of the nail bed. C. Excised 
glomus tumor sitting on nail bed. A nail bed defect requires repair with fine absorbable sutures. D, Man with swelling of left dorsoradial forearm 
and weakness of finger and thumb extension. E, MRI reveals a dorsal forearm mass compressing the posterior interosseous nerve. F. Dorsal 
approach over the mass reveals intramuscular benign lipoma when extensor muscles are split. 

Pyogenic Granuloma 
Pyogenic grantLloma is a misnomer for an exuberant outburst of 
highly vascular granulation tissue at the site of previous relatively 
trivial trauma. 1l1ese lesions are very friable, bleed easily, and 
may grow rapidly. They respond to curettage or simple excision. 
1l1ey usually occur on the fingerrips. Hisrologic confirmation of 
the diagnosis is necessary because of occasional confusion with 
aggressive malignant lesions, such as ulcerated, an1elanotic, 
malignant melanomas. 

Verruca Vulgaris 
Verrucae vulgaris are common contagious warts associated with 
human papilloma virus type l (HPV-1). They occu.r usually as 
hyperkeratotic filiform lesions on the digits or about the nail 
bed. 1l1e most effective topical treatments are salicylates, Bquid 
nirrogen cryotherapy, and especially currenage. Recalcirranr 
lesions respond to oral cimetidine given for 6 to 8 weeks and to 
imiquimod, an immunomodulator that increases interferon pro
duction.32 Like squan10us cell carcinomas, their incidence is 
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increased in immunocompromised patients, such as in chose 
after transp.lantations. Recurrence is relatively common.33 

Seborrheic Keratoses 
Seborrheic keratoses are benign, hyperkeratotic, scaly lesions. 
1l1ey are frequenrly pigmented, and common on rhe dorsum nf 
the hand in older adults. Occasional confusion occurs with 
pigmented basal cell carcinomas. When necessary. these super
ficial scaly lesions are best treated by shave excision, and sutures 
are unnecessary. Rapid reepithelialization occurs. 

Keratoacanthoma 
Keratoacanthoma occurs on exposed body pares such as the 
dorsum of th~ hand. It grows rapidly over approxinlately 3 weeks 
into a nodule with a central umbilicated keratotic plug, ofren 
followed by spontaneous resolution over many weeks or months. 
The resulting scar is often worse than if the lesion had been 
excised initially.34 There may be diagnostic uncertainty in regard 
to well-differentiated squan1ous cell carcinomas. Hence, most 
authors recommend surgical excision. 

Dermatofibroma 
A dermatofibroma arises from fibrous dermal tissue as a firm 
erythematous plaque, sometimes having central umbilication. It 
is often adherent to the overlying epidermis. Surgery is required 
primarily for diagnosis. 

Vascular Malformations and Hemangiomas 
Hemangiomas are han1arromas that are rarely visible at birth and 
are usually noticed weeks to months later. Rapid proliferation 
occurs in the first year of Life. Histologically, proliferation of 
endothelial cells with increased mitotic activity is seen in con
junction with pericytes and dendritic and mast cells. Hemangio
mas occur 10 times more commonly than vascular malformations 
and approximately 70% involute by the age of 7 years, leaving 
a fibrofatty scar with redundant skin. Excision is seldom required 
and, after involution, is usually cosmetic. Occasionally, oral or 
injectable steroids may be necessary to control rapidly proliferat
iJ1g lesions that cause pain or interfering with functi.on. Pro
pranolol, which reduces basic fibroblast growth factor (bFGF) 
an.d vasClllar endothelial growth factor (VEGF) expression, is 
sometime.5 added in conjunction with steroids for problematic 
hemangiomas. 3~ 

By contrast, vascular malformations show non11al endothe
lial growth characteristics and normal mast cell counts. They are 
often noted at birth aJld growth is usually commensurate with 
the child for low-flow lesions. 1l1ey do not undergo spontaneous 
involution. 

Vascular malformations are subclassified into low-flow 
lesions; capillary; venous, and lymphatic lesions predominate. 
Arterial aJld arteriovenous fistulas predominate in high-flow 
lesions and accelerated growth may occur relative to the patient. 
Pressure effects. ulceration, bleeding and high-output cardiac 
failure can occur in severe cases. EnJarging lesions hinder hand 
function. Compression garments can provide symptomatic relief 
in some cases. Pain is often caused by vascular engorgement, 
phlebitis, or intralesional coagulation. D-dimer levels may be 
elevated aJ1d some patients obtain relief from asr, irin. Combined 
surgical excision"6 and radiologic embolization ? are most effec
tive in preventing recurrence caused by di lation of collateral 
vascular channels after sin1ple excision. 
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Lymphaticovenous malformations may also be associated 
with generalized hypertrophy of an extremity. Vascular malfor
mations and isolated macrodactyly are seen in Klippel-Trenaunay 
syndrome. 

Malignant Skin Tumors 

Basal Cell Carcinoma 
Basal cell carcinoma is rare on the hand and is generally located 
on the dorsum. It is usually aJ1 ulcer with raised pearly edges. 
Treatment consists of excision with a margin of normal adjacent 
tissue. Nail bed lesions can be mistaken for paronychial infection 
aJld ampucation at the distal interphalangeal joim may be 
required. 38 

Squamous Cell Carcinoma 
Squamous cell carcinoma (SCC) may arise de novo from ultra
violet (UV) light exposure because of occupation or climate, 
usually on the sw1-exposed dorsw11 of the hand. Approximately 
16% of actinic keratoses may progress to sec. Arsenical kera
toses may develop secondary to exposure to inorganic arsenic 
compounds but have a predilection for the palm. 

Bowen's disease is aJ1 imraepidermal squamous cell carci
noma (carcinoma in situ).39 It is a plaquelike lesion with crust
ing. Complete surgical excision with a margin of normal tissue 
is cura·tive. \Vhen the nail matrix is involved, an1putation at the 
distal unterphalangeal joint may be necessary. 

For squamous cell carcinoma lesions smaller than 2.5 em 
in diameter, wide excision with approximately a 6-mm clear 
margin i.s reconm1ended. However, for larger lesions, more 
radical excision may be required, which may even include ray 
or segmental an1putation for deeply adherent and invasive 
lesions. Mohs micrographic surgery and three-dimensional his
tologic reconstruction with a pathologist at the time of radical 
resection help ensure complete excision. Romine prophylactic 
lymphadenecromy is not beneficial.40 However, lymphadenec
tomy may be advised for recurrent tLm1ors, even though lymph 
nodes may not be clinically palpable. Malignant degeneration 
may occur in cicatricial tissue aJld duonic ulcers (e.g., Marjolin's 
ulcer) and, in particular, occurs in bum scars. Prognosis tends 
to be poorer.41 

Malignant Melanomas 
Melanoma of the hand is cutaneous or subungual. 1l1ere is an 
almost equal distribution of cases between the two typesY Fre
quently, there is a delay in treatment, particularly with subun
gual melanomas. Suspicious lesions should be biopsied. 

Any subungual pigmented lesions should generally be 
biopsied. Under toumiquet control and with Ioupe magnifica
tion, the nail plate is atraumatically removed and a longin•dinal, 
elliptical, full-thickness excision of the lesion is performed. 
Careful nail bed repair is done following biopsy by the advance
ment of adjacent tissues aJld using fine absorbable sutures. 1l1e 
nail plate is then reapplied to act as a splim. 

Benign melanocytic hyperplasia, without evidence of 
atypia, is completely treated by this form of biopsy. If there is 
aJ1}' evidence of melanocytic atypia, absolute confirmation of 
complete excision is required. In the absence of a clear margin, 
or recurrence of such a lesion, total nail bed excision and recon
struction with a full-thickness skin graft is required. Melanoma 
in situ is silllilarly treated. Invasive melanoma of the nail bed is 
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Table 7D-6 Bone Tumors of the Hand 
MOST COMMON TISSUE OF ORIGIN AND RADIOGRAPHIC 

TUMOR PRESENTATION LOCATIONS APPEARANCE TREATMENT APPEARANCE 
Enchondroma Often incidental Proximal and Ffagments of cartilage Curettage, filling of Lesion eccentric in 

finding on routine middle nests; multiple defect with bone shaft with 
hand x-ray; presents phalanges and (Oilier's disease); cancellous bone if calcific stippling 
as ~ain secondary to metacarpals when associated with structural bone 
pa ologic fracture; hemangiomas integrity is 
most common bone (Mafucci syndrome), compromised 
tumor of hand m~ undergo 

ma ignant change 

Osteochondroma Benign bony Fingers and wrist; Aberrant focus of Surgery may be Exostosis, often at 
prominence (capped growth stops cartilacte: multiple necessary, generally base of proximal 
with cartilage); rare after skeletal osteo ondromatosis after epiphyseal phalanx; often 
in hand; may cause maturity reached is autosomal dosure shortening of 
angular growth and dominant"; malignant parent boile 
interfere with joint change may occur 
motion 

Osteoid osteoma Achin~ pain, greatest Phalanges, Nidus composed of Surgical excision to Very small lesion; 
at mght. sometimes metacarpals, loose fibrovascular include the nidus some not seen on 
responding carpals connective tissue plain x-rays and 
specifically to between bars of require a scan; 
aspirin; patient may osteoid and bony cortical sclerosis 
be labeled as trabeculae surrounding a 
malingerer radiolucent area 

of nidus 

Giant cell tumor Expansile bony Distal radius most May be locally Curettage for low~ade Ex~nsile soap 
of bone swelling at distal common site aggressive and even lesions, but en oc bble lesion in 

radius or in phalanx 

treated by amputation at the next most proximal joint . Acral 
lentiginous melanoma of the palm may someti.rnes be mistaken 
for a wart, which may also delay diagnosis. These tumors are 
aggressively treated with wide local excision and poten tial senti
nel node biopsy, as might he treated anywhere else o n the body. 

Bone Tumors 

Osteoid Osteoma 
1 his may occm in the band and classically causes p ain that is 
worse at night and unrelated to use or mo tion of the hand (Table 
70-6). Osteoid osteomas prod uce prostaglandins; symptoms are 
relieved by nonsteroidal anti -inflammatory d rugs (NSAIDs) . 
Radiologically, a round lucent nunor with sclerotic edges is seen 
(Fig. 70-45A). Conservative treatments with NSAJD s may be 
considered , bur definitive treatment is surgica l. 

Aneurysmal Bone cyst 
1 his is an expansile osteolytic bony lesion with a thin wall. Ir is 
usually derived from a preexisting bony tumor, usually a GCT 
(20% to 40% of cases) . Of these, 25% occur in the upper 
extremity, causing pain that peaks over 2 to 3 months. A bony 
swelling may be de tectable, with increased overlying skin 
tem peratttre. 

Enchondroma 
Enchondromas usually occur in the hand and are the most 
common bo ny tumor of the hand. Peak inciden ce is in the 
second decade, with equal gende r distribution. 'TI1ey are fre
quently asymptomatic and no ted in cidentally as lytic lesions on 

metastasize resection for bone; high!ade 
high-grade lesions; lesions brea 
do not irradiate through cortex 
because could induce 
sarcomatous change 

plain radiology. Pain, bony swelling, o r pathologic fracture may 
occur as these cartilaginous intraosseous cysts com promise bon y 
structural integrity (see Fig. 70-45D). Treatment is by curettage 
and bone grafting of the osseous defect. M ul tiple enchondroma
tosis occurs in Oilier's disease and is associated with angiomas 
in Maffucci syndrome. 

Primary Bone Sarcomas 
These malignant tumors are rare in the hand. 

Secondary (Metastatic) Bone Tumors 
Metastatic tumors, even tl1ose with a tendency to metastasize to 
bone., usually occur in the axial skeleton and long bones. They 
are very rare in the hand. 

CONGENITAL ANOMALIES 
The causes of congenital hand anomalies may be genetic, tera
togenic, or idiopathic and may also have a syndromic associat ion 
with anomalies elsewhere in the body. Knowledge o f these asso
ciations is important because the more life-threatening associ
ated problems frequently need to be treated first, be fore the hand 
and upper extremity reconstruction can be performed. Such a11 
association is foun d in a constellation of problems that occur in 
the VACTERL association of congenital defects (vertebral 
anomalies, anal atresia, cardiac abnormali ties, tracheoesophageal. 
fistula, renal agenesis, and lm1b a nomalies). A number of factors 
muse be considered in optimizing the riming of each surgical 
proced ure to the upper extremity, including the psychosocial 
development of the child, presence of o ther il lnesses, size of 
the s tructures to be operated on, and normal growth and 
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FIGURE 70-45 Plain radiographs of the upper extremity. A. Osteoid osteoma of c;arpus. B. Soap bubble appearance of giant cell tumor expand
ing the metaphysis of the distal radius. C. Osteochondroma of proximal phalanx of middle (long) finger. D. Patient with linger pain after trivial 
injury. This is a pathologic fracture of the base of the proximal phalanx through an enchondroma that has replaced most of proximal metaphysis 
and medulla. 

development of the hand. Modern technologic advances have 
allowed us to operate on smaller structures; the timing of the 
procedure can now be guided by knowledge of the anatomy and 
development of the growing hand. Optimal function is the 
primary goal of surgery. Principles of treatment of congenital 
hand anomalies recognize that infant inununjty to infection 
develops over time, early surgery prevents the emotional scarring 
associated with a child's awareness of the deformity, and some 
congenital problems may not be apparent in the neonate. 1he 
hand surgeon must work closely with the pediatrician to identify 
general conditions that may affect the child's health. Some con
genital anomalies of the extremities, especially those with the 
radial ray, may be associated with bone marrow failure (Fan coni's 
syndrome) or heart defects that may not be immediately appar
ent in the neonate. Children with congenital anomalies will 
attempt to keep up with their peers and often develop successful 
hand substitutimn techniques. H owever, once a child experiences 
the crud ridicule of playmates or the unintentional but 
sometimes overly solicitous supervision of a teacher, his or her 
deformity becomes important. Generally plans for surgical 
reconstruction are designed to be completed by school age, 

so that the child may adapt to and fully use the reconstmcted 
limb.H 

The rationale for early surgery includes d1e avoidance of 
deformity and malfunction and optimal use of infantile tissue 
plasticity. Because hand length almost doubles during the first 
2 years of life, a digit tethered to another digit that fails to grow 
can produce a major deformity during the early growth spurt. 
For example, with separation of syndactyly that involves the 
border digits of the hand, because of adjacent tetheriJ1g to a digit 
of unequal length, surgical separation of the syndactyly is 
required at an early age, as early as 6 months, to avoid secondary 
anguJar deformity of the digits. 

In rare circumstances, urgent treatment in the neonate is 
required. The distal lymphedema of a severe constriction band 
syndrome may be so marked as to in hibit ftmction totally or 
even threaten distal viability. 1his may require urgent release. 
1he unusual clinical entity of aplasia cutis may result in exposure 
of vital suuctures, requiring urgent soft tissue coverage, even iJ1 
the neonatal period. 

Early operation, al though not urgent, may be required, not 
only because of the rapid growth that occurs in the first 2 years 
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of llfe but also because of functional consequences. Surgery at a 
young age is considered mandatory in children with malforma
tions in which hand function may be altered by surgery or in 
those who are at risk for developing certain grasping habits that 
would have to be unlearned after corrective surgery. An older 
child, 12 ro 14 year~ of age, has developed grasp parrerns that 
would have to be altered by x.rolonged periods of physical 
therapy after corrective surgery. 3•

44 

The ability to place the upper limbs in space (a cortical 
function) and development of a strong grasp are established by 
l year of age, as are grasp and pinch maneuvers between the 
thumb and fingers. Accuracy of prehension and relinement of 
coordination continue until 3 years of age. Surgery must be 
performed early to allow the affected parts to develop di.fferendy 
when the function of the parts of the hand is altered by trans
position (e.g., pollicization of an index finger for thumb aplasia). 
Duplicated tbttmb correction is carried out before 1 year of age, 
well in advance of d1e development of integrated rhumb grasp 
patterns. 

Finally, the physical ability of infant bone and soft tissues 
to adapt to change produced by surgery is also a key factor in 
deciding when to operate. In the early pollicization of the index 
finger, the first dorsal interosseous muscle hypertrophies to form 
a thenar emineJ1ce and the first metacarpal (formerly known as 
the proximal phaf11nx of the index fi nger) broadens. If centraliza
tion of the wrist for radial dysplasia (formerly known as radiaL 
cLub hand) has been undertaken early, the head of the ulna 
broadCJ1s to resemble the distal end of the radius. 

Thus, a number of issues are taken into consideration when 
deciding on tbe optimum time for surgical reconstruction of 
congenital band and upper extremity anomalies. The more 
common hand anomalies include syndactyly, polydactyly, con
striction band syndrome, and absent or hypoplastic thumb. 

Syndactyly results from the failure of programmed cell 
death (apoptosis) between the individual finger rays. Conse
quently, d1ere is a resulting fusion of adjacCJ1t digits. It can 
involve part or all of the lengrh of the digits (incomplete or 
complete) and may be limited to skin and soft tissue only 
(s.imple syndactyly), or can also involve skeletal fusion (complex 
syndactyly). Aperr's syndrome also involves craniofacial anoma
lies and is a severe form of bilaterally symmetrical complex 
syndactyly. Surgical treatment iJwolves digit separation using a 
local flap to reconstruct the depths of d1e commissure between 
the fingers and release of the finger borders with zigzag indsions 
and the use of full-thickness skin grafts (Fig. 70-46A). 

Polydactyly is the presence of extranumerary digits on the 
hand. Preaxial (radial) polydactyly involves rhe thumb. Ir is not 
as common as postaxial (ulnar) polydactyly, which is the most 
frequent congCJ1ital band anomaly in African Americans. Poly
dactyly can be as simple as the presence of a skin rag-like struc
ture or may have a complex arrangement of shared vessels, 
nerves, and bones. Thumb polydactyly is not merely a duplica
tion but a splitting of a single digit, with variable degrees of 
development in each of the separate parts. It is typically classi£ed 
into seven subtypes using me Wassel dao;sification, which is 
based on the specific duplication, progressing from distal to 
proximal. Type IV is the most common type, with total duplica
tiOJl of proximal and distal phalanges and a shared metacarpo
phalangeal joint. Type vn refers to associated triphalangia 
with a duplication. Reconstructive goals include stabilization 
without sacrificing mobility, proper alignment of joints along 

the longitudinal axis of the thumb, balanced motor units, and 
a cosmetically acceptable nail plate (see Fig. 70-46B and C). 

The Blaud1 classification categorizes thumb hypoplasia 
from type I, which represents minor hypoplasia, to type V, which 
is a to tal tlllmlb abSCJ1ce. Surgical correction ranges from recon
struction of me existing hypoplastic rhumb (0 pollicizarion (cre
ating a thumb from the index finger) for complete absence or 
for tbe more severe types of hypoplasia (Fig. 70-47). 

CUnodaccyly is a curving of the digits in a radial or uL1ar 
direction. It is common, particularly involving the little fin ger 
in many individuals, but a curvature of more than 10 degrees is 
considered abnormal. 'The distal phalanx is usually affected and 
a delta phalanx may be associated. A delta phalanx occurs whCJ1 
the epiphysis forms a C shape arOLmd the metaphyseal core in 
the middle phalanx. Most patients present with little or no 
functional or cosmetic deformity, and operative intervention is 
seldom required. If d1ere is a fLtnctionally impairing deviation 
of the finger, corrective osteotomy can be done. 

Can1ptodactyly is a congenital flexion deformity of digits. 
lt usually occurs in the little finger PIP joint. The exact cause is 
U11clear, hut has heen attributed to a variety of different struc
tures around the PIP joim, including a skin pterygium, collateral 
ligaments, volar plate, flexor tendon, abnormal insertions of 
lumbrical or interosseous muscles, and size and shape of the head 
of th.e proximal phalanx. Treatment is generally nonoperative 
and may involve serial splinting. If no improvement occurs and 
tl1e flexion deformity is sufficient to cause a functional problem, 
surgical intervention may be required; this includes correction 
of the defom1ity with Z-plasty and possibly grafts. One author 
has reported that all his patients who had reconstructive surgery 
on one band did not ask for corrective surgery on the opposite 
affected hand. 

Constriction band syndrome is secondary to intrauterine 
amni,otic bands (see Fig. 70-46D). These can act like tourniquets 
and threaten the viability of digits and even Un1bs, resulting 
in congenital amputation. Wants may suffer from a sinillar 
problen1 from the external ligature effect of cotton strands 
coming off protective booties and evCJ1 from a hun1a11 hair, 
termed the hair-thread-tourniquet syndrome. 

OSTEOARTHRmS AND RHEUMATOID ARTHRITIS 
Osteoarthri tis may be primary or post-traumatic (secondary). 
Primary osteoarthritis is a degenerative joint disease occurring 
in later life. An injury that leaves articular surfaces of a joint 
incongruous can precipitate secondary osteoarthritis. Osteoar
thritis begins with biochemical alteration of the water content 
of articular cartilage. l11e cartilage weakens and develops cracks, 
called Jibrilftttion. Progressive erosion and thinning of the 
cartilage results ru1d the subchondral bone becomes sclerotic, 
termed ebumation. New bone forms arolmd the edges of the 
articular cartilage and these ourcroppings are call osteopbytes 
(Fig. 70-48). 

The joints usually affected in the hand are the DIP and PIP 
joints of the fingers aJld carpometacarpal joint at me base of the 
thumb. Osreophytes at the DIP joint are called Heberden's nodes 
ru1d those at the PIP joint are known as Bouchard's nodes. 11Je 
involved joints may be painful , stiff, deformed, or subluxated. 
Radiographs reveal narrowing of the joint space, sclerosis of 
subchondral bone, ru1d presence of osteopbytes. 

Initial treatment may be symptomatic ru1d may include 
splinting and evCJ1 local corticosteroid injections. NSAIDs may 
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FIGURE 70-46 Congenital hand anomalies indude syndactyly (A). Wassel type IV thumb polydactyly (B). Wassel type VI polydactyly (C). and 
constriction band (D). 
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FIGURE 70-47 A. Patient with radial dysplasia and absent thumb. 8, After centralization of the wrist on the distal ulna, pollicization of the 
index finger is perfonned. C. Natural prehension has been restored to this three-finger hand with a reconstructed wrist and thumb. 

be helpful and d1ondroprotective medications such as glucos
amine and chondroitin sulfate can reduce symptoms. ln 
advanced cases, the DIP joints respond best ro arthrodesis. The 
PlP joints may be snrgically treated by replacement arthroplasty 
or by arthrodesis (Fig. 70-49). The thumb carpometacarpal joint 
may be treated by arthrodesis, whkh is favored particularly for 
the young patient who might have post-traumatic arthritis fol
lowing, for example, an intproperly treated Bennett's or Orlan
do's fractnre. In an older patient with primary osteoarthritis at 
the thumb base, excision of the trapezium followed by tendon 
suspension (interposition) arthroplasty may be preferred. This 
uses local tend()ns for construction of a sllng arthroplasty, with 
interposition of tendon materiaL 

Rheumatoid arthritis is an autoimmune process whereby 
destruction of the musculoskeletal system may occur. Synovial 
inAanm1ation results in pain, joint destruction, tendon ruptures, 
and characteristic deformities. Some of the more common defor
mities associated with rheumatoid arthritis include a swan neck 
deformity (hyperextension of the PfP joint with concurrent 
flexion at the DIP joint), boutonnlere deformity (flexion at the 
PIP joint, with concurrent hyperextension at the DIP joint), 
joint subluxation, radial deviation of the wrist, and ulnar devia
tion and flexion of the fingers (Fig. 70-50). Rheumaroid arthritis 
is primarily a medical illness for wltich a number of medications 
are currendy available. Thus, dtere must be excellent lines of 
communication between the rheumatologist and surgeon. 

NSAlDs are used, as well as disease-modifYing antirheLLmatoid 
drugs. Rheumatoid arthritis is a progressive disorder and ongoing 
slow destruction may be anticipated, despite surgery (Fig. 
70-51). Some of the more common snrgical procedures include 
joint synovectomy, tenosynovectomy, tendon transfers, joint 
replacements (especially at dte MP and PIP joints), and arthrod
esis (more commonly at the wrist and thumb MP joint).45 

CONTRAOURES 
Volkmann's ischemic contractlLre develops as a result of myofas
cial contractures iJl response to prolonged ischemia. 1l1is most 
common contracture results fmm untreated compartment syn
drome of the forearm and hand. The muscles necrose and 
become replaced by fibrous scar tissue. The FDP and FPL 
muscles arc usually affected, being iJl the deepest forea.rm volar 
comparm1ent, and digits are characteristically flexed, with 
passive extension of dte wrist worsening the flexion deformity 
of the digits. Intrinsic contractures can occur in the hand; these 
can be investigated using Bunnell's test, in whicl1 passive exten
sion ()f the MP joint makes passive flexion of the PIP joint more 
difficLLit. 

In the mllder forms of Volkmann's ischemic contracture, 
serial splinting and passive suetching exercises may resolve the 
problem. ln more severe contracturcs, Z-typc lengthening of 
tendons may be required. A flexor pronator muscle slide, in 
which subperiosteal elevation of the common flexor origin from 
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FIGURE 70-48 Radiograph of a hand with a scapholunate advanced 
collapse wrist showing post-traumatic osteoarthritis at the radioscaphoid 
junction. Tllis is many years after a wrist sprain in which the scapholunate 
ligament was tom; there is a wide scapholunate gap visible on 
radiograph. 

FICURE 70-49 A. Patient with painful and unstable PIP 
joint from osteoarthritis. 8, C, Reconstruction is per
fanned by implant arthroplasty. An advantage over 
arthrodesis is that motion is retained, although there 
remains the potential for future recurrent joint instability 
and wear of the artificial joint 
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FIGURE 70-50 Patient with inflammatory arthritis has both boutonniere deformity and swan neck deformity on the same hand. 

FIGURE 70-51 A. Patient with rheumatoid arthritis showing the characte ristic finger defonn ities. 8, C. Implant arthroplasty at the metacarpo
phalangeal joints restores function and aesthetics to the hand. 
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FIGURE 70-52 A-D, Patie nt with Dupuytren's contracture is treated by regional palmar and digital fasciectomy, and good hand function is 
restored. 

the medial epicondyle of the humerus and from the ulna, allows 
the muscles to slide distally until rbe contracture is corrected. 
[n the most severe form. all the muscles of the volar forearm 
may be affected, requiring tendon transfers, even microvascular 
functional muscJie transfers to provide some functional return. 

Post-traumatic contractures are the most common type of 
contracture. These can be prevemed by appropriate treatment of 
the primary injury, especially with attention to detaiJ in how the 
hand and upper extremity are splimed and immobilized. Once 
contractures have developed, if they are mild, they may be able 
to be stretched out by exercises and band therapy. If these con
tractures are severe and functionally deforming, surgical release 
of joim contractures and release of tendon adl1esions may be 
required. 

Dupuytren's contracture is a disease process of contracting 
collagen affecting the palmar fascia, which can also affecr the 
dorsum of the fingers (knuckle pads), soles of the feet, and penis 
(Peyronie's disease). It is thought to be a hereditary mendelian 
dominant disorder and is bilateral in 65% of cases. It is six times 
more frequent i.n males and predominantly involves me ring and 
little fingers (Fig. 70-52). 

1he process ofDupuytren's contracture occurs in the normal 
bands of collageJlJ tissue that form tl1e palmar fascia, natatory liga
ments, and digital sheaths. Nodules containi11g myofibroblasts 
and immature collagen (type ill) develop in these tissues or in 
the dermis. The modules progressively increase in size, leading to 
thickened contractu res and shortened fascial bands that develop 
into cords extendiJ1g up the digits. Treatment is surgic.al excision; 

it is indicated in metacarpophalangeal contractu res of 30 degrees 
or more, when tl1e patient faiJs the so-called tabletop test and 
can not place the palm of the hand Bat on a surface, and whenever 
there is a PIP joint contracture. Careful surgic.al technique 
is necessary to avoid complications such as skin necrosis, 
hematoma, and digital nerve injuries. Collagenase injections 
using enzyme derived from Clostridium histolj,ticum have been 
attempted and have shown some promise in tbe treatment of 
Dupuytren's concracture. However, long-term follow-up in 
patients who had these injections is still necessary.4(>..1

8 

CONCLUSION 
1l1e specialty of hand surgery is exhaustive and a number of 
specialty textbooks are available. Although general surgeons may 
be responsible for the basic tenets of hand surgery, knowledge 
of minute details is often not necessary; thus, most details have 
been omitted from this chapter because the its purpose has been 
to see the big picture in regard to hand surgery. Those topics of 
hand surgery that the general surgeon is most likely to encounter 
have been emphasized, particularly with regard to principles of 
anatomy, physic.al examination, and emergency treatments. 
Taking this into consideration, Table 70-7 includes some high
yield facts relevant to hand surgery that have been compiled 
from various general surgery review books, as well as topics 
discussed in the American Board of Smgery (ABS) L1-Training 
Exan1ination {ABSITE).49

•50 This list is provided for the con
venience of general surgeons preparing for ABSITE or board 
examinations. 

z 
C) 
m 
z 
m 

~ ..... 
Vl c 
;>:;I 
C) 
m 
~ 

http://www.myuptodate.com


1998 SECTION XIII SPECIALTIES IN GENERAL SURGERY 

_Table 7D-7 American Board of Surgery Review Topics 
TOPIC 
Fracture of the distal radius 

Innervation of FOP to the ring and small fingers 

Injury to the ulnar nerve at the elbow 

Midshaft humeral fracture 

Distal phalanx fractures 

Joint involved in Bennetfs fracture 

Common name ·tor metacarpal fracture of the small finger 

Most frequently fractured carpal bone 

Complications associated with displaced fractures 

Axonal nerve growth rate 

Common maximum intraoperative tourniquet time in hand surgery 

Single digits that are primarily replanted 

Maximal period of anoxia compatible with replantation 

Proper method for transportation of an amputated body part to 
maximize replantation success 

Complications if nerve repair is delayed >2 wk 

Zone 2. no man's land 

Mallet finger 

Gamekeeper's thumb 

Most common organism causing hand infections 

Oassic symptoms of carpal tunnel syndrome 

Most effective therapy for full-thickness bums of the hand 

Most common location of ganglion cysts 

Treatment of de Quervain's stenosing tenosynovitis after failed 
nonoperative management 

Cause of trigger finger 

late findings of rheumatoid arthritis 

Swan neck def01rmity 

Boutonni~re deformity 

Nonoperative measures of Dupuytren's contracture 

Digits usually affected in Dupuytren's contracture 

Cause of Dupuytren's contracture 

Fractures likely to cause compartment syndrome, Volkmann's ischemic 
contracture 

Mery and nerve compromised in Volkmann's ischemic contracture 

Complication of cast placement for supracondylar fractures of the 
humerus 

ANSWER 
Injury to the median nerve 

Ulnar nerve 

Weakness in abduction and adduction of the index finger through 
small digits 

Associated with radial nerve injury 

>50% of all hand fractures 

Carpometacarpal (CMq joint of the thumb 

Boxer's fracture 

Scaphoid 

Avascular necrosis and nonunion of the scaphoid 

I mm/day 

2 hr 

Thumbs in adults and children, all digits whenever possible in children 

Finger-S hr (warm ischemia), but longer times have been anecdotally 
reported; upper and lower extremity- 6 hr 

Oeaned of debris, wrapped in sterile towel or gauze, moistened with 
sterile lactated Ringer's solution, placed in sterile plastic bag. 
transported in insulated cooler w1th ice water (ideal temperature, 
4oq 

Retraction of nerve's ends resulting in need tor nerve grafting 

Area of flexor tendon injury between metacarpal phalangeal (MCP) 
and FDS insertion 

Injury to extensor mechanism at level of DIP joint 

Rupture of ulnar collateral ligament of thumb MCP joim, with resultant 
instability of the joint to radial-directed force 

Staphylococcus oureus 

Paresthesias in median nerve distribution, often waking the patient at 
night 

Early excision and grafting 

Scapholunate interosseous ligament at the dorsal wrist 

Surgical release of first extensor compartment 

Stenosing tenosynovitis in the region of the MCP joint. A I pulley 

Subluxation ot involved joints resulting in deformity 

Hyperextension of PIP joint with flexion of DIP joint 

Aexion ot PIP joint with hyperextension of DIP joint 

Exercise, local steroid injections, collagenase injections, radiotherapy 

Ring and small fingers 

Proliferation and fibrosis of the palmar fascia 

Supracondylar fracture ot the humerus 

Median nerve and anterior interosseous artery 

Volkmann's ischemic contracture 
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operative time. 
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article contains historical vignettes and mentions many giants in hand 
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Soft Tissue 
Foucher G, Khouri RK: Digital reconsrruction with island flaps. Clin 
Plasr Surg 24:1-32, 1997. 

New information of the intrinsic flaps of the hand enables ingenious soft 
tissue reconstructions using local tissues from the hand and fingers as 
pedicled, vascularized, island flaps. A thorough knowledge of the vascu
lature of the hand is required in addition to that in standard anatomy 
texts. 

Godina M: Early microsurgical reconstrucdon of complex trauma of 
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This paper emphasizes the concept of primary repair and reconstruction 
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Martin D , Bakhach J, Casali V. et al: Reconstruction of the hand 
with forearm island flaps. Clin Pia~ Surg 24:33-48, 1997. 

Knrnvledge of the vascular anatomy of the forearm enables an array of 
pedicled flaps to be used for soft tissue reconstruction of the hand, thus 
avoiding the need to use microvascular anastomoses. 
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This paper introduces the concept of two-stage flexor tendon repair in 
patients in whom the flexor tendon sheath is scarred in a late repair. A 
tendon spacer is placed as a preliminary procedure to later tendon graft
ing. This remains a time-honored -way of dealing with late flexor tendon 
reconstructions. 
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tendons. Orthop Oin North Am 4:865-876, 1973. 

This article was the first substantive evidence that flexor tendons could 
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importance of postoperative controlled mobilization of the fingers. 

Stricklru1d JW: Development of flexor tendon surgery: Twenty-five 
years of progress. J Hru1d SurgAm 25:214-235, 2000. 

This excellent review article describes the current state of the art for 
treatment of flexor tendon injuries. 

Nerve Injuries 
Isaacs T: Treatment of acute peripheral nerve injures: Cur.-ent Con
cepts. J Hand Sw·g Am 35: 49 1-497. 2010. 

Although outcomes follavving nerve repair are not always excellent, this 
article assesses well~ablished basic principles and also includes a 
number of strategies for repair techniques for small and large traumatic 
nerve gaps. 

Millesi H. Meissel G, Berger A: The interfascicular nerve-grafting of 
the:: median and ulnar nerves. J Bone Joint Surg 54:727-750. 1972. 

This landmalk article emphasizes the importance of tension-free nerve 
repair, matching of proximal and distal fascicular groups, and use of nerve 
grafts in cases of a large nerve gap injury. 
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Lundborg G: A 25-year perspective of peripheral nerve surgery: 
Evolving neuroscientific concepts and classical significance. 1 Hand 
Surg Am 25:3911-414, 2000. 

This excellent artide establishes the experimental basis and neuroscience 
behind nerve repair and nerve regeneration. The rationale for nerve 
conduits is discussed. 

Weber RV, Mackinnon S: Nerve transfers in the upper extremity. 

JAm Soc Swg Hand 4:200-2 13, 2004. 

The innovative use of nerve transfers is described to bypass and CNer
come long nerve gaps foii<M!ing nerve injury to hasten and imprCNe 
functional recCNery. 

Replantation 
Bunckc HJ: Microvascular hand surgery~ransplants and replant&
over the past 25 years. J Hand Surg Am 25:415-428, 2000. 

This article traces the history of microvascular surgery as it applies to the 
upper extremities and of the milestones achieved. It discusses the many 
microvascular reconstructive options available for free tissue transfer and 
microvascular toe to hand transfers and also evaluates anticipated sur
vival and functional outcomes for replantation surgery. 

Fractures 
Kawamura K, C hung KC: Treatment of scaphoid fractures and non
unions. J Hand Sw·g Am 33:938-997, 2008. 

Scaphoid fractures are a common injury presenting with unique chal
lenges because of a tenuous scaphoid blood supply. This artide updates 
the reader about diagnostic imaging and current treatment strategies for 
displaced and nondisplaced acute scaphoid fractures, scaphoid non
unions, and avascular necrosis. 

Carlsen BT, MMan SL: Thumh t rauma: Bennen fractures, Rolando 
fractures and ulnar collateral ligament injuries. J Hand Swg Am 
34:94~952. 2009. 

Recent advancements for the treatment of these common injuries are 
discussed. 

Stern PJ: Management of fractures of the hand over the last 25 years. 
1 Hand Surg An1 25:8 17-823, 2000. 

Fluoroscopic imaging has grearly facilitated the operative management 
of hand fractures. The evolution from Kirschner wires to plates and 
screv.tS is discussed. Innovations included self-tapping screv.tS, l<m-profile 
plates, and cannulated screv.tS, with the goal of achieving ngid bone 
fixation to enable restoration of early digital motion to minimize the risk 
for tendon adhesions and joint contractures. 

Russe 0: Fracture of the carpal navicular: D iagnosis, non-operative, 
and operative treatment. 1 Bone Joint Surg Am 42:759-768, 1960. 

Although new mnovations of cannulated compression screw and mini
mally invasive surgery have changed the management of scaphoid 
fractures, this article is still relevant in regard to understand1ng and treat
ing of scaphoid fractures and their complications. 

Infections 
Kanavcl AB: An anatomical, experimental, and clinical study of acute 
phlegmons of the hand. Surg Gynecol Obstet 1:221-259, 1905. 

This is classic paper described the anatomic spaces of the hand. It 
changed the course of infection treatment and also saw the origins of 
hand surgery. The clinical outcome was changed from amputation to 
surgical management, which preserved the function of structures, 
emplhasizing that hand surgery is founded in a sound knO\I\IIedge of 
anatomy. The basic principles of this article, written in the preantibiotic 
era, still remain true. 

Compartment Syndrome 
Mubarak S1. Hargens AR: Acure compartment syndromes. Surg Oin 
North Am 63:539-565, 1983. 

This excellent artide describes the pathogenesis of acute compartment 
syndrome, including the d1agnosis and surgical management in the 
upper extremity. 

Entrapment Neuropathy 
Bickel KD: Carpal tunnel syndrome. J Hand Surg Am 35:147-152, 
20 10. 

This is the most common compressive neuropathy 1n the upper 
extremity. Evidence-based guidelines for diagnosis and treatment are 
provided. 

Palmer BA, HughesTB: Q1bital tunnel syndrome. J Hand Surg Am 
35:153-163,2010. 

This up to date artide provides current concepts in diagnosis and treat
ment strategies for cubital tunnel syndrome. 

Koo JT, Szabo RM: Compre::ssion neuropathies of the median nerve. 
1 Am Soc Surg Hand 4: 156-175,2004. 

This comprehensive article gives excellent anatomic descriptions of all 
the anaton1ic sites in the upper extremity in which chronic compression 
of the median nerve can occur. Nonsurgical and surgical management 
guidelines are ourlined for each. 

Phalen GS: The carpal-n mnel syndrome: Seventeen years' experience 
in d iagnosis and treatment of six hundred fifty-four hands. 1 Bone 
Joint Smg 48:211 -228, 1966. 

This is a classic paper written by a founder and past president of the 
American Society for Surgery of the Hand. It presents an understanding 
of median nerve compression at the wrist that is surgically treated by 
decompression and release of the transverse carpal ligament The most 
common procedure performed by hand surgeons today is median nerve 
decompression. 

Vascular Tumors 
Mulliken JB, Glowacki J: Hemangioma and vascular malformations 
in infants and children: A classification based on endothel ial charac
teristics. Plast Reconstr Surg 69:412-422, 1982. 
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The authors attempted to unify the classification of hemangiomas and 
vascular malformations. Suggested classifications fall into six broad 
categories-embryology. histology, clinical features, dynamics of gr<N'Jth, 
hemodynamic patterns, and cell biology. A classification is useful c.>nly if 
it has diagnostic applicability and aids in planning therapy and under
standing pathogenesis. 

Congenital Anomalies 
McCarmll HR: Congenital anomalies: A 25-year overview. J Hand 
SurgAm 25:1007-1037. 2000. 

This excellent review discusses the more commonly treated congenital 
hand anomalies. It also identifies some of the newer (at that time) 
developments in surgical treatment, which include distraction lengthen
ing pollidzation, microvascular surgery, and potential for in utero 
inteJVentions. Useful classifications for treatment management are 
provided. 

Netscher DT, Scheker LR: Timing and decision making in the treat
mem of congenital upper extremity deformities. Clin Plast Surg 
17:1 13-1.31, 1990. 

This review describes commonly treated congenital hand anomalies and 
provides a rational basis for timing surgical inteJVentions to meet critical 
hand functional milestones. 

Osteoarthritis 
Burton Rl, Pellegrini VD: Surgical management of basal joint arthri
tis of the thumb. Part II. Ligament reconstmction with tendon inter
position arthroplasty. J H and Surg Am 11:324-332, 1986. 

An excellent description of the pathogenesis and surgical management 
of basilar joint osteoarthritis of the thumb. This is the usually performed 
surgical procedure for carpometacarpal joint osteoarthritis of the thumb. 

Eaton RG, Littler JW: Ligament reconstruction for the painful thumb 
carpometacarpal joint. J Bone Joint Smg Am 55:1655-1666, 1973. 

One of the most common joints affected by osteoarthritis is at the base 
of the thumb. This operation, originally described by these authors for 
surgical management, still forms the basis of surgical treatment today, 
IMth few modifications in technique. 

Rheumatoid Arthritis 
Brasington R: TNF-a antagonists and other recombinant proteins 
for treatment of cheumatoid arthritis. J H and Surg Am 34:349-350, 
2009. 

Disease modifying antirheumatic drugs are discussed that specifically 
target individual mdecules. Medical treatment of rheumatoid conditions 
has changed dramatically in recent years. 

Swanson AB: Flexible implant arthmplasty for arthritic finger joints: 
Rationale, technique, and results of t reatment. J Bone Joint Surg Am 
54:435-455, 1972. 

A landmark article that changed the course of treatment for rheumatoid 
arthritis. In this paper, Swanson introduced small joint arthroplasty. 
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Contractu res 
Curtis RJ\1: Capsulectomy of the interphalangeal joints of the fingers. 
J Bone Joint SurgAm 36:12 19-1232, 1954. 

This classic artide changed the course of treatmem of the stiff hand and 
promoted interest in the complex anatomy of the proximal interphalan
geal joint The author was rnetirulous in technique and insisted on rigid 
postoperative therapy. 

McFarlane RM: Patterns of the diseased fuscia in tbe fingeis in 
Dupuytren's contmctw·e: Displacement of the neurovascular bundle. 
Pia~ Reconsrr Surg 54:31-44, 1974. 

This artide dearly outlines the pathology, anatomy, and proposed surgical 
treatment for Dupuytren's contracture. The author describes the patterns 
of diseased fasda in the palm and fingers and how displacement of the 
digital neurovascular bundle may occur. 
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CHAPTER 71 1 

GYNECOLOGIC SURGERY 
HOWARD w. jONES, Ill 

PELVIC EMBRYO:LOGY AND ANATOMY 

REPRODUcnVE PHYSIOLOGY 

CUNICAl EVALUATION 

AlTERNATIVES TO SURGICAl INTERVENTION 

TECHNICAl ASPECTS OF SURGICAl OPTIONS 

SURGERY DURING PREGNANCY 

Gynecologic surgery involves the operative treatment of benign 
and malignant conditions of the female genital tract. Because of 
the hormonal responsiveness of these tissues and organs during 
the menstrual cycle and during d1e premenarchal, reproductive, 
and postmenopausal periods of life, the diagnosis, management, 
and even surgical approach may differ because of the hormonal 
milieu and the patient's desire for future fertility. All these factors 
may be even further complicated in pregnant women in whom 
the surgical and anesthetic approach must consider me pregnant 
uterus and fetus. The surgeon who understands and is able to 
consider the physiology, endocrinology, and anatomy of the 
female pelvis is most prepared to select the most appropriate and 
successful operative procedure. [n addition, by knowing the 
alternatives to surgery and risks and advantages of several pos
sible management approaches, a treatment most likely to correct 
the problem and be consistent with the patient's desires for fertil
ity preservation, minimally invasive surgical approach, or even 
no surgery at all can be accomplished with the best opportwuty 
for a good outcome. 

The general surgeon may be called on to assist the gyneco
logic surgeon when endometriosis or ovarian cancer involves the 
sigmoid colon, when a divertictJar abscess or carcinoma of the 
colon involves the ovary, in the pregnant women with acute 
appendicitis or cholecystitis, or in smaller commwnitles in which 
there is no gynecologist at all. 

Almough a full discussion of gynecologic surgery is beyond 
the scope of a single chapter, I will atrempt to address the basics 
of pelvic anatomy, reproductive physiology, clinical evaluation 
of common gynecologic symptoms, surgical technique for 
several common operations, and surgical approach to the preg
nant patient. 

PELVIC EMBRYOLOGY AND ANATOMY 

Embryology 
The female external genitalia are derived embryologically from 
the genital tubercle, which, in ilie absence of testosterone, fails 

to undergo fusion and devolves to the vulvar stntctures. The 
labial structures are of ectodermal origin. 'TI1e urethra, vaginal 
introitus, and vulvar vestibule are derived from uroepithe(jal 
entoderm. The lower third of the vagina develops from the 
invagination of the urogenital sinus. 

The internal genitalia are derived from the genital ridge. 
1l1e ovaries develop from the incorporation of primordial germ 
cells into coelomic epithelium of the mesonephric (wolffian) 
duct and the tubes, uterus, cervix, and upper two iliirds of the 
vagina develop from the paramesonephric (mullerian) duct. 1l1e 
embryologic ovaries migrate caudad to the true pelvis. PrinJor
dial ovarian follicles develop but remain dormant until stimula
tion in adolescence by gonadotropins. The paired mullerian 
ducts migrate caudad and medially to forn1 the fallopian tubes 
and fuse in the midline to form the uterus. cervix, and upper 
vagina. The wolffian ducts regress. Failure or partial failure of 
these processes can result in distortions of anatomy and potential 
diagnostic dilemmas (Table 71 -1). 

Anatomy 

External Genitalia 
1l1e external genitalia consist of the mons veneris, labia majora, 
labia minora, clitoris, vulvar vestibule, urethral meatus, an.d ostia 
of the accessory glandular structures (Fig. 71-l). lhese structures 
overlie d1e fascial and muscle layers of the perineum. The 
periJ1eum is the most caudal region of the trunk; it includes the 
pelvic floor and chose strucwres occupying the pelvic outlet. [t 
is bounded superiorly by the funnel-shaped pelvic diaphragm 
and inferiorly by the skin covering me external genitalia, anus, 
and adjacent structures. Laterally, the perineum is bounded by 
the medial surface of the inferior pubic rami, obturator intern us 
muscle below the origin of the levator ani muscle, coccygeus 
muscle, medial smface of the sacrotuberous Hgaments, and over
lapping margins of the gluteus maximus muscles (Fig. 71 -2). 

The pelvic outlet can be divided into two triangles sepa
rated by a line drawn between the ischial tuberosities. The ante
rior or urogenital triangle has its apex anteriorly at me symphysis 
pubis and me posterior or anal triangle has its apex at the coccyx. 

'TI1e urogenital triangle contains the urogenital diaphragm, 
a muscular shelf extending between the pubic rami and pene
trated by the urethra and vagi11a, and the external genitalia, 
consisting of d1e mons pubis, labia majora and minora, clicoris, 
and vestibtJe. The mons pubis is a suprapubic fat pad covered 
by dense skin appendages. The labia majora extend posteriorly 
from d1e mons, forming the lateral borders of the vulva. They 
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FIGURE 71 -1 The external genitalia. A, Mons pubis; B, prepuce; C. 
clitoris; 0, labia majora; E, labia minora; F. urethral meatus; G, Skene's 
ducts; H, vagina; I, hymen; J, Bartholin's glands; K, posterior four
chette; 1., perineal body. 

Table 71-1 Selected Anatomic Abnormalities as a Result of 
_Disrupted Embryogenesis __________ _ 
ORGAN 
Ovary 

Tube 

Uterus 

Cervix 

vagina 

Vulva 

AIBNORMALITY 
Duplication of ovary; secondary ovarian rests; 

paraovarian cysts (wolffian remnants) 

Congenital absence; paratubal cyst (hydatid of 
Morgagni) 

Agenesis; complete or partial duplication of the uterine 
fundus 

Agenesis; complete or partial duplication of the cervix 

Agenesis; transverse or longitudinal septum; paravaginal 
(Gartner's duct) cyst 

Fusion; hermaphroditism; cyst of the canal of Nuck 
(round ligament cyst) 

have a keratinized, stratified squamous epithelium with all the 
normal skin appendages and extend posteriorly to the lateral 
peri11eum. W ithin the confines of the labi.u.m are fat and the 
imertion of the round ligament. Medial to the labia majora arc 
interlabial grooves ru1d the labia minora, of similru cutaneous 
origin, but devoid of hair follicles. 1l1e labia minora are richly 

FIGURE 71-2 The musdes and fascia of the perineum: A, Suspensory 
ligament of clitoris; B, clitoris; C. crus of clitoris; 0, vestibular bulb; E. 
bulbocavernosus musde; F. inferior fascia of urogenital diaphragm; 
G, deep transverse perineal musde; H, Bartholin's gland; I, perineal 
body; J, ischiocavernosus muscle; K, external anal sphincter; 1., levator 
ani musde; M, anococcygeal body; N, coccyx; 0, gluteus maximus 
musole; P. pudendal artery and vein; Q superficial transverse perineal 
musole. 

vascularized, with an erectile venous plexus. 1l1e bilateral roots 
of the clitoris fuse in the midline to form the glans at the lower 
edge of the pubic symphysis. The labia minora fuse over the 
clitoris to form the hood and, to a variable degree, below to 
create che clitoral frenulum. 

Contiguous to the medial aspect of the labia minora, 
dernarcated by Hart's line, is the vulvar vestibule, extending to 
the hymeneal sulcus. The vestibular surface is a stratified, squa
mous mucous membrane that shares embryology ru1d ha.~ similar 
chruacteristics to the distal urethra ru1d urethral meatus. Brutho
lin's g lands, at 5 and 7 o'clock, tl1e paraurethral Skene's glands, 
and mjnor vestibular glru1ds positioned arotmd the lateral vesti
bule are all under the vestibular bu.lb, subjacent w the bulbo
cavernosus muscle. The ostia of these glands pass through the 
vestibulru mucosa, directly adjacent to the hymeneal ring. 

The muscles of the external genitalia consist of the deep 
ru1d superficial transverse perineal muscles, paired ischiocaver
nosus muscles that cover the crura of tbe clitoris, and bulbocav
ernosus muscles lying on either side of the vagina, coveru1g the 
vestibular bulbs. 

The anal triru1glc contaiJlS the anal canal, with surroundjng 
iJ1ternal and external sphincters, ischiorectal fossa, filled with 
fatty tissue, mediru1 raphe, and overlying skin. 
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Blood supply co the perineum is predominantly from a 
posterior direction from the internal pudendal artery, which, 
after arisiJ1g from the internal iliac artery, passes through Alcock's 
cru1al, a fascial tUJmel along the obturator intemus muscle below 
the origin of the levator ani muscle. On emerging from Alcock's 
canal, the imernal pudendal artery sends branches w the uro
genital triangle anteriorly and to the anal triru1gle posteriorly. 
Anteriorly, there· is blood supply to the mons pubis from the 
inferior epigastric artery, a branch of the femoral artery. Later
ally, the external pudendal artery arises from the femoral artery 
ru1d supplies the lateral aspect of the vulva. Venous return from 
the perineum accompanies the arterial supply ru1d therefore 
drains imo the internal iliac and femoral veins. It i~ important 
for the surgeon di~ecting the external genitalia to be cognizant 
of the variability of direction from which the blood supply of 
the operative field is derived. 

The major nerve supply to the perineum comes from the 
imernal pudendal nerve, wbicll originates from the S2 to S4 
anterior rruni of the sacral plexus and travels through Alcock's 
cru1al, along with the internal pudendal artery and vein. Anterior 
brru1ches supply the urogenital diaphragm ru1d external genitalia, 
whereas posterior branches, the inferior rectal nerve. supply the 
anus, anal cru1al. isd1iorcctal fossa, and adjacent skiJ1. Branclles 
of the posterior femoral cutaneous nerve from the sacral plexus 
innervate the lateral aspects of the ischiorectal fossa and adjacent 
structures. The mons pubis and anterior labia are supplied by 
the ilioinguinal and genitofemoral nerves from the lumbar 
plexus; they travel through the inguinal cru1al ru1d exit through 
the superficial inguinal riJ1g. A11 these paired nerves routinely 
cross the midline for partial innervation of the contralateral side. 
l11e visceral efferent nerves responsible for clitoral erection are 
derived from the pelvic splancl111ic nerves and reacl1 the external 
genitalia along with the urethra and vagina as they pass through 
the urogenital diaphragm. 

Surgical inj ury to the pelvic nerve plexus can result in 
neuropathic pain and diminished sexual, voiding, and excretory 
function. 

The lymphatic drainage of the perineum, including the 
urogenital and anogeniral triangles, travels for the most part with 
the external pudendal ve~els to the superficial inguinal nodes. 
The deep parts of the perineum, including the urethra, vagina, 
and anal canal, drain in part through the lymphatics that accom
pruly the inremal pudendal vessels and imo the imemal iliac 
lymph nodes. 

The fascia and fascial spaces of the perineum are important 
regarding the sp:read of extravasated Auids and superficial and 
deep infections. Fascia covers each of rbe muscles bounding the 
permeum, including the deep surface of the levator ani, obtura
tor internus, ru1d coccygeus, as well as other permeal muscles, 
such as the urogenital diaphragm. The fascia of the Levator ruu 
muscles fuses with the obturator incernus fascia and puhic rami, 
creating well-defiined fascial spaces, the ischiorectal Fosse. Beneath 
the skin of the external genitalia is a layer of fat; deep to this is 
Colles' fascia, which is attaclled to the isduopubic rami laterally 
and the posterior edge of the urogenital diaphragm. Anteriorly, 
CoUes' fascia of the vulva is continuous with Colles' fascia of the 
anterior abdominal wall 

Infections or collections of extravasated lLrine deep ro d1e 
urogenital diaphragm are usually confined to the ischiorectal 
fossa, including the anterior rec=, which is superior to 
the urogenital diaphragm. Collections of Auid or infections 
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superficial to the urogeJutal diaphragm may pass to the abdomi
nal walJ deep to CoUes' fascia. Because of various fascial fusions, 
infections spreadi11g from the vulva to the anterior abdonunal 
wall do not spread into the u1guinal regions or the thigh. 

Internal Genitalia 
1l1e internal genitalia consist of the ovaries, fallopian tubes. 
uterus. cervix, and vagina, witl1 a~ociated blood supply and 
lymphatic drainage (Figs. 71 -3 to 7 1-5). 

Ovary The oblong ovaries, glistening white in color, vary in size, 
which is dependent on age and status of the ovulatory cycle. In 
the prepubescent girl, the ovary will appear as a white sliver of 
ti~ue smaller than J em in any dimension. The ovary of a 
womw during her reproductive years will vary in size ru1d shape. 
1l1e size of the nonovulating ovary will typically be in d1e range 
of 3 X l X 1 em. When a folliCLLiar or corpus luteum cyst is 
present, the si7..e may extend up to 5 to 6 em. A follicular cyst 
is an asymmetrical, translucent, clear structure. A corpus luteum 
cyst will generally be characterized by areas of golden yellow and, 
occasionally, by hematoma. The ovaries are suspended from the 
lateral side wall of the pelvis below the pelvic brim by the infun
dibulopelvic ligan1ent and attach to the superolateral aspect of 
the uterine fimdus by the utero-ovarian ligrunent. 

The primary blood supply to the ovary is the ovarian artery. 
It arises directly from rl1e aorta ru1d courses with the vein through 
the infundibulopelvic ligrunent into the medulla on the lateral 
aspect of the ovary. The right ovarian vein generally drains to 
the inferior vena cava and the left ovarian veu1 draiJ1s to the 
common iliac vein; however, variations commonly occur. There 
is a rich anastomotic arterial complex arising from the uterme 
artery that spreads aero~ the broad ligament and mesosalpinx. 
The venous return accompanies rl1at arterial supply. There is no 
somatic innervation to the ovary, but the autonomic fibers arise 
from r:he lumbar sympathetic and sacral parasympathetic plex
uses. Lymphatic drainage parallels the iliac ru1d aortic arteries. 

There are three important relationships to be considered 
when carrying out surgical di~ection. l11e infundibulopelvic 
ligament, wi th cl1e ovarian blood supply, crosses over the ureter 
as it descends into the pelvis. As the surgeon divides and ligates 
the ovarian ve~els, it is critical that this relationship be identified 
to avoid transecting, ligating, or kinking the ureter. l11e risk for 
ureteral injury is greater with a more proxinlal di~ection of the 
ligan1CJ1t. Also, in its natural position, the suspended ovary 
drops along the pelvic sidewall along the course of the mid ureter. 
If there are adhesions between the ovary and peritoneum of the 
pelvic sidewall, careful di~ection is nec=ary to avoid tenting 
the peritoneum with d1e attached. ureter and causing injury. The 
third surgical relationship is the complex of external Wac ve~els 
ru1d femoral nerve, which course along the iliopsoas muscle, 
directly below the course of the ovarian ve~els; with anterior 
adhesions of an ovary, these structures may be subjacent to the 
malpositioned ovary. 

Fallopian Tubes 1l1e fallopian tubes are cylindrical structures 
approximately 8 em in length. l11ey originate at the uteriJ1e 
cavity in the uterine cornua, with an i11tran1ural segment of I 
w 2 em and a narrow isthmic segmenc of 4 w 5 em, £1aru1g over 
2 to 3 em to the funnel of the infLmdibular segment and ternli
nating in the fimbriated end of the tube. The fimbria are fine, 
deUcatc mucosal projections that arc positioned to allow for 
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FIGURE 71- 3 The internal genitalia. A, A, Symphysis pubis; B, bladder; 
C, corpus uteri; D. round ligament; E, fallopian tube; F, ovary; G, utero
ovarian ligament; H, broad ligament; I, ovarian artery and vein; J, 
ureter; K. uterosacral ligament; l, cul-de-sac; M, rectum; N, middle 
sacral artery and vein; 0, vena cava; P, aorta. B. A, Labium majus; B, 
labium minus; C. symphysis pubis, 0, urethra; E. bladder; F, vagina; 
G, anus; H, rectum; I, cervix uteri ; J, corpus uteri; K. endometrial cavity; 
l, round ligament; M, fallopian tube; N, ovary; 0, cul-de-sac; P, utero
sacral ligament; Q. sacrum; R, ureter; S, ovarian artery and vein. 

capture of the extruded oocyte to promote the potential for 
fertilization. The blood supply to the tube is derived primarily 
from branches of the uterine artery, with a delicate cascade of 
vessels in the mesosalpinx. There is a secondary supply from the 
anastomosis with the ovarian vessels. 

The surgeon must be aware of rhe fragiliry of rhe fallopian 
tube and handle dJis structure delicately, especial.ly in women 
wishing to preserve their fertility. The mucosa lining the rubat 
lumeJl, especially at the fimbriated end, is highly specialized to 
facilitate transport of the oocyte and fertilized zygote. Tratmlatic 
ma11ipulation of the tube can induce tubal infertility or predis
pose to later tubal pregnancy through damage to the mucosa or 
distortion of the rubal position by adhesions, d1ereby interfering 
with the access or transport mechanisms. 

uterus and Cervix The uterus, with the cervix, is a midline, pear
shaped organ suspended in the midplane of the pelvis by the 
cardinal and uterosacral ligan1ents. The cardinal ligaments are 
dense fibrous condensations arising from the fascial covering of 
d1e levator ani muscles of tbc pelvic floor and inserting into tbe 
lateral portions of the uterocervical junction. The uterosacral 
Ligaments arise posterolaterally from the uterocervical jttnction 
ru1d course obliquely in a posterolatcral direction to insert into 
the parietal fascia of the pelvic Boor at the sacroiliac joim. T11e 
round ligan1ents of the uterus arise from the anterolateral supe
rior aspect of the uterine fundus, course anterolateraUy to the 
internal inguinal ring, and i11sert into the labia majora. 1l1e 
round ligaments are highly srrerchable and serve no function in 
pelvic organ support. The broad ligaments are composed of a 
visceral peritoneal surface containing loose adventitious tissue. 
These ligaments also provide no pelvic orgru1 support, but do 
allow acccss to an avascular plane of the pelvis through which 
the retroperitoneal vasculature ru1d ureter can be exposed. 

The size of the uterus is influenced by age, hormonal 
status, prior pregnancy, and common benign neoplasms. 1l1e 
normal uterus during the reproductive years is approximately 
8 X 6 X 4 em and weighs approximately I 00 g. The prepubertai 
or postmenopausal uterus is substantially smaller. The mass of 
the uterus is almost exclusively made up of myometrium, a 
complex of interlacing bundles of smooth muscle. The uteriJ1e 
cavity is 4 to 6 em from the internal cervical os to the uterine 
fundus, shaped as an inverted triangle, 2 to 3 mm wide at the 
cervix, and 3 ro 4 em across the fundus, extending from cornua 
to cornua. [t is only a few millimeters deep between the anterior 
and posterior walls. with no defined lateral walls iJ1 the nonpreg
nant state. 1l1e most common reason for variation in size is 
current pregnancy followed by ureri11e fibroids. 

If, during a surgical procedme, the Sltrgeon encolmters an 
enJarged uterus, undiagnosed pregnancy must be considered. 
The morphologic differenccs between a uterus enlarged by a 
pregnancy and one enlarged by fibroid include symmetrical 
enlargement iJ1 prcgnru1cy wim generally asymmetrical enlarge
ment with 6broids. Lf symmetrical, consider the origin of the 
round ligaments. With pregnancy, the row1d ligaments stretch 
as the uterus grows and continue to originate from the normal 
site; even with ru1 apparendy symmetrical fibroid uterus, the 
origin of the round ligaments is frequently displaced from the 
top of the uterine fu.ndus or asymmetrical course through the 
pelvis. FiJ1aiJy, the pregnant uterus is usually dusky and soft, 
whereas fibroids are generally firm ru1d nodular masses CaJl be 
palpated in the myometrial wall. 

http://www.myuptodate.com


The uterin<' cavity is lined by the endometrium, a complex 
epithelial-stromal-vascular secrecory tissue. The arterial supply 
to the endometrium is derived from branches of the uterine 
artery that perforate the myometrium to the inactive basalis 
layer. 'TI1ere, they form the arcuate vessels, which produce radial 
branches extending through the functional layer coward the 
compacted surface layer. There will be further description of the 
menstrual cycle l1ere but, during the postovulatory phase, these 
vessels differentiate into spiral arteries, uniquely suited to allow 
menstruation and subsequent hemostasis. 

The uterine cervix is histologically dynamic, with changes 
in cervical mucus production during the ovarian cycle. In the 
follicu lar phase, under estrogen stimulation, copious clear mucus 
is produced that facilitates the transport of sperm through the 
cervical canal tO ascend through cl1e uterine cavity to cl1e fallo
pian rubes. During progesterone-dom inant states, either luteal 
phase, or with exogenous hormones, the mucus becomes viscous 
and plugs the cervix. 1he secretory epithelium of the endocervi
cal canal has a dynamic metaplastic interaction with the strati
fied squan10us epithelium of the portio vagi nalis of the ectocervix 
under hormonal stimulation. Because tbe cervi.cal canal is con
tinuous wiclJ tbe vagina, surgical procedures involving me uterus 
and rubes are considered to be clean-contanlinated cases. 

The major sources of blood supply for the urerus and 
cenrix are the ureriJle arteries, which are branches of the ante
rior divisio11 of the internal iliac (hypogastric) arteries. Although 
the origin of the uterine artery is usual ly a single identifiable 
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FIGURE 71-4 Blood supply of the pelvis. A, Aorta; B, inferior 
vena cava; C. ureter; D, ovarian vein; E. ovarian artery; F. renal 
vein; G, common iliac artery; H, psoas muscle; J, ovary; K, 

rectum; L, corpus uteri; M, bladder; N, internal iliac (hypogas
tric) arte ry. anterior branch; 0, external iliac artery; P, obturator 
artery; Q, external iliac vein; R, uterine artery; S, uterine vein; T. 
vaginal artery; U, superior vesicle a rtery; V, inferior epigastric 
artery. 

vessel, it divides into multiple ascending and descending 
branches as it courses medially to the lateral margiJ1s of the 
cervicouterine junction. The distance from the uterus at which 
this division occurs is highly variable. Venous return from the 
uterus flows into the companion internal iliac vein. Lymphatics 
from the cervix and upper vagina drain primarily through the 
internal iliac nodes but, from the uteriJ1e fundus, drainage 
occurs primarily along a presacral path directly to the para
aortic nodes. 

TI1e primary surgical consideration for managing the 
uterine vessels is the close proximity of the ureter, which courses 
approxin1ately l em below the artery and I em lateral to the 
cervix. Lf rbe surgeon loses control of one of the branches of the 
vessel, it is important to use techniques that avoid clamping or 
kinking tbe ureter. Often, cl1e most prudent way to secure the 
uterine artery is to expose its origin and place hemostatic cUps 
on the vessel. 

Innervation of the uterus and cervix is derived from me 
autonomic plexus. Autonomic pain fibers are activated wim 
dysmenorrhea, in labor, and witl1 instrumentation of cl1e cervix 
and uterus. 

In the retroperitoneal space lateral to me ute.rus is the 
obturator nerve, whicl1 arises · from rhe lumbosacral plexus and 
passes through the pelvic floor hy way of the ohturator canal to 
i.nnervatc d1e medial thigh. With relatively normal pelvic 
anatomy, it is unlikely to be subjected to injury; however, tmder 
circumstances in which the surgeon must dissect the 
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FIGURE 71 -5 Lymphatics of the pelvis. A, Aortic; B, sacral; C. common 
iliac; D, hypogastric; E, obturator; F. deep inguinal; G, Cloquet's node; 
H, parametrial; I, superficial inguinal. 

retroperitoneal or paravaginal spaces, this relatively subtle struc
ture can be injured, with significant neuropathic residual. 

Vagina The vagina originates at the cervix and terminates at the 
hymeneal ring. The anatomic axis of the upper vagina is poste
rior to anterior in a caudad direction. The anterior and posterior 
waUs of the upper two thirds of the vagina are normally opposed 
to each other to create a transverse potential space, distensible 
through pliability of the lateral SLLici. The lower third of the 
vagina has a relatively vertically oriented caudad lumen. The 
mucosa of rhe vagina is nonkerati.nized, stratified, squamous 
epithelium that responds to estrogen stimulation. 

The blood supply to the vagina is provided by descending 
branches of the uterine artery and vein and ascending brand1es 
of the internal pudendal artery and its companion vein. These 
vessels course along the lateral walls of the vagina. Innervation 
is derived from the autonomic plexus and pudendal nerve, 
which track wil(h the vessels. 

Traumatic Lacerations of the vagina are usually located 
along the lateral sidewalls, and the degree to wruch there is major 
injury to the vessels can be associated not only with significant 
evident hemorrhage, but also with concealed hemorrhage. 
Spaces in which a hematoma can be concealed are the retroperi
toneLLm of the broad Ligaments, paravesical and pararectal spaces, 
and iscruorectal fossa. Because of the proximity of the pudendal 
nerve, attempts to ligate the vessels require maintaining orienta
tion to the location of Alcock's canal to avoid creating neuro
pathic injury. [n the absence of an accumulating hematoma, the 
best approach to management is often a bulk vaginal pack to 

achieve tamponade. To accomplish this requires significant seda
tion or anesthesia and an indwelling urinary catheter. 

The uterus, cervix, and vagina, with their fascial iJwest
ments, comprise the middle compartment of the pelvis. 1l1e 
strucl(ures of the anterior compartment, the bladder and urethra, 
and of the posterior companmem, me rectum, are each invested 
with a fascial layer. Avascular planes of loose areolar tissue sepa
rate the posterior fascia of the bladder and anterior fascia of tbc 
vagina and the anterior fascia of the rectum ru1d posterior fascia 
of the vagina. Anteriorly, the bladder is attached to the lower 
uterine segment by the continuous visceral peritoneum. This 
vesicouterine fold can be incised trru1sversely with minimal dif
ficulty to expose the plane and allow dissection of the bladder 
from the cervix and vagina. Posteriorly, the proximity of tbe 
rectum to the posterior vagina is significant only below the 
peritoneum of the cul-de-sac of Douglas, unless the cul-de-sac 
ru1atomy is distorted by dense adhesions. 

Operative techniques for gynecologic procedures are opti
mized by careful identification of tl1ese planes to separate and 
protect the adjacent organs from operative injury. The surgeon 
can create an incidental cystotomy, which may or may not he 
recognized, or devitalize the bladder wall witl1 a crush or stitch, 
with delayed development of a vesicovaginal fistula. 

In the lower pelvis, the ureter courses anteromedlally after 
it passes under the uterine vessels and progresses toward the 
trigone of the bladder through a fascial tunnel on tbe ru1terior 
vaginal wall. The fixation of the ureter by the runnel precludes 
effective displacement from the operative site by retracting. 
Altho ugh the:: location of the fascial runnel is generally l ro 2 em 
safely below the usual site for vaginotomy during hysterectomy, 
in patients with a large cervix, distorting uterine myoma, prior 
cesarean binb, Qr bleeding frCl m tbe bladder base or vaginal wall, 
the meter can be transected, crushed, or kinked with a stitch. 

The rectovaginal septum is surgically relevant during the 
repair of an episiotomy or obstetric laceration, repair of recto
vaginal £stula, or pelvic supporr procedures. ldenti£cation Clf the 
fascial layers investing the subjacent structures and using the 
tissue strength is critical ro an optimal repair. 

REPRODUOIVE PHYSIOLOGY 
The development of a differential diagnosis of gynecologic com
plaints is facilitated by an understanding of the reproductive 
cycle and eliciting a careful menstrual rustory. Mru1y conditions 
are a direct consequence of aberrations in the hypotllalanuc
pituitary-ovarlan cycle and the effects of the hormonal milieu 
on the endometrium. Others tend to be mere variations in the 
presentation of different phases of the cycle. A detailed descrip
tion of th(· cycle is beyond our scope here, but the surgeon needs 
to have a basic w1derstanding of tl1e relationships i.n this complex: 
process to elicit an adequate history, interpret the findings on 
physical examination, use ancillary tests appropriatdy, and for
mulate the differential diagnosis (Fig. 71 -6). 

Ovarian Cyde 
Under the stimulus of hypothalamic secretion of gonadotropin
releasing hom10ne (GnRH) to the pituitary gland, follicle
stimulating hormone (FSH) is released into the systemic 
drcLLiation. During this secretory phase of the ovarian cyde, the 
primordial follicles of the ova.ry are targeted ru1d stimulated 
toward growth and maturity. Multiple follides are recruited 
ead1 cycle, but generally only one follide becomes dominant, 
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FIGURE 71 -6 Hormonal changes during the menstrual cycle. Menses, 
days 0 to 5; ovulation, day 14. 

destined to reach mawrity and extrusion at ovulation. 'TI1e 
effects of the maturation process include not only the comple
tion of meiotic germ cell development but also the stimulation 
of tbe gram~osa cells that surrOtmd the follicle to secrete estra
diol, other estrogenic compounds, and inhibin. As the estradiol 
level increases in d1e circulation, it has a positive regulatory effect 
on GnRH, which i.n turn stimulates the pituitary gland to release 
a surge of luteinizing hormone (LH). ll1.e LH surge stimulates 
the release of the oocyte from the follicle. After release, the fol
licle site converts to the corpus lureum; the dominant hormone 
secreted during this luteal phase is progesterone. This sequence 
of hormonal events prepares the cervix, uterus, and tubes for 
sperm transport iJ1to the upper genital tract, fertilization, 
implantation, and support of the early gestation. In the absence 
of conception, the corpus luteum undergoes atresia and the next 
ovarian cycle begins. 

Endometrial Cycle 
The hormonal sequence of the ovarian cycle controls the physi
ologic changes in the endometrium. By convention, each endo
metrial cycle begins on day t, defuted as me onset of menses. 
In an idealized cycle, the LH surge and ovulation OCCLLf on day 
14. Atresia of the corpus luteum occlLrs on day 28 and menses 
begin the next day, day 1 of the new cycle. 

During the follicular phase of the ovarian cycle, estrogen 
exerts a stimulatory effect on the endometrium, producing d1e 
proliferative phase of d1e endometrial cycle. The endometrial 
tissues that are affected include the surface and glandular epi
thelium, stromal matrix, ru1d vascular bed. The stromal layer 
thickens, me glandular elClllents elongate, aJld the termiJ1al arte
rioles of the endometrial circulation extend from d1e basalis 
toward the endometrial surface. 1l1e mucous secretions of the 
glru1ds of the endometrium, and the endoccrvix, become profuse 
and watery, facilitating the ascent of spermatozoa for potential 
fertilization. 

During the luteal phase of the ovarian cycle, correspondi11g 
to the secretory phase uf the endometrial cycle, progesterone 
domination converts the endometrium toward receptivity for 
implantation of the fertilized oocyte. Several endometrial 
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changes occur under progesterone sti.nlulation. 'TI1e growth of 
the endometrial stroma is terminated, the surface layer of the 
endometrium becomes compacted, dte glandular secretions 
become more viscous, ru1d the terminal arterioles become coiled, 
creating the spiral arterioles. Cervi.cal mucus similarly becomes 
more viscous and tenacious, creating a relative barrier between 
the vagina and uterine cavity. 

ln the absence of fertilization, and with the withdrawal of 
proges·terone because of atresia of the corpus lutewn, there is a 
complex sequence of arteriolar spasm, leading to ischemic necro
sis of the endometrial surface and endometrial shedding, or 
menses. Normal menses, in d1e absence of structural pathology, 
is an orderly pmcess because these arteriolar changes occur in 
the entire mucosa sinlldtaneously md universally, wid1 vaso
spasm and coagulation occluding the terminal vessels. Bleeding 
associated with normal menses is notable for the absence of 
clotting because of fibrinolysis within the uterine cavity before 
Aow. With fertilization ru1d implru1tation, menses are absent 
(runenorrhea). Alternatively, a disordered ovarian cycle leads to 
a disordered endometrial cycle and abnormal uterine bleeding 
patterns. 

Early Pregnancy 
A brief description of the events leading to pregnancy is useful 
for understanding the possible complications of early pregnancy. 
Coitus during the 48 hours before ovulation or duriJ1g the peri
ovulatory period establishes the conditions for fertilization . As 
noted, sperm cransporr is facilitated by the esrrogenlc environ
ment; the spermatozoa ascend through the cervix and ureriJ1e 
cavity to the fallopian tube. When a mature oocyte and sperma
tozoa come into contact in the distal fallopian tube, fertilization 
can occur, usually 3 to 5 days after QVlJlation. During tubal trans
port, the zygote tmdergoes multiple divisions to reach the stage 
of the morula by the time it reaches the caviry. Lmplantation 
generally occurs approximately 5 to 7 days afrer fertili7..atiQn. 

There are two significant clinical implications to delay in the 
fertilization-transport sequence. [f the zygote has not matured 
adequately before reaching the endometrial cavity, implamation 
will not occur and a preclinical w1recognized pregnancy wit! be 
lost. lf there is delay iJ1 the fertilization-trrulsport sequence, either 
because of the randonmess of coital timing or because of altered 
tubal structure or fw1ction, the zygote can reach d1e stage at which 
it is programmed to adhere to genital mucosa while still iJ1 me 
fallopian tube, resulting in aJl ectopic pregnru1cy. 

Amenorrhea and Abnormal Menses 
A disrupted sequence of rhe hypothalamic-pituitary-ovarian 
iJ1teraction has a profound effect on the endometrium and 
menses. 'TI1ere are two broad classes of runenorrheic disorders, 
hypogonadotropic ru1d ru1ovulatory. Although the decaiJs of the 
pathology and evaluation arc beyond our scope of this text, hypo
gonadotropic conditions result from central disruption of the 
hypothalamic-pituitary axis. Common causes for this condition 
include stress, hyperprolactinemia, and low body mass (e.g., those 
with anorexia ncrvosa, athletes ldistance ruru1ers, gymnasts, bal
lerinasJ). Because of the hypogonadotropic state, follicles are not 
stimulated, estrogen is not secreted, and endometrial prolifera
tion does not occur. 1l1e result is ru1 atrophic endometrium. 

An atrophic endometrium can be identified with ultra
sound. measuring the endometrial bilayer. Although local equip
ment ru1d operator experience will vary, an endometrial bilayer 
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less than 5 mm in a young amenorrheic woman is highly sup
portive of the diagnosis. This must be followed by a thorough 
iJlVestigation of the entire axis. 

Anovulation results &om a disrupted sequence of the axis 
from failure of the feedback loop to trigger the LH surge. The 
patiem may ha:ve normal or elevated FSH levels, bm FSH con
tinues to stimulate the continuous production of estrogen from 
the granulosa cells. The d1ronic unopposed estrogen promotes 
continuous proliferation of the endometrium, without the 
maturing sequence induced by progesterone. The proliferation 
of the endometrium results in excessive thickness. 1his becomes 
clinically manifest by prolonged amenorrhea, often followed by 
prolonged and profuse uterine bleeding (hypermenorrhea, men
orrhagia). The most common cause for this presentation is poly
cystic ovarian disease, but physiologic or social stress can produce 
a similar clinical scenario. 

Ultrasound measuren1ent of the endometrial bilayer can 
exceed 20 mm. Patients with chronic anovulation wicl1 chronic 
unopposed estrogen are at risk for endometrial hyperp lasia and 
even endometrial cancer. TI1e evaluation of the patient must 
address the cause for the duonic anovulation and the endome
trial consequences. Histologic diagnosis requires an endometrial 
biopsy or curettage. 

After prolonged an1enorrhea with excessive proliferation of 
the endometrial lining, hypermenorrhea and menorrhagia may 
occur as a result of four parallel mechanisms. The growth of 
tissue from the basaHs to the surface extends beyond the terminal 
branches of the arterioles, resulili1g in surface ischemia and 
necrosis. The volume of endometrial tissue is obviously increased. 
'TI1e nom1al hemostatic med1anlsms of the spiral arterioles in 
the menstrual cycle are absent. Finally, the shedding of the 
endometrial surface is not a universal event, but is random and 
leads to multiple foci of bleeding that are dyssynduonous and 
occur over a prolonged time. Frequently, the rate of bleeding 
exceeds the capacity of the normal iJ1tracavitary fibrinolytic pro
cesses, and hlood dots are common iJ1 the Bow. 

CLINICAL EVALUAnON 
Acute life-dJieatening conditions frequently involve pregnancy, 
such as a ruptured ectopic pregnancy and heavy vaginal bleeding 
associated with miscarriage. Therefore, in the acute setting, the 
possibility of pregnancy must be considered and history focused 
on tbis area. It is immediately apparent that many questions in 
a gynecologic or obstetric history are personal and sensitive, so 
it may be helpful to conduct the iJuerview or at least part of it 
in private, without the presence of family members and after 
attempting to gain the patient's trust and understanding. 

Patients will typically present with aberrant bleeding pat
terns, pelvic-abdominal pain or ill-defined discomfort, or a com
bination of these symptoms. With a focused history, ilie 
differential diagnosis can be constructed with further refinement 
from physical findings and anciUary tests. The key elements to 
be elicited arc age, pregnancy history, recent and past menstrual 
history, sexual history, contraception, prior gynecologic disease 
and procedures, and evolution of the current complaints. 

Diagnostic Considerations 
Although cl1ere are always atypical crossover presentations for 
any of d1e pos.sible diagnoses, the most common considerations 
for the differen.tial diagnosis of symptom complexes are as pre
sented here. 

Bleeding Without Pain 
• Anovulatory cycle 
• Threatened or spontaneous abortion (miscarriage ofuurauter

ine pregnancy) 
• Vaginal laceration 
• Vaginal or cervical neoplasm 

Bleeding Associated With Midline Suprapubic Pain 
• Dysmenorrhea 
• Threatened or spontaneous abortion (miscarriage of intrauter-

ine pregnancy) 
• Endometritis associated with pelvic infection 
• Uterine 6broids 
• Early presentation of a complication of extrauterine 

pregnancy 
• Vaginal laceration 

Bleeding Associated With Lateralized Pelvic Pain 
• Extrauterine pregnancy, prerupture 
• Functional ovarian cyst 
• Ruptured functional ovarian cyst 
• Ruptured corpus luteum, with or without an lnrrauteriJ1e 

pregnancy 
• Vaginal trauma 

Bleeding Associated With Generalized Pelvic Pain 
• Ruptured extrauterine pregnancy 
• Ruptured corpus luteum, wicl1 or without aJl in trauterine 

pregnancy 
• Septic spontaneous or induced abortion 
• Vaginal trauma 

Midline Pelvic Pain Without Bleeding 
• Endometritis or pelvic inflammatory disease (PID) 
• Endometriosis 
• Pelvic neoplasm 
• Urinary tract iJlfection 
• Constipation 

Lateralized Pelvic Pain Without Bleeding 
• Ext rauterine pregnancy 
• Functional ovarian cyst, with or without Ultraparenchymal 

hemorrhage 
• Functional ovarian cyst with rupture 
• Functional or neoplastic ovarian cyst with intermittent torsion 
• Pedunculated paratubal or paraovarian cyst with intermittent 

torsion 
• Endometriosis 
• Ovarian remnant syndrome 
• Ureteritis 
• Constipation 

Generalized Abdominal Pain Without Bleeding 
• Ruptured extrauterine pregnancy 
• Ruptured ovariru1 cyst 
• PID with pelvic peri tonitis 
• Endometriosis 

Obstipation 
• Cui-de-sac hematoma 
• Cul-de-sac adnexal mass 
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• Posterior uterine £broid 
• Pelvic abscess 
• Endometriosis 

Flank Pain 
• Pyelonephritis 
• Ureteral obstruction 
• Ovarian reml!lant syndrome, with or without ureteral 

obstruction 

Other Aade Clinical Presentations 

Acute Vulvovaginitis 
Acute vulvovaginitis is a common presenting emergency com
plaint. Presenting symptoms are incense pruritus or cutaneous 
pain with discharge. 1he most frequent pathogens are mycotic 
or herpetic infections. Mycotic infections are generalJy charac
terized by a thick, white, cottage cheese-like discharge. Primary 
herpetic infections often present with profuse watery discharge, 
inguinal adenopathy, and signs of a viremia. In contrast, other 
common vaginal infections, such as bacterial vaginosis and 
trichomoniasis, may cause irritative symptoms and malodorous 
discharge, but rarely cause pain. 

Common acute vulvar complaints include infection of skin 
appendages-folliculitis, furunculosis, and cellulitis. The ostium 
of the Bartholin's gland may become occluded, with or without 
infection. Sterile cysts are only rninlmalJy uncomfortable, but a 
Bartholin's cyst abscess is exquisitely painful. 

Necrotizing Fasciitis 
Necrotizing fasciitis is a life-threatening infection that can occur 
in the vulva. It can begin as a cellulitis, from infected skin 
appendages, or following biopsy or episiotomy. Once estab
lished, it can quickly extend through the fascial planes. Women 
at risk are patients with obesity, diabetes, and steroid or other 
immunosuppressive drug use. Treatment is immediate surgical 
debridement. Patients may require several debridements to 
determine the extent of the fascial involvement. Skin grafts are 
often needed to repair large defects. lt is important that women 
with risk factors for necrotizing fasciitis who present with a 
vulvar cellulitis be admitted for treatment with rv antibiotics 
and possible surgery. 

Pelvic Masses 
Masses i.dentified in the pelvis can be fwKtional, congenital, 
neoplastic, hemorrhagic, or inflammatory and can arise from 
the ovary or the uterus. Also, the anatomy of the cul-de-sac 
of Douglas in its dependent position in the pelvis facilitates 
restriction of pel:vic infection as collections or abscesses to that 
location. 

Common ovarian masses include functional cysts, hemor
rhagic cysts, paraovarian or paratubal wolffian remnants, endo
metrioma, and !benign or malignant tumors (e.g., epithelial, 
germ cell, stromal). The most common neoplastic mass in 
young women is the benign cystic teratoma. Because of the 
sebaceous content of these lesions, they frequently fl oat to the 
anterior cul-de-sac between the urerus and bladder. Diagnostic 
considerations for differentiating among ovarian masses of 
various causes are discussed in detail in the later section on 
ovarian cancer. 
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Common uterine masses include leiomyoma, adenomy
oma, and bicornuate uterus. Common inflanunatory masses are 
tubo-ovarian abscesses (TOAs), pelvic coiJection, and appendi
ceal or diverticular abscesses. 

In£1anunatory masses in the anterior cul-de-sac most com
monly originate from sigmoid diverticular disease. 

History 

Age 
Patient age is relevant primarily because of the phases of the 
reproductive life cycle-menarche at adolescence, perlrneno
pause in middle age, and menopause. 

At the time of menard1e, the synchrony of the hypothalamic
pituitary-ovarian axis is immature and the sequence of hyper
gonadotropic, anovulatory, amenorrhea-hypermenorrbea is 
common. Similarly, this is the age group in whi.ch emotional 
stress, anorexia nervosa, and excessive athleticism commonly 
occur, and the an1enorrheic patient may have hypogonadotropic 
amenorrhea. FinalJy, however, the young patient may be fertile 
and sexualJy active, so pregnancy with complications must 
always be considered. 

In the perimenopausal years. the ovary is less responsive to 
the gonadotropic stimulus and anovulation with the amenorrhea
bypermenorrhea sequence is common. ln this age group, 
however, anatomic abnormalities such as uterine leiomyomas or 
endometrial polyps may confow1d the presentation. 

Menopause i~ defined as cessation of menses for l year or 
more. Any postmenopausal woman who presents with uterine 
bleeding must be presumed to have uterine pathology and needs 
to w1dergo an appropriate evaluation for possible hyperplastic 
or neoplastic endometrial pathology. 

Pregnancy History 
1l1e commonly used notation for describing pregnancy history 
is G, T, P, A, L-gravidity (number of pregnancies), term births, 
preterm births, abortions (spontaneous, induced, or ectopic), 
and ftving children. Additional comment is made if there have 
been recurring spontaneous abortions, ectopic pregnancies, or 
multiple gestations. 

Although any pregnancy can develop complications, the 
patient wi th a history of poor outcomes in prior pregnancies wil l 
be at higher risk for another adverse outcome. ln the acute 
setting, with pain or bleeding, pregnancy complications must be 
considered. 

Menstrual History 
The date of the last menstrual period (LMP) and the prior 
menstrual period (PMP) must be determined as accLLratdy as 
possible. It is often necessary to elicit menstrual events over 
several prior months to establish a pattem. Additionally, it is 
important to obtain a description of any variation from the 
patient's normal pattern of quantity and duration of menstrual 
£low. O ne can place the current complaints of bleeding and pain 
in perspective in the context of this menstrual history. 

The amenorrhea-hypermcnorrhea sequence has been 
described earlier. The patient who describes "two periods this 
month" may merely be describing a normal 28-day cycle begin
ning early and then late in the samt' calendar month. Alternating 
episodes of light bleeding with normal flow may suggest break
through bleeding at the time of ovulation or whe11 the patient 
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is on oral Excessive flow associ
structural 

USllally SUbltllUC01_lS leio-
ated with at normal intervals 
abnormalities of the endometrial 

as the uterus contract~ to 
with threatened 

extrauterine pregnancy must be 
continuous or anteceded 
nr.-nrrina after amenorrhea. I3leed

carcinoma. 
ing cervicitis, 

Sexual 
Sexual a sensitive and pcrscl!l;ll 
ficult to elicit in the acute 

of endometrial 

influence the f(Jrmulation of the ditterent:ial dia.gnosis. 
the of pregnancy. the 
nnmr·nteclteci coitus with casual sexual 

risk for 
able reports of the use 
not the possibility of an STI. 

l'r<:gr1artcy must be ruled out in any circumstance in which 
there is a clinical that is not inconsistent with 
complications of pregnancy. 

toms, 11o•vve1rer, pre:gnanc:y com,plicat:io11s 
tions need to an intrauterine 

device may have spotting and cramping 
because usc of an IUD increases the risk for endometrial 

infection, and because a percentage of 
nancics that arc conceived an IUD arc extrauterine, 

need careful evaluation. 
pn:vicJus tubal sterilization have a 1% to 3°/<J 

pre:gn,ancy. with number of 
extrauterine pr·~gllaJrJCJles. lnPm11k.r ble<:dlng 
mandates 

may indicate conditions 
that create risk f<Jr recurrence or raise 

prcvilotls interventions. Tubal 
from an pregnancy, endome-

triosis, PID all increase the risk for extrauterine pregnancy. 
Endometriosis with an inflammatory response 

risk fr1r recurrence. 
adhesions can cause 

self-limited ovarian cyst acc:tdccnts, 
pose to ovarian torsion. 

TI1c ovarian remnant is an and con-
fusing It can cause pain in ill-defined patterns. The 
cause of the syndrome is a retained of ovaria11 
after ovarian The fragment is adherent to the 
pcrit<Jn•cuJm and remains through a blood 

follicles can be recruited 

a 
infection 
course of the ureter 

obstruction. 

of Present Illness 
TI1e surgeon elicits the clements of the as to 
determine the evolution of the complaint and formu-
late a plan for further evaluation and treatment. This section will 
f<xus on the most common emergency bleeding 
and 

clots in the menstrual flow normall]r~ L;urrerltl)r~ 
• How did the 

there any pr•olcl!lF;atton 
and the onset 
Were recent menses 
duration? 

• Arc menstrual 

orevi1ot1s menses? Was 
uu.vv,.Lll the last period 

timing, 

associated with menstrual 
Is rhc current associated with similar cran1ps? 

No cramps, more intense discomfort? 

Pain 
When did the to last menses, 

pressure, 

of the intermittent, 

is the pain loc:atc:d--g;encr<Llizcd, midline SUJJrapuiJic, 
latcralizcd? 

• Docs the 
abdomen, shcJuldeJr? 
\vere there 
the 
become acute 

or intermittent 

upper 

or location of 
crampmg midline 

relief. evolv
radlatmg to the shoulder? 

there exacerbation of the with movement, intercourse, 
coughing? 

• Arc there any tract symptoms, 
• Arc there any intestinal symptoms, const:ip:ati•on, obstipa1tion, 

diarrhea? 
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Physical Examination 
The approach to the physical examination of the gynecologic 
patient must account for the threat to dignity and modesty that 
a genital examination poses. L1 the emergency serting, against a 
background of fear or pain, and especially in young and older 
patients, the patient must be afforded maximum comfort. 'TI1is 
includes an adequate sense of physical privacy, continuous 
presence of a chaperone, comfortable examination table on 
which to assume the lithotomy position, and patience by the 
exan1iner. 

Although the chief complaint might suggest that only a 
focused pelvic examination is necessary, the examiner will 
enhance comfort: and trust by a more general examination before 
the pelvic examination. 1l1e exanliner must remember that the 
patient cannot see and cannot anticipate what she will experi
ence next; the examiner or assistant informs the patient at every 
step in the process what the next sensation will be. 

At the beginning of the pelvic exan1ination, the examiner 
encourages relaxation and exposure by having the patient relax 
her medial thighs to allow the knees to drop out toward laterally 
placed hands. 1l1e knees must never he pushed apart by the 
exanliner. Before contacting the genitalia, gentle touch of the 
gloved hand on the medial thigh, with gentle pressure and move
ment toward the vulva, will orient the patient to the progress of 
the examination. 1l1e external genitalia are inspected for lesions 
and evidence of trauma. 'Tills is followed by tl1e insertion of a 
properly sized, lubricated vaginal speculum. The patient needs 
to be prepared fo r the speculum by the examiner placing a finger 
on the perineum and exerting gentle pressure with encourage
ment to relax the introital muscles. The speculum is placed at 
the hymeneal ring at a 30-degree angle from the vertical to 
mi11imize lateral or urethral pressure. After the leading edge is 
through the introitus, the speculum is rotated to the horizontal 
plane as it is advanced toward the apex of the vagina. 1l1e blade.s 
are gently separated as the midvagina is approached so that the 
cervix can he visualized and the blades are spread to surround 
the cervix. During the advancement and subsequent withdrawal, 
the walls of the vagina are visualized for lesions or trauma. 1l1e 
cervix is inspected for lesions, lacerations, dilation, products of 
conception, andlor purulent discharge. Support of the pelvic 
structures in the aJlterior, posterior, and superior compartments 
is evaluared. Vaginal swabs for microscopic wet mount examina
tion of d1e vaginal environmem, for gonorrhea and chlan1ydia, 
and for a Papanicolaou (Pap) test are obtained as indicated. 

After the speculum examination, the index and middle 
fingers of the examiner's dominant hand are inserted into the 
vagina. Before placing his or her abdominal hand, the exanlli1er's 
fingers gently palpate the vaginal walls to elicit tenderness or 
detect fullness or mass. 1l1e cervix is palpated for size ru1d con
sistency. The examiJ1er's fingers are placed sequentially along the 
side in all four quadrants of the cervix and gentle pressure i.~ 
exerted to move the cervix in the opposite direction to elicit 
cervical motion tenderness. 

Because the major supporting structures for the uterus are 
the cardinal and uterosacral ligaments that insert at the cervico
uteriJle junction, the junction serves as the fulcrum for leverage. 
As the cervix is moved in one direction, it is likely that the 
uterine fundus is being displaced in the opposite direction. 
Tenderness with cervical motion may be related to traction 
on the ligamentous attachments, collision of tl1e cervix against 
a structure i11 -rhe direction to which the cervix is being 
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displaced, or collision of the fundus against a structure 0 11 the 
opposite side. 

TI1e bimanual examination is performed with gentle pres
sure from the examiner's nondominant hand systematically 
mobili.zing pelvic contents against the vaginal fingers. Except for 
large masses that are palpable on abdominal examination, the 
primary information gathered is detected by the examiner's 
vaginal fingers. 1l1c examiJ1er should specifically note l.aterali7..ed 
tenderness and masses. The rectovaginal examination provides 
additio nal perspective, especially for the cul-de-sac and adnexal 
structures. 

Very yow1g womeJl and some older women wiiJ not 
tolerate the insertion of two fingers, or occasionally even one. 
Under these circumstru1ces, a rectal finger along with the abdom
inal placement of the other hand can simulate a bimanual 
examination. 

Ancillary Tests 

Imaging 
'TI1e single most effective ru1d efficient modality for assessing 
pelvic anatomy and pathology is real-time ultrasound, especially 
with a transvaginal transducer. This technique not only allows 
assessment of the size and relatlonship of the pelvic structures 
but also, by clear delineation of echogenicity, can provide strong 
suspicion of the nature of patl1ology. With real-time Doppler 
Aow assessment, blood flow to an organ o.r mass and fetal heart 
motion are readily apparent. 

Axial tomography and magnetic resonance imaging (MRI) 
rarely provide additional information for benign pelvic pathol
ogy bur are valuable teclmiques for assessing malignru1cies. £V 
pyelography may be useful if ultrasound assessment of the 
urinary tract is iJ1adequate to delineate obstruction or anatomic 
distortion. 

Pregnancy Tests 
There :are two useful endocrine tests for determining the pres
ence and health of a pregnancy, the J) subunit of human chori
onic gonadotropin (J}-hCG) and progesterone. 

Pregnancy tests measure the J)-hCG level; the value 
obtained by t.l1e qualitative urine assay can be as low as 20 miU/ 
ml. This is sufficiently low as almost to exclude all but the earli
est of gestations. Unless a viable fetus can be detected clinically 
or by ultrasotmd, a positive urine test in the clinical setting tl1at 
might suggest ru1 ectopic pregtlaJlC)' must be followed with a 
quantilative serum radioimmunoassay. A result lower than 5 
mlU/mL is a negative test. [n most laboratories and, depending 
on the quali ty of the ultrasotmd equipment and experience of 
the sonographer, a healthy intrauterine pregnancy that has pro
duced 2000 miU/mL of J}-hCG is generally visualized. Ll the 
absence (lf that threshold, serial J}-hCG tests are scheduled at 
2-day intervals. 1 

In the so-called typical healthy intrauterine pregnancy, 
serum J}-hCG levels double every 48 hours. However, this 
description is based on pooled aggregated data; within data sets, 
there :are many patients with successful pregtlancies who will 
have intervals with a lower slope of iJ1crea.se followed by an 
interval with a steep il1crease. A decline in value over a 2-day 
period is always ominous and therefore demands a clinical deci
sion about an intrauterine versus extrauterine failed pregnancy. 
'TI1e greater challenge occurs when the rate of increase is less thru1 
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60o/o over 48 hours. lhis is ambiguous; if the ~-hCG level is 
below the discriminatory value of 2000 miU/mL, clinkal pre
sentation and clinical judgment are vital to determine whether 
continued observation or intervention is the appropriate course.' 

Note that there are three commonly used reference stan
dards for ~-hCC, as well as significanr inrerlaborarory variation 
in test results. It is cri tical to understand the standard used and 
to be certaiJl that sequential tests are performed iJl the same 
laboratory. If a change in laboratories is necessary, repeated 
parallel testing i.n the new laboratory using the residual serum 
from the original sample will resolve the question. Significantly 
elevated f3-hCG levels raise suspicion of a hydatidiform mole or 
germ cell tumor. 

Determining the serum progesterone level can be a useful 
adjunct in assessing the viability of a pregnancy. 1l1e quantitative 
relationship with pregnancy status is not as discrete, and cutoff 
values must be established in each laboratory. Progesterone levels 
lower than 5 ng/mL are rarely associated with successful preg
nancies. Studies have demonstrated I OOo/o sensitivity for ectopic 
pregnancy and lOOo/o negative predictive value for a progester
one level cutoff of 22 ng/mL, hut specificity and positive predic
tive value were poor. The role of the progesterone assay results 
in the cHnical management of the acute patient is not yet clear. 

Serum Hormone Assays 
Other than the assessment of pregnancy, there is relatively little 
value to ordering tl1e determination of reproductive hormone 
levels i.n the acute setting. 1l1ese tests are relari vely expensive, 
and the sequence of ordering them is detemlined by the 
clinical fu1dings. The laboratory turn-around time is rarely less 
than 1 day. 

Cervicovaginal Cultures, Gram Staining. 
and Vaginal Wet Mount 
Because the healthy .vagina is a polymicrobial environment, 
there are only four organisms for which cervicovaginal cultures 
are cli"nically useful-gonococcus, Chlam;•ditt trttchomatis, herpes 
simplex and, in pregnancy, group B beta-hen1olytic streptococci. 
1l1e tests for gonococcus ru1d chlamydia can be combined iJl a 
single-swab medium kit for their molecular analysis. 

Gram staitning of purulCJ1 t cervical discharge is useful in 
the emergency setting for identification of the gram-negative 
intracellular diplococci, diagnostic of gonococcus. 1l1e tesr may 
also be useful in helping identify Trichomonas z;ttginttfis. Culture 
ru1d Gram staining of purulent material from aJl abscess of 
Bartholin's gland may allow tl1e physician to select a narrow
spectrum antibiotic as an adjunct to drai11age. 

The .vaginal wet mount (wet prep) is useful for diagnosis 
of the offending organism in acute vaginitis. A sample of dis
cl1arge is taken from the vaginal pool ru1d by rubbing the vaginal 
walls with a cotton swab. 1l1e swab is placed in I to 2 mm of 
saline in a rube to create a slurry. One drop of the slurry is placed 
on a sHde with a cover sHp ru1d exan1ined by low- and high
power light microscopy for polymorphonuclear leukocytes, clue 
cells, trichomonads, hyphae, and budding yea~t forms. [f hyphae 
ru1d budding yeast forms are not identified, a second slide is 
prepared by ncixing one drop of the slurry with one drop of 
potassium bydroxide, whid1 will lyse the epithelial cells and 
highlight the fungal organisms. 

The clue cell is an epithelial cell wi th densely adherent 
bacteria, creating a stippled effect. To make this diagnosis, the 

density of bacteria must obscure cell margins in a substantial 
percentage of the cells. These, along with a strong amine 
("fishy") odor, are diagnostic of bacterial vaginosis. There is 
rarely a significant wbite cell response to this condition 
because it is not an infection per se, but a shift in the nom1al 
vaginal ecosystem. 

Tricbomonads are often obvious as flagel lated motile 
orgru1isms similar in size to white blood cells. 1l1e organism is 
fragile, however, and motility cru1 be inlllbited by severe 
infection or cooling of tl1e specimen during a delay before 
inspecting. 

Lower Genital cytology 
The Pap cytology technique has had significant public healili 
impact, reducing the incidence of invasive cervical cru1eer. 
Although the processing time for the smear limits usefuL1ess in 
tile acute setting, tllere are two important reasons to consider 
obtaining the san1ple. l11e first is to take the opportunity of the 
visit to test a previously noncompliant patient. The second is to 
satisfy any significant concern about a high-grade cervical lesion 
before surgical manipulation of me cervix. 

There are two fundamental approaches for obtaining and 
preparing the specimen. In the older tedlJlique, a cervical spanLia 
is placed in the cervical os ru1d rotated cirCLmtterentially against 
the cervical epithelium. This is followed by a cotton swab placed 
in the cervical canal and rotated on its long axis. As each step is 
completed, the instrument is wiped across a glass slide ru1d spray 
fixative is applied. In the more recent technique, the specimen 
from the instrument is swirled in a Auid-based preservative, 
which is processed to provide a more homogeneous slide for Pap 
staini ng. Although the cost of the fluid-based technique is 
bigher, the improved accuracy and reduction of false-positive 
ru1d false-negative results makes this more cost-effective. 

ALTERNATIVES TO SURGICAL INTERVENTION 
There are valid indications for medical or observational manage
ment of many acute gynecologic conditions, even if there is also 
a surgical option available. Because acute pelvic pathology is 
often accompru1ied by severe pain or bleeding to a degree that 
the general surgeon would consider it as a surgical emergency in 
the upper abdomen, some guidance is provided here about the 
clinical judgment to allow the surgeon to avoid, or defer, surgery.. 
Also provided is aJl overview approacl1 to medical trearmem and 
tile points to observe duru1g follow-up observation. 

Dysfunctional uterine Bleeding 
Dysfimctional uterine bleedu1g is uterine bleeding that occurs 
as a result of abnormal or dyssynchronous pituitary hormonal 
stinllllation of the ovary, abnormal ovarian hormone produc
tion, or abnormal response of the endometrium to normal hor
monal stirnulation.1•3 If a pregnancy related-condition has been 
ruled our and the bleeding is not too severe, medical treatment 
docs not require a tissue or even ultrasow1d diagnosis. Emer
gCJ1Cf implementation of dilation and curettage (D&C) is not 
necessary. The episode can be truncated by inducing acute pro
liferation a.nd regeneration of the endometrium with high-dose 
estrogens, followed by induction of a se"cretory endometrium 
with a progestin. 

An oral or IV bolus of estrogens (e.g., conjugated estrogens. 
5 mg orally every 6 hours for 4 to 6 doses, or 25 mg IV in two 
doses 6 hours apart) with simultaneous administration of an 
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active progestin (micronized progesterone, 100 mg orally twice 
daily, or medroxyprogesterone, lO mg four times daily) will 
stabWze the endometrium. 'TI1e progestin must be contimred for 
at least 7 days and then withdrawn to simulate atresia of the 
corpus luteum. This will mimic the orderly menses of an ovula
tory cycle, althol\Jgh perhaps with heavy bleeding. 'TI1e patienr 
receives oral contraceptives for several months to stabilize i.ron 
stores, allow for orderly evaluation of structural pathology. and 
initiate a plan to assess underlying hypothalamic-pituitary-ovar
ian cycle pathology. 

Spontaneous Abortion 
First-trimester pregnancies fail lOo/o co 15% of the rime, ofren 
with minimal symptoms. For the patient who presents with pain 
or bleeding, confirm that this is an early gestation. On inspec
tion of the cervix, observe whether there is placental tissue in 
the dilated cervical os; if so, it can often be removed with a 
sponge forceps, which will often resolve the event. 1l1e need for 
acute surgical intervention with curettage is wholly dependent 
on the amount of blood loss and intensity of pain. 1l1e patient 
who is hemodyn:amically stable and has pain control may spon
taneously complete her miscarriage without any procedural 
intervention. 

Ectopic Pregnancy 
Ruptured ectopic pregnancy is a surgical emergency, bur there 
are two other tubal pregnancy scenarios that are an1enable to less 
aggressive crearmem for che patient who is hemodynamically 
stable and has limited intraperitoneal blood loss, tubal abortion 
and unruptured ectopic pregnancy. A tubal abortion results 
when the pregnancy is extruded from the fimbriated end of the 
tube. PaiJ1 is often described as lateralized cramping, and the 
vollLille of blood identified in the cul-de-sac is approximately 
100 mL. These events may be self-limited and, if pain and 
hemodynanlic status arc under control during observation, 
surgery may be avoided. 

A patient may present with pain and vaginal bleeding; an 
intact tubal pregnancy is identified by ultrasound. There are 
varying sets of criteria for medical management of the unrup
tured tubal pregnancy, based on gestational size ( <3 to 5 em) 
an.d the presentt of fetal cardiac activity, but the physician must 
actively consider medical rather than surgical mru1agement.4 

Surgical procedures for mru1aging ru1 ectopic pregnancy 
include salpingectomy, salpingostomy, and segmental resection.5 

For the patient desiring to maintain maximal future fertility. 
preservation of the tube is preferable. 

lhe medical treatment of tubal pregnancy relies on the 
cytotoxic effect of methotrexate. There are several protocols for 
dosage (e.g., 1 mg/kg) and follow-up. Consultation with an 
experienced gynecologist before initiation is advisable. 

Pelvic Infection 
1l1e diagnosis ofPID can be challenging. Usually, the differential 
diagnosis includes appendicitis, urinary tract infection, ruptured 
ovarian cyst, and ectopic pregnancy, all of which share some of 
the signs and symptoms of PID. lhe diagnosis ofPID is made 
only when the patient has fever, leukocytosis, purulent discharge 
from the cervix, bilateral ad11exal tenderness on gentle palpation, 
and peritont-al signs linlited to the pelvis. Appendicitis is dif
ferentiated by anteceding gastrointestinal symptoms, evolving 
pain pattern, absence of cervical discharge, and generalized 
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peritorutis. Lower urinary tract infection is distinguished by 
dysuria and obvious pyuria. Rarely do ovarian cysts or ectopic 
pregnancy present with significant fever or leukocytosis. In a 
classic study, W0lner-Hanssen and assodares6 concluded d1at the 
sensitivity and specificity of clinical assessment for PID was so 
poor that laparoscopic inspection of the pelvis is neces.~ary to 
make a firm diagnosis. Although that may be unduly aggressive 
in many cases, this diagnosis must be applied cautiously because 
it is stigmatizing and labels the patient, disproportionately a 
womw of color, ftom lower socioeconomic status, or with a 
counterculture Ufestyle. 

Acute PID, as a polymicrobial infection, is a medical, not 
a surgical, disease. 'The major acme complication of this disease 
is a TOA. In contrast to abscesses related to the intestine, 
however, initial management of a TOA is with broad-spectrum 
IV antibiotics. Indications for surgical intervention are a rup
tured TOA with generali.zed peritonitis or failure to respond to 
medical therapy. 

A pelvic inflan1.matory collection is a clinical variant of a 
TOA. Whereas an abscess is ru1 infectious process bow1ded by 
an in1lammatory response across natural tissue planes, d1e col
lection, which may be indistinguishable on ultrasound or CT 
scru1, is bounded by anatomic surfaces of the posterior cul-de
sac, rectum, uterus, and intestine. Pelvic collections ate more 
common than true abscesses and are much more likely to 
respond to medical therapy than abscesses. 

Functional Ovarian Cysts 
Rupture of a follicle or corpus luteum cyst, or intraparenchymal 
hemorrhage in the corpus luteum, cru1 result in extreme pain. 
with si:gns of localized peritoneal irritation. If ultrasound evalu
ation reveals a simple cyst and does not demonstrate significant 
intraperitoneal bleeding, ru1d if Doppler flow rules out an 
ovarian torsion, this acute condition will resolve in 12 to 24 
hours. Fluids ru1d analgesic support are all that is necessary. 

If the right ovary is affected, the acuity clearly will force 
the consideration of appendicitis, but prior gastrointestinal 
symproms, fever, and leukocytosis are rarely present. 

Ovarian torsion is a surgical emergency ru1d sometimes 
mandates oophorectomy. However, unless the ovary is obviously 
necrotic at the tin1e of laparoscopic inspection, the sw-geon 
needs to UJltwist the ovariru1 pedicle and directly observe for 
rerum of blood Bow before considering removal. 

uterine Leiomyomas 
Uterine leiomyomas are benig11 myometrial tumors present in 
up to 40% of women, more prevalent i11 African American 
women. With clinical or ultrasound confirmation of the diag
nosis, observation for stabWty over tin1e is indicated. Surgical 
intervention is warranted if the patient has lmresponsive 
menorrhagia, intolerable pressure symptoms, rapid growth, or 
change in consistency of palpable masses. Leiomyosarcoma 
is sufficiently rare that hysterectomy or myomectomy to rule 
out malignru1cy carries a greater statistical risk than the lesion 
itself. 

Observational mru1agement is especially valid in women 
who are approad1ing menopause because leiomyomas are 
estrogen-dependent and, with the decline in estrogen produc
tion, typically the lesions will decrease in size. Continued obser
vation is important after menopause because progressive growth 
during this period may reflect malignant transformation. 
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Endometriosis and Endometriomas 
Endometriosis is a complex disease created by the presence of 
ectopic endometrial tissue in the peritoneal cavity or adnexa. 
The endometrial tissue transforms and bleeds with the ovarian 
cycle. This process induces a steril.e inflarnmatory response, 
resulting in pain, pelvic adhesions and, when located in the 
ovary, a compl.ex hemorrhagic mass, known as an endometrioma. 
First-line therapy for this disease is medical induction of tem
porary menopause and suppression of ovarian estrogen. Surgical 
treatment for younger women is conservative, with local destruc
tiOJ1 of lesions and maximum conservation of reproductive 
organs. Women who have completed their reproductive plans 
will benefit from hysterectomy and oophorecwmy. 

TECHNICAL ASPECTS OF SURGICAL OPDONS 

Surgic:al Approaches 
Similar to all the surgical specialties, minimally invasive surgical 
approaches have become increasingly adopted in gynecologic 
surgery over the past decade. Laparoscopy and, more recently, 
roboticaJJy-assisted surgery has become more widely used for 
benign and malignant gynecologic conditions.?·9 1l1ese mini
maJJy invasive techniques offer fewer postoperative compli.ca
tions and a shorter postoperative recovery. Postoperative 
adhesions are markedly reduced in many srudies; this translates 
to a lower risk of infertility, which can be an important consid
eration following pelvic surgery. Shorter hospitalization and 
rapid recovery co full function are also major advamages w many 
patients. Today, most patients are disd1arged the moming fol
lowiJ1g their hysterectomy if laparoscopy or robotic surgery is 
used; a 5-day hospita!V..ation with slow return of bowel function 
is typical for patients managed by a traditional open abdomiJ1al 
hysterectomy. 

Although these minimally invasive approaches are popular 
with patients and surgeons, they often require a longer opera
tive time and definitely require advanced surgical training and 
skills. They also require significant specialized instrw11entation 
and a well-trained and experienced surgical tean1. Because of 
their complexity and special instrwnentation required for these 
approaches, they will not be discussed iJ1 detail in this chapter. 
1l1e transvaginal approach is commonly used by gynecologic 
surgeons and is also highly effective for pelvic pathology, espe
ciaJJy for the correction of pelvic organ prolapse and various 
urogynecologic condhions. 1l1ese techniques also require special 
training and experience and will not be discussed m this 
chapter, although tbey are commonly used by gynecologic 
surgeons. 

Surgery for Menorrhagia or Abnormal 
uterine Bleeding 
D&C is the classic gynecologic procedure for the evaluation and 
possible therapeutic treatment of menorrhagia, menometror
rhagia, and abnormal uterine bleeding. It is now understood that 
its therapeutic success is 25% or Jess and is usuaJJy temporary. 
Because it is a !blind procedure, i.t is difficult to ensure that the 
entire endometrium is curetted wUformJy, much Dke attempting 
to scoop cake batter out of a bowl with a spoon. 1l1erefore, more 
commonly now, hysteroscopy is used m conjunction with D&C 
so that the cavity can be visuali2ed and any pathology seen can 
be directly resected or removed. 1l1e combination of the two 
adds to the evaluation and therapeutic success. 

In addition, ablative tedmiques are being used for improved 
therapy for nonstructural bleeding abnormalities. 1l1ese ablative 
tedmiques (e.g., rollerball, thermal balloon, hydrotl1erapy, cryo
therapy, microwave) are advanced techniques best reserved for a 
surgeon with extensive experience in hysteroscopy and the evalu
ation and manipulation of the endometrial cavity. 

Technique: Dilation and Curettage 
A weighted speculun1 ru1d anterior retracting blade or a bivalve 
Graves speculun1 are used in the vagiJ1a to visualize the cervix. 
The cervix is grasped transversely OJJ the anterior lip with a 
smgle-toothed tenaculwn. A Kevorkiru1 curette is used to curette 
the endoccrvix for a specimen. A sound is placed through the 
cervix and into tbe uterus and gently tapped on the ftmdus of 
the uterus to measure the depth of the cavity. This step is impor
tant to help prevent or recognize uterme perforation for the 
remainder of the procedure. 1l1e cervix is dilated with graduated 
dHators of increasing diameter. At this rime, if hysteroscopy is 
going to be performed, the hysteroscope is introduced through 
the cervix and iJ1to the uterus for visualization of the endome
trial cavity; glycine or saline is commonly used as a distention 
mediun1. 1l1e curettage phase is performed. A sharp curette, the 
largest dian1eter tl1at will easily fit through the cervix, is intro
duced gently into the cervix and endometrial cavity. This is done 
without excessive pressure or undue force. The ftmdus is found 
ru1d a firm witl1drawal stroke is applied until the curette read1es 
the cervicouterine junction. This is repeated while moving cir
cumferenriaJJy around the uterine cavity, anemptillg to cttrette 
as much of the endometrial cavity as possible. The procedure is 
then terminated; the instruments are removed with careful 
attention to the cervix, which may bleed when the tenaculum 
is removed. 1l1e bleeding usually stops with pressure, silver 
nitrate, or Monsel's solution. 

Potential Complitation.s As with any surgical procedure, iJ1fection 
&om instrumenting the cavity or bleeding from the denuded 
endometrial lining can occur. In addition, perforation of the 
uterine cavity is possible and can occur during any phase of the 
procedure. However, it usually occurs during the soundll1g of 
the uterus, ru1d bleedll1g from the perforated area can result. 
The perforation is usuaJJy midline and self-limited. Generally; 
observation for 24 hours is aJJ that is required. If there is 
cominucd bleeding, as evidenced by a decreasiJ1g hemoglobin 
level or increased abdominal pain, or if other symptoms 
are present, exploration by laparoscopy or laparotomy may be 
required. lJ1jury to the bowel is possible, although rare, with 
perforation. 

Treabnent of Bartholin's Gland Cyst or Abscess 
Large, symptomatic Bartholin's gland cysts or painful abscesses 
may not respond to conservative treatment. Surgical treatment 
options are as follows: 
l. Incision and drainage with Word catheter placement 
2. Marsupialization 
3. Excision of the gland itself 

Excision of the glru1d is rarely indicated. Typically, incision 
and draiJ1age with appropriate follow-up, with or without mar
supialization, is aJJ that is needed co treat rhis condition. 

Incision and drainage are generaJJy done on d1e vestibu
lar side at tl1e hymeneal ring in a lower dependent portion of 
the grst or abscess using a sharp kJ1ife. The cyst is stabilized 
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FIGURE 71 -7 Bartholin's gland marsupialization. A. Retraction of the labia and incision over the mucosa of the vagina. B. Wall of the gland is 
excised. ( , Completed marsupialization. (Adapted from Mitchell CW. Wheeless CR: Atlas of pelvic surgery, ed 3, Philadelphia,1997, Lippincott 
Williams & Wilkins.) 

and an incision is made into the cyst itself. A small Word 
catheter is plaa:d into the cyst for drainage and is reevaluated 
on a weekly basis. Patients with abscesses are pretreated with 
antibiotics. 

To perform a marsupialization, an d liptical incision is 
made in the vestibular mucosa down to the wall of the gland. 
The wall of the gland is incised along the entire length of cl1e 
ellipse. The contents are evacuated and the wall of the cyst is 
sutured to the vestibular mucosa with 3-0 synthetic absorbable 
sutures in an interrupted fashion or using a baseball stitch (Fig. 
71-7). The patient is placed on a regimen of hot sitz baths. If 
the lesion is an abscess, the patient is give.n antihiotics. Whether 
marsupializatio11 or incision and drainage have been performed, 
sexual intercourse is avoided until the area has completely 
healed. 

Cone PrCKedure 
Conization can be performed with a cold knife, or a LEEP. A 
LEEP (loop electrosurgical excision procedure) conization 
entails removal of the transformation zone with an ectocervical 
loop followed by removal of an endocervical specimen with an 
endocervical loop. This is called a top hat procedure and allows 
for sampling of cl1e canal. If a cold knife conization is done in 
the operati11g room, a single-toothed tenaculum is placed on the 
anterior Up of the cervix. Figure-of-eight retention sutures of0-0 
Vicryl are placed at 3 and 9 o'clock. A circumferential incision 
is made around the transformation zone and lesion. The speci
men is grasped with Allis clan1p~ to maintain orientation and a 
deeper circumferential incision is made in the cervix. 'l11e sped
men is removed with a scalpel or Mayo scissors. A marking stitclJ 
is placed at 12 o'clock on cl1e specimen and an endocervical 
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curetting is performed above the cone biopsy. Risk for recur
rence of dysplasia is dependent on the status of the endocervical 
and ectocervical margins, as well as on whether the endocervical 
curetting is positive for dysplasia. 

Surgery for Ovarian Cysts 
Ovarian cysts are common, especially functional cysts. Benign 
ovarian cysts have been discussed previously. When found, it is 
necessary to determine which rype of treatment is most appro
priate. It is individualized to each patient, depending on the 
clinical scenario. When an ovarian cyst is an incidental finding 
at the time of other surgery, it is important to know what, if 
any, are the patient's symptoms, where the parient i~ in her 
menstrual cycle, and what size of follicle is normal for that part 
of the cycle. 

It is critical to remember that whenever surgery is per
formed on the acL1exal structures, there is a risk for adhesion 
formation that might inhibit ferti lity. lf the patient has been 
asymptomatic with a small functional cyst, observation, espe
cially for the younger patient, is most appropriate. If the func
tional ovarian cyst is large (>5 to 6 em) or symptomatic, 
aspiration may be considered. If the cyst is larger or is not con
sistent with a functional lesion, oophorectomy may be consid
ered if the patient is closer to menopause. As an alternative, 
ovarian cystectomy may be considered. 1l1is option removes the 
cyst but preserves the fw1ction of the ovary. It also reduces the 
risk for recurrence as compared with ovarian cyst drainage. 

Technique 
OVarian Cyst Drainage It is imperative, before considering drain
age, to determine chat the ovarian cyst is benign and fw1ctional 
in nature. With this being noted, a hollow needle can be used, 
by laparoscopy or exploratory laparotomy, to pierce the cyst at 
a 90-degree angle and suction the fluid from the cyst through 
tubing and a syringe com1ected to the needle. Suction is per
formed until aU d1e fluid is removed. The fluid is sent to pathol
ogy to ensure accurate diagnosis. The needle is removed and the 
procedure is terminated. 

OOphorectomy Witfl or Without Salpingectomy When oophorec
tomy is desired, the infundibulopelvic (IP) ligament is identified 
and isolated. 1l1e ipsilateral ureter must be identified and noted 
to be remote from the area of the IP ligament to be ligated. 
With the lP ligament isolated, the foUowing strategies can be 
followed: 

l. C lan1p, cut, and suture-ligate the lP Ligament. 
2. Ligate the fP ligament with one or two En dol oops and then 

surgically dissect it. 
3. Cauterize d1e IP ligan1ent with bipolar cautery and sharply 

dissect it. 
If the ipsilateral tube is to be removed, dissection across the 

mesosalpinx is performed with dan1p, sharp dissection, and 
suture ligation or with bipolar coagulation and sharp dissection. 
If the uterus is present, attention is directed to the utero-ovarian 
ligament. 1ltis ligament is dissected in a similar fashion, as 
described, through bipolar cautery or the damping technique. 
1l1e ovary, completely dissected, possibly in conjunction with 
the fallopian rube, can be removed. 

OVarian Cystectomy To begin an ovarian cystectomy, a surgical 
Line into the ovarian capsule is developed sharply over the area 

of the cyst, on the antin1esovarian side of the ovary. After the 
incision into the capsule, the cyst is dissected away from the 
capsule using sharp or blunt dissection. Scissors, knife, kitner, 
hydrodissection, or a combination of these may be used for this 
dissection, taking care to avoid rupture of the cyst. After the 
cysr is complerely removed, rhe base of rbc ovarian capsule 
usually bas some bleeding. Hemostasis can be obtaiJled at the 
base with electrocautery or by suturing. After hen10stasis is 
obtained, most surgeons do not suture the capsule, but approx
imate the edges loosely together to heal spontaneously on its 
own. lt is believed that this reduces the risk for adhesion forma
tion. A Gynecare lnterceed absorbable adhesion barrier or 
another adhesion barrier can be used at this time to reduce 
adhesion formation . 

Potential Complications 
Bleeding from the large vascular pedides is the most dangerous 
potential risk. Tf hemosta~is is not completely obtained, the 
large ve.~els can quickly bleed profusely. The more d1ronic com
plication from adnexal surgery is adhesion formation, with infer
tility or subfertility. Injury to the ureter is always a concern 
during this procedure if the ureteral course is not monitored 
appropriately. 

Surgery for the Fallopian Tube or 
Ectopic Pregnancy 
'There are many options for the treatment of an ectopic preg
nancy. Surgical options include salpingosromy, segmental resec
tion, and salpingectomy, depending on the desire for future 
fertility and whether the tube is salvageable. As noted, these 
procedures can be performed by Laparoscopy, laparotomy, or 
minilaparotomy. 

Technique 
Salpingostomy With a salpingostomy, a linear incision is made 
in the antisalpingetic line over the pregnancy. This is usuall}' 
performed with a monopolar needle. The pregnancy is removed 
from the tube. Milking the pregnancy from the tube has been 
discussed .in the past; however, it is no Longer recommended 
because of an increased risk for retaiJ1ed tissue. After the preg
nancy is completely removed, hemostasis is achieved with mono
polar or bipolar cautery. 1l1e tube is not sutured, but rather left 
open to heal spontaneously. This has been shown ro improve 
patency rates and fertility (Fig. 7 1-8). 

Segmental Resection In segmental resection, the portion of the 
rube encompassing the products of conception is resected and 
the pxoximal and distal ends are Left in situ. lhis gives the option 
of reanastomosis at a Later date if the patient d1ooses. The meso
salpinx is perforated in an avascular space. Ligatures are placed 
on each side of d1e pregnancy. The segment is sharply resected 
wi thin the ligatures; the vessels of the mesosalpinx are inspected 
for injury, and secured if necessary. 

Salpingectomy ln salpingectomy, the tube is grasped and the 
mesosalpinx is secured using bipolar cautery, an Endoloop, or 
clamps with a suture ligation. 1l1e tube is sharply excised. 'TI1e 
area is exan1ined closely for hemostasis (Fig. 7 L -9). 

In rare cases, the ectopic pregnancy is in the abdomen and 
not in the fallopian tube. [n these situations, the fetus is 
removed with Ligation of the umbilical cord near its insertion 
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FIGURE 71-8 Salpingostomy. A. Fallopian tube is opened in a longitudinal manner. B. Trophoblastic tissue is removed in pieces. (Adapted from 
Mitchell CW, Wheeless CR: Atlas of pelvic surgery, ed 3, Philadelphia, 1997, Lippincott Williams & Wilkins.) 
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FIGURE 71-9 Salpingectomy. A. Tube is excised from the cornual portion across the mesosalpinx to the fimbria. B, Pedides are tied, peritoneal 
lining is reestablished, and cornual portion of the tube is buried into the posterior segment of the uterine cornu. (, Mesosalpinx is reperitoneal
ized. D. Mesosalpinx is dosed and the procedure completed. (Adapted from Mitchell CW, Wheeless CR: Atlas of pelvic surgery, ed 3, Philadel
phia, 1997, Lippincott Williams & Wilkins.) 

into the placenta Because of the vascularity of the placenta, the 
placema is left in situ, with subsequent medical d1erapy with 
methotrexate. 

Potential Complications 
1l1e vascular supply of the tube in pregnancy is markedly 
increased; therefore, bleeding is a risk during and after the 
surgery is completed. [f the tube is preserved, there is a risk for 
subsequent recurrent ectopic pregnancy. Also, there is a risk for 
retained placental tissue in the tube and persistent ectopic preg
nancy. Adl1esions of the affected adnexa are also a significant 
risk, whether the tube is preserved or removed. 

Hysterectomy 
Hysterectomy is one of the most common gynecologic proce
dures performed. The route of hysterectomy depends on the 
indication for surgery, size of the uterus, descent of the cervix 
and uterus, shape of the vagina, size of the patient, and skill and 
preference of the surgeon. Surgical routes for hysterectomy 
include total abdominal hysterectomy (TAH), total vaginal 

hysterectomy (TVH), laparoscopically assisted vaginal hystcr
eccomy (LAVH), and two more recent techniques-coral 
laparoscopk hysterectomy (TLH) and laparoscopic supracer
vical hysterectomy (LSH). Robotically assisted total laparoscopic 
hysterectomy is a popular variation of total laparoscopic 
hysterectomy. 

Because of the significant impact of the transvaginal 
approach on appreciating anatomic relationships. vaginal hyster
ectomy and laparoscopicalJy assisted hysterectomy must only be 
performed by an experienced vaginal surgeon. 

Technique 
Any lower abdominal incision (vertical, Pfannenstiel, Maylard, 
Cherney) can be used. The bowel is packed from the pelvis and 
the patient placed in the Trendelenburg position. The ureters 
are identified and the following steps are performed bilaterally 
(Fig. 7 1-10). 

The round Jjgament is identified, indsed between clan1ps. 
and ligated with 0-0 absorbable suture. The leaves of tl1e broad 
ligament are sharply opened anteriorly and posteriorly, with the 
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FIGURE 71-10 A- N, Hysterectomy. (Adapted from Mitchell ON, Wheeless CR: Atlas of pelvic surgery, ed 3, Philadelphia,1997, lippincott Williams 
& Wilkins.) 
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anterior leaf open ro the vesicouterine fold. If the ovary is to be 
preserved, the proximal tube and utero-ovarian Ugament are 
damped, incised, and ligated. [f the tube and ovary are to be 
removed, the infundibulopelvic ligament is doubly damped, 
incised, and double-ligated with a 0-0 absorbable tie and 0-0 
synthetic absorbable surure, as described earlier. 

A.fter this has been performed bilaterally, the vesicoperito
ncal fold is elevated and incised. 'TI1c filmy attad1111ents of the 
bladder to the pubovesical fascia are sharply dissected, mobiliz
ing the bladder off the cervix. The filmy adventitious tissue 
surrounding the uterine vessels is skeletonized sharply, dissecting 
the tissue to expose the uterine vessels. The uterine vessels are 
clamped, incised, and ligated at cl1e level of the lower uterine 
segment. This is accomplished by placing the tip of the clamp 
on the uterus at a right angle to the axis of the cervix and sliding 
or stepping off the uterus. 1he pedicle is incised and a simple 
absorbable 0-0 sutme ligature is placed. The cardinal. and utero
sacral liganlC':nts are sequentially damped, iJ1cised, and suture
ligated wid1 a Haney double transfixion suture. Each dan1p is 
placed medial to the previous pedicle to allow for the ureter 
passively to retract laterally. The amerior vagiJ1a can be entered 
by a stab incision and cut across with a scalpel or scissors. Alter
natively, right-angle clamps can be used to clamp the angle of 
the vagiJ1a, below the distal cervix. The tissue above this angle 
clamp is then incised and ligated with a Haney stitch. With the 
lumen of the vagina now exposed, sharp dissection is used to 
complete the vaginal transection. The vaginal wall, incorporat
ing perivaginal fascia, muscularis, and mucosal edge, is closed 
with a series of figure-of-eight 0-0 absorbable sutures, with the 
angle stitcl1es incorporating the ipsilateral uterosacral Hgamen t. 
Ligatures need to be snug, but they must not strangulate the 
vaginal edges. 'The pelvic peritoneum docs not need to be closed. 
The pelvis is irrigated, hemostasis ensured, and abdominal inci
sion dosed routinely. 

Potential Complications 
Because of the proximity of the ureter tO the cervix, uterine 
vessels, and infundibulopelvicligament, the ureter can be injured 
during the hysterectomy and, with the dissection necessary 
berween the bladder and cervix, injury to the bladder is sinlllarly 
a comm on compUcation. It is in1perative that these iJ1juries be 
recognized and repaired intraoperatively, if possible. Fistulas, 
such as vesicovaginal or ureterovagiJ1al, can also form postopera
tively secondary to ischemic injury caused by denudation of 
the bladder m uscularis or partial entrapment with a vaginal 
closure stitch. 

The vascular supply to the uterus and ovaries is rich. Intra
operative and postoperative bleeding is a concern. A previously 
secure pedicle can begin to bleed acutely during the postopera
tive period. A vaginal stum p vessel, missed because of operative 
vasospasm, can cause a pelvic cuff hematoma. Thromboembo
lism originating from the pelvic vasculature is also a potential 
postoperative problem. Hysterectomy is considered a clean
contaminated procedure because of entering me vagu1a. Pelvic 
cuff infection is common, despite the routine use of prophylactic 
antibiotics. 

There has been discussion regarding the effect of hyster
ectomy on the pelvic floor. Failme to reapproximare the endo
pelvic fascia or failure to heal results in a large, apical, 
endopelvic fascial defect. 1l1is results in an apical enterocele 
that progresses in size over time. It is estimated tl1at 60% 

of women have significant pelvic support defects by 60 years 
of age. 

Radical Hysterectomy 
Radical hysterectomy can be performed through a vertical, 
Cherney, or Maylard incision. After rhe pelvis is entered, the 
retroperi toneal space is opened and rl1e paravesical and pararec
tal spaces arc developed. 1l1e boundaries of the paravesical space 
are the symphysis pubis anteriorly, cardinal ligament posteriorly; 
obliterated umbilical artery medially, and external iHac. vein lat
erally. The boundaries of the pararectal space are the cardinal 
Ugament anteriorly, sacrum posteriorly, ureter medially, and 
hypo,gastric artery laterally. 1l1e bladder flap is rl1en developed 
to the level of rl1e vagina. 1l1e uterine arteries are isolated back 
to the origin and ligated. 'TI1e ureter is then separated from the 
medial leaf of the broad ligament and the parametrial tunnel is 
developed. 1l1e meter is separated fTom the parametrial tissue 
and i.s rolled lateral ly. 1l1e rectovaginal space is then entered and 
rl1e uterosacral ligan1ents are transected rwo thirds of the way to 
the sacrum. 1l1e amount of postoperative urinary retention is 
related to how close to the sacrum the uterosacral ligament is 
ligated. The parametria are then taken at the sidewall. The speci
men is removed when the vagiJ1a is entered 1 em below the 
cervix. The angle sutures are secured with 0-0 Vicryl Heaney 
sutures and tbe cuff is closed with 0-0 Vicryl figure-of-eight 
sutures. More recent surgical techniques for the mru1agement of 
cervical cancer include total laparoscopic radical hysterectomy 
with lymphadenectomy and fertility-sparing vaginal radical 
trachelectomy. 

Management of a Pelvic Mass 
Whe11 a pelvic mass is discovered on examination, ultrasound 
can be helpful in determining characteristics that are worrisome 
for malignancy. In general, a simple cyst in a premenopausal 
patient wiU not be cancerous. However, a mass with complex 
fearures such as septations, papillations, and solid components 
is mo re worrisome. Several benign lesions such as endometrio
mas, hemorrhagic corpus !urea, and dermoid cysts can have 
these features ru1d must be included iJl the differential diagnosis 
(Table 71-2). Inflammatory conditions, including a rubo-ovariru1 
abscess, can also appear worrisome on ultrasOLmd, so the clinical 
scenario is important when determining the treatment plan. 

In a premenopausal patient with a simple cyst, ultrasound 
is repeated in 6 to 8 weeks to determine whether it is a hemor
rhagic corpus lutea. However, iJ1 a postmenopausal patient with 
a complex adnexal mass, evaluation includes cr to rule out 
metastatic disease or another site of primary n un or and barium 
enema to rule out colon involvement or prirnary.10 

CA-125 is a glycoprotein produced by certain tumors. 
Unfortunately, it is not specific for ovarian cancer ru1d its level 
may be elevated in lung, appendiceal, and signet ru1g cell carci
nomas, as well as other malignancies. In the premenopausal 
patient, benign findings such as leiomyomas, endometriosis, 
menstruation, pregnancy, and PID may elevate cl1e CA-125 
level. Other diseases such as ci.rrhosis of the !rver may also elevate 
the value. CA-125, therefore, is not checked in the premeno
pausal patient with a pelvic mass because the false-positive rate 
is roo high. However, in d1e postmenopausal patient with a 
pelvic mass and an elevated CA-125 level, ovarian cancer is 
diagnosed in 80% of these patients. llus is the population in 
whicl1 the test is helpful. 
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_Table 11-2 Differential Diagnosis of Ovarian Masses 
MASS 

Benign disease 

Malignant disease 

Germ cell 

Stromal 

Metastasis 

DIFFERENTIAL DIAGNOSIS 

Hemorrhagic corpus luteum, endometrioma, 
tubo-<>varian abscess, ectopic pregnancy, serous 
or mucinous cystadenoma, cystaoenofibroma, 
fibroma, Brenner's tumor, dermoid 

Serous borderline tumor, mucinous epithelial 
borderline tumor, invasive cancer (papillary 
serous, endometrioid, transitional cell, clear 
cell, neuroendocrine or small cell, malignant 
mixed mullerian tumor) 

Dysgerminoma, endodermal sinus tumor, 
choriocarcinoma. immature teratoma, 
embryonal carcinoma, polyembryoma 

Sertoli-leydig cell tumor, granulosa cell tumor 

Colon cancer, stomach cancer, breast cancer, 
lymphoma 

Definitive diagnosis of a pelvic mass requires visual inspec
tion and histologic diagnosis. Laparoscopy or laparotomy can be 
done, depending on the clinical suspicion of malignancy. In 
patients with potential for carcinomatosis, laparoscopy is not 
done because of port site metastasis that occurs quickly and can 
make debulking difficult. At the time of surgery, pelvic washings 
are done, and the mass is visually inspected to augment prior 
information from ultrasound. If all indications are chat d1e 
lesion is benign, ovarian cystectomy or drainage (see earlier, 
"Tedmical Aspects of Surgical O ptions") are indicated, with 
evaluation of cyst cytology or gross or microscopic evaluation 
of the tissue to confirm a benign lesion. If there is a higher 
level of suspicion or the patient is menopausal, oophorectomy 
is performed and fro:a:n section histologic diagnosis is carried 
out. 11

•
13 

Serous and mucinous cystadenomas are common benign 
tumors of the ovary that can occur in any age group. Treatment 
can be cystectomy or oophorecromy, depending on the amount 
of ovary involved. Brenner's tumors are benign transitional ceU 
tumors of the ovary that ca11 also be managed in a sinlilar 
fashion. 

lf the lesion is an i nva~ive, epithelial ovarian cancer, treat
ment includes hysterectomy, bilateral salpingo-oophorecromy, 
omentectomy, peritoneal biopsies of the diaphragm, bilateral 
paracolic gutters. bilateral pelvis, and cul-de-sac and lymph node 
sampling. If the cell type is mucinous, an appendectomy is also 
performed to rule out metastasis from the appendix. Atten
tion has turned toward mlninla.Liy invasive (laparoscopic) and 
fertility-sparing surgical approaches. Interval laparoscopic 
staging of newly diagnosed ovarian tumors, with no suspicion 
of carcinomatosis, may be performed in !:elected patients.R 

Extensive disease mandates tumor debulking to remove all 
possible tumor. Patients who undergo optin1al tumor reductive 
surgery ( <2 em of visible disease) have a survival advanrage over 
patients who cannot be or are not optimally debulked. Complete 
staging is important because patients who have a grade I or 2 
stage lA ovarian cancer do not require chemotherapy. With 
other srages, surgery is followed by cl1emodlerapy. 

Borderline tumors do not behave like invasive ovarian 
cancers. Typically, they are treated with surgery alone and do not 
require chemotherapy. 1hey rend co occur in younger women. 
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lf found at frozen section and the patient is finished with child
bearing, pelvic washings, hysterectomy, bilateral salpingo
oophorectomy, omentectomy, perito11eal biopsies, and lymph 
node biopsies are performed. If the patient desires future fertili ty, 
a unilateral oophorectomy, omeJltectomy, peritoneal biopsies, 
and lymph node biopsies on d1e side of the rumor can be per
formed. 1l1e other ovary can then be monitored with ultra
sound. Staging is done in case an invasive ovarian cancer is found 
at the time of6nal pathology. Mucinous borderline tumors have 
also been associated with abnormalities in the appendix. 11lere
fore, an appendectomy is performed in conjw1ction with other 
staging. 

Other types of ovarian tumors include sex cord stromal 
tumors, such as granulosa cell and Sertoli-Leydig cell tumors. 
1l1esc typically appear solid but occa~ionally have a cystic appear
ance. Hysterectomy, bilateral salpingo-oophorectomy, and 
staging are performed. For stage I tumors of the adult type, no 
further therapy is needed. For patients with a hjgher stage, 
postoperative chemotherapy or radiation therapy is added. 

Germ cell tumors must be considered in girls and young 
women,. The most common cell type is a dysgerminoma; 90% 
of these are djagnosed at stage l. Conservative surgery with 
unilateral oophorectomy and staging can be performed, leaving 
the uterus and other tube and ovary in place. No further treat
ment is needed.'4 Other germ cell tumors include endodermal 
sinus tumor, choriocarcinoma, immature teratoma, and embry
onal carcinoma A mixture of these cancers can be present. 
Tumor markers sucl1 as ~-hCG, cx-fetoprotein, and lactate dehy
drogenase (LDH) may be detected in certain germ cell tlllllors. 
Patients who have a gonadoblastoma must be tested by chromo
some evaluation. lfXY chromosomes are discovered, the gonads 
are removed to prevent the development of dysgerminoma. 11lis 
may occur in 20% of patients with gonadoblastoma. 

Because these are potentially aggre~ivc tumors, postopera
tive chen10therapy is implemented with the diag110SCS of tera
toma (stage lA, grade 2 or 3 immarure teratoma, or any higher 
stage), dysgerminoma (stage fl and above), any cndodermal 
sinus tumor, or choriocarcinoma 

SURGERY DURING PREGNANCY 
Approx.in1ately O.l% to 2.2% of pregnant women require 
surgery during pregnancy. Changes in maternal-fetal physiology, 
enlarging gestation, and changes in maternal organ placement 
can make diagnosis and treatment challenging. This section 
addresses important issues for the surgeon to consider before 
proceeding to the operating room. 

Physiologic Changes 
During pregnancy, multisysten1 adaptions result in altered 
physiology. 

Cardiovascular System 
Blood volume increases by 45% to 50% at term. Placental 
hormone production stimulates matemal erythropoiesis, which 
increases red cell mass by approxjmately 20%. This results in a 
functional hemodilution manjfested by a physiologic anemia 
Therefore, pregnancy needs to be considered as a hyper
volemic state. 

The maternal heart rate increases as early as 7 weeks' gesta
tion. ln la.te pregnancy, the maternal heart rate is increased by 
approximately 20% over antepartum values. Systenlic vascular 
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_Table 71-3 Physiologic Changes of Pregnancy 
CHANGES RESULT SYSTEM 

Cardiovascular, 
hemodynamic 

Blood volume increased by 50%; red cell mass increased by 20%; cardiac output 
increased by 50%; heart rate increased by 200/o; systemic vascular resistance decreased 
by20% 

High-output cardiac state with 
a hemodilutional anemia 

Respiratory Minute volume increased by 200/o; functional residual capacity deaeased by 15%; tidal 
volume increased by 20% to 30o/o; oxygen consumption increased by 200/o 

Compensated respiratory 
alkalosis 

Gastrointestinal 

Coagulation 

Smooth muscle relaxation; delayed gastrointestinal emptying Full stomach; constipation 

Hypercoagulable state 
regardless of risk factors 

Fibrinogen increased by 30%; protein S decreased by 30% to 400/o 

Renal Glomerular filtration rate increased by 50%; serum creatinine decreased 40o/o; physiologic 
hydronephrosis 

Increased urination; increased 
risk for upper tract infection 

resistance decreases by 20%, but gradually increases near term. 
This results in a decrease iJl systolic and diastolic blood pressure 
during pregnancy, with a gradual recovery to nonpregnant values 
by term. Because there is increased pressure in the venous system, 
there is decreased return from the lower extremities, resulting in 
dependent edema. 

Respiratory System 
In pregnancy, minute volume is increased, whereas functional 
residual voltuue is decreased (Table 7 1-3). Although it seems 
intu.itive that lw1g volume would decrease during pregnancy, an 
increase in mlnute volwue in association with an expansion of 
the anterior and posterior dian1erer of the chest results in 
increased tidal volume, thereby also increasing minute ventila
tion. 'TI1ese changes result in a compensated respiratory alkalosis. 
Normal Pco2 values in pregnancy ranges from 28 to 35 mm Hg. 
The Po2 value is usually J 00 mm Hg or higher. Oxygen con
sumption and basal metabolic rate are also increased during 
pregnancy by approximately 20%. 

These physiologic changes result in less pulmonary reserve 
for the acutely iU pregnant patient, reducing the time needed 
for the deterioration of respiratory distress to respiratory failure. 
Early intervenrjon is mandatory. 

Gastrointestinal Trad 
During pregnwcy, there is a decrease in gastrointestinalmotiljty 
caused by mechanical changes in the abdomen, with the enlarg
ing uterus and smooth muscle relaxation resulting from the 
increased production of progesterone in pregnancy. Gastric 
emptying may be delayed for up to 8 hours. Pregnant women 
are considered t<J have a functionally full stomach at all times. 
In addition, a decrease in large intestine motility may result in 
constipation severe enough to cause significant abdominal pain. 

Coagulation Changes 
Pregnancy is a hypercoagulable state. Fibrinogen is increased 
approximately 30% over baseline values. 1he hypercoagulable 
state of pregnancy is associated with an increased risk for deep 
venous thrombosis and pulmonary embolus. This is particttlarly 
compounded when bed rest or in11110bilization occurs during 
the gestational period. 

Renal Changes 
Pregnancy increases blood Aow to the renal pelvis by approxi
mately 50%. TI1is results in an increased glomerular filtration 

rate. Frequent urination is common. The serum creatin.ine level 
is approximately 40% less than in a nonpregnant state. There
fore, a creatinine level of I mg/ dL during gestation is considered 
abnormal. 

Ureteral dian1eter increases in pregnru1cy secondary to 
compression and smooth muscle relaxation. Peristalsis is delayed 
and rellux occurs freely from the bladder into the lower ureteral 
segment. This results in an increased incidence of pyelonephritis 
during pregnancy. Therefore, asymptomatic bacteruria must be 
aggressively treated. 

Diagnostic Considerations and Evaluation 

Imaging Techniques 
The most common imaging technique used during pregnancy is 
ultrasound, which is considered the safest modality and is used 
for fetal assessment. In patients with abdominal pain, an ttltra
sound is considered the first-Line diagnostic test. During ultra
sowld, the presence of an intrauterine pregnru1cy needs to be 
documented, if possible. In addition, evaluation of the cul-de
sac for fluid, the ureter for dilation or stones, the gallbladder for 
the presence of gallstones, ru1d the placenta for abnormalities 
can be carried out. 

MRJ also can be used duriJlg pregnancy. To date, no evi
dence has suggested an increased risk &om this modality; in fact, 
MRJ is used to diagnose fetal abJlormalities, especially abnor
malides of the central nervous system. 

Although there are theoretical risks associated with ionizing 
radia·tion, most diat,'l1ostic x-ray procedures are associated with 
minimal or no risk to the fetus. Evidence suggests that there is 
no increased risk to the fetus with regard to congenital malfor
mations, growth restriction, or abortion from x-ray procedures 
that expose the fews to doses of 5 cGy or less. In J 995, the 
American College of Obstetrics and Gynecology published 
guidelines regarding diagnostic imaging during pregnancy. 
Women need tu be reassured that concern about radiation expo
sure must not prevent medically indicated diagnostic proce
dures. [t ca.tUlOt be stressed enough that maternal well-being is 
of the utmost importance, and appropriate diagnostic proce
dures need to be performed to facilitate a rapid diagnosis. 

Clinical Evaluation 
Abdominal pain dll!ing pregnru1cy can be confusing to the clini
cian. [t is natural for the dinician to attribute most abdomina\ 
paiJ1 co the pregnancy; however, other organ systems are affected 
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during pregnancy at the rare of the general population. In addi
tion to these d~agnoses, diagnosis speci6.c ro pregnancy also 
needs to be considered. 

Common Surgical Complications of Pregnancy 

Appendicitis 
Appendicitis is one of the most common surgical complications 
of pregnancy, with an incidence of approxinlately 2/ l 000 preg
nant women. 1l1is incidence is no higher than that of the general 
population; however, appendiceal location during pregnancy 
changes with the upward displacement of tile appendix with 
advancing gestation (Fig. 71-1 1). Nevertheless, the most 
common presenting symptom is pain in cl1e right lower quad
rant, which presents regardless of gestational age. l11e diagnosis 

I 

g~
Sm~mo. 

6mo. 

5mo. 

~4mo 
.~ ~ 3mo. 

~ 

,, ~P.P. 
McBurney's point 

FIGURE 71-11 The approximate location of the appendix during 
succeeding months of pregnancy is illustrated. In planning an opera
tion, it is better t() make the abdominal indsion over the point of 
maximum tenderrness unless there is a great disparity between that 
point and the thooreticallocation of the appendix. (From Ludrnir J, 
Stubblefield PG: Surgical procedures in pregnancy. In Gabbe S, 
Neibyl JR. Simpson JL [eds]: Obstetrics: Normal and problem preg
nancies, ed 4, Philadelphia, 2002, Churchill Livingstone, p 617.) 

GYNECOLOGIC SURGERY CHAPTER 11 2025 

of appendicitis in pregnwcy may be difficult because many of 
the symptoms of appendkitis are seen during pregnancy. Pain 
in the right lower quadran£ may be mistaken for round ligament 
pain, and nausea, vomiting, and abdominal discomfort may be 
mistaken for hyperemesis gravidarum. Because mild leukocyto
sis is commonly seen in pregnancy, it may confound rhe diag
nosis. H owever, other symptoms, such as fever and anorexia, can 
help the clinician establish the diagnosis. Ultrasonography 
may be used but is ofli.nuted value if bowel loops are distended. 
cr without contrast can be used, if needed, to assist in the 
diagnosis. 

Rupture of cl1e appendix during pregnancy increases peri
natal morbidity and mortality. Tlus is particularly true when 
rupture occurs after 20 weeks' gestation. Peritonitis increases tbe 
risk for pretcrm labor and pretcrm delivery. Therefore, it is 
prudent that me clinician make an early diagnosis and proceed 
immediately with surgical intervention. 

Cholelithiasis 
After appendicitis, biliary tract disease is the second most 
common general surgical condition encoumered during preg
nancy. Cholelithiasis of pregnancy usually develops from 
obstruction of the cystic duct. 1l1.e clinical presentation ranges 
from intermittent attacks of biliary colic to persistent pain radi
ating into the subcapsular area in patients in whom the common 
bile duct is obstructed by a stone. U ltrasOLmd is helpful for 
detecti11g tbe presence of stones. The differential diagnosis of 
acute cholelitluasis includes acute pain in the liver of pregnancy, 
the HELLP (bemolysis, elevated liver enzymes, low platelets) 
syndrome, and severe preeda.mpsia.lnitlal attacks may be treated 
conservatively with rv fluids, antibiotics, and antispasmodics; 
however, without prompt resolution of symptoms, surgery needs 
to be considered. Delay of surgery in a patient with cholecystitis 
may increase perinatal morbidity. Despite the potential difficulty 
of operating on a pregnant woman, lower morbidity has been 
shown in patients managed surgically, particularly in cases 
involving obstruction. In early gestation. laparoscopic cholecys
tectom y can be considered. 

Although rare, pru1creatitis may present during pregnancy. 
l11e most common cause of pru1creatitis in pregnru1t women is 
cholelithiasis. However, pancreatitis can. be a complication of 
severe preeclampsia or HELLP syndrome. Pancreatitis caused by 
rui.lk-alkali toxicity may be seen in patients with an excessive 
intake of antacids.15 

Intestinal Obstruction 
'TI1c incidence of intestinal obstruction in pregnant women is 
sinillar to that of the general population. Patients present with 
classic symptoms of the abdominal colicky pain associated with 
hyperactive peristalsis. Nausea and vomiti11g are present in 
approximately 80% of cases. Bowel distention is marked. Lapa
rotomy needs to be performed before bowel necrosis and perfo
ration occur. If perforation occurs during pregnancy, there is a 
significant increase in maternal ru1d perinatal morbidity and 
morrali ty. 

OVarian Masses 
W ith rthe frequent use of ultrasow1d in early pregnancy, the 
corpus luteum cyst of pregnancy is frequently identified. 1l1is is 
physiologic and, in the absence of symptoms of torsion, requires 
only follow-up to ensure the diagnosis. The progesterone 
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produced in tbe fuse 14 weeks of gestation is necessary to 
support the pregnancy untU placental production of progester
one replaces it. ll1erefore, if surgery is required for symptoms of 
torsion or bleeding, every effort must be made to preserve the 
corpus luteum in the fust trimester.16 

Obstetric Complication.s Resulting in 
Abdominal Pain 

Placental Abruption 
Placental abruption usually occurs in the third trimester and 
may be associated with excruciating abdominal pain. Contrary 
to popular belief, oven vaginal bleeding does not need ro be 
present in order for the diagnosis to be made. Ultrasonography 
is of little use because only 5o/o to 1 Oo/o of abruptions can be 
seen. Therefore, the diagnosis of abruption is clinical. Abrupti
ons are usually associated with uterine hypertonicity, resulting 
in fetal heart rate abnormalities. It is important for the clin_ician 
to diagnose abruption rapidly. 

Trauma may increase the risk for abruption. There are three 
distinct mechanisms for post-traumatic placental abruption: 

I. Blunt trauma to the uterus-for example, assault or 
seat belt placement can cause a direct iJ1jury to the 
placental implantation site. 

2. The sudden acceleration-deceleration cycle that 
occurs m motor vehicle crashes can cause a contre
coup shearing injury. 

3. Even iJ1 the absence of any overt physical injury, d1e 
acute adrenergic reaction to stress can result iJ1 suf
ficient uteriJle vasospa~m to create ischen1ic necrosis 
at the implantation site; with reperfusion, a subpla
cental hematoma can dissect the plane of the inlplan
tation s.i te. 

1l1e pregnant patient and her fetus who experience trauma 
need to be monitored for at least 4 hours, with the possibility 
of prolonged monitoring for 24 hours. Abrupt.ion may quickly 
become a surgical emergency, requiring immediate delivery of 
the fetus. Laboratory studies that may be helpful m the diagnosis 
of abruption include a platelet count and measurement of the 
fibrinogen levd. As the retroplacental hematoma expands, dot
ting factors, especially 6bril1ogeJ1 and platelets, are consumed. 
1l1is may assist the clinician in ilie diagnosis in occult cases. 

Pregnancy-Related Hepatic Complications 
HELLP syndrome and acute fatty liver of pregnancy cru1 
present as right upper quadrant pain ru1d nausea and vomiting. 
HELLP is a form of severe preeclampsia. It is important that 
the clinician not mistake this for cholelithiasis or some other 
gastrointestinal pathology. Progression of dlls disease can result 
in rupture of the hepatic capsule and maternal death if the 
diagnosis is missed. 

Acute fatty liver of pregnancy, which also carries a serious 
risk for maternal ru1d fetal morbidity and mortality, can present 
iJJ a simUar fashion. Laboratory studies useful in the diagnosis 
include platelet count and determination of LDH, serum 
glutamic-oxaloacetic trru1saminase (SGOT), creatinine, uric 
acid, and hematocrit levels. SGOT ru1d LDH levels will be 
elevated, platelets will be decreased, and the hemarocrit value 
may be increased, especially when seen in association with intra
vascular volume depletion. IJ1 patients with acute fatty liver, the 
glucose level may also be decreased. It is in1portant d1at the 

diJJician remember the physiologic chru1ges when interpreting 
values discussed at the begrnning of this chapter. 

Trauma 
Trauma from accidental injuries occurs iJ1 6o/o to 7o/o of all 
pregnancies. In addition m rhe risk for placental abruption 
noted, blunt trauma may increase the risk for preterm labor and 
preterm rupture of the membrru1es. It is in1portant that prcgnrult 
trauma patients be assessed for the san1e spectrum of injuries as 
nonpregnant patients. A number of studies have established that 
fetal-maternal hemorrhage is increased in women who have suf
fered trauma. Women who are RhD-negatlve need to have a 
quantitative assessment of ilie volume of fetal cells in maternal 
circwation and an appropriate dose of an ti-D immw1e globulin 
administered. Peritoneal lavage is not contraindicated in preg
nancy and can be performed safely in those patients in whom 
the possibility of a ruptured viscus is suspected. 

Common Obstetric Surgical Procedures 
The most common obstetric procedure that the surgeon will 
perform is cesarean delivery. Most cesarean births are performed 
through a Pfrucnenstiel incision; however, a vertical subumbilical 
midline incision can be used, especially in obese patients and m 
patients iJ1 whom rapid entry lnro the abdomillal cavity is indi
cated. After the placement of a bladder catheter, entry into the 
peritoneal cavity can be undertaken. In most cases, the perito
neum of the vesicouterine fold is transected transversely and the 
bladder is gently dissected from dle lower uterine segment. l11e 
lower uterine segment is palpated to check for malrotation to 
ensure that a transverse uterine incision centers on the midline. 
The underlyillg fetal parr is palpated. [f the presenting part is 
the fetal head, the incision is marked 1 to 2 em above the origi
nal margin of dle bladder. A small transverse rncision is made 
with a scalpel across the midline of the lower uterine segment 
dow.n to the fetal membranes. 1l1e incision may be extended m 
a transverse fashion using bandage scissors or iJ1 blunt fashion. 
The membranes are then ruptured. The physiciru1's nondomi
nant hand is placed into the cavity below the fetal head to 
provide Leverage that redirects the vertex through the incision. 
The vertex is delivered through dle uterine ru1d abdominal inci
sions. 1l1e remainder of the iJ1fant is delivered using gentle 
fundal pressure. 'TI1e cord is clamped and cut, and cl1e fetus is 
banded to the receiving team. 

L1 cases in whic\1 the fetus presents in a transverse or breech 
presentation, a low vertical cesareru1 bitili is performed. A verti
cal incision is made into the lower uterine segment and extended 
downward toward the bladder and upward coward the fundus 
using bandage scissors. It is generally preferred that the illcision 
not be taken into the contractile portion of tl1e uterus; however, 
if head entrapment occurs, extension of the mcision in a cepha
lad direction is appropriate. Ald10ugh not commonly performed, 
a classic cesarean birth with an incision over the anterior and 
superior uterine fundus can be used in patients ill whom obstruc
tion of dle lower uterine segment occurs secondary to uterine 
fibroids or in very early gestation. 

After the iJ1fant is delivered through the iJ1cision of choice, 
closure of the uterine iJlcision may be aided by removing the 
uterine fundus through d1e abdominal incision. DeHvery of the 
fundus also facilitates uterine massage. Oxytocin is adminis
tered via an N line. lt is recommended that 20 U of oxytocm 
be placed into a 1-Hter bag of rv Auld, with care taken not to 
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run the fluids at a rate of more than 200 mL/hr in most cases. 
The uterine incision is closed using an interlocking suture of 
1-0 Vicryl or a chromic suture. A second imbricating layer may 
be used to achieve hemostasis. After the uterus incision is reap
proximated and completed, care is taken to investigate for 
bleeding. 'TI1e abdomen may be irrigated if there is spillage of 
meconium or vernh outside the operative field. There is no 
need to reapproxin1ate the peritoneum or rectus muscles. 'TI1e 
abdominal wall is dosed in d1e usual fashion with absorbable 
suture. 

It is possible that the surgeon may be called to assist a 
patient with postparnun hemorrhage. 'TI1erefore, it is important 
w recognize factors that may be unique to pregnancy. As noted 
at the beginning of the chapter, blood voltmle is increased 
during pregnancy. Hemorrhage in pregnancy is defined as blood 
loss in excess of 1 000 mL Because of the increase in blood 
volttme by term, l10wever, the patient may lose 1500 to 2000 mL 
of blood before symptoms are manifest. The most conunon 
cause of postpartum hemorrhage i.s uterine atony. Risk factors 
for uterine atony include prolonged labor, uterine infection, 
cesarean hirth, and overdistention of me uterus. Hemorrhage 
can also be seen in abruption of the placenta and in patients 
with placenta previa, before or after delivery. [tis recomma1ded 
that therapy be initiated after the loss of 600 mL.' 5•1 ~ 

'TI1e first step is to assess for vaginal, cervical, or uterine 
lacerations. 1f negative, and uterine atony is the mechanism, 
manual exploration of the uterus is initiated to ensure complete 
removal of the placenta and aggressive fundal massage begtm. [f 
this is tmsuccessful, the administration of a solution of oxytocin, 
20 U/liter of physiologic saline solution at a rate of200 mL!hr, 
may assist with uterine contractility. A rate of as high as 500 mL 
in I 0 minutes can be admi11istered without significant cardio
vascular complications; however, maternal hypotension may 
occur with an TV bolus injection of as low as 5 U. 

\X!hen oxytocin fails to provide an adequate response, a 
synthetic 15-methyl-F2u. prostaglandin (carboprost) is adminis
tered IM or in the uterine wall. l11 addition, methylergonovine 
maleate (Methergine), 0.2 mg given IM, may be administered. 
Methergine i.s contraindicated in patients with hypertension. 
ProstaglandiJ1 F2" is contraindicated il1 patients with astluna. 
Misoprostol (Cyrotec) also has uterotonic properties and can be 
used at a dose of I 000 J.lg per rectw11. 

When pharmacologic measures fail to control hemorrhage, 
surgical measme.s are undertaken. 1f the hemorrhage is second
ary to uteru1e atony, ligation of the uterine vessels may be suc
cessfuL 'TI1e first step in ligating the uterine arteries is at the 
anastomosis of the uterine and ovarian artery high on the 
fundus, just below the utero-ovarian ligament. A large suture on 
the atraumatic needle can be passed from the uterus around the 
vessel and tied. If bilateral utero-ovarian vessel ligation does not 
stop the bleeding, temporary atraumatic occlusion of the ovarian 
arteries in the infundibulopelvic ligan1ents may be attempted. 
By decreasil1g perfusion pressure, thrombosis u1 the vascular bed 
may produce hemostasis. 

1f conservative measures are unsuccessful, a cesarean hys
terectomy may need to be performed before sequelae of coagu
lopathy ru1d hemorrhagic shock occur. Ul the case of postpartum 
hemorrhage, supracervical hysterectomy is often the procedure 
of choice. As for the gynecologic hysterectomy described earlier, 
the superior attachments of the uterus are separated but, foUow
illg ligation of the uteril1e arteries, the fundus of the uterus is 
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amput:ated from the cervix, which is closed with figure-of-eight 
sutures. This procedure also maintains the integrity of the utero
sacral ligaments. 

It is difficult to remove the cervix, especially after a vaginal 
delivery secondary to dilation of the lower uterine segment. 
Only surgeons who are skilled in this procedure can proceed 
without consultation. 

Other Procedures 
On rare occasions, the surgeon may be consulted to assist with 
the repair of an episiotomy and extension. Episiotomy is a11 
il1Cision into the perineal body made to help facilitate delivery. 
Most episiotomies are cut u1 the midline from the posterior 
fourchette toward the rectum. Although more comfortable for 
the patient, these incisions may extend through the anal sphinc
ter (third degree) or through the rectal wall (fourth degree). An 
inappr<>priate repair may result in a rectovagil1al fistula. These 
fistulas present with the san1e symptoms as those seen in other 
rectal fistulas associated with Crohn's disease but are much easier 
to repair and have a lower rate of reet1rrencc. 

Repair of ru1 episiotomy requires reapproxinlation of the 
vaginal tissue and perineal body. Repair of the anal sphincter 
requires that the fascial capsule that usually retracts posteriorly 
be identi£ed and reapproximated. 1f the rectal waU has been 
compromised, a multilayer closure of mucosa, muscularis, rec
tovagmal fascia, anal sphincter, vaginal muscularis, and vaginal 
mucos~ using 2-0 or 3-0 absorbable sutures will provide the 
best opportunity to avoid a fistula. Because of the increased 
vascularity associated with pregnancy, with ru1 adequate closure 
without sti td1-induced tissue necrosis, healing is not usually a 
problem. 
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CHAPTER 72 1 

SURGERY IN THE 
PREGNANT PATIENT 
DEAN J. MIKAMl, PAUL R. BEERY, 

AND E. CHRISTOPHER ELLISON 

PHYSIOLOGIC CHANGES OF PREGNANCY 

SAFETY CONCERNS IN PREGNANCY 

PREVENTION OF PRETERM LABOR 

ABDOMINAL PAl N AND THE ACUTE ABDOMEN IN PREGNANCY 

MINIMALLY INVASIVE SURGERY IN PREGNANCY 

BREAST MASSES IN PREGNANCY 

SURGERY FOR DISEASES IN PREGNANCY 

TRAUMA IN PREGNANCY 

PREGNANCY AFTER MAJOR ABDOMINAL OPERATIONS 

SUMMARY 

'The pregnant patient presents a unlque clinical challenge. An 
estimated I o/o to 2% of preg~1ant women require surgical proce
dures, with nonobstetric surgery necessary in up to 1 o/o of preg
nancies in the United States each year. In a review of 44 papers 
and 12,452 patients, the effects of nonobstetric surgical proce
dures on maternal and fetal outcomes were studied; a maternal 
death rate of 0.006% and a miscarriage rate of 5.8% were 
repon ed. Most indications for surgical intervention are common 
for the patient's :age group and unrelated to pregnancy, such as 
acute appendicitis, symptomatic cholelithiasis, breast masses, or 
trauma. C hanges in maternal anatomy and physiology and 
safety of the fetus are among the issues of which the surgeon 
must be cognizant. The presentation of surgical diseases in d1e 
pregnant patient may be atypical or may mimic signs and symp
toms associated with a normal pregnancy, and a standard evalu
ation may be unreliable because of pregnancy-associated change$ 
in diagnostic tests or laboratory test results. FinaiJy, many physi
cians may be more conservative in regard to diagnostic evalua
tion and treatment. Any of these factors may result in a delay 
in diag~1osis and treatment, adversely affecting maternal and fetal 
outcome. AlthoL1gh consultation wim an obstetrician is ideal 
when caring for a pregnant patient, the surgeon needs to be 
aware of certain fundamental pri11ciples when this resource is 
tulavailable. This chapter discusses key points when eating for 
the pregnant patient who presents with nonobstetric surgical 
disorders. 

PHYSIOLOGIC CHANGES OF PREGNANCY 
Progesterone and estrogen, two of the principal hormones of 
pregnancy, mediate many of the maternal physiologic changes 
in pregnancy. Normal laboratory values differ in the gravid 

\ 

compared with the nonpregnant patient. The diaphragm can be 
elevated in preg~1ru1cy up to 4 em and the lower chest wall can 
widen up to 7 cm.1 1l1ese changes may also mimic similar 
pathophysiology that occurs in nonpregnant women who have 
cardiac or liver disease. Elevated progesterone levels, as weiJ as 
decreased serum motilli1, result in smooth muscle relaxation, 
producing multiple effects on several organ systems. In the 
stomad1, this decreased smooth muscle tone results in dimin· 
ished gastric tone and motility. The lower esopl1ageal sphincter 
tone is also decreased and, when combined with increased intra
abdominal pressure, results in an increase in the incidence of 
gastroesophageal reflux. Small bowel motility is reduced, increas
ing small bowel traJlsit time. Absorption of nutrients, however, 
remains unchru1ged, with the exception of iron absorption, 
which is increased because of increased iron requirements. ln the 
colon, pregnaJ1C)7-related chru1ges usually manifest as constipa
tion . 'This is caused by a combination of increased colonic 
soditun and water absorption, decreased motility, and mechani
cal obs.truction by the gravid uterus. An increase in portal venous 
pressure, and d1erefore an i11crcase in the pressure in the col
lateral venous circulation, results in dilation of the veins at the 
gastroesophageal junction. This is of in1portance only if the 
patient had esophageal varices before becoming pregnru1t. 1l1e 
most common result of the increased portal venous pressure is 
dilation of the hemorrhoidal veins, leading to the weiJ-known 
complaint of hemorrhoids. 

In addition to al terations in smooth muscle tone and motil
ity, ocl1er notable changes occur u1 d1e gastroulCestinal tract. The 
fLmctio n of the gaiJbladder is altered, as is the chemical composi
tion of bile. Duru1g the second and third trimesters, the volume 
of the gallbladder may be twice that fotu1d in the nonpregnant 
state, and gallbladder emptying is markedly slower. Up to 4% 
of pregnru1t patients have gallstones on routine obstetric ultra
sound.2 Still, only 1 of every 1000 pregnant patients develops 
symptoms. It is unknown whether the increased biliary stasis, 
changes u1 bile composition, or combu1ation of mese two factors 
results in an u1creased risk for gallstone formation, but me risk 
for developing gallstones increases with multiparity. However, 
me u1cidence of symptomatic cholelithiasis duru1g pregnru1cy is 
similar to the incidence in age-related nonpreg11a11t women. 

Some of the changes of pregnancy closely resemble those 
of live•· disease. These include spider ru1giomas and palmru· ery
thema from elevated serum estrogen levels. Hypoalbuminemia 
is also seen, along with elevated serum d JOlesterol, alkaline phos
phatase, and fibrinogen levels. Serum bilirubin and hepatic 
trru1sarniJ1ase leveL~ remain unchanged during pregnanC)'· 
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In the cardiovascular system, peripheral vascular resistance 
is decreased as a consequence of diminished vascular smooth 
muscle tone. Cardiac output iJ1creases by as much as 50% 
during the first trimester of pregnancy. Initially, this is caused 
by an increased stroke volume resulting from an increase in 
plasma volume and red blood cell mass, bur a gradual increase 
i11 maternal heart rate also is a contributing factor. Cardiac 
output falls ba.ck to almost normal late in pregnancy, usually 
during the 36th to 40th weeks of gestation. During the third 
trimester, cardiac output is dramatically decreased when the 
mother is lying supine. This is caused by compromised venous 
return from the lower extremity caused by compression of the 
inferior vena cava by the gravid ll(erus. In the supine position, 
the inferior vena cava may be completely occluded; venous 
drainage of the lower extremities is through collateral chan11els. 
With this drop in preload, ru1 increase in sympathetic tone 
usually maintains peripheral vascular resistance and blood pres
sure. However, up to I 0% of patients may experience supine 
hypotensive syndrome, in which the sympathetic response is not 
adequate to maimain blood pressure. During anesthesia induc
tion in the operating room, anestheric agents may inhibit the 
compensatory sympathetic response, causing a more precipitous 
faU in blood pressure. From a surgeon's perspective, it may be 
necessary to place the patient in the left lateral decubitus posi
tion during procedures performed during the third trimester, 
relieving caval compression by the enlarged uterus. 

Inguinal swei!Lng secondary to varicosities of the round 
ligament is also a phenomenon that occurs during pregnancy. 
1l1e increase in swelling is a result of hom1onal and mechanical 
changes . .lt is often mistaken for an i11guinal or femoral hernia. 
Appropriate treatment includes careful physical examination 
ru1d ultrasound if needed. The varicosities generally resolve 
postpartum. 

Oxygen conSLLmption increases during pregnancy. Minute 
ventilation increases by 50% because of an increase in tidal 
volume, which appears to be a result of an elevated serum pro
gesterone leveL1 Progesterone not only increases the sensitivity 
of the respiratory centers to C02 but also acts as a direct stinm
lrult to the respiratory centers. As a consequCJ1Ce of the increased 
minute ventila1tion, the maternal Pa~ level during late preg
nancy ranges from 1 04 to I 08 mm Hg and the maternal Paco2 

level rru1ges from 27 to 32 mm Hg. Renal compensation main
tains a normal maternal pH. 1l1e decreased Pac~ level increases 
the C02 gradient from the fetus to the mother, facilitating C02 

transfer from the fews to the mother. The oxygen-hemoglobin 
dissociation curve of maternal blood is shifted to the right; this, 
coupled with the iHcreased affinity of fetal hemoglobin for 
oxygen, results in increased oxygen trmsfer to the fetus. Eleva
tioJl of the diaphragm by as much as 4 em results in a decrease 
in total ltmg volume by 5%. Diminished expiratory reserve 
volume ru1d residual volume result in a functional residual capac
ity that is 20% lower than that in the nonpregnant woman. Vital 
capacity and inspiratory reserve volume ren1ain stable.. 

In the kidlney, there is an increase in the glomerular filtra
tion rate by 50% that accompanies a 75% increase in renal 
plasma flow. UriJ1ary glucose excretion increases as a direct con
sequence of the iJlcreased glomerular filtration rate. 1l1e blood 
urea niuogCJ1 level decreases by 25% during rbe fusr trimester 
ru1d is maintained at that level for the remainder of the preg
nancy. 1l1e serum creatinine level also decreases by the end of 
the first trimester from a nonpregnant value of 0.8 to 0.7 mg/ 

dL and may be as low as 0.5 mg/dL by term. A five- to tenfold 
increase in the senun renin level occurs, with a subsequent four
to fivefold iJ1.crease in the angiotensiJ1 level. Although the preg
nrult patiem is appareJ1dy less sensitive to the hypertensive 
effects of the increased angiotensin, elevated aldosterone levels 
result in an increase in sodium reabsorption, overcoming the 
natriuresis produced by elevated progesterone levels. Serum 
sodium Levels are decreased, however, because the increase in 
sodium reabsorption is less thru1 the increase in plasma volume. 
Serum osmolality is decreased to 270 to 280 m0sm/kg.1 

The increase .in plasma volume and red blood cell mass is 
accompanied by a progressive rise in the leukocyte cotmt during 
pregnancy. DuriJ1g the first trimester, the white blood cell count 
ranges from 3,000 to 15,000 ceUs/mm\ increasing to a range of 
6,000 to 16,000 cells/ mm3 during the second and third trimes
ters.1 1l1e platelet count progressively declines throughout preg
nancy, whereas d1e mean platelet volume tends to increase after 
28 weeks' gestation. As noted , fibrinogen levels are elevated to 
a range of 400 tO 500 mg/ dl. Pla~ma levels of factors vn, Vlll, 
lX, a:nd X also rise progressively, whereas levels offactors Xl and 
X1ll decline, and levels of factors ll, V, and Xll remain 
unchanged. Despite these alterations iJ1 the coagulation cascade 
and platelet count, bleeding ru1d clotting times are unchanged .. 

SAFETY CONCERNS IN PREGNANCY 

Radiologic Concerns 
Radiographic studies remaiJ1 useful diagnostic tools for the preg
nant patient. Of greatest concern with radiation exposure is the 
risk to the fetus from the exposure. 'TI1.e accepted rnaxinlum dose 
of ionizing radiation during the entire pregnancy is 5 cGy. The 
fetus is at the l1ighest risk from radiation exposure from the 
preimplantation period to approximately 15 weeks' gestation. 
Primary organogenesis occurs during this time and the terato
genic effects of radiation, particularly to the devclopiJ1g central 
nervous system, are at their highest. Perinatal radiation exposure 
has also been associated with childhood leukemia ru1d certain 
childhood malignancies. The radiation dose that has been associ
ated with congenital malformation is higher thru1 I 0 cGy. As 
shown in Table 72-1 , radiation exposure to the fetus with the 
doses from the more common radiology procedures is well below 
that threshold. Nonetheless, prudence on the part of the cUJli
cian is required co avoid llllJlecessary fetal exposure w ionizing 

Table n-1 Fetal Radiation Exposure With Radiographic 
Imaging 

EXAMINATION TYPE 
Two-view chest radiography 

Cervical spine radiography 

Pelvis radiography 

Head CT 

Abdomen CT 

Upper Gl series 

Barium enema 

Hepatobiliary (HIDA) scanning 

ESTIMATED FETAL RADIATION 
EXPOSURE (cCy) 

0.00007 

0.002 

0.04 

<0.050 

2.60 

0.056 

3.986 

0.150 

Ct Gastrointestinal; HIDA, hepatobiliary iminodiacetic acid. 

http://www.myuptodate.com


radiation, especially during the fust and early second trimesters, 
when the risk from exposure is greatest. 

Magnetic l"esonance imaging (MRI) avoids exposure to 
ionizing radiation but poses an unknown risk to the fetus. 
Animal studies lhave shown no teratogenic effect or increased 
incidence of fetal death or congenital malformations from the 
electromagnetic radiation, static magnetic field, radiofrequency 
magnetic fields, or rv contrast agents used during MRl. 1heo
retically, the gradient magnetic fields may produce electric cur
rents in the patient and the high-frequency currents induced by 
radiofrequency fields may cause local generation of heat. 1he 
long-term effect of exposme is not known.3 1he National Radio
logical Protection Board has advised against the use of MRl 
during the first trimester of pregnancy. 

Contrast media may be administered with various tech
niques of body imaging. If computed tomography (CT) has 
been performed during pregnancy with iodide contrast, neonatal 
thyroid function should be d1ecked dtuing the first week after 
delivery. No effect on the fetus has been observed after the use 
of gadolinium contrast medium with MRI. 

Ultrasonography is routinely used by obstetricians dming 
pregnancy. Although tissue heating and cavitation are theoretical 
effects of ultrasound exposure, such effects have never been 
reported. Ultrasound may be a helpful alternative diagnostic tool 
when trying to avoid exposure to ionizing radiation, but does 
have some limitations. Deeper structmes are difficult to visualize 
and may be obscured by superficial structures that are more 
ecbodense. Ultrasound imaging has a limited 6dd of view and 
is highly operator-dependent. Despite these limitations, certain 
disease processes, such as a palpable breast mass or suspected 
appendicitis, may be evaluated effectively and safely. 

Medication Conc:ems 
'TI1e surgeon will on occasion need to prescribe medications to 

treat the pregnant patient with surgical disease. L1 this section, 
we provide an overview of medications that the surgeon may 
commonly prescribe. The list is by no means comprehensive 
and, prior to using any medication, consultation with the 
patient's obstetrician is necessary. 

The U.S. Food and Drug Administration (FDA) ranks 
the following as the least harmful dasses of drugs during 
pregnancy: 

Category A 'TI1ese drugs have been tested and found to 

be safe during pregna11cy. Category .A includes drugs 
sum as folic acid, vitamin B6, and some thyroid medi
cines in prescribed doses. 

Category B: These drugs arc frequently used during preg
nancy and do not appear to cause major birth defects or 
other problems. Category B includes some aJltibiotics, 
precLusone, insulin, acetaminophen (Tylenol), aspartame 
(Equal, NutraSweet), famotidine (Pepcid), and ibupro
fen (Advil, Motrin) before the third trimester. Pregnant 
women should not take ibuprofen during the last 3 
months of pregna11cy. 
The FDA offers the foUowing classifications for prescrip

tion drugs that should not be taken during pregna11cy: 
Category C: These are drugs that are more likely to cause 
problen1s for the mod1er or ferus, and drugs for whim 
safety studies have not been finished. Most of these drugs 
do not have safety studies i11 progress. 1hese drugs often 
come with a warning that they should be used only if the 

SURGERY IN THE PREGNANT PATIENT CHAPTER n 2031 

benefits of taking them outweigh the risks. 1his is some
thing the surgeon would need to discuss with the patient's 
obstetrician. TI1ese drugs iJ1dude prochJorperazine 
(Compazine), pseudoephedrine (Sudafed), fluconazole 
(Di.flucan), and ciprofloxacin (Cipro). Some antidepres
sants are also included in this group. 

Category D: 'TI1ese include drugs that have clear health 
risks for the fetus and include alcohol, lithium, phenyt
oin (Dilantin), and most forms of chemotherapy. m 
some cases, chemotherapy is given during pregnaJ1cy. 

Category X: These drugs have been shown to cause birth 
defects and should never be taken during pregnancy. 
1hese indude drugs to treat skin conditions such as cystic 
acne (isotretinoin [Accutane]) and psoriasis (etretinate 
[Tegison], acitretin [Soriatanel), thalidomide (sedative), 
and diethylstilbestrol (DES; prevents miscarriage) that 
was used up w1til 1971 in the United States and until 
1983 in Europe. 

Analgesics 
OVer-th~Counter Medications Acetaminophen, tbe active iJlgredi
ent in Tylenol, is considered safe during pregnancy. Well 
rescard1ed by scientists. acetaminophen is used primarily for 
headames, fever, aches, pains, and sore throat. lt can be used 
during aiJ three trimesters of pregnancy. 

Nonsteroidal aJlti-inflanmlatory drugs (NSAlDs) include 
aspiriJl aJld ibuprofen (Advil, Motrin) and naproxen (Aleve). 
Aspirin, wluch contains salicylic acid as its active ingredient, 
should not be taken by expectant mothers because it can cause 
problems for the mother and fetus. Also, if aspirin is taken 1 or 
2 days before delivery, it can lead to heavy bleediJ1g during labor. 
'TI1ere are occasions when aspirin may be prescribed for women 
who have certain other medical problems (e.g., preeclampsia, for 
risk of blood dots). Ibuprofen and naproxen arc safer options, 
but both should be used with caution during prcgna11cy. 'TI1ey 
are considered safe in the fuse two trimesters but are ill-advised 
in the final 3 months because they CaJl also increase bleeding 
duriJ1g delivery. 

Presaiption Drugs Prescription analgesics are available in several 
differenr forms and brand nan1es, including codeine, oxycodone 
(OxyContin), oxycodone and acetaminophen {Percocet), mor
phine (RoxaJlOl), meperidine (Demcrol), fentaJlyl (Duragesic) 
and hydrocodone and acetaminophen (Vicodin). 'TI1ese drugs 
may be used occasionally in pregnant patients when d1e benefits 
of the drug outweigh the potential risks. 

However, there is no known safe level of narcotic use 
during pregnancy. Risks to the fetus include miscarriage, still
birth, aJld pren1ature delivery. At birth, the baby is also at 
increased risk of low birth weight (i.e., <5.5 pounds), breathing 
difficulties, aJld extreme drowsiness, whim can lead to feeding 
problems. 

Antibiotics 
Antibiotics may be necessary to treat various surgery-related 
i1L1esses in prcgna11cy. 'TI1ese arc Listed by dass. 

Arninoglycosides 
Gentamicin No epidemiologic studies of congenital anomalies 
have been conducted i11 infants whose mothers were treated with 
gentamiciJl duri11g pregnancy. However, nephrotoxicity bas been 
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observed in many patients receiving gentamicin, which raises the 
concern of whether fetal kidney damage may occur with mater
nal treatment. Although fetal renal damage after maternal gen
camicin treatment has not been documented, there have been 
cases of severe neonatal nephropathy after therapy with this 
drug. Furthermore, because gentamicin is an aminoglycoside, 
maternal treatment with this drug may be associated with an 
increased risk for fetal auditory nerve damage, sin1ilar to the 
possible risks associated with streptomycin exposure. It is impor
tant to note, however, that although these theoretical risks 
cannot be excluded, no studies to date have demonstrated these 
findings with gentamicin treatment in humans. 

Neomycin No increased frequency of malformations was found 
on investigation of pregnant patients treated with this antibiotic. 
Although neomycin is sinillar to related antibiotics such as gen
tamicin in that ototoxicity is a clearly defined side effect, no 
reports have been noted that demonstrate neomycin ototoxicity 
in infants who were exposed in utero. 

Polymyxins: Pol'ymyxin B No epidemiologic sntdies of infants 
who were exposed in utero to polymyxin B have been reported. 
One retrospective study found no adverse effects associated with 
the use of polymyxin B during pregnancy. However, these data 
are not sufficient to estimate the safety of using ti:Us compound 
during pregnancy, and therefore this drug has an undetermined 
risk for use during pregnancy. 

Tetracydines Administration of tetracyclines, including doxycy
cliJle, tetracycline, and minocydine, during the second or third 
trimester of pregnancy can cause staining of the teeth of the 
childhood. Up to a 40% depression of bone growth (especially 
of the fibula in preterm pregnancies) can occur following in 
utero exposure to doxycycline. 

No epidemiologic studies have been reported of infants 
exposed in utero to doxycycline. Therefore, a small risk cannot 
be excluded, but there is no indication that there is an increased 
risk of malformations in the children of women treated with dlis 
agent during pregnancy. Although data on the specific safety of 
the use of doxycycline during pregnancy are limited, it is assumed 
that the risks <>f the dental stal1ling and depression of bone 
growth that pertain to tetracyclines in general also pertain to 
doxycycline use during the second and dlird uimesters. 

5-Nitromidazoles: Metronidazole Rare reports and studies have 
shown no consistent pattern of congenital malformations in 
iJ1fants exposed to metronidazole in utero. Given the linlitcd 
information available, and no conclusive human studies, there 
is probably no increased risk of birth defects caused by exposure 
to metronidazole during pregnancy. 

Penicillins Penicillins are a widely used group of antibiotics that 
include ampicillin, an1oxicillin, azlocillin, mczlocillin, penicillin 
G, penicillin V, piperacillin, and ticarcillin. Although penicillins 
accumulate in amniotic Auid in large amounts during maternal 
ingestion, no adverse fetal effects have been associated with this 
group of medications. It must be noted that all penicillins may 
produce anaphylaxis during pregnancy or immediately after 
delivery. If anaphylaxis is severe and uncontrolled, it cmLld result 
in compromising p lacental circulation and cause fetal damage 
or death. However, in general, the penicillins have not been 

shown to be teratogenic in humans, and there have been no 
recogni7.ed adverse effeas caused by exposure to these drugs. 

Cephalosporins Cephalospori.ns are d1e most widely used class of 
antibiotics. Based on their spectrum of activity against gram
negarive bacteria, they are classified imo three generations. Many 
of the first- and second-generation cephalosporins have been 
studied extensively in pregnant patients. Although there are 
lliruted data available at this time, it is thought that most of 
them are not associated with any known or suspected teratogenic 
effects and are assumed safe for use dttring pregnancy The ti:Urd
generation cephalosporins, however, have not been used exten
sively during pregnancy and therefore there is little information 
known about their effects. 

Macrolides 
Erythromycin No increase in the frequency of congenital anoma
lies was observed among children of women treated with eryth
romycin at any time during pregnru1cy. 1l1e estolate ester of 
erythromycin has been associated with a relatively high inci
dence of subclinical reversible hepatotoxicity when used duru1g 
pregnancy. 

Clorithromycin Clarithromycin is structurally similar to erythro
mycin. Currently, there have been no epidemiologic studies of 
congenital anomalies conducted on infants who were exposed 
to this antibiotic in utero. Anin1al studies have reported adverse 
effects such as cardiovascular abnormalities, cleft palate, fera\ 
growth retardation, and embryonic loss. Although these findings 
occurred when the animal was given doses mucl1 higher thru1 
the typical therapeutic dose for humans, these reports stand in 
sharp contrast to the minimal effects reported in ru1in1al studies 
in wlllcb erythromyciJl was given during pregnancy. Therefore, 
these data suggest that clarithromycin may be more toxic during 
development than its parent compound, erythromycin. 

SuHonamides A recent study found an association between sul
fonanlides and rare birth defects. Although there is no direct 
proof that these antibiotics cause bi.rth defeas, additional 
research is needed. In tl1e meantime, physicians should be cau
tious about prescribing these medications during pregnancy. 

Quinolones 
Clprofloxocin The use of ciprofloxacin during human gestation 
does not appear to be associated with an increased risk of major 
congenital malformations. Although a number of birth defects 
have occurred in the offspriJ1g of women who had caken tllis 
drug during pregnru1cy, the lack of a pattern among the anoma
lies is reassuring. In addition, a meta-analysis has shoWll that 
the use of quinolones during the first trimester of pregnanq1 
does not appear to represent an increased risk for major malfor
mations after birth, stillbirths, preterm births, or low birth 
weight.4 

However, a causal relationship with some of the birth 
defects cannot be fully excluded. Because of this and available 
ru1imal data, the use of ciproftoxacin during pregnancy, espe
cially during the first trimester. should be avoided if an accept
able alternative is available. A review on the safety of quinolones 
has concluded that these antibacterials should be avoided during 
pregnancy because of the difficulty in extrapolating anima\ 
mutagenicity results to humans ru1d because ulterpretation of 

http://www.myuptodate.com


this toxicity is still controversial. Others have also concluded that 
Auoroquinolones should be considered contraindicated in preg
nancy because safer alternatives are usually available 

Summary of Antibiotic Use AJthough antibiotics are commonly 
prescribed w pregnant women, derails relating to rhe effects of 
many of these drugs remains poorly understood. lf an antibiotic 
must be prescribed, it is important to be aware of the effects 
these drugs can have on pregnancies and to prescribe the most 
suitable agent with the least risk to the pregnancy. 

Sedatives 
Benzodiazepines 
Diozepom The use of benzodiazepines, specifically diazepam, 
was previously thought to be associated with an increased fre
quency of cleft Liip and/or palate; this finding has not been sup
ported by most recent studies. AJthougb the balance of evidence 
from human studies of the benwdla7,.epines {cbieAy diazepam) 
does not show first-trimester usage to be teratogenic, the surgeon 
should check with the patient's obstetrician before administering 
this class of drugs. 

Midozolom Midazolam is generally considered unsafe for use 
during pregnancy. Mldawlam was given a pregnancy category 
D rating by the .FDA because it is a benzodia7.epine and other 
benzodiazepines have been shown to cause birth defects and 
ocher problems. However, studies of midaz.olam in pregnant 
rabbits and rars did not show any problems. 

Anesthesia Concerns 
Anesthesia concerns during pregnancy include the safety of the 
mother and fetus. 'TI1e fetus may be affected by exposure to tera
wgenic effects of anesthetic agents, risk for preterm labor, and 
risk from changes in maternal physiology as a consequence of 
anesthesia. Changes in uterine blood Aow and maternal acid
base status may cause hypoxemia or asphyxia in the recus. 1hese 
can be a result of maremal hyporension or hypoxia, marernal 
hypervenrilation, or placenral passage of anesrhecic agents that 
affecr the fetal central nervous or cardiovascular system. 

The effects of anesthesia during pregnancy can be divided 
into direct, or active, and indirect, or passive, effects. The direct 
effects relate to the possible teratogenic or embryotoxk proper
ties of the drugs used for anesthesia, some of which cross the 
placenta. 'The indirect effects are those mechanisms whereby an 
anesthetic agent or surgical procedure may interfere with mater
nal or fetal physiology and, in doing so, harm the fetus. For the 
most part, the fetus experiences indirect effects as a consequence 
of anesthetic agents administered to the mother and hemody
namic changes in the mother from blood loss or anesthetic 
agents. The most profound effects on the fetus are related to 
decreased uterine blood flow or decreased o>.ygen content of 
uterine blood. U nlike circulation to other vital organs, most 
notably the brain, the uterine circulation is not autoregulated. 
During the third trimester, uterine circulation represents almost 
lOo/o of cardiac output. When treating maternal hypotension, 
vasopressors such as dopamine and epinephrine, although 
increasing the maternal systemic pressure, have little or no effect 
on uterine circ1lllation. Phenylephrine and metaraminol are 
alpha agonists that are effective in maintaining maternal blood 
pressure and preventing fetal acidosis.5 Other maneuvers, sucb 
as fluid bolus, Trendelenburg position, compression srockings, 
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and leg elevation, have a larger impact on increasing uterine 
blood flow. 

ln addition to the risks related to maternal hypoxia or 
hypotension, the risk for spontaneous abortion and teratogenesis 
related to anesthetic agents is of major concern. Many nonhu
man studies have demonsuared different teratogenic effects wirh 
similar agents but have not led to definitive condusions regard
ing their teratogenic potential in humans. For a congenital 
defect to result, exposure to the teratogen must occur during the 
vuh1erable differentiation stage of the affected organ system. As 
noted, differentiation of the major organ systems occurs during 
the first trimester of human embryonic development. Therefore, 
delaying semielective surgical procedures until after the first 
trimester may reduce the risk for teratogenicity. However, large 
survey studies have demonstrated an increased risk for spontane
ous abortions, intrauterine growth retardation, and low-birth
weigbt neonates in women who require surgery during 
pregnancy. 'TI1ese studies lacked information on the indications 
for nonobstetric surgical procedures. 

Elective surgical procedures are delayed untiJ at least 6 
weeks after delivery, when maternal physiology has returned to 
the nonpregnant state and when the impact on the fetus is no 
longer a concern. When emergent procedures are required. obvi
ously the life of the mother takes priority, although an experi
enced anesthesiologist wiiJ be able to modify the anesthesia used 
according to maternal physiology and fetal well-being. For 
semielective surgical procedures, attempts are made to delay 
surgery until after the firsr trimester, whenever possible. This 
needs to be detem1ined on an individual basis because continued 
exposure to the underlying disease process may be more harmful 
than rl1e operative risk to the mother and fetus. During the 
second trimester, after organ system differentiation bas occurred, 
there is almost no risk for anesthetic-induced malformation or 
spontaneous abortion. Later in pregnancy, during the third tri
mester; the risk for preterm delivery is at its highest. 

When the pregnanr patient requires surgical intervention, 
consultation with the obstetrician and possibly a perinatologist 
is essential. The specialist is helpful in determining the optimum 
technique to monitor fetal status and can assist with periopera
tive management and diagnose and manage preterm labor. 
Typically, when emergent surgery occurs during the first or 
early second trimester, fetal heart tones are monitored before 
and afi:er anesthesia exposure. During the late second and third 
trimesters, when the fetus is of viable age, continuous intraop
erative monitoring is performed when possible. Transvaginal 
ultrasound can be used when the surgical field involves the 
abdomen. Continuous monitoring is used if significant blood 
loss is possible or anticipated to assess fecal well-being. Check
ing the fetal heart rate for fetal status and tocometer monitor
ing for uterine activity are done before and after the procedure, 
even lf intraoperative monitoring ls not helieved necessary or is 
unavailable. 

Postoperative pain control in the pregnant patient needs to 
be monitored closely. NSAIDs are not used in pregnancy because 
of the risk for premature closure of the ductus arteriosis.6 Mor
phine and fentanyl arc both good IV choices postoperatively. 
MorphiJle bas a higher a<;Sociated incidence of nausea and vom
iting, but mosr surgeons have extensive experience with it. A 
patient-controlled analgesia pump after surgery may be the best 
choice because of the associated low incldence of maternal respi
ratory depression and drug transfer to the fetus. 
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Postoperative oral narcotic use is generally considered safe 
in pregnancy. Narcotic analgesics have not been found to cause 
birth defects in humans i11 normal dosages. Oxycodone, hydro
codone, and codeine are commonly used narcotics and can be 
safely used in moderation. Chronic use of narcotics during preg
nancy may cause feral dependency. It is recommended that the 
pregnant postsurgical patient be weaned off narcotic use as soon 
as possible. 

PREVENnON OF PRETERM LABOR 
The incidence of prcterm labor associated with nonobstetric 
surgery is related to gestational age and the indication for 
surgery. Studies have suggested that the rare of premature labor 
induced by nonobstetric surgical intervention is 3.5%. Gesta
tional age at treatment and severity of the underlying disease are 
the most predictive indicators of patients at risk for preterm 
labor. The later in gestation is the patient, the higher the risk for 
preterm contractions or preterm labor. lntraperitoneal surgeries 
aJld disease processes with intraperitoneal inflammation are the 
most likely to have a postoperative course complicated by 
preterm contractions and preterm labor. In a munher of studies, 
a significant difference was found in the number of patients with 
prcterm contra.ctions based on the average time from onset of 
symptoms to operative intervention. A delay in treatment 
appears to increase the chance of preterm labor, likely related to 
the primary disease process. Laparoscopic a11d open tedmiques 
have an equal associated incidence of preterm labor. 

There is no general consensus on the use of prophylactic 
tocolytics after Jlonobsterric surgery during pregnancy. Tocolytic 
use varies widely among centers a11d physicians. Most studies 
have suggested that tocolytics only be used if contractions are 
noted during postoperative monitoring or are appreciated by the 
patient. Tocolytics used as 11eeded are generally successful at 
preventing preterm labor aJld preterm delivery when postopera
tive contractions are detected. Terbutalinc, magnesium, and 
indomethacin (L1docin) have been used in differem studies, 
with eCJuivalen t results. Almost 100% of patients with post
operative contractions were successfully given tocolytics and 
delivered at term. ln general, for patients with postoperative 
contractions before 32 weeks, indomethacin would be a reason
able treatment, whereas terbutaline could be used as first-line 
treatment for patients at more than 32 weeks' gestation. TI1e use 
of prophylactic cocolysis is individualized, depending on the 
patient's gestational age and underlying disease process. 

ABDOMINAL PAIN AND THE ACUTE ABDOMEN 
IN PREGNANCY 
When the pregnant patient presents with abdominal pain, it 
may be difficult to distinguish a patbopbysiologic cause from 
normal pregnancy-associated symptoms. Cha11ges iJl the posi
tion and oriemation of abdominal viscera from the enlarging 
uterus, and the alterations in physiology already described, may 
modify the perception or manifestation of an intra-abdominal 
process. If it is early in the pregnancy, the woman may not know 
that she is pregnant. Also, some intra-abdominal processes are 
exclusive to pregnancy, such as ectopic pregnancy, H ELLP 
{hemolysis, elevated liver enzymes, low platelets) syndrome, or 
acute farcy Hver of pregnancy. Both patient and physician may 
attribute the patient's complaims to normal pregnancy, resulting 
in a delay in evaluation and treatment. 'These delays in diagnosis 
a11d definitive intervention are the most serious adverse events 

Right Upper Quadrant 
1 Gastroesophageal reflux 

Peptic ulcer disease 
Acute cholecystitis 
Biliary colic 
Acute pancreatitis 
Hepatitis 
Acute fatty liver of pregnancy 
HEllP syndrome 
Preeclampsia 

1 
Pneumothorax 

I Pneumonia 
f Acute appendicitis 

Hepatic adenoma 
I H . 
1 

emang•oma 

Right Lower Quadrant 
J Acute appendicitis 

1 
Ectopic pregnancy 
Renal or ureteral colic 

1 Pelvic inflammatory disease I Tuba-ovarian abscess 
Endometriosis 

1 Adnexal torsion 
Ruptured ovarian cyst 

I Ruptured corpus luteum 

Lower Abdomen 

If Threatened, incomplete, or complete abortion 
Abruptio placentae 
Preterm labor 

I 
Pelvic inflammatory disease 
Tuba-ovarian abscess 
Inflammatory bowel disease 

1 
Irritable bowel syndrome 

1 Pyel<>nephritis 

Flank 
Pyel,onephritis 
Hydronephrosis of pregnancy 

J Acute appendicitis (retrocecal appendix) 

Diffuse Abdominal Pain 

I 
Early acute appendicitis 
Small bowel obstruction 
Acute intermittent porphyria 
Sickle cell crisis 

affecting maternal aJld fetal outcome. It is usually not the treat
ment but the delay in diagnosis and severity of the primary 
disease process that affects outcomes poorly. Box 72-1 llsts the 
more common causes of abdominal paiJl in the pregnaJlt patient, 
cla~med according to location. 

MINIMALLY INVASIVE SURGERY IN PREGNANCY 
When laparoscopic techniques were initially described, preg
nancy was considered to be a contraiJ1dication to laparoscopy:. 
Effects of C02 pneumoperitoneum on venous return and cardiac 
output, uterine perfusion, and fecal acid-base status were 
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Advantages 
Decreased fetal depression secondary to decreased narcotic 

requirement 
lower rates of wound infections and incisional hernias 
Diminished postoperative maternal hypoventilation 
Decreased manipulation of the uterus 
Faster recovery with early return to normal function 
Decreased risk for ileus 

Disadvantages 
Possible uterine· injury during trocar placement 
Decreased uterine blood flow 
Preterm labor risk secondary to increased intra-abdominal 

pressure 
Increased risk of fetal acidosis and unknown effects of C02 

pneumoperitoneum 
Decreased visualization with uterus 

unknown. Laparoscopy was safely used in several series to evalu
ate pregnant patients for ectopic pregnancy. Patients with an 
intrauterine pregnancy had no increase in fetal loss or observed 
negative effect on long-term outcome.?.S When comparing lapa
roscopic and open techniques in nonpregnant patients, patients 
who underwem laparoscopic procedures bad decreased pain, 
shorter hospital stays, and a quicker return to normal activity. 

Major concerns of laparoscopy during pregnancy include 
injury to the uterus, decreased uterine blood flow, fetal acidosis, 
and preterm labor from increased intra-abdominal pressLLre. 
D uring tbe second trimester, the uterus is no longer contained 
within the pelvis. The open technique for abdominal access can 
reduce the risk for inj ury. Using a Veress need le for insufflation 
or optical trocar can be done safely if the site of initial abdominal 
access is adj usted according to fundal height and the abdominal 
wall is elevated. Decreased uterine blood flow from pneumoperi
toneum remains a theoretical concern because significant 
changes in intra-abdominal pressure occur normally during 
pregnancy with maternal Valsalva maneuvers. The risk for pneu
moperitoneum may also be less than the risk for direct uterine 
manipulation that occLLrS with laparotomy. Fetal respiratory aci
dosis with subsequent fetal hypertension and tachycardia have 
been observed in a pregnant ewe model but were reversed by 
maintaining maternal. respiratory alkalosis.? Also, in the largest 
series comparing laparoscopy and open techniques, no signifi
cant differences in preterm labor or delivery-related side effects 
were observedJ Box 72-2 iHustrates the general comparison 
benveen laparoscopic and open technique. 

The Society of American Gastrointestinal Endoscopic Sur
geons recommends the following guidelines for laparoscopic 
surgery during p rcgnancy10

: 

1. Obstetric consultation is obtained preoperatively. 
2. When possible, operative in tervention is deferred 

until the second trimester, when fetal risk is lowest. 
3. Pneumoperitoneum enhances lower extremjty venous 

stasis already present i11 the gravid patient, and preg
nancy indluces a hypercoagulable state. Therefore, 
pneumatic compression devices are used whenever 
possible. 
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FIGURE 72-1 Intraoperative image of a 24-week gravid uterus taken 
with a 5-mm, 3o-<legree, high-definition camera. 

4. Fetal and uterine status, as weU as maternal end-tidal 
C0 2 and arterial blood gas levels, need to be 
monitored. 

5. The uterus needs to be protected with a lead sbkld if 
intraoperative cholangiography is a possibility. Fluo
roscopy is used selectively. 

6. Given the enlarged gravid uterus, abdominal access 
is anained using an open technique. 

7. Dependent positioning is used to shift the uterus off 
the inferior vena cava. 

8. Pneumoperitoneum pressures are minimized to 8 to 
12 mm Hg and not allowed to exceed 15 rum Hg. 

Trocar placement in the pregnant patient does not differ 
radically from placement in the nonpregnant patienr early in 
pregnancy. Later in pregnancy, the camera port must be placed 
in a supraumbilicallocation and the remaining ports are placed 
under direct camera visualization. 1l1e gravid uterus enlarges 
superiorly (Fig. 72-1); adjustmenrs in trocar placement must be 
made to avoid uterine injLLry and improve visualization. Al1 
angled endoscope may aid in viewing over or around the uterus. 
1l1e ut:erus should be manipulated as little as possible. 

BREAST MASSES IN PREGNANCY 
Pregnancy-associated breast cancer is defined as breast cancer 
diagnosed during pregnancy or within 1 year after pregnancy. It 
has become increasingly more prominent as more women delay 
childbearing until they are in their 30s and 40s; the incidence 
of breast cancer is highe.r in women in those age groups. Overall, 
pregnancy-associated breast cancer has heen reporred to occur 
in 1 in 3000 pregnancies.' u 2 

Breast cancer is the most common nongynecologic malig
nancy associated with pregnancy. It usually presents as a pain
less palpable mass, with or without nipple discharge. Studies 
have demonstrated that pregnancy-associated breast cancer may 
be more common in women with a genetic predjsposition to 
breast cancer. L1 a group of 292 women diagnosed with breast 
cancer before age 40 years, those with a known BRCAJ or 
BRCA2 gene mutation were more likely tO develop cancer 
during pregnangr.'3 As is true for nonpregnant patients, 
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ductal carcinoma is the most common pathologic type of 
tumor, accounting for 75% co 90% of breast cancers in preg
nant patients.14 

Delays in diagnosis and treatment are common, although 
this has improved. Previous studies demonstrated delays in 
diagnosis of almost 6 monrhs, bur more recem dara have shown 
a mean delay of 1 to 2 months. Given a mmor doubling size of 
130 days, a delay in diagnosis and treatment of l month 
increases the risk for nodal metastasis by 0.9%, whereas a delay 
of 6 months increases the risk by 5.1 o/o.12 Although the initial 
reports of pregnancy-associated breast cancer more than 100 
years ago proposed a dismal prognosis, more recent literature 
has suggested char this is because of a more advanced stage at 
the tin1e of diagnosis. ' ~ When compared with age-matched 
nonpregnant controls, women with pregnancy-associated breast 
cancer present with a larger primary tumor and higher risk for 
positive axillary lymph nodes. However, women with 
pregnancy-associated breast cancer have a similar stage-related 
prognosis compared with nonpregnant controls. Overall, these 
women bear a worse prognosis because of the more advanced 
disease at presootation. Pregnancy is a hyperestrogenic state and 
may correlate with rapid tumor proliferation and axillary lymph 
node metastases,16 although pregnant women and nonpregnant 
yotmg women have a higher percentage of estrogen receptor
negative cancelis than older women. In a series comparing 75 
patients with pregnancy-associated breast can.cer and 182 non
pregnant patients with breast cancer, 42o/o of cancers were 
estrogen receptor-negative in the pregnant group and 21% 
were estrogen receptor-negative in the nonpregnant control 
group.17 1l1is higher incidence of estrogen receptor-negative 
cancer is likely caused by a downregulation of estrogen recep
tors during pregnancy. Physiologic d1anges of breast engorge
ment, rapid cellular proliferation, and increased vascularity 
make a rdiabl.e physical examination difficult; masses of similar 
size tbat would be easily palpable in the nonpregnant state may 
be obscured, or palpable masses may be attribured to normal 
pregnancy-related changes. Benign breast lesions such as galac
toceles, masritis, abscesses, lipomas, fibroadenomas, lobular 
hyperplasia, and lactational adenomas account for 80% of 
breast masses that occur during pregnancy or lactation. 
However, any palpable mass that persists for 4 weeks or longer 
needs to be evaluated. 

Because of the changes in the breast tissue with pregnancy, 
imaging modality findings may be difficult to interpret. If used 
with appropriate shielding, mammography carries a limited. risk 
to the fetus. Mammography has a high false-negative rate 
because of rhc- increased density of the fibroglandular breast 
tissue, however; so it has limited usefulness in evaluation of cbe 
pregnant patiem. Ultrasonography can safely be performed as 
an initial evaluation or in conjunction with mammography. 
UltrasOtmd. is able ro distinguish solid from cystic lesions in 97% 
of patients and is helpful in guiding fine-needle aspiration 
(FNA) or biopsy. MRI of the breast is highly sensitive but only 
moderately specific and has been used more frequently in the 
nonpregnant patient. Its usefulness .in the pregnant patient is yet 
to be determi11ed. Although MRJ does not use ionizing radia
tion, the two main risks to the fetus from the magnetic field and 
electromagnetic radiation are heating and cavitation. Gadolin
iLllll contrast is listed as a pregnancy category C drug, to be used 
only if the potential benefit outweighs the potential risk. Gado
linium crosses the placenta and bas been associated with fecal 

abnormalities in rats. With other reliable imaging modalities 
available, MRI is not currently recommended for breast imaging 
in the pregnant patient. 2 

Tissue diagnosis is essential. Core needle biopsy, with or 
without tdtrasound guidance, is a safe and reliable method for 
obtaining tissue. The major risks are hemaroma formarion and 
milk fistula development. A pressure dressing is applied follow
ing the biopsy to minimize the risk for hen1atoma from the 
hypervascularity of the breasts. The risk for milk fistula may be 
reduced by stopping lactation for several days before· biopsy and 
by emptying the breast of milk just before the procedure. If the 
biopsy is done postpartum, a 1-week course of bromocriptine 
may also be given before biopsy. FNA may be a reliable alrerna
tive to core needle or opeJ1 biopsy. It can be performed safely 
with ultrasound guidance under local anesthesia without expos
ing the patient and fetus to the risks involved with general 
anesthesia, but its accuracy is dependent on the pathologist's 
experience in distinguishing the proliferative changes of preg
nancy from chose of cancer. 

The mainstay of therapy for pregnancy-associated breast 
cancer is surgical resection. Modified radical mastectomy has 
long been considered the appropriate choice for local control. It 
eliminates the need for adjuvant radiation and its risk to the 
fetus. More recent data have suggested tbac d1e combination of 
local control and adjuvant therapy may be tailored to the patient 
according to the stage of pregnancy, as well as the stage of tl1e 
cancer.15 In stages I and ll cru1cer, mastectomy with axillary dis
section is preferred. Axillary dissection is necessary because of 
tl1e aggressive nature of pregnancy-associated breast cancer and 
the higher incidence of nodal metastasis. Sentinel node biopsy 
poses an ttnknown risk co the fetus ru1d is avoided tmtil the safety 
of the radioisotope bas been determined. 

In patients diagnosed during the late second trimester or 
later, immediate breast-conserving lumpectomy and axillary dis
section, followed with radiation postpartum, is a treatment 
option. If the diagnosis of breast cru1cer is made in the first or 
early second trimester of pregnancy, lumpectomy and axillary 
dissection can be followed by chemotherapy after the first tri
mester and by radiation after delivery. Chemotherapy is i.ndi
cated for node-positive cancers or node-negative tumors larger 
than 1 em. Current d1emotherapeutic regimens are relatively 
safe after the first trimester, when the teratogenic risk is greatest. 
The increased plasma volume, hypoalbuminemia, ru1d the fact 
d1at almost all chen1otberapeutic agents cross the placenta 
change drug pharmacokinetics ru,d make accurate dosing diffi
cult. Antimetabolites such as methotrexate are avoided because 
of the high risk for spontaneous abortion, even afrer the first 
trimester. Od1er agents have been associated with congenital 
malformations ru1d complications sud1 as preterm delivery, low 
bird1 weight, hyaline membrane disease, trru1sienc leukopenia, 
transient tachypnea of the newborn, and intrauterine growth 
retardation, but most of these effects occurred when the chemo
therapeutic agent was administered during the first trimester. ln 
one study, 24 patients with pregnancy-associated breast cancer 
were given a chemotherapeutic regimen during the second and 
third trin1esters that included fluorouracil, cyclophosphamide, 
and doxorubiciJl. None of the iJlfants had congenital malforma
tions; the medirul age ar delivery was 38 weeks.18 Long-term 
effects of the chemotherapeutic agents us<:!d for pregnancy
associated breast cancer on growth and development of d1ild.ren 
are stilJ not known. Cyclophosphamide and doxorubicin 
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FIGURE 72-2 Algorithm for the management of a breast mass during pregnanc.y. US, Ultrasound. 

can enter breast milk; breascfeeding is contraindicated during 
chemotherapy. 

Radiation is rypically not offered during pregnancy because 
of its teratogenic risk and risk for induction of childhood malig
nancies. 1l1e risk is directly related to dose and developmental 
stage. During the prcimplantation stage and continuiJlg to 15 
weeks after conception, during organogenesis, the rapidly pro
liferating cells of the fetus are most sensitive to radiation, and 
exposure greater thru1 1 Gy during this period bas a high likeU
hood of causing fetal death. 1l1e standard therapeutic course of 
50 Gy results in varying exposure to the fetus, depending on the 
gestational age and proximity of the gravid uterus to the radia
tion bed. Even with abdominal shielding, the greatest feral expo
sure is caused hy scatter. Although there have heen several case 
reports ofheahby infants born after maternal radiation exposure, 
radiation is not recommended during pregnru1cy because of the 
risks to the fetus . 

Elective termination of the pregnancy to receive appropri
ate cl1erapy without the risk for fetal malformation is no longer 
routinely recommended because no improvement in survival has 
been demonstrated. Wiili cl1e treatment options available to the 
pregnant patient with breast cancer, a combined approach 
an10ng the patient, surgeon, oncologist, and maternal-fetal med
icine specialist ensures optimal tr<.--atment of the disease while 
minimizing risk to the patient ru1d fetus. A suggested algorithm 
for me treatment of breast masses in pregnancy is shown in 
Figure 72-2. 

SURGERY FOR DISEASES IN PREGNANCY 

Hepatobiliary Disease 
Liver abnormaUties duriJlg pregnancy can be classified as occur
ring exclusively during pregnancy as a direct result of conditions 
during prq,7Jlancy, occurring simultaneously but not exclusively 
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during pregnancy, or developing before the pregnancy. Examples 
of liver disorders unique to pregnancy include acute fatty liver 
of pregnancy, intrahepatic cholestasis of pregnancy, and liver 
rusease related tto preeclampsia or eclampsia, specifically HELLP 
syndrome and spontaneous hepatic hemorrhage or rupture. Pre
existing liver disorders rhar may manifest with complications 
during pregnancy include hepatic adenoma and hepatocellular 
carcinoma. 

The cause of acute fatty liver of pregnancy is unknown, 
although it is more common in first pregnancies, twin pregnan
cies, and women who are pregnant with a male fetus. Although 
it has been ruagnosed as early as the 26th week of gestation, it 
usuaJJy occurs during rhe third trimester, typicaJJy arolllld the 
35th week of gestation. Acute fatty liver of pregnancy carries a 
20% maternal and fetal mortality rate. Initial nonspecific symp
toms such as malaise, nausea, vomiting, and right upper quad
rant pain are followed by signs of significant liver dysfunction 
within 2 weeks of onset of symptoms. Progression to fulminant 
hepatic failure quickly leads to preterm labor and an increased 
risk for fetal mortality. Although there is no specific treatment 
for acute fatty liver of pregnancy, prompt delivery after ruagnosis 
may prevent progression to fulminant hepatic failure and reduce 
the risk for fetal death. Liver function typically returns to normal 
after delivery. 

Approximately 10% of women with ~reeclampsia or 
eclampsia have associated liver involvement, 9 ranging from 
severe elevation of hepatic enzyme levels to HELLP syndrome 
to hepatic rupture. Hepatic hemorrhage or rupture occurs pri
marily during the third trimester or can develop up to 48 hours 
after delivery. Right upper quadrant pain is the initial manifesta
tion, followed by hepatic tenderness, peritonitis, chest and right 
shoulder paiJl, or the development of hemodynanlic instability 
within a few hours. The ruagnosis is suspected in a pregnant 
patient with preeclampsia who develops right upper quadrant 
pain. ACT scan of the abdomen is highly sensitive and specific 
in diagnosis; tll.ltrasonography finrungs are usuaJJy nonspecific 
and have a higher incidence of false-negative studies. The diag
nosis may also be made during cesarean section. Management 
depends on a suspicion of ongoing iJltraperitoneal hemorrhage 
or vascular instability. Hepatic hematomas without evidence of 
ongoing bleeding in hen1odynanlicaJJy stable patients may be 
managed nonoperatively with serial imaging ru1d d ose monitor
ing, and these .lesions typically heal without inrervention. If 
there is evidence or suspicion of rupture, immediate interven
tion is required because maternal ru1d fetal mortality rates from 
hepatic hemorrhage are 60% ru1d 85%; respectively. Immediate 
laparotomy with abdonlinal packing or hepatic artery ligation 
reduces maternal and fetal mortality. Coagulopathy must be 
corrected aggressively. If the patient is relatively stable or abdom
inal packing has been LmsuccessfuJ in controlling hemorrhage, 
angiography with selective embolization may be performed. 
Angiography is most useful when the diagnosis is made 
postpartum. 

Hepatic adenomas are uncommon benign .lesions usually 
associated witb oral contraceptive use in young women.~0 

Hepatic adenomas are also associated with glycogen storage 
disea~. diabetes, exogenous steroids, ru1.d pregnancy. They are 
usuaJJy solitary lesions bur may be multifocal, and have a low 
potencial for malignant transformation. Although the specific 
cause is UJlknown, it has been hypothesi;r.ed that a change in 
hormone levels, specifically of the sex steroids, leads to 

hepatotoxicity or exposes a hereditary defect i.J1 carbohydrate 
metabolism that results in hepatocyte hyperplasia and aden.oma 
formation. The observation that adenomas may resolve after 
cessation of exogenous steroid or oral contraceptive use supports 
this hypothesis. The association of hepatic adenomas with preg
nancy supports rhe hypothesis rhar elevated levels of endogenous 
hormones may contribute to adenoma formation, although no 
data have shown regressioJl of a hepatic adenoma after preg
nancy. Similarly, the actual incidence of hepatic adenomas 
during pregnancy is unknown. Again, diagnosis is best done 
with CT or MRJ of the liver. 

The major risk of a hepatic adenoma during pregnancy is 
sponraneous rupture, wbid1 carries a monaUty rate of approxi
mately 60% for mother and fetus, even with operative interven
tion. When spontaneous rupture does occur, the presentation 
may be sinlilar to that described for hepatic hemorrhage associ
ated with preeclampsia-right upper quadrant pain with referred 
right shoulder pain and progression to shock. Immediate lapa
rotomy is performed with cesareaJ1 birth, control of hemorrhage, 
ru1d resection of the adenoma, if possible. 

Because of the high mortality associated with the rupture 
of a bepatic adenoma, elective re.~ction may be performed. 
Resection during tl1e second trimester minimizes the operative 
risk to the mother and fetus and does not interfere with the 
remainder of the pregnru1cy or subsequent pregnancies. Because 
of the wlknown recurrence risk, however, subsequent preg
nrulcy a11d oral contraceptive use may be discouraged in these 
patiems. 

Cavernous hemangiomas are the most common benign 
tlllllors of the liver and are found in approxin1ately 2% of 
autopsy patients. The vast majority of these tumors are smaJJ and 
asymptomatic; however, there have been a few reported cases in 
which these lesions led to spontaneous fatal hemorrhage. 
Although liver hemangiomas occur in both genders, most studies 
have indicated to a female predomiJ1ru1ce; one study reported a 
ratio of female predonlinance of 4.5 : 1. [c has been suggested 
tl1at estrogen may be associated with tbe growth of liver hem
angiomas, but the inddence of these lesions in pregnancy and 
tl1e effects of iJlcreased estrogen levels during pregnancy on them 
are unknown. Symptomatic liver hemangiomas have been 
treated by steroids, raruation tllerapy. surgical resection and, 
recently embolization, but surgeons may sometimes be con
fronted with intra-abdominal hen1orrhage originating from tl1e 
rupture of asymptomatic liver hemangiomas. A case of an inci
dental intra-abdonlinal hemorrhage originating from a liver 
hemangioma in a 36-week twin pregnancy being delivered erner
gently by cesarean section because of feral distress has been 
reported. 

Cholecystectomy for symptomatic cholelithiasis is second 
to appendectomy as the most common nonobstetric surgical 
procedure performed during pregnancy. As noted, pregnancy is 
associated with an increased incidence of cholelithiasis. Most 
pregnant women are asymptomatic. Although aJ1 estimated 2% 
to 4% of pregnru1t women may be found to bave gaJJstones by 
ultrasound, only 0.05% to 0.1 % of them will be symptomatic. 
The symptoms of bWary colic a.re the same in pregnrult and 
nonpregnru1t patients. [n patients with symptoms consistent 
with cholelithiasis, ultrasound is the &agnostic examination of 
d10ice. [n pregnant patients, ultrasound is as accurate in iden
tifying gallstones and signs of inflammation as in nonpregnant 
patients. 
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Historically, pregnant patiems with a clear operative indi
cation, such as obstructive jaundice, gallstone pancreatitis, and 
choledod10lithiasis, underwent cholecystectomy regardless of 
gestational age. Patients with recurrent biliary colic or acute 
cholecysti tis that responded to rnedkal management were 
treated expectantly umil after delivery, at whkh rime rhey 
underwent cholecystectomy. As it becan1e w1derstood that 
adverse maternal and fetal outcomes are related more to the 
disease process and not the surgical intervention, management 
patterns have changed? ' Also, complications from nonopera
tive management of gallstone disease result in an increase in 
maternal and fetal mortality. With gallstone pancreatitis during 
pregnancy, a maternal mortality rate of 15% and a feral mortal
ity rate of 60% have been reported. ln a study of 63 patients 
who were admitted with symptomatic cholelithiasis, surgical 
management reduced the need for labor induction, rate of 
preterm deliveries, and fetal mortality?2 Therefore, surgical 
iJltervention is considered as primary treatment of gallstones in 
pregnancy. 

1he timing of cholecystectomy for biliary colic depends on 
the gestational age and ~verity of symptoms. A spontaneous 
abortion rate of 12% with open d1olecystectomy during the first 
trimester falls to 5.6% and 0% duri11g the second and third 
trimesters, respectively. The risk for preterm labor is almost 0% 
during the second trimester and 40% during the third trimester.1 

The optimum time for cholecystectomy is the second trimester, 
when the risks for spontaneous abortion and preterm labor are 
the lowest, unless the patient develops a complication of chole
lithiasis. [n a study of 122 patients who were admitted with 
biliary colic, 69 (56.5%) underwent minimally invasive inter
vention. Eight patients were treated during the first, 54 during 
the second, and 7 during the last trimester. 'There was no fetal 
morbidity or mortality and only minor maternal morbidity, with 
no mortality?3 

Laparoscopk cholecystectomy is relatively safe during the 
second trimester. The gravid ucerus is not usually large enough 
at this gestational age to interfere with visualization; the uterus 
also is less likely ro be inadvertently instrumented at this size. 
1he open technique usiJ1g the Hasson trocar is recommended 
for obtaining access to the abdomen. If intraoperative cholangi
ography or endoscopic retrograde cholangiopancreatography is 
indicated for choledocholithiasis, the uterus needs to be pro
tected with appropriate shielding. If the severity of symptoms 
prevents delaying surgical intervention until after delivery, lapa
roscopic cholecystectomy can be safely performed during the 
third trimester, although cl1e risk for preterm labor is substan
tially increased. [n several small series of patients, preterm labor 
was successfully managed with rocolytics and the patients deliv
ered healthy term infants.~4 

Endoaine Disease 

Adrenal Disease 
Pheocluomocytomas ongmate from duomaflin cells in the 
adrenal medulla or from extramedullary paraganglion cells. 1l1ey 
are hormonally active tW1lors, secreting the catecholamiJ1CS nor
epinephrine, epiJnephrine and, .less commonly, dopamine. Pheo
chromocytomas are usuaJiy described by the rule of 10, which 
states that 10% of pheochromocytomas are extra-adrenal, 10% 
are bilateral., 1 Oo/o are malignant, and I 0% are familial. 1l1ese 
tumors can occur sporadically or as part of a syndrome, such as 
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multiple endocrine neoplasia (MEN) type 2A, MEN 2B, or von 
Hippei-Lindau disease. 

Although pheoduomocytomas are uncommon in preg
nancy, they have devastatiJ1g effects on the mother and fetus. 
Pheoclnromocytomas that remain undiagnosed during preg
nancy have a posrparrum maternal mortality as high as 55%, 
with fetal mortality also exceeding 50%. 1l1e greatest risk occurs 
from d1e onset of labor to 48 hours after delivery. 1hc index of 
suspicion must be high in any patient with preeclampsia, par
oxysmal hypertension, or unexplained fever after delivery. With 
diagnosis and appropriate treatment, the maternal mortality rate 
is reduced to almost 0% and the fetal mortality rate is decreased 
to 15%. Diagnosis is made by elevated urine cated10larnine 
levels; urinary catecholan:Une levels in the pregnant patient 
without a pheochromocytoma are the same as in the nonpreg
nant patient. Lack of proteinuria also helps eliminate preeclanlp
sia as a cause of hypertension. Metaiodobenzylguanidine (MIBG) 
imaging is not recommended during pregnancy because the 
small molecule may cross the placenta; however, the use of 
MIBG imaging bas not been evaluated in pregnancy. 

Surgical resection needs to be performed before 20 weeks' 
gestation, when spontaneous abortion is less likely and the si'l.e 
of the gravid uterus does not iJ1terfere with the procedure. lf the 
diagnosis is made late iJ1 the second trinlester or during the third 
trimester, medical management followed by combined cesarean 
birth and resection of the pheochromocytoma may be an option. 
It is unknown whether the standard preoperative management 
with alpha blockade or calcium cl1rumd blockade followed by 
perioperarive beta blockade in nonpregnant patients is safe 
during preg)lancy. ll1e long-term effects of the alpha blocker 
phenoxybenzamine on the fetus have not been determined, 
although calcium channel blockers are safe to use during preg
nancy. Beta blockers are &equently used during pregnancy 
with dose monitoring for intrauterine growth retardation. 
Consultation with a maternal-fetal medkine specialist is essen
tial to determine the preoperative management that will ensure 
tbe optimal postoperative result for the patient and fetus. ln 
nonpregnant patients, the method of approad1 depends on sus
pected malignancy, wlilateral versus bilateral tumors, extra
adrenal location, size of the tumor, and surgeon's preference and 
experience. In all series comparing the different approaches, 
including open versus laparoscopic techJ1 ique, pregnrult patients 
were nor included. Recent studies have indicated the safety of 
the laparoscopic. approach in pregnru1cy. 

Thyroid Disease 
1l1yroid disease during pregnancy can be categorized into three 
groups-hypothyroidism, hyperthyroidism, and thyroid cru1eer. 
Hypothyroidism is found in 2.5% of pregnandes. Of these, 
only 20% to 30% of patients develop symptoms. The first step 
is ro obtain a serum thyroid-stimulating hormone (TSH) con
centration. This will help categorize primary hypothyroidism 
versus hypothyroidism resulting from pituitary or hypotha
lamic causes. 

C urrent gu.idelines from LeBeau and Mandel25 for the 
treatment of hypothyroidism during pregnancy are as follows: 

I. Check serW11 TSH level. 
2. Initial levorhyroxine dosage is based on severity of 

symptoms. levothyroxine is started at 2 Jlg/kg/day. 
If TSH is less than I 0 mU/L, dose is adjusted to 

0.1 mg/day. 
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3. For previously diagnosed hypothyroidism, monitor 
TSH level every 3 to 4 weeks. 

4. Goal TSH level is less than 2.5 mU/L. 
5. Monitor serum TSH and total TSH every 3 to 4 

week~ with each dose change. 
Hyperthyroidism during pregnancy has an incidence of 

0.1 o/o to 0.4%.26 Gestational thyrotoxicosis is a multifactorial 
phenomenon. High serum concentrations of human d10rionlc 
gonadotropin (hCG) during pregnancy activate the TSH recep
tors. Elevated serum-free thyroxine (T4) and low-serum TSH 
levels are seen with thls form of thyrotoxicosis. Gestational thy
rotoxicosis is usually self-limited and spontaneously resolves by 
20 weeks' gesta·tion, when the hCG level decfu1es. Repeat evalu
ation is warranted if thyrotoxicosis persists. Most cases of hyper
thyroidism are a result of Graves' disea~. After the diagnosis is 
made, medical treatment with thlonamides (e.g., propylthioura
cil, methin1azole) is the mainstay of treatment. Iodides are 
avoided, exceptr in patients preparing for thyroidectomy during 
pregnancy. Subtotal thyroidectomy for Graves' disease is reserved 
for patients who arc taking hlgh-dosc propylthlouracil (>600 mg/ 
day) or methimazole (>40 mg/day), are allergic to thlonamides, 
are noncompliant, or have compressive symptoms because of 
goiter size. Surgery is performed during the second trimester 
before 24 weeks' gestation to minimize the risk for miscarriage. 
A 2-week course of a [.}-adrenergic agent, along with potassium 
iodide, is implemented before surgery to minimize petioperative 
compHcations. Radioactive iodine therapy is contraindicated 
during pregnancy. 

Because of hormonal changes, thyroid nodules may have a 
higher prevalence during pregnancy, but thyroid cancers do not. 
Thyroid cancers are worked up in the traditional fashion during 
pregnancy. FNA, along with ultrasonic evaluation, remain the 
cornerstone of diagnosis. If cytology shows thyroid cancer, 
surgery is recommended during the second trimester, before 24 
weeks' gestation. lf thyroid cancer is found after the second half 
of pregnancy, smgery can be perforn1ed after delivery. 11us srare
ment is supported by a recent study in which 201 pregnant 
women underwent thyroid (n = 165) and parathyroid (n = 36) 
procedures. Of these patients, 46% had thyroid cancer. When 
compared with nonpregnant women (n = 31), the pregnant 
patients bad a higher rate of endocrine (15.9% versus 8.1 %; 
P < .001) and general complications {11.4% versus 3.6%; 
P < .001) and longer unadjusted lengths of stay (2 days versus 
1 day; P< .001). The fetal and maternal complication rates were 
5.5% and 4.5%, respectively.27 Postoperative radioactive iodine 
therapy also needs to be delayed w1til after delivery. 

Small Bowel Disease 
Intestinal obstruction is the third most common nonobstetric 
surgical issue in pregnancy, after acute appendicitis and acute 
cholecystitis. The incidence of small howd obstruction during 
pregnancy has been reported to be between 1 in 1,500 to 
17.000 pregnancies. SmaU bowel obstructions usually occur 
during the second and thlrd trimesters. Adhesions resulting 
from prior abdominal an.d pelvic surgeries are the most fre
quent causes of intestinal obstruction in pregnancy, accounting 
for 53% to 59% of cases. Other causes of small bowe.l obstruc
tiOJ1 in the pregnant patient include volvulus, intussusception, 
malignancy, and hernia, although tht! displacement of the 
small bowel out of the pelvis by the enlarging uterus makes this 
a rare cause. 

The symptoms of an obstruction are identical to those in 
the nonpregnant patient and consist of the triad of abdominal 
pain, vomiting, and obstipation. Pain, present in 85% to 98% 
of cases, is usually coHcky in nature and located in the midabdo
men, although the character and duration are highly variable. 
Nausea and vomiring are seen in 80% of pregnant patients with 
small bowel obstruction; however, nausea and vomiting are not 
uncommon during the first trimester of normal pregnancy:. 
Nausea and von.llting that persist or begin later in pregnancy 
should arouse suspicion and be evaluated. Bowel distention may 
be marked but difficult to assess because of the gravid uterus. 
Diagnosis is made by serial exanlln.ation and plain abdominal 
radiography. 

Treatment for small bowel obstruction in pregnancy is 
identical to that in the nonpregnant patient. Therapy consists of 
nasogastric decompression and IV fl.u.ids. However, a lower 
threshold for operative management is necessary. [f, after 6 to 8 
hours of nonoperative treatment, there is no satisfactory patient 
response, a laparotomy is performed before perforation or bowel 
necrosis occurs. Maternal mortality ranges from 6% to 20% 
because of sepsis and multisystem organ failure, and fetal loss is 
a~ high as 26% to 50%. To avoid the risk to the mother and 
fetus, a more aggressive approach is used. 

Midgut volvulus remains a dreaded diagnosis during the 
postpartum period. It is usually more common in the pregnant 
patient if she has undergone previous abdominal surgery; 
however, spontaneous midgut volvulus may occur. A case report 
of maternal death caused by midgut volvulus after bariatric 
surgery has been reported.28 1l1e key is increased vigilance for 
all tl1ose involved in the patient's care. Early exploration is war
ranted if the diagnosis is unclear. 

Colon and Redal Disease 
Acute appendicitis is the most common nonobstetric surgical 
problem in the pregnant patient, occurring in 1 in 1500 preg
nancies. The incidence of acute appendicitis is fairly evenly 
distributed among the trimesters of pregnancy, with a slight 
predominance during the second trimester. Timely and accurate 
diagnosis is challenging because the typical clinical findings of 
nausea, von.llting, abdominal pain, and nilld leukocytosis may 
be seen in a nom1al pregnancy. Delay in diagnosis results in an 
increased perforation rate of 10%, which bas significant conse
quences for the patient and fetus. Feral mortality increases from 
1.5% in acute appendicitis to 35% in perforated appendicitis; 
preterm labor and premature delivery rates are as high as 40% 
in perforated appendic.itis' 9 compared with a 13% rate of 
pretcrm labor and 4% rate of premature delivery in acute 
appendicitis.30 

In 1932, Baer studied 78 normal pregnant women with 
radiograpluc studies at regular intervals from the second month 
of pregnancy to 10 days postpartum. As the uterus enlarges, the 
appendix is driven upward with a counterclockwise rotation. 
Baer concluded that early in pregnancy, pain is low and that as 
rl1e gestation progresses, pain is located b.igher in the abdomen.31 

A review of 45 pregnant patients with acute appendicitis dem
onstrated that pain in the right lower quadrant is the most 
common symptom, regardless of gestational age (first trimester, 
86%; second trimester, 83%; third trimester, 85%).29 Despite 
the inc-onsistency, acute appendicitis needs to be included in the 
differential diagnosis of every pregnant woman who presents 
with right-sided abdominal pain. Treatment of suspected acute 
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appendlcitis in tlhe pregnant patient is emergent appendectomy. 
Although helical CT scans have demonstrated higher than 90% 
sensitivity and specificity iJ1 the diagnosis of acute appendicitis, 
few data are available in pregnant patients. In nonpregnant 
patients, a 10% to 15% negative laparotomy rate is considered 
acceptable. Because of the increased risk ro mother and ferns 
with appendiceal perforation, a negative rate of30% to 33% has 
been widely accepted until recently, when it was reported that 
even negative appendectomy may be associated with an increased 
risk of fetal loss. In a series of 3133 patients, the rates of fetal 
loss and preterm delivery in complicated appendlcitis were 6% 
and 11%, respectively, in comparison to the rates of fetal loss 
and preterm delivery of 4% and l 0%, respectively, in patients 
wbo underwent negative appendectomy.32 It was concluded that 
improvement in fetal outcomes would result from improvement 
iJ1 dlagnostic accuracy and reduction of the rate of negative 
appendectomy. In a small series of 47 patie.nts, a positive ultra
sound was considered to be diagnostic for appendicitis, with 
MRl without gadoliniun1 or CT being used to confirm or 
exclude the dlagmosis in a negative or nondiagnostic ultrasound 
dlagnosis of appendlcitis ln pregnancy.33 The debate is then for 
an open or laparoscopi.c technique. 1l1e argument for open 
appendectomy is that the laparoscopic approach exposes the 
fetus to risks for pnewnoperitoneum and trocar placement 
without the benefit of a significantly smaller incision. The lapa
roscopic technique enables exarniJ1ation of a larger portion of 
the abdomen with less uterine manipulation and allows locating 
the appendix as it is pushed mto the right upper quadrant by 
the enlargmg uterus. 

Colonic pseudo-obstruction, or Ogilvie's syndrome, is a 
functional obstruction, or adynamic ileus, without a mechanical 
cause. Of all cases of Ogilvie's syndrome, 10% occur in postpar
tum patients. It is characterized by massive abdominal dlstention 
with cecal dilation. Although neostigmine is effective first-line 
tl1erapy in nonpregnant patients, its safety iJ1 pregnancy is 
unknown. It can be used safely ill the postparnun period. 
Colonoscopic decompression has been described in post
parnun patients, with laparotomy mdicated only in suspected 
perforation. 

Vascular Disease 
Of more than 400 cases of ruptured splenic artery aneurysms in 
the li£eraturc, approximately 100 cases of ruptured splenic artery 
aneurysm duriJ1g pregnancy have been reported, with only 12 
cases of maternal and fetal survival.·14 Rupture occurred during 
the third trimester in two thirds of cases and was typically mis
diagnosed as splenic rupture or uterine rupture. 1l1e maternal 
mortality rate was 75%, with a fetal mortality rate of 95%. 
Increased portal pressures, high splenic artery flow caused by 
distal aortic compression, and progressive arterial wall weaken
ing arc contributmg factors. Multiparity may increase the risk; 
78% of patients with ruptured splenic artery aneurysms have 
been in their third pregnancy. Survival is most Ukely related to 
a two-stage rupture, ln whicl1 the lesser sac temporarily tanlpon
ades the bleeding aneurysm. 

When treated electively in nonpregnant patients, the 
mortality rate is. only 0.5% to 1.3%. When the dlagnosis is 
made iJ1 a woman of childbearing age or in a pregnant 
patient, a splenic artery aneurysm of 2 em or larger is treated 
electively because of the increased risk for rupture during 
pregnancy:14 
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Acute iliofemoral venous thrombosis is six tffi1es more fre
quent in pregnant than nonpregnant patients. Pregnancy may 
increase the risk for thrombosis via a nlUllber of factors, includ
iJlg mechanical obstruction of venous drainage by the enlarging 
uterus, decreased activity in late pregnancy and at tin1e of deliv
ery, inrimal injury from vascular distention or surgical manipula
tion during cesarean section, and abnormal levels of coagulation 
factors (see earlier) . .AJso. a wide spectrum of pathologic abnor
malities, such as the presence of lupus anticoagulant aoribodles 
and deficiencies of proteins C and S, may further increase the 
risk for thrombotic disease. Protein S serves as a cofactor for 
activated protein C, whicl1 has anticoagulant activity. Therefore, 
a deficiency of protein S leads to spomaneous, recurrem throm
boembolic complications in nonpregnant adults. Even .in normal 
individuals, protein S levels are substantially reduced during 
pregnancy. 

1l1e management of acute iliofemoral venous thrombosis 
duriJlg pregnancy is controversial because thrombolytic t.llerapy 
poses hazards to the fetus. The risk for pulmonary thromboem
bolism with manipulation of the clot during thrombectomy 
would have catastrophic effects on both the patient and fetus. 
Techniques that have been described iJ1clude interruption of the 
inferior vena cava through a right retroperitoneal approach or 
interruption of the inferior vena cava by passage of a Fogarty 
catheter through the unaffected contralateral femoral vein. 1l1e 
disadvantage of the retroperitoneal approach is t.l1at an extensive 
dissection is required. 1l1e disadvantages of th.e Fogarty catheter 
are that the catheter may seW dislodge clots that have extended 
mto the vena cava and that once the catheter is removed, an 
iJ1ferior vena cava filter must still be placed. However, the most 
effective technique is £ilter placement iJ1 the Werior vena cava 
through the internal jugular vein using ultrasound guidar1cc, 
followed by thrombectomy. 

TRAUMA IN PREGNANCY 
Trawna is the leadillg nonobstetric cause of maternal mortality 
and occurs in approximately 5°A> of pregnancies.35 The most 
common mechanisms of iJ1j ury are from falls or from motor 
velude accidents.3G When compared with age-matched pregnant 
controls, pregnant women who sustaiJ1ed trauma had a higher 
iJ1cidcnce of spontaneous abortion, prctcrm labor, fetomaternal 
hemorrhage, abruptio placentae, and uterine rupture.37 .A 
munber of studlcs have atten1pted to identify risk factors that 
predict morbidity and mortality in the pregnant trauma patient. 
1l1c maternal lnjury Severity Score, mecl1anism of mjury. and 
physical findings are unable to predict adverse outcomes ade
quately, such as abruptio placentae and fetal loss. Pregna.nt 
patients with severe head, abdominal, thoracic, or lower extren1-
ity injuries are at high risk for pregnancy loss.38 Early involve
ment of an available obstetrician is important to evaluate 
maternal and fetal wcll-bemg. 

In the treatment of the pregnant trauma patient, the critical 
point is that resuscitation of the fetus i.s accomplished by resus
citation of the mother. 1l1erefore, the initial evaluation and 
treatment of the pregnant mjmed patient is identical to that of 
the nonpregnant injured patient. Rapid assessment of the mater
nal airway, breathing, and circulation, as well a~ ensuring an 
adequate airway, avoids maternal and fetal hypoxia. In che Iacer 
stages of pregnancy, as described earlier, uterine compression of 
the vena cava may result in hypotension from dimir1ished venous 
return; thus, the pregnant trauma patient needs to be placed in 
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a left lateral decubitus position. If spinal cord injury is suspected, 
the patient may be secured to a backboard and then tilted to 
the left. 

The increased blood volume associated with pregnancy has 
important .implications in the trauma patient. Signs of blood 
loss such as tachycardia and hypotension may be delayed until 
the patient loses almost 30% of her blood volume. As a result, 
the fetus may be experiencing hypopcrfusion long before the 
mother manifests any signs. Early and rapid fluid resuscitation 
should be initiated, even in the pregnant patient who is 
normotensive. 

As with the primary survey, d1e secondary survey proceeds 
in a fashion similar to that in the nonpregnant patient. Special 
attention is given to me abdominal exanlination. The uterus 
remains protected by the pelvis until approximately 12 weeks' 
gestation and is relatively well sheltered from the abdominal 
iDjury tmtil then. As the uterus grows, it becomes more promi
nent and more vuLJlerable to injury. Mea~urement of fundal 
height provides a rapid approximation of gestational age. At 20 
weeks' gestation, it is at the level of the umbilicus and is approxi
mately L em per week of gestation. Imrauterine hemorrhage or 
uterine rupture may result in a discrepancy in measurement. A 
pelvic examination is performed, by an obstetrician if possible, 
to evaluate for vaginal bleeding, ruptured membranes, or a 
bulging perineum. Vaginal bleeding may indicate abruptio pla
centae, placenta previa, or preterm labor. Rupture of me amni
otic membrane may result in umbilical cord prolapse, which 
compresses d1e un]bilical vessels and compromises fetal blood 
Aow. 1his requires immediate cesarean delivery. [f cloudy whire 
or greenish Auid is seen from me cervical OS or perinewn, the 
presence of amni.otic fluid is confirmed by testing with Nitrazine 
paper, whicl] indicates pH and changes from green to blue. 

The Kleihauer-Betke (KB) test for the assessment of few
maternal transfusion is useful after maternal trauma and is 
ordered with the initial laboratory studies, which include typing 
and crossmatching. Because of the sensitivity of the KB rest, a 
small an1ount of fetomatemal transfusion may be undetected. 
1l1erefore, all Rh-negative pregnant trauma patiems are consid
ered for Rh imJJmnoglobulin (RhoGAM) therapy. 

The most common cause of fetal death after blunr injury 
is abruptio placentae. Deceleration of the fetal heart rate may 
be tl1e earliest sign of abruption. 1l1e uterus needs to be evalu
ated for contractions, rupture, and abruptio placentae. Early 
initiation of cardiotocographic fetal monitoring adequately 
wams of deterioration in the condition of the fetus. 

Penetrating trauma results in maternal death in fewer than 
5% of cases. Penetrating trauma is primarily from gunshot 
wotmds and knife wounds. The incidence of visceral injury with 
penetrating trauma during pregnancy is 16<Yo to 38% in com
parison to 80% to 90% in nonpregnant patients.39 Fetal injury 
occurs in up to 70% of cases, with a 40% co 70% rate of fetal 
deam as a result of di rect fetal injury or preterm labor.35 A 
number offactors contribute to the nature of the injuries. Bullets 
produce a transient shock wave and cavitation as they transmit 
kinetic energy to body tissues. The density of me tissue, such as 
the thick density of the uterus during early pregnancy, may 
rapidly dissipate the lower amount of kinetic energy from a low
velocity projectile, protecting d1e fetus from significant injury. 
Higher velocity projectiles may produce more serious injuries to 

mother and fetus. As pregnancy progresses and the growing 
uterus displaces the abdominal viscera, location of the injury 

becomes crucial in determining which of the maternal viscera 
are injured and whether the fetus has sustained a direct injury: 
Management of penetrating iJljuries during pregnancy is similar 
to that for nonpregnam patients. It should be individualized, 
with early involvement by an obstetrician. Diagnostic and treat
mem options include surgical exploration, supraumbilical diag
nostic peritoneal lavage, diagnostic laparoscopy, cr, local wound 
exploration, ru1d observation.40 Emergency cesarean delivery 
may be indicated in maternal arrest after 4 minutes of UDsuc
cessful resusci tation, fetal compromise with a stable mother if 
the fetus is of viable gestational age, obvious impending mater
nal death, or when the gravid uterus interferes with trauma
related surgical intervention.41 Also, emergent cesarean delivery 
may also improve chru1ces of maternal survival by removing 
aortocaval compression and increasing cardiac output. Marernai 
and fetal survival rates as high as 72<Jio and 45%, respectively. 
have been reported following emergency cesarean delivery at 
more than 25 weeks/ gestational age. No fetal survival has been 
documented when fetal heart tones were absent before emergent 
delivery, but a 75% chance of fetal survival has been reported 
when fetal heart tones were present and gestational age was at 
least 26 weeks."-! 1he best chru1ce for fetal survival with an intact 
infant is when cesarean delivery occurs witllin 5 minutes of 
maternal death. Four minutes of resuscitation followed by a 
1-minute cesarean delivery offers the best chance for infrult 
survival. In a review of 61 infants born by peri mortem cesarean 
delivery bet>.veen 1900 and 1985, 70% of the infants survived 
who were delivered within 5 minutes of maternal dead1, and aU 
of the survivors were neurologically intact.41 

PREGNANCY AFTER MAJOR 
ABDOMINAL SURGERY 
Not infrequently, the surgeon will be asked about pregtlaJlC)' 
following treatment of surgical disease. Each case should be 
individualized. The conditions can be divided into those involv
ing henign and malignant disease. 

Benign Disease 
After most abdominal procedures for benign disease, there is no 
contraindication for pregnancy. Special circumstances include 
barianic surgery and total colectomy with ileal pouch-anal 
ru1a~tomosis. 

Bariatric Surgery 
Bariatric surgery is rapidly becoming one of tl1e most common 
procedures done in the United States. With approximately 
160,000 women undergoing weigbr loss surgery in 2009, preg
nancy after bariatric surgery is a common occurrence. There is 
aJl improvement i11 infertility and pregnancy outcomes after 
weight loss surgery.11 There is also a decreased incidence in 
patients who have undergone bariatric surgery in regard to 
maternal complications, such as diabetes mellitus, hypertensive 
disorders, and fetal macrosomia as compared with their mor
bidly obese counterparrs.45 Currently, ilie consensus of studies 
has supported that pregnancy should be delayed for up to 2 years 
following bariatric surgery. Outcomes in maternal or fetal health 
do not differ whether a patient has had a Roux-en Y gastric 
bypass or restrictive procedure (e.g., vertical-banded gastroplasty 
[VBG]; laparoscopic adjustable gastric banding [LAGB]).16 

Current recommendations for women who become pregnant 
after bariatric surgery are to continue with a prenata\ 

http://www.myuptodate.com


multivitamin, vitamin B12, iron, and folate supplement. Protein 
supplementation may also be necessary for patients who have 
undergone malabsorptive operations. For patients who have 
undergone adjustable gastric band placement, deflation of the 
band is recommended to aid in optimal nutrition. 

Ileal Pouch-Anal Anastomosis 
Ulcerative colitis can be a debilitating disease that mlght eventu
ally require a total colectomy with an ileal pouch-anal anasto
mosis. Long-term outcomes of pregnancy after this procedure 
have been generally posi tive.4? In a study of 37 women who 
became pregnant before and after ileal pouch-anal anastomosis, 
there were no differences in birth weight, duration of labor, 
complicati.ons, amd unplanned cesarean sections.48Another study 
comparing patients who underwent cesarean section versus 
vaginal delivery after ileal pouch-anal anastomosis has demon
strated that the vaginal delivery patients have a significant higher 
iJ1cidence of anterior sphincter defect (13% versus 50%) and 
worse quality o f Life evaluated by the time trade-off method.49 

Malignant Disease 
This discussion will be limited to breast cancer because this 
occurs more of ten in women of reproductive age in comparison 
to most oncologic disease treated by the general surgeon or 
surgical oncologist. 1l1e issues that patients will need advice on 
are the following: (1) maintenance of fertility; (2) the in1pact of 
pregnancy on disease progression and survi.val; (3) the tin1ing of 
pregnancy relative to the diagnosis of breast cancer; and (4) 
pregnancy outcome. 

Breast cancer often affects women of reproductive age. 
Although treatment is effective , cytotoxic chemotherapy causes 
ovarian reserve depletion, whereas hormonal therapy necessitates 
a delay in pregnancy, resulting in potential infertility in some 
patients, but some patients retain normal fertility. On diagnosis 
of breast cancer iJ1 patients of reproductive age who are inter
ested in having children after treatment, the surgeon or medical 
oncologist may co nsider referral to a fertility specialist to explore 
methods of fertility preservation. 1l1e best established method 
of fertility prese.rvation is embryo cryopreservation. 1l1is involves 
ovarian stimulation to retrieve oocytes for ir1 vitro fertilization 
prior to free-ling; tllis remains the best known option for fertility 
preservation in women with early-stage breast cancer whose risk 
of fertility may be compromised by adjuvam chemotherapy. 
H owever, Little is known about the impact, if any, of ovarian 
stimulation on disease progression. 

Studies have shown that pregnancy is more likely to occur 
in patients with prolonged survival and no evidence of disease 
recurrence. L1 addition, there is no evidence of a negative effect 
of pregnancy on recurrence rate and survival in patients treated 
for breast cancer. This includes those who have had a mastec
tomy as well as b reast-conserving therapy. Survival was based on 
initial stage and not affected by hormonal receptor status or 
pregnancy.505

' 

The timing of pregnancy varies with tl1e treatment protocol 
and reassessment fo r recurrent djsease. Some recommend that 
women wait 2 years from the tin1e of diagnosis, but tl1is is con
troversial. 1l1e population-based study of Ives and coUeagues51 

did nor support the current medical advice given to premeno
pausal women with a diagnosis of with breast cancer to wait 2 
years before attempting to conceive. lt was concluded that 
although this recommendation may be valid for womeJ1 who are 
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receiving treatment or have systemic disease at diagnosis, and 
for women with localized disease, early conception, 6 months 
after completing their treatment, is unlikely to reduce survival. 
1l1e occLLrrence of preterm labor or miscarriage is similar in 
patients with a previous diagnosis of breast cancer compared 
with rhose with no history of breast cancer. 

SUMMARY 
Pregnant patients are susceptible to tl1e same surgical diseases as 
nonpregnant patients of similar age. Maternal physiologic 
changes, as well as the enlarging uterus, may result in atypical 
presentation of surgical disease or symptoms may be attributed 
w normal pregnancy. A delay in diagnosis and treatmem of 
surgical illnesses in pn.~nancy poses a greater risk to maternal 
and fetal well-being than the risks o f anesthesia o r surgical inter
vention. Early consultation with an obstetrician, maternal-fetal 
medidne specialjst, and perinato logist can ensure optin1al out
comes and avoid pitfalls. Laparoscopy is becoming increasingly 
accepted in the pregnant patient and future advances should 
make it even safer for these women. Preterm labor prevention 
needs co be individualized, given the patient's gestational age and 
underlying disea..e process. 
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length of stay (0.3 days longer; P < .001 ), and higher adjusted hospital 
costs ($300; p < .001). Other independent predictors of outcome were 
surgeon volume, patient race or ethnidty, and insurance status. The 
authors conclude that pregnant w:men have worse dinical and eco
nomic outcomes foiiONing thyroid and parathyroid surgery than nonpreg
nant \II/Oil1En. In addition, they found disparities in outcomes based on 
race, insurance, and access to high-volume surgeons. 
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versus open approach for pregnant patients with presumed acute appen
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"'pears to be a safe, feasible, and efficacious approach for Pr_eg~nt 
patients with presumed acute appendidtis. They conduded d1at 1t 1s hkely 
not the surgical approach but the underlying diagnosis combined with 
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lapamscopy for surgical prohlcms during pregnancy, Surg Enclose 
25:3477- 3478, 201 I. 
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Tang SJ, Mayo MJ, RodriguC7, Frias E. et al: Safety and utility of 
ERCP during pregnancy. Gastrointest Enclose 69:453-461, 2009. 

E~c retrograde d1olangiopancreatography (ERCP) is an 1mporta~t 
diagnootic and tlherapeutic tool in patients with biliary and pancreatic 
disease. Its usefulness and safety during pregnancy are largely unknoNn 
because it is not often required and because its use has been only 
infrequendy reported in d1e published literature. This is a retrospective 
review, from a single academic center, from 2000 to 2006. During the 
study period, 68 ERCPs were performed on 65 pregnant \II/Oil1E~. There 
were no perforations, sedation-related adverse event, pootsphlncterot
omy bleeding. cholangitis, or procedure-related maternal or fetal deaths. 
Poot-ERCP pancreatitis was diagnosed in 11 patients (16%); 59 patients 
had complete follow-up. Endoscopic d1erapy at d1e time of ERCP was 
undertaken in aU patients. Term pregnancy was achieved in 53 patients 
(89.8%). Patients having ERCP in the first trimester had the I<M!est 
percentage of telm pregnancy (73.3%) and the highest risk of preterm 
delivery (20.0%) and ICM'-birth-weight ne\lliboms (21.4%). The authors 
reported that none of the 59 patients wid1 long-term follow-up had 
spontaneous fetal loss, perinatal death, stillbirth, or fetal malformation. 

Yinaricr E, Merlot B, Poncelet E. et al: Breast cancer during preg
nancy. Eur J Obstct Gyn~-col R~-prod Bioi 147:9-14, 2009. 

Breast cancer in pregnancy IS an unc0111mon situation but poses dilem
mas for patients and physidans. There is a paucity of prospective studies 
regarding the diagnosis and treatment of breast cancer during preg~~cy. 
Women diagnosed with breast cancer during pregnancy have Similar 
disease characteristics to age-matched controls. Current evidence sug
gests that diagnosis may be carried out with limitations regarding staging. 
Surgical treatment may be performed as for nonpregnant \II/Oil1En. Radi~ 
d1erapy and endocrine or antibody treatment should be postponed unnl 
after delivery. d1emotherapy is aiiCMied after the first trimester. Physicians 
should be aggressive in the workup of breast sympt0111s in the pregnant 
population to expedite diagnosis and allow multidisciplinary treatment 
without delay. 
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CHAPTER 73 

UROLOGIC SURGERY 
MICHAEl. CoBURN 

UROLOGIC ANATOMY FOR TliE GENERAL SURGEON 

ENDOSCOPIC UROLOGIC SURGERY 

UROLOGIC INFECTIOUS DISEASE 

VOIDING DYSFUNCTION, BLADDER OUTl.ET OBSTRUCTION, 

BENIGN PROSTATIC HYPERPLASIA, AND INCONTINENCE 

MALE REPRODUCTIVE AND SEXUAL DYSFUNCTION 

UROUTHIASIS 

UROLOGIC TRAUMA 

NONTRAUMAnC UROLOGIC EMERGENCIES 

UROLOGIC ON CO LOGY 

Urology as a specialty discipline has much in common with 
general surgery. Our focus on abdominal and retroperitoneal 
anatomy, surgical approach, combiJ1ed use of endoscopic, 
laparoscopic, robotic, and open surgical rechnologies, and 
remarkable diversity of disease processes connects us in the 
smgical sciences. Urologists work closely with general surgeons 
regularly, and can profit greatly from each other's skills and 
knowledge. 

During my experience as Chief of Urology at Ben Taub 
General Hospitca.l in Houston over the past 20 years, I have had 
the grear privilege of enjoying an oursranding collaborative rela
tionship with the superb general, vascular, and trauma. surgeons 
at our institution. We have worked closely under the stress of 
major trauma surgery, complexity of exenterative smgery for 
advanced pelvic malignancies, management of iatrogenic uro
logic and surgical injury, and challenges of necrotizing infections 
of the genitalia and perineum. 

The surgical resident in training, while moving along the 
path to hecoming a competent general surgeon, must acquire a 
thorough understanding of urologic disease and urologic surgery. 
Tilis is equally important for those who practice in settings in 
wbicl1 a mologist is likely unavailable, as well as u1 the setting 
in which appropriate consultation, surgical planning, and regular 
operative collaboration are routine. 

The following discussion is intended to provide a funda
mental overview of urologic surgery for the general surgery resi
dent As your colleagues in the house of smgery, I welcome and 
encourage your in-depth pursuit of the fascinating history and 
practice of urology as your career unfolds. 

2046 

UROLOGIC ANATOMY FOR 
THE GENERAL SURGEON 

I 

It is essential for the general abdominal surgeon to be intimately 
fan1iliar with ge•litourinary anatomy to complete standard 
general surgical procedmes, avoid iatrogenic u1jury, and deal 
with abnormal anatomy.• Examples of particular areas of risk or 
challenge include the renal vasculanue in major vascular and 
retroperitoneal tumor surgery, ureteral mobilization and injury 
avoidance ill complex colonic procedures, urethral and prostatic 
relationshjp to the rectum, and spermatic cord and scrotal con
tents m complex inguinal bemja smgery. 

Upper Abdomen and Retroperitoneum 
The kidneys are located anterior to the psoas and quadratus 
lumborum muscles; adjacent to the left kidney are the body and 
tail of the pancreas, spleen, splenic flexure of the colon, and 
colonk mesentery. On the right, the kidney is adjacent to the 
liver, duodenum, and head of the pancreas. In the serting of 
neoplastic or inAanl matory processes involving any of these 
structures, or the kid11ey, complex adl1esions can form that create 
challenging dissection planes and u1crea.se the risk of organ 
injury with surgical exploration or mobilization. Although the 
perirenal fascia (Gerota's fascia) separates the kidney capsule and 
parenchyma from these adjacent organs ru1d reduces the risk of 
renal mjury with local dissection, renal parenchymal injury is 
possible with abnormal ru1atomy. In the setting ofuLRammatory 
disease, the Gerota's fa~cia may be densely adherent ru1d insepa
rable from the kidney, requirll1g an additional approach ro renal 
mobilization to avoid capsular or parenchymal injury. ln the 
settutg of retroperitoneal trauma., it is easy to strip the renal 
capsule from the parenchyma inadvertently when the kidney is 
rapidly dissected digitally; this maneuver is therefore best done 
with care and under direct vision whenever possible, because 
preserving the capsule enhances renal reconstructive efforts. 

The renal pedicle has a predictable anatonlic orientation, 
although anomalies of the venous system and the renal collecting 
system are not trncommon ru1d can confuse the operati11g 
surgeon. The renal veiJ1 is typically most ru1terior, the renal artery 
just posterior to the vein, and the renal pelvis and ureter most 
posterior. On the left side, the renal vein typically passes anterior 
to the aorta and inferior to the superior mesenteric vein as it 
courses toward the vena cava On the right, the renal vein can 
be short and enrers the vena cava lareralJy. The major branches 
of the renal vein are the gonadal vein on the left (the righr 
gonadal vein enters the vena cava directly), the adrenal vein, 
which jou1s the left renal vein superiorly on the left, and enters 
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the vena cava direcdy and at times posteriorly on d1e right, and 
variable Lumbar veins, which may be found entering the renal 
veins posteriorly, coursing directly posterior just lateral to the 
aorta on the left, or near the vena cava on d1e right. These major 
branches are particularly prone to injury with dissection of the 
renal pedicle and can result in u oublesome bleeding. It is the 
presence of tl1ese predictable renal vein branches that allows 
ligation of tbe left renal vei11 ncar the vena cava in the trauma 
setting, with preservation of renal venous drainage in most cases. 
On the right, ligation of the renal vein will typically result in 
renal vein thrombosis and renal infarction. Renal vascular an om· 
alies for which the surgeon must beware include the drcumaor
tic or retroaortic renal vein on the left and multiple renal veins 
or arteries on either side. Congenital anomalies involving the 
kidneys and upper urinary tract may result i11 unintended injury 
if not appreciated preoperatively. Renal malrotation, duplica
tion, and fusion anomalies are of particular concern. A pelvic 
kidney could be removed if thought to represent a pelvic mas.~ 
of neoplastic origin and the istl1mus of a horseshoe kidney might 
be injured if not appreciated prior to exposure to the great vessels 
in retroperitoneal surgery, because it invariably crosses anterior 
to the aorta, just inferior to the inferior mesenteric artery. Renal 
ectopia is accomlPanied by markedly variable and unpredictable 
renal vasculature, with multiple branches, possibly arising from 
the iliac arteries or aortic bifurcation. Duplication of the renal 
collecting system with a supermll11erary renal pelvis and ureter 
is notorious for precipitating iatrogenic injury; tl1e unsLL~pecting 
surgeon might be caught tmaware after identifying a single 
ureter on eiilier side. 

Ureter 
'The ureter travds from the renal pedicle to the bladder hiatus 
ill a predictable manner, blH can be diflicult to identi£)' when 
the region is anatomically hostile because of prior surgery, hem a· 
toma, fibrosis, inflanlffiation, or neoplasm. 1he ureter is found 
lateral to the aorta or vena cava in the upper abdomen, typically 
just anterior to the psoas muscle. It then courses laterally, passing 
over the iliac vessels at the level of the bifurcation of the common 
iliac into the external and internal iliac branches. 1l1e ureter tl1en 
foUows the lateral pelvis, extending deep into me pelvis and 
passing posterior to the vas deferens in ilie male and behind the 
uterine vessels in the female pelvis, before penetrating the detru· 
sor muscle of the bladder posterolaterally. 1l1e ureter is best 
identified in an area of normal anatomy and then followed to 
the area of concern. This is readily accomplished medial to the 
lower pole of the kidney or at the iliac bifurcation. When mobi
lizing d1e ureter, it is important ro avoid undue traction, which 
could tear or avulse ilie ureter when it is friable or fixed by sur
roundil1g fibrosis, and to achieve the proper dissection plru1e to 
avoid devascularization, which is outside the adventitial sheath. 
1l1e primary longitudinal blood supply to the ureter is found 
between ilie muscularis and the adventitia; it is important to 

preserve tltis vascular network. The blood supply to the upper 
third of the ureter arises mainly from branches of the renal artery 
and small direct branches of the aorta. The middle third of the 
ureter draws its blood supply from small il.iac branches and, at 
tin1es, branches from the gonadal ves.~ls. The lower third of the 
ureter has blood supply from gonadal, hemorrhoidal, internal 
iliac, and superior and inferior vesical branches. In me female, 
uterine ru1d cervical vessel brru1ehes support the ureter, as do 
vasal branches in the male. Following prior surgery or 
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rettoperironeal disease processes, ru1y of these rich collateral 
blood supply sources may not be contributory; thus, it is cri tical 
to avoid w1necessary extensive circumferential dissection of the 
ureter Md be cognizru1t of the potential to cause ischemic mj ury 
with injudicious dissection, particularly if the longitudinal 
ves.~ls are disrupted ru1d the branches from tl1e deep pelvis are 
unreliable following prior insults to the ureteral feeding vessels. 

Pelvic Anatomy: Bladder. Prostate.. 
and Seminal Vesides 
'The bladder has a rich adventitial layer covered by the pelvic 
peritoneum along the dome and upper posterior wall, tmde.r 
which lies the detrusor muscle, with the submucosa ru1d mucosa 
internally. The blood supply to the bladder comes from the 
superior ru1d inferior vesical arterie.~, which are brruKhes of the 
internal iliac artery. The prostate lies just caudal to the bladder 
neck and gains blood supply fiom me inferior vesical artery 
brru1ehes. Antcr.ior to ilie lower bladder segment and the pros
tate lies the dorsal venous plexus {Sru1torin.i's plexus), which runs 
behil1d the pubic symphysis and is contiguous wiili the dorsal 
venous system of the penis or the clitoris in the female. The 
ru1terior and lateral bladder walls do not have a peritoneal surface 
but reside within pelvic fat or may abut the musculature of the 
pelvic sidewall and pubis anteriorly. The bladder can be ill jured 
when entering the abdomen through a midline incision if care 
is not taken to enter the superior retropubic space (of Rerzius) 
and displace t.he bladder posteriorly with simple blunt dissection 
when extending the midllilc rectus fascial incision to me pubis. 
By trans peritoneal palpation, the balloon of a Foley catheter can 
be palpated within the bladder, ensuring its correct position and 
confirming that the bladder is weU-drail1ed. 

When performil1g complex pelvic surgery in which the 
bladder is adherent to a patl10logic process, such as diverticulitis 
or sigmoid colon or rectal cancer, l recommend having fuJI 
sterile access to the urinary tract, with the genitalia prepped into 
the operative field and any urinary catheters inserted il1 a sterile 
fashion. This allows easy intraoperative filling ru1d drainage of 
tl1e bladder to aid in its identification and also supporcs the 
efforts of a consulting urologist if the bladder needs to be 
entered, repaired, or partially excised. 1l1is may be foUowed 
by changing to a larger bore catheter to encourage drainage 
postoperatively. 

When ureteral cameters arc placed prior to abdominal 
surgery to aid in ureteral identification, these catl1eters are typi
cally tied to the exitmg Foley catheter with sutures, allowil1g all 
catlleters to drain during the operative procedure ru1d enabling 
ready manipulation of aiJ the tubes intraoperatively. Ln pelvic 
trauma, particularly from penetrating injuries, when gross 
hematuria is present, it is sometimes most expeditious to open 
the bladder via a longitudinal anterior cystotomy incision to 
perform inspection and repair. 1he efflux fiom the ureteral ori
fices can be observed through this approach, the entire surface 
can be evaluated, and tl1e entire bladder is accessible througb 
this exposure, which is easily closed, with minimal morbidity. 
The prostate and seminal vesicles are typically encountered by 
the general surgeon during pelvic exploration for trauma or 
during abdominoperineal resection for rectal cru1cer. Following 
pelvic radiotherapy ru1d/or chemotherapy, the dissection plru1e 
becween che Denonvilliers' fascia, which is jusc poscerior w 
the prostate, may become fibrotic or obli terated, causing the 
surgeon to be at risk to enter the prostatic parenchyma or 
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bulbomembranous urethra whlle trying to separate the perirectal 
tissues from the urinary tract. When recogni7..ed early, the correct 
russection plane can be reestablished, although prostatic and 
urethral repair may be challengi11g if tissues from the genitouri
nary side of this dissection are excised or extensively damaged 
before recognirion of the erram plane of dissection. The pre.sence 
of the Foley cartheter is most helpful in guiding the proper dis
section, but does not eliminate the potential for iatrogenic 
injury. The seminal vesicles extend superolaterally from the base 
(cephalad extent) of the prostate and are prone to injury in the 
same situations as noted; if entered, they can be sutured or 
excised with little concern, unless fertility is an issue for the 
patiem. 

Groin, Genitalia, and Perineum 
Inguinal anatomy is well known to all general surgeons. The 
relevant urologic issues in this anatomic region relate to the 
spem1atic cordi and male genitalia. The detailed anatomy of 
the scrotal contems is beyond the scope of this discussion; suffice 
it to say that the testis lies within a mesothelial envelope, the 
tunica vaginalis. The vascular and genital ductal structures leave 
the testis from the mediastinum in the posterosuperior portion 
and travel via the scrotal neck into the inguinal canal. The sper
matic cord is invested by the internal spermatic fascia, derived 
from the transversalis fascia. The cremaster muscle is derived 
from the internal oblique. The external spermatic fascia, derived 
from the external oblique aponeurosis, joins the cord below the 
extemal ring. The cord is susceptible to injury during inguinal 
russection for hernia repair, especially in redo cases, when it may 
be encased in fibrosis and injured without recognition. Signi1i
cant injury to rhe cord may put the viability of the testis at risk, 
even though the testis is supported by three collateral blood 
supply sources--external spermatic artery from the external 
iliac, internal spermatic or gonadal artery from the aorta, and 
vasal artery from the internal iliac branches. The vas deferens 
itself may also be injured anywhere along its course, from the 
midscroral level to the inguiJlal canal to its intrapelvic portion. 
When inguinal herniorrhaphy is performed, care must be taken 
to avoid excessjve tightening at the internal ring level, because 
compression of the cord at tllis level can result in venous, lym
phatic, or arterial obstruction. In adrution, the common use of 
nonabsorbable mesh materials in hernia repair, whether per
formed through an open inguinal or laparoscopic approad1, may 
result in fibrotic and inflammatory changes involving the vas 
deferens, whidh can cause late occlusion and potentially azo
ospermia and infertility. Th.is phenomenon has been well
documented in the literature; patients in rhei.r reproductive years 
should be counseled about this risk of groin surgery.2 

At tin1es, .exploration for inguiJ1al hernia may reveal other 
forms of scrotal pathology that were misdiagnosed preopera
tively, including hydrocele and spermatocele. Urologic consulta
tion may be helpful when atypical groin or scrotal anatomy is 
anticipated preoperatively or encountered at the time of surgery. 

The evaluation of the acute scrotum requires a sophisticated 
knowledge of genital strucntre and normal anatomy, as well as 
extensive dinlcal experience, for accurate diagnosis. The epididy
mis is located posteriorly and slightly lateral position to tl1e 
testis; rustinguishing acute epirudymitis or epididymo-orchitis 
from testicular torsion or trauma is a commonly encotmtered 
clinical chaUenge. Scrotal ultrasound may be a helpful adjw1ct 
to history and physical examination .in the rapid assessment of 

patients,3 because it is critical to rule out testicular wrsion 
promptly to avoid permanent ischemic injury. 

Peni le anatomy is seldom relevant to the general surgeon, 
aside from issues related to urethral catheterization. Urologists 
are well. versed in penile and urethral surgery in the elective and 
en1ergency serrings and can be helpful ro the general surgeon 
when methral catheterit.ation is challenging, in the trauma 
setting, and in the setting of neoplastic and inflan1matory disease 
when anatomy is obscure. 

[n perineal surgical approad1es, urology consultation may 
be hdpfuJ to the general surgeon, as noted, when perforruing 
abdominoperineal resection for rectal cancer and when perform
ing incision and drainage or debridement for a perirectal abscess, 
perineal gangrene, or local Deoplasms. 1l1e male and female 
urethras are palpable throughout their length, from the tip of 
the penis to the prostate in the male or from the urethral meatus 
to the bladder neck .in the female. L1 the male, the buJbomem
branous and prostatic urethra are immediately adjacent to the 
sites of russection for these entities. llle presence of a methral 
catheter is helpful in palpating the location of the urethra, but 
the C()rpus spongiosum surrounding the hulbar urethra and the 
prostatic u.rethra and parenchyma are still vulnerable to injury 
with dissection in an errant or obliterated anatomic plane. At 
tl1e level of the membranous urethra. within the external sphinc
ter of the pelvic floor, the corpus spongiosum essentially disap
pears, leaving only the relatively thin-walled urethra, which must 
be approacl1ed with great care to avoid inadvertent laceration, 
transection, or excision. 

ENDOSCOPIC UROLOGIC SURGERY 
Urology was the first surgical specialty to embrace diagnostic 
and therapeutic endoscopic surgery. The llistory of the develop
ment of the cystoscope and the modern evolution of ureteros
copy, percutaneous nephroscopy, and urologic laparoscopy 
represent fascinating stories in the book of surgical history. 
Urology as a di~cipline has the good fortune of being able, in 
most sintations, to a<;sess the urinary tract fully with endouro
logic techniques and high-resolution imaging; thus, in urology, 
exploration of the various components of this o.rgan system, 
without a reasonably well-formulated preoperative diagnosis, 
is tmconlillon. The general surgeon should have a basic working 
knowledge of urologic endoscopy because it affects what we can 
provide as consultants and how we can suppon surgical inter
venti<Jns to enhance safety and contend with complex anatomy, 
trauma, and surgical complications. 

Cystoscopy (or, technically, cystoureth roscopy) may be per
formed witl1 rigid or flexible fiberoptic instrumentation. [n the 
pediatric setting, endoscopes range from approximately 7 to 14 
Fr sizes; in the adult, rigid cystoscopes or resectoscopes generally 
rru1ge &om 15 Fr flexible and17 French diagnostic rigid scopes 
to 26 to 28 Fr operating resectoscopes. 

Extensive training in lower tract endoscopy is an important 
part of a urology residency progran1 because in judicious use of 
lower tract scopes can result ill significant iatrogenic injury. 
Flexib le cystoscopy may readily be performed under local anes
t11esia alone, using 2o/o lidocaine jeUy instiJied into the urethra 
as a topical ru1esthetic. Rigid lower tract endoscopy is more 
difficult w perform in the awake patient, ald10ugh it is much 
better tolerated in the female thrul in the male because of the 
short, straight female urethra. ln general, male rigid cystoscopy 
is performed under conscious sedation or regional or general 
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anesthesia in most modern practice settings. The flexible cysto
scope is fuiJy deflectable, aiJowing complete examination of the 
bladder and also allowing retroflexion to look back at the bladder 
neck or prostate without di£6culty. To observe the entire bladder 
lumen with a rigid scope, I generaiJy usc interchangeable lenses 
with a standard meral shearh and connecting bridge; commonly 
available telescopes indude 0- or 5-degree lenses for urethral 
surgery and 30- and 70-degree telescopes to view the entire 
bladder surface. Various biopsy and grasping instruments arc 
compatible with flexible and rigid scopes. 

Via a standard cystoscope, upper tract anatomy may be 
demonstrated by performing retrograde ureterography or retro
grade pyelography. Cone-tipped or straight injectable ureteral 
catheters may be used to inject water-soluble iodinated contrast 
into the upper urinary tract under fluoroscopic or plain film 
guidance to obtain high-quality images of the ureters and renal 
collecting systems. Even in patients with a history of aiJergy to 
iodinated contrast, retrograde pyelography may be safely per
formed as long as unduly forceful injection with resultant con
trast extravasation is avoided. It is wise to provide medical 
suppression of a possible aiJergic reaction (e.g., antihistamine, 
corticosteroid) in such cases, when it is imperative to perform 
these studies in a patient with a history of contrast allergy. 

CystoscopicaiJy, ureteral catheters can be inserted and left 
in position during a general surgery procedure to aid in identify
ing the meters i.n an abnormal anatomic field. I generaiJy use 
open-ended 5 or 6 Fr catlleters for thi.s purpose and tie the 
catheter to a Foley catheter for retention. 

More advanced lower tract endoscopy may involve dila
tion, incision, or ablation of methrallesions or stricture, litho
tripsy for lower tract calculi, removal of foreign bodies from the 
urinary tract, and biopsy or resection of bladder tumors or 
obstructing prostatic or bladder neck tissue, benign or malig
nant. Urethral stricture incision, which is usually palliative and 
not curative, may be performed using a specialized cystoscope 
caiJed an internal or optical urethrotome to which a variety of 
types of cutting b lades or laser fibers may be applied. For resec
tion of prostate ~tissue or bladder lesions of tumors, a cold cup 
biopsy forceps may be passed through a standard cystoscope to 
obtain small tissue biopsies, which can then be cauterized by a 
cautery electrode. For extensive tissue resection tasks in the 
prostate or bladder, an electroresectoscope is typically used. Tra
ditional resection procedures use a cutting loop that can remove 
tissue in chips using the cutting current of the electroresection 
u1lit, with the coagulation current then used to obtain hemosta
sis. Newer technologies have now come into common usc as 
well, i11cluding the Green Light laser (American Medical Systems, 
Minnetonka, Minn) for ablating benign prostatic tissue, 
Holmjum laser {Boston Scientific, Natick, Mass) for treating 
some bladder tumors, and roe normal saline bipolar resection 
system, which uses cutting loop or hutton electrodes for the 
ablation of tissue without the hemolysis or hyponatremia risk of 
the usc of sterile water or 1.5% glycine, wbld1 is generally used 
for lower tract endoscopic surgery. After resection of prostatic 
or bladder tumor tissue, the fragments must be removed from 
the bladder by irrigating them out through the scope using com
monly available instruments, such as the Ellik evacuator (C. R. 
Bard, Madison, Ga). When resecting lesions ncar d1e ureteral 
orifices, I always take care to avojd applying coagulating current 
to the ori.fice circumferentially because this may result in scarring 
and obstruction. 
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Following lower tract endoscopic smgery, [ routinely con
sider whether an indwelling drainage catheter is necessary. This 
depends on the adeCJuacy of hemostasis, thinness of the bladder 
waU following resection of a tumor, and desire to have a catheter 
across the prostate and to allow the prostatic fossa to clot and 
be defuncrionaliz.ed temporarily following transurethral resec
tion of the prostate {TURP). Depending on the specific situa
tion, I may often choose to implement continuous bladder 
irrigation (CBI) witl1 normal saline following lower tract endo
scopic surgery. This is most commonly performed using a three
way catheter, a Foley catheter with an additional infusion port 
that allows saline to be dripped into the bladder and efflux to 
be drained continuously to a drainage bag. After TURP, CBI is 
particularly helpful to avoid dot fom1ation in the bladder, which 
could occlude the catheter and reCJuire manual irrigation. One 
pitfall with this approach is that if the outflow lumen of the 
catheter becomes occluded wiili a clot and the inflow continues, 
signi.ficant bladder dis tention can occur unrecognized, putting 
the bladder at risk for perforation or encouraging more bleeding 
by distending the recently operated bladder wall or prostatic 
fossa. The nursing staff responsible for moJlitoring CBI must be 
aware of this potential, must turn off the inflow, and have 
instructions on whether and how to irrigate the outflow port of 
the catheter if this situation arises. 

Surgeons caring for urologic surgery patients in a postop
erative or intensive care uni.t (ICU) setting should have close 
communication with their urologi.c colleagues regardi11g catheter 
management-whether a catheter can be safely irrigated or 
exchanged, what degree of hematuria is expected or acceptable, 
how to treat bladder spasms. when tl1e catheter can be safely 
removed, and whether imaging studies will be necessary prior to 
doing this. 

UROLOGIC INFEtnOUS DISEASE 
Genitourinary infection encompasses a wide range of disorders 
that cross pacl1s with the clinical experience of the general 
surgeon. These include w1complicated urinary infections, which 
may affect whecl1er to proceed with elective surgery, complex 
necrotizi11g genital infections, for which the surgeon's expertise 
may be needed for judicious and complete debridement, and 
chronic renal infection, which may fistulize to the colon or flank. 
Urinary tract obstruction with concomitant closed space infec
tion may resulr in urosepsis and septic shock, chaiJenging the 
skills of the mologist and surgical critical care specialist. 

Uncomplicated Urinary Tract Infection 
Urinary infection is considered uncomplicated when it occurs 
in the immunocompetent host, without lmderlying anatomic or 
physiologic abnormalities of the urinary tract. Risk factors 
include prior infections, sexual activity in the premenopausal 
female and, in some settings, an w1circumcised penis. Patients 
may present with asymptomatic bacteriuria prior to elective 
surgery or with typical irritative symptoms, such as frequency, 
dysuria, hematuria, and/or suprapubic or perineal pain or dis
comfort. Signi.ficant infection is diagnosed on culture, based on 
the presence of more than 100,000 colony forming units {CFU)/ 
mL and, typically, by the presence of pyuria and nitrite positivity 
on urinalysis. Common organisms include Escherichia coli, other 
Emerobacteriacae, and Enterococcus spp. 

As a general principle, it is desirable to eradicate asymp
tomatic bacteriuria or symptomatic infection prior to urologic 
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or neurologic surgery to minimize the risk of the development 
of febrile infection i.n the peri operative period, because manipu
lation of the urinary tract iJl the presence of infection, even as 
Limited as Foley catheter placement or bladder distention fol
lowing anesthesia, may promote the development of a significant 
clinical infectio n. Deciding whether elective surgery should be 
cancelled if urinary infection or coloni7..ation is noted soon 
before surgery must be based on the urgency of the planned 
procedure and anticipated risk of promotiJ1g clinical infection 
by the planned manipulation. In the higher risk patient {e.g., 
older or infirm patients, or when urinary tract manipulation is 
anticipated), postponement of elective surgery Lmtil treatment 
has been provided is the most cautious approach. Treatment is 
best based on specific culture data whenever possible in the 
setting of surgical preparation, but the empirical use of Auoro
quinolones, trimethoprim-Slllfamethoxawle, cephalosporins, or 
broad-spectnuu penicillin derivatives is common, preferably 
with confirmation that tl1e urine chemkal dipstick and micro
scopic findings have normali1.ed and the culture has become 
negative. 

Recurrent uncomplicated infections may occur in the 
absence of any significant urinary tract pathology. Typically 
caused by changing flora, common clinical settings include 
yoLmg, sexually active females and older patients. Although 
recu.rrent a~ymptomatic bacteriu.ria may be observed without 
treatment in some settings, in most cases it is treated with oral 
antibiotics. 

Uncomplicated infection also is common postoperatively 
following urologic or non urologic surgery; technically, however, 
this may be more appropriately viewed as a complicated infec
tion when the patient has beeJl hospitali7..ed, catheteri?..ed, or ha~ 
had urologic manipulation during surgery. Patients may com
monly complain of urinary irritation following urethral catheter
ization but, if such complaints are persistent or substantial, or 
are accompanied by hematuria or progressively worsening symp
toms, urinalysis and culture should be carried out and empirical 
therapy commenced while awaiting the culture results if the 
uru1alysis suggests infection. 

It is important for the surgeon to ren1ember that in specific 
clinical settings, the urine may not show signs ofulfection while 
tl1e patient is, in fact, seriously infected. For exan1ple, this can 
occu.r with complete unilateral upper tract obstruction from 
stone, stricture, or iatrogenic occlusion. If no uru1e is reaching 
the bladder from the obstmcted upper tract, the bladder urine 
may be negative microscopica.lly and on culture. Failure to 
appreciate this possibility can result in failure to diagnose a 
dangerous obstruction with infection and may lead to prevent
able morbidity or mortality. 

Complicated Urinary Trad Infection 
Complicated urinary infection occurs m the setting of underly
ing abnormalities of the physiology or anatomy of the genito
u.rinary system or in the presence of an immunocompromised 
host.4 Patients who recently have been catheteri7..Cd or have 
undergone hospitalization and/or u.rologic or nonurologic 
surgery also falJ u1to the category of patients with complicated 
urinary infection, because they may be experiencu1g transient 
functional or anatomic problems or may have acquired a noso
comial infection by resistant or atypical organism. Certain spe
cific i11fections of the genitou.rinary system may require the 
surgeon's uwolvement in the operative or critical care support 

setting. Patients witll relapsing infection- that is, recurrent 
i11fection with the same organism following standard treatment 
for whicl1 eradication should be expected- should undergo uro
logic evaluation to determine whether there is a complicatiJ1g 
facto:r preventu1g the infection from htlly responding to standard 
treatment {e.g., unrecognized obstructed kidney or u.reter, 
chronic abscess, impaired bladder emptying, foreign body in the 
urinary tract, ischemic state, urinary fistula). 

Patients for whom a complicated itlfection is suspected 
should have culture data obtained and be aggressively treated 
with antibacterial therapy based on culture-specific antibiotic 
selection. Investigations to rule out an occult source of persistent: 
infection should be pursued. These should include a careful 
urologic history and physical examination with urologic consul
tation, urologic imaging with ultrasound or Cf, and measure
ment of postvoid residual (PVR) urine volume using an 
ultrasound-based bladder scan device or catl1eter drainage. 

A pati.ent who is sick enough to warrant hospitalization for 
a febrile urinary infection, particularly if there are lateralizing 
signs potentially u1dicative of an upper tract uUlaJlllllatory 
process (e.g., flank pain, tenderness, swelling, erythema), should 
have upper tract in1aging performed u.rgently (ultra~ound or 
Cf). 1llis should be done to ensure there is no uJ1drained iJ1fec
tion in an obstructed upper tract. I teach our residents that "the 
sun should never set on the obstructed, infected urinary tract"; 
tl1ese patients may deteriorate rapidly, despite antibiotic 
tl1erapy, hydration, and supportive care, if prompt drainage 
is not il1Stitmed.5 [ have witnessed deaths that might have 
been preventable when a patient was hospitalized for pre
sumed pyelonephritis, but without upper tract imagmg, which 
would have demonstrated an obstructing ureteral calculus with 
proximal pyonephrosis. 

When urinary tract obstruction with ulfection is diag
nosed , drainage may be achieved by Foley catheter or suprapubic 
cystostomy placen1ent for lower tract. For upper tract obstruc
tion, cystoscopic insertion of a ureteral stent or percutaneous 
nephrostomy placement is necessary. llle selection of drainage 
approach is a judgment call iJ1 every case, based on tl1e technical 
resources and expertise available, promptness of access to such 
resources, condition of the patient, and specific tasks to be 
achieved and challenges anticipated in achievillg iliem. [f, for 
exan1ple, a patient is floridly septic, with hydronephrosis and an 
obstructiJlg ureteral calculus, the urologist must consider tl1e 
potentially adverse in1pact of an anesthetic procedure with lower 
tract manipulation, which might allow a ureteral scent to pass 
a tightly obstructing u.reteral occlusion, versus the risk of renal 
bleeding and pas.~age ofi11fected urine u1to tl1e bloodstream witl1 
an an:empt at a percutaneous drainage approach. With the latter 
option, the coagulation status of the patient is also a critical 
consideration, because percutaneous nephrostomy placement m 
a co.agulopathic or anticoagulated patient could introduce 
a signihcant bleeding risk. 

In achieving retrograde ureteral stent u1sertion, the urolo
gist may choose a double-) internali7..ed scent or an externally 
draining open-ended catheter, which is typically tied to a Foley 
catheter with sutures, sin1.ilar to the approach used when a ure
teral catheter is placed prior to pelvic or retroperitoneal surgery 
ro aid u1 ureteral identihcation. Lmernal sterns have the advan
tage of being less prone to dislodgment, and may be more 
comfortable for longer indwelling tin1es, but the externally 
draining catheter has the advantage of being available for 
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continuous monitoring of urine output and irrigation if it 
becomes clogged with pus, debris, or blood clots. Externally 
draiJling ureteral catheters generally are not left in place for more 
than a few days at a time. With internal stents, it is important 
to document their presence and discuss with the patient and 
fan1ily, when they could be reasonably expected ro comprehend 
and recall the discussion, the temporary nature of the stem and 
importance of follow-up and removal to avoid late encrustation, 
occlusion, infection, obstruction, and potential loss of kidney 
function.6 This is an in1portam medicolegal issue in the critical 
care and trauma settings that has been the source of litigation. 

With the dlrainage approach, aspirated material from the 
kidney or ureter should be scm for Gran1 staiJ1ing and culture 
iJ1cluding, in the appropriate clinical setting, aerobes, anaerobes, 
fungi , and acid-fast bacilli. For patients already on amibiotics 
prior to obtaining specimens for culture, Gran1 staining may be 
of particular val tJe because an organism may not grow in the 
presence of high urinary concentrations of aJ1tibiotics and Gra111 
staining might indicate the type of orga11ism present. 

1he presence of polymicrobial flora with a complicated 
urinary infection could indicate a contanlinated specimen or 
may be meaJlingful, as in the presence of an enterourinary 
fistula. A number of Clfganisms may be observed in the pre..<>ence 
of indwelling catheters, neurogenic bladder dysfunction, or 
foreign body. Ini t ial empirical therapy for presumed complicated 
urinary infection should cover resistant graJU-negative bacilli, 
gran1-positive cocci, including enterococcal and resistant 
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staphylococcal organisms and, at times, anaerobes. Antibiotic 
selection for the wide variety of surgical infections is covered in 
detail elsewhere in this text. 

Specif'K Complicated Genitourinary 
Infectious States 

Emphysematous Infection and Infections 
in the Diabetic Patient 
Gas-forming or emphysematous infection of the urinary tract is 
usually seen iJ1 the poorly controlled diabetic patient. Emphy
sematous pyelonephritis typically presents as a fulminant infec
tion involving the renal parenchyma, which may progress to 

involve the perinepbric space7 (Fig. 73-1). A lesser form of this 
process, emphysematous pyelitis, results in gas within the renal 
collecting system but not within the parenchyma. 1he causative 
agent most commonly is E coli, which produces gas through a 
facultative anaerobic or fermentative process. Significant soft 
tissue destruction may resulr ru1d a picture consistent with uro
sepsis is common. Control of the metabolic abnormalities and 
aggressive antibiotic and supportive therapy in a critical care 
setting are essential. If there is upper tract obstruction present, 
it should be relieved promptly with retrograde or aJltcgrade tube 
drainage. If discrete purulent collections are present based on 
computed tomography (CT) imaging, percutaJ1eous drainage 
may be attempted while the sepsis is bemg controiJed medkally. 
These patients often require urgent nephrectomy, although if the 

FIGURE 73-1 Emphysematous pyelonephritis. This CT scan demonstrates extensive destruction of the right kidney with intraparenchymal gas 
on the right. obliterating the renal a rchitecture. The left kidney is no rmal. 
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overall clinical status is improving with medical treatment, there 
may be an advantage to delaying surgical intervention until the 
patient is more stable. At times, the process may be focal or 
segmental and may respond solely to medical therapy and indi
cated drainage procedures. 

Emphysematous cystitis is a gas-forming infecrion involv
ing the bladder wall, with gas evident in the submucosa and/or 
detrusor level, also best demonstrated on a cr scan. TlJerapy 
consists of urinary catheter drainage, aggressive antibiotic 
therapy, and supportive care. 

Acute papillary necrosis is also most commonly seen in the 
diabetic patient.8 Often, there is an underlying ischemic state 
involving the renal papillae, which progresses to frank necrosis 
and passage of the sloughed papilla into the collecting system 
and ureter, causing obstruction and, if concomitant infection is 
present, often progresses to urosepsis. These patients require 
urgent drainage of the obstructed upper tract and, after their 
infection is resolved, endoscopic evacuation of the necrotic 
tissue. Tl1is process may present as a fulminant infectious illness 
or as a chronically progressive process. 

Gas may he present in the urinary tract .&om anaerobic 
urinary infection in the absence of these emphysematous pro
cesses. Gas may also be present because of instrwtlemation or 
catheterization or the presence of urinary tract fistulae; the most 
common is the colovesical fistula secondary to complications of 
diverticulitis or colonic neoplasms. 

Xanthogranulomatous Pyelonephritis 
Xanthogranulomatous pyelonephritis (XGP) is a specific clinical 
and histologic entity that involves the presence of a foamy, Lipid
laden, macrophage infiltrate in the renal parenchyma, with 
extensive inflammation, fibrosis, and loss of function. [t is 
thought to resll!lt &om chronic bacterial irlfection, usually in the 
presence of stones and chronic obstruction.9 The kidney is rypi
caiJy nonfunctional or poorly functioning and may be a source 
of chroJlic disease, pain, persistent infection, and sometinles 
fistulization to the flank or adjacent organs. Nephrectomy is 
usually indicated. Radiographically, by CT, there may be an 
apparent collecting system dilation; however, drainage attempts 
often are w1productive because the material is often solld or too 
viscous to dram. Patients may present with active infection and 
require a cooling off period with antibiotics and supportive care 
to be readied for surgery. The general surgeon may become 
involved irl such cases because of this .lesion's propensity to 
become densely adherent to surroundirlg structures, particularly 
the diaphragm, pancreas, duodenum, great vessels, iliac vessels, 
ru1d flru1k wall. The risk of iatrogenic adjacent organ injury is 
high in these nephrectomies. Often, the renal hilum is so 
inflamed ru1d fibrotic that the renal vessels caJmot be individu
ally dissected; irl these cases, placement of a vascular pedicle 
damp with renal excision and oversewing the pedicle is 
necessary. 

Epididymitis, Epididymo-Orchitis, W'lthout and 
With abscess 
1l1e topic of the acute scrotum is important to urologists and 
general surgeons because the dHferential diagnosis can be chal
lengiJ1g ru1d an accurate diagnosis may only be achievable surgi
cally.10 The epididymis, located posterolateral to the testis, 
becomes infected through ascending infection from the urinary 
tract down the vas deferens into the scrotum. When infection is 

advanced, the entire scrotal contents ipsilaterally become 
involved, with overlying skin fixation and edema. [t may be 
difficult to distinguish this entity from late torsion, incarcerated 
inguinal hernia, or testicular tumor with necrosis and in.flam
mation. Scrotal ultrasound is useful diagnostically, especially to 
rule -out associated abscess. Cultures should be obrained ru1d 
patients should be treated with broad-spectrum antibiotics. 
lf abscess is present, surgical drainage ru1d often orclliectomy is 
indicated. if improvement is seen with medical therapy. rest, and 
scrotal elevation, continued observation may result in eventual, 
although often slow, resolution with medical therapy alone. [f 
there is persistent pain and mass, or signs of testicular ischemia 
are noted by repeat Doppler imaging, exploration ru1d orchiec
tomy may still be necessary to resolve the process. 

Fournier's Gangrene 
Ga~forming ru1d necrotiW1g soft tissue infections are covered 
in detail elsewhere in this text. When the ge•litalia are involved, 
patients typically present with significant pain ru1d tenderness, 
scrotal and genital swelling, discoloration or frank necrosis, 
crepitus and, at tinles, foul-smelling discharge (Fig. 73-2). Bac
teriologically, these infections are usually polymicrobial, with 
aerobes, ru1aerobes, gram-positive, and gran1-negative organ
isms. NecrotiW1g soft tissue irlfections of the geJlitalia, as in 
other anatonlic regions, require aggressive broad-spectrum anti
biotic treatment, supportive care, and urgent surgical drainage 
with aggressive debridement of the necrotic tissue.11 1l1e mag
Jlitllde of the debridement depends entirely on the degree of 
progression of the process. It is rare for the process to involve 
the testicles or deep tissues of the penis, so these structures 
should be preserved, if possible. [ prefer to separate the parietal 
tunica vaginalis of the testes from the overlying necrotic dartos 
and skin ru1d preserve the tunica! compartment intact, which 
helps with wound care and patient comfort. If the penile skin 
is ne-crotic, it can be debrided down to but not through the 
Buck's fascial layer. It is uncommon for the urethra to be involved 
although, occasionally, a defined urinary tract source may be 
evident, such as a urethral stricture with perforation and local 
i11fection. Sup.rapubic tube diversion is generally not necessary; 
urethral catheter draiJ1age is generally sufficient. Wound vacuum
assisted closure (VAC) device placement after purulence has 
resolved resul ts in rapid wound size reduction and fluid evacu
ation. Grafting large defects wid1 meshed split-dlickness grafts 
for tbe scrotum and nonmeshed thick split-thickness grafts for 
the penile shaft yields favorable results. 

Genitourinary Fungal and Tuberculous Infections 
Fungal infections of the urinary tract are most often seen in 
diabetics, inlmunocompromised patients, ru1d those who have 
bad extensive nosoconlial and antibiotic exposure. These infec
tions vary markedly, from superficial cru1didal infections of the 
groins and genitalia, treatable with stru1dard topical agents, to 
invasjve fungal irlfections of the bladder or kidneys d1at may 
cause urosepsis and be Life-threatening. 12 Fungal infections are 
addressed in general terms elsewhere in this text. Specific issues 
related to the urinary tract iJ1clude the occasional need for anti
fungal bladder irrigation, potential for fungal deposits {fungus 
balls) forming in the renal colleting system requiriJ1g direct 
irrigation or occasionally endoscopic removal, and complex 
cutru)eous involvement of the genitalia. lnfectious dlsease con
sultation and support are valuable in sucb cases because the 
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FIGURE 73-2 Fournier's gangrene. A. Skin necrosis, purulence, and edema of the scrotum. The skin can also be normal-appearing, with much 
more subtle physical findings in some cases. 8, Appearance following extensive debridement of scrotal skin and underlying tissues. The base 
of the penis is visible centrally; the testes a re elevated out of the field and the spennatic cords are visible anteriorly. 

organisms may be resistant and atypical, and selection of treat
ment agents may not be straightforward. 

Genitourinary (GU) tuberculosis may be manifested as an 
isolated GU infection (e.g., tuberculous cystitis, epididymitis) 
or as part of a systemic infection.13 Urine cultures from the first 
morning void are most effective in detecting infection. Current 
references should be consulted to address specific anti-infective 
therapy agent selection. Upper urinary tract tuberculosis infec
tion may cause ureteral strictures, which may progress even with 
therapy and result in sil.ent obstruction and renal loss if not 
promptly detected. These patients should be regularly monitored 
by ultrasound to assure adequate upper tract drainage. Tubercu
lous epididymitis should be SLL~pected if chronic epididymitis 
results in cmaneous fistula formation; following adequate 
medical therapy, epididymectomy or orchiectomy may be indi
cated for residual mass, pain. or fistula. Renal nonfunctlon fol
lowing diagnosis and treatment may occasionally require partial 
or total nephrectomy. As a general principle, atypical infections 
of the genitourinary system should prompt testing for an immu
nocomprornised state, including testing for HIV status, because 
varied urologic manifestations of such viral infections may be 
observed.'4 

VOIDING DYSFUNcnON, BLADDER OURET 
OBSTRUcnON, BENIGN PROSTATIC HYPERPLASIA, 
AND INCONTINENCE 
1hc accurate diagnosis and tailored management of voiding 
dysfunction is an important aspect of general urologic care. 
From simple postoperative urinary retention caused by immo
bility, local pain, and medication side effects, to female or male 
stress incontinence following pelvic surgery, to the complex 
neurourologic disorders of the spinal cord injury patient, voiding 

dysfunction is one of the most common reasons to consult an 
urologist. To focus on the most important and common entities 
in th.is broad range of pathology, I wiU discuss four exan1ples, as 
well as male voiding dysfunction caused by benign prostatic 
hyperplasia (BPH). 

Postoperative Acute Urinary Retention 
TI:Us problem can have many causes. Common contributing 
factors are inm10biliry, narcosis, anticl10linergic side effects of 
anesthetic agents, w1derlying subclinical bladder outlet obstruc
tion, and local pain and spasm (typical after hemorrhoid or 
groin bern.ia surgery). 1f a patient requires straight catheteriza
tion once, it is reasonable to allow a voiding trial but, if a second 
catheterization is required, ir may be best to leave an indwelling 
Foley catheter for 1 or more days, depending on the volwue of 
distention. Short-term treatment witl1 a.-adrenergic blocking 
agents (e.g., tamsulosin) and adequate analgesics may be benefi
cial in bringing about prompt resolution. lf the patient fails 
another voiding trial after a short period of catheter drainage, 
further investigation, including urodynamic studies and cystos
copy, may be 11ecessary to determine the cause of the retention 
and appropriate management. Following coronary bypass 
surgery or other procedures requiring cardiopulmonary bypass. 
it appears that postoperative retention is particularly common, 
possibly because of transient prostatic swelling, among other 
factors. Similar rnanagement principles apply. 

Urinary Incontinence 
Incontinence, or the inability to exercise full volitional control 
of urine passage, is often classified symptomatically. Urgency 
incontinence is loss of urine associated with an urge to void. 
Stress incontinence is loss of urine with movement, straiJling, or 
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increase in abdominal pressure. Overflow incontinence is loss of 
urine when the bladder becomes full and there is an inability to 
empty volitionaUy. Mixed incontinence combines these. 

Urge incontinence is most commonly caused by overactive 
bladder or detrusor instability. This may be age-related, caused 
by a specific anaromic bladder irrirative focus, or be neurologic 
in origin. Urologic consultation may be necessary to determine 
the cause; anticboJjnergic or antin1uscarinlc medication therapy 
is the mainstay of treatment once critical underlying issues (e.g., 
bladder tumor, carcinoma in situ, obstruction) are excluded. 
1here is a burgeoning variety of overactive bladder medications 
on the market. They generally have predictable side effects, 
including dry mouth, constipadon, and often confusion in older 
adults, and should be avoided in patients with a history of 
narrow-angle glaucoma; an ophthalmologist's approval should 
be sought for these patients. These drugs will decrease urgency 
and episodes of urge incontinence in most patients and are typi
cally safe for long-term use. Refractory cases may require more 
complex interventions, including nerve stimulator devices, 
intravesical botulinum toxin injections and, rarely, surgical 
bladder augmentation}s 

Stress incontinence resuJts from anatomic changes in the 
pelvic fl oor or sphincteric apparatus that lead to excessive bladder 
hypermobility or sphincteric incompetence, so that with an 
increase in abdominal pressure, urine is involuntarily lost. 
Common clinical settings would be following multiple vaginal 
deliveries, with stretching of the pelvi,c floor supports and 
bladder prolapse, and male incontinence after radical prostatec
tomy. The treatment may be behavioral (e.g., biofeedback train
ing, pelvic floor exercises), iJwolve injectable bulking agen ts 
(injected in to the spb.iJ1cteric region) or surgical (e.g., female 
pelvic floor reconstruction, female or male sling device implants, 
artificial urinary sphincter device implant). 1lus is a specialized 
area of urologic care and surgery. Urodynamics testing may be 
useful in assessing the sphincter anatomy and function prior to 
initiating therapy. 

Overflow incontinence is involw1tary loss of urine caused 
by excessive bladder fullness. It is often nlissed as a diagnosis; 
careful history, physical exami nation to palpate or percuss the 
fuU bladder, and/or measurement of postvoid residual by ultra
sound or catl1eter drainage are essential. Treatment is based on 
determiJling the cause of the bladder distention {obstructive 
versus detrusor dysfunction) and managiJ1g that issue 
accordingly-for example, by corrective surgery for bladder 
outlet obstructioJJ or self-intermittent catl1eterizatlon for refrac
tory detrusor failure. 

It is common for incontinence ro be mixed- that is, ro 
have elements of stress and urgency. Urodynanllc testing is 
important iJ1 such cases to distinguish obstruction from detrusor 
dysfunction and to plan therapy. 16 In general, the medical com
ponent (e.g., bladder control medicine for urgency) is treated 
first, with surgical intervention reserved for patients in whom 
medical management is not effective or does not address a 
critical underlying problen1, such as high-grade outlet 
obstruction. 

Neurourology and Voiding Dysfunction of 
the Neurologically Impaired 
1l1is complex area of specialization in urology requires a working 
knowledge of the neurologic basis of voidiJ1g fw1ctioJ1 and 
understanding how lesions of the central and peripheral nervous 

systems affect bladder and outlet function. Briefly, patients with 
cerebral dysfunction (e.g., den1entia) may develop uninhibited 
detrusor fw1etion with challenges to urinary control; they may 
respond to bladder control medicines. Patients witl1 cervical cord 
lesions often develop detrusor-sphincter dyssynergia, il1 which 
the ourler paradoxically closes against high bladder contraction 
pressures. This entity can cause serious damage to the lower and 
upper urinary tracts and must be managed by a neurourologist 
expert in caring for such patients; antichoHnergic therapy, inter
mittent catheteri7..ation, and other surgical interventions may be 
necessary, with close upper tract anatomy mo11ltoring. These 
patients may be prone to autonomic dysreBexla, which can result 
in severe episodic hypenension. Patients with lower lumbar or 
sacral lesions typically develop bladder flaccidity and impaired 
emptying, requiring mechanical assistance to aid in bladder 
drainage. 

Benign Prostatic Hyperplasia and Bladder Outlet 
and Urethral Obstruction 
BPH is generally considered to be the most common bcrugn 
iJ1ternal neoplasm of the adult male. [t is an almost ubiquitous 
process il1 men, although varying greatly in degree, bothersome
ness, and complications. 

BPH may result in LUTS (lower urinary tract symptoms) 
and BOO {bladder outlet obstruction). The process involves 
hypertrophy and hyperplasia, with increased glandular and 
stromal elements of the prostate in varying an1ounts. There is 
~rtle correlation between the measured volume of the prostate 
and degree of symptomatology that results. In addition, rhe 
degree of BOO does nor necessarily correlate with the severity 
of LUTS. Symptoms may be nilld and manageable just with 
watchful waitil1g, or may be more significant, requiriJ1g long
term medical therapy and, at tin1es, surgical intervention. Com
plications of BPH may include bladder dan1age and loss of 
function from chronic distention, upper tract deterioration, 
trOublesome heman1ria, bladder stone formation, and recllfrenr 
urinary infection. Practice guidelines for BPH have been pro
duced by the American Urologic Association to guide providers 
iJ1 rl1e diagnosis and management of BPH.17 1l1e basic evalua
tion iJwolves history and physical examination, digital rectal 
exantiJ1ation, urinalysis, prostate-specific antigen (PSA) level 
resting {in select patients), other interventions to rule our pros
rare cancer and, at drnes, other tests to rule out other significant 
urologic pathology {e.g., urine cytology, upper tract in1agil1g, 
cystoscopy). A quantitative symptom score may be useful. 
Checking PVR urine volume may be valuable as well. After the 
basic assessment, patients are directed toward some therapeutic 
approach, such as warchfLJ waiting, medical therapy, or mini
mally invasive or standard surgical intervention. 1l1e manage
ment selection reflects patient preferences and the presence of 
compJjcatiJ1g factors. 

Medical therapy options consist of a -adrenergic blocki11g 
agen ts and/or 5-alpha-reductase iJ1hibitors. 1he former work on 
the a. or a,. receptors (e.g., tan1sulosin) of the bladder outlet, 
reJaxjng smooth muscle in the prostatic stroma ru1d bladder neck 
region. 1hey may cause some orthostatic side effects, which arc 
usually mild. 5-Alpha-reductase inl1ibitors {e.g., fu1asteride, 
dutasreride) block the conversion of resrosrerone ro dillydrotes
tosterone, the active agent that causes and maintains BPH. These 
agents will reduce the actual volume of the prostate, with 
maximal effects seen by 6 months, and mailltain that volume 
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FIGURE 73-3 BPH. A. Nom1al cystoscopic appearance of the prostate in a young man. B. Moderate BPH, vievved cystoscopically. The size of 
the prostate correlates poorly with the magnitude of voiding symptoms. (, Prostatic adenoma following simple open prostatectomy. Note the 
small medial lobe (arrow, top center), with large lateral lobes (13<>-g specimen). 

reduction during contiJlued use. 1l1is class of drugs also alters 
the serum PSA level (reduces it "'50%), which must be kept in 
mind with regard to prostate cancer screening. 

When medical therapy is ineffective and symptoms remain 
bothersome, or when there is an objective surgical indication 
(e.g., severe obsrruction based on urodynamic data, recurrenr 
hematuria or infection, urinary traer aJlatomic deterioration 
from obstruction), surgical inte.rvention is considered. 1he stan
dard approaches include minimally invasive options (e.g., laser 
procedures, ther:motherapy, microwave procedure), TURP or, 
when the adenomatous growth is particularly large, open simple 
prostatectomy to enucleate the adenoma surgically {Fig. 73-3). 
Complications of these surgical procedures include persistent 
bleeding, prostatk capsular perforation, or perforation into peri
prostatic venous sinuses, with fluid absorption, which may result 
in hyponatremia because of the glycine irrigation typically used 
(newer dectroresection systems use normal saline with a bipolar 
electrode, eliminating the hyponatremia risk) and, rarely, injury 
of an adjacent structure (e.g., rectal injury with TURP or open 
prostatectomy). 

Because BOO ru1d LUTS from BPH are so common in 
today's aging population, the general surgeon will deal with 
many patients with tllis diagnosis. If aJlY difficulty is encoun
tered when catheterizing a patient with BPH, a coude-tipped 
catheter should be used, with tbe angulated tip oriented cepha
lad; tllis will allow atraumatic catheterization for many BPH 
patients. [f this is not successful, a urologist should be consulted 
to assess the patient ru1d determine whether there is ru1other 
cause of obstruction, such as a urethral stricture or bladder neck 
contracture, which may be present in up co 10% of patients 
post-TURP; this may require a more specialized technique for 
urethral passage. 

MALE REPRODUCTIVE AND 
SEXUAL DYSFUNCTION 
An area of practice to which urologists devote significant atten
tion is male infertility ru1d sexual dysfunction.18 Diagnostic 
evaluation, medical treatment, and surgical therapy represent 
sophisticated aspects of urologic care; general surgeons should 

have a basic familiarity with the mru1agement of these disorders. 
1l1ey may at times be called on to participate in the treatment 
of surgical complications of genital surgery and prosthetic 
implant surgery; the patient's history of having undergone d1ese 
procedures may affect the precautions and challenges of non u
rologic pelvic ru1d groin procedures. 

Male Infertility: Evaluation and Treabnent 
Wertm ty affects approximately 15% to 20% of couples; the 
male factor is primary or sole factor in 50% of tbese cases. 
Couples are often referred to the urologist following a period of 
infertility, and referrals are generally from a primary care phy
sicirul and often from the evaluatiJlg gynecologist. It is not 
uncommon in my experience as a urologist to receive a patient 
following an exhaustive workup and extensive treatment for 
female reproductive dysfunction only to discover !are in the 
process that there is a significant male factor, typicaUy identified 
by semen analysis. 

The stru1dard male factor evaluation involves a detailed 
history, physical exan1ination, and basic laboratOry and imaging 
evaluation. The rusrory should include a discussion regarding 
sexual and reproductive llisrory, including potential gonadotoxic 
exposure, urologic ru1d sexually transmitted infections, traLUna 
ru1d prior surgery involving the pelvis, groin, and genitalia, and 
family history of infertility. Physical assessment should include 
a general evaluation of masculinization, genital findings, includ
ing normal meatal location, testicular size ru1d, consistently, 
presence and normalcy of the epididymis and vas deferens, and 
possible presence of a varicocele (Fig. 73-4). Perineal and rectal 
exanlinations are routine parts of trus assessment. 

Basic Laboratory Assessment 
Laboratory evaluation includes a semen analysis ru1d serum 
hormone studies. Semen analysis paran1eters of in1portance 
include semen volume and consistency, sperm concentration 
and toltal c.ow1t, percentage motility and quality of sperm move
ment, sperm morphology, and presence of red and white blood 
cells or bacteria. The World Health Orgrulizatlon has de£ned 
paran1eters of normal for routine semen analyses. 
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FIGURE 73-4 Va ricocele. The bag of worms appearance is visible and 
palpable thro uglh the scrotal skin, re presenting the dilated branches 
of the interna l spennatic venous system. 

Semen analysis abnormalities fall into two main categories
azoospermia (the complete absence of sperm from the semen), 
and abnormal buUc semen parameters (e.g., reduced concentra
tion, motili ty, morphology [in isolation or in combination], and 
abnormal sperm function). Azoospermia results from ablative 
pathology of the germinal epithelium of the testis with absence 
of the production of mature sperm or from defects in sperm 
transport or ejaculation, often caused by ductal obstruction or 
ejaculatory dysfunction. When azoospermia is caused by lack of 
sperm production, this is often accomparued by normal semen 
volume and by a markedly elevated serum foUicle-stimulati.ng 
hormone (FSH) leveL There are exceptions to this rule; however, 
because certain forms of macurational arrest of intratesticular 
spem1 development, as well as other sperm production defects, 
can be seen with normal serum hormone parameters. Abnor
malities of sperm transport are commonly caused by epididymal 
obstruction or obstruction at the level of the ejaculatory duct 
within the prostate, or may be caused by remote iatrogenic 
injury {e.g., vasal occlusion in the groin from pediatric inguinal 
hernia repair, and adult hernia repair with vasal entrapment 
from permanent polypropylene mesh). Abnormal bulk semen 
parameters may be indicative of a wide range of disorders that 
go beyond the scope of this discussion; important entities that 
may cause red!llced sperm numbers, motility, or morphology 
include varicocele, antisperm antibodies causing immunologic 
infertility, genital duct infection with pyospermia causing sperm 
dysfunction, and prior or current gonadotoxic exposure. Reduced 
semen volume may be artifactual, i"ndicating incomplete ejacula
tion or specimen collection, or may represent true pathology, 
including, for example, congenital absence of the seminal vesical, 
ejaculatory duct obstruction, or retrograde ejaculation caused by 

diabetes or neurologic injury or prior bladder neck surgery or 
med i.carions. 

Serum hormone testi11g includes determining levels of 
FSH, luteinizing hormone (LH), testosterone, free testosterone 
(measured or calculated based on binding protein levels), and 
prolactin. It may be possible ro diagnose hypogonadorropic 
hypogonadism on the basis of serum horrnone studies or note 
significant elevation in the FSH level, which is often indicative 
of signlficanr ablative inuatesticular pathology. L1 any sittJation 
in which the serum testosterone level is below normal, the serum 
prolactin level should be measured to rule out a prolactinoma, 
a benign but potentially clinically significant neoplasm of the 
pituitary gland. 

Additional resting of value in the evaluation of the infertile 
male may include ultra~ound imaging and additional sperm 
function or genetic testing. Ultrasound of the scrotum is useful 
to measure testicular volume and symmetry, exclude the possi
biUty of testicular neoplasm, identify epididymal anatomy, and 
define or confirm the presence of a varicocde, which is an 
abnormal dilation of the pampi.niform venous plexus of tbe 
internal spem1atic venous system. This may cause testicular over
heating, .reduction in the level and quality of sperm production, 
testicular atrophy, and discomfort or pain. Transrectal ultra
sound of the prostate may provide evidence of ejaculatory duct 
obstruction with seminal vesical dilation or congenital absence 
of rhe seminal vesicle, which may accompany congenital absence 
of the vas deferens. 

Additional laborarory testing may include ultrascrucrura\ 
srudies of sperm for motility analysis, semen leukocyte assay, 
antisperm antibody assay, and biologic tests of sperm-egg inter
action; these more advanced tests have value in pursute of a 
diagnosis in cases of unexplained infertility. Patients with severe 
oligospermia or azoospermia should have genetic testing per
formed to rule out a significant genetic cause of the infertility; 
this i11formation may affect a couple's decision about whether 
and how to proceed with fertility treatment attempts. Screening 
for cystic fibrosis mutations, Y chromosome microdeletion 
assays, sperm chromatin damage assays, and basic karyotype 
analysis are typically i.ncluded in this genetic evaluation. 

Treatment of male infertility depends on the identified 
cause and on the availability and affordability of assisted repro
ductive technologies support options for specific or en1pirical 
rreacmcnc nf failure to conceive. Commonly used medical thera
pies include hormonal stimulation of spermatogenesis, which 
has had mixed success, and anti-inflammatory or antibiotic 
therapy for pyospermia or genital duct infection. Smgical thera
pies may include microsurgical reconstruction for vasal or epi
didymal occlusion (including vasecromy reversal), transurethral 
resection of the ejaculatory duct for obstructive lesions, and 
varicocele repair, whid1 may be performed by open groin surgery 
approach, laparoscopically, or through interventional radiology 
internal spcnnatic vein embolization. 

Surgeons must be aware of the potential for groin and 
pelvic surgical procedures to cause male infertility via damage 
to the spermatic cord vasculature, vas deferens, or ejaculatory 
duct region, or from vasal entrapment from mesh used for 
inguinal hernia repair. 1he vas ru1d testicular blood supply is 
vulnerable to injury, particularly when the groin is explored in 
a reoperative setting for recurrent inguinal hernia or when the 
ru1atomy is obscure because of trauma, because the specific iden
tification of these structures may be challenging. If the vas is 
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injured during a general surgical procedure and the patient is in 
his reproductive years, intraoperative urologic conmltation may 
be appropriate. 

Male Sexual Dysfunction and Treatment 
Sexual dysfuncdon refers ro a range of disorders, including erec
tile dysfunction, diminished libido, hypogonadism, and ejacula
tory dysfunction. 'The general surgeon should be aware of certain 
basic aspects of sexual dysfunction as they relate to the possible 
presence of undiagnosed neuropathy, endocrinopathy, vascu
lopathy, and psychological abnormalities and how these may 
affect planned non urologic surgery. 

Male sexual dysfunction is a common condition, being 
discemible in approximately 40% of men at age 40 and 70% of 
men at age 70 years. Although mild dysfunction of psychogenic 
cause is more common in younger age groups. more severe or 
complete absence of erectile function, often caused by vascular 
iJlSufficiency, is more typical in those in older age groups. Several 
studies have demonstrated that erectile dysfunction can be an 
early indication of significant atherosclerotic vascular disease 
because the endothelial deterioration that results in loss of penile 
tumescence is often a systemic process, also manifested in other 
critical vascular itissue beds.19 Urologists will pursue any other 
signs of systemic vascular disease in patients with vasculogenic 
erectile dysfw1ction, and have a low threshold to pursue cardio
logic or vascular surgical referral if lower extremity pulses are 
diminished or other signs or symptoms of vasculopathy are 
noted. 

Based on the patient's history, much can be determined 
regarding cause when discussing sexual dysfw1ction with 
patients. Often, psychogenic dysfunction is situational and con
nected with relationship stress or performance anxiety. Neuro
genic dysfunction is typically secondary to identifiable disorders, 
such as neural injury following radical prostatectomy or other 
diagnosed neurologic disease. Vasculogenic dysfunction can be 
documented hy various types of testing; it is most often studied 
with duplex Doppler ultrasound of the penis and related arteries, 
with intracavernosal injection of arterial vasodilating substances. 
Endocrine assess ment is routinely obtained in sexual dysfwlc
tion evaluation and is especially relevant when patients also 
complain of din:Unished libido. In diabetic patients, erectile dys
function is particularly common; this often has multifactorial 
causes, with small vessel disease and neuropathic components. 

Treatment for erectile dysfunction may involve psycho
therapy, noninvasive vacuum erection support devices, oral 
medications (e.g., phosphodiesterase-5 inhibitors), intraurethral 
suppository therapy with prostaglandin compounds, intracavcr
nosal self-injection programs, and surgical intervention. Surgery 
for erectile dysfunction includes vascular reconstruction, most 
relevant in younger patients and particularly effective after trau
matic vascular injury, and prosthetic implantation and other 
forms of penile reconstructive surgery. Rearterialization of the 
penis to restore erectile function, following ar teriography for 
anatomic documentation, is usually achieved using an inferior 
epigastric artery pedicle flap, whereby new arterial inflow is 
brought to the corpora cavernosa. ln older patients with diabetes 
or va~cular disease, rearteriatization ha~ not been successfLLI. 

Penile implam surgery may involve malleable implams, 
wb.icb have a flexible wire core inside a silicone sleeve, in1planted 
bilaterally in the corpora or. more commonly, inflatable penile 
implants. 1hese are fl uid-containing, completely internalized 

UROLOGIC SURGERY CHAPTER 73 2057 

FIGURE 73-5 Inflatable penile prosthesis. A three-component device 
is shown. The reservoir (top) is placed retropubically in an extraperi
toneal position. The paired cyl inders (right) are placed within the 
corpora cavernosa. The pump (left) is placed in the scrotum, adjacent 
to the testes. 

systems that may include paired corporal cylinders, a scrotal 
pumping device, and a fluid reservoir, which is typically 
positioned in the retropubic space or extraperitoneal lower 
abdominal quadrant. Intraperitoneal positioning may also occuJ, 
intentionally or through erosion through the peritoneal mem
brane, so that the reservoir and/or system tubing may be encoun
tered during non urologic abdominopelvic surgery. Care should 
be taken not to contanlinate any of the implant components 
with enteric material or inadvertently injure the tubiJlg or device 
components. If it is known that an implant is in place and 
surgery in the relevant anatomic area(s) is planned, urologic 
consultation may be belpful iJl handling any issues that arise 
with the implant (Fig. 73-5). Other forms of penile reconstruc
tive surgery commonly performed include repairs of injuries for 
trauma and penile surgery for congenital or acquired curvature 
or angulation, common in Peyronie's disease. 

UROLintiASIS 
Urinary tract stones are a common cause of visits to the emer
gency room (ER). General surgeons in training wilJ encounter 
many such patients and must have a working knowledge ofhasic 
evaluation and management.10 

Urolithiasis presentations vary depending on the size and 
location of the stone, degree of obstructiOJl caused, and other 
anatontic and host factors. Nonobstructing renal calyceal stones 
are typically found incidentally or during a hematuria evalua
tion. Stones that are obstructing the renal pelvic outlet or ureter 
typically present acutely, with pain, bemaruria, and possibly 
nausea, vomiting, and ileus. These patients rypically present: 
to the ER and their findings prompt abdominal inlaging. 
Ultrasound of the kidJ1eys may show hydronephrosis; 
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FIGURE 73-6 Ureteral stone. A. An obstructing calculus is shown crowning within the right ureteral orifice. B, Cystoscopic extraction performed 
with a grasping forceps. 

the now-standard stone protocol cr scan (without contrast) 
demonstrates d1e stone and the dilated collecting system proxi
mal to it. On plain radiographs (of tbe kidney, ureter, and 
bladder), 90% of stones are visible as a raruo-opacity. [n the 
United States and other industrialhed nations, the most common 
stone chemistry is calcium oxalate. For most pa6ents, if a careful 
search is made, a metabolic risk factor for stone formation can 
be determined. 

Stones may be classified by ti1eir chemistry, loca6on, and 
diJlical impact. Calcium oxalate stones are ti1e most common 
variety. The most common metabolic cause found in calcium 
stone formers is absorptive hypercalciuria. 'These are opaque on 
plain raruography. Magnesitun ammonium phosphate {struvite) 
stones, commonly combined with calcium phosphate, are 
related to dvonlc urinary infection with urease-producing bac
teria (e.g., Proteus spp., Klebsielln). They form in the alkaline 
urine environment created by these chronically infecting bacte
ria and often form branched calculi in the collecting system 
{staghom stones). Uric acid calculi are often lucent on a plain 
radiograph and form in acidic urine. Although they are 
common in patients with a history of gout and elevated semm 
uric acid levels, most patients with uric acid stones are not 
fotmd co be hyperuricosemic. "TI1ese stones are soluble in alka
line urine; they can be dissolved dinicaiJy in situ using urinary 
alkalinizing agents. Cystine stones are caused by an inborn 
error of metabolism (homocystinuria, usually homozygous). 
l11ey form in acid urine and also can be dissolved medically. 
Other less common stones include those caused by indinavir 
{Crixivru1, a protease inhibitor used in AIDS patients), matrix 
stones {raruolucent, composed of proteinaceous material), and 
anunonium acid urate stones. 

Clinical evaluation involves urinalysis, culture, imaging 
{usually by CT, ultrasound, or retrograde pyelography), and 
possibly metabolic assessment, with a 24-bour urine collection 
for various urinary constituents that affect stone risk factors. 

Various underlying disease states can affect stone forma
tion. Chronic urinary infection was noted. Sarcoidosis, .renal 
tubular acidosis, byperoxalu.ria, cystinuria, inflan"lmatory bowel 
disease, short gut syndrome, and medullary sponge kidney are 
some of the important stone risk factors. Relative del1ydration 
(living and working in a hot environment) is also a risk factor. 

Acute episodes related to uroli tbiasis usually reflect ohstruc
tion, infection. or both. When the ureter is obstructed by a 
stone, the pressure in the proximal collectiJ1g system rises and, 
with progressive rusten6on, the patient experiences significant 
pain and visceral symptoms, including nausea, vomiting, and 
ileus. If the patieJlt is free of signs of infec6on {based on ttrinaly
sis and absence of chiiJs, fever, and leukocytosis), many patients 
can be managed on an an1bulatory basis, as long as they can 
hydrate orally, their pain is adequately controlled by oral anal
gesics, they are not haviJ1g persistent nausea or vomiting, and 
their stone is potentially passable, based on x-ray findings. If 
these factors are not relevant, patients should be admitted for 
hydration, pain control, and possible surgical intervention. If 
they show signs of infection on the obstructed side, this is a 
surgical emergency and the patieJlt needs aggressive antibiotic 
adnllnistration. The upper tract must be decompressed urgent!}' 
by cystoscopy and retrograde ttreteral stent insertion or by per
cutruleous nephrostomy inser6on to avoid progressive deteriora
tion and potentially sepsis and septic shock. fn the setting of 
upper tract infection, tile goal is simply to decompress and drain 
the infected and obstructed upper tract, not to treat the stone 
defin itively. It is contraindicated to perform a ureteroscopic 
lithotripsy at this juncture; chis should be done electively, in 
ru10d1er sening, when the patient is stable and ti1e infection is 
fully resolved. It is importrult to remember that if one upper 
tract is totally obstructed by stone, the patient could bave a 
serious infection with pyonephrosis, and the voided urine would 
be deceptively normal. The whole clinical picture needs to be 
considered; 1 believe that if a patient is deemed sick enough to 
be admitted to the hospital for a febrile urinary infection, he or 
she should have upper tract imaging on admission to ensure ti1at 
there is no upper tract obstruction requiring urgent interven6on 
(Fig. 73-6). 

If a patient is ruscharged for outpatient management, she 
or he sbould be followed closely to determine whetber the stone 
bas passed. It should not be assumed that because their pain has 
resolved, they must have passed the stone. With persistent upper 
rract obstruction, the pressure iJ1 tl1e collectiJ1g system evenrually 
declines as renal blood £\ow ruminishes and ur.ine output drops; 
tl1e pain cru1 disappear and the kiru1ey can remain obstructed, 
w1dergoing silent destruction iJ1 the weeks ru1d months that 
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follow. Reimaging is necessary if there is no definitive evidence 
that the stone has been passed (e.g., the patient brings it in for 
analysis). 

If the trial of stone passage is not succt.'SSful, d1e patient 
will require intervention to eliminate tl1e stone. This can be 
performed by exrracorporeal shock wave lithotripsy (ESWL), 
ureteroscopicstone manipulation or laser ablation, or percutane
ous lithotripsy. Open stone surgery has become rare with the 
current, less invasive technologies available. 

When presenting on a more elective basis, stones are 
handled in an elective surgical manner, when indicated. Not 
every small nonobstructing calyceal stone requires treatment; 
monitoring is reasonable in many cases, with aeacmem being 
pursued if symptoms develop or growth is noted on serial 
imaging. Often,' patients who have experienced the misery of 
ureteral colic or those who just prefer to be stone-free (e.g., 
pilots, those living in remote areas) prefer to have their stones 
treated, even when small and asymptomatic, which is certainly 
appropriate. 

Occasionally, complications of stone management will 
involve the genelial surgeon. Percutaneous lithotripsy may result 
in hydrothorax or pneumothorax from aanspleural or peripleu
ral access tracts and require evacuation. Injuries to adjacent 
organs (spleen, colon) and, rarely, vascular injuries have also 
occurred with percutaneous renal access procedures, requiring 
surgical intervention. 

Stones can also form in the bladder, requiring removal, 
usually via a cystoscopic lithotripsy approach {Fig. 73-7). Stones 
can lodge in the urethra, causing urinary outlet obstruction, 
which also requires intervention. ln industrialized nations, most 
bladder stones result from long-term Foley catheter use or 
bladder outlet obstruction and urinary stasis, as opposed to the 
nutritionally based bladder stone formation problems seen in 
devek>ping nations. 

UROLOGIC TRAUMA 
Urologic injury is present in approximately 10% of penetrati11g 
abdominal tramma cases a11d in a markedly variable percentage 
of blunt abdominal trauma cases, depending on the setting 
(e.g., urbru1, rural, athletic, military). Renal injuries, for example, 
are reported to occur in l.4o/o to 3.25% of all trauma patients 
and in 4% to 8% of penetrating trauma patients. In many 
centers, injuries arc typically initially assessed by aJ1 emergency 
physician or general surgeon and may be addressed by a nonu
rologist. whereas in other centers, a11d for many types ofinjuries, 
the input of an experienced urologist is essential. The urologist 
may therefore be catled on to deal with a wide variety of types 
of urologic injuries, often consulted on an urgent basis and with 
tittle advanced notice; these consultations often occur years after 
residency trainiJ1g and possibly years after the last such consulta
tion. Although the general surgeon is capable of performing an 
expeditious nephrectomy for a high-grade, nonreconstwctiblc 
renal injury, he or she may be less comfortable perfom1ing a 
complex renorrhaphy for a renal injury with an extensive paren
chymal a11d collecting system laceration. 1he repair of a straight
forward intrapeJritoneal bladder ruptme CaJl be competently 
performed by a nonurologist surgeon, extensive injury of tl1e 
trigonal region involving the intramural ureter, or in continuity 
with a significant penetrating rectal injury, may challenge urolo
gists and non urologists. Overall, urologic expertise can enhance 
the quality of care provided for all urologic injuries, whether 
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FIGURE 73-7 Retained calcified ureteral scent A large bladder stone 
and a moderate-sized right renal stone have fanned on the distal and 
proximal coils of the scent, which was forgotten by the patient and 
was in place for 3 years. Endoscopic management involved laser 
lithotripsy and evacuation of the bladder stone fragments, followed 
by urete roscopic lithotripsy of the upper calcifications, after which the 
stent was removed. Such cases raise challenging d inical managernent 
and medicolegal concerns. 

mru1aged operatively or nonoperatively; this cotlaboration 
should be a standard approach in trauma centers. 

TI1e focus of the foUowing discussion on urologic trauma 
will be the practical acute managen1ent of a variety of urologic 
inju.ries.2 1~ 1he optimal interaction between the urologist and 
general trauma surgeon in sud1 cases will be addressed. I will 
discuss specific, common injuries throughout the urinary uact, 
as well as the optimal timing of such interventions. 'TIJe role of 
damage control teduliques-the decision to delay immediate 
mru1agement ofinjuries because of concern for patient stability
in the management of urologic trauma has been an area of 
interest at our center for mru1y years, and our experience 
with and perspective on these management strategies will 
also be presented as part of a unified approach to patient 
management. 2.~ 

Injury Staging and Evidence-Based 
Management Consensus 
1he Organ lJ1jury Scaling System of the American Association 
for tl1e Surgery of Trauma (AAST) describes an objective 
approach ro the description of urologic injuries. The staging 
system for renal trauma has hecome well established in the 
urologic Utcrature (.Fig. 73-8: Table 73-l). Staging criteria also 
exist for the other primary organ injury sites (e.g., ureter, bladder, 
urethra), but iliese are not in common use, partly because of the 
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Grade IV 

FIGURE 73-8 AAS'r Organ Injury Scaling System for renal injuries. 

Table & 1 Organ Injury Scaling System: Kidney 
GRADE INJURY DESCRIPTION Als-90 

Contusion: Microscopic or gross hematuria, 2 
urologic studies normal 

Hematoma: Subcapsular, nonexpanding, without 2 
parenchymal laceration 

II Hematoma: Nonex~nding perirenal haematoma 2 
confined to rena retroperitoneum 

Lacera1ion: <I -em parenchymal depth of renal 2 
cortex without urinary extravasation 

Ill lacera1ion: >I -em depth of renal cortex, without 
collecting system rupture or urinary extravasation 

3 

IV lacera1ion: Parenchymal laceration extendi~ 4 
lflrough lfle renal cortex, medulla, and c ecting 
system 

Vascular: Main renal artery or vein injury, wilfl 5 
contained hemorrhage 

v lacera1ion: Completely shattered kidney 5 

Vascular: Avulsion of renal hilum, which 5 
devascularizes kidney 

From trauma.org: Organ injury scaling: Kidney, 2011 (httpi/www.trauma.ol"f/ 
archivefscores{ois-renal.html). 

difficulty in assigning an injury stage for tbese organ sites in the 
nonoperative setting. 

In 2002, a consensus conference for the diagnosis and 
trearment of urologic injuries was convened by the World Health 
Organization and the Societ<! Internationale d'Urologie. The 
conference brought together imernational participants and 
focused on performing a comprehensive literature review and 
analysis, divided into five subcommittees, organi?'.ed by organ 

site-kidney, ureter, bladder, urethra, and external genitalia. 1l1e 
reports of the subcommittees, based on available literature and 
consensus on management approaches, were published in the 
British joumttl of Urology in 2004 to 2005.'4•

28 

Renal Injuries 

Imaging 
The relevance of imaging to detect and stage urinary tract injury 
prior to abdominal trattma surgery has been debated in the 
general surgical and urologic literature. Extensive literature sup
ports: limiting imaging for blunt renal trauma to those patients 
with hypoteJ1Sion or gross hematuria. Other patients who rna)' 
profil from imaging, even in the absence of these two criteria, 
may include those who have suffered significant deceleration 
injury, those wich altered mental srarus for whom physical exam
ination data is wveliable, and those for whom bony inj llf)' noted 
on plain film assessment may suggest an increased risk of uro
logic injury (e.g., transverse process spinal, long bone, or lower 
rib fr:acrures). When sdectiJlg patients for nonoperative manage
ment of renal injuries, conrrasr-erthanced CT imaging is clearly 
useful for initial patient selection and as a baseline for subse
quent reassessment. CT has the advantage of derailed assessment 
of the renal vasculature and of parenchymal lacerations, detec
tion of displaced or nonperfused parenchymal fragments and 
urinary extravasation, and evaluation of nonurologic injuries 
{Fig. 73-9). The "shod( room" IV pyelogram (TVP) has lin1ited 
usefulness in the trauma setting, but may demonstrate gross 
anatomic abnormalities and indicate that the contralateral unin
jured kidney is fLmctional, which may be reassuring prior to 
exploring the injured kidney. Recent general surgery trauma 
Literature has held a rather negative view of the uscful11ess of the 
preexploration IVP and there is disagreement in the mologic 
trauma community regarding its value. In our center, I generally 
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FIGURE 73-9 CT scans depicting renal trauma. A. left renal contusion with heterogeneous contrast enhancement. 8, Small right posterior 
pericapsular renal hematoma. (. Nonperfused left kidney following deceleration trauma and intimal disruption, with thrombosis of the re na l 
artery. Vessel cutoff sign and some pericapsular enhancement are demonstrated. D, Grade 4 laceration to the posterolateral right kidney, with 
posterolateral contrast extravasation. 

do not perform tbls study, using clinical and intraoperative 
assessment to decide whether to explore a retroperitoneal hema
toma. For patients 011 track for early laparotomy following 
blum or penetrating trauma, preoperative CT may be used to 
stage a renal injury potentially to avoid exploration, whicb 
would otherwise add tin1e and morbidity. Alternatively, this 
imaging may provide anaromk info.m1ation useful for under
standing d1e injury and assessing function of the contralateral 
u11injured kidney. Although often impractical and ulapprop
riately time-consuming in the emergency setting, such imaging 
is often useful when clin.ically and logistically appropriate. 
When u1traoperative imaging is of value, a one-shot TVP 
may be obtained 10 millutes after the injection of iodiJ1ated 
contrast. 

Treatment 
Selection of Operative Versus Nonoperative Management When 
selecting operative versus nonoperative management for renal 
i11juries, one needs to consider several variables, such as whether 
the patient requires laparotomy for non urologic injuries. hemo
dynanlic stability of the patient, findings on imaging studies, 
when available, and intraoperative observations and course. For 
the fully staged injury iJ1 a patient not requiru1g emergent lapa
rotomy for other indications, imaging data play a pivotal role in 
management selection. Low grade injuries (grades 1 to 3) are 
routinely managed non()peratively, wheJ·eas grade 5 i11juries fare 
better with operative intervention. Grade 4 iJljurics arc more 
controversial, witth some experts suggesting lower complication 
and nephrectomy rates with aggressive operative management 

and others reservmg such interventions for patieJlts with dear 
hemodynamic indications for surgery. lnterventional radiology 
options should also be considered in decision makl11g for such 
u1juries. Selecred pClletratmg injuries to the kidney may be 
mru1aged nonoperatively using similar criteria as for blunt 
trauma, although with abdomiJ1al gunshor wounds, laparotomy 
can be avo.ided only occasionally, such as when CT reveals a 
tangCJltial course without peritoneal penetration. Renal stab 
wounds that are shown to exist in the absence of any other 
abdominal injuries (again, usually by CT findings) are also ame
nable to nonoperative mru1agement m select cases (Fig. 73-1 0). 

WhCl1 urgent laparotomy occurs, if one bas had the luxury 
of obtainiJlg optimal preoperative reJlal in1ages, a preoperative 
judgment can be made as to whether rlle renal injury is amenable 
to nonoperative management with a reasonable likelihood of 
success. If the kidney's appearance on CT and grade of mjury 
support the impression that nonoperative management is appro
priate, exploration is not performed ru1d the renal fossa is not 
violated. In the absence of imaging, several criteria may be used 
to select patients for renal exploration wheJl che urologist is 
consuhed intraoperatively to assess an apparent retroperitoneal 
hematoma. Active significant bleeding from the renal fossa into 
the peritoneal cavity, or a visibly expanding or pulsatile hema
toma, will typically prompt exploration because of the concern 
for significru1t vascular iJ1jury requiring urgCJlt control. In the 
absence of such findings, or in patients in whom a damage 
control approach is to be implemenrcd, exploration may be 
avoided if d1e surgeon is uncomfortable wid1 the potential 
requirements for reconstructive renal surgery. The question of 
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FIGURE 73-10 CT scans depicting penetrating renal injury. A. Superficial laceration to the lateral left kidney from a stab wound. Note minimal 
hematoma and proximity of the posterior descending colon to the track of injury. Nonoperative management was selected and was successfuL 
B. Deep laceration to the right kidney following a stab wound. Note the proximity to renal hilar structures and moderate-sized hematoma. 
C. Renal angiography performed for a significant postinjury hematuria with hemodynamic instability, demonstrating pseudoaneurysm. 
D. Posternbolization appearance of the right kidney showing a wedge-shaped defect following coil placement, which was successful. 

whether nephrectomy rates are higher when one adopts a more 
conservative versus a more aggressive approach to exploration 
for renal trauma is difficult to determine from the published 
literature. However, overall, it seems that if exploration is per
formed by a surgeon not highly skilled in reconstructive renal 
surgery in the trauma setting, the nephrectomy rare wiJJ be lower 
if a relatively conservative approach to selecting patients for renal 
exploration is adopted. One should keep in mind that as long 
as the patient can be determined to be at low risk for exsangui
nating hemorrhage in the perioperarive period. reoperating for 
the renal injury is always an option, based on clinical develop
ments or postoperative imaging findings. 

For renal pedicle injuries resulting from blunt trauma, a 
high index of suspicion is essential for injury detection, because 
hematuria is frequently absent in such cases. The mechanism of 
inju.ry with rapid deceleration shou.ld raise suspicion of these 
injuries, which result from stretching of the vascular pedicle and 
intimal disruption, with subsequent thrombosis of tbe renal 
artery. When detected early after the injury, and in patients for 
whom revascularization is appropriate in terms of the prioritiza
tion of multiple injuries, good resu.lts may be obtained. The time 
frame for predicting success is difficult to anticipate because 
there is a continuum of evolution of these injuries, wicl1 warm 
ischemia developing at variable intervals postinjury, depending 
on the speci.fic features of the arterial disruption. Interventional 
radiologic treatment of these injuries with endovascular scenting 

ma}' be applicahle in certain cases, espedal.ly those in whiclt 
cl1ere is still distal perfusion noted on initial angiography. 1l1ese 
injuries are best managed, in my experience, by an expeditious 
multidisciplinary discussion among urology, trauma, and vascu
lar stLrgeons and interventional radiologists to select a treatment 
and implement rhe decision quickly. 

Intraoperative Approach Urologists are rypicaJJy trained to 
approach the injured kidney anteriorly through a midline inci
sion :and to obta.i.I1 vascular control of cl1e renal vessels prior to 
openjng Gerota's fascia and exposing the k.idne)'. 1l1e purpose of 
this traditional approach is to avoid a situation in which severe 
renal bleeding is encountered, which may necessitate an urgenr 
nephrectomy that might have otherwise been preventable. In my 
experience, an abbreviated approach to the control of the renal 
pedicle can produce excellent results. This pedicle access maneu
ver, which [ routinely use prior to renal trauma exploration, 
involves blunt!}' creating a window medial to tbe lower pole of 
the kidne}' and lateral to cl1e aorta {left) or vena cava (right), 
spreading digitall}' down to cl1e psoas muscle fascia, and creating 
a space using cephalad blunt dissection, which al.lows a vascular 
pedicle damp ro be placed if bleeding is encountered on renal 
exposure. 1l1is maneuver avoids cl1e somewhat tedious, techni
cal.ly difficult, and potentialJy morbid individual dissection of 
cl1e renal vessels in tbe setting of surrounding hen1atoma while 
still providing access for rapid, arraumatic pedicle occlusion 
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when necessary. For cases in which active bleeding is emanating 
directly from the renal pedicle or vessels, direct dissection and 
control of the vessels are initiated iJl the traditional manner. For 
renal reconstruction in the trauma setting, pedicle clamping 
with a warm isclhemia time less than 30 minutes generally will 
not have a permanenr adverse impact on renal function. 

Once vascular access is achieved, the kidney is exposed 
through an allterior vertical incision in Gerota's fascia, which 
extends from the upper to the lower pole of the kidney. If there 
is parenchymal injury, care must be taken to identify the plane 
external to the renal capsule when exposing and mobilizing 
the kidney to avoid stripping the entire capsule from the renal 
parenchyma, which anempts ar reconstruction. 1l1e entire kiru1ey 
should be ex-posed to reveal any lacerations, evacuate hematoma, 
and facili tate full mobility for repair. 

The selection of reconstruction or nephrectomy depends 
on the details of the injury. If half the kidney can be preserved, 
renal reconstruction has benefit. If there is extensive destruction 
of the hilar region, successful reconstruction is unlikely. If the 
injury is polar or lateral in the parenchyma, alld if the depth of 
the injury is limited, reconstruction is typically straightforward 
alld carries a high likelihood of favorable anatomic and func
tional outcomes. Renorrhaphy with suture of bleeding vessels, 
collecting system closure, and parenchymal and preferably cap
sular approximation is a relatively straightforward task. For 
destructive polar injuries, a polar nephrectomy can be per
formed, controlling the collecting system and adjacent vessels 
with direct sutur.ing. Absorbable sutures should be used for 
parenchymal and collecting system repair to prevent subsequent 
calcification, which would result if nonabsorbable sutures were 
exposed to the urinary tract lumen postoperatively. The use of 
hemostatic agents and tissue sealants may aid iJ1 the reconstruc
tive effort and have been shown, at least in allinlal studies, to 

decrease postoperative bleeding and urinary extravasation. Insti
tution of closed suction draiJ1age is of benefit when a collecting 
system mjury has heen noted and for drainage of blood m the 
perioperative period. Prophylactic a.Jltibiotic coverage should be 
provided and continued w1til urinary extravasation is resolved 
or an established drainage tract is established. 

[t should be kept iJ1 mind that iJ1terventional radiologic 
techniques (e.g., angiography with selective en1bolization, per
cutaneous collecting system drainage) may constitute highly 
effective meal1S of dealing with renal bleediJ1g or urmary extrava
sation, and can be integrated into the treatment algorithm, 
especially when a urologist experienced m dealiJlg with renal 
reconstmction is not immediately available at the time of surgery 
or when a postoperative complication occurs. 

Ureteral Injuries 

Imaging 
Conrrast-enhallced CT or a complete IVP is accurate for the 
detection of ureteral trauma. although cr provides significalltly 
more ulformation regarding additional mjuries alld therefore is 
favored in the trauma setting. With modern spiral CT systems, 
the imaging seqtuences are obtained rapidly and it is necessary 
to have a protocol iJl place, or specifically request a delayed 
excretory phase, so as nor to miss collecriJ1g system or ureteral 
contrast extravasation, which would not be appreciated with 
only a renal parenchymal enhancement phase. Ureteral iJ1juries 
are among the most common missed injuries in the rrauma 

UROLOGIC SURGERY CHAPTER 73 2063 

setting, and may result m significant preventable morbidity. 
When CT in1aging raises concern for an extrarenal collecting 
system, renal pelvic, or ureteral injury, bur provides incomplete 
staging, cystoscopy witl1 retrograde pyelography is all option to 
gaiJ1 more definitive illformation. 

In the setting of penetrating abdominal trauma, ureteral 
injury may occur in 5% to 10% of patients. Ureteral injury from 
blunt trauma is uncommon, but may occasionally be seen in the 
setting of an underlying anatomic abnormality (e.g., prior ret
roperitoneal or urologic surgery, congenital anomalies) or with 
sudden stretch or compressive forces causing pelvic rupture or 
ureteropelvic or ureteral avulsion. A high index of suspicion is 
necessary to detect such injuries, because gross hen1aruria may 
be absent (i.e., no urine may be conducted to the bladder from 
the injured side in these cases}. 

Treatment 
Selection of Operative Versus Nonoperative Management As a 
general principle, penetrating injuries to the ureter or blunt 
avulsion mjuries are best IDallaged by surgical repair. Cystoscopi
cally or radiologically guided ureteral scenting or diversion as 
definitive therapy is generally reserved for missed injuries and 
for patients for whom reoperation is prob.ibitively morbid, or 
the timing would make a successful repair unlikely. Ureteral 
contusions from adjacent penetrating trauma may benefit from 
prophylactic scenting to reduce progressive edema, occlusion, 
and ischemia alld potentially diminish the risk of postinjury 
extravasation, according to Linlired published reports. 

TI1ere are exceptions to these principles that dictate an 
aggressive operative approacl1 to ureteral trauma. For example. 
minimal puncture defects in the ureter (e.g., from small-gauge 
shotgun pellets) may be effectively managed by scenting alone 
after determining by contrast-enhanced CT or retrograde 
pyelography that there is minjmal tissue injury. These injuries 
would be analogous to minimal endoscopic perforations duru1g 
stone procedures, which urologists routinely manage with stem 
insertio n alone. 

Intraoperative Approach The ureter can be approached surgically 
at all)' level by finding an area of normal anatomy and procccd
iJlg expeditiously to the area(s) in question. While dissecti11g 
around the ureter alld mobilizing it from surrounding tissues, it 
is iJnportallt ro avoid devascularization. The longitudillal blood 
supply to the ureter runs between the muscularis a.Jld adventitial 
sheath. It is important to avoid dissecting m a subadventitial 
plalle tO prevent ischemic injury. 

For penetrating injuries to the distal ureter, the necessary 
extensive dissection can be difficult and potentially morbid 
because visualization in this region is limited followil1g trauma 
caused by infiltrating hematoma, and the potential for creating 
furthcr vascular nr other iatrogenic mjury is a realistic concern. 
In my practice, I sometimes open the bladder alld perform 
intraoperative contrast retrograde pyelography with a catheter 
iJ1serted rnto the ureteral orifice when dealli1g with penetrating 
trauma to the pelvis and when the status of the lower ureter is 
il1 question. Exposing the most distal ureter by direct dissection 
may require taking down the bladder pedicle on the ipsilateral 
side alt d is better avoided if not essential. 

If a ureteral injury is encountered, repair usually involves 
minunal debridement to viable ti.ssue with a spatulated, tension
free anastomosis (for il1juries to the middle and upper thirds), 
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or reimplantation into the bladder (for injudes below the inter
nal iliac vessels). For gunshot wounds to the proximal ureter 
and midureter, resection of the injured segment with primary 
anastomosis is superior to simple closure of the defect. [n tbe 
penetrating trauma setting, it should be assumed tl1at the via
bility of the distal ureteral srump may be compromised because 
of local tissue injury; reimpla.ntation is more reliable for very 
distal injuries. Fine absorbable suture is used ir1 a running or 
imerrupted fashion. Stem placement (an internal double-] or 
single-] externalized tl1rough the anterolateral bladder watl) is 
desiiable to a.Uow low-pressure drainage, minimize postopera
tive urinary extravasation, and prevem angulation. As noted 
later, ureteral injuries are highly amenable to damage control 
approaches when repair acutely is not appropriate because of 
the patient's condition or the need to prioritize the manage
ment of other, more critical injuries. lf a general surgeon is 
responsible for the initial operative management, a ureteral 
inju.ry is recognized intraoperatively, and urologic expertise is 
not immediately available, temporizing maneuvers wi th a plan 
for delayed definitive repair may be preferable to a suboptimal 
repair in the acute setting. 

Bladder Injuries 

Imaging 
Bladder injury, in the setting of penetrating or blunt pelvic 
trauma, is generatly suspected because of the presence of gross 
hemacuria, which is almost invariably present. In penetrating 
injuries w the pelvis for which laparotomy is planned, no pre
operative bladder imaging is needed in most cases. Direct inspec
tion of the injury site intraoperatively will allow fuU assessment 
of the injury. For blunt trauma, a stress cystogram is of value in 
distinguishing itntraperitoneal &om extraperitoneal injury, which 
directly affects selection of treatment. Regardkss of whether a 
standard radiographic, fluoroscopic, or cr cystographic tech
nique is used, the bladder must be adequately distended to its 
expected capacity, or until the patient deKribes a sense of full
ness, to demonstrate extravasation through any defect present 
and avoid false-negative results (Figs. 73-11 to 73-13). Blunt 
extraperitoneal rupture typically involves the lower bladder 
segment, usually in tl1e anterolateral retropubic portion. These 
inju.ries usually accompany pelvic fracture and result from 
tearing and shear forces related m injury to the pelvic ring. 
Intraperitoneal rupture generally resu1ts from sudden compres
sion of the bladder by impact to the lower anterior abdominal 
wall, resul ting in a large laceration of tl1e bladder dome. The 
classic radiographic findings of each type of bladder rupture have 
been well described and indicate whether the contrast extravasa
tion pattern is intraperitoneal or exttaperitoneal. 

Treatment 
Selection of Operative Versus Nonoperative Management Penetrat
ing injuries to the bladder are generatly managed witl1 operative 
exploration and repair. In select cases of penetrating bladder 
crauma, nonoperative management is appropriate-when the 
injury to the bladder wall is minimal and extraperitoneal, hema
turia not problematic, and no other indication for laparotomy 
is present (i.e., no rectal vascular or in traperitoneal trauma). 
Sclecti11g such cases can be di.fficult and may require cystoscopic 
assessment. For most patients, the standard approach for pene
trating bladder injury is exploration and repair. 

FIGURE 73- 11 Static qrstogram in patient with pelvic fracture and 
gross hematuria showing extraperitoneal contrast extravasation on 
the right side. 

FIGURE 73-12 Static qrstograrn in patient following blunt injury to 
the lower abdomen showing the typical contrast extravasation pattern 
of intraperitoneal bladder rupture. Note contrast outlining the left and 
right colic gutters and present within the peritoneal cavity. 

FIGURE 73- 13 CT cystogram demonstrating intraperitoneal contrast 
extravasation pattern of intrape.ritoneal bladder rupture. Note contrast 
in the colic gutters, within the deep pelvis, and o utlining the ovaries. 
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for blunt injury to the bladder resulting in intraperitoneal 
rupture, operative exploration and repair should be performed. 
Such an approach prevents ongoiJlg leakage of urine into the 
peritoneal cavity and avoids the delayed abdomh1al sepsis that 
often results from uncontroUed intraperitoneal extravasation. 
Blunt injuries ro the bladder with extraperironeal rupture, typi
cally occurring in the setting of pelvic fracture, are usually man
ageable with catheter drainage alone. Operative repair for these 
injuries may still be necessary for cases in which there is failure 
of catheter mru1agement (e.g., persistent hen1aruria with catheter 
occlusion). ln addition, certaiJJ types of complex bladder inju
ries, such as bladder neck avulsion injuries (maiJuy seen in 
women and children), extensive lacerations of the bladder neck 
in women, or concomhant injury to the lower bladder segment 
ru1d rectum or vagina, will require operative repair, although the 
definitive reconstructive procedure may be best accomplished 
subacutely (1 to 3 days postinjury; see later, "Da111age Control 
Techniques for Urologic injuries") . 

Intraoperative ApslroadJ Surgical exploration of the bladder is 
performed through a generous midline anterior cystotomy. The 
interior of the bladder is exrunined, the clor evacuated, and criti
cal structures (intramural ureters, ureteral orifices, bladder neck) 
assessed. Passing feeding tubes up the ureters to assess efflux or 
performing intraoperative retrograde pyelography through the 
cystotomy may be usefttl in completing this assessment. Defects 
iJl the bladder wall arc closed with strong, absorbable 2-0 sutures, 
preferably in two layers w enhru1ce watertightness. Care should 
be taken when sumring the:: bladder near the ureteral ori.fices or 
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intranlllral ureter to avoid occludh1g the ureter; intraoperative 
scenting may be of benefit in the.se cases. injuries in continuity 
with rectal or vaginal injuries may benefit from viable tissue 
interposition (e.g., omental Aap) to prevent fistula formation, 
depending on whether the defects directly overlap and whether 
there is extensive tissue loss. Diversion with a large-bore Foley 
catheter (at least 20 Fr. usually 22 to 24 Fr in the adult) allows 
blood}' urine to drain ru1d allows careful irrigation, if necessary. 
Suprapubic cystostomy tubes arc used for cases of tenuous 
bladder closure, extensive i"njuries requiring complex repairs, or 
if prolonged bladder draiJ1age is aJlticipated (e.g., concomitant 
rectal or vaginal injury, significant head injury). 

Urethral Injuries 

Imaging 
When suspi.cion of urethral injury exists, retrograde urethrogra
ph}' should be performed prior to Foley catheter insertion. The 
classic mdication of urethral injury is blood per the urethra Or 
nlood at d1e urethral meatus foUowing hlunt trauma (e.g., pelvic 
fracture, straddle injury with perineal impact) or penetrating 
trauma, although mcchruusm ru1d pattern of injury (e.g., severe 
pubic diastasis, marked vertical shear pelvic fractme), regardless 
of physical findings, may prompt urethrography as well. Proper 
performance of retrograde uretbrography involves adequate 
fiUing of the entire urethra, witl1 passage of contrast into the 
bladder, when such comimlity has nor been losr because of the 
injury (Fig. 73-14). 

FIGURE 73- 14 Retrograde urethrograms. A. Standard technique with patient in an oblique position and complete contrast tilling ot the anterior 
and posterior urethra. 8, Posterior urethral disruption in patient with displaced pelvic fracture. Note the deformity of the right superior pubic 
ramus and extensive contrast extravasation, extending above and below the urogenital diaphragm, on retrograde contrast injection into the 
urethra. The bladder, which is greatly displaced cephalad, is filling with contrast administered IV. The photograph demonstrates the so-called 
pie in the sky bladder resulting from dramatic displacement by a large pelvic hematoma tollowing the prostatomembranous disruption Injury. 
(A from Older RA. Hertz M: Cystourethrography. In Pollack HM. McCiennan Bl Dyer R, Kenney PJ [eds]: Clinical urography, ed 2, Philadelphia, 
2000, WB Saunders.) 
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Treatment 
Operative Versus Nonoperative Management 1l1e primary imme
diate goal in managing urethral injury is to provide urinary 
bladder drainage and avoid further injury. Few urethral injuries, 
barring those resulting in significant ongoing external bleeding, 
such as with peneuating perineal trauma, require acute opera
tive reconstruction. A delayed approach can almost always be 
implemented and, based on available literature, often produces 
berter outcomes than acute repair, so the surgeon with limited 
experience with these injuries should liberally use temporizing 
maneuvers for these cases. Urethral reconstruction is a highly 
specialized area of urology; definitive reconstructive surgery can 
be performed in a subacute or delayed fashion, with good 
results. 

For injuries to the posterior or anterior urethra, if extrava
sation is present on retrograde urethrography and adequate uro
logic expertise is not immediately available, a suprapubic catheter 
should be inserted rather than instrumenting the traumatized 
urethra and risking further injury. If the bladder is palpably 
distended and there is no evidence of prior lower abdominal 
surgery, or the bladder can be cka.rly localized with ultrasound, 
percutaneous tube placement in the ER is appropriate. Prepack
aged kits may be safely used for this purpose. If these criteria are 
not met, open suJgica.l cystostomy n•be placement is safer and 
can be accomplished through a small anterior cystotomy (Fig. 
73-l 5). A 24 Fr Foley or Malecot catheter works well for tlus 
purpose. lt shotJd be anchored at the anterior bladder wall with 
absorbable sutures and at the skin exit site. When the procedure 
is performed acutely following pelvic fracture, one should try to 
avoid violating tl1e retropubic hen1atoma by entering the bladder 
cephalad. It is important to assess the bladder if gross hematuria 
is noted because a concomitant bladder injury may be present. 

1l:tis can be accomplished by direct inspection or cystographi
ca.lly if a percutaneous suprapubic {SP) n.be is placed. 

If surgical exploration of the urethra is necessary because 
of ongoing external bleeding and limited urologic expertise is 
available, imerventions should be limited to gaining hemostasis 
meticulously by focused sururing of bleeding tissues, again 
leaving reconstructive maneuvers for another occasion. lf there 
is an opportunity to place a catheter across a penetrating trauma 
defect, this is reasonable and, if simple suturing can reapproxi
mate the injured urethral edges, doing so with absorbable sutures 
(3-0 or 4-0) is also reasonable. 

ln recent years, there has been increased interest iJ1 early 
catheter realignment for posterior urethral disruption in tl1e 
setting of pelvic fracture; the results of these strategies have been 
reported. 1l1is technique requires substantial expertise in uro
logic endoscopic procedures and the risk of creating further 
injury is substantial. If one lacks experience with these tech
niques, it is best to treat such injuries with suprapubic tube 
insertion alone. Catheter realignment can be performed at any 
time soon after injury, often usiJ1g the suprapubic access that has 
been established acutely, so tl1ere is no need to feel a sense of 
urgency in doing this on the day of injury. Controversy exists 
in the urologic literature regarding the benefit of catheter realign
ment for these injuries, with most reports indicating that 30% 
to 50% of patients can avoid ultimate urethroplasty, although 
strictures typically develop and reqLLire at least endoscopic man
agement, ofren involving multiple procedures. 

Genital Injuries 
Penetrating injuries to tl1e external genitalia warrant surgical 
exploration in the vast majority of cases. Functional and struc
tural outcomes arc greatly improved by early exploration and 

FIGURE 7:5·15 Posterior urethral disruption injury. A. Patient with blood visible at penile meatus, managed with percutaneously placed supra
pubic cystostomy tube. 8, Patient initially managed similarly has undergone an endoscopic, fluoroscopically guided realignment procedure, 
with placement d urethral and suprapubic Foley catheters. 
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FIGURE 73-16 Penile fracture. This patient was undergoing surgical 
exploration for a suspected penile fracture injury sustained during 
sexual activity. A ventral midline penoscrotal incision is used to expose 
the transverse laceration in the ventral right tunica albuginea of the 
corpus cavemosum, shown centrally. The Penrose drain at the bottom 
was used briefly as a tourniquet to control bleeding during suture 
repair otthe injury. The hook and ring retractor system shown is useful 
for genital surgery. 

repai r for penetrating penile, scrotal. and testicular in juries. For 
penile injuries, the goal is to remove foreign material, cleanse 
the wound, obtain hemostasis, identi fy any defects in the tunica 
albuginea or urethra, and proceed with appropriate repair, whlle 
exercising caution not to be excessively aggressive with debride
ment of tissues of wKertain viabWty. For testicular injuries, 
debridemem of devitalized parenchyma, closure of the capsule 
(tunica albuginea of the testis), and repair of the scrotum are 
key tasks. 

For blunt penile and scrotal injuries, whether to operate 
depends on whether the tunica albuginea structures are rup
tured. For the penis, this determination is made. In the typical 
suspected penile fracture type of injury that resul ts from sudden 
flexion of the erect penis during sexual activity, if there is sig
nificant swelling and hematoma. these injmies are usually 
explored and the tunica! defect is repaired (Fig. 73-16). For 
blunt scrotal injUiics, scrotal ultrasound may be helpful in deter
mining whether the testis is ruptured. If ultrasound shows gross 
disruption of the capsule, or shows marked heterogeneity of the 
testicular parenchyma, there is a hjgh risk of testicular rupture 
and exploration. and repair should be pmsued (Fig. 73-17). 
Orchiectomy is reserved for d10se injuries that thoroughly 
destroy the blood supply to the testis or those parenchymal 
injuries in which there is no viable parencl1yma available to 

salvage. 
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FIGURE 73-17 Testicular rupture from blunt trauma. A. Intact tunica 
albuginea with a large transverse laceration (left); the extruded tes
ticular parenchyma from the upper portion of the testis is also shown 
(right). 8, Appearance following repair with running absorbable 
sutures. 

Damage Control Techniques for Urologic Injuries 
Many urologic injuries are amenable to initial management by 
applying damage control strategies.23 As noted briefly, dan1age 
control surgery refers to cl1e concept of limiting the initial opera
tive interventions, in the unstable trauma patient, to those 
maneuvers cl1at are immediately lifesaving (e.g., control of surgi
cal hemorrhage, control of continued fecal contamination). 
More time-consuming, definitive reconstructive efforts are 
delayed until Lacer, following resuscitation, when the patient is 
more stable and can tolerate sud1 reconstructive efforts. 

l11<· physiologic rationale for damage control surgery relates 
to the metabolic consequences of extensive blood loss and blood 
and fl uid replacement. These patients develop progressive hypo
thennla, acidosis, and coagulopathy (the so-called lethal triad), 
which can only be corrected, following the essential interven
tions noted, when cl1e patient can be brought to the intensive 
care unit, with appropriate warming and other critical care inter
ventions provided. 

Initially described in the mWtary trawna literature, and 
then applied to civilian penetrating abdominal trawna. these 
principles have now been successfully applied to a wide range of 
penetrating and blum injuries. Extensive srurues now support 
the view that appropriately selected patients managt>d by damage 
control strategies demonstrate improved survival compared with 
patients who undergo prolonged reconstructive efforts during 
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the initial postinjury operative period. With the exception of 
patients with severe renal or bladder bleeding, urinary tract 
i11juries do not directly result in early mortality. In the surgeon's 
judgment, when the patient would not tolerate the magnitude 
of ilie reconstructive effort 11eeded to deal definitively with a 
urologic injury at initial laparoromy- because of panern of 
injury, hypothermia, acidosis, coagulopathy, or other parameters 
cl1at mandate a damage control approach- certain temporary 
solutions may be desirable. I have gained substantial experience 
with these in my center and have achieved an effective working 
relationship wit b tbe trauma surgeons in regard to patient selec
tion and technical approaches. The complexity of patient selec
tion for damage comrol surgery require.~ a multidisciplinary 
i.nteracti011 with the trauma surgeon and surgical specialists 
involved in the case to determine which injurie.~ must be 
addressed initially and which Call be definitively halldled in a 
delayed maru1er. Earlier selection of damage control surgery 
candidates, based on patterns of injury and initial presentation 
factors, represents an emerging trend in the trauma surgery com
munity, with improved survival being observed when the initial 
operative procedure CaJJ he conduded hefore significant meta
bolic deterioration occurs. 

Renal inju ries that are iJlcompletely staged or unstaged 
may be approached witb delayed assessment and exploration, as 
long as a determination has been made that early exsallguinat
iDg bleeding from the injury is unlikely. In the absence of sig
nificant bleeding from the renal fossa i11to tl1e peritoneal cavity, 
a large midline hemaroma, or all expanding or pulsatile renal 
hematoma, one can elect co leave the perinephric hematoma 
w1disturbed and perform postoperative imagu1g duril1g the 
resuscitation phase following initial laparotomy, or explore at 
the time of a second-look procedure. If the kidney is exposed, 
hemostasis for major bleedillg from the parenchyma or bra11ch 
renal vessels can be rapidly obtained . If a major reconstructive 
effort is still needed in the unstable patient, packing the kidney 
a11d returning for reconstructive interventions later is also an 
option. 

Ureteral injuries may be ma11aged il1itially with external
ized scenting, (jgation, or sim ple local. drainage. Of ilie.~e 
options, I favor externalized stenting, because it allows control 
of the urinary output, minimizes ongoing urinary extravasa
tion, a11d Call be maintained for several days unti l the patient is 
stable enough ro return w surgery for definitive reconstruction. 
A 7 or 8.5 Fr single-] urinary diversion stent can be placed into 
the ureter ilirough the injury site, adva11ced proximally into ilie 
kidney, and ilien externalized through the abdominal wall. The 
catheter should be tied to tbe very end of the injured ureter at 
the iJ1j ury site so as not to lose ureteral length by ligating it 
more proxinla.Uy and making later reconstruction more chal
lenging. The distal ureteral limb is best left undisturbed; Ligat
ing it requires subsequent debridement and causes furilier 
tissue loss. 

A sinillar approach can be used for extensive bladder 
injuries; the ureteral orifices can be catheterized, the catheters 
externalized, and the pelvis packed, leaving bladder recon
struction to be perforn1ed at a more suitable time, fol.lowing 
appropriate resuscitation. Urethral and genital injuries are also 
amenable to dlamage control approaches, generally ilwolving 
tube diversion, placement of moistened dressings, a11d tissue 
preservation until defin itive reconstruction following appropri
ate resuscitation. 

Relationship With the Trauma Surgeon 
The urologist involved in the care of the trauma patient has the 
privilege of sharing the injured abdomen wicl1 ilie trauma 
surgeon. Usually, the trauma surgeon has more training a11d 
experience in critical care alld response to injury tbaJJ the urolo
gist. In academic centers al1d training settings, exposure to 
abdominal trauma is of critical importance to urology residents. 
There is a valuable, mutual learni11g opportunity for the urolo
gist and surgeon to collaborate iJJ decision making alld in the 
tedmkal aspects of trauma care. The ability of the urologist to 
play a meallingful role .in acute trauma is enhanced by the cre
ation of sta11dardized protocols for factors such as d1e timil1g of 
consultation and implememation of damage control maneuvers. 
Consultation of the urologist from the shock room ill a11y 
patiem with obvious signs of urologic injury (e.g., gross hema
turia, blood at the urethral meatus, genital i11jury) will allow 
early mobilization of specialty expertise a11d allow active partici
pation at all phases of injury ma11agement. I have had tl1e good 
fortu ne of having a11 excellent, coiJaborative working relation
ship with the trauma surgeons at my iJlStitution and 1 believe 
cl1at sud1 interaction can greatly benefit the patient. 

NONTRAUMATIC UROLOGIC EMERGENCIES 
Aliliough mentioned in other contexts witbin this chapter, 
several nontraumatic urologic emergencies warrallt additional 
discussion. 

Testicular Torsion 
Testicular torsion is a time-sensitive isd1emic process for which 
rapid diagnosis and intervention are necessary to enhallce the 
LikeW1ood of testicular salvage. In theory, torsion occurs in the 
setting of a congenital deformity (e.g., beU clapper deformity) 
in wlllcb me testis is not attached normally within the scrotal 
compartment, so that it is able to rotate freely on its spermatic 
cord pedicle. When this type of rwisting occurs, if spontaneous 
detorsion does not occur promptly, there is progressive edema 
alld venous a11d arterial occlusion, which will result in testiculaJr 
infarction without intervention. The best results are obtained if 
detorsion occurs withil1 4 hours of the onset of pain. After 8 to 
12 hours, the likeliliood of maiJ1taiJ1lng testicular viabUity a11d 
fuJKtion decreases significantly. From a 111al1agement StaJ1d
point, it is esseJ1tial to bave a high index of suspicion for torsion. 
Although occurru1g usually in cl1e pediatric, adolescent, alld 
young adult groups, torsion ca11 occur at a11y age. Differential 
diagnosis includes trauma, epididymitis, u1carcerated hernia, 
alld torsion of the appendix testis or appmdix epididymis. Diag
nosis can be confirmed by Doppler ultrasound, which shows 
absence of arterial flow to the testis. If there is a high suspicion 
of torsion, and ul trasound is not available in a reasonable time 
frame (""l hour after presentation), it is appropriate to proceed 
with surgical exploration because all inordil1ate delay iJJ defuu
tive intervention can adversely affect the outcome. Surgery con
sists of a scrotal incision, inspection of the testis wim detorsion, 
and suture fixation to ilie ulterior scrotal wall, followed by also 
performing orchiopexy on the contralateral side at the same 
setti11g (Fig. 73-18). Even in patients in whom a late to.rsion is 
suspected (e.g., several days of fixed swelling, firmness), ttrgent 
exploratio11 is still iJ1dicated, because ir is difficult to know 
definitively how long complete ischemia has been present a11d 
whetl1er there is salvagea.bi(jty. Medicolegal considerations are 
also releval1 t il1 these cases. 
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FIGURE 73-18 Testicular torsion. Exploration through a transverse 
scrotal incision demonstrates the torsed cord (top). Note the degree 
of edema, erythema, and ecchymosis present following several hours 
of torsion. 

Gross Hematuria With Clot Retention 
Asymptomatic gross hematuria without significant blood loss is 
not an emergency and can be evaluated electively with urine 
testing, upper tract imaging, and lower tract endoscopy. Severe 
gross hemawria wirb a ha7Ndous degree of blood Loss and/or 
urinary clot retention is potentially a surgical emergency. In 
certain conditions {e.g., postoperative bleeding after TURP or 
transurethral resection of bladder tumor [TURBT] , radiation 
cystitis, pelvic t rauma, arterioca1yceal fistula), urinary tract 
bleeding can be voluminous and a risk to a patient's life. If 
bleeding does not respond to catheter irrigation and is heavy 
enough to require transfusion, consideration should be given to 
operative intervention. 1h.is generally starts with cystoscopy and 
possible fulguration, whicl1 also allows one tO determine the si te 
of bleeding and pathologic process. [f a patient has a significant 
an10unt ofbloodl clot in the bladder, it will be necessary to place 
a large-bore irrigation catheter (in the adult, often 20 to 26 Fr) 
and adequately irrigate the clots from the bladder using normal 
saline irrigation {Figs. 73-19 and 73-20). 1l1ree-way catheters 
may also be uscfuJ in instituting continuous bladder irrigation, 
as noted. In some cases, complete evacuation of clots from cl1e 
bladder L~ best accomplished in the operating room under anes
thesia so that a rigid cystoscopy or resectoscope sheath can be 
placed and irrigation pursued with a piston syringe and irriga
tion process. It is difficult to judge the amount of blood that is 
being lost from the urinary tract with gross hematuria, because 
only a small amount of blood mixed with uriJle will darken the 
bladder effillX. ff, however, copious amounts of clot are evacu
ated from the bladder, one should suspect at least moderate 
blood loss and monitor the patient with viral signs and hemo
globin measurements. Upper tract clot formation may produce 
a so-called clot colic, with renal pain sinlilar to that experienced 
from passage of a stone. Supportive care and, in some cases, stent 
insertion may be helpful in addition to addressing the underly
i"ng problem. If unexplained, significant, gross hematuria occurs 
following mjnor trauma, one sbould suspect an underlying 
abnormality of the urinary tract, such as a neoplasm or congeni
tal anomaly. 
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FIGURE 73-19 CT scan of the pelvis with cystography in a patient 
with urinary clot retention caused by chronic hemorrhagic cystitis 
following radiation therapy for prostate cancer. A dot may be seen 
surrounding the Foley catheter balloon, with instilled contrast outlin
ing the balloon and intact bladder wall. 

FIGURE 73-20 Use of large-bore (24 Fr), three-way Foley catheter for 
initial treatment of a patient with gross hematuria following the 
removal of all dots from the bladder by catheter irrigation. Care must 
be take n to avoid overdistention of the bladder when using continu
ous bladder irrigation for gross hematuria because the outflow lumen 
can become occluded with clot material. 

Priapism 
Priapism is a prolonged, unwan ted, often painful penile distur
bance that occurs in the absence of sexual arousal. Important 
causes of priapism include sickle cell disease, certain types of 
drug or medication use, pelvic or genital trauma, and 
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hematologic malignancy. Priapism may resolve spontaneously 
but, if it persists longer than 2 to 3 hours, measures should be 
taken to reverse the process in most cases. Urologists classify 
priapism as low-Bow or high-Bow priapism. Low-flow priapism 
is typical of sickle ceiJ patients; the sludging of blood in the 
corpora cavernosa results in the accumulation of dark thick 
material that is noted on needle aspiration when performing a 
percutaneous shunt. High-flow priapism is typical of that SCCJl 

after penile or perineal trauma, in which a fistula develops 
between a central corporal artery and the vascular space withirl 
the corpus cavernosum. Aspirated blood has an arterial appear
ance and arterial blood gas paran1eters. Urologic consultation is 
almost always needed if priapism does nnt respond easily to 
needle aspiration with the injection of small doses of a vasocon
strictive substance such as dilute phenylephrine. For priapism 
related to sickle cell disease, medical treatment of the sickle crisis 
(e.g., hydration, oxygenation, pain management, addressing 
hemoglobi_n and transfusion status) with hematology support is 
a mainstay of therapy to resolve priapism. The urologist may 
continue irrigation and aspiration with further vasoactive injec
tions or may proceed to a shunting procedure between the 
corpus cavernosum and corpus spongiosum. There are several 
commonly performed shunting procedures, but the technical 
details are beyond the scope of tllis discussion. It is important 
that the general surgeon consult with the urologist about treat
ment, because corporal fibrosis and loss of erectile fllllction are 
risks that iJ1crease with significant delays in therapy. 

UROLOGIC ONCOLOGY 
h1 addition to urologic trauma and related reconstructive surgery, 
urologic oncology is probably the specialty area of urology for 
which the general, plastic, vascular, or cardiothoracic surgeon is 
most likely to become involved as a consultant, in the planned 
scheduled setting or on an emergent basis. Urologic cancers may 
involve adjacent viscera, vasculature, and soft tissue and body 
wall structures so that additional surgical expertise is necessary 
to complete the exenterative task at hand and support recon
structive efforts. The multidisciplirlary approach ro modem 
cancer care often involves surgeons of multiple specialties when 
addressing complex urologic decision making. Postoperative and 
critical care support provided by the surgical critical care special
ist are essential in ensuring favorable outcomes from complex 
urologic cancer surgery. 1he major anatomic types of urologic 
cancers will be discussed in this section, with a focus on the 
essential basic background knowledge important for me surgeon, 
the fundamental therapeutic approaches for various stages of 
cancer presentation, and the role of tbe surgeon in support of 
these patients. 29 

Renal Tumors 
With the current use of ultrasow1d and CT for a number of 
indications, most renal tumors are discovered incidentally, with 
the patient beirlg asymptomatic. When signs and symptoms arc 
present, the most typical of these are hematuria, pain, Bank 
mass, weight loss, or constitutional symptoms stemming from 
metastatic disca~e. which is present approxirl1atdy 25% of newly 
presenting renal cell cancers. Currently, the classic triad- Aank 
pain, Hank mass, and hemaruria-is actually present in less than 
10% of renal cell cancers. Underlying risk factors for renal cell 
carcinoma include tobacco smoking, von Hippd-Lindau syn
drome (VHL), tuberous sclerosis, acquired renal cystic disease 

from chronic renal failure, and a number of specific genetic and 
fan•ilial factors. Because most (z65% to 75%) of solid renal 
tumors larger than 3 em represen.t renal cell carcinomas, biopsy 
of renal lesions prior to surgical extirpation is reserved for spe
cific indications, such as suspicion that the Lesion represents a 
metastasis from a nonrenal primary, or that one is dealing with 
an atypical renal neoplasm, such as lymphoma, minimally fat
contaiJling angiomyolipoma, sarcoma, or pscudotumor. Renat 
cell carcinoma is one of the malignancies for wllicb paraneoplas
tic syndromes have been well described, including hypercalce
mia, anemia, Stauffer's syndrome, and erythrocyte sedimentation 
rate (ESR) elevation. Variants of renal cell carcinoma include 
clear cell, papillary, collecting duct type, medullary, and sarco
matoid . Although these histologic variants have different prog
nostic implications, the technical considerations relevant to the 
surgeon are sirllilar. 

Cystic renal masses present diagnostic challenges. Depend
ing on specific aspects of renal cystic lesions, their risk of repre
senting cystic malignancies must be considered.30 The Bosniak 
classification system describes cystic renal masses according to 
their malignant risk, ranging from category 1 (simple cysts) to 
category IV (cysts associated with enhancing or soLid dements). 
Category Ill and rv cysts are usually treated as representing 
cystic renal cell carciJ1omas. Various berugn renal masses are also 
described, with the most common and important being renal 
adenomas, angiomyolipomas, and oncocytomas. 

Evaluation for renal masses includes imaging of the primary 
tun1or, usually with a multi phase comrast-enhanced Cf scan or 
MRI study, and a metastatic evaluation that irlcludes abdominal, 
retroperitoneal, and chest imagi11g. Also, based on clinical sus
picioJ1 or abnormal laboratory studies, bone and brain in1aging 
arc performed. 

Staging for the more common and important urologic 
malignancies, including renal cell carcinoma, is described in Box 
73-1. 1l1c gradirlg system for renal ceU carcinoma is the Fuhrman 
grading system, on a scale &om [ to £V. 

Renal cell carcinoma is primarily a smgical disease. For 
renal rumors that are diagnosed in the absence of metastases, or 
for those w.ith a solitary metastasis, extirpative smgery is the 
standard approach, with resection of solitary synchronous 
metastases when technically feasible. With the advent of modem 
immunocl1erapy protocols and chemocl1erapeutic drugs such as 
sUJlitinib (a small-molecule, protein receptor tyrosirle kinase 
inhibitor) for the treatment of metastatic renal cell carcinoma, 
many cancerous kidneys are currently removed (cytoreductive 
neph rectomy). 1lus is done even. for widely meta~tatic disease, 
assuming that the performance status of the patient justifies 
surgery, as part of an adjuvant treatment program. 

Surgery for Renal Cell Carcinoma 
The primary lesion of renal cell carcinoma may be treated with 
radical or partial nephrectomy. Recent studies comparing the 
achievement of a negative surgical margin and long-term local 
recurrence rates for partial nephrectomy (nephron-sparing 
surgery) versus radical nephrectomy have supported an aggres
sive approach to renal preservation for many cases of renal cell 
carciJ10ma. Evidence has shown that a complete tumor resection 
can be achieved while leavi11g a meaningful amounr of perfused 
functional parenchyma with adequate c.ollectiJJg system drain
age. Partial nephrectomy su.rgery may be straightforward when 
dealiJ1g with a small, well-encapsulated, superficial, exophytic, 
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Staging of Kidney Cancer: Primary Tumor (T) 
TX: Primary tumor cannot be assessed 
TO: No evidence of primary tumor 
T1 : Tumor 5.7 em, limited to kidney 
T2: Tumor >7 em, limited to kidney 
T3: Tumor extends into major veins, adrenal, perinephric tissue, 

but not beyond Gerota's fascia 
T3a: Tumors with direct adrenal involvement, perinephric fat, but 

not beyond Cerota's fascia 
T3b: Tumor extends into renal vein(s) or IVC below the 

diaphragm 
T3c: IVC involvement above diaphragm 
T4: Tumor invades beyond Gerota's fascia 

Staging of Bladder Cancer 
• Stage 0: Cancer cells are found only on the inner lining of the 

bladder (this :stage also often called stage Ta). 
• Stage 1: Cancer cells have proliferated to the layer beyond the 

inner lining of the urinary bladder but not to the muscles of 
the urinary bladder. 

• Stage II: Cancer cells have proliferated to the muscles in the 
bladder wall but not to the fatty tissue that surrounds the 
urinary bladder. 

• Stage Ill: Cancer cells have proliferated to the fatty tissue sur
rounding the urinary bladder and to the prostate gland, vagina, 
or uterus, but not to the lymph nodes or other organs. 

• Stage IV: Cancer cells have proliferated to the lymph nodes, 
pelvic or abdominal wall, and/or other organs. 

Staging of Prostate Cancer 
The 2002 tumor node metastases (TNM) staging system is used 

to stage prostate cancer, as follows: 
• T: Primary tumor 
• TX: Primary tumor cannot be assessed 
• TO: No evidence of primary tumor 
• T1 : Clinically inapparent tumor not palpable or visible by 

imaging 
• T1 a: Tumor incidental histologic finding in 5.5% of tissue 

resected 
• Tl b: Tumor incidental histologic finding in >50.kl of tissue 

resected 
• T1 c: Tumor identified by needle biopsy (because of elevated 

PSA level); tumors found in one or both lobes by needle 
biopsy but not palpable or re liably visible by imaging 

• T2: Tumor confined within prostate 
• T2a: Tumor involving less than half a lobe 
• T2b: Tumor involving less than or equal to one lobe 
• T2c: Tumor involving both lobes 
• T3: Tumor extending through the prostatic capsule; no inva

sion into the prostatic apex or into, but not beyond, the 
prostatic capsule 

• T3a: Extracapsular extension (unilateral or bilateral) 
• T3b: Tumor invading seminal vesicle(s) 
• T4: Tumor fixed or invading adjacent structures other than 

seminal vesicles (e.g., bladder neck, external sphincter, rectum, 
levator muscles, pelvic wall) 

IVC, Inferior vena cava. 
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Staging of Testicular Cancer* 
• Stage 1: Cancer is found only in the testicle. Removing the 

testide alone should cure the patient, a lthough many will 
choose some form of additional treatment just to be sure. 

• Stage II: Cancer has spread to the lymph nodes in the 
abdomen. Removing the testicle alone will not cure the 
patient, and more treatment is necessary. 

• Stage Ill: Cancer has spread to areas above the diaphragm 
such as the lungs, neck, or brain. There may be also be cancer 
in some parts of the body such as the bones or liver. In this 
situation, chemotherapy is absolutely required. Surgery may 
also be needed. 

• Stage IV: To the best of my knowledge, there is no such entity 
as stage IV testicular cancer. However, it is possible that the 
term stage N testicular cancer may still be used in some 
places in Europe. Stage IV is probably very similar to stage Ill. 

• Recurrent: Recurrent disease means that the cancer has come 
back after it has been treated. It may recur in the same place 
or in another part of the body. 

TNM Definitions 
Primary tumor (T): The extent of primary tumor is classified after 

radical orchiectomy. 
• pTX: Primary tumor cannot be assessed (if no radical orchiec

tomy has been performed, TX is used). 
• pTO: No evidence of primary tumor (e.g., histologic scar in 

testis) 
• pTis: lntratubular germ cell neoplasia (carcinoma in situ) 
• pTl: Tumor limited to testis and epididymis without lymphatic 

or vascular invasion 
• pT2: Tumor limited to testis and epididymis with vascular or 

lymphatic invasion, or tumor extending through the tunica 
albuginea with involvement of the tunica vaginalis 

• pT3: Tumor invades spermatic cord, with or without vascular 
or lymphatic invasion 

• pT4: Tumor invades scrotum, with or without vascular or lym-
phatic invasion 

Regional lymph nodes (N) 
• NX: Regional lymph nodes cannot be assessed. 
• NO: No regional lymph node metastasis 
• Nl: Metastasis in a single lymph node, 5.2 em in greatest 

dimension 
• N2: Metastasis in a single lymph node, >2 ern but not >5 ern 

in greatest dimension, or multiple lymph nodes, none >5 ern 
in greatest dimension 

• N3: Metastasis in a lymph node >5 em in greatest 
dimension 

Distant metastasis (M) 
• MX: Presence of distant metastasis cannot be assessed. 
• MO: No distant metastasis 
• Ml : Distant metastasis 
• Mla : Nonregional nodal or pulmonary metastasis 
• Ml b: Distant metastasis other than to nonregional nodes and 

lungs 

*In reality, however, there are many subclasses as well, so it can become complicated. The complete TNM Staging Protocol is used by most physicians worldwide today, 
as defined the American Joint Committee on Cancer (AJCQ. 
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polar lesion, or complex when dealing with larger central lesions 
that involve the renal hilar structures. When a kidney contains 
multiple tumors or a large central tumor not amenable to partial 
nephrectomy, or when a partial nephrectomy presents an unrea
sonable level of risk with regard to postoperative hemorrhage, 
necrosis, or loss of collecting system integrity, radical nephrec
tomy is appropriate. All urologists who manage renal cell card
noma surgically should becomfortablewitb radical nephrectomy 
and varying Levels of complexity of partial nephrectomy. In 
many centers, many renal surgery procedures are performed 
laparoscopically or robotically, including complex partial 
nephrectomy procedures and radical nephrectomies for Large 
tumors, when the requisite specialty expertise and technology 
support capabilities are available. 

Whether performed through a standard open surgical 
approach or laparoscopic or robotic technique, the anatomic 
principles of radical nephrectomy are the san1e. Selecting an 
incision requires a cl10rough knowledge of abdomiJlal and Aank 
aJlatomy and an appreciation for the relational anatomy of the 
kidney when distorted by tumor. Although a midline incision is 
workable for renal surgery, transverse aJHerior abdominal, flank, 
or thoracoabdominal .incisions may have advruuages in certain 
situations, especially when dealing with a large upper pole mass 
that may be adherent to upper abdominal viscera. When working 
with a renal vein or inferior vena caval thrombus, additional 
considerations come into play, with extensive exposure to the 
great vessels in 1the uppermost abdomen or, potentially, exposure 
to cl1e chest, heart, or atrium becoming necessary. 

Dissection of the renal pedicle wim ligation of a renal 
artery must precede vein ligation to prevent massive swelling, 
rupture, ru1d dru1gerous bleeding from the kidney. 1he renal 
artery may be approached on the left side by identifying and 
following me aorta to the point at which the left renal vein 
crosses it aJlteriorly; the arterial pulse can often be palpated at 
that level and, with cautious mobilization of the vciJ1, the artery, 
which typically Lies posterior to the vein, cru1 he Ligated. Alter
natively, tbe kidney, encased in Gerota's fascia, may be rotated 
anteriorly and the artery may be approached and ligated from a 
posterior approach. After determination that no accessory arter
ies are present (by reviewing the preoperative imaging studies 
ru1d direct assessment in cl1e operating room), the renal vein may 
be ligated ru1d divided. For renal cell carcinoma, an extra-Gerotal 
nephrectomy il' performed. That is, me entire perinephric fascial 
envelope containing the perinephric fat as a margin arow1d the 
kidney parenchyma ru1d tumor arc excised intact. The ureter is 
Ligated and divided where convenient. If a negative surgical 
margin around the tumor can be achieved and the adjacent 
tissues appear benign, the ipsilateral adrenal glru1d is generally 
spared whenever possible. 'This is certainly feasible in most cases 
of lower pole and midkidney lesions. 

Bulky tumors may be adherent to or invade other local 
non urologic structures. In these cases, adequate radical nephrec
tomy may require splenectomy {on the left side), distal pancre
atectomy, partial resection of me colon and/or mesentery, and 
resection of Aank musculature. On the right side, segmental or 
wedge resection of cl1c liver, duodenum, colon, or other adjacent 
structures may be necessary. Although the need for surgical 
support for such adjacem organ resection efforts may be sus
pected on me basis of physical examination findings or pre
operative in1aging, loss of fat plru1es between adjacent orgru1s does 
not necessarily predict direct adbesion or invasion. Only on 

operative assessment may it be possible to determiJ1e what else 
needs to be excised along with the kidney and Gerota's fascia. A 
regional lymph node dissection .is oftCJl performed wim a radical 
nephrectomy although, based on most evidence, it is more helpful 
as a staging and prognostic endeavor man a therapeutic one,. 

If a renal vein or vena caval tumor thrombus i.s presem, the 
surgical approach will vary, depending on the level of the throm
bus and features of me prin1ary mmor. 111e specific details of 
me approach to me renal vein and vena cava when a tumor 
clvombus is present basically relate to obtaining complete proxi
mal and distal control of the vena cava ru1d all major collaterals 
ru1d being prepared, possibly, to deal wim massive transfusion 
requirements, Cell Saver blood recirculation capability and, if 
cl1e tlvombus extCJ1ds above me diaphragm or into the right 
atrium, cardiopulmonary bypass. Excellent descriptions of the 
medical challenges and surgical exrirpative approaches for renal 
vein and vena caval thrombus resection are available in cl1e 
urologic llterature.31 

In most cases, in the setting of macroscopic lymph node 
involvement, distant metastases, ru1d/or cytoreductive nephrec
tomy, the primary goal is just to remove the involved kidney. 
W hen dealing with bilateral renal cell carcinomas, both kidneys 
may be addressed at the same initial operative setting. or the 
surgery may be staged, witb a decision being made as to wbecl1er 
a partial nephrectomy {versus a radkal neplvectomy) is feasible 
on one or both sides and a decision made as to which kidney to 
approach first. Mru1y urologic oncologists wi ll deal wi th the 
larger and more challeJ1ging kidney initially ru1d then proceed 
with the contralateral resection if me procedure is progressing 
weiJ and the patient cru1 tolerate the additional surgery at the 
same setting. 

For partial nephrectomy, a negative margi11 should be 
obtained wim roe parenchymal resection, although the trend has 
moved toward more emphasis on preservation of parenchyma 
ru1d only a few millimeters of normal parenchyma around the 
tumor is often considered necessary. Various techniques for safe 
partial nephrectomy using laparoscopic or robotic instrumenta
tion lbave been described, wim the a high success rate for renal 
salvage and the positive margiJl and local recurrence rate reported 
as being in the acceptable range of less thru1 5%. 1l1e general 
principles for partial nephrectomy include achieving a negative 
surgical margin, identification ru1d suturing of signilicru1t seg
mental renal vessel brru1ches, ru1d collecting system repair when 
roe collecting system is eJ1tered and/or partially resected. To 
complete a meticulous partial nephrecwmy wimout undue 
blood loss, regional hypothermia with atraumatic vascular 
clamping of the renal artery and surface cooBng of the kidney 
with iced saline slush are effective. When the tumor is in a polar 
or peripheral lateral location, direct parencl1ymal compression 
may be adequate to provide reasonable hemostasis during partial 
nephrectomy without renal hypothermia. When laparoscopic or 
robotic approad1es are used for partial nephrectomy, the same 
options exist {direct parencl1ymal compression versus renal 
artery damping wim a laparoscopic bulldog clamp); local hypo
cl1ermia is more cumbersome to use laparoscopically and, with 
rapid ttlmor resection and damp times of less than 30 miJ1utes, 
cl1e risk of irreversible loss of renal function with this approach 
is minimal. Tissue sealants, hemostatic agems, and absorbable 
mesh reconstruction of the kidney are all useful teclmiques to 
aid in the completion of a partial neplvectomy in the open surgi
cal, laparoscopic, or robotic setting. 
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Urothelial Cancer: Upper and Lower Trad 
Urothelial carcinoma may affect any part of the urinary tract, 
from the renal calyces to the external urethral meatus. Cancer 
of the urinary bladder is the most common malignancy involv
ing the minary tract and represents one of the most common 
causes of cancer-related death in adult male parienrs. Most cases 
are diagnosed in the aging population. 

The causes of many bladder and other urothdial cancers 
haves been well-described. Tobacco smoking is the most common 
identifiable cause in the Western Hemisphere. Other important 
contributing causative factors include chronic inflammation 
from indwelling catheters, stones, foreign bodies, or recurrent 
infection. There is a well-known association be[Ween bladder 
cancer and schistosomiasis, with Schistosoma hematobium infec
tion being most frequently described. Certain types of industrial 
exposure history are also well known to cause bladder cancer; 
aniline dyes and various aromatic amine compounds are impor
tant culpri ts, as are other common chemical exposures, such as 
an10ng rubber, leather, dye and petroleum workers. Cyclophos
phamide (Cytoxan) exposure also is a risk factor for bladder 
cancer. 

The most common presenting fi nding for bladder cancer 
is gross painless hematuria, which is present in over 75% of 
patients. Other signs or symptoms that should raise suspicion 
of urothelial neoplasm include chronic irritative voiding symp
toms, pelvic mass and, for upper tract urothelial cancers, signs 
related to upper tract obstruction, such as flank pain or fl ank 
mass. 

Staging of b ladder cancers and upper tract urothelial malig
nancies relates to the deptl1 of iJwasion and involvement of 
adjacent or remote structures. Ta disease refers to papillary 
tumors, with involvement of only the mucosa. Tl tumors 
involve the lamina propria, and T2 disease involves the detrusor 
muscle. Higher stages of the local tumor reAect involvement of 
perivesical fat or adjacent organs. The standard TNM staging 
system describes lymph node and distant metastatic disease. 
Tumors are graded (l to 4) based on histologic and cytologk 
indications of aggressiveness. 

Urine cytology or bladder wash cytology is highly sensitive 
for the diagnosiis of high-grade urothelial malignancies but 
insensitive for low-grade papillary disease, so a negative cytology 
result should never dissuade one from pursuing a bematu.ria 
evaluation or other suspicious signs of potential urothelial 
malignancy. 

The most common histology for bladder cancer is transi
tional cell carcinoma (TCC), comprising over 90% of cases in 
most populations. Squamous cell carcinoma (5% tO 1 Oo/o) is 
related co schistosomal infeccion, chronic inflammatory states, 
and smoking. It ofu~n presents with a high stage and is typically 
muscle-invasive at presentation. Adenocarcinoma (l% to 2% in 
che United States) may be urachal in origin, is typically seen at 
the upper bladder dome, and is also related to a history of 
bladder exstrophy. Any patient determined to have an adenocar
ciJlOma of the bladder should have a complete evaluation of the 
gastrointestinal (GD and other systems to ensure tbat the tumor 
has not arisen from ru1other organ system. Adenocarcinoma of 
the bladder also typically presents with high grade and stage and 
is usually musde-invasive on presentation. Some adenocarcino
mas of the Ltrotheliuru may be mucin-producing. 

Most TCC:s present as low-grade, noninva~ive, papillary 
lesions, which are amenable to control with transurethral 
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resection (TUR). A small percentage of patients with low-grade 
papillary bladder TCC may develop a simultaneous or meta
ch ronous upper tract tumor, so upper tract imaging should be 
considered at diagnosis or follow-up. Patients with low-grade 
papillary TCC of tbe bladder, after having de£nitive TUR, 
should be followed periodically with office cysroscopy and cytol
ogy because the long-term recurrence race is approximately 50%. 

Carcinoma in situ of the bladder (Tis) is a flat, high-grade 
neoplasm involving the mucosa. Urinary cytology is usually 
positive, ru1d patients may describe irritative voiding symptoms. 
Cystoscopically, patients may be noted to have reddish patches 
or irregularity of the mucosa; it is difficult co distinguish such 
lesions visually &om inflammarory processes so, when suspi
cious, bladder biopsies for histology should be obtained in addi
tion to bladder washes for cytology. In addition to fulgu ration 
for focal lesions, standard therapy for carcinoma in situ of the 
bladder consists of serial Bacille Calmette-Guerin (BCG) intra
vesical instillations. Intravesical BCG significancly decreases the 
invasion and progression rate for carcinoma in situ of the 
bladder, compared with trru1surethral fulguration alone. Opti
mizedregimens ofBCG plus interferon have also heen described, 
particularly for initial BCG wuesponsiveness. Mru1y urologists 
also will pursue maintenance BCG instillations over the follow
ing 2 years after an initial response. 

In addition to BCG intravesical immunotherapy, various 
intravesical cben1otherapeutic agents are available, such as mito
mycin C. Mitomycin C is often imtilled into the bladder imme
diately following standard T UR of papillary low-grade rumors 
(with l -hour indwelling time), because it has been shown to 
decrease me risk of tumor recurrence. 

For muscle-invasive bladder cancer, for select cases of prob
lematic recurrences of high-volume noninvasive disease, and for 
carcinoma in situ of cl1e bladder that has failed or recurred fol
lowing intravesical therapy, radical cystectomy is the standard 
approach. Although the standard approach is cluough a midline 
laparotomy incision, laparoscopic cystectomy with urinary 
diversion subsequently being performed through a smaller inci
sion is gaining popularity in some referral centers. Staging prior 
to cystectomy should involve CT of the abdomen and pelvis, 
preferably contrast-enhanced, chest imaging ru1d, depending on 
laboratory findings or clinical suspicion, occasionally bone or 
brain imagiJ1g. In tl1e male, radical cystectomy iJwolves the 
removal of the en tire urinary bladder en bloc with the perivesical 
fat, prostate, seminal vesicles, and pelvic lymph nodes. In the 
female, radical cystectomy typically involves en bloc removal of 
tbe female pelvic viscera, alcl10ugh salvage of these structLLTes 
may at times be considered, depending on the detaiJs of the case. 
The level of aggressiveness of the nodal dissection varies among 
urologists, but may include internal, external iliac, and obturator 
nodes and may extend up to tbe aortic bifLLTcation. Bulky disease 
may require involvemem of cl1e general surgeon for resection of 
mesentery or rectosigmoid tissue. If a lesion is fixed to the pelvic 
sidewall and is inm10bilc on preoperative bimanual examination, 
neoadjuvruu chemotherapy is generally provided and, at times, 
radiation therapy, rather than entrance into the pelvis wicl1 the 
attendant morbidity ru1d high risk of obtaining a grossly positive 
twnor margin. 

In certain situations, a ureduectomy is also performed 
along with a radical cystectomy, particular!)' if there is extension 
of urorhelial disease into the urethra or the presence of certain 
types of prostatic or prostate urocl1elial involvement, or bladder 
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neck involvement in the female. If the uredtra is lefr in situ, one 
must consider the possibility of delayed urethral recurrence 
(approximately I 0% risk), and the urethra should w1dergo 
appropriate surveillance with washings and endoscopy. 

There are various approaches to urinary diversion available 
ro the urologist, including a simple ileal conduit, more complex 
forms of cutaneous catheterizable reservoirs with continence 
med1anisms, and orthotopic bladder substitution or neobladder 
creation, which involves anastomosis to the uredtra and allows 
relatively normal voiding. 111ere is an extensive and complex 
history involvimg the use of intestinal segments in the urinary 
tract for urinary diversion following cystectomy and in other 
reconstructive settings. The surgeon should be familiar with the 
metaboUc, mechanical, and other risk factors associated with the 
use of intestinal segments in the reconstructed urinary tract, 
including electrolyte abnormalities, bone demineralization, 
mucus production, stone formation, chronic infection, diarrhea, 
vitan1in B12 deficiency, and increased cancer risk.31 

111e selection of the type of urinary diversion foUowi ng 
cystectomy must take into account any history of pelvic radia
tion, the presence of renal insufficiency, liver fw1ction abnor
malities, and the mechanical ta~ks for which the patient will be 
responsible. 

For advanced bladder cancer, typical chemotherapy regi
mens are combination platinum-based, the most commonly 
used is MVAC (111ethotrexate, vinblastine,Adriamycin [doxoru
bicin], cisplatin) or GC (gemcitabine, cisplatin). For patients 
who caru10t £Olerate fuU platinum-based reginlens, modified 
regimens of lower potential toxicity (e.g., carboplatin) are avail
able. 111e complete response and long-term disease-free survival 
rates for metastatic bladder cancer are low. 

For upper tract TCC, the standard treatment is surgical 
resection. For Low-grade papillary lesions of the ureter or renal 
pelvis, endoscopic ablation may be attempted using a uretero
scopic or percu tancous nephroscopic approad1 and clectroresec
tion or laser ablation procedures. For bulkier or more invasive 
lesions of the upper urinary tract, the standard approach is 
complete nephroureterectomy, including the entire ipsilateral 
ureter with the ureteral orifice. For lesions iJwolviJlg the lower 
ureter only, distal ureterectomy with ureteral rein1plantation 
into the bladder is appropriate therapy, as long as more proximal 
disease has been delinitively excluded through imaging and 
eJ1doscopic assessment. Laparoscopic approaches have been 
developed for me surgi.cal management of upper tract TCC, 
including laparoscopic nephroureterectomy. aloJ1g with cysto
scopically guided and electroresection-based mobilization of the 
ureteral orifice and intramural ureter. For high-grade, aggressive, 
upper tract TCC, especiaUy lf there is a high suspicion of extra
renal or extrauredtral disease, neoadjuvant cl1emothcrapy is typi
cally offered prior to any surgical extirpative procedure. 

Prostate Cancer 
Cancer of the prostate is the most common noncutaneous malig
nancy and the second most common cause of cancer-related 
deaths in men in the United States. Nevermcless, many prostate 
cancers arc never diagnosed and arc likely to be clinically insig
nificant. The challenge facing the urologist is in diagnosing clini
cally signilicam cancers accurately and treating them effectively 
while avoiding the unnecessary morbidity of treating clinically 
insignificant cancers. Mud1 contemporary clinical an.d basic 
researd1 has gone into distinguishing among these entities. 

Most prostate cancers present in men older than 60 years. 
The vast majority of newly diagnosed cancers found on prostate
specific antigen (PSA) screening or digital rectal examination 
(DRE) and are asymptomatic at the time of diagnosis. Factors 
that are thought to increase prostate cancer risk include a family 
history of prostate cancer, particularly when present in an indi
vidual's father or brothers, advancing age, and African American 
heritage. 

Prostate cancer may be discovered inddentaUy during 
radical cystectomy for bladder cancer or at the time of prostate 
resection procedures for benign prostatic hyperplasia. Most 
prostate cancers are adenocarcinomas ("'95%). Other milignant 
neoplasms include TCC invading the prostate, sarcomas, lym
phomas, and neuroendocrine tumors. Most prostate cancers 
arise in the peripheral zone of the gland. 

Screening for prostate cancer is recommended by the 
American Cancer Society and American Urologic Association. 
Studies are ongoing that will further address the value of screen
ing progran1s and policies. Much of the available evidence sup
pow: the contcntio11 that PSA and DRE screeniJ1g improve 
survival, although there is some controversy. Standard screening 
should be considered in all men older than 50 years. For men 
with elevated risk factcJrs (e.g .• African American, fan1iJy history. 
worrisome symptoms), screening should commence at age 40 or 
45 years. PSA screening in contemporary practice uses an age
speci:fic, normal-rru1ge approach. Men yotmger than 50 years 
should have a PSA level less than 2.5 ng/mL and younger than 
60, less than 3.5 nglmL, with corresponding .increases per 
decade. Serum PSA level testing is also often ordered to obtain 
the total and percentage of free PSA, because the percentage of 
free PSA has important predictive value for gauging the risk of 
having or developiJ1g prostate cru1cer. A percentage of free PSA 
exceeding 25o/o suggests Less than a 10% risk of having prostate 
cru1eer, whereas a percentage of free PSA less than 1 Oo/o may 
predict as high as a 50% risk of cancer. 

The concept of PSA velocity is also useful for gauging the 
risk uf prostate cancer. If the total PSA increases more man 
0.75 U/year, the patient should be assessed for a possible 
iJ1creased risk of prostate cru1cer. 111ese findings also assist the 
urologist in detemllning when and whether to rebiopsy 
patients with a negative biopsy, and how suspicious they 
should be of occult disease. Most urologists cea~e annual PSA 
scree11lng at an advru1ced age (typically, by 80 years), although 
ru1 individuilized approach is appropriate based on medical 
comorbidities. Prostate biopsy is generally done in d1e office 
using a transrectal ukrasound (TRUS)-guided procedure, per
formed under local or regional anesthesia, and usually with a 
transrectal approach. ln certain cases, a transperineal approach 
is used. 1he standard biopsy template involves 12 cores with a 
spring-loaded biopsy instrWllent, obtaining tissue from the 
base, mid, and apex regions, medially and laterally, and from 
the left and right sides. Prophylactic antibiotics are routinely 
administered, cleansing enen1as arc often advised, and ceasing 
ru1ticoagulru1ts is desirable when feasible. Common adverse 
events foUowing TRUS biopsy include rectal bleeding and 
gross hen1aturia, both usuatly self-limiting. Fever and urinary 
infection and retention occur in less than 5% of patients; uro
sepsis occurs, bm is rare (<I%). Occasionally, rectal bleeding 
may be troublesome and require proctoscopy, fulguration, and 
suturing of the bleeding sites in the rectal wall. Approximately 
two thirds of prostate cancers are hypoechoic on TRUS, but 
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approximately one chird have the ultrasoLmd appearance of 
normal prostatic parenchyma. 

Important fi11dings that may be noted on histologic exami
nation of biopsy specimens include cancer (graded using the 
Gleason grading system, on a scale of 1 to 5), prostatic intraepi
thelial neoplasia (PIN, which has premalignant potential in 
some patients), atrophy, and inAammation. 1l1e Gleason score 
is the sum of the two highest and most prominent grades 
observed (e.g., G leason 3 + 4, score= 7). If a positive biopsy for 
cancer is obtained, staging may be appropriate, particularly if 
the cancer has any high-grade foci (Gleason grade 4 or 5), the 
PSA level is markedly elevated {>10 ng/mL). there is suspicion 
by DRE or TRUS of extracapsular extension, or cl1ere is any 
clinical suspicion ofmetastatic disease. Staging typically includes 
CT of the abdomen and pelvis and a nuclear medicine bone 
scan, because the local lymph nodes and bone are important 
early metastatic si tes for prostate cancer. 

Treatment decision makll1g is largely based on whether the 
disease is thought to be localized to the prostate (and therefore 
locally curable) and whether the patient's age and medical status 
justifY an aggressive treatment approach, considering the antici
pated natural history uf the disea..e. For localized disease, stan
dard forms of merapy include watchful waiting. radical 
prostatectomy (open, laparoscopic, or more commonly today in 
the United States, robotic-assisted laparoscopic prostatectomy 
[RALP)), or local radiotherapy via external beam conformal 
therapy or interstitial radiotherapy using one of several available 
isotopes. For advanced disease, androgen ablation therapy is 
often used, generally via luteiJ1i2ing hormone-releasing hormone 
(LHRH) agonists or, less commonly done today, via a bilateral 
simple orchiectomy. 

The ideal cru1didate for watchful waitiJ1g has a low PSA 
level, a low-grade, low-volume tlLmor, and little chance of pro
gressing based on age and medical status. Such patients should 
have regular examiJlations and periodic serum PSA level mea
surements; they may be advised to undergo rebiopsy to deter
mine if their cancer is evolving to a higher grade or volume status 
over time. 

Radical prostatectomy (RP), regardless of the approach, 
involves the complete removal of the prostate and seminal ves
icles through an anterior surgical approach. When technically 
feasible and oncologically appropriate, a nerve-spariJ1g approacl1 
is used, whid1 avoids injury to the cavernous nerves that run 
posterolaterally along the prostate in the neurovascular bundle 
and mediate penile erection. Importam landmarks for RP are 
tl1e dorsal venous plexus anteriorly, bladder neck cephalad, pros
tatomembra.nous urethral junction distally, and rectal wall pos
teriorly. The correct plane of posterior dissection in RP is just 
posterior to the Denonvilliers' fascia. Rectal injury is ar1 uncom
mon but known risk during RP ar1d may prompt intraoperative 
general surgical consultation if it occurs. [n most cases, these 
injuries can be successfully managed with primary closure and 
without colostomy diversion unless there has been prior radia
tion to the region. Laparoscopic prostatectomy and RALP may 
be perfomled rnrough a transperitoneal or extraperitoneal 
approach, although the transperitoneal approach is most com
monly used in the United States. RALP seems to involve a 
somewhat more rapid postoperative recovery and often results 
in less blood loss and decreased transfusion requirements com
pared witl1 traditional open surgery. The anastomotic tedmique 
iJ1 RALP is usual!ly a rwu1iJ1g, monofilament suture, as opposed 
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to the interrupted anastomotic technique commonly used in the 
open RP. 

Patients wim locali7-ed prostate cancer may select radiation 
therapy-external beam therapy (XRT) or permanent or tem
porary brachytherapy. Other fom1s of treatment that can be 
considered for local rrearmenr of prostate cancer include cryo
therapy and proton beam therapy, although long-term results 
for tl1ese modalities are still beiJ1g reported. 

Following prostate cancer therapy. patients are monitored 
for post-treatment morbidities (e.g .• continence, erectile func
tion, voidiJ1g adequacy) and possible cancer recurrence. The 
latter involves PSA restu1g and potentially repeat metastatic 
evaluation , when indicated. If a patient bas a positive surgical 
margin after RP, be may be referred for postoperative XRT or, 
at times, observed for signs of a PSA recurrence. lf postoperative 
XRT is plarwed, it is usually delayed for approximately 6 weeks 
until initial recovery of continence is observed. Long-term 
follow-up for prostate cancer patients should continue at lea~t 
10 years, if not permanently, because very late recurrences can 
occur. [f the PSA level becomes significantly detectable or is 
rising after definitive treatment, it may be appropriate to con
sider repeat TRUS of the anastomotic region, possibly witl1 
rebiopsy, and repeat metastatic evaluation to decide wbecl1er to 
proceed with local XRT. androgen ablatiOJ) merapy. or observa
tion. In advanced prostate cancer, androgen deprivation therapy 
may become ineffective, with clu1ical and/or PSA progression 
observed in spite of appropriate hormonal therapy. [n mese 
cases, second-line treatment includes amiandrogens, chemo
therapy. and investigational agents. 

Testicular cancer 
Curative treatment for testicular cancer is one of the great 
success stories of modern oncology. TI1e vast majority of testicu
lar tumors represent germ cell tumors {>90%); imerstitial cell 
(Leydig, Sertoli cdJ) tumors, other malignar1t lesions (lym
phoma, metastatic lesions) ar1d henign lesions represent less than 
1 Oo/o of lesions. Any solid intratesticular mass is likely to repre
sent a malignant germ cell rumor ar1d is typically treated as such 
unless tbere is a strong suspicion to the contrary. 

Malignant germ cell tumors are categorized as seminomas 
or nonseminomatous tlU11ors. Seminomas are mostly of the 
cla55ic or typical variety (85o/o); less common are anaplastic 
seminomas (lOo/o) and spermatocytlc (5%) varieties. Spermato
cytic seminomas typically present in older men. Nonseminoma
tous tumor types include embryonal carcinoma, yolk sac rumor 
(presenting in infants ar1d children), choriocarcinoma, and tera
toma; each of these may ma1Ufest in pure form or as a mixed 
tumor type. The non~erm cell tumors are usually nonmalig
nant; less than l Oo/o of Leydig or Sertoli cell tumors are consid
e.red malignant. [ntratubular germ cell Jleoplasia (ICGN, or 
carcinoma iJ1 situ of the testis) is an important entity to delineate 
by histology. It often accompanies malignant tumors and may 
also be found iJ1 the palpably normal. contralateral testis on 
biopsy, u1 whid1 case it often prompts the initiation of radio
merapy to prevent a gross tumor from fom1u1g contralateraUy 
iJ1 the future. 

Risk factors for rl1e development of germ ceU tumors 
include aJ1 undescended testis and cryptorchidism. 1l1e risk is 

greatest with the intra-abdominal undescended testis: there is a 
lower r isk, but still elevated, in testes located in a groin position. 
Various imersex abnormalities are also risk factors for germ cell 
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rumor. HIV infection is thought to be a risk factor for testicular 
cancer. It is controversial whether testicular atrophy of a benign 
cause elevates germ cell tumor risk. 

Patients rypically present with a painless enlargement, 
heaviness, or mass involving tbe testis. On examination, a non
tender mass is usually appreciable. Any scroral mass lesion rhar 
cannot be definitively determined to be benign on physical 
examination should undergo scrotal ultrasou11d. Patients who 
have a hydroce le:' or other cystic lesion of the scrotal contents 
should also undergo ultrasound if the testis cannot be defini
tively palpated and determined to be entirely normal. Other 
lesions of the scrotal contents tbat may at times be difficult to 
cllstinguish from a testis rumor include epididymo-orchitis, epi
didymal tumors (usually benign), torsion, and trauma. Patients 
may also manifest constitutional sympcoms related w metastatic 
cllsease, such as back pain, pulmonary symptoms, weight loss, 
or abdominal mass. 

Pati.ents with seminoma are 30 to 40 years old; nonsemi
nomatous tumor patients often present at yow1ger ages (25 to 
35 years). Yolk sac t~LIDors manifest in infants or children 
younger than 10 years. Lymphomas of the testis usually are seen 
in men older tlhan 50 years. 

Metastatic disease from testicular cancer typically follows a 
predictable tetroperitoJJeallymphatic path, altbough choriocar
cinoma is notorious for hematogenous spread early to distam 
sites. From the right testis, initial lymph node metastasis is to 
the pericaval, and interaortocaval nodes; on the left, to left para
aortic nodes, and then on w other retroperitoneal nodal levels 
on ei ther side. If the patient has had prior groin o r pelvic surgery, 
the natural lymphatic distributions may be altered and d1e meta
static pattern may be unpredictable, potentially leading to 
involven1ent of the inguinal or pelvic nodes. Distant metastases 

are typically seen to the lung, liver, brain, bone, kidney, and 
adrenal gland. The likelihood of a man's presenting with meta
static disease is approx.imately 20% for seminoma and higher 
(30% to 60%) wim nonseminornatous tumors. 

Testis tumor patients should undergo complete metastatic 
evaluation. 111is includes complete laborawry srudies wirh serum 
tumor markers (~humaJ1 chorionic gonadotropin fhCG], 
alpba-fetoprotein fA FP], lactate dehydrogenase [LDHJ) , and 
cr scanJling of the chest, abdomen, aJld pelvis, preferably prior 
to o rchiectomy to avoid postsLLTgical artifacts. Bone and/or brain 
imaging would be included based on suspicion in individual 
cases, altbough brain imagiJ1g should be performed for all ellO
riocarcinomas. The staging approach uses the standard TNM 
system. 

The standard tumor markers noted are particularly useful 
iJ1 managing testicular cancer. On the basis of their predictable 
half-lives, one can gain i11formation regarding metastatic disease 
a11d a lso follow patients with precision after definitive treatment. 
The half- life of [3-hCG is 24 to 36 hours; for AFP, it is 5 to 7 
days. Patients arc categorized into risk categories based on meir 
histology, staging, and sites of disease. 

The stru1dard initial treatment for testicular tumors is a 
radical inguinal orchiectomy (Fig. 73-21). This is performed 
through a groin incision, with mobilization of the spermatic 
cord from within the inguina l caJlal and mobilization of the 
testis from me scrotwn witbin the intact parietal tunica vaginalis 
sac. his important not to enter the tunica vagiJlalis inadvertently 
during the mobilization, because there is a small risk of wmor 
spillage o r contan1ination of d1e wound wiili rnallgnaJlt cells 
from a surrounding hydrocele. The spermatic cord is ligated higb 
at the level of tbe internal iJ1gulnal ring; a permanent marking 
suture should be lcfr at that level as a landmark in case further 

FIGURE 73-21 Advanced testicular carcinoma. A. Preoperative appearance of the scrotum in a patient with a large right testis tumor. The normal 
left testis is seen pushed cephalad by the right-sided mass. B, Surgical exploration through right inguinal incision, showing the right testis that 
has been d issected from the scrotum in an extravaginal plane, still attached by the spermatic cord pedide to the right. C. Massive retroperitoneal 
lymphadenopathy in the same patient. Note that the descending colon is opacified with contrast, but all other viscera are pushed cephalad so 
that no small intestine is seen in this image. The patient was managed with primary chemotherapy following by retroperitoneal lymphadenec
tomy for the residual mass. 
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surgery with cord stump removal is indicated. Trans-scrotal 
biopsy of the contralateral testis may be considered in certain 
cases, particularly if the patient is known to be azoospermi.c or 
severely oligosper mic, the other testis is atrophic or has a history 
of corrected cryptorchidism, or compliance with regular 
follow-up is unlikely. 

Following orchiectomy, further treatment depends on the 
histology. risk category, stage of disease, and patient preferences. 
Further treatment may consist of regular survcillance, retroperi
toneal radiation therapy, retroperitoneal lymphadenectomy 
(RPLND), systemic chemotherapy, or a multi.modal therapy 
approach. The decision making is complex, is still evolving, and 
is beyo11d the scope of dtis discussion, but several general prin
ciples apply: 

• For seminoma stage 1 disease, one must decide among 
surveillance, radiation co regional lymph nodes (25 to 
30 Gy), or limited propbylactic chemotherapy. Semi
noma is a radiosensitive tumor but the radiation has 
potential morbidity, with a risk of delayed secondary 
malignancy as high as 15o/o within 25 years of 
treatment. 

• For nonseminoma stage I disease, the options include 
RPLND. surveillance, and chemotherapy. 

• For seminoma stage II, abdominal radiation therapy 
is typically favored; for stage IIC or III, platinum
based chen11otherapy is offered. 

• For nonsenJinoma stage IIA or liB, RPLND is most 
often recommended; chemotherapy is recommended 
for stage IIC or ill disease. 
Standard, commonly used chemotherapy regimens for 

metastatic testicular cancer include BEP (bleomycin, etoposide, 
dsplatin). If one elects to proceed with RPLND, this can be 
accomplished through an open surgical or laparoscopic approach 
{requiring advanced skill) using a standard dissection template 
and, when possible, a nerve-sparing approach to preserve ejacu
latory function. The general surgeon may become involved in 
tl1ese procedures based on the need to deal with involved viscera 
or severe adhesions to major abdominal vasculature; this is par
ticularly relevant in the post-XRT or postchemotherapy setting, 
il1 which severe desmoplastic reaction may be encountered. 
Dense adbesions between a residual nodal mass and tl1e wall of 
tl1e aorta are frequently encountered following d1emotherapy, at 
times requiring great vessel excision and replacement. Liver mes
enteric involvement and od1er complexities of tbe abnormal 
retroperitoneal anatomy may require ge11eral surgical or vascular 
surgical expertise and should be preplanned whenever possible. 
Many patients undergoil1g RPLND will have been exposed to 
bleomycin chemotherapy, whid1 requires meticulous intraopera
tive anesthetic management because of the exquisite sensitivity 
of iliese patients to elevated oxygen exposure; often, the anes
thetic is run e.~sentially on room air ventilation ill mese cases. 

Following orchiectomy and prior to any additional therapy 
for testicular cancer, consideration should be given to preserva
tion of fertility. Patients should be made aware of me potential 
impact of radiation, chemotherapy, or RPLND on the ability co 
ejaculate and on spermatogenesis. It is essential that patients be 
offered sperm cryopre.servation prior to therapies tl1at could 
adversely affect their reproductive potemial. 

Overall, long-rerm survival for testicular cancer ranges 
from 98% to 99o/o for stage I seminoma or nonsentinoma to 
40o/o to 80o/o for stage II or III seminoma or nonseminoroa. 
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Penile. Urethral, and Other Genital Malignancies 
Other less common genitourinary neoplasms will occasionally 
require tl1e involvement of the general surgeon. Penile cancer is 
an uncommon malignancy, generally squamous cell histologi
cally, and often associated with d1e uncircumcised state, chronic 
phimosis, and local infecdon. Chronic infecrion witl1 human 
papillomavirus (HPV) has been implicated in many cases. 1l1e 
mainstay of dlerapy is local excisional control of me primary 
lesion by circumcision, if isolated to tl1e prepuce, distal penec
tomy, or radical penectomy. For invasive lesions, inguinal 
lymphadenectomy may be advised. This dissection may expose 
the femoral vessels, which reqLtires local 8.ap coverage, typically 
usil1g the medially rotated sartorius muscle. TI1e surgeon may 
need to assist with vascular repair or dissection. 

Urethral cancer is more common in women than in men, 
but is often seen il1 association wim chronic infla.nm1atory states 
or wiili ureiliral stricture disease in men. Transitional cell carci
noma may be seen in the most proximal urethra; most bulbar 
and distal male urethral cancers are squan1ous cell. Local control 
may iJwolvc partial or total urethrectomy and sometimes a11 
aggressive en bloc resection of me external genitalia, wim cysto
prostatectomy and partial pubectomy. 

Squan10us cell cancers of cl1e scrotum were first described 
in chimney sweeps because of cl1e carcinogenic effects of inspis
sated soot. Local excision is the mainstay of therapy. 
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904. 913-914. 913f 
Anastomotic leak 

bariatric surgery, 375, 383 
descripdon of, J 15-318, 315t 

A naswmotic pseudoaneu cysms, 
1716-1718, 17 17f 

Anatomic snuffbox, 1954 
Anemia 

of chronic illness, 589 
mc:galoblasric, l 203 
pernicious. 1206 
postg<~strecromy occurrenc.: of, 

1203 
sickle cell, 1553 
in uremic parienrs, 938-939 
wound healing affected by, 167 

Anesthesia. Sec also Local anesthetics 
airway management during, 404, 

404f-405f 
aspiration during. 402-403 
blood pressure mon itoring 

during. 395 
cardiac arrest risks, 1 03, 4 07 
central nervous system 

monitoring during. 396 
circularory complicadons of, 

410-41 1 
elocrrocardiographic mon irorinF. 

during. 395 
epidural, 407-408 
equip menr used in, 394 
fasting before, 402-403, 402b 
general, 403-404,4 10 
hand surgery, 1959. 1962f 
historical descripdons of, 4-5 
hypothermia after, 4 10 
hypo~ntilation after, 409-410 
hypoxemia after,109 
monirored anesthesia care, 403, 

408 
nausea and \fOmidng caused by, 

410 
neuromuscular blockade 

moniwring during. 
395-396, 396b 

O>.-ygenation mon itoring during, 
395 

padcm monitoring during. 
394-396 

posranesrhesia rnre, 409-411 
in pregnancy, 2033-2034 
preoperative evaluations. 396-403 
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Anesthesia (Coutilwrd} 
airway examination, 396-397, 

397b 
=diovdscular disease. 397-400 
endocrinology, 402 
hepatic disea&.>, 401-402 
metabolism, 402 
nutrition, 402 
pulmonary disc:'a~·. 400-40 I. 

40It 
renal disease, 401-402 

regional. See Regional anesthesia 
respiratory complications, 

409-410 
risks associated with, 403 
roboric-conrrolled, 4 23f 
selection of technique, 403-404 
spinal. 406-407 
temperature rnoniroring during, 

395 
vetuilarion monitoring during, 

395 
Anesthesia machine. 394 
Anesthesiology 

American Society of 
AnesthesiologistS physirul 
status classifirution. 337. 
403 

h ismry of, J 89 
pharmacologic principles of, 

389-394 
Anesthetic agentS 

induction, 391-392, 39lt 
inhalarional, 389-390, 390t 
i nuavenous, 390-394, 391 t 
neuromuscular blockers. 

392-394, 393t 
opioids, 392 

Aneurysmal bone cysr, 784r, 1593f. 
1990 

Aneurysms 
alxlominal aorric. Sec Abdominal 

aortic aneurysms 
berry, 1879·1883 
coronary array, 1645-1646 
ddinirion of, 1697 
femor-al artery, 1755 
fistular, 1778f 
infrarenal, 1698f 
ldi- vemricular, 1672-1673 
mycotic, 1884 
peripheral arrecy, 175 5 
popliteal artery, 1755, 1756f 
saccular, 1879-1883 
splanchnic. 1761-1763, l762f 
splenic artery, 1761-1763, 1762f 

Angin:t, chronic stable, 1656-1658 
Angiodysplasia, 1175, 1179 
Angiofibroma, 808-809, 809[ 
Angiogenesis 

nun or, 699· 700 
in wound healing. 158- 159 

Angiography 
mesenreric. I 174-1175 
peripheral am·rial dise-d~ 

t"Valuarions, 1733-1735 
splenic trauma evaluations. 458 

Angioplasty 
balloon, 1748, 1751 
carotid, 1768- 1770 
cutting balloon, 1751 
renal, 1759-1761 
subin timal, 1747- 1748 

Angiosarcoma, 845, 1459 
curaneous, 764 

Angiotensin I, 108, %8 
Angiotensin fl, 1758 
Angularion, of fracrures, 482-483 
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Anidubfungin, 270t 
Animal bites, 551-5)3, 1979 

193-491, 491f 
Ar<KI<c-D·ra<:nraJ index, 17 25. 1729, 

1738 
Annelid W<lrrns, 5(;11 
Anomalous left coronarv artcrv 

1.392 

Anorectal junction, 1298f 
Anorectal malformations, 

181'J-18~1, 1819b, 18SOf 
1383 

Anterior L1scial compartment, 504t 
Anterior lumbar fusion, 

nf lumbar 

Antiamebic antibodies, 111S 
Antibacterial creams, 171 r--172t 
Antib.lcrtrial ointmenrs, 171 t-172r 
Arnibiotics, 2'ill-25(; 

activity spcc:tra of, 257-261, 258t 
arrti n·oglyu;sirks, 261 

bloodstream infections 
treated with, 256 

clind.1mycin, 261-262 

disease treated with, 2)7 
Croh n's disease treated with, 

1250 

dwrapy, 2)4-2)5, 
255b 

iJUllt<KjUin<ll<l!lCS, 262 
risks stcondary 

to, 266 
in in.suillcicncy paLicnls, 

1\-lactam. See 1\-Lactam 
antibiotics 

26.3 

pharrna<:ol·lincti<:s oC 250-251 
pol·vm~rxin,s, 260-2G 1 
por;rs[Jle1necror11y use of 

Antibiotics (Coutiuued) 
f(Jr arterial reconstruction, 271 t 
bariatric :361-362 
cepnaJ<lSfl<lflns, 25Jt 

salves, 
sdcctit1Il 

251 

spontaneous bacterial per·iro-nitis 
tt"eated with, 1 1 

tcrracvclines, 261 

topicJ.l, for burn wounds, 
SjJ-5:31 

262-264 

rypes of, 255, 255b 
venriJan,r-,Lssoci,lted pnrur11onia 

treated with, 

Anribody--clepen<iertr cellular 
cyl<ltc•xicity, (;:35, 72:3, 7:36 

Antibodv-mcdiated reaction, 6:37-6111 
Anticoagulant 53 
Anricoagul,ltion, 224, 
AntidiurctiL· hormone 

water mected 108-109 

interl<cub:in--2 receptor 
antibodies, 645 

Arnilynrprwcoytc gl<lbulin, G1·4-(;·i5 

burn wound care using, 532-534. 
SJJt 

inhibited by, 
Antivenorn 

black widow spider. 554 
for marine 558 
f,,r sr~c-tkcbires, 

Antral gastritis. 11 n 
Antrc<:tomy, 1198, ll :J8f 

895 

diagnostic evalu.1rion of, 138.3 
physical examination of. 1:383 

Aorta 
163)-1636. 

lhoracic 

1700f 
Aortic .1rch 

anomalies, 16J5-1G:37 
1641£" 

hyr)or,lasia of, 1635-1636 
imernupred, 1636-1637. 

Aortic stenosis, 1685-1688 
cardiac: catheterization for, 1687 
causes of, 1685--1686, 1686f 

of, 1G87, 1(;87f 

echocatrdiograJphy oC 1687 
elec:troc,lf·dio;gr.l[Jhy of, 1 687 

1687. 1688t 
1686-1687 

examirlati,on oC 1687 
symptoms of. 1687 
tre.ltment of. 1688, 1688f 
valvular. 16:31 

Aortic transcctinn, 453f 
Aortic valve, 1685-1690 

of. 1685, 1686f 
1(;85 

1690-169], 

Aortoiliac lesions, 17/L-3, 1744t 
Aortoiliac occlusive dise-1sc, 

17111-1718 

APC gene, 706, 1338-1339 

1116, 1129 
1116 

111G-1117 

12811, 

348 

ga,:trc<enreritis versus, 1 282-1283 
geriatric patients, 318 

historical oL 1279 

ul urascmnd oC 
Arc: ,,f RioLw, 1298, 130:3[ 
Arcade of Struthers, 1 983-1984 
Arciturnornab, 737l 
Arcuate line, 112 9 
Argentaffin cells, 1259 
Argon be.1m 236 
Arnnld's 
Arornatase 

breaBt cancer treated wirh. 863 
clc,;cription of, 343-314 

Arrhvthrnias. :301, :301 b 
709t 

svndrome, 1754 
.. for hcrnndyndrnic 

monit<Jt"ing, 568-570 

Artt'ria 
Arterial 

Arterial 1778. 1779f 
Arterial rccoonstr·uction 

infection prevention aflcr, 271L 
for, 251, 27lt 
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Artt'rial thrombosis, 673 
Arteriosclero.~is, 1726 
An .. riovcnous fis111la, tmf. 

1785-1786 
traumatic, 1879 

Arteriovenous malformations, 1175, 
1573, 1876-1878, 1877f 

dural, 1885 
An:ificial bun·, 473t, 474 
Aslx:sros, 709t 
Asomding aorta diSSC'Ction repair, 

1721f 
Ascending cholangitis, 148 1 
Ascending colon, 1294-1295 
Aso·nding suppurative cholangiris, 

1440 
Ascites, 1098-11 02. 1098b. 

1525-1526 
Ascitic Auid analysis, 1099, II 001 
Asepsis, 5-6 
Aspart<ttc aminorr.msfcrase, 1430 
Asparrate arninorr.rnsfemse-ro-

alanine rr.ansaminase rario, 
219-220 

Aspergilloma, 1587 
Aspergillosis, 268, 1587 
Aspergillus sp .. 265. 268. 1587. 

1588f 
Aspiration 

during anc.qhesia, 402-403 
in intensive .:are unir, 577 
postoperative, 340-341, 341f 

Aspiralion pneumonia, 293-294 
Aspiration pneumon iris, 137t, 

293-294 
Assist control v~nlila.riun, 579-580 
Astrocytomas, 1886-1887, 1887f, 

IS91-1892 
Asystole, 571, 57 1 b 
Atelectasis, 292-293, 577 
Atherecromy, 1751 
Atherosclerosis 

diabetes mellitus as risk factOIS 
for, 675 

peripheral am· rial disea~, 
1726-1727. 1727f 

plaque, 1726 
Atrial fibrillation, 22.4t, 571-572 
Atrial septal defect, 1618- 1620, 

1619f-1620f 
Atriocaval shunt. 461 
Atrioventricular groove, 1650 
Atrioventricular septal defe-ct, 

1621- 1623, 1 62 1 ~1622f 
Arr.-nuared familial adeilomarous 

polyposis, 1339-1340 
Aryp iC<ll ducml hyperpla.<ia, 

827-828, 835 
Arypi.:al hand infections, 1979 
Auerbach's plexus, 1015. 1017, 

1020f, 1184, 1229 
Autogenous fisrula, 1777-1778 
Autogr.Jfrs, 535, 535f 
Auro-PEEP. 580. 1837 
Aurophagosomes, 34-35 
Aurophagy, 34-35, 35f, 699 
Avulsion f racrurcs, 483 
Axilla, 825f 
Axilla•y lymph node.s 

breast cancer merasrasis to, 846 
disocction of, 343, 853-855 
staging of, 853-855 

Axillofcmoml bypass grafting, 1713, 
1714f 

Azathioprine, 642-643, 642t, 709r, 
1250 

Azolcs, 271 
Azoospermia. 2056 

Ar,~:reonam, 228t, 259 
Awlfid ine. Su Sulfasalazine 

B 
B ceU(s) 

description of, 40-4 I , 622 
differentiarion of, 634f 
production of, 632 

B cell lymphoma, 1218, l219r 
B cell rootptor, 632 
Baby Boomers, 329f 
Bacillus Calmerre-Guerin. 2073 
Bacitr.Jcin, 533r 
Bacterial peritonitis, 585 
Baker's cyst, 1728t 
Balloon angioplasry, 1748 
Balloon atrial ~prostomy, for 

t.raosposirion of 1:hc grea1 
arteries, 1630-1632, 1630f 

Balloon ramponadc, 1433. 1433f 
Bannardn-Zonana syndrome. 

1346r-1347r 
B~re metal srcn~:s, 1657, 1747( 
B~riatric surgery 

adjustable: gastric ba11ding 
band erosion. 382 
band slippage, 381 
complicarions of, 381-382, 

3821 
ourcomes of, 377-378 
perigastric approad1, 381 
technique for, 361, 364-366, 

364f-367f. 376-378, 377t 
age of patient, 361 
anastomotic l~ks. 375, 383 
antibiotic prophylaxis before, 

361-362 
biliopancreatic dive!Sion 

compli.:arions of, 383-384, 
384r 

outcome of, 379-380 
rechnique for, 372f-3731: 376 

body contouring afrl"r, 1947·1948 
comorbid condilions, 362 
compli.:ations of. 381-384 
conrraindi.:ations, 361 
conrrove!Sies in, 385 
deep vein thrombosis prophylaxis 

afTer, 376 
duodenal swi1:ch 

laparoscopic, 379-380 
outcome of, 379-380 
technique for, 372-374, 374f 

eligibiJiry for. 360-36 1 
equipment for, 363 
Auid resusciration after, 375-376 
follow-up, 375-376 
gasrroinrestinal trdct le-aks afi:n 

375 
g-~srrojeju nosromy srenosis afi:er, 

383 
history of, 358 
indications for. 361 b 
insurance coverage of, 360-361 
invcstigdtional proc.-dures for, 

385 
laparoscopic sle.-ve gasrrectomy 

outcomes of, 380-381, 380t 
technique for, 373-375, 374f, 

3751 
LAP-BAND 

cumpli.:ations of, 381-382 
outcomt'S of, 377-378 
technique for, 361, 364-366, 

364f-367f, 376 
multidisciplinary ream involved 

in. 361-362. 362b 

Bariarric surgery {Cominurd) 
nausea and vomiting afta, 

382-383 
nurricional consideralions, 146 
operaling room for, 363 
outcomes of, 376-381,3771 
patient education before, 361 
posroperarive care, 375-376 
pregnancy after, 2042-2043 
preoperalive <'Valualion, 36 1-363, 

362b 
pt~monary embolism risks, 382 
reope.rarive surgery, 384-385 
Roux-en-Y g-.1sr.ric bypass 

compli.:ations of, 382-383, 
382t 

hospitalization afrcr, 378 
ma.rginal ulcer after, 383 
metabolic com pi ications of, 

383 
nuuitional considerations, 

146 
ourrcomes of, :l71l-379, 

378t 
technique for, 366-371, 367b, 

368f-37 1 f, 376 
viramin B., deficiency after. 

383 
smal l bowel obstruction afr~r, 

383 
tochn iqucs for. 358. 363-375. 

.:l63b 
veT£ical banded g-~rroplasry, 

364 
Barium .esophagography, I 023, 

1023f, 1025, 1025f. 1044[. 
1047f, 10'52 

Barren's esophagus, 1033-1036, 
1034f, 1080 

Barren='s esophagus, 1840 
Barrholi n's gland cysr or abscess. 

2016-2018, 2017f 
Bartouclln bmulne, I 83 1-1832 
Basal cdl carcinoma 

anal canal, 1405, 1405f 
skin. 761-764. 763f, 1989 

Basal en-ergy expenditure, 582-583 
Basal lamina, 163 
Basal merabolic rate, 129 
Basal-like breaSl cancer. 842. 844 
Base deficit, 74-75 
Basement membr~oc, 695-6,6 
Basement membr.ane zone, 159 
Basilic vein, 1772 
Basiliximab. 642r, 737r 
Bassini L-epair, 1121 
Bassler s ign, 1147r 
Bcl-2, 698-699 
bcr-abl, 1555 
Beck, Claude, 12 
btLkliu-1, 699 
Beckwirh-Wiedconan n syndrome, 

1855 
Bedside surgical procedures 

bronchoscopy, 60 I 
laparotomy, '599 
operating room environment 

repli.:ared for, 596 
overview of. 595 
patient selection for, 599 
percu raoeous dilatational 

tracheostomy, 595, 600 
~rcUl'd neuus endoscopic 

g~trosromy, 600-60 I 
protocol for, 597b 
rationale for, 596, 596f 
safcry pra,tices for, 596-597 
tracheosromy, 600 
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Bee stings. 557-558 
Behcct's disease, 1754 
Belaracepr, 64 2t, 646-647 
BEUEF inslrument, 21 
Below-knee ampuration, 50 I, 1742, 

1742f 
Bence Jones protein, I 593 
Benign familial hypocalciuric 

hypercalcemia, 926 
Benign intr.!cr.!nial hypertension, 

1875 
Benign mdanocyric hyperplasia, 

1989-1990 
Benign prosralic hyperplasia, 

7 14-7 15, 2054-2055 
Bennert's fr.1cture, 1974-1975 
Benzene, 7091 
Benzidine. 709t 
Ben7.odia7..-pines 

in pregnancy, 2033 
sedation use of, 566 

Benzopyrones. 1823 
Berry aneurysms, 1879-1883 
Beryllium, 709r 
Bera blocke!S, 983-984 
Bera cells 

age-rdarcd cl1anges in. 335-336 
hyperglycemic respon~ by, 335f 

Bera error, 195-196 
B-Llcram antibiotics 

allergy ro. 262 
carbapenems. Sec Carbapenems 
cephalosporins. See 

Cephalosporins 
description of, 259-260 
monobaccams, 259 
penicillins, 2'59 

B<"V'.!d7.umab, 316,699-700, 
737-738, 737t, 1582 

Bezoars, 1224 
Bia.nchi procedure, 1846. 1846f 
Bicarbonate, 1189-1190 

colonic ~crerion of, 1307 
pancreatic secretion of, 

1518-1519, 1519f 
Bile 

composirion of, 1480 
functions of, 1480 
hepatocyre secrerjon of, 1478 
liver formation of. 1426- 1427. 

1426t 
Bile acid- dependent riow, 

1426-1427 
Bile acids, 1306-1307 
Bile duct 

adeoomas of, 1453 
anaromy of, 1421, 1423f 
cancer of. See 

Cholangiocrucinuma 
common. Sec Common bile duct 
cysrs of, 1465 
strictures of, 1503, 1527, 153 .1 f 
surgi.:al complications involving. 

321-322 
Bile salts, 1233, 1427, 1478-1479 
Bil.-vel positive airway pressure, 579 
Biliary atresia, 657 

extraheparic, 1852-1853, 1853f 
Biliary colic. 1480-1481 
Biliary cysts, I 503-1505 
Biliary disease 

bacteriology of, 1485 
benign masses, 1505 
calculous 

cholecystectOmy for. 
Sec Cholecy~tccromy 

description of, 1485-1486, 
1485f 
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disease (Contmued) 
larc>ar,oscopic COIIllll<lll bile duel 

1489f-1490f 

fever associated with, 1181 
H uo nodf·oxygluc<1Se po.sitro n 

tomography of. 

r>,1llbl:1dtin cJnct'r. ,)'ee 

Gallhbddcr cancer 
in geriatric patients, 31S-317 
hepatic irnintKlidcclk aL:id sc_-tn 

of, 1482, 1482f 
studies f,,r, 1ii81-!185, 

of, 
magneTic resonance imaging of, 

1483 
malignant, 150S-1 S12 
merasraiic, 1 512 
pain aBsocimed with, 1480-1481 
patb1phvsi<1logy ,,f; !180-1485 
percutaneous transhepatic 

chc1langiography of, 1484 

11811-1181 
1481, 1481f 

Biliary dyskinesia, 1491 
Ililiarv leak, 14'.1'.1-15110 
1:\iliarr sysrem 

liver. See Liver 
ph]rsicdog;vof, 1476-1480 

lllliarY-1oar1creatrc duct junction, 

1:\ilioflarrcnc,lfic diversion 
complic,nions of, 383-384, 

384t 
outcome 
technique 376 

Ililirubin, 1·127 
Ilillroth, Theod<lf, G, M 
1:\illroth l 1 198. 1198f 
Ilillroth 1198. 

1 

1:\ioteedback, 
Iliomatcrials 

hiomimetic, 183, 183f 
cell use of, 183-184 
directed diilcr•cntiation usc t)f, 

183-181 
Biomimctic marcrials. 183. 183f 

fllmors, 783 
ht-eaBt diseaBe, 830--831 
core needle, 83 0-831 
cutaneous mebnoma, 74'i-746. 

746f 

Biorin, 127r 

mammalian, 5') l-))j 
rnarinc, 5"58-)60 
micrc.Jbiolc1gy associated with, 

snakebites. See Snakebites 
S'i3-'i'i5, 'i511~55'if 

'i56 557 

amtomy of 2047-2048 
injuries. ro, 2064-2065, 20G4f 

Illadder 213 
Bladder ourltr ohstr1w1 in11. 

205·1-21155 
Blalock, Alfred, 11, 11C 1G2G-1G27, 

1626f 
Blalock- shunt, 1626-1627, 

1G27f 
modified, 1640f 

Blast tmJma. 612--61.3, 612r 
li!CjJharcopL"'tv, 1929 

monitoring ;omtsrhesia, 

.3'15 
Illood subsLitULes, 100-102, 589, 

589h 
Blood 
Blood trar:rslusior:rs, 

wiLh, 311 
in inrensive c8re unit, 588-589} 

588b 
Bloomer's shelf. 129~-12% 
Illoom-Obata modified axillarv 

Blunt trauma 
abdominal 

resticular ruprure caused by, 
2067f 

Ilochdalek's hernia, 1571. 1831-1835 
L:onLOuring 

bariatric 

.suciion-assi.sted "t""''''"l• 
1 ~18-19·19 

Ilodv heat, 77 
Rod;_, mass index, 128-129 

d;scssrncnt of, 117 
bari.uric indications based 

on} 

morbid obesity. 358 
Body tern perature rnonitoring, 

during ant'sthesia, 395 
warer. 1 04-1 05 

128, 147t 
nocrr:ra.rv"' syrrcucon1e, 1043-1046 

Bont' tu1nors 
784t. 78'i-787 

Ill, 783 
chcmdrosamoma. 784t, 789, 

789f, 1 )';)j 

encch,mdroma, 781t, 785-786, 
78~C 1990, 1990r 

fibrous 786. 786f 

malignanr, 1)';)3 
manae;errrcnt of. 783 

resecrion of, 78.3-784 
osteorchc,ndlrolma, 1 ';l90t 
<lStcoid osteoma, 1990, 1990t, 

1 'J'!lf 
skekral reconstruction of. 784 

Borrel!a ~~G-~~7 
Borrrndnn svstcrn, 

1206-1207, 1207f .. 
Bouch,lfd's nodes, 1992 
Bowel t1b.sLrucLion 

in Crllhn's disease, 12'i 1-1252. 
1252f 

after bat·ianic 

1989 

1773 
BRAF, 
Brain ,1bscess, 191.3. 19 13f 
1:\rain 670b. 671f 
Ilrain 1902, 1902f 
Br,Jin tumors, 188(;-1892 

astt"ocytomta, 1886-1887, 1887f 
ependymoma, 1888 
CALld-<LIUd", 1888-1890 
henllangiol0lastonla, 1888 
Jfl[l'a-,IXIJJ, 1886-1892 
meningiomas, 1888-1889, 188CJf 
metclSl:ari•c, 1890, 1891f 
olir•rJ<J,cndrorlio:ma. 1887-1888 

auenorllas, 18')11 
primary central nervous systcrn 

lympho-ma, 1888 
ncurocctodcrrnal 

turnors, 1888 
189() 

Branched--chain amino acids, 124 
Branchial clef[ cvsts, 814 
Branchial cleft r~mnants, 1833 
BRC41, 707, 8.35-838 
BRC42, 707, 835-8.38 
Breast 

.1bnorrnal of, 828 
absct'ss of. 
absence ,,f; 828 
accessory, 828 
an8tomy ot 825f 
axillarv nodes oL 
congc;lil3l ddC)rrnitics oC 

of. 838-839 
1cJ35 

ddornlities of, 1935 
dC\'cl<lpfiJ!Cfll of. 827-828 

svsrem oC 82G, 82M 
fat necr~1sis of, 840 

microscopic anatomy of, 826 
830 

oL 840 
rissuc 

Ilreast augrnenlation, 1933-1931 
Breast cancer 

mct8srasis to, 846 
853-8'i5 

844 
BRCAI, 707, 83'i-838 
BRC42, 707, 83'5-838 
ch,:moprcev<cntion f,,r, 837-838 
corltralar<:ral breaBt, 882 
ductd! carcinorna in situ 

breast L:onscrvation lhcrapy for, 
856-857 

811b 

843f 
812-815 
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Breast cancer (Coutinurd) 
mammographic screening, 

831-832, 832t 
mastectomy for, 852-853 

breast-conserving d1erapy 
versus, 84 8-849, 848t 

ductal carcinoma in siw, 
855-856. 856r 

indications for, 852 
lump<.'Ctomy versus, 848-849 
modified radical, 852-853 
nipple-areola-sparing, 853 
prophyl~cric. 838 
radiation therapy after, 858, 

859t 
mdical, 846-848, 852-853 
reconsrn1ction after. 85 2 
simple, 852-853 
total, 846-848, 853f 

merasrasis of, 84 6 
mole-cular markers of, 842-845 
momlity rates. 832t 
neoadjuvam systemic therapy for, 

863-864 
nipple involveme1n, 830 
noninvJsive, 840-842, 841 b, 

841f 
in older adults, 865 
pathology of, 840-84 5 
personal hiswry of, 834 
pregnancy-associa[ed, 1035-1037, 

2043 
prophylactic mastectomy for, 

838 
radiation therapy for, 858 
raloxifenc for, 837-838 
rt'Currena of, 850f, 871 
reproductive risk factors for, 

836 
risk assessments, 836-837 
risk facrors for. 83 4-838. 834 b. 

835t 
sentinel lymph node:- disoc'Crion, 

853·855 
staging of, 846, 847r 
subtypes of. 842-845 
surgical treatment of, 846-855 

brtoasr-conscrving therapy, 
848-852, 848t, 851 f, 
856-858 

history perspectives on, 846 
1Uil1JX'Ct0111Y, 848-849 
masreaorny. Ste Breast canar, 

masrecromy for 
planning of, 849-850 

surveiUancc of, 83 7, 882 
systemic rherapy for, 859-864 

chemotherapy, 860-862, 861 b 
decision making for, 860r 
goals of. 859-860 
neoadjuvam, 863-864 
rrasruzumab-ba:sed 

chemotherapy rc:gimens, 
86 1b.862 

ramoxifen for, 837-838 
T M sraging of, 846, 847t 
treatment of 

aromat<tse inhibitors, 863 
clinic11 trials, 866 
endocrine, 862-863 
ovarian ablation, 863 
radiation therapy, 858 
sutgery. Sec Breast cancer, 

surgical uearmenr of 
systemic. &c Breast cancer, 

sysocmic therapy for 
ramoxifcn, 862-863 

rriplc-ncgadvc, 84 2. 844 

Breast disease 
adenoma, 839 
ben i~n, 835 
biopsy of. 830-83 1 
chemotherapy for, 343-344 
clinical presentation of, 343 
core needle biopsy of, 

830-831 
diagnosis of, 828-831 
epidemiology of, 312-313 
fibroadenoma, 839 
fibroc)•stic, 827·828 
fi ne-nccdle aspiration biopsy of. 

830 
in geriatric patients, 342-344 
hamartoma, 839 
imaging of, 831-834, 833f 
pathology of. 343-344 
pacicnt history rcga rding. 

828-829 
peau d'orao~, 829-830, 829f, 

865 
physical exam in3tion of. 

829-830, 829f 
radiation therapy for, 34 3 
screening of, 343 
surgical excision of, 833-834 
rrearmem of, 343-344 
wide-localized surgical ,•xcision 

of, 833-834 
Breast imaging, 831-834 

descriprion of. 83 1 
magnetic resonanC<" imaging of, 

832,833f 
mammography, 83 1-832, 

832t 
ultrJSonography, 832. 833f 

Breast pain, 827-828 
Breasr ptosis, 1934 
Breast reconstruction 

abdominal-based flaps for, 
875-878, 876f 

aurol ogous, 875-878 
combination, 873-874, 874f 
complications of, 879-882 
comralareral breast. 882 
deep inferior epig-astric am:ry 

perforator flap for, 875-877, 
876[ 

delayed. 852 
general surgeon·~ role in, 870 
gluteal-based flaps for, 877, 

877f-878f 
history of, 870..871 
immediate. 852 
implanr-bascd, 872-873, 872b, 

873[, 881 
inner rh igh-based flaps for, 

877-878, 880[ 
latissimus dorsi fiap for. 873-874, 

874b, 874f 
oncoplastic surgery, 878-879 
options for, 872b 
parienr selection for, 871 
planning of, 871-879 
procedure selection, 871, 

872b 
radiation therapy effects, 882 
superficial inferior epig:asrric 

artery Aap for, 875-877, 
877f 

surveillance after, 882 
timing of, 871 
transverse rectus abdom in is 

myocuraneous flap for, 875, 
875b, 881-882 

transverse upper gracilis flap for, 
877-878, 880f 

Breast surgery, 1932-1935 
breast augmentation, 1933-1934 
breast ptosis, 1934 
far grafri ng, 1934 
gynecomastia, 1934-1935 
mastopexy, 1934 
reduction mammoplasty, 

1932-1933 
Brea>'t CllmOI'S, 845 

angiosarcoma, 845 
phyllodcs rumors, 84 5 

Brtasr-conserving lhcrapy, 848-852, 
848r. 851 f. 856-858. 871. 878 

Breathing 
ass.>ssmem of, 437 
trauma assessmentS, 437 

Bronchi, 1572-1573 
Bronchiectasis. 1586 
Bronchioloalveolar carcinoma, 1574 
Bronchogenic cysts, 1571, 1572f, 

1602-1603. 1836 
Broncholithiasis, 1586 
Broncl1opleural fisrula, I 597-1598 
Bronchopulmonary disorders, 1586 
Bronchopulmonary dysplasia, 

1829-1830 
Bronchopulmonary sequestration. 

1836-1837 
Bronchoscopy, I 054 

bedside, 601 
diagnostic, 60 I 

Bronchoscopy, rigid, 1585f 
Brooke formula, 530-531, 530t 
Brown recluse spiders, 554-555, 

555f 
Brunner gland adenomas, 1258 
Buccal mucosa canC<"r, 80 I 
Buckle &acrure, 480-481, 482[ 
Budesonide, 1249-1250 
Buerger's disease, 1752-1753 
Buffalo hump. 1820 
Bullous emphysema, 1589, 1589f 
Bu.nnell's no man's laud, 1964-1965 
Bupivat:oJinc, 406, 406t 
Burkitrs lymphoma, 1218, 1219t 
Burn(s) 

acid, 543-'i44, 544f 
alkali, 5/j3, 544f 
body mass affected by, 526, 526f 
caloric requirements in, 142 
cardiac ourput after, '526 
cardiovascular system effects, 5 27 
catecholamine elevations 

secondary ro, 524, 526 
causos of, 521 
caustic, I 040-1043, 1042f-L043f 
cenrral nervous system Jailure 

C3used by, 537 
chemical, 521, 543-544, 544f 
in children. 53 1. 538r 
classification of, 142, 521 
depth of, 522-523, 522b, 523f 
edema caused by, 526-527 
dtetrical. 521, 542-513 
environmenral support for, 538 
escharoromies for, 531, 531 f 
exerciSt' for, 'i38-539 
first-degree, 522, 522b, 523f, 

1041 
fluid resuscitation for, 142, 

529-530, '530t 
fourth-degree, 523 
gastrointestinal system cffl'CtS, 

528 
hemawlogic failure caused by, 

537 
hepatic failure caused by, 537 
hypcr:glywnia after. 541-542 
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Bum(s) (Contimlt!d) 
hypermerabolic respon~ ro 

attenuation of, '537-542 
description of. 524-526. 525f. 

527f 
insulin-like growth factor for, 

539-540 
nunpharm~cologic modalities, 

537-542 
oxandrolone for, 540, 540[ 
pharmacologic modalities, 

539·54 1 
propranolol for. 540-54 I. 54 0f 
rocombi nanr human growth 

hormon'· for, 539 
immune sysrcm dfecrs, 528-529 
incidence of, 521 
inflammation cau~d by, 526-527 
inhalation injury, 'i31-532, 532t 
initi.al asSt'ssment of, 529 
local changes OJ used by, 521-523 
macrophage production after, 

528 
maMgcrncnr of, 529-532 
mechanica l venriladon for, 537 
mulriorgan failure caused by, 

535-536 
nuuidonal supporr for, 141-143, 

J42t-143t, 537-538 
in older adults, 354 
organ failure caused by. 536-537 
outcomes of, 544-545 
pathophysiology of, 521-529 
pneumonia secondary ro, 536 
prehospiral management of, 5 29 
pulmonary failure caused by, 537 
renal failun· caused by, 531>-537 
renal system effecrs, 527-528 
rule of nines for, 142, 523, 'i23f 
second-degree, 522, 522b, 523[, 

1041 
size estimations, 'i23. 523f, 524r 
summarv of, 545 
systemic changts secondary ro, 

523-529, 524f-525f 
tetanus prophylaxis in, 531 
rhird-<k.ogrec, 523, I 04 1 
rotal body surface ru-ea 

calculations, 142, 523, 
529-530, 538 

lrachcosrorny for, 537 
zones of injury afrer, 521-522, 

522f 
Bum un irs, 5 22b, 54 5 
Burn wound, 532-537 

antimicrobials for, 532-531, 533t 
aurografrs for, 535, 535f 
coverage of, 534-535, 535f 
dressings, 532, 533t 
excision of, 143. 534 
inirial, 529 
ropical antibiotics for, 533-534 

Burst fracLUres, 510, 511 f 
Buschke-LOwensrein di~ase. 1402, 

1404 
BunerBy fragment, 482, 484f 
Buttress plates, 4 86 
Butyl-.2-cyanoacrylar(, 135 
Butyrare. 1306 

c 
Cl. 58-60 
C cells, 881>, 912-913 
C fibers, 411 
CA·l25, 715, 1022 
CA19-9, 714, 1537, 1555 
Cadmium, 709£ 
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Calcineurin inhihirors 
cyc:loi:porin-e, 3'i4, 6.36-637. 

nephrolt1Xicity associaLcd with, 
618 

Calcir>hylaxis, 9.3'1 
'AJLUU>H"Cl, 1Li, 891,893,925, 

925t, CJ28, 1005 
Calcium, 112--115, 127r 

calcitonin effccrs on, 113 
descripti<l!l ,,£; 112 
h0111cosrasis of 925f 
hypcrcalcnnia, 114-115 
h Yl" oca.bcrnicl, 1 Li-111 

cJ21-925 
f>JdOU><dLn." of, 112, 924 

gluconatc, 113-111, 301 
Calcium oxalate stones, 2058 
Calcium salrs, 117 

Camper's t:.Jscia, 1 088 
Camptodactyly, 1992 

1334 

,)'ee Bn .. ~lsr cancer 
colorecraL See Colorecral cancn 
epiclcmic1lo;~y of; G'J2-G93, (;93[ 

708 
cS0[.1ha1;eal. See Esopha:geal 

L:drKcr 

gasLric. See Gaslric cancer 
of. 70.3-704 

burden of. 692 
and neck. See !lead and 
neck cancer 

incidence of, 692, 695f 
lip, 7'J8-7')CJ, 7CJCJ[ 
lung. See Lung cancer 
morraliry rares for. 694f 

(;93 

6n 

rcctd!. RcL:lal cancer 
stem cells and, 183, 699 
testicular, 2076f 
Lhvroid. See 
types oC GcJ1t 

2077 
Lll<JLJlCJl<U, 2073-21171 

725b 
Cancn Liver Italian l'rogr,lm, 

1455-1456, 1456r 
C"ull:cr vaccines, 729 
Candida dermatitis, 313 
Gmdzda sp. 

Canclidemia, 266-267 
definition of, 269-270 
in non-nturroptnic patitnts, 

26CJb 
nosocomial. 265 

Candidiasis 
invasive, 2G'Jb 
mclnagernem nf, 269b 
111lHLIIlJC"tl, 267 

speclra of. 258t 
de:;criipriun of, 259-260 

absorption oC 1231-1232 
c!Jiises of. 122-123 

of. 12.30-1232. 1231f 
hepatic metabolism of. 

1·127-1128 
requircn1t'nts of, 

1831 
Carbon dioxide 1735 
Carbon rnonoxide, 
Carbon monoxide diffusing 

15G'J-157CI 
Carbox:vpnricillins, 259 
Carcinoembrvonic antigen, 713, 

1460 ' 

Cdrcinogcncsis 
colorecral, 1342f 
description 7113-712 
head and cancer, ?:Jci-79'5 
viral, 7lll-712, 711b 

Carcin "l~e111S, 708--712 
708-710, 709t 

i nftcrious, 71 0-71 
radiarion, 710 

Carcinoid 

associared with, 12GO 
malignalll, 1260 
.som8tost8tin for. 1262 

Carcinoid tumors, 12)9-1262 
anal canal, 1·1 08 
apjperg}i,ceal, 12'10-1291 

lEsions oL 1260 
cldSsificaLinn nf, 12S~) 
clinic3l rndnifcstation~ {)C 

1259-1260 
de>ui]Jticm of, 1221-1222, 

of, 1260-1261, 1261f 
distritJurion of, 1259r 

1259 

259 
rnagnelic resonance irndging of, 

1261 
medical tre,ltmenr of. 1261-1262 
mer,L>rasis of 1259r. 1262 

1259 

125';lr 
1261-12(;2 

Carcinnrnd. See also Cancer; 
McLasrases: Neoplasms: 
'Jtm1or(s) 

adenoid 807f. 812-8U, 
1 '>91-1 592 

adenosquamous, 808f 
adrenocorrica\, 979~980, 979( 992f 
basal cell 

cU1al canal, 1105, 1<i05f 
skin, 761 763f, 1989 

brc>ncllioloalvc<llar, 1571 
ductal carcinoma in situ. 5ee 

Ductal carcinoma in situ 
epi<Jerrnoid, 1405~ 1407, 1406f 

inlilLrating 8<]2 
infiltrating tubular, 812, 813f 
lobular carcinoma 

squamous celL See Squamous c:cll 
carcinon1a 

transitional 
verniL:ous, 

Carcinoma ex nit'On1m'ohic 
adenoma, 

C"ucinosarL:ornas, 1061 
Cardiac a rrtsr 

during anesthesia, 403. 407 

Card inc ,1rrhy1:h rn ias, 
Cardiac cat.neteriza.ucm 

aortic sleno~is cvaludtions, 1687 
congtn iral heart disease 

evalua.rions, 1615-1616 
1655-1656 

c:ompressivc shoc:k, 570 
Cardi8c conrusion, 452 
Cardiac index, 
Cardiac in juries, 
Cardiac ourpur, 570--572 
Cardiac 

in 
Cardiac 1639 
Cardia-fundus juncti<l!l, 1067 
Cardiogenic shock, 300 
Cardiomep;aly, 1614f 

8curt abdominal 
associdtcd with, 115,1 

cannulation 1 663f 
cardi,lc arrest, 1664f 
cudir>pl,cgi;l, 1 GG3- )(;64, 1 664f 
cerltrJtugdl pumps, 16611, 16GOf 
conduirs 

ga>>trc>epipluic arrny, 1663 
grcaler vein, 

1 --1662 
inrcrnal mamrnary arre_ry, 

1661, 1661f 
left internal mammarv ancrv 

1661 . ' 

(Contmuerl) 

extramrp<Heal heart pump 
circuit, 16'S9-1660. 1660f 

hcmosrasis 
hvpothcrrnic 

1668-166'! 
arresl with, 

oxygtn consumption during, 
1661 

rarger idenrific,lfion 1664 
three-vessel, 1662f 

from, 1665 
Cardiopul111onary exercise resting, 

roorn, 20 
Cardiollw:racic disease, 352-353 
Cardiovascular diseaBc 

endocarditis 400, 
1oob, 

in gniarric patients, 3.36 
morraliry c,mstd bv, 213 
nbesitv ~nd, 147 . 
pn:op~rctlivc cvalualions in 

wirh, 397-400, 

Cardiovdlicular system 
ag<c-nclal:eG changes in, 

injurytfftcrs on, 527 
critical care oC 5GS-581 
newborn, 1829 

1763-1764, 
cpi,:lcnliol<Jgy oC 17 63 

351 
pathophJrsic,JoisY of, 1763 

1763 

Carotid en,:larrerectolTlJ, 1764- 1768 
cornplicaLions oC 
indications for, 17G1-1766 
posroptmrive c,1re for. 1767-1768 
stmke caused 17GS 
studies 
technique 1766--1767, 1766f 
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Gupal tunnel syndrome, 1983, Cdiac u:unk, 14 18-14 19 Ccrebrovascttlar injuries, 1788-1789 Chemother:apy (Coutiuurd} 
1983f Cell adhesion molecules, 700 Cervical adenitis, 813 soft tissue sarcomas treated with, 

Carrel, Alexis, 8-9. sf. 6 17 CcU cycle, 32-33, 33[, 696-697, 697f Cervical block, 934f 776-777 
Ca~ reports, 194 C ·ll death, 33-35 Cervical fracture-dislocation testicular canC<'r rreared with, 
CaSt' St'rics, 194 apoptosis, 33-34, .Hf, 58, 698f inju ries, 443-444 2077 
CaSt'-conrrol study, 193-194 aurophagy, 34-35, 35f Cervical lymphadenopathy, Wilms' tumor ttl.'ated with, 
Caspases, 34, 34f evasion of, 698-699 1831-1832 1862b z 
Caspofungin, 270r nonapoptotic types of. 699 Cervical mediastinoscopy, 1576 Chenodeo~'Ychol ic acid, 1427 0 

Cast syndrome, 1276 Cell signaling, 3 1-32 Cervica l spinal cord injuries, 443f Chest trauma, 447-455 >:1 
Car scr:atch disease, 813, 1831-1832 enzyme-coupled reu-prors, 32 Cervical spine algorithm for, 448f 
Catecholamincs, 63 G protein-coupled receptors, deg<"nerariv<' diSt'ases of, cardiac injuties, 45 1-452 

biosynthesis of, 968-970 31·32,3 1f 1898-1900, 1899f-1900f chesr wal l, 449-45 1, 450f 
clear.tnC<' of, 970-97 1. 97 1 r ligands. 3 1 injurks of, 509-510, 5 11f diaphragm, 454-455, 454f 
definition of, 108 reccprors, 3 1 myelopathy of, 1898- 1900, esophagus, 453-4';4 
description of, 75 C·ll surface rcc<'ptors, 635-636 1899f evaluation of, 449 
physiology of, 968-970 Cellulitis, 1740 radiculopathy of, 1898 immediate managcme111 of, 448 
sympathoadrt:nal axis regu lation Ccnr:ral hyperthyroidism, 892 Cervical spondylosis, 1899-1900 management of, 448-455 

by, 63 Central li ne-associated bloodmearn Cervical teratomas. 813 pleural sp-aC<', 449-451 
Catechol-0-methyl 1:mnsfcmse, infections, 249, 290 Ccrvicorhorac.ic ganglion, pneumod,omx, 450f 

970-971 antibiotics for, 256 1016- 10 17 rib fractures, 449-451, 450f 
CategoriC~I va riabk'S, 195. 1951 candidemia presenting as, 266 Cervix, 2006-2008 thoracic aorta, 452-453, 453f 
Catheters carheter placement and, 243 Cctuximab, 737r. 738, 1216. 1356 rracheobronchial. 453 

am.•rial, 568-'S?O description of, 24 0 CGI methylation, 708 Chest wall 
bladder, 243 rates of, 249t Chag-as' disease, 1025-1027 desmoid tumor of, 1594f 
central venous. 5« G:mral treatment of, 256, 291 Chance fracrure, 44 1, 442f, 444t i nfecrions of. 1594 

venous C~rhcrcrs Ccnual nenuus sysrem Chandel ier sign, 11 47r merasratic tumors of, 1593-1594 
urinary tract infections caused by, ablative 1.-sioning of. 1903 Charcor sign. 1147r musculature of. I S65f-1566f 

249-250 brain. Se~ Brain Ch3 rcor-Bouchard aneu .ysms, 1883 pectus <'Xcavarum, 1592, 1856, 
Cauda equina, 1895 crit ical can- of, 563-56tl Charcot's triad, 1500-1501 1857f 
Cauda equina syndrome, 5 10 destructive lesions of, 1903 01arges, 19 1 pediatric deformities, 1856-1857, 
Causality, 195 infections <>f, 19 12-19 14, 19 13f Cha rles' proCL"dure, 1825f 1857£ 
Caustic injury, of esophagus, spinal cord. 5« Spinal cord Chemical burns. 521. 543-544. reconstruction of, 1931-1932. 

1040-1043, 1042f- 1043f rumors of, 1885- 1886 ';44f 1932f 
Caval ligament, 14 16-14 17 Onrral venous catheters Chemical dermatitis, 3 12 sofr tiSS\Ie wmors of. 1593, 
Cavernous angioma, 1878- 1879 antibiotic-coated, 243 Chemcxkctomas, 814-815, 160 1 1594f 
Cavernous fistula, 1879f fungal infection risks, 266 Chemokint:S traumatic injuries of. 449-451. 
Cavernous hemangioma, 145 2, hemodynamic monitoring, 569 descriprion of, 44-62 4'iOf, 'i77-578, I 594 

1452f, 2038 Onrral venous pressure, 569 in wound healing, 152-153 wmors of, 1593-1594, 1593r 
Cav-ernous lympha ngiomas, 1825 Om:rifuf;l l pumps, 1660, 1660f Chemotherapy Chiari malformations, 19 11, l9 12f 
Cavirarional ulcrasonic surgical Cephalic v-ein, 1772 agents Chief C<'lls, 924-925, 11841 

aspir:nor. 1886. 1886f Ccphalospori ns, 259 rax:anes, 86 1 Child-Pugh classificadon sysrem, 
CD14, 42 ac£ivity spectra of, 258r rypes of, 861 220, 221t, 143 1, 1431t, 145'i 
CD25, 645 characteristics of, 259 wound healing inhibited by, Children. Ser Pediatrics 
CD27, 630r firsr·generarion, 259 168 Chimeric memsmric melanoma, 
CD28, 627-628, 630t, 646-647 fourth-generation, 259 bladder Clnccr treared with, 2074 734-735 
CD30, 630r in pregnancy, 2032 breasr canC<'r treated with. Chimeric monoclonal antibody, 
CD34, 1257 prophylactic use of, 2531 860-862, 861b 736f 
CD40, 628-629, 630r second-generation, 259 breasr disease treated wi1h, Chimeric receprors, 733 
CD40-CD 154 pathway, 628-629 third-generation, 259 343-344 Chlorambucil, 709t 
CD44, 700 Ceramics. 1922 ca.rcinoid tumors treated with, Chlurhcxidi nt: glucunate, 243 
coso. 627-628, 646-647 G.-rebellar fit$, 190Cl 1262 Chloride, 1307 
CD86, 627-628, 64<>-647 OrebeUar hemorrhage, 1884, 1884f colorecral cancer treated with, Chloroproca ine, 4061 
CD95, 626-627, 630r Cerebral angiography, 670b 1356, 1462-1463 Cholangiocarcinoma 
CD I34, 630t Cerebral blood Aow, 1873, 1873f dcsmoid 1:u mors treated with, classification 0f, 1509-15 10 
CD 137, 630r. 732 Cerebral edema, 585 1096 clinical presentation of. 1510 
CDt52, 630t Orebral perfusion pressure, esoph.ageal cancer treated with, computed r:omography of, 
CD154, 628-629 564-565, 1874, 1874f 1060 1510- 151 1 
CD178, 626-627 Cerebral scinri~raphy, 670b hepatic arr~rial infusion, 1463 definition of, 1508 
CD265, 630t Cerebrospinal uid hcpa[(>c.dlular carcinoma n-.:-ared diagnosis of, 15 10- 151 1 
CD278, 629. 630t description of, 407 with. 1457- 1458 disml. 15 11 
CD279, 630t exCL"ssive. See Hydrocephalus intraperitoneal heated, for inrrahcpatic, 1459, 1509- 15 10 
CD4+ T CL"IIs, 4 1, 621, 632,720, normal tatt' of, 1905 pseudomyxoma peritonei, medical treatment of, 1512 

721f Ccrebn.wa&:ular d.isorders, 1875-1885 1102-1103, I I03f ourcomes of, 1512 
CDS+ T C<'lls. 632. 720. 722f arrc."riovenous n1alformarions. laryngeal canC<'r treated with , proximal, 15 11. 15 1l f 
Cd k i nhibitoty proteins, 33 1876-1878, 1877f 805-806 resectability of, 15 1 0- 15 I I 
CDKN2A, 1536-1537 capillary telangiectasia, I 879 lung cancer m-:ncd wid1, 353, risk factors for, 1508-1509 
G.'Colvolic volvulus, 1316-1317, cavernous angioma, 1878-1879 1582 sclerosing, 1509 

1316f dural arteriovenous mucosa-associated lymphoid sraging of, 1509- 1510, 
Gxum. 1294 malformations, 1885 ci&ue lymphoma treated 1509t-15 10t 
C'.efamandole, 228t Moy-amO)"d disease, 1884-1885 with, 914-915 survival from, 15 12 
C-fawlin, 228r mycotic aneurysms, 1884 neu roblastoma rreated with, TNM staging of, 1509-1510, 
Ccfepime, 259, 264 saccular aneu .ysms, 1879-1883 1860, 1860t 1509t-15 101 
Q{oxitin, 228t sponraneous inrracc:rebral oropharyngeal squamous CL'IJ trt:atmenr of, 15 11- 15 12 
Ofi:aroli ne, 259 hemorrhage, 1883- 1884, carcinoma. 801-802 Cholangiography 
Ccfrazidime, 264 1883b, 1883f-1884f pancrea.ric cancer created with, i nrraoperarive, 1484 
Cduroximc, 228t traumatic arreriovcnous fisrula, 1543 pcrcurancous tranShcparic, 1484 
Celiac axis, 1418f 1879 recral canC<'r treated with, 1357 selective, 1484b, 1493 
C-liac ganglia. 1421-1422 venous ru1gioma, 1879 rcgi mt:ns. 861-862 Cholangiohepatit is, 1508-1509 
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Cholangitis 
acure~ 1 )()0, 1501 

1191[, 1 'ill 1, 

Cholecvstecromy 
dCUl~ calculo~s ch,olccy:;titis 

treated with, 
bile duct caused by, 

outcomes, 1498 
pcrL:utaneous Lranshepdtic 

chc>bngiogra]phy of 1497, 

treatment oC 11%-1498 
leak after, 11cJ9-1500 

ex1rrahe]Jatic bile dun injury 
during, 321 

gallbladder cancer d±ter, 1508 
ueated wirh, 346,347, 

1487 
lap·arc>SC<lpi•.:, 1187, 1191-1493, 

1523-1524, 2039 
lost .stones .secondary Io, 

WJS-1199 
14:!3 

1499 
prc·gn:mcy, 2038-203') 

actJte acalculous, 1501-1 )02, 

1502f 
acute calculous, l-i87- !188, 

1488f 
chronic, 1486,1487, 

1187, 
sclerosing, 1502-1SU3, 

uluasound of, 1482f 

l"h,olecJocl1ollrl11<1>!s, 1488-14';) 1, 
1489r149of, 1499. 
1522-1523 

CholclithiJ!iis 
1-iSG 

in 

Cholic acid, 
U10lin<:rgic anti-inflamm,1toty 

63 
U:rondr•:,itiin sulC:ue, 1992-1 ')cVi 
Chondromas, 1 )93 
Chondrosarcoma, 781t, 78~, 78~[ 
Chopart's 17·12, 1742[ 
Chr0111arin, 
Chromium, 709t 
Chromogranin 950-cJ51 
Chrnrnosorncs 

description of, 25 
structure 26f 

Chnmic 301 
Chronic ambubtory 

di,1lysis, 1 102 
Chronk artcri3l insuillcicncy, 

1727-1729 

Chronic atrial fibrillation, 224t 
Chronic compartmenr syndrome, 

1728t 
Chronk end-stage renal disease, 

219 

bile duct strictures secondary to, 
1f 

clinical manifestations 
cornF>Uted tomography 

as cause oC 1) 27 
treatment of, 1528-1531 

1 )28, 1529 
1529-1531 

1527 

1527 
1528, 

16~6-16'58 

1754 
Chronic stable 

Churg-Strauss 'Y''"'""""' 
1598 

Ch)doperit•"ne>.nn, 182'i 
Chylc•thcJra:x, 1598-1 'i99, 1599b, 

1825 

suppon of; S70-571 
uauma assessments, 437-438 

Circumferential casting, 496 
Circurnflex L:oronary anery, 1650, 

1G51t 
Cirrhosis 

ascites in, 1099-111111 
hepatocellular carcinornd and, 

1454 
Cismracurium, 39.3t, 568 
Cisterna 1302, 1122 
Clark's invaBion, 748, 748f 

GJVi<.:ular fracture, 1594 
Cl:wipc<.:to·ral fascia, 824 
Cl<tybmc,k sign, 11·17t 
Clear cell sarc<Hna, 770t 
Clearance, 2)0-2) 1 

620f 

Cleft and palate, 1 cJ23-1924, 

Clinodacrvlv, 1 ';)92 
chcJrd,oma, 1890 

Clonidine suppression test, ')82t 

Ct1litis 
1177, 1 

diarrhea caused by, 1254, 
1303-1301 

C!mtridium d!/'{Zn:tc-aS>:oclat<et1 
disease, , 257, 286-287 

Clotrimazolc, 270t 
Clustering, 1 ')7 

1129 
pr<'J2;JlcUJcy·rclal<cc! dungcs, 2024, 

Coagularion cascade, 53 
223-22·1 

rars, 
Coarctation of rhe ,1orra, 1635-

16J6!~1G37f 
Co.cciciioi:domy•cosis, 1587-1588 

oertm:Jtm·s. 1801 
Prc,fcssional Conduct, 19 

322-321 

subtotaL 13'i3 
total abdominal, 1,333 

Colitis 

Crohn's, 1283 
diverticuLu-a'"''ciated, 1311 
infectious, U34-133S 

f'"""""""' secrerion and, 1307 

structure oC ](;0-1(; 1 
synthesis of 1 61 

Collision 
C1lloid 
Colloid 

Je'-e.ment of 

absorption in, 1306-1307 
1291-13113, 129Gr, 

cancer oL 5ee Colorcculc:ancer 

Crohn's disease of See Crohn's 
disease 

diverticula of, 1309-1314 
embryology of, 1294, 129'if 

Colon (Contiuued) 
fermentation in, 1:304-1306 

infectious colitis of 1334-1335 
inflammatory bowel disease, See 

ln!Lunntalorv bowel disease 
of, 

motility in, 1307 
nutrient 
obslrLIL:lion t1f. 

intestinal ob,mtJction 
ph1rsk•log,y ,,f; 1303-1308 
pscLldo,-obstrttcti•:m of, 

1317-1318, l318f 

1377-1378, 

secretion, 13117 
stool fonn8tion in, 
stricLLUCS t1[ 1321, 
surgical of; 

1323f 

traumatic injuries of. 465-466, 
165f 

ulcer,nive colitis of See Ulcerative 
colitis 

urea in, 1306 
venous of, 1298-1302, 

1304f 
volvulus of, 1312-U 17, 

Colonic uw""'"'"'' 
Colonic atrt"'sia, 
Cdonic inertia, 137,1-137(~ 
Colonic 1335-1537, 

1:336f, 
Colonic transit studies, 137·1-1376 
ColowJScopv 

acurc lower ga,mcJinre,:tin,al 

bowel cleansing before, 1308 
colorecral c:mct'r using, 

1351, 1.362 
diverticula, 1175, 1310f 
pseudo-t1b.sLrucLion of coltHl 

evaluated using, 1319 
1361f 

'""'uccuac cancer. See also Rccral 
GlnCt'f 

acure lower ga,mcJinre,:tin,al 
hem<lfri1ai;e caused by, 1176 

dclcn o IIld-carcin orn d 
1558f, 1341-1 

AJCC of, 1353-135·1 
caDc·iw:,genes:is of, U12f 

1,356 
1354 

1537 
L337t 

of, 1351, 

fecal occult blood testing of, 
1361-1362 

fdlow-up for, 1354-13'i6 
genes associated with, UJ8-1341, 

1338t 
APCgenc, 1338-1339 
rnisrnaLd-1 
MVH murariorrs, 
oncogenes, 134 l 
Lurnor genes, 
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Colorecml cancer {Comiuu~d) 
genetics of, 1338, 1338t 
in geriatric patienlS. 348-350 
heredim•y nonpolyposis, 705t, 

707, 1205, 1337, 
1349-1350, l349b, 1350r, 
1351f 

large intestinal obstruction caused 
by, 13 17 

liver merasrasis of, 1460-1463, 
1461f, 1462c 

memsrAses, 1460-1463, 146Jf, 
1462t 

pathologic staging: of, 1354 
prevention of, 1360-1362 
right-sided, 1351, 1353f 
screening of. 1360-1362 
signs and symptoms of, 1350 
sporadic, 1337, 1350-1356 
staging of, 1353-1356, 

1355t- 13561 
surgery for 

abdominal colectomy, 1353 
objective of, 1352 
re.~~:ction, 349-350 
techniques, 1353, 1353f 

survivd! rates for, 1354 
TNM staging of, 1353 
treatment of, 1354-1356 
ulcerative colitis as risk facwr for, 

1322 
Coloreccal polyps 

adeno-carcinoma sequence, 
1341-1342 

classification of, 134 2-1343 
definition of. 1342 
hyperplastic, 1344-1345, 1345f 
juvenile, 1345 
pedunculated, 1342, 1343f-1344f 
sessile, 1343f-1345f, 1352f 

C.olorecral surgery, 1308-1309 
Colostomy, 1362-1364 
Colovesical fistula, 1378, 1378f 
Coma 

definition of, 563-564 
increased intracranial pressure as 

CHIS(' of, 565 
narcotic (>vcrdo&Z as cau&Z of, 565 

Comminuted fractures, 1974-1975 
Common bilt! duct 

anatomy of. 1423f. 1476 
choledocholithiasis of, 1488-

1491, 1489f- 1490f, 1499 
laparoscopic exploration of, 

1489-1490. 1493-1494. 
l493f 

open ~xplorarion of, 1490- 1491, 
1494, 1494f- 1495f 

Common hepatic duct, 1419-1421, 
1423f, 1476 

Common iliac artery stem, 1736f 
Communicating hyd.rocephalus, 

1905 
Communicy-,h:qu ired methicill in

resistant Stop/~ylornttiiS n11rrus, 
284-285 

Compartment syndrome, 1792, 
1980-1982, 198Jf 

abdominal. 309-3 11 , 310b. 
431 b, 437b, 471-473, 582, 
5821, 599 

acure. See Acute compartment 
syndrome 

calf, 1792 
chronic, 1728t 
forearm, 1981-1982, 1981[ 
hand, 1980-1982, 1981f 
thigh. 1797-1798 

Compensatory anr.i-inAammar.ory 
response syndrome, 591 

Complement, 58-60, 635f, 723 
Complement cascade. 58, 59f 
Complementarity-del:llmining 

n•gions, 734-735 
Complement-dependent 

cytotoxicity, 736 
Complex sclerosing lesions, 840 
Complicatious. Sec Surgical 

com pi ications 
Componenr separnt.ion t.echnique 

for abdominal wall surgery, 
193';-1939, 1937f 

for ventral hernia repai r, 
1133-1 135, 1134f- 1135f 

Composite tissue transplantation, 
651 

Compression plating, 486 
Computed tomography 

amebic abscess, 1446- 1447, 
1446f 

app;;ndicitis. 348, 1148f 
biliary diSt•ase, 1482- 1483. 1483f 
chronic pancreatitis, 1528f 
congenical heart disease, 

1614- 1615 
Crohn's diseas.:, 1248- 1249, 

J248f 
desmoid tumor, 1095, 1095f 
diverticulitis, 131 1 
esophageal canc.-r. 1052-1053 
esophageal perforation, I 044 f 
gallbladder cancer, 1507, 1507f 
gallstont'S, 1149 
gastric canc.-r staging using, 

1211-1212 
hepatocellular carcinoma, 1454 
neuroblastoma, 1859-1860, 

1859f 
pyogenic abscess Muations. 

!442, 1444f 
rectus sheath hematoma, 1095 
smal l inresrine applications 

infarction, 11'i8f 
neoplasms. 1257f 
obstnrction, ll50f, 1240, 

1241f 
thyroid gla11d Naluations, 90 I 
traumatic brain injury 

c:'V'aluarions. 440-44 1 
Computed tomography angiography 

abdominal aortic aneurysms 
t'V'aluation, 1698( 

chesr injury ~valuations. 449 
periphcra.l anwial discaSt' 

~vd!uations, 1735, 1735f 
vascular trauma, 1786, 1787f 

Computerized provider order entry 
medical error reduction using, 

206, 207b 
surgical salery benefits of, 

206-207, 207b 
Concordant xenografrs, 650 
Concurrent validicy, 427 
Condyloma acuminam, 1402-1403, 

1403f 
Confidence interval, I% 
Confounding, 194 
Confusion, 'i63 
Confusion assessment method for 

identifying ICU delirium, 564 
Confusion Assessment Model, 340 
Congenital cystic adcnomatoid 

malformations, 1571, 1836, 
1870 

Congenical diaphragmatic hernia, 
1834-1836, 1835f 

Congenical heart disease 
anato.my of, 1612-1616 
anesthesia pitfalls associated with, 

1616-16 17 
anomalous sysre.mic venous 

drainage, 1626 
aortopul monary &pta! defect, 

1618. 1618f 
atrial septal defect, I C\18-1 C\20, 

] 619f-1620f 
atrioventricular sepcal defect, 

1621-162.1, 162Jf-1622f 
Blalock-Taussig shunt. 1611 
cardiac catheterization of, 

1615-1616 
coaruation of the aorra, 

1635-1636, 1 636~ 1637f 
computed tomography of. 

1614-1615 
cor rriatriatum, 1625-1626 
diagnosis of, 1613-1616 
doubk·outlct right vcnuicle. 

1632 
echocardiography of, 1614 
electrocardiography of, 1614 
hisrocy of, 1611 
hypoplasric left heart syndrome. 

See Hypoplastic left heart 
syndrom<' 

magnetic resonanc.- imaging of, 
1614-1615 

neurologic outcomes of. 1617 
patent ductus arteriosus, 

1617-1618, 16J7f 
perioperative care for, 16 16-1617 
physical .,xam ination of. 

1613-1614 
pulmonary atresia with an i11~acc 

ventricular septum, 
1628-1629 

pulmonary srenosis, 1630 
single ventricle, 1637- 1643 
tetralogy ofF-allot, 1626-1628, 

1626f-1629f 
rocal :.lllomalous pulmonary 

\lenous return, 16 19-1620. 
1624- 1626, 1625f 

cransposirion of the great arteries. 
Set! Transposition of t.hc 
great arteries 

tricuspid atresia, 1638, 1639f 
truncus arteriosus, 1623- 1624, 

1623f-1624f 
vascular rings, 1613-1644, 

1644f 
ventricular sepcal defect, 

1620-1621, 1621f, 
1629-1630 

Congenital heart surgery 
pathways for, 1611-16 12 
timing of, 1612 

Congenical hydrocephalus, 1905 
Congeniral lobar emphy.~~:ma, 1837 
Congenital nevus. 744, 744f 
Con genically corrected transposition 

of the grear arteries, 16 13f, 
1632-1633 

Conscious .~~:dation, 408-409 
Constip:arion, 1365-1376 

algori thm for, 1374, 1375f 
colonic transit srudies, 

1374-1376 
prev.tknc.- of, 1371 
ttttal prolapse as cause o( 1368 
slow-lransit, 1374-1376 

Consuiction band syndrome, 1992, 
1993f 

Content validicy. 427 

INDEX 2089 

Continent ileostomy, total 
proctocolecromy with, 
1326-1329 

Continuous aspiration of subglottic 
aspirations, 24 3 

Con Linuous positive airway 
pressure, 579 

Continuous variables, 195, 195t 
Conrinuous venovenous 

hemodialysis, 584-585 
Contraception, 2012 
Commcrures, 1994·1997 
Contrast nephropathy. 302-303, 

1733-173'i 
Controlled mandatory ventilation, 

579-580 
Cooper's ligaments, 826, 829, 829f, 

1117 
Copper, l27t 
Cor rriatriarum, 1625-1626 
Cocal snakes, 548 
Cordotomy, 1903 
Core needle biopsy, 830-83 1 
Cori cycle, 124, 1428 
Corneal arcus, 1654 
Corona phlebetka, 1805 
Coronary arrecy 

anatomy of, 1631f, 1650-1652, 
165lf 

aneurysms of, 1645-1646 
anomalit'S of, 1644-1646 
anomalous left coronarv arrerv 

from pulmonary ~rtery, · 
1644-1645, 1645f 

configurations of, 1631 f 
fiswla of. 1645-1646 
fixed obstmctions of, 1653 

Coronary artery bypass grdfring 
bleedingafi:er, 1667-1668, 

1667b-1668b 
comorbidities that affect. 1659 
in dialx·t<'S meUirus patients. 1674 
drug adjuncts, 1668 
history of, 1652, 1652t. 
inouopes with, 1666 
intra-aortic balloon pump with. 

1666 
mediastin itis after, 1668 
medical management versus, 

1657 
minimally inv~sive, 1670-1 C\71 
morbidity of, 1667-1668 
momliry of, 1667 
neurologic compl ications of, 1668 
in obese patients. 1675 
off-pump, 1652, 1669-1670, 

1670f 
in older adults, .'152, 1674- 1675 
on-pump, 1652 
outcomes of. 1667-1668 
percutaneous coronary intel'\t:nrion 

VC(l;US, 1657-1658 
pericardia! ~amponade after, 1667 
pharmacotherapy with, 1666 
postoperative care, 1666-1668 
preoperative <'Valuation for, 1659 
pulmonary care during, 1667 
in renal disca.~~: patients, 1675 
renal dysfunction after, 1668 
reoperation, 1671-1672, 1672f 
ST~ment elevation myocudial 

infarction treated with, 
1658-1659 

survival after, 1667 
tocal ly endoscopic, 1671 
lrdlt&Zsophagcal cchooudiograph)' 

with, 1665-1666 
in women, 1675 
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Coronary d istase 
1652, 16)3. 

1G53f 
cardiac catheterization for, 

165)-1656. 1656f 
chest radiO?Pf'hY for, ](;54 
clinical oC 

165.3-1656 
costs {)C 16SO 

oC 1G53-1G56 
eclwcardliof~rarJhy of, !65'S 
m<1gnetic rtson8nce imaging of. 

1G55 

left vcnlricuLu aneurysrn, 

1673 

in older 
physical examin,ltion of, 1654 
recurrent, 167Jf 
reoperation tor, 1671-1672. 

1672f 

risk srr,lrification fur. 1654-1655 
sequelae 1G54b 

!G55b 
656 

coronarv artt'rv grafting. 
Se; Corn~1ary artery byp~s 

1656-166), 

percutaneous 

interventions 
prt'Of>cr:Ili>rc ev3ludLion ft1r, 

Stents, ](;56 
Coronary flow 

fc,ltures of, 16 51 b 
phJrsicdo~;yof, 1651,16)2 
regulation of, ](;51-1652 

callosotomy, 1904 

dCUle rcspircat<)ry distress 
rnanagcd with, 

adrenal cortex pmducLion of, 
62 

Crohn's disease ueated wirh, 
1249-1250 

cndogerJ<lUS, G2-G3 
hvdrocortisunc versus, 305t 
i~Inunosupprt'ssivc USt' of, 641, 

c;42t 
ulcerative disease trcdtcd with, 

1324 

Cnsts, 191 

1166 
regression, 

C-reactive 1522 
Creatine krrtaSt:-iVlll, 298 
Creatinine clearance, 
Cremaster muscle, 1117-1118, 

1120 

Crilc, George Washington, G7 -G8 
Criminal nerve of Grassi, 

1183-1184 

blood transfusions, 588-589, 
588b 

cardiac 

~70-S/3 

cardiov,lscular system, 568-581 
ccnual nervous sysrcm, 

563-568 
cenua] venous catherer.s, 569 

venous rhrombosis in, 587 
dysrhy1.hmias, 571-S72 

SSS-SSG 

)81 584 

heparin-induced 
'588 

mechanical See 
,'v!echanical venrilarion 

L1ilure, 590--592 
neruo!logicr d.vsilurclioJrt, 563-565 

568f 
nutritional 

selective 

)68, 

57(;-581 
'i66t, 567f 

decontamination, '581-'582 
589-592 
570 

stress gastritis, 581 
vcnou.s thnHnbocrnbolisrn in, 

Crilicd! ischcrnia 
description oC 
rrearmcnt of, 1738, 

Crocodiks, 559 
Crof<ab, 

1732f 

Crohn's disease, 1244-1254 
acuLe lower g:crstr<Jinlec:tirtal 

1176 
anorectal tllclUJtc'""'"'" 

lYJ'l-1100 
dUtoanlibodics asstKiatcd with, 

1248-1249 
carcinornd risks, 1217 
CdUSCS of. 1215 
clinical man ifesmtions of, 

1247-1248, 
clinical 1322, 

C<llllpJic:HillnS llf 
clClltC ileus, 1251 

cancer, 
colitis, 1283 

1322 

colortct,ll disease, 1253 
duodenal dista.se, 1253 
fistulas, 1332 
ga,:tro·inLestinal bleeding, 

1253 
retardati<l!l, 1332-1333 

obsrrucrion, 
1251-1 1252f, 1.332 

rnrr,l,,lD·dOm rnat abscess. 1332 
penetrating disease, 1252 
perforaiion, 1252-12')3 
perianal disease, 1247, 1253, 

liOOf 

47 
diagnosis of, 1218-12·19, 1218C 

1331 

exrracolonic n1anitestations of, 
1332 

cxlraintcstinal manifestations of, 
1 248, 1247b 

fulminant colitis, 1332 
genetic faCLor~, 1215 

appcarcl!lCe of, 1330, 1331 f 
ap11ear·anr:e of, 1330 

historv oC 
immc;nologic facl<lrs, 1245 
incidence of, 1244,1245 
infectious agents associalcd with, 

1245 

ff'ClJtTf'llCt' 

.small intesiine rnanifesrarions 
1179 

ob,;rrucction, 12.38, 1243 
roxie nwg<Jcolon in, L332 
treauncnt of; 1249-1251 

currinosctlicyLrte, 121 c! 
antibiotics, 250 

irnrnunosupprcssive agents, 
1250 

hparoscopy, 12) 1 

Crohn's disease (Cimt,wued) 
medical, 250, 

13Jl-U32 
1250 
colon rtstcrion, 

13JJ-U34 

133Jf 

end ileostomy, 
ulcerative colitis vers~1s, 1249t, 

U20L 
Vienna Chssificarion of, 1247, 

12·i7t 

Cryptogenic 1441 
Crvptorchidism, 1857-1858, 1858f 
Crypts "f Lieberhihn, 1321, 132lf 
LfVSL,JII•:llU fluids, 97-98, 98t 

627-628 
(;·iG-617 

Cubiral runnel 'vtturu11rc. 

Cullen sign, 1091-1095, 1147t 
Cultural 20-21 
Cultural sertsrrrvn:v, 

clinicd! fealures of, 
clinical manifestations 

eDiQel1liCl!O(tV of, :175-:176 
locali:r,afion of, 976--978 
subclinical, ~79 
surgical management ,,£; ')78-~79 

Cutaneous 764 

history oL 742,761 
incidence of, 71Jf 

of, 
precursor lesions of 742-744, 

744f 
prevention of, 744 

of, 74'i-746, 746f 
raL:e and, 
small intestine rncrastasis oL 

1264 
ultraviolet rcldiation exposure 

and, 
Cutaneous venectasia, 1808-1809 
Cutler, Elliorr, 1 

balloon ang;ior·laslcy, 1751 
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Cyclophosphamide, 709t 
Cyclosporine, 354, 636-637, 642r, 

643. 682, 1324 
CylindriC!] U"ll papillomas, 807 
CYPlAl, 709 
Cyst(s) 

aneurysmal bone, 784r 
Barrholin's gland. 2016-2018, 

2017f 
biliary, 1503-1505 
branchial cleft, 814 
breast, 838-839 
bronchogenic, 1571. 1572f. 

1602-1603 
choledochal, 1504-1505, 1504[, 

1853-1854, l854f 
emc:ric, 1603 
epidermal inclusion, 1987 
esophageal, 1048-1049, 1050f 
g>111glion, 1984- 1986 
hydatid, 1447- 1449, 

1448f-1449f 
mediastinal, 1602- 1603 
mesenteric, II 04-1105 
mucous, 1984- 1985 
omental, I 104 
ovru:ian, 20 I 8 
pericardia!, 1603 
Rathke's pouch, 808-809 
simple, of liver, 1464 
splenic, 1555 
thyroglo,<:sal duct, 813-814, 1832. 

1832f 
Cyst-ddenocarcinoma, 1464 
Cystadenomas, I 464, 2023 
Cystc:cromy, ovarian,. 2018 
Cystic artery, 1421f, 1477 
Cystic basal a U ctrcinoma, 763 
Cysric duct, 1476, 1477f, 1492f, 

1499f 
Cystic fibrosis, 1535l, 1536. 1571 
Cystic fibrosis rransmembmnc 

conductance r<.>gularor, 1518, 
1527 

Cystic hygromas, 1819, 1832 
Cystic medial necrosis, 1754 
Cystic renal mas~s. 2070 
Cystine stones, 2058 
Cystogram, 2064f 
Cystosarcoma phyllodes, 845 
Cystoscopy, 2048-2049 
Cytochrome P450, 965-966 
Cytokines 

desc•·iption of, 44-62, 45t, 
145-146. 635-636 

hypothyroidism and, 89'> 
rumor immunotherapy u&;• of, 

726-729 
types of, 623t 
wound-healing role of, l56r 

Cytomegalovirus, 687, 125 5 
Cytotoxic antibiotics, 162 
Cytotoxic T c.-Us, 629, 720-722, 722f 
Cytoroxic T I ym phocyr~-associared 

antigen 4, 720-721, 725b, 
730-732, 730f 

0tcrny, Vincent, 870 

D 
Dacarbazine, 960 
Daclizumab, 642r, 737r 
Dakin, Henry, 8-9 
Dakin's solurion, 531 
Damage cont.rol 

description of, 438-439, 599, 
2067-1068 

A uid resuscitation, 94, 94b 

Dandy, Walter, 12 
Danforth sign, 1147• 
DangN-associared molecular 

parrerns, 40-44 
Dapsone, 555 
Dapmmycin, 260 
Data 

causality determinations. I 95 
correlated, 197 
missing, 197 
obscrvdtional, 195 
sources of, 191, 194t 

Data analvsis 
hypothesis resting, I 95-I 96 
instrumental variable analysis, 

196-197 
multivariablc, 196 
propensity score analysis, 196 
variables used in, 195 

Davis, john Staigc, I 4 
DDAVP. I 10 
De Quervain's disea~. I 982 
Death receptor-S. 1198 
Death-inducing signali11g compl<'X, 

33-34 
DcBakcy, Michad, 14f 
DeBakey classification, of aortic 

dissection, 1718, I719f 
Decision making 

patiem paniciparion in, 21 
shared, 2 1-22 

Decondirioning, 341-.H2, 341t 
Deep brain stimulation, 1902, 

1902f 
Deep circumAex iliac arrery, I I I 9 
Det:p circumA~x iliac vein, I I I9 
Deep inferior epi~srric artery 

perforator flap, for breast 
reconstruction, 875-877, 87Gf 

Deep peroneal nerve, 514 r 
D~p venous dlrombosis. I8 12-1817 

acute, 1812 
anticoagulant therapy for, 1815 
after bariarric rurgcry, 376 
causes of, 18 13 
in critical care parienrs. 587 
description of, 29" 
diagnosis of, 1813-1814 
Doppler ultrasound of, 1814 
endovascular reconstruction of. 

1815-1816 
fibrin and fibrinogen assays, I 814 
hypercoagulable sr.ares, 1813, 

1813b 
imaging studies, I814 
impedance plethysmography of, 

1814 
incidenct' of, 1813 
afrtr kidney 1:ransplanrariou. 

672-673 
low-moleeular-wcigl)[ heparin 

prophylaxis, 408, 587, 1815 
obesity and, 147 
orthopedic in juries as risk factor 

for, 'i16-517, 516f 
post-thrombotic syndrome, 

1813-1814 
prevention of, 361-362, 376, 408 
prophylaxis, 1814-1815 
signs and symptoms of, 587 
superficial thrombophlebitis, 

1816-1817 
thrombolysis of, 18 15 
trearrncn[<>f, 181'\-1816 
unfracrionatcd heparin for, '>87 
upper extremity, 1816-1817 
vena cava filter for, I 8 I 6, 1816b 
venography of, 1814 

Defro~rion 
obstructive, 1374 
physiology of, 1307-1308 

Defecography, I 366. I 387 
Dehydroepiandrosterone, 965-966 
Delayed union, 480 
Delirium 

confusion assessment method for 
identifying ICU delirium, 
'564 

description of, S63-564 
poswpcrativc, 225, 322-321, 

340. 34 Or. 4 09 
Delirium tremens, 322 
Dendritic cells, 635 

CDS+ T cells and, 722f 
description of, 720 
myeloid, 722 
tumor antigen acquisition and 

proccssi ng by, 723f 
Dental endocarditis prophylaxis, 

400. 400b, 10 It 
Deoxycl1olic acid, 1479 
Deoxyspe•-gualin, 647 
Dermal analogues, 535 
Dermal sinus, 191 I 
Dcnnarofibroma. 1989 
Dermatofibrosarcoma, 764 
Dermatofibrosarcoma protubemns, 

769, 770r 
Dennoscopy, 744 
D=nding colon. 1295 
Descriptive studies, 188, 189f 
Dt'Sflura11e, 389-390, 390t 
Desmoid fibromaro.~is, 770t 
Dtesmoid rumor, 1095-10%, 1095f. 

1348-1349, 1'>94f, 1984 
Desmoplastic melanoma, 747 
Desmoplastic small round cell 

rumor, 770r 
Desnurrin-adipose rriglyct'ride 

lipase, 123 
Dersky Modified Multifactorial 

Index, 214L 
Dexamethasone, 108, 586, 1886 
Dexmederomidine, 392. 567 
Dexr=, 140- 14 1 
Diabetes insipidus. 108, ll 0 
Diabetes mel! itus 

ant:sthesia consid~rations. 402 
atherosclerosis risks, 675 
coronary artery bypass grafting 

in, 1674 
end-srage renal disease caused by, 

675 
fungal infection risks, .l65 
immune therapy for, 948-949 
obesiL-y as risk factor for, 147 
pcriopcrative management of, 221 
peripheral am·rial dise-d~ risks. 

1737 
su..-gical rrearmcnr of, 948-949 
wound he-.Jing affected by, 167 

Dia.bc:Lic foot 
description of, 1'>7 
in peripheral arrerial disea~, 

1738-1740, 1739f 
treatment of, 258b 

Diaberic keroocidosis. 586 
Diabetic retinopathy, 675 
Diagnostic bronchoscopy, 60 I 
Diagnostic imaging 

aU"cabultun, 492-493 
foot, 494-495. 494f 
hip, 493 
pelvis, 492.-493 
shoulder, 491, 492f 
spine. 495 
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Diagnostic peritoneal lav-dge, 455 
Dialysis Outcome Quality Initiative, 

1771 
Diaphmgm. 454-455. 454f 
Diaphmgmatic pump, I 098 
Diarrhea 

in carcinoid syndrome, 1260 
C/.ostridi11m difficile as ClU~ of, 

1254 
Dia.spirin cross-linked hemoglobin, 

101 
Dillsrasis recti, I 094, 1128-1 129 
Diasrt:matumyelia, I 9 I I 
Diastol ic dysfunction, 332 
Dia.upam, 566, 2033 
Dichlorooc.-ric acid, 1402 
Dieulafov's lesion, 1168, 1168£, 1222 
Difficul[ abdominal wall 

abdominal catastrophe 
complicating, 473 

acute presentation of, 47 I -473 
conditions that affect, 473 

Difficult airway, 404. 404f-405f, 436 
Diffuse axonal injury, I 893, 1894f 
Diffuse esophag.:al spasm, I 026t, 

1028-1030, 1029f, 1032f 
Diffus.: large B cell lymphoma. 

1219r 
Diffuse lung disease, 1590, 1590b 
DiGeo..-ge syndrome, 928, 1623 
Digestion, 1230- 1234 

carbohydrare.s. 1230..1232. 1231f 
fars, 1233 
prorein, 1232-1233, 1233f 

Digir.al nw'e block, I 959 
Dihydroepiandrostcrone. %8 
1,25-Dihydroxycholccalciferol, 

926-927 
Diiodotyrosine, 890 
Dilation and wrermg.:, for 

menorrhagia, 2016 
Direct allor<.-cognirion, 639f"640f 
Direct laryngoscopy, 404 
Directed differentiation, 183· 184 
Disasters 

casualty load, 606-607 
classification of, 604-605, 605r 
hospital plans for, 608-6 I I 

clinical decision makinf.. 
608-609 

incident command, 1108-609 
initial response, 608 
rect'iving casualties, 608 
triage, 609-610, 609t 

hospital responses w 
definitive care phase, 610-611 
descriprion of, 605, 605f, 608 
initial phase, 610, 610b 

magoirude of, 605f 
major medical, 604-605, 605r 
mass casualty incidenrs. See Mass 

Clsualty incidents 
mulriple casualty incidents, 604, 

605r 
natural, 611-612 
surgeon's role in, 611-612 
trauma service liiJe in, 606-607, 

606f 
Discit:is, 1913. 1914f 
Discordant xenogmfi:s, 650-65 I 
Dise-dse-modifyi ng antirheumatic 

agents, 53 
Dislocations 

description of, S I().. '5 12 
elbow, '>12f 
evaluation of, 510-512 
hip, 512 
knee, 512 
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Disseminated intrav:ascular 
c.oogulation, 537 

Distal ~naswmusis. for 
t:ardiopulmonary bypass, 1664, 
1664f-1 665f 

Distal phalan~eal (rdcture, 1974 
Divenicula, I 023-1032 

acute lower gasrroimesrinal 
hemorrhage.- t:aus.-d by, I 175 

colonic, 1309-13 14 
colonoscopy of, ll75, 13 10f 
defini[ion of, 1309 
description of, I 264-1265 
duodenal, 1265-1266, 

1265f-1266f 
epiphrcnic, 1025, 1025[ 
ileal . 1266-1268, 1268f 
jejunal, 1266-1268, 1267f- l268f 
Meckel's, 1093-1094, 1178-1179, 

1268-1270, I 268f-1269f 
m idc-sophagcal. 1 024- 1025. 

1024f 
pathogenesis of, 1310f 
pharyngoesophageal, 1023-1024, 

1023f 
small inresti11c, 1179, 1264- 1270, 

1265f-1269f 
Zenker's, 1023-1024, 1023f 

Diverticular disease, 1309 
Diverticular-as.<OCiared coliris, 13 14 
Diveniculecromy, 1266, 1267f 
Diverticulitis, 13 10-13 14 

abscesswith, 1312-1313, 13 12f 
clinical presentation of, 13 11 
complit:ared, 13 12- 13 14 
computed tomography of, 13 I I 
description of, I 269 
dia~nosis of, 131 1 
fistula a~used by, 13 13 
generalized peritonitis caus.-d by, 

13 13-13 14 
in immunocompromis.-d host, 

1312 
imes[inal obstruction cauSt"d by, 

1314 
pathogenesis of. 13 I 0 
physical findjngs, 1310 
radiographic im:a~ing of, 13 llf 
recurrence of, 13 12 
sigmoid, 13 10-13 11 
uncomplicated, 13 11- 13 12, 

1311f 
Diverticulosis 

definition of, 1309 
dierary facwrs, 1309 
sigmoid, 1309f, 13 10 

DNA 
clon ing of, 29 
double-helix structure of, 25f 
engineering of. 29-jO 
repair of, 25 
replication of, 25, 32 
sequencing of, 1.9 
strucrure of, 24- 25. 25f 

DNA chips, 35 
DNA methylation, 7 16 
DNA microarray, 24 1-242 
DNA tumor viruses, 7 11 
DNA-ba~d rumor markers. 

7 16-717 
DNA-b-:a&d vaccines, 730 
Dobutarnine, 572r 
Dahlman procedure, 1024 
Doll's eve maneuver, 564 
Dopamine, 572r 
Dor fundopl ia~rion, 1030 
Doripencm, 259-260 
Dorsal metacarpal artery Aap, 1965f 

Dorsa.! root entry lesions, 1903 
Dorsal wrist ganglion, 1985-1986 
Double aortic arch, i641f 
Double-balloon endoscopy, 1178 
Double-bursr stimulation, 396b 
Double-conrr= barium enema, 1362 
Double-crush syndrome, 1984 
Double-orifiC<" mitral valve, 1646 
Double-outler right ventricle, 1632 
Double-stranded RNA, 30-31 
Doxorubicin, 168 
DrAgstedr, Lester, 11· 12 
Dressings 

hand surgery, 1961, 1962f 
mai ntcnru1o:- of, 243 
\YOU nd, 170-172, 170b, 

171t-172t, 173b 
Drew. Charles, 10 
Dr<>Lrccogin alfa, 53-54 
Dn>g design, 37 
Dn>g fever, 253-254 
Dn>g withdrawal synd1·omes, 254 
Drug-eluting srcors, 1657- 1658 
Dn>g-induo:-d p~u1creatitis, 152 1 
Dual-<"net-gy x-ray absorpriometry, 

129 
Duct t:erasia, 839 
Ductal carcinoma in siru, 840, 84 1f 
Duhamel proo:dure, 1848-1849 
Dumpil1g syndrome, 1203 
Dunphy's sign, 1280 
Duodenal LJcer, 1167. 1193-1198 

abdominal pain associated with, 
1193 

clinical manifestations of, 1193 
description of, 1167, 1193 
diaf_nosis of. 1193-1194 
fiberoptic endoscopy of, 1194 
rapid urease assay for, I 193 
smgical treatment of, 1166b 
treatmenl of, 1194-1195 
upper ~astrointesLinal 

radiography of, 1193 
urea breath rest for, 1193 

Duodeoocnrcrosromy, 374f 
Duodcnojejunostomy. !54 2-1543 
Duodenum 

adenocarcinoma of, I 263 
adenomas of, 1257, 1258t 
atresia of, 1841-1842, 1842f 
blood supply of. 1229f 
Crohn's disc-J~ manifestations of, 

1253 
diverticula of, 1265- 1266, 

1265f- 1266f 
neu roendocrine rumors of, 999 
perforation of, I 097 
polyps of, 1348 
stenosis of, 153 1 
traumatic injuries of, 462 
vascular comp~ssion of, 1276 

Dupb LJtrasonography 
carotid artery disease evaluations, 

1763-1764, I764f 
description of, 1755-1757 

Dupuytren's conrmcrure, 1997, 
1997f 

Dural arteriovenous malformations, 
1885 

Duty hour restrictions, 205-206 
Dynamic re~:rnrion sutures, 473r 
Dysfunctional uterinl' bleeding, 

2014-10 15 
Dysgerminomas, 1866 
Dysl ipidemia, 1736-1737, 1737t 
Dysmenorrhea, 2012 
Dysphagia, 344, 1069 
Dysplastic nevus, 7 4 2 

Dyspnea, 168 1 
Dysrhyrhmias, 571-572 

E 
Eagle's C tireria lo r Cardiac Risk 

Assessmenr, 214r 
Ear deformities, congenital. 1923 
Ea r tumors, 8 10-811 
Eastern Association for tl1e Surgery 

ofTrauma, 430-431,459 
Ebs[ei n-Barr vin1s, 687-688 
Ebstei.n's anomaly, 1646. 1646f 
Eburnation, 1992 
E-cadheri n, 700, 70 If 
Echinacea, 229t 
Echinocandins. 271 
Eclmtococcus spp., 1447 
Echinodermata, 559-560 
Echoca rdiography 

aort ic srenos.is evaluations, 1687 
congenital heart disease 

<"Valuations, 1614 
coronary arr.:-ry diseal>:' 

..-va luations, 1655 
mirral regurgitation <"Valuations, 

1684 
m itrnl srenosis diaf_nosis usilJg, 

1646-1647 
Ecwpic adrenocorticotrophic 

hormone, 975-976 
Ectopic pregmmcy, 2015, 

2018-2019, 2019f 
Eculiwmab, 737r 
Efal izumab, 737r 
Effectiveness, 190 
Effcrellf ((J(lp obstruction, 

1203-1204 
Effia~cv, 190 
Eico.-;a ~oids, 60 
Elasmse- I , 1528 
Elasric fiber, 161-162 
Elastin protein deficiency, 162 
Elastin-binding fibrillin, 161-162 
Elbow 

diagnostic imaging of. 491-492 
dislocation of, 512f 
tadiograpbs of, 49 1-492 

Elder abuse, 3 54. See also Geriatric 
patients 

Electrical burns, 521. 542-543 
Elcaroca rd.iography 

ancsrhcsia moniroring using. 395 
aortic stenosis evaluations, 1687 
congenital heart disease diagnosis 

using, 1. 614 
hyperkalemia cv .. luadons, II If 
m irral regurgitation t"v.:tluarions, 

1683 
Electrocaurery. 235 
Elecrroencephalography, 670b 
Elecrrolvres, 109-117 

absorption of, 1233- 12.'4 
po~ium, 110- 1.12 
sodium, 109- 110, 109b 

Electrosurgery, 235 
Embol ic protection deviu-, 1770f 
Embolism. See Pulmonary 

embolism 
Embryonal rhabdomyosarcoma, 

770t 
Embryonic stem cells 

din ical applications of, 184 
description of, 174, 178-180 

EMLA cream, 413 
Emphysema 

congenital lobar, 1837 
description of, 1589. l589f 

Emphysemawus cholecysritis, .1 487, 
1487f 

Emphysematous cystitis, 2052 
Emphysematous pyelonephritis. 

2051-2052, 2051 f 
Empirical antibiotic therapy. 

254-255, 255b 
Empyema. 1597- 1598 
Emulsificat ion, of fats, 1233 
En bloc esophagectomy, 1062-1063, 

J062r 
Encephalopathy, 656 
Enchondroma, 784r, 785-786. 

78'if, 1990, l990r 
End desu-nding colostomy, 

1363- 1364, 1364f 
End ileostomy, total 

procrocolecromy wirh, 1326 
Endoabdominal fascia, 1116 
Endoca rdial cushion defect, 1621 
Endocarditis, prosthetic hean, 

1692 
Endocrine sysrcm 

intensive car<:' unit, 585-586 
preoperative evaluation of, 

221-222 
surgical complications of. 

304-321 
Endocri nc ru mors, 1.606 

neuroendocrine uunors, 1606 
pancreatic 

computed tomography of, 9S5 
description of, 949f 
diagnosis of, 951-955 
gastrinoma, 95 1-953, 952f, 

953L, 956. 958-959. 
9'i8f 

glut:agonomas, 954, 954f, 
960 

GRFomas, 954-955 
imaging of. 955-956 
insulinoma, 950-95 1, 

956-958, 957f-958f 
localization of, 956 
ma~netic resonance ima~ing 

of, 955 
nonfunctional, 955 
somarostatinomas, 954 
summarv of, 960 
trearmer;t of, 956-960 
VTPomas, 9 'i3-954, 960 

parathyroid rumors, 997-999, 
1606 

thyroid tumors, 1606 
Endocrinopathies. 221-222 
Endoderm, 10 13-10 1.4 
End-of-life care, 20 
Endo-GlA, 235 
Endometrial cycle, 2009 
Endometriomas, 2016 
Endometriosis, 2016 
Endomeuium, 2007 

atrophic, 2009-2010 
Endopepridases. 1232- 1233 
Endophthalmitis, fung:al, 267-268 
Endoscopic retrograde 

cholangiopancreatography 
acute pancreatitis man:lf.ed wid1, 

1523 
biliary applications of, 1483-

1484, l483f 
choledocholithiasis treated with, 

1488-1489. 1489f 
common bile ducr sr.o nes, 1499f 
jau ndice .:valuations, 1537-1538 
pancreatitis induced by, 1521 
primary sclerosing cholangitis 

c"V:aluarions, 1502- 1503 

http://www.myuptodate.com


Endoscopic ultmsound 
biliary di$;'ase ..vo~Uuations, 1484, 

1484f 
choledocholithiasis ..vdluarions, 

1522 
esophageal cancer ev.Uuarions 

using, 1053 
gasrric cancer sraging, I 209-

1211, 1211f-1212f 
Endo.<:copy 

capsule, 1178-1179 
componenr $;'par.Jtion technique, 

for venual hernia repair. 
1134-1135, B 135f 

double-balloon, 1178 
endoscopic rcuog:uad<· 

cholangiopancrearogrd phy, 
34S-:l46 

esophageal cancer diagnosis 
using, 1052 

gasrric canuT &raging. 1 209-
1211, 12llf 

gastroesophageal reflux cli=se, 
1069-1070, 1077-1078 

mucosal r<.'$;'CI ion 
esophageal cancer creare<l with, 

1053 
gastric cancer treated with, 

1213, 1213f 
obscure acute fi!Scroinrestinal 

hemurrhag.: <'v~luatiuns, 
1178-1179 

parathyroidectomy, 934-936 
peptic ulcer disease managed 

with, 1166 
push, 11 78 
small bowel, 1178 
submucosal resection 

esophageal cancer treared with, 
1053 

gastric cancer treated with. 
12l4f 

urologic surgt"rY, 2048-2049 
video capsule, 1178·1179 

Endothelial nitric oxide synthase, 
60 

Endothelial progcni1or cells, 175, 
183 

Endovascular aneurysm repair, 
351 

End<wascular procedures 
peripheral an-(rial dise-aS<' treated 

with, 1747-1751 
simulation for, 426 
vascular uauma rreared with. 

1788-1789 
Endovascular stenr-g:rafrs, 1720 
End<•vascular therapy, 1743, 

1878 
Endovascular ultrdSound. 1538 
End-stage liver clisease 

descdption of, 658 
pecliamc, 684 

End-srage renal di$;'ase 
chronic, 219 
diabcte.~ mellitus as cause of, 

675 
prevalence of, 670 

End-systolic diameteT, 1685 
End-tidal carbon dioxide 

monitoring, 395, 574 
End-to-<:nd anastomosis, 1359, 

1360f 
End-to-side porracav-.11 shunr, 

1435-1436 
Energy o:xpenditure.5, 129 
Entamoeba bistll/yticn, 1442-1443, 

1445. 1588-1589 

Enteral nuu'ition, 132- 137 
compl ications of, 135-137, J37t 
in critically ill patiems, 132 
formulations for, 135. 136t 
g-.JStrostomy, 135r 
jejunosromy, 135t 
nasoduodenal, l35t 
nasogdmic wbc for. 132-133. 

134f. 135t 
nasojejunal, 135c 
refeeding syndrome, 135 
rourcs for, 132, 135t 
whole-prorein formulations. 135 

Enccric cysrs, I 603 
Enreric !laps, 818 
Enteric leak, 677 
Enteric nervous system, 1307 
Enreriris 

cytomegalovirus, 1255, l255f 
in irnmunocompromised hosts, 

1254-1255 
mycobacterial causes of, 

1251-1255, 1255f 
radiation, l.l73-1274, 1274f 

Enteroatmospheric fistula, 474-475, 
1271 

Enterochromaffin-likc cells, 1185. 
1189 

Enr.erocuraneous fistulas, j 18, 
1270-1271 

Emeroendocrinc cells, 1230 
Emeroemeroscomy, 369[ 
Enr.eroglucagon, 1235t 
Enr.erohepatic circulation, 1233, 

1427 
Enterolith, 1267-1268 
Enrcroromy. 1138 
Enzyme-<:oupled receptors, 32 
Eosinophilic granuloma, 1593 
Ependymomas, 1888, 1891-1892 
Ephedra. 229c 
Epicolic nodes, 1302 
Epicondyles, 481 
Epidermai<Xlls, 159 
Epidermal growth factor, 156r 
Epidermal growth factor rccepror 

description of, 696, 79S 
inhibitors ot: 1216, 1582 

Epidermal inclusion cysts, 1987, 
1987f 

Epidermis, 159 
Epidermoid .:arcinoma, 1405-1407, 

1406f, 1407t 
Epiclidymitis, 2052 
Epididymo-orchitis, 2052 
Epidural abso.·ss, 108 
Epidural anescl1esia, 407-408, 1319 
Epidural hematoma, 439-441, 440f, 

1893. 1894f 
Epig•.stric hern i;~, 1128-1 129. 11 31 
Epiglorris, 797 
Epilepsy, 1903-1904, 1904£ 
Epinephrine, 63, 5721 
Epiphrenic clivenicula. 1025. 

1025( 
Epiphysis, 48 1, 483f 
Episiotomy, 2027 
Episodic aphagia, I 037 
Epistaxis, postoperative, 324 
Epithelialization, 159-163 
Epid1elioid hemangioendothelioma, 

1459 
Ertapenem, 260 
Eryrherna nodosum, 1322 
Erythromycin, 228t, 1201 
Eryrhroplakia, 793 
Erythropoietin, 45t 
Escharotomy, 53 1, 53 I f 

Esophageal atresia 
description of, 1837-1839, 

I838f-1839f 
with rrdcheoesophageal fisrula, 

.1572 
Esophageal cmar, 1049-1064 

adenocarcinoma, 1054 
AJCC sraging of, 1054 
algorithm for, I 059f 
cardia rumors, 1061- 1062 
cervical wmors, J 061 
compurcd wmography of, 

1052- 1053 
diagno.~is of, 1052-1054 
endoscopy uses 

diagnosis, 1052 
mucosal rcsecl)on, 1053 
ultrd.sound, 1053 

epidemiology of, 1049-1050 
esoph.agography of, I 052, 

1052f 
hisrology of, 1054-1058 
location of, I 054-1058 
magnetic reson:u1cc imaging of, 

1053 
minimally inv.1sive surgical 

modalities for. 1054 
nutritional depletion secondary 

to, 1059 
positron emission tomography of, 

1053 
primary wmor &tatus. I 057f 
squamous cell carcinoma, 

1049-1051, 1054 
staging of, 1054, 1055t-1056t, 

1057f. 1058 
surviY'.ll rares, 1057f 
symptoms of, I 052 
rhor.1dc rumors, 1061-1062 
TNM staging of, 1054, 

1055c- 1056r. 1057f. 1058 
treatment of 

anastomoses, 1063-1064 
chernodter.Jpy, I 060 
condition of patient and, I 059 
curative. I 059-1064 
en bloc esophag.:ctomy, 

1062-1063. 1062t 
lymph node status effects on, 

1058- 1059 
minimally invasive 

esophagecromy, l 063 
pall iative, 1059-1064 
r<~dialion therapy, I 060 
staging effects on, 1054 
su r:g<' ry, 1060- I 064, I 0611 
transhiatal esoplUlgt"Ctomy, 

1061 -1062, 1062r 
transthoracic o:sophagecromy, 

1061-1062. J062t 
vdgal-sparing esophagectomy, 

1062r, 1063 
WNM staging of, 1056t, 1057f 

Esophageal cysts. 1048-1049. I050f 
Esopha(!;eal dise-d$;'S 

Barreu's esophagus, 1033-1036, 
1034f, 1080 

description of, 1033-1040 
pulmonary arrery slings, 

I 036-1040, I 037f 
rings, I 037-1 038 
Scharzki's ring, 1037-1038, 

1 038f-1 039f 
vascular rings, 1036-1040 
webs, I 038-1 040, I 039f 

Esophageal disorders 
achalasia, I 025-1 028, I 026t, 

1 027f-l 028f, I 030f. I 05 l 
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Esophageal disorde•'S (Coutimrrd) 
diffus.• esophageal spasm, I 026c, 

1028-1030, 1 029f, 1032f 
cliverticula. Sec Diverticula 
historical descriptions of, 1012 
hypertensive lower csophagt-al 

sphincter, 1 026t, I 031 
ineffecrive esophageal motility, 

1026£. 1031 
motor disorders, 1025-1040 
nonspecific moror disorders, 

1026r, 1032 
nutcracker co;ophagus, I 026t, 

1030-l 031' 1033f 
Esophageal inlet, 1014-1015 
Esophageal manometry, 1810 
Esophageal rings, 1037-1038 
Esophageal speech. 806 
Esophageal micwrcs, 1840 
Esophageal tumors 

benign, 1047-1049, 1048t 
carcinosarcomas, I 064 
malignanr. 1064-1065 
malignant melanomas, I 064 
ncu roendecri nc, 1 064 
saocomas, 1064 
squamous cdl carcinoma, l 064 

Esophageal v.lriC(s 
endoscopic ligation of, J434f 
illustration of, 1 170f 
treatmem of, 1171-1172 
upper J?,"dstrointestinal bleeding 

caused by, 1170-1173, 
1172f 

Esophageal webs, 1038-1040, 1039f 
Esophagcctomy 

description of, I 028 
en bloc, 1062-1063, 1062t 
minimally invasive, 1063 
rr.1nshiaral, 1061-1062, 1062t 
mmsrhordcic. 1061-1062, 10621 
wgal-sparing. 1062t, 1063 

Esophagitis, 1168, 1168f 
Esophagogastroduodenoscopy, 

1163, 1171 
Esophagography, 1071-1073 
Esophagomyotom)j 1028, 1030 
Esophagus 

anatomy of, 1014- 1017 
am·rial supply uf, 1016, 1017f 
Barrett's, 1033-1036, 1034f, 

1080 
caustic injury of, 1040-1043 
cervical perforations, I 045f, I 046 
conrrdctions of, 1019. !02h 
course of, 1014f 
description of, I 012 
double-staple technique for 

lengthening of, 1080f 
embryology of. 1013-1014. 

1013f 
fibrovascular polyps of, 1049, 

1051f 
lisrulas of. 1046-1047, 1047f 
function of, 1017-1018 
gastroesophageal junction, I 016, 

1016f, i068f 
hiswrical descdptions of, 1012 
injuries of. 453-454 
innervJtion of, 1016-1017, 1020f 
layers of, I OJ 5, l Ol5f, I 068f 
leiomyoma of, 1047-1048, 1049f 
lymphatic sysrem of. 1016, 1019f 
muscles of, I 0 I Sf 
muscular development, I 011 
narrowing of, 1015-1016 
perforation of, 1043-1046, 

1044f-1 045f 
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Esophagus (Coutilrurd) 
peristalsis, I 0 19, I 022f 
physiolojlY of. 10 17-1021 
reconstruction of, I 04 1-104 3 
reflux mechanism of, I 021 
short, 1080 
strictures of, I 04 I 
swallowing func~ion of, 

1018-102 1' 102lf 
thoracic pcrfora&ions, I 045f, 

1046 
tmdmx:sophageal fistula of, 

1046-1047, 1047f 
vascularure of, I 0 16, 

1017f-1018f 
venous drainage of, 1016, 1018f 

Essential amino acids. 123-l.l4 
Estlander Aaps, 799 
Estrojl."n. 693 
Estrog..-n receprors, 842-844 
Estroj?.\'n replawncnr therapy, 836 
Ethics 

cultural sensitivity, 20..2 1 
end-of-life care, 20 
importance of, 19-20 
surgical S1·~1dy, 197- 198 

Ethmoid sinus. 807, 808f 
Etltylene oxide, 709t 
Etomidare, 391£, 392, 586 
Everolimus, 642r, 646 
Ewing's sarcoma, 770L, 784t, 

788-789, 788f, I S93 
Ex utero intrapartum treatment, 

1870 
Excision 

burn wound. 534 
rectal cancer treated with, 13';8 

Exercise suess resr, 215-216 
Exercise roleranCI', 337-338 
Exons, 26, 26f 
Expanded polyrerraAuoroerltylene 

mesh, 234t, 1137-1138 
Expanders, for tissue expansion, 

1921 
Extensor tendon injuries, 

1967-1968. 1 967~1968~ 
1970f 

Exrcrnal fixation of fraccun:s, 
483-485, 485f, 501-502, 
1974t 

External oblique aponeurosis, 11 16, 
1129 

External oblique muscle, I 089[, 
1116 

Extracellu lar matrix, 695-696 
basal lamina, 163 
collagen, 160- 161 
componcnrs of, 160-163 
degmdation of, 163 
elastic fiber. 16 1-162 
glycosarninoglycans, 162-163 
noncollagen proteins in, 162 
proreases in, 161 
proreoglycans, 162-163 
in wound healing. 153-154, 

155f, 159-163 
Extr.<ceUular signal.ing, 31 
Extr.<corporeal life support, 

1833-1834. 1834f 
Exrr.<eorporeal membrane 

oxygenation, 578, 580 
Extr.<eorporeal shock wave 

lithotripsy, 236, 2059 
Ex"t:raheparic biliary atresia, 

1852-1853, 1853f 
Extralobar sequestration, 1571 
Extramammary Pager's di=se, 

764 

Exrr.<Skeleral myxoid 
chond1-osarcoma, 770t 

Extr.<Sphincteric fistula, 1394b 
Extravasation. 700 
Exudatiw pleural cl'fusions, 1596b 

F 
F.1C1' tr.! nsplantation, I)<; I, 6<;2f 
Facdift, 1929 
r,.cial a<>Sthcric surgery, 1928-1930 

blepharoplast)•, 1929 
facelift. 1929 
forehead and brow lift, 1929 
injccrablr fillers, 1930 
rhinopl.asry, 1929-1930 
skin restllfacing, 1930 

~cial fmctures, 44S 
f'ilcial injuries, 444 
~cial reconstruction, 1927-1928, 

1928f 
~cia) mmsplanrarion. 1928 
r,.ctor P, I 549 
~cwrX, 151-152 
~lciform lig<~mcnt, 14 12-1413, 

1412f 
Fallopian rubes 

anatomy of, 2005-2006, 2006f 
pregnancy in, 2018-2019, 2019f 

f-alls, 354 
Familial adenomarous polyposis, 

704, 705L, 706-707, 1095, 
1106, 1205, 1257-1258, 1337, 
1339, 1339(, 1345-1348, 
1346t-1347t, 1350r, 135lf, 
1536 

Familial cancer syndromes 
description of, 704 
Li-Fraumeni syndrome, 705-706, 

705r, 768, 1205 
rerinoblasroma. 704-705. 705r. 

706f 
types of, 705 t 

Familial hyperpamrhyroid ism, 940 
f~milial isolated 

hyperparathyroidism. 940 
~milia) juvenile polyposis, 

1346r-1347t 
f~m il ial medullary thyroid canCI'r, 

9 12. 1001-1002, IOOir 
f-amilial melanoma, 70<;r, 744 
~motidinc, 1189 
f-as, 626-627 
Fas·associated death domain, 33-34 
Fascia Aaps. 19 19-1920 
f-ascial compartmenr.s, 504t 
f-ascial <'Xcision, of burn wound, 

534 
Fasciocuraneous Aaps, 8 18, 8 19f. 

1919-1920 . .1 946-1947 
f-ascioromy 

acute compartmenr syndrome 
treared witl1, 503, 504 f 

forc-.um . 198l f 
operative techniques for, 

1797-1798, I798f 
vascular trauma rreared with, 

1792 
l=asting, preoperative, 229, 402-403, 

402b 
Fat cmbol i syndrome, 517 
~t gr.<fting, 1934 
Fat necro.~is, 840 
f-at pad sign, 491-492, 493f 
f-at ri.ng sign, 1105 
Fatigue, physician, 20>206 
Fars, 1831 
Far-soluble vitamins. 1234 

!=a try acids, 14 28 
Farry rumors of the liver, 1453 
Fe receptors, 632 
Fecal continenCI', 1307-1308 
Fecal incontinence, 1382r, 

1383-1385, 1381f 
Fecal occult blood testing, 

1361-1362 
Felon, 1977f 
Female reproductive system 

amenorrlKa, 2009-2010 
anatomy of, 2003-2008 
cervix. 2006-2008 
d in ical ev.1luation of 

bimanual examination, 2013 
ocrvicovaginal ctJtures, 2014 
diagnostic re~:s, 2010-201 1 
grAm staining, 2014 
history-raking, 2011-2012 
imaging, 2013 
physical <%1mination, 2013 
pregnancy rests. 2013-2014 
Sl<'rum hormone assays, 2014 
v.1gi nal wet mouJll, 2014 

early pregnancy, 2009 
endometrial cycle, 2009 
exTernal genitalia. 2003-2005. 

2004f 
fallopian wbes, 2005-2006, 

2006f 
inrernal genital ia, 2005-2008, 

2006f 
menses abnormaliti<.'S, 2009-2010 
ovarian cycle, 2008-2009 
ovary, 2005 
physiolojlY of, 2008-2010, 

2009f 
U tCiitiS, 2006-2008 
vagina, 2008 

Femoral arrery aneurysms, 1755 
Femoral canal. 11 19 
Femoral hernia, 11 14, 1126 
Fcmo~:ofemoral bypass gmfting, 

1713, 1.715f 
f'emoropoplireal bypass, 1745-1746 
Femoropoplireallesions, I745t 
Femur fractures, 5 13-S 14 
Fentanyl, 565-566 
Fermentation, 1304-1306 
Fetal srem cells, 180-181, 184 
Feral surgery, 36, 1869-1870 
Fetal wound healing, 168- 170 
~-f"Croprotein, 713-716, 1426, 

1454-1455. 1858 
Fetosoopic surgery, 1870 
):ever 

in biliary dil>.'ase, 1481 
blood cultures for ..-valuation of. 

254 
drug-induced. 253-254 
postoperative, 289-291, 290b 
surgical infection as caul>: of, 25 2 
rreaunenr of, 291 

18F-Iluorodeoxyglucose. 90 I. I OS3 
Fibrillation, 1992 
Fibrin seal adhesive, 235 
Fibroadenoma, 839 
Fibroblast growth facrors 

angiogenesis role of, I SS-159 
in feral wounds, 169 
in wound healing. 156t 

Fibroblasts 
fetal. 169 
fu ned on of, 159 
in wound healing, 163 

l:ibrocystic breast di&:ase, 827-828 
Fibrolamellar hepatocellular 

carcinoma, 1458, 1458f 

Fibromuscular subaortic stenosis, 
1635, 1636f 

Fibromyxoid sarcoma, 81 Of 
Fibronectin, 162-163 
Fibroplasia, 159, J65f 
Fibrosis, retroperitoneal, II 09-1 11 () 
Fibrous dysplasia, 784 t, 786, 

786f 
Fibrovascular polyps, 1049, l OS If 
Field triage, 607-608 
Field Triage Decision Scheme, 433, 

1W 
Film wound dres.~ing, l71r-172t 
Fine-needle aspiration biopsy 

of breast, 830 
of tl1)'foid gland, 901-902, 902f 

Fingers 
exrensor mechanism of, 19SSf 
llex.ion cascade of, 1957f 

Fingert ip injuries, 1963, 
1963f-1965f 

Fingolimod. 617 
Finney pyloroplasty, 1197, 

1251- 1252, 1252f 
First-bite syndrome, 814-815 
First-degree burns, 522, 522b, 523f, 

1041 
Fistula 

anorectal, 1394-1396, 1394b, 
1394f-1396f 

ano•-agioal, 1397 
aortoenteric, 1169, 1718 
appendicocumneous, 1289 
append ico=>ical, 1289 
arraiovenous, I mf, 1785- 1786 
bmchiOCI'phalic. 1773 
bronchoplcural, 1597-1598 
cavernous, 1879f 
colovesical, 1378, 1378f 
coronary arreriovenous, 

1645-1646 
in Croh n's disease, 125 2 
diverticulitis as cause of, 1313 
emeroarmospheric, 474-475, 

1271 
enlerocutaneous, :liS, 1270-1271. 
cxuasphincreric, 1391b 
gastric, 3 18 
horseshoe, 1394 
ileosigmoid, 1252 
imersphincreric, 1253, 1394, 

1394b 
imesrinal, 318-320, 319r 
pancreatic, 320-321, 1542r 
pa ncrearicopleural. I 5 25-1526. 

1526f 
pancrearocuraocous, 1526 
rad.iocephalic, 1773 
r~'CWV.tginaJ, 1397 
sigmoid-vesicular, 1313 
small intestine, 1270-1272 
sponr-aneous clo.~ure of, 1271. b, 

1272 
suprasphincteric, 1394b 
thrombosis of, 1778 
tr.<eheoesophageal, 1046-1047, 

1047f, 1572 
trans-sphincteric, 1394b 

Fistula in ano, 1394-1396. 1394b. 
I394f-l396f 

Fistulae aneurysm, 1778[ 
Firz-Hugh-Curris syndrome, 1098 
Fixation of fracrurcs 

e>.Ternal, 483-485, 4S<;f, 
<;OI-502, 1974t: 

inremal, 185-487 
intramedullary nruls, 486-187. 

489f, 502 
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Fixaiion of fr~crure.~ (Continued} 
pins and screws, 485-4 86, 

486f-487f 
plates, 486, 487f 
tension bands, 486, 488f 

Flail chest, 1594 
Fleur-de-lis abdominoplasry, 1939 
Flexible endoscopy, 424. 424f 
Flexible g-~srrointestinal simulators, 

426 
Flexor tendon iJ1juries, 1963- 1967, 

1966f-1967f 
Floor of the mouth, 800. 800f 
Fluconazole, 268, rTOt 
Flucvrosine, 270-271, 270t 
Fludrocorrisonc, 305 
Fluid(s) 

body water, 104- 1 OS 
colloids, I 00, I OOf 
crystalloids, 97-98, 98r 
hisrorie<~l d('SCriptions of, 70-71 
hypermnic sal ine, 98-100, 98f 
maintenance, !O'i-107, 10(lb, 

106t 
pediatric requirementS, 

1830- 183 1, l830t 
perioperative managemenr of. 

104- 109 
types of, 97-100 

Fluid creep, 530-531 
Fluid resuscirarion, 87-104 

bleeding. 88-89 
blood substitutes, WU-102 
burns managed with, 529-530, 

530t 
damage control, 94, 94b 
end points of, S73-57S 
evoluriou of, 91-96 
fl uids used in, 573 
freeze-dried plasma, 103, 103f 
h isrory of. 66-67 
massive rr~sfusio., protocol, 

95-96, %t 
1:1:1, 95 
perfluorocarbons, 102, I 02f 
problems associated with. 87-88 
recommendations for, 87-88 
shock treated wirh, 437, 573-575 
small intestine obstruction 

managtd with, 124 2 
suspended animation, 104 
wholC' blood, 94-95 

Flum<~Unil, 565 
FluorodeO>:yglucose positron 

emission romography. 1538 
Fluoroquinolones, 262 

acrivicy spectra of,. 258t 
Clostridium difficile col iris and, 

313 
Foams. 17 1t-172r 
Focal nodular hyperplasia, 

1451-1452, 1.45 1f 
Focal segmental glomerulosclerosis, 

667r 
Focused abdominal sonography in 

trauma SC!n, 437, 438f, 455, 
490 

Folkman, Judah, 16f 
Follicular lymphoma. 12 19t 
Follicular rhyroid e<~ncer, 890 

characteristics of, 903r, 909-912 
clinieil feawres of, 9 10-9 1.1 , 9 10f 
epidemiology of, 909-910 
fine-needle aspirat:ion biopsy of. 

902 
Hiirthlc cell carcinoma, 912 
mcrast~tic, 9l Of, 9 11 
pathologic classifi.:~rion of. 9 10 

prognosis for, 91 I 
thyroroxicosis and, 91 1 
l'reatrnenl of, 9 11-9 12 

Fonran operation, 164 1-1643. 
I642f-l643f 

Foot 
diabetic. Se~ Diabetic foor 
diagnostic imaging of. 494-495. 

494f 
ne"es of, 514t 
sofr tissue coveragt" of, 1946-

1947, 1947f 
Fommcn of Bochdalck. 1567 
Fommcn of Morg-agn i, 1 'ill? 
Fommen ofWinslow, 1103 
Forced expirar.ory volume in I 

~·cond, 333, 1568- 1569 
Forearm 

compartment syndrome of, 
198 1-1982, 198 If 

fasciotomy of, 1797 
muscles of, 1954t-1955t 
venous t ranspositions of, 

1773-1774 
Foregut, I 0 13f 
Forehead and brow lift, 1929 
Forehead fractures, 1927 
Foreign bodies, in small intestine, 

1270, 127lf 
Forkhead box P3, 632 
Formic acid, 544 
Fothergill sign. 1147t 
Fournier's gangrene, 2052, 2053f 
Fourth-degree burns, 523 
foxp3, 58 
Fractional <"Xcretion of sodium, 584 
Fractures 

acute, 480, 48 1 f 
avulsion, 483 
Bennett's, 1974-1975 
boxds. 1974 
buckle, 480-481, 482f 
burst, 5 10, 5llf 
ChaniX, 441, 442f, 444r 
chronic, 480 
clavicular. 1594 
closed 

descript ion of, 483 
sofi: tissue destruction in, 

499-500 
cornminurcd, 486, 1974- 1975 
cr.miofacial, 1927 
definition of, 480 
diagnostic imaging of, 491, 4 92f 
displacement of. 182-483 
disral phalangeal, 1974 
eJ.'t<.'mal fixation of, 483-485, 

485f, 501-502, 1974r 
facial, 445 
femur. 513-514 
forehead, 1927 
fragility, 481 
greenstick, 480-481, 482( 
hand. See Hand. Crnccures of 
hangman, 444t 
humeral shaft, 496, 5 15, 

515f-516f 
immobilizarion of, 496 
inrernal fixation of, 485-487, 

1974t 
intramedullary nails, 4 86-487, 

489f, 502 
pins and screws, 485-486, 

486f-487f 
plates, 486, 487f 
tension bands, 486, 488f 

intra-articular, 481, 495 
Jefferson, 444 r 

Fr~ccures {Cominued} 
long bone, 481, 483f, 513-515 
mallet, 1968f-1969f. 1974 
mandible, 1927 
maxillary, 1927 
me~dcarpal, 1974-1975 
oblique, 482, 484f 
odonroid, 444r 
open, 499, 1973 

classification of, 499-500, 499f 
debridement of, 499, 499[ 
description of, 181,183 
<'xternal fixarion of. 4 83-485. 

485f 
Gu.stilo-Andersen classification 

of, 199, 500r 
srabilizalion of, 498-499 

pathologic, 481 
pediatric, 1975, 1975f 
pelvic 

~"SCription of, 467, 46Sf, 490 
hcmorrhagt in, 507, 507f-508f 
stalbil ization of, 507-509 
unstable, 509f-51 Of 
Young and Burgess 

d assificarion of, 506-507, 
506f 

pen ile, 2067f 
reduction of, 496 
reverse Bennett's, 1974-1975 
rib, 449-451, 450f, 1594 
Rolando's. 1974- 1975 
scaphoid, 1975, 1975f 
segmental, 4 82, 484f, 4 86 
sofr tissue injuries with, SOOt 
spiral, 482, 484f 
sternal. 4S0-4S I 
Sl rt>SS, 4 80 
tibial shaft, 514-5 15 
traction for, 496-498, 498f 
rr~nsverse, 482, 484f 
types of, 480-483, 481 f 
vertebral body, 444r 
verrl"bral colwnn, 444r 

Fr~gil iry fr~c.rures, 48 1 
Frailry, 339-340 
Free flaps, 8 18,820, 1920 
Freernan, Walter, 12 
Freestyle flap, 1921 
Freeze-dried plasma, I 03. 103f 
Fresh-frozen plasma, 79, 588b, S89 
Frey procedure, 1530, 1530f 
Frontal sinus, 807 
Fro, 359 
f'TY720, 642t, 647 
Fulguration, 1359 
Full-thickness skin gmfts, 19 17, 

1928 
Fulminant colitis, 1324- 1325, 1332 
Fulminam hepatic failure. 656 
Functional neurosurgery, 

1900-1905 
Fundamentals of I..aparoscopic 

Surgery, 4 25 
Fundic gland polyps, 1206, 1206f 
Fungal endophrhalmiris, 267-268 
Fungal infec£ions, 265-271 

ar>tibiotic use as risk factor f01~ 
266 

antifungal therapy for, 269-271, 
270r-271r 

Asprrglllus sp., 265, 268 
Cfi11JidA sp. 

antifungal thernpy for. 27lt 
C fllbicnns, 266-268 
description of, 265, 270 
inV'~ive, 266 

cenrral venous cathclers and. 266 

INDEX 2095 

Fungal infections (Comimtfd) 
diabetes melliws and, 265 
gen itourinary, 2052-2053 
in immunocompromised hosts. 

1255 
immunosuppression as risk factor 

for, 265 
intensive care unit care and, 

266 
malignant diS("aSC as risk factor 

for, 266 
mechanic:<~ ! ventilation and, 266 
neutroptnia and, 265 
O<f;! ll tr.lllsplantarion as risk 

faaor for, 265 
prophylaxis for, 268-269 
pulmonary, 1587-1589 
risk Elcrors for, 265-266 

Fungcmia, 267-.l68 
Furosemide, 109 

G 
G I.XIIs, 1184t, 1185 
G protein-coupled roo:prors, 31-32, 

31f, 1234-1236 
Gail model. 836-837 
Galactocele, 828 
Galac1orrhea, 828 
Galacrose-<X-1 .3-galacrose, 650 
Gall bladder 

anatomv of, 1421 
anomalies of, !42 1 
intraoperative perforation of, 

1498-1499 
laparoscopic imaging of, 1477f 
polypoid lesions of, I SOS, 1507f 
polyps of, 1507 
porcelain, 1481, 1482f, 1506 
pregnancy-related changes in, 

2029 
Gallbladder cancer, 1505-1508 

adV'anced, 1508 
causes of, 1506 
clinical presentation of, 1506 
computed r:omography of, I SO?, 

1507f 
diagnosis of, 1506- 1507 
incidence of, 1506 
postcholecysrecromy. 1508 
preoperative dc~t'Ction of, I SOB 
staging of, 1506, 1506t 
survival rates, 1508 
1reannenr of, 1507-1508 
ultr~ound of. 1506-1507. l507f 

Gal lbladder fossa, 1476 
Gall bladder surgery, 321 
Gallsrone(s), 345-346, 363, 1149, 

1482f, 1485, 1485f 
Gallscone ileus, 347, 1500 
Gallstone pancreatitis, 1153, 149 1, 

1522b 
Galveston formula, 530r, 53 1 
Gamma knife. 237 
Gamma-gluramyl tr~speptidase, 

1430 
Ganglion cysts, 1981-1986, 1986f 
Ganglion rumors, 1605 
Ganglioneu roblasromas, 1605 
Gardner's syndrome, I 106, 1339, 

1346r-1347r. See also Familial 
adenomarous polyposis 

Garlic, 229t 
Gasrrecromy 

anemia af1er, 1203 
subtotal, 1199[ 
syndromes af1cr. See 

Posrg-~rrecromy syndromes 
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Gastric antral v,1scular ectasia, 1 168, 
1169f 

GJSrric atony, 1201 
Gastric cancer, 1204-1222 

adenocarcinoma, 1207, 1211f 
advanced, 1217 

for, 1206-1207, 
C<HnpilicatioJns ,,[, 1217 
diagnosis of, 1207 

' facrors, 1 205 

206 
infccLion and, 

heredirarv diffuse, 1205 
incidenc~ oC 120·1, 120'5f 
Lauren classifiL:ation ftH, 

1206-1207, 
morraliry rare for, 1217-1218 
<lUtcorn~s for, 1217-1218, 1218[ 
pathology of, 1206-1 1207f 
pernicious anemia as 

for, 1206 
polyps and, 12116 
rt'CLHrcncc of 1218 
risk I:Ktors f(,r, 1178b, 

1201-1206 

laparc>SCCJPY fur, 1212 
posiuon t'mission rornogr:1ptry 

{;lf, 1212 
TNM, 1207-120cJ, 1208L 

surveillance for, 1218 
treaunent of, 1212-1217 

adjuvant, 1215-1216 
for, 12 ]()f 

complic8tions oL 1 
en<:loirc,rpic: mucosal rcscctil1Il, 

12L3f 
d issecrion, 1 21 5 

Jyrrrph:ldCJilCCI.OIIJly, 1215 

neoadjuv8nt, 1215-1216 
palliative, 121 (;-1217 

1212-1213 

1218-1219, 

Gasrric 1190-1191 
Gastric ourler obsmJcrion 

dcscri]nic>Il oC 11%-1197, 1201 
pancreatic cancer as cause of, 

1544 

1186 

.somatosrarin, 1186 

Gastric torwrnercry, 
Casuic trauma, 
Gastric ulcErs 

1200 
manifest,lfions of 1199 

description of 1167 
oC 1199-1201 

epiderni<ll''lsY ,,f, 11 9cJ 

1200 
management d; 1201f 
jKIIUJ,JLClJ, 1200-1201 

of, 1198-1199 
trcatmcrn oC 11 cJ:J-1201 
type L 1200 
rype 1200 
type 1200 

1200 
1199r 

varices, 1222--1223 
G."tric volvulm, 1223, 1223( 
''"'srrK-errtprvtr:g studies, 1191 

186, 

GJStrinoma, :JS0-:!53, 052C ~53t, 
956, 958-959. 958C 
cJ'J9-1000, lOOOC 1201 

G."trill-rclea,illg pcpLidc, 1186, 
1235t 

Casuiris 
alkaline rcllux, 12111 

1222 
stress, 1 202 

aCLHe, 1201-12112 
diHical prcscrnatioll oC 1202 
dcfi nit ion 1 201 

581, 

in gcriaLric p"uicnts, 3,1,1 
heartburn associated wirh, 1069 
hiaral hernia associated wirh, 

1067 
m8mometry evaluation of, 1070, 

071f 
363, 1081 
1073-1079 

pa:rhc,physiolc>gy of, 1067- 1069, 

strictures, 1079 
rrearmenr of, 1073- 1077 

"y·nncbrv to, 1079 

pneumothorax, 1078-1079 
injuries secondary to, 

107cJ 
1074-1075, 

Gacsrroirnesrillal hormonts, 
1231-123(;, 1235[, 1235t 

Gasrroinresrinal ileus, 133-134 
G8srrointtstinal srrom8l rumors, 

778-779, 1017, 
1168-1169, 1220-1221, 
1 1221f, 1257, 1264, 

GdSrrointcstinal surgery, 227r 
Ga.srrointcsiinal sysrern. _)'ef also 

anatomy 
burn cfiCc.ts lHl, 

critical care, 581-'581 
Castrointesrinal rracr, 2024, 2024r 
G3.<Lroj<:juHostc,rny, 1198 

185'5-18'56, 

1182 

Gene expression, 
Gene prOleins, 27 
Gene 

174-175 

Generalized perircmiris, 
Generalized seizures, 1903 
Genes, 21-25, 26f 

13-1314 

Centric code\ 26, 28t 
Generic engineering, 37-38 
Genitofemoral nerve, 111 ~ 
Genitourinary inft'ctions 

tract infcClion 

pyelonephriris, 2052 

Gtnitourinary systtm, 467. 5'ee alw 

351 
abdominal wall hernia in, 

350-351 

anr,endiciris in, 348, 1283 
tract discdSe in, 34'5-3,17 

breast disease in, 312-3·11 
burns in, 354 
cancer rrearment in, 330-331 
cdrdiac surgery in, 352 
cardiothoracic disease in, 

352 353 
CdrdiovasL:ular in, 332 
carotid ancrv in, J'S 1 
culllrecral ca.ncn in, 348-350 
comllrbidirirs in, 

end<lcrinc surgery in, 342-314 
falls in, 354 
funcrion assessmenrs in, 337-338 
gastrointestinal surgery in, 

344-351 
eS<>pttagus, 344-345 

315 
homeostJSis in, 335-33G 

trauma in, 354 
hepatobiliary system in, 331, 

334b 
im1nunt functinn in, 334-335, 

334b 

liver rumors in, 347 
lung cancer in, 3'53 
mitral valve disease in, 
l)ar:arlwrllid disease in, 342 

ulcer disease in, 345 
vasL:ular disease in, 

351 352 
ph:ysi<Jlogic decline in, 331.-336 
postoperative complications in, 

asJC•rrauo.n, 340-341, 341 f 
dc<:·or1dir:ior1ing, 311-312, 311t 

337-338 
goals of, 336 

337-338 

nurritional srarus, 338 .. 340 

serum albumin levels, 339 
prtoperativt evalu8tion of, 
pnKcdure in, 32<Jt 
renal 333-33·1, 333b, 
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Geriatric patieni:S (Contiuu~d) 
small bowel obstnJction in, 

347-348 
surgery in, 328-.33 I 
l:hyroid cancer in, .H2 
thyroid disease in. 342 
rrJnsplanration in, 354 
trauma in, 354 
treatmenr goals in , 33 1 
v-..Jvc replacement in, 353 
vascular surgery in, 35 1-352 

Germ cell wmors 
description of, 1604. 2023 
malignant, 2075 
nonstm inomawus, 1604 
nonrer:ltornatous, 1604 
pediatric, 1866 

Cerota's fascia, 669-670, 2046 
Ghosr cell rumor, 1888 
Ghrelin, 1186 
CIA Stapler. 235 
Gianr cell arr.-ritis, 1753 
Giant cell rumor, 784r, 786-787, 

786f, 1986-1987, 1987f, 
1990t 

GiaJU fibroadenoma. 839 
Giant gastric ulce!S, 120 I 
Gibbon, John, 13, 13f 
Gibbs-Donnan equilibrium, 105 
Gillies, Harold, 14 
Ginkgo, 229r 
Gins:ng, 229t 
Glasgow Coma Scale, 432-433, 

433t, 440, 490. 564, 1875. 
1893, 1894r 

Glioblaswma mul tiform~. 1887. 
1888f 

Gliosis, 1904f 
Global perfusion, 82-84 
Glorris, 803 
Glucagon. 947 
Glucagon-like peptide 2, l.l7S 
Glucagonomas, 954, 954[, 960 
Glucoconicoids 

adrenal gland production of, 
967-%8 

ami-inflammatory effects of, 63 
description of, 53 
hypocalcemic effects of, 927 
immunosuppressive dfect of, 64 1 
perioperative admin istration of. 

972 
preopcrorive regimens for, 222b 
systemic effects of, 968 
wound healing inhibited by, 168 

Gluco& homeosmsis., 335-336 
Gluco& t.rdnsporr~r 2, 1231 -1232 
Glucose rrJnsporr~r 5, 1231 - 1232 
Glucose-alanine cycle, 124-125 
Gluco&-lacr.are cycle. 124-125 
Glucos.--6-phosphate dehydrogenase 

deficiency, 1553 
GLUT-4, 335-336 
Glutamine. 583-584 
Gluteal arr,•ry perforator flaps, 877, 

878f-879f 
Gluteal-based flaps, for breast 

reconstruction, 877, 877f-878f 
Glycemic conrml, 146 
Glycerol esrer hydrolfJse, 1';17-1518 
Glycogen, 123, 1427 
Glycogenolysis, 123 
Glycolysis, 122 
Glycolyric-gluconeogenic cycling, 

526 
Glycotiaminoglycans, 160 
Gobler cells, 1230 
Goiter. 898-899 

Goldman Cardiac Risk lnd~x. 214r 
Goodsall rule, 1395f, 1396 
Gorlin formula, 1680, 1682, 1686 
Gralr -versus-host disease. 688 
Grdham, Evarts, I I 
Gt.lham parch, 1104, 1105f 
Granulocyte.• colony..srimularinf; factor 

description of. 4 5t 
macrophage production afrer 

burns affected by, 528 
Granulocyr~-macropllage 

colony-stimulating facror, 
14-47. 45r. 729 

Granulosa cd I tumors, 18cl<l 
Grav-es' d.isease, 306, 342, 896, 898 
Grear vessels 

intrathoracic in juries of, 
1793-1794. 1794f-1795f 

srent gmf1 ma nagcmcnr of, 1788 
transposition of. Ser 

Trdnsposirion of rhe great 
arteries 

traumatic injuries of, 466 
Grearer saphenous vein graft, 

166!- 1662, 1744 
Greenstick fractu re, 480-481, 482f 
Grey Turner sign. 1094-1095. 

1147r 
GRFomas, 954-955 
Groin 

anatomy of, 1115- 1119, 2048 
hernia o£ Sec Inguinal hernia 
soft tissue coveroge in, 1946 

Gross, Robert, 12 
Gross hematuria wil:h clot rerention, 

2069, .l069f 
Growth factors. 157r. Sec also 

spenfit: growtb foetor 
Gusperimus. SeP Deo>.-yspe1·guali n 
Gusrilo-Ande~Sen classification, of 

opt:n fractures. 499, 500t 
Cur associated lymphoid 1"issue, 

1303 
Cur t"Ube, 1013, 1013f 
Gut-associated lymphoid rissue, 

1236 
Guyon's eanal 

compression of, 1983 
description of, 1955 

Gynccol<>gic diS<.-aocs and disorders, 
2014-2016 

dysfuncrional uterine bleeding, 
2014-2015 

ecropic pregnancy, 2015 
endometriomas, 2016 
endometriosis, 2016 
functional ovMian cysts, 2015 
pelvic inflammatory disease, 2015 
spontaneous abortion, 2015 
uterine leiomyornas, 20 IS 

Gynecologic surgery 
anatomy, 2003-2008 
Bartholin's gland cyst or abSU'&S, 

2016-20 18, 2017f 
description of, 227t, 2003 
hysterectomy, 2019-2022, 

2020f-1021 f 
menorrhagia r.reared with, 2016 
ovarian cysts, 2018 
pelvic embryology, 2003-2008 

Gynecomastia, 1934-1935 
deli nition of, 828 
prepubertal, 827 

H 
Hairy cell leukemia, 1554 
Half-life, 250 

Halsted, William, 870 
Halsred. William Sl\'wart, 7, 7f 
Halsted test.. 1595 
Halsted's ligamenr, 824 
H.AlllA response, 734-735 
Hamartoma, 839, 1592, 1592b 
Hand 

ampu radon of, 1972-1973 
anam my of, 195 2- 19%. 

1953f- 1954f 
compartment syndrome of, 

1980-1982, 1981 f 
computed comography of. 1956 
congenital anomalies of, 

1990-1992 
dislocations of, 1973- 1976 
evaluation of, 1956-1958 
extravasation injuries of, 

1979-1980 
fra.:rures of, 1973-1975 

displaced, 1973- 1971 
distal phalangeal, 1974 
me~acarpals, 1974- 197S 
middle phalanx, 1974 
proximal phalanx, 1974 

high-p ressure injection injuries 
of. 1979. 1980f 

motor supply of, 1955-1956 
muscles of, 1952-1954, 1953f, 

l953r-1954r, 1959f 
musculoskeler:ll <'X>l mi nation of, 

J9S6 
nerves of 

anatomy of, 1955 
injuries ro, 1968-1971 
nerVt: rrJnsfers, 1971 

neurovascular examination of, 
1956, 1956f 

radiographs of, 1956 
replanracion of, 1972- 1973 
surfa~ a nar.omy of. 1954f- 1955f 
rcndon injuries of, 1963-1968 

arensor tendons, 1967-1968, 
1967f-1968f, 1970f 

A~orrendons, 1963- 1967, 
1966f-1967f 

traumatic injuries of, 1961 -1976 
fing.-rrip injuries, 1963. 

1963f-1964f 
lacerations. 1961- 1963 

trearmenr principles, 1958- 1% I 
anc;-srhcsia, 1959, 1962f 
dressings, 1961, 1962f 
incisions, 1960. 1961, 1962f 
median nerve block, 1962f 
splints, 1961, l%2f 
rourniqucr, 1959-1%0 

vascular injuries of, 1972 
Hand infections, 1976- 1979 

ani mal bites, 1979 
atypical, 1979 
chronic, 1979 
deep, 1977- 1978, 1978f 
felon. 1977f 
herpetic whitlow, 1979 
human bires, 1979 
intermediate-depl:h space, 1977 
palmar space, 1977-1978, 1978f 
paronychia. 1976-1977, 1977f 
pyogenic A~xor tenosynovitis, 

1978 
web s pace abscesses, 1977 

Hand tumOIS, 1984- 1990 
basal cell carcinoma, 1989 
dermatofibroma, 1989 
ganglion cysts, 1984- 1986, 1986f 
giant cell tumor, 1986-1987, 

1987f 
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Hand ru mo!S (Continued) 
kemroacantlloma, 1989 
lipomas, 1987, 1988f 
pyogenic granulomas, 1988 
seborrheic keratoses, 1989 
soft tissue sarcomas, 1984 
squamous cell carcinoma, 

1989 
vascular malformations, 1989 
vermea vulgaris, 1988-1989 

Handoffs, 204-205 
Hangman frdct"Ure, 444r 
Haploidcnrical. 620 
Hard palare cancer, 801 
Hare traction ~vlinr, 498f 
Harmonic scalpel, 236 
Harris-Benedict equation/formula, 

129. 142r. 538 
Harrmaun's operation, 1313, 

1315- 1316, 1351, 1362, 
1362f 

Hart's line, 2004 
Hashimoto's thyroiditis, 89S 
HBV X prorcin, 711-712 
Head and neck cancer 

AJCC staging of, 793-794 
alveolus, 800-80 I 
buccal mucosa, 80 I 
can::inog.:nesis, 794-795 
ear, 8 10.811 
epidemiology of, 793-794 
evaluation of, 796 
fio<>r of rhe moutl1, 800, l:lOOf 
hisr.ology of, 793 
hypopharynx, 802 
la.rvnx, 802-807 
lip; 798-799, 799f 
lymphatic spread of, 796-797, 

796f-797f 
nasal cavity, 807-810 
nasopharynx, 808-81 0 
oral cavity, 799-807 
oropharynx, 801-802 
overview of, 796·798 
palate, 801 
pa rdl1asal sinu&:s, 807-810 
positron emission tOmography 

evaluations, 796 
radical neck dissection for, 798, 

798f 
r(:construcrion for, 817-82 1, 

819f-820f 
sal ivary gland neoplasms, 

811-813, 812f, 813b 
sires of, 794r 
squamous ceU carcinoma, 

793-795, 797-798 
staging of, 795-796, 795t 
TNM staging of, 795,7951 
wngue, 800 
rream1enr of, 797-798 

Head and neck surgery, 2271 
Head trauma. See also Traumatic 

brain injury 
in older adults, 354 
pediatric, 1867-1868 
vascular injuries, 1792-1793 

Health care urili7.ation 
cosrs and, 191 
timdines for asS<.'&Sing, 191 

Heall:h-rclared quality of life, 190 
Hearing loss, postoperative, 321 
Hearr 

congenital diseases of. See 
Congenital bean disease 

penetrating injurit'li ro, 451-452 
valvular diS<.-ase. See Valvular 

bean disease 
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Heart disease 
wngenital. See Congenit,ll hearr 

disease 
h isto rica! of, 

I !cart failure 
in older adults, 332 
postoperative, 301-302 
LrcaLrnerH of, 302 

I !cart burn, 1 06cJ 
Heat 844, 844f 
Hf'ar prortins, 42, 44 
I lcbcrden's nodes, 1 :;n 
Heineke-Mikulicz pylllr:cplasty, 

1196[ 
Heinz b,,dic,, 1550 

I lcrnalOchczia, 
I lcmatologic 

critical cart', 
intensive care unil, 587-589 
prc·of<cr:Ili>re evalu,uion of, 

223h 
Hemarorna 

mc:nriStl!ldl, 152 
1094-1 09'5 

retnJpe>ritotleal, 1109 

1893, 

subsc,1pui,1r, 457-4'58, 4'58f 
subungual, 71G-747 

llcmaL<lpoictic slem cell&, 180-181 
Heme oxygenase, 61 
I lcmidesmosomes, !50 
I lemifacial 1923 

central venous e--nhcrcrs for, 569 

carrier&, 101 
l lcmoglobinopa.thi:cs, 1553 

acurt gastrninrtsrinal. ,Sef Acure 

methods of c:ortlr:olling, 
3-4 

tra<11splantatiotL 67 2 
lilc-threatening, 1 CJlS-1926, 

1nM 
fractures, 507, 507f 

boweL 1179 
ulcerative L:olitis as cause of, 132'S 
variceal. See Variceal hemorrhage 

llc<morr'ltagic sh<lc-k, 5711 
Hemonhoidlectomy, 1389-1390, 

1390f 

presentation of, 
~-'''l''juu, ussr 

diagn<Jsis d; US7-1388 
external, 1389f 
grade 4, 1390f 

of; U88L 
1388f, 1388t 

managemem of, 1388t 
rubber band ligation oC 1388, 

1389[ 
device for, 1389-1390, 

surgical treatment oC !38cJ-U91, 
1389f 

treatment of, 1388-1391 
I Icrnosrasis 

<lj.!Cf<lllll!l, 232 
feSflSCif,ltiOtL 589 
in wound healing, 151, 153f 

I Icrno&uccus pancrcalkw., 
1170 

preopcr,uive usc of, 224 
vtnous thromboembolism 

517 

Vt'llOUS tre;3tt'd 

wirh, 296-297,517 
tiC<pannHrtClltcCCl thrornbocyll1pcnia, 

588 
Hepatecromy, 1466f 
I lcpatic adcrwma, 2038 
I !cpa tic arterial inlctsion 

ch,cmorlwrmlv. 1463 

1418-llil9, 1120f, 

occlusion of, 662 
I lcpatic diverticulum, 1112-1113 
Hepatic duc:rs, !119-1421, 1122f 
Hepatic field, 1412-1413 
Hepatic iminodiacetic acid scan 

acute cakulous c:lt:.JleC:V>·titis 

in, 
nutritional considerations, 

115-116 
Hep,ltic srellate cells, 1413, 

!423-1425 
llcpatic veins, !4!cJ, 

116'! 
!469t 

epi::letTtiology of, 1470-1471 
patho1;cnesis of, !471-1172 
prevention of. !172 
rrearment of, 1472 

Hep,ltitis B surfiKe antigen, 
!1(;9-1470 

B virus 
prcscnlalion oC 1171 

definition 1469 
711-712, 1469t 

!169-1'170 
14711-H71 

1470f 
Lrataslt1sic>n-,tsscJCia.Led,!47! 

662 
prevenrion of, 147 2 
rt'currcnL 662 
lrcauncnt oC 117 2 

Hepatitis core amigen, 14 GCJ-1170 
]) virus 

!472 

surgical complications of, 321-322 
Hepatoblast<Jill:l, 1459, 1864.·1865 
He·patoc:cllul;tr c8rcinoma, 

1153-1450, 18(;4-1865 
alcohol abuse 1454 
caus,ltive factors 1453-1454 
chemicals aswciated with, !451 
ch:cm<ltltet'Tpy for, !457-1458 
childhood, 

115S 
presenrarilln "f, 14'54 

tOllllOf~r,l[lhy of 1454 

excision 
extcnul beam radiati,,n therapy 

for, 1457 

1458f 
1453-14'54 
!151 

rnagnelic resonance irndging oC 
1454 

metastasis of, 14 '55 
orthotopic liver transplantation 

for, 1457 
n-11-hu.lnccv(lf, 14'56 
pcrcLuancous ethanol injcctilHl 

for, 1457 
pr<Jgtwsric t8ctors, 1456-1457 

for, 1157 

1457 
lransancrial 

v<1rL1nts of, 

117S 
1424f, 

functional hctcrogenciLy of, 
1425-1426 

trallSjJlant;tttcJn of, 663··664, 

He·pator,ulmcJn;try syndrllme, 657 
Hep,Jtorc:nal syn,QrcJme, '585 

I Icrbal mcdic:ines, 229t 
He-reciit:Hv diffuse gasrric cancer, 

I Icrcditary nonpolv·pc>sis colo rectal 
1205, 1337, 

1350t, 

Hereditary pancreatitis, 1854 
Hereditary par·ag:mg.lioma, 705t 
I lcrcditary pheo,:Ju·on1o,:ytorrta, 

7115! 

Ilcr2/ncu receptor, 696 
Hernia 

abdominal wall, 350-351, 1094, 
!115b, !!!Sf 

acquired internal, !106 
of. 1114 

l:loc:hd:llek's, 1 '571, !8J1-!S35 

350-351 
hiataL See hernia 
infantile umbilical, 1 O'.JJ 
inguinal, 1!14-1126 

of. 111 '5-1119 
1127 

dassilicati<lll ,,f, 1114, 111 cJ, 
1120b 

1119, 1119b 
111 '5-111 CJ 
11-1115 

cla>;sihcarion llt, 1 11 9, 

1856 
recurrence of, 11 128 
strangulated, 1 1 27 
treatment of. ll!CJ-1125 

Bassini repair, 1121 
chrllnic p,1in syndromes 

complications of, 11 
1127t 

128, 

neuralgia after, 1127-1128 
norwpnativc, 1119-1120 
opcr,uive, 1120-1125 
prCJJerironcal, 1123 

of lite benefits, 1128 
results of, 1125-1126 
Slwuldice repair, 1121 
tension-free anterior 

1122-1123, 1 
1126 

testicular atrophy after, 1128 
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Hernia (Contilwrd) 
tissue n:paio·s, 112 1- 1122, 

I J2 1f 
vas deferens injuries during, 

11 28 
interparietal, 1137 
intra-abdominal, I 106 
irreducible • . 1 I 14 
loss of domain, 11 37- 11 38 
lumbar, 1137 
mesenteric, 1 106 
mesocolic, I I 06, 1 I 07f 
Morgagn i's, 1834-1835 
obturator, I 137 
paraduodcnal, 1106, 1107f 
para.-sophageal, 1067-1069, 

1081 -1083 
clinical pre&ntation of, 108 1 
description of, 344, 344f, 

1067- 1069 
laparoscopic rrcatmem of. 

1082 
outcomes for, 1 083 
pathophysiology of, lUI! I 
preoperative <"valuation of, 

1081 - 1082, 1082f 
strdll gulation of, 1083 
treatment of, I 082 

pal"dstomal, 1138, 1138f 
pediatric, 1856 
perineal, I I 37 
recurrent, 475, J 1.l7 
reducible, 11 J 1 
Ricluer's, I 114 
sciatic, 1 137 
shunts and, 1909 
sires of, 1114 
sliding, 1 068f, 1 120, 1 126-1 1 28 
small intesrjnt" obstruction caused 

by, 1238 
spigdian. 1135 
strangulated, 1114 
umbiJiQ)], 1093, 1856 
ventral, 11 28- 113:5 

abdominal closure, 474-475 
anaromv of. I 1 29 
cla:>5ification or; 1130-1131 
definition of, 1128-1129 
description of, 363 
diagnosis of. 1129 
elected plan ned repair, 

475-476, 476f 
epigastric hem ia, 1128-1 129, 

1131 
hypogastric hernia, 1128-1129 
incidence of, 11 29 
incisional, 11 28-1129, 

1131 - 1133 
opemrive repair of, 1131-1135 

biologic materials used in . 
1132 

complications of. 1138 
component separation 

technique, 1 133- 1135. 
11 34f-1 135f 

intraperitoneal mesh 
placement for, J 133 

mesh materials u&d in, 
11 3 1-1133, 1132t 

prosthetic marerials used in, 
11 3 1- 1132 

results, 1135, 1136t 
rerromuscular mesh 

placement for, 1133 
techniques, L 132- 1 l:l5 

types of, 1128-1129 
umbilical hernia, 1128-J 131 

Herpetic whidow. 1979 

Hessdbach's triangle, 1089-1090, 
1118 

Heterotopic pancreas, 1222 
Hiatal hernia. 1081-1083 

classification of, 1 067-1069 
clinical presentation of, 1081 
description of, 344, 344[, 

1067-1069 
gastroc-sophageal reflux di&aSC 

and, 1067 
imaging of, 1073f 
laparoscopic trearmenr of, I 082 
mixed. 1068f 
outcomes fnr, I 083 
pathophysiology of, I 081 
preoperative evaluation of, 

1081-1082, 1082f 
rolling, 1068f 
sl iding, I 068f 
strangulation of, I 083 
treatment of, I 082 
rype I, 1067, 1068f 

Hiatal ligament, 1298[ 
Hidden rectal prolapse, 1:!57 
H idraden itis suppurativa, 

1398- 1399, 1399f 
High-frequency oscillatory 

ventilation, '578-579 
High-frequency posirive pressure 

ventilation, 578-579 
H igh-frequency sound waves, 236 
H igh-inre.nsiry focused ultrasound. 

422 
Highly sdect:ive vagotomy, 

1183-1184, 1197-1198, 1197f, 
1204 

High-mobility group box L 42-44 
High-pressure injection injuries, of 

hand, 1979, 1980f 
Hilar lymph nodes, 1579b 
Hill. Luther. 12-13 
Hip 

diagnostic imaging of, 493 
dislocarion of, 512 

Hippocraric Oath, 19 
1-!io:schsprung's disease, 1376. 

1848-1849, 1848f 
Hisramine, I 186-11 87 
Histocompa.tibility compl...x, 

619-621, 619f 
Hisrocomparibiliry proteins. 

6 17-6 18 
Hisrone aceryltranslerases, 103 
Histone deacetylases, 103 
Histone H3 lysine 4. 996 
l-Jistop/nsmn r.apsulntuJII. 1 '587 
Histoplasmosis, 1587 
H+,K+-ATPase, 1188-11 89 
HMG-CoA rcducras<: inhibitors. 

575 
H I NI , '580 
Hollow viscous injury, 455-456 
Holstein-Lewis fracture, 515, 5 15f 
Homan's procedure, 1824f 
Homan's sign, 1813 
Homeostenosis, 33 1 
Homograft, l7 1r-172o 
Hormone replacement d1erapy, 

836 
Hormone-sensitive lipa&t, 123 
Horner's ~-yndrome, 1582 
Hor& antithymocyr<" ~lobulin, 

644-645 
Hor&tshoe abscess, 1393-1394, 

I394f 
Hor~shoc fistula, 1391 
Hospital -associated intra-abdominal 

infection, 250, 256-257 

Hos1 
surgical infections and, 240 
rhempy and. 242-243 

Howell-Jolly bodies, 1'550, 1553 
Howship-Rombeo-g sign, 1137 
H1-rectptor antagonists 

descri prion of, 58 1 
duodenal ukers rreared with. 

1194 
Huggins, Charks, 15-16, t5f 
Human bitt>s, 552, 1979 
Human chorionic gonadotropin 

G-. 2013-2014. 2040 
in nonseminomatous cumors, 

1604-1605 
in testicular gtrm o.>U rumors, 

715-716 
Human genome, 24-27 

DNA, 24-25 
gene .-xpression, 26-27 
genes, 24-15 
protein synthesis. 25-26 
RNA, 2'5-26 

Human Genome Projec1:, 21, 
35-36 

Human immunodeficie ncy virus 
anorectal pathology in . 1398 
neoplastic disorders in, 1398 
surgery and, 223 

Human leukO<.-yr<" antigens 
descriprion of, 6 19-620, 

720-721, 1852 
typing, 621-622 

Human papillomavirus, 1402- 1403, 
1.077 

Humani7_ed mcrasrar.ic melanoma. 
734-73'5 

Humeral shalt fmccures, 496, 515, 
5 15f-5 16f 

Humoral hypercaiC<"mia of 
malignancy. 114- 11 5 

Hungry bone syndrome, 113 
Hunter, John, 4, 4f 
Hiirthle cdl carcinoma, 9 12 
Hyaline membrane disease, 1571 
Hyaluronan. 162 
Hyaluronic add 

dcscri ption of, 234 
in feral wounds, 1 69 

Hyaluronidase, 1243 
Hydatid cyst. 1447-1449. 

1448f- 1449f 
Hydralazine, 575-576 
Hydrocarbons, 544 
Hydo·ocephalic arracks, 1906 
Hydrocephalus, 1905-19 12 

aCU[e, 1905 
arrested, 1906 
chronic, 1905 
dinical features of, 1906 
communicating. 1905 
congenital, 1905 
diagnosis of, 1906, 1907f 
ex v~cuo. 1905 
normal-pressure, .187'5 
obstructive, 1905, 1907f 
poreno.>phaly, 1905 
shwm for, 1907-1909 
surgery for, 1906-1907 
d1ird ventriculostomy, 1908-

1909, 1908f 
n eall1!lem of, 1 906-1909 

Hydrocolloid wound dressings, 
17lr-172t 

Hydrocortisone 
aori-infiammatory cffccu of, 63 
corticosteroids versus, 305r 

Hydrofluoric add burns. 544 
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Hydro!\"] wound d~ings. 171t- 172t 
Hydi'Ogtn, 1307 
Hydrog.-n sulfide, 61 
Hydromorphone. 392, 565-566 
Hydronephrosis, 673f 
25-HydroA'Ycholecalciferol, 1 13 
Hydroxyerhyl starch, 573 
5-HydroA')'indoka.:ctic acid. 

1260-1261 
25-HydroA'Yviramin D, 114 
Hymenoprera stings, 557-558 
Hypemcut~ rejection, 637, 638f 
Hyperaldo&cronism. poi mary. 

973-97'5. 973r 
Hyperbaric OA'Ygen, for wound 

healing, 172- 173 
Hyperot!C<"mia, 114-115, 1521 

benign familial hypocalciuric, 926 
dlffereollial diagnosis of, 927b 

Hyperotlcemic crisis, 927-928 
Hypercortisolemia, 977-978 
Hypergastrinemia, 952r, 1 185-

ll86, ll86t, 1201 
Hyperglyo.>mia 

beta cell response to, 335f 
in critically ill patients, 586 
insulin for, 54 1-542 
moderate, 242 
po.~tburn, 541-542 

Hyper-lg~f syndrome, 628-629 
Hyperinsulinemia, 677 
Hyperinsulinism, 958 
Hyperkalemia, 110- 112, 112b, 304 
Hypermagnesemia, I 16- 117 
Hypernarremia, II 0 
Hyperosmolar nookerotic 

dehydration syndrome, '58(, 
Hyperparathyroidism, 342 

chronic o-enal disease and, 924 
familial, 940 
in mulriple endocrine neoplasia 

type I, 998 
neonatal Sl"Vere, 940 
normocaiCl"mic, 937 
primary 

bilateral neck aploration, 933 
clinical features of, 926-927 
description of, 921, 926 
diagnosis of, 926-927 
mediQ)] alternatives for. 

937-938 
noninvdsi~'C' prcoperati•-e 

JoQ)]izatioo, 929-930, 
930f-931f 

pamrhyroid hormone I<"Vels. 
932f 

pararhyroidecwmy for. Set> 
Parad1yroidecromy 

preoperative imaging in, 929r 
preoperative ]oQ)]ization. 

93 1-933 
su rg.:ry dfecrs on, 928-929, 

928b 
secondary, 926-927, 938-939 
tertiary, 926-927, 939-940 

Hyperp,U.athyroidism-jaw rumor 
syndrome, 940 

Hyperphosphatemia, 114 
Hyperplastic polyps. 1344-1345, 

1345f 
Hyperresonance, 1146 
Hypersplenism, 1553- 1554 
Hypc::rt<"nsion 

abdominal, 1 I '5 It 
inrm-abdominal, 47 1-473 
po.<ita!tcbthcsia, 111 
postoperative, 297 
trearmenr of. 1737r 
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Hypert~nsive hemorrhagic stroke, 
324 

Hyperr~nsiv~ lower ~opha~ 
sphincter, 1026r, I 03 I 

Hyperthermic isolated limb 
penusion, 759, 759f-7GOf 

Hyperthyroid crisis, 306, 306b 
Hyperthyroidism. 896-898. 

896f-897f 
definicion of, 306 
in older adulrs, 342 
in pregnancy, 2040 

Hyperto nic saline fluids, 98-100. 
98f, 109-110 

Hypercriglyccridemia, 1521 
Hypertrophic f,>lS!'ritis, 1222 
Hypertrophic pyloric stenosis, 184 1. 

184 1f 
Hyperrrophicscars, 164-165, 

1661' 
Hypocalwnia, I 13-114,921, 

928 
Hypoglycemia, 221 
Hypokalemia, 110- 1 I I, 116 
Hypomagnesemia, 114, 116 
Hyponarrcmia, 1.09-110, 307 
Hypoparathyroidism. 1 13-1 14. 928. 

936 
Hypopharynx, 793, 802 
Hypoplastic left heart syndrome, 

1638-1643 
anatomy of, 1640f 
description of, I 638-1639 
Fontan operario:n for, 164 1-1643, 

1642f- J643f 
illustration of, 1 6 I 2f 
modified Blalock-Taussig shum 

for, 164of 
neonatal cardiac rransplanration 

for, 1639 
Norwood reconsrruction for. 

1639-1641' 1641f 
sysremic to pulmonary arrery 

shunrs for, I640f 
Hypotension 

definition of, 74 
n eaunent of, 572-573 

Hypod,alaJnic-piruiwy-adrcnal 
axis, 585-586 

Hypothalamic-pituitary-thyroid 
axis, 89 1 

Hypothenar hammer syndrome, 
1972 

Hypothermia, 288 
accidental, 76. 77t 
beneficial uses rrf, 7(, 
causes of, 288 
d in ical presenralion of, 288 
imraoperative, 244-245 
medical. 76. 77t 
perioperative, 232, 4 I 0 
risk factors for, 23 2 
in shock, 76-78, 77t 
rrauma-associared, 76-77 
trearmenr of, 2&8 

Hypod1ermic fibrillary arrest with 
cudiopulmonary bypass, 
1668-1669 

Hypothesis resring. 195- 1% 
Hyporhyroidism, 894-895 

in older adulcs, 342 
postoperative, 306-307 

Hyp<wentilarion, poscanesrhesia, 
409-4 10 

Hypoventilation syndrome of 
obesity, 362 

Hypoxemia, 409 
Hypoxia. 167 

Hypoxia inducible factor I, 
158-159, 167,708 

Hysterectomy, 2019-2022, 
2020f-2021f 

I 
131J, 898 
lbritumomab, 739 
lh ritumomab-tiuxeran, 737t 
ICE-caspaoc-1, 48 
Ideal body weight, 128 
lgA nephroparhy. 667t. 668 
Ileal pouch- anal anastomosis 

description of. 1325, 1327( 
familial acknomarous polyposis 

tl't'ated with, 1348 
pregnancy and, 2043 
total procrocolcccomy wirh, 

1326-1329, 1326f-1328f 
Ucorecral anastomosis, 1325- 1326, 

1325f 
lleosigmoid fistula, 1252 
Ileoscomy, 1362- 1365, 1365f 
Ileum 

anacomy of, 1227-1228 
blood supply of, 1229f 
diverticula of, 1266- 1268, 1268f 

Ileus. .1244 
causes of, 1244 
in Croh n's disease, I 25 I 
definition of. 1244 
drugs that cause, 1244 
g;allsrone, 1500 
paralyric, 308b 
postoperarive, 307-309, 308b 
signs and symptoms of, 1244 
treatment of, 1244 

Iliac crest osreocuraneous free Aap, 
820 

Iliofemoral arr~ry bypass grafting, 
1713, 1715f 

Uiohypogasrric nerve, 1092-1093, 
1118 

Ilioinguinal nene, 1092-1093, 1118 
Iliopsoas sign. 1147r. 1280 
lliopubi<: rm.:t 

anatomy of, 111 6-1117 
hernia repair, 112 1, 11 2 1 f 

lmatinib. 778-779. 1047-1048 
lmarinib mcsylarc, 11 08, 1264 
Immobilizarion 

offracrures, 4% 
for spinal cord injuries, 441-442, 

490-491 
Immune response, 617-637, 739f 
Immune system 

burn injury effects on, '>28-529 
description of. 720 
in geriatric parienrs, 334-33S, 

334b 
preoperative ~uation of, 

222-223 
Immune thrombocytopenic 

purpu ra, 1550-1552 
clinical presentation of, 

1550-155 1 
differential diagnosis of, 155 1 b 
glucocorticoids for, 1552 
management of, 1552 
splenectomy for, 1552 

Immunity 
acquired, 617-634 
innate. Set: Innate immunity 
tmnsplanration, 636-637 

lmmunocompromiscd hos!S 
dive•·riculitis in, 13 12 
enteritis in, 1254-1255 

Lmmunoconjugates, 738-739 
lmmunoediring, 702-703, 703f 
lmmu noglobulins 

A, 1236 
G, 736 
structure of, 633f 
subtypes of, 632, 723 

lmmu nomodularory medications. 
1324 

lmmu nonurririon, 143- 144 
lmmu noradiomctric assay, 93 1 
Immu nosuppression 

acute abdomen during, 
1154-1155, 11541:> 

alemrw.umab, 646 
anti- interleuki.n-2 receptor 

antibodies, 645 
amilymphocyte globulin, 

644-645 
aZ!dlioprine, 642-643, 642r 
bclarae<·pt, 646-647 
complic.u:ions of, 647-648 
corticosteroids, 64 I, 64 2r 
costs of, 64 1 
Crohn's disease neared wid1, 

1250 
cyclosporine, 643, 682 
deo:>:ysperguali n, 647 
description of, 640 
fingolimod, 647 
funl?i'J infection risks secondary 

ro. 265 
infection risks, 647-648 
intravenous immunoglobulin, 

646 
li~r rransplanration. 662-663 
lymphocyr~ depletion 

preparations, 644-645 
malignancy risks, 648 
mammalian tar~t of rapamycin 

inhibirors, 646 
molecular mechanisms of, c144f 
muromouab-CD3, 645 
mycophcnolate mofcril; 643, 686 
ritu:ximab, 646 
small bowel rransplanr.arion, 686 
racrolimus, 642t, 643-644, 686 

lrnmu nosurveiUaJJ<:e, 702 
lmplam:ablc pumps, 1902 
Impla nt-based breast =onstruction. 

872-873, 872b, 873f, 88 1 
lmura.n. Ser Azathioprine 
lncidcnraloma, 985, 985f 
lncisional hernias, 4 18, 1128-1 129, 

113 1- 1133 
I nconrrinence 

fecal, 1382t, 1383-1385, 1384f 
urir1arv, 2053-2054 

Indirect ~llorecogni tion, 639f 
Indirect calorimetry. 129 
ludolamine 2,3-dioxyg.-oase, 725 
Induced pluripotent stem cells, 178, 

180 
Inducible nitric oxide synthas.-, 60 
Inducible prorein I 0, 152- I 53 
I nducrion a gems, 391-392, 39 1 r 
Ineffective esopha~al motility, 

1026t, 103 1 
Infarction 

myocardial 
inrraoperarive occurrence of, 

230 
ll'lanagement of, 299-300 
non-ST-segmeut clevJtion. 

1653- 1654 
postoperative, 298 
prehospital mortality rare for, 

1654 

lnfarcr.ion (Coutiuued} 
sigtlS and symproms of, 299 
ST-segmenr devJtion, 

1653-1654 
postoperative, 298-300, 299t 

Infections 
breasr., 839-840 
chesr wall, 1594 
fung>1l. See Fungrl infeaions 
geo itouri nary. St:c Genitourinary 

infections 
hand. &e Hand infections 
immu nosuppression risks. 

647-648 
after kidn.:y transplanration, 674 
mesh, 1138 
opporrunistic, 648 
alter pancreas rrdosplanration. 

678 
peritoneum, 1098 
post-transplantation, 674, 678, 

687 
pulmonary. &c Pulmonary 

infections 
small bowel tro nsplanrarion, 687 
smgical. Sec Surgical infections 
surgical sire. Sec Surgical sire 

infections 
urinary traer. See Urinary rmcr 

infecrions 
wound healing atT,~ted by, 167 

lnft~tious colitis, 1334-1335 
Lnfoctive endocuditis prophylaxis, 

400, 400b, 40 I r 
Inferior bile duct, 1477 
Inferior epigastric arrery, 1119 
Inferior epigastric vein, 1119 
Inferior meocnteric ane ry 

anatomy of, 1298-1302, 130 1f 
occlusion of, 130 1 f 

Inferior pcnosal sinus ACTH 
sampli ng, 977-978 

Inferior thyroid artery, 888 
Inferior vena cava, I 091, 1 093f 
Inferior vena cava filter, 1817b 
Lnfcrtiliry, 20SS-20S7 
Infi ltrati ng ductal carcinoma, 842 
Infi ltrating tubular carcinoma, 842, 

843f 
Inflammation 

chronic, 712 
definition of, 40 

Inflammatory bowel disease, 
131 9-1334 

C rohn's disease. See C rohn's 
d.iocase 

definition of, 13 19 
nun itional considerations, 14 4 
ulcerative .:ol itis. Sec Ulcerative 

co !iris 
lnAammatory breasr cancer, 

864-865 
Inflammatory response 

cyrokines associamd wirh. 53 
neumendocrine control of, 62-63 

lnfl iximab, 53, 737t, 1250, 1324 
information technology, 206-207 
Informed consenr, 21, 226 
lnfrapoplir.eal bypass. 1746-1747 
I nfraren rorial lesions, 1885 
Ingu inal canal, 1117-1118 
Inguinal hern ia, 1114-1126 

a natomy of, 1115-1119 
bilateral. 1127 
classification of, 1114, I 119, 

ll20b 
diagnosis of, 111 9, 1119b 
in geriarric pariems, 350 
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Inguinal hernia (Co11tiuurd) 
groin anaromy, 1115-1119 
incidenc..> of, 1114-11 15 
Nyhus dassific.uion of, 1119, 

112Ub 
pediatric, 1856 
recurrence of, I 11.7-1128 
strangulated, 1127 
treatment of, 1119-112'\ 

Bassini repair, 1 121 
chronic pain syndromes 

secondary to, 1127- 1128 
complications of. 1127-1128. 

1127t 
differences in, U26 
ischemic orch.itis afttr, 1128 
laparoscopic, I 123-1125. 

1124f, 1127t 
McVay repair, H21-1122 
nerve injuries during, 

1127-1128 
neuralgia after, 1127-1128 
nnnnperative, 1119- 1120 
operative, 1120-1 125 
prcperironeal, I 123 
quality of life lxnc6rs, 1128 
resultsof. 1125-1126 
Shouldice repair, 1121 
tension-free anterior repair, 

1122-1123, 1122f, 1126 
testicular arrophy afrer, 1 128 
tissue repairs, 1121-1122, 

ll21f 
v~s deferens injuries during, 

1128 
Inguinal ligament, 1088 
Inhalation injury, 'i31-'i32 
Inhalational agents, 389-390, 39Ut 
Injection sclerotherapy, 1809 
Injury 

immune dysfu ncr&on after, 24 I b 
stress response to, 24lb 

lnjury Severity Score, 609 
Innate immune system, 40-4 I 
Innate immunity 

cyr.okines. 635-636 
dendritic cells, 635 
description of, 634-636 
monocyr.es, 634-635 
natural killer cells. 635 

Inner thigh-based flaps, for breast 
reconscntcrion, 877-878, !!80f 

Inositol rriphosphar<:-, 1188f 
inotropic drup.s, 573 
lnstirute of Medicine, 201 
lnsmunemal variable analysis, 

196-197 
Insulin, 146, 945-94·7 

fu11ction of, 960 
hyperglycemia managed with. 

541-542 
types of, 22 1, 221 t 

Insulin growth factor-1, 156t 
Insulin pumps. 221 
Insulin-like growrh f.tcwr, 539-'\40 
lnsulinoma, 950-951, 956-958, 

957f-958f, I 000 
lntegrins, 153, 154f, 700-701 
Intensive care unit 

abdominal compartment 
syndrome in, 582, 582t 

acure abdomen, 1153-1154 
acute kidney in jury in, 584-585 
acute lung injury in, 578-579, 

588 
acute rtlipi.raroty distress 

syndrome, 578-579 
analgesia in. 565-568 

lnrensive care unit (Conliuued} 
aspiration in, 577 
blood substitutes in, 589, 589b 
blood t ransfusions in. 588-589. 

588b 
central venous catheters, 569 
deep venous thrombosis in, 

587 
discharge from, 1667 
dysrhythmias in, 571-572 
endocrine system, 585-586 
fungal infections and, 266 
glucose disorders in. 586 
hcmarologic disorders in, 

587-589 
hemodynamic monitoring in, 

56!!-570 
hcparin-induotd 

rhrombocyropenia in, ';88 
hepatic dysfuncrion in, 585 
mechanical ventilation in. See 

Mechanical ventilation 
multiple organ failure in. 

590-592 
neuromuscular blockade, 56!!, 

56!!f 
nutritional support in, 582-581 
pain assessmenr and managemenr 

in, 565-566 
pneumonia in, 577-578 
pulmonary arterial catheters, 

569-570 
pulmonary embolism in, 587 
respiratory failue<> in, 576-579 
respiratory system, 576-581 
sedation in, 565-568, 567f 
selective digestive 

decontamination in, 
581-582 

sepsis in, 589-592 
stress g<~.stritis in, 581 
time-out clwcklist for, S98f 
trdnsporration of patient co 

operating room, 596 
venous thromboembolism in, 

587 
1 ntent to treat, 192 
lmen:ellular adhesion molecule- I, 

47-48 
lntcrcosral spaces, 1564 
I nrctfcrorHX 

carcinoid syndrome treated with, 
1262 

description of, 45t, 623t, 699, 
726-728 

hepatitis B vin•s rrear.ed wirh, 
1472 

lntetferon-G, 4 5t, 623t, 726 
1 nrctfc.-un-1: 

description of, 44-47, 45t, 623r, 
630-632, 703 

wound-h~-aling role of, 156-157, 
1561 

Imerferon alfa-2b. 757-758 
lnterfeton-1:R, 46-47 
lnterleukin-1 

ami-inflammatory agenr rargering 
of, 52-54 

description of, 47-51, 48t, 623t 
wound healing role of, 156t 

lnterleukin-1 receptor-associared 
kinase 1, 49 

lnterleukin-1 receptor. 48-5 1 
lnterleukin- I<X, 45t 
lnredeukin-lG, 45t 
lntcclcukin-2, 15r, 156r, 623r, 

726-727, 727f 
lnrerleukin -3, 45r, 623t 

lntedeukin-4, 45t, 56-57, 156t, 
623t 

Inrerleukin-5. 45r. 623r 
lnrerleukin-Q, 4Sr, 54, I 56, 1 S6r, 

6231 
lntedeukin-7, 623t 
lnterleuk.in-8, 45t, 54-55, 152-153, 

156, 156t, 623t 
lnterleukin-9, 45t, 623r 
lnterleukin-10, 45r, 56-57, 156t, 

6231 
lnredeukin-11, 15t, 54, 623r 
lnrerleukin-12. 45r. 55. 623t 
Inrerleukin-13, 45r, 56-57, 623r 
Inrerleukin-14, 623t 
lntedcukin-15, 623t, 728-729 
Imedcukin-17, 55-56, 623r 
Lnrerleukin-17A, 4St 
lnterleukin-18, 45t, 56, 623t 
lnredeukin-21, 45t 
lmcrleukin-23, 45r, 623t 
lntcrlcukin-27, 45t, 623t 
lntermirrem claudication, 

1727- 1728, 1728t, 1738, 
1738f 

lmermincnr mandatory ventilation, 
579-580 

Internal fixation, of fractures, 
485-487 

intramedullary nails, 486-487, 
489f, 502 

pins and SCJ\"WS. 485-486. 
486f-487f 

plates, 486, 487f 
tension bands, 486, 488f 

Inrernal inrussusception, 1372. 
1373f 

Internal mammary artery graft, 
166 1, 166lf 

Internal oblique aponeurosis, 1116 
Imernal oblique muscle, 1088-

1089, I089f-1090f, 1116 
lntcrnadonal Neuroblastoma 

Sra_ging Sysrem, 1860, 1860r 
interparietal hern ia, 1137 
Interrupted aortic arch. 1636-1637, 

1637f- 1638f 
Intersection syndrome, 1982, 1982f 
lntersi.gmoid fossa, 1295 
lntersphincteric absc=. 1392-1394. 

1394f 
lnterspl• incteric fistula, 1394, 

1394b 
lnrerstir.ial laS<' r phorocoogularion, 

235-236 
I nterverrebral discs, 1895 
Intestinal adaptation, 1845- 1846 
Intestine 

carbohydrore absorption in, 
1427-1428 

fistulas of, 3 18-320, 319t 
health of, 125 
large. See Large intestinal 

obstll.ICUon 
malrotation of, 1843- 1844, 

1844f 
obstruction of, during pregnancy, 

2025 
rotation of, 1228[ 
small. Sa Small intestine 

Intima, 1725- 1726, 1802 
Intra-abdominal hypertension, 

283-284, 471-473 
l11rra-abdominal infections. 250, 

256-257 
Intra-abdominal pressure 

d.cscription of, 582 
monitoring of. 1150-1152 
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Intra-abdominal solid org-.m 
injuries, 186!!, 1869t 

Intra-aortic balloon pump 
coronary arTery bypass grafting 

and, 1666 
counterpulsation, 576 

I ncra-arricular fractures, 481 , 495 
lntmc..-ll ular signaling, 46f, 49f-50f 
I nrracerebral hemorrhagw:, 

spontaneous, 1883-1884, 
1883b, 1883f-1884f 

I nmcomparrmenral hemorrhage, 
1798 

I ntracrau ial hemorrhage, 441 
lntrdcranial hyperr<cnsion, 1876t, 

1894f 
I nrmcran ial pressure 

description of, 1872, 1875 
dynamics of, 1872-187'\ 
increased 

coma caused by, 565 
treatment of, 1895 

measuremem of. in traumatic 
brain injury patients, 441 

lntrJcranial tumors, 1885-1886 
Intraductal papillary mucinous 

neoplasm. 1533-1535. 1534f 
Intradural <"Xtramedullary tumors, 

1891, 1892f 
fntr~hepatic cholangiocarcinoma, 

1459 
lnrramedullary nails, 486-487, 

489f, 502 
lntrdmedullary spinal cord nunors, 

1891- 1892 
ln-rransit melanoma. 751f, 759. 

71l0f 
Intraoperative cholangiography, 

1484 
I ncraoperative phaS<> 

anaphylaxis during. 230 
description of, 205 
instability during, 230-2.~ I 
larex allergy, 230 
malignam hyperthermia, 230 
myocaJdial infarction during, 

230 
pneumod1ordx during, 230 
pulmonary embolism during, 

230 
tmn~sophageal cchocardiography, 

230 
J ntraperitoneal heated 

chemotherapy, for 
p&udomyxoma periconei. 
!102- ll03, 1103[ 

lntrdspinal wrnors, 1890-1892 
lnrrarubular germ cell neoplasia, 

2075 
J nuaurerine contraception device. 

2012 
Incravasarion, 700 
Intravascular ult:rasound, for 

peripheral am• rial di&ase. 
173'\, 1736f 

Intravenous agents, 390..394 
characteristics of, 391t 
induction agents, 391-392, 391L 
opioids. 392 

Intravenous fat emulsions, 141 
Intravenous immunoglobt~.in, 646 
Intravenous patient-controlled 

analgt:sia, 4 14 
Intrinsic factor, I 189 
Inrussusc.·pt'ion, 1851 
ln'<<Uiivc aspergillosis, 1587 
Inversion stripping, 1810, 1810f 
lnverrogmm, 1849 

http://www.myuptodate.com


2102 INDEX 

Iodine 
deficiency of, 894 
metabolism of, 889-890 
thyroid hormone synthesis 

inhibited by, 893 
lodine-123, 893 
Jon chan nels, 3 I 
Ionizing radiarion 

thyroid cancer and, 906 
wound healing affected by, 168 

Iron, 127t 
Ischemia 

colonic, 1335-1337, 1336f. 
1337b 

poscoperarive, 298-300 
Ischemic mitral regurgitation, 

1673-1674 
lschem ic orchitis. I I 28 
Islet cdl(s) 

description of, 960 
glucagon secretion by, 9-17 
hisromorphology of. 944-945 
insulin =retion by, 945-947 
somatostatin secretion by, 946t, 

947 
rransplanr~uion of, 651, 679, 948 
cypes of. 944. 946t 

Islet cell tumors, 949-960 
diagnosis of, 951-955 
hiswrica l description of, 949 
molecular generics of, 950-951 
overvkw of, 949 
pancreatic endocrine tumors. Set: 

Pancreatic endocrine rumors 
lsoflura.ne, 390, 3901 
lsolared intestinal rrransplantation, 

685, 685[ 
Isolated limb pe1iusion, 759, 759f 
Isoproterenol, 572£ 
Ito cells, 14 23-14 25 
ltr~conazole, 270r 

J 
J pouch, 1359-1360. 1360f 
JAK-STAT pathway, 46-47, 46f 
Januse kinase, 635-636 
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e>ttended criteria donors, 662 
hepatitis B and, 656-658 
hepatitis C and, 656 
heparocdlular carcinoma treated 

wi th, 663, 1457 
history of, 655 
immunosuppression after. 
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984-985 
Malignant pkural effusions, 1575, 

1596-1597, 1597{ 
Mallampati classificarion, 397, 397f 
Mallet fractures, 1968f-I 969f, 1974 
Mallory-Weiss rear, 311, I 167, 

1222 
Malnutrition, 128 

aS&ssmenr of, 22S 
in cirrhosis, 221 
in o lder adulrs, 339b 
risk fa.:tors for, 339b 
wound healing affccred by. 168 

Malnur.rition Screening Tool, 339 
Mal r-ase, 123 2t 
Mammalian bites, 551-553 
Mammalian target of rapamycin 

inhibitors, 646, 663 
Mammography 

non palpable abnormalities, 
832-834 

screening, 831-832, 832t 
Manruble fr-.~.:rures, 1927 
Mangled exrremiry ~veriry score, 

'iOJ, 501 r, 1945 
Mannkupf sign, 1147t 
Manometry 

admlasia diagnosis using, 1027 
diffu~ esophageal spasm, 1 032f 
esophageal, 1840 
gasuoesophageal reflux dis.-ase 

<'V<t]uarion, I 070, 
.1070f-1071f 

lower esophageal sphincter, I 02l l 
nutc.-acker esophagus, I 033f 
upper esophag'-al sphjnc~:er, 

1021 f, I 021 I 
Manrle cell lymphoma, 1219t 
Manubrium, 1566 
Marasmus, 145 
Marfanoid habims, 995 
MariJle bires, 558-560 
MART-I, 724 
Martin, Franklin, 9 
Mass e~sualty incidents 

blast trauma, 6 I 2-613 
casualry load, 606-607 
definition of, 604 
definitive care phase of, 610-61 I 
field triage for, 607-608 
ho.o;piral responses ro, 605, 605f 
increases in, 604 
initial phase of, 610 
injury s..·verity diSI"ribU[ion, 605 
natural disasters versus, 61 1-612 
scene cane in, 607-608 
timeline of, 607, 607r 
trauma >')'Stems for, 605-608 
urban, 607, 607t 

Massive hemoptysis, 1589 
Massive transfusion protocol, 95-96, 

96t 
Mast cells, 151-152 
Mastectomy, 852-853 

breasr-conscrvi ng therapy versus, 
848-849, 848r 

ductal carcinoma in situ, 
855-856. 856r 

indiC<Jtions for, 852 
lumpecromy v(·rsus, 848-849 
modified radical, 852-853 
nipple-areola..,.;paring, 853 
prophylactic. 838 
radiaJCion therapy afrer, 858, 859r 
radical, 846-818, 852-853 
reconstruction after, 85 2 
simple, 852-853 
wr-al, 846-848, 853f 

Mastitis, 839 
Mastopexy, 1934 
Matrix meralloproreinases 

-9,700 
description of, 154, 160 
in wound contraCture, 163-164 

Mattox maneuver, 466 
Maturational phase of wuund 

healing, 163-164' 
Maxillarv fractures, 1927 
Maxil lary sinus, 809-810 
Maxillof::.cial trauma, 444-145, 

1925-1930, J926f 
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McBurney's point, 1112-1143, 
1280 

McCune-Albriglu syndrome, 786 
MC4R,359 
McVay repair, 1121-1 122 
Mean arterial pressure, 569 
Measured energy expenditure, 583 
Mechanical ventilation, 579 

difficult patients, '\80 
fungal infection ri.sks, 266 
indications for, 579 
pressure-cycled vemilarion, 580 
volume-cycled ventilation. 

579-580 
weaning, 295t, 580-581 

Meckel's divcrriculirls, 1282- 1283 
Meckd's diverticulum, I 093- 1 094. 

1178-1179,1268-1270, 
1268f-t269f, 1851-1852 

Meconium ileus, 1846-1847, 1847f 
Meconium plug syndrome, 1848 
Media. J 726, 1802 
Median amebrachial vein, 1772 
Median nen-c block, I %2f 
Median srernowmy, 908t, 920, 

!602, 1661-1663, 1931-1932 
Mediastinal hemawma, 452 
Mediastinal lymph nodes, J579b 
Mediastiilal masses and tumors, 

!602-1606 
anatomy of, J60tf 
cla.o;sification of, 1600, 1600b 
clinical manifestations of, 1602 
description of, 1600 
d iagno.~is of, !602 
evd.luation of. 1602 
ganglion tumors, 1 llO'i 
ganglioncuroblastomas, 1605 
germ cdl rumors, 16M 
lymphomas, 1605- 1606 
malignant, J 600-160 I 
neurogenic rumono;, 1605 
oon$:minomatous tumors, 

1604-1605 
pardg-.111gliomas, 1605 
primary cysts, 1602-1603 
seminomas, 1604 
rerarornas, 160 I , 1604 
thymomas, 1601-)604, J603f 
rypes of, 1602-1606 

Mediastin iris, 1668 
Mcdiasrinum 

anawmy of, 1567, 1600-1606 
inferior border of, I 567 
middle, 1567 
posterior, J 567 
thyroid .:ancer in, 1601f 

Medical errors 
compurerized provider order 

corry effects on. lOG. 207b 
Institute of Medicint> report on, 

201 
Medicare spending, 329f 
Medium-vessel vdsculir.is. 

1753-17'i4 
Medullary rhyroid carcinoma 

characteri>'tics of, l 001 t 
description of, 891 , 903t, 

912-913. 1005 
non-mulripl<' endocrine 

neoplasia, 1 0 03- 1001 
sporadic, 1004-1005 
trear:ment of, I 005-1006 

MedulloblastOma, 1888 
Megacolon 

colonic inenia with, 1376 
roxic,314, 1324-1325, 1332 

Meg-aesophagus. I 028f 

Mcg-.lloblasric anemia, I 203 
Meige's disease, I 82 I 
Meissner's pl ... xus, 1017, 1020[ 
Mdan-A. 724 
Melanocytic nc"Vi, 1925 
Melanoma 

acrallentiginous, 746-747, 748f 
advanad nodal, 760f 
anal canal, 1407, 1408[ 
biopsy of, 745-746, 746f 
causes of, 7 4 2 
desmoplastic, 747 
diagnosis of. 744-746 
epidemiology of, 742, 743f 
esophagt'3.1, 1 U64 
evaluation of, 749-750 
familial, 744 
hand. 1989-1 990 
history of, 742-761 
incidence of, 743f 
in-transit, 751f, 759, 760f 
invasive, 746 
lcmigo mal igna, 746, 747f 
local recurrence of, 758-759 
locally advanced, 745f 
merasmric, 695t 

adoptivt: cdl trdllsfer for. 734f 
ro brain, 731 f 
chemotherapy for, 760 
chimeric, 734-735 
description of, 749, 75 1 f, 

760-761 
distant, 760-761 
humanized, 734-735 
inredeukin-2 for, 728f 
ro lung, 73 1 f 
regt-cssion of, 73 1 f 
smvivdl rates for, 735f 
rumor-infiltrating lymphot:yr~s 

for, 733f 
mortality rates, 743f 
mucosal, 76 1 
nodular, 747, 748f 
noncuraneous, 761 
ocular, 761 
pathology of, 716-747 
precursor lesion< of, 712-744, 

744f 
during pregnancy, 761 
prevention of, 741 
prognostic factors, 747-749 
punch biopsy of, 745-746, 746f 
mce and, 742 
recurrence of, 758-761 
t-cgional lymph nodes, 748 

dissection of, 753, 756-757 
dective dissection of, 753 
inguiital, 757 
lymphadetK>Ctomy, 756, 757f 
management of, 75 3-756 
Multicenter Selective 

Lymphadenectomy Trial, 
756 

recurrence in. 759-760 
~ntinel lymph node biorsy· 

753-756, 755f-756 
staging of, 749, 749r-750r 
subrypes of, 746 
superficial sprt>ading, 746, 747f 
surgical management of, 750-753 
surviv.ll rates, 75 1 r 
TNM sr-Jging of, 749, 749r-750r 
trearmenr of, 750-761 

chemotherapy, 760 
follow-up after, 758 
hyperthermic isolated limb 

perfusion, 759, 
759f-760f, 762 

Melanoma (Continu~d) 
interferon alfa-.lb, 757-758 
melphalan, 759 
mdiation therapy, 758 
surgical, 750-753 
syst emic, 757-758 
tumor necrosis factor-a, 759 
wide local acision. 750-753. 

752f, 7521 
ul rravioler radiation exposure 

and, 742 
unknown primary, 76 1 

Melanoma in siru. 750 
Membmnoproliferative 

glomerulonephritis, 667t 
Membranous nephropa.thy, 667t 
MEN!, 707-708, 995-996, 996f 
Memll'che, 201 I 
Mendelson's syndrome, 293 
Menetrier's disease, \ .l22 
Mcnin, 995-996 
Mc:ningiornas 

brain, 188<;, 1888-1889, 1889f 
spinal, 1891, 1892f 

Meningi tis, 1912-1913 
Meniugoccle, 19 1 I 
Meningomyelocele, 1943 
Menopausc,827, 2011 
Menorrhagia, 20 16 
Menstrual abnormalities, 

.l009-2010 
Meperidine. 392, 41!-4 I 2 
lv1epivaCline, 406t 
mEq/lirer, I 05 
6-Mercapropuri ne, 636, ll50, 

1324 
Merkel cell cateinoma, 76S 
Meropcnem, 259-260 
Mesenchymal bamarromas, 1453 
Mesenchymal srem ~lis 

adipo:se-deri"ed, 182-1 83 
description of, 18 1-182, 182f 

Mesenchymal stromal cells, 
174-175 

Mesenteric angiography, 117 4-1175 
Mescmeric desmoids, I 106-1108 
Mesenteric hernia, 1 106 
Mesenteric ischemia, 1 177 
Mesenteric lymphadcniris, acUic, 

1105 
Mesentery, L I 03-1 I 08 

anatomy of, I I 03-1 I 04 
cysts of, I I 04- 11 05 
diseases of, 1 I o4- I I 06 
embryology of, I I 03-l J o4 
mal ignancies nf, JJ 06-J I 08 
sclerosiitg mescmeriris, 

1105-1 106 
Mesh 

hernia repair using, I 131-11 33. 
l132t 

i nfecr:ions associated with, 1 138 
im:raperitoncal, 1133 
polyethylene terephthalate, 

234t 
polypropylene, 234t, 1131-1132 
polytetrafluorocthylcne, 234t 
wound dosure using, 233-234, 

234L 
Mcsocol ic hernias, I 106, 11 07f 
Mesosigmoid, 1295 
Mesothelial cysts, I 1 M-1 1 05 
Mesor.hdioma, 1599-1600 
Meta-analysis, 193 
Merabol ic acidosis, 76 
Merabol ic equ ivdlenrs, 338, 338f 
Merabol ic stress response, 14 1 -143 
Metabolic syndrome. 148. 360.379 
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Metabolism 
carbohydrate, ! 22- 123 
desct·iption of, 120 
injury responses, 12 1f 
parhways of, 122f 
protein, 123-124 

Memcarpal frdctures, 1974-1975 
Meraiodobenzylguanidine, 1039 
Metaphysis. 481, 483f 
MerastaSt'S 

abdominal wall, 1096 
adrenal gland, 986, 987f 
biliary, 1512 
brain rumors, 1890, 1891f 
chesr wall, 1593-1594 
gastrinoma, 959 
lung, 1591 
multiple endocrine neoplasia type 

2, 1007 
parathyroid .:arcinoma, 941 
phyllodes tumors, 84 5 
pulmonary, 159 I 
sacral. 1942f 
skderal sarcomas, 789-790 
smal l im:esrine neoplasms, 1264, 

1265f 
soft tissue sarcomas, 779 
spinal epidural, 1890- 1891 
resticttlar cancer, 2076 

Memstatic melanoma, 695t 
adoptive all transfer for. 734f 
LO brain, 73Jf 
chemotherapy for, 760 
chi meric, 734-735 
disranr, 760-761 
humanized. 734-735 
interleuki.n-2 for, 728f 
ro lung, 731 f 
regression of, 73 If 
survivdl rates for, 735f 
wmor-infiltraring lymphot:yt<·s 

for, 733f 
Merformin, 542 
Methicilli n-relared Stnp/~y/ococcus 

epidrrmidis, 256 
Methicillin-resistant Stt1p~vlococc11J 

t111rrus, 256, 264, 284-285, 
1976-lm 

Methimawle, 893, 897-898 
Merhylergunovine, 2027 
0..6-Mcrhylguanine DNA 

rnerhyltransfcrasc, 7 17 
Methylprcdttisolone, 108, 443 
Merhyscrgide, 1262 
Mcrocloprdmidc, 1201 
Mctronida:oole, 228r, 262, 1032 
Mcryrapone rest, 305 
Micafungin, 2701 
Mi<X'lles, 1l33 
Microcarcinoma, 908 
Micronutrienrs, 126, 1 27r 
Microscopic polyangJiris, 1754 
Microtia, 1923 
Microvascular free tissue r:rdnsfer, 

1920-192 1 
Microwave ablation, 237 
Midazolam, 391t, 566, 2033 
Middle colic anery, 1298 
Middle ear. 810 
Middle heparic vein, 1413-1416, 

1415f 
Middle phalanx fracture, 1974 
Middle rectal artery, I 298-1302 
Midesophageal diverticula. 

1024-1025, IU24f 
Midgut volvulus, 1843-1841, 1811f 
Migrating rnororcompl.:x, 1190, 
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113, 968 
Mini Nutritional Assessment, 33~ 
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Ex"tminatlion, 338 
.t¥1inirnum alveolar L:oncentrdtion, 

389,392 
Miri?zi 1487, 150.3, 1503f 

188-189 
1341 

self. hi'Pothcsis, 63~ 
lVlttol!,cll-dCllvat.ect protein kinases, 

904 
Mitomvcin C, Hoc;-1107 
Mitral. 1673-1674, 

1 

left atrial hvpertensi<Hl caused by, 
1683 

natural hiswrv of, 1684 
pathoph]rsic>lo'i >;v of, 1683, !681f 

cxamin,Jtion of, 1683 
symptoms 
trcal!ncnt !684-)(;85 

Mitral stenosis, !646-1647, 
1680-1683 

balloon mitral valvul,,p]asty for, 
1682 

cardi,Jc 

moderate, 1681 
natural history of, )(;82 
open mitral commissurororny for, 

1682 
patblphysi,,]ogy ,,£; !68 1 
oullm•cnclfv hypertension ,Js c,Juse 

of, 
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1680-1(;81 
symptoms 1681 
treatment 1682-1683 

Mitral valve, )(;811-1685 
oL 1680 

an•OJTtalies of, 1646-1647 
in older 353 

rcg1ugi1.ant, )(;83 
of, 1691f 

rtr)lacemenr of, 1682--1683, 
1690-1691, ](;9lf 
See Mitml stenosis 

Mirra! valve area, 1681-1 (;82 
;l.!ivacurium, 393t 
Mixed chimerism, 649-6)0 
Mixed hiatal hernia, 1 068f 
J'vf!Hl, 1346t-1347t 
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!.lode! end-stage disc3l>e, 
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,'v!od iii ed Puesww 15 2 9 
;\ !odified radical neck dissection, 

919-920 
Mohs' excision, 

ivfohs micrographic surgery, 7)3, 
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Monoclonal antibodies, 733-73~ 

73M 
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1250 

;\;1onocrvl sururcs, 233r 
M<JncKy,rc chcrnOlactic protein-1, 

Mclnc•cy~cs, 634 635 
J\lcJnoiod,lt Y't<lsinc, 890 
Nl•:,wroe-1\.cllte doctrine, 139-1·10, 

439f, 565, 1872 
,'v!ons 2003-2004, 2004f 
Moore, D., 16-17, 16f 

eds, 559 
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abdominal fJain in, 1 
bariatric surgery for. See Bariatric 

363 
358 

1 ,/"11"-n,"'"u fur_ 
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wirh, 359--360, 359b 
medical for, 360 
metabolic secondary to, 
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secondary to, 362 
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Motilin, 12J5t 
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Multicenter Selective 

Multiorgan fc;ilurc 
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historical descriptions of_ 
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Multiple c3l>ualty incidents, 60<i, 
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clinical tcatures of_ 996-1001 
descriiJticm of, 70'it, 707-708, 
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in, 999 .. 1 001 
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952-953, 999-1000, 1000[ 
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pancreatic neuroendocrine 
tumors 9)0, 999 .. 1 001 

cJ97-999, 

endocrine neoplasia 2 
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clinical teawrcs oL 1001r, 

111112-1004 
CCU>LUVUUll of, 704, 705t, 708, 
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al,o Medullary 
thvn1id cardnoma 

merasr;ric, 1007 

with, 
p revc nrivc surgery for, 1006 

in, 

recurrent, 1007 
RFT ]prcJtll-OllCC>gcne associated 

UVL-'lVl'CJ, 11103f 
1001-1005 

treatment 1005-1 007 
type 2A, 1 oo 1 t, 1 oo2C 

1003-10111 
rypt 2B, 1001t, 1002[ 1004, 

1006 
coli, 1345 
progenitor cells, 

Muscle flaps, 1 c!l8-191 9, 1 918[ 
;\!usculocutaneous 1918-1919 
Musculoskeletal 

epidernic>loi;Y of, 180 
f<racture.s 

initial management of_ 496--499, 
197f 

rnis.sed, 51 '5 
patiem evalmrion of, 487-496, 

489t 
pattern~ {)f, ri89t 
po,stoperative mobilization, 
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terminol''I;Y associated with, 

trdUIIld room evaluatilHl {)f, 
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709-710 

,'v!utations, 27f 
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lvly,:obattrn umpan1tuberculosu, 13 3 0 
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1254-1255 
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Myocardial infa ,·ction (Continued) 
posropemtive, 298 
prehospiral morralicy rare for, 

1654 
signs and symptoms of, 2~~ 
ST-.segment elevation, 1653-1654 

Myocardial ischemia, 298 
Myocard ial relaxation, 332 
Myocard ial revJsculari7.ation 

altcrnarivc me1hods for, 
1668-1672 

cardiopulmonary bypass. Set 
Cardiopulmonary bypass 

hybrid procedures, 1671 
Myocuraneous Haps, 1919 
Myoelectric migcuiJlg compl.-x, I I 90 
Myofibroblasrs, 163, 169- 170 
Myxedema coma, .107 
Myxo6brosarcoma, 775-776 
Myxoid round c:dl liposarcoma, 

769. 770r 

N 
NADPH oxidase, 6 1-62 
Na+,K'-ATPases, 1518 
Naloxone, 565 
Napkin ring lesion, 1352f 
Narcotic overdose, 565 
Nasal cavicy can~r. 807-810 
Na&l.l ""'Pral blct:di11g, 324 
Nasogastric rube 

acure gastroinrestinal hemorrhage 
uses of. 1162-11 63, 1195 

enteral null'irion administration 
using. 132-133. 134f. 135r 

smal l intestine obstruction 
decompression using, 1242 

Nasojejunal rube, 134f 
Nasopharyngeal cancer, 808-810 
Natalizumab. 737r. I 250 
National Nosocomial Lnfccrions 

Surveillance System, 244 
National Su tgical I nffection 

Prevention Project, 245-246 
National Su rgiC<~.I Qual icy 

Improvement Project, 213, 
360-361 

Natural disasters, 61 1-61 2 
Narural killer cdls, 635, 720.. 722 
Natural orific.· trJ nsluminal 

endoscopic surg<'ry, 422 
Nau~a and vomiting 

antiemetic agents for, 4 I Ot 
postoperative. 41 0, 4 I Or 

Near-infnred technology, 83-84 
Neck cancer. &1! Head and Jlt'ck 

CUJcer 
Neck injuries, 445-447, 446f, 

1792-1793 
Neck mas.~. 813·815, 8J4f 
Necrotizing enterocolitis, 

1844-1845 
Necrocizing fasciiris. 20 II 
Necrotizing sialomeraplasia, 801 
Necrotizing soft tissue infections 

description of, 245 
trearmenr of, 258b 

Negative pre.~ure-assisred wound 
closure, 173-174, 173f 

Negative-pressure wound d1erapy, 
284 

Nt:omycin, 228t, 533r. 2032 
Neonatal cardiac tramsplamarion, 

for hypoplastic left hearr 
syndrome, 1639 

Neonatal s.:vcre 
hyperparad1yroid.ism, 940 

Neoplasia, 692 
Neoplasms. Su nlso Tumor(s) 

anal canal. Sec A11al canal 
neoplasms 

appendix, ll89-1291, l 29Jf 
inrrdducral papillary mucinous, 

1533-1535, 1534f 
liver. &e Liver neoplasms 
mucinouscysric, 1531-1532, 

1531f- 1532f 
omenmm, II 04 
ovarian, 1866- 1867 
pa11creatic. See Pancr<-acic 

neoplasms 
salivary gland, 8!1-813, 8l2f, 

813b 
serous cystic, 1532, 1532f 
smal l inresdnc. s~ Small 

intestine, neoplasms of 
tracheal, I 583 

Neostigmine, 1319 
Nephrocolic ligamcm, 1295 
Nephrogenic diabetes i_nsipidus, II 0 
Nephrotoxicity 

amibiorics as C<IU~ of, 263 
calcineurin inhibitors-associated, 

648 
Nerve blocks, 4 08 
Nerve compression syndromes, 

1982-1984 
carpal rut1.11d syndrome, 1983, 

1983f 
pronaror syndrome, 1983 
radial nerve, 1984 
thoracic outlet compntssion, 1984 
ulnar, 1983-1984 

Neural crest cells. 1601 
Neuraxial analgesia, 4 13-4 14 
Neurectomy, 1903 
Neurilemoma, 1605 
Neuroblastoma 

descriprion of, 1605 
pediatric, 1859-186! 

chemotherapy for, 1860, I 860t 
clin ical presenrarion of, 1859 
computed tomography of, 

1859- 1860, 1859f 
diagnosis of, 1859-1860 
genom ics of, J 859 
incidence of, 1859 
mcmsr~sis of, 1859 
outcomes of, 1861 
radiation therapy for, 

1860- 1861 
risk categories for. 1860r 
sires of involvement, I 859, 

1859f 
staging of, 1860, 18601 
treatment of, I 860.. 1861 

Neuroendocrine tumors 
descripdon of, 9~5 
duodenum, 999 
esophageal, I 064 
gastroenreropancrear.ic, 999 
liver mems1ases, 1463 
mediastinal, 1606 
pancreas, 999-1001, IOOOf 

Neurofibromas, 160 1 
Neurofibromatosis, 705r 
Neurogenic shock, 44 1-442, 570 
Neurogenic rumors, 1605 
Neuroleptic malignant syndrome, 

253-254 
Neurologic system 

brain. See Brain 
spinal cord. See Spinal cord 
surgical com pi icarions of, 

322-324 

Neuromuscular blockade 
in int-ensive care unir, 568, 568f 
monitoring of, 395-396, 39Gb 

Neuromuscular blockers, 392-394, 
39;lt, 568 

Neuronal iJ1lestinal dysplasia, 1376 
Neuropathic pain, 4 14 
Neuropraxia. 1968- 1969 
Neurosurgery 

definition of, 1872 
hydro<Xphalus. See 

Hydrocephalus 
pediatric. 191 0 

Neurotensin, 12351 
Neurormesis, 1968-1969 
Neurralizarion plates, 486 
Ncurropenia, .265 
Ncu1rophils, 90f 
Nevoid basal cell carcinoma, 705r 
Newborn 

cardiac transplantation, for 
hypoplastic left heart 
syndrome, 1639 

cardiovasc:ular sysrem of, 1829 
immunologic fw1ction in, 

1830 
pulmonary sysrcm of. 1829-I 830 
S<'Vcre hyperparathyroidism, 940 
thermoregulation in, 1830 

N ickel, 709r 
N icotinamide adenine dinucleotide 

phosphate. I 54 
Nicotinamide adenin<- dinucleotide 

phosphate oxidase, 44-46 
Nipple 

discharge from , 828, 829f 
Pager's disease of, 829f, 830 
supernumerary, 828 

Nipple-areolar reconmuction, 882 
Nitric oxide, 60-61 
Nitrogen balance, I 30 
N itroglycerin, 575-'>76 
5-Niuomidat.oks, 2032 
Nitropru:;sidc, 572 
N itrous oxide, 390, 390t 
Noca•·diosis. 1589 
Nociception, 4 1l.f 
Nociccp tors, 4 I I 
Nodular basal cdl carcinoma, 763, 

763[ 
Nodular melanoma, 747, 748f 
Nodular regeneratiw hyperplasia, 

1453 
Nodulecwmy, 9081 
Nonadherenr fabrics, for wound 

dressing, 171r-l721 
Nonalcoholic srearoheparitis, 363, 

657 
Noncardiac surgety 

cardiac risk of. 213-214, 214r, 
299r, 399-400, .199r, 'i75 t 

cardiovascular compliC<~tions 

after, 575 
NonC<~&":ating granuloma, 1331 f 
Noncydic mastalgia, 827 
Nondepolariz.ing neuromuscular 

blockers, 392-393, 393r, 568 
Nont'SSt"ntial amino adds, 123-121 
Non-Hodgkin's lymphoma. 1459, 

15'>4 
Noninvasiv<' positive-pressure 

ventilation, 247 
Non-necrotizing cdluliris, 258b 
Non-small ceU lung cancer . .153 
Nonspecific esophageal moror 

disorders, l 026t, 1032 
Nonsrarch polysaccharides, 

1304-1306 

INDEX 2107 

Nonsteroidal anti-inflammatory 
drugs 

acure pain managed with, 
412-413 

description of, 60 
pain managemcm using. 4 12-4 13 
pepric ulcer disease caused by, 

345, 1192 
in pregnancy. 203 I 
small intestine ulcerations cau&d 

by, .1270 
Non l:.segmenr ckvsrion 

myocardial infarction 
description of, 1653-1654 
unstable angina and, 1658 

Nonunion, 480, 48 1f 
No-reAow phenomenon, 1920 
Norepinephrine, 63, 572-573, S72t 
Normal-pressure hydroc.-phalus, 

1875 
Nonnocalc.·mic 

hyperp-arathyroidism. 926. 937 
Normovolemia, I O'i-1 06 
Norwood ~'Construction, 

1639-164 1, 1641f 
Nosocomial sinusitis, 247, .U4-325 
Nuclear factor-kB. 50. 50f. 63. 647, 

1330, 1520 
Nuclear factor-kB essential 

modulator, 50 
Nucleotide-binding oligomerization 

domain, 42 
Nutcracker esophagus, I 026t, 

1030..103 1, I 033f 
Nutrition 

baria1ric surgery, 146 
enteral . Sr.c Enteral nutrition 
hepatic insufficiency, 145-146 
immunonurrition, J 43-144 
pancreatit is, 146 
parenteral. &c P.arcnreral 

nutrition 
Nutritional assessments, 126- 130 

caloric requirements, 129 
components of, I 26 
mal nutrition, 128 
mcdlOds of. 128b 
nutritional smrus mon itoring, 

129-130 
physical body measu remenrs. 

128-129 
srarva1 ion, 1 28 

Nurri1:ional requirements, 120-126 
carbohydmre metabolism, 

122-123 
i nresrinal heahh, I 25 
lipid mcmbolism, 123 
micronutrients, 126, 127t 
protein metabol ism, 123-124 
protein turnover, 125- 126 
vitamins, 126, 127r 

Nurrirjonal sra rus 
monitoring of, 129-130 
in older a.dulrs. 338-.140 
preoperative assessmenr of, 

225-226, 338-310 
Nutritional support, 130-132 

acute pancf('al:itis managed with, 
1523 

algorid1m for, 133f 
in burn parie01s, 141-143, 

142t-143r, 537-538 
in Cruhn's di=~. 1250 
description of, 242-243 
enteral. &e Enreral nutrition 
formulas used in, 538, 538t 
goal of, 120-122 
initiating. 132, 132b 

http://www.myuptodate.com


2108 INDEX 

Nutritional support (Continul'li) 
in intensive au-e unit, 582-584 
parenteral. Sec Pan:nreral 

nucririon 
Nystatin, 270-271, 270t, 533t 

0 
Oar c.-11 carcinoma, 1574 
Obesity 

bariatric surgery for. Sre Bariarric 
surgery 

body mass i nd~x. 358 
cane<-r and, 693 
cardiovdscular disci~ associated 

with, 117 
cholelithiasis associat~d with, 363 
comorbidities associated with. 

146-148 
comriburing factors, 146 
coroMry arr~ry bypass gr-afting 

in. 1675 
deaths caused by, 3'58 
deep vein thrombosis risk, 147 
definition of, 358 
diabetes mellitus and. 147 
diet therapy for. 360 
gastroesophageal reilux disease 

associated with, 363, 1081 
hepatobiliary disease associared 

with, 147 
hernias secondrury to, 363 
hypovenrilation syndrome, 362 
LAP-BAND for, 361 
medical conditions associated 

with, 359-360, 359b 
medical therapy for, 360 
metabolic disorders ~condarv to, 

362-363 . 
metabolic syndrome associated 

with, 148, 360.379 
musculoskeletal conditions 

secondary ro. 362 
osteoarthritis associared with, 147 
pathophysiology of, 359-360 
preoperative considerations for. 

360-363 
preoperative <'V31uarion of, 226 
prevo~lenc.- of, 358 
surgical considerations, 14 8 

Oblique fr.!cturcs, 482, 184f 
Observational dara, 195 
Obstetric surgery, 227t 
Obstipation, 1239 
Obstructive defeall[ion. 1374 
Obsrnoctive hy~phalus, 1905, 

1907( 
Obsmoctivc sleep apnea, 362 
Obrundation, 537, 563-564 
Obruraror hernia, 1137 
Obturoror sign. 11471 
Occipital headache, 1911 
Occlusive dressings, 170 
Ocrreocide. 947, 960. 1433 
2-0crylcyanoacrylate, 235 
Ocular melanoma, 761 
Odontoid fractures, 444t 
Ofatumumab, 737t 
Off-pump coronary artery bypass 

grafting. 1669-1670, 1670f, 
1675 

Ogilvie'ssyndrome, 13 17-1318, 
1318f, 2011 

OKT3. See Muromonab-CD3 
O lder adulrs. See Geriatric patients 
Olf;~ccory ncuroblaswma, 808 
Oligodendroglioma, 1887-1888 
O liguria. 106 

Ollier's disea~. 785-786 
Omalizumab, 737t 
Omcga-3 fat!)' acids, 143t, 114, 

583-584 
Omega-6 fatty acids, 144, 583-584 
Omental gratls, I I 04 
Omentum, 1103-1108 

anatomy of, II 03-1 I 04. 1295 
cysts of, I I 04 
diseases of, II o4 
embryology of, I I 03-1104 
infarction of, II 04 
neoplasms of, I I 04 
physiology of, 1 I 04 
wrsion of, 11 04 

Omphalocele, 1093, 1854-!855, 
1855f 

Omphalomcsenrcric duct. 
1093-1091, 1091f 

Oncogenes 
colorecral cancer, 134 I 
description of, 33, 37 

Oncologic resection, 783-784 
Oncology, 36 
Oncoplastic surgery, 852 
On-pump beating heart bypass, 

1669 
Ooph<>rccromy, 20 18 
Open abdomen, 474 
Open anterior rmnsabdomlnal 

adrenalectomy, 990-992, 
990f-992f 

Open book pelvis, 507f 
Open cholccysrectomy, 14 93 
Open colectomy, 350 
Open feral SUf!?."ry, 1869-1870 
Open fracrures, 499 

classification of, 499-500, 499f 
debridement of, 499, 499f 
description of, 48 1, 483 
external fix.ltion of, 483-485. 

485f 
Gustilo-Andersen classification 

of, 499, 500r 
srabili7..ation of, 498-499 

Open mitral commissurotomy. 
1679. 1682 

Open renal anery bypass, 1759 
Open rhrombecwmy, 1751-1752 
Operoting room. 231-2.'15 

bariarric surgery, 363 
cardiopulmonary resuscitation in, 

20 
environment of, 420-421 
hemosrasis in, 232 
integrated, 4 I9f, 4 20-4 21 
normothermia in, 232 
preoperative prepamtion of, 

231-232 
r.esources in,596f 
skin preparation in, 232 
smff of, 23 1-232 
tra nsportation of patient from 

intensive care unit ro, 596f 
wound closure, 233-2.'14 , .l33t 

Opioid receptors, 4 1 I 
Opioids 

acute pain managed with, 
411-412 

addiction concerns, 4 12 
anesrhesia use of, 392 
conscious sedation usin~ 

408-409 
intravenous parient-conrrolled 

analgesia u~ or. 114 
neuraxial analgesia usc of, 111 
pain management using, 

411-412,565-566 

Opioids (Qmrinued) 
spinal anesthesia use of, 407 
types of, 565-566 

Opportun istic infections, 648 
Opsonins, 265 
Oral Cincer, 799-807 
Orchiectomy, radical inguinal, 

2074. 2076f. 2077 
Organ, Claude H., I If 
Organ of Zuckerkandl, 968-970 
Organ rmnsplant:arion. Ser 

Transplantation 
Organizational uansparency, 207 
Organ-I<'Vel tissue engineering. 

184 
Orien tal cholanrJohepaticis, 

1508-1509 
Ormand disease, 11 09-1110 
Oropharyngeal swallowing. 

1018-1021, 102Jf 
Oropharynx 

cancer of. 801-802 
dysphagia of, 344 

Orthopedic emergencies, 499-513 
.tcure compartment syndrome. 

Se~ Acute comparrmenr 
svndrome 

disloaitions, 51().. 5 12 
initial management of, 500-502 
limb salvage, 500-50 I 
mangled .-xrremicy ~verity score, 

SOl. 501t 
pelvic ring disruption. Se~ Pelvic 

ring disruption 
primary amputation of, 

500-501 
skeletal sr:abili1,.ru:ion for, 

501-502 
spinal injuries, 509-510, 'i I If 
vascular injuries, 512-5 13 

Orthoped.ic injuries 
deep venous thrombosis risks, 

516-517, 516f 
diagnostic imaging of, 491-495 
epidemiology of, 480 
frdctures. See Fmctures 
initial management of, 496-499, 

197f 
missed, 515 
patient ev.tluation of, 487-4%. 

489t 
patterns of, 489r 
postoperative mobilization, 

517-518 
surgical prioritization of. 498-499 
terminology associated with, 

480-483 
thromboembolic complications 

of, 516-5 17, 516f 
trauma room ev.tluacion of. 

490-491 
vascula.r injuries, 495-4% 

Osborne's ligament, 1983-1984 
Osler-Webcr-Rendu diSt"d~. 

1258 
Osreicis fibrosa cystica, 938 
Osreoarrhriris, 147, 1992-1994 
Osteochondral defect, 483 
Osteochondroma, 784r. 1593. 

1990t, 1991f 
Osreoclasrogenesis, 784-785 
Osteoid osteoma, 1990, 1990t, 

1991f 
Osteomalacia, 938. 1 203 
Osteomas, 1348 
Osteomyelitis, 1913 
Osreosarcoma, 784t, 787-788, 788f, 

8 11 f. 820f. 1593 

Ostomy, 1362 
Otowxkicy, 263 
Outpatient SUf!?."tY 

posrop<.'rative considerarions. 
238 

preoperativ-e ,-valuation, 237-238, 
l37b 

Oval cells, I 413 
Ovarian ablation, 863 
Ovarian artery, 2005 
Ovarian cycle, 2008-2009 
Ovdrian cyst:s, 2015, 2018 
Ovo~rian ma=s. 2023t, 2025-2026 
Ov,uian neoplasms, 1866-1867 
Ovarian remnam •yndrome, 2012 
Ovarian torsion, 20 15 
Ov.1rv, 2005. 2006f 
Ov-erl!ow incontinence, 20S4 
Overrriag..•, 609 
Overwhcl mi ng postsplcnecwmy 

infection, 1548-1549, 
1558-1559 

Oxandrolone, 143, 'i40, 'i40f 
Ox:nolidinoncs, 261 
a-Oxidarion, 112 
O>.yg<' n dd iv-ery, 79-84, 80f 
Oxyg<'n-hemoglobin dissociacion 

curve, 576f 
Ox}'tocin, 2027 

p 

p 19, S6 
p53. 704, 1341 
Pvalue, 195 
Packed red blood cells, 90. 93. 

9'5-%, I O'i, 51l8b 
Padgett, Earl, 12 
Paget's disease 

of the .1nus, 1405, 1405f 
of the box:asr. 865 
of the nipple, 829f, 830 

P.aget-Sclmx-rrer syndrome, 1816 
Pain 

abdominal. See Abdominal pain 
awre 

analgesics for, 4 11-4 14 
in chronic pain patients, 415 
local anesthetics for, 4 I 3 
managcmcnr. of. 4 I 1-4 15 
mechanisms of, 11 1 
nonsteroidal antiinflammatory 

drugs for, 412-4 13 
in older adults, 4 15 
opioids for. 4 11 -4 1 2 
in pediatric parienrs, 1 15 
in sub.~rance abuse patients, 

4 15 
rypes of, 415 

chronic, 4 11. 414 
mechanisms of, 41 1 
modulation of, 411 
pancreatic cancer, 1544 
perception of. 565 
postcholecyswccomy, 1499 
self-reporting of, 565 

Pain management 
critical care senin~ 565-566 
in intenshoe care unit. 56S-S66 
patienL-conrrollcd analgesia for, 

566 
Palate 

deft, 1923- 1924. 1924f 
hard, 801 

Palivizumab, 737r 
Palmar ~pace infcuions, 1977 .J 978, 

1978f 
Pancoast syndrome, 1582 
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Pancreas 
anatomy of, 944, 945f, 1515, 

151 6f 
an nular. 1517 
ascites of, 1525-1526 
bicarbonate ~crerion by, 

151 8-1519, 1519f 
description of. 944 
ectopic, 1517 
embryology of, 945, 15 15-15 17, 

15 16f, 1517t 
enzymes produced by, 15 18 
function of, 945, 1517 
head of, 1539- 1540, 1541f 
hererowpic, 1222 
h isrorical description of, 944 
nocrosis of. 1524. 1525f 
neu roendoc1'ine rumors of, 

999-1001, IOOOf 
pcriampull:~ry rumors of, 15371 
physiology of, 15]7-15 19 
pseudocysrs of, 15·24-1525. 

J<;25f, 153 1,. 1533r 
sccretionsof, 1517-15 18, 15 18f 
rrau marie i nju rics of, 462, 463f, 

1544-1545, 1545t. 
1868-1869 

venous drainage of, 15 15 
Pancreas divisum, 15 17, 15 17£, 

1520, 1854 
Pancreas rransplanrarion, 675-679 

bladder drainage:- used in, 677 
compliCitions of, 677-678 

bleeding, 678 
bowel obsrrucrion, 678 
infections. 678 
k'ak, 677 
pancreatitis, 678 
thrombosis, 677-678 
vAscular, 677-678 

donor, 675-676 
drainage techniques, 677 
enrc:>ric drainage u&'d in, 677 
exocri ll(' Sfcretions of, 677 
history of, 666, 948-949 
hyperinsul inemia in. 677 
intestine and liver t ransplantation 

wirh, 685. 686f 
kidney transplantation and, 

simulraneous, 675 
outcomes of, 676t, 679 
patient sckction fo r, 675 
procurement a11d preparation for, 

675 
whole. 949 

Pancreas-specific transcription fJctor 
I, 1515 

Pancreastatin, 947 
Pancreatectomy 

description of, 948 
laparoscopic, for pancreatic 

cancer, 1541 
Pancreatic cancer, 1535-1544 

biliary obsrrncrion caused by. 
1544 

body of pancreas, 1540- 154 I 
clinical presentation of, 1537, 

1537r 
diagnosis of. 1537- 1538 
environmenral risk factors for, 

1535 
epidemiology of, 1535 
gastric <Judet obstruction 

secondarv ro, 1544 
head of pancreas, 1539-1540, 

1541[ 
hereditary risk factors for, 

1535-1536 

Pancreatic cance•· (Continu~d} 
imagi ngsrudics for, 1537-1538 
laboratory <'valuation of, 1537 
laparoscopy uses in 

pancreatectomy, 154 1 
staging, 1539 

lymphadenecromy for, 1542 
ourcomes of. 154 1-1512 
pain relief in, tS44 
palliative therapy for, 1544 
pancreatic intmepithel ial 

neoplasia progression to, 
1536-1537 

pathogenesis of, 1536-1537, 
1537f 

risk factors for, 1535- 1536 
staging of, 1538- 1539, 1538r 
survival rares. I 541 
ra il of pancreas, 1540- 154 I 
treatment of 

adjuvdllt, 1543-1544, 1543r 
chemod1erapy, 1543-1544 
ncoadjuvaor, 1544 
radiation therapy, 1543 
su~ry, 1539- 154 1 

Pancreatic ducr dilation, 1529-1530 
Pancreatic duodenal homeobux I. 

l'il5 
Pancrealic endocrine wmors 

compured tomography of, 955 
description of, 949f 
diagnosis of. 95 1-955 
gastrinoma, 95 1-953, 952f, 953t, 

956,958-959,958f 
gluCigonomas, 954, 954f, 960 
GRFomas, 954-955 
imaging of. 955-956 
insuli noma, 950-95 1, 956-958, 

957f-958f 
local ization of, 956 
magnetic resunanC<' imaging of, 

9SS 
nonfunctional, 955 
somarostarinomas, 954 
summarv of, 960 
rrearmcnt of, 956-960 
V!Pomas, 953-954, ';)60 

Pancreatic fistulas, 320-32 1, 15421 
Pancreatic intmepithel ial neoplasia, 

1536- 1537 
Pancreatk islets 

cell rypes of, 944, 946r 
glucagon secretion by, 947 
histomorphology of, 944-945 
insulin ~crction by, 945-947 
somatosrat:in secretion by, 946t, 

947 
rmnsplamation of, 65 1, 679, 948 

Pancreatic necrosis, 15 24 
Pancreatic neoplasms, 153 1- 1535 

cystic, 153 1-1534 
intmductal papillary mucinous 

neoplasm, 1533-1535, 
1534f 

muciilOUS cystic neoplasms, 
153 1-1 532, 1531f-1532f 

serous cystic neoplasms, 1532, 
1532f 

Pancreatic polypeptide, 946r, 947 
Pancreaticoduodcnecromy 

delayed g<~srric emptying after, 
1542 

lnparoscopic. 154 2-1543 
pa11creatic cancer treated with, 

1540f, 1541t 
Pancrcal'icocmeric anastomosis, 3 17 
Pancreaticojejunostomy, 154 1 f, 

1542 

Pancreaticopleural fistulas, 
1525-1 526, 1526f 

Pancreariris, 678 
acure. See Acure pancreatitis 
biliary, 1520 
chr01~ic. Sa Chronic pancreatitis 
familial, 1536 
gallstone. 1153, 1491. 1520 
he red irary, !854 
nurrirional considerations, 146 
in pregnancy, 2025 

Pancr<.>atobiliary junction, J504f 
Pancrearocuraneous fisrula, 15 26 
Pancrearogasrrosromy, I 542 
Panc.uronium, 393t, 568 
Pall(:l-rcacth~ antibody rest, 637 
llarJeth cells, 1230 
Pan£N, 1536 
Pan irumumab, 1356 
Pan nicul iris, mesenteric, 11 05-1 I 06 
Panrorhcnic acid, 127r 
Papillary ca rei noma 

d1aracreristics of, 903[, 903t, 
906-909 

clin ic:al features ot; 906-907, 
907t 

imagi ng of, 903[ 
incidence of, 904, 906 
median sternotomy for, 908t 
microcarcinoma, 908 
multicen rricity of, 907 
nodulecromy for, 908r 
pad1ologic classifiCition of, 906, 

907f 
prognosis for, 906 
risk Factors for. 906 
rhyroidecromy for, 908t 
treatmcnr of, 907-909, 908t 

Papillary cystadenoma 
lymphomarosum, 812 

Papillary muscle r1.1pru.re, 167 4f 
Papillomas 

breast, 840 
cylindrical cell, 807 
sepral, 807 
solirary inrraducral. 828 

Papillomatosis, 840 
Pappenbeimcr bodies, 1550 
Para-aortic lymph nodes, 1579b 
ParaC<'nt~sis, I I 00 
P.aracrine signals, 695-696, 696f 
P.araduodenal hernia, 11 06, 11 07f 
Par.l<"Sopha~ hernias, 1081-1083 

clin ic:al prcscnration of, 108 1 
description of, 344. 344f. 

1067-1069 
laparoscopic 1rearmenr of, 1082 
omco mcs for, I 083 
pathophysiology of, I 08 I 
preoperative <'Valuation of. 

1081-1082, 1082f 
strangulation of, I 083 
rrear.menr of, 1082 

Para<'Sophal}"al lymph nodes, 
1579b 

P-arAgangliomas, 810-811, 9(;>3, 
1605 

P.Jr..kerarosis, 793 
P.aralytic ileus. 308b 
PAranasal sinuses, 807-8 10 
Paraneoplastic neurologic 

degenerations, 702 
P.arapharyn~ spa.x rumors, 8 15, 

8 15f 
Pararecml absc<'ss, 1393f 
PJmrectal fascia, 1296 
Par.Jsitic infections, 1587-1589 
Par.~sromal hernia. 1 138. I 138f 

INDEX 2109 

P-arathyroid adenoma, 925f, 93of, 
936[, 1602, !606 

Parathyroid diseases 
in geriatric patienrs . . H2 
hyperparathyroidism. Sec 

Hyperpararhyroidism 
hypoparathyroidism, 928 
inherited, 940 
multiple endocrine neoplasia. Sec 

Multiple endocrine 
neoplasia 

Pdmrhyroid glands 
anawmy of, 889. 925-926, 

92'if-926f 
carcinoma of, 910-94 1 
cen tral node di=crion effects on, 

1005-1006 
ecropic, 925-926 
hisrorica l d''SCI'iptions of, 924 

P.ar.Jthyroid horn10ne, 1 12- 113, 
924, 925r 

PArathyroid hormone-related 
peptide. 927-928 

Pararhyroid hormone-rclar<:d 
pro rein, 784-785 

Parathyroid !llmors, 997-999, 1606 
Parathyroidectomy 

complications of, 936 
cosr-dfcctivenes.~ analysis of, 

938 
endoscopic, 934-936 
minimally invasive, 933-934, 

933f-935f 
in m ukiple endocri nt> neoplasia 

2A, 1008 
postoperative complicarions of. 

93(, 
radioguided, 932 
remedial, 936 
subroral, 939-940 
roral . 939 
video-assisted, 934 

PArarracheal nodes, 1579b 
Pare, Ambroise, 3·4, 4f 
Jlarecoxib, 4 13 
P-arenteral nutrition, 137- 14 1 

benefits of, 137 
carbohydrare conrenr, 140-14 1 
compliCitions of, I 40, 140r 
elt'Cfrolyr.-s. 14 1 
fluids, 141 
formulations, 138, 138t 
history of, 13 7 
i ndiCitions for, 138r 
I ipid conrenr. 14 1 
liver dise.1~ associated with, 682, 

685 
ordering of, 138- 140, 139f 
protein conrenr, 14 I 

Parieral C<'lls 
description of, I I 84t 
g;asu:ic acid secretion by, 

I 187-1189, 1188f 
Parietal pleura. 1566-!567 
Parkinson's disease, 1902 
Parkland formula, 530-53 1, 530t 
Paronychia, 1976-1977, 1977f 
Parotid gland, 811 
Parotitis. 325 
Partial neph recr.omy, 2072 
Partial seiwrcs, 1903 
Partial rask trainers, 425-426, 426f 
Partial weight bearing, 5!8 
Parrial-d1ickness skin gmJrs, 19 17 
Passive serotherapy, 733-734 
Parcnr ductus ancriosu~, 16 17-

16 18, 16 17f 
Parenr fommen ovale. 1665-1666 
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Pathogen-associated molecular 
40-44, 634 

,-"'n"'""'c fracrurcs, 481 
Patien r--con trolled 

descoriprion of_ 
intrdVCill1llS, 41 '1 

management using, SGG 
l'atlelnt--rerJortec1 outcomes, 190 

Peak 1731-1753 
Peau 829-830, 829f, 865 
Pectinal ligament, 1117 
l'ecroralis myocuraneous 818 
Pcc:rus carinaturn, 1592 
PeL:lu.s cxL:avdLurn, 1592, 185(< 

18'i7f 
Pediatric surgery, 36 
Pediatrics 

abdominal wall defects, 1851-18)(; 
gastroschisis, 1855-18)6, 

1855f 
ompluJ,,cck 1854-18'i5, 

1855f 
acute pain, 415 
anorectal rnallrmnation, 

1840-1851, 1819b, 1850f 
appendiciriis, 1282-1283 
brc>nchoi;cnic cyst, 1836 

malltormariorrs, 1836-1837, 
1837f 

ccal~-~o~~n:·~ c1;~l;,~:.~~~;~~;~~~ 1 831, 183 1 t 
c requirements, 18.31 
chest w,1l\ deformities, 1856-

1857, 1857f 
choledochal cvsts, 1853-18'i1, 

1854f , 

cleft and palate, 1923-1924, 

colonic arresi,l, 1847 
cnngtnital cysric adt'nomatoid 

malformati<m, 18JG 
cortgcnital diaphr<tguuric hernia 

1835f 

duodenal arresi,l, 1841-1842, 
18<i2f 

853, 
fat requirements, 1831 
fetal surgery, 1 8G:J-1870 
fluid 1830-183L 

1 cJ75f 
ga,;trc.les':'pllag,cal reflux, 

uc'w''"'d' microston1ia, 1923 
hcpatoblastorna, 1864-1865 
hcpdtocclluldr carcinorna, 

1864-1865 

malror:ari,Jn, 1843-1844, 
1844f 

inlllSSUSCCjJtion, 18)1 
JCJUHUII'Cdl ,l[feSid, 1842-1843, 

1842f 
liver ll!rnors, 18(;4-186'i, 1865t 
lvlcckcl's diverticulum, 

1851-1852 
rncconiurn ileus, 181G-1S,17, 

18i7f 

neck lesions in, 1831-1833 
branchial clef[ remnants, 1833 

1925 
c:ysL, 1832, 

neurobbsroma, 1859~ 1861 
chcm<ltherapy f,,r, 18611, 18GOt 
clinical of, 1859 

ronwgmpl1y of, 

staging oC 18(;0, 1860t 
rreatmem of, 1860- 1861 

nutrition for 

trcltlsplanlaliott_ (;84 
tcratornas, 
resticular torsion, 18')8 
testicular tumors, 1858 

18(;6[ 

total nutriLion for, 

rracheoccsoph,lg<cal arresi,l, 
w_o·;-' OJ/, 1838£~ 1839f 

rmuma, 1867--1869 
abdominaL 1868 
evaluations, 1867 
head, 1867-18(;8 
p,1ncre,1ric, 1868-1869 

186') 
secl111darv 

to, 1869t . 

1867-1868 
1868 

1128-1131 
Wilms' mmor_ 1861-1862, 

1861£; 18G2b, 1862t 

Pedicle screw fixation, of lumb,1r 
spine, 1897 

Pedunculated 1342, 

Peet, Max, 12 
Pelvic abscess, 1512 
Pelvic floor 

amtomy of, 1 294-130.3 
1296, 1297f 

1365-1376, 

Pelvic fractures 
de:scriotion of,467, 468(490 

507, 507f-'i08f 
507-50') 

cbBsification 
50(;f 

Pelvic inflammalory disease, 201 '5 
Pelvic 1nasscs, 201 L 2022-2023, 

2023r 
Pelvic 
Pelvic disruF<tion, 504-509 

SlOt managcmenr 
radli''i;rar1hs oC 
scauutzacwn oC '507-'50') 
Young and Burgess c\;cssification, 

'i06f 
Pelvis 

Penctraring trauma 
abdomen, 456-457, 4S7f 
blasts, c; 13 
esoph,Jgus, 4 54 
heart, 
in pregnancy, 2012 
rerror>trillollCLI 111, 466 

boweL 465 
cord, 141 

aorta, 4"52 
ureteral, 2063 
vascular trauma caused by, 1785 

Pcnic:illins 

Penis 
fracru rc of, 
malignancies 21177 

1189 
Peptic disease, 1 191-1 201 

acid and, 1192-11 cJ:l 
costs ,,f, 1191 
en,iof:conic mana~nne11t of_ 1166 

165, 1191 
gasLrk obstruction, 

1196-1197 
ulcn, 1 167 

patients, 31S 
11e,!Lco/7actc1' 31\ 712, 11(;5, 

--1195, 1195b 

nonsrnoidal anti-inllammawry 
drugs cause ,,[, 11 ')2 

pat]l<l/\CilCS!S of, 1191-11 l)j 
ner·tor·ari,1n. 1196 

rebleeding risks in, 11G5t 
surgical treatment of, 1166-1167, 

1166b, 1166(, 1197-11')8 
antrec:!.<lllty, 11 cJ8, 1198f 

11%f 

treauncnt of; 1161-11711, 
11'14-1195 

upper gasrroimesrinal 
caused 11G<i-11C;7, 
119)-1 

YY, 1255t 

coronary 
versus, 1 

dcscri]Jlic>n of, 1G55-1(;5G 
managemenr versus, 

!657 
fCStenosis clfter_ 1658 

16'58 
Percutanc{1us dilaLati{1nJ.l 

ff,ll:heost<:1my, 595, 600 

1450 

ati:er 
1170( 

Pcrflcwrocarbons, 102, 1 02C 589 
Perfcnaror flaps, 1920 
Perianal disease 

in Crohn's disease, 1217, 12'53, 
1400f 

Pcrincurn 
anatomy of_ 2003, 2004L 2048 
blood . 2005 

of, 200'5 
nf 

rcC<l!lSLrucLion oC 1939-191 L 
1940f 
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Perinuclear anti neutrophil 
cyroplasm ic antibody, 
1248-1249 

Perioperarive care 
ht-arr failure, 575-576 
phases in, 205 

Perioperative decision making, 21 J 
Peripheral arrerial disease 

acute limb ischemia, 1752-17'57 
algorithm for, l 752f 
description of, 175 1-1752 
nonatheroscleroric 

arrerioparhies. 1752 
open rJ1rombeclOmy for, 

1751 -1752 
aorwiliac lesions, 1713, 1744r 
arreria magna syndrome, 1754 
atherosclerosis, 1726- 1727, 1 727f 
Buerger's disease, "175 2-1753 
chronic art<·rial in5ufficiency 

associated wirh, 1727- 1729 
clinical classification of, J 728t 
cystic medial necrosis, 1754 
diabetic foot associated wirJ1, 

1738-17 40, 1739f 
epidemiology of, 1725 
evaluation of. 1727-1752 

angiography, 1733- 1735 
carbon dioxide angiography, 

1735 
compured wmography 

angiography, 1735, 1735f 
continuous waw Doppler 

waveforms, 1729- 173 1 
hisrory-mki ng, I 727 
imaging studk:s. 1733-1735 
intrav.-ISCular ulrm.sound, I 735, 

1736f 
magnetic resonance 

angiography, 1735, 1735f 
physical examination, I 727 
physiologic resting, 1729-

1735, 1729f, 1730t 
femoropoplireal le.sions, 1745t 
lower extremity ampurations for, 

1740-1743 
below-knee ampunuioo, 1742, 

1712f 
outcomes of, J740f 
periopcrarive monality rate, 

1740 
rayarnpurarion, 1741 , 174 Jf 
rransfcmoral amputation, 

1743f 
rransmerarar&JI ampurarion, 

174 1-1742, J741f 
lower extremity occlusive dise-dll.', 

1743-1747 
persistent sciatic artery, 

1754-1755 
popliteal entrapmem syndromes, 

1755 
pseudoxanthoma elasticum, 1754 
risk fdccors for, J726f. 

1736-1737 
smoking and, 1736 
treatment of, 1735-1752 

balloon angioplasty, 1748 
conduirs. 1743-1746 
endovascular, 1747-175 I 
medical, 1735-1737, 1737t 
rev.-ISCularizatiom, 1738-1740, 

1743- 1747, 1755-1757 
stenr grafi:s, 1749-1750, 1750f 
stenring, J747f. 1748-1749 
subintimal angi"Oplasty, 

1747-1748 
vasculitis. 1753-1754 

Peripheral arrerial disease (Continurd) 
Beh~r's di~ase, 1754 
giant ceU artc."rilis, 1753 
Kawasaki's disease. 1753-1754 
large-vessel, 1753 
medium-vessel, 1753- 1754 
polyarreritis nodosa, 1753 
smaU-vcssel, 1754 
Takayasu's diocase, 1753 

Peripheral art~ry aneurysms, 1755 
Peripheral nerve blocks, 408 
Peripheral neuroectodermal rumor, 

769 
Peripheral vascular di$c'aSe, 3<; 1-352 
Perisralsis, 1019, J022f, 1070 
Perironeal cavity 

anatomy of, 1097 
subdivisions of. 1097. 1097f 

Peritoneal dialysis 
chronic ambularory, 1102 
pediatric burns managed with, 

536-537 
Peritoneal disorders, I 098-1103 

ascites, 1098-1102, 1098b 
peritonitis. Sec Peritonitis 

Peritoneal ligaments, I 097, I 097f 
Peritoneal membrdne, I 097 
Pcrironeum, 1090, 1097-1103 

anaromy of. 1097 
infection in, 1098 
mali~tnancies of, II 02-1 I 03 

description of. I I 02 
malignant mesothel ioma, 1103 
p~udomyxoma pet·ironei, 

I 102- 1103, 1289-1290 
physiology of, 1097-1098 

Peritonitis, 11 00-1102 
b-dcterial causes of, 114 I 
chronic ambulatory periwneal 

dialysis, I I 02 
definition of. 1100-11 01. 114 1 
diverticulitis as cause of. 

1313-1314 
generalized, 1313-1314 
percussion of, 114 6 
primary. 1141 
sponraneous bacterial, I I 0 I 
mbcrculous, II OJ - II 02 

Pernicious anemia, 1206 
Peroxisome prolifcrawr~Jcciva.ted 

reapwr !?i'mma agonisrs. 542 
Persistent pulmonary hyperrension, 

1829 
Persistem sciatic arrery, 1754- 1755 
Pcrthes test. 1805-1806 
PeU[z-Jcghers syndrome, 705r, 

1258, 1345, 1346t-1347t, 
1536 

Peyer patches, 1236 
P/F ratio, I 07 
Pha•macodynamics, 250-251 
Pharmacokinetics, 250-25 1 
Pharyngoesophageal diverticula, 

1023-1 024, 1 023f 
Phenoxybcnzamine, 983 
Phenylephrine, 572r 
Phenylethanolamine N-methyl 

trdnsferdse, 964 
Phenytoin, 323 
PheochromO<.!'toma 

appeamnce· of. 982£ 
biochemical diagnosis of, 

980-981. 981 f, 982t 
clinical features of, 980, 981 f 
epidemiology of, 980 
hereditary, 705t 
locali'l.ation of, 980-981, 981 f 
mal ignant, 984-985 

Pheochromocytoma (Coutiuurd} 
molecular gcne£ics of, 984 
multiple endocrine neoplasia type 

2 and, 1007-1008 
outcomes, 984 
petioperative care for, 981-984 
in pregnancy, 2039 
preoperative management of. 

222 
screening for, I 007 
surgical management of, 984 

Pblcbeccorny, 1809, 1810f 
Phlebography, 1806 
Phlegmasia alba dolens, 1813 
Phlegmasia ~rulea dolens, 1813 
Phospholipaso: C, 1187-1188 
Photodynamic therapy 

Barrett's esophagus m·ated with. 
1035-1036 

description of, 236 
Phrenoesophagt'31 mcmbl'.lOC, I 068f 
Phyllodc:s rumors. 84 5 
Physical dependence, 412 
Physician fatigue, 205-206 
Phyro~/~,347, 1224 
Pickwickian syndrome, 362 
Picture archiving and 

cornmunica£ion system, 4 I 9 
Pigment stones, 1485 
Pigmenred villonodular synovitis, 

1986- 1987 
Pilocysric astrocytomas, 1886-1887 
Pilonidal diS('d~. 1396-1397 
Pinna, 8 10-8 11 
Pipemcillin-tawbacram, 259 
Piriform si nuscs, 802 
Pit vipers, 548-'549, S49f 
Pituitarv adenomas, 1001, 1890 
Pituitary surgery, 8 1 0, 8 .I Of 
Placenta l abruprion, 2026 
Plasma cells, 633-634 
Plasmacytoid dendritic ~lis, 63'5 
Plasma-f rcc mcrancph rinc, 982t 
Plasma-free nonnerancphrinc, 982t 
Plasma-Lyre, I 07 
Plasmids . .l9 
Plastic su rg<"ry 

abdominal wall, 1935-1939 
b-ack <lcfccrs, .1 94 1- 194 3, 194 2f 
body contouring. 1947- 1949 
breasts. ~ Breast surgery 
chest wall reconstruction, 

1931 -1932, 1932f 
clcfr lip and palate, 1923-1924, 

1924f 
crdnio£acial frdctUI'es, 1927 
craniofacial microsromia, 1923 
Cl'aniofacia.l surgery, 1923-1925 
CI'Jn iosynosrosis, 1923 
ear deformities . .1923 
facial aesthetic surgery. See F-.Jeial 

a~srhe£ic surgery 
facial reconstruction, 1927-1928, 

1928f 
facial transplantation, 1928 
hemifacial mic.rosromia, 1923 
lower e.xtremity reconstruc£ion, 

1945-1 947 
maxillofacial n auma. 1925-1930, 

1926f 
pediauic, 1923-1925 
perineum 11.'COnstniCtion, 

1939-194 1' 1940f 
prt'S5ure ulcers. 1943- 1945 
reconstructive techniques, 

1916-1923 
alloplasric materials, 

1922- 1923 

INDEX 2 111 

Plastic Stiff,<"')' (Olutiuurd} 
microvascular free tissue 

tmnsfer, 1920-1921 
skin !laps. ~ Skin Baps 
skin grafts, 1916-19 17 
tis.~ue expansion, 192 1- I 922, 

1922f 
wound closure, 19 16 

scalp reconstrucrion, 1927 
soft tissue coverage, 1945-1 947 
sternotomy wounds, 1931 -1932 
suction·assist:ed I ipectomy, 

1947-1949 
vascular anomal ics, 1924-192'i 

Platdct cndorhd ial a U adhesion 
molecule-), 158 

Platelet-derived growth factor 
macrophage secretion of. 157 
in wound healing, 157t 

Platclcrs, 588b 
alpha granules, 151-152 
description of, 15 I 

Plates. 486, 487f 
Pleomorphic adenoma, 812-8 .1 3, 

812f 
Pleomorphic liposarcoma, 770t 
Pleura 

fluid of, 1596 
pariet:al, 1566- 1567 

Pleural disorders 
chylothorax. 1598- 1599, l599b 
effusions. Sf!{! Pleural e£r usions 
empyema, 1597-1598 
mesothelioma, 1599-1600 
pneumothorax, 1599, 1599b 

Pleural effusions. 1595-1597 
benign, 1596 
exudative, 1596b 
malignant, 1575, 1596- 1597, 

1597f 
management of, 1598f 
transudative, 1596b 

Pleural space 
disorders of, 1595 
injuries to, 449-451 

Plummer-Vinson syndrome, 802, 
1051 

Pluripotent srem ~lis, 178, 179r 
PMSI, 1346t-J347t 
PMS2. 1346t-1347t 
Pneumatic ancishock garments, 

507-508 
Pneumatocele, 1571 
Pneumatosis intestinalis, 1272-

1273, 1273f, 1845f 
Pneumobi]ja, 1500 
Pumlllllf.YJiiJ jirol!('d, 1588 
Pneumonia 

aspiration, 293-294 
burns-related, 536 
diagnosis of, 292, 532 
in inrensi\>e care unit, 577-578 
postoperative, 218t-219t, 

292-293 
treatment of, 292-293 
ventilator-associated. See 

Ventilator-associated 
pneumonia 

Pneumoperitoneum, JJ49f 
Pneumod1orax, 1599 

chamcterislics of, I 599b 
chest radiograph of, 450, 450f 
definition of. 1599 
g"dstroesophageal reflux disease 

surgery and, 1078 
intraoperative occurrence of, 230 
rension, 1599 

Poinr mutations, 27f 
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apoptosis of. 1 '51 . ", " , 
WC>UIJiCHtle3l]lflg role <lf, 1)J-1)'± 

533t, 2032 
BK virus, 673-674 

1257-1258 

Polyps. See 
adcnomatous polyposis 

adt'no-carcinoma stquence, 
1Yll-Li42 

U43f-1314f 
13'i2f 

l'olyterraHw)roetbylene grafts, 
1713-1711 

clcids, 141 
'""''"" a~tery aneurysms, 175), 

1nGt 
Popliteal entrapment syndromes, 

1755 

1438f 
P.mallissure, 1413 

1181, 1482£; 

Portal hy]JCrtensi<ln, 1131-1440 
1455 

1431-1432. 

definirion of, 1431-1432 
inrlcah,cparic, 1432 
pathoplnrsic>loi\Y of, 143 2 
upper gastminrcstinal 

associared with, 1 170-1 
1171f 

variceal hcrrllHrhage caused by, 
1432-1440 

algorirhm for_ 1438-1440, 
~ 11YJf 

balloon tamponade ,,f, 1133, 
1433f 

ew:lo>:copic therapy for, 1131, 

for, 
inLcrvcnLional therapy ic1r, 

1434 

P.mal hyperrcnsion (Coutinued) 
liver trans:plantllfi,,n 

corrsiderariorrs, 1438 
nonselective shunls 

1435-1436, 

Portal pedicles, 1419 
Porml triad, 1416, 1423 
Portal vein, 1418f 
Portal vein 1132 
P.mosvsremic shunts, 1427 
Pusiti~e pressure, 

437, 579 
Positron crnissilHl LOIIl<lgrctplty 

esclptla?ral cancer evcduittio·llS, 

P{1srcrior dc,;cendiing 
1651f 

Posrcrior fascial compartment. 504r 
Pl1Slcrior lurnbar fUsion, 

of lumbar 
Posterinr retrojJtritc,neosc:or•ic 

adrenalecwmv, 990f 
p,,srerior tibial an~ry, 17'1(;-1717 
Posterior tibial veins, 1801 
Posrnior urcthm\ disrllfltitm injury, 

20(;6f 

Posterolateral fusion, of lumbar 
spine, 1897 

fever, 
monality in, 213t 
nausea and vnmiting in, 410, 

410t 
Po<SLS[Jlc:ncc:Lorn y, 459 
Po:;H h r·oiTilx:tic syndrome, 

1813-1814 
Post-translational control, 27 

GS7-C;88 
Pot3.<sium, 110-112 
l~ol:aSI'lllm--sp:HIIlg dimetics, 116 

PPV23, 1559 

1295-1296 
1329 

1088 

Pr,lder-Willi 361 
Prealbumin, 
Prebiorics, 1303-1304 
Prednisone, 642t 
Preemptive analgesia, 113 

in, 1152-115.3, 
2034b 

acule clbdomen in, 1152-1153, 
2034 

acute liver of, 2058 
acute venous 

thrombosis in, 21Jii 1 
adenosis "L 827 
adrc nal disease in, 2 0 3 ') 
anesthesia in, 2033-2031 
antJendic:itis in, 1152-1153, 

1283, 2025, 202'if. 2040 
ali.er bariatric 20·12-2013 

"hsrrucrion in, 1153 
breast cancer in, 2035-21137, 

2043 
brea.st masses in, 2035-2037, 

2037f 
cardiovascular 

202.3-2024, 
c:Jvernous hemangion1a 

cb<Jlellirl"tiasis in, 2025 
coaguhtion changes in, 2024} 

2021t 
colorectal disease in, 21110-20·11 
early, 2009 

2015 
disease in, 21139-2040 

episiotomy, 2027 
gallbladder changes in, 2029 
gastrointestinal changes 

in, 2024, 

hvrxrrhyroidism in, 2040 
hytJoparathyToidis:m in, 114 

anal anastomnsis and, 

iraestinal obsLrucLion in, 202S 
laparoscopy during, 2035b 

benzodiazepines, 2033 
cephal<CJSp<CJrirlS, 2032 
macr,,lidcs, 2032 
nonsren>idal amiinlhmmawrv 

drugs, 2031 ' 
penicillins, 2032 
quinolones, 2032-2033 
sedatives, 2033 

761 
surgery in, 

ovarian masses in, 2025-21126 
oxygen in, 20311 
pancreatiris in, 
pe11etrarmg trauma in, 2042 
phcoc:hr,omocyt<:<ma in, 2039 

minimally invasive, 2034--2035 
prcvalcm:c of, 2020 

thvroid disease in, 2039-20111 
rhyroid n"dules in, 2040 
rrauma in, 2026, 2041-2042 

2031 
vaBL:ular in, 

Prt·hc>Sniral trauma care, 433-435 
Pre,lpcrative evaluations, 211-213 

corrsiclcr<ttic•ns, 225 

6, 
checklist, 22(;-22~ 

212f, 

conditi<lllS that 237b 
dest:ription of, 21 
rictcrnlintHil>ll of, 213 

221-222 

337-338 
goals of, 356 
nurritional status, 358 540 

heparobiliary system, 219-221, 
220( 

imrnune 

in 
principles of, 211-213 
pulmonary 21 G 
rt'nal systcin, 
revie\v of medicarions, 229, 229r 

to, 213-225 

descrir,tic>n of, 20) 
skin preparation, 232 

Preperitoneal 1 0~0, 
1118-11 

Primary 971 
Primary cUnpulation, 
Priiildf)' bacterid! peritonitis, 585 
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Primary biliary cirrhosis, 657 
Primary ~nual nervous system 

lymphoma, 1888 
Primary hypcraldoaeroni5m, 

'T/3-97S, 973t 
Primary hy~rp-dmthyroidism 

bilarcral neck <"XploraJion, 933 
clinical fearura of, 926-927 
description of, 924, 926 
diagnosis of, 926-927 
hype=lo.·mia atusc-d by, 114 
medical ~lrern~rives for. 937-938 
in multiple endocri nc neoplasia 

type 2, 1008 
noninvJSive prco(Xnll ivc 

localiz.1tion, 929-930, 
930f-93 1f 

parachyroid hormone kvcls, 932f 
pararhyroiclecromy for. Srr 

PJmrhyroidcctomy 
preoperative imaging in, 929t 
preoperative localization. 

931-933 
5urgery effects on, 928-'.129, 928b 

Primary lymphl"dcma, 1821 
Primary sclcrosin(( cholangitis, 657, 

1322 
Primary sclerosing cholecystitis, 

1502-1503, 1502f 
Primith'e neurocaodermal l\lmors, 

1888 
Pringle manem~r. 461 
Probiotics, 1303-1 304 
Procidentia. !W Rect...ll prolapse 
Proctalgia fugax, 1383 
Procr<Jcok-ctomy 

description of, 12S3 
ularntivc col itis treated with, 

1326-1329, B26f-1328f 
Professionalism, 22 
Programmed dea1h-l . 725b 
Proinsulin, 945 
Proki netic agents, 1204 
Promo!fr, 30 
Pronawr syndrome, 1982- 1983 
Propensiry score analysis, 196 
Pro~r hepmic art~ry. 141 8-14 1!) 
Prophylactic masH-cto rny, 838 
Propionare, 1306 
Propofol, 391-.:192, 391 t, 566-567 
Propranolol, 540.54'1, 540{ 
PI'Ol>'taglandins, '112-413 

description of, GO 
E2, 51,725 

P=re canar, 2074-2075 
Prosrn~ gland 

adenoma of, 20551' 
anarom)• of, 2047-2048 
benign pros~atic hy~rplasia, 

2054-1.055 
cystoscopy of, 2055f 

Prost:are-spccific antigen, 7 14-715, 
2074-J.Cfl5 

Prostheric hean valves. I 691-1694. 
I 692f-1 693f 

anticoagulation for, 224t 
Protease serinl' I, 1527 
PrO!ea=, 163 
Prorein 

carabolism of, wound healing 
affected by, 168 

digestion of, 1232- 1233, 1233f 
eSSC'ntial amino "cids, 123-124 
metabolism of, 123- 124, 1428 
pediacric rcquircmcnn, 183 1, 

1831t 
sepsis-related derangements in , 

145 

Prot.ein C, 53-54 
Pror.ein kinase C, 627 
Protein synthesis 

description of, 25-26 
inhibitors of, 261-262 

Protein Ulmor markers, 713-716 
carbohydme antigen 19-9,7 14, 

1537. 1555 
carbohydrntc antigen 12S. 71 S, 

2022 
carcinocmbryonic amigen, 713 
n.fetoprmein, 7 13·716 
proscuc-spccific amigcn. 714-715 

Protein turnover, 125-126 
Prordn-<'nergy malnutrition, 130 
Proteoglycans, 162-163 
Proteomic profiling. 717-718, 718t 
Prot comics. 36 
Prown pump inhibitors, 959, 

1165- 1166, 1189, 1194, 1206 
Proto-oncogenes, 33, 134 1 
Proto7..oo, 1254 
Proviral in~nional mutagenesis, 

7 12 
Proximal anastomosis, in Roux..('n-Y 

gastric bypass, 369-371, 370f 
Proximal interphalangeal joint 

dislocacion, 1976 
Proximal phalanx fr.lCturc, 1974 
l'llammoma bodies, 906 
Pseudoaneurysm, 1785-1786, 

1789f, 1793-1794. 
1794f-1795f 

Pseudocholinester-=, 392 
Pseudocysts 

pancreatic, 1524-1525, 1525f, 
153 1, 1533t 

splenic, 1555 
Pseudohyponaucm ia, 586 
Pscudohypopruathyroidism, 11 3, 

928 
Pseudomernbrdllous colitis, 

1154-1155, 1154r 
Pmtdomo11rrs rrn-u'(juosa, 264 
Pseudornyxorna ~rironci, 

1102- 1103, 1289-1290 
Pseudo-obsrn1C£ion, of colon, 

13 17- 1318, 1318f 
Pseudorclaxation, 1070 
Pscudotumor ~rcbri, 379, 1875 
Pseudoxamhoma clasticum, 1754 
Psychosis, postopernrive, 322-324 
PTC-R£[ proto-oncogene, 904-905 
Puberty, 827 
Pubocoo.")'geus, 1298f 
Puborccralis, 1296, \298f 
Pudendal nerve terminal motor 

latency, 1366, 1368 
PuJ monary anerial catheters, 

569-570 
Pulmonary arrc:•ry slings. 1036-

1040, 1037f. 1572. 1643, 
1645f 

Pulmonary arrery unifocali~ion. 
1630 

Pulmonary anery wedge pressure, 
572 

Pul monarv acraia 
with M inraa ventriculat 

sepUim, 1628- 1629 
tr.rnsposition of the gtear ano:rics 

with, 1632 
with vo:ntricular scpt:al defect, 

1629-1630 
1\Ji monary autografT aortic root 

replacement, 1631 
1\~ monary autograft pro~dure, 

1693f 

Pulmonary comusions, 151, 451f 
Pulmonary di=, 400-401 
Pulmon;~ry edema 

description of, 294-295, 294b 
in intcnsi'~ care unit, S78 

1\tlmonary embolism, 295-297, 
l95b 

in bari.uric surgery pruicrus. 382 
causes of, .29S 
clinical presentation of, 295-296 
in crit ical care patients, 587 
diagnosis of, 295·296 
heparin for, l96-297 
inr raoperari"l! occurrcn~ of, 230 
mormliry rarcs, 18 13 
pn.-vemion of, 296-2'T/ 
signs and symptoms of, 295b 
rreanncm of, 296-297 

Pulmonary hypertension, 1681 
Pt1lmonary infections, 1586-1589 

bronchiectasis, 1586 
bronchdithiasis, 1586 
fung;tl, 1587- 1589 
lung >'~bsO<'s.~. 1586 
m yoobacterial, 1586-1587 
parJSi tic, 1587-1589 
rubett:ulosis. 1586- 1587 

Pulmonary lig;tmem lymph nodes, 
1579b 

Pulmonary tnm~Stascs, 1591 
Pulmonary scq~tration, 1571, 

1836-1837 
Pulmonary stenosis, 1630 
Pulmonary sy~u~m. Su also Lung(s); 

Respiratory system 
nc:wborn. I 829-1830 
preo~rative .-valuation of, 216 

Pulmonary v.tscular rcsi5tanu, 
1616 

Pulmonary vJscular slinjt. 1573 
Pul~ ox:imerry, 1614 
Pul~lcs.~ decnical acriviry, 'i71 b 
Punch biopsy, of Clllancous 

tnclanon1a, 745-716, 746f 
Push t'ndosoopy, I 178 
Purn:F.tct ion. 1306 
Pyloromyotomy, lapa rosoopic, 184 I, 

18-i lf 
Pyloro.oxym ic refb, 11 87 
Pyi<Jrus-prcscrving Whipple 

proc.:durc, I S42 
Pyoderma gangrcnosum, 3 I 2, 13 22 
Pyogenic ab5c..•ss, 1440- 1445 

amebic absa-s5 "l!rsus, 1443t, 
1445 

anr ibiotics for, 1443-1444 
clinical fcatura of, 1441-1442, 

1442f, 1442t 
computed tomography of, 1442, 

1444f 
diffe~nrial diagnosis of, 

1442- 1443 
epidemiology of, 1440 
microbiology of, 144 1 
OUtCOmes of, 1444-1445 
pathogenesis of, 1440.1441 
pathology of, 144 I 
~rcu raneous drainage of, 

1443-1444 
radiographic imaging of, 1442, 

1442( 
studies of. 1440r 
treatment of, 1443- 1444 

Pyogenic fl~xor tenosynovi tiS, 1978 
Pyogenic granulomas, 1988 
Pymvare, 124 
Pyruvare kin~se deficiency, 1553 
Pyuria, 250 

INDEX 2113 

Q 
Qualiry oflife 

LAP-BAKD effects on, in obese 
patients, 378 

small bowel rransplant:arion 
effecrs on, 688 

Qualiry-adjusted life-}=rs. 191, 
714 

Quinoloncs, 2032-2033 

R 
Rabbit antithymocyr~ globulin, 

644-645 
Rabies. 553 
Radial arr.-ry conduits, I 662-1663 
Radial dysplasia, 1994f 
Radial forearm fasciocuraneous Hap, 

818, 819f 
Radial nerve compression. 1984 
Radial scar, 840 
Radiation carcinogens, 710 
Radiation enteritis, 1273-1274, 

1274f 
Radiation enteropathy, 1243 
Radirujon proctitis, 1177 
Radiarion thernpy 

basal all carcinoma treared with, 
764 

breasr can~r treated with, 343, 
858 

breast reconstruction, 882 
heparoo..-llular carcinoma treated 

with. 1457 
hypothyroidism after, 894 
neuroblasroma treated with, 

186().1861 
pancrearic cancer treated with, 

1543 
prost:atc can~r rrcated wirh, 

2075 
rectal cancer treated with, 

1357 
squamous cell carcinoma treated 

wich, 764 
Radkal hysterectomy, 2022 
Radical inguinal orchiectomy, 1.074, 

2076f. .2077 
Rad ical neck dissection, 798, 798f 
Rad ical prosratocmmy, 2075 
Radioacrive iodine upmke, 893, 

894b 
Radi~phalic fistula. 1773 
Radiofrequency ablarion, 236, 423 
Radioimmunotherapy, 738-739 
Radioiodide ablation, 898 
Radioisotope SClllDing. 90 I 
Radionuclidc scanning. 1174 
Radionuclides, 738-739 
Radiosurg..-ry, 237 
Radon, 709t, 1573 
RAG-I, 632 
RAG-1., 632 
Raloxifene, 837-838 
Ramus inrenncdius, 1650 
Randomized controlled trials, 

192-193 
Ranibizumab, 737t 
Ransohoff sign, 1147t 
Rapamycin, 646. &~also Sirolimus 
futpid Ul't"'.tst: as.<ay. 1193 
R..stclli classification system, 1621f 
Rathke's pouch cysts, 808-809 
Ravitch technique, 1857 
Ray amputarion, 1741, 174 1f 
Raynaud's phenomenon, 1752 
Raynaud's syndrome, 1752 
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RCT See Randomiz.ed contrdled 
uials 

Rcaclivc dsthrna, 362 
Reactive 61-62 
Receptive 11 85, 1190 
Receptor f,,r advdnc:ed glycation end 

products, 12 
Receptors 

1370f.. 137lf, 
en:zyrne-·C<lUplecl, 32 1386- US7 
G 31-·32. 31f, 

1234-1 
gastrointestinal, } ~3~:, !23(; 
ryro.sine .JL., .JL.f 

Re,:ombinant rechnology. 
27-31 

DNA cloning, 29 
DNA engineering. 29 30 
DNA 29 
polymerase 

29f 
rcacLion, 28-2~), 

restricrion nuclt'ascs, 27, 29f 
RNA interference, 30-31. 30f 
rransgtn ic an im<1ls, 30 

Reconstruction 
breast. 5ee Breast reconstruction 

1n7-1928, 1:J28f 
nn:>pl<c-areular. 882 
~CJllH:cuu, 1')JCJ-1cJ1l, 1940f 

techniques for, 

microvascular free tissue 
rransfer. , /"v·-, -·", 

skin See flaps 
skin 1c!l(;-1917 

eX[JaJJSI<)n, 1921-1922, 

wound closure, 1916 
Rectal arresia. 1849 
Rectal cancer, 1.356.-1360. See also 

Colorectal cancer 
chcmodrer.dpy for, 1357 

diflcrential diagnosis 
hcrn;ouochczia associated with, 

1357 
neoadjuv,lnr therapy for, 1357 
prc·o~>er:lti•rc dSSCSSIIlCilt of, 

358 

reseclion, 

ewl-l·o-cnCl anastornosis, 1359, 
1360f 

tilig.umtion, 13'59 
excision, 13'58 

h1w antt'rior reseciion, 
1.35'1-1360, 1360f 

spJruJc:tt'H,pani!ig ,lbdomindl 

coloanal ana.sromosis, 
1360 

rransanal en·dm;copic 

illustrarion of, 1367f, 1386f 

resection reL:topcxy, lJG~J, 

1369f 
1368, 1.37 2 

prc>ce<lllfC, Li68 
patho1~enesis of, 138'5-1386 
patJho~d1y<;iol•ogy of, 1367 

1367 

symptoms of. !3(;7 
Rectoai!cll reflex, 137(; 
Rectocele. 1373f, 

1387 
Rectopexy, 1387 
Re,:to•,-aginal fistuL1, 1397 
Recto•V,li\inal seprum. 2008 
Rccturn 

,llldtOIIlY <lf, 1291-1303, 1296f 
arterial' of, 1298 .. 1302, 

embry':'loi;Y of. 1294, 12')Sf 
t'1scia uL 1297f 
function of, 129) .. 1296 

of. 12cJ8- 1302, 

valves ,,f llouston, 12:)(; 
venous dr.1in.1ge of, 1298. 1302, 

1304f 
Rectus abd{uninis rnusdc, 1089f, 

1092f, 1129, 1130f 
ab.dominis myocutancous 

919f. 
921, 1017 

150lf 
Red blood cell transfusion, 223 b 
Red man svndmme, 2(;2 
Reduction .m:lmmclplaBty, 

1932-1933 

ReAux mechanism, 1021 

bi<Jer,gi:ncr:tiilg applications, 

definirion of, 178 
stem cells !;1r. See Stem cells 

!lilt'"'''""· 407-408 
local anesthetics for. 404-406, 

111Gt 

&Leno&is 

des:niJlticm of, 1758 
diagnosis of, 1758 
rnagnelic resonance angiography 

of, 1758 
open renal arrery fur, 

1759 
stenring 
rn:"8rment 

Renal carKcr, 
Renal cell carcinoma, 2070-2072 
Renal disease 

coror!cUV arterv bypass grafting 
in, 1G75 

acure 
in burn 
causes 

668 

dldracrcristics {)f, 302 
diagnosis of, 303, 304t 
postoperative, 302-304, 303t 
trcdtrnenl of, 30,1 

burns as cause of )36--537 
causes of, 667 

Renal resistive index, 1758 
Renal 

burn effects lHl, 527-S28 
333-334, 

Renal tmuma, 1869 
Renal tumors, 20711-21172 
Renin, 'JGS, 17) 8 

Resistance vessels, 1651 

Resistant starches. 1306 
Resource utili7;ltion, 190-191 
Rc:spirat<Jrv endoscopy. ·126 
l{e:;p!r,lt<JlY failure 

care, 576-579 
po:stope1·ative, 21St-21 cit 

SV!llptoJtnS of. 576 

333b 
anesthesia-related complications 

40'1-410 
care ,,f, 576-581 

inrcnsivc care unit concerns, 
576-581 

energy expenditure, 129 

'""''":1<n1 nuclcascs, 27, 2~Jf 
Resuscitation 

room, 20 

blood 100-102 
evolution of, 91-96 
freeze-dried plasma, 1 IIJ, 

103[ 
h isw ry of, 66-67 

recornmendati{1ns L1r, 87-88 
suspended animarion. 104 
whole blood, '),] .. ')5 

Retinublastoma, 704-705, 705t, 
706L 768 

Retinoblastoma (;97 -698 
Retr<lgrade 2065f 
Re1~roJ)tritoJ1eal space, 1108, 

Retroperitoneum, 1108-1111 
abscess of, 1108-1109. 1108r, 

1109f 
anatomy oC 1108, 2046-2017 
fibrosis of. 11 09-111 () 
hemaroma of, 1109 
malignancies ,,£; 1110-1111 
operative apprcJd(:]rres 

sarL:orna& 

1111, 1111!' 
466f 

!Zerrosal:ral faBcia, 1296 
Retroviral vectors, 1811 
Reverse Benneu's fraCl ure, 

isd1crnic neurologic 
deficit, 

Review of 229, 229t 
Revised Cardiac Risk Index. 

213-2!li, 2l·it, 5:!7 
Revised Traum,l Swre, 432.-43.3. 

43.3r 
Rewcmning 78, 78L 
Rhdbdomyolysis, 
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Rhabdomyosascoma 
description of, 809 
pediatric, 1862-1864, 1863b 
staging for, 1863, 1863b 

Rheumatic fever, 1680-1681 
Rheumatoid arthritis, 1754, 

1992-1994, 1996f 
Rhinoplasry. 1929- 1930 
Rhoods, Jonathan, 16f 
Rhomboid flaps, 1918 
Rib fm~tures, 449-451, 450f, 1594 
Ribavirin, 1472 
Riboflavin. 1234 
Richmond Agitation and Sedation 

Scale, 566, 566·t 
Richter's hernia, 1114 
Riedel's thyroiditis, 896 
RIFLE criteria, 584, S84b 
Right coronary artery, 1650-1651, 

1651f, 165 1r, 1656f 
Right venrricle, doublc-outlec, 1632 
Right ventricular outflow traer 

obstruction, 11;32 
Rigid broncltoscopy, 1585f 
Ringavulsion injuty, 1973 
Rin~er, Sydney, 70-71, 70f 
Ringer's solution, 7 1, 931 
Ripsrein repair, 1368, 1372 
Rituximab, 642r, 646, 737t, 738 
Rive..,..Sroppa repair, 476 
fu'JA 

description of, 25-26 
double-stranded, 30-.:l I 
short interfering, 30-3 1, 37 

RNA interference, 30-31, 30f 
RNA splicing, 26 
RNA translation, 26 
RNA-based tumor markers, 717 
Robotic pro.~tatecronny, 4 23f 
Robotic splenectomy, 1558 
Robotic surgery 

illusrrarion of, 4 23f 
minimally invasive, 423-424, 

423f 
Rocumnium, 393t 
Roentgen. Wilhelm, 6 
Rolando's fracwrc, 1974-1975 
Rolling hernia, 1068f 
Roos test, 1595 
Ropivacaine, 4061 
Ross operation, 1634, 163Sf. 

1693f 
Rosuocaudal d001y, 1874-1875 
Rotation, of fractures, 482-483 
Rotation skin flaps. 1917 
Rorrer's nodes, 824 
Round ligamcnr, 1090 
Roux-cn-Y choledojejunosromy, 

1490 
Roux-en-Y cysrojejumosromy, 1525 
Roux-en-Y esophago jejunostomy, 

1212 
Roux-en-Y gdSuic bypass 

afferent loop syndrome, 1203 
complications of, 382-383, 382r 
hospitalization after, .378 
marginal ulcer after, 383 
metabolic compli01tions of, 383 
nutritional considerations, 146 
outcomes of, 378-379, .378r 
tt'Chnique for, 366-371, 367b, 

368f-37lf, 376 
vitamin B,2 deficiency after. 383 

Roux-en-Y hepaticojcjuno.sromy, 
1191, 1505, 1531. 1852-1853. 
1853f 

Rovsing sign, I J47t, 1280 
rRNA, 25 

Rule of nines, 142, 523, 523! 
Ruvalcaba-Myhre-Smith syndrome, 

1346t-1347t 

s 
Sabiston, David, 13, 14f 
Saccular aneurvsms. 1879-1883 
Sacrococcygeai teratomas, 

1865-1866, 1866f 
Sa..:rum 

meram.ses to, 1942f 
pressure sores on. 1944 

Safery 
bedside surgical procedures, 

596-597 
study focusing on, 190 
surgical 

checklist for, 204 b 
conununication, 203-205 
han doffs a.nd, 204-..!05 
historical pe1'Spective on. 20 I 
information technology used 

to enhance, 206-207 
organizational stn1crurc 1:0 

promorc, 207 
outcomes, 202-203 
physician fatigue and, ..!05-206 
surgical infecrion prevemion, 

201-207 
teams, 203-205 

Sail sign, 491-492. 493f 
Saline, 70 
Salivary gland neoplasms, 811-813, 

812f, 8J3b 
Snlmuue/Jn typbi, 1334 
Salmoue/Jn typbimurtum, 709-710 
Salmouelln typboSIJ, 1254 
Salpingectomy, 2018-1019, 2019f 
Salpin~ostomy, 20 18, 20 19f 
Salter-Harris classification, 1975. 

1975f 
!iano modification, of Norwood 

operation, 1640 
Saphenous nerve, 514r 
Saphenous vein, I 091. 1774 
Sarcoidosis, 1590 
Sarcoma 

abdominal wall, I 096 
angiosarcoma, 764, 845 
dtondrosarcoma, 784t, 789, 789f 
c.lear cell, 770t 
dermatofibro.<arcoma, 764 
esopha~eal, I 064 
Ewi.ng's, 770t, 784t. 788-789. 

788[ 
hepatic, 1459 
Kaposi's, 764-765 
vsreosarcoma, 784r, 787-788. 

788f, 81 l f. 820f 
J'etroperironeal. I ll 0-11 I I. 

llllf 
1i1abdomyosarcoma 

description of, 809 
pediatric, 1862-1861, l863b 
staging for, 1863, 1 863 b 

skeletal, 787-789 
descriprion of, 783 
incidence of, 787 
limb salvag~ re~"Crion for, 787f 
merasrases, 789-790 
overview of, 787, 787f 

soft tissue-. &c Soft tissue 
sarcomas 

synovial, 770t 
t:runcal, 1096 
visceral, 778-779 

Scaffolds, for wound healing, 174 

!icalp reconstruction, I 927 
Scaphoid fractures, 1975, 1975f 
Scarpa's fascia, 1088 
Schar1ki's ring, 1037-1038, 

IU.:l8f-1039f 
Schwannomas, 1601, 1605, 1889, 

1889[, 1891 
Sciatic arrery, persisrent. 1754-1755 
Sciatic hernia, 1137 
Scientific surgery, 7-8 
Scimitar syndrome, 1573 
Scleroderma, 1751 
Sclero.~ing adenosis, 840 
Sclerosing cholangiocarcinoma, 

1509 
Sderosing mesenteritis, 1105-1106 
Sclcrot hcrapy, 1809 
Scorpion stings, 555-556 
Scorty dog, 495, 495f 
Scrotum, 2048 
Sea cucumbers, 559-560 
Sea snakes, 560 
Seborrheic kerato90's, 744, 74Sf, 

1989 
Secondary hyperparathyroidism, 

926-927, 938-939 
Secondary venous insufficiency. 

1811-1812 
Second-degree burns, 522, 522b, 

523f, 1041 
Second-look lapa roromy, I 243 
Secretin. 1235r-1236r. 1519 
Sedation 

bcnzodiazt"pines for, 566 
in intensive care unit, 565-568, 

567f 
Segmental 2-3 hepatectomy, 

660-661' 660f 
Segmenral fra..:tures, 482, 484f, 

486 
Segmenrnl pedides. 1918 
Seiwres 

central nervous system 
complications; 565 

postoperative, 323 
Selective cholangiography. l484b 
Selective digestive decontamination, 

581-582 
Selective oral decontamination, 

581-582 
Selective pancreatic ruteriography, 

999 
Selenium, 127t 
Sclf-amigcns, 723-724 
Self-rolerance, 648-649 
Semen analysis, 1056 
Seminal vesicles, 2047-2048 
Seminomas, 1604, 2075-2076 
Senescence, 699 
Sengs1aken-Biakemorc rube, 

1171-1172, L433, 1433f 
Senniog procedure, 1630 
Sentinel lymph node biopsy, 

753-756, 755f-756f. 851-852, 
8'i 1 f. 8'i4-85'i 

Sepsis 
abdominal, 1155 
aJlastomotic leak and, .H6 
costs <>f. 14 5 
critical e~re, 589-592 
definition of, 590b 
generics and genomics of, 

240-242 
inrensive care unit patients. 

589-592 
management of, 590 
metabolism chan~~s secondary 

UO, 115. 526, 528f 

INDEX 2 115 

Sepsis (Coutin11ed) 
prorein metabol ism affecred by, 

145 
S<'VCre. 590, 590b 
sources of, 536 

Septal papillomas, 807 
Septic shock, 85-87, 570, 573, 590, 

590b 
Septocutaneous perforators, 1919, 

1)119f 
Sequcnlial compression devices, 

1814-1815 
Sequential tri~ge. 609 
Serial tmnsvcrsc cnrcroplascy, 683, 

1846, 1816[ 
Seroma, 281-282, 1138 
Serous cystic neoplasms, 1532, 

1532f 
Serroli-Lqdig .:ell tumors, 1866 
Scmm inhibition, 1917 
Serum proteins, 130, 1301 
Sessile polyps, 1343f-1345f, 1352f 
Seton placement. 1396f 
Severe obesity. &~Morbid obesiry 
Sc:vcre sepsis, 85-87, 85b, 590 
SevoAurane, 390, 3901 
Sex cord rumors. 1866 
Sexual dysfunction. 2057, 2057f 
Sexual hisrory, 2012 
S<"xually rransmirr~d disea.90's, 1398, 

1398b 
Shared decision making, 21-22 
Sharks, 558-559 
Shaw biopsy, of cutaneous 

melanoma, 745-746 
Shock, 67-70 

addnsis in, 76 
animal models of, 69-70 
base deficit, 74-75 
cardi:lc compressive, 570 
cardiogenic, 300 
causes of, 68b 
class II, 73 
class Ill, 73 
coag.ulopatlty in, 78-79 
compcnsarocy mechanisms for, 

75 
critical Cl re, 570 
definirion of, 67, 79, 570 
Auid r.,;uscitation for. 437. 

'i73-S75 
hemorrhagic, 72t, 570 
h istorie~l descriptions of, 67-68 
hypothermia in, 76-78, 771 
lactate deficit, 74-75 
lethal tdad, 75-79 
neurogenic, 570 
ox-ygen deliwry for, 79-84, 80[ 
physiology of, 72-87 
seplic, 85-87. 570. 573. 590. 

590b 
signs and symptoms of, 69f, 72, 

437b,570 
rrauma-relared. 437. 437b 
rypes of, 73f 
uncompensated, 69 

Shone's syndrome, 1635, 1646 
Shorr b<>Wel syndrome 

causes of. 144-145 
definition of, 682 
description of, 126, 1274-1276, 

1845-1846 
nonrrJnsplanration therapies for, 

683,683f 
nutritional considerations for, 

114-115 
uearmcnt of, 1275-1276 

Shorr imerfering RNA, 30-31, 37 
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Sh(lft-ch,lin fatrv acids, 1303. 1306 
Shorr-leg splint: 497f 
Shoulder, 1c!l, 4nf 
Shouldice repair, 1121 

71 
shunt, ·161 

Shunts 

cer·ebr·oSJJi nal Auid, 1907,1908 
en,d-to-sllk pm·racav;!l, 1435-1436 
hy,drc>CCf>haLlus treated with, 

909 
por'tosyst,cmic, 1427 

Siabdcnitis, 811 
Sibutramine. 360 
Sickle cell anemia, 1 SSj 
Sickle cell diseaBe, 1553 

adenocarcinoma, 1149f 
colon 

dnatomv ,,£; 1295 
divertic;llitis 131 O, 13 11 
divcrtkul{)sis 
volvulus ,,r, 1 

130cJL Li10 
Li14, 131Sf 

Sigr11oidectomry, 1312-131 
suliadi8Zirle, 533t 

benefits oL 4 25 

partial task trainers, 125-126, 426f 
reS]lifCttory etldO,SCC<IW. 426 

Single polymorphisrns, 
35, 242 

ventricle, 1637-1(;·13 
~urgJ,e-step triage, 60\l 

tract rnalignancit's, 
807-808 

Sinus tachycardia, 571 
Sinus ven~sus auial septal defects, 

1619-1620 
SinusiLis, nos{1comial, 324-325 
Sinusoidal 1551[ 
Sirolimus. 663. 686 
Siw' ambigrwus, 1(;12-1613 
Situs 1612-1613 
Siws soliws. 
~tx-armrcen march, 621. 

sarc:omas, 787-789 
description oL 783 
incidence of, 787 
lirnb rcscctilHl for, 787f 

osteosarcoma, 784r, 788f 
overview o( 787, 

Skeletal tracri,m, ·i97-4:J8 
Skin and soft tissue infections 

conlpJi,c,lted. 257. 258b 
{)f, 257 

715-7<16, 71M 
Skin cancer 

basal cell carcinoma, 761-761, 
76Jf 

melanom,l. Sft Mel,llloma 
nonmtl,moma, 761-765, 764t 
squctiill1US cell cardnorna, 

761-764, 762f-763f 

Skin 1917-1 cJ20 
abdominal wall smgety use of, 

1936-1937 
advancement, 1918 
t'1scia, 1919,1920 
fasciocutantous, 1919-1920 
head and neck reconstruction 

using, 818 
muscle, 1918-1919, 1918f 
musculocutaneous, 1 ') 18-1 'J 19 
per·torator, 10211 
Jll(JllllJl'll.J, 1918 
rotation, 1917 
tran,position, 1917 

of. 1917-1918 
1403-1405, 1404f, 1918, 
1911 

1 'J16-1917 
tull-rhickness, 818 

reconstruction 
817-818 

splrt-rhtclmess, 817-818 
resurt:.Jcing, 1930 

Skin substitutes, 1711-17 2, 
171t-l72t 

Skin tumors. 1989-1990 
Skip dreas, 1245-1216 
Skull base tumors, 1890 
Skull fracwre. 1894f 

380r 
1068f 1120, 1126 

a_natorny {)f, 1227-1230 
bleeding of. 1179 
blind lc~op syndrome, 1273 
brush border oC 1231, 1232t 
de,:crijJticlll uf. 1227 
diverticulla of 1179, 1264 1270, 

12GSf~J2(;9f 

fistulas of, 1270-1272 
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1256 

di,lgnosis of 1256-1257. 
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rumors, 1264, 1264f 
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lci(l111Y(lmas, 1 
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1263-1261, 
264f 
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lllCLC"ILdLIL, 1264, 1265f 
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obstruction of, 1236-1211 
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causes of, 1 1238b 
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1239-12111 

150f, 
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1213 
diagnosis 1239-1240, 1241f 
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fluid resuscitation f(lL 1242 

in geriatric 347-·348 
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ileus, 1244, 1241b 
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" rumors that cause, 
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Meckel's diverticulum 

associated wirh. 1269 

srrcmguLltin:~· 1241 
sympwms 12.39 
trcatmenl of. 1212-1213 
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physiology of, 
pneumatosis intestinalis, 

1272-1273, 
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in, 127'5-1276 
ancn:omic cunsidcrations for, 

685-686 
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costs of. 688 
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686 
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mCJnir<:>ririg of, 686-687 
688, 688t 

nurrition for, 681 
684 

atfected by. 688 
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trdLliildtic injuries of, 163-46S, 

1150 
ulceration of. 1270, 1270t 
water absorpti<l!l in, 1234f 
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and, 

and, 1568 
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Snakebites, 548-551 
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clinical llf. 

S18-519, 519f 
cpitdcmi<ll<lgy ,,f, 548 
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519-'5'51 
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10, 109b 
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Soft tissue 

"f toor. 
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1946-1947 
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of traumatic wounds, 194 5 

Soft tissue sarL:ornas 
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stdging of, 775t 
brctchytl:ter<tpy for, 
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Solitary intraductal papiUoma, 828 
Solirary pulmonary nodule, 1575 
Soli cary rc;cral u lcer syndrome, 1372 
Solirory thyroid nodule, 899-904, 

899f-900f 
Soluble guanylyl cydalO;', 60-61 
Somatic cell nuclear transfer, 180 
Somaric hypermurarion, 632 
Somatic mutations, 704 
Somatoparictal pain, I 097 
Sornawsrarin, 3 19, 946r, 947, 955, 

1186, 1235t· l236t, 1162 
Somatostatin receptor scintigraphy. 

999, 1261 
Somawsmrinomas, 954 
Sonic hedgehog, 1013 
Sorafenib, 1458 
Space of Disse, 1423, 1478, 1479f 
Spermatic cord, 1117-1118 
Spennarocyric seminomas, 2075 
Sphenoid s inus, 807 
Sphenoid wing, 1874 
Sphincter of Oddi 

anatomy of, 14 19- 1421, 1480, 
1480f 

dysfunction of, 1491 
Sphincteroplasty 

description of, 1385f 
mrnsduodenal, 1494, 

l494f-1495f 
Sphincterowmy, 1392, 1392f, 1400 
Sphincter-sparing alxlominal 

perineal resection with 
coloanal anastomosis, 1360 

Spider bires, 553-555, 554f-555f 
Spider telangiecmsias, 1809f 
Spigelian hernia, 113'> 
Spina bifida apena, I. 9 1 0-191 1 
Spina bifida occulra, I 9 1 I 
Spinal anesthesia, 406-407 
Spinal cord, 5 10, 51 If 
Spinal cord injuries, 441-444 

a irway management in, 441-442 
blunt trauma, 44 1 
cervical, 443f 
Chance fracnu·e, 441, 442f. 444r 
evd!uation of, 442-443 
immediate rnanagernent of, 

441-442 
immobilization after. 441-442. 

490-491 
managcmenr of, 4 41-444 
mechanism of, 44 I 
methylprednisolone for, 443 
penetrating trauma, 44 I 

Spinal cord injury w:irhour 
radiographic abnonnaliry, 441, 
1868 

Spinal cord rumors 
inrmdural <'xt:ramedullary. 189 1, 

1892f 
intr.lmedullary, 1891-1892 
meningiomas, 1891, 1892f 

Spinal dysraphism. 191 0-191 1. 
19 10f 

Spiual epidural absc:.css, 1913 
Spinal immobUization, 441-442 
Spinal infections, 19 13 
Spinal shock. 510 
Spinal stenosis, 1728t 
Spine. See nlso OrviCI! spine; 

Lumbar spine 
degenerative disorders of, 

189'>-1900 
d iagnostic imaging of, 495 
trauma of, in children, 

1867-1868 
SPIN K-1. 15 27 

~piral fractures, 482, 484f 
Spiral valves of Heisrer, 1476 
Spirz nevus, 7 44 
Splanchnic aneurysms. 1761-1763. 

1762f 
Spleen 

abscess of, 1555-1556 
acassory. 1558f 
anatomy of, 1548, 1549f-1 ssor 
ben ign conditions of, 

1555-1556 
biologic subst.a.na:s remO\<cd by, 

1550b 
capsule of, I 548 
cells of, 1549 
cysts of, 1555 
function of, 1548-1550 
immune functions of. 

1548-1549 
injuries of, 457-459, 458t~ 459t 
laceration of, 458f 
malij?.nancies of, 1553-1555 

chron ic lymphocytic ku.kemia, 
1554 

chronic myelogenous leukemia, 
1554-1555 

hairy cell leukemia, 1554 
Hodgkin's disealO;', 1553-15'>4 
leukemia, 1554-155'i 
lymphomas, 1553-1554 
non-Hodgkin's lymphoma, 

1551 
non-hematologic uunors of, 15'>5 
pseudocysrs of, 155 5 
rupture of, 457-458 
sinusoidal, 1551f 
subscapular hematoma of. 

457-458, 458f 
vasculature of, 1550f 
wandering, 1556 

Splenectomy 
description of, 4 59 
immune thrombO<.")'fopenic 

purpura ll'fated wid1, 1552 
laparoscopic, 1556-1558, 

1557f-1558f 
late morbid ity after, 1 '>58-15'>9 
overwhelming posrsplenecromy 

infection, 1548-1549, 
1558-1559 

prophylac1ic therapies after. 
1559-1561 

antibiotics, 1560-1561 
immunizations, 1559- 1560, 

1560f 
robotic, 1558 
thrombocytosis after, 1558 

Splenic a~ss. 1553 
Splenic arrery, 1548 
Splenic an<"ry aneurysm, 176 1-

1763, 1762[ 
Splenic Aexure, 1295 
Splenic sequestration, 1553 
Spknic vein thrombosis, 1223 
Splenorenal shunr, 1436-1438, 

J437f 
Splir-rhickness skin grafts, 19 17 
Spondylosis, 1895 
Sponges, SS9 
Spontaneous abortion, 2015 
Sponraneous bacrcria l peritonitis, 

1101 
Spontaneous intracereb ral 

hemorrhage, 1883-1884, 
1883b, 1883f-1884f 

Sporadic medt~ lary d1yroid 
carcinoma, I 004 

Sprain, 483 

Squamous cell carcinoma 
anal, 1405 
esophageal, 1049-1051, 1054, 

1064 
Aoor of the mouth, 800, BOO[ 
hand, 1989 
head and neck, 793-795, 

797-798 
larynx, 803, 803f 
lip: 798-799, 799f 
lung, 1574 
merasraric, 814 
oropharynx. 801-802 
skin cancer, 761-764, 762f-763f 
tongue, 800 
wound inflammation and, 

166-167 
Src homology 2 domain, 47 
Sr. John's wort, 229t 
Stab wounds, 456, 457f 
Stable pelvis, 504-506 
Sragc migration, 189 
Sranford classification, of aortic 

dissection, 17t9f-1720f 
StnphybJcoccus nurruJ, 264, 1778 

mcchic.ill in-resisranr, 256, 264 
Sroplcrs, 2.?4-235 
Srarling's law, 1595-1596 
Starvation, 128 
STAT, 46,54 
Smric cystogram, 2064f 
Sreal syndrome, 1778. 1779f 
Steatosis, 14 28 
Stellate cells 

hepatic, 1413, 1423-1425 
pancreacic, 1526- 1527 

Srellare ganglion, I %7 
Stem cell niche, 181 
Stem cell theory, 1064 
Stem cells 

adipo:se-derived. 180. 182-184 
adult, 18 1 
cance.r and, 183 
clinical applications of, 184, 185r 
embryonic, 174, 178- 180 
endothelial progenitor cells. 183 
fetal, 180-18 1, 184 
hematopoietic, 180- 181 
induced pluripotent, 178, 180 
m~sencl1ymal, 181-182. 182f 
nlldtipotenr, 178, 179c, 181, 

'184 
Ofl!iln i.zation of, 179f 
plu riporcnt, 178, 179r 
repli01tive potential of. 699 
somaric cell nuclear transfer, 180 
sources of, 178-183 
tissue-specific, 18 I 
uniporenr, 1791 
wound healing use of. 174-175 

Stmotrophomouns mnltopht!itt, 264 
Stent graftS 

description of, 1749-1750, 1750f 
vascular tl"duma treated with. 

1789 
Srems 

bare metal, 1657, 1747f 
common iliac artery, 1736f 
coronary artery, 1656 
drug-during, 1657- 1658 
renal :a rtery stenosis treated with, 

1759-1761, 1760f 
u reteral, 2059f 

Stereotactic neurosurgery, 
1900..1~5. 190lf 

Sternal-splitting incision, 1584f 
Sternohyoid muscle, 9 15 
Sternothyroid muscle. 915 
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Sternum 
description of, 1566 
fractures of, 450-45 1 

Steroidogenic acute regulatory 
protein, 965-968 

~tingrays, 560 
Stings. &~ nlso Bires 

bee, 557-558 
Hymenoptera, SS7-SS8 
jelly6sh, 559 
rnarine, 558-560 
scorpions, 555·556 
stingray, 560 

Sroma, 131>2-1365 
colOStomy, 1362-1364, 1366f 
construction of, 3 13b 
deli nition of, 1362 
ileostomy, 1362-1365. 

1365f-1366f 
pardstomal hernia secondary 10, 

1138, 1138f 
postopera.tive complications 

involving, .:112-3 13 . .:112t 
prolapse of, 312 
types of, 1362- 1363 

Stomach 
anatomv of, 1182- 1185 
blood si.rpply of, 1182, 1183f 
cancer o f. Set! Gastric canc.:r 
cardia of, 11 82- 1185 
celiac artery, 1182 
cell types of, 1184r 
corpus of, 1182 
divisions of. I 183f 
fundus of, I 081 
gastric add secretion, 1187-ll90 

bi01rbonate, 1189-1190 
intrinsic factor, 1189 
mucus, I 189-1190 
parietal cells, I 187 - I 189, 

ll88f 
pepsinogen, 1189 
pharmacologic regulation of, 

1189 
stimulation of, I 187 

gastric barrier function, 1191 
gastric motility, 1190- 1191 
g"dstric peptides, 11 85-1186 

gastrin, 1185-1186 
gastrin-releasing peptide. 1186 
ghrelin, 1186 
histamine, 11.86-1 187 
somatostatin, 1186-1 187 

g ross anatomy of, 1182- 1185 
innervation of, 1183-1184, 1184f 
lymphatic draimge of, 1182-

1183, 1184f 
morphology of, 1184 
physiology of, 1185-1 I 9 1 
polyps of. 1348 
receprive relaxation of. 1185, 

1190 
t raumatic injuries of, 461-462 
ulcers of. Set! Gastric ulcers 

Srool, 1307 
Strain, 483 
Strangulating smaU intestine 

obsrnrcrion, 124 1 
Stress 

glucose dyshomeosrasis during, 
24lb 

hormonal rt>sponscs ro, 241t 
Sm:ss erosions. 311 b 
Stress fracrures, 480 
Stress gasrriris, 1201-1202 

acute, 1201-1202 
clinical presenrarion of, 1202 
definition of. 120 1 
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Stress radi<lgrdphs, 
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actrre, 21f, 130 
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Stricru res 
bile duct, 14~5f 

1503 
Li21, U23f 

esoph;Jge:tl, 1 041, 
ga:>lrcJes,opllag,eal reflux disease, 

Stroke 
after carorid end,lltcrtctomy. 

cell-derived faL:tor-1, 
152-1 '53 

Stromclysin-1, 1(;3-161 
1-"cg,Iuct.lL elevation mvocardial 

grafting 

percurane(lus coronary 
intervention f()r, 1658 

Swdv 
an'alyric, 188, 189f 
comparisons, 188-190 
costs, 191 
data in 

mer hods, 1 9'5- 197 
corrctateG, 1 ')7 

rnissing, 1 ~J7 
S()llfCf'S of, 194) 194t 

desc:ripr.ivc, 188, 180f 
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190 
erhical considerari(lns for, 

1 cJ7-1cJ8 
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data, 197 
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corJtoun,jing, 1 ~4 
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outcome of interest for, 190-192 
overview of, 188 
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putp<lSe 188 
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s,Jfcty-based focus of, 190 
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194 
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Subacule thvroiditis, 895 
Subaorric lymph nodes, 1579b 
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1636f 

hb:roiTlllS•CUI:u, 1635, 1636f 
tunnel, 1 (ij5 

Subarachnoid block 
Cll!111plic:lfic)ns of. 407 

anesthetic, for, 10(;-407, 
106t 

headache 
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henTorr·hag;c, 1880, 

Subcueolar duc:t ectasia, 830 
Subareoldr 83cJ 
Subcarinallymph 1579b 
Subclavian 11117, 1036f 
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979 
Subdur,1l empyema, 1 ~13 
Subdural hemato11u, 439-111. 110f 

~m>g1011 "' 803 

Subroral thvroidecwmv, 894 
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1881£~ 1882[ 
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Subuncgu:Jl meldnoma, Fi 6-717 
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581, 11~4, 1202 
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496, 497f 
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888£; 
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1843 
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and socioeconomic 
ini1uences 14-15 

pn1fn.sionalisrn 22 
respo:JSillilir:y of. 205 
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epistaxis, 321 
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302 
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308b 
infdrction, 298-300, 299t 
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ischemia, 298-300 
mrdiecno''" hyperdwnnia, 289, 

nttnologic, 322324 
nllsoconli,Jl sinusiris, 324-325 
pancreatic listulas, 320-321 
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pneumonia, 292--293 
posto·perative fever. 289 .. 291, 

.322-324 
oulm·oncHv edema, 294-295, 

secrclion, 307 
trdnsienL ischcrniL: altdcks, 

32.3 .324 
trdct, 3112-3111 
dehiscem:e, 283-284, 

283b 

electrosurgery, 235 
hi>;ll-lrequew .. :y sound waves, 236 

catheter care, 213-211 
cenrral I inc-associated 

bloodstream infecrions, See 
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C(lntrol of, 243-244 
dcscripLilHl {)f, 240 
evaluation of, 252-254 
fever associated with, 
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uacr infections, 249-250 
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See VentiLuor-associated 
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infections, 281-288 

antimic:robial dgents for, 287t 
after 1289 
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Cenler& Disease Control and 

Prevention, 285b 
clinical of. 285-286 
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deo;cription of. 201, 244-246 
fever caused 
incidence of, 
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m ic:rol,iology of, 
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245 

treatment of; 286-288 
wound to reduce risk 

of, 
Sl1CicLics, 8 
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Surgical ventricular =toration, 
1672- 1673 

Surrog-dte end poinrs, 19 1-192 
Suspended animation, 104 
Suspensory ligaments of Cooper, 

824 
Sum res 

absorbable. 233r 
nonabso•-bable, 2331 
wound closun' using, 233t 

Swallowing, 1018-1021, 102lf 
Swan neck deformity, 1996f 
Swenson procedure. 1848-1849 
Swyer-James-MacLeod syndrome, 

1573 
Symes amputation, 1742, 1712f 
Sympathectomy, 1903 
Symphysis pubis, S05f 
Synchroni7.ed intermiiTent 

mandatory ventilation, 
579-580 

Syndacryly. 1992. 1993f 
Syndrome of inappropriate 

antidiuretic hormone, 108-110 
Syndrome of inappropriate 

antidiuretic hormone $."CreJ:ion, 
307 

Synovial sarcoma, 770t 
Synthetic biomembr-.mes, 234 
Synthetic mesh, 233-234, 234t 
Syringomyelia, 1911 , 1912f 
Sysremic inflammatory response 

syndrome, 590b, 971 
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T3• See TtUodothyron in<' 
T4. See Thyroxine 
T cdl(s) 

ablation, 649 
activation of. 627. 628f 
adoptive therapy, 732-733, 735f 
age-related changes in, 335 
autore-dctive, 624·625 
calcineu rin inhibitors dfttr on. 

648 
CD4+, 621,720 
CD8+, 632, 720 
costimulation of, 627-629, 629f, 

630r 
cytotoxic, 629 
description of, 40-41, 622-632, 

720-722 
differentiation of, 720-721 
helper 

burn i11jury effects on, 529 
description of, 41, 55, 1236 
differentiation of, 41f 
subsets of, 63 1 f 

immune functions of, 1236 
maturation of. 625f-626f 
regulawry, 41, 725b 
in wound healing. 157-158 

T cell effector. 629-632 
T cell receptor, 6 17-618, 622-627, 

624f, 649, 720 
T cell-mediated reaction, 637-G40 
Tacrolimus, 642t, 643-644, 686, 

1275- 1276 
labyasu's disease, 1753 
Tamoxifen 

breast cancer uses of, 837-838, 
8G2-863 

breast disease trea[ed with, 
343-344 

ductal carcinoma in situ uca[ed 
with, 857 

wound healing inhibited by, 168 

Tangential excision, of burn wound, 
534 

Taussig-Bing anomaly, 1632 
Taxanes, 861 
Ttthnerium-99m perr..-chnetatf" 

Meckel's diverticulum imaging, 
1269, 12G9f 

parathyroid gland imaging, 929 
thyroid gland ..-v.1luations, 90 I 

Telangiectasias, 1803- 1804, 
1808-1809, 1809f 

TelaVl! nci n, 260 
Tdesrration. 420f 
lelomerase, 24-25 
Temporal arteritis, 1753 
Temporal bone osreosarcoma, 8llf 
Ten Horn sign, 1147r 
Tcnosynovi1 is 

chronic, 1979 
0t" Querv.1in's disease, 1982 
imcrsection syndrome, 1982, 

1982f 
Tensioo ba11ds, 486, 488f 
Tension pneumothordX, 437, 1599 
Tension-free hernia repair, 

1122-1123, 1122f, 1126 
Teratomas, 1GOI. 1604. I865-18G6. 

J8G6f 
Tertiary hyperparathyroidism, 

92G-927. 939-940 
Tertiary perironitis, 256-257 
Testicular atrophy, 1128 
Testicular cancer, 207">-2077, 1076f 
Testicular germ cell tumors, 

715-716 
Testicular rup[U re, 1067f 
Testicular rorsion, 1858, 2068, 

20G9f 
Testicular tumors, 1858 
lerany, 39Gb 
lerracaine, 406r 
letrdcvclines 

de~ription of, 261 
in pregnancy, 2032 

Tetralogy of Fallor, 1626-1628, 
162Gf- IG29f 

Th 17 cell, 720 
THMI, 7G 
The Joint Commission, 104-205, 

286. 396 
TI1crmoregularion, 1830 
Thiamin, 127t 
Thiamine, 1234 
Thigh 

compartment syndrome of. 
1797-1798 

soft tissue coverage of, 1946 
Thiopental, 391, 391t 
'Third ventriculostomy, 1908-1909, 

1908f 
TI1ird-degree burns, 523, I 04 1 
Thoracic aorra 

aneurysms of, 1697, 1707-1710, 
1709f 

injuries of, 452-453, 453f 
Thoracic outlet compression, 1984 
Thoracic outlet syndrome, 

1594-1595 
Thordcic outle! trauma. 1792-1793 
Thoracic surgery 

cardiopul rnonary exereise resti11g, 
1570 

incisions, 1570-1571 
patient selection for, I '>68-157 1 
physiologic t-valuations before, 

1568-1570, 1568~1569[ 
smoking and, 1568 
video-assisted, 1570 

Thoracic trawna, 1868 
TI1oracoabdominal aortic 

aneurysms, 1707-1710, 1709f 
11wrdcodo~l nerve, 824-826 
Thordcotomy 

anterolateral, 1571 
chest tube drainage using, 4 51 
posterolateral, 1570 
resuscitative, 438 
in rrauma patienrs, 438 

Thorax 
anaw.my of, 1564-1567 
bony, 1564-1566 
definition of, 15G4 

Thornwaldr's bursa, 808-809 
11wrotra~t, 1454 
11~rifry gene, 359 
l1uo1nbin. 151-152 
Thromboangiitis obliterans. St:e 

Bue1-ger's disease 
Thrombocy1openia, 537 
Thrombocyrosis. pOStsplent-ctomy. 

1558 
Thromboembolism, venous 

anticoagulation for, 224 t 
causes of, 295 
in cricical care parienrs, 587 
hepruin for, 196-297, 517 
orthopedic injuries as risk factor 

for, 516-517 
preoperative risk assessmems, 

224-225, l25t 
pr<'Vemion of, 517 
risk factors for, 295t, 587 
treatment of, 296-297 

Thrombulysi.s, 1776 
Thrombophlebitis, superficial, 

1816-1817 
Thrombosis 

deep venous. Sec Deep venous 
thrombosis 

grafr, 677-678 
venous 6~-rula, 1778 

Thromboxanc A2, 60, 151-152, 
'i21-522, 527 

Thymomas, 1601-1604, 1603f 
Thyroglobulin, 891,900 
TI1yroglossal duct cysrs, 8 13-814, 

1832, 1832f 
Thyroid :.nrigeos, 894 
Thyroid cancer 

anaplasric, 903r, 904, 913-~114, 
913f 

categorization of, 904 
familial medullarv, 912, 

1001-1002: 100 It 
foil icular, 890 

cbar.1cterisrics of, 903t. 
909-9 12 

clinical fearm-es of. 910-911. 
910[ 

epklerniology of, 909-910 
fine-needle aspiration biopsy 

of. 902 
Hu rrhle cell carcinoma, 912 
me rasta.tic, 9 1 Of, 9 I I 
pathologic classification of, 

910 
prOgJtOSis for. 911 
d1yroroxico.~is and, 911 
rreatmem of, 9 1 1-912 

generic alterations associated 
wi th, 904-906 

Hurthlc cell carcinoma. 9 12 
ionizing radiation and, 906 
lymphoma, 914-915, 9 14f 
in mediastinum, !GOlf 
medullary, 903t, 912-913 
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l11yroid cancer (Continued) 
oncogenesis, 904-906, 904f 
papillary carcinoma 

characterisrics of. 903f. 903t. 
906-909 

clinical features of, 906-907, 
907t 

imaging of, 903f 
incidence of. 904, 906 
median ~ternotomy for, 908r 
microcarcinoma, 908 
multicentricir:y of, 907 
nudulectumy for, 908r 
pathologic classification of, 

906, 907f 
prognosis for, 906 
risk factors for, 906 
thyroidectomy for. 908t 
treatment of, 907-909, 908t 

surgical treatment of, 9 15-92 1 
bleeding during, 921 
cervical approach, 9 15-9 19. 

9ISf-918f 
complications of, 921 
median sr:crnowmy, 920 
modified radical neck 

dissection, 919-920 
new directions in, 920-921 

·~ltrdSound findings, 90 11: 
l11yroid crisis, 306, 306b 
Thyroid diseases 

goiter, 898-899 
hyperthyroidism, 8%-898, 

896f-897f 
hypothyroidism, 894-895 
in pregnancy, 2039-2040 
solitary thyroid nodule, 899-904, 

899f-900f 
d1yroidiris. Set: l11yroiditis 

"Thyroid gland 
anawnw of, 886-S89 
am·rial.supply ro, 888, 888[ 
blood supply to, 888, 888f 
compured mmography of, 901 
embryolow of, 88G 
fi nc-ncedle aspiration biopsy of. 

901-902, 902f 
function tests of, 893-894, 900 
hisrorical descriptions of, 886 
imaging uf. 900-901 
iodine metabolism by, 889-S90 
laryngeal nerve. Se~ Laryngeal 

nerve 
lymphatic system of, 888-889, 

889f 
magnetic resonaoc.: imaging of, 

901 
physiology of, 889-894 
radioactive iodine uptake tesring, 

893. 894b 
rad ioisorope scanning of, 901 
rumors of, I GOG 
ultr.lSound of, 900-901, 900f 
venous drainage of. 888 

l11yroid hormone receptor, 892 
Thyroid hormones 

cakitonin, 891 
description of, 889 
drugs that affea:, 892b 
formation of, 890f 
inhibition of, 893 
peripheral action of, 892-893 
secretion of, 890(, 891-892 
synthesis of, 890-S91, 893 
thyroglobulin, 891 
thyroJCine. Set: Thyroxine 
triiodothyronine. St!t! 

Triiodothyronine 

http://www.myuptodate.com


2120 INDEX 

342, cJOSL, 913 
rninirnallv invasive vidco-dssistcd, 

920, 

'Jhyroidiris 
dCUle suppurative, 8<J5 
Ha,;hirnotds, 895 

drniodanHlc-induccd, 8<J5 
descrijJtic>n "L 306, 893 

m,1lignrarucies and, 911 

CIIliilCilL:C 

Tibial nerve, '514r 
Tibial shaft fracwres, 514-515 
Tick bites, 'i%-'5'57 
ligecycline, 261 

oC 
"rg,m--levcL 184 
w"und healing usc "L 174-175 

Tissue 1921-1922, 

TisstJf' 242 
Tissue rnatrix 

rnetalloproteinases, 16'5-166 
Tissue 151 

ISSLJc-specrtrc stem cells, 181 
TNM staging 

bile duct cancer, 1'509--1510, 
1509r-151 Or 

breast cancer, 84G, 8'i7t 
chcJlarJgicxarcirrorrra, 1 '50')-1 '510, 

1058 

rnddnoma, 7'19, 7,49l-7'50t 
soft tisSUt' SdfC(l111.1S, 77 4 

'I~Jbacco smoke, 709r 
Tob,Kc:o See 
Tocilizumab, 
TcJinance, 412 
Toll-like receptors, ·12, 631, 722 
Tongue 

cancer of, 800 
in 796 

Torticollis, 
Torus palatinus, SOl 
TcJsirurnonnab, 739 
Tositcwwrnalo-i-odinc, 737t 
Total abd,Hnina! colectomy, 1333 
'[oral arwmal"us ocrlm•onc~rv 

rcrurn, 
1626, ](;2'5f 

'];_Jml body surface area, 

Total pararhyroidcctomy, cJ39 
TJtal parenteral nuuirion 

costs of, 688 
inrestina[ fistulas managed with, 

319, 1271 
use of, 1830--18.31 

disease rreated wirh, 
1333 

agenesis oC 15 72 
of 1566, 158.3 

congc:niral abnorrnalitics {)f, 

stenosis of, 1 '57 2, 1583-1584 
oC 1'583-1'586, 

Tracheobronchial injuries, 453 
Tra.cbcoc:soiJh<rgca! alrcsia, 

lOCJ/-10_)/, J838f-J839f 

bedside, 
mechanical venrilaiion \Veaning 

usc of, 580 
Trac:heotomv, 815-SlG 
Traction . 

fmcrures mamged with, 496-498, 
1cJ8f 

skcleral, 497-198 
TRA.DD, 51 52 
Train-of-fom fade ratio, 393, 396b 
Tramadol, 412 

repair, 

Transanal end"swpic micwsurgery, 
1358-1359 

of 

T'ransicnt ische111ic atracks, 
323-324, 1763 

Tmnsition8l cell carci nom8, 
2073-2074 

Transj ugular in rrahep<ttic 

revasculariZdlion, 1671 

cardiac:, 16JCJ 
co en nos ire tissue, 651 
desuir)ticm of, 35-36 

6'52[ 
1928 

fung;JI infection risks, 265 
hcp~tocytcs, GC;3_(;c;4 

,,f, (;17, 618f, 666, 

irnmuniLy, GJG-637 
immunosuppression for 

akmnJZumab, 646 
anti reccpror 

antibodies, 615 
anrilJ'l11Phocne globulin, 

azathioprine, G42-G43, G12t 
OCldlelCCpl, (;16-617 
cormplic:1tic)I1S of. 647--648 
cor:tic:osr,cmids, (;4], c;42t 
costs oL G41 

647-648 
inLravcnou.s iiiliilunogl{)bulin, 

G46 
lymphocyte depletio;", 

1 prtparanons, 6+'!-645 
malignancy risks, G48 
mammalian of 

rnolcculdr mechanisms {)f, 
644f 

643 

tacrolimus, 642r, 643-644 
isletc:cll, (;79, 948 
kidney. Si'i' 

liver. See 
144 

pane rcas. See Pane rcas 

acme, 638f-6.39f 
chronic, G41, G87 
hisr,,logv oC, 63cJf 
hvr,cracurc, 637, 638f-639f 
mechanism ,,£; 637-641, G38f 
small bowel, 

small intestine. See 
intestine, rransplamarion of 

rolerance, 618-650 
xen,onansplantarion, 35-36, 

with intact ventricular seprum, 
1631-1632 

with vc~r;icular septal defect, 
16_).c 

Transposirion skin 1917 

Transthoracic esc1pl1ag;ccttorny, 
1061-1062, 

Transthoracic nttd!t aspiration, 
1575 

Transudmive pleural eltl.rsi"ns, 
159Gb 

TLlnsurcllHal resccLion of rhe 
2049 

Transversalis 1090, 1 092f, 
1116-1117 

Trant.-versc collHl 
amtomy of 1295 
volvu!u~ 1317 

TLlllSVerse 13 63 
Tram-verse fractures, 182, 1S4f 
Transverse loop 1364 
Transverse rectus abdominis 

875b, 

Trant.-versus abd{1rninis muscle, 
1089-1090, 1091f 

Trastuzumab 
breast cancer treated wiLh, 861 b, 

862 
descri])lic>n of, 736, 738 
gastric cancer treared 1216 

'[f<~u~M- See aho Blunt rraum,l; 

brain. 

chest. See trauma; Chest 
wall, traumatic injuries of 

colon, 46S-466 
c:ontrol prim:iples, 

oC 

ves.sel.s, 
459-461, 16of, 1c;ot 

hypothermia caused by, 76-77 
immtrncdoi;yand inflammation, 

neck, 445-447, 446f 
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in older adults, 354 
pancreatic, 462, 463f. 1544-

1545, 1'545t 
pelvic, 467 
in pregnancy, 2026, 2041-2042 
rehabilitation for, 467-468 
renal, 1060-2063 
small bowel, 463-46'5 
spinal cord. See Spinal cord 

injurks 
splenic, 457-459, 458f 
stomach. 461-462 
d10racic, 1868 
tissue hypoxia ali:~r, 242 
tmc.:bcal, 1583-1586, 

1584f-1585f 
trad1eobronchial, 4'53 
urologic. Sec Urologic trauma 
vascular. See Vascular trauma 
ven~bral column. See Vcncbral 

column, injuries of 
wounds, 194 '5 

Trauma care 
advan~s in, 431 b 
hiswry of, 430-431 
initial as!>?ssmem and 

management, 435-438 
airway, 435-437 
algorithm for, 4i36f 
breathing:, 437 
cin:ularion, 437-438 
disability, 438 
.-xposure, 438 
physical examination, 438 
resuscitative thoracotomy. 

438 
shock, 437, 437b 

O'!flni7,.ations thar promore, 
430-43 1 

overview of. 4 30-43 I 
prehospiral, 433-4.35 
S(:Condary survey, 438 

Trauma servi~ line, 606.607, 606f 
Trauma systems, 431.-432 

comprehensive. 431 b 
Traumatic arteriovenous fistula, 

1879 
Traumatic brain injury, 439-441 

computed wmography of. 
440-441 

description of, 1892 
emergency dcparrmcnt 

m'lllagement of, 1893 
epidemjoJogy of. 1892 
epidural hematoma, 439-441, 

440f 
evaluation of, 440-44 I 
immediate management of, 440 
intracranial pressu.re 

measurements, 44 1 
managemenr of, 4 40-44 I 
mechanism of, 439-440 
mild. 1867 
pathophysiology of, 4 39-440, 

1893-1895 
pediatric, 1867 
prehospital mana~ement of, 1893 
primary. 1893 
secondary, 1893 
subdural hematoma, 439-441, 

440f 
treatment of, 1896r 

Trehalase, 1.232t 
Triacylglycerol, 122, 145 
Triage 

disaSter, 609-610, 609r 
hospital. 609-610. 609t 

Triangle of Calor, 1477 
Triazoles, 271 
Trichubezoars, 1224 
Trichomonads, .W 14 
Tricuspid atresia, 1638, 

1639f 
Trigeminal neuralgia, 1904-!905, 

1904f 
Trigger thumb, 1982 
Triglyc.:erides, 123, 1233 
Triiodorhyronine 

description of, 889 
half-life of, 892-893 
secretion of, 890-891 
serum levels of, 893 

Trimethoprim-sulfamerhoxawle, 
262 

Triple-negative breast can~rs. 842. 
844 

rRNA, 25 
TropoelastiJl, 161- 162 
Troponins, 298 
Tru.ocal vagowmy, ll96f, 

1197-1 198. 1204 
Tnmcus arteriosus, 1623-1624, 

1623f-1624f 
Trypanosomiasis. 1376 
Trypsin, l'517 
Trypsinogen, 1232-1233 
Tube d10racosromy, 449 
Tuberculosis 

descriprion of. 1586-1587 
genirourinary, 2052-2053 

Tuberculous infenions, 
2052-2053 

Tuberculous peritoniris, 
1101-1 !02 

Tuberous sde•·osis, 705r 
Tubular adenoma, 839, 1342 
Tubul<willous adenoma, l343f 
Tuftsin, 1549 
Tumor(s). See nlso Neoplasms; 

spedfir tumor 
adhesion rneory of, 702 
anal. Ser. Anal rumors 
angiogenesis, 699-700 
biology of, 693-703 
bone. Sec Bone [Umors 
brain. See Brain rumors 
cell death evasion by, 698-699 
cellular cnvi ronrncnr of, 695-696, 

696t 
chest wall, 1593-1594, 1593r 
E-cadherin and, 700, 70lf 
esophageal. See Esophageal 

tumors 
growrh signals of, 695-696 
hand. Sec Hand tumors 
immunosuppressive 

microenvironment of, 
724-725 

immunosurveillance of, 702 
insensitivity to antigrowrh 

signals. 696-698 
inrracranial, 1885-1886 
lung, 1591-1592, 1592b 
mediastinal. See Mediastinal 

masses and n.tmors 
merasrasis of, 700-702 
ourgrowrh sites for, 701-702 
replication potential of, 699 
skin, 1989-1990 
testicular gt"rm cell, 715-716 
d1yroid gland, 1606 

Tlltnor antigens 
acquisirion and pr(JC(ssing of, by 

dendriric cells, 723f 
types of, 724, 724b 

Tumor immunotherapy 
animal models of, 725-726 
cyrokines, 726-729 
immunomodulawry strategies. 

730-732 
inredeukin-2, 726-727, 727f 
strategies for, 726-73 9 
v-accines. 729-730 

Tumor lysis syndrome, 113 
Tumor markers, 712-718 

chamcreristics of, 712 
definition of, 712 
DNA-based, 7 16-717 
nonprotein, 713b 
prorein. Sec Prorein rumor 

1narkers 
RNA-based, 717 

Tumor necrosis factor 
anrj-inflammawry agenr rargeting 

of, 52-54 
descriprion of, 33-34, 45r. 47-18, 

48t. 51-52. 52f. 623t 
Tumor necrosis factor-a 

description of, 156t 
monoclonal aJltibodies to, 1250 

Tumor suppressor genes, 33, 905t 
Tumoral pscudocapsule. o. I 105 
Tumor-i.nfilrrarjng lympho..-yr,•s, 

732, 732f-733f 
Tumor-testis antigens, 724b 
Tunnel subaonic stenosis, 1635 
Turcot:'s syndrome. 1346t- 1347t 
Turner's syndrome, 1258 
Two-point sensory discrimination, 

1956, 1958f 
Tylo.~is, I 05 I 
lype I error, 19'5-196 
Ty~ 0 error, 195-196 
Typhoid enteritis, 1251 
Tyrosine kinaoc reo.>ptors, 32, 32f 

u 
Ulw(s) 

duodenal. Set! Duodenal ulcer 
gastric. &~ Gasuic u l~rs 
prt'SSure, 1943-1945 

Ulo.>rative colitis, 1319-1330 
acute lower gastrointestinal 

hemorrhage caused by. 1176 
antineucrophil cy10plasmic 

antibodies associated with, 
1321-1322 

causes of, 1319-1320 
din ic:al presenrarion of. 1322 
colon ic in(lammation associated 

with, 1320-1321 
colonoscopy surveillru1ce in, 

1322-1323 
colorectal carcinoma risks, 1322 
Crohn's disea!>? versus. 1249t, 

1320£ 
diagnosis of, 1322 
dysplasia. 13 25 
epidemjology of, 1319-1j20 
extrai.ntestinal manifestations oC 

1322 
fulm inant, 1324-1325 
gross appearance of. 1320-1322, 

1320f-1321f 
hcmordmge caused by, 1325 
high-grade dysplasia in, 1323f 
histol-ogic appearance of, 

1320-1321, 1321f 
inrracrability of, 1325, 1332 
pathologic fearures of, 1320-

1322, 1320f-1321f 
perianal disea!>? in, 1322 
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Ul~rative col iris (Coutiuurd) 
primary sclerosing cholangitis 

associated wid1, 1322 
rectal bleeding associated wirh, 

1322 
risk factors for, 1319 
smoking and, 1319 
strictures associated with. 1321. 

1321f 
toxic megacolon caused by, 

1324-1325 
treatment of, 1324-1329 

aminoSIIicylares, 1324 
corticosteroids, 1324 
elective operarions, 1329, 

1329f 
immunomodulatory 

medications. 1324 
medical, 1324 
SUrgt"ry, 1324-1329 
roral proctocolecwmy, 

1326-1329. 1326f-1328f 
Ulnar nerve 

compression of, 1983-1984 
palsy of, 1958f 

Ultrasonic cavitation, 236 
Ultrasound 

adenomyomatosis, 1505, 1505f 
amebic a~ss. 1446-1447, 

1446f 
appendicitis, 1282, 1282f 
bil iary disease, 1481, 1481f 
breast, 832, 833f 
cholecystitis, I 482f 
gallsrones, I .14 9, 1482f 
hydatid cysr. 1448, 1448f 
parathyroid adenoma, 930, 

930f 
porcelain gallbladder, 1482f 
in pregnancy, 203 I 
pyogenic abscess. 15 I I 
rectus sheath hemaroma. I 095 
thyroid gland, 900-901, 900f 

Ultravioler radiation 
description of, 71 0 
squamous cell carcinoma caused 

by, 762 
Umbi.lkal fissure, 1416 
Umbilical hernia, 220,363, 1093, 

1128-1 131. 1856 
Umbilical vein, 1413, 1414f 
Umbilicus, 1092[ 
Unconjugared antibodies, 737-738 
Underrriage, 609 
Unfractionated heparin. 282 

deep venous thrombosis treated 
with, 587 

pulmo11ary embolism rreated 
with, 296-197 

Unipotent srem ceUs. 179t 
United Nations Disaster Assessment 

and Coordination team, 
611-612 

Universal precautions, 529 
Universal Prorocol, 203-104, 231 
Unknown primary melanoma, 

761 
Unna boot, 1808 
Unstable angina. 1658 
Unstable pelvis, 504-506 
Upper abdomen, 2046-2047 
Upper arm venous transposition, 

1n3 
Upper esophageal sphincter 

description of, I 014 
manometric values for, l021f, 

102lt, 1070 
in ~wallowing, 1018-1019 
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Upper ~xtremity 
deep venous thrombosis of, 

1816-1817 
injuries of, '512-'5 13 
superficial venous system of, 

177 1-1772 
vasctJar trauma of, 1795-1797 

Upper gasrroinrestinal hemorrhage. 
1164- 1173 

algorithm for, 1165f 
aortoenrcric fistula as cauS<' of, 

1169 
cauS<'s of. 1164 t 
deli nition of, I 164 
Dieulafoy's lesion as cauS<' of, 

1168, 1168f, 1222 
duodenal ulcer as cause of, 1167 
endoscopic ~luation, 1195 
esophagitis as cause of, 11 68, 

1168f 
g-Jstric anrral vJscular ecrasia as 

cause of. 1168. ll69f 
g-.1stric lli~r as cau~ of, 1167 
hemobilia as cauS<' of, I 170 
hemosuccus pancreaticus as cause 

of, 1170 
iarrogenic causes of. 1170. I 170f 
malignancies that cause, 

ll68-ll69 
Mallory-Weiss tears, 1167 
peptic ul~r disease as cause of. 

See Peptic ulcer di~se 
percumneous endoscopic 

gastrostomy placement as 
cause of, I 170, ll70f 

portal hyperr~nsion as cause: of, 
1170-1173, 1171f 

rebkeding, 1172-1173 
stress gastritis as cause of, 

1167-1168 
Upside-down sromach. I 081 
Ur.tehus, I 094 
Urea breath rest, 1193 
Urea recycling, 1306 
Ureidopenicillins, 259 
Uremic prurirus, 938-939 
Ureteral stems, 2050..2051, 2059f 
Ureteral stones. 2058f 
Ureters 

anatomy of. 2047 
injmies to, 1063-2064, 2068 

Urethra 
cao~r of, 2077 
injuries co, 1065-1068 
malignancies of. 2077 
obstruction of, 20'i4-20'iS 
strictures of, 2049 

Urethrectomy, 2073-2074 
Urge inconti nen~. 2054 
Urinary conduit. 1362- 1363 
UrinarY diversion, 2074 
UrinarY incontinene<>, 2053-2054 
UrinarY reremion, 302, 2053 
Urinm ttdCt, 302-304 
UrinarV rmcr infec£ions 

carh~rer-associared, 249-250 
complicated, 2050-2051 
pr..-vention ..,f, 291 
signs and sympooms of, 249-250 
uncomplicated, 2049-2050 

Urine leak, 674 
UruJ(' urea nitrogen, 583 
Urobilinogens, 1427 
Urogenital t riangle, 2003-2004 
UI'Oiithiasis, 2057-2059, 1058f 
Urologic diseases and disorders 

benign prostatic hyperplasia, 
2054-2055 

Urologic diseases and disorders 
(Coutiuurd) 

epididymitis, 2052 
epididymo-orchitis. 2052 
Fournier's gangrene, 2052, 2053f 
fungal, 2052-2053 
gros.~ hemawria with clot 

rerention, 2069. 2069f 
nonrraumatic, 2068-2070 
posroperarive acute urinary 

retention, 2053 
priapism, l069-.l070 
testicular rorsion, 2068, 2069f 
tuberculous, 20'52-2053 
urinarv incontinence, 2053-2054 
urinarY tract infection. Sec 

Urinarv traer infection 
voiding dysfuncrion. 2053-2055 
xanchogranularomous 

pyelonephritis, 2052 
Urologic oncology, 1070-2077 

prostate cancer, 2074-1075 
reoal cell carcinoma. 2070-2072 
renal rumors, 2070-2072 
staging of, 107lb 
t..sticular caJJ<.:er, 2075-1077, 2076f 
urothdial cancer. 2073-2074 

Urologic surgery, endoscopic, 
2048-2049 

Urologic system 
anatomy of, 2046-2049 
bladder, 2047-1048 
genitalia, 204 8 
groin, 2048 
perineum, 2048 
prostate gland, 2047-2048 
retropcritoncum. 2046-2047 
seminal vesicles, 2047-2048 
upper abdomen, 1046-2047 

Urologic trauma, 2059-2068 
bladder. 2064-1065, 2064f 
damage control techniques for, 

2067-2068 
epidemiology of, 2059 
cvidcnce-baS<d managcmenr of, 

2059-2060 
penile fracru res, 2067f 
renal injuries, 2060-2063 
staging of, 1059-2060 
testicular rupture, 2067f 
ureteral injuries, 2063-2064 
urethral, 2065-2068 

Urology simulators, 426 
Urothelial can~r, 2073-2074 
Ursodeox-ycbolic acid. 363 
Ustcki numab, 737t 
Uterine leiomyomas, 2015 
Uterus, 2006-2008 
UV radiation 

description of, 71 0 
squamous cell carcinoma caused 

by, 762 

v 
VACTERL, 1837, 1849, 

1990..1991 
Vacuum pack, 473t 
Va.:uum suction technique, for 

wound closure, .233-234, 234[ 
Vacuum-assisred wound closure, 

245, 473t, 2052 
Vag-al nerve stimulation. 1902 
Vagal "Sparing csophagL-ctorny, 

1062r, 1063 
Vagina 

anatomy of, 2008 
blood supply to, 1008 

Vaginal wer mount, 2014 
Vagotomy 

highly selective, 1197- 1198. 
1197f, 1204 

truncal, 1196f, 1197-1198, 1204 
Vagus nerve, 1017, 1183, 1567 
Valerian, 229r 
Validil)'. 427 
Valproic acid, I 03 
Valves of Houston, I 296 
Valvlliar heart diSt'aS<' 

aortic v-alve. Su Aortic valve 
hisroricaJ perspective on. 

1679-1680 
mitral v.IIvc. Sec Mitral valve 
prostl1etic heart valves, 

169 1-1694, 1692f-1693f 
Vancomycin, 228t 

activiry spectra of, 258t 
description of, 260 
failure of, 260t 
nephrotoxicity caused by. 263 
parenteral administration of, 260 

Vancomycin-resistant enterococci, 
264 

VandePanib, 1007 
Vanillylmanddic acid. 970..971. 982t 
Variables, 195, 195t 
Variu-al hemorrhag.:, 585, 

1432- 1440 
algorithm for, 1438-1440, 1439f 
balloon tamponade of. 1433. 

1433f 
endoscopic therapy for, 1434, 

1434f 
end-to-sidt: pormcav.1l shunt for. 

1435-1436 
iutcrvcntional therapy for, 1434 
liver tmnsplantat-ion 

considerations, 1438 
nonS<Iective shunts for, 

1435-1436, 1435f 
operative nearmenr of, 1433 
parcial shum for, 1438 
pharmacotherapy fot·, 1433- 1434 
porracaval shunt for. 1435f-

1436f, 1438f 
recurrent, 1133- 1438 
selective si\Ums for, 1436-1438 
spl,..twrenal shunt for. 1436-1438. 

1437f 
surgicaJ therapy for, 1434-1438 
transjugular intrahepatic 

portosyStemic shunt for, 
1432-1434. 1437- 1440 

Varices 
esophageal 

ill usrrarion of, 1170[ 
ta'C3rmem 0f, I 171- 1 172 
upper g-.Isuointestinal bleeding 

caused by, 1170-1 I 73, 
1172f 

gasrric, 1222-1223 
g-dstroesophagt:al, 1170-1171 

Varicocele, 20S6f 
Varicose veins 

illustration of, 1805f 
physical examination of, 1805 
risk facrors for, 1804-1805 
treatment of, 181Jb 

Vas deferens, I 119 
Vascular cell adhesion molcctde-1, 

47-48, 158 
Vascular endothelial growth facror 

ang iogenesis role of, I 58 
lxvaciwmab rarg<>ring of, 738 
description of, 3 2, 700 
in diabcric paritnts. 167 

Vascular endothd ial growth factor 
re~pwr I , 702 

Vascular epithelial growth factor, 
156r 

Vascular injuries, 495-496, 512-5 13-
Vascular malformations, 1989 
Vascular rings 

aortic, 164 3- 1644, 1644 f 
esophageal, 1036-1040, 1573 

Vascular surgery 
antibiotic prophylaxis lor, 227r 
in older adults, 351·352 

Vascular trauma 
abdominal, 1794-179'5, 179M 
cerebrovascular injuries, 

1788-1789 
din icaJ prescnration of, 1786 
compured romography 

augiography of, 1786, 1787f 
description of, 1785 
diagnosis of, 1786-1787 
extremities, 1789 
6 odings associated with, 1787b 
general approach ro, 1785-1792 
head, 1792-1793 
lower extremity, 1797 
mc:cbanism of injury. 1785-1786 
minimal, 1787-1788 
neck, !792- 1793 
penetrating, 1785 
physical exam umtioo of. 

1786-1787 
srenr grafrs for, 1789 
rhor.teic ourler, 1792-1793 
rorso injuries, 1788 
treatment of. 1787-1792 

amputation, 1792, 1792f, 
1798 

endov-dscular, 1788-1789 
fasciororny, 1792 
non operative, 1787-1788 
su rgt' ry. 1789-1791 
rissue coverage, 1791 

upper extremity, 1795· 1797 
Vascular wall, 1725- 1726 
Vasculitis, 17'53-1754 

Behcet's disease, 1754 
giant ~u arteritis, 1753 
Kawasaki's disease, 1753-1754 
large-vessel. 1753 
medium-vessel, 1753-1754 
poly-arraitis nodosa, 1753 
small-vessel, 1754 
Takavasu's disease, 1753 

Vasa va;orum. 1726 
Vasoactive ag.:ors, 572t 
Vasoactive intestinal polypeptide, 

946t, 947, 1235t 
Vasodilators, 575-576 
Vasopressin, 573, 678 
Vasospasm, 1880, 1880b 
VATER, 1837 
Vaughan, George, I 2 
Vccui'Onium. 393t, 568 
Vein of Galen, 1876 
Velpeau view, 492f 
Vena cava filter, 1816, !816b 
Venography, 1806 
Venous angioma. 1879 
Venous hypert<'nsion, !804 
Venous insufficiency, 1803-1812 

chronic lower, 1807t-1808t 
classification systems for, 1806, 

1807r- 1808t 
congcniml, 1803 
deep, 1811-1812 
direct venous reconstruction, 

1812 
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Venous insufficiency (Continutd} 
endovenous therapy for, 181 I 
inversion stripping, 18 10. 

1810f 
phlebectomy, 1809, 181of 
primary, 1803-1811 

description of, 1803- 1804 
diagnostic <'Valuation of. 

1805-1806 
magnetic resonance imaging 

of, 1806 
pathology uf, Ul04 
treatment of, 1806-1811 

secondary, 181 1- 18 11 
surgical management of, 

1809-1811 
Venous neuropathy. 1805 
Venous stasis dermatitis, 1805 
Venous stasis ulcers, 1805, 1808f 
Venous system 

anatomy of, 1801-1803 .• 
1802f- 1803f 

deep, 1801, 1802rr 
function of, 1802- 1803 
histology of, 1802- 1803 
superficial, 1801, 1802£-1803[, 

1802t 
Venous thromboembolism 

anticoagulation for, 224t 
causes of, 295 
in critical care pa~ients, 587 
hepatin for, 296-197, 517 
orthopedic i11jurie.s as risk factor 

for,516-5 17 
preope{ll[ive risk assessments, 

224-125, 225t 
prt-vcntion of, 517 
risk factors for, 295t, 587 
n"tarment of, 296-297 

Venous tmnspositions, 177 1 
brdchial-basilic. I 773 
forearm, 1773-1774 
lower ex'tremiry, 1774 
nomendaru re for, 1771 r 
superficial, 1775-1776 
techniques of, 1774- 1776 
upper arm, 1773 

Venovenous bypass. 660 
Ventilation 

mechanical. See Mechanical 
ventilation 

noninvasive methods of, 579 
Venrilario.n/pcrfusion mismatching, 

291 
Ventilator-associated pneun1onia 

antibiotics for, 2% 
cominuous aspiration of 

subglonic aspirations as risk 
factor for, 243 

definition of, 246 
diagnosis of, 248 
early- vs. lace-on~t, 246 
incidence of, 246-147 
nosocomial sinusi[is and. 247 
pharmacologic strategies for, 248 
prt"Vencion of, 247-248, l47t 
rates of, 217t 
risk faccors fot, 247, 247b 
specimen collection for, 248 

Ventral hernia, 1128-1135 
abdominal closure, 474-475 
anatomy of, 1129 
classification of, 1130-1131 
definition of. 1128-1129 
description of, 363 
diag:nos.is of, 1129 
elected planned repair, 475-476, 

476f 

Ventral hernia (0Jutiuurd) 
epigastric hernia, 1118-1129, 

1131 
hypoga~ric hernia. 1128-1 129 
i ncidenCt" of, 1129 
i ncisional, I 128- 11 29, 

113.1-1133 
operative repair of, 1131-1135 

biologic materials uso.>d in, 
I 132 

com pi ications of, 1138 
componcm separAtion 

rechnique, 1133- I 135. 
ll34f-113<;f 

intraperitoneal mesh placement 
for, 1133 

mesh materials used in, 
1131 -1133, 11:121 

pro~hetic marerials used in, 
1131- 1132 

resulrs, 1135, 1136t 
reu-omuscular mesh placement 

for, 1133 
techniques, 1132- 1135 

types of, I I 28-JL29 
umbilical hernia, ll18-ll31 

Ventricular assisr devic.-s, 576 
Ventricular ecwpy, 301 
Ventricular fibrillation, 571b 
Ventricular septal defect 

acute myocacdial infarction as 
.:ause of, 1673, 1674f 

description of, 1620-1621, 162lf 
pulmonary atresia with, 

1629-1630 
trd.llsposilion of the great arr~rk'S 

with. 1632 
Ventricular rachycardia, 57 1 b 
Ventriculomegaly, 1875 
Ventriculoswmy, 441, 1908-1909, 

1908f 
Vcnult'S, 1802 
Verner-Morrison syndrome, 

953-954 
Vcrru.:a vulgaris, 1988-1989 
Verrucous carcinoma. 1404 
Vertebral body frJctures, 4441 
Vertebral column 

anatomy of, 510, 511f 
injuries of 

compurcd romography of. 443 
fmctures, 444t 

Vertical banded gastroplascy, 364 
Vertical rectus abdominis 

musculocutaneous flap. 
1939-1941, 1940f 

Vesalius, Andreas, 3, 3f 
Vesicoureteral reflux, 184 9 
Vesribulo-oo.•lar reflex, 564 
Viabahn endoprosthesis, 1749 
Viaspan, 672, 672c 
Video-assisted parathyroidectomy, 

934 
Video-assisted thoracic surgery, 353, 

1570 
Vidooconferencing, 4 19-420 
Vigorous achalasia, I 026t, I 027 
Villous adenomas, 1157, 1341-

1342, 1314f 
Vinyl chloride, 709t 
VIPomas, 953-954, 960 
Viral carcinogenesis, 710-7 12, 

?lib. 7llf 
Viral hepatitis. See Hepatitis 
Virchow's node, 1537 
Virchow's triad, 587 
Viruses, 29 
Visceral pain, I 096-1 097 

Vi=ral sarcomas, 778-779 
Vitamin(s), 126, 1171 

absorption of, 1233-1234 
far-soluble. 1234 
hepadc metabolism of, 

1428-1429 
wound healing affected by 

deficiency of, 168 
Vimmin A, 127t, 1429 
Viramin B., 127t 
Viramin B6, 127t 
Viramin B12 deficiency, j83 
Viramin C. 127r. 1234 
Vitamin D, 1.l7t, 1429 

analogues of, 938 
dcsctiption of, 925, 925t 

Vimmin E, 127t, 1429 
Viramin K, 127t 
Vitam in K-dcpcndcnr cofacwrs, 

1429 
Vitelline vein. 1414f 
Vocal cord paralysis. 816-8 I 7 
Voiding dysfunction, 20';3-2055 
Volkmann's ischemic contrJcrure, 

1994- 1997 
Volume-cycled ventilation, 579-580 
Volvulus 

cecolvoljc, 1316-13 17, l316f 
colonic, 1312-13 17, l315f-1316f 
definition of, 13 11 
gasrric, 1223, l 223f 
midgut, 1843-!844, t844f 
sigmoid, 1149f, 1314, 1315f 
trdnsverse colon, 1317 

von Hippei-Lindau syndrome, 705r, 
708 

von WiUebrd.lld facmr, I<; I 
Voricon<~Y.ole, 270t 
Vulvovdginicis, 2011 
V-Y adv:.tncemenr flaps, 1403- .1405, 

1401f. 1918. 1914 

w 
WAGRsyndromc, 1861 
Waldeycr's fascia, 12% 
Waldeyer's ring, 793 
Waldhausen procedure, 

1613- 1614 
Wandering spleen. 1556 
Wangen&een, Owen, 12 
Warfarin, 1429 
Warming techniques, 78, 781 
Wamnburg's sign, 1958f 
Warth in's rumor, 812 
War:erhouse-Fridecichsen syndrome, 

971 
Watershed area, 1298 
WDHA syndrome, 953 
Weaning from mechanical 

ventilation, 295t, 580-581 
Web space absc.o'SSCS, 1977 
Webs, esophageal, I 038-1040, 

1039f 
Weg<'ner's grd.llulnmatosis, 1754 
Weight bearing, 517-518 
Weight-for-age cl1arrs, 131 f 
Wells procedure, 1368 
Wernicke's encephalopathy. 

383-384 
Western T cauma Association, 

130-43 1 
Whipple. Allen Oldfather, 11 -12 
Whipple procedure, 1539 
Whipple's rriad, 949, 951 
Wh.ite line ofToldr, 1291-1295 
Whole blood resuscitation, 91-95 
Whole bone marrow, 174 
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Wide local excision 
anesthesia for, 752-753 
mdanoma, 750-753, 752f, 752t 

Wiggers, Carl John, 68, 69f 
Wilkie's syndrome, 1276 
WiU Rogers phenomenon, 189 
Williams, Daniel Hale, 1.0 
Wilms' tumor, 705t, 1861-1862. 

1861f, 1862b, 1862t 
Wnt signaling proteins, 1339 
Wolff-Chaiko.ff effect, 893 
Women 

coronary arre cy bypass gmfti ng 
in, 1675 

as surgeons, 9-10 
World War I, 8-9 
Wound 

burn. Ser. Burn wound 
chronic nonhealing, 165-167 
classification of, 286t 
ischemia of. 172 
mammalian bites, 551-552 
management of, 4% 
ncgativt' pressure-assisr:ed closure 

of, 173-174. 173f 
rates of, 226t 
remodeling of, 164 
snakebite, 550 
squamous cell c.arcinoma risks, 

166- 167 
Wound closul'e. 233-234 

in operating room, 233-234. 
233c 

sutures for, 233, 233t 
synthetic mesh for, 233-234, 

234t 
vacuum suction lt'Chnique for, 

233-234, 234f 
Vdcuum-assisted, 245, 2052 

Wound contrdction, 163 
Wound conmtcwte, 163 
Wound culwres, 288 
Wound dehiscence, 283-284, 283b 
Wound dressings 

burn wounds, 532, 533t 
deseriprjon of, 170- 172, 170b, 

171t- 172t, 173b 
types of, 533r 

Wound healing 
abnormal, 164-168 

:aging, 168 
anemia as cause of, 167 
diabetes me! I iws as cause of, 

167 
dmgs char cau~. 168 
hypertrophic scars, 161- 165, 

166r 
hypoxia as cause of, I 67 
infection as cau&.> of, 167 
ionizing radiation as cause of. 

168 
keloids, 161- 165, 161f, 1661 
malnutrition, 168 

cellular faccors in, 155f 
chronic nonhealing wounds, 

165-167 
cytokines involved in, 156t 
fecal, 168-170 
growth factors that affecr. 157t 
humoral factors in, 155f 
hyperbaric oxygen for, 172-173 
inflammatory phase of, 151-158, 

152f 
chemokines, 152-153 
cvrokines, 1561 
l;emosrasis, 151, 153f 
lymphocytes, 157-158 
macrophages, 154- 157 
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Wound htaling (Coutiuutd} 
polymorphonuclear cells, 

153-154 
vascular permeability in, 

151-152 
inhibiting fllcto~ IG4b 
marurarional phast of, 163- 1 G4 
phases of. 151- 1 G4 
prediction of, 1741 t 
pro! ifcrar ivc phase of, 158-159 

angiogcnt"Sis, 158- 159 
epirhcli:.li7..1rion, 159-163 
<'Xri\Jcdlular n1atrix. 159-16.1 
fibroplasia, 159 

remodeling of, 161 
schematic diagram of, 152f 
tissue injury and r't'Sponse. 15 1 

Wound infection 
obaiity as risk factor for, 226 
ra.tcs of. ll6r 
risk factors for, 286b 

Wound irrigation, 245 
Wound repair 

description of, 151 
immunirv and, 168 

Wrighr tesr: I '>9'> 
Wrist, 492f 
Wrong-sit<' smgcry, 231 
'V('TJ, 1861 

X 
Xamhdasma, 1651 
Xanthine oxidase, 62 

Xanrhogr.mularomous 
pydonephrit is, 
2052 

X.:nobiorics, 1429 
X.:nogrdft, 1711- 1721 
X.:notransplanrarion, 35-36, 

650-651 
X.:roderma pigmcnrosa. 

710 
X-rays, 6 

y 
Ymmrn mtrrorolitun, I I 05, 

1334 
Young and Burgess dassificm ion, 

506-507. 506f 

z 
Zcnkds di\'t'rticulum, I 023-1 024, 

1023f 
Zinc 

deficiency of, 168 
description of. 127t 

Zollinger-Ellison syndrome, 
951-953, 952r., 956f, 959, 
999, 1201 

Zona glomerulosa, 964. 968 
Zone of coagulation. 521-522. 

522f 
Zone of hyperemia, 521-522, 522f 
Zone of srdSis, 521-522, 522f 
Z-plasty, 19 18 
Zygomyceu'S, 268 
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